
Docket No.: 085393-0935 

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

Prior Application: 
Art Unit: 

International Application No. PCT/JP2011/006167 
(Unassigned) 

Examiner: (Unassigned) 

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

Sir: 

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

DEVICE, under 35 U.S.C. 11 l(a) of pending prior International Application No. PCT/JP2011/006167, 

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

I INVENTOR I RESIDENCE I 
CITIZENSHIP I POST OFFICE ADDRESS 

Yoshihiro SATO Toyama, Japan Japanese c/o Panasonic Corporation 

I 006, Oaza Kadoma, Kadoma-shi, 
Osaka, Japan 571-8501 

Hideyuki ARAI Toyama, Japan Japanese c/o Panasonic Corporation 

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

Takayuki YAMADA Toyama, Japan Japanese c/o Panasonic Corporation 

2. □ 

3. ~ 

4. □ 

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

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

Preliminary Amendment is enclosed. 

An Information Disclosure Statement and PTO1449 Form are submitted herewith. 

Cancel claims 

I 
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5. □ Applicant is entitled to claim Small Entity status. 

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

NO.OF EXTRA 

CLAIMS CLAIMS RATE AMOUNT 

Total Claims 16 -20 0 $60.00 $0.00 

Independent Claims 1 -3 0 $250.00 $0.00 

Multiple Dependent Claim(s) $0.00 

Sheets of specification and drawing ($310.00 for each 50 sheets in excess of I 00) $0.00 

Basic Filing Fee $390.00 

Patent Search Fee $620.00 

Patent Examination Fee $250.00 

Total of Above Calculations $1,250.00 

Less ½ for Small Entity $0.00 

Assignment & Recording Fee $0.00 

Total Fee $1,260.00 

I. ~ The Commissioner is hereby authorized to charge fees under 3 7 CFR 1.16 and 1.17 which may 
be required, including any extension of time fees or credit any overpayment to Deposit Account 
No. 500417. 

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

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

4. ~ The prior application is assigned of record to: 

PANASONIC CORPORATION 
Osaka, Japan 

5. ~ The power of attorney in the prior application is to: 

MAEDA PATENT OFFICE 
Osaka, Japan 

 
Page 2 of 304



6. [J Also enclosed: 

► Executed Declaration and Power of Attorney 
► Front Page of International Publication 
► PCT Request 
► International Search Report 
► PCT/IB/301,304 
► PCT/ISA/237 

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

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

500 North Capitol Street NW 
Washington, DC 20001 
(202) 756-8000 MEF:sym 
Facsimile: (202) 756-8087 
Date: October 31, 2012 

McDERMOTT WILL & EMERY LLP 
500 North Capitol Street NW 
Washington, D. C. 20001 

Respectful ly
0 
submitted, 

;N~ ,•i 
/: ,' t 

Mci;:mIJ'M{u;TT WJLL & EMERY LLP 

/// ./ 
~ J1E. F9'arty 
Registration;;No. 36,139 

Please r~tognize our Customer No. 53080 
as oun cirrespondence address. 

~.j/ 
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Docket No.: 085393-0935 
(PATENT) 

IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Y oshihiro SA TO et al. 

Application No.: Not Yet Assigned 

Filed: October 31, 2012 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation No.: NIA 

Art Unit: N/ A 

Examiner: Not Yet Assigned 

INFORMATION DISCLOSURE STATEMENT {IDS) 

MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam: 

Pursuant to 3 7 CFR 1.56, I. 97 and 1. 98, the attention of the Patent and Trademark Office is 

hereby directed to the references listed on the attached PTO/SB/08. It is respectfully requested that 

the information be expressly considered during the prosecution of this application, and that the 

references be made of record therein and appear among the "References Cited" on any patent to 

issue therefrom. 

This Information Disclosure Statement accompanies the new patent application submitted 

herewith. 

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

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

with 37 CFR l.98(a)(2). 

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be 

filed or which should have been filed herewith ( or with any paper hereafter filed in this application 

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

500 North Capitol Street, N.W 
Washington, DC 20001 
Phone: (202) 756-8372 MEF:sm 
Facsimile: (202) 756-8087 
Date: October 31, 2012 

OT/WILL & EMERY LLP 

f/J;f\-~;(✓ • 
_4F 

~sltaefE,/F ogarty 
R,egistratlon No. 36,139 

f Pieaserecognize our Customer No. 53080 as 
/ our <.!Orrespondence address. 

2 
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PTO/SB/08b (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infonnation unless it contains a valid 0MB control number. 

Substitute for form 1449/PTO Complete if Known 

Application Number Not Yet Assigned 

INFORMATION DISCLOSURE Filing Date October 31, 2012 

ST A TEMENT BY APPLICANT First Named Inventor Yoshihiro SATO 
Art Unit N/A 

(Use as many sheets as necessary) 
Examiner Name Not Yet Assigned 

Sheet I 

Examiner Crte 
Initials* No. 1 

A1* 

A2* 

Examiner Cite 
Initials• No.1 

B1 

B2 

B3 

!Examiner I 
;ignature 

1 I of I 1 Attorney Docket Number 085393-0935 

U.S. PATENT DOCUMENTS 
Document Number Publicatbn Date Name of Patentee or 

Number-Kind Code2 ( if known) MM-DD-YYYY Applicant of Cited Document 

US-2003/0107090-
06-12-2003 Kumeno A1 

US-2008/0036010-
02-14-2008 Tamaki et al. 

A1 

FOREIGN PATENT DOCUMENTS 

ForeiQn Patent Document Publicatbn 
Name of Patentee or Date 

Country Code' -Number'-Kind Code' (ff known) MM-DD-YYYY 

JP-2010-067912-A 03-25-2010 

JP-6-275788-A 09-30-1994 

JP-8-017934-A 01-19-1996 

Applicant of Cited Document 

Panasonic Corp 

Ricoh Kk 

Ricoh Kk 

I Date 
Considered 

Pages, Columns, Lines, Where 
Relevant Passages or Relevant 

Figures Appear 

Corresponds to JP 2003-

179056-A 

Corresponds to JP 2008-

042092-A 

Pages, Columns, Lines, 
Where Relevant Passages 
Or Relevant Figures Appear r 
English Abstract 

Enqlish Abstract 

English Abstract 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in confonnance and not 
considered. Include copy of this fonn with next communication to applicant. * CITE NO.: Those application(s) which are marked with an single asterisk (*) next 
to the Cite No. are not supplied (under 37 CFR 1.98(a)(2)(iii)) because that application was filed after June 30, 2003 or is available in the IFW. 1 Applicant's 
unique citation designation number (optional). 'See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued 
the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must 
precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST .16 if 
possible. 6 Applicant is to place a check mark here if English language Translation is attached. 

NON PATENT LITERATlTRE DOCt:MENTS 

Examirier Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of 

T2 the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue 
Initials No. 1 

number(s), publisher, citv and/or country where published. 

International Search Report issued in International Application No. PCT/JP2011/006167 

~ oissued on January 24, 2011. 

!Examiner I 
Signature 

1oate 
Considered 

•EXAMINER: Initial if reference considered, whether or not citation is in confonnance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 

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

II 
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INTERNATIONAL SEARCH REPORT I International application No. 

PCT/JP2011/006167 
A CLASSIFICATION OF SUBJECT MATIER 
H01L21/8234(2006.01)i, H01L21/28(2006.01)i, H01L21/76(2006.01)i, 
H01L21/8238(2006.0l)i, H01L21/8244(2006.01)i, H01L27/088(2006.0l)i, 
H01L27/092(2006.0l)i, H01L27/10(2006.01)i, H01L27/11(2006.01)i, 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 
Minimum documentation searched (classification system followed by classification symbols) 
H01L21/8234, H01L21/28, H01L21/76, H01L21/8238, H01L21/8244, H01L27/088, 
H01L27/092, H01L27 /10, H01127/11, H01129/423, H01L29/49 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuy-o Shinan Toroku Koho 1996-2012 
Kokai Jitsuy-o Shinan Koho 1971-2012 Toroku Jitsuyo Shi.nan Koho 1994-2012 

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Catego~ Citation of document, with indication, where appropriate. of the relevant passages Relevant to claim No. 

X JP 2008-042092 A (Matsushita Electric 1-4,16 
A Industrial Co., Ltd.), 5-7,15 

21 February 2008 {21.02.2008) I 

paragraphs [0074] to [0123]; fig. 1 to 5 
& US 2008/0036010 Al 

A JP 2003-179056 A {Fujitsu Ltd.), 1-7,15,16 
27 June 2003 (27.06.2003), 
entire text; all drawings 
& US 2003/0107090 Al & EP 1320130 A2 
& DE 60220762 D 

A JP 2010-067912 A (Panasonic Corp. l , 1-7,15,16 
25 March 2010 (25.03.2010) , 
paragraphs [0035] to [0065]; fig. 1 to 3 
(Family: none) 

0 Further documents are listed in the continuation of Box C. □ See parent family annex. 

• Special categories of cited documents: "T" later document published after the international filing date or priority 
"A" document defining the general state of the art which is not considered date and not in conflict with the :PJ:·cation but cited to undel'Stand 

to be of particular relevance the principle or theoiy underlying invention 

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be 
filing date considered novel or CllllD.Ot be considered to involve an inventive 

"L" document which may throw doubts on priority clllim(s} or which is step when the document is taken alone 
cited to establish the J>..!lblication elate of another citation or other "Y" document of particuJru: relevance; the claimed invetlion c.,annot be 
special NMOn (as specified) considered to involve an inventive step when the document is 

"O" document referring to an oral disclosure, use, exhibition or other =ns combined with ooe ar more other such docwm:nts, such combination 

"P" document published prior to the intemat!Olllll filing date but later than being obvious to a person skilled in the art 
the priority elate claimed "&" docmoont member of the same patent family 

Date of the actual completion of the international search Date of mailing of the international search report 
13 January, 2012 (13.01.12) 24 January, 2012 (24.01.12) 

Name and mailing address of the ISA/ Authorized officer 
Japanese Patent Office 

fi,,:,cjmiJe Nn. Teleuhone No. 
Fonn PCT/ISA/210 (second sheet) (July 2009)  
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INTERNATIONAL SEARCH REPORT 

I 
International application No. 

PCT/JP2011/006167 
Continuation of A. CLASSIFICATION OF SUBJECT MATTER 

(International Patent Classification (IPC)) 

H01L29/423(2006.0l)i, H01L29/49(2006.0l)i 

(According to Inteniational Patent Classification (IECJ or to both national 
classification and UC) 

Form PCT/lSA/2 t O (extra sheet) (July 2009)  
Page 8 of 304



INTERNATIONAL SEARCH REPORT I International application No. 

PCT/JP2011/006167 

BoxNo.ll Observations where certain claims were found unsearchable (Continuation of Item 2 of first sheet) 

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

I. □ Claim.sNos.: 
because they relate to subject matter not required to be searched by this Authority. namely: 

2• D Claims Nos.: 
because they relate to parts of 1he international application that do not comply with 1he prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

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

Box No.Ill Observations where llllfty of lnvendon Is lacking (Continuation of Item 3 of first sheet) 

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

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

2• D As all searchable claims could be searched without eifort justifying additional fees, this Authority did not invite payment of 
additional fees. 

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

4• 0 No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-7, 15 and 16 

Remark on Protest D The additional search fees were accompanied by the applicant's protest and. where applicable, the 
payment ofa protest fee. 

D The additional search fees were accompanied by the applicant's protest but the applicable protem 
fee was not paid within the time limit specified in the invitation. 

D No i,rotest acoomnanied the J>a:vment of additional search fees. 
Fonn PCTt1SN210 (continuation of first sheet (2)) (July 2009)  
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INTERNATIONAL SEARCH REPORT I International application No. 

PCT/JP2011/006167 
Continuation of Box No.III of continuation of first sheet(2) 

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

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

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

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

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

Invention group 1: The inventions in claims 1-5, and the inventions having 
the special technical feature stated below among the inventions in claims 
6, 7, 15 and 16 
"The first conductivity type impurity concentration of the first first 
conductivity type silicon film on a portion positioned on a first active 
region is higher than the first conductivity type impurity concentration 
of a second first conductivity type silicon film on a portion positioned 
on the third active region." 

Invention group 2: The invention in claim 8 

Invention group 3: The inventions having the special technical feature 
stated below among the inventions in claims 9-13 
"The first conductivity type impurity concentration of the first first 
conductivity type silicon film on a portion positioned on an element 
isolating region is higher than the first conductivity type impurity 
concentration of a second first conductivity type silicon film on a portion 
positioned on the third active region." 

Invention group 4: The invention in claim 14 

Invention group 5: The inventions in claims 17-20 

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

Consequently, there are five invention groups classified as (1-7, 
15, 16], [8], [9-13], [14], [17-20) in the claims of this international 
application. 

Fonn PCT/ISN210 (extra sheet) (July 2009)  
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(St) lal!U~i'f~li: 
HIJ1L 2118234 (2006.01) 
H(}lL 21128 (2006.01) 
BfJlL 21176 (2006.01) 
BfJlL 2118238 (2006.01) 
BOIL 2118244 (2006.01) 
H(}lL 27/088 (2006.01) 

(21) 11mt:1:1IHff:i'J: 

(22> 11iut:1:11ma: 

BOIL 271fJfJ2 (2006.01) 
B(}JL 27llfJ (2006.01) 
BOIL 27/11 (2006.01) 
H(}JL 29/423 (2006.01) 
BOIL 29/49 (2006.01) 

PCT/JP2011/006 I 67 

2011 ~ 11 J\I 4 8(04.11.2011) 

B*llfi 
E*ffi 

(25) lal!Ut±llm© iii la: 
(26) lalm~H© ii 1a: 
(3ft) fl:st~-;=-;: 

~112011-068131 2011 ~ 3 J:i 25 E(25.03.2011) JP 

(71) t±ll!tA. (*II~~< :½--C©ffi~lall~?LVC): 1<-1· 
')=.':I 'J ~it*tt(PANASONIC CORPORATION) 
[JP/JPJ; ;= s11sso1 *!!1i.lf.fr,1ufi**FI!t 1 o o 
6 ffl:~ Osaka (JP). 

§;; (72) §!~:f;i'; ilS J: 7J. = (75) §!1:jij:l1U:IIIA. (*lal(~?LV(O)/j.); ftcB ff~ 
iii!i (SATO, Yoshlhlro). ffi# '-r*(ARAI, Hldeyuld}. J1J 
- EB Jillll(YAMADA, Takayuld). 

-;;;;;;;;;;; 
~ 

(74) ft:IA.: iiiJEB Sb, fi.(MAEDA. Hiroshi et al.); T 
54 I 0053 J;: !!1i.lf.f J;: !!1im !fl :!k: IK*IIIT 2 T ~ 5 if 7 
i3" 1'!!1i1;t.~1::JJ., Osaka(JP). 

(81) ffi~il (ai$©fJ:L ,fsi 1:J, :½-C ©tili©lal P-J1!¥: 
filf.l{iiJfh AE, AG, AL. AM, AO, AT, AU, AZ, BA, 
BB, BG, BH. BR. BW, BY, BZ. CA, CH, CL, CN, CO, 
CR. CU, CZ. DE, DK. DM. 00, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, JS, 
JP, KE, KG, KM, KN, KP, KR. KZ, LA, LC, LK. LR. LS, 
LT, LU, LY, MA, MD, ME, MG, MK. MN, MW, MX, 
MY, MZ, NA. NG, NI, NO, NZ, OM, PE, PG, PH, PL, PT, 
QA. RO, RS, RU, RW, SC, SD, SE, SG, SK. SL, SM. ST, 
SV, SY, TH. TJ, TM, TN, TR. TT, TZ, UA, UG, US, UZ. 
VC, VN,ZA,ZM,ZW. 

(84) ffi~~ (fi$©f,j:L,fsi l:J, :½--C©*.Ui©/.tiljlf! 
11:iJiiiJflb ARIPO (BW. GH. GM, KE. LR. LS, MW, 
MZ, NA, RW, SD, SL, SZ. TZ, UG, ZM, ZW), .:L-7 ~ 
7 (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), El --­
i:t •:, I ( (AL. AT, BE, BG, CH, CY, CZ. DE, DK, EE, 
ES, FI, FR, GB, GR. HR, HU, IE, JS, IT, LT, LU, LV, MC, 
MK. MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM. TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR. NE, SN, m, TG). 

ii1.f1}JltfU: 
- ilfffiull:IU!lis- C!k$9ir 21 !k(3)) 

liiiiiiiii -------------------------------
liiiiiiiiiil (54) Title: SEMICONDUCTOR DEVICE AND METIIOD FOR MANUFACTURING SAME == - (54) ~~O)~;ff)i: .!¥-~if:§i.:&.7.J.~0)-~7,j~ = 

--= 

-liiiiiiiiiil (b) 

DD 
(ol IIAAMll!lll BB 
BB NIIIS1!lllt PM!Sff CC NIIISWit 

30c{14<:J 2~r-v r-vr 2s.r 2& 

21if 

(d) 

(57) Abstract: A dual gate electrode (31L) bas: a gate 
electrode (30b ), which includes a first conductivity-type 
silicon ftlm (14b) fonned on an active region (10b); and a 
gate e1eclrode (30a), which includes a second conductiv­
ity-type silicon film (14a) formed on an active region 
(IOa), A dual gate electrode (31S) bas: a gate electrode 
(30d). which includes a first conductivity-type silicon film 

11 (14d) funned on an active region (IOd); and a gate elec-
2llf trade (30c), which includes a second conductivity-type 

silicon film (14c) funned on an active region (10c). The 
concentration of a first conductivity-type impurity in at 
least a part of the first conductivity-type silicon film (14b) 
is higher than the concentration of the mt conductiv­
ity-type impurity in a part of the first conductivity-type 
silicon film (14d), said part being positioned on the active 

11 region (IOd). 
~ < ==--""= 2<>-E;~~~a:: d (57) ~fil: T::L 7 J'v'f- [-,flffi ( 3 1 I...) 
~ ===, =.ffittG•(10b)~~--a~~ffi1 
~ a m --~~~~~m(14b) tt~'f-1--t 
~ ffi(30b) t.ffi9ffliljl(10a)~~~ 
~ •a~~-2--~~y~~m (14a) t 
("') M LogN: region tt:' 'f- t- !Iii ( 3 0 a ) }:: t ~T -Q o T ::i 
~ : :::: 7 JJ.,'f- t-C8 ( 3 1 S) lcl:, ffittfl• C 1 
N no SRAMres1on o d > ir=~•~nt::ffi 1 ~ffl~~ 1J ::J ;.,,a 

~ JJa~) ( tt~r i,~IIJtitkitit 
0 ffl~ 1J::i;..,a (14c) ~tt:''f-Hlfl (30c) t:tf~T-l>o lll1$t~'l 1J:::i~m (14b) ©1> 
> fJ: ( }:: t---~~r::s rt .l, ffi 11\tlffl~~!l@illlt.1:. TiS~ffliljl ( 1 0 d) ~l~frtfiT .l,'(§il~O)ffi 1 ,,.~ ~ 
~ 9~~-(14d)©ffi1~-ffl~~~JIJl~~tR~o 
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P615651PO 

0 H'lifn'liWI 
0-1 OOW!!IU!tffi !13-

0-2 f;Ji!W!tftll'U:l 

0-3 (~{,jfll) 

0-4 
!':~~Ja-:1<1gu1s-. 
I.I:. 

041 trli!l:J:?-CfFJ;t~tl,t-::.. PCT-SAFE 
Version 3.51.049.225 MT/FOP 20110401/0.20.5. 19 

o-5 l(tltt 

rulPV..~.:@ooffllilWM~:'~mn~ 
1:f.lb-C:Ylkll!l.~M.:t g. 

0-6 rl!IIAl::J:?~~ B*lil~Wff.r (RO/JP) 
0-7 !l!IIL,UtJ;t.MJ,..©Rli.J} P615651P0 
I ~im~at lf'fi.tl.&t1:t<DU1ija 
II rf1IIA 
II-1 .:0)!!11:!lili&t,r.:;ffl;l: tf:UMA '"el>i> (applicant only) 
Il-2 :e,O)!Jf/:iirlll:-:>, ,-c:Q)l:ll!W,. '1:il'Jg. *ii~•< ~-C<DIUElil {all designated States 

except US) 
Il-4,ja ~~ ,~.,.., = ~ ?-5t~tt 
Il-4en Name: PANASONIC CORPORATION 
Il-5ja il',-C::g 5718501 

B*lil *U~•$**~•1ooeu 
Il-5en Address: 1006, Oaza Kadoma, Kadoma-shi, Osaka 

5718501 
Japan 

II-6 l!liHllll:&) B*li JP 
II-7 {lillr(OO~) B*il JP 
Il-8 'ltl:ffifli-1!½ 06-6908-1473 
Il-9 7-,~v~1)•'1½ 06-6909-0053 
m-1 ~©tflll,i.Jttt~Q:f 
III-I-I .:0111:Elfltt.,f:.ifi;J; ltillA..&t:Ff!~:l'~l>,?, (applicant and inventor) 
IIH·2 tra>ffti.i!:lllH:-:>~ '-C©l:lllll.A. ~if!ig. *li<Dh (US only) 
IIH-4ja ~£ (tt~) u ~ 
IIl-1-4en Name (LAST, First): SATO, Yoshihiro 
IJI-1-5ja il!i"C~ 
m-I-5en Address: 
m-I-6 l'i!l8(Jil:S) 
m-1-1 il:ilr(ml~) 
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• 
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m-2 "f'OJltllOJ/1tlltAJitti:ft111J:# 
IIT-2-1 .:u,lffl,::ia(itL,l'::\!l;l: 

IIT-2·2 tiO)Jli,eJ;!iH:?1. ,-cOJ!fllfflA -r:bil>. 

III-2-4ja 1£:f't(A'l:t,) 

Ill·2-4en Name (LAST, First): 

III·2·5ja H.>-C,t, 
III-Z..5en Address: 
I!I-2-6 00.ti(Pil-t l 
I!I-2·7 {i:IJr(!I~) 
m-a ~llilUXl.tftlllJ:f 
m-3-1 .:11.>ll~ffci!&L,t:::\ltf:t 

TIT•3·2 ti0:!i,em!t:::-?,'-CO)J:li!fflA 1:a1.,Q, 

IIT-3-4,ia .Ix£ (itt tr} 

I11·3-4en Name (LAST, First): 

m-3-5ja Ji>-Ct, 
lll·3-5en Address: 
IIT-3-6 00ft(!E£) 
m-3-7 -1tm<~~l 
IV•l MJ.Jtti:~llto.>M"if,U©&;"C~ 

rlft!f7):l\fl;l:.00ffl!ffl001::;B. ,-ct, 
ili:'1.):::t<l:liDA.a:it::1.>1::fil/rtQ. 

IV+lja .Et::t,(~£) 

IV-1-len Name (LAST, First): 

IV-1-,tia ;!1,-Ct, 

IV-l-2en Address: 

IV-1-3 ~1li1iiPJ 

IV-1-4 77'l'o/~\!ii-lJ 

IV-l-6 MA.rtfi~~ 

IV-2 -'f'OJltll©M.A. 

N-2-lja .ixt, 

IV-2-len Name(s) 

V 
V-1 

WII.A.&1'.l§!BJJ;1'1!l>i> (applicant and inventor) 
*110)31- (US only) 
ffi# ;§$ 
ARAI, Hi deyuk i 

WD.A.&1'.l§!aJJ;1'1!l>i> (applicant and inventor) 
*IIO)h (US on Ly) 
t.l.HB U 
YAMADA, Takayuki 

ftJIA (agent) 
001:8 5A 
MAEDA, Hiroshi 
6410053 
B*ll 
*U*~$~~~*~2T~6•7~ *&~~~ 
JL, 
Osaka-Marubeni Bldg.,5-7,Hommachi 2-chome, 
Chuo-ku, Osaka-sh i, Osaka 
5410053 
Japan 
06-6125-2255 
06-6125-2288 
100077931 
ftftJI.Ac~~l>~~~~T~MA 
{additional aeent(s} with the same address as 
first named agent) 
Jii(l:8 fflit(100117710); etfEB Ri{100143409}; rma Aac1001s1093) 
HARADA, Tomoo(100117710); MAEDA, Ryo(100t43409); 
MAWAKI Hachizo(100157093) 

 
Page 13 of 304



P615651PO 

VI·l ~Jiljlj~-:1<~ 
VI•l·l 11\DB 

VI-1-2 tll.1111#-!it 
VI-1-3 (;ffl,g 

VI-3 91.lti 

VHI-2 

VIII-3 

VIII-4 

VIII-5 

lX 
IX·l 

IX-2 

IX•3 

IX-4 

IX-5 

IX-7 

IX-8 

1X·18 

J:X.20 

IX-21 

X·l 

X-1-1 
;&-1.,a 
X·l-3 

~ffilltk(l) ill (d)~t..<1;1'.(e) 1:t£ln! 
T~l'illffl! Rtt20. 
5(a) 

0.6 ~ 

II@ ,: ::timi:ift 
l>. 

PCT-sAFE flt Cf-tf:111 

82:2:'f:i~6lilt0·~ 

nuu.>Mmt.a 
tlJBA. MAJUtftft(1.)m,it$ 

.s::,g(/tt.f!i) 
v,g:fO).ff::tr 
:filllW!f,g,tii~J...O)IJHt l 

2011 $ 0313 25 E (25. 03. 2011) 
2011-068131 
E*II JP 

4 
44 
6 
1 
16 
71 

1 
E*■ 
(PKCS7 T~~ J1,}l;f5) 

mrm~ 

✓ 

✓ 

✓ 

✓ 

✓ 

• 
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1().1 ilgf~t.,"Ctlf~MB 
(D !';tffiOJ 

10-2 g 
10-2·1 
10-2-2 
10-8 

10-4 

10-5 ISA/JP 
HM - lil!l$5JuffiV..IB 

11·1 l1fi!iUit~a 
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PATENT COOPERATION TREATY PCT/JP2011/006167 

From the INTERNATIONAL BUREAU 

PCT 
NOTIFICATION OF RECEIPT OF 

RECORD COPY 

(PCT Rule 24.2(a)) 

To; 

MAEDA, Hiroshi 
Osaka-Marubeni Bldg. 
5-7, Hommachi 2-chome 
Chuo-ku, Osaka-shi 
Osaka 5410053 
JAPON 

Dale of mailing (day/month/year) 

21 December 2011 (21.12.2011) IMPOIUANT NOTIFICATION 

Applicant's or agent's file reference lnlernational application No. 

Ime';=.P6=1=56=5=1 P=O====::::fat::::::::::/::::/ =-lf:::::O:::::(=c=7=/=-=t===========P=C=T/=JP=2=0=11=/0=06=1=6=7 =,,,==============~ 

The applicant is hereby notified that the International Bureau has received the record copy of the internari~awti~.~~1iii{. ·.- "-. • ·:; 
below , H :i;;.~ IL,, r •• " • • '· ' • • 

Nmn~s) of the applicant(s) and Statc(s) for which they are applicants: i u ;:,"'JAN. ;-:~B 2~1; - ;,-d•s·· ,. 

PANASONIC CORPORATION (for all designated States except US) I 
SATO, Yoshihiro et al (for US) ;,, l MAED!\ g~ ~:•~~~·:.~~$ 

International filing <late: 04 November 2011 (04.11.2011) 
Priority date(s) claimed: 25 March 2011 (25.03.2011) 
Date of receipt of the record copy by the International Bureau: 16 November 2011 (16.11.2011) 
List of designated Offices: 

~~~~~~~~~~~~~g~~~zw 
EA: AM, AZ. BY, KG, KZ, MD, RU, TJ, TM 

~~~~~m~~~~~~~~~~~~~~~~w~~~~ 
NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 1R 

"'IA: BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG 

..,_,ational: AE, AG, AL, AM. AO, AT, AU, AZ, BA. BB, BG, BH, BR BW, BY, BZ, CA. CH, CL, CN, CO, CR. CU, 
CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, Fl, GB, GD. GE, GH, ~ GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, 

m~~~~~~~~~~~w~~~~~~~~~~~ 
~~m~~~~~~~~~~M~~~~~~~~-~~~ 
TH, TJ, TM, TN, TR. IT, TZ, UA. UG, US, UZ, VC, VN, ZA, ZM, ZW 

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

- time limits for entry into the national phase (see www.wipo.int/pct/en/texts/timeJimits.htmland PCT Applicant's Guide, National 
Phase, especially Chapters 3 and 4} 
- requirements regarding priority documents (if applicable) (see PCT Applicant's Guide, International Phase, paragraph 5.070) 

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

The International Bureau of WIPO 
34, chemin des Colombettes 
121 l Geneva 20, Swit?.erland 

Facsimile No. +41 22 338 70 10 

Form PCT/IR/301 (July 2010) 

Authorized officer 

Chevallay-Worley Madeleine 
e-mail pt08.pct@wipo.int 
Telephone No. +41 22 338 74 08 

I/FHQGFC6ZU2T4LO 
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PA'IENT COOPERATION TREATY PCT/JP2011/006167 

PCT 
NOTIFICATION CONCERNING SUBMISSION, 

OBTENTION OR TRANSMTITAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 

Date of malling (day/month/year) 

22 December 2011 (22.12.2011) 

Applkant's or agent's file reference 

P615651PO /1 ti _ 1/0 I l 7 1-.:z. , 
International application No. 

PCT/JP2011/006167 ,, 

mational publication dale (daylmonth(yoor) 

Not yet published 

AppliOl!lt 

From the INfERNA TIONAL BUREAU 

To: 

MAEDA, Hiroshi 
Osaka-Marubeni Bldg. 
5-7, Hommachl 2-chome 
Chuo-ku, Osaka-shi 
Osaka 5410053 
JAPON 

IMPORTANf NOTIFICATION 

International fll1ng date (daylmondilyear) 

04 November 2017 (04.11.2011) 

Ptiorlty date (daylmomh/year) 
25 March 2011 (25.03.2011) 

/ 

PANASONIC CORPORATION et al 

The applicant is hereby notified of the date of receipt (or of obtaining by the International Bureau) of the priority docurnent(s) relating 
to all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters "NRff, in the right-hand column or by an 
asterisk appearing next to the dale of receipt, the priority document concerned was submitted or transmitted to or obtained by the 
International Bureau in compliance with Rnle 17.l(a), (b) or (b-bis). This Form replaces any previously issued notification 
concerning submission, transmittal or obtaining of priority documents. 

l:rklri.t!.~ Priority ap_plication No. Country or regional Office 
or .ecJ' receiving Office 

Pate of receipt 

25 March 2011 (25.03.2011) ,., 2011-068131 
/ 

of priority document 
JP 14 December 2011 (14.12.2011) 

Ae letters "NRn denote a priority document which, on the date of mailing of this Form, had not yet been received or obtained by the 
~ternational Bureau in compliance with Rule 17.l(a), (b) or (b-bis). Where the applicant has failed to either submit, request to prepare 

and transmit or obtain and transmit, or to request the International Bureau to obtain the priority dOCtllllent within the applicable time 
limit under that Rule, the attention of the applicant is directed to Rule 17.l(c) which provides that no designated Office may disregard 
the priority claim concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority 
document within a time limit which is reasonable under the circumstances. 

An a&erisk n,;,n next to a da~ of receipt, denotes a priority document submitted or transmitted to or obtained by the International Bureau 
but not in compliance with Rule 17.l(a), (b) or (b-bis) (the priority document was received after the time limit prescribed in Rule 
17.l(a); the request to prepare and transmit the priority document was submitted to the receiving Office after the applicable time limit 
under Rule 17.l(b) or the request to the receiving Office or the International Bureau to obtain the priority document was made after the 
applicable time limit under Rule 17.l(h-bis)). Even though the priority document was not furnished in compliance with Rule 17.l(a), (b) 
or (b-bis), the International Bureau will nevertheless transmit a copy of the document to the designated Offices, for their consideration. 
In case such a copy is not accepted by the designated Office as the priority document, Rule 17. l(c) provides that no designated Office 
may disregard the priority claim concerned before giving the applicant an opportunity, upon entry ln~,·~W ~~~-th 
priority document within a time limit which is reasonable under the circumstances. ! P /F Ii""~ lf,:;,' li lj Lb O, l 

The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No. +41 22 338 70 10 

Fonn PCT/IB/304 (July 2010) 

d n~w~=:,~'" t..c-::i ..... 

JAN. 2 0. 2012 

Authorized officer 1v1ru:.ur, f..\\ n··1.n r I\Jt::11v 

Masashi Honda 
e-mail pt08.pct@wipo.int 
Telephone No. +41 22 338 74 08 

J/NSLlFPGX4U2CGO 
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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 085393-0935 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2 
Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 

D 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Yoshihiro SATO 

Residence Information (Select One) 0 US Residency (!) Non US Residency O Active US Military Service 

City Toyama !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Panasonic Corporation 

Address 2 1006, Oaza Kadoma 

City I Kadoma-shi, Osaka I State/Province I 
Postal Code 1 571-8501 I Country 1 I JP 

Inventor 2 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Hideyuki ARAI 

Residence Information (Select One) 0 US Residency (!) Non US Residency O Active US Military Service 

City Toyama !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Panasonic Corporation 

Address 2 1006, Oaza Kadoma 

City I Kadoma-shi, Osaka I State/Province I 
Postal Code I 571-8501 I Country 1 I JP 

Inventor 3 I Remove I 
Legal Name 

EFS Web 2.2.3 
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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 085393-0935 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE 

Prefix Given Name Middle Name Family Name Suffix 

Takayuki YAMADA 

Residence Information (Select One) 0 US Residency (!) Non US Residency 0 Active US Military Service 

City Toyama !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Panasonic Corporation 

Address 2 1006, Oaza Kadoma 

City I Kadoma-shi, Osaka I State/Province I 
Postal Code I 571-8501 I Country 1 I JP 
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(1 l)Publication number: 06-275788 

(43)Date of publication of application: 30.09.1994 

(51)Int.CI. H01L 27/092 
H01L 21/265 

(21)Application number : 05-088124 

(22)Date of filing : 22.03.1993 

(71)Applicant: RICOH CO LTD 

(72)Inventor : ISHIDA MAMORU 

(54) MANUFACTURE OF DUAL GATE CMOS SEMICONDUCTOR DEVICE 

(57)Abstract: 
PURPOSE: To suppress the diffusion of boron by 
lowering process temperature and also, prevent the 
partial cavity growth or resistance increase of a p-type 
polysilicon gate electrode when manufacturing a dual 
gate CMOS type semiconductor device. 
CONSTITUTION: An n-type conductive polysilicon film 
15, where n-type impurities exist uniformly within a film, 
is formed on the gate oxide film 14 on a silicon substrate 
10, and it is changed into a p-type polysilicon film by 
implanting ions of boron into the polysilicon film 15 in a 
PMOSFET type region. Gate electrodes 17a and 17b are 
formed by patterning the polysilicon films 15a and 15b. 
Then, for both MOSFETs, impurities are implanted into a 
board with gate electrodes as masks. The temperature 
of activation of implanted impurities is set rather low at 
800-900° C. 
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(54) DUAL GATE CMOS SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 
PURPOSE: To restrain change of element 
characteristics which is caused by mutual diffusion of 
impurities of gate electrodes. 
CONSTITUTION: An SRAM is formed of the source.drain 
region 2 of an NMOSFET, the substrate contact region 4 
of the NMOSFET, the source.drain region 6 of a 
PMOSFET, the substrate contact region 8 of the 
PMOSFET, and a polysilicon gate 10. Before a gate 
polysilicon film is patterned, ions are implanted in the 
gate electrode 10 by using a mask having the same 
pattern as a well forming mask. P-type impurities are 
implanted in the hatched part. N-type impurities are 
implanted in the part except the hatched part. 
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(57)Abstract: 
PROBLEM TO BE SOLVED: To prevent increase of 
resistance of wiring by preventing disconnection of a 
metal silicide film in a PN junction boundary region 
without inhibiting miniaturization of an element and high 
integration. 
SOLUTION: The semiconductor device includes a gate 
electrode formed on a semiconductor substrate 10 and 
formed of silicon having conductivity, and an a nickel 
silicide film 17 formed on the gate electrode. The gate 
electrode includes at least a first gate electrode 14 
exhibiting N-type conductivity, a second gate electrode 
15 exhibiting P-type conductivity, and a third gate 
electrode 14a formed between the first gate electrode 
14 and the second gate electrode 15. The third gate 
electrode 14a is connected to the first gate electrode 
14, and the concentration of impurities of the third gate 
electrode 14a is lower than the concentration of N-type 
impurities of the first gate electrode 14. 
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I 3 t . ~ P ~ r,1; 'Ii µJi ~ I 3 & "Cf ~ r n ~It AA ±.£ii: I I 0 s re fil~ ~ T % PX ~ :h . P ~ ~ *1li ~ ~ 10 
a ts ~ *e rs V 1) ~ / 7J' G -J;J. 0 % 2 0 Jf - }- • • I 5 t 7J' ll2 ~ tl l t,' G 0 

(0040] 

*•~afiI00±00s~S00N~mttAA±.1il:l2tffiI01/-}-1'l[,f,liI4t0M&U: 
P ~ m 'Ii µJi ~ I 3 t ffi 2 0 Jf - }- ii ■ I 5 t 0 M re rt . WU x.. IJ' ~ ft V 1J ~ Y tJ, G -J;J. 0 Jf -

r- ~ ~ ~ I 6 iJ, t tl f:' tl ;ff; PX ~ :h -C t,' 0 o 

(0041] 

N =f- --v ;;/', J).; ~ M O S }- 5 Y :,J 7.. -!J AA~ A t P r --v :t-- J).; ~ M O S }- 5 Y :/ 7.. -!J AA~ B t re 
fil~ 0 j'-' ::i 7 ;).; Jf - }- re S i::r 0 ffi I 01/- }- ■ I 4 t ffi 2 01/ - }- ;ji,j I 5 t 0 rel:l /C /t. 

N ~ ~ ~ ~ -:t- a ts ~ *e @ V 1) ::I / 7J' G -J;J. ') • % I 0 1/ - }- • I 4 t ~ rt 9 G % 3 0 Jf -

}- ii j.j I 4 a t . P J1;'l ~ *rt! f7/J ;t- a ts ~ *j!j r\'b V lJ ~ Y tJ, G -J;J. 1J . ffi 2 0 1/ - }- ■ I 5 t ~ 20 

m 9 0 ffi 4 0 Jf - }- ■ I 5 a t tJ, % PX ~ :h -C s IJ . ffi 3 0 1/ - }- ii ■ I 4 a t ffi 4 0 Jf 

- r- ii j.j I 5 a t tJ, P N ti 1:,-~ W AA ~ C -:t- % PX 9 0 J: '5 re Ii t,' re m L, T t,' 0 a 

(0042] 

*~gH:;~0MmtL,T, ffi301/-r-ii ■ I4a0N~~~~0·&~. ffiI01/­
r-- ■ I40N~~*H7/J0tJ&J:IJl>{t:UJ&c'c!SIJ. _§_-:J, ffi403/-}-- ■ I 5 a0P 

~~~~0-~~ffi201/-}- ■ I50P~~~~0-&J:1Jl>~-&c'c!S00 

[0043] 

* tc:. . ~ I ( b ) re ff- 9 J: '5 re . ffi I 0) Jf - }- jfilg I 4 . ffi 2 0 Jf - }- I 5 . ffi 3 0 Jf 

- }- • I 4 a & "Cf ffi 4 0 1f' - 1-- • I 5 a 0 J:: ~~ re it . Wu x.. ti' .:::. 'Y -'T ;).; v 1J -lJ- -1 F ~ I 
7 tJ, ff; PX ~ n -C t,' 0 a 30 

(0044] 

1-1- ~ . ~u i2 0 J: -5 re m PX ~ n tc:. * ~ g % !l~ re ~ 0 ¥ • f:t ~ 0 1iW :ifi fU:ldc -:J t,, -c ~ oo ~ 
~ ~~ L, -J;J. iJ' G ~~ SJ] 9 0 o 

(0045] 

rm 2 ( a ) ~ rm 2 ( d ) & U: ~ 3 ( a ) ~ ~ 3 ( d ) it * ~ g ;ff; !l~ re {J 0 ¥ W f:t ~ 0 

1iW :@ 7J ii: 0 I ~ /IIJl 0 ltli' 00 m PX -:t- ff- L, T t, ' 0 o 

(0046] * 9 . ~ 2 ( a ) re ff- 9 J: ') IC • V 1) ~ / tJ, G -J;J. G ¥ • {:t t& I O 0 L ~~ re . N ~ $ 'Ii 
AA ~ I 2 & "Cf P ~ i% '/'1 AA ±.£ii: I 3 -:t- t tl f:' tl lffl ts t -:tt re . N r --v ;;/', J).; ~ }- 5 Y :,J 7.. -!J µJi~ A 
t P r --v ;;/', ;).; ~ }- 5 Y :,J 7.. -!J AA ~ B t -:t- n • 9 0 V --v o '7 }- v Y r 7 -1 '/ v - V 3 Y ( S 40 

T I ) 7J' G -J;J. G ~ r 5-} • µJi ±.£ii: I I ~ ;ff; PX 9 G O ;if 0 fi . {YU ;t ri' ~ ~ {I:: ii; re J: ') . ¥ • {:t a 
t& I 0 0 ± lm s re Jiij[ ~ tJ, 2 n m 0 ~ ft V 1) ~ Y iJ' G -J;J. 0 Jf - }- ff.@'! ~ ~ I 6 -:t- % /R 9 0 o ~ 

t,' T . fl:: ~ 1¥) ~ f§ ti ffi ( C V D ) t:tdi: J: IJ . ¥ W {4: ti 1 0 0 s IC -3/ - }- ff.@'! ~ Hi I 6 & "Cf 
~ =f 5't • AA ±.£ii: 1 I -:t- a ts ~ lm re :b tc:. ~ -C • Jiij[ ~ tJ, 2 0 o n m 0 ~ *a rs V 1J ~ Y Hi 2 0 ~ % 
PX 9 0 o 

(0047] 

:,,x re . rm 2 c b ) re ff- 9 J: -5 re . 1J '/ 1f 5 7 -1 rt re J: IJ . ~ *a @ v 1J ~ ::,,, Hi 2 o 0 s re 
. N =f- --v ;;/', ;).; ~ r- 5 ::,, :)' 7.. 9 AA ~ A re ~ D tm ~ tt -:J ffi I 0 v :/ 7.. }- Hi 2 I -:t- % PX L, . % PX 
L, tc:. ffi I 0 v :,J 7. }- ~ 2 I ~ 7 7.. J;J t L, T . ~*-a@ V 1) ~ Y Hi 2 0 0 N =f- --v ;;/', ;).; ~ }- 5 Y 

:,J 7.. -!J AA~ A re . N ~~*rt!~ l' clS 0 1) :,, ( P + ) -1 ;;t Y ~ ii A I ;t, ;).; .:¥' - tJ, 2 O k e V T 50 
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, F - :Z:' tJ, 5 X 1 0 1 5 / c m 2 0) ii A ~ {4 'T: ,{ ;;d--- Y 7± A 9 0 o -t 0) 1i , ffi 1 0) v 1/ 7.. 

r-Hi21~~* 900 
[0048] 

':Ix. k: , ~ 2 c c ) rz:: ff; 9 J: -5 rz:: , 1J v 1/ 5 7 ,r ,:t rz:: J: 1J , ~ *a rs 1/ 1J ::i ::.,, ~ 2 o 0) J:: rz:: 
, P =f- -\' t, Jv@ I-- 5 :;,,, :) 7.. -!J ffi • B fZ:: Im D g~ ~ t~ ".J ffi 2 0) v :J 7.. I-- ~ 2 2 ~ % fix. L, , % fix. 

L, tr. ffi 2 0) v :) 7.. I-- ~ 2 2 ~ '7 7.. -'7 t L, ---C , ~ *a rs :/ 1J ::J Y ~ 2 0 0) P =f- -\' i:, JI,; @ I-- 5 :;,,, 

:J 7.. -!J ffi • B fz:: , P @ :,f *Jl! ¥{/ t: clS 0 f- o :;,,, ( B ) ,{ ;;d--- :;,,, ~ ii A I t, Jv :f - tJ, 2 k e V t: 

, F - :Z:' tJ, 2 X 1 0 1 5 / c m 2 0) ii A ~ {cf: 'T: ,{ ;;d--- Y ii A 9 0 o ff.ft t, • ---C , ffi 2 0) v :) 7.. 

1-- ~ 2 2 ~ ~* r;. L, tr. 1i , 1J v lf 5 7 ,r rt & u r 5 ,r x. -:1 =r ::.,, 1f rt rz:: J: 1J , ~ *a rs 1/ 1J ::i ::.,, 
~ 2 0 ~ , ~ 1 ( a ) [Z:: ff, 9 J: ') f;s, 'T - }-- ~ if; ~}( [Z:: / \ ;J - :::.. / lj' 9 0 0 lQ 

[0049] 

':Ix. rz:: , ~ 2 c d ) rz:: ff; 9 J: -5 rz:: , ~ *a rs 1/ 1J ::i ::.,, ~ 2 o 0) J:: rz:: , ffi 1 0) v :J ;z.. 1-- ~ 2 1 

J: IJ t N =f- -\' _:l Jv @ I-- 5 Y :) 7.. -!J ffi • A 0) J:: 0) Im D $Ii! ~ , ~ N =f- -\' t, Jv @ I-- 5 Y :) 7.. -!J ffi 
• A {llJJ fZ:: 1 0 n m 61 1J\ ~ < 9 0 Z: t fZ:: J: IJ , P =f- -\' t, JI,; @ I-- 5 Y :) 7.. 9 ffi. B & U ~ P 

'T-\';;/:,~@l--5Y:J7..-!Jfwi.BtN=f--\';;/:,~@l--5Y:J7..-!Jfwi.AtO)~ff$t:c!S0PN 

mi';-~WiJ•c~ '5ffi30)v:J7.. 1--~2 3~%/Jx.900 ff.fti.,,---c, %nx.L,tcffi30)v:J7.. 

r- ~ 2 3 ~ 7 7.. -'7 t L, ---C , ~ *a rs :/ 1) ::J Y ~ 2 0 0) N =f- -\' t, JI,; @ I-- 5 Y :) 7.. 9 ffi • A rz:: , 
1) :;,,, ( P ) ,{ ;;d--- Y ~ ii A I ;;/:, JI,; .:¥' - tJ, 2 0 k e V 'T: , F - 7-' tJ, 1 x 1 0 1 5 / c m 2 

O)ff}.._~{lj:'"[:,{;;d---YffA.90o -t"O)f&, ffi30)[.,,:}7,. J--~2 3~~T;.90o 

[ 0 0 5 0 ) 20 

'.fx. rz:: , ~ 3 c a ) rz:: ff; 9 J: -5 rz:: , ~ *a rs 1/ 1J ::i ::.,, ~ 2 o 0) J:: rz:: , ffi 2 0) v :J ;z.. 1-- Hi 2 2 
J: IJ t P =f- -\' :t, Jv @ I-- 5 Y :) 7.. -!J ffi JlJ,\: B 0) J:: 0) Im □ $Ii! ~ , ~ P =f- -\' t, Jv @ I-- 5 Y :) 7.. -!J ffi 
• B {t{1J fZ:: 1 0 n m 61 /Jf. 1J\ ~ < 9 0 Z: t fZ:: J: 1J , N =f- -\' ;/', JI,; @ I-- 5 Y :) 7.. 9 PR JlJ,\: A & U P N 

m it ~ W ffi ~ C ~ .fl '5 ffi 4 0) v :) 7.. I-- Hi 2 4 ~ if; fix. 9 0 o ®1: t, • ---C , ff; fix. L tr. ffi 4 0) v :) 7.. 

I-- ~ 2 4 ~ 7 7.. -'7 t L, ---C , ~ *a illl 1/ 1) ::J Y ~ 2 0 0) P =f- -\' ;;/:, JI,; @ I-- 7 Y :) 7.. 9 ffi ~ B rz:: , 
f- D Y ( B + ) ,{ ;;d--- Y ~ ii A .I t, JI,; .:¥' - iJ' 2 k e V 'T: , F - 7-' II: tJ, 1 x 1 0 1 5 / c m 2 

O)ffA~d4t:,f;;d---:;,,,a:A900 -tO){~, ffi40)v:J7.. r-~2 4~~ir;.900 

[ 0 0 5 1 ] 

':Ix. rz:: , ~ 3 c b ) rz:: ff; 9 J: -5 rz:: , ¥ ¥fl. ft tlz 1 o rz:: m J//1 f_m ~ fr --:J ---c , ~ *a rs 1/ 1J :::i :;,,, Hi 
2 o rz:: ii A ~ n re ~ :,r Mi ¥{} ~ 1% ti ft: 9 0 0 z: 0) m Jl!1 £i rz:: J: --:J ---c , ~ *a rs 1/ 1J ::i ::.,, ~ 2 o rz:: 3o 
ii A ~ :h tr. 1) /' ,{ ;;d--- /' c'. f- 0 /' ,{ ;;d--- /' c'. 7J' tf1; /& l, l , ~ *a rs 1/ 1) ::J /' ~ 2 0 0) N T -\' ;;/:, JI,; 

@ I-- 5 / 1/ A ;J PR ~ A rz:: fi ' N @ ~ *a 1/ 1) ::J / • ~ 7J' G t;s, 0 ffi 1 0) If - I-- ~ 1 4 7J' ff; 
nx. ~ n, ~ *a rs v 1J ::i ::.,, ~ 2 o 0) r =r "" * Jv@ 1-- 5 :::.,, :J ;z.. -!J il ~ B rz:: rt, r @~*a rs 1/ 1J 
:::i :::.,, • ~ tJ• G t;s, 0 m 2 0) If - 1-- ~ 1 5 tJ"' % nx. ~ n 0 0 * tr. , ~ *a rs v 1J ::i ::.,, ~ 2 o 0) r 
N m it ~ W µJi ~ C rz:: 43 i:r 0 N =f- -\' :t, JI,; @ I-- 5 Y :) 7.. -!J ffi ~ A {t\U rz:: fi , ffi 1 0) lj' - I-- ~ 1 

4 J: IJ t N @ :,f Mi ¥{} 0) ti /Jf. tJ, {)11., • ffi 3 0) If - I-- 11 1<il 1 4 a tJ, % PX ~ :h , P N m it ~ W ffi • 
C rz:: 43 i:r 0 P =f- -\' t, JI,; @ I-- 5 Y :J 7.. -!J ffi ~ B {~!l rz:: fi , ffi 2 0) If - I-- ~ 1 5 J: IJ t P @ :,f 

*4i ¥{} 0) ti /Jf. iJ' {lf 1., • ffi 4 0) 1/ - I-- ~ 1 5 a tJ, ff; PX ~ :h 0 o 

[0052] 

':Ix. rz:: , ~ 3 c c ) rz:: ff; 9 J: -5 rz:: , ~ w t:t x rt ;z.. 1 \ ") -!J rt rz:: J: IJ , ~ If' - 1-- ~ 1 4 4 o 
, 1 4 a , 1 5 & U 1 5 a 0) J:: 0) :@: oo rz:: , ~ ~ ~ t L, ---C , fJU :z r.:f )Ij ~ iJ' 1 o n m 0) = 'J -'T 
Jv ( N i ) ~ 1 7 A ~ ti ffl 9 0 o Z: 0) t ~ , :::.. 'J -'T Jv Hi 1 7 A 0) J:: fZ:: ~ {I:: =f- -!J :;,,, ( T i N 
) Hi~JitfflL,---CtJ:i.,,o 
(0053) 

':Ix. rz:: , ~ 3 c d ) rz:: ff; 9 J: -5 rz:: , ¥$. ft ~ t& 1 o rz:: tt L, ---c , rM IJf. tJ, 4 3 o °C t: , 3 o r)) 
fHJO)ffi 1 O)~lf.fFs~mJ/!1f_il[ C~3mmJl!1f_ll[) ~inffL,---c, ~1/- I-- 1<il 1 4, 1 5 ~,mnx.90 

:/ 1) ::J Y t -t 0) J:: fz:: ti ffl L, tr. :::.. 'J 7 JI,; t ~ &_ /;t; ~ -li" 0 Z: t iz:: J: I) , ~ lj' - I-- jiij 1 4 , 1 

4 a , 1 5 & U 1 5 a 0) J:: g~ fz:: .:: 'J -'T Jv 1/ 1) -l_j- ,f F ( N i S i ) Hi 1 7 ~ ff; fix. 9 0 o ff.ft 1.,, 

l ' 6nt ~ ( H 2 s O 4 ) t ~ ~ {I:: 7}nb}< ( H 2 0 2 ) t 0) tl'E it tili ~ 0) m Hf ~ JfJ 1.,' l ' * &. 
rc.; 0) = 'J -'T Jv ~ 1 7 A ~ ~ rR ~ rz:: ~ r;. 9 0 o -t OJ f& , ¥$. ft i'& 1 o rz:: rliil. IJf. tJ, 8 5 o °C t: so 
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, 6 0 fJ> FEll 0) m 2 0) ~ S;'j Fa~ ~ 911 .f.i:f! ~ fr -5 o 
[0054] 

(9) JP 2010-67912 A 2010.3.25 

L~ _t r;: J:: 9 , * ~ OOi if:; It~ re::. ~ 0 'T :i 7 Jv 3/ - r- ,m @ ~ :f.f 9 0 "¥ IJi8. {,t 'i:t ~ fij 0 z: t f} T:' 
~ 0 0 

[0055] 

t:r. :to , * ~ tli!i % It~ re :to 1.,, --r ri , N r --\7 :t, Jv ~ 1-- =; ::,; :J _::z_ !J a• A t P r --\7 :t, Jv ~ 1-- =; ::,; 
:J 7- !J 9 ~ B t 0) P N • ft J:l'i W 9. C re .:/3 v' T, N r --\7 :t- JV~ 1-- 5 Y :J 7- !J ii. A 0) ffi I 

0)3/-t-•a14t.90m30)3/-}- a14aO)N~~*1li~O) ■ M~ffil0)3/-}-. 

a I 4 0) ii M J:: 9 t {fl; < 9 0 t ~ re::. , P r --\7 ;z, Jv ~ r- 5 Y :J 7- 5 9 • B 0) ffi 2 0) 3/ - }-
,f<,j I 5 t. 9 0 m 4 0) 3/- }- • ,f<,j I 5 a 0) P ~ ~ *11i ~ 0) ii M ~ ffi 2 0) 3/- }- a I 5 0) ii 10 

M J:: 9 t {5; < L T v' 0 o L fJ, L /J: fJ, G , * ~ aJJ ri , ffi 3 0) 3/ - r- • a I 4 a 0) ~ i1li ~ ii M 
O)~~ffil0)-3/'-}- ,f<,jl 40)~*1li~ilMJ::f:Jt{5:( LTtJ::(, .i!t!rc:::., ffi40),3/-}-

,f<,j 1 4 a 0) ~ *11i ~ ii M 0) ~ ~ ffi 2 0) 3/- r- ~ 1 5 0) ~ i1li ~ ii M J:: 9 t {5: < LT t J:: 1.,, o 

[0056] 

* tc. , * ~ tli!i % tuc:::. :to 1.,, --r ti , N ~ ~ i1li tm 1: ® 0 1J ::,; -1 ;t ::,; ~ ff A L tc.11 , r ~ ~ i1li ~ 
C' ® 0 ;f O / -1 ;t / ~ ff A L l 1.,) 0 fJ"> ' L tl t ri .ii!! re::. ' ;f O / -1 ;t / ~ ff A L tc. 11 re::. l) / 

-1 :t ::,; ~ ff A L T t J:: 1.,, o * tc. , 1J ::,; -1 ;t ::,; t # o ::,; -1 ;t ::,; t ~ ."x': Ii re::. 2 @ -r J ff A 9 0 
0) C' ri -J;r_ < ' 1) / -1 ;t / t # 0 / -1 ;t / 0) ') !, ' 1.,) 9 tl fJ, - 1i 0) -1 ;t / ~ jJ'l! ®l: L l ii A L 
tc. 11 re::. , {ili 1i 0) -1 ;t Y ~ jJ'l! ®i: L T ff A L T t J:: v' o 

[ 0 0 5 7 ] 20 

* tc. , P N • ft J:l'i W µl'[ • C ~ fl -5 ffi 3 0) v :J 7- }- §i 2 3 & 'CJ ffi 4 0) v :J 7- }- ~ 2 4 re::. .:/3 
it 0 P N • ft J:l'i W 9 • C ~ fl -5 Im ½' 0) ,t it ri , 1 0 n m t L tc. fJ"> , '7 7- 7 ft b -tt I f1il re::. .:/3 
it 0 ti. ft b -tt ffi M tLl T:' clS 0 z: t fJ"> ~ * L v' o 

[0058] 

t:r. :to , _t ~2 0) ~ OOi if:; It~ re .:/3 v' T , P N • i!;- !:Jei W 9 • C re :to it 0 ~ *1li tm ii M fJ"> , 1) Y -1 ;t 
Y/J:G6X 10 1 5 /cm 2 tU::, #PY-{;;d---Yt:r.G3X 1 0 15 /cm 2 t(_t'c'c!S0t, 

vu~-1r~O)&~~m~~<1J:00 ~~, ~-~~•~=Y7~~~mL~•ft~&~ 
fJ"> ~ < t;r_ 0 0 

[0059] 

tz _t ~ aJJ L tc. J:: -5 re , * ~ OOi % It~ re::. f* 0 :>¥ IJ!8. {,t 'l:t ri , l'Z! 3 c b ) re 5r, L tc. J:: -5 re::. , N 30 
r--\7:/'-~~r-5Y:J7-!J1m.AtPr--\7:l'-~~}-7y:)7-59•BtO)PN.ft!:JeiW9• 
C 0) ::f i1li ~ ii M ri , {ili 0) µl'[ • J:: 9 t {5: < % J5Jt ~ tl 0 o 

[0060] 

J:: 9 ~ {;$; A~ re ti , P N • ft J:l'i W 9 • C re::. .:/3 it 0 , ffi 3 0) -3/' - }- ,f<,j 1 4 a 0) N ~ ~ *1li ~ 
0) ii M fJ"> ffi 1 0) 3/ - r- a I 4 0) N ~ ~ i1li ~ 0) ii M J:: 9 t {5; < , _a ".J ffi 4 0) 3/ - r- • ,f<,j l 

5 a 0) P ~ ~ Mi ~ 0) ii M fJ, ffi 2 0) 3/ - r- a 1 5 0) P ~ ~ *11i ~ 0) ii M J:: 9 t {5: v, ,m J5Jt T:' c1S 

0 tc. 1h , r N • ft m w a• c 0) _t re::. % m ~ n 0 = "/ 7 Jv v 1J ~ -1 r ~ 1 7 0) ~ fJ, ~ < 1J: 
0 Z: t ~ pfi 11:: 'c' ~ 0 0) 'c' , P N fi ft J:l'i W 9. C iz::. .:/3 it 0 = '1/ 7 J).; V 1) ~ -1 F §i 1 7 0) tl;ir fi 
~ !lJ:i 11:: 9 0 Z: t fJ'i 'c' ~ 0 o 

[ 0 0 6 1 ] 40 

flt -:::i T , ffi 2 0) flt * WU 0) J:: -5 iJ: P N ti ft J:l'i W 9 • re ::f i1li ~ ~ < ii A L t:r. v' / Y F - 7 
a• ~ % m 9 0 z: t re::. J:: 0 , = ,y 7 J).; v 1J ~ -1 F §i 0) r N • ft m w a • C' 0) tl;!r *~ ~ pJi 11:: 9 
0-f.itt!t«T, r-5Y:J7-!JO)c1i:f.ff:mffi~ijj*~-tt0z:tt:r.(, !ldll@~~&~r,J:i±9 
0 Z: t fJ'i 'c' ~ 0 o 

[0062] 

/J: .:/3, * ~ OOi if:;~ re::. .:/3 v' T ti, "¥ IJi8. {;:$; 'i:t ~ t L T N r --\7 ;z, J).; ~ M O S r- 5 Y :J 7- !J 9. 
AtPr--\7:l'-~~}-5Y:J7-!J9.Bt~:f.f90T::i.7~3/-}-}-5Y:J7-!J~~~L~ 
fJ'i , z: 0) ,m J5Jt re Pi '.iE ~ tl -r , {YU ft.. r.:r , IJi8. {,t ¥ flz _t re::. % J5Jt ~ tl , N ~ 1/ 1) :::i ::,; ~ t P ~ v 
1) :::i ::,; ~ t fJ"> • *li: L tc. v 1) :::i ::,; ~ fJ, G t:r. 0 12 ~ T:' c1S -:::i T t , lrlJ ti 0) >th * ~ 0 z: t fJ"> T:' ~ 
00 50 
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(0063) 

* tc. , P N 11k ft ~ W flJI ~ c re t3 it 0 ~ • v IJ +:r ,{ r a 0) ltlT *~ ti , ~ ~ ~ re ti ttR f:i. L iJ: 1,.,, 

tJ, , lie j:$ $i'ii ti J9E < iJ: 0 ~ # ± L, -'r 9 v' o ~ {* !'lf.J re ti , ~ ~$ $1 'h' 6 o n m .L). r c- ti # ± L -'r 
9 < , ilE -:::i --C , lie ** $i 'h' 6 O n m .L). r 0) #§} ft re J:: IJ t:. ~ v' ~11 ~ ~ ii 0 i: t 'h' c- ~ 0 o 

(0064) 

* tc. , * ~ tii!i. JB ft~ re :t5 1,.,, --c ti , ~ • v 1J +:r ,{ r a t L --c =- "/ 1;- Jv v 1J +:r ,{ F ~ m 1,.,, tc. tJ, 
' T 9 ✓ ( T i ) x:. /j: ::I/\ JV r ( C O ) ~ 0) 1/ 1) +:J- ,{ F ~ JB PX m tm iJ: i!l! ,r!J, - ~mt,, l 
ttitiiJ:v'o 
(0065) 

itc., ITTI~Ltc.J::-5rc, PNJ1ki'i-~Wffi~C0)~2"7JrnJ (lf-r$i7JrnJ) O),flt;, 9/J: 10 
b i:i ffi 3 0) If - 1--- 1<!i& I 4 a & 'CJ ffi 4 0) If - r 1<!i& I 5 a 0) If - 1--- $i'ii 7J rnJ 0) ,t a; ti , 7 A 
7 ft b -1::t I~/;: :t5 It 0 :fd ft b -1::t 'ffl flt .L). J: '"f ilS 0 i: t D' i L, t,' o i tc. , Ji ')It, ffi 3 0) If 
- f' ~ j<!l& 1 4 a Hz_ 'CJ ffi 4 0) 7 - f' j;,j 1 5 a 0) r - ;J:_' /j: 2 X 1 0 I 5 / C ill 2 ~ flt C' iJS 
0 i: t D' 1 L, t,' o 

( {,E * J: 0) flj ffl PJ "/J~ 'ti ) 
(0066) 

:;,js; # B]J re {* 0 ¥ • f* H Ji' & 'CJ t 0) R m 7J a; /j: , ~ r 0) ~ *Bl {t & 'CJ ~ ffl {t ~ fJJ5 if 0 c. t 
iJ: < , P N m ft ~ w flJI ~ re t5 it 0 ~ • v 1J +:r ,{ F ■ 0) 1t1r *~ ~ ~15 it L , lie *'' 0) m m ft ~ @l 

~'"f~, ~~~-Vl)+:J-,{F ■ ~-~k~17~3/-l---ftm0):'f.~H &'CJ-'20)Rm7J 
rt re 1f m L' ilS 0 o 20 
( l'K! lm 0) 1ffi ~ 7J: iJl B]J ) 
(0067) 

( l'K! 1 ) ( a ) & 'CJ ( b ) ti :;,js; # Bfl 0) - ~ tJi!i. !B ~ re {* 0 ¥ • f* H ~ ti x\'. i'lf.J /;: ff-; L, , ( a 
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SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 

This is a continuation of PCT International Application PCT/JP2011/006167 filed 

5 on November 4, 2011, which claims priority to Japanese Patent Application No. 2011-068131 

filed on March 25, 2011. The disclosures of these applications including the specifications, 

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

10 

BACKGROUND 

The present disclosure relates to semiconductor devices and methods for fabricating 

semiconductor devices, and more particularly to a semiconductor device having a 

complementary metal insulator semiconductor (CMIS) dual-gate structure and a method for 

fabricating such a semiconductor device. 

The integration degree of semiconductor integrated circuits have been increased by 

15 miniaturizing CMIS devices with dual-gate structures. A CMIS device with a dual-gate 

structure generally refers to a device including a polysilicon film doped with an n-type 

impurity as a gate electrode of an n-channel metal insulator semiconductor field effect 

transistor (hereinafter referred to as an NMISFET) and also including a polysilicon film 

doped with a p-type impurity as a gate electrode of a p-channel MISFET (hereinafter referred 

20 to as a PMISFET) (see, for example, Japanese Patent Publication No. H06-275788). In a 

CMIS device with a dual-gate structure, a metal silicide layer is formed on a polysilicon gate 

electrode in order to connect an n-type polysilicon gate electrode and a p-type polysilicon gate 

electrode. In this structure, in the boundary between an n-type region and a p-type region in 

each of the polysilicon gate electrode, impurities in these regions are diffused from one region 

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

FETs. 

As a conventional method for forming an n-type region and a p-type region in a 

polysilicon film for gate electrodes, ions of impurities are implanted into the polysilicon film 

5 for gate electrodes using a mask designed such that the boundary between the n-type region 

and the p-type region is located on an isolation between well regions (see, for example, 

Japanese Patent Publication No. H08-l 7934). 

A conventional semiconductor device in which an n-type region and a p-type region 

are formed by implanting ions into gate electrodes of a transistor for a logic circuit and a 

10 transistor for a static random access memory (SRAM) circuit will be described with reference 

to the drawings. 

FIG. 15A is a plan view illustrating a logic area of a conventional semiconductor 

device. FIG. 15B is a cross-sectional view taken along the line B-B (along the gate width) in 

FIG. 15A. FIG. 15C is a plan view illustrating an SRAM area of the conventional 

15 semiconductor device. FIG. 15D is a cross-sectional view taken along the line D-D (along 

the gate width) in FIG. 15C. In FIGS. 15A-15D, sidewall spacers, a silicide layer, and an 

interlayer film, for example, are not shown for simplicity, and contacts are not shown in 

FIGS. 15B and 15D. 

As illustrated in FIGS. 15A-15D, each of the logic area and the SRAM area of the 

20 conventional semiconductor device has an NMIS region and a PMIS region. In the NMIS 

region in the logic area, a p-well region 102a is provided on a semiconductor substrate 100 

and an active region 100a is surrounded by an isolation region 101. In the PMIS region in 

the logic area, an n-well region 102b is provided on the semiconductor substrate 100 and an 

active region 100b is surrounded by the isolation region 101. In the NMIS region in the 

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

SRAM area, an n-well region 102d is provided on the semiconductor substrate 100, and an 

active region 100d is surrounded by the isolation region 101. 

On the active region 100a, a gate electrode 11 la including an n-type polysilicon 

5 film 104a is formed with a gate insulating film 103 interposed therebetween. On the active 

region 100b, a gate electrode 11 lb including a p-type polysilicon film 104b is formed with the 

gate insulating film 103 interposed therebetween. The gate electrode 11 la and the gate 

electrode 11 lb are connected to each other at a PN boundary 113L between the active region 

100a and the active region 100b on the isolation region 101, thereby forming a dual-gate 

10 electrode 112L. N-type source/drain regions 105a are defined at both sides of the gate 

electrode 11 la in the active region 100a. P-type source/drain regions 105b are defined at 

both sides of the gate electrode 111 b in the active region 1 00b. A contact 108 is formed to 

be connected to the dual-gate electrode l 12L, the n-type source/drain regions 105a, and the 

p-type source/drain regions 105b. 

15 On the active region 100c, a gate electrode 11 lc including an n-type polysilicon 

film 104c is formed with the gate insulating film L03 interposed therebetween. On the active 

region 100d, a gate electrode 11 ld including a p-type polysilicon film 104d is formed with 

gate insulating film 103 interposed therebetween. The gate electrode 11 lc and the gate 

electrode 11 ld are connected to each other at a PN boundary 113S between the active region 

20 100c and the active region 100d on the isolation region 101, thereby forming a dual-gate 

electrode 112S. N-type source/drain regions 105c are defined at both sides of the gate 

electrode 11 lc in the active region 100c. P-type source/drain regions 105d are defined at 

both sides of the gate electrode 11 ld in the active region 100d. A contact 108 is formed to 

be connected to the dual-gate electrode 112S, the n-type source/drain regions 105c, and the 

25 p-type source/drain regions 105d. 
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5 

FIGS. 16A and 16B are views schematically illustrating formation of a p-type 

region and an n-type region by implanting ions of impurities into a polysilicon film (before 

gate patterning) to be dual-gate electrodes 112L and 112S. In FIGS. 16A and 16B, 

components already shown in FIGS. 15A-15D are denoted by the same reference characters. 

As illustrated in FIGS. 16A and 16B, in gate injection for the PMIS regions, ions of 

a p-type impurity are implanted into the polysilicon film 104 using a mask pattern 151 

covering the NMIS region in each of the logic area and the SRAM area, thereby forming 

p-type polysilicon films 104b and 104d. That is, the p-type polysilicon films 104b and 104d 

have substantially the same concentration of the p-type impurity. In gate injection for the 

10 NMIS regions, ions of an n-type impurity are implanted into the po1ysilicon film 104 using a 

mask pattern 152 covering the PMIS region of each of the logic area and the SRAM area, 

thereby forming n-type polysilicon films 104a and 104c. That is, the n-type polysilicon 

films 104a and 104c have substantially the same concentration of.then-type impurity. For 

simplicity, not resist patterns actually employed in ion implantation but mask patterns on 

15 photomasks for forming the resist patterns are schematically shown as the mask patterns 151 

and 152. The mask patterns 151 and 152 are designed such that the PN boundaries formed 

in the polysilicon film 104 are located between the active region 100a and the active region 

100b and between the active region 100c and the active region 100d, respectively, on the 

isolation region 101. 

20 Although not shown, in ion implantation for forming source/drain regions in each of 

the PMIS region and the NMIS region, mask patterns similar to the mask patterns 151 and 

152 shown in FIGS. 16A and 16B are used. 

In the gate injection illustrated in FIGS. 16A and 16B, the PN boundary formed in 

the polysilicon film 104 is located on a portion of the isolation region between the active 

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

electrode. 

SUMMARY 

However, as the gate length decreases with miniaturization of devices, there arises 

5 the following problem in addition to the problem of mutual diffusion in the polysilicon film. 

Specifically, the difference in the etching speed of the polysilicon film between different 

types of ions serving as dopants relatively increases, thereby causing a variation in final gate 

length, and as a result, a variation in the threshold voltages of transistors arises. To solve the 

problem, especially in devices such as SRAMs which need to have their cell sizes reduced, it 

10 is necessary to reduce a variation in gate dimensions occurring near a PN boundary. 

In addition, as in the conventional method described above, even if the PN 

boundary in the polysilicon gate electrode is located on a portion of the isolation region 

between the active regions, a small width of the isolation region especially in a device such as 

an SRAM makes the influence of mutual diffusion of impurities between the n-type region 

15 and the p-type region in the polysilicon gate electrode nonnegligible. Consequently, a 

variation occurs in the work functions of the gate electrodes to deteriorate transistor 

characteristics such as a variation in threshold voltage. As a result, failures in circuit 

operation often occurs. 

It is therefore an object of the present disclosure to reduce a variation in transistor 

20 characteristics due to a variation in gate dimensions near a PN boundary and mutual diffusion 

of impurities in a semiconductor device with a CMIS dual-gate structure. 

To achieve the object, a semiconductor device in an aspect of the present 

disclosure includes: a first dual-gate electrode; and a second dual-gate electrode, wherein the 

first dual-gate electrode includes a first gate electrode located on a first active region and 

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

dual-gate electrode includes a third gate electrode located on a third active region and having 

a second silicon film of the first conductivity type and a fourth gate electrode located on a 

fourth active region and having a second silicon film of the second conductivity type, the 

5 first active region and the second active region are isolated from each other with an isolation 

region interposed therebetween, the first gate electrode and the second gate electrode are 

connected to each other on the isolation region, and at least a portion of the first silicon film 

of the first conductivity type has a first-conductivity-type impurity concentration higher than 

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

10 active region. 

In the semiconductor device, an isolation width between the first active region and 

the second active region may be larger than that between the third active region and the fourth 

active region. 

In the semiconductor device, at least a portion of the first silicon film of the second 

15 conductivity type may have a second-conductivity-type impurity concentration substantially 

equal to that of a portion of the second silicon film of the second conductivity type located on 

the fourth active region. 

In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on the first active region may have a first-conductivity-type 

20 impurity concentration higher than that of a portion of the second silicon film of the first 

conductivity type located on the third active region. 

In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on the first active region may have a first-conductivity-type 

impurity concentration lower than that of a portion of the first silicon film of the first 

25 conductivity type located on the isolation region. 
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In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on each of the first active region and the isolation region may have 

a first-conductivity-type impurity concentration higher than that of a portion of the second 

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

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

10 

In the semiconductor device, a portion of the first silicon film of the second 

conductivity type located on the second active region may have a second-conductivity-type 

impurity concentration lower than that of a portion of the second silicon film of the second 

conductivity type located on the fourth active region. 

In the semiconductor device, a portion of the first silicon film of the second 

conductivity type located on the second active region may have a second-conductivity-type 

impurity concentration lower than that of a portion of the first silicon film of the second 

conductivity type located on the isolation region. 

In the semiconductor device, a portion of the first silicon film of the second 

15 conductivity type located on the isolation region may have a second-conductivity-type 

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

second conductivity type located on the fourth active region. 

In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on the first active region may have a first-conductivity-type 

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

first conductivity type located on the isolation region. 

In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on the isolation region may have a first-conductivity-type impurity 

concentration higher than that of a portion of the second silicon film of the first conductivity 

25 type located on the third active region. 
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5 

In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on the first active region may have a first-conductivity-type 

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

first conductivity type located on the third active region. 

In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on the first active region may have a first-conductivity-type 

impurity concentration lower than that of a portion of the first silicon film of the first 

conductivity type located on the isolation region. 

In the semiconductor device, a portion of the first silicon film of the second 

10 conductivity type located on the second active region may have a second-conductivity-type 

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

second conductivity type located on the fourth active region. 

In the semiconductor device, a portion of the first silicon film of the second 

conductivity type located on the second active region may have a second-conductivity-type 

15 impurity concentration lower than that of a portion of the first silicon film of the second 

conductivity type located on the isolation region. 

In the semiconductor device, a portion of the first silicon film of the second 

conductivity type located on the isolation region may have a second-conductivity-type 

impurity concentration higher than that of a portion of the second silicon film of the second 

20 conductivity type located on the fourth active region. 

In the semiconductor device, a portion of the first silicon film of the first 

conductivity type located on the first active region may have a first-conductivity-type 

impurity concentration higher than that of a portion of the second silicon film of the first 

conductivity type located on the third active region, and a portion of the first silicon film of 

25 the second conductivity type located on the second active region may have a 
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second-conductivity-type impurity concentration higher than that of a portion of the second 

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

In the semiconductor device, the first gate electrode may be a gate electrode of a 

first PMIS transistor, the second gate electrode may be a gate electrode of a first NMIS 

5 transistor, the third gate electrode may be a gate electrode of a second PMIS transistor, and 

the fourth gate electrode may be a gate electrode of a second NMIS transistor. 

In the semiconductor device, each of the first gate electrode and the second gate 

electrode may be a gate electrode of a transistor for a logic circuit, and each of the third gate 

electrode and the fourth gate electrode may be a gate electrode of a transistor for an SRAM 

10 circuit. 

A method for fabricating a semiconductor device in an aspect of the present 

disclosure is a method for forming a semiconductor device including a first dual-gate 

electrode including a first gate electrode located on a first active region and a second gate 

electrode located on a second active region and a second dual-gate electrode including a third 

15 gate electrode located on a third active region and a fourth gate electrode located on a fourth 

active region. The method for fabricating a semiconductor device includes the steps of: (a) 

forming a silicon film on the first active region, the second active region, the third active 

region, and the fourth active region; (b) introducing an impurity of a first conductivity type 

into the silicon film with portions of the silicon film located on the second active region, the 

20 third active region, and the fourth active region being covered with a first mask pattern; (c) 

introducing an impurity of a second conductivity type with a portion of the silicon film 

located on the first active region being covered with a second mask pattern; and (d) patterning 

the silicon film after steps (b) and ( c ), thereby forming the first gate electrode, the second gate 

electrode, the third gate electrode, and the fourth gate electrode including the silicon film on 

25 the first active region, the second active region, the third active region, and the fourth active 
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region, respectively. In the method for fabricating a semiconductor device, step (b) and step 

(c) may be performed in any order. 

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

expose a portion of the silicon film located on the first active region, and the second mask 

5 pattern may expose portions of the silicon film located on the second active region, the third 

active region, and the fourth active region. 

In the method for fabricating a semiconductor device, the first active region and the 

second active region are electrically isolated from each other by an isolation region. In step 

(a), the silicon film may also be formed on the isolation region, the first mask pattern may 

IO cover a portion of the silicon film located on the first active region and expose a portion of the 

silicon film located on the isolation region, and the second mask pattern may cover a portion 

of the silicon film located on the second active region and expose portions of the silicon film 

located on the isolation region, the third active region, and the fourth active region. The first 

mask pattern and the second mask pattern do not need to expose a portion of the silicon film 

15 located on the isolation region. In other words, the first mask pattern and the second mask 

pattern may cover a portion of the silicon film located on the isolation region. 

In the method for fabricating a semiconductor device, the first active region and the 

second active region may be electrically isolated from each other by an isolation region. In 

step (a), the silicon film may also be formed on the isolation region, the first mask pattern 

20 may cover a portion of the silicon film located on the first active region and expose a portion 

of the silicon film located on the isolation region, and the second mask pattern may cover 

portions of the silicon film located on the second active region, the third active region, and the 

fourth active region and expose a portion of the silicon film located on the isolation region. 

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

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

According to the present disclosure described above, it is possible to reduce a 

variation in transistor characteristics due to a variation in gate dimensions near a PN boundary 

and mutual diffusion of impurities in a semiconductor device with a CMIS dual-gate 

5 structure. Thus, the present disclosure is useful for semiconductor devices with CMIS 

dual-gate structures and methods for fabricating such semiconductor devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. IA is a plan view illustrating a logic area of a semiconductor device 

according to a first embodiment, FIG. IB is a cross-sectional view taken along the line I-I in 

IO FIG. IA, FIG. IC is a plan view illustrating an SRAM area of the semiconductor device of 

the first embodiment, and FIG. ID is a cross-sectional view taken along the line II-II in FIG. 

15 

IC. 

FIGS. 2A-2F are cross-sectional views showing a process step of a method for 

fabricating a semiconductor device according to the first embodiment. 

FIGS. 3A-3F are cross-sectional views showing a process step of the method for 

fabricating a semiconductor device of the first embodiment. 

FIGS. 4A-4F are cross-sectional views showing a process step of the method for 

fabricating a semiconductor device of the first embodiment. 

FIGS. 5A-5F are cross-sectional views showing a process step of the method for 

20 fabricating a semiconductor device of the first embodiment. 

25 

FIGS. 6A-6F are cross-sectional views showing a process step of the method for 

fabricating a semiconductor device of the first embodiment. 

FIGS. 7 A-7F are cross-sectional views showing a process step of the method for 

fabricating a semiconductor device of the first embodiment. 

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

FIG. 9A is a plan view illustrating a logic area of a semiconductor device 

according to a second embodiment, FIG. 9B is a cross-sectional view taken along the line I-I 

in FIG. 9A, FIG. 9C is a plan view illustrating an SRAM area of the semiconductor device of 

5 the second embodiment, and FIG. 9D is a cross-sectional view taken along the line II-II in 

FIG. 9C. 

FIGS. IOA-IOF are cross-sectional views showing a process step of a method for 

fabricating a semiconductor device according to the second embodiment. 

FIG. 1 lA is a plan view illustrating a logic area of a semiconductor device 

10 according to a third embodiment, FIG. 1 lB is a cross-sectional view taken along the line I-I 

in FIG. 1 lA, FIG. 1 lC is a plan view illustrating an SRAM area of the semiconductor device 

of the third embodiment, and FIG. 11D is a cross-sectional view taken along the line II-II in 

FIG. llC. 

FIGS. 12A-12F are cross-sectional views showing a process step of a method for 

15 fabricating a semiconductor device according to the third embodiment. 

FIG. 13A is a plan view illustrating a logic area of a semiconductor device 

according to a fourth embodiment, FIG. 13B is a cross-sectional view taken along the line I-I 

in FIG. 13A, FIG. 13C is a plan view illustrating an SRAM area of the semiconductor device 

of the fourth embodiment, and FIG. 13D is a cross-sectional view taken along the line II-II in 

20 FIG. 13C. 

FIGS. 14A-14F are cross-sectional views showing a process step of a method for 

fabricating a semiconductor device according to the fomth embodiment. 

FIG. 15A is a plan view illustrating a logic area of a conventional semiconductor 

device, FIG. 15B is a cross-sectional view taken along the line B-B in FIG. 15A, FIG. 15C is 

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

FIGS. 16A and 16B are views schematically illustrating formation of p-type regions 

and n-type regions by implanting ions of an impurity into a polysilicon film (before gate 

patterning) to be a dual-gate electrode in a conventional method for fabricating a 

5 semiconductor device. 

10 

DETAILED DESCRIPTION 

(FIRST EMBODIMENT) 

A semiconductor device according to a first embodiment of the present disclosure 

will be described with reference to the drawings. 

FIG. IA is a plan view illustrating a logic area of a semiconductor device according 

to the first embodiment. FIG. lB is a cross-sectional view taken along the line I-I (along the 

gate width) in FIG. IA. FIG. IC is a plan view illustrating an SRAM area of the 

semiconductor device of the first embodiment. FIG. ID is a cross-sectional view taken 

along the line II-II (along the gate width) in FIG. IC. In FIGS. lA-lD, sidewall spacers, a 

15 silicide layer, and an interlayer film, for example, are not shown for simplicity, and contacts 

are not shown in FIGS. lB and ID. 

As illustrated in FIGS. IA-ID, the semiconductor device of this embodiment 

includes an area where a logic circuit is to be formed (hereinafter referred to as a logic area) 

and an area where an SRAM circuit is to be formed (hereinafter referred to as an SRAM 

20 area). Each of the logic area and the SRAM area includes a region where an NMISFET is to 

be formed (hereinafter referred to as an NMIS region) and a region where a PMISFET is to be 

formed (hereinafter referred to as a PMIS region). In the NMIS region in the logic area, a 

p-well region 12a is provided on a semiconductor substrate 10, and an active region 10a is 

surrounded by an isolation region 11. In the PMIS region in the logic area, an n-well region 

25 12b is provided on the semiconductor substrate 10, and an active region 10b is surrounded by 
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the isolation region 11. In the NMIS region in the SRAM area, a p-well region 12c is 

provided on the semiconductor substrate 10, and an active region 10c is surrounded by the 

isolation region 11. In the PMIS region in the SRAM area, an n-well region 12d is provided 

on the semiconductor substrate 10, and an active region 10d is surrounded by the isolation 

5 region 11. 

On the active region 10a, a gate electrode 30a including an n-type silicon film 14a is 

formed with a gate insulating film 13 interposed therebetween. On the active region 10b, a 

gate electrode 30b including a p-type silicon film 14b is formed with the gate insulating film 

13 interposed therebetween. The gate electrode 30a and the gate electrode 30b are 

10 connected to each other at a PN boundary 41L between the active region 10a and the active 

region 10b on the isolation region 11, thereby forming a dual-gate electrode 31L. N-type 

source/drain regions 20a are defined at both sides of the gate electrode 30a in the active 

region 1 0a. P-type source/drain regions 20b are defined at both sides of the gate electrode 

30b in the active region 10b. Contacts 26a and 26b are formed to be connected to the n-type 

15 source/drain regions 20a and the p-type source/drain regions 20b, and a contact 26e is formed 

to be connected to the dual-gate electrode 3 lL. 

On the active region 10c, a gate electrode 30c including an n-type silicon film 14c is 

formed with the gate insulating film 13 interposed therebetween. On the active region 10d, a 

gate electrode 30d including a p-type silicon film 14d is formed with the gate insulating film 

20 13 interposed therebetween. The gate electrode 30c and the gate electrode 30d are 

connected to each other at a PN boundary 41S between the active region 10c and the active 

region 10d on the isolation region 11, thereby forming a dual-gate electrode 31 S. N-type 

source/drain regions 20c are defined at both sides of the gate electrode 30c in the active 

region 10c. P-type source/drain regions 20d are defined at both sides of the gate electrode 

25 30d in the active region 10d. Contacts 26c and 26d are formed to be connected to the n-type 
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5 

source/drain regions 20c and the p-type source/drain regions 20d, and a contact 26f is formed 

to be connected to the gate electrode 30c. 

A feature of this embodiment is that the p-type impurity concentration in the entire 

p-type silicon film 14b is higher than that in the entire p-type silicon film 14d. 

The n-type impurity concentration of the n-type silicon film 14a is substantially 

equal to that of then-type silicon film 14c. The width of the isolation region 11 (specifically 

a portion of the isolation region 11 between the active region 10a and the active region 10b) 

in the logic area is, for example, about 70 nm or more, whereas the width of the isolation 

region 11 (specifically a portion of the isolation region 11 between the active region 10c and 

10 the active region 1 0d) in the SRAM area is, for example, about 30-60 nm. 

A method for fabricating a semiconductor device according to the first embodiment 

will be described hereinafter with reference to the drawings. 

FIGS. 2A-2F, 3A-3F, 4A-4F, 5A-5F, 6A-6F, 7A-7F, and 8A-8F are cross-sectional 

views illustrating process steps of a method for fabricating a semiconductor device according 

15 to the first embodiment. FIGS. 2A, 3A, 4A, 5A, 6A, 7 A, and 8A illustrate cross-sectional 

structures taken along the line III-III (along the gate length) in FIG. IA in respective process 

steps. FIGS. 2B, 3B, 4B, 5B, 6B, 7B, and 8B illustrate cross-sectional structures taken along 

the line IV-IV (along the gate length) in FIG. lA in the respective process steps. FIGS. 2C, 

3C, 4C, SC, 6C, 7C, and 8C illustrate cross-sectional structures taken along the line V-V 

20 (along the gate length) in FIG. IC in the respective process steps. FIGS. 2D, 2D, 3D, 4D, 

5D, 6D, 7D, and 8D illustrate cross-sectional structures taken along the line VI-VI (along the 

gate length) in FIG. lC in the respective process steps. FIGS. 2E, 3E, 4E, SE, 6E, 7E, and 

8E illustrate cross-sectional structures taken along the line I-I (along the gate width) in FIG. 

IA in the respective process steps. FIGS. 2F, 3F, 4F, SF, 6F, 7F, and 8F illustrate 

25 cross-sectional structures taken along the line II-II (along the gate width) in FIG. IC in the 
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respective process steps. 

First, as illustrated in FIGS. 2A-2F, an isolation region 11 formed by filling a trench 

with an insulating film is selectively formed in an upper portion of a semiconductor substrate 

10 of, for example, p-type silicon by a method such as shallow trench isolation (STI). 

5 Accordingly, in the NMIS region in the logic area, an active region 10a is formed in a portion 

of the semiconductor substrate 10 surrounded by the isolation region 11. In the PMIS region 

in the logic area, an active region 10b is formed in a portion of the semiconductor substrate 10 

surrounded by the isolation region 11. In the NMIS region in the SRAM area, an active 

region 1 Oc is formed in a portion of the semiconductor substrate 10 surrounded by the 

10 isolation region 11. In the PMIS region in the SRAM area, an active region 10d is formed in 

a portion of the semiconductor substrate 10 surrounded by the isolation region 11. 

Thereafter, a p-type impurity such as boron (B) is implanted into each of the NMIS regions of 

the semiconductor substrate 10 by, for example, lithography and ion implantation. 

Subsequently, an n-type impurity such as phosphorus (P) is implanted into each of the PMIS 

15 regions of the semiconductor substrate 10 by, for example, lithography and ion implantation. 

Then, the semiconductor substrate 10 is subjected to heat treatment at 850°C for 30 seconds, 

for example, thereby forming a p-well region 12a on the semiconductor substrate 10 in the 

NMIS region in the logic area, an n-well region 12b on the semiconductor substrate 10 in the 

PMIS region in the logic area, a p-well region 12c on the semiconductor substrate 10 in the 

20 NMIS region in the SRAM area, and an n-well region 12d on the semiconductor substrate 10 

in the PMIS region in the SRAM area. 

25 

Next, as illustrated in FIGS. 3A-3F, the surface of the semiconductor substrate 10 is 

cleaned with diluted hydrogen fluoride, and then a gate insulating film 13 of a silicon dioxide 

film with a thickness of, for example, about 2 nm is formed by in-situ steam generation 

(ISSG) oxidation on the active regions 10a, 10b, 10c, and 10d. Thereafter, the 
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semiconductor substrate 10 is subjected to, for example, a nitrogen plasma process, thereby 

nitriding the surface of the gate insulating film 13 to form a nitrided layer (not shown). 

Then, annealing is performed, thereby removing nitrogen atoms with weak bonds from the 

nitrided layer. Subsequently, a silicon film 14 of, for example, polysilicon with a thickness 

5 of about 100 nm is deposited by, for example, chemical vapor deposition (CVD) over the gate 

insulating film 13. 

Then, as illustrated in FIGS. 3A-3F, with a mask pattern 5 IA covering the entire 

NMIS region in the logic area and the entire SRAM area (i.e., the entire NMIS region and the 

entire PMIS region in the SRAM area) and exposing the entire PMIS region in the logic area, 

10 ions of a p-type impurity such as boron (B) are implanted into the silicon film 14 at a dose of 

4 x1015 cm-2, thereby forming a p-type silicon film 14P. Thereafter, with a mask pattern 

52A covering the entire PMIS region in the logic area and exposing the entire NMIS region in 

the logic area and the entire SRAM area (i.e., the entire NMIS region and the entire PMIS 

region in the SRAM area), ions of an n-type impurity such as phosphorus (P) are implanted 

15 into the silicon film 14 at a dose of 3 x 1015 cm-2, thereby forming an n-type silicon film 14N. 

That is, as a feature of this embodiment, ions of the n-type impurity are implanted in the gate 

injection for the PMIS region in the SRAM area. 

Formation of the p-type silicon film 14P and formation of the n-type silicon film 

14N may be performed in any order. In FIGS. 3A-3F, not resist patterns formed on the 

20 semiconductor substrate 10 by photolithography but mask patterns on photomasks for 

forming these resist patterns are schematically shown as the mask patterns 51A and 52A for 

simplicity. The mask patterns 51A and 52A are designed such that the PN boundary 41L 

between the p-type silicon film 14P and the n-type silicon film 14N is located on a portion of 

the isolation region 11 between the active region 10a and the active region IOb. 

25 After formation of the p-type silicon film 14P and then-type silicon film 14N, the 
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5 

semiconductor substrate 10 is subjected to heat treatment at 850°C for 30 seconds, for 

example, thereby uniformizing a profile (specifically a profile vertical to the principal surface 

of the substrate, hereinafter referred to as a vertical profile) of an impurity implanted in the 

form of ions into each of the p-type silicon film 14P and then-type silicon film 14N. 

Thereafter, a resist pattern (not shown) having a gate shape is formed by 

photolithography on the silicon film 14, and then using the resist pattern as a mask, the silicon 

film 14 is patterned by dry etching. In this manner, as illustrated in FIGS. 4A-4F, a gate 

electrode 30a including an n-type silicon film 14a is formed on the active region 10a with a 

gate insulating film 13a interposed therebetween, a gate electrode 30b including a p-type 

10 silicon film 14b is formed on the active region 10b with a gate insulating film 13b interposed 

therebetween, a gate electrode 30c including an n-type silicon film 14c is formed on the active 

region 10c with a gate insulating film 13c interposed therebetween, and a gate electrode 30d 

including an n -type silicon film 14d' is formed on the active region 10d with a gate insulating 

film 13d interposed therebetween. The gate electrode 30a and the gate electrode 30b are 

15 connected to each other at the PN boundary 41L between the active region 10a and the active 

region 10b on the isolation region 11, thereby forming a dual-gate electrode 3 lL. The gate 

electrode 30c and the gate electrode 30d are connected to each other on a portion of the 

isolation region 11 between the active region 10c and the active region 10d, thereby forming a 

dual-gate electrode 31S. At the end of the process step shown in FIGS. 4A-4F, no PN 

20 boundary is formed in the dual-gate electrode 31 S. 

Subsequently, an insulating film for offset spacers of, for example, a silicon dioxide 

film with a thickness of 8 nm is deposited by, for example, CVD over the entire surface of the 

semiconductor substrate 10, and then the insulating film for offset spacers is subjected to 

anisotropic etching. In this manner, as illustrated in FIGS. 5A-5F, offset spacers 15a are 

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

30b, offset spacers 15c are formed on side surfaces of the gate insulating film 13c and the gate 

electrode 30c, and offset spacers 15d are formed on side surfaces of the gate insulating film 

13d and the gate electrode 30d. 

Then, a resist pattern (not shown) exposing each NMIS region and covering each 

PMIS region is formed on the semiconductor substrate 10, and then, using the resist pattern 

and the gate electrodes 30a and 30c as masks, ions of an n-type impurity such as arsenic (As) 

are implanted. With this process, as illustrated in FIGS. 5A-5D, n-type source/drain regions 

(e.g., lightly doped drain (LDD) regions or extension regions) 16a and 16c having relatively 

10 shallow junction depths are defined in a self-aligned manner in portions of the active region 

10a below the sides of the gate electrode 30a and in portions of the active region 10c below 

the sides of the gate electrode 30c. Subsequently, a resist pattern (not shown) covering each 

NMIS region and exposing each PMIS region is formed on the semiconductor substrate 10, 

and using the resist pattern and the gate electrodes 30b and 30d as masks, ions of a p-type 

15 impurity such as BF2 are implanted. With this process, as illustrated in FIGS. 5A-5D, p-type 

source/drain regions (e.g., LDD regions or extension regions) 16b and 16d having relatively 

shallow junction depths are defined in a self-aligned manner in portions of the active region 

10b below the sides of the gate electrode 30b and portions of the active region 10d below the 

sides of the gate electrode 30d. 

20 Formation of the n-type source/drain regions 16a and 16c and formation of the 

p-type source/drain regions 16b and 16d may be performed in any order. 

Then, a first insulating film of, for example, a silicon dioxide film with a thickness 

of about 10 nm and a second insulating film of, for example, a silicon nitride film with a 

thickness of about 30 nm are deposited in this order by, for example, CVD over the entire 

25 surface of the semiconductor substrate 10, and then the first insulating film and the second 
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insulating film are subjected to anisotropic etching. In this manner, as illustrated in FIGS. 

6A-6F, sidewall spacers 19a are formed on side surfaces of the gate electrode 30a with the 

offset spacers 15a interposed therebetween, sidewall spacers 19b are formed on side surfaces 

of the gate electrode 30b with the offset spacers 15b interposed therebetween, sidewall 

5 spacers 19c are formed on side surfaces of the gate electrode 30c with the offset spacers 15c 

interposed therebetween, and sidewall spacers 19d are formed on side surfaces of the gate 

electrode 30d with the offset spacers 15d interposed therebetween. Each of the sidewall 

spacers 19a includes an inner sidewall 17a having an L shape in cross section and made of the 

first insulating film and an outer sidewall 18a located on the inner sidewall 17a and made of 

10 the second insulating film. Each of the sidewall spacers 19b includes an inner sidewall 17b 

having having an L shape in cross section and made of the first insulating film and an outer 

sidewall 18b located on the inner sidewall 17b and made of the second insulating film. Each 

of the sidewall spacers 19c includes an inner sidewall 17c having an L shape in cross section 

and made of the first insulating film and an outer sidewall 18c located on the inner sidewall 

15 17c and made of the second insulating film. Each of the sidewall spacers 19d includes an 

inner sidewall 17d having an L shape in cross section and made of the first insulating film and 

an outer sidewall 18d located on the inner sidewall 17 d and made of the second insulating 

film. 

Subsequently, as illustrated in FIGS. 6A-6F, using a mask pattern 53 covering the 

20 entire NMIS region in the logic area and the entire NMIS region in the SRAM area, the gate 

electrode 30b, the offset spacers 15b, and the sidewall spacers 19b in the active region 10b, 

and the gate electrode 30d, the offset spacers 15d, and the sidewall spacers 19d in the active 

region 10d as mask, ions of a p-type impurity such as boron (B) are implanted into the active 

region 10b and the active region 10d at a dose of 5 x 1015 cm-2
. In this manner, p-type 

25 source/drain regions 20b having a junction depth deeper than that of the shallow p-type 

20 P615651 

 
Page 76 of 304



source/drain regions 16b and connected to the p-type source/drain regions 16b are defined in a 

self-aligned manner below the outer sides of the sidewall spacers 19b in the active region 1 Ob, 

and p-type source/drain regions 20d having a junction depth deeper than that of the shallow 

p-type source/drain regions 16d and connected to the p-type source/drain regions 16d are 

5 defined in a self-aligned manner below the outer sides of the sidewall spacers 19d in the 

active region 10d. In this process step, the p-type impurity is also implanted into the p-type 

silicon film 14b forming the gate electrode 30b and the n-type silicon film 14d' forming the 

gate electrode 30d, thereby increasing the p-type impurity concentration of the p-type silicon 

film 14b and changing then-type silicon film 14d' into the p-type silicon film 14d. In this 

10 manner, a PN boundary 41S between then-type silicon film 14c (the gate electrode 30c) and 

the p-type silicon film n 14d (the gate electrode 30d) is formed in the dual-gate electrode 3 lS. 

At this time, the p-type impurity concentration of the p-type silicon film 14b is higher than 

that of the p-type silicon film 14d. 

Thereafter, as illustrated in FIGS. 6A-6F, using a mask pattern 54 covering the 

15 entire PMIS region in the logic area and the entire PMIS region in the SRAM area, the gate 

electrode 30a, the offset spacers 15a, and the sidewall spacers 19a in the active region 10a, 

and the gate electrode 30c, the offset spacers 15c, and the sidewall spacers 19c in the active 

region 10c as masks, ions of an n-type impurity such as arsenic (As) are implanted into the 

active region 10a and the active region 10c at a dose of 4 x1015 to 5 x1015 cm-2
. In this 

20 manner, n-type source/drain regions 20a having a junction depth deeper than that of the 

shallow n-type source/drain regions 16a and connected to then-type source/drain regions 16a 

are defined in a self-aligned manner below the outer sides of the sidewall spacers 19a in the 

active region 10a, and n-type source/drain regions 20c having a junction depth deeper than 

that of the shallow n-type source/drain regions 16c and connected to the n-type source/drain 

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

Formation of the p-type source/drain regions 20b and 20d and formation of the 

n-type source/drain regions 20a and 20c may be performed in any order. In FIGS. 6A-6F, 

not resist patterns formed by photolithography on the semiconductor substrate 10 but mask 

5 patterns on photomasks for forming the resist patterns are schematically shown as the mask 

patterns 53 and 54 for simplicity. The mask patterns 53 and 54 are designed such that the 

location (i.e., on a portion of the isolation region 11 between the active region 10a and the 

active region 10b) of the PN boundary 41L between the p-type silicon film 14a (the gate 

electrode 30a) and then-type silicon film 14b (the gate electrode 30b) is not changed and that 

10 the PN boundary 41S between the p-type silicon film 14c (the gate electrode 30c) and the 

n-type silicon film 14d (the gate electrode 30d) is iocated on a portion of the isolation region 

11 between the active region 10c and the active region 10d. 

After formation of the n-type source/drain regions 20a and 20c and the p-type 

source/drain regions 20b and 20d, the semiconductor substrate 10 is subjected to heat 

15 treatment, thereby activating the impurities implanted into then-type source/drain regions 20a 

and 20c and the p-type source/drain regions 20b and 20d. 

Then, natural oxide films (not shown) on the surfaces of the deep n-type 

source/drain regions 20a and 20c and the deep p-type source/drain regions 20b and 20d are 

removed, and then a metal film (not shown) of, for example, nickel with a thickness of about 

20 IO nm is deposited by, for example, sputtering over the entire surface of the semiconductor 

substrate 10. Thereafter, first rapid thermal annealing (RTA) is performed on the 

semiconductor substrate 10 at, for example, 320°C in, for example, a nitrogen atmosphere, 

thereby causing silicon (Si) in surface portions of the deep n-type source/drain regions 20a 

and 20c and the deep p-type source/drain regions 20b and 20d and nickel (Ni) in the metal 

25 film to react with each other. In this manner, as illustrated in FIGS. 7 A-7F, metal silicide 
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layers 21a-2ld of nickel silicide are formed on the deep n-type source/drain regions 20a and 

20c and the deep p-type source/drain regions 20b and 20d. In this process step, Si in surface 

portions of the n-type silicon films 14a and 14c constituting the gate electrode 30a and 30c 

and the p-type silicon films 14b and 14d constituting the gate electrodes 30b and 30d also 

5 reacts with Ni in the metal film, thereby forming metal silicide layers 22a-22d of nickel 

silicide on the gate electrodes 30a-30d. Subsequently, the semiconductor substrate 10 is 

immersed in an etchant of a mixed solution of, for example, sulfuric acid and a hydrogen 

peroxide solution, thereby removing unreacted portions of the metal film remaining on, for 

example, the isolation region 11, the offset spacers 15a-15d, and the sidewall spacers 

10 19a- l 9d. Then, second RT A is performed at a temperature ( e.g., 550°C) higher than that in 

the first RTA, thereby stabilizing the silicide content in each of the metal silicide layers 

21a-2ld and the metal silicide layers 22a-22d. 

Thereafter, as illustrated in FIGS. 8A-8F, an insulating film 23 of, for example, a 

silicon nitride film a thickness of about 20 nm is deposited by, for example, plasma CVD over 

15 the entire surface of the semiconductor substrate 10. Then, an interlayer insulating film 24 

of, for example, a silicon dioxide film is deposited by, for example, CVD over the insulating 

film 23. Subsequently, the surface of the interlayer insulating film 24 is planarized by, for 

example, chemical mechanical polishing (CMP). Then, as in a method for fabricating a 

semiconductor device with a general MIS transistor, a resist film (not shown) having a contact 

20 hole pattern is formed on the interlayer insulating film 24, and using the resist film as a mask, 

contact holes 25a-25d are formed by dry etching in the insulating film 23 and the interlayer 

insulating film 24 such that the contact holes 25a-25d reach the upper surfaces of the metal 

silicide layers 21a-21d, respectively. In this process step, a two-step etching process in 

which etching is temporarily stopped when the insulating film 23 is exposed is employed, 

25 thereby reducing the amount of overetching of the metal silicide layers 21a-21d. Thereafter, 

23 P615651 

 
Page 79 of 304



a barrier metal film (not shown) as a stack of, for example, a titanium film and a titanium 

nitride film is formed by, for example, sputtering or CVD on each of the bottoms and side 

surfaces of the contact holes 25a-25d. Subsequently, a tungsten film, for example, is 

deposited by CVD over the interlayer insulating film 24 to fill the contact holes 25a-25d, and 

5 then portions of the tungsten film located outside the contact holes 25a-25d are removed by, 

for example, CMP. In this manner, contacts 26a-26d in each of which the tungsten film is 

buried with the barrier metal film interposed between the contact hole and the tungsten film 

are formed in the contact holes 25a-25d. Thereafter, metal interconnects (not shown) 

electrically connected to the contacts 26a-26d are formed on the interlayer insulating film 24. 

10 In the foregoing manner, the semiconductor device of this embodiment, i.e., the 

semiconductor device including: an NMISFET located in the logic area and including the gate 

electrode 30a having the n-type silicon film 14a; a PMISFET located in the logic area and 

including the gate electrode 30b having the p-type silicon film 14b; an NMISFET located in 

the SRAM area and including the gate electrode 30c having then-type silicon film 14c; and a 

15 PMISFET located in the SRAM area and including the gate electrode 30d having the p-type 

silicon film 14d, can be fabricated. 

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the 

silicon film 14, substantially only the n-type impurity is present in portions of the silicon film 

14 constituting the gate electrodes 30c and 30d in the SRAM area susceptible to the influence 

20 of mutual diffusion of the impurities because of a small width of the isolation region 11 

(specifically a portion of the isolation region 11 between the active region 10c and the active 

region 1 Od). Accordingly, it is possible to avoid occurrence of difference in the etching 

speed of the silicon film 14 caused by difference between ion species of the implanted 

impurities. Thus, no difference occurs in gate dimensions between the gate electrode 30c of 

25 the NMISFET and the gate electrode 30d of the PMISFET, thereby reducing variations in 
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transistor characteristics due to variations in gate length. In addition, in dry-etching the 

silicon film 14, it is necessary to uniformize the vertical profile of an impurity implanted into 

the silicon film 14 beforehand by annealing. However, in this embodiment, since 

substantially only an n-type impurity is present in a portion of the silicon film 14 located in 

5 the SRAM area at the time when the silicon film 14 is etched, the influence of mutual 

diffusion (specifically diffusion in the direction parallel to the principal surface of the 

substrate) of the impurities due to the annealing is substantially negligible. As a result, 

variations in transistor characteristics can be further reduced. 

In this embodiment, in an a portion of the silicon film 14 constituting the gate 

10 electrode 30d of the PMIS region in the SRAM area, the n-type impurity is implanted in the 

gate injection, whereas the p-type impurity is implanted in source/drain implantation. 

Accordingly, to form the PMISFET in the SRAM area as a surface channel type, the n-type 

impurity concentration in the gate injection is preferably lower than the p-type impurity 

concentration in the source/drain implantation. In this case, as a feature of this embodiment, 

15 the p-type impurity concentration of the p-type silicon film 14b constituting the gate electrode 

30b in the PMIS region in the logic area is higher than that of the p-type silicon film 14d in 

constituting the gate electrode 30d in the PMIS region in the SRAM area. 

In this embodiment, gate injection of then-type impurity is performed on the NMIS 

region and the PMIS region in the SRAM area, and then source/drain implantation of the 

20 p-type impurity is performed, thereby reversing the conductivity type of a portion of the 

silicon film 14 constituting the gate electrode 30d in the PMIS region in the SRAM area to the 

p-type. Alternatively, the conductivity type of a portion of the silicon film 14 constituting 

the gate electrode 30c in the NMIS region in the SRAM area may be reversed to the n-type by 

performing gate injection of the p-type impurity on the NMIS region and the PMIS region in 

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

A semiconductor device according to a second embodiment of the present 

disclosure will be described hereinafter with reference to the drawings. 

FIG. 9A is a plan view illustrating a logic area of the semiconductor device of the 

5 second embodiment. FIG. 9B is a cross-sectional view taken along the line I-I (along the 

gate width) in FIG. 9A. FIG. 9C is a plan view illustrating an SRAivf area of the 

semiconductor device of the second embodiment. FIG. 9D is a cross-sectional view taken 

along the line II-II (along the gate width) in FIG. 9C. In FIGS. 9A-9D, sidewall spacers, a 

silicide layer, and an interlayer film, for example, are not shown for simplicity, and contacts 

10 are not shown in FIGS. 9B and 9D. In FIGS. 9A-9D, components already shown in FIGS. 

lA-lD for the first embodiment are denoted by the same reference characters, and 

descriptions thereof will not be repeated and only different characteristics will be described 

hereinafter. 

The second embodiment is different from the first embodiment in the following 

15 aspects. As illustrated in FIGS. 9A and 9B, a dual-gate electrode 3 lL in a logic area 

includes: a gate electrode 30a located in an NMIS region and including an n-type silicon film 

14al provided on an active region 10a and a portion of an isolation region 11 near the active 

region 10a and an n-type silicon film 14a2 provided on portions of the isolation region 11 at 

both ends of the n-type silicon film 14al; and a gate electrode 30b located on a PMIS region 

20 and including a p-type silicon film 14b 1 provided on an active region 1 Ob and a portion of the 

isolation region 11 near the active region 10b and a p-type silicon film 14b2 provided on 

portions of the isolation region 11 at both ends of the p-type silicon film 14b 1. 

The configuration of the SRAM area illustrated in FIGS. 9C and 9D including the 

structure of a dual-gate electrode 3 lS is the same as that in the SRAM area of the first 

25 embodiment illustrated in FIGS. 1 C and ID. Specifically, in the same manner as in the first 
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embodiment, the dual-gate electrode 31 S includes a gate electrode 30c located on an NMIS 

region and including an n-type silicon film 14c and a gate electrode 30d located on a PMIS 

region and including a p-type silicon film 14d. 

A feature of this embodiment is that the p-type silicon film 14b 1 has a p-type 

5 impurity concentration lower than that of the p-type silicon film l 4b2. In addition, each of 

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

concentration higher than that of the p-type silicon film 14d. The n-type silicon film 14al 

has an n-type impurity concentration lower than that of each of the n-type silicon film 14a2 

and the n-type silicon film 14c. The n-type silicon film 14a2 has an n-type impurity 

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

15 

A method for fabricating a semiconductor device according to the second 

embodiment will be described hereinafter with reference to the drawings. The method for 

fabricating a semiconductor device of this embodiment is different from that of the first 

embodiment only in the location of gate injection in the logic area (see FIGS. IOA-IOF). 

FIGS. lOA-lOF are cross-sectional views illustrating a process step of the method 

for fabricating a semiconductor device of the second embodiment. FIG. lOA illustrates a 

cross-sectional structure in the process step taken along the line III-III (along the gate length) 

in FIG. 9A. FIG. lOB illustrates a cross-sectional structure in the process step taken along 

the line IV-IV (along the gate length) in FIG. 9A. FIG. IOC illustrates a cross-sectional 

20 structure in the process step taken along the line V-V (along the gate length) in FIG. 9C. 

FIG. 10D illustrates a cross-sectional structure in the process step taken along the line VI-VI 

(along the gate length) in FIG. 9C. FIG. lOE illustrates a cross-sectional structure in the 

process step taken along the line I-I (along the gate width) in FIG. 9A. FIG. lOF illustrates a 

cross-sectional structure in the process step taken along the line II-II (along the gate width) in 

25 FIG. 9C. 
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In this embodiment, first, the same process step as that of the first embodiment 

illustrated in FIGS. 2A-2F is performed. Thereafter, as illustrated in FIGS. lOA-lOF, the 

surface of a semiconductor substrate 10 is cleaned with, for example, diluted hydrogen 

fluoride, and then a gate insulating film 13 of, for example, a silicon dioxide film with a 

5 thickness of about 2 nm is deposited by, for example, ISSG oxidation on the active regions 

10a, 10b, 10c, and 10d. Subsequently, the semiconductor substrate 10 is subjected to, for 

example, a nitrogen plasma process, thereby nitriding the surface of the gate insulating film 

13 to form a nitrided layer (not shown). Then, annealing is performed, thereby removing 

nitrogen atoms with weak bonds from the nitrided layer. Subsequently, a silicon film 14 of, 

10 for example, polysilicon with a thickness of about 100 nm is deposited by, for example, CVD 

over the gate insulating film 13. 

Then, as illustrated in FIGS. lOA-lOF, with a mask pattern 51B covering the entire 

NMIS region and the active region 10b in the PMIS region in the logic area and the entire 

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

15 exposing the isolation region 11 in the PMIS region in the logic area, ions of a p-type 

impurity such as boron (B) are implanted into the silicon film 14 at a dose of 4 xl015 cm-2, 

thereby forming a p-type silicon film 14P on a portion of the isolation region 11 in the PMIS 

region in the logic area. In this process step, the length (e.g., about 50 nm) of a portion of 

the isolation region 11 covered with the mask pattern 5 lB near the active region 10b in the 

20 PMIS region in the logic area is determined in consideration of the influence of mutual 

diffusion of the impurities. Thereafter, with a mask pattern 52B covering the entire PMIS 

region and the active region 10a in the NMIS region in the logic area and exposing the 

isolation region 11 in the NMIS region in the logic area and the entire SRAM area (i.e., the 

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

25 such as phosphorus (P) are implanted into the silicon film 14 at a dose of 3 x 1015 cm-2
, 
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thereby forming an n-type silicon film 14N on a portion of the isolation region 11 located in 

the NMIS region in the logic area and the entire SRAM area. In this process step, the length 

(e.g., about 50 nm) of a portion of the isolation region 11 covered with the mask pattern 5 lB 

near the active region 10a in the NMIS region in the logic area is determined in consideration 

5 of the influence of mutual diffusion of the impurities. That is, in this embodiment, ions of 

the n-type impurity are implanted in gate injection for the PMIS region in the SRAM area in 

the same manner as in the first embodiment. 

Formation of the p-type silicon film 14P and formation of the n-type silicon film 

14N may be performed in any order. In FIGS. lOA-lOF, not resist patterns formed on the 

10 semiconductor substrate 10 by photolithography but mask patterns on photomasks for 

forming these resist patterns are schematically shown as the mask patterns 5 lB and 52B for 

simplicity. The mask patterns 51B and 52B are designed such that a PN boundary 41L 

between the p-type silicon film 14P and then-type silicon film 14N is located on a portion of 

the isolation region 11 between the active region 10a and the active region 10b. 

15 After formation of the p-type silicon film 14P and the n-type silicon film 14N, the 

semiconductor substrate 10 is subjected to heat treatment at 850°C for 30 seconds, for 

example, thereby uniformizing a vertical profile of an impurity implanted as ions into each of 

the p-type silicon film 14P and then-type silicon film 14N. 

Thereafter, process steps similar to the process step (gate patterning) illustrated in 

20 FIGS. 4A-4F, the process step (formation of offset spacers and shallow source/drain regions) 

illustrated in FIGS. 5A-5F, the process step (formation of sidewall spacers and deep 

source/drain regions) illustrated in FIGS. 6A-6F, the process step (formation of a silicide 

layer) illustrated in FIGS. 7 A-7F, and the process step (formation of an interlayer insulating 

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

25 performed in order. 
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In the foregoing manner, the semiconductor device of this embodiment, i.e., the 

semiconductor device including: an NMISFET located in the logic area and including the gate 

electrode 30a having then-type silicon films 14al and 14a2; a PMISFET located in the logic 

area and including the gate electrode 30b having the p-type silicon films 14bl and 14b2; an 

5 NMISFET located in the SRAM area and including the gate electrode 30c having the n-type 

silicon film 14c; and a PMISFET located in the SRAM area and including the gate electrode 

30d having the p-type silicon film 14d, can be fabricated. 

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the 

silicon film 14, substantially only the n-type impurity is present in portions of the silicon film 

10 14 constituting the gate electrodes 30c and 30d in the SRAM area susceptible to the influence 

of mutual diffusion of the impurities because of a small width of the isolation region 11 

(specifically a portion of the isolation region 11 between the active region 10c and the active 

region 10d). Accordingly, it is possible to avoid occurrence of difference in the etching 

speed of the silicon film 14 caused by difference between ion species of the implanted 

15 impurities. Thus, no difference occurs in gate dimensions between the gate electrode 30c of 

the NMISFET and the gate electrode 30d of the PMISFET, thereby reducing variations in 

transistor characteristics due to variations in gate length. In addition, in dry-etching the 

silicon film 14, it is necessary to uniformize the vertical profile of an impurity implanted into 

the silicon film 14. However, in this embodiment, since substantially only the n-type 

20 impurity is present in a portion of the silicon film 14 located in the SRAM area at the time 

when the silicon film 14 is etched in the same manner as in the first embodiment, the 

influence of mutual diffusion (specifically diffusion in the direction parallel to the principal 

surface of the substrate) of the impurities due to the annealing is substantially negligible. As 

a result, variations in transistor characteristics can be further reduced. 

25 In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the 
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silicon film 14, substantially no impurities are implanted into portions of the silicon film 14 at 

least on the active regions 10a and 10b in the logic area. Accordingly, it is possible to avoid 

occurrence of difference in the etching speed of the silicon film 14 caused by difference 

between ion species of the implanted impurities. Thus, no difference occurs in gate 

5 dimensions between the gate electrode 30a of the NMISFET and the gate electrode 30b of the 

PMISFET, thereby reducing variations in transistor characteristics due to variations in gate 

length. 

In addition, in this embodiment, in a portion of the silicon film 14 constituting the 

gate electrode 30d in the PMIS region in the SRAM area, then-type impurity is implanted in 

10 the gate injection, whereas the p-type impurity is implanted in source/drain implantation. 

Accordingly, to form the PMISFET in the SRAM area as a surface channel type, then-type 

impurity concentration in the gate injection is preferably lower than the p-type impurity 

concentration in the source/drain implantation, as in the first embodiment. In this case, as a 

feature of this embodiment, the p-type impurity concentration of each of the p-type silicon 

15 films 14b 1 and 14b2 constituting the gate electrode 30b in the PMIS region in the logic area is 

higher than that of the p-type silicon film 14d in constituting the gate electrode 30d in the 

PMIS region in the SRAM area. 

Further, in this embodiment, the n-type silicon film 14al on the active region 10a 

formed in the logic area has an n-type impurity concentration lower than that of the n-type 

20 silicon film 14a2 on a portion of the isolation region 11 formed in the logic area, and the 

p-type silicon film 14b 1 on the active region 10b formed in the logic area has a p-type 

impurity concentration lower than that of the p-type silicon film 14b2 on a portion of the 

isolation region 11 formed in the logic area. Accordingly, although the gate electrodes 30a 

and 30b on the active regions 10a and 1 Ob formed in the logic area have high resistances, 

25 metal silicide layers 22a and 22b are formed on the gate electrodes 30a and 30b, and the gate 
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electrodes 30a and 30b (i.e., gate lines) on portions of the isolation region 11 formed in the 

logic area have high impurity concentrations similar to those in the first embodiment. In this 

manner, a delay of the circuit speed due to increase in resistance of the gate electrodes 30a 

and 30b on the active regions 10a and 10b can be reduced. Since no impurities are 

5 implanted into portions of the silicon film 14 constituting the gate electrodes 30a and 30b on 

the active regions 10a and 10b in gate injection in this embodiment, an impurity in an amount 

necessary for preventing formation of depletion in the final structure needs to be implanted in 

source/drain implantation. In a case where a delay of the circuit speed due to an increase in 

resistance of the gate electrodes 30a and 30b on the active regions 10a and 10b has a small 

10 influence, an impurity does not need to be implanted into portions the silicon film 14 

constituting the gate electrodes 30a and 30b on portions of the isolation region 11 formed in 

the logic area in gate injection. 

In this embodiment, gate injection of the n-type impurity is performed on the NMIS 

region and the PMIS region in the SRAM area, and then source/drain implantation of the 

15 p-type impurity is performed, thereby reversing the conductivity type of a portion of the 

silicon film 14 constituting the gate electrode 30d in the PMIS region in the SRAM area to the 

p-type. Alternatively, the conductivity type of a portion of the silicon film 14 constituting 

the gate electrode 30c in the NMIS region in the SRAM area may be reversed to then-type by 

performing gate injection of an p-type impurity on the NMIS region and the PMIS region in 

20 the SRAM area and then performing source/drain implantation of an n-type impurity. 

(THIRD EMBODIMENT) 

A semiconductor device according to a third embodiment of the present disclosure 

will be described hereinafter with reference to the drawings. 

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

25 third embodiment. FIG. 1 lB is a cross-sectional view taken along the line I-I (along the 
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gate width) in FIG. 1 lA. FIG. 1 lC is a plan view illustrating an SRAM area of the 

semiconductor device of the third embodiment. FIG. 11D is a cross-sectional view taken 

along the line II-II (along the gate width) in FIG. llC. In FIGS. llA-11D, sidewall 

spacers, a silicide layer, and an interlayer film, for example, are not shown for simplicity, 

5 and contacts are not shown in FIGS. 1 lB and 11D. In FIGS. 1 lA-11D, components already 

shown in FIGS. lA-1D for the first embodiment are denoted by the same reference 

characters, and descriptions thereof will not be repeated and only different characteristics 

will be described hereinafter. 

The third embodiment is different from the first embodiment in the following 

10 aspects. As illustrated in FIGS. 1 lA and 1 lB, in the same manner as in the second 

embodiment illustrated in FIGS. 9A and 9B, a dual-gate electrode 3 lL includes: a gate 

electrode 30a located in an NMIS region and including an n-type silicon film 14al provided 

on an active region 10a and a portion of the isolation region 11 near the active region 10a and 

an n-type silicon film 14a2 provided on portions of the isolation region 11 at both ends of the 

15 n-type silicon film 14a 1; and a gate electrode 30b located on a PMIS region and including a 

p-type silicon film 14b 1 provided on an active region 10b and a portion of the isolation region 

11 near the active region 10b and a p-type silicon film 14b2 provided on portions of the 

isolation region 11 at both ends of the p-type silicon film 14b 1. 

The configuration of an SRAM area illustrated in FIGS. 1 lC and 11D including the 

20 structure of a dual-gate electrode 31S is basically the same as that in the SRAM area of the 

first embodiment illustrated in FIGS. IC and 1D. Specifically, in the same manner as in the 

first embodiment, the dual-gate electrode 3 lS includes a gate electrode 30c located in an 

NMIS region and including an n-type silicon film 14c and a gate electrode 30d located in a 

PMIS region and including a p-type silicon film 14d. However, in this embodiment, the 

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

A feature of this embodiment is that the p-type silicon film l 4b2 has a p-type 

impurity concentration higher than that of the p-type silicon film 14d and that the p-type 

silicon film 14bl has a p-type impurity concentration substantially equal to that of the p-type 

5 silicon film 14d. Specifically, the p-type silicon film 14bl has a p-type impurity 

concentration lower than that of the p-type silicon film 14b2. The n-type silicon film 14al 

has an n-type impurity concentration substantially equal to that of then-type silicon film 14c. 

The n-type silicon film 14al has an n-type impurity concentration lower than that of the 

n-type silicon film 14a2. Specifically, the n-type silicon film 14a2 has an n-type impurity 

10 concentration lower than that of then-type silicon film 14c. 

A method for fabricating a semiconductor device according to the third embodiment 

will be described hereinafter with reference to the drawings. The method for fabricating a 

semiconductor device of this embodiment is different from that of the first embodiment only 

in the location of gate injection in each of the logic area and the SRAM area (see FIGS. 

15 12A-12F). 

FIGS. 12A-12F are cross-sectional views illustrating a process step of the method 

for fabricating a semiconductor device of the third embodiment. FIG. 12A illustrates a 

cross-sectional structure in the process step taken along the line III-III (along the gate length) 

in FIG. l lA. FIG. 12B illustrates a cross-sectional structure in the process step taken along 

20 the line IV-IV (along the gate length) in FIG. 1 lA. FIG. 12C illustrates a cross-sectional 

structure in the process step taken along the line V-V (along the gate length) in FIG. I IC. 

FIG. 12D illustrates a cross-sectional structure in the process step taken along the line VI-VI 

(along the gate length) in FIG. l lC. FIG. 12E illustrates a cross-sectional structure in the 

process step taken along the line I-I (along the gate width) in FIG. l lA. FIG. 12F illustrates 

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

In this embodiment, first, the same process step as that of the first embodiment 

illustrated in FIGS. 2A-2F is performed. Thereafter, as illustrated in FIGS. 12A-12F, the 

surface of a semiconductor substrate 10 is cleaned with, for example, diluted hydrogen 

5 fluoride, and then a gate insulating film 13 of, for example, a silicon dioxide film with a 

thickness of about 2 nm is deposited by, for example, ISSG oxidation on the active regions 

10a, 10b, 10c, and 10d. Subsequently, the semiconductor substrate 10 is subjected to, for 

example, a nitrogen plasma process, thereby nitriding the surface of the gate insulating film 

13 to form a nitrided layer (not shown). Then, annealing is performed, thereby removing 

10 nitrogen atoms with weak bonds from the nitrided layer. Subsequently, a silicon film 14 of, 

for example, polysilicon with a thickness of about 100 nm is deposited by, for example, CVD 

over the gate insulating film 13. 

Then, as illustrated in FIGS. 12A-12F, with a mask pattern 51 C covering the entire 

NMIS region and the active region 1 Ob in the PMIS region in the logic area and the entire 

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

exposing the isolation region 11 in the PMIS region in the logic area, ions of a p-type 

impurity such as boron (B) are implanted into the silicon film 14 at a dose of 4 x1015 cm-2
, 

thereby forming a p-type silicon film 14P on a portion of the isolation region 11 in the PMIS 

region in the logic area. In this process step, the length (e.g., about 50 nm) of a portion of 

20 the isolation region 11 covered with the mask pattern 51C near the active region 10b in the 

PMIS region in the logic area is determined in consideration of the influence of mutual 

diffusion of the impurities. Thereafter, with a mask pattern 52C covering the entire PMIS 

region and the active region 1 Oa in the NMIS region in the logic area and the entire SRAM 

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

25 the isolation region 11 in the NMIS region in the logic area, ions of an n-type impurity such 
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as phosphorus (P) are implanted into the silicon film 14 at a dose of 3 x 1015 cm-2
, thereby 

forming an n-type silicon film 14N on a portion of the isolation region 11 located in the 

NMIS region in the logic area. In this process step, the length (e.g., about 50 nm) of a 

portion of the isolation region 11 covered with the mask pattern 52C near the active region 

5 10a in the NMIS region in the logic area is determined in consideration of the influence of 

mutual diffusion of the impurities. That is, in this embodiment, no gate injection is 

performed on any of the NMIS region and PMIS region in the SRAM area, unlike the first 

and second embodiments. 

Formation of the p-type silicon film 14P and formation of the n-type silicon film 

10 14N may be performed in any order. In FIGS. 12A-12F, not resist patterns formed on the 

semiconductor substrate 10 by photolithography but mask patterns on photomasks for 

forming these resist patterns are schematically shown as the mask patterns 51 C and 52C for 

simplicity. The mask patterns 51C and 52C are designed such that a PN boundary 41L 

between the p-type silicon film 14P and then-type silicon film 14N is located on a portion of 

15 the isolation region 11 between the active region 10a and the active region 10b. 

20 

After formation of the p-type silicon film 14P and the n-type silicon film 14N, the 

semiconductor substrate 10 is subjected to heat treatment at, for example, 850°C for 30 

seconds, thereby uniformizing a vertical profile of an impurity implanted as ions into each of 

the p-type silicon film 14P and then-type silicon film 14N. 

Thereafter, process steps similar to the process step (gate patterning) illustrated in 

FIGS. 4A-4F and the process step (formation of offset spacers and shallow source/drain 

regions) illustrated in FIGS. 5A-5F, the process step (formation of sidewall spacers and deep 

source/drain regions) illustrated in FIGS. 6A-6F, the process step (formation of a silicide 

layer) illustrated in FIGS. 7 A-7F, and the process step (formation of an interlayer insulating 

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

36 P615651 

 
Page 92 of 304



performed in order. 

In the foregoing manner, the semiconductor device of this embodiment, i.e., the 

semiconductor device including: an NMISFET located in the logic area and including the gate 

electrode 30a having then-type silicon films 14al and 14a2; a PMISFET located in the logic 

5 area and including the gate electrode 30b having the p-type silicon films 14bl and 14b2; an 

NMISFET located in the SRAM area and including the gate electrode 30c having the n-type 

silicon film 14c; and a PMISFET located in the SRAM area and including the gate electrode 

30d having the p-type silicon film 14d, can be fabricated. 

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the 

10 silicon film 14, no impurities are implanted into portions of the silicon film 14 constituting the 

gate electrodes 30c and 30d in the SRA.,"l\1 area susceptible to the influence of mutual diffusion 

of the impurities because of a small width of the isolation region 11 (specifically a portion of 

the isolation region 11 between the active region 10c and the active region 10d). 

Accordingly, it is possible to avoid occurrence of difference in the etching speed of the silicon 

15 film 14 caused by difference between ion species of the implanted impurities. Thus, no 

difference occurs in gate dimensions between the gate electrode 30c of the NMISFET and the 

gate electrode 30d of the PMISFET, thereby reducing variations in transistor characteristics 

due to variations in gate length. In addition, in dry-etching the silicon film 14, it is necessary 

to uniformize the vertical profile of an impurity implanted into the silicon film 14 beforehand 

20 by annealing. However, in this embodiment, since substantially no impurities are implanted 

into a portion of the silicon film 14 located in the SRAM area at the time when the silicon 

film 14 is etched, the influence of mutual diffusion (specifically diffusion in the direction 

parallel to the principal surface of the substrate) of the impurities due to the annealing is 

substantially negligible. As a result, variations in transistor characteristics can be further 

25 reduced. 
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In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the 

silicon film 14, substantially no impurities are implanted into portions of the silicon film 14 at 

least on the active regions 10a and 10b in the logic area. Accordingly, it is possible to avoid 

occurrence of difference in the etching speed of the silicon film 14 caused by difference 

5 between ion species of the implanted impurities. Thus, no difference occurs in gate 

dimensions between the gate electrode 30a of the NMISFET and the gate electrode 30b of the 

PMISFET, thereby reducing variations in transistor characteristics due to variations in gate 

length. 

In addition, in this embodiment, the n-type silicon film 14al on the active region 

10 10a formed in the logic area has an n-type impurity concentration lower than that of the 

n-type silicon film 14a2 on a portion of the isolation region 11 formed in the logic area, and 

the p-type silicon film 14bl on the active region 10b formed in the logic area has a p-type 

impurity concentration lower than that of the p-type silicon film 14b2 on a portion of the 

isolation region 11 formed in the logic area. Accordingly, although the gate electrodes 30a 

15 and 30b on the active regions 10a and 10b formed in the logic area have high resistances, 

metal silicide layers 22a and 22b are formed on the gate electrodes 30a and 30b, and the gate 

electrodes 30a and 30b (i.e., gate lines) on portions of the isolation region 11 formed in the 

logic area have high impurity concentrations similar to those in the first embodiment. In this 

manner, a delay of the circuit speed due to increase in resistance of the gate electrodes 30a 

20 and 30b on the active regions 10a and 10b can be reduced. Since no impurities are 

implanted into the silicon film 14 constituting the gate electrodes 30a and 30b on the active 

regions 10a and 10b in gate injection in this embodiment, an impurity in an amount necessary 

for preventing formation of depletion in the final structure needs to be implanted in 

source/drain implantation. In a case where a delay of the circuit speed due to an increase in 

25 resistance of the gate electrodes 30a and 30b on the active regions 10a and 10b has a small 
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influence, an impurity does not need to be implanted into portions of the silicon film 14 

constituting the gate electrodes 30a and 30b on portions of the isolation region 11 formed in 

the logic area in gate injection. 

Further, in this embodiment, no impurities are implanted into portions of the silicon 

5 film 14 constituting the gate electrodes 30c and 30d in the SRAM area in gate injection, i.e., 

impurities are implanted into portions of the silicon film 14 constituting the gate electrodes 

30c and 30d only in source/drain implantation. Thus, the gate electrodes 30c and 30d have 

resistances higher than those of the gate electrodes 30a and 30b in the logic area. However, 

since transistors for SRAM circuits do not need to operate at high speed, unlike transistors for 

10 logic circuits, the influence of, for example, a delay of the circuit speed due to increase in 

resistance of the gate electrodes 30c and 30d is small. 

15 

(FOURTH EMBODIMENT) 

A semiconductor device according to a fourth embodiment of the present disclosure 

will be described hereinafter with reference to the drawings. 

FIG. 13A is a plan view illustrating a logic area of the semiconductor device of the 

fourth embodiment. FIG. 13B is a cross-sectional view taken along the line I-I (along the 

gate width) in FIG. 13A. FIG. 13C is a plan view illustrating an SRAM area of the 

semiconductor device of the fourth embodiment. FIG. 13D is a cross-sectional view taken 

along the line II-II (along the gate width) in FIG. 13C. In FIGS. 13A-13D, sidewall 

20 spacers, a silicide layer, and an interlayer film, for example, are not shown for simplicity, 

25 

and contacts are not shown in FIGS. 13B and 13D. In FIGS. 13A-13D, components already 

shown in FIGS. IA-ID for the first embodiment are denoted by the same reference 

characters, and descriptions thereof will not be repeated and only different characteristics 

will be described hereinafter. 

The configuration of the logic area illustrated in FIGS. 13A and 13B including the 
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structure of a dual-gate electrode 3 lL is the same as that of the logic area of the first 

embodiment illustrated in FIGS. IA and lB. Specifically, in the same manner as in the first 

embodiment, the dual-gate electrode 3 lL includes a gate electrode 30a located in an NMIS 

region and including an n-type silicon film 14a and a gate electrode 30b located in a PMIS 

5 region and including a p-type silicon film 14b. 

On the other hand, the configuration of the SRAM area illustrated in FIGS. 13C and 

13D including the structure of a dual-gate electrode 3 lS is basically the same as that in the 

SRAM area of the first embodiment illustrated in FIGS. lC and 1D. Specifically, in the 

same manner as in the first embodiment, the dual-gate electrode 3 lS includes a gate electrode 

10 30c located on an NMIS region and including an n-type silicon film 14c and a gate electrode 

30d located on a PMIS region and including a p-type silicon film 14d. However, in this 

embodiment, the n-type impurity concentration of the n-type silicon film 14c and the p-type 

impurity concentration of the p-type silicon film 14d are lower than those in the first 

embodiment. 

15 A feature of this embodiment is that the p-type silicon film 14b has a p-type 

impurity concentration higher than that of the p-type silicon film 14d and that the n-type 

silicon film 14a has an n-type impurity concentration higher than that of the n-type silicon 

film 14c. 

A method for fabricating a semiconductor device according to the fourth 

20 embodiment will be described hereinafter with reference to the drawings. The method for 

fabricating a semiconductor device of this embodiment is different from that of the first 

embodiment only in the location of gate injection in the SRAM area (see FIGS. 14A-14F). 

FIGS. 14A-14F are cross-sectional views illustrating a process step of the method 

for fabricating a semiconductor device of the fomth embodiment. FIG. 14A illustrates a 

25 cross-sectional structure in the process step taken along the line III-III (along the gate length) 
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in FIG. 13A. FIG. 14B illustrates a cross-sectional structure in the process step taken along 

the line IV-IV (along the gate length) in FIG. 13A. FIG. 14C illustrates a cross-sectional 

structure in the process step taken along the line V-V (along the gate length) in FIG. 13C. 

FIG. 14D illustrates a cross-sectional structure in the process step taken along the line VI-VI 

5 (along the gate length) in FIG. 13C. FIG. 14E illustrates a cross-sectional structure in the 

process step taken along the line I-I (along the gate width) in FIG. 13A. FIG. 14F illustrates 

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

inFIG. 13C. 

In this embodiment, first, the same process step as that of the first embodiment 

10 illustrated in FIGS. 2A-2F is performed. Thereafter, as illustrated in FIGS. 14A-14F, the 

surface of a semiconductor substrate 10 is cleaned with, for example, diluted hydrogen 

fluoride, and then a gate insulating film 13 of, for example, a silicon dioxide film with a 

thickness of about 2 nm is deposited by, for example, ISSG oxidation on the active regions 

10a, 10b, 10c, and 10d. Subsequently, the semiconductor substrate 10 is subjected to, for 

15 example, a nitrogen plasma process, thereby nitriding the surface of the gate insulating film 

13 to form a nitrided layer (not shown). Then, annealing is performed, thereby removing 

nitrogen atoms with weak bonds from the nitrided layer. Subsequently, a silicon film 14 of, 

for example, polysilicon with a thickness of about 100 nm is deposited by, for example, CVD 

over the gate insulating film 13. 

20 Then, as illustrated in FIGS. 14A-14F, with a mask pattern 51D covering the entire 

NMIS region in the logic area and the entire SRAM area (i.e., the entire NMIS region and the 

entire PMIS region in the SRAM area) and exposing the entire PMIS region in the logic area, 

ions of a p-type impurity such as boron (B) are implanted into the silicon film 14 at a dose of 

4 x1015 cm-2
, thereby forming a p-type silicon film 14P in the entire PMIS region in the logic 

25 area. Thereafter, with a mask pattern 52D covering the entire PMIS region in the logic area 
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and the entire SRAM area (i.e., the entire NMIS region and the entire PMIS region in the 

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

impurity such as phosphorus (P) are implanted into the silicon film 14 at a dose of 3 x 1015 

cm-2
, thereby forming an n-type silicon film 14N in the entire NMIS region in the logic area. 

5 That is, in this embodiment, no gate injection is performed on any of the NMIS region and the 

PMIS region in SRAM area, as in the third embodiment. 

Formation of the p-type silicon film 14P and formation of the n-type silicon film 

14N may be performed in any order. In FIGS. 14A-14F, not resist patterns formed on the 

semiconductor substrate 10 by photolithography but mask patterns on photomasks for 

10 forming these resist patterns are schematically shown as the mask patterns 51D and 52D for 

simplicity. The mask patterns 51 D and 52D are designed such that a PN boundary 41 L 

between the p-type silicon film 14P and then-type silicon film 14N is located on a portion of 

the isolation region 11 between the active region 10a and the active region 10b. 

After formation of the p-type silicon film 14P and then-type silicon film 14N, the 

15 semiconductor substrate 10 is subjected to heat treatment at, for example, 850°C for 30 

seconds, thereby uniformizing a vertical profile of an impurity implanted in the form of ions 

into each of the p-type silicon film 14P and then-type silicon film 14N. 

Thereafter, process steps similar to the process step (gate patterning) illustrated in 

FIGS. 4A-4F, the process step (formation of offset spacers and shallow source/drain regions) 

20 illustrated in FIGS. 5A-5F, the process step (formation of sidewall spacers and deep 

source/drain regions) illustrated in FIGS. 6A-6F, the process step (formation of a silicide 

layer) illustrated in FIGS. 7 A-7F, and the process step (formation of an interlayer insulating 

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

performed in order. 

25 In the foregoing manner, the semiconductor device of this embodiment, i.e., the 

42 P615651 

 
Page 98 of 304



semiconductor device including: an NMISFET located in the logic area and including the gate 

electrode 30a having the n-type silicon film 14a; a PMISFET located in the logic area and 

including the gate electrode 30b having the p-type silicon film 14b; an NMISFET located in 

the SRAM area and including the gate electrode 30c having the n-type silicon film 14c~ and a 

5 PMISFET located in the SRAM area and including the gate electrode 30d having the p-type 

silicon film 14d, can be fabricated. 

In this embodiment, in forming the gate electrodes 30a-30d by dry-etching the 

silicon film 14, no impurities are implanted into portions of the silicon film 14 constituting the 

gate electrodes 30c and 30d in the SRAM area susceptible to the influence of mutual diffusion 

10 of the impurities because of a small width of the isolation region 11 (specifically a portion of 

the isolation region 11 between the active region 10c and the active region 10d). 

Accordingly, it is possible to avoid occurrence of difference in the etching speed of the silicon 

film 14 caused by difference between ion species of the implanted impurities. Thus, no 

difference occurs in gate dimensions between the gate electrode 30c of the NMISFET and the 

15 gate electrode 30d of the PMISFET, thereby reducing variations in transistor characteristics 

due to variations in gate length. In addition, in dry-etching the silicon film 14, it is necessary 

to uniformize the vertical profile of an impurity implanted into the silicon film 14 beforehand 

by annealing. However, in this embodiment, since no impurities are implanted into a portion 

of the silicon film 14 located in the SRAM area at the time when the silicon film 14 is etched, 

20 the influence of mutual diffusion (specifically diffusion in the direction parallel to the 

principal surface of the substrate) of the impurities due to the annealing is substantially 

negligible. As a result, variations in transistor characteristics can be further reduced. 

In this embodiment, no impurities are implanted into pmtions of the silicon film 14 

constituting the gate electrodes 30c and 30d in the SRAM area in gate injection, i.e., 

25 impurities are implanted into portions of the silicon film 14 constituting the gate electrodes 
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30c and 30d only in source/drain implantation. Thus, the gate electrodes 30c and 30d have 

resistances higher than those of the gate electrodes 30a and 30b in the logic area. However, 

since transistors for SRAM circuits do not need to operate at high speed, unlike transistors for 

logic circuits, the influence of, for example, a delay of the circuit speed due to increase in 

5 resistance of the gate electrodes 30c and 30d is small. 

In the first through fourth embodiments, a silicon oxynitride film is used as a gate 

insulating film and a polysilicon electrode is used as a gate electrode, as examples. 

However, the present disclosure is not limited to these embodiments. Alternatively, the gate 

insulating film material may be a high-k material (e.g., an insulating material having a relative 

10 dielectric constant of 8 or more) typified by metal oxide such as alumina (AlzO3), hafnium 

oxide (HfO2), or hafnium silicate (HfSiOx), and the gate electrode structure may be a 

metal-inserted poly-silicon stack (MIPS) structure including a meta) film of, for example, 

titanium nitride (TiN) or tantalum nitride (TaN) between the gate insulating film and the 

polysilicon film in addition to the polysilicon film. In such a case, advantages similar to 

15 those of the foregoing embodiments can be obtained. In the MIPS structure, the threshold 

voltage of a transistor is adjusted mainly by using the work function. This adjustment is 

determined by a combination of a high-k gate insulating film material and a metal film 

material. Specifically, the adjustment of the threshold voltage between the NMISFET and 

the PMISFET may be performed either by changing meta) film materials while using the 

20 same high-k gate insulating film material or by changing high-k gate insulating film materials 

while using the same metal film material. Since formation of depletion in the gate electrode 

is reduced in the MIPS structure, the impurity concentration in the polysilicon film only needs 

to be set in consideration of gate resistance (resistance of a bulk region, resistance of a 

silicide/polysilicon interface, resistance of a polysilicon/metal interface). When each of the 

25 interface resistances has a sufficient! y low resistance, gate resistance is low in a MIPS 
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structure using a metal film. 

In the first and second embodiments, to form the PMISFET in the SRAM area as a 

surface channel type, the n-type impurity concentration in gate injection is preferably lower 

than the p-type impurity concentration in source/drain implantation. However, in the case of 

5 employing an MIPS structure, in view of reducing the resistance of the silicon film and the 

interface resistances mentioned above, the n-type impurity concentration in gate injection may 

be higher than the p-type impurity concentration in source/drain implantation. Alternatively, 

no source/drain implantation may be performed on the silicon films constituting the gate 

electrodes in the SRAM area. In other words, only gate injection of an n-type impurity may 

10 be performed on the silicon films constituting the gate electrodes in the SRAM area. This 

process changes all the silicon films constituting the gate electrodes of the CMISFETs in the 

SRAM area into n-type silicon films. In this case, only gate injection of an n-type impurity 

may be performed on the silicon films constituting the gate electrodes in the logic area, 

without performing source/drain implantation. This process also changes all the silicon 

15 films constituting the gate electrodes of the CMISFET in the logic area into n-type silicon 

films. 

In the third and fourth embodiments, no gate injection is performed on the silicon 

films constituting the gate electrodes in the SRAi\,1 area. However, in the case of employing 

an MIPS structure, gate injection does not need to be performed on the silicon films 

20 constituting the gate electrodes in the SRAM area and the logic area. In other words, only 

source/drain implantation may be performed on the silicon films constituting the gate 

electrodes in the SRAM area and the logic area. 

The first through fourth embodiments are directed to semiconductor device 

including logic circuits and SRA1\t1 circuits. However, the present disclosure is not limited 

25 to these embodiments. For example, in the case of including input/output circuits instead of 
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the logic circuits, the dual-gate electrodes for logic circuits of the above embodiments are 

applicable. Specifically, the two types of dual-gate electrodes described in each of the above 

embodiments can be selectively used depending on the width of the isolation region between 

a pair of active regions where CMISFETs are to be formed. Specifically, the dual-gate 

5 electrodes for logic circuits described in the above embodiments may be used for CMISFETs 

with a relatively wide isolation region, whereas the dual-gate electrodes for SRAM circuits 

described in the above embodiments may be used for CMISFETs with a relatively narrow 

isolation region. 
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5 

CLAIMS 

What is claimed is: 

1. A semiconductor device, comprising: 

a first dual-gate electrode; and 

a second dual-gate electrode, wherein 

the first dual-gate electrode includes a first gate electrode located on a first active 

region and having a first silicon film of a first conductivity type and a second gate electrode 

located on a second active region and having a first silicon film of a second conductivity type, 

the second dual-gate electrode includes a third gate electrode located on a third 

10 active region and having a second silicon film of the first conductivity type and a fourth gate 

15 

20 

25 

electrode located on a fourth active region and having a second silicon film of the second 

conductivity type, 

the first active region and the second active region are isolated from each other with 

an isolation region interposed therebetween, 

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

the isolation region, and 

at least a portion of the first silicon film of the first conductivity type has a 

first-conductivity-type impurity concentration higher than that of a portion of the second 

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

2. The semiconductor device of claim 1, wherein 

an isolation width between the first active region and the second active region is 

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

3. The semiconductor device of claim 1, wherein 
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at least a portion of the first silicon film of the second conductivity type has a 

second-conductivity-type impurity concentration substantially equal to that of a portion of the 

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

4. The semiconductor device of claim 1, wherein 

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

active region has a first-conductivity-type impurity concentration higher than that of a portion 

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

5. The semiconductor device of claim 1, wherein 

a portion of the first siiicon film of the first conductivity type located on the first 

active region has a first-conductivity-type impurity concentration lower than that of a portion 

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

6. The semiconductor device of claim 1, wherein 

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

second active region has a second-conductivity-type impurity concentration lower than that of 

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

active region. 

7. The semiconductor device of claim 1, wherein 

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

second active region has a second-conductivity-type impurity concentration lower than that of 

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

25 region. 
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8. The semiconductor device of claim 1, wherein 

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

active region has a first-conductivity-type impurity concentration substantially equal to that of 

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

9. The semiconductor device of daim 1, wherein 

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

isolation region has a first-conductivity-type impurity concentration higher than that of a 

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

region. 

10. The semiconductor device of claim 1, wherein 

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

15 active region has a first-conductivity-type impurity concentration substantially equal to that of 

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

region. 

20 

25 

11. The semiconductor device of claim 1, wherein 

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

active region has a first-conductivity-type impurity concentration lower than that of a portion 

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

12. The semiconductor device of claim 1, wherein 

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

equal to that of a portion of the second silicon film of the second conductivity type located on 

the fourth active region. 

13. The semiconductor device of claim 1, wherein 

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

second active region has a second-conductivity-type impurity concentration lower than that of 

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

region. 

14. The semiconductor device of claim 1, wherein 

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

active region has a first-conductivity-type impurity concentration higher than that of a portion 

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

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

second active region has a second-conductivity-type impurity concentration higher than that 

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

active region. 

15. The semiconductor device of claim 1, wherein 

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

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

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

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

each of the first gate electrode and the second gate electrode is a gate electrode of a 

transistor for a logic circuit, and 

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

5 transistor for an SRAM circuit. 
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ABSTRACT 

A first dual-gate electrode includes a gate electrode located on a first active region 

and having a first silicon film of a first conductivity type and a gate electrode located on a 

5 second active region and having a first silicon film of a second conductivity type. A second 

dual-gate electrode includes a gate electrode located on a third active region and having a 

second silicon film of the first conductivity type and a gate electrode located on a fourth 

active region and having a second silicon film of the second conductivity type. At least a 

portion of the first silicon film of the first conductivity type has a first-conductivity-type 

10 impurity concentration higher than that of a portion of the second silicon film of the first 

conductivity type located on the third active region. 
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Note: An applloatlon dala sheet (PTOJSBJ14 or ettUIV&lent}, Including naming the entire Inventive ent!ly, must acaompany this fonn. 
Use an addlllonal PTOJAIA/01 form for each addlllonal lnwntor. 
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Date Mailed: 11/27/2012 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

Yoshihiro SATO, Toyama, JAPAN; 
Hideyuki ARAI, Toyama, JAPAN; 
Takayuki YAMADA, Toyama, JAPAN; 

Panasonic Corporation, Osaka, JAPAN 
Assignment For Published Patent Application 

PANASONIC CORPORATION, Osaka, JAPAN 

Power of Attorney: The patent practitioners associated with Customer Number 53080 

Domestic Priority data as claimed by applicant 
This application is a CON of PCT/JP2011/006167 11/04/2011 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
JAPAN 2011-068131 03/25/2011 

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 11/20/2012 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/665,376 
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Non-Publication Request: No 

Early Publication Request: No 
Title 

SEMICONDUCTOR DEVICE 

Preliminary Class 

257 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

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

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

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

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best 
country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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(~1f L, k.1,IIAJ 
rnl'6Um~J 100163186 
(#Il±J 
(_E\:gx_ii:gftJ Jf'J}i}<. fi}-fi 

D~1f L, k.1,Il),J 
rni'6Um~J 100163197 
(#Il±J 
(_E\:g x.~i:gftJ JI lit ~o] 1@0 

D~1f L, k. f,IIAJ 
rnl'6U~~J 100163588 
(#Il±J 
( _E\:g :XJ i :g ft J lrQJ~ #~ 

(-¥~'f.:j.0)~7GJ 
( -r~fll s fPftm~ J 014409 
(¥Mt~ITT!J 15, 000P3 

( t~ d:\ 1o/7 f4 OJ § jiU 
( 1o/714 :g J BJ=H~ffi:fi 1 
(1o/7 f4:g J f¥~t g~ * 0) JTilffl 1 
(1o/7f4:g J ~;f\\}:fi 1 
( 1o/714 :g J CRJOO 1 
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(~~:g) BJ:J*ffi~ 
(~~0:g~J ¥~w~~&c1~0~m:1J$ 
(txfiitrnffJ 

(0001) 
:;ils:~Bmi, ¥~1*~~&u'\~ vJ~:ia:1J$t-=: ~ l,,, f~t=, CM I S (Complementary Meta 

1 Insulator Semiconductor) T:i 7 JvJf'- 1':tim~~96¥~i*~~&u'\~0~m:1Jj±: 
(S::~9◊o 

(~~txfiitrJ 
(0002) 

¥~1ii1~:fj[g]!ffi0r'a:i:1J!Ui1Ui, 7':i 7 Jvif- 1':ttm~~9 6 CM I s 7'/\_.-{ AV)~*m1t: 
t= J: ":) -C~:El ~ ;h-C ~ k o 7':i 7 Jvlf- 1' :ttm0 CM I S 7'/\--{ ,::;z ~ ii, -~ff]ts:: ii, N 
cf---v -=f JvM I SF ET (Metal Insulator Semiconductor Field Effect Transistor ) ( 
l,j_~, NM I SF ET~ ~9 6) 0Jf'- 1''ffl'.:ti~ L, -C N2f!1~~4i.1o/J!Ji F-7° ~ ;hk~ 1; 1/ 1J 
:::t>Jll~,l=tiP, __§_--::,)Pc:f---v-=fJvMI SFET (tJ~, PMI SFET~~96) 0Jf'-1' 
'ffl'.:ti ~ L, 't P 2fl~*t1o/J!Ji F- 7 ~ tL t-=: ~ 1J 1/ 1J :::t >Im~ J:ti Pt-=: T /\ --1 ,::;z ~ -~J1t9 6 ( f:JU ;t 
i:1lHt:xi1t 1 $J~) 0 7' :i 7 Jvlf- f' :ttm0 CM I s 7j\_.-{ AC ii, N 2f10~ lJ 1/ 1) :::t > 
if - 1' 'ffl'.:ti ~ P 2fl 0 ~ lJ 1/ 1J ::1 > if - 1' 'ffl'.:ti ~ ~ Hfi?rr 9 6 ~ t: , ~ lJ 1/ 1J ::1 > if - 1' 'ffl'.:ti 
J:Js::~~1/ 1)-it--1 Ffi!Ji,ffimt~ t16o ~0:ij)jcS", ~ lJ 1/ 1) :::t >if- 1''ffl'.:tit=:s~t 6 N2f!ltl 
ti~ P2f!ltlti~ 0t!Wcii~tltiq=i0~*itl.1o/J!Ji~~1/ 1) -It,{ Ffi)Oi~ 1) 1/ 1J :::t >Jli~1m 
t: -C t§1zJ)1:;'i'r,{ L,, ~ 0*a~, =eif- 1' 'ffl'.:ti01±~~~/Ji~1t; L, -C ~FE T 0rl11ii'ffl'.J±!Ji~ 
f;/J9 Oo 

(0003) 
if- 1' 'ffl'.:tiJ:ti 0 ~ lJ 1/ 1) :::t :,,,Jmt-=: N 2flfflti& u P 2flfflti ~ ~$;9 6 7'J$ ~ l,, -C, -ot*, 

N2f11t&ti~ P2fltlti~ 0tlW/Jfr'J :,:.Jvtltiro:i±0FEi.105tltltL1:.t=i3l~96 J: -5 ,s::~JE~.:hk 
"? A !7 ~ m L "-c, if- 1' 'ffl'.t-im 0 ~ 1J 1/ 1J ::1 > 1mi= ~*4i.w 0--17) >)tJ\ ~fr":) -c L "o CfJU 
xtni~t:x~ 2 $JJD 0 

(0004) 
P 1/ '1/ !7 (Lo g i c) [g]lffiJ:ti 1' 7 > 1/ A !l Bzu'\ SR AM (static random access mem 

ory ) [g]!ffi J:ti 1' 7 > :J ,::;z !l 0 ~ tL-t ;h 0 ij'- 1' 'ffl'.:tit: --1 7J:::,,, 1_i.}\ ~ J:ti P -C N 2fltlti& u'\ P 
2flfflti ~~mt L, k -ot*0¥~W~~,=--::,) P -C, CRJOO ~$J,ij L, t.r. !Ji 1?> g52.8J:J9 6 o 

(0005) 
CK! 1 5 (a) ii, t'E*04~1*~~(-=: :stt 6 o :J '1/ !7 tlti0+00CK!c db tJ, CK! 1 5 Cb 

) ii, CK! 1 5 (a) is:::s~t6B-B*l (lf-1'$i:1Jr□J) vJl,t!fOOCRJcdb6o ~t-:, CK! 1 5 ( 
c) ii, tE*0¥~tf~~t-=::s~t6SRAMtJ'fti0+00CRJcdbtJ, CR]l 5 (d) Ii, CR]l 
s cc) i= :s tt 6 D- D *I (lf- 1' $i:1Jr□J) 01,tJfOOCRJc db 6 0 roS, g52.BJ:J ~ 00*,s:: 9 6 t-= ()() 
(-=:, CR] 1 5 (a) ~ (d) (=:SP't-lt--1 Fr'J~-;t,;,::;z~--1:r, :,,, lJ-lt--1 Ffi&ufiFs~Jm~ 
0 CR] 7]' ~ '§I !11:a- l,, -C P 6 ~ ~ ( s::, CR] 1 5 ( b ) Bz u'{ ( d ) ( = :SP -C :::t > !l !7 1' 0 CR] 7]' ~ '§I~ liter 
GLL'◊o 

(0006) 
CR] 1 5 (a) r--., ( d) tS::7]'9 J: -5 ts:, tE*0¥~W~~(S::.B~t 6 P :J '1/ !7 fflti&cf SR 

AMffltiii~;h..:f;h, NM I StJti&uPM I Sfflti~~l,,-CP6o P:},1/ !71ilti0NM 
I S fflti,-:: .:;s L, -C ii, ¥~1i£1/x 1 O O J:J-=: P 2f!1 r):,:. Jvtlti 1 O 2 a !Ji~tt 1?> ;h -Ct, 6 ~ 
~,=~~5t-fflti 1 0 1 t=lffl~;h6 J: -5 i=lttttlti 1 0 0 a /Ji~~t G;h-CP6o p:} ,1/ !7 
tlti0 PM I S tlti(-:: :SP -C ii, ¥~#£1JJ: 1 0 0 J:.ts:: N 2f1 r):,:. Jvfflti 1 0 2 b !Ji~tt G 
;h-CP6~~,=~~5t-tlti1 0 1,=1tt1~tL6J:7(S::)15,i,tttlti1 0 0 b!Ji~~tG;h-CP6 
o SR AM1iJUi0 NM I S ffltii=:SP't (i, 4~1i£1JJ 1 0 0 J:.i= P2f!l r) :,:.JvtJti 1 0 2 
c !Ji~(t GtL -CP6 ~ ~,=~~5t-fflti 1 0 1 t=lffl~;h6 J: -5 (s::)t'l"ttlti 1 0 0 c !Ji~~t 
t?> ;h -C P 6 o SR AM1ilti0 PM I S tltii-:: BP -C ti, 4~#£t!x 1 0 0 J:.ts:: N 2f!1 r):,:. Jv 
tJti 1 o 2 d !Ji~~t Gtt-cPo ~~,=~~nmtJiti 1 o 1 i=lffl~tto J: -5 i=1-tt1t:iui 1 o 
0 d !Ji~~t G ;h -C P6o 
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(0007] 
)15tE~ti 1 0 0 a J:J: (iif- 1' iltfl~/ll 1 0 3 ~* L -C N2:fil~ lJ 1/ 1) ::::t >Im 1 0 4 a ~if 

9 o if- 1" ffi:t:i 1 1 1 a tJiff;mt ~ ;h-C v, o o )151rit&ti 1 0 0 b J::J: tilt'- 1' iitfl~/ll 1 0 3 
~fr- L -C P 2:fil~ lJ:,,, 1) ::::t > /ll 1 0 4 b ~if9 o ij'- 1' ffi:t:i 1 1 1 b !J{lf;$t ~ ;h -C Po o ij' 
- 1' ffi:t:i 1 1 1 a <:. if - 1" ffi:t:i 1 1 1 b <:. ii, '/31ritJ1:ti 1 0 0 a <:. '13'1'1tJUi 1 0 0 b <:. OJ 
Fa~OJ~~:5t?ltJ1:ti101 J:J:{11J!'i'.90PNti-Wl 1 3 Lc]iP(:tJMf:~;h-C.:;svJ, ('."..r1(: 

J:v), y':i7Jvij'-1'ffi:t:il 1 2L/Jrttnx~;h-CPoo '/3'rit&ti100 a(:.:;s~toif-1' 
ffi:t:i 1 1 1 a OJfifiJfflUt: tiN 2:fil Y - ;z/ F v .,f >tJUi 1 O 5 a tJ\tHt G ti -C Po<:. ~t:, '/15 
11'it&ti 1 O O b (: B (to if- 1" ffi:t:i 1 1 1 b OJ fifiif!:{Ut: t•i P 2:fil Y - _;z / F v .,f >tJti 1 O 5 
b !J{~~t 1~ .fl -C Po o y' :i 7 Jvij'- 1" ffi:t:i 1 1 2 L, N 2:fil 1/ - ;z/ F v .,f >t&ti 1 0 5 a 
&ZJ'P2:filY-_;z/Fv.,f>~ti1O5bOJ--f;h..:f;h.<:.tJMf:90J:-5(:::::t>37:71' 1 O 8/J,; 
ff;,J$t~ ;h-C v 'Oo 

(0008] 
'/3'ri~ti 1 0 0 c J:J: (iif- 1' iltfl~/ll 1 0 3 ~* L -C N2:fil~ lJ:,,, 1) ::::t >Im 1 0 4 c ~if 

9 o if- 1" ffl:t:i 1 1 1 c tJiff;mt ~ ti -c po O 13'r1tJiti 1 o o d J::-'= tiif- 1' iit&~im 1 o 3 
~ fr- L -C P 2:fil ~ lJ :,,, 1) ::::t > /ll 1 0 4 d ~ if9 o ij' - 1" ffi:t:i 1 1 1 d !J{lf;&x; ~ ;h -C Po o ij' 
- 1' ffl:t:i 1 1 1 c <:. if - 1" ffl:t:i 1 1 1 d <:. ii, 13'r1tJti 1 o o c <:. 13'ritJui 1 o o d <:. 0) 
Fa~OJ~~:5t?ltJti 1 O 1 J:J:{vJ!'i'.9 o P Nti-W 1 1 3 S cliP(:tiMf:~ ;h -CB vJ, ('.". .t1(: 

J:v), y':i7Jvij'-1'ffi:t:il 12S/J\tlnx~;h-CPoo '/3'rit&ti1 OOct=:s~toif-1' 
ffi:t:il 1 1 cOJfifiJfflUt:tiN2:filY-;z/Fv.,f>tJUi1 O 5 c/J,;~~tG;h-CPo<:.~t:, '/15 
11'it&ti 1 O O d (:.:;s(toif-1'ffi:t:i 1 1 1 d OJfifiJf!:{Ut=t•iP2:filY-_;z/ F v.,f >tJl:ti 1 O 5 
d !J{~~t 1~ t1 -c Po O ::;::-, :i 7 Jv,:t'- 1" ffl:t:i 1 1 2 s, N 2:fil Y - ;z/ F v .,f >t&ti 1 o 5 c 
&ZJ'P2:filY-_;z/Fv.,f>~ti1O5dOJ--f;h..:f;h.<:.tJMf:90J:-5(:::::t>37:71' 1 O 8/J,; 
ff;,QX; ~ ;h-C v 'o o 

(0009] 
CR! 1 6 (a) & 0~ ( b) ii, y':i 7 Jvij'- 1" ffi:t:i 1 1 2 L l!;zu 1 1 2 S <:. iJ: o ~ lJ :,,, lJ 

::::t >Im (ij'- f"/\37-:::... >::o/''~U) t:~Mj/!o/J~.,f :;t>1i.A 9 o ('.". <:. t: J:-:; -C P2:filtJ1:ti&0~N 
2:filt&ti~ff;ijx90;,fJ~~tI~ITT,=~9CRJc~oo roj, CR!l 6 (a) Bzu (b) (:.:;GP't, 
CR! 1 5 ( a) r--; ( d) <:. foJ t::: tinx~~(: (ifoJ t::: Z4{y ~ 1i L -C Po o 

(0010] 
CR!l 6 (a) &0~ (b) t:~9J:7t:, PMI st,1Ui0Jij'-1'1i.AOJ~t:ii, p:J,:;:7 

tJ1:ti&0~ S R AM~tiOJ--c ;h..:f ;hOJ NM I S t&ti ~ ~ 7 '? _;z :7 /\ 37 - > 1 5 1 ~ ffl i, -C ~ 
1J 1/ ,; ::::t > im 1 o 4 ,= P 2:fil~~4tm ~ .,r :;t >1i..A 9 o ('."_ <:. ,= J:-:;, -c P 2:fil~ 1; 1/ ,; ::::t > im 1 o 
4 b &0~ 1 O 4 d ~ff;l15t9 oc 9/J:;bt.>, PW~ 1):,,, lJ ::::t >Im 1 O 4 b &0~ 1 O 4 d OJ--c 
;h..:f;ht::sttoPW~Mtt7o~JJ'.ii*j1{8'](:fo}t:::c~oo ~k, NM I S~tiOJij'-1'1i.}\ 
OJ~(: ii, P:} '>' :7 t&ti.&0~ SR AMt&tiOJ--c ;h..:f ;hOJ PM I S tJti~~ 7 ?;z :7 /\ 37 -
> 1 5 2 ~ fflP't ~ 1):,,, 1) ::::t >Im 1 0 4 (: NW~*t'.[?JZ] ~ .,f :;t >1i.A 9 o ('.". <:. (: J:-:; -C N 2:fil 
~1):,,,1)::::t>/lll 04 al!;zul 04 c~ff;J$<;90 0 9fJ:;bt.>, N2:fil~lJ:,,, 1J::::t>/lll 04 
a&0~ 104 c OJ--f;h..:f;h(::s~toN2:fil~~tm~rn:ti*j1{8'](:fo}t:::c~oo r6], g52.8F}~:5t 
!J·d) -'?9 < 9 o t-=: &0 (:, ? _;z :7 /\ 37 - > 1 5 1 &cf 1 5 2 <:. L -C, .,f :;t >1i...AJ=*~i=m 
PG ;ho v :J _;z 1" /\ 37 - >c(ifJ: <, ~ltt v :J _;z 1" /\ 37 - > ~ff;W<:9 o k &0 OJ 7 :;t 1'? _;z 

:7_i_O)?;z:7,1"37->~tI~ITTt=~L-cPoo ~t-=, '?A:'.7/\37->1 s 1&u1 s zii 
, ~ lJ:,,, lJ ::::t >Im 1 0 4 q=tt:ff;&x;~ ;ho P Nti-W/J\ '/31ritJUi 1 0 0 a <:. '/31ritJ1:ti 1 0 0 
b<:.OJ000J~~:5t-~~101_l_, &umtt~~lOOc<:.mtt~~lOOd<:.OJOOOJ~ 
~:5J-MtJtti 1 0 1 _l_(:--f;h-z';h1JL@'.90 J: "J (:~JE~;hLv\0 0 

( 0 0 1 1 J 
roj, CRJ~ii L -C P/J:P/J,;, PM I S tJiti&uN MI S tJtiOJ--c ;h..:f ;h(:.:;GP't 1/ - _;z/ 

Fv.,f>tJti~ff;W<:9of-=&00J.,f:;t>)i.A(:BP-Ct,, CR!l 6 (a) Bzu (b) (:~9? 
A :7 /"\ 37 - > 1 5 1 Bz u 1 5 2 <:. foJ ;ff OJ '? A :7 /'\ 37 - > ~ ffl v ' o a 

(0012] 

 
Page 146 of 304



CZ! 1 6 (a) &rJ ( b) t:~9 ij'- r- )i.Jd: J:. o ~, ~ 1J Y lJ :::r >Im 1 o 4 t:Mmt ~ .tt 
o P N ti-J'l!.hi13tl:tlUiraJ±OJFa~ vJ~--i"-ft-lfltJUiJ:J: 111M'.9 o k &'), ~ lJ Y lJ :::r > if- r- ffl 
:liili(:.:s ~to N 2:filtJUi ~ P 2:filfflti ~ OJ FEi:I vJ7f*4i.4o/JOJt§1zJ[~i=~ffi9 ob FE T OJfiril1=.~1t 
~tfPfijU9 o ~ ~hie~ o 0 

(5t;irtx~r=stm-Ju 
( f~ it =st lti;1U 

(0013] 
(1'¥i-'f=stlti-ft 1 J 1'¥00-'¥- 6 - 2 7 5 7 8 8 ~0ffl 
(~~j(~2J ~00-'¥-8-17934~0ffl 

(¥EBF} OJllrt~J 
(¥EBJ=J 7Jipjl(!~ L J:. -5 ~ 9 o gJ~J 

(0014] 
L 7J"' L tctJ;i G, ~--i"-OJ1b&itffi1U: 1-¥--:7 't ij'- r- ~hif~ < tJ: o ~, ~ lJ Y 1) :::r > Im g::i c OJ;t§ 

lit[~OJFo~~ ~ tt'6Ui:, 1-='EA7G¥tmc~ o ,1' ~ >fmOJJl1t \(:~ffi9 o ~ 1J Y 1J :::r >JmOJ::c 
'/ +>:'.~tjf)J'.OJ~7Ji;f§xiffJt:=:k~ < tJ: tJ, -z-OJ;ia~, if- r-~OJ1±J:.hH) ~$7Ji~f1JL 't 
r- 7 > :J ;7.., -7 OJ~flfflifJJi~f1J9 o ~ 1t \ -5 Fo~~7JiffitE1t L 't < o o 1Jl:--:7 't, 1'¥t: -l? Jv--tr ,1' 
A'OJ¥i1J,~~<K~ ,hos R AM~t=.:si 'L ii p Nti-Will:1tc¥E±9 0 if- f' ~$0)~,11~ 
:j:rpfijij9 o&.,~hi~ oo 

( 0 0 1 5 J 
~ t:::.., ~iJJZl!OJ1iE*tx~rOJ J:. -5 t:, ~ lJ Y 1J :::r > ,3/'- r- ffl:,t:iilig::i OJ P NtiW~13t11iJJiraJ± 

OJ Fa~ OJ ~--i"-ft-lfltJUi J:. (: 1_t[@r ~ --l±f: ~ L 't tJ , ~--i"- OJ m&itffi 11::hi~ td: -:J tL 't, 1'¥ (: S R A 
M~t: .BP 't ii~-i'-ft-lfltJrtiOJ$jhiF: < tJ: o OJc, ~ 1) 1/ 1) :::r > ij'- r- ffltiilit: .Bit o N ;J:fil 
tJ ti ~ P 2:filtJf ti ~ OJ Fa~ OJ 7G *t 4o/7 vJ t§ 1zJ[~ OJ -lil:?~!Jf hi Mtm c ~ tJ: < tJ: o o -z- OJ *6 :5FL b if -
r-ffl.f~OJ1±~11H&hi~1t9 of-=&'), ~1fffl)±OJ~i1J~OJ f' =J > :J ;7.., !71'¥ttOJ~1thi~~ o 
vJ c, [g]~f1Jf'f7G .R7Ji¥E± L ® < tJ: o ~ Ir\ -5 Fo~~7Ji± t: 't L ~ -5 o 

(0016] 
~Ugct=i~df., *¥EBF}ti, CM I S-r.:i 7Jvij'- r-t1i!Vi£~~904lJ1t~@rt:.:BP't, P 

N tirr-ill:1tc OJ if- r- ~$~i1J'Y'7G*t4o/7 vJt§1Lt[~t=~ffi9 o ~-i'-1i'r'tOJ~i1J ~tfPfijUc ~ 
0 J:. 7 t= 9 0 ~ ~ ~§ff]~ 9 0 0 

(gJ~ ~Plli!{*9 o k. &') OJ~M¼:J 
( 0 0 1 7 J 

~UgcOJ§EfJ~:r~OX:9of-=&')(:, *¥EB.FJt:fio4lJW~@rti, m 1 OJT'.:i 7Jvij'- r-ffl.f~ 
~ m 2 OJT'.:i 7 Jvif- r-fflt~~ ~1imx.k4lJ1t~1M'.c~ --:7 't, ~Ugcm 1 vJ-r .:i 7 Jvif- r­
ffl.t~ii, m 1 OJ13'riffltiJ:.,=Mmt~ nt-=m 1 O)m 1 lJffl2:fily 1J :::r >Jm~~cD-m 1 O)if-"' 
ffl.t~~, m 2 OJi3'11=.tJrti--1::.i=Mmt~ nt-=m 1 O)m 2 lJffl2:fily 1; :::r >Jm~~cD-m 2 O)if- r­
ffl.t~~ ~~L, ~UgcM 2 OJ-r .:i 7 Jvif- r-ffl.t~ii, m 3 vJ131r'ttJrtiJ:.t:Mmt~ nt-=m 2 OJ 
m 1 lJffl2:fil 1/ 1J :::r >Im~ ~cD-m 3 0) if- "'ffi:.t~ ~, m 4 OJ13'rit1ui--1::.,=Mmt ~ nt-=m 2 0) 
m 2 lJffl2:fil 1/ 1J :::r > im ~ ~cD-m 4 0) if - r- ffl.t~ ~ ~ ~ L, ~ugcm 1 OJ13'rifflti ~ ~ugcm 2 
OJ13'r't1iJrti~ ii~-i'-ft-lfltJrti~HUvcft-lfl~ ;h 't -B tJ, ~Ugcm 1 OJ,3/'- r-ffi:t~~ ~iJgcm 2 
0) ij' - "' ffl.t~ ~ ii ~u gc~--i"-nlfl 1t~ ti J:. -c ti~ L ---c .:s tJ , ~u gem 1 0) m 1 lJ ffl'W 1/ 1J :::r > im 
O),j,,-~ < ~ tJ-~~ni=.:s~tom 1 lJffl:2:fil7f¥tm~mrn:ii, ~ugcm3 OJ13'rifflti--1::.,:111M'.90 
~~ft-0)~1Jgcm 2 OJM 1 lJm:WJy 1J :::r >JmOJm 1 lJffl:2:fil7f¥tm~rn:J:. vJ tJ r'a'Jlt \0 

( 0 0 1 8 J 
*¥EBJH:1io4lJ1t~@rt:.:BP't, ~IJgcm 1 OJ131ritJrti~ ~IJgcm 2 OJ13'r11iJrti~ OJFa~O) 

ft-?1$i Vi, ~iJgcm 3 OJi3'r'tfflti ~ ~UgcM 4 OJ)J£'r'tfflti ~ vJ Fa~ OJ:5:t-~Ui J:. ~J t =:k ~ < 't t J:. 

(0019] 
*¥EBJH:fio4lJ1t~@r(:.:BP't, ~Ugcm 1 O)m 2 lJffi'W)y 1) :::r >)mvJ,j,,-~ < ~ tJ-~~ 

ni=.:s ~tom 2 lJffl'WJ7f¥tw~rn:ii, ~ugcm 4 OJi31rifflti--1::.,:f_t[@r9 o ~~nOJ~Ugcm 2 0) 
m 2 lJ ffl2:fil 1/ 1J :::r > im 0) m 2 lJ ffi:2:fil 7f ¥tm~ rn: ~ *11r ITT , = raJ c: -c ~ --:7 ---c tJ J:. p 0 
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(0020] 
:;i1s:~sm= 17k6 "¥-llff~llin= ;J3 l "-c ~ul:lcm 1 O)itr'rifflti~t1:.i= 1:i'zJ!'l'.9 6 i"fSnO) ~ul:lcm 1 0) 

m 1 llffi:fil!1/ lJ ::::r >JltO)m 1 ,!Jffi:fil!~Ml.W~JJ'.V;J:, ~Ui:lcm 3 O)itr"1'EtJlti:\tJ:.t=:f:vJ!'i'.9 6i"fS:5t 
OJ¢jiJ1:lcm 2 O)m 1 ,!Jffi:fil!1/ lJ ::::r >JltO)m 1,!Jffi:fil!~Mi.W~&J: VJ Br%< -CB J: po 

(0021] 
:;i1s:~sm=17k6"¥-llff~@'.t:;:f3P-c, ¢1ul:lcm 1 O))tr'rifflti--1::.i=13L@'.96i"fSn0)¢Jul:lcm 1 0) 

m 1 lJffl:fil!1/ 1; ::::r >JJtO)m 1 lJffl:fil!~~4tw~rn:Lt, ¢1iJl:lc~~nMtJiti--1::.,:,f3L@'.9 6i"fSnO) 
¢!Ui:lcm 1 O)m 1,!Jffi:fil!1/ 1J ::::r >JltO)m 1 ,!Jffl'W~*ll!.~'?Y~rn'.J: !'.) tJf,5; <-CB J: Po 

(0022] 
:;ijs:~BFJ t= 17k6~ll1*~@'.t: BP -C, ¢!Ui:lcm 1 O)itr"1ritJiti& u¢!Ui:lc~~5t-MtJitioJ ,r tl>f 

,flO) J:.(: 13L@'.9 6 ]'jp:7t0)¢JUi:lcm 1 O)m 1 llffl'W 1/ lJ ::::r >JltO)m 1 llffl'W~*ll!.W~JJ:ii, ¢JU 
l:lcm 3 O)itr·ritJitiO) --1::.,:13L@'.9 6i"fSnoJ¢Iul:lcm 2 O)m 1 lJffl:fil!1/ 1J ::::r >JJtO)m 1 lJmw~ 
*ii!. w ~ Gt J: VJ t ra':r < L B J: p C 

(0023] 
:;ijs:~BJ:H: 17k6 "¥-llff~@'.t: :J3 P -C, ¢!Ui:lcm 2 O))tr"'rifflti--1::.,: f3L@'.9 6 ]'jp:71'0) ¢!Ui:lcm 1 0) 

m 2 lJffl:fil!1/ 1J ::::r >JJtO)m 2 lJffl:fil!~~,ll!.w~rn:it, ¢IiJl=lcm 4 O)~i,r1tJiti--1::.,:13L@'.9 6i"fSn 
0)¢jUl:lcm 2 O)m 2 ,!Jffi:fil!1/ lJ ::::r >ijJO)m 2 ,!Jffi:fil!~*ll!.W~rn'.J: 1'.) B f,5; <-CB J: l "o 

(0024] 
:;i1s:~sFJi=17k6~ll1*~@'.t:;:f3i "L, ¢1ul:lcm 2 O)itr'ritJiti--1::.,:13L@'.9 6i"fS5t-0)¢Jul:lcm 1 0) 

m 2 lJffl:fil!1/ 1J ::::r >JJtO)m 2 lJffl:fil!~*ll!.w~JJ:it, ¢1ul:lc~~n~ttJiti--1::.,:13L@'.9 6i"fSnO) 
¢!Ui:lcm 1 O)m 2 llffl'W 1/ 1) ::::r > JltO)m 2 llffl'W~*il!.W~rn'. J: VJ B f,5; < L t J: l \0 

(0025] 
*~sm= 17k6"¥-llff~@'.,:.t3i "-c, ~ul:lc~~n~ttJiti--1::.,:fJL@'.9 6ifSn0)¢JiJl:lcm 1 O)m 

2 llffl'W1/ 1) ::::r >JltO)m 2 ,!Jffl'W~*iliW~JJ:,i, ~Ui:lcm 4 O)itr"1ritJitiJ:.t=13L@'.9 {;)]'jp:71'0) 
¢Ju l:lcm 2 0) m 2 lJ ffl:fil! 1/ 1J ::::r > JJt 0) m 2 lJ ffl:fil! ~ *ilim~rn: ~ *ff EfJ , = roJ i::: c &') ""J -c t J: p 

(0026] 
:;i1s:~sm=1?k6"¥-llw~@'.,s:::BP-c, ¢1ul:lcm 1 O)itr'ritiui--1::.,:f3L@'.96i"fSn0)¢Jul:lcm 1 0) 

m 1 lJffl:fil!1/ 1J ::::r >JJtO)m 1 lJffl:fil!~*ll!.w~rn:it, ¢1ul:lc~~n~ttJiti--1::.i=1JL@'.9 6irSnO) 
¢1ul:lcm 1 o)m 1 lJffl:fil! 1/ 1J ::::r >JJtO)m 1 llffi:fil!~*iliw~rn: ~ *ff Efl ,= roJ i::: c &') ""J -c tJ J: p 

(0027] 
:;ijs:~B}H:f*6~ll1*~@'.,:;:f3l "L, ¢!Ui:lc~~:5t~tJitiJ:.i:13L@'.9 61"fp'.5t-0)¢j1Jgcm 1 O)m 

1 llffl'W 1/ 1) ::::r > JltO)m 1 ,!Jffi:fil!~*iliW~JJ:,i, ~Ui:lcm 3 0))3111:tJitiJ:.t= 13L@'.9 6 ]'jp:71'0) 
¢!Ui:lcm 2 uJm 1 ,!Jffi:fil! 1/ lJ ::::r >JltO)m 1 lJffi:fil!~*ili'.fo/J~rn'. J: !'.) tr%< -CB J: t "o 

(0028] 
:;i1s:~sm=1*6"¥-llw~@'.,s:::BP-c, ¢1ul:lcm 1 O);i,r1tiui--1::.i=f3L@'.96i"fSn0)¢11Ji:lcm 1 0) 

m 1 lJffl:fil!1/ 1J ::::r >JJtO)m 1 lJffl:fil!~*ll!.w~rn:it, ¢1ul:lcm 3 O)itr-1rifflti--1::.i=13L@'.9 6i"fS5t 
0) ¢Ju l:lcm 2 0) m 1 lJ ffl:fil! 1/ 1J ::::r > JJt 0) m 1 lJ ffl:fil! ~ *4i.W~JJ: ~ *ff EfJ i = roJ i::: c &') ""J -c t J: 

(0029] 
:;ijs:~B}H:f*6~ll1*~@'.,:;:f3P-C, ¢!Ui:lcm 1 O)itr"t1tJitiJ:.t=13L@'.9 61"fp:7tO)~Ui:lcm 1 0) 

m 1 llffi:fil!1/ lJ ::::r >JltoJm 1 lJffi:fil!~*iliW~&~i, ¢!Ui:lc~~:5t~tJitiJ:.t:13L@'.'9 6i"fS:5tO) 
¢!Ui:lcm 1 uJm 1 ,!Jffi:fil! 1/ lJ ::::r >JltO)m 1 lJffi:fil!~*ili'.fo/J~rn'. J: 1'.) t fn <-CB J: t "o 

(0030] 
:;i1s:~sm=1*6"¥-llw~@'.,s:::BP-c, ¢1ul:lcm 2 O);i,r1tiui--1::.i=f3L@'.96i"fSn0)¢11Ji:lcm 1 0) 

m 2 lJffl:fil!1/ 1J ::::r >JJtO)m 2 lJffl:fil!~*ll!.w~rn:it, ¢1ul:lcm 4 O)itr-1rifflti--1::.i=13L@'.9 6i"fS5t 
0)¢Jul=lcm 2 O)m 2 lJffl:fil!1/ 1J ::::r >JJtO)m 2 lJffl:fil!~*4i.W~JJ: ~ *ffEflt=roJ i::: c&':l ""J -ct J: 

(0031] 
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*¥£BJH=1io~!J1:t~i!'i'.t=.:t31r ,-c, ~uiem 2 O))tttt1ui1:_i:::1-tu"!".--t oirS:5tO)~uiem 1 0) 

m 2 !Jffl:_lllly 1; ::::r >/llO)m 2 !Jffl:_llll:::fMiJ!JJJ~rn:v:t, ~uie~~:5t~ttJi:ti_!:_i:::11u"!".--t oirS:5tO) 
~uiem 1 O)m 2 !Jffi'W Y 1) ::::r > /llO)m 2 !Jffi'W:::f*rl!.1!JJJ~!i'. J: ~ ~ 1lx < c t J: lr 'o 

(0032] 
*¥£sm= 1io"=¥-!Jff~u"!".,:::.t31r, -c, ~uie~~:5t~ttJti_!:_t:::f1i!'i'.--t oirS:5tO)~uiem 1 O)m 

2 !Jffi'filJy 1; ::::r >/llO)m 2 !Jffi'W:::f*ili1!JJJ~&ii, ~uiem 4 0))31ritJti_!:_i=11u"!".--t oirp:5}0) 
~Ugem 2 O)m Z!Jffi:_lllly lJ ::::r >/llO)m 2 !Jffi:_llll:::fiili1!JJJ~&J: ~ ~ ra'J < c ~ J: Po 

(0033] 
*¥£sm=1io"=¥-!Jff~u"!".,:::.:J:3Pc, ~uiem 1 O)i3'rit1Ui_!:_i:::11i!'i'.--toirS:5tO)~uiem 1 0) 

m 1 !Jffl:_lllly 1J ::::r >/llO)m 1 !Jffl:_llll:::f~4t1!JJJ~&ii, ~uiem 3 0)~3'ritJti_!:_t:::11u"!".--t oirS:5t 
O)~uiem 2 O)m 1 !Jffl:_lllly 1J ::::r >ijJO)m 1 !Jffl:_llll:::fiiliw~&J: 1J ~ ra1J <, ~ugem 2 0))3'!1: 
tJi:ti_!:_i:::11i!'i'.--t oirS:5tO)~ugem 1 O)m z !Jffl'Wy 1J ::::r >/llO)m 2 !Jffl'W:::f*rl!.w~&ii, ~u 
gem 4 0)~31!1:ii!Ui_!:_1:::11@'.'"t oirS7tO)~uiem 2 O)m 2 !JmfilJy lJ ::::r >/lluJm 2 !JmW:::f*rl!. 
1o/J~rn'. J: ~J ~ ra'J < c ~ J: Po 

(0034] 
*¥£BJH=1io~!J1:t~i!'i'.t=.:t3Pc, ~uiem 1 O)lf- 1' ffl::f-iti, m 1 oJ PM r s r- 5 >:> 

_7 !I O)if- 1' ffi:ticdt) IJ, ~Ugem 2 O)if- 1' ffl:titi, m 1 0) NM I S 1' 7 > :J _7 !I O)if-
1' ffl:tic d1) vJ, ~ugem 3 {JJ if- 1' ffl:tiii, m z 0) PM r s r- :J >:>A !I 0) if- t-- ffl:tic d1) 
v), ~Ugem 4 O)lf- r-ffi:tiii, m 2 O)NM I S 1' 7 >V'_7 !I O)Jf- 1---ffl:ticdt)-:;, l t J: l'> 

(0035] 
*¥£BJH=1io~!J1:t~i!'i'.t=.:t3Pc, ~uiem 1 O)lf- r-ffi::f-i&u~ugem 2 O)if-1'ffi:tiii 

--E ti. --£ti, o :> '>' /;1 [g] ~ m r- 7 > :> A !I 0) if - t-- ffl:ti c d1) vJ , ~u iem 3 0) if - r- ffl:ti.& u 
~uiem 4 0) Jf- 1' ffi:tiii--f tl-i'tl, SR AM[g]~Jti 1' 7 > :J _7 !I 0) Jf- 1' ffl:,tic d1)-:; c t 
J: po 

(0036] 
j:_ tc., *¥£BJH=1io"=¥-!J1:t~i!'i'.O)ffi'JJ£15$ii, m 1 O))S1ritJti_!:_1:::.ffJ!ft~ t1tc.m 1 O)Jf 

- r- ffl:,ti&zYm 2 0))3'ritJJ:ti_!:_i=10!ft ~ tLt-=m z O)if- t--ffi:1i~if--t om 1 0)7 :i 7 J'vif 
- r- ffl:ti ~, m 3 0))3'ritJti_!:_,:::10ox: ~ t1tc.m 3 O)if- r- ffl:t-i&u1m 4 0))31!1:tJJ:ti_!:_1=10 
.ox:~ t1 t-= m 4 0) 1f - r- ffi:ti ~ if --tom z 0) ::p :i 7 }'v f-f - r- ffi:t-i ~ ~ ·um .:t tc. ~!J1:t~ i!'i'. 0) WJ 
J£15$cdt)-:; -c, ~ugem 1 0))3'!1:tJJ:ti, ~ugem 2 0))3'11:tJi:ti, ~uiem 3 0))3111:tJJ:ti&ul\~u 
gem 4 0))3'!1:iiJUiO)-z-,h-z',hO)__l:_t::: Y 1) ::::r >/Jl~70,ft9 6If_¥ (a) ~, ~uiem 2 0))3111: 
tJJ:ti, ~ugem 3 0))3111:tJJ:ti.&a~ugem 4 0))3'ritJJ:tiO)-z-t1--£t10)_!:_1:::11u"!".--t oirp:5}0)~uie 
1/ 1; ::::r > Ill ~m 1 0) 7 A .1;1 /'\ !I - > ,::: J: -::, -cwt., tcct ni is, ~uge 1/ 1J ::::r > lllt=m 1 !Jffi'W:::f 
*ili1!JJJ~!JA '"t 6If_¥ ( b) ~, ~Ugem 1 0))3t!=.tJJ:ti_!:_,:::11@'.9 oi'ip7t0)~1Jgey lJ ::::r >Ill~ 
m z 0)--:?'A /;1 /'\!f- >t= J:-:;, -cwi ,tcctniG, ~ugey 1J ::::r >lllt=m 2 !Jffl:_llll:::f*tw~!JA --t 
o If_¥ cc) ~, ~ugeif_¥ c b) &u~ugeIU cc) J: vJ ti 1-i1=, ~uie 1/ 1; ::::r >Ill~/'\ !I 
-;:=- > /;7'' L, --E t1t= J: VJ, ~ugem 1 0))3'11:tJJ:ti, ~ugem 2 0))3tttJJ:ti, ~ugem 3 0))3'r1tJJ: 
ti& u"'~ugem 4 0))3111:tJJ:ti 0)-z- ti-£ ,(10) _!:_t:::, ~uge 1/ 1J ::::r >Ill~ --E t1--£ t113ts ~ugem 1 0) 
if- 1' ffl:ti, ~uiem 2 oJ if- 1' ffl:ti, ~ugem 3 0) 1f- 1' ffl:ti& u"'~uiem 4 0) if- 1' ffl:,ti ~ 
70!ft90If_¥ ( d) ~ ~1/m;t cPoo rEiJ, *¥€BJH:::1io~!J1:t~@'.O)ffi'J:ra-1J)it:::;si,-c, 
~Ugeif_¥ (b) .&u~IJgeif_¥ (c) O)P9;h~5t;(:::*:tfiELct>J:t,o 

(0037] 
*¥€BJH:::1io~!J1:t~@'.O)ffi'JJ£/Ji7'(:::.:J:3Pc, ~IJgem 1 0)7 A /;1 /'\,!l- >ii, ~Ugeffi 1 

0))3,rttJJ:ti_!:_1:::11i!'i'.--t oirS:5tO)~Ugey 1J ::::r >/ll_!:_t=lffl □ ~if L, ~ugem 2 0)--:?'A /;1 /'\ !I -
>~, ~u~mzO)~tt~~ ~u~m30)mtt~~&a~u~m40)mtt~~O)-z-tl--£tl0)___t_ 
(::: 11@'.'"t o i'ipjj-0) ~Uge Y lJ ::::r >/ll__l:_(::: lffl □ ~if L cl·, ct J: it 'o 

(0038] 
*¥£BJH=1io"=¥-!Jw~i!'i'.O)ffi'JJ£15$t=.:sP-c, ~ugem 1 O)i31ritJi:ti~ ~ugem 2 0))3111:tJi: 

ti~ ii~~:5t~ttJJ:ti,= J:-:;, cffi:5?'\lfJ t=:5t~~ tl l .B VJ' ~Ugeif_¥ (a) (::: ;GP l' ~Ugc 1/ 
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1J ::::r :,,,nJJ:t~iJgc~-i'-fr•tJ1:ti--1:.,= 'bJt;mt~ t1, ~ugcm 1 O)'? A Y /'\'7- :,,,ii, ~ugcm 1 0 
1ttt1:tiui--1:.i= 1i!I'I9 6 ir~ff 0 ~ugc 1/ 1J ::::r:,,, im ~ ~ -3 ~ ~,= ~ugc~-i'-fr?tltJtti--1:.,= 1i!I'I9 6 
ir~frOJ ~Ugc 1/ lJ ::::r:,,, /llJ:.(: Im D ~1:f L,, ~Ugcm 2 OJ'? A Y /'\ -17 - :,,, ti, ~Ugcm 2 OJ)E'tiiiil 
ti--1:.,= 1JL!I'I9 oir~fr0~ugc 1/ 1J ::::r:,,, im ~ ~ -3 ~ ~i= ~iJgc~-1'-fr•tJti, ~iJgcm 3 uJ1E'r1tl 
ti& u"' ~iJ gem 4 01E'tii ii,ijJi 0 -f t1-t' t10 J:. i = fi !I'I 9 6 ir~fr 0 ~u gc 1/ 1J ::::r :,,, im J:., = rm □ ~ 1:r 
L, --C P --C '8 J: Po ..: ..: 'c\ ~Ugcm 1 uJ'? A Y /'\ -17 - :,,,Bzu"'~Ugcm 2 OJ? A Y /'\ -17 - :,,, ii, 
~u gc~-1'-fr• fflti J:., = 1i !I'I 9 6 ir~fr 0 ~u gc 1/ lJ ::::r :,,, Ill J:., = rm □ ~ 1f L, --c P tct < --c 'b J: P 0 

§ L \~Jc 6 ~, ~ugcm 1 O)'? A Y /'\ '7 - :,,, &u"'~ugcm 2 O)'? A Y /'\ '7 - :,,, ii, ~iJgc~-1'-fr 
ltfliiltiJ:.t= 1JL!I'I9 6 ir~f}'CIJ ~Ugc 1/ 1) ::::r ✓im ~ ~--::) --c P --c 'b J: po 

(0039] 
*~sm= 17ko -='¥-llff~LI'I 0ffi!Jie:1Jtti= BP --c, ~ugcm 1 OJ)E'tiitlti ~ ~ugcm 2 OJ)E'tiitl 

ti~ii~-i'-fr.iiltii:J:--:7Lffi:'.7\tl'H=fr•~tt--CB 1J, ~ljgcI.t:'E (a) (:BP--C, ~Ugcy 
1J ::::r ✓mni~iJgc~-i'-fr•tlti--1:.,= 'bJt;mt~ t1, ~ugcm 1 O)'? AY /'\'7- :,,,ii, ~ugcm 1 0 

1E1tiifflti--1:.i= 1iu'l9 6 ir~ff 0 ~ugc 1/ 1; ::::r:,,, im ~ ~ -3 ~ ~,= ~ugc~-i'-fr?tltJtti--1:.,= 1i!I'I9 6 
ir~frOJ ~Ugc 1/ lJ ::::r:,,, /llJ:.(: Im D ~1:f L,, ~Ugcm 2 OJ'? A Y /'\ -17 - :,,, ti, ~Ugcm 2 OJ)E'tiiiil 
ti, ~iJgcg 3 OJ)E'tiiiilti,& u~Ugcg 4 OJ)E'tiiiilti0-f ;h--z:'tlOJ J:.i: 1iu'I'9 6 ir~fruJ ~iJgc 1/ 
1J ::::r:,,, im ~ ~ -5 ~ ~,= ~ugc~-i'-fr•fflti--1:.i= 1i!I'I9 6 ir~fr0 ~ugc 1/ 1J ::::r :,,, im--1:.,= rm □ ~1:r 
L, --C P --C '8 J: Po 

(0040] 
:;ijs:~BJ=H= 17k6-='=Fllff~@".OJffi!Jie:7'J$(: BP --C, ~Ugcm 2 O)'? A Y /'\ -17 - :,,, ti, ~Ugcm 3 

OJ1E'tiifflti& u"'~Ugcg 4 C/J)E'riiilti uJ -f :h-t' :hOJ J:.t: 1iu'I'9 6 ir~ff OJ~Ugc 1/ lJ ::::r :,,, Ill~~ 
--:7'"(L'>--C'8J:L'>o 

(~BJ=J OJ711J~J 
(0041] 

:;iis:~BJH:J:6~, CM I S-r'.:i 7;r.,,if-l'-tiie:~1f96-='=f-llfi:~u'I(:BL"--C, PNtiW 
1It1tc0ij'- r--;;f{~~,11~~M~.,'.lo/J0~§li=r¼1'in=~ffi9 6~-i'-li'r10~,1J~=rfPtU'9 6..: ~ /J'i 
c~6o 
( LKJ 00 OJ M ~ tct g5l BJ=J] 

(0042] 
(LKJ 1 J LKi 1 (a) ti, g 1 OJ*tmff:;,JH:1i6-='=FlJfi:~u'It:B~t6o:J,y Yiilti0f 

OOLK!c~t:J, [Kil (b) ii, [Kil (a) (:B~t6I-IfJOJWfo'aLK!c~tJ, [Kil (c 
) ii, m 1 OJ*.imff:;,JH:fi6¥llff~LI'It=B~t6 S RAMiilti0fOOCK!c~ ~), [Kl 1 
(d) ii, CK! 1 (c) (:B~t6II-II*lOJ[tff00LK!c~6o 
([K12J [Kl2 (a)"--' (f) ii, m10*.imff:;~(:f!k6¥lJ1i:~u'IOJffi!Jie:7'5$0J-I. 

t:'E ~ ~9Wf[fil[Klc ~ 6 C 

(LKl3J LKl3 (a) r---, (f) ti, m10*.imff:;~t=17k6¥lJfi:~u'IuJffiJJ:ig7'Jj~0-I 
t:'E ~~'9WTOOLK!c ~ 6 0 

(LKl4J LKl4 ( a) r---, (f) ii, m 1 0*tmff:;,JH:1i6¥lJfi:~u'IOJffi!Jie:7'5$0J-I 
t:'E ~~9Wf[fil[Klc~ 6 C 

([K15J [Kl5 (a)"--' (f) ii, m10*.imff:;~(:f!k6¥lJ1i:~u'IOJffi!Jie:7'5$0J-I. 
t:'E ~ ~9Wf[fil[Klc ~ 6 C 

(LKl6J LKl6 (a) r---, (f) ti, m10*.imff:;~t=17k6¥lJfi:~u'IuJffiJJ:ig7'Jj~0-I 
t:'E ~~'9WTOOLK!c ~ 6 0 

(LKJ7J LKl7 (a) r---, (f) ii, m10*.imff:;~H:1i6¥lJfi:~u'IOJffi!Jie:7'5$0J-I 
t:'E ~~9Wf[fil[Klc~ 6 C 

([K18J [Kl8 (a)"--' (f) ii, m10*.imff:;~(:f!k6¥lJ1i:~u'IOJffi!Jie:7'5$0J-I. 
t:'E ~ ~9Wf[fil[Klc ~ 6 C 

(LKJ 9 J LKJ 9 (a) ti, g 2 OJ*.imff:;~H=1i6¥lJfi:~u'It:B~t 6 o :J ,y Y tlti0f 
OOLK!c~t:J, [Kl9 (b) ii, [Kl9 (a) (:B~t6 I- IfJOJWfo'aLK!c~tJ, [Kl9 (c 
) ii, g 2 OJ*.imff:;~t= fi6¥llff~LI'It=B~t 6 SR AMiilti0fOOCK!c~ ~), [Kl 9 
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(d) tJ:, 1219 (c) t:.:B~toII-IItfOJWfrnJCKicd1:>oo 
(CK! 1 o) 1211 o (a) r-__,; Cf) tt, m 2 OJ*rnfi.M@t=1~\o"¥-lJii~u"t'.OJffi/JiE:1J~1:0J 

- If'E ~ JG9WfrnJCK!c d1:> o o 

(CK! 1 1 ) 121 1 1 (a) i;t, m 3 O)*rnfi.ff3@i= 1io ¥lJi*~@'.(:.:Bit o o :J '1/ :7 tJtti 
OJ-'f'-00CKicd1:> vJ, CK! 1 1 ( b) i;t, CK! 1 1 (a) t:.:Bit o I - I *fOJWfrnJCKicd1:> tJ, 
1211 1 ( c) ii, m 3 O)*rnfi.ff3@i=1io4lJ1*~@'.t:.:Btt o S RAMit&tiO)-'f'-rnJCK!c 
d1:>tJ, 12111 (d) ii, 12111 (c) t:.BitoII-I1*iOJ!fffOOCKicd1:>oc 

(CK! 1 2) 1211 2 (a) r-__,; ( f) i;t, m 3 O)*rnfi.ff:;@t=1~\o4lJi*~@'.O)ffijJj_g:1J~120) 
- If'E ~ JG9WfrnJCK!c d1:> o o 

(CK! 1 3) 1211 3 (a) i;t, m 4 O)*rnfi.ff3@(:1io¥lJi*~@'.(:.:Bit o o :J '1/ :7 tJtti 
OJ-'f'-00CKicd1:> vJ, CK! 1 3 ( b) ii, CK! 1 3 (a) t:;Bit o I - I *fOJWfrnJCKicd1:> tJ, 
1211 3 ( c) ii, m 4 O)*rnfi.ff3@i=1io4lJ1*~@'.t:.:Btt o S RAMit&tiO)-'f'-rnJCK!c 
d1:>tJ, 12113 (d) ii, 1211 3 (c) t:.BitoII-I1*iOJ!fffOOCKicd1:>oc 

(CK! 1 4) 1211 4 (a) r-__,; ( f) i;t, m 4 O)*rnfi.M@t=1~\o"¥-lJi*~@'.O)ffi/Jj_g1J~120) 
- If'E ~ JG9WfrnJCK!c d1:> o o 

(CK! 1 5) 121 1 5 (a) i;t, tE*OJ¥lJ1i~u"t'.t= .:Bit o o :J '1/ :7 tJtti 0)-'f'-rnJCK!c d1:> t:J 

, CKJ 1 5 ( b) i;t, CKJ 1 5 (a) i:.:Bit o B- B *iOJWfrnJCKicd1:> vJ, CKJ 1 5 ( c) t'i 
, tE*OJ4lJ1*~@'.(:;Bit o SR AMtJttiOJ-'t'-rnJCKic d1:> ~, CK! 1 5 ( d) i;t, CK! 1 5 

( c) (.:;Bit o D-D*jO)(tfrrnJCK!cd1:>oo 
(CKJ 1 6) CK! 1 6 (a) Jf;z u ( b) t'i, tE*OJ¥lJi*~@'. OJffi/Jj_g:1J~t: .:;i'3 P---C-r' -1 7 

)v if - r- ffl:t:©K ~ tct o ~ 1J Y 1) ::::t ✓ JlI ( if - r- /'\ :7 - .::=. ✓ :7'' !:'Ju) t: ~*tm ~ '1' 7J- ✓):f.A 

9 o c:. ~ t: J:-:> ---C P2flfflti&uN2fltJtti~MBx9 otl~~tl:i\EfH:JG9CKJcd1:> oo 
(3'eBJ=J ~*rnl!.9 o t:::..(l) OJff:;@) 

(0043) 
cm 1 O)*rnfi.M@) 

trf, ::$:3'eBF} O)m 1 O)*rnfi.M@t= 1io ¥lJ1i~u"t'.t= --:J t, L, 12100 ~$~,i~~J _ _,, iJ:iJ{ G g£8F}9 
oo 

(0044) 
1211 (a) i;t, m 1 O)*rnfi.M@t=1io¥lJ1i~u"rt=t~it o o :J '1/ :7t1ttiO)-'f'-rnJCKicd1:> VJ 

, CK! 1 (b) i'i, CK! 1 (a) (:.:Bito I - I ti (if- r-$i:1JftiJ) OJ(tfr00CK!cd1:>oo j:f:::_, 

CK! 1 (c) (i, m 1 O)*rnfi.ff:;@(:{io"¥:lJtf~@'.(:;Bito S RAMtJttiOJ-'f'-rnJCKicd1:> t:J, 
CK! 1 (d) i;t, CK! 1 (c) t:.:B~toII-II*f (lf- r-$i:1JftiJ) OJ!fff00CK!cd1:>oo rEiJ, g£BF} 
~1'1Jl~Jn:9ot:::..(l)t:, 1211 (a) r-__,; (d) t:.BP---C-v-'1' Fr'.l;t-)VA.~--tr, y 1}-tr,,f F 
fi&u~fiFa~JlI~OJCKIJG~'!§~ L ---C Po~ ~i:, CK! 1 ( b) &ul\ ( d) t:.:BP---C ::::t ✓ :7 :7 r-
0) 121 JG~ l'§~ ~ L ---C t , o o 

(0045) 
121 1 (a) ,....,, ( d) t:JG9 J: -5 (:, **1it!!.ff:;@OJ¥iJii~u"ri'i, o :J '>' :7 [g]~iJiff:;Jft ~ 

:hofflti (t~rf, P1/•1/ :7fflti~ft9O) Jf;zuS RAM[g]~iJiff:;mt~:hofflti (t:Xf, S 
RAM-~~fa:9O) ~~L---CB~, PYo/:7-~Jf;zuSRAM-~~~:h~:h, NMI 
s FE T iJiff:;,W<:~ :ho tJtti (trf, NM I s tJUi ~ #9 o) &u~ PM I s FE T iJiff:;Jft ~ 
:hofflti (trf, PM I Sfflti~fa:9O) ~~LLt'Oo P1/•1/ :7•tiOJNM I s•tii= 
.BP---C i;t, 4lJ1i£tJx 1 0 __e(: P;lfl r'.7 x.Jvt1tti 1 2 a iJi~(t G ;f1' ---C Po~ ~t=~~:5tMtJl 
ti 1 1 (: lffl ;t :ho J: -5 t:)t3itt•ti 1 0 a iJ{~it G :h ---Ct:. o o o :J '>' :7 t1ttiOJ PM I S •ti 
t=.:BP---Cii, ¥lJ1i£t!x 1 o _1:_i:N2flr'.l x.Jvt1tti 1 2 b iJ{~it G:h---CPo ~~,=~~:5tM 
tJtti 1 1 i:lffl j: :ho J: -5 (:)t3itttlti 1 0 b iJ{~it G :h ---C Po o S R AMtJ'ftiOJ NM I S tl 
tit:.:BP---C (i, 4lJw£tJx 1 0 __e(: P;lflr'.7 x.Jvt1tti 1 2 c iJi~(t Gtl-L Po~ ~t=~~:5t 
~t-ti 1 1 i=lffl j: :ho J: -5 t='lt3itHJtti 1 0 c iJi~(t G :h ---Ct 'Oo SR AMffltivJ PM I S 
tltit:.:BP---Ci'i, "¥:lJ1i£tJxl 0__e(:N;lflr'.lx.Jvfflti1 2 diJ{~itGtl---CPo~~t=~~ 
:5J-Mit&ti 1 1 {:lffl;t;ho J: "J (:)15tt•ti 1 0 d iJ{~(t G;fLLPO 0 

(0046) 
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)r5titJUi 1 o a _1_(:i:;}>:f- Ht.e~Jm 1 3 ~ftL---CN2:fily 1) :::i ✓Jm 1 4 a ~~96if- r­
fflli 3 O a 7Ji:ft;Jnt ~ ;h ---C P 6 o it51t1:t1Ui 1 O b _1_(: iiif- r- if.~~Jm 1 3 ~ ft L ---C P 2:11! Y 1J 
::::z /' Jm 1 4 b ~~9 6 if- r- ffi:ti 3 0 b 7Ji:ft;/ft ~ ;h ---Ct:. 6 o if- r- fflti 3 0 a ~ lf- r- ffl 
ti 3 0 b ~ ii, it51t1:tJtti 1 0 a~ it51t1:tJtti 1 0 b ~ Cl)Fa~Cl)~-=t'-nmtJtti 1 1 _1_(:11Lu'i'.9 6 
PNttt'TT-4 1 Lc£ii,t=ti~~tt---c.BrJ, -.:ttt=J: VJ, ::p:i 7Jvif- r-fflti3 1 Lhi;tlmt 
~ ;h ---C P 6 o it5't1:tJtti 1 O a (: .B tt 6 ij' - r- ffi:ti 3 O a Cl) fifiifflU (: ii N 2:11! V - _::;z_ / F v ,{ /' 
tlti2 0 aiJi~~tG;h---CP6~~(:, it51t1:tJtti1 0 b(:;J3~t6,,Y-'-J--.ffi:,ti3 0 bO)iffiJfflUt= 
ii P 2:11! V - _::;z_/ F v ,{ ✓tJtti 2 0 b 7Ji~tt G ;h ---C Poo N2:fil V - _::;z_/ F v ,{ ✓tJtti 2 0 a 
&u·{ P 2:11! V - _::;z_/ F v ,{ /'~ti 2 O b OJ-f tL-rt1 ~ tiif.:m9 6 J: 7 (: ::::z /' :7 :7 r- 2 6 a lJzr.J 
2 6 b iJiJfJ/nt ~ ;h ---C P 6 ~ ~(:, 7' :i 7 Jvif- r- ffi:tir 3 1 L ~ ti~9 6 J: 7 (: ::::z /' :7 :7 r-
2 6 e iJiff;,/ft ~ ;h ---C P 6 0 

(0047) 
it51ritJtti 1 o c _1_,:ii,,Y-'- "*e~Jm 1 3 ~11'-L---CN2:fily 1J :::i ✓im 1 4 c ~~9oif- r­

ffl1i 3 0 C 7Ji:ft;Jnt~ ;h L p 6 0 i31t,'t~ti 1 0 d _1_(: iiif- "*~~Jm 1 3 ~*LL p 2:11! y 1) 

::I / Jm 1 4 d ~~9 6 if- "ffi:ti 3 0 d 7Ji:ft;/ft ~ ;h L p 6 0 if- "fflti 3 0 C ~ ij' - "ffl 
ti3 o d ~ii, it51t1:tJtti1 o c ~it51t1:tJtti1 o d ~Cl)Fa~Cl)~-=t'-nmtJtti1 1 _1_,:11Lu'i'.9O 
PNttt'TT-4 1 ScliPt:ti~~tL---C.BrJ, -.:ttt:J: VJ, 7':i 7Jvif-1'-fflti3 1 Shi;tlmt 
~ ;h L p 6 0 it51t1:tlti 1 0 C (: .B tt 6 ij' - "ffi:ti 3 0 C Cl) fifiifflU t= ii N 2:11! V - A/ F V ,{ / 
tlti2 0 C iJi~~tG;h---CP6 ~~t=, it51t1:tJtti 1 0 d t=-B~t6,,Y-'- J--.ffi:,ti3 0 d 0JrifiJfflUt= 
ii P2:fil V- _:7./ F v ,{ ✓tJtti 2 0 d 7Ji~tt G;h ---C Poo N2:filV- _:7./ F v,{ ✓tJtti 2 0 c 
&u·{ P2:fil v - _::;z_/ F v ,{ ✓~ti 2 o d 0J-f tt-rt1~tiif.:m96 J: 7 t= :::i ✓ :7 :7 r- 2 6 c lJzr.J 
2 6 diJiJfJJnt~;h---CPo~~(:, ij'- r-ffltif3 0 c ~titm:9OJ:-'J(:::::z/':)':7 r- 2 6 fiJi 
:ft;Jnt~ ;h---C Poo 

(0048) 
**~JfjJWCl)fta& ~ L ---C, P 2:11! Y 1J :::i /' Jm 1 4 b @1t Cl) P 2:ill:-:f $t1o/7~& ii, P 2:11! Y 1J :::i 

/'Jm 1 4 d@ftCl)P2;fil:-:f$tW~JJ'.J: tJ 't~Po 
(0049) 

roj, N 2:11! Y 1J :::i /' Jm 1 4 a Cl) N 2:11!:-:fMi.W~&ii, N 2:11! Y 1) :::i /' Jm 1 4 c Cl) N 2:ill:-:f*-t1o/7~ 
&~*ffITT1:ro:Jt:c~60 j:f-:, oV:,y :7tJttiCl)~-=t'-:5:t-~f~ti 1 1 CJ:!itITT(:iii3'l"rtJtti 
1 o a ~it5't1:tJtti 1 ob~ Cl)Fa~Cl)~-=t'-nmtJtti 1 1) Cl)$iiJi1JU:zi17 on mf_¥J3tL?J_l_c"~ 
o Cl) t=xi L ---c, s R AMtltiCl)~-=t'-nmtJtti 1 1 CJ:!itITT,= iiit51itJtti 1 o c ~ it5't1:~ti 
1 o d ~uJFa~Cl)~-=t'-nmt:iui1 1) Cl)$iii,[gU:zi13 0,.___,6 o nmf_¥J3tc~6o 

(0050) 
tJ. T', *~BJ=I Cl)~ 1 oJ*~Jt;J'1H= 1io ¥lJi::t~u'l'. Cl)ffiJJ:rg7'J$i=-::) P ---c, CRJOO ~ $~,ij L tct 

!Ji G g£BJi 9 6 o 

(0051) 
Cfil2 (a),.__, (f), Cfil3 (a)"-/ (f), Cfil4 (a)"-/ (f), Cfil5 (a).~ (f) 

, CR! 6 ( a) "-/ ( f ) , CR! 7 ( a) ,..__, ( f) Bz UTRI 8 ( a ) "-/ ( f ) ii, ~ 1 JJ*~ff;!W 
t= 1io ¥lJft~u'l'. Cl)ffiJJ:rg7'5{7:Cl):e If_¥~ T9i!/fOOCR!c ~ 6 0 ro], CR! 2 (a) ' CR! 3 (a) 
, CR! 4 C a) , CR! 5 C a) , CR! 6 C a) , CR! 7 C a) Bz u"'CRI 8 C a) a, CR! 1 C a) i: .B 
tt 6 I I I - I II*-f ( if- r- ffe-/JftiJ) Cl)ltfrTiotilft ~ :e If_¥"fi(:T Lt-=: 't Cl)c ~ tJ, CR! 2 ( b) 
, CR! 3 ( b) , CR! 4 ( b ) , CR! 5 ( b ) , CR! 6 ( b ) , CR! 7 ( b ) Bz u"'CRI 8 ( b) ii, CR! 
1 (a) (: .Btt 6 IV- IVfl ( if- r- ffe-/JftiJ) Cl)~[fillilnt~ :e If_¥"fi(:T Lt-=: 't Cl)c ~ V), 

Cfil 2 ( C ) , l2J 3 ( C ) , Cfil 4 ( C) , Cfil 5 ( C) , [216 ( C ) , Cfil 7 ( C ) Bz U'\'[21 8 ( 
c) ii, CR! 1 (c) (:;J3~t6V-V*-f (ij'- r-ffe-:tJftiJ) 0JltfrTiotllft~:eif_¥"fi(:JGLk't 
Cl)c~VJ, Cfil2 (d), Cfil3 (d), Cfil4 (d), Cfil5 (d), [216 (d), [217 (d) 
Bz u"'CRI s Cd) ii, CR! 1 Cc) t= B tt 6 VI -VI fl C if- r- ffe-7'5ftiJ) Cl)[/fTioflrot ~;;. If_¥"fi 
t:TLt-=:'tJCl)c~oo j:f-:, Cfil2 (e), Cfil3 (e), Cfil4 (e), CRIS (e), [216 ( 
e), Cfil7 (e) Bzcf[218 (e) (i, Cfill (a) (:;J3~t6 I-Ifl (if-r-$i7'5ftiJ) Cl)~ 
Tiotlrot~:eif_¥"fit=TLk'tCl)c~tJ, CR12 Cf), [213 Cf), Cfil4 Cf), CRIS Cf 
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) , ['.Kl6 (f), [:Kl? (f) Bzu['.Kl8 (f) Ii, [:Kil (c) (S:::.B~t6II-IIirl (1,t'-f'$i 
15 ftiJ) OJ [NT OOtJ!mt ~ :e If'tfi i:: ;;r;: L, t:::.. 't:J OJ c ~ 6 o 

(0052) 
~ 9\ [:Kl 2 (a) rs./ ( f) (S:::::,r;:9 J:. -5 ,::, 1JIJ;ttUl&r:i~d}-~~7l'lfi (Shallow Trench I 

so lat ion (ST I) ) $(:: J:. I'), ,fjlj;ttf p ;Jflly lJ :::r >i;P G feet 6-='¥~1i-£tlx 1 0 OJ J:.i~t::, 
f' v>-rpg1::;t,e~/W7'.l~tt&r:i1A.~tt-cfeet.::S~~nl!'lltJiti 1 1 ~mtRITT1::Jb,qx9-00 s:=tti=J:. 
v), P :J '1/ :7 ffltiOJ NM I S t&tit::.BP't ti, ~~nl!'lltJUi 1 1 (::lttl~ t1t-=-='¥~1t£tlx 1 
0 7J" G feet 61tti=.t&ti 1 0 a 7'.J~Jb/nt ~ tt, P:} '1/ :7 tJitiOJ P IV1 I S tJtit:: .BP 't ii, ~~7l' 
l!'llt&ti 1 1 (:: lttl ~ t1 t-=-='¥~1t£tlx 1 O 7'.J:-. G feet 61ttHJti 1 O b 7'.J~Jb,qx; ~ tt, S RAM fflti 
OJNM I Sffltit::.BP'tii, ~~nlflt&ti1 1 (::1tt1~t1J:::..-='¥~1t£tlxl 07'.J'>Gfeet61t'r1tl 
ti 1 o c 7'.l~Jbmt ~ tt, s RAM tlti 0) PM r s tJti,= -B It-. -c ii, ~~nMfflti 1 1 i= 1tt1 ~ 
t1 t-=-='¥~it£tlx 1 O 7J" G i;t 61t11'1t&ti 1 O d 7'.J~fb,qx; ~ t16 o -z- OJ,i-;?',z, 1YIJ ;tit 1J V /f 7 7 ,i 
{~Bzu"'--1:;t>1i.A$(::J:_tJ, -='¥~1t£tlxl o,::;f3~t6:eNMI Stlti,::, 1YU.:zitB (*r:'7 
~) ~OJ P :l:lli~*ll~/W ~1i.A 9 6 0 Mi:P -c, flJ;t it lJ v :7•'5 7 ,{ $Bzu\'--1 :;t >1-1J\{~t= J:. vJ 
, -='¥~w£tix 1 o i= -B ~t .::s;;. PM r s tlti,=, 11u x. it P c ,; >) ~O) N :l:lli~*tt70 ~ 1-=EA 9 
<So -z:-OJ{3t, -='¥-~ii-£1/xl O(::xtL,-C, 1Jlj;t(t8 5 0°C, 3 O:fJFEiJOJj~'.~l!:Il~~9S:: ~,= 
J:. vJ, P :J ,y :7 t&tiOJ NM I S tlti(::.BP't ii, -='=F~it£1Jx 1 0 J:.(:: P :J:lli r'J x.. Jvt&ti 1 2 
a ~ lb.ox L,, P :J ,y :7 '{taJi OJ PM I S tlti(:: .B 1t "'t ii, -='¥~1t£t!x 1 O J:. t:: N ;Jfl1 r'J x.. Jvtl 
ti 1 2 b ~Jb)r5tl,, S RAMt&tiOJNM I StJ!:tii::.BP'tli, -='¥~1t£tJx 1 0 ____t(.:: P;Jfllr'J 
x..Jvfflti 1 2 c ~Jboxl,, S RAMffltiOJPM I Stltit::.BP't(i, -='¥~11-£1Jx 1 0 J:.(:: 
N :J:lli r'J x.. JvtJti 1 2 d ~ ,ff.~ift9 6 o 

(0053) 
:,xt::, [:Kl 3 (a) rs./ ( f) i::::,r;:9 J:. -5 (::, iJIJ;tttmfR7 ,y ~:9!!:If(:: J:. vJ, -='¥~1t£tlx 1 

0 OJ*OO ~~5t1¥ L, td~, 1YIJ ;t (t I S S G (In-Si tu Steam Generation) ~11::$(:: J:. I'), 115 
11'1tlti1 O a, 1 Ob, 1 O c&ul O dOJ-z:-tt--rttOJJ:.(::, 1JU.:zitw~ 2 nmf_¥&OJY 
lJ :::t>~it/W7'.J"Gfeet61,t'- f'¥fl~/Wl 3 ~7bqx;960 tOJf~, -='¥~1t£tlxl Ot::x-;fl,-C, 
j'JIJ ;tit~~ 7° 7 .:::('?:9!!:If ~ff-5 2: ~ (:: J:. V)' l,t'- f' ¥&~/W 1 3 OJ*OO ~~11:: L, L~1tfi ( 
['.Ki;;r;:'§~fil:fr) ~Jbift960 -z-OJ1~, 7;:::..-;t,,:9!!:Il~*~96S:: ~(::J:. iJ, ~Ugc~11::fi7'.J"G, 
*at"i-OJ§~P~~~~~96c Mi:P't, J;f- f'if.Ei~i/W 1 3 J:.i::, 1Jlj;t(tCVD (chemical v 
apor deposition) 1~,::J:_t), flj;t(t~lJ:,,IJ:::r:,,,,7'.):-.Gfeet6W~ 100 nm:f_¥&0JyIJ:::r 
> 1W 1 4 ~ .tlff 9 6 0 

(0054) 
Mi:P 't, [:Kl 3 (a) rs./ ( f) ,::::,r;:9 J:. -5 (::, P :J ,y :7 tltiOJ NM I S tlti:§idi-Bz u"' S R 

AM'{t&ti:§':11' (NMI stJiti:§':ii-BzuPMI St&ti:§':it) ~~t,'>£i~p:J,1/:7tltiOJPM 
I S fflti:§':'it J:. (:: mi D ~ ~9 6 "'< A :7 /\ :7 - > 5 1 A ~ ffi P 't, 1/ 1J :::r > /W 1 4 (:: iJIJ ;t lt 
B ( * r'J ~) ~OJ P ;Jfl1~*4!.t70 ~ F- ,;(_m 4 X 1 0 15 c m-2---c ,1 :;t >1i.A 9 6 2: ~ (:: J:.-:> -C 
P :J:lliy lJ :::r > /W 1 4 P ~ yf;ift9 6 o :,xi::, P 1/ ,y :7 '{t&tiOJ PM I S tJti:§':11' ~ ~Pii ~ P 

1/o/:7ffl~OJNMISffl~:§':tfBzuSRAMffl~:§':1t(NMISffl~:§':1tBzuPMISffl 
ti:§':i1') OJ -Z- tl--rtlOJ J:.1::m! D ~~9 6 '7 A :7 /'\ :7 - ✓ 5 2 A~ ffi P't, 1/ 1) :::r ✓ JlJ 1 4 
(::1JU.:zitP ( lJ >) ~OJN;Jfll~*tm~ j--:'-.::;(_m.3X1015c m-2---C,1:;t>1-1A 9-0 2: ~ (:: 
J:. -:> -C N ;Jfll y lJ :::r > /W 1 4 N ~ Jb/nt9 6 o 9i;t ;b ~, **~]b~OJtin& ~ L, 't, S RAM 
tJttiOJ p MI StJ!:tiOJJ,t'- f' 1i.}\(::;BPL N;Jfi1~*4!.t7!}0),{ :;t" >i-=EA ~fT-:> L P-Qo 

(0055) 
ro], P;Jflly 1J :::r >IW 1 4 P OJJbmt~ N;Jflly 1J :::r >IW 1 4 N OJJbox~ ii, l "9.r1~*'=* 

~ L, 't f:J J:. Pc ~ t.:, [:Kl 3 (a) rs./ ( f) (::.BP't ti, g5tB}j ~7l'7J" v) -'\"9 < 9 6 t-=&r:i(::, 
"'< A :7 /'\ :7 - > 5 1 A.&z.J 5 2 A~ L, 't, 7 ;;1- f' 1) V :7''7 7 ,i $(:: J:. ~) -='=F~tf£1Jx 1 0 J:. 
,:: ]b,rx; ~ t16 v:} .:A f' /'\ :7 - > c ii feet < , :'1Ht v:} .:A f' /'\ :7 - > ~ Jb/nt9 6 t.: &r:i OJ 7 ;;1- f' 
"'< A :7 J:.oJ'? A :7 /'\ !l - > ~ll:i\ffJ(::;;r;: t,, -c 1t -..::so ~ t.=, "'< A :7 /'\ !1- > 5 1 ABzu"' 5 2 
A (i, p ;Jflly 1) :::r >IW 1 4 p ~ N :J:lliy 1) :::r >IW 1 4 N ~ 0) p NtiW4 1 L 7'.J\ 1t11'1fflti 1 
0 a ~it'ritlti 1 0 b ~ OJFa~OJ~~nlfltlti 1 1J:.(::{st@'.96 J:. -5 (::;rJ}E~ t1-CP6o 
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(0056] 
P 2fJ 1/ 1J :::r > /Jl 1 4 P Bz cf N 2fJ 1/ 1) :::r > /Jl 1 4 N OJ ff:; mt {tt -='¥~ 1t£ iJx 1 0 t = xi L -c 

{Jlj x. it 8 5 0 °C, 3 0 f&Fe~ OJ~:A3l1II ~ Jiw.T-.: ~ t= J: !J, P 2:f11/ 1J :::r > /Jl 1 4 P .& cf N 2fJ 1/ 
1J :::r > mt 1 4 N OJ --f n-f! tl t-=: --1 ~ >)i.A ~ n t::. ~itm OJ 7 o 7 7 --1 Jv CJ:! 1tlfJ t-=: tJ:£iK=E 
aat=xi Le *®.7J::1J[ti]OJ 7°P 7 7 --1 )v (t:?ff, *®.:1J[ti]7°P 7 7 --1 )v ~ ffT 6) ) O)j:5]~ 
1t~ff -5 0 

(0057] 
~,xt-=:, 7 7t r- lJ Y ;t' 7 7 -1 $t= J: VJ, 1/ 1J :::r > /Jl 1 4 J:J:, if- r- Jt;tk= ~1:rT 6 v 1/ ;;z 

r-/'\:7-> CCZl~'B~m;;) ~Jt;mtLtd~, :'1:'iitv1/A r-/'\Y->~"?;;z:7 ~ Le, F5---fx 
,y"f->~'$1-=:J:t?, 1/1J:::r>/Jll 4~/'\:7-.:=.>:7''T60 2:nt:J:vJ, CZl4 Ca)"--' (f 
) t:~TJ:-5t:, )3'r:iit&ti1 0 aJ:J:if-r-if.it~/Jll 3 a~Jf"LeN2:f11/1J:::r>/Jll 4 a 
~ ?(c/:r if- r- ffl:ti 3 o a tJiJt;mt ~ n, iE111:1iJUi 1 o b J::J: if' - r- if.E~!Jl 1 3 b ~ 11' Le P 
2f11/ 1) :::r > ITT}; 1 4 b ~ ?(tl if - r- ffl:ti 3 0 b !J{Jt;mt ~ ;f1', )3-r_iiiJ'i ti 1 0 c J:J: ij' - r- if.Et~ 
IJl 1 3 c ~*Le N 2:f11/ 1; :::r > IJl 1 4 c ~ ?(cu, if - r- ffl::t'i 3 o c tJiJt;mt ~ n, )E1ritw:ti 1 
0 d J::. t: if - r- if.e~ITTJ; 1 3 d ~ JI' L e N 2fJ 1/ 1J :::r > /Jl 1 4 d ' ~ ?(c/:r if - r- ffl::ti 3 0 d !Ji 
Jt;mt ~ t16 o 2: 2: c, if'- r- 'ffl:ti 3 o a ~ if- r- ffl:tir 3 o b ~ ii, )E'ritJUi 1 o a ~ iE'ri 
iiJ'iti 1 O b ~ OJFe~OJ~~:5tW'lfflti 1 1 J::.t:f1iM'.T 6 P NtlW4 1 L cliPt-=::t-fHm:~ tL e -B 
t? , -:-. n t= J: vJ , ::;:-, ::i 7 Jv if' - r- ffl:ti 3 1 L tJitt.ox ~ n e P 6 0 ~ t::., if - r- ffl:ti 3 o c 
~ ij' - r- ffl:ti 3 0 d ~ ii, )E'ritJ'iti 1 0 c ~ iE'rifflti 1 0 d ~ OJ FEt! U)~~:51-W'ltJ'iti 1 1 J::. 
cliPt:HHm:~ tL e .B !J, -.: nt= J: VJ, -r ::i 7 Jvij'- r- ffl:ti 3 1 S tJittmt~ tle P6c 1£! 
L, CZI 4 ( a ) .____, ( f ) t = ~T If'E uJ 1l"i 7 Hi ,~c ::;'-' ::i 7 Jv if' - r- ffl:ti 3 1 S r=!=tt= P N tlW 
iiff:;mt ~.rte It \;IJ: It 'o 

(0058] 
~t:, 1§1Jx.itc V D1~t: J: tJ, -='¥~1:f£iJx 1 0 J::.OJ~Tiat:, {Jljx.tiM[~ 8 n mOJ1/ 1J :::r 

>~11::ijJ/J" G iJ:6~7t ,y r- ;;z~-y}tj)j(e,~ITTJ;~tlfl L t::.1~, :'1:'iit~7t ,y r- ;;z~-y }tj 
!)(fl~/Jlt=xi Le ~:1J'r1 X ,y T ✓ :7'' ~ ff -5 0 ('."_ nt= J: VJ' CZI 5 (a) "-' ( f) t=~T J: -5 t= 
, if' - r- !)(fl~JJI 1 3 a Bz u if - r- ffl:tir 3 0 a 0) ~IIJOO J::. t = ~ 7 t ,y r- _:::z.. ~ - Y 1 5 a !Jiff:; 
mt~ n, if- r- i)(e~JJI 1 3 b &uif- r- ffl:ti 3 o b O)~muoo J::.t= ~ 7t ,y r- ;;z ~-y 1 5 
b tJiMmt ~ n, if' - r- *a~JJI 1 3 c & u if'- r- ffl:ti 3 o c O)~muoo 1:.,= ~ 7 t ,y r- A~ -

y 1 5 c tJiMmt ~ n, if' - r- ~a~/Jl 1 3 d & cf if - r- ffl::t'i 3 o d OJ~tuoo J::. t = ~ 7 t ,y r­
;;z ~-y 1 5 d tJiJt;,tx:~ tl6c 

(0059] 
lRt:, -='¥~1t£tix 1 0 J::.t:, ~NM I S tJ'itiJ::.t: !ffl D ~1:r L H -=>~PM I S iiJ'iti ~ 11-5 

V1/A f'/'\:7-> (CZl~'§ill;;) ~Mftx:Ltd~, :'1:'iitv1/A f'/'\:7->mUYt=if- 1'ffi:,ii3 
0 a&cf3 0 c ~-;7_:::;z:7 ~ Le, 1JIJx.iiA s (l:~) ~O)n2fl~*it!.127Z!OJ--1~>)-=EA~ff-5 
-.: ~ t= J: lt), CZI 5 (a) .____, ( d) t=~T J: 7 t-=:, )EtitJ'iti 1 0 a t=-B~t 6 if- r-ffl::ti 3 0 
a OJflJ:1JT'Bz0"')E'rifflti 1 0 c t=B~t6if- r-ffl::ti3 0 c O)mlJ1JT't=, :tit5-n~tJitt:,~JfJ 
)~PN2:f1Y-;;z/)<v-{>ffiti ({JIJx.iiLDD (lightly doped drain) ffltix_iix:7_:::;z 
T ✓ 1/ 3 >tJUi) 1 6 a }'!z_ 0"' 1 6 C ~ --f tl-f: ;f1' § c~t5-JfJ t= MoxT 6 0 Mc:P e' -='¥~1t£ 
i!J 1 0 J::.t:, ~NM I S tJ'iti~wPH -=>~PM I S it&tiJ::.t:!ffl D ~1:rT 6 v 1/ ;;z r- /'\ :7 -
> (CZl~'§l~II;;) ~M.mtLtd~, :'1:'iitv1/A f'/'\:7->M.vq:if- r-ffl::ti3 0 b&D°"3 0 d 
~-;7_:::;z:7~Le, 1§1Jx.tiBF2 ~OJp2fl~*it!.'.fo/JOJ--1~>)-=EA~ff-5-.:~t=J:vJ, CZl5 (a 
) .____, (d) t=~TJ:-5t:, 1E'riit&ti1 o bt:.B~t6if- r-ffl::ti3 o bOJfU:1JT'&cf1E'ritJ'i 
ti 1 O d t-=:.Btt 6 if- r-ffl:ti 3 O d OJfU:1JT't:, :tit5-n~ tJitt;iji~jfJ)~P P 2fJ Y - ;;z/ F v 
---f >fflti (i11Jx.iiLDDtJUix.ti::c:7_:::;z:;:-::,,,;-s-,3 >iiJ'iti) 1 6 b&cfl 6 d ~--ftl-f:tl§ 
c ~ t5- JfJ t = M ,ox T 6 o 

(0060] 
~, N2fJY-;;z/Fv---f>ffl~16a&u16cOJff:;mt~P2fJY-;;z/Fv---f>ffi~l 

6 b & 0"' 1 6 d OJff:;ftx: ~ ii, It, 9,tL ~5t;(:~1iw. Le tJ J: Po 

(0061] 
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;Xt:, fJIJ7UfC VD~iJ: J: t'), ~!Jf;f~:,t)x 1 O _l_C7)@TI1H:, 1JIJ:tiiw~ 1 On mf_¥jJ'.Cl) 
-s,,, 1) ::::r >mt11:Jjj)'.r-Gtctom 1 ¥&r'fiJl, &U'flJ:tiiw~ 3 On mf_¥jJ'.Cl)-S,,, 1) ::::r >~11:Jll7'.PG 
tct om 2 :tt~ill~ 1m:!X:ttft Ltd~, ~i~m 1 :tt~ill&u~i~m 2 :t&~illt=x-t L -c ~:15''11:x 
,y"f->:7'~1T7o ~n,:J:t'.), [316 (a)~ (f) (:7F9J:7,:, Jf-1---it,ti3 O aCl)ffllj 
00 _l_ t: 7]- 7 t ,y r- A~ --Ir l 5 a ~ fr- L -C-lr ,{ Fr) ;t - Jv A~ --Ir l 9 a iJiJf:;nx ~ tl, if 
- r-~ti3 o bCl)ffllj00_1_(:7]-7t,y l---A~--lr 1 5 b ~1rL-C-lr'1 Fr'J;t-JvA~--lr 1 
9 b iJiJf:;fflt ~ t1, if- r- ffi:t-i 3 0 c Cl)fflljOO_l_,: 7]-7 t ,y r- A~ --Ir 1 5 c ~ fr- L LY,{ F 
r) ;t - Jv A~ --Ir l 9 c iJilf:;fJX ~ ,tl, if- r- ffi::fi 3 0 d Cl)ffllj[ID _l_(: 7]-7 t ,y r- A~ --Ir l 
5 d ~1r L -C-lr ,{ Fr) ;t - Jv A~--lr l 9 d iJifb,ox~ t16o ~ ~ c\ -Ir,{ Fr) ;t - Jv A~ 
--Ir 1 9 a tJ:, L'¥)[:kCl)l!/ro'afbtk~~LH-=>¢JUgcm 1 il'E~~illiJ"GtJ:oPJfflljy,{ Fr'J;t-Jv 
1 7 a~, pgfflljy,{ Fr'J;;t-Jvl 7 a_l_t:Jf:;wt~tl•H-=>¢JUgcm2:te~illiJ"Gtct654ffllJ-lr'1 
Fr'J;t-Jv 1 8 a~ ~~96o :lt-:, -Ir,{ Fr'J;t-JvA~--lr 1 9 bii, L'¥;[:kCl)Wfo'afb 

;[:k ~ ~ L H-=> ¢JiJgcm 1 il'E~illiJ" G tct 6 pg fflljy ,1 F r'J ;t - Jv l 7 b ~, 171 ffllJ-lr ,1 F r'J ;t - Jv 
1 7 b _l_ t: fbnx ~ t1 H-=> ¢JU gem 2 il'E~illiJ" G ~ 6 54ffl1Jy ,{ F r'J ;t - Jv l 8 b ~ ~ ~9 6 o 

:l k, -Ir,{ Fr) ;t - }VA ~--Ir l 9 c ii, L '¥)[:kCl)Wf[filfb;[:k ~~ L H-=> ¢JU gem 1 il'flr'fliilliJ" 
6fJ:6pgfflljy,{ Fr'J;t-Jvl 7 c ~' pgfflljy,{ Fr'J;t-Jvl 7 c_l_(:Jf:;mt~t1H-=>¢JiJgcm 
2 il'E~illiJ" G tct 6 54fflU-lr '1 F t:'J 7t - Jv l 8 c ~ ~ ~9 6 0 ~ k, -Ir ,r F t:'J 7t - Jv A✓" --Ir 
1 9 d ti, L '¥)[:kCl)Wfo'aff~;[:k ~~ L H-=> ¢JU gem 1 il'E~illiJ" G tct 6 pgfflljy ,1 F r'J ;t - Jv l 7 
d ~, pg fflljy ,1 F r'J ;t - Jv l 7 d _l_(:Jf:;mt~ .f1H-=> ¢JU gem 2 ¥E~~illiJ" G tJ: 654ffl1Jy ,1 F r'J 
;;t-Jv l 8 d ~ ~if900 

(0062) 
~L\c, [316 (a)~ (f) ,:7F9J:7(:, Py,y:7i'iJrtiCl)NMI StiJrti@1-:f.&c.!"'SR 

AM1i~IJiCl)NMI smti@1-:f~m'7'""<A:'.7/'\::$'->5 3, );!tl1:mti1 0 bt:.:;i'3~t6if- r­
ffi::,ti 3 0 b, 7]-7 t ,y 1--- A ~--Ir l 5 b &cf-Ir,{ Fr) ;t - }VA ~--Ir l 9 b, wcft:)r§- 111: 
tiJrti 1 0 d (: .:J3~t 6 ij'- r-ffi:1-i 3 0 d, 7]-7 t ,y 1--- A ~--Ir l 5 d Bzcf-lr ,{ Fr) ;t - JvA 
~--Ir 1 9 d ~'""<A :7 ~ L -C, ~s1!1:mti 1 0 b Bz cf)r§-111:tJJ:ti 1 0 d t=wlJ ;t ii B (;:f-'P >) 
~Cl) p i:fil::;r::*iw ~ F- .:::(_m 5 X 1 0 15 C m-2c ,{ 7]- >~3:), 9 Q O ~ nt= J: VJ' )lr'l'itiJrti 1 
O b t:.:;i'3~t 6-lr,1 F r'J ;t-JvA~--lr 1 9 b Cl)~fflU:15'rt:, iiv \ PifilV-A/ F v,1 >tiJl 
~l6bJ:VJBffiii~~iJ~<H-=>PifilV-A/Fv'1>m~16b~ffi~90PifilV­
A/Fv'1>tJti2 0 b~ElC~iiEflt=fbfflt90~~,=, )lr'l'itiJti1 0 d(:s~t6-lr,{ F 
r'J;t-JvA~--lr 1 9 d Cl)54ffl1J:15'r(:, )5:PPifilV-A/ Fv'i' >tiJti 1 6 d J: VJ Btiii 
~~!Ji~< H-=> Pifil V - A/ F v ,{ >tiJti 1 6 d ~ ffi~9 6 P ifil Y - A/ F v ,{ >fflti 2 
O d ~ El c~5Ef]t:Jf:;nx9 60 ~Cl)~~, if- r-ffi:t-i3 O b ~:,tjfflt9 6 Piill1/ IJ ::::r >ill 1 
4 b & cf if- r- ffi::-ti 3 O d ~ ijtft9 6 N ifil 1/ IJ ::::r > ill 1 4 d ' t= B ¢JUgc P iill::;r-:*twiJi)g=_J\ 
~ t16 *B*, P ifil 1/ 1) ::::r > ill 1 4 b Cl) P i:fil::;r::¥t1o/J~1'JJ'. ii J: i'.) r'a'J < tJ: 6 ~ /5', N ifil 1/ IJ ::::r > 
ill 1 4 d ' ii P ifil 1/ IJ ::::r > ill 1 4 d ~ ~ 6 o ~ t1 t: J: VJ , -?' :i 7 Jv ij' - 1--- ffi::,ti 3 1 S 9::q: 
N ifil 1/ IJ ::::r > ill 1 4 c ( if - 1--- ffi::-ti 3 0 c ) ~ P ifil 1/ IJ ::::r > ill 1 4 d ( if - 1--- ffi::-ti 3 0 d 
) ~ Cl) P N tlW4 1 S iJiJf:;tft ~ ti 6 o ~ ~ c, P ifil -s,,, IJ ::::r > ill 1 4 b Cl) P i:fil::;r::¥t1o/J~JJ'.ii 
, P ifil 1/ IJ ::::r > ill 1 4 d Cl) P i:fil::;r::*t'.!o/7~& J: vJ B r'a'J < ~ 6 o 

(0063) 
~L \c, [3J 6 (a) ~ ( f) ,:7F9 J: 7 (:, P 1/ ,y :7 tJUiCl) PM I S fflti@1-:fBzcf SR 

AMffltioJ PM I S tiJti@1-:f ~m' 7 '""< A :7 /\ ::$' - > 5 4, )lr'l'itiJti 1 0 a t:s~t 6 if- r­
ffi::,ti 3 0 a, 7]-7 t ,y 1--- A~ --Ir l 5 a &cf-Ir,{ Fr) ;t - Jv A~ --Ir l 9 a, wtJq:)r§- 111: 
tJti 1 o c t:.:;i'3it 6 if- J---ffi::-ti 3 o c, 7]-7 t ,y 1--- A~--1r 1 5 c &cY:-lr ,1 F t:'J 7t - JvA 
~--Ir 1 9 c ~'""< A:7 ~ L-C, ~s1!1:mti 1 0 a &D"')r§-111:tiJti 1 0 c (:wlJ:tiiA s (e~) 
~Cl) N i:fil::;r::¥t1o/J ~ F - .::~(_m 4 X 1 0 15~ 5 X 1 0 15 C m-2c 4 7]- >)3:), 9 Q O ~ n (: J: t'.) 

, )15--ritiJti 1 0 a t:s~t6-lr,1 Fr'J;t-JvA~--lr 1 9 a Cl)~ffl1J:15'r,:, )5:PNifilV-A 
/ F v ,1 >tiJti 1 6 a J: t'.) B tiiiiW~ !Ji~< H-=> Nifil V - A/ F v ,1 >tJti 1 6 a ~ :ti~ 
9 6 Nifil v-A/ F v,1 >mti 2 O a~ El c~~Ef]t:Jf:;fflt9 6 ~ ~,=, it'l'ifflti 1 Oct= 
.:J3~t o -1r ,1 F r:1J 7f - }v A ~--1r 1 9 c Cl)54fflU:15'rt=, ~it, N ifil v - A/ F v ,1 >tJti 1 6 
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c J: &:J t :tirE'i'~ ~ iJ r~* < H---::) N 2f1 Y - A/ F v -1' > tJti 1 6 c ~ HHmr9 o N 2f1 Y - A/ F 
v-1' >ffltQX 2 0 c ~ El c~i'i-EfH::.ff;Jrx:9 Oo 

(0064) 
rEi], P _!ill 1/ - -7-/ ~' v -1' >t]'[:l:QX 2 0 b &cf 2 0 d Cl)jf;Jrx: ~ N _!ill 1/ - :A/ F v-1' >ffl:l:QX 2 

0a&TJ20cCl)jf;Jrx:~tl:, P9;h~5t;t:~:ffiEl,,""C'8J:lt\" :it.=, [ZJ6 (a).~ (f) t: 
.BP ---C ti, gQB)=J ~ :5:r7'.P tJ ~9 < 9 6 t.= 60 (:, '? -7- /.7 /\ !l - > 5 3 Bz u\' 5 4 ~ l,, ---C, 7 ;;t f' 
lJ 1/ /,7''7 7 '1' $(: J: t'.) ¥lJ1t£tix 1 0 --1:.,:,ff';Jrx:~ no VYA f' /'\!l->ciitJ: <, ~tt v 
:J -7- f' /'\ !l - > ~:.ff;Jrx:9 6 t.= 60 vJ 7 ;;t f' '? -7- /.7 J::.Cl)'? -7- /.7 /'\ !l - > ~tl:i\Hl t=~ L, ---C It, 6 
0 ~t.=, "?-7-/,7/'\!l->5 3&cf54ii, P2f11/ 1J:::r>m1;14 a (lf- f'~ti3 0 a) ~ 
N 2fl 1/ lJ :::r > m1; 1 4 b (lf- f' ffi:ti 3 0 b) ~ Cl) P N tiW 4 1 L vJ 1-i'.L@'. Ottl:tJ'lti 1 0 a 
~ )t3ittffltQX 1 0 b ~ Cl)Fa~Cl)~~:n-ffltQX 1 1 J::.) i:J~3{;;tJ G feetP J: -5 (:, H ---::), P2f11/ lJ :::r 
> m1; 1 4 c ( Jf- j, ffi:ti 3 0 c ) ~ N _!ill 1/ lJ :::r > m1; 1 4 d ( if - f' ffi:ti 3 0 d ) ~ Cl) P N 
ti-'rr-4 1 S i:J\ i!5t1tJ'[tQX 1 0 C ~ i!5t1tJ'[tQX 1 0 d ~ Cl)Fa~Cl)~~:7:f-'jiJ'{JQX 1 1 J::.,:1_1[@'.9 Q 
J: 7 t-=: ~Yi: ~ tL ---C P 6 o 

(0065) 
N_!fl 1/ - -7-/ F v-1' >t]'[:l:QX 2 0 a .&a 2 0 c Wu'{(_::: P _!ill 1/ - :A/ F v-1' >tJti 2 0 b & 

u\' 2 0 d Cl)jf;Jrx:f?t ¥lJ1t£tix 1 0 ,=xi L, ---CJ~Y1.1I_fl[ ~:fflE9 2: ~ t= J: vJ, N_!fl 1/--7-/ F v 
-{ >1tW:ti 2 0 a &cf 2 0 c W a,= P _!ill 1/ - -7-/ F v-1' >tJUi 2 0 b &u\' 2 0 d Cl)-{-n-rn 
t= -1' 7t >i-1A ~ n t.= ~*it!.t4D ~ i!5t1:t11:: ~ --tt o o 

(0066) 
O:t-=:, ~PN_!f11/--7-/Fv-1'>tJ'[tQX2 0 a&u,_.2 0 cM'lit-=:~*PP_!fl1/--7-/Fv-1' 

>t]'[:l:QX 2 0 b .&cf 2 0 d Cl) --f tl-t ,t1Cl)£-z00t-=:,ff';/r5t ~ tl ---C P 6 El ~~11::m1; (l21~'€'i~!l!ft) ~ ~ 
~ t,, td3t, ·f'iU ;t tf-7-/'\ '1/ !l $t-=: J: vJ, ¥lJ1t£tix 1 o J::. Cl)~OO t-=:, fJU;t i::f::::. '1/ Jr Jvi:J" G feet 

oW~ 1 on mf'£JJ'.Cl)~~m1; (l21~'€'i~!l!ft) ~:ltf:i119 oo --f Cl)fJt, fJUx.ii~~~lffl5?'\~tq-=:.t3 
P ---C, ¥lJ1t£tJ:x 1 0 ,:xi L ---C, tU ;t [i 3 2 0 ''C Cl)waJJ'.c 1 [g] § vJ RT A (Rapid Therma 
1 Ann ea 1 i ng ) 51l!:II ~ 1T 7 2: ~ , = J: tJ , ~It "N _!ill 1/ - -7- / F v -1' > fflJQX 2 0 a & u\' 2 0 c 
Mu\'(_:::~p P2i'l1/- -7-/ F v-1' >t]UQX 2 0 b &u,_. 2 0 d vJ--f tl-ttlC1)£-zOili'f~Cl)1/ 1J :::r > ( 
S i) ~ ~Ugc~~m1;Cl).::::.. '1/ lrJv (N i) ~ ~ ]xfilS ~ --Ji- 6 o 2: ;ht-: J: v), [ZJ 7 (a) ,.___, ( f 
) (;::~9 J: -5 (:, ~PN2i'l 1/- -7-/ F v-{ >tJti 2 0 a &U' 2 0 c Mu\'(;::~p P2i'l 1/ - -7-
/ F v-1' >tJti 2 o b &cf 2 o d Cl)--f tl-rtlCl)J::.t:, .::::.. ,1/ Jr;v:,,, lJ-tt-1' FiP 1~ feet 6~~1/ 
lJ -1:t-{ ~'Ii 2 1 a,.___, 2 1 d i:J~:.ff;mt~ tloo C:.. Cl)~~, if- f' ffi:ti 3 0 a &if 3 0 c ~t~mt 
9 6 N 2i'l 1/ 1) :::r > m1; 1 4 a }J;z cf l 4 c M cf t = ij' - f' ffi:ti 3 o b & u,_. 3 o d ~ t~ W9 o P _!ill 
1/ 1) :::r >m1; 1 4 b .&U' 1 4 d Cl)--f ;h-t';hC1)£-z[IDi'f~Cl) S i ~ ~iJgc~~m1;Cl)N i ~ '8}xfiiS9 o 
*a:'lL if- f' ffi:ti 3 o a r--.., 3 o d Cl)--f tl-ttlCl) J::.t:, .::::.. '1/ Jr Jv1/ lJ -1:t-{ Fi:l" G feet o~~ 1/ 
lJ -l:t-1' F.fi 2 2 a r--.., 2 2 d i:l~Mmt ~ tl o o --f Cl)fJt, 1'JU ;t iiUit~ ~ ~~11:::i<~:i< ~ Cl)iaii-w?:[ 
i:J, G tJ: o :r. '1/ -:r > :7·w?:[g=q=¥lJft£tix 1 o ~~i:19 o 2: ~ i= J: vJ, ~~:5t•tJti 1 1, 7t 
7-t?,1/ f'_:::z_x_--J:t 1 5 ar--.., 1 5 d&cf-l:t-1' Fr'.7:;t-;v_:::z_x_--J:t 1 9 a~ 1 9 d~Cl)J::.,:y~ 
7=¥9 o*lxfiJSCl)~Ugc~~m1;~ ~~ L, tdJt, 1 [g] § Cl) RT AY1.1II J: vJ '8 ~ Pwaf!it ( tux.ii 5 
5 0°C) c2[_g]§Cl)RTAY1.1Il~fr7C:..~(=J:IJ, ~~1/lJ-l:t-1' Ffi2 1 a,.___,z 1 d&cf 
~~1/ lJ -l:t-1' Ffi 2 2 a r--.., 2 2 d Cl)--f ;h-r;hCl):,,, 1) -1:t-1' F*Ji.W<:l:l::~3(J-E11::~--ttoo 

(0067) 
rXt-=:, [ZI 8 (a) ,.___, ( f) (;::~9 J: 7 ,:, ·f'iUx.ii7°7 A,'? CV D$,: J: vJ, ¥lJ1t£t!x 

1 o J::.Cl)~OOt-=:, ·f'iU;t iiw ~ 2 o n mf'fJJ'.Cl) 1/ 1J :::r >~11::m1;iJ" G feet oM~t~m1; 2 3 ~:ltfi t,, 
td3t, tU ;t ii c V D )l ,: J: tJ , *&~m1; 2 3 J::. ,: , fU ;t ii 1/ 1) :::r > ~1~7'.l" G tJ: o Ii Fa~*&~ 
m1;2 4 ~:ftfiL, -{-Cl)f3z, 1'JUx.tiCMP (Chemical Mechanical Polishing) {'i:(:J: vJ, 
fiFa~*~~m1; 2 4 Cl)£-z00~-¥:tl:!11::9 6" Y~(:, ilif'm'Cl)M I Sf' 7 >:J -7-!l ~~9 6¥lJW~ 
@'.Cl)ffi_b[:ig:1J{'i: ~ foJtJ(:, fi Fa~*fl~m1; 2 4 J::.t:, :::r > !l /.7 f' *- Jv /'\ !l - > ~ ~9 o v :J -7-
f' m1; (l21~'€'i~!l!ft) ~ Mw L, tdJt, ~ gtz v :J -7- f' m1; ~ '? -7- /.7 ~ l,, ---C, F 7 -1' :r. '1/ -r > :7'1':t:,: 
J: VJ, *e~m1; 2 3 &u"'fiFa~*EJtlm1; 2 4 t=, ~~1/ 1) -1:t--{ Ffi 2 1 a.~ 2 1 d Cl)-{-,(1.-t,flCl) 
J::.00 t= irJ1~9 o :::r > !l /.7 f' *- Jv 2 5 a r--.., 2 5 d ~ ,ff;$t9 o O 2: Cl)~ ~, *&~m1; 2 3 i:J~~ 
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/±l L t::.Hi,~c~/J'.:c ,y ;J-- :,,,!f~ $!M9 6 2 AT ,y 7°0>:.c ,y ;J-- :,,,7''Ei~ffl1t,6 ~ 2::: (: J: VJ, 

~~ 1/ 1.H:t ,{ Ffi 2 1 a"-' 2 1 d t=xt9 6 ~- /r{-:c ,y T / 7'',m ~~ G 9 ~ 2::: iJ{c 'e' 6 0 

-z-OJ{l, 1:1Ux.iiA7'\,y 7'ffi)Z(iCVD~~(:J: tJ, -::1.::..,,77 r-*-Jv2 5 ar--.,,2 5 d OJ!fri'r~ 
B(u'"'1Fl'l~ OJ -E t11:' t1 OJ l::.t=, -f§U ;t it;J-- 7 :,,, JJJ 2::: ~1t. ;J-- 7 :,,, JJJ 2::: 1Ji/I[ij/J~tltl ~ n --c tJ: 6 7'\ lJ 
7 _-;1. 7 Jv]JJ (CRl~'B~ffift) ~ff;nx;9 60 -f OJ{l, f§Ux.itc V D$t: J: VJ, fiFa~*e~IJJ 2 4 J::. 
t:, -::1.::..,,77 r-*-Jv2 5 a""2 5 d ~j:J.&')~qyJ:'5(:f,U;t(i7::,,,::7'A3-::,,,IJJ~tlflLt::. 
1~, 1:YUx.liCMP'ffi(:J: tJ, -::1.::..,,77 r-*-Jv2 5 a""2 5 d 0>:>1H:ff;nx;~,r1--CP6~Ugc 
7:,,,7''A3-:,,,]JJ~~:t;:9oc ~vJJ:-5(:L--C, -::1.::..,,77 r-*-Jv2 5 a_____,2 5 d(:, ~Ugc 
7'\ 1}7,-;l.7Jv]JJ~1)--L--C~Ugc7/'::7':7.y:,,,]JJiJ{j:J_&')~;i,t1--Ctct6-:J:,,,77 r- 2 6 a-----2 6 
d ~ :ffJ/lX9 6 o -f 0>1~, ti Fa~*e~]JJ 2 4 1::.(:, -::i. :,,, 7 7 r- 2 6 a"" 2 6 d 2::: ffi:y(lfJ t: tiMr: 
9 6~~l'!Jclf CCRl~'B~ffift) ~~llX9 6c 

(0068) 
t.11::. OJ J: -5 t: L --C, **ME~~t: 1i6 4'::ij!1*~oot -=i ':i iJ, N .ffY Y lJ -::i. :,,, 1JJ 1 4 a ~ ?( 

qy if - r- ffi:ti 3 0 a ~ if 9 6 P 1/ ,y 7 ffl ti pg OJ N M I S F E T 2::: , P .ffY Y lJ -::i. :,,, 1JJ 1 4 b 
~ ?(qy if - r- ffi:ti 3 0 b ~ if 9 6 P 1/ ,y 7 iiJIJi pg OJ PM I S F E T 2:::, N .ffY Y lJ -::i. :,,, 1JJ 1 
4 c ~?(qylf- r-ffi:ti 3 0 c ~if9 6 S RAMiiJJipg OJ NM I SF ET 2:::, P .fflly 1) -::i.:,,, 
1JJ 1 4 d ~?(qyif- r-ffi:ti 3 0 d ~if9 6 SR AMiiJ'IJipg OJ PM I SF ET 2::: ~1/ffi;t t::.¥ 
:ij!1*~@r ~ WJjg9 6 ~ 2::: iJic 'e' 6 0 

(0069) 
**ME~~t= J: 6 2:::, F :J --1 :c ,y ;J--:,,, 7''$ t: J: iJ , Y lJ -::i. :,,, 1JJ 1 4 ~ :c ,y ;J--:,,, ::7' L --C, 

if- r-ffi:ti3 o a""3 o d ~~nx96~1:, ~-=t'-ft-Jrl1i&ti 1 1 (J:!1*1fJ(:lii't111iJUi 1 o 
c 2::: i'ttl:tJUi 1 0 d 2::: OJ Fa~ OJ~-=t'-ft-MtJti 1 1) OJ$jiJ{3:% < --C::fML'.!o/lv)Jf§litir~v)Jj~~ 
3t~t~9P S RAM1i&tiOJif- r-ffi:ti 3 0 c Bzu 3 0 d ~tj$;961/ lJ -:J ::,,,]JJ 1 4 g::i (: (i 
*ff If] t= N .7f!l::f*t'.!o/J 0) ,J;_iJ{f¥t£ L --c It\ 6 0 f;J: -::, --c' i.l.A ::f *t'.!o/Jc &') 6 --1 ~/ti O)~v \ t= ~ 
ffi L --CY lJ -::i. :,,,]JJ 1 4 O):.C ,y ;J--:,,, 7''.i!Enn=~iJ{j:_ l_:: {$ ~~~ [g]i!lfc 'e' 6 t::. ti), NM I S F 
ET OJJr'- !'-ffi;tii 3 0 c 2::: PM I SF ET OJJr'- r-ffi:ti 3 0 d 2::: OJFa~clf- r- ~$~/J~± 
t: 6 ~ 2::: iJitJ: POJc, 1f- r- *ati1H=~ffi9 6 r-:.:,:,,, -v: A 7 titt0>ati1J ~trPl'tU9 6 ~ 2::: !Ji 
C 'e' 6 0 ':it::., F 7 --1 :c ,y T / 7'''ffit= J: tJ' 1/ 1) -:J / JJJ 1 4 ~ :c ,y T / ::7''9 6 ~t= (i, 1/ 
lJ -::i. :,,, JJJ 1 4 g::i t=i.i.A ~ t1 t::. ::f*t'.!o/7 0>½'1Lt1ftiJ 7° o 7 7 --1 Jv ~T&') 7 ~ - Jv:W1HH= J: 'J --c 
t'5:J~1t. L --c .:B < £,~/Ji&') 6 iJ'·< **ME~~c ii, 1/ ,; -::i.:,,, JJJ 1 4 ~ :c ,y ;J--:,,, ,:;1'9 6 Hi,~c 
s RAMtJ'ltipgO)y 1) -:J ::,,,ijJ 1 4 $OJ::f*4L1-?0(i*fflf]t:N.7f!J::f*t'.!o/JOJ,l;.c&')6f::.&'), ~Ugc 
7 ~ - Jv:W1ftt:~ffi9 6 ::f$4l.'.!o/7 OJ;j;§litJZ:\'ri: CJ:! 1*1fJ t: li£tJJ..::t00(:xt L --c +1Ttct15ftiJ~OJ 
tl1:1'ri0 0>J1~ii*fflfJ t=~ZJlc 'e' 6 0 ffE 'J --c, r-:.:,:,,, -v: A 7 titt0>ati1J ~ J: vJ ~fitfPl'tU9 
6 ~ 2::: iJic 'e' 6 0 

(0070) 
':i t::., **ME~~c ti, S R AM fflti pg OJ PM I S iiJ'lti vJ if - r- ffi:ti 3 O d ~ tiJrx:9 6 

Y 1) -::i. :,,,]JJ 1 4 g::i t= (i, if- r- i.i.AOJ~(= (iN .ffY::f*t'.!o/JiJ{)i.)\. 2'. tt6~7J, 'J - A/ F v 
--1 ::,,,i.i.AJJ~(: (i P .ffll::f*tmiJii.i_}\. 2'. t16 o ffE 'J --C, S R AMiiJ'ltipg OJ PM I S FE T ~ 
*OOT ~ * Jv.ffllt= 9 6 t::. &') t= (i, Jr' - r- ii.A O)~O) N .ffll::fit'.!o/7~/J'. ~, Y - A/ F v --1 :,,, 
i.i.AOJ~O) p .7ft1::f*4L'.!o/J~JJ'. J: V) '8 Jj\ 2'. < ~/EGL .B < C: 2::: iJ{~ ';i G po ~ OJ~i'r, **ME 
~~OJti~~ 2::: L --C, o -V: ,y 7 iiJ'ltipg OJ PM I S 1iJti0>Jr'- r-ffi:ti 3 O b ~tlnx9 6 P .fflly 
lJ -::i. :,,, 1JJ 1 4 b g::i OJ P .ffll::f ~,t'.!o/7~/J'. (i, S RAM fflti pg vJ PM I S 1i&ti vJ if - r- ffi:ti 3 0 
d ~ tlJrx:9 6 p .ffY 1/ 1) -:J / ijJ 1 4 d g::i 0) p .ffll::f*t'.!o/J~JJ'. J: i) t> * 'e' < feet 6 C 

(0071) 
rEi], **ME~~c(i, s RAMtJ'ltipgOJNM I stJti&zf PM I stJtit=xtL--CN.ffY::f 

*t'.!o/1 OJ if - r- ii.A~ 1T -::, td~, P .7f!l::f itm OJ 'J - A/ F v -1 :,,,i.i.}d: J: 'J --C, S RAM iiJ'l 
ti pg OJ P M I S iiJ'l ti OJ Jr' - r- ffi:ti 3 O d ~ tiil .lrx: 9 6 Y lJ -::i. :,,, ]JJ 1 4 OJ =ijI ffi'W ~ P .ffY (: Bz!lin 
2'.itko LiJ,L, ~tt(:f\X. c, S RAMiiJ'ltipgOJNM I SiiJ'lti&zfPM I SiiJ'ltit:xtL 
--c p .ffll::f*t'.!o/JOJif- f' ii.A ~fr 'J td~, N.ffll::f*t'.!o/JOJ 'J - A/~' V ,{ :,,,ii.At= J: 'J --c' s 
R AMtJtipg 0) NM r s t:iui0>Jr'- r-ffi:ti 3 o c ~tlnx:9 o 1/ 1J -::i. :,,,JJJ 1 4 O):ij!ffl'W ~ N 
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2f!Hs::Jxli ~ --i±--c tJ J:. it -.0 

(0072) 
cm 2 O)*:fi'ili.lfJ~) 

t1 r' ::zjs:~8)=} 0) m 2 O)*nili.M~t-= 1i6 ¥:ij!1*~rnr,=-::) p 't' CZIOO ~ $ ~,l~~J__,, tJ: /:)s; G g5l8J=} 9 
60 

(0073) 
CZ! 9 C a) ti, m 2 OJ*nili.M~t-=: 1i6 ¥:iji1*~@'.t: :s tt 6 o :J ,y !7 tJJJE!X OJ-'f OOCZ!c ~ t:J 

, [2]9 (b) ii, [219 (a) is::.Btt6 I-I*i (lf-r--$i7'JroJ) OJl!ffTiaCZ!c~6o ~t-=:, 
CZI 9 cc) ti, m 2 O)*:fi'ili.M~t-=1i6¥:ij!tf~rnr,=:stt 6 s RAMtJUE!XOJ-'fOOCZlc~ t:J, 

[2]9 (d) ii, [2]9 (c) t-=:.:J:3tt6II-IItf (lf- r--$i7'JroJ) OJi'tJrTiaCZ!c~6o rEiJ, g£8J=I 
~M*(:96t-:/5bt:, [219 (a) .r---., (d) is::.BP't-ff-,1' Fr'.77t"-Jv7--~--rr, 1/ 1)-rr,{ F 
fi&cffiFa~~~0)[2}7F~'§f'~ L 't P6 ~ ~t=, CZI 9 ( b) &cf ( d) t:;BP't ::::t:,,,, :7 !7 f' 
OJ CZ! 7F ~ 'I'§~~ L 't lt -. 6 o ~ k, CZ! 9 ( a ) ~ ( d ) t: :BP 't , CZI 1 ( a ) r--., ( d ) t: 7F 9 
m 1 O)*:fi'ili.M~~ roJ i:::rtnx:~~,= tiro:J t:tt~~,fi L --c -B ~J, t1r, m 1 O)*:fi'ili.M~~ ~im 
9 6 ,i~~i=-=i p --c ti:iOOJ:tgRBJ=I ~'I'§~~ L, m 1 oJ*:ffili.M~ ~ ;.r§J19 6 ,~~u-=-=i P--c I~ L --c gRBJ=I 
9 60 

(0074) 
**:ffili.M~1Js;m1 O)*nili.M~~~t~--:J'tP6,~ti, [2]9 (a) &<.J (b) (S::7F9J:."J1= 

, o :J ,y !7 i'/Jl!Ji OJ T ::i 7 Jv if - f' ~:ti 3 1 L /J\ )ttttJUi 1 o a & u'{ -z- OJ :rltf t OJ ~-=t'-5t~ 
tJui 1 1 OJ J:.t:11@'.9 6 N;lf!Jy lJ ::::t /~ 1 4 a 1 ~ -z- OJrifiJffiUOJ~-j"-j}ltfltJui 1 1 OJ J:.t:f1 
@'. 9 6 N 2f!11/ 1J ::::t :,,,, ~ 1 4 a 2 ~ ~ i3'u NM I S tJUi OJ if - f' ~li 3 O a ~ , )r5'f1:%JUi 1 
o b Bz r_y -z- OJ :rlt 1t OJ~ -=t'-:5t ~ tJUE!X 1 1 OJ J:. t-=: 11 @'. 9 6 P 2f!11/ 1J ::::t :,,,, ~ 1 4 b 1 ~ -z- OJ rifiJ fflU 
OJ ~-=t'-5t~tJJJi 1 1 OJ J:. 1-=: 11@'. 9 6 P 2f!11/ 1J ::::t :,,,, ~ 1 4 b 2 ~ ~ i3'U PM I S tJltE!X OJ if -
f'~li3 Ob~ ~1JL 'tP6:: ~ c~6o 

(0075) 
ri16, CZ19 cc) &u c <l) ,s::7F9 s R AMtJtiOJ:rtmtii, T ::i 7 ;v~I'- f' ~:ri 3 1 s 0) 

11nx~i3"/50't, CZ! 1 ( c) lJzu ( d) [S::7F9m 1 O)*nili.M~OJ s R AM%JtiOJ:tinx ~ roJ t: 
c ~ 6 o 9IJ: b ts, T, ::i 7 Jv if- f' ~li 3 1 s ti, m 1 OJ*nili.M~ ~ ro:Jt-~H:, N 2f!11/ 1J ::::t 
:,_,, ~ 1 4 c ~ i3''Li' NM I S ffiti OJ ij' - f' ~t-i 3 0 c ~ , P 2f!11/ 1J ::::t :,_,, ~ 1 4 d ~ i3'<U PM 
I S ffltio)ij'- f' ~li 3 0 d ~ ~1J L 't P6o 

(0076) 
**:ffili.M~OJ1~itt ~ L 't, P 2f!11/ 1J ::::t :,,,, ~ 1 4 b 1 OJ P 2f!1~¥it!.W~& ti, P 2f!11/ 1J ::::t :,,,, 

~ 1 4 b 2 OJ P;lf!J~*it!.W~&J:. V) 't:JmPo ~ t-=:, P2f!11/ 1J ::::t /~ 1 4 b 1 Bzu"'P2f!11/ 1) ::::t 
:,,,,~ 1 4 b 2 OJ-z-tL-ttLOJ P2f!1~¥it!.Wiffl&ti, P2f!11/ lJ ::::t :,,,,~ 1 4 d OJ P2f!1~¥it!.Wiffl&J:. 
~ tJ ra'JPo ~ t-=:, N2f!11/ 1J ::::t :,,,,~ 1 4 a 1 OJ N2f!1~¥it!.W~&ti, N2f!11/ 1J ::::t :,,,,~ 1 4 a 2 

Bz cf N 2f!11/ 1; :::1 :,,,, ~ 1 4 c OJ -z- tt-=c tt OJ N 2f!1~¥it!.W~& J:. t:J tJ f~ t -. 0 ~ t-=, N 2f!11/ 1; :::1 :,,,, 

~ 1 4 a 2 0) N 2f!1~M!.W~&ti, N 2f!11/ lJ ::::t:,,,, ~ 1 4 c 0) N 2f!1~¥it!.W~& ~ *fHfJ t= [o] t: 
c~6o 

(0077) 
1,1 r, *~sJ=I O)m z oJ*:ffili.M~i-= 1i6 ¥:ij!f*~rnrO)ffiJJ:rg7'J$t=-=i P--c, CZJOO ~$~,ij Lt~ 

/Js; G g£8J=I9 6 o ri16, **:ffili.M~t=1i6¥:ij!i*~@'.OJffiJJ:rg7'J~/Js;m 1 OJ*nili.M~~ i§JI L 't 
P 6 ,~ii, P :J ,y !7 %JltE!X(S:: :Btt 6 ij'- f' )-1AfffilPfTOJ,hl. c ~ 6 (CZ! 1 O (a) r---., ( f) $~ij 

) 0 

(0078) 
CZ! 1 o ( a) ~ ( f) ti, m 2 OJ*nili.M~t=1io¥:iji1*~@'.0JffiJJ.1-a-7'J)iOJ-I.f_¥~7F9 

Wf00CZ!c~6o rEiJ, CZ! 1 O (a) ti, [2]9 (a) (s::.:J:3tt6III-II1*1 (if- f'~77rtiJ) OJ 
-I.f_¥cuJWf001irot~7FLt-=:'t:JOJc~ t'), CZ! 1 O (b) ti, CZl9 (a) (S:::Btt6IV-IVfi 
(if-f'~77rtiJ) OJ-I.~cOJWf00fflnx~7FLk't:JOJc~~, CZ!lO (c) ~, CZl9 (c 

) (S:::B~6V-V~(if-f'~/JrtiJ) O)-I.~cOJWfTiofflnx~7FLk't:JOJc~~' CZ!lO 
(d) ii, [2]9 (c) t::stt6VI-VI;ff (if- f'~77rtiJ) OJ-I.f_¥cOJl'tfrTialinx~7FLk 
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1:JOYc'31>6o ~k, [2110 (e) ti, [219 (a) i=-B~t6 I-Ifi (lf-f'$i:1JroJ) OJ­

If'tc OJlNTOOtJJmt ~T LJ: t OJ c 'JJ:i vJ, l2I 1 o cf) ti, l2I 9 cc) i= -B tt 6 r r - II fl c 
if-f'~:1JroJ) OJ-I~cOJ[.ffi00ffllnt~TLktJOJc'31>6o 

(0079] 
**rnJi,ff;~t=.BPc ti, ~ T, m 1 O)*rnJi,ff;~t=-B~t 6[212 (a) ~ ( f) t=T9It:'E 

~ foJtfOJit:'E ~*rn!i L tdtt [21 1 O (a) .,..____, ( f) t=T9 J: -5 t=, 1JU;t tfmtR7 ,y ~:9!!:fl 
,= J: &J, "¥-=!Ji::t£tJJ 1 o OJ*00~11cw L, -rOJf~\ 1JUxJ£ r s s c~1ritt= J: vJ, it5'r1tl 
ti 1 O a, 1 Ob, 1 O c&u 1 O d OJ--f.h--rttOJl:.t=, 1JUxitw~ 2 n mt:'Ern'.OJY lJ :::::r 
>~1LJWtP G t.1: 6 1f- [' *&Jf~/ll 1 3 ~ iiUi9 6 o --f OJ{i, "¥-=!Ji::$:£;t!x 1 o t=xi L c, f:JU ;t 
it~~-:7° 7 .::;('?9l1fj!_ ~ff-5 ~ ~ t= J: tJ, lf- [' *il.,~/Jl 1 3 0)*00 ~~1L L L~1Lfi (l21T 
'§fftta.) ~,ff;,QX960 --fOJ1tt 7_::::_-;t,9l1fj!_~*rn!i96~~,=J: 1J, ~Ugc~1Lfi/J"G, *acS' 
O)'g~ p~~ ~ ~~9 6 0 Mi;P c' if- J, *iL~lll 1 3 J::.t=, f:jij;t it CV D{~t= J: vJ' f:JU;Ut 
~ 1) 1/ lJ :::::r >IPG /J:6W~ 1 0 0 n mt:'E&OJY lJ :::::r >Ill 14~j:ffi960 

(0080] 
Mi;Pc, [2110 (a) r--., (f) (=T9J:-5t=, o:},y::7iiltit=.Btt6NMI SiiJti@i::$: 

[s([J°"PMI st1UiOJ-5-lsOJit51r:iiilti1 O bMut=SRAMfflti@1::$: (NMI stJti@1::$:Bz 
u"' PM I S tlti@1::$:) ~ ~p _§_--::) t=1 :J '1/ ::7 tltit=.Btt 6 P IV1 I S tltiO) -5 -ls O)~~:nmtl 
ti 1 1 J::. t= 00 D ~ ~9 6 '? .7-. ::7 f\ !7 - > 5 1 B ~ Jti Pc, 1/ lJ :::::r > /ll 1 4 t= f:JU ;t It B ( * 
r'J~) ~O) P 2i'1~¥,tm ~ F- .:::(m.4 X 1 0 15 c m-2c.-f 71>i.i.A96" ~ ;t-1(= J: tJ, t=I:} 
,y ::1 ffltiO) PM r s tiuiO) -5 -ts o)~~:nmtlti 1 1 1:.,= P 2f11/ 1J :::::r > ITTI 1 4 P tJi,ff;Jr5t ~ t1 
6 o ~ ~ c, '? .7-. ::7 /"- !7 - > 5 1 B ii, t=I Y '1/ ::7 iiltiOJ P l'v1 I S iiltit= .:8 tt 6 it5'r:iiilti 1 
o b ill:ftOJ~~:nmtlti 1 1 ~~*t17!JOJt§1itlZ:l'rJ:OJ~~~ ~fli L k~{~ ( f:JU:zit 5 o nm 
t:'E&) t-:~t~":)-CP6o ✓A,=, o:},y ::7ffltit=.B~t6 PM I Sffiti@i::$:&U'NM I Sffiti 
OJ -5 -ls OJit5'r:iiilti 1 0 a ~ ~p_§_--::) t=1 :J '1/ ::7 mtit=-B ~t 6 NM I S tltiO) -5 -ls O)~~:n~l 
ffi~ll}'JzuSRAMffi~@#(NMISffi~@#&uPMISffi~@#) OJ--f.h-t.hOJ 
J:J=m! □ ~~96'?.::z..::7/"-!7->52B~J=liPc, y1J:::::r>JW14i=wuxitP c1J>) ~ 
OJ N 2:fil~*tw ~ F- .:::(m 3 X 1 0 15 c m-2c .-f 7J >i.i.J\. 9 6" ~ ;fTt= J: tJ, t=I:} '1/ ::7 tlti 
OJNl'v1 I SiiJlt§.XOJ-5 -ls O)~~:nmtlti 1 1 J::.t=N2:fily lJ :::::r >Ill 1 4 N/Ji,ff;Jr5t~.h6 ~~,= 
, S R AMiilti@1:is:i= a":) c N 2:fily lJ :::::r >Ill 1 4 N tJi,ff;m<; ~ .h6 o ~ ~ c, '? .::z.. ::7 /"- !7 -
>5 2B ii, o:J,y::7iiltiOJNMI Siiltit=-B~t6it51r:iiilti1 O a.1lf:ftoJ~~:nmtlti1 
1 ~~*t1o/JOJt§1it)1:~oJf]~~ ~fli L ts:~$ (i§U;t it 5 O n mt:'Ern'.) ti~t~":) c P6o 9 
t.1:;b-ls, **rnJi,ff;~(=.BPctJ, m1 O)~rnJi,ff;~~foJtit=, SRAMtltiOJPMI st1ui 
OJ 1f- f' i.i.At=-Bv, -c N ;lf1~¥,t1o/JOJ '17! >i.i..A ~ff":) -ct, 6 0 

(0081] 
ro], P2:fily 1J :::::r >ITTI 1 4 P OJlf;mt~ N2:fily 1J :::::r >ITTI 1 4 N OJ,ff;ox~ ii, t ,T't1~:51ci=~ 

rn!iLctJJ:Pc ~t~, [2110 (a),..__, (f) t=t~Pc/i, g52.8jJ~:5t/J'>vJ-'\"9<96f~&r:Jt= 
, '? .7-. ::7 /"- !7 - > 5 1 B BzZJ 5 2 B ~ L c, 7 :;t f' lJ 'J ::7''7 7 1 {~t= J: tJ "¥-=!Ji::$:£;t)J 1 0 
J:J=lf;mt~.h6 v:J.::z.. f'/"-!7->cti/J: <, ~ttv:J.::z.. f'/"-!7->~ffJJnt96f-:&1:JOJ7:;t 
f' y .::z.. ::7 l:.OJ'? .::z.. ::7 /"- !7 - > ~tI::i~~JfH=T L -c P 6 0 ~ ts:, y .::z.. ::7 /"-!7 - > 5 1 B Bzu"' 5 
2 B ii, P 2:fil Y 1) :::::r > Ill 1 4 P ~ N 2:fil Y lJ :::::r > ITTJ; 1 4 N ~ OJ P N tl.W4 1 L /J\ it5'r:iffiti 
1 0 a ~it5'r:iffiti 1 0 b ~ OJFs~OJ~~:nmtJti 1 1 l:.t=1i[@'.96 J: -5 i=~JE~t1-CP60 

(0082] 
P 2:fil Y lJ :::::r > /ll 1 4 P Bz u· N 2:fil Y lJ :::::r > Ill 1 4 N OJlf;W<:f?z, "¥-=!J1::$:£;t)J 1 0 t= xi L c, 

wuxit 8 5 O °C, 3 O :f3/Fs~0)~~911fl~rn!i9 ~ ~ t= J: vJ, P2f'ly 1J :::::r >Ill 1 4 P &ZJN2f'ly 
lJ :::::r >/ll 1 4 N OJ--f .h-t .h(=-17J >i.i.A ~ .ht~~*tW OJ-ffi::~1JrtiJ 70 7 7 -1 JvOJP]-1L~ 
fr-5 0 

(0083] 
--fOJ1?z, m1 OJ*rnJi,ff;~(=.B~t6[214 (a),..____, (f) t=T9It:'E (lf- f'/"-!7-..::::->::7'' 

) , [215 (a) r--., (f) (=T9It:'E (717t_:,y t--.::z..~--l:t&cfi5JP'J-.::Z../Fv.-f>ffiti 
OJlf;nx;), [216 (a) r---./ (f) t=T9It:'E (-l:t-1 Fr'J:;t-Jv.::Z..~--l:tBzZJ"'~P'J-.7-./F 
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v,1 ✓tJUi01t;mt) , CK17 (a) ;--., ( f) t::~9If_¥ (y 1J-tr'1 FfioJtF;$:) &uCKI 8 ( 
a);--., (f) t::~9If_¥ (fiFa~*it~ijJBzu:::r/::7:7 1'01f;$:) 0--fti.-z'ti.~raJ:ti0If_¥~ 
/l[&uC*mE.9 6 o 

(0084] 
J,:,JJ::.0 J.: "J t:: L, ---c **mE,tf;J'1H::1;r~6-='¥lJi'::t'flH!''L -=:i ~ IJ, N~y lJ :::r ✓~ 1 4 a 1 & 

cf 1 4 a 2 ~ *tr Jf' - 1" ffi:ti 3 0 a ~ 1f 9 6 P V' '1/ :7 fflti pg 0 NM I S F E T ~ , P ~ Y 
lJ :::r ✓ni 1 4 b 1.&u 1 4 b 2 ~*trif- r- ffi:ti 3 0 b ~1f9 6 P V' '1/ :7 t.&tipg OJ PM I 
SF ET~, N~y 1J :::r ✓~ 1 4 c ~ ~c/}'if- r-ffi:ti 3 0 c ~1f9 6 SR AMt.&tQXpg 0 N 
MIS FE T ~, P~y 1) :::r /~ 1 4 d ~*trif- r--ffi:ti3 0 d ~1f96 S RAM%Jtipg 
OJ PM I S FE T ~ ~1/ffi;t k-='=FlJ1::t~t!'l ~m\Jjg9 6 ~ ~ /.Js;c ~ 6 o 

(0085] 
**mEtf;~t= J.: 6 ~' F 7 ,{ X '1/ T / ,:7''$ t= J.: IJ ' y 1) :::r / ~ 1 4 ~ X '1/ T / /f L, L' 

Jf'- 1' ffi:ti 3 O a,..__, 3 O d ~tf;qx9 6 l~~H::, ~~:5t~t.&ti 1 1 (!::! tflfH:: ii)t'rit.&ti 1 O 

c ~13"'1'1%.&ti 1 0 d ~ 0Fa~0~~:5tW(ffltQX 1 1) 0$j/.Js;~ < ---C~M1.w0i§li=rJ1]1&0~'1F~ 
3ttt~9P s RAM%JtiuJJf'- t--ffi:ti 3 o c &cf 3 o d ~tlnx:9 6 Y 1J :::r /~ 1 4 g=q:: ii 
*j1[8'] t= N ~~*iw 0 <1f.iJs;fftl L, LI, 'I 6 0 f;E--:::, L' 1-1A~*tWc db 6 ,{ ~ ✓fi 0:Ji;i, 'I(::~ 
IE! L, ---CY 1J :::r /~ 1 4 (f)X '1/ ;J--- / ::7':HR!3tt=~/.)fci=_ t: 6*~~ [g]Jll!c ~ 6 k &0, NM I SF 
E T 0 if- r- ffi:ti 3 0 c ~ PM I S F E T OJ if- r- ffi:ti 3 0 d ~ 0 Ftflc if - r- ~)i~tJs;j=_ 
e 6 ~ ~ tJs;tJ:P0c, Jf'- r- *~i:!H=~IEl9 6 r- :J ✓ V'.:A :7 li'rioJ~iiJ~:ffnltU9 6 ~ ~ tJs; 
C~Q 0 ~f::_, F:J,{X,1/7/:'.7,'~t::J.:IJ, yl}:;:::r/~l 4~X,1/T/~'9Q~(::ii, '1/ 
lJ :::r /~ 1 4 g::i t::)_i_J\ ~ tit::..~*t1o/Joy~~7'J[o]-:7°t=i 7 7,,f Jv ~-=f&0 7 ::::.-- Jv:911Ilt:: J.: --:::i ---C 
t5J~1t L, ---C .B < £,~/.Js;db 6 /.Js;, **mEtf;~c 1i, ~ 1 0*mE:ff~~~ raJ:tit::, Y 1J :::r /~ 1 
4 ~ x '1/ ;J--- / :7''9 6 Hi J2c S RAM fflti pg 0 Y 1J :::r / ~ 1 4 g::i 0 ~*iw li*'i1f 8'] t= N ~~ 
*tW 0 <1f. c db 6 k &0, ~U~c 7 ::::.- - Jv9l!:Ilt::~IEl9 6 ~Mi.W 0i§li=r¼1'r{ (!::! 1::tff'l t:: li£tJI-=E 
mH=x-t 1..,, ---c ffrtJ:7'JfoJ""'-0=r¼1'r{) 0JJ'IF'i*'j§f8'J i=~:m,c ~ 6 0 tt-::, ---c, r-- :J ✓ V' A :7 li 
11'10~iiJ~ J.: v) ~fiffl]\'5ij9 6 ~ ~ /.Js;c ~ 60 

(0086] 
~ t::.., **mE,,ff;~t= J.: 6 ~, F 7 ,1 x '1/ ;J--- / ~'ili.t= J.: IJ, y 1J :::r / ~ 1 4 ~ x '1/ ;J--- / ,:7'' 

L, ---C, Jf'- r- ffl;tii 3 0 a;--., 3 0 d ~,ff;Bx:9 6 ~(::, P V' '1/ :7 %.&tit::.:s~t 6:'l,,";/J: < ~ '8 )3" 11'1 
t.&ti1 0 a&c.i"'l 0 bJ::.0y 1J:::r/~l 4g::t(::ii~*tW/.Js;i_i_A~tl""CP;/J:Po f/E--:::,L, 1-1 
A~*-tWc db 6 ,1 ~ ✓tt0iiP :=~IE! 1..,, ---c y 1J :::r ✓ ~ 1 4 0x '1/ T ✓ ,:7''±inn=~tJi1=: e 6 
*~ ~ [g] 11:$ c ~ 6 k &0, NM I S F E T 0 if - r- ffi:ti 3 0 a ~ P M I S F E T vJ Jf' - r-- ffi: 
ti3 0 b ~0Fa~cif- r-~{7:~fJi1=_l_::6~ ~/.JVJ:P0c, Jf'- r--*~f:fH::~ffi96 f'-7/ 
:J A :7 li'ri0~iiJ~=rrntu9 6 ~ ~ tJic ~ 6 0 

(0087] 
~ k, **mE,,ff;~c ti, S R AM fflti pg 0 PM I S t.&ti OJ if - 1" ffi:ti 3 O d ~ tlnx9 6 

Y 1) :::r /~ 1 4 g::i t:: li, if- r- i-1A0~(:: liN ~~*-tWtJii_i_)'-~ ti6~7J, 'J - .:A/ F v 
,1 ✓1-1AvJ~(::liP~~*'tWtJii_i_}\.~ t16o f/E--:::i ---C, S RAMt.&tipg0 PM I SF ET~ 
*UOT-v*Jv~(::96k&0(::[i, ~l 0*mE,,ff;~~raJ:ti(::, if- r-i-1AOJ~0N~~*iw 
~BE~, 'J - A/ F v ,{ ✓i-1A0~0 P ~~*tW~Bt J.: IJ ti ;J\ ~ < ~JE L, ---C .B < ~~!Ji~ 
~ L, L 'o ~ 0~ii, :-;,is:*mE,,ff;~0ti~t ~ L, ---C, P V' '1/ :7 tJUipg 0 PM I S ffltivJJf'- 1' ffi: 
ti 3 0 b ~tlnx9 6 p~y 1) :::r /~ 1 4 b 1 &u'; 1 4 b 2 g::t0 p~~*tW~Btli, SR A 
Mt.&tipg 0 PM I Sfflti0Jf'- r-ffi:ti 3 0 d ~t#$;9 6 P~y 1J :::r /~ 1 4 d $0 P~~ 
*iw~JJ'. J.: vJ t> * ~ < tJ: o C 

(0088] 
~ 6 (::, :-;,is:*mE,,ff;~cii, P V' '1/ :7 ffltipg (:,ff;$;~ tlki3"'rifflti 1 O a J::.0 N~y 1J :::r 

/~ 1 4 a 1 0 N~~*'tW~Btli, P V' '1/ :7 t.&tipg (:,ff;$;~ tlt::..~~:5t~fflti 1 1 J::.0 N 
~y 1) :::r /~ 1 4 a 2 0 N~~;y;t1o/J~Bt J.: vJ E> 1J\ ~ P ~ ~(::, P V' '1/ :7 t.&ti pg (:,ff;$;~ t1 

td3"'rifflti 1 o b J::.0 P ~y 1J :::r /~ 1 4 b 1 0 P ~~;y;t1o/J~JJ'.ii, t=1 V' '1/ :7 %.&tipg t::,ff; 
.Bx~ ,hf::..~~7t~fflti 1 1 ___e0 P~y 1) :::r ✓~ 1 4 b 2 0 P~~;y;t1o/J~JJ'.J.: v) t>1J\ ~ P 0 
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..:. uJ t::. t:lJ, o :J '1/ !7 tJUi pg t= 70/lX ~ t1 t::. 'l!5'11:tJ'iti 1 0 a Bz cf 1 0 b J:. OJ 1f- 1' ffli!lz 3 0 a 
J!;zcJ3 0 bOJ:Jf\;;tJ'Uir'a'J<iJ:otioJOJ, if-1'fflii3 0 a&cf3 0 bJ:.t:/i~~1/ 1J--ft-{ F 
fi 2 2 a &cf 2 2 b 7'.JiJfjftit~ .h't Po~~[:, P V' '1/ !7 tJ'ftipg t:70,qx;~ .ht-=:~~:5ttlfflti 
1 1 J:.0,7'-1'ffl11lz3 o a.&cf3 ob c~~ VJ ij'- Hfficfl) $0::fMl,:!o/J~JJ:iiM 1 0*:fftE 
70@ ~ raJt!H= r'a'J~Bt i= ~JE ~ t1 't It\ 6 c t'i:--:) 't, 'l!5'11:fflti 1 0 a Bz cf 1 0 b J:. OJ if - 1' ffl 
ii 3 0 a .&cf 3 0 b 0r'a'Jt&t1i:1U:~1:z;:19 6[g]lf&J.!JJ'.0~gI1;~t[IJfbU9 6..:. ~ 7'.Jtc ~ 60 ri16, 
**:fftE10@c ~i, 'l3'11:tJ'iti 1 0 a T!z u 1 0 b J:. OJ ij' - 1' ffl:f-i 3 0 a Ez u't 3 0 b ~ 11Bx9 6 
1/ 1J ::::r ✓im 1 4 i=iiif- r-i-1AHit=::fMi.:!o/J7'.JiiJA~t1tct1t\O)c, ~i~1/ 1J ::::r ✓im 1 4 i:ii 
'J - 7-/ F v -1 ✓'l-=E}\Hi(:, ~?f'.ttl'J (:g;gz1l7'.Jt:¥f.1=_ L. iJ: Pf'E& 0::f*ll!;f,JJ_m ~i-1A L. 't ;!'3 < 
,£,~ 7'.)t &':> 6 o ~ t::., 'l3'11:tJ'iti 1 0 a .& u 1 0 b J:. 0) if - 1' ffl;ti 3 0 a & u'{ 3 0 b OJ r'a'J:Jf\;;t1[ 
1lt=~ffi9 6 [g]lft:BRJJ'. O)~gil;O)-lit;~7'.Ji;J\ ~ P~ii-t= ii, o :> '1/ !7 tw:tipg t= 70Bx ~ .ht-=~~ 
:5tlil1tW:ti 1 1 J:. 0 ,3/' - f" fflt!lz 3 o a Ez cJ 3 o b ~ tl,qx;9 6 1/ 1J ::::r / Im 1 4 t: ti if- 1' i-1.A 
Ht(: ::f*ll!.:!o/J ~ iJA L. iJ: < 't ti J: Po 

(0089) 
fi3], **:fftE10@c(i, s R AMtJ'itirg 0 NM I s tJ'iti&u' PM I s tw:tii=xi L. -c N2:fl::f 

*4.f,JJ OJ ij' - f" i-1.A ~ ff-:) t::. i?z, P 2:fl::f~,4.:!o/J OJ 'J - 7- / F v -1 / ~_i}\_ (: J: --:) 't, S RAM tJ'l 
tirg OJ PM I S tJ'iti0if- 1' ffli!lz 3 O d ~:f-jqx;9 01/ 1J ::::r ✓Im 1 4 0ij!ffl;lfl ~ P ;lfl(:Jx]!ii 
~-1:tt-=:o L.7'.J"L., ..:..t"L(:1\X.. 't, S RAMtJ'itirg0NM I StJUiBzu'tPM I StJ'itit:xiL. 
't P ;lfl::f*ll!.WOJ,3/'- 1' i-1)\. ~ ff-:) td?t, N;lfl::f*ll!.:lo/JOJ 'J - 7../ ~, v -1 ✓'l-=E.At: J:--:) 't, s 
RAM fflti 1710) NM I S tJ'iti 0) if- 1' ffll!!z 3 0 c ~ ;tjfvt9 6 1/ 1J ::::r / Jm 1 4 O)ij!ffl;lfl ~ N 
;lflt:Bzl~~ -tt-c t» J: Po 

(0090) 
CM 3 0*:fftEJfJ@) 

t_:rf, *:¥£BJ=J 0M 3 0*:fftE10@i= t?:o ¥iJ1::t~@'.t= ~Pc, cmoo ~$~,ij L. tct7'.Ji G ~BJ=I9 
60 

(0091) 
cm 1 1 Ca) ii, M 3 0*:fftE10@t:1l6¥iJ1::t~@'.t:.t3~t 6 o :> '1/ !7 tJUi0+Tiacmc&':l 

v), cm11 (b) ii, cm11 (a) (:;!'3tt6 I-Itf (if-r-*i7J[ti]) OJ!mo'acmc&':>00 
~ t::., cm 1 1 cc) i-::t, M 3 0*:fftE10@t= 1l0 ¥iJ1*~@'.t= .t3 ~to s R AMtJ'iti0+oocm 
c &':> v), cm 1 1 ( d) Ii, cm 1 1 ( c) t:;!'3 ~t 6 I I - I IfJ ( if- r- *i7J[ti]) OJWfo'acmc &':> 
60 r.1rj, g£Bi=J~liJ-~t:96t-=:t:1J(:, cm11 (a) r--_; (d) t:BP't--rr-{Fr'J:;1--Jv:7-~­
--rt, 1/ 1J --ft-{ Ffi Ezu!iFs~Jm~0cmT ~i'!Hle- L. 't P 6 ~ ~t:, cm 1 1 ( b) J!;zu't ( d) t: 
B P 't ::::r / ::7 !7 1' OJ cm T ~~~lie- L. 't P 6 o ~ t::. , cm 1 1 ( a ) "'--' ( d ) (: B P 't , cm 1 ( 
a)_--.,. (d) (:T9Ml O)*:fi'tE70@~raJt:iinx~~,=~iraJt:Z:4~~11L.-C.:t~t?, J.:.JT", M 
1 '£-tf..:::P:,~~ \.> ±f::'" ~ ;z 2=J1~ _,,. ,+,--,,.-co,, BR -l:>/_,/.,_~m-'l 1 ;..-;r 1 '£-tf..:::i:V~!§ \.> ¾R'cb.~ 'L ~1~ 

0:::t-cJJ1!!.Jlj~ c.... / ,Jffi '.:! ;:;:i /\"''-~It \ l ,cJ..J.@Ri:152. n 'C:. 1==1 IUtl v, ~ 0:::t-c)J1!!.Jlj,=, c.... ll'J:11!:.i': '.:! ,.c,) ''"''-

~ P 't .::E ~ L. 'tg£BJ19 60 
(0092) 

**:fftE70@7'.JiM 1 O)*:fi'tE70@~ ~tct "'J 'tP6,~ti, cm 9 (a) Ezu't ( b) t=T9M 2 OJ 
*:fi'tE70@~raJt}H:, cm11 (a) &u (b) t:T9J:-'Jt:, PV',1/!7tJ'iti0-r'::i7Jvij'­
r-ffl!f1iz3 1 L7'.Ji, J3'11:tJ'iti 1 0 a&u--fOJJlr1t0~~:5tlf'lltJ'iti 1 1 O)____t(:11[@'.90N2:f11/ 
lJ ::::r ✓im 1 4 a 1 ~ --f OJ[ffif1JU0~~:5tW'ltJ'fti 1 1 0) J:.t:11[@'.9 6 N2:f11/ 1J ::::r ✓im 1 4 a 2 
~ ~-au NM I Sfflti0ij'- f'ffll!lz3 0 a~, 'l3'11:tJ'iti 1 0 b&u't--fOJ:rltft0~~:5tliltJ'l 
ti 1 1 0 J:. t: 1:ft@'. 9 6 P ;JflJ:,,, lJ ::::r / Im 1 4 b 1 ~ --f 0 frfif 1J:!U 0 ~ ~:5tlil tJ'l ti 1 1 0 J:.,: 11[@'. 
9 6 P;lfl:,,, 1) ::::r ✓o; 1 4 b 2 ~ ~-au p MI s tJ'iti0ij'- f' fflt!lz 3 0 b ~ ~1::f L. L Po--= 
~c&':loo 

(0093) 
r.1rj, cm 1 1 (c) Bzu (d) t:T9S RAMtJ'iti0ttnxti, -r'::i 7Jvij'-1'ffl!f1iz3 1 S 

O)f~nx~~t:lJ-C, cm 1 (c) Bzu (d) t=T9M 1 O)*:fi'tE70@0s RAMffltioJtillX~£ 
*ITT t: raJ t: c &':> 6 o 9tct:b is, T ::i 7 Jv if- f" fflt!lz 3 1 s Ii, M 1 0*:fftE10@ ~ raJt§JH:, 
N2:fl:,,, 1J ::::r ✓o; 1 4 c ~-atrNM r stJti0,7'- f'fflt!lz3 o c ~, P;lfl:,,, 1J ::::r ✓im 1 4 d 
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~ ~tl PM I S tJti (7) ij' - r- 'ffl:t~ 3 0 d ~ ~ ;;g L ---C P 6 o f_E3_ L, **:fjl!?Jl11'JH::: .:BP ---C tt, 
N2:fily 1J ::::t >IW 1 4 c (7)N2:fil~Mi.m~St&u"'P2:fily 1J ::::t >IW 1 4 d (7)P2:fil~Mi.m~f!itti--f 
tt-rtt, m 1 (7)*:ffili.~~~ 1:t,1L ---c1J\ ~ < ~JE·~ tt---cl :.60 

(0094] 
**:ffili.~~(l)f~r::& ~ L ---c, P 2:lli 1/ 1; ::::z > im 1 4 b 2 Cl) P 2:lli~Mtm~f!itii, P 2:lli 1/ 1; ::::z > 

1W 1 4 d Cl) P2:lli~*r~!lo/7~&J: t') t; ra:il \0 ~ k.., P2:fily 1J ::::t >IW 1 4 b 1 Cl) P;li'l~*il!.m~& 
ii, P 2:lli Y 1J ::::z > 1W 1 4 d Cl) P 2:lli ~ ~,ii!. !f7ZJ~& ~ * ff ITT t::: roJ t:: c d':l 6 o 9 t~ b ti , P 2i'1 Y 1J 
::::t >IW 1 4 b 1 Cl) P;li'l~*il!.miffl&li, P2:fily 1J ::::t >IW 1 4 b 2 Cl) P2:lli~*il!.m~&J: vJ 1=>1~ 
po ~ t:.., N2:fily 1) ::::t >IW 1 4 a 1 uJN2i'1~¥il!.m~Btt•i, N2:fily 1J ::::t >IW 1 4 c (l)N;Ji'l~ 
¥il!.m~& ~*ff$"](::: [o] t:: c di) 6 o ~ t:.., N 2:lli Y 1J ::::t > /Jl 1 4 a 1 OJ N 2:lli~¥il!.!f7ZJ~St ii, N 
2:fily 1J ::::t >IW 1 4 a 2 (7)N2:fil~¥il!.m~l3tJ: !) t>1~Po 9f~bti, N2:fily 1) ::::t >IW 1 4 a 2 
Cl)N2f1~¥il!.W~&ii, N2:fily 1J ::::t >IW 1 4 c (7)N2:fil~¥il!.m~&J: vJ 1:>ra:iPo 

(0095] 
tl ~, ::zls:3%BJ:I Cl)m 3 (7)*:ffili.~~,= tr~6¥-lJ1::t~L!'l'.(7)ffi'J:rg7'J$t= ~ l \---c, CZJOO ~$~,ij Lt~ 

tJi G ~BJ:}9 6 o ri16, **:ffili.~~(:::1i6-='¥lJtf~@'.(7)ffi'J:rg7'Jj~tJi1g 1 (7)*:ffili.~~~ Jf§JI L ---C 
P 6 J~~Hi, o :J '1/ :7 tJUi.& u S R AMtJ'lti(l)-z-;h-rttt::: .:B~t 6 -3/'- 1--- i-1.Afffilffr(l),lf. c d':l 6 
( CZ! 1 2 ( a ) "'-' ( f ) $ ~,ij) o 

(0096] 
CZ!l 2 (a)"'-' (f) ii, m3(7)*:ffili.~~t:::1i6-¥lJ1::t~@'.(7)ffi'J:rg7'Jj~C7)-I}'i~~9 

lffiOOCZ!cd':>60 ri16, CZ! 1 2 (a) Ii, CZ! 1 1 (a) t:::.:stt6III-III*f (if- r--=Bt7'J[ti]) 
(7)-Itic(l)lffio'otinx~~Lk..1:J(l)cdi)iJ, CZ!l 2 (b) ti, CZ!l 1 (a) (:::.t3tt6IV­
IV*i (ij'- r--=Bt7'J[ti]) (7)-Ific(l)lffiTiotimt~~Lk.. fJ(l)cdi) vJ, CZ! 1 2 (c) ii, CZ! 1 
1 cc) t=.t~~t 6 v - v** c if- r- -:Bt7'J[ti]) (7)-Iti-c (l)lffiOOttmt ~~Lt:.. t> Cl)c di) t'), 

CZ! 1 2 (d) ii, CZ! 1 1 (c) (:::.:B~t6VI-V1*J (if- r--=Bt7'J[ti]) (7)-Itic(l)lffiTiotinx 
~~Lt:..1:JC7)cdi)6o ~k.., CZ! 1 2 (e) ti, CZ! 1 1 (a) t:::.:s~t6 I- I*'* (-3/'- !---$i 
7'J[ti]) (7)-Iti-c(l)lffiOOttnx~~L t:.. t> Cl)cdi) bJ, CZ! 1 2 cf) ii, CZ! 1 1 cc) t=.:s~t 
6II-II*i (if- }--$j7'J[ti]) (7)-Ific(l)lffiTiotimt~~Lk.. tJ(l)cd':>60 

(0097] 
**:ffili.~~t:::.:BP't/i, ~9, 1g1(7)*:ffili.~~(:::.:B~t6CZl2 (a)"'-' (f) t=~9Iti 

~ ro:Jtf(l)Iti~*:ffili. L tdffi:, CZ! 1 2 (a) "'-' ( f) t:::~9 J: 7 t:::, iJU.:ttfmlfR7 '1/ ]®:,m11 
t::: J: vJ, -='¥lJ1::t£tlx 1 0 (7)~00~~5'G1¥ L, --f (l)fffi:, fU.:tii I S S Gl®'.1tj~(::: J: vJ, i-ttttJ 
ti 1 0 a, 1 0 b, 1 0 c.&u 1 0 d (7)--f;h,r;h(l)J:.t:::, iJU.:tiiw~ 2 n mtif!it(l)y 1) ::::t 
> l®'.1t/Jlh" Gt~ 6 if- 1--- *e,~/Jl 1 3 ~ :ftfJf9 6 o --f (l)fffi:, -='¥lJ1::t£tlx 1 o (:::xi L ---C, iJU ;t 
ii~~7°7 -7:''"'<',mit~ff 7..: ~ (::: J: vJ, if- 1---*&~IW 1 3 (7)~00~~1tL ---C~1tfi (CZ!~ 
'B~IH'.fr) ~~nx9 6 0 --E (l)fffi:, 7 _;::..- 1v,m11~*:ffili.96 .:-. ~ i= J: bJ, ~uic~1tfih" G, *ai'r 
(7)§'8P~~~ ~:r;::9 60 Merl :.---c, -3/'- Hre,~,m 1 3 J:.t:::, 11u.:t itc v Dj~,= J: t:J, tu.:tit 
~ lJ y 1) ::::t > h" Gt~ 6 J]l[ ~ 1 0 0 n mti& Cl) 1/ 1) ::::t > 1W 1 4 ~ :ftff9 6 0 

(0098] 
MlrP---C, CZ!l 2 (a)"'-' (f) (:::~9J:7t:::, P1/'1/:7tJ'ltit:::.:s~t6NMI StJti@1::t 

.&U'PMI Sfflti(l)7ti(l)i-t'rit~ti1 0 bWcf(:::SRAMtJtti@1::t (NMI StJti@w.& 
u· PM I S tJti@1::t) ~~p_§_ ~ o :J '1/ :7 tJtit:::.:stt 6 PM I S tJti(l) 7 ti (7)~~:5t!riltJ'l 
ti 1 1 -1. i= oo □ ~ ;;g9 6 '"? A :7 /\ :7 - > s 1 c ~mp ---c, 1/ 1J ::::z > im 1 4 ,= •f:1U .:tit B c * 
t)~) ~(7)P2:fil~*tw~ F--7:'_m.4 X 1 0l5c m-2-C--{7J->)1A96o ..:ttt:::J: V), p:J 

'1/ :7ffliiuJ PM I stJ'[ti(l) 7 ti (7)~~:5t-tJ'lti 1 1 J:.t= P;Ji'ly 1J ::::t >IW 1 4 P tJi~)lX~ ;h 
60 ..: ..: c, '"'<' A :7 /\ :7 - > 5 1 C ii, P :J '1/ :7 tJUi(l) PM I S tJtit:::.:stt 6 i-t'ritJ'lti 1 
O b :ilr1t(7)~~:5t-fflti 1 1 ~~¥il!.!f7ZJC7):f§1zJJZJ1&(7):lil:5flf~ ~J.li L k..,f1~ (f:1U.:tii 5 On m 
ti&) t.:~t~--:7---CP6o ~l,R'.(:::, o:},;1 :7%J'liit:::.:s~t6 PM I StJ'[ti@1::t&u"'NM I StJUi 
Cl) 7 ti (7)i3"'ritJ'[tQ.X 1 0 a _llE.u"'(::: S RAM%J'lti@1::t (NM I StJti@w&uPM I StJti@ 
1::t) ~~p_§_ ~ o :J '1/ :7 tJ'ltit:::.:s~t 6 NM I S tJti(l) 7 ti (7)~~:5t-tJUQ.X 1 1 J:.t:::00 D ~ 
;;g96'"'<'7-.:7/\:7->5 2C~JtiP---C, y 1J::::t>/Wl 4(:::iJU.:tiiP (lJ >) ~uJN2i'1~¥il!. 
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w ~ F- .:::(_m 3 X 1 0 15 C m-2e.-{ 7J >1.1)\ 9 QC .:: .hi= J: t:J' p y '1/ :7 tJUiO) NM I s 
tJUiO) -5 t> O)~T:5:flrfftit'ijti 1 1 J:J: N 2f!l y lJ ::::z > Im 1 4 N hi:f!1Jft ~ ;h,.6 o .:: .:: e, ? 7-.. :7 
/"\:7->5 2Cti, t:1:J,,1:71iJUiO)NMI S1JJ'fti,:-Btt6)15'ritJJ'fti1 O a:ilrftO)~T:5:r~l 
tl ti 1 1 ~ :-f Mi!Jo/J 0) t§ li =r!ZJ1& 0) ~~ ~ ~ J.i LJ: ~$ ( fJU x. tf 5 o n m f.'EJJ'.) ti ~ t ~ ~ -c v, 
60 9tct;bt>, is:*JiiE.:f!1J,JH:;:f3t•-Cti, m 1.&um 2 O)*JiiE.7!1~~~tct t:J, S RAMtJJ'fti 
O)NM I StJUi.&uPM I StJJ'ftiO)P9;h[:'8if- r--1.:EA~ff-_::,""(PfctPo 

(0099] 
roj, P2f!ly 1) ::::z >Jm 1 4 P O)jf;}ft~ N2f!ly lJ ::::z >Jll 1 4 N 0)7!1fflt~ ti, l •9,h~5t:i:* 

JiiE. L ""C '8 J: Po :it-=:, CR! 1 2 (a) r--.; ( f) (:.BP ""C t•i, gQB]j ~ 7th" v) ~9 < 9 6 t-=: 60 (: 
, ? ;z., !7 /"\ :7 - > 5 1 c .& V' 5 2 c ~ L -c, 7 :;t r-- 1J 'J :7•' 5 7 -1 ·;ti= J: vJ ¥:ij!ft£tN 1 o 
J::J: 7!1Jft ~ .ho v :J 7-.. 1" /"\ :7 - >e titct <, ~ g?{ v :J 7-.. 1" /"\ :7 - > ~7!1}ft9 6 k 60 0) 7 :;t 
}-- ? 7-.. :7 l:_ 0)? 7-.. :7 /"\ :7 - > ~ .fl:i\lfJ t:~ L ""C v • 6 o :i k, ? 7-.. :7 /"\ :7 - > 5 1 C & 7.J 5 
2 C ti, P2f!ly lJ ::::z >Im 1 4 P ~ N2f!ly lJ ::::z >Jll 1 4 N ~ 0) P N:!it,W4 1 L hi, 115'11:tlti 
1 o a ~ 1tr'riitWJi 1 o b ~ O)Fa~ vJ~T:5:rlmttlti 1 1 1:_(: fJL@'.9 6 J: -5 t: ~JE ~ .h -C P 6 o 

(0100] 
P2f!ly lJ ::::z >Jll 1 4 P.&V'N2f!ly lJ ::::z >Jll 1 4 N 0)7!1fflt{f, ,¥:ij!ft£tJx 1 0 t:xiL-C, 

1:YU x. Lf 8 5 0 °C, 3 0 f'.!?Fa~ O)j~yl]JI ~ JiiE.9.:: ~ i= J: t:J, P 2:fil 1/ lJ ::::z > Jll 1 4 P & cf N 2f11/ 
1J :::I> Jll 1 4 N 0) --f .f1'-t ,h(: .-{ 7J > i.1}, ~ .ht-= :-f*t!Jo/1 O)*~.!Jfo] 7°P 7 7 .-{ JvO)t:]~-ft ~ 
ff -5 0 

(0101] 
--fO){f, m 1 O)*JiiE_Jf;~t:.Btt6QJ4 (a) r--.; (f) i:~9I:f.'E (if- f'/'\3'-_;:..>:7•' 

) , QJ5 (a) r--.; (f) (:~9If.'E (7t7t,y r--7-..~---tt.&u)it,'J-7-../~'v.-{>tlti 
O):fJ1,6x:), [ZJ6 (a)~ (f) (:~9If.'E (y.-{ F?:;t-Jv7-..~---tt.&ZY~P'J-7-../F 
v.-{>tJJ'ftiO):f!1,qX:), CRl7 (a) r--.; (f) t=~9If.'E (yl)y.-{ FfiO):fJ1,6x:) &cf[ZJ8 ( 
a)~ (f) t:~9If.'E (fiFa~~e~Jll.&u::::z>:7:7 r--O):fJ1jft) 0)--f.h-r.h~foHfvJif.'E~ 

)l[Jif)Jt~JiiE.9 6 o 

(0102] 
tJ.J:_O) J: -5 t: L ""C, is:*mE.7!1~1:fi6¥:ij!f::$:~@'., ~:iv), N2:fily 1J ::::z >Jll 1 4 a 1 .& 

u"' 1 4 a 2 ~ ~tr if - 1" ~t:i 3 0 a ~ 1:f 9 6 P :J ,,1 !7 tlti pg 0) NM I S F E T ~ , P 2:fil 1/ 
lJ ::::z >Im 1 4 b L&U' 1 4 b 2 ~~tfif- r--~t:i 3 0 b ~1f9 6 P :J ,,1 !7 tJJ'ftipg 0) PM I 
SF ET~' N2:fily 1) ::::z >ijJ 1 4 c ~~trif- r--~t:i 3 0 c ~1f9 6 S RAMtltipgO)N 
MIS FE T ~, P2:fily lJ ::::z >Im 1 4 d ~~tfJ;t'- r--~l:i3 0 d ~1f9O S RAMtJJ'ftipg 
0) PM I S FE T ~ ~ 1/ffix. t-:¥:ij!tf~@'. ~~jg9 6.:: ~hie~ 6 0 

(0103] 
is:*mE.7!1~i: J: 6 ~, F 7.-{ :c ,,1 cf-> !7''$ t: J: t:J , Y lJ ::::z > Im 1 4 ~ :c ,,1 cf-> :7•' L ""C, 

1f- 1" ~t:i 3 o a~ 3 o d ~:fl1Jft9 6 ~t:, ~T:5:rlmttlti 1 1 (J::!itlfJt: ti1tr'ritlti 1 o 
c ~1!5'11:tlti 1 0 d ~ v)Fa~O)~Tnimtmti 1 1) 0)$jhS:~ < -C:-f*t!Jo/10),f§]i:J:)i~O)~~~ 
5t~t~9P s R AMtltiO)if- r-- ~t:i 3 o c .&u"' 3 o d ~ti.fflt961/ lJ ::::z >Jll 1 4 9=11= ti 
:-f*t!Jo/Jhi1.i.A ~ .h ""C P tcct: Po ifE ~ ""C, )i.A:-f*t!Jo/Je cit) 6 .-{ 7t >f,iO):,i;P (:~ffi L ""CY lJ ::::z 
>Jll 1 4 O):c ,,1 ":f-> !7'':if}J'.t:~hi1=. t: 6$~~ [g]::ffe ~ 6 f-=60, NM I S FE T O)if- 1' 
~l:i 3 0 c ~PM I SF ET O)l;t'- }-- ~l:i 3 0 d ~ O)Fa~el;t'- }-- ~$~hi1=_ t: 6.:: ~ h,;fcct: 
PO)e, J;t'- r-- ~3ti1Jt=~ffi9 o r-- 5 > :J ;z., 37 ti'ri0)3ti1J ~:fflJitU9 o.:: ~ iJie ~ o O :1 t-= 
, p-5 ,,r :c 'Y cf-> :7''/tt= J: vJ, 1/ 1; ::::z >Jll 1 4 ~ :c ,,1cf->::7'96 ~,:a, 1/ 1J ::::z >Jll 1 4 
g=l(:1.1A ~ .ht-=::-f*t!Jo/JO):ffi::r!LnfoJ7°P 7 7.-{ Jv~-=f/1) 7 _;:..- Jv)Jl1II(: J: ~ -Ct:]~-ftL ""C -B 
< £,~hicit) 6 hi, **1m7!1~e ti, Y lJ ::::z >Jll 1 4 ~ :c '1/ cf-> (7''9 6 BiJ~~e tis R AMtl 
ti pg 0) Y 1J ::::z >Im 1 4 g::q: :-f*t!Jo/Jhi)_i)\ ~ .h ""C vdcct: Pt-=: 60, ~Ugc 7 _;:=..- Jv)Jl1Ilt=~ffi9 6 
:-f *tw 0) t§ li =ritl'ri: c J::! 1::tlfJ i= tt£tJx.=too ,= xi L -c ~ff tcct: .fJ foJ ~ 0)1itl'ri:) 0) ~~ti*ff lfJ ,= 
~lfme ~ Oo ffE~ L, r-- 5 /1/ ;z., 3'1i'r10)3ti1J~ J: IJ ~fi:J:fPmU9 6.:: ~hie~ Oo 

(0104] 
:i k, **ffili.711~(: J: 6 ~, F 7.-{ :c ,,1 cf-> !7''$i: J: t:J, Y lJ ::::z >Jll 1 4 ~ :c ,,1 cf-> :7•' 
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L,-C, Jf- r-ffiJi3 O a'"'--'3 O d '2:'ff;nx90~(:::, PV',y ::7tJti(:::;B~to~"iJ: < ~ ti15tl=. 
tJui 1 0 a & u'\ 1 0 b J::. (7J 1/ 1) ::I > ijJ 1 4 q:t ,::: tJ:7F~tW!Jii-1A ~ ,fl L l \ tJ: l \0 tE--::;, L' m 
2 0*mE.ff;@~ foJ;rJt::, i-1J'-7F*twc~ o ~ ;t >fm0JlP,:::~ffi L, L 1/ 1; ::z >~ 1 4 0x 
,y cf-> :fif)J'.t::~/Jr± t: o*@-2:' [g]JIEEc 'e" o t-=: &r:i, NM I S FE T uJ.3/'- r-ffi:ti 3 0 a ~ 
PM I SF ET <7Jlf- r-ffi:ti 3 0 b ~ 0Fa~cff- r- ~$~;oi1=_ t: 6 2: ~ ;oV_r_t \u)c, !f­
r- -ft-3ti1H = ~ffi 9 o 1--- :J > v' A :Y tiir:1 u) 3ti1J -2:' trn itU 9 o 2: ~ tJic 'e" o 0 

(0105] 
~ t-=:, **mE,yf5@c ti, P V: ,y ::7 t1uipg t::ff;mt ~ tlt-:i15tl=.1t1Ui 1 0 a J::.0 N 2iY Y I} ::::t > 

~ 1 4 a 1 <7JN2iY7F*tW~JJ'.(i, py,y ::7tJtipg,:::ff;mt~n.t-:~-=t'-fl'lffltJti 1 1 J::.0N;B] 
1/ 1J ::z > ~ 1 4 a 2 0 N 2iY7F*tW~rn'. J: tJ t, 1J\ ~ P ~ ~(:::, o V: ,y ::7 tltipg t::lf5ft,t ~ tlk 
'/!5tl=.fflti 1 0 b J::.0 P 2!Y1/ IJ ::::t >ijJ 1 4 b 1 <7J P 2iY7F*tW~JJ:ii, P V: -y ::7 ffltipg t:::ff;)rit 
~ tlt-:~-=t'-fl'tltlti 1 1 J::.0 P2!Y1/ 1) ::z >~ 1 4 b 2 0 P2iY7F*tW~JJ'.J: vJ t,1J\ ~ Po c: 
uJk&r:i, oV:,y::7ffltipg(::ff;/rit~ntdi51!1.tlti1 0 a&u'\l 0 bJ::.uJff'-J---ffi:ti3 0 a& 
u'\ 3 0 b <7J tfrt1iJ i ra'J < t_r_ o t <7J uJ, ff' - r- m:,ti 3 0 a Bz u'"' 3 0 b J::.,::: ii~Jji 1/ I} -fr~ F Ii 
2 2 a.&u2 2 b!Jiff;rft~tl-CPo~~(=, py,y::7ffltipg,::ff;mt~tlk~-=t'-fl'ltfltlti1 
1 J::. <7J ff' - r- m:,ti 3 0 a .& u 3 0 b ( ":) ~ IJ ff' - r- jlljctl) q:t <7J :-:f *t W~Bt, i ig 1 U) *rnE,,tr; 
@ ~ [o];rf t::: ra:i ~Bt t::: ~!-E ~ tl -Ct \ o o tE--::;, -C, '/!5tl=.tlti 1 0 a Bz u'\ 1 0 b J::. <7J ff - r- ffi:;{i 
3 o a .&u 3 o b <7Jra'JtfrtJt1tt::~ffi9 o [g]Ji!&ifJJ'.0ngi_l;-2:':f=[l]ltU9 o 2: ~ !Jic 'e" oo r,'fi, :-z1s: 

*mE:ffJ@c ii, '/15111.tlti 1 o a Bz u 1 o b J::. 0 ff' - r- ffi:ti 3 o a & u'{ 3 o b -2:' tlmt9 o 1/ 
IJ ::z >~ 1 4 i:::,iff'- r-i-1ABit=7F*tWtJilJJ, ~ n.t_r_P0c, ~~?<1/ IJ ::z >~ 1 4 i:::ti 'J 
- A/ F v ~ >i-=EJ\.ai i=, :1&1i4S1 ,:: g;g::z.1ttJi¥e1=. L, t_r_ i :.f'f!J'. 07F*twm -2:' i-1)\. L, -c B < £, 
~!Ji~oo ~k, '/!511'1%lti1 0 a.&ul 0 bJ::.0ff'- r-ffi::f-i3 0 a&u'\3 0 b<7Jra:itfrtJt1t 
(:::~ffi9 o [g]ji!&if)J'. <7JHgi_l;<7J~~!JiiJ\ ~ P~ii(::: ti, P 1/ ,y ::7 fflti pg(::: ff:;,lrx: ~ tlt-:~-=t'-fl' 
lt/l%lti 1 1 J::. <7J ff - 1--- ffi:ti 3 0 a Bz u 3 0 b -2:' tl,!rx:9 o 1/ 1) ::::t >~ 1 4 t::: t, ff- r- '/-=EA Bi 
(:::7F*tW-2:'lJ,Al,1J: < L '8 J:P 0 

(0106] 
~ G t::, **mEff;@c tJ:, s RAM tJti pg t= ,tr;/rit ~ tt t-= ff' - I--- ffl:ti 3 o c Bz u 3 o ct -2:' 

t#.1Jx:901/ 1J :::1>~ 1 4 t:::iiif- I---i-1ABit=7F*tWtJilJA~ttt_r_P0c, §P~:to ~, 
ff'- r-ffi:ti 3 o c Bzu 3 o ct '2:'tlnx9 o 1/ 1; ::z > ~ 1 4 t= ii'} - A/ F v ~ >i-1ABi0<ij. 
i=7F*tW!JilJA ~ tlo 0c, ff- r-ffi::f-i 3 o c &u· 3 o ct uJtfrtJtLt, o v: ,y ::7 tltipg t::,tr; 
/rit ~ tl t-=: ff - r- ffi:ti 3 0 a Bz u 3 0 b <7J tfrtJt J: vJ t ra'J < iJ: o o L, fJ\ L,, S RA M[g]Ji!&Jti <7J 
r- 7 >YA:>' 0f1J1'f:(:: Xi L, L ti, PY ,y ::7 [g]Ji!&Jti <7J r- 7 >YA:>' <7J J: -5 (:: ra:iifi1J1'f:;oi~<K 
~tliJ:Pk&r:i, ff'- r-ffi:ti3 0 c&u3 0 d <7Jra'JtfrtJt1t(:::~ffi9o[g]\i!&iSRBt<7J1~gi_l;~0~ 
~(i1J\ ~ l \o 

(0107] 
cm 4 u)*rnE,tr;@) 

tJ. T', :-zts::¥eBJ=I 0m 4 u)*rnE.,tr;@i = 1io ¥lJ1::t~@'. i= ":) p -c, CRJaa -2:' $ ~J~ L, t_r_ tJi G gRBJ:J 9 
oo 

(0108] 
CR! 1 3 Ca) tl::, m 4 0*:mE,,tr;@t:::1io¥lJ1::$:~@'.t::;B~t o o V: ,y ::7 %lti0-¥00CR!c~ 

vJ , CR! 1 3 ( b) (i, CR! 1 3 ( a) t:: B ~to I - I ~j ( ff'- r- $i1JfoJ) <7J [tlrTiaCRJc ~ o o 

~k, CR! 1 3 (c) ti, ig4 0*:mE,ff;@t:::1lo¥lJit~@'.t::;B~to s RAMtlti0-¥00CRI 
c~vJ, CR! 1 3 (d) ii, CR! 1 3 (c) (::;B~toII-II*l (ff- r-$i1JfoJ) 0[tlrOOCRJc~ 
Oo ri'rj, ~Bi=J-2:'F~~(::96t-=:&r:i(:::, CR! 1 3 (a) r--_, (d) (::;BP-C-f:r~ Fr:'77t-Jt,,A~­
-tr, 1/ IJ -ft~ Fm.& U'fi Fa~~~<7JCRl;;r;: -2:'~-llft L, -C Po ~ ~(::, CR! 1 3 ( b) Bz u ( d) (::: 
B P -C ::::t > :Y ::7 r- <7J CR! ;;r;: -2:' ~~ lift L, -C P o o ~ t-=: , CR! 1 3 ( a ) ·,..___, ( d ) , ::: .:t~ P -C , CR! 1 ( 
a) r--_, ( d) t::::,r;:9ig 1 0*:mE,ff:;@~ [oJ t::fiiJ.nx~~t::: (i[oJ t:14~'2:'11 L, -CB vJ, 1,:JT', ig 
1 '=E'-.'f..:::i:11/~g 1.> ±i::'" --;t-- ;z t:1=i1~ 1. _,,. 1+'~-c," BR ±>±~m,z 1 ,..._,...,. 1 '=E'-.'f..:::i:J:/~g 1.> -kR'ch.--;r z. 2=i"1~ 

0::::ts:::/Jl!!./iJ.'6., c... / ,lffi 'J ~ /\\\V'- ":) v \ L ,cJ..J.@ll.a52. n 'C:. 1==1 llltl v, $ u)~JJl!!.JiJ.'6., c... 11'J:11!:.i': 'J "c,) /\\,v'-

":) P -C ~ ~ L, -C g52. B}=J 9 o o 

(0109] 
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~9, IT! 1 3 (a) Bzu (b) t:::T9Py,y /;lffitiOJtifflttJ:, 7':i 7Jvif- r-ffi:t:i3 1 
L OJfiBX~ *&0--c IT! 1 (a) BzZJ ( b) t:::T9m 1 OJ*1.ifu:ft1@0J P V: 'Y /;J ffltiOJtifflt ~ 
[o] t c cb 6 o 9 tcct ;b i:> , 7' :i 7 Jv if - J, ffi:t:i 3 1 L tt, m 1 OJ *1.ifu:ft1@ ~ [o] :fl i:::, N 2f! Y 
lJ ::::r :,,,mt 1 4 a ~*tr NM I S tJJ:tiOJif- r-ffi:t:i 3 0 a ~, P _!illy lJ ::::r :,,,@; 1 4 b ~*tr 
PM I S tJUiOJif- r- ffi:t:i 3 0 b ~ ~iJ L --C v 4 6 o 

(0110) 
-jj, IT! 1 3 (c) Bzu (d) t:::T9S RAMffltiOJtinx'b, 7':i 7Jvif- r-ffi:t:i3 1 

S O)finx~*tb--C, IT! 1 ( c) BzZJ ( d) t=T9m 1 0)*1Jfu:ft1@0) SR AMffltiOJtimt ~ 
£*Efl t::: roJ t ccb 6 o 9i;t;b i:>, 7' :i 7 Jvif- r-ffi:t:i 3 1 sit, m 1 OJ*1.ifu:ft1@~ roJ:fl ,::: 
, N _!illy lJ ::::r :,,,@; 1 4 c ~ *tr NM I S tlti OJ ij' - r- ffi:t:i 3 0 c ~, P _!fil y 1) ::::r :,,,@; 1 4 
d ~ *tr PM I S fflti OJ if - 1' ffi:t:i 3 O d ~ ~ iJ L --C P 6 o 1§ L, **1.ifu:ft1@(::: BP --C ti 
, N _!ill Y lJ ::::r :,,,@; 1 4 c Cl) N _!fil~*iw~rn:& u"' P _!ill Y lJ ::::r :,,,@; 1 4 d OJ P _!fil~*iw~rn: it 
-z- tt-r n, m 1 0)*1Jfu:ft1@ ~ ttlt L --c 1J\ ~ < ~5.E ~ n --c v, o 0 

(0111) 
**1.ifu:ft1@0JtiiJ& ~ L --C, P _!fil Y 1) ::::r:,,,@; 1 4 b OJ P _!fil~*tW~&ii, P _!fil Y 1) ::::r:,,, Im 

14 dOJP_!fil~*tW~&J:tJ 'bra'J<, N_!filyl}::::r:,,,Jml 4 aOJN_!fil~*tW~&ii, N_!fily 
lJ :::I/@; 1 4 C OJN2f!~*t1o/Jiffl&J: VJ l:Jra'JP 0 

(0112) 
1,_1 ~, *~sJ=I O)m 4 O)*ME:ft1@t= 1io ¥:ij!1*~rnrO)~JB:15tt,=-:::> P--c, IT!OO ~$~,ij L tcct 

tJS: is ~8J=I9 o C ri1D, ***ff;@t= 1i6¥:ijiw~u'lO)~JB:15$tJS:m 1 0)*1Jfu:ft1@~ ;t§~ L --c 
P6#~Ui, SRAMiiJJ:ti(:::;s~t6if-l,ii.)J~jplfOJ7f-ccb6 (IT!l 4 (a) r-..., (f) $~,ij 
) 0 

(0113) 
IT! 1 4 (a) "-' (f) tl:, m-4 OJ*JJiEJf;@(:::1i6¥:ij!1*~@'.0J~JB:7J1~0J-If'E~T9 

l'tlrOOIT!ccb6o ri16, IT! 1 4 (a) ti, IT! 1 3 (a) (:::;s~t6III-IIIri (if- r-*15ftiJ) 
OJ-If'EcOJWfTioti!vt~T L k 'b OJccb i'J, IT! 1 4 ( b) ti, IT! 1 3 (a) ,:::.:Btt 6 IV­
IVrJ (ij'- r-*15ftiJ) 0)-If'EcOJWfTiotlmt~TLt.:'b0Jccb vJ, IT! 1 4 (c) it, IT! 1 
3 cc) i:::;stt 6 v - vrJ Cif- 1'-:Bt15ftiJ) 0)-If'EcOJWfOOtlmt~T Lt.= t> O)c cb vJ, 
IT!14 (d) it, IT!13 (c) ,:::;s~t6VI-VIri (if-r-*15ftiJ) OJ-If'EcvJWfTiotifflt 
~TLt.='bOJccb6c ~k, IT! 1 4 (e) i'i, IT! 1 3 (a) (:::;s~t6 I- I** (ij'-1'$i 
15foJ) 0)-If'Ec OJWfOOt#mt ~TL t.= t> oJc cb vJ, IT! 1 4 cf) it, IT! 1 3 cc) t:::::i'3 ~t 
6II-IIrJ (if-1'$i15foJ) OJ-If'EcOJi!frTiot#!vt~TLk BOJc'&>6o 

(0114) 
**ME:ft1@{:::;GP't it, ~ 9, m 1 O)*JJtE:ft1@(:::.:B~t 6ITI 2 (a) .r--.., ( f) (:::T9If'E 

~ roJ:fiOJif'E~*ME L tdl\ IT! 1 4 (a) r--.., ( f) t:::T9 J: 7 ,:::, 1JU:ttfmtR7 ·1/ ]®:~fl 
,::: J: VJ, ¥:ij!1*£tJx 1 o O)~[fil~Vi:W L, ,z-0){3z, ·fJU:tii I s s Gl®:1L1~t= J: t:J, '115 111:iil 
ti 1 0 a, 1 0 b, 1 0 c Bzu 1 0 d O) ,z-;rt,r;rtO) 1:.(:::, tux. itw ~ 2 n mf'E&OJ Y lJ ::::r 
:,,,]®:1tJJitJ, G i;t 6 if- 1' itE,,~@; 1 3 ~:ftfjf9 6 o -r OJff, ¥:ij!1*£tJx 1 O t:::xt L --C, 1JU;t 
it~~77 .::;('?~fl ~ff 7 2: ~ ,::: J: tJ, ij'- 1' itfl,~@; 1 3 OJ~[fil ~~1t L --C~1tfi (ITIT 
~lfift) ~:ft1fflt96c ,z-O)f?t 7_::::.-;t,,)ll1fl~**962:~(=J: 1J, ~Ugc~1tfitJ,G, ~ii 
OJ§ig L ,~~ ~ ~~9 6 0 ®UP --c, ,:t'- r- *e,,~Jli 1 3 1:.,:::, 'fJU:t itc v Dttt= J: t1J, 'fJU:t it 
~ 1) y IJ ::::r :,,,tJ, G tcct 6 W ~ 1 0 0 n mf'E&OJ 1/ lJ ::::r :,,,@; 1 4 ~:ftfj'i9 6 0 

(0 1 1 5) 
®ITP't, IT!l 4 (a)"-' (f) t:::T9J:7,:::, PV:,1/Ytwti,:::.:B~t6NMI Siilti~1* 

Bz u"' s R A MiiJUi~1* (NM r s tlti~1* Bz u"' PM r s tlti~1*) ~ 11 v, _a-:::> o V: '1/ Y iil 
tit:::;s~t6PMI Sfflti~1*1:.(:::tffl □ ~iJ96"'<.:A/;lf\!7-:,,,5 1 D~JtiP--C, yl}::::r:,,, 
@; 1 4 ,:::tU:tiiB (*r:'7~) ~OJP2!'1~*4\;W~ F-.::;(_m.4 x 1 O 15c m-2---C.-{;t:,,,ii.A 9 
o O s: n,= J: tJ, o v: '1/ Y ffltiO) PM r s t:iui~w,= P 2:fily 1; ::::r:,,, im 1 4 P tJS::ft1fflt ~ no 
o ~t:::, PV:,1/ Yffltit:::;f:3tt6 PM I SiiJJ:ti~1*Bzu"'S RAMfflti~1* (NM I Sfflti~ 
1*Bzu"' PM I stJJ:ti~1*) ~ .7.IPR-:::> o V: '1/ Y tltii= .t~~t 6 NM I s tlti~1*1:.,:::rm □ ~ 
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1:f9 o '""< ,:::;z :7 /\:'.7-:,,,, 5 2 D ~ J¥P, ,-c Y 1) ::::r :,,,,}W 1 4 (:iJUx.itP ( lJ :,,,,) ~O)N2:f'1~*4l. 
m ~ F- ;;(_m 3 X 1 0 15 c m-2c4 7J /'):EA 9 Oc 2: n,= J: VJ, P :-5 ,y :7 tJ'lJiiO) NM I S 
t:iui~wt= N 2f'ly 1) ::::r :,,,,)W 1 4 N iJiMnx ~ no O 9fct;b tj' **JJfuMJ'1H:.:BP-C Ii, m 3 
O)*JJfuM~~ [o];J;5H=, s R AMtJJ:tiO) NM I s tlti&cf PM I s tJJ:tioJP9;h(: 'b if- r­
)i.A ~fr--:::, L V ''/;j:_1r ,c 

(0116) 
ri1rj, P2f'ly 1) ::::r :,,,,JW 1 4 P O)MW<;~ N2f'ly lJ ::::r :,,,,)W 1 4 N O)jf;;W<;~ ii, P9,t1~5t:(:* 

JJfu L -C "u J: Pc ~ t-=:, [:Kl 1 4 (a) r--_; ( f) (: .:8 P -C ti, gQB)=J ~ :5tiJ, vJ -'\='9 < 9 6 t-=: 60 t: 
, '""< A :7 /\ :7 - :,,,, 5 1 D Bz cf 5 2 D ~ L -C, 7 7t r- lJ 1/ f 7 7 1 '$ t: J: vJ 4£lJi:t£tJx 1 0 
1::.i=ff3nx~t16 vv:,:::;z r-/\:'.7-:,,,,ciit;J:_ <, ~~tvv:,:::;z r-/\:'.7-:,,,,~Mnx9of-=600)77t 
r-?A:7J::.O)'""<A:7/\:'.7-/'~lf:ct:Efl(:~L-CP6" ~k, '""<A:7/\:7-:,,,,5 1 D&u"'5 
2 Dii, P2f'1y 1) ::::r :,,,,)W 1 4 P ~ N_7f1ly lJ ::::r :,,,,)W 1 4 N ~ 0) P Ni:JtW4 1 LiJ\ 115111.iiJUi 
1 0 a~ )15111.fflti 1 0 b ~ O)Fa~O)~-j'-:5t\fltJJ:ti 1 1 J::.t:::11[@'.9 o J: -5 (:~'.£~ .rt -C 1., ~oo 

(0117) 
P 2i'11/ 1J ::::r :,,,,)W 1 4 P &u"'N 2f'11/ 1) ::::r:,,,, JW 1 4 N O)MW<;f~, 4£lJ1:t£tlx 1 O t:xi L -C, 

1JUx.it 8 5 0 °C, 3 0 :fo/Fa~O)~.~'mfl~JJfu9 2: ~ (: J: VJ, P2f'ly 1J ::::r :,,,,)W 1 4 P BzuN2f'ly 
lJ ::::r :,,,,JW 1 4 N 0)--f ;h-rtl(: 4 7J :,,,,)i}'-~ tlk~*4l.t'?Y 0)½~7'Jfo] 7°P 7 7 4 JvO)c]~1t~ 
fr-5 0 

(0118) 
--f O)f~, m 1 O)*JJfuM~(:;:f3 tt 6 [:Kl 4 (a) r--_; ( f) t:~9If:'E ( if- r- /\ :7 -_:::.:,,,, :7-­

) , [:Kl 5 ( a ) r--_; ( f ) (::: ~9 I:f'E (7J 7 t ,y r- ,:::;z ~ - -tr & u"')5JP 1/ - ,:::;z / F v 4 :,,,, fflti 
OJMnx), [:Kl6 (a) r--_; (f) (:~9I:f'E (-l:r4 f'r)7t-Jv,::;z~--tr&U'tiP'J-,::;z/f' 
V4/'ffltiO)M/nt), [:Kl7 (a) r--_; (f) (S::~9I:f'E (y 1J-l:r4f'fiO)M,61x:) &cf[:KJ8 ( 
a) ·_____, ( f) t:~9I:f'E (fiFa~~&~/W&u::::r:,,,, :7 :7 1' O)MW<;) 0)--f tl-rtl~ ro:JtJO)I:f'E~ 
/l~tA*JJfu9 6 a 

(0119) 
l'll::. 0) J: -5 t= L -C, **JJfuM~(S:: 1io "=¥-lJ1:t~@'., ~ ~ VJ, N 2f'l y lJ ::::r :,,,, JW 1 4 a ~ ~ 

u If - }-- ~.f:i 3 0 a ~ 1:f 9 6 P :-5 ,y :7 fflti 171 0) N tv1 I S F E T ~ , P _7f11 y 1) ::::r :,,,, /W 1 4 b 
~~ul:t'- r- ~i:i 3 0 b ~1:f9 6 P :-5 ,y :7 tJJ:ti1710) PM I S FE T ~, N2f'ly lJ ::::r :,,,,)W 1 
4 c ~~ul:t'- r- ~.f:@g 3 0 c ~1:f9 6 SR AMtJJ:ti1710) NM I SF ET~, P 2f'ly 1) ::::r:,,,, 
/W 1 4 d ~ ~trif- r-- ~.f:i 3 0 d ~1:f9 6 S R Atv11t1Ui1710) PM I S FE T ~ ~1/ffix. t-:4£ 
lJtf~u'l'. ~ffihl:{g:9 6 2: ~ iJic ~ 6 0 

(0120) 
::zls:*JJfuM~t::: J: 6 ~, F 7 4 :.c ,y T:,,,, :7''$(::: J: vJ, 1/ 1J ::::r :,,,,}W 1 4 ~ :.c ,y :r:,,,, .if L -C, 

Jr'- r--~l:i3 o ar--_;3 o d ~Mlnt96~t-=:, ~-i'-:5t?ltlti1 1 (J::!ltff11-=:ii13'1i.tlti1 o 
c ~ 13Utlti 1 0 d ~ O)Fa~ O)~-j'-:5t!fltlti 1 1) 0)$j!Ji3:% < L~*imO))j;§]i:j:)1Jr;(O)~~~ 
~tt-'\='9P S RAMffltiO)J:t'- }-- ~.f:@g 3 0 c BzU' 3 0 d ~fi,W<:961/ lJ ::::r :,,,,JW 1 4 g::q: ii 
~*4l.miJi1.i.A ~ .fl -C Pfct 1r 'c iJE--:::i -C, 1.:E}\~*4l.mc ~ 6 4 7J :,,,,f.mO)]iP(s:=~ffi L -C 1/ 1J ::::r 
:,,,,}W 1 4 0J:.C,y7:,,,,:7''if)J'.(:~iJij:_eo~~~[g]~c~6k60, NM IS FE TO)if- r­
~.f:@g 3 0 c ~ PM I SF ET O)if- r- ~l:i 3 0 d ~ O)Fa~cl:t'- 1'-;f$~iJij=_ e 6 2: ~ iJifct 
PO)c, Jr'- r--!t3ti1H-=~ffi9 6 r- 7 ✓ 1/ A !l!ti1!1=.0)~J1J~:ffl]\'bU9 Q 2: ~ iJic ~ Oo ~ k 
, F 7 4 :.c ,y :r:,,,, .1f11i.t-=: J: tJ, Y lJ ::::r :,,,, 1W 1 4 ~ :.c ,y T:,,,, :7''9 6 ~1-=: ii, Y lJ ::::r:,,,, JW 1 4 
g::t ,n.:tA ~ ttt-=~*imoJ½~7'Jfti] 7°P 7 7 4 }V~T60 7 _;:=..- Jv'mHH-=: J:--:::, -cc1~1t LL .:8 
< £,~!Ji~ 6 !Ji, **JJfuM~c (i, m 3 O)*JJfuM~ ~ ro:Jtfts::, 1/ lJ ::::r:,,,, JW 1 4 ~ :.c ,y :r:,,,, 
:7''9 6 Hi#~~c ii SR AMtJJ:tipg O)y 1J ::::r :,,,,)W 1 4 g::i t-=~*4l.miJii.i.A ~ tl -C pt;J:_pf,: 60, ~u 
gc7 _:::.- Jv'mftt-=:~ffi9 6 ~*4l.m0)71'§1itJZ;l'r,!: (J::!1:tfflt::: (i£tix.~aat-=:xi L c ¥frt;J:_7'JfoJ~ 
O):j:)Z;l'r,() uJ:lil:;~ii*ffff]t-=:~1Jlc ~ 60 iJE--:::, -C, r- 7 :,,,,:,5 ,:::;z :7ti'li.O)~i1J~ J: t1) ~fitffJ\'tU 
9 6 2: ~ iJic ~ 6 0 

(0121) 
~ t-=, **JJfuM~c ti, s RAM fflti 171,-= Mmt ~ tl t-= Jr' - r-- ~;t:i 3 o c .& u"' 3 o d ~ ti 
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fjX9 6 1/ lJ :::r >ITT% 1 4 t= iiif- r- )iAH~H=~¥i:lo/JJJ{i~A ~ tttJ: P OJ c, § L \~;t 6 ~, Jf 

- r- ffl:ti 3 o c &r.J: 3 o d ~tlnx961/ lJ :::r >ITT% 1 4 t= ii v-7--./ F v '1 >)iJ\HiOJh-t= 
~~i:lo/JJJiij!A ~ tto OJc, 'f- r-ffi:ti 3 o c &cf 3 o d OJ~t:rUi, o v- ,y :7 ffltipq t=Mmt 
~ttt:::..J,t'- r-ffi:ii3 0 a,&u3 0 bOJ~t1i:J: VJ 'bi%< fd:oo l,/J\L,, S RAM[g]~fflOJ r-
7 > v- A !7 OJi1Jfn=xi 1__,, ---c ~i, o v- ,y :7 [g]JE&ffl 0) r- 7 > v- A !7 0) J: -5 i= ra':!iliM'fJJi~<K ~ 
i1fd: Pt:::.. 6D, ij'- J, ffi:ti 3 0 c .Ez r_J 3 0 d OJ ra':!~ifL 1U:~ffi9 6 [g]lf&J.i& O)~gLl;~O)i;~ 
ii1J\ ~ L \o 

(0122) 
rnJ, m 1 ~m 4 O)*Jllfi..ffi~c ti, ij' - r- ¥&~ITT% ~ 1__,, ---c 1/ 1J :::r >mt~1tm%, if- r- ffl:,ii ~ 

L, ---C ~ lJ 1/ 1) :::r >ffi:ti~ ffl L \ k~ii,: ~ lr \---C~Bj=J L, t:::.. iJ\ 2js:~BJHi C: ttt: P.NJ-E'. ~ t16 '8 0) 
clifd:Po ,f'iU.:tt;t if- r- ¥e~ITTJ;;t:tf-'!- ~ L, ---C, 7 Jv ~ -J- (A 1 2 03 ) , /'\ 7:::... 7 (Hf 
02) Xtif\7:::...r)b.1/ 1) J:r- f' (Hf s i Ox) ~O)~~mt1t:lo/Jt=f~~~tlora'Jg*ffl:* 
trt-'1- (fJU.:t tfHJ*ffl:_$:iJ{ 8 t::JJ:.O)*fl,~l1f'-+) ~ ffl P 6 ~ ~t=, J,t'- l-~iiil:ig~ L, ---C, ~ 
lJ 1/ lJ :::r > ITTJ;t:;fJo ;t ---C, if- r- *e~ijJ ~ ~ lJ 1/ lJ :::r >ITT%~ OJ Fa~ t::, ~1t+ !7 > ( T i N) 
)Zti~1t!7 >!7 Jv (Ta N) ~O)~~ITTJ;~iJ90M IP S (Metal-Inserted Poly-silica 
n Stack ) i-$J:ig ~ ffl P 6 ~iit:: '8, :a-*Jllfi.:ff~~ ~ [o];tJ OJ~;/J~ ~ *Ii 9 6 C: ~ iJic ~ 6 o M 
I P Sil:igcii, It::f±~~i9:t: J:-:> ---Cr- 7 >V' 7--. !7 OJ~1!l'i.ffi:)±OJ~~iJifr;bt16c ~g~ 
~~li, ra'J§*ffi:_$:1,t'- r-M!t;\',lJlttt-'1- ~ ~~ITTJ;ttt-'1- ~ OJ~Jih-ii;fxli-c~ ;t 6 o ~iiEnt= ii, 
NM I SF ET~ PM I SF ET~ OJFa~cOJ~f!l'i.ffi:)±OJ~~~, ra'J§*ffi:-$:if- r-*e,~ITTJ;tt 
t-'!-~ [o] t: t: L, ---C ~~ITTJ;ttt-'!-~~;t 6 C: ~ t:: J:-:> ---C 1T-:> ---C 'b J: Ir" L,, x.ii~~ITTJ;;ttt-'!-~ [o] t: 
t: L, ---Cr% §*ffi:2¥if - J, *e~ITTJ;t:f'f_'). ~ ~;t 6 C: ~ t: J: -:> ---C 1T-:> ---C 'b J: Ir \0 ;t t:::.., M I P S ii 
:igc ii, J,t'- r- ffl:tiOJ~:z.1tJJ{trnmu ~ tt o t:::.. 6(), ~ 1; 1/ 1J :::r >ITT%$ oJ~*iw~m:i= ~ p ---c 
ii, if- J-.. ~tn: (/'\Jv :7 i'f~:5tOJ~tn:, 1/ lJ Y '1 F / ~ lJ :,,, 1J :::r >WOO OJ~tn:, ~ 1J 1/ lJ :::r 
> / ~~WOOOJ~tn:) ~ ~J.i L, ---C~JE'.9tti-i J: i.. \0 roj, :a-WOO~t1i:JJi+:5tt::1J\ ~ ttttit, 
~~ITTJ;~fflP---CP6M IP Sti:igciiif- r-~t1i:ti1J\~ < fd:oa 

(0123) 
;t t:::.., ffi 1 &uM 2 OJ*JltE.M~cii, S RAMffitipgoJ PM I SF ET ~~00-r--v *Jv 

21Yt: 9 6 t:::.. t6 t::, if- r-1_i)'-OJ~OJ N 21Y~*titul& ~, ',/ - 7--./ F v '1 >1_i]\_O)~OJ P 2iY 
~*im~m: J: ~J 7b 1J\ ~ < ~Yi:9 o c: ~ !Ji~ ;t 1__,, p ~ 1__,, t:::.. JJ\ M r P s it:ra- ~mp o ~ii, 
1/ 1) :::r >ITT%OJ~t1i:,&u'"'~Ugc:a-WOO~tn:~ ;j\ ~ < 9 6 ~ p -5 tmJ~~jJ\ /~' J,t'- f' 1_i}\O)~O) N 
21Y~*t:lo/J'il!&~, '/ - 7--./ F v ,{ >)_i}\_oJ~O) P 2:fil~*i:lo/J~& J: vJ '8 *~ < ~J-E'. L, ---C '8 J: 
Po E½Pii, SR AMiiJtipg O)ij'- r- ffi:ii~ilnx9 6:,,, lJ :::r >ITTJ;t:xi L, ---C ii',/ - 7--./ F v 
,{ >1_il\ ~fr;btJ: < ---C '8 J: Ir 'o § P~;t 6 ~, SR AMiiJtipg O)ij'- r-ffi:ii~il!iX9 6:@i-
1/ 1) :::r > ITTJ;t:xi L, ---C liN 2:fil~*t:lo/J OJ if- r- 1_iA OJ h- ~ 1'T-:> ---C '8 J: Po C: ttt: J: vJ, S RA 
M ffl ti pg JJ C M I S F E T 0) ij' - r- ffi:ti ~ ti Bx 9 6 ~ ---C OJ 1/ 1) :::r > JP% ii N 2:fil 1/ lJ :::r > JP% ~ 
tJ: o O c: oJ tiii, o v- ,y :7 ffl ti pg 0) if - r- ffl:ti ~ ti mt 9 o :a- 1/ 1; :::r >ITT%:= xi 1__,, ---c 7b , ',/ -
7--. / F v '1 > 1_iA ~ fr t_) '9, N 2iY ~ *t:lo/J OJ if - r- )_:EA OJ h- ~ fr ~ ---c 7b J: Pc c: t1 t = J: V) , 

PYo/:7ffl~pgOJCMISFETOJif-]-..ffl:~~fflfiX90~---COJ1/lJ:::r>JP%'bN2:fil1/lJ:::r 
>JP%~7J:Oo 

(0124) 
;t t:::.., m 3 &um 4 O)*JJtE.M~c ii, s R AMfflti pg 0) J,t'- r- ffl:ti~itnx9 o :a-1/ 1J :::r 

>ITT%t=xiL,---C, J,t'- ]-..)_i}\_~fr;btJ:iJ"~t:::..iJi, MI p S;tj:ig~J:tn'o~ii, s RAMtJti 
pg & D(' P V' '1/ :7 iiJi ti pg --f t1 -z:' t1 OJ if - r- ffi:ti ~ ii !iX 9 6 :8-1/ lJ :::r > ITT% t: xi L, ---C , if - r- 1_i 
}\ ~fr;btJ: < ---C '8 J: Po § P~X 6 ~, SR AMffltipg l!,zV{p V' ,y :7 iiJJ:tipg--r t1-t't10JJ,t' 
- f' ffi:ti ~ ilnx9 6 :8-1/ lJ :::r >ITT%'= xi L, L' ',/ - A/ ~' V ,{ > i-1.A 0) df. ~fr~ L 78 J: p 0 

(0125) 
;t t:::.., m 1 ~m 4 O)*JJtE.M~cii, o v- '1/ :7 [g]JE&&u~ s R AM[g]JE&~iJ9 o~ij!i*~@'. 

t= ~ p ---c g5tBJ=J 1__,, t:::.. !Ji, *~BJHi c: ttt= rNJE ~ t1'o 7b 0) c iitJ: L \0 wu .:tit, o v- ,y :7 [g]!fet= 
1\ ;t ---C, A & 1J [g] IE& ~ iJ 9 6 ~ii 1:: t , :8-*iREM ~ OJ t=1 V' ,y :7 [g] IE& !ti OJ -r' -1 7 Jv if - r- ffi: 
ti~iOOffloJ1'H~c<lb60 9IJ:;f-:>1S, :a-*1REM~t=B~t6 2liffi0J-r'-17Jvl,t'- J-..ffi:tiii, C 
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M I S F ET 7'JiMJ»t ~ tL 6 ~x-;f oy)~titJ'[tj[o]±O) Fs~ 0)~~:5t-MtJ'ltjuJ$i'IH:J;G t: --C {ii., ~:5t~t 
6 2: ~ 7'.JiciJ~Ec&1:i6c J::!ftlfJi:ti, ~~7t-Mffltj0)$j7'.Jit§xilf1t:)1:PCM I SF E Ti:ti 
, ~*J'.HE,M~O) o :J ,:,, :7 [g_]}M-ffl 0)-r' :i 7 Jvif- I'- ffl:t~ ~ @!ti L,, ~~:5t-Mit&tj0)$j7'.Ji;f§xi 
lf]i:~PCM I SF E T(:~i, ~*J'.HE,M~O) S RAM[gj}M-JtiO)-r':i 7 Jvij'- t--ffl:t~~i@ffl 
9 6 2: ~ 7'.JiciJ~Ec &1:i 6 o 

(~* -1::_ O)fUffloJ ~E'l'iJ 
(0126] 

:;ijs:~BJ=Hi, CM I s -r :i 7 Jvif- I'- i-l[r.e:~~9 6¥~1t~u"rt= .BP--C, P N tiWJltftc 
O)ij'- I'- ~)i3{i1J~::fM],mO);f§JitJ.tm:i=~Es:19 6 ~~4'¥tEO)_'.~]tfJ~trn~Uc ~, CM I s -r 
:i 7 Jv if' - t-- ti:IB: ~ ~9 6 ¥~ft~u"r& u -r O)~JE:15~ ,: tit® c &1:i 6 0 

( Z4~ 0) gSt BJ=JJ 
(0127] 

1 O ¥~1t£t!x 
1 0 a , 1 0 b , 1 0 c , 1 0 d )~'11:tJ'[tj 
1 1 ~~:nMit&tj 
1 2 a, 1 2 c P_!flr) _:,::.Jvffitj 
1 2 b, 1 2 d N_!fl r) _:,::.Jvffltj 
1 3 , 1 3 a , 1 3 b , 1 3 c , 1 3 d ij' - I'- *e~Jm 
14 1/1,J:::1:,,,,Jm 
14a, 14aL 14a2, 14c, 14d', 14N N2fl1/1,J:::1:,,,,Jm 
14b, 14bL 14b2, 14d, 14P P2fl1/1,J:::1:,,,,Jm 
1 5 a, 1 5 b, 1 5 c, 1 5 d 7t7-l?,:,, t--A ✓--z--tr 

1 6 a , 1 6 c )~ P N _!fl :J - A/ ~- v ,,f /' tJ'ltj 
1 6 b, 1 6 d )~P P _!fl :J - A/ F v ,,f :,,,,tJ'[tj 
1 7 a, 1 7 b, 1 7 c, 1 7 d pq mu-v- ,,f ~- r) 7t - )v 

1 8 a, 1 8 b, 1 8 c, 1 8 d )}mU-v- ,,f Fr) :;t - Jv 
1 9 a , 1 9 b , 1 9 c , 1 9 d -tr ,,f F r) 7t - Jv A ✓--z - -tr 
20a, 20c ~PN_!fl:J-7-/Fv,1':,,,,itijtj 
2 0 b, 2 0 d ~PP_!fl:J-A/ ~- v,1' :,,,,tJ'[tj 
2 1 a, 2 1 b, 2 1 c, 2 1 d ~~ 1/ 1) -tr ,,f F!i 
2 2 a , 2 2 b , 2 2 c , 2 2 d ~~ 1/ 1) -tr ,,f F fi 
2 3 *f1~Jll 
2 4 !iFs~*e~Jm 
2 5 a , 2 5 b , 2 5 c , 2 5 d ::::r :,,,, !7 :7 t-- * - Jv 
26a, 26b, 26c, 26d, 26e, 26f :::1:,,,,!7:7}--
3 0 a , 3 0 b , 3 0 c , 3 0 d if - }-- ffl:t~ 
3 1 L, 3 1 S -r':i 7 Jvif- r--ffl:t~ 
41L, 41S PNtiW 
5 1 A, 5 1 B, 5 1 C, 5 1 D '7 A :7 /'\ !7 - :,,,, 
5 2 A, 5 2 B , 5 2 C, 5 2 D '7 A :7 /'\ !7 - :,,,, 
5 3 , 5 4 '7 A :7 /'\ !7 - /' 
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¢iugcm 1 07':i 7;1,df- t--ffltiii, m 1 0)ttttJt:1:iJ:::J:70mt~t1t-:m 1 0m 1-ij!ffl'WJy 
1J :::r ✓ ITTI ~ i3'tr m 1 0 if - t-- fflti ~ , m 2 oJ )t'ritJt :1:i 1:. t = 70 mt ~ tt "= m 1 0 m 2 .ij! ffl'WJ s,, 
1J :::r ✓ ni ~ i3'tr m 2 0 'f- t-- fflti ~ ~ ~ 1--'> 

¢!Ugcm 2 07':i 7Jvif- r-ffltiii, m 3 0)t1!1:tJt:tiJ:.t:70mt~ t1t-:m 2 0m 1-ij!ffi'Ws,, 
1J :::r ✓ ITTI ~ i3'tr m 3 0 if - t-- fflti ~ , m 4 oJ )t'ritJt :1:i 1:. t = 70 mt ~ tt "= m 2 0 m 2 .ij! ffl'WJ s,, 
1J :::r ✓ ni ~ i3'tr m 4 0 'f- t-- fflti ~ ~ ~ 1--'> 

¢!Ugcm 1 0)3"1!1:ffl:ti ~ ¢!Ugcm 2 0)ti'l1:ffl:ti ~ ii~r:5tmtJt:ti ~ t5Uv c:5tm ~ tl L .t3 tJ, 

¢!Ugcm 1 0 1f- 1- fflti ~ ¢!Ugcm 2 uJ 1f- r- fflti ~ ii¢!Ugc~r7tltiltJt:J:iJ:. cti~ L, L .t3 vJ 

¢iugcm 1 0m 1.ijlffl2fly 1J :::r ✓nt0J,,tct < ~ t>~i~:5tt=.:s~tom 1.ij!ffl:B1!::fM1.m~rn:ii 
, ¢iugcm 3 013"'11:tJt:1:i-1:.1= 1:1[@r9 o i~:5t0¢1ugcm 2 0m 1 .ijlffl'WJ 1/ ,; :::r ✓ ITTI0m 1 -tJffl:B1! 
::f *tWJ~rn'. J: vJ t> ra'J it 'I :: ~ ~ tiftt ~ 9 6 ¥.ij!1*~ u"Lo 

( i3o.7fl§ 2 ] 111=J<l"- /' 

g~~JJ-[ 1 t: gcti0¥.ij!1*~@r(: .:S lt 'IL, 
¢!iJgcm 1 0)3"1!1:ffl::ti ~ ¢!Ugcm 2 0)3"1!1:tJt:ti ~ 0 Fs~ 07tlt/Uiti, ¢!Ugcm 3 0)3"1!1:tJt:ti ~ ¢!U 

gem 4 0)3"'11:itW::ti ~ 0Fs~0:5tm$i J: vJ t> ::k~ it 4 ~ ~ ~tifl& ~ 9 6¥.ijii*~u"ro 
( i3o.7J§ 3 ] !ll=J-'J'- /' 

g~~JJl 1 )(Jj: 2 (: gcti0¥.ij!1*~@r(: .:SP L, 
¢iugcm 1 0m 2 .ijlffl2fly 1J :::r ✓nt0J,,tct < ~ t> ~i~:5tt=.:s~t om 2 .ijlffl2fl::f*tm~rn:ii 

, ¢iugcm 4 013"'11:tJui-1:.1= 1:1[@r9 o i~:5t0¢1ugcm 2 0m 2 .ijlffl'WJ 1/ ,; :::r ✓ ITTI0m 2 -tJffl:B1! 
::f*tmillrn'. ~ *JHfJ (: roJ t: c ~ 6 :: ~ ~ titn ~ 9 6 ¥.iji1*~u"Lo 

( i3o.7J§ 4 ] 111=J<l"- ;, 

g~~JJ[ 1~30P9,fl7J'- l JJ[(:gcti0¥.ij!{*~@rt:.:SPL, 
¢!Ugcm 1 0)3"1!1:ffl:tiJ:.t= 11Lu"L9 6 i~noJ¢!Ugcm 1 0m 1 .ij!ffi'W Y 1) :::r Y JW0m 1 .ijlffl;lj1! 

::f*tm~rn:ii, ¢iugcm 3 013"'11:tJ:1:i1:.,=11Lu"r9 oir~:5t0¢1ugcm 2 0m 1 .ijlffl2fly 1J :::r ✓ITTI 
0m 1 .ijlffl2fl::f*tWJ~rn'. J: tJ tJ r'a'J P:: ~ ~tifl& ~ 9 6 ¥.ij!ft~u"ro 

( i3o.7J§ 5 ] 111=J<l"- /' 

g~~JJ[ 1 ~ 4 0 P 9,fllJ" 1 JJ[(: gcti0¥.ij!1*~@rt: .T3P L, 
¢iugcm 1 013"'11:ffl:ti1:.i=11Lu"L9 oir~:5t0¢1ugcm 1 0m 1.ijlffl2fly 1J :::r YITTI0m 1.ij!ffl:B1! 

::f*tmillrn:ii, ¢iugc~r:5tmffl:1:i1:. ,= 11L@r9 o i~:5t0 ¢iugcm 1 0 m 1 .ijlffl2fl 1/ 1J :::r ✓ JW0 
m 1 .ijlffl;B1!::f*tWJ~rn'.J: !J B ill;P:: ~ ~tif:l& ~ 9 64.iji{*~u"Lo 

( i3o.7J§ 6] 111=J<l"- ;, 
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application from the International Bureau (PCT Rule 17.2(a)). 

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

Attachment{s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 08-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20131008  
Page 192 of 304



Application/Control Number: 13/665,376 

Art Unit: 2897 

DETAILED ACTION 

Election/Restrictions 

1. This application contains claims directed to the following patentably distinct 

species: 

Page 2 

I. Species I, as disclosed, is pertaining to the second embodiments, FIGs 9-

10. 

II. Species II, as disclosed, is pertaining to the third embodiment, FIGs 11-

12. 

Ill. Species Ill, as disclosed, is pertaining to the fourth embodiments, FIGs 

13-14. 

FIG.s 1-8 is common to species I, II, or Ill. 

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

following reasons: 

I. Species I in this case, as a feature of this embodiment is that the p-type 

silicon film 14b1 has a p-type impurity concentration lower than that of the p-type 

silicon film 14b2. In addition, each of the p-type silicon film 14b1 and the p-type 

silicon film 14b2 has a p-type impurity concentration higher than that of the p­

type silicon film 14d. Then-type silicon film 14a1 has an n-type impurity 

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

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

Page 3 

II. Species II in this case, as a feature of this embodiment is that the p-type 

silicon film 14b2 has a p-type impurity concentration higher than that of the p­

type silicon film 14d and that the p-type silicon film 14b1 has a p-type impurity 

concentration substantially equal to that of the p-type silicon film 14d. 

Specifically, the p-type silicon film 14b1 has a p-type impurity concentration lower 

than that of the p-type silicon film 14b2. Then-type silicon film 14a1 has an n­

type impurity concentration substantially equal to that of the n-type silicon film 

14c. Then-type silicon film 14a1 has an n-type impurity concentration lower than 

that of the n-type silicon film 14a2. Specifically, the n-type silicon film 14a2 has 

an n-type impurity concentration lower than that of the n-type silicon film 14c. 

111. Species Ill in this case, as a feature of this embodiment is that the p-type 

silicon film 14b has a p-type impurity concentration higher than that of the p-type 

silicon film 14d and that then-type silicon film 14a has an n-type impurity 

concentration higher than that of the n-type silicon film 14c. 

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

current record. 

4. Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or 

a single grouping of patentably indistinct species, for prosecution on the merits to which 

the claims shall be restricted if no generic claim is finally held to be allowable. Currently, 

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

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

The species or groupings of patentably indistinct species require a different field 

of search (e.g., searching different classes /subclasses or electronic resources, 

or employing different search strategies or search queries) and/or the prior art 

applicable to one species would not likely be applicable to another species; 

and/or the species are likely to raise different non-prior art issues under 35 

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

6. Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a species or a grouping of patentably indistinct species 

to be examined even though the requirement may be traversed (37 CFR 1 .143) and 

(ii) identification of the claims encompassing the elected species or grouping of 

patentably indistinct species, including any claims subsequently added. An argument 

that a claim is allowable or that all claims are generic is considered nonresponsive 

unless accompanied by an election. 

7. The election may be made with or without traverse. To preserve a right to 

petition, the election must be made with traverse. If the reply does not distinctly and 

specifically point out supposed errors in the election of species requirement, the election 

shall be treated as an election without traverse. Traversal must be presented at the 

time of election in order to be considered timely. Failure to timely traverse the 

requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are 

 
Page 195 of 304



Application/Control Number: 13/665,376 

Art Unit: 2897 

Page 5 

added after the election, applicant must indicate which of these claims are readable on 

the elected species or grouping of patentably indistinct species. 

8. Should applicant traverse on the ground that the species, or groupings of 

patentably indistinct species from which election is required, are not patentably distinct, 

applicant should submit evidence or identify such evidence now of record showing them 

to be obvious variants or clearly admit on the record that this is the case. In either 

instance, if the examiner finds one of the species unpatentable over the prior art, the 

evidence or admission may be used in a rejection under 35 U.S.C. 103(a) of the other 

species. 

9. Upon the allowance of a generic claim, applicant will be entitled to consideration 

of claims to additional species which depend from or otherwise require all the limitations 

of an allowable generic claim as provided by 37 CFR 1.141. 

10. Applicant is reminded that upon the cancellation of claims to a non-elected 

invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one 

or more of the currently named inventors is no longer an inventor of at least one claim 

remaining in the application. Any amendment of inventorship must be accompanied by 

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

Page 6 

11. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone 

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

EST). 

12. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Fernando Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is (571) 

272-8300. 

13. Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

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

Business Center (EBC) at (866) 217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

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

/Lawrence-Linh T Nguyen/ 

Examiner, Art Unit 2897 

/Fernando L. Toledo/ 

Supervisory Patent Examiner, Art Unit 

2897 
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Docket No.: 085393-0935 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Y oshihiro SA TO et al. 

Application No.: 13/665,376 

Filed: October 31, 2012 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation No.: 4442 

Art Unit: 2897 

Examiner: L. T. Nguyen 

RESPONSE TO RESTRICTION REQUIREMENT 

MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam: 

In response to the restriction requirement set forth m the Office Action mailed 

October 24, 2013, having a shortened statutory period for response set to exp1re 

November 24, 2013, wherein the Examiner required restriction between the following distinct 

Species: 

Species I, as disclosed, is pertaining to the second embodiments, FI Gs 9-1 O; 

Species II, as disclosed, is pertaining to the third embodiment, FIGs 11-12; and 

Species III, as disclosed, is pertaining to the fourth embodiments, FIGs 13-14. 

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

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

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

DM_US 46432886-l 085393 0935 
11/4/13 

 
Page 199 of 304



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

Applicants believe that no extension of time is required. However, this conditional petition 

is being made to provide for the possibility that Applicant has inadvertently overlooked the need for 

a petition for extension of time. 

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

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

085393-0935. 

500 North Capitol Street, N.W 
Washington, DC 20001 
Phone: (202) 756-8372 MEF:nso 
Facsimile: (202) 756-8087 

Date: November 4, 2013 

OM_ US 46432886-l .085393.0935 

11/4/13 

Respectfully submitted, 

MCDERMOTT WILL & 

/Michael E. Fogarty/ 

Michael E. Fogarty 
Registration No. 36,139 

l ,,· 
Please recognize our Custe1fuer No. 53080 as 
our correspondence address. 

2 
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2897 

AIA (First Inventor to File) 
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5)~ Claim(s) 1-16 is/are pending in the application. 
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6)0 Claim(s) __ is/are allowed. 
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8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
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11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

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

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

a)O All b)~ Some* c)O None of the: 
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Certified copies of the priority documents have been received. 
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* See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 10/31/2013. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 08-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20130826  
Page 204 of 304



Application/Control Number: 13/354,739 

Art Unit: 2897 

Detailed Action 

Page 2 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

2. This non-final Office action is responsive to Applicants' application filed 

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

for the reasons indicated herein below. 

Election/Restrictions 

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

reply filed on 11/04/2013 is acknowledged. 

4. The chosen claims would be further limited to Species I, as stated in the rejection 

such that - Species I, as disclosed, is pertaining to the second embodiments, FIGs 9-10. 

Species I in this case, as a feature of this embodiment is that: 

a. the p-type silicon film 14b1 has a p-type impurity concentration lower 

than that of the p-type silicon film 14b2 (Claim 7 & 13). 

b. In addition, each of the p-type silicon film 14b1 and the p-type silicon film 

14b2 has a p-type impurity concentration higher than that of the p-type silicon 

film 14d. 

c. Then-type silicon film 14a1 has an n-type impurity concentration lower 

than that of each of then-type silicon film 14a2 and then-type silicon film 14c 
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(Claim 7). 

d. Then-type silicon film 14a2 has an n-type impurity concentration 

substantially egualto that of then-type silicon film 14c. 

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

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

Claim Rejections - 35 USC§ 103 

Page 3 

7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

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

Determining the scope and contents of the prior art; 

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

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

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

Page 4 

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

comprising: 

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

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

g. the first dual-gate electrode(14 & 15) includes a first gate electrode(14) 

located on a first active region(12) and a second gate electrode(15) located on a 

second active region(13), 

h. the second dual-gate electrode(14a & 15a) includes a third gate 

electrode(14a) located on a third active region (12a) and a fourth gate 

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

i. the first active region(12) and the second active region(12) are isolated 

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

j. the first gate electrode(14) and the second gate electrode(15) are 

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

k. at least a portion of the first silicon film of the first conductivity type has a 

first-conductivity-type impurity concentration higher than that of a portion of the 

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

(This limitation will not be examined since it is pertaining to a forth embodiment, 
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which is Species Ill). 
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10. In reclaim 1, Shimomura does not explicitly teach a silicon film of a conductivity 

type to all four regions. 

11. But in the same field of endeavor of invention, Tamaki teaches a method and 

having silicon film(104) of a first conductivity type and gate electrode(111) located on 

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

12. Tamaki is evidence that ordinary workers skilled in the art would find reasons, 

suggestions or motivations to modify the device of Tamaki with Shimomura. Therefore, 

at the time the invention was made, it would have been obvious to use the teaching of 

Tamaki in the device of Shimomura since the use of a SiON film as the gate insulating 

film for thickness reduction thereof for the purpose of improving the transistor 

characteristics involves problems on reliability, such as TDDB (Time Dependent 

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

13. In reclaim _g, in FIG. 7, Shimomura in view of Tamaki , Tamaki teaches a 

semiconductor device of claim 1, wherein an isolation width between the first active 

region and the second active region is larger than that between the third active region 

and the fourth active region. 

14. In reclaim §., in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a 

semiconductor device of claim 1, wherein a portion of the first silicon film of the first 

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

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

15. In reclaim Z., in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a 

semiconductor device of claim 1, wherein a portion of the first silicon film of the second 

conductivity type located on the second active region has a second-conductivity-type 

impurity concentration lower than that of a portion of the first silicon film of the second 

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

16. In reclaim 11, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a 

semiconductor device of claim 1, wherein a portion of the first silicon film of the first 

conductivity type located on the first active region has a first-conductivity-type impurity 

concentration lower than that of a portion of the first silicon film of the first conductivity 

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

17. In reclaim 13, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a 

semiconductor device of claim 1, wherein a portion of the first silicon film of the second 

conductivity type located on the second active region has a second-conductivity-type 

impurity concentration lower than that of a portion of the first silicon film of the second 

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

18. In reclaim 15, in FIG. 3, Shimomura in view of Tamaki , teaches a semiconductor 

device of claim 1, wherein the first gate electrode is a gate electrode of a first PMIS 

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

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

Page 7 

19. In reclaim 16, in FIG. 3, Shimomura in view of Tamaki , Tamaki teaches a 

semiconductor device of claim 1, wherein each of the first gate electrode and the 

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

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

for an SRAM circuit. 
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20. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone 

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

21. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Fernando Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is (571) 

272-8300. 

22. Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

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

Business Center (EBC) at (866) 217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

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

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

/Fernando L. Toledo/ 
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JP,2010-067912,A [PRIOR ART] 

*NOTICES* 

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

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

PRIOR ART 

[Background of the Invention] 
[0002] 
In a CMOS (Complementary Metal Oxide Semiconductor) process in connection with high integration of recent years and a 

Page 1 of 2 

semiconductor integrated circuit device, advanced features, and improvement in the speed, The dual gate structure using the Si electrode 
which injected the P type impurity is adopted as the gate electrode of a P channel type MOS transistor by the gate electrode of the N 
channel type MOS transistor using the Si electrode which injected the N type impurity. 
[0003] 
In the semiconductor device which has such dual gate structure, the N channel region and P channel region in the gate electrode 
consisting of silicon in the border area connected mutually, When resistance rises under the influence of the impurity concentration of an 
N channel region and a P channel region, there is a problem that the performance of the integrated circuit of the working speed of a 
circuit being delayed is inhibited. 
[0004] 
That this problem should be solved, by metal-silicide-izing the upper part of a gate electrode, the method of making resistance of a gate 
electrode small is proposed, and many improvement is made conventionally (see the Patent document 1.). 
[0005] 
(First conventional example) 
Fig.4 (a) - Fig.4 (f) show the section composition of the process order of the manufacturing method of the semiconductor device which 
metal-silicide-izes the upper part of the gate electrode concerning a first conventional example, and lowers resistance of a gate 
electrode. Here, it is a section of a gate width direction and the manufacturing method of the semiconductor device which has the dual 
gate structure in which the metal silicide film was formed is shown. 
[0006] 
First, as shown in Fig_A (a), the isolation region 101 which encloses the active region formed in the upper part of the semiconductor 
substrate 100 consisting of silicon, and separates N channel type MOS transistor region A and P channel type MOS transistor region B is 
formed. Then, the gate dielectric film 102 and the polycrystalline silicon film 103 are sequentially formed on the semiconductor substrate 
100. 
[0007] 
Next, as shown in Fig.4 (b), P channel type MOS transistor region B is covered on the polycrystalline silicon film 103, And form the first 
resist film 104 that has an opening pattern which carries out the opening of the N channel type MOS transistor region A and the formed 

first resist film 104 is used as a mask, The ion implantation of the phosphorus (p+) ion which is an N type impurity is carried out to N 
channel type MOS transistor region A of the polycrystalline silicon film 103. Then, the first resist film 104 is removed. 
[0008] 
Next, as shown in Fig_.4 (c), N channel type MOS transistor region A is covered on the polycrystalline silicon film 103, And form the 
second resist film 105 which has an opening pattern which carries out the opening of the P channel type MOS transistor region B, and 

the formed second resist film 105 is used as a mask, The ion implantation of the boron (B+) ion which is a P type impurity is carried out 
to P channel type MOS transistor region B of the polycrystalline silicon film 103. Then, the second resist film 105 is removed. 
[0009] 
Next, as shown in Fig.4 (d), the N type polycrystalline silicon region 103a and the P type polycrystalline silicon region 103b are formed 
from the polycrystalline silicon film 103 by heat-treating to the semiconductor substrate 100 and activating each impurity ion injected 
into the polycrystalline silicon film 103. At this time, the phosphorous ion and the boron ion in the polycrystalline silicon film 103 diffuse, 
and the PN-junction border area C is formed in the boundary part of N channel type MOS transistor region A and P channel type MOS 
transistor region B in the polycrystalline silicon film 103. 
[0010] 
Next, on the polycrystalline silicon film 103, as shown in Fig.4 (e), the metal film 112 is deposited so that the N type polycrystalline silicon 
region 103a and the P type polycrystalline silicon region 103b may be straddled. 
[0011] 
Next, as shown in Fig.4 (f), the metal silicide film 112A over the N type polycrystalline silicon region 103a and the P type polycrystalline 
silicon region 103b is formed by the publicly known Salicide formation technology. 
[0012] 
However, in the manufacturing method concerning the aforementioned first conventional example, if the wiring width of the metal silicide 
film 112A becomes small, the metal silicide film 112 will condense and it will become easy to produce disconnection in the metal silicide 
film 112. As a result of impurity concentration's influencing the metal silicide film 112A which especially carried out silicide formation of 
the PN-junction border area C of the polycrystalline silicon film 103 by dual gate structure, a silicide formation reaction's becoming slow 
and the thickness of the metal silicide film 112A becoming thin, it is easy to produce a resistance rise and disconnection. 
[0013] 
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Thus, when disconnection occurs in the metal silicide film 112A in the PN-junction border area C, when reverse bias is applied to the PN 
junction of the polycrystalline silicon film 103, a resistance rise arises, and there is a problem that a gate electrode becomes high 
resistance extremely. 
[0014] 
Then, in order to avoid high resistance-ization of the gate electrode by disconnection of such a metal silicide film, other composition 
shown in Fig.5 is proposed (see the Patent document 2.). 
[0015] 
(Second conventional example) 
Fig.5 shows the plane constitution of the dual gate transistor which has an N channel type MOS transistor region concerning a second 
conventional example, and a P channel type transistor region. 
[0016] 
The P type gate electrode 4 which was arranged on the P channel type transistor region 1 as shown in Fi_g.5, By providing the non-doped 
region 8 which does not inject an impurity into a boundary part with the N type gate electrode 5 which was arranged on N channel type 
MOS transistor region 3, the influence by the impurity concentration at the time of silicide formation was avoided, and reduction in 
thickness of a metal silicide film is prevented. 
[Patent document 1] JP,S59-213156,A 
[Patent document 2] JP,H10-012745,A 

[Translation done.] 
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3.In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[0067] 

Page 1 of 1 

[Drawing l](a) And (b) shows typically the semiconductor device concerning one embodiment of the present invention, (a) is a plan view, 
and (b) is a cross sectional view in the lb-lb line of (a). 
[Drawin_g 2](a) - (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device 
concerning one embodiment of the present invention. 
[Drawing 3](a) - (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device 
concerning one embodiment of the present invention. 
[Drawing 4](a) - (f) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device 
concerning a first conventional example. 
[Drawing 5]It is a plan view showing the semiconductor device concerning a second conventional example. 

[Translation done.] 
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3.In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[Field of the Invention] 
[0001] 

Page 1 of 6 

Especially the present invention relates to a semiconductor device which has the wiring which equipped the upper part with the metal 
silicide film, and a manufacturing method for the same about a semiconductor device and a manufacturing method for the same. 
[Background of the Invention] 
[0002] 
In a CMOS (Complementary Metal Oxide Semiconductor) process in connection with high integration of recent years and a 
semiconductor integrated circuit device, advanced features, and improvement in the speed, The dual gate structure using the Si electrode 
which injected the P type impurity is adopted as the gate electrode of a P channel type MOS transistor by the gate electrode of the N 
channel type MOS transistor using the Si electrode which injected the N type impurity. 
[0003] 
In the semiconductor device which has such dual gate structure, the N channel region and P channel region in the gate electrode 
consisting of silicon in the border area connected mutually, When resistance rises under the influence of the impurity concentration of an 
N channel region and a P channel region, there is a problem that the performance of the integrated circuit of the working speed of a 
circuit being delayed is inhibited. 
[0004] 
That this problem should be solved, by metal-silicide-izing the upper part of a gate electrode, the method of making resistance of a gate 
electrode small is proposed, and many improvement is made conventionally (see the Patent document 1.). 
[0005] 
(First conventional example) 
Fi_g.4 (a) - Fi_g.4 (f) show the section composition of the process order of the manufacturing method of the semiconductor device which 
metal-silicide-izes the upper part of the gate electrode concerning a first conventional example, and lowers resistance of a gate 
electrode. Here, it is a section of a gate width direction and the manufacturing method of the semiconductor device which has the dual 
gate structure in which the metal silicide film was formed is shown. 
[0006] 
First, as shown in Fig.4 (a), the isolation region 101 which encloses the active region formed in the upper part of the semiconductor 
substrate 100 consisting of silicon, and separates N channel type MOS transistor region A and P channel type MOS transistor region B is 
formed. Then, the gate dielectric film 102 and the polycrystalline silicon film 103 are sequentially formed on the semiconductor substrate 
100. 
[0007] 
Next, as shown in Fig.4 (b), P channel type MOS transistor region B is covered on the polycrystalline silicon film 103, And form the first 
resist film 104 that has an opening pattern which carries out the opening of the N channel type MOS transistor region A and the formed 

first resist film 104 is used as a mask, The ion implantation of the phosphorus (p+) ion which is an N type impurity is carried out to N 
channel type MOS transistor region A of the polycrystalline silicon film 103. Then, the first resist film 104 is removed. 
[0008] 
Next, as shown in Fig.4 (c), N channel type MOS transistor region A is covered on the polycrystalline silicon film 103, And form the 
second resist film 105 which has an opening pattern which carries out the opening of the P channel type MOS transistor region B, and 

the formed second resist film 105 is used as a mask, The ion implantation of the boron (B+) ion which is a P type impurity is carried out 
to P channel type MOS transistor region B of the polycrystalline silicon film 103. Then, the second resist film 105 is removed. 
[0009] 
Next, as shown in Fig.4 (d), the N type polycrystalline silicon region 103a and the P type polycrystalline silicon region 103b are formed 
from the polycrystalline silicon film 103 by heat-treating to the semiconductor substrate 100 and activating each impurity ion injected 
into the polycrystalline silicon film 103. At this time, the phosphorous ion and the boron ion in the polycrystalline silicon film 103 diffuse, 
and the PN-junction border area C is formed in the boundary part of N channel type MOS transistor region A and P channel type MOS 
transistor region B in the polycrystalline silicon film 103. 
[0010] 
Next, on the polycrystalline silicon film 103, as shown in F1gA __ (e), the metal film 112 is deposited so that the N type polycrystalline silicon 
region 103a and the P type polycrystalline silicon region 103b may be straddled. 
[0011] 
Next, as shown in Fig.4 (f), the metal silicide film 112A over the N type polycrystalline silicon region 103a and the P type polycrystalline 
silicon region 103b is formed by the publicly known Salicide formation technology. 
[0012] 
However, in the manufacturing method concerning the aforementioned first conventional example, if the wiring width of the metal silicide 
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film 112A becomes small, the metal silicide film 112 will condense and it will become easy to produce disconnection in the metal silicide 
film 112. As a result of impurity concentration's influencing the metal silicide film 112A which especially carried out silicide formation of 
the PN-junction border area C of the polycrystalline silicon film 103 by dual gate structure, a silicide formation reaction's becoming slow 
and the thickness of the metal silicide film 112A becoming thin, it is easy to produce a resistance rise and disconnection. 
[0013] 
Thus, when disconnection occurs in the metal silicide film 112A in the PN-junction border area C, when reverse bias is applied to the PN 
junction of the polycrystalline silicon film 103, a resistance rise arises, and there is a problem that a gate electrode becomes high 
resistance extremely. 
[0014] 
Then, in order to avoid high resistance-ization of the gate electrode by disconnection of such a metal silicide film, other composition 
shown in Fig.5 is proposed (see the Patent document 2.). 
[0015] 
(Second conventional example) 
Fig.5 shows the plane constitution of the dual gate transistor which has an N channel type MOS transistor region concerning a second 
conventional example, and a P channel type transistor region. 
[0016] 
The P type gate electrode 4 which was arranged on the P channel type transistor region 1 as shown in Fig.5, By providing the non-doped 
region 8 which does not inject an impurity into a boundary part with the N type gate electrode 5 which was arranged on N channel type 
MOS transistor region 3, the influence by the impurity concentration at the time of silicide formation was avoided, and reduction in 
thickness of a metal silicide film is prevented. 
[Patent document 1] JP,S59-213156,A 
[Patent document 2] JP,H10-012745,A 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0017] 
However, although the manufacturing method concerning the aforementioned second conventional example is providing the non-doped 
region to the PN-junction border area, since the impurity diffusion to the non-doped region at the time of heat treatment is large, after 
heat treatment, whether the non-doped region's being very small substantially and a possibility of disappearing are. 
[0018] 
For this reason, in order to secure a non-doped region after heat treatment, it is necessary to set up a non-doped region largely, and 
there is a problem of barring micronization and high integration of an element. 
[0019] 
Without barring micronization and high integration of an element in view of the aforementioned conventional problem, the present 
invention prevents disconnection of the metal silicide film in a PN-junction border area, and an object of the present invention is to 
enable it to avoid high resistance-ization of wiring. 
[Means for solving problem] 
[0020] 
In order to attain the aforementioned purpose, the present invention is considered as the composition which provides the region where 
the impurity was doped by the boundary part of the N channel type transistor region and P channel type MOS transistor region in dual 
gate structure in a semiconductor device and a manufacturing method for the same at low concentration. 
[0021] 
The semiconductor device concerning the present invention is specifically formed on a semiconductor substrate, have wiring consisting of 
the silicon which has conductivity, and the metal silicide film formed after wiring, and wiring, Have the 1st region that shows the 
conductivity of N type, the 2nd region that shows the conductivity of P type, and the 3rd region formed between the 1st region and the 
2nd region, and the 3rd region is connected to the 1st region and the 2nd region, and. Concentration of the impurity of the 3rd region is 
characterized by being lower than the concentration of the N type impurity of the 1st region, and the concentration of the P type 
impurity of the 2nd region. 
[0022] 
Since the concentration of the impurity of the 3rd region that is the connection part of the 1st region and the 2nd region, i.e., a PN­
junction border area, is lower than the concentration of the N type impurity of the 1st region, and the concentration of the P type 
impurity of the 2nd region according to the semiconductor device of the present invention, reduction in thickness of a metal silicide film 
can be inhibited. For this reason, since disconnection of a metal silicide film can be prevented, high resistance-ization of wiring is 
avoidable. 
[0023] 
In the semiconductor device of the present invention, the 1st region is a gate electrode of an N channel type transistor, and, as for the 
2nd region, it is preferable that it is a gate electrode of a P channel type transistor. 
[0024] 
As for the 3rd region, in the semiconductor device of the present invention, it is preferable to consist of the 5th region that is connected 
with the 4th region that is connected with the 1st region and shows the conductivity of N type, and the 2nd region, and shows the 
conductivity of P type. 
[0025] 
As for the lay length which connects the 1st region and the 2nd region in the 3rd region, in the semiconductor device of the present 
invention, it is preferable that it is more than the superposition dimension in a mask alignment process. 
[0026] 
As for a metal silicide film, in the semiconductor device of the present invention, it is preferable to consist of a nickel silicide, titanium 
silicides, or a cobalt silicide. 
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[0027] 
The present invention is characterized by a manufacturing method of a semiconductor device comprising the following. 
A process of forming a wiring formation film consisting of silicon on a semiconductor substrate (a). 

Page 3 of 6 

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

[0028] 
According to the manufacturing method of the semiconductor device of the present invention, since the mask of the impurity 
concentration of the 3rd region that is some regions of the 1st region in the wiring formation film consisting of silicon is carried out in the 
process (d), it becomes lower than the impurity concentration of a first region. For this reason, since reduction in thickness of a metal 
silicide film can be inhibited, disconnection of a metal silicide film can be prevented now and, as a result, high resistance-ization of wiring 
can be avoided. 
[0029] 
In the manufacturing method of the semiconductor device of the present invention, the 1st region is a gate electrode of an N channel 
type transistor, and, as for the 2nd region, it is preferable that it is a gate electrode of a P channel type transistor. 
[0030] 
As for the length from the boundary part with the 2nd region in the 3rd region to the 1st region side, in the manufacturing method of the 
semiconductor device of the present invention, it is preferable that it is more than the superposition dimension in a mask alignment 
process. 
[0031] 
The manufacturing method of the semiconductor device of the present invention the 4th region that is some regions which touch the 
boundary part of the 1st region of a wiring formation film, and the 1st region in the 2nd region of a wiring formation film between 
processes (d) (e) with a wrap, It is preferable to have further the process (g) of introducing the impurity of the 2nd conductivity type into 
the remainder of the 2nd region in a wiring formation film, using the 4th mask layer that carries out the opening of the remainder of the 
2nd region, and to also activate the impurity introduced into the 4th region of the wiring formation film in a process (e). 
[0032] 
As for each of length from the boundary part with the 2nd region in the 3rd region to the 1st region side, and length from the boundary 
part with the 1st region in the 4th region to the 2nd region side, in the manufacturing method of the semiconductor device of the present 
invention, it is preferable that it is more than the superposition dimension in a mask alignment process. 
[0033] 
As for a metal silicide film, in the manufacturing method of the semiconductor device of the present invention, it is preferable that they 
are a nickel silicide, titanium silicides, or a cobalt silicide. 
[Effect of the Invention] 
[0034] 
Since according to a semiconductor device concerning the present invention, and a manufacturing method for the same reduction in 
thickness of a metal silicide film can be inhibited and disconnection of a metal silicide film can be prevented, high resistance-ization of 
wiring is avoidable. 
[Best Mode of Carrying Out the Invention] 
[0035] 
(One embodiment) 
It describes referring to Drawings for one embodiment of the present invention. 
[0036] 
FigJ (a) shows the plane constitution of the semiconductor device concerning one embodiment of the present invention, and flgj_(b) 
shows the section composition in the lb-lb line of Fig.1 (a). 
[0037] 
As shown in Fig.1 (a), the semiconductor device concerning this embodiment is a dual gate transistor which has N channel type MOS 
transistor region A and P channel type transistor region B. In flgj_(a), the metal silicide film provided by the upper part of the gate 
electrode is omitted for a description. 
[0038] 
As shown in flgj_(a) and Fig.1 (b), to N channel type MOS transistor regionA, The N type active region 12 which functions as a source 
drain area which the circumference is surrounded and consists of an N type impurity diffused layer by the isolation region 11 formed in 
the upper part of the semiconductor substrate 10 consisting of silicon, It is formed ranging over the this N type active region 12 and 
isolation region 11 top, and the first gate electrode 14 consisting of the polycrystalline silicon containing an N type impurity is arranged. 
[0039] 
Similarly P channel type MOS transistor region B, The P type active region 13 which functions as a source drain area which the 
circumference is surrounded and consists of a P type impurity diffused layer by the isolation region 11, It is formed ranging over the this 
P type active region 13 and isolation region 11 top, and the second gate electrode 15 consisting of the polycrystalline silicon containing a 
P type impurity is arranged. 
[0040] 
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Between the N type active region 12 on the main surface of the semiconductor substrate 10, and the first gate electrode 14, and 
between the P type active region 13 and the second gate electrode 15, the gate dielectric film 16 which consists of silicon oxide, for 
example is formed, respectively. 
[0041] 
Between the first gate electrode 14 in the dual gate over N channel type MOS transistor region A and P channel type MOS transistor 
region B, and the second gate electrode 15, The 3rd gate electrode 14a that consists of polycrystalline silicon containing an N type 
impurity, and adjoins the first gate electrode 14, It consists of polycrystalline silicon containing a P type impurity, and the second gate 
electrode 15 and the 4th adjoining gate electrode 15a are formed, and it has touched mutually so that the 3rd gate electrode 14a and 4th 
gate electrode 15a may form the PN-junction border area C. 
[0042] 
As characteristics of this embodiment, the concentration of the N type impurity of the 3rd gate electrode 14a is low concentration from 
the concentration of the N type impurity of the first gate electrode 14, and the concentration of the P type impurity of the 4th gate 
electrode 15a is low concentration from the concentration of the P type impurity of the second gate electrode 15. 
[0043] 
As shown in flgj_(b), the nickel silicide film 17 is formed in the upper part of the first gate electrode 14, the second gate 15, the 3rd gate 
electrode 14a, and the 4th gate electrode 15a, for example. 
[0044] 
It describes referring to Drawings for the manufacturing method of the semiconductor device hereafter applied to this embodiment 
constituted as mentioned above. 
[0045] 
Fig.2 (a) - Fig.2 (d) and Fig.3 (a) - Fig.3 (d) show the section composition of the process order of the manufacturing method of the 
semiconductor device concerning this embodiment. 
[0046] 
First, as shown in Fig.2 (a), surround the N type active region 12 and the P type active region 13 in the upper part of the semiconductor 
substrate 10 consisting of silicon, respectively, and. The isolation region 11 which consists of a shallow trench isolation (ST!) which 
separates N channel type transistor region A and P channel type transistor region B is formed. Then, for example, the gate dielectric film 
16 consisting of 2-nm-thick silicon oxide is formed on the main surface of the semiconductor substrate 10 by a thermal oxidation 
method. Then, it crosses on the semiconductor substrate 10 by the chemical gaseous phase depositing (CVD) method all over including 
the gate dielectric film 16 and the isolation region 11, and the 200-nm-thick polycrystalline silicon film 20 is formed. 
[0047] 
Next, as shown in Fig.2 (b), form the first resist film 21 that has an opening in N channel type transistor region A on the polycrystalline 
silicon film 20 by the lithography method, and the formed first resist film 21 is used as a mask, Infused energy carries out by 20keV, and a 

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

polycrystalline silicon film 20 by the implanting conditions of 5x10 15 / cm2. Then, the first resist film 21 is removed. 
[0048] 
Next, as shown in Fig.2 (c), form the second resist film 22 which has an opening in P channel type transistor region B on the 
polycrystalline silicon film 20 by the lithography method, and the formed second resist film 22 is used as a mask, Infused energy carries 

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

region B of the polycrystalline silicon film 20 by the implanting conditions of 2x10 15 / cm2. Then, after removing the second resist film 22, 
the polycrystalline silicon film 20 is patterned after gate electrode form as shown in flgj_(a) by the lithography method and the dry 
etching method. 
[0049] 
As shown in Fig.2 (d), the aperture width on N channel type transistor region A rather than the first resist film 21 on the polycrystalline 
silicon film 20 next, by making about 10 nm small at this N channel type transistor region A side, The 3rd resist film 23 of a wrap is 
formed for the PN-junction border area C which is a boundary part of P channel type transistor region B and this P channel type 
transistor region B, and N channel type transistor region A Then, by using the 3rd formed resist film 23 as a mask, infused energy carries 

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

polycrystalline silicon film 20 by the implanting conditions of 1 x10 15 / cm2. Then, the 3rd resist film 23 is removed. 
[0050] 
As shown in E.[gd_(a), the aperture width on P channel type transistor region B rather than the second resist film 22 on the polycrystalline 
silicon film 20 next, by making about 10 nm small at this P channel type transistor region B side, The 4th resist film 24 of a wrap is 
formed for N channel type transistor region A and the PN-junction border area C. Then, by using the 4th formed resist film 24 as a mask, 

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

B of the polycrystalline silicon film 20 by the implanting conditions of 1 x10 15 / cm2. Then, the 4th resist film 24 is removed. 
[0051] 
Next, as shown in Fig.3 (b), it heat-treats to the semiconductor substrate 10, and each impurity injected into the polycrystalline silicon 
film 20 is activated. By this heat treatment, the phosphorous ion and the boron ion which were injected into the polycrystalline silicon film 
20 diffuse, and to N channel type transistor region [ of the polycrystalline silicon film 20 ] A The first gate electrode 14 that consists of 
an N type polycrystalline silicon region is formed, and the second gate electrode 15 which consists of a P type polycrystalline silicon 
region is formed in P channel type transistor region [ of the polycrystalline silicon film 20] B. To the N channel type transistor region A 
side in the PN-junction border area C of the polycrystalline silicon film 20, The 3rd gate electrode 14a whose concentration of an N type 
impurity is lower than the first gate electrode 14 is formed, and the 4th gate electrode 15a whose concentration of a P type impurity is 
lower than the second gate electrode 15 is formed in the P channel type transistor region B side in the PN-junction border area C. 
[0052] 
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Next, as shown in Fig.3 (c), the 10-nm-thick nickel (nickel)-for example, film 17A is deposited as a metal film by the vacuum deposition 
method or a sputtering method the whole surface on each gate electrode 14, 14a, 15, and 15a. At this time, a titanium nitride (TiN) film 
may be deposited on the nickel layer 17A. 
[0053] 
Next, as shown in Fi_g.3 (d), temperature to the semiconductor substrate 10 at 430 degrees C, The nickel silicide (NiSi) film 17 is formed in 
the upper part of each gate electrode 14, 14a, 15, and 15a by performing first short time heat treatment (rapid heat treatment) for 30 
seconds, and making the silicon which constitutes each gate electrode 14 and 15, and nickel deposited on it react. Then, the unreacted 
nickel layer 17A is selectively removed using solutions, such as mixed liquor of sulfuric acid (H2SO4) and hydrogen peroxide solution 

(H2O2). Then, temperature performs second short time heat treatment for 60 seconds to the semiconductor substrate 10 at 850 degrees 

C. 
[0054] 
The semiconductor device which has the dual gate structure concerning this embodiment by the above can be obtained. 
[0055] 
On this embodiment and in the PN-junction border area C of N channel type transistor region A and P channel type transistor region B, 
Make concentration of the N type impurity of the first gate electrode 14 of N channel type transistor region A and the 3rd touching gate 
electrode 14a lower than the concentration of the first gate electrode 14, and. Concentration of the P type impurity of the second gate 
electrode 15 of P channel type transistor region B and the 4th touching gate electrode 15a is made lower than the concentration of the 
second gate electrode 15. However, the present invention may make only impurity concentration of the 3rd gate electrode 14a lower than 
the impurity concentration of the first gate electrode 14, and may make only impurity concentration of the 4th gate electrode 14a 
conversely lower than the impurity concentration of the second gate electrode 15. 
[0056] 
In this embodiment, after injecting the phosphorous ion which is an N type impurity, the boron ion which is a P type impurity is injected, 
but contrary to this, phosphorous ion may be injected, after injecting boron ion. After injecting one of ion continuously among 
phosphorous ion and boron ion rather than injecting phosphorous ion and boron ion 2 times respectively alternately, the ion of the other 
may be injected continuously. 
[0057] 
Although the dimension of the wrap portion set the PN-junction border area [ in / for the PN-junction border area C / the 3rd resist film 
23 of a wrap, and the 4th resist film 24 ] C to 10 nm, it is desirable that it is beyond the superposition accuracy in a mask alignment 
process. 
[0058] 
In the above-mentioned embodiment, if the impurity concentration in the PN-junction border area C is phosphorous ion, in more than 

6x1015 / cm 2, the reaction velocity of silicide formation becomes it slow that boron ion is 3x1015 / more than cm 2. A reaction becomes 
slow when nickel is especially used for a refractory metal. 
[0059] 
As are described above, and the semiconductor device concerning this embodiment was shown in Fig.3 (b), the impurity concentration of 
the PN-junction border area C of N channel type transistor region A and P channel type transistor region B is formed lower than other 
regions. 
[0060] 
The concentration of the N type impurity of the 3rd gate electrode 14a in the PN-junction border area C is lower than the concentration 
of the N type impurity of the first gate electrode 14 more specifically, And since it is the composition whose concentration of the P type 
impurity of the 4th gate electrode 15a is lower than the concentration of the P type impurity of the second gate electrode 15, Since the 
thickness of the nickel silicide film 17 formed on the PN-junction border area C can be prevented from becoming thin, disconnection of 
the nickel silicide film 17 in the PN-junction border area C can be prevented. 
[0061] 
Therefore, by forming in a PN-junction border area like a second conventional example the non-doped region which does not inject an 
impurity at all, A poor integrated circuit can be prevented without increasing the occupation area of a transistor compared with the 
technique of preventing disconnection in the PN-junction border area of a nickel silicide film. 
[0062] 
Although the dual gate transistor which has N channel type MOS transistor region A and P channel type transistor region B as a 
semiconductor device was described in this embodiment, It is not limited to this composition, for example, is formed on a semiconductor 
substrate, and the same effect can be acquired even if it is wiring consisting of the silicone film which the N type silicone film and the P 
type silicone film connected. 
[0063] 
Although disconnection of the metal silicide film in the PN-junction border area C is not dependent on a wire length, it is easy to 
generate it, so that wiring width becomes narrow. Specifically, in 60 nm or less, it is easy to generate wiring width, therefore a large effect 
can be acquired by the case where wiring width is 60 nm or less. 
[0064] 
In this embodiment, although the nickel silicide was used as a metal silicide film, the refractory metal which can form silicides, such as 
titanium (Ti) or cobalt (Co), may be used. 
[0065] 
As for the dimension of the gate width direction of the dimension 14a of the length direction (gate width direction) of the PN-junction 
border area C, i.e., the 3rd gate electrode, and the 4th gate electrode 15a, as mentioned above, it is desirable that it is beyond the 
superposition accuracy in a mask alignment process. As for the dose of the 3rd gate electrode 14a and the 4th gate electrode 15a, it is 

usually desirable that they are 2x10 15 / cm2 degree. 
[industrial applicability] 
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[0066] 
A semiconductor device concerning the present invention, and a manufacturing method for the same, It is useful to a semiconductor 
device of the dual gate structure which prevented disconnection of the metal silicide film in a PN-junction border area, could avoid high 
resistance-ization of wiring, and was provided especially with the metal silicide film, a manufacturing method for the same, etc., without 
barring micronization and high integration of an element. 
[Brief Description of the Drawings] 
[0067] 
[Drawing i](a) And (b) shows typically the semiconductor device concerning one embodiment of the present invention, (a) is a plan view, 
and (b) is a cross sectional view in the lb-lb line of (a). 
[Drawing 2](a) - (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device 
concerning one embodiment of the present invention. 
[Drawing_ 3](a) - (d) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device 
concerning one embodiment of the present invention. 
[Drawing 4](a) - (f) is a cross sectional view of process order showing typically the manufacturing method of the semiconductor device 
concerning a first conventional example. 
[Drawing 5]It is a plan view showing the semiconductor device concerning a second conventional example. 
[Explanations of letters or numerals] 
[0068] 
A N channel type MOS transistor region 
B P channel type MOS transistor region 
C PN-junction border area 
10 Semiconductor substrate 
11 Isolation region 
12 N type active region 
13 P type active region 
14 A first gate electrode 
15 A second gate electrode 
14a The 3rd gate electrode 
15a The 4th gate electrode 
16 Gate dielectric film 
17 Nickel silicide film 
17A Nickel layer 
20 Polycrystalline silicon film 
21 A first resist film 
22 A second resist film 
23 The 3rd resist film 
24 The 4th resist film 

[Translation done.] 
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*NOTICES* 

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

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

CLAIMS 

[Claim(s)] 
[Claim 1] 
Wiring consisting of silicon which is formed on a semiconductor substrate and has conductivity, 
It has a metal silicide film formed after the aforementioned wiring, 

Page 1 of 2 

The aforementioned wiring has the 1st region that shows the conductivity of N type, the 2nd region that shows the conductivity of P 
type, and the 3rd region formed between said 1st region and said 2nd region, 
A semiconductor device, wherein said 3rd region is connected to said 1st region and said 2nd region and concentration of an impurity of 
said 3rd region is lower than concentration of an N type impurity of said 1st region, and concentration of a P type impurity of said 2nd 
region. 
[Claim 2] 
Said 1st region is a gate electrode of an N channel type transistor, 
The semiconductor device according to claim 1, wherein said 2nd region is a gate electrode of a P channel type transistor. 
[Claim 3] 
The semiconductor device comprising according to claim 1 or 2: 
The 4th region that said 3rd region is connected with said 1st region, and shows the conductivity of N type. 
The 5th region that is connected with said 2nd region and shows the conductivity of P type. 

[Claim 4] 
A semiconductor device of a description in any 1 item of the Claims 1-3 which make it pile each other up and are characterized by being 
[ in / in the length of a direction which connects said 1st region in said 3rd region, and said 2nd region / a mask alignment process ] more 
than a dimension. 
[Claim 5] 
A semiconductor device of a description in any 1 item of the Claims 1-4, wherein the aforementioned metal silicide film consists of a 
nickel silicide, titanium silicides, or a cobalt silicide. 
[Claim 6] 
A process (a) of forming a wiring formation film consisting of silicon on a semiconductor substrate, 
A process (b) of introducing an impurity of the 1st conductivity type into said 1st region of the aforementioned wiring formation film using 
the 1st mask layer that carries out the opening of the 1st region of the aforementioned wiring formation film, 
A process (c) of introducing an impurity of the 2nd conductivity type into said 2nd region of the aforementioned wiring formation film 
using the 2nd mask layer that carries out the opening of said 1st region in the aforementioned wiring formation film, and the 2nd adjoining 
region, 
The 3rd region that is some regions which touch a boundary part of said 2nd region of the aforementioned wiring formation film, and said 
2nd region in said 1st region of the aforementioned wiring formation film with a wrap, A process (d) of introducing an impurity of the 1st 
conductivity type into the remainder of said 1st region in the aforementioned wiring formation film using the 3rd mask layer that carries 
out the opening of the remainder of said 1st region, 
A process (e) of activating each impurity introduced into said 1st region, the 2nd region, and the 3rd region by heat-treating to the 
aforementioned wiring formation film, 
A manufacturing method of a semiconductor device provided with a process (f) of forming a metal silicide film on the aforementioned 
wiring formation film. 
[Claim 7] 
Said 1st region is a gate electrode of an N channel type transistor, 
A manufacturing method of the semiconductor device according to claim 6, wherein said 2nd region is a gate electrode of a P channel 
type transistor. 
[Claim 8] 
A manufacturing method of the semiconductor device according to claim 6 or 7 which makes it pile each other up and is characterized by 
being [ in / in length from a boundary part with said 2nd region in said 3rd region to said 1st region side / a mask alignment process ] 
more than a dimension. 
[Claim 9] 
Between the aforementioned process (d) and the aforementioned processes (e), 
The 4th region that is some regions which touch a boundary part of said 1st region of the aforementioned wiring formation film, and said 
1st region in said 2nd region of the aforementioned wiring formation film with a wrap, It has further a process (g) of introducing an 
impurity of the 2nd conductivity type into the remainder of said 2nd region in the aforementioned wiring formation film, using the 4th mask 
layer that carries out the opening of the remainder of said 2nd region, 
A manufacturing method of the semiconductor device according to claim 6 or 7 also activating an impurity introduced into said 4th region 
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of the aforementioned wiring formation film in the aforementioned process (e). 
[Claim 10] 

Page 2 of 2 

Length from a boundary part with said 2nd region in said 3rd region to said 1st region side, and length from a boundary part with said 1st 
region in said 4th region to said 2nd region side, A manufacturing method of the semiconductor device according to claim 9 with which 
you make it pile each other up, and all are characterized by being more than a dimension in a mask alignment process. 
[Claim 11] 
A manufacturing method of a semiconductor device of a description in any 1 item of the Claims 6-10, wherein the aforementioned metal 
silicide film is a nickel silicide, titanium silicides, or a cobalt silicide. 

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

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Y oshihiro SA TO et al. 

Application No.: 13/665,376 

Filed: October 31, 2012 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation No.: 4442 

Art Unit: 2897 

Examiner: L. T. Nguyen 

AMENDMENT UNDER 37 C.F.R. § 1.111 

Mail Stop - Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam: 

In response to the Office Action dated March 18, 2014, having a three-month shortened 

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

application as set forth below. 
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IN THE CLAIMS: 

Please amend the claims as follows: 

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

a first dual-gate electrode; and 

Docket No.: 085393-0935 

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

the first dual-gate electrode includes a first gate electrode located on a first active region and 

having a first silicon film of a first conductivity type and a second gate electrode located on a 

second active region and having a first silicon film of a second conductivity type, 

the second dual-gate electrode includes a third gate electrode located on a third active region 

and having a second silicon film of the first conductivity type and a fourth gate electrode located on 

a fourth active region and having a second silicon film of the second conductivity type, 

the first active region and the second active region are isolated from each other with an 

isolation region interposed therebetween, 

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

isolation region, and 

at least a portion of the first silicon film of the first conductivity type has a first­

conductivity-type impurity concentration higher than that of a portion of the second silicon film of 

the first conductivity type located on the third active region. 

2. (Original) The semiconductor device of claim 1, wherein an isolation width between the 

first active region and the second active region is larger than that between the third active region and 

the fourth active region. 

3. (Withdrawn) The semiconductor device of claim 1, wherein at least a portion of the first 
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silicon film of the second conductivity type has a second-conductivity-type impurity concentration 

substantially equal to that of a portion of the second silicon film of the second conductivity type 

located on the fourth active region. 

4. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the first conductivity type located on the first active region has a first-conductivity-type 

impurity concentration higher than that of a portion of the second silicon film of the first 

conductivity type located on the third active region. 

5. (Original) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the first conductivity type located on the first active region has a first-conductivity-type 

impurity concentration lower than that of a portion of the first silicon film of the first conductivity 

type located on the isolation region. 

6. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the second conductivity type located on the second active region has a second-conductivity­

type impurity concentration lower than that of a portion of the second silicon film of the second 

conductivity type located on the fourth active region. 

7. (Original) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the second conductivity type located on the second active region has a second-conductivity­

type impurity concentration lower than that of a portion of the first silicon film of the second 

conductivity type located on the isolation region. 

8. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the first conductivity type located on the first active region has a first-conductivity-type 

impurity concentration substantially equal to that of a portion of the first silicon film of the first 
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conductivity type located on the isolation region. 

9. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the first conductivity type located on the isolation region has a first-conductivity-type 

impurity concentration higher than that of a portion of the second silicon film of the first 

conductivity type located on the third active region. 

10. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the first conductivity type located on the first active region has a first-conductivity-type 

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

conductivity type located on the third active region. 

11. (Cancelled) 

12. (Withdrawn) The semiconductor device of claim 1, wherein a portion of the first silicon 

film of the second conductivity type located on the second active region has a second-conductivity­

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

second conductivity type located on the fourth active region. 

13. ( Cancelled) 

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

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

region has a first-conductivity-type impurity concentration higher than that of a portion of the 

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

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

region has a second-conductivity-type impurity concentration higher than that of a portion of the 

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

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

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

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

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

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

each of the first gate electrode and the second gate electrode is a gate electrode of a 

transistor for a logic circuit, and 

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

for an SRAM circuit. 
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REMARKS 

I. Introduction 

In response to the pending Office Action, Applicants have amended claim 1 to further clarify 

the intended subject matter of the present disclosure. Support for the amendment to claim 1 can be 

found, for example, in paragraphs [0089]-[0090] and Figs. 9A-9D of the published application (USP 

Pub. No. 2013/0056832). In addition, claims 11 and 13 have been cancelled, without prejudice. No 

new matter has been added. 

Upon allowance of claim 1 it is respectfully requested that claims 3, 4, 6, 8-10, 12 and 14, 

which are currently withdrawn, be rejoined. As claims 3, 4, 6, 8-10, 12 and 14 are dependent on 

claim 1, it is clear that claim 1 is generic to claims 3, 4, 6, 8-10, 12 and 14. 

Further, it is noted on the Office Action Summary page that "some" of the priority 

documents have been received. However, it appears from the US PTO PAIR system records that all 

of the priority documents have been received. Applicants respectfully request that the next paper 

issued in this application make this indication. 

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

are patentable over the cited prior art references. 

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

Claims 1-2, 5, 7, 11, 13, 15 and 16 were rejected under 35 U.S.C. § 103 as being 

unpatentable over JP 2010-67912 to Shimomura in view of USP Pub. No. 2008/0036010 to Tamaki. 

For at least the following reasons, it is respectfully submitted that claim 1 is patentable over 

Shimomura and Tamaki, taken alone or in combination with one another. 
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First, it is stated in the pending rejection that the limitation of claim 1 reciting "at least a 

portion of the first silicon film of the first conductivity type has a first-conductivity-type impurity 

concentration higher than that of a portion of the second silicon film of the first conductivity type 

located on the third active region" was not considered because it does not pertain to the elected 

species. This conclusion is in error, as the foregoing limitation clearly reads on the elected species. 

More specifically, the elected species was Species I, which corresponds to Figs. 9 and 10. 

The following sets forth how the limitation reads on the elected figures. Referring to Figs. 9A-9D 

and the limitation, "at least a portion (14bl, 14b2) of the first silicon film (14b) of the first 

conductivity type (P-type) has a first-conductivity-type (P-type) impurity concentration higher than 

that of a portion (14d) of the second silicon film (14d) of the first conductivity type (P-type) located 

on the third active region (l0d)." This feature is expressly mentioned in paragraph [0091] of the 

specification, which states "[a] feature of this embodiment is that the p-type silicon film 14b 1 has a 

p-type impurity concentration lower than that of the p-type silicon film 14b2. In addition, each of 

the p-type silicon film 14b 1 and the p-type silicon film 14b2 has a p-type impurity concentration 

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

It is respectfully submitted that the foregoing explanation makes it clear that the limitation in 

question clearly reads on the elected species and therefore should have been examined. As this 

element has not been addressed in the pending rejection, for this reason alone the rejection is in 

error and should be withdrawn. Furthermore, the next Office Action issued in this application 

should not be made Final as the foregoing element should have been considered for examination 

purposes prior to the issuance of the current Office Action. 

Turning to the pending rejection, it is noted that claim 1 now recites, inter alia, a first dual-
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gate electrode; and a second dual-gate electrode being separated from the first dual-gate electrode. 

For example, referring to the exemplary embodiment illustrated in Figs. 9A-9D, the device 

includes a first dual-gate electrode (31L in Figs. 9A-9D) and a second dual-gate electrode (31S in 

FIGS. 9A-9D), which are independent and separate from each other. 

Turning to the cited prior art references, first with regard to Shimomura, Shimomura only 

discloses one dual-gate electrode, and therefore, at a minimum, fails to disclose or suggest a second 

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

More specifically, it is asserted that the first gate electrode 14 and the second gate electrode 

15 of Shimomura correspond to the recited first dual-gate electrode, and that the third gate 

electrode 14a and the fourth gate electrode 14b of Shimomura correspond to the recited second 

dual-gate electrode. 

However, as is shown in Fig. 1 of Shimomura, the third gate electrode 14a and the fourth 

gate electrode 15a are directly connected to each, and the first gate electrode 14 and the second 

gate electrode 15 are connected to each other with the third and fourth gate electrodes ( 14a & 15a) 

interposed there between. In other words, the first through fourth gate electrodes of Shimomura are 

connected together in a serial manner. 

As such, it is clear that the alleged first dual-gate electrode ( electrodes 14 and 15 of 

Shimomura) and the alleged second dual-gate electrode (electrodes 14a and 15a of Shimomura) are 

neither separated from each other, nor independent of each other. Indeed, the configuration of 

Shimomura is completely different from that of claim 1. Accordingly, at a minimum, Shimomura 

does not disclose a first dual-gate electrode and a second dual-gate electrode being separated from 

the first dual-gate electrode, as recited by claim 1. 
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Furthermore, it is also asserted in the pending rejection that the third gate electrode 14a 

allegedly forming part of the second dual-gate electrode (14a & 15a) is located on the third active 

region 12a and the fourth gate electrode 15a is located on the fourth active region 13a. However, 

Shimomura does not appear to make any disclosure regarding a "third active region 12a" or a 

"fourth active region 13a." As shown in Figs. lAand 1B of Shimomura, the third gate electrode 

14a and the fourth gate electrode 15a are provided on an isolation region 11 and are not provided 

on any of an n-type active region 12 or a p-type active region 13. Thus, it is clear that Shimomura 

also fails to disclose or suggest a second dual-gate electrode including a third gate electrode located 

on a third active region and having a second silicon film of the first conductivity type and a fourth 

gate electrode located on a fourth active region and having a second silicon film of the second 

conductivity type, as recited by claim 1. 

Turning to Tamaki, as this reference also fails to disclose or suggest a device including two 

dual-gate electrodes that are separated from each other and independent of each other, at a 

minimum, Tamaki does not cure the foregoing deficiencies of Shimomura, nor is it relied upon 

doing so. 

Accordingly, as each and every element of the claim must be disclosed or suggested by the 

cited prior art references in order to establish a primafacie case of obvious (see, M.P.E.P. § 

2143.03), and the combination of Shimomura and Tamaki fails to do so for at least the foregoing 

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

Under Federal Circuit guidelines, a dependent claim is nonobvious if the independent claim 

upon which it depends is allowable because all the limitations of the independent claim are 

contained in the dependent claims, Hartness International Inc. v. Simplimatic Engineering Co., 819 

F .2d at I I 00, I 108 (Fed. Cir. 1987). Accordingly, as the pending independent claim is patentable 

for at least the reasons set forth above, it is respectfully submitted that all claims dependent thereon 

are also patentable. 

IV. Summary 

Applicant submits that all of the claims are now in condition for allowance, an indication of 

which is respectfully solicited. 

Please charge any shortage in fees due in connection with the filing of this paper, including 

extension of time fees, to Deposit Account 500417 and please credit any excess fees to such deposit 

account. 

500 North Capitol Street, N.W. 
Washington, DC 20001 
Phone: 202. 756.8000 MEF 
Facsimile: 202.756.8087 
DATE: June 9, 2014 
DM~US 52526074-1085393 0935 

Respectfully submitted, 
/ 

McDERMOTT WILL 8i
1
~ 

! 

/Michael E. Fogarty// 

I 

Michael E. Fogarty 
Registration No. 36,139 
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(37 CFR 1.16(s)) 
fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

06/09/2014 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) • 14 Minus ** 20 = 0 X $80 = 0 
0 

Independent z (37 CFR 1 .16(h)) * 1 Minus ***3 = 0 X $420 = 0 
w 
~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = w 1.16(i)) 

~ Independent * Minus *** = X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

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

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on Is required by 37 CFR 1.16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

53080 7590 07/01/2014 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

APPLICATION NO. FILING DATE 

13/665,376 10/31/2012 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER 

NGUYEN.LAWRENCE-LINT 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 07/01/2014 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Yoshihiro SATO 085393-0935 4442 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 $960 10/01/2014 

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

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

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

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

Page 1 of 3 
PTOL-85 (Rev. 02/11) 
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PART B - FEE(S) TRANSMITTAL 

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

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

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

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

Note: A certificate of mailing can only be used for domestic mailings 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, must 
have its own certificate of mailing or transmission. 

53080 7590 07/01/2014 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

APPLICATION NO. FILING DATE 

13/665,376 10/31/2012 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

NGUYEN, LAWRENCE-LINT 2897 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

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

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

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Yoshihiro SATO 085393-0935 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0 $0 

CLASS-SUBCLASS 

257-369000 

2. For printing on the patent front page, list 

(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$960 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

4442 

DATE DUE 

10/01/2014 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 ______________ _ 

3 ______________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

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

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 
0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any 

overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 

Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/665,376 10/31/2012 

53080 7590 07/01/2014 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

FIRST NAMED INVENTOR 

Yoshihiro SATO 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

085393-0935 4442 

EXAMINER 

NGUYEN.LAWRENCE-LINT 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 07/01/2014 

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the 
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See 
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer 
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to 
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination ( or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CPR 1.705. 

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

Page 3 of 3 
PTOL-85 (Rev. 02/11) 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the 0MB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication 
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the 
record was filed in an application which became abandoned or in which the proceedings were terminated 
and which application is referenced by either a published application, an application open to public 
inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.  
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Notice of Allowability 

Application No. 
13/665,376 
Examiner 
LAWRENCE-LINH T. NGUYEN 

Applicant(s) 
SATO ET AL. 
Art Unit 
2897 

AIA (First Inventor to 
File) Status 

No 

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

1. [gl This communication is responsive to 06/03/2014. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the restriction 
requirement and election have been incorporated into this action. 

3. [gl The allowed claim(s) is/are 1-10, 12, & 14-16. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information, 
please see ~;ttp:i/www.uspto.gov/patentsiinit events/pph/index.is_p or send an inquiry to PPHfeedback(a)uspto.aov. 

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

Certified copies: 

a) [gl All b) D Some *c) D None of the: 

1. [gl Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

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

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

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

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

Attachment(s) 
1. [gl Notice of References Cited (PTO-892) 

2. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 10/31/2012 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/LAWRENCE-LINH T NGUYEN/ 
Examiner, Art Unit 2897 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140614 
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Application/Control Number: 13/665,376 

Art Unit: 2897 

Page 2 

REASONS FOR ALLOWANCE 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Election/Restrictions 

2. Claims 1-10, 12 & 14-16 allowable. The restriction requirement of Method and 

device and species , as set forth in the Office action mailed on 10/24/2013 , has been 

reconsidered in view of the allowability of claims to the elected invention pursuant to 

MPEP § 821.04(a). The restriction requirement is hereby withdrawn as to any 

claim that requires all the limitations of an allowable claim. Specifically, the 

restriction requirement of claims 3,4,6,8-10,12, & 14 are withdrawn. Claims 3,4,6,8-

10, 12, & 14 , directed to Species 11 no longer withdrawn from consideration because the 

claim(s) requires all the limitations of an allowable claim. 

3. In view of the above noted withdrawal of the restriction requirement, applicant is 

advised that if any claim presented in a continuation or divisional application is 

anticipated by, or includes all the limitations of, a claim that is allowable in the present 

application, such claim may be subject to provisional statutory and/or nonstatutory 

double patenting rejections over the claims of the instant application. 
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Application/Control Number: 13/665,376 

Art Unit: 2897 

Page 3 

Once a restriction requirement is withdrawn, the provisions of 35 U.S.C. 121 are 

no longer applicable. See In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129, 131-32 

(CCPA 1971 ). See also MPEP § 804.01. 

Allowable Subject Matter 

4. Applicant's arguments see Applicant Arguments/Remarks Made in an 

Amendment, filed 06/09/2014, with respect to the 103 Rejection of claims 1-7,9,11,13, 

& 15-16 have been fully considered and are persuasive. 

5. In response to the Applicants' request, claims 1-16 are presented for examination 

with claims 11 & 13 are canceled. 

6. This Office action is responsive to Applicants' application filed 06/09/2014. The 

independent claim 1 is allowed. 

7. The following is an examiner's statement of reasons for allowance: 

a. With respect to independent claim 1, the prior arts of record do not teach 

or fairly suggest a limitation of" a semiconductor device comprising: 

i. a second dual-gate electrode being separated from the first dual­

gate electrode, wherein the first dual-gate electrode includes a first gate 

electrode located on a first active region and having a first silicon film of a 

first conductivity type and a second gate electrode located on a second 

active region and having a first silicon film of a second conductivity type. 

Thus, it is possible to reduce degradation of characteristics of FETs due to 

mutual diffusion of impurities between the n-type region and the p-type 
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Art Unit: 2897 

region in the polysilicon gate electrode. 

ii. Also claims 2-10, 12, 14-16 are depended on claim 1. 

Page 4 

8. Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Response to Applicant's Remarks 

1. Applicant's arguments with respect to claims 1-7,9,11,13, & 15-16 have been 

considered and are persuasive. 
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Application/Control Number: 13/665,376 

Art Unit: 2897 

Conclusion 

Page 5 

12. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone 

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

13. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Fernando Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is (571) 

272-8300. 

14. Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

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

Business Center (EBC) at (866) 217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

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

/Lawrence-Linh T Nguyen/ 

Examiner, Art Unit 2897 

/Fernando L. Toledo/ 

Supervisory Patent Examiner, Art 
Unit 2897 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

13/665,376 SATO ET AL. 
Notice of References Cited 

Examiner Art Unit 

LAWRENCE-LINH T. NGUYEN 2897 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Name Classification 

* A US-2008/0036010 02-2008 Tamaki et al. 257/372 

B US-
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D US-

E US-

F US-

G US-

H US-

I US-
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FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 2010-067912 03-2010 JAPAN H01 L21 /0238 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 
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r6 ln4 I ("5877535" I "5977591" I U&PGPUB;:.nR :.Im 12013/08/27,. I I j "20020093051" I "6180519" I USPAT; : : j 15:50 : 
I I i "6586837" I "20020042173" I USOCR; i i i i 
i I i "20030173625" I "5837601" I FPRS; j j ! j 
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i "6191460" I "6489664" I I EPO· JPO· i 
i "20010007368" I "20010006832" I I DERWENT; j 
i "5122474" I "6010929" I I I BM TDB i 
i "20040183141" I "20040256653" I I,,, - i,,_ 
!"5936844" I "20060138568" I 
i "7129543" I "20010221960" I i : : i : 
I "7414292").PN. i : : i : 

's1·7· 187024 ! (sram static adj ram$1 static adj I U&PGPUB;i OR i ON ! 2013/08/271 
! ramdom adj acess adj mem) I USPAT; : : i 17:19 : 
i I USOCR· i i i i 

1,,,, I :~7;J~; I I I I 
i DERWENT; i i i i 

, I I BM TDB i i i i 
l~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~ \ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \ ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~> ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

S181238741 ~ 7 and logic adj circui1 I ~;r I rn I ~~1:60~271 

I i I IBM_TDB : : i : ,.............. ................................................................................................................ , ........................................................................ -. .......................... . 

S19 I 1985 i S18 and (gate with (impurit$3 I U&PGPUB;: OR : ON ! 2013/08/27: 
I i concerntration)) I USPAT; : : i 17:21 : 

I I I USOCR; : : I : 
I i I FPRS; : : i : 
I i I EPO; JPO; : : i : 
i , i DERWENT·, , ' , 

........ 1 .................. .J ........................................................................................ 11.BM_ TDB .. 'j ........................ J ................... ! ......................... J 
~ ,----_,---------------,,------,,,------,,---_,-----,1 

S21 206 I,,,,,,, ~9 and dual adj ga1e I iAJBr I,,,,,,, rn I ~~1:~0~271 

16~w~+;I I I 

i I I BM TDB i , i , 
l~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

S22 332415 ! ((concerntration n- n-type p- p-type I U&PGPUB;: OR i,,,',,,,,,,,,, ON I, 21o7 ~_234/08/27i, ! second ) adj$3 impurit$3) with (high$3 I USPAT; : 
! low$3 less more) and ("257'' .clas. I USOCR; : i i 
i "438" .clas.) I FPRS; : i i 
i i EPO· JPO· : I,,, I,,, ! I DERWENT;! 
i I I BM TDB i , i , 

~ ..................... ' .......................................................................................... ' ........ - ............ , ........................ , .................. ' ........................ ; 

S24 I 715 ! ((second third four$2) adj3 active) I U&PGPUB;: OR : ON ! 2013/08/27: 
I i near3 ((second third four$2) adj I USPAT; : : i 17:26 : 
I ! electrode$1) I USOCR; : : ! : 
I ! I FPRS; : : ! : 
I i I EPO; JPO; : : i : 
i , i DERWENT·, , ' , 

.......... 1 .................. .J .......................................................................................... 11.BM_ TDB .. '.: ......................... : ................... I .......................... : 
~ -~========================,F===~,~=="'""""•==-'-'-'-',,===~1 
S25 2567 ! transistor$1 near3 (PMIS NMIS MISFET I U&PGPUB;: OR !,',,,,,,,,,,,,, ON i 2013/08/27! i NMI SFET PMI SFET CMI S) and I USPAT; : i 17:28 i 

! ("257''.clas. "438".clas.) I USOCR; : i ' 

1 1 :;8'JPO 1 1,,, 1,,,. 
I I DERWENT;! 
i I I BM TDB i , i , 

l~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

S26 1039 !(("dual gate$1" "dual-gate$1" "double U&PGPUB; OR ON ! 2013/08/27: 
i layer$1 gate" (dual multiple Bi) adj USPAT; i 17:28 i 
i gate$1)) near3 (CMIS NMISFET USOCR; i i 
I PMISFET MISFET MOOCET] ~;JPO; I I 
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ll .......... 11 ..................... 1l .......................................................................................... ll~s~1~~T; 11 ........................ 1[ ................... 11 .......................... I 
I S27 I 33 I S25 and S26 I U&PGPUB;: OR : ON l 2013/08/27: 
I i i i USPAT· i i i 17-31 i 

I I I I USOCR; i i I • i 
I I I I :~7;JPO; I I I I 
, i , i DERWENT·, , ' , 

!~I .................. .J ........................................................................................ I1.BM_ TDs .. 'j ........................ J ................... ! ......................... J 
I S30 206 I S21 and dual adj gate I ~5PUB;I OR I,,,,,,, ON I ~~~;~081

27
1 

I I l~+,I I ! 
l, ............ _,_IIBM_TDB_I_,_,_, 

lmT 24133 I S17 and logic adj (circuit area) I U&PGPUB;: OR : ON j 2013/08/27: 
I i I USPAT; i i i 17:49 i 
i i I USOCR· i i i i 
I ; I, FPRS· , :. :. ; :. 

''''''''''

~ ' I I EPO; ,JPO; : : I : 
i i DERWENT·! i i i I i I I BM_ TDB , : : I : 
,~ ................................................................................................................. , ........................ , ........................ , ............................................ , 

I S32 21 I (U&20130062682-$ or US- I U&PGPUB;: OR : ON j 2013/09/26: 
i i 20080283928-$ or US-20110008954-$ I USPAT; : : i 20:24 : 
I I or US-20110006374-$ or U& I DERWENT : : ! : 
I ! 20090130833-$ or US-20110086510-$ I j j ! j 
i i or US-20060138568-$ or U& i : : i : 
I I 20020042173-$ or US-20110198707-$ I : : l : 
I I or US-20060292799-$ or U& I : : l : 
I l 20060275969-$ or US-20130193493- I : : i : 
I !$).did.or(U&8013395-$orU& I j j ! j 
I j 7825482-$ or U& 759857 4-$ or U& I : : i : 
I p 495298-$ or U& 7 414292-$ or U& I : : j : 
I j 6569742-$ or U&5977591-$) .did. or I : : j : 
I ;(U&20090138840-$ or JP- I : : j : 
I i 2006303448-$) .did. I : : i : i~ ..................... ; .......................................................................................... , ....................................................................... _ .......................... . 

i S33 3200 i 257/392,903,E27.098.ccls. i U&PGPUB;i OR i ON i 2013/10/07! 
i i lusPAT· i i !17-10 i 

I I 1~~iR; I I I • I 
I I 16~W~+-: : I : 
1, ............................... ! .......................................................................................... 11 BM_TDs . .'J ...................... ..J ................... ! ....................... ..J 

1834 196695 j SRAM STATIC adj RAM STATIC adj I U&PGPUB;: OR !,',,,,,,,,,,,,,. ON ! 2013/10/07: i jRANDOMadjACCESS !USPAT; : !17:12 i 
I ' I USOCR; : i : 

I I l~+,I I I 
! ................................ 1 .......................................................................................... 11 .. BM TDB j ........................ i .............. , .......................... ; 

1 S35 I 25092 I S34 and LOO C adj a RCUI T I ~5PUB; I OR I ON I ~~\3~ 10107! 

I .................... IJ .................................................................................................................................................................................... 1~+,1 .................................................. , ...................................... 1 .................................................... I r 
11

814721 

1 

("257'"'438" "365") CLAS ~

5

PUB;r r 

1 

~~\3~10/0

71 
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,_,_l_l~~I_._,_, 
1837 3 I ''1366537ff' I ~5PUB;I OR I,,,,,,_ ON I ~~~:~02/241 

I I l~+I I I I= L J 1""1_lr~8 1 j L : 
I S38 I 13 I "20080036013" I U&PGPUB;: OR : ON i 2014/02/24! 
I I I I USPAT· : : i 08'47 : I I I I USOCR; : : I • : 
I I I I FPRS; : : ; : 
I I ; I EPO; JPO; : : ; : 
, i , i DERWENT·, , ' , 

! ________ I __________________ J """"""""""""""""""""""""""""""""""""""""""""I 1_BM_ TDB __ 'j ________________________ j """"""""'" I """"""""""""'j 
11S39 IC __ W"2008/0036013").URPN. l[USPAT l~JION I ~~\4~02/241 

11S40 iC __ W"2004/0180522").URPN. i[USPAT i~_ilON I ~~~:602/24i 

I S41 I 19 ! ("20030181005" I "20040104405" I I U&PGPUB;i OR i ON j 2014/02/24i 
I I I "20040159834" I "20040180522" I I USPAT; : : j 09:41 : 
I I i "20050199958" I "20060148153" I I USOCR : : j : 
I I ; "20060223255" I "20010108529" I I : : ; : 
I I I "20010141775" I "20010235817" I I : : i : 
I I ; "20010257308" I "20080054191" I I : : ; : 
I I i "6479350" I "6492218" I "6762085" I I : : I : 
I I I "7015082" I "7025205" I I : : ; : 
I I l "7449753") .PN. OR ("7678636") .URPN. I : : j : 

ll:2 IL ll::1
18

:::

20

:: I ~5~:J□□ ~~1

~~

0

:::1 
loo 47 i "2010051912" "6275788" "8017934" 1 u&PGPus;: oR i oN ; 2014102124: 
I i I USPAT; : : i 09:51 : 

I I l~+I I I I 
! ----------· -------------------- j ----------------------------------------------------------------------------------------_J I_ BM_ TDB _ _' j ------------------------ j _________________ J -------------------------- j 

'S44 3363 '257/392 903 E27 098 I I ~5PUB;I OR I,,,,,,, ON '2014/02/24' 

I I , , • .~s. l~+,I 11245 I 
!, .......... _,_IIBM_TDB_I_,_,_, 

!S45 213729 !SRAMSTATICadj RAMSTATICadj !U&PGPUB;!OR !,',,,,,,,,,,,,_ON !2014/02/24! i j RANDOM adj ACCESS I USPAT· i i 12:45 i 
I i I USOCR· : i : 
I i I FPRS· , : i : 

I I ' ' ' I I 
I=·····················' l~~T;I , ............. j ; 
IS46 26439 jS45 and LOGIC adj CIRCUIT U&PGPUB; OR ON j2014/02/24: 
I i USPAT; j 12:45 : 
i i USOCR· i : 
I ; FPRS· , ; : 
I ; EPO· ,JPO· ; : 
I ~ ' ' ~ l 
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ll .......... 11 ..................... 1l .......................................................................................... ll~s~1~~T; 11 ........................ 1[ ................... 11 .......................... I 
I S47 I 855317 I ("257" "438" "365").CLAS. I U&PGPUB;: OR : ON ! 2014/02/24: 
i i i i USPAT· , , i 12"45 , 

I I I I USOCR; i i I • i 
I I I I :~7;JPO; I I I I 
, i , i DERWENT·, , ' , 

!~I .................. .J ........................................................................................ I1.BM_ TDs .. 'j ........................ J ................... ! ......................... J 

I S48 293 'S44 d S45 d S46 d S47 I ~~PUB;I OR !,,,,,,,,,. ON I ~~~:~02/241 

1 
.... ········'I an an an ' FPRS ' I I 

I 16~+,I I ! 
l, ........ ,_,_IIBM_TDB_I_,_,_, 

loo O I S48 and (add$3 introduc$3 inplant$3) I U&PGPUB;: OR i ON j 2014/02/24: 
I I with ( (first second third) adj3 I USPAT; i i i 12:47 i 
i j (conductive p- n-) adj impurity) I USOCR· i i i i 
I i I FPRS- , : : ; : 

I I,,. I EPO; ,JPO; : : I : 
i i DERWENT·! i i i I i I I BM_ TDB , : : I : .~ .......................................................................................................................................... , ........................ , ............................................ , 

I S50 14 ! S48 and (add$3 introduc$3 inplant$3) I U&PGPUB;: OR : ON j 2014/02/24: 
I I i near3 (((first second third) adj3 I USPAT; : : j 12:49 : 
I I j (conductive p- n-)) adj3 impurity) I USOCR; : : i : 
I I ! I FPRS; : : ! : 
I I ; I EPO; JPO; : : ; : 
, i , i DERWENT·, , ' , 

!~I .................. .J ........................................................................................ I1.BM_ TDs .. 'j ........................ J ................... ! ......................... J 
I S51 5 I S48 and (add$3 remov$3high$3 low$3 I U&ffiPUB;I OR I ON I ~~1~021241 

l_l~l~~I_._I_I 
6/14/20149:50:01 PM 
C:\ Users\ LNguyen16\ Documents\ EAST\ Workspaces\ 13665376.wsp 
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The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

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

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

180029 

1 Issue Fee Payment (PTO-85B) 
P615651-0l_FEE_085393-0935. 

pdf 
no 1 

c2ca72532780b6153c3f13add3ff679215b2 
08e2 

Warnings: 

Information: 

30195 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
f978c54c1477 c0ab885c5637 e81 c4a6cb6eL 

89e4 

Warnings: 

Information: 

Total Files Size (in bytes) 210224 

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

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

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

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/665,376 10/31/2012 

53080 7590 08/21/2014 
McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

FIRST NAMED INVENTOR 

Y oshihiro SA TO 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

085393-0935 4442 

EXAMINER 

NGUYEN, LAWRENCE-LIN T 

ART UNIT PAPER NUMBER 

2897 

NOTIFICATION DA TE DELIVERY MODE 

08/21/2014 ELECTRONIC 

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

The time period for reply, if any, is set in the attached communication. 

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

mweipdocket@mwe.com 

PTOL-90A (Rev. 04/07) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

\I\N\/W.uspto.gov 

Application No. : 13665376 
Sato 
10/31/2012 

Applicant 
Filing Date 

Date Mailed : 08/21/2014 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 3 7 CFR 1. 312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), "all outstanding 
requirements" will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

/Shirley Winslow/ 
Publication Branch 

P.O. Box 1450, Alexandria, VA 22313-1450". 

Office of Data Management 
(571) 272-4200 
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Application No. 13665376 

IDENTIFICATION OF APPLICATION DEFICIENCIES 

D Applicant must provide legible text for the following item(s). 

D Specification filed, page(s) . 

D Claims filed, claim(s) . 

D Oath/declaration filed. 

D Other:. 

[R] Applicant must provide missing information on the following page(s) of the specification by 
amending the specification to add the missing text. No new matter may be added. p. 7 (line 5) -
incomplete sentence 

D The specification refers to one or more applications by attorney docket number and does not show the 
U.S. application number(s). Applicant must supply the U.S. application number in place of each 
attorney docket number. 

D Applicant must provide an Abstract of the Disclosure. 

0 Applicant has submitted a DECLARATION (37 CFR 1.63) FOR A UTILITY OR DESIGN 
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76) (e.g., form 
PTO/SB/0lA). The Application Data Sheet, however, is not present with the filed application. 
Applicant must submit an Application Data Sheet or file a new oath or declaration (e.g., PTO/SB/01) 
executed by the inventors and containing the information required in 37 CFR 1.63. 

D Applicant must provide an executed declaration. 

D Applicant must provide the missing page(s) of the oath/declaration or Application Data Sheet filed 

D Applicant must provide a declaration signed by inventor(s) . 

D The oath/declaration filed shows non-initialed and/or non-dated alterations. Applicant must file a 
new oath/declaration in compliance with 37 CFR l.67(a). 

D Applicant(s) in the latest-filed oath/declaration or Application Data Sheet (ADS) did not show the 
inventor's residence at all, or did not show both a city and state in the U.S. inventor's residence, or 
did not show both a city and country in the non-U.S. inventor's residence. Applicant must supply an 
oath/declaration or Application Data Sheet (ADS) that shows each U.S. inventor's city and state of 
residence and each non-U.S. inventor's city and country ofresidence. 
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Docket No.: 085393-0935 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Y oshihiro SA TO et al. 

Application No.: 13/665,376 

Filed: October 31, 2012 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation Number: 4442 

Group Art Unit: 2897 

Allowed: July l, 2014 

Examiner: L. T. Nguyen 

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. 1.312 

MS Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam: 

INTRODUCTORY COMMENTS 

Prior to issuance of the patent, applicant respectfully requests entry on this amendment under 3 7 

C.F .R. 1.312 for the above-captioned patent application. 

Amendments to the Specification begin on page 2 of this paper. 

Remarks/ Arguments begin on page 3 of this paper. 
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Application No. 13/665.376 
Amendment dated October 6. 2014 

After Allowanci;: Under 37 C.F.R. 1.312 

AMENDMENTS TO THE SPECIFICATION 

Please amend the paragraph beginning on page 7 at line l asfc>llows: 

Docket No.: 085393-0935 

In the semiconductor device, a portion of the first silicon film of the first conductivity type 

located on each of the first active region and the isolation region may have a first-conductivity-type 

impurity concentration higher than that of a portion of the second silicon film of the first 

conductivity type located on the third active region. 

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

2 
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Application No. 13/665.376 
Amendment dated October 6, 2014 
After Allowance Under 37 C.F.R. 1.312 

Docket No.: 085393-0935 

REMARKS 

In response to the Notice to File Corrected Application Papers issued on August 21, 2014, the 

specification is being amended on page 7. line 5. No new matter has been introduced. 

If it is determined that a telephone conference would expedite the prosecution of this application, 

the Examiner is invited to telephone the undersigned at the number given below. 

In the event the U.S. Patent and Trademark Office determines that an extension is required, applicant 

petitions for any required relief including extensions of time and authorizes the Commissioner to 

charge the cost of such petitions and/or other fees due in connection with the filing of this document 

to Deposit Account No. 50-0417 referencing docket no. 085393-0935. 

Applicant believes no fee is due with this response. However, if a fee is due, please charge our 

Deposit Account No. 50-0417, under Order No. 085393-0935 from which the undersigned is 

authorized to draw. 

500 N011h Capitol Street, N. W 
Washington, DC 20001 
Phone: (202) 756-8372 MEF:mjb 
Facsimile: (202) 756-8087 
Date: October 6,2014 

submitted, 

i 
O:f1f WILL & EMERY LLP 

.,::/ i' 

/ 
Ar 

aytf. logarty 
Regiitratioiii No. 36.139 

, l 
;, :: 

Ple4se re~ognize our Customer No. 53080 as 
our 

1
~~.rtespondence address. 

3 
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Electronic Acknowledgement Receipt 

EFSID: 20339988 

Application Number: 13665376 

International Application Number: 

Confirmation Number: 4442 

Title of Invention: SEMICONDUCTOR DEVICE 

First Named Inventor/Applicant Name: Yoshihiro SATO 

Customer Number: 53080 

Filer: Michael E. Fogarty 

Filer Authorized By: 

Attorney Docket Number: 085393-0935 

Receipt Date: 06-OCT-2014 

Filing Date: 31-OCT-2012 

Time Stamp: 17:50:52 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

236195 

1 
P615651 0l_F-

RES_085393-0935.pdf 
yes 3 

2975a 1 f5f4bed8bdac774f4abc2a4b 19e 782 
e2bd 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment after Notice of Allowance (Rule 312) 1 1 

Specification 2 2 

Applicant Arguments/Remarks Made in an Amendment 3 3 

Warnings: 

Information: 

Total Files Size (in bytes) 236195 

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

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

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

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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,.,: 
UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/665,376 10/31/2012 

53080 7590 10/14/2014 
McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

FIRST NAMED INVENTOR 

Y oshihiro SA TO 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

085393-0935 4442 

EXAMINER 

NGUYEN, LA WREN CE-LIN T 

ART UNIT PAPER NUMBER 

2897 

NOTIFICATION DATE DELIVERY MODE 

10/14/2014 ELECTRONIC 

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

The time period for reply, if any, is set in the attached communication. 

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

mweipdocket@mwe.com 

PTOL-90A (Rev. 04/07)  
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Response to Rule 312 Communication 

Application No. 

13/665,376 

Examiner 

Applicant(s) 

Art Unit 

-· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

1. l8l The amendment filed on 06 October 2014 under 37 CFR 1.312 has been considered, and has been: 

a) l8l entered. 

b) D entered as directed to matters of form not affecting the scope of the invention. 

c) D disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) 

and the required fee to withdraw the application from issue. 

d) D disapproved. See explanation below. 

e) D entered in part. See explanation below. 

N.Y. Horne 

PUBLISHING DIVISION 

U.S. Patent and Trademark Office 
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

13/665,376 11/11/2014 

53080 7590 10/22/2014 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

PATENT NO. 

8884373 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

085393-0935 4442 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

The Patent Term Adjustment is 5 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Yoshihiro SATO, Toyama, JAPAN; 
Hideyuki ARAI, Toyama, JAPAN; 
Takayuki YAMADA, Toyama, JAPAN; 
PANASONIC CORPORATION, Osaka, JAPAN 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant/Patent Owner: ADVANCED INTEGRATED CIRCUIT PROCESS LLC 

Application No./Patent No.: 8884373 Filed/Issue Date: November 11, 2014 

Titled: SEMICONDUCTOR DEVICE 

ADVANCED INTEGRATED CIRCUIT PROCESS LLC, a corporation 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. 0 A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: the inventors To: PANASONIC CORPORATION 

The document was recorded in the United States Patent and Trademark Office at 

Reel 031968 , Frame o553 , or for which a copy thereof is attached. 

2_ From: PANASONIC CORPORATION To: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 052755 , Frame 097 7 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.  
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PTO/ AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD. To: NUVOTON TECHNOLOGY CORPORATION JAPAN 

The document was recorded in the United States Patent and Trademark Office at 

Reel 067711 , Frame 0965 , or for which a copy thereof is attached. 

4_ From: NUVOTON TECHNOLOGY CORPORATION JAPAN To: ADVANCED INTEGRATED CIRCUIT PROCESS LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 068118 , Frame o37 4 , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: To: ------------------- -------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Szymon M. Gurda/ 
Signature 

Szymon M. Gurda 
Printed or Typed Name 

[Page 2 of 2] 

December 12, 2024 
Date 

58451 

Title or Registration Number 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the 
public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to 
public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

 
Page 298 of 304



1 _ 1:1.1 mm UNITED STATES 
; : : :_ PATENT ANO TRADEMARK OFFICE 

Page 1 of 2 
P.O. Box 1450 

Alexandria, VA 22313 - 1450 
www.uspto.gov 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION# RECEIPT DATE/ TIME ATTORNEY DOCKET# 

13/665,376 12/11/2024 11 :41 :44 PM Z ET 085393-0935 

Title of Invention 

SEMICONDUCTOR DEVICE 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

PATENT# 8884373 

CONFIRMATION# 4442 

PATENT CENTER# 68336260 

CUSTOMER # 53080 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

POA.pdf 

aia0096.pdf 

Digest 

DOCUMENT 

POA.pdf 

aia0096.pdf 

FILED BY Yi Lu 

FILINGDATE 10/31/2012 

FIRST NAMED Yoshihiro SATO 
INVENTOR 

AUTHORIZED BY Szymon Gurda 

TOTAL DOCUMENTS: 2 

PAGES DESCRIPTION 
SIZE 
(KB) 

2 Power of Attorney 1466 KB 

3 Assignee showing of 119 KB ownership per 37 CFR 3.73 

MESSAGE DIGEST(SHA-512) 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as 
described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d) 
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement 
Receipt will establish the filing date of the application 

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

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for an 
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the 
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application. 
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PTO/AIA/81A (02-15) 
Approved for use through 03/31/2021. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1095 no oersons are reaui,ed to resoond to a collection of information unless •t diso!avs a valid 0MB contro' number -

/ Patent Number 8884373 PATENT- POWER OF ATTORNEY 
Issue Date November 11, 2014 

OR 
First Named Inventor Yoshihiro SATO 

REVOCATION OF POWER OF ATTORNEY 
Title 

WITH A NEW POWER OF ATTORNEY SEMICONDUCTOR 
AND DEVICE 

\.. CHANGE OF CORRESPONDENCE ADDRESS Attorney Docket No. 0889-04193 __) 

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

DA Power of Attorney is submitted herewith. 

OR I hereby appoint Practitioner(s) associated with the Customer Number identified in the box at right as my/our 

127197 I ('g] attorney(s) or agent(s) with respect to the patent identified above, and to transact all business in the United 
States Patent and Trademark Office connected therewith: 

OR 

D I hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) with respect to the patent identified above, and to transact 
all business in the United States Patent and Trademark Office connected therewith: 

Practitioner(s) Name Registration Number 

Please recognize or change the correspondence address for the above-identified patent to: 

[8] The address associated with the above-identified Customer Number. 
OR 

I I 
D The address associated with the Customer Number identified in the box at right: 

OR 

□Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the: D Applicant. 

OR 

[8] Patent owner. 
Statement under 37 CfR 3.73(c/ (Form PTO/AIA/9i5j submitted herewith or filed on 

I\ Sl(IN ATURE of Aitplicant or Patent Owner 

Signature / A\AJlvV'\ .. A 111 "" ...... j" - ~ ~ R"")'l .A_ I Date I November 18. 2024 

Name Szyrn~n q1,rd~ r- I Telephone I 
Title and Company AuthorizeJ./s;Y,to,-y. ADVANCED INTEGRATED CIRCUIT PROCESS LLC 

NOTE: Signatures of all the applicants or patent owners of the entire interest or their representative(s) are required. If more than one signature 
is required, submit multiple forms, check the box below, and identify the total number of forms submitted in the blank below. 

DA total of forms are submitted. 

This collection of information is required by 37 CFR 1.31, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update 
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is 
estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed applicat;on form to the USPTO. Time will vary depending 
upon the individual case. Any comments on the amount of time you requ,re to comp!ete this form and/or suggest,ons for reducing th,s burden, should be sent to 
the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

if you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine 
use, to the public if the record was filed in an application which became abandoned or in which the 
proceedings were terminated and which application is referenced by either a published application, an 
application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371(C) DATE 

13/665,376 10/31/2012 

53080 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Y oshihiro SA TO 085393-0935 
CONFIRMATION NO. 4442 

POWER OF ATTORNEY NOTICE 
Rimon PC - Panasonic Corporation 
8300 Greensboro Dr. 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

Suite 500 *OC000000081861587* 

McLean, VA 22102 

Date Mailed: 12/13/2024 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/11/2024. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/tawashington/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER 

13/665,376 

27197 
MICHAEL J. CHERSKOV 
SZYMON M. GURDA 
903 COMMERCE DR 
SUITE 310 
OAK BROOK, IL 60523 

FILING OR 371(C) DATE 

10/31/2012 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Y oshihiro SA TO 085393-0935 
CONFIRMATION NO. 4442 

POA ACCEPTANCE LETTER 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000081861621 * 

Date Mailed: 12/13/2024 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/11/2024. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1 .33. 

/tawashington/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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