
Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES 
AND METHODS FOR FORMING THE SAME 

First Named Inventor/Applicant Name: Zhenyu LU 

Filer: Donald J. Featherstone/Edith Thompson 

Attorney Docket Number: 4123.0110003 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 320 320 

UTILITY SEARCH FEE 1111 1 700 700 

UTILITY EXAMINATION FEE 1311 1 800 800 

Pages: 

UTILITY APPL SIZE FEE PER 50 SHEETS >100 1081 1 420 420 

Claims: 

Miscellaneous-Filing: 

Petition: 

Micron Ex. 1002, p. 1 
Micron v. YMTC 
IPR2025-00245



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 2240 

Micron Ex. 1002, p. 2 
Micron v. YMTC 
IPR2025-00245



Electronic Acknowledgement Receipt 

EFSID: 41154694 

Application Number: 16951141 

International Application Number: 

Confirmation Number: 3874 

Title of Invention: 
JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES 
AND METHODS FOR FORMING THE SAME 

First Named Inventor/Applicant Name: Zhenyu LU 

Customer Number: 26111 

Filer: Donald J. Featherstone/Michael Monteiro 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0110003 

Receipt Date: 18-NOV-2020 

Filing Date: 

Time Stamp: 12:21:59 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $2240 

RAM confirmation Number E2020AHC23003109 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Micron Ex. 1002, p. 3 
Micron v. YMTC 
IPR2025-00245



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

12363211 

1 
2020-11-18-Continuation-

220 
Bundle-4123-0110003.pdf 

yes 
92b84 77b84 244e882bd 7fef65 c3 c82d 5 0e 1 

96312 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Power of Attorney 219 220 

Information Disclosure Statement (IDS) Form (SB08) 216 218 

Transmittal Letter 209 215 

Drawings-only black and white line drawings 89 208 

Abstract 88 88 

Claims 82 87 

Specification 21 81 

Oath or Declaration filed 15 20 

Application Data Sheet 6 14 

Authorization for Extension ofTime all replies 5 5 

Transmittal of New Application 3 4 

Miscellaneous Incoming Letter 1 2 

Warnings: 

Information: 

36774 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
34bfde00d34b3b941 c3b65da95f89677877 

1900c 

Micron Ex. 1002, p. 4 
Micron v. YMTC 
IPR2025-00245



Warnings: 

Information: 

Total Files Size (in bytes)~ 12399985 

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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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. 

Micron Ex. 1002, p. 5 
Micron v. YMTC 
IPR2025-00245



I' 

\.. 

1. 

PTOiAiA/15 (10-171 

Approved for use through 11/30j2020. 0MB 0651-0032 
U.S. Patent and Trademark Office; U5. DEPARTMENT OF COMMERCE 

:Jnd0 r rhe Paoi::rwork Reduction Art of l9CJS no persons are ri::quir0 d to respord to;_:; rol:i::rtion of inforrna1-ior unlf=,ss it displays a valid 0MB rontrn! nurnber .. '. ... .. ... .. .. . ' 

UTILITY Attomev Docket No. 4123.0110003 

PATENT APPLICATION First Narned Inventor Zhenyu LU 

TRANSMITTAL Title See 1 in Addendum 
Priont.v h,1a ii Express® 

(Only for ne:t.t nonprovisionaf appiicarions under 37 CFR 1.53{b)j Label No. 

APPLICATION ELEMENTS Commissioner for Patents 

See t\.1PEP chapter 600 concerning utility patent application contents. ADDRESS TO: P.O. Box 1450 
Alexandria, VA 22313-1450 

□ Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS 
{PTOjSBj 17 or equivalent} 

2. □ Applicant asserts small entity status. 10. □ Assignment Papers 
----- (cover sheet.~ rJocun1ent(s)) See 3 7 cm JJI 

3. □ Applicant certifies micro entity status. See .37 CFR l.29. 
Name of Assignee 

App!irant must attach form PTO/SH/:LSA or Hor equivalent. Yangtze Memory Technologies Co .. Ltd, 

....., 

4.f]] Specification [Total Pages 68 l 11. □ 37 crn 3. 73(c) Statement 0 Power of Attorney 
Soth the da!ms and abstract mu3t start on a new page. (when there is an ,·;ss1gnee} 

(See IV/PEP§ 608.0l(o) for information on the preferred arrangement) 12. □ English Translation Dowment 
s0 Drawing(s) (35 U.S.C. 113) [Total Sheets 120 (if applicable) 

6. Inventor's Oath or Declaration f rota! Pages 6 l n0 Information Disdosure Statement 
(including substitute stoterr1ents under 37 CFR :l.64 and assignments (PTOiSB/08 or PT0-1449) 
serving as an oarh or dt:ciararion under 37 CFR 1.63(e)) □ Copies of citations attached 
a.o Newly executed (originai or copy) 14. □ Preliminary Amendment 
b.GJ A copy from a prior application (37 CFR 1.63(d)) '15, □ Return Receipt Postcard ,.GJ Application Data Sheet * See note belrn,v. (lVlPEP § 503) (Should he spec!f!cal!y itemized) 

See 37 CFR 1.76 (PT0//\1/\/14 or equivalent) 
16" □ Certified Copy of Priority Document(s) 

8. CO-ROM or CD-R (ij joreign priority is claimed) 
in duplicate, !arge table, or Computer Program (Appendix} p □ Nonpublication Request 

□ Landscape Table on CD Under .35 USC. 122{bl{2l(B)(i). Applicant must attach form PTO/SB/35 

9. Nucleotide and/or Amino Acid Sequence Submission 
or equivalent. 

(if opp/icahle., iten1s o, ·-- c. ore required) 18.[]J Other: Authorization to Treat i3 Reply As Incorporating 

a.O Computer Readable Form (CRF) An Extension of Time Under 37 C.F.R. § 1. 136(a)(3). 

b.o Specification Sequence Listing on: 

i. □ CD--ROM or CD-R (2 copies); or 

ii.D Pape,· 

C. □ Statements verifying identity of above copies 

*Note: (1) Benefit c!aims under 37 CFR l.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS). 
(2) For app!ications filed under 35 U,S,C ll.1, the application must contain an ADS specifying the app!icant if the appiicant is an 

assignee> per·son to whom the inventor is under an ob!igation to assign, or person who otherwise shows suffident proprietarv 
interest in the matter. See 37 CFR 1.46(b). 

19. CORRESPONDENCE ADDRESS 

0 The address associated with Customer Number: 26111 OR □ Correspondence address beiow 
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City I State I I Zip Code 
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Signature /Donald J. Featherstone/ Date 11/18/2020 
Name Donald J. Featherstone 

Registrntion No_ 
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induding gathering, preparing, and submitting the completed application to1T!! to the US PTO. Tirne will vary depending upon the individual case. Any cornrnern:s on 
the amount of time you require to complete this form and/or suggestions for redudng Uds burden, should be ser.t to the Chief !nformatior. Officer, U.S. Pater.t and 
Trademark Office, U.S. Departrnent of Commerce_, P.O. Box 1450, /1lexandr1a, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THiS ,\DDRESS. SEND 
lO: Commissioner for Patents, P,O. E!ox 1450, Alexandria, V,\ 2231:!-1450, 

if you need assistance in completing the form, coil .1-800-PTO-9199 rmdsefer:t option 2. 
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DONALD J. :FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

November 18, 2020 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sterne Kessler 
STERNF. KESSLER GO!.OSTEIN & FOX 

Re: U.S. Non-Provisional Patent Application under 37 C.F.R. § l.53(b) 
(Continuation ofAppl. No. 16/046,847: Filed: July 26, 2018) 
Appl. No. To Be Assigned; Filed: Herewith 
For: JOINT OPENING STRUCTURES OF' THREE-DIMENSIONAL 

MEMORY DEVJCES AND :METHODS FOR FORMING THE 
SAlV[E 

Inventors: LU et al. 
Our Ref: 4123 0110003 

Commissioner: 

The following documents are transmitted herewith for appropriate action by the U.S. 
Patent and Tradernark Office: 

1. Payment made electronically for $2,240.00 to cover: 

$1,820.00 - Patent Application fees (including basic filing, search, and 
examination fees); 

$420.00 - Application Size fee (additional 50 sheets in excess of 100); 

2. Utility Patent Application Transrnittal Form (PTO/Al Ail 5); 

3. Authorization to Treat a Reply As Incorporating An Extension of Time 
Under 37 C.F.R. § 1.136(a)(3); 

4. U.S. Utility Patent Application entitled: 

,JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY 
DEVICES AND l\/IETHODS FOR FORl-VUNG THE SAIVIE 

and narning as inventors: 

Zhenyu Lli, \Vengmmg SHI, Gmmping \VU, Feng PAN, Xianjin '\VAN, and 
Baoyou CHEN 

the application consisting of: 

a. An Application Data Sheet (37 C.F.R. § l .76); 

b. A copy of the signed Inventors' Declaration, as originally filed in 
prior U.S. Appl No. 16/046,847; 
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Commissioner for Patents 
November 18, 2020 
Page 2 

c. A copy of the signed Substitute Statement in Lieu of an Oath or 
Declaration (PTO/AIA/02), as originally filed in prior U.S. Appl. 
No. 16/046,847 on behalf of Feng PAN; 

d. A specification containing: 

l. 

11. 

61 pages of description prior to the claims; 

6 pages of claims (20 claims); 

a one 11) IJaue abstract· 
\ ,, - 0 ' 

e. 120 sheets of drawings: (Figures 1-6, 7 A-7B, 8A-8B, 9A-9B, l 0A-
108, l lA-1 lB, 12-20, 2IA-21B, 22A-22B, 23A-23B, 24-29, 30A-
30B, 3 lA-3 lB, 32A-32B, 33A-33B, 34A-34B, 35-47, 48A-48B, 
49A-49B, 50A-50B, 51-55, 56A-56B, 57A-57B, 58A-58B, 59A-
59B, 60-71, 72A-72B, 73A-73B, 74A-74B, 75-79, 80A-80B, 8!A-
81B, 82A-82B, 83A-83B, 84-100, 101A-l01B, 102A-102B, and 
103A-103B); 

5. Information Disclosure Statement (IDS); 

6. Form PTO/SB/08a (2 sheets) listing 25 documents (US1-US15) and 
(FP1-FP10); 

7. Form PTO/SB/08b (l sheet) listing 3 documents (NPLl-NPL3); and 

8. An executed Power of Attorney by Applicant form (PTO/AIA/82B) and 
the Transmittal for Power of Attorney fonn (PTO/AJA/82A). 

The above-listed documents are.filed electronically. 

Fee payment is provided via electronic filing. The US. Patent and Trademark Office is 
hereby authorized to charge any fee deficiency, or credit any overpayment, to our Deposit 
Account No. 19-0036. 

DJF/W-S/mm 
Enclosures 

Respectfully submitted, 

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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Doc Code: PA.. 
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U.S Patent aml Trademark Office; U.S DEPARTMENT OF COMMERCE 

Under tile Paperwork Retiuciion Act of 1995. no persons are requiret1 to respond to a coilection of information unless it tiisplays a valirJ 0MB controi number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/828) to identify the appiication to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA828 identifies the application to which the Power of Attorney is 
directed, the Power of Attorney wiii not be recognized in the application. 

Application Number To Be Assigned 

Filing Date Herewith 

First Named Inventor Zhenyu LU 

Title JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY 
DEVICES AND METHODS FOR FORMING THE SAME 

Art Unit To Be Assigned 

Examiner Name To Be Assigned 
Attorney Docket Number 4123.0110003 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Donald J. Featherstone/ Date (Optional) 

Name Registration 

Donald J. Featherstone Number 33,876 

Title (if Applicant is a 
juristic: entity) Attorney for Applicant 

Applicant Name (if Applicant is a juristic entity) !Yangtze Memory Technologies Co. 1 Ltdo 
NOTE: This form must be signed in accordance with 37 CFR 1.33, See 37 CFR 1.4(d) for signature requirements and certifications. If 
more tllan one applicant, use multiple forms. 

[Z] *Total of j (006) forms are submitted. 

This collection of information is required by 37 CFR 1.13'1, 1.32, and ·1.33. 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 coliection is estimated to take 3 minutes to complete, including ~iatherin~l, preparing, and submitting tile completed 
application form to the USPTO. Time will vary depending upon the individuai case. Any comments on the amount of time you require 
to complete tllis 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, PO 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 -/-800-PT0-9199 and select option 2. 
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r Complete if Known " Substitute for form 1449iPTO 
Application Number To Be Assigned 

INFORMATION DISCLOSURE 
Filing Date Herewith 
First Named lnvenlor Zt1enyu LU 

STATEMENT BY APPLICANT Art Unit To Be Assigned 
(Use as many sheets as necessary) Examiner Name To Be Assigned 

\... Sheet 1·1 of !2 Attorney Docket Number 4123.01 "i0003 .,J 

i U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns. Lines, \Nhere 
Initials' No. 1 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Number-Kind Code2 (ifkriowro) Figures Appear 

US1 US- 2010/0019310 A1 01-28-2010 Sakamoto 

US2 US- 2010/0109065 A 1 05-06-2010 Oh et al. 

US3 US- 2011/0151667 A"l 06-23-2011 Hwang et al. 

US4 US- 2013/0203227 A 1 08-08-2013 Huo et al. 

USS US- 2015/0236038 A 1 08-20-2015 Pacharnuthu et al. 

US6 US- 2010/0109072 A 1 05-06-2010 Kidoh et al. 

US7 US- 2010/143524 A1 06-16-2011 Son et al. 

US8 US- 2016/0071793 A 1 03-10-2016 Shinoharn et al. 

US9 US- 2016/0163732 A 1 06-09-2016 Lim et al. 

US10 US- 9,570,463 81 02-14-2017 Zhang et al. 

US11 US- i0,229,927 82 03-12-2019 Lee et al. 

us1::: US- i 0,600,801 82 03-24-2020 Lee et al. 

US13 US- 10,644,020 82 05-05-2020 Huo et al. 

US14 US- 2019/0081060 A"l 03-"14-2019 Lu et al. 

US15 US- 2013/0109"158 A 1 05-01-2013 Lee et al. 

US--

US-

US-

US-

i FOREIGN PATENT DOCUMENTS 
Examiner Cite f'oreign Patent Document Pubiicat,on Name of Patentee or Pages, Columns, Lines, 
Initials'' No. 1 Date Applicant of Cited Document Where Relevant Passages 

MM-DD-YYYY Or Relevant Figures Appear ~e 
I 

Countrv Code-3 -Number 4 -Kind Cotie-5 1if known) 

FP1 CN-102543877-A 07-04-2012 INST OF MICROELECTRONICS ✓ 
FP2 CN-105304612-A 02-03-2016 MACRO~IIX l~JT CO LTD ✓ 
FP3 CN-105374826-A 03-02-20"16 INST MICflOU.c:CTRONICS CAi> ✓ 
FP4 CN-106653684-A 05-10-20·17 YANGTZE: Mc:MORY ffCH CO U ✓ 
FP5 CN-106920772-A 07-04-2017 YA~IGTZE MEMORY TECH CO LT ✓ 
FP6 CN 105261617 A 01-20-2016 INST OF MICROELECTRON:CS 

[ 
~xan1;r,er Date I ] 
Signature Considered , 

*EXAMINt:R: Initial if reference considered, wlletl1er or not citation is in conformance with MPEP 609. Drnw line through citation if not in conformance and not 
considered. Include copy of tiiis form with next communication to applicant. 1 Applicant's unique citation designation number (optional). "See Kinds Codes of 
USPTO Patent Documents at ,l-'.\Y:--X.,::m!i<.lli<>: or MPEP 901.04. 3 Enter Office that !ssued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, tile indication of tile year of !he reign of tile Emperor must prn,,ede the serial number of tile paten! document, 5Kinrl of document by 
the appropriate symbols as indicated on tt,e document under WIPO Standard ST.16 if possible. "Applicant is to place a check mark t,ere if Engl,sh language 
Translation is attached. 
Tiiis collection of information is required by 37 CFR 1,97 anrJ 1,98. The information is required to obtain or retain a benefit by the public which is to file (and by tile 
USPTO to process) an application. Confident,ality is governed by 35 U.S.C. 122 and 37 Cf'R 1.14. Tt1,s collection is estimated to take 2 hours to complete, 
inclurlin(1 gathering, preparin(1, and submitting the conipleted application forni to !he USPTO. Time will vary depending upon the Individual case. Any comnients 
on the amount of time you require to complete this form andior suggestions for reducing this burden, stwuld be sent to the Chief Information Officer, U.S, Patent 
and Trademark Office, P.O. Box '1450, /,lexandria, VA 22313-14S0. 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 neect assistance in completing the form, cal! ·J-800-PTO-9199 (1-800-786-9199) and select option 2. 
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\... Sheet 12 of !2 Attorney Docket Number 4123.01 rnoo3 .,J 

Examiner Cite 
Initials' No. 1 

I 
Examiner Cite 
Initials·• No. 1 

FP7 

FP8 
FP9 
FP10 

Document Number 

Number-Kind Code2 (ifkriowro) 

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

f'oreign Patent Document 

U.S. PATENT DOCUMENTS 
Publication Date 
MM-DD-YYYY 

Name of Patentee or 
Applicant of Cited Document 

FOREIGN PATENT DOCUMENTS 
Publicat;on Name of Patentee or 

Date Applicant of Cited Document 
MM-DD-YYYY 

Countrv Code-3 -Number 4 -Kind Cotie-5 1if known) 

KR 1020110068145 A 06-22-2011 SAMSUt,G ELECTRONICS COLT 

KR 1020i 20029194 A 03-26-2012 SAMSUl~G ELECTROP<ICS COLT 

KR 1020160003977 A 0·1-12-20-rn SAMSUNG El.ECTF~Ot\J!CS CO i_T 

KR 1020160069903 A 06-17-20'16 SAMSUNG El.ECTF~Ot\J!CS CO i_T 

Pages, Columns. Lines, \Nhere 
Relevant Passages or Relevant 

Figures Appear 

Pages, Co!urnns, Lines, 
Where Relevant Passages 
Or Relevant Figures Appear ~e 

I 

[ 
~xan1mer Date I ] 
Signature Considered , 

*EXAMINt:R: Initial if reference considered, wlletl1er or not citation is in conformance witll MPEP 609. Drnw line through citation if not in conformance and not 
considered. Include copy of ttiis form with next communication to applicant. 1 Applicant's unique citation designation number (optional). "See Kinds Codes of 
USPTO Patent Documents at ,l-'.\Y)'X.,::~~:!i<.lli<>: or MPEP 901.04. 3 Enter Office that !ssued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, tile indication of tile year of !he reign of tile Emperor must prn,,ede the serial number of tile paten! document. 5Kinrl of document by 
the appropriate symbols as indicated on tt,e document under WIPO Standard ST. 15 if possible. "Applicant is to p!ace a check mark t,ere if Engl;sh language 
Translation is attached. 
Ttiis collection of information is required by 37 CFR 1.97 anrJ 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by tile 
USPTO to process) an application. Confident,ality is governed by 35 U.S.C. 122 and 37 Cf'R 1.14. Tt1;s co!lection is estimated to take 2 hours to complete, 
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on the amount of time you require to complete this form andior suggestions for reducing this burden, stwuld be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, P.O. Box ·1-<150, Alexandria, VA 22313-14S0. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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fN Tl-IE UNITED STATES PATENT AND TRADEIVIARK OFFICE 

Inventors: LO et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: To Be .Assigned 
(Continuation ofAppl. No. 16/046,847; I_;iled: 
Ju~v 26, 2018) 

Filing Date: Herewith 

Confirmation No.: To Be Assigned 

Art Unit: To Be Assigned 

Examiner: To Be Assigned 

Atty. Docket: 4123.0110003 

Title: JOINT OPENING STRUCTURES ffF THREE-DIMENSIONAL MEMORY 
DEVICES AND METHODS FOR FORMING THE SAlVIE 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Information Disclosure Statement 

Listed on accompanying IDS Forms PTO/SB/08a equivalent and PTO/SB/08b equivalent 

are documents that may be considered material to the patentability of this application as defined in 

37 C.F.R. §1.56, and in compliance with the duty of disclosure requirernents of 37 C.F.R. §§ 1.97 

and 1.98. 

Applicant has listed publication dates on the attached IDS Forms based on information 

presently available to the undersigned. However, the listed publication dates should not be 

construed as an adrnission that the information was actually published on the date indicated. 

Applicant reserves the right to establish the patentability of the claimed invention over any 

of the information provided herewith, and/or to prove that this information may not be prior art, 

and/or to prove that this information may not be enabling for the teachings purportedly offered. 
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LO et al. 
Application No. To Be Assigned 

This statement should not be construed as a representation that a search has been made, or 

that information more material to the examination of the present patent application does not exist. 

The Examiner is specifically requested not to rely solely on the material submitted herev.rith. 

Applicant has checked the appropriate boxes below. 

D 1. Statement under 37 C.F.R. 1 704(d). Each itern of information contained in this Information 

Disclosure Statement: (i) was first cited in any communication from a patent office in a 

counterpan1 foreign or international application or from the Office: and this communication 

was not received by any individual designated in Sec. 1.56( c) more than thirty days prior to 

the filing of this information disclosure statement; OR (ii) is a communication that was 

issued by a patent office in a counterpart foreign or international application or by the 

Office, and this communication ,vas not received by any individual designated in Sec. 

l. 56( c) more than thirty days p1ior to the filing of the inforn1ation disclosure statement. 

~ 2. Filing under 37 C.F.R. § l .97(b). This Infonnation Disclosure Staternent is being filed 

within three months of the date of filing of a national application other than a continued 

prosecution application (CPA), OR within three months of the date of entry of the national 

stage as set forth in 37 C.F.R. § 1.491 in an international application, OR before the mailing 

date of a first Office Action on the merits OR before the mailing of a first Office Action 

1 The tenn counterpart foreign patent application means that a clairn for priority has been made in 
either the lJ. S. application or a foreign application based on the other, or that the disclosures of the 
U S. and foreign patent applications are substantively identical ( e.g., an application filed in the 
European Patent Office claiming the same UK. priority as claimed in the U.S. application). 
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LO et al. 
Application No. To Be Assigned 

after the filing of a request for continued exarnination under 37 C.F.R. § 1.114. No staternent 

or fee is required. 

D 3. Filing under 37 C.F.R. § l.97(c). This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date AND after the mailing date of the first Office 

Action on the merits, but before the mailing date of a Final Rejection, or Notice of 

Allowance, or an action that otherwise closes prosecution in the application. 

D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Infonnation Disclosure Statement was first cited in any 

cornmunication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § 1.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a cormnunication frorn a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, ,vas known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 CF.R. § 1.97(e)(2). 

D c. The required fee is provided through online credit card payment authorization in the 

amount of $0.00 in payment of the fee under 37 C.F.R. § l .17(p). 

D 4. Filing under 37 C.F.R. § 1.97(d) This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date and after the rnailing date of a Final Rejection or 

Atty. Dkt. No. 4123 .0110003 
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LO et al. 
Application No. To Be Assigned 

Notice of Allowance, but on or before payment of the lssue Fee. The required fee is 

provided through online credit card payment authorization in the amount of$0.00 in 

payment of the fee under 37 C.F.R § l.17(p); in addition: 

D a. Statement under 37 C.F.R. § 1.97(e)(l). I hereby state that each item of information 

contained in this Infonnation Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R § 1.97(e)(2). I hereby state that no item of infonnation in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpan foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 CF R. § l .97(e)(2). 

D 5. The patent family for one or more foreign language documents submitted herewith includes 

a United States patent, and other patent, in the English language. Copies of both the 

particular foreign patent(s) or published foreign patent applications cited in the foreign 

patent office communication, and that are not already of record in this application, are 

enclosed. Copies of the related United States or other English language patent or published 

application from the family list, if not already of record, are listed on the accompanying 

SB/08A form. For the purposes of a statement under 37 CFR l.97(e)O), the United States or 
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other English language patent or published application are to be construed as being cited by 

the foreign patent office. MPEP 609.04(b)(V). 

D 6. The document(s) was/were cited in a search report by a foreign patent office in a counterpart 

foreign application. Submission of an English language version of the search report that 

indicates the degree of relevance found by the foreign office is provided in satisfaction of 

the requirement for a concise explanation of relevance. MPEP 609.04(a)(lJI). 

IZ! 7. A concise explanation of the relevance of the non-English language document(s) appears 

below in accordance with 37 C.F.R. § 1.98(a)(3). 

Docurnent US4 (2013/0203227 A1) is subrnitted herewith as the English-language 

counterpart of document J?Pl ( CN l 02543 877 .A). 

Document US7 (2010/143524 Al) is submitted herewith as the English-language 

counterpart of document FP7 (KR 1020110068145 A). 

Document US9(2016/0163732 A 1) is submitted here,.vith as the English-language 

counterpart of document FPlO (KR 1020 l 60069903 A). 

Document USH (10,229,927 B2) is submitted herewith as the English-language counterpart 

of document FP9 (KR 1020160003977 A). 

Docurnent USl2 (10,600,801 B2) is submitted herewith as the English-language counterpart 

of document J?P8 {KR l 020120029194 A). ' • 

Document US13 (l 0,644,020 B2) is submitted is submitted herev.rith as the English­

language counterpart of document FP6 (CN 105261617 A). 
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Application No. To Be Assigned 

0 8. No copies of foreign patent documents FP1-FP10 and non-patent literature documents 

NPL1-NPL3 are submitted. In accordance with 37 C.F.R. § l.98(a)(2)(ii), no copies of the 

U.S. patent application publications cited as documents US1-US15 on the attached IDS 

Form are submitted. 

~ 9. Copies of the FP1-FP10 and NPL1-NPL3 documents were cited by or submitted to the 

Office in an IDS that complies with 37 C.F R. § 1.98(a)-(c) in Application No. 16/046,847, 

filed July 26, 2018, which is relied upon for an earlier filing date under 35 1.J.S.C. § 120. 

Thus, copies of these documents are not attached. 37 C.F.R. § l.98(d). 

0 10. lt is expected that the exarniner will review the prosecution and cited art in the parent 

Application No. 16/046,847 in accordance with MPEP 2001.06(b), and indicate in the next 

communication from the office that the art cited in the earlier prosecution history has been 

reviewed in connection with the present application. 

D 11. In accordance with the Federal Circuit decision in Dayco Prods., Inc. v. Total Containment, 

Inc. 329 F.3d 1358 (Fed. Cir. 2003), Applicants submit herewith Office Actions from the co-

pending U.S. Patent Application No. ______ , filed ________ , as 

documents to The identification of these Office Actions is not to ---- -----

be construed as a ,.vaiver of secrecy as to those applications now or upon issuance of the 

present application as a patent The Examiner is respectfully requested to consider the cited 

applications and the art cited therein during examination. 

Atty. Dkt. No. 4123 .0110003 

Micron Ex. 1002, p. 20 
Micron v. YMTC 
IPR2025-00245



LO et al. 
Application No. To Be Assigned 

lt is respectfully requested that the Exarniner initial and return a copy of the enclosed IDS 

Forms, and indicate in the official file wrapper of this patent application that the documents have 

been considered. 

The U.S. Patent and Trademark Office is hereby auth01ized to charge any fee deficiency, or 

credit any overpayment, to our Deposit Account No. 19-0036. 

Date: 11/18/2020 
---------

1100 New York Avenue, N.vV. 
\Vashington, D.C. 20005-3934 
(202) 371-2600 
15726200. l 

Respectfully submitted, 

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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Sequentially forming a first stacked layer and a first insulating connection 
layer on a substrate 

i 
Forming a first though hole that penetrates the first stacked layer and the first 

insulating connection layer, and extends into the surface of the substrate 

i 
Forming a first channel structure on the surface of the substrate that is 

exposed by the first through hole 

t 
Forming a first functional layer on the sidewall of the first through hole 

t 
Sequentially forming a second channel structure and a first filling structure 
on the sidewall of the first functional layer and the exposed surface of the 

first channel structure 

t 
Forming a first groove in the first insulating connection layer, the projection 
of the first groove on the substrate completely covering the projection of the 

first through hole on the substrate 

t 
Forming a third channel strncture in contact with the second channel 

structure in the first groove 
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Sequentially forming a second stacked layer and a second 
insulating connection layer on the third channel structure 

t 
Forming a second though hole that penetrates the second stacked 
layer and the second insulating connection layer, and extends into 

the surface of the third channel structure, the projection of the 
second through hole on the substrate at least partially overlaps 

with the projection of the first through hole on the substrate 

t 
Forming a second fi.mctional layer on the sidewall of the second 

throuo-h hole b 

t 
Sequentially forming a fourth channel structure and a second 

filling structure on the sidewall of the second functional layer and 
the exposed surface of the third channel structure 

t 
Forming a fifth channel stmcture in contact with the fourth 
channel structure in a second groove that is above the fourth 

channel structure and the second filling structure 
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Drawing Sheet 58/120 

Sequentially forming a first stacked layer and a first insulating connection layer 
on a substrate including a first region, a second region, and a third region 

i 
Forming multiple first though holes that penetrate the first stacked layer and the 

first insulating connection layer, and extend into the surface of the substrate 

t 
Forming a first channel structure on the surface of the substrate that is exposed 

by each of the multiple first through holes 

t 
Forming a first functional layer on the side\svall of each first through hole 

i 
Sequentially forming a second channel structure and a first filling structure on 

the sidewal I of the first functional layer and the exposed surface of the first 
channel structure in each first though hole 

J 
Fonning a first groove in the first insulating connection layer above each first 

though hole, the projection of the first groove on the substrate completely 
covering the projection of the corresponding first through hole on the substrate 

t 
Forming a third channel structure in contact with the second channel stnrcture in 

each of the multiple first grooves 

t 
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Drawing Sheet 59/120 

t 
Sequentially forming a second stacked layer and a second insulating 

connection layer on the multiple third channel structures 

t 
Forming multiple second though holes that penetrate the second 

stacked layer and the second insulating connection layer, and extend 
into the surface of the third channel structure, the projection of each 
second through hole on the substrate at least partially overlaps vvith 

the projection of the corresponding first through hole on the substrate 

t 
Forming a second functional layer on the sidewall of each of the 

multiple second through holes 

t 
Forming a fourth channel structure on the sidewall of the second 

functional layer and the exposed surface of the third channel structure 
in each second through hole in the first region, and forming a second 

filling structure to fill each of the second through holes in the first 
region, the second region, and the third region 

t 
Forming a fifth channel structure in contact with the fourth channel 

structure in a second groove that is above the fourth channel structure 
and the second filling structure in each second through hole in the 
first region, and a fifth channel structure in a second groove that is 

above the second filling structure in each second through hoi e in the 
second region and the third region 
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Sequentially forming a first stacked layer and a first insulating connection 
layer on a substrate 

i 
Forming a first though hole that penetrates the first stacked layer and the first 

insulating connection layer, and extends into the surface of the substrate 

i 
Forming a first channel structure on the surface of the substrate that is 

exposed by the first through hole 

t 
Forming a first functional layer on the sidewall of the first through hole 

i 
Sequentially forming a second channel structure on the sidewall of the first 

functional layer and the exposed surface of the first channel strncture 

t 
Forming a first groove in the first insulating connection layer, the projection 
of the first groove on the substrate completely covering the prqjection of the 

first through hole on the substrate 

t 
Forming a third channel structure in contact with the second channel 

structure in the first groove 
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t 
Sequentially fonning a second stacked layer and a second insulating 

connection layer on the third channel structure 

t 
Fonning a second though hole that penetrates the second stacked layer 

and the second insulating connection layer, and extends into the 
surface of the third channel structure, the projection of the second 
through hole on the substrate at least partially overlaps with the 

projection of the first through hole on the substrate 

t 
Fom1ing a second functional layer on the sidewall of the second 

through hole 

J 
Removing the second tunneling structure, the third tunneling 

structure, the second passivation layer, and the first passivation layer 
to interconnect the first through hole and the second through hole 

t 
Sequentially forming a fourth channel structure and a first filling 
structure on the side\svall and the bottom of the third through hole 

t 
Forming a fifth channel structure in contact ,vith the fourth channel 

structure in a second groove that is above the fourth channel structure 
and the first filling structure 
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Drawing Sheet 1191120 

Sequentially forming a first stacked layer and a first insulating connection layer 
on a substrate including a first region, a second region, and a third region 

t 
Forming multiple first though holes that penetrate the first stacked layer and the 

first insulating connection layer, and extend into the surface of the substrate 

i 
Forming a first channel structure on the surface of the substrate that is exposed 

by each of the multiple first through holes 

t 
Forming a first functional layer on the sidewall of each first through hole 

J 
Forming a second channel stmcture on the sidewall of the first functional layer 
and the exposed surface of the first channel structure in each first though hole 

t 
Forming a first groove in the first insulating connection layer above each first 

though hole, the prqjection of the first groove on the substrate completely 
covering the projection of the corresponding first through hole on the substrate 

t 
Forming a third channel structure in contact with the second channel structure in 

each of the nmltiple first grooves 

t 

FIG. 103A 
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Drawing Sheet 120/120 

t 
Sequentially forming a second stacked layer and a second insulating 

connection layer on the multiple third channel structures 

t 
Forming multiple second though holes that penetrate the second 

stacked layer and the second insulating connection layer, and extend 
into the surface of the third channel structure, the projection of each 
second through hole on the substrate at least partially overlaps with 

the projection of the corresponding first through hole on the substrate 

t 
Forming a second functional layer on the side,vall of each of the 

multiple second through holes 

t 
Removing the second tunneling structure, the third tunneling structure, 
the second passivation layer, and the first passivation layer to form a 

plurality of third through holes that are formed by interconnecting 
each second through hole with the corresponding first through hole 

t 
Forming a fourth channel structure on the sidewall of the second 

functional layer and the exposed surface of the third channel structure 
in each third through hole in the first region, and fom1ing the second 

filling stmcture in each third through hole in the first region, the 
second region, and the third region 

t 
Fonning a fifth channel structure in contact with the fourth channel 

structure in a second groove that is above the fourth channel structure 
and the first filling structure in each third through hole in the first 

region, and a fifth channel structure in a second groove that is above 
the first filling structure in each third through hole in the second 

region and the third region 

FIG. 103B 
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ABSTRACT 

Joint opemng structures of 3D memory devices ,md fabricating 1:nethod are provided. 

Ajoint opening structure comprises a first through hole penetrating a first stacked layer and a 

first insulating connection layer, a first channel structure at the bottom of the first through hole, a 

first functional layer on the sidewall of the first through hole, a second dumnel structure on the 

sidewall of the first functional layer, a third channel structure over the first through hole, a 

second stacked layer on the third channel structure, a second insulating connection layer on the 

second stacked layer, a second through hole penetrating the second stacked layer and the second 

insulating connection layer, a second functional layer disposed on the sidewall of the second 

through hole, a fourth channel structure on the sidevvall of the second functional layer, and a fifth 

channel structure over the second through hole. 

15767384.1 
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WHAT IS CLAHvlED IS: 

1. A method of forming a joint opening stmcture in a three-dimensional (3D) memory 

device, comprising: 

forming a first stacked layer on a substrate: 

forming a first through hole penetrating the first stacked layer to expose the substrate: 

forming a first channel structure at a bottom of the first through hole and in contact with 

the substrate; 

forming a second channel structure in the first through hole and in contact with the first 

channel structure: 

forming a third channel structure above the first through hole and in contact with the 

second channel structure, ·wherein a size of the third channel structure along a lateral direction is 

larger than a top aperture of the first through hole; 

forming a second stacked layer over the third channel structure; 

forming a second through hole penetrating the second stacked layer to expose the third 

channel structure: 

forming a fourth channel structure in the second through hole and in contact with the third 

channel structure: and 

forming a fifth channel structure above the second through hole and in contact with the 

fourth channel structure. 

2. The method of claim 1, wherein: 

the first stacked layer includes a first number of oxide/nitride layer pairs; and 

the second stacked layer includes a second number of oxide/nitride layer pairs. 

3. The method of claim 2, wherein: 

the first number and the second number are not less than 32. 

4. The method of daim 1, further comprising: 

forming a first functional layer between a sidewall of the first through hole and the 

second channel structure: and 

forming a second functional layer disposed between a sidewall of the second through hole 

and the fourth channel structure. 
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5. The method of claim 4, wherein forming the first functional layer comprises: 

forming a first tunneling layer on the sidewall of the first through hole and the exposed 

surface of the first channel structure, wherein the first tunneling lay er is configured, in operation, 

to generate charges; 

forming a first storage layer on the surface of the first tunneling layer to store the charges 

generated by the first tunneling layer; 

forming a first barrier layer on the surface of the first storage layer to block the outflow of 

charges in the first storage layer: 

forming a first passivation layer on the surface of the first barrier layer to protect the first 

barrier layer from bemg damaged in a subsequent removal process; and 

removing portions of the first passivation layer, the first barrier layer, the first storage 

layer, and the first tunneling layer on the surface of the first channel structure, vvherein remaining 

portions of the first passivation layer, the first bmTier layer, the first storage layer, and the first 

tunneling layer on the sidewall of the first through hole to form the first functional layer. 

6. The method of claim .5, vvherein forming the second channel structure comprises: 

forming a second channel layer that covers the sidevvall of the first passivation layer and 

the exposed surface of the first channel layer; 

forming a first filling layer that covers the surface of the second channel layer; 

removing a portion of the first filling layer to fom1 a first filling structure, wherein the top 

surface of the first filling structure is lower than the top surface of the first insulating connection 

layer; ,md 

removing a portion of the second channel layer to form the second channel structure. 

7. The method of claim 1, wherein forming the third channel structme comprises: 

forming a first insulating connection layer on the first stacked layer to cover the first 

through hole: 

etching the first insulating connection layer to form a first groove to expose the first 

through hole; 

forming a third channel layer in the first groove, wherein the third channel layer is in 

contact with the second channel structure: and 

planarizing the top surfaces of the first insulating connection layer and the third channel 
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layer to form the third channel structure. 

8. The method of claim 1, vvherein forming the third channel stmcture comprises: 

forming a first insulating connection layer on the first stacked layer to cover the first 

through hole: 

etching the first insulating connection layer and at least a portion of a top nitride layer of 

the first stacked layer to form a first groove to expose the first through hole; 

forming the third channel structure in the first groove, wherein the third channel structure 

is in contact with the second channel structure: and 

planarizing the top surfaces of the first insulating connection layer and the third channel 

structure. 

9. The method of claim 4, wherein forming the fourth channel stmcture comprises: 

forming a fourth channel layer that covers the sidewall of a second functional layer and 

the exposed surface of the third channel layer; 

forming a second filling layer that covers the surface of the frmrth channel layer: 

removing a portion of the second filling layer to form the second filling structure, wherein 

the top smface of the second filling structure 1s lo,ver than the top surface of the second 

insulating connection layer; and 

removing a portion of the fourth channel layer to form the fourth channel structure, 

wherein a top surface of the fourth channel structure is lower than a top surface of the second 

insulating connection lay er. 

10. The method of claim 1, vvherein forming the fifth channel structure comprises: 

forming a second insulating connection layer on the second stacked layer to cover the first 

through hole: 

etching the second insulating connection layer to form a second groove to expose the 

second through hole; 

forming a fifth channel layer in the second groove, wherein the fifth channel layer is in 

contact with the fourth channel structure; and 

planarizing the top surfaces of the second insulating connection layer and the fifth 

channel laver to form the fifth channel structure. 
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11. A joint opening structure of a three-dimensional (3D) memory device, comprising: 

a first through hole penetrating a first stacked layer along a vertical direction; 

a first channel structure disposed at the bottom of the first through hole; 

a second channel structure in contact ·with the first channel structure disposed in the first 

through hole: 

a third channel structure in contact with the second channel structure disposed over the 

first through hole, wherein a size of the third channel structure along a lateral direction is larger 

than a top aperture of the first through hole; 

a second stacked layer disposed on the third channel structure; 

a second through hole penetrating the second stacked layer along the vertical direction; 

a fourth channel structure in contact ,vith the third channel structure disposed m the 

second through hole; 

a fifth channel structure in contact vvith the fourth channel structure disposed over the 

second through hole. 

12. The joint opening structure of claim 11, further comprising: 

a first functional layer disposed between a sidewall of the first through hole and the 

second channel structure: and 

a second functional layer disposed between a sidewall of the second through hole and the 

fourth channel structure. 

13. The joint opening structure of claim 11, further comprising: 

a first filling structure covering the surface of the second channel structure; ,md 

a second filling structure covering the surface of the fourth channel structure; 

wherein the first through hole is non-interconnected \Vith the second through hole. 

14. The joint opening structure of claim 11, further comprising: 

a first filling structure covering the surfaces of the second channel structure and the fourth 

channel structure; 

wherein the first through hole is interconnected ·with the second through hole. 

15. The jomt opening structure of claim 11, wherein: 

the first stacked layer includes a first nwnber of conductor/dielectric layer pairs; 
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the second stacked layer includes a second number of conductor/dielectric layer pairs; and 

the first nurnber and the second number are not less tlum 32. 

16. The joint opening structme of claim 11, wherein: 

a thickness of the third channel structure is in a range bet\veen 30nm ,md. 70nm 

17. The Joint opening stmcture of claim 11, \vherein: 

a size difference between the top aperture and a bottom aperture of the first through hole 

is equal to or less Hum 30nm: and 

a size difference between a top aperture and a bottom aperture of the second through hole 

is equal to or less than 30nm. 

18. A joint opening structure of a three-dimensional (3D) memory device, comprising: 

a first stacked layer disposed on a substrate; 

a second stacked layer disposed. on the first stacked. layer; and 

a plurality of channel structures penetrating the first stacked layer and the second stacked 

layer; 

wherein each of the plurality of channel structures includes: 

a first through hole penetrating the first stacked layer, 

a first channel structure disposed at the bottom. of the first through hole and in 

contact with the substrate, 

a second channel structure disposed. in the first through hole and in contact with 

the first channel structure, 

a third channel structure disposed over the first through hole and in contact with 

the second channel structure: 

a second through hole penetrating the second stacked layer, 

a fourth channel structure disposed in the second through hole and in contact with 

the third channel structure, and 

a fifth channel structure disposed over the second through hole and in contact with 

the fourth channel structure. 

19. The Joint opening stmcture of claim 18, \vherein each of the plurality of chmmel 

structures fwther includes: 
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a first functional layer disposed between a sidev,'ail of the first through hole and the 

second channel structure; and 

a second functional layer disposed betvveen a sidewall of the second through hole and the 

fourth channel structure. 

20. The joint opening structure of claim 18, vvherein: 

a thickness of the third channel structure is in a range bet\veen 30nm and 70nm. 
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.JOINT OPENING STRUCTURES OF THREE-DIJV[ENSIONAL T\ilET\ilORY 
DEVICES AND lVIETHODS FOR FORl\/HNG THE SAl\/IE 

[0001 l 

100031 

[0004] 

CROSS-REFERENCES TO RELATED APPLICATIONS 

TI1is application is a continuation application of U.S. Patent Application No. 

16/046,847 filed on July 26, 2018, which claims priority to PCT/CN2018/07778.5 filed on 

March L 2018, w-hich chums the priorities of Chinese Patent Application 

No. 201710134782.1, filed on March 8, 2017, a.nd Chinese Patent Application 

No. 201710134783.6, filed on lViarch 8, 2017, the entire contents of which are 

incorporated herein by reference. 

TECHNICl\L FIELD 

The present disclosure generally relates to the field of semiconductor technology, 

and more particularly, to joint opening structures of three-dimensional (JD) mern.ory 

devices and method for forming the same. 

BACKGROUND 

As semiconductor technology advances, three-dimensional (3D) memory devices, 

such as 3D NAND rn.emory devices, keep scaling more oxide/nitride (ON) layers. 

As such, it becomes difficult to use a single etching process to form the channel holes in 

the 3D memory devices that have a substantial depth. As the channel hole aspect ratio 

mcreases, channel hole etching becomes exponentially slm,..-er. Further, the process 

capability control of the fonned channel holes, including bow-free, straight profile, 

critical dimension (CD) uniformity, minimal tvvisting, etc., tend to be more challenging. 

Thus, a single etchmg method may not be efficient in both cost and process capability. 

BRIEF SlnvnvIA.RY 

In accordance ·with some embodiments of the present disclosure, joint opening 

structures of three-dimensional (3D) memory devices and method for forming the same 

are provided. 
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[0006] 
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One aspect of the present dis dos ure prov ides a method of forming a joint opening 

structure in a three-dimensional (3D) 1:nemory device. The method includes forming a 

first stacked layer and forming a first insulating connection layer on the first stacked 

layer, forming a first through hole that penetrates the first stacked layer and the first 

insulating connection layer, forming a first channel structure overlay the surface of the 

substrate that is exposed by the first through hole, forming a first functional layer on the 

sidewall of the first through hole, fonning a second channel structure and fonning a first 

filling structure on the sidewall of the first functional layer and the exposed surface of the 

first channel structure, and fonning a third channel structure in contact with the second 

channel structure above the first through hole. A projection of the third channel structure 

on the substrate covers a projection of the first through hole on the substrate. The method 

further includes forming a second stacked layer and forming a second insulating 

connection layer on the first insulating connection layer, fonning a second through hole 

that penetrates the second stacked layer and the second insulating connection layer. A 

projection of the second through hole on the substrate at least partially overlaps with the 

projection of the first through hole on the substrate. TI1e i:nethod further includes forming 

a second functional layer on the sidewall of the second through hole, forming a fourth 

channel structure and forming a second filling structure on the side\vall of the second 

functional layer and the exposed surface of the third channel structme, and forming a fifth 

channel structure in contact with the fourth channel structure above the second through 

hole. 

In some embodiments, the first stacked layer includes a first number of 

oxide/nitride layer pairs, and the second stacked layer includes a second number of 

oxide/nitride layer pairs. The first number and the second number are not less than 32. 

100071 Fom1ing the first functional layer includes forming a first tunneling layer on the 

sidewall of the first through hole and the exposed surface of the first channel structure. 

The first tunneling layer is configured, in operation, to generate charges. Fonning the 

first functional further includes forming a first storage layer on the surface of the first 

tunneling layer to store the charges generated by the first tunneling layer, fonning a first 

barrier layer on the surface of the first storage layer to block the outfiow of charges in the 

first storage layer, fonning a first passivation layer on the surface of the first barrier layer 

to protect the first barner layer from being damaged in a subsequent removal process, and 

removing portions of the first passivation layer, the first barrier layer, the first storage 
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layer, and the first twmeling layer on the surface of the first channel structure. The 

rernaining portions of the first passivation layer, the first barrier layer, the first storage 

layer, and the first tunneling layer on the sidevvall of the first through hole form the first 

functional layer. 

roo08J Forming the second channel structure and the first filling structure includes 

forming a second channel layer that covers the sidevvall of the first passivation layer and 

the exposed smface of the first channel layer, fonning the first filling layer that covers the 

surface of the second channel layer, removing a portion of the first filling layer to form 

the first filling structure, wherein the top surface of the first filling structure is lower than 

the top surface of the first insulating connection layer, and removing a portion of the 

second channel layer to form the second channel structure. A top surface of the second 

channel structure is lower than a top surface of the first insulating connection layer. 

[0009] Fonning the third channel structure includes etching the first insulating connection 

[0010] 

layer to form a first groove. ln some other embodiments, forming the third channel 

structure includes etching the first insulating connection layer and at least a portion of the 

top nitride layer of the first stacked layer to form a first groove. A projection of the first 

groove on the substrate covers the projection of the first through hole on the substrate. 

Forming the third channel structure further includes fonning a third channel layer in the 

first groove, wherein the third channel layer is in contact v,-ith the second channel 

structure, and planarizing the top surfaces of the first insulating connection layer ,md the 

third channel layer to fom1 the third channel structure. 

In some embodiments, the method ftu-ther includes forming a first mask layer 

overlaying the first insulating connection layer before forming the first through hole, and 

removing the first mask layer after forming the third channel structure, and forming a 

second mask layer on the second insulating connection layer before fom1ing the second 

through hole, and removing the first mask layer after fom1ing the fitlh channel structure 

roon J Forming the fourth channel structure and the second filling structure includes 

forming a fourth channel layer that covers the sidewall of the second functional layer and 

the exposed surface of the third channel layer, forn1ing a second filling layer that covers 

the surface of the fourth channel layer, removing a portion of the second filling layer to 

form the second filling structure, and removing a portion of the fourth channel layer to 

form the fourth channel structure, wherem a top surface of the fourth channel structure is 

lower than a top surface of the second insulating connection layer. A top surface of the 
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second filling structure is lm"v'er than the top surface of the second insulating connection 

layer. 

[0012] Fom1ing the fifth channel structure includes etching the second insulating 

connection layer to form a second groove, forming a fifth channel layer in the second 

groove, ·wherein the fi.flh channel layer is in contact with the fourth channel structure, ,md 

planarizing the top surfaces of the second insulating connection layer and the fifth 

channel layer to form the fifth channel structure. A projection of the second groove on 

the substrate covers the prqjection of the second through hole on the substrate. 

[0013] Another aspect of the present disclosure provides another method of forming a 

joint opening structure in a three-dimensional (31)) memory device. The method includes 

forming a first stacked layer and forming a first insulating connection layer on a substrate 

of the 3D rn.emory device. The 3D memory device includes a first region for forming a 

plurality of channel holes, a second region for forming a plurality of staircase structure 

dummy holes, and a third region for forming a plurality of through array contact barriers. 

The method ftu-ther includes forming a plurality of first through holes, each penetrating 

the first stacked layer and the first insulating connection layer in the first region, the 

second region, and the third region, forming a first channel structure overlaying the 

smface of the substrate in each first through hole, forming a first functional layer on the 

sidewall of each first through hole, forming a second channel structure and forming a first 

filling structure on the sidewall of the first functional layer and the exposed surface of the 

first channel structure in each first through hole, forming a third channel structure in 

contact with the second channel structure above each first through hole. A projection of 

the third channel stmcture on the substrate covers a projection of the corresponding first 

through hole on the substrate. ·me method further includes fom1ing a second stacked 

layer on the first insulating connection layer, forming a second insulating connection 

layer on the second stacked layer, forming a plmality of second through holes, each 

penetrating the second stacked layer and the second insulating connection layer. A 

projection of each of the plurality of second through holes on the substrate at least 

partially overlaps with the projection of the corresponding first through hole on the 

substrate. The 1:nethod further includes frm:ning a second functional layer on the sidewall 

of each second through hole, forming a fourth channel structure and forming a second 

filling structure on the sidewall of the second functional layer and the exposed surface of 

the third channel structure in each second through hole in the first region, and forming a 
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second filling structure on the sidewall of the second functional layer in each second 

through hole in the second region ,md the third region, and forming a fifth channel 

structure above each second through hole in the first region, the second region, and the 

third region. Each fifth channel structure is in contact ·with the corresponding fourth 

channel structure in each second through hole in the first region. 

[0014] Fonning the fourth channel structure and the second filling structure includes 

[0015] 

forming a fourth channel layer that covers the sidewall of the first passivation layer and 

the exposed surface of the third channel layer, forming a third filling layer that covers the 

surface of the ft)urth channel layer, forming a third mask layer that covers the third filling 

layer in the first region, and using the third mask layer as a mask to remove the third 

filling layer in the second region and the third region, removmg the third mask layer:, 

using the third filling layer in the first region as a mask to remove the fourth channel layer 

in the second region and the third region, forming a fourth filling layer on the surface of 

the second functional layer in the second reg10n and the third region, removing the third 

filling layer in the first region, forming a second filling layer in each second through hole 

in the first region, the second region, and the third region, removing a portion of the 

second filling layer to form the second filling structure in each second through hole, and 

removing a portion of the fourth channel layer to form the fourth channel structure in 

each second through hole. The top surface of the second filling structure is lower than the 

top surface of the second insulating connection layer, and the top surface of the fourth 

channel structure is lower than the top surface of the second insulating connection layer. 

Another aspect of the present disclosure provides annother method of forming a 

joint opening structure in a three-dirnensional (JD) memory device. The i:nethod includes 

forming a first stacked layer and forming a first insulating connection layer on a substrate, 

forming a first through hole that penetrates the first stacked layer and the first msulating 

connection layer, forming a first channel structure overlay the surface of the substrate that 

is exposed by the first through hole, forming a first functional layer on the sidewall of the 

first through hole, forming a second channel on the sidewall of the first functional layer 

and the exposed surface of the first channel structure, fomling a third channel structure in 

contact with the second channel structure a.hove the first through hole. A projection of 

the third channel structure on the substrate covers a projection of the first through hole on 

the substrate. The method further includes forming a second stacked layer and forming a 

second insulating connection layer on the third channel structure, forming a second 
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through hole that penetrates the second stacked layer and the second insulating 

connection layer. A projection of the second through hole on the substrate at least 

partially overlaps with the projection of the first through hole on the substrate. The 

method further includes forming a second functional layer on the sicle-waH of the second 

through hole, removing portions of the second f1mctional layer and the third channel 

structure at the bottom of the second through hole to interconnect the second through hole 

and the first through hole to form ajomt through hole, removing the remainmg portion of 

the third channel structure and the second channel structure, forming a fourth channel 

structure in contact with the first channel structure on the sidewall of the joint through 

hole and the exposed surface of the first insulating connection layer, forming a first filling 

structure that covers the smface of the fourth channel structure, and forming a fifth 

channel structure in contact with the fourth channel structure above the joint through hole. 

[0016] Another aspect of the present disclosure provides another method of forming a 

jomt opening structure in a three-dimensional (3D) memory device. The method mcludes 

forming a first stacked layer and forming a first insulating connection layer on a substrate 

of the 3D memory device. The 3D memory device includes a first region for ftxming a 

plurality of channel holes, a second region for forming a plurality of staircase structure 

dummy holes, and a tlmd region for forming a plurality of through array contact baniers. 

The method further includes fom1ing a plurality of first through holes, each penetrating 

the first stacked. layer and the first insulating connection layer in the first region, the 

second region, and the third region, forming a first channel structure on the surface of the 

substrate in each first through hole, forming a first fw1ctional layer on the sidewall of 

each first through hole, forming a second channel structure on the side·wall of the first 

functional layer and the exposed surface of the first channel structure in each first through 

hole, fonning a third channel structure in contact with the second channel structure above 

each first through hole. A projection of the third channel structure on the substrate covers 

a projection of the corresponding first through hole on the substrate. The rn.ethod further 

in.dudes forming a second stacked layer and fonning a second insulating connection layer 

on the plurality of third channel structures, fom1ing a plurality of second through holes, 

each penetrating the second stacked layer and the second insulating connection layer. A 

projection of each of the plurality of second through holes on the substrate at least 

partially overlaps with the projection of the corresponding first through hole on the 

substrate. The method further includes forming a second functional layer on the side·wall 
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of each second through hole, removing pmtions of the second functional layer and the 

third channel structure at the bottom of each second through hole to interconnect the 

second through hole and the corresponding first through hole to form a plurality of joint 

through holes, removing the remaining portions of the third channel structure and the 

second channel structure in each joint through hole, forming a fourth channel structure in 

contact with the first channel structure on the sidewall of each joint through hole and the 

exposed surfaces of the first insulating connection layer, fomung a first filling structure 

that covers the surface of the fourth channel structure in each joint through hole, and 

forming a fifth dumnel structure above each joint through hole in the first region, the 

second region, and the third region. Each fifth channel structure is in contact vvi.th the 

corresponding fourth channel structure in each joint through hole in the first region. 

root7J Another aspect of the present disclosure provides a joint opening stmcture of a 

three-dimensional (31)) memory device, including a first stacked layer disposed 

overlaymg a substrate, a first insulating c01mection layer disposed on the first stacked 

layer, a first through hole penetrating the first stacked layer and the first insulating 

connection layer, a first channel structure disposed at the bottom of the first through hole 

and overlaying the surface of the substrate, a first functional layer disposed on the 

side\vall of the first through hole, a second channel structure in contact with the first 

cha.nnel structure disposed on the sidewall of the first functional layer, a third cha.nnel 

structure in contact with the second dumnel structure disposed over the first through hole. 

A projection of the third channel structure on the substrate covers a projection of the first 

through hole on the substrate. The joint opening structure further includes a second 

stacked layer disposed on the third channel structure, a second insulating connection layer 

disposed on the second stacked layer. A second through hole penetrating the second 

stacked layer and the second insulating connection layer. A projection of the second 

through hole on the substrate at least partially overlaps v.-ith the prqjection of the first 

through hole on the substrate. The joint opening structure further includes a second 

functional layer disposed on the sidewall of the second through hole, a fourth channel 

structure in contact ,vith the third channel structure disposed on the sidewall of the second 

f1mctional layer, and a fifth channel structure in contact with the frmrth dumnel structure 

disposed over the second through hole. 
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In some embodiments, a first filling stmcture covers the surface of the second 

channel structure, and a second filling structure covers the surface of the fourth channel 

structure. ·me first through hole is non-interconnected with the second through hole. 

In some other embodiments, a first filling structure covers the surfaces of the 

second channel structure and the fourth channel structure. The first through hole is 

interconnected ,vith the second through hole. 

In some embodiments, the first stacked layer includes a first number of 

conductor/dielectric layer pairs, and the second stacked layer includes a second number of 

conductor/dielectric layer pairs. 

[0021] In some other embodiments. the first stacked layer includes a first number of 

oxide/nitride layer pairs, and the second stacked layer includes a second number of 

oxide/nitride layer pairs. The first nurnber and the second number are not less than 32. 

[0022] A thickness of the third channel structure is in a range between 30nm and 70nm. 

A size difference between a top aperture and a bottom aperture of the first through hole is 

equal to or less tha11 30nm. A size difference between a top ape1iure and a bottom 

aperture of the second through hole is equal to or less than 30nm. 

[0023] Another aspect of the present disclosure provides a three-dimensional (3D) 

memory device, including a first stacked layer disposed on a substrate, a first msulating 

connection layer disposed on the first stacked layer, a second stacked layer disposed on 

the first insulating connection layer, a second insulating connection layer disposed on the 

second stacked layer, a plurality of channel holes in a first region of the 3D memory 

device, a plurality of staircase structure dummy holes in a second region of the JD 

memory device, ,md a plurality of through array contact barriers in a third region of the 

3D memory device. Each of the plurality of channel holes includes the disclosed joint 

opening structure. 

Other aspects of the present disclosure can be understood by those skilled in the 

art in light of the description, the claims, and the drawings of the present disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10025] Various o~jectives, features, and advantages of the present disclosure can be more 

fully appreciated with reference to the detailed description of the present disclosure when 

considered in contact ·with the following drawings, in ·which like reference numerals 
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identify like elements. lt is noted that the following drawings are merely examples for 

illustrative purposes according to various disclosed embodiJ:nents and are not intended to 

limit the scope of the present disclosure. 

100261 FIGs. 1-22 illustrate schematic structural cross-sectional diagrams of an 

exemplary joint opening structure of three-dimensional (3D) memory device at certain 

stages of a fabricating process in accordance with some embodiments of the present 

disclosure: 

[0027] FIGs. 23A and 23B illustrate schematic fimv diagrams of an exemplary 

fabricating process for fonning a joint opening structure of three-dimensional (JD) 

memory device are illustrated in accordance with some embodiments of the present 

disclosure: 

10028] FIGs. 24-49 illustrate schernatic structural cross-sectional diagnm1s of another 

exemplary joint opening structure of three-dimensional (TD) memory device at certain 

stages of another fab1icating process in accordance with some embodiments of the present 

disclosure: 

[0029] FIGs. 50A and 50B illustrate schematic flow diagrams of another exemplary 

fabricating process for forming a joint opening structure of three-dimensional (3D) 

memory device are illustrated in accordance ,vith some embodiments of the present 

disclosure; 

10030] FI Gs. 5 l -73 illustrate schernatic structural cross-sectional diagnm1s of another 

exemplary joint opening structure of three-dimensional (TD) memory device at certain 

stages of another fabricating process in accordance with some embodiments of the present 

disclosure: 

[0031] FlGs. 74A and 74B illustrate schematic flow diagrams of another exemplary 

fabricating process for forming a jomt opening strncture of three-dimensional (3D) 

memory device are illustrated in accordance with some embodiments of the present 

disclosure; 

[0032] FlGs. 75-102 illustrate schematic structural cross-sectional diagrams of another 

exemplary joint opening structure of three-dimensional (3D) memo1y device at certain 

stages of ,mother fabricating process in accordance with soi:ne embodiments of the present 

disclosure: 

10033] FIGs. 103A and 103B illustrate schematic flow diagrams of another exemplmy 

fabricating process for forming a joint opening strncture of three-dimensional (3D) 
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memory device are illustrated m accordance with some embodiments of the present 

disclosure. 

Embodiments of the present disclosure will be described vvith reference to the 

accompanying drawings. 

DETAILED DESCRIPTION 

Reference ncyw be made in detail to exemplary embodiments of the invention, 

which are illustrated in the accompanying drawings in order to understand and implement 

the present disclosure and to realize the technical effect. lt can be understood that the 

following description has been made only by way of example, hut not to limit the present 

disclosure. Various embodiments of the present disclosure and various features in the 

embodiments that are not conflicted with each other can be combined and rearranged in 

various ways. Without departing from the spirit a.nd scope of the present disclosure, 

modifications, equivalents, or improvements to the present disclosure are understandable 

to those skilled in the art and are intended to be encompassed within the scope of the 

present disclosure. 

It is noted that references in the specification to '"one embodiment," 

"an embodiment," "an example embodiment," "some embodiments," etc., indicate that 

the embodiment described may include a particular feature, structure, or characteristic, 

but every embodiment may not necessarily include the particular feature, structure, or 

characteristic. Moreover, such phrases do not necessarily refer to the sarne embodiment 

Further, when a particular feature, structure or characteristic is described in contact with 

an embodiment it would be within the knowledge of a person skilled m the pertinent art 

to effect such feature, structure or characteristic in contact with other embodiments 

whether or not explicitly described. 

[0037] In general, terminology may be understood at least in part from usage in context. 

For example, the term ''one or more" as used herein, depending at least in part upon 

context, may he used to describe any feature, structure, or characteristic in a singular 

sense or may be used to describe combinations of features, structures or characteristics in 

a plural sense. Similarly, terms, such as "a," ''an," or "the," again, may be understood to 

convey a singular usage or to convey a plural usage, depending at least in part upon 

context 
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It should be readily understood that the meaning of "on," "above," and "over" in 

the present disclosure should be interpreted in the broadest manner such that "on" not 

only means "directly on"' something but also includes the meaning of "on'" something 

with an intermediate feature or a layer therebetween, and that '"above" or "over" not only 

i:neans the meaning of '·above" or "over" something but can also include the meaning it is 

"above"' or "over'" something with no intem1ediate feature or layer therebetween (i e., 

directly on something)_ 

[0039] Further, spatially relative terms, such as "beneath," "'below," "lm,ver," "above," 

"upper," and the like, may he used herein for ease of description to describe one elernent 

or feature's relationship to another element(s) or foature(s) as illustrated in the figures. 

The spatially relative tem1s are intended to encompass different onentations of the device 

in use or operation in addition to the orientation depicted in the figures. The apparatus 

may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially 

relative descriptors used herein may likewise be interpreted accordingly. 

[0040] As used herein, the term '·substrate" refers to a material onto ·which subsequent 

[0041] 

material layers are added. The substrate itself c,m be patterned. Materials added on top 

of the substrate can be patterned or can remain unpattemed. Furthermore, the substrate 

can include a wide array of serniconductor materials, such as silicon, germanmm, gallium 

arsenide, indium phosphide, etc. Alternatively, the substrate can be made from 

an electrically non-conductive material, such as a glass, a plastic, or a sapphire \Vafer. 

As used herein, the term "layer" refers to a material portion including a region 

with a thickness. A layer can extend over the entirety of an w1derly ing or overlying 

structure, or may have an extent less than the extent of an underlying or overlying 

structure. Further, a layer can be a region of a homogeneous or inhomogeneous 

continuous structure that has a thickness less than the thickness of the continuous 

structw-e. For example, a layer can be located between any pair of horizontal planes 

between, or at a top surface and a bottom surface of the continuous structure. A layer 

can extend horizontally, vertically, and/or along a tapered surface. A substrate can be a 

layer, can include one or more layers therein, and/or can have one or more layer 

thereupon, thereabove, and/or therebelow. A layer can include multiple layers. For 

example, an interconnect layer can include one or more conductor and contact layers (in 

which contacts, interconnect lines, and/or through holes are formed) and one or more 

dielectric layers. 
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As used herein, the term "nominal/nominally" refers to a desired, or target, value 

of a characteristic or parameter for a component or a process operation, set during the 

design phase of a product or a process, together with a range of values above and/or 

beimv the desired value. The range of values can be due to slight vanauons m 

i:nanufacturing processes or tolerances. As used herein, the term "about" indicates the 

value of a given quantity that can vary based on a particular technolo~'Y node associated 

\Vith the subject semiconductor device. Based on the particular technology node, the term 

''about" can indicate a value of a given quantity that varies ·within, for example, 10--30%, 

of the value (e.g., :UO%, J:20%, or ,+c30% of the value). 

[0043] In accordance with some embodiments of the present disclosure, joint opening 

structures of three-dimensional (3D) memory devices and method for forming the same 

are provided to reduce the process difficulty and cost of the channel hole structures in 3D 

memory devices. 

[0044] As used herein, the tem1 "3D memory device" refers to a semiconductor device 

with vertically oriented strings of memory cell transistors (referred to herein as '·memory 

strings," such as NAND strings) on a laterally-oriented substrate so that the memory 

strings extend in the vertical direction with respect to the substrate. As used herein, the 

term '·vertical/vertically" means nonrinally perpendicular to the lateral surface of 

a substrate, while the term "horizontal/horizontally" means nominally parallel to the 

lateral surface of a substrate. 

[0045] RefoJTing to FlGs. 23A and 23B, schematic flovv diagrams of an exemplary 

fabricating process for forming a joint opening structure of three-dimensional (JD) 

memory device are illustrated in accordance with some ern.bod.irn.ents of the present 

disclosure. And FTGs. l-22 illustrate schematic structural cross-sectional diagrams of an 

exemplary Joint opening structure of three-dimensional (3D) memory device at certain 

stages of the fabricating process shown in FI Gs. 23A and 23B. 

roo46J As shown in FTG. 23A, at SJ01, a first stacked layer 2 and a first insulating 

connection layer 3 can be sequentially formed on the surface of a substrate 1. 

[0047] As shown in flG. 1, the first stacked layer 2 can be fom1ed on the substrate 1. 

The first stacked layer 2 can include a plurality of oxide/nitride layer pairs. The plurality 

of oxide/nitride layer pairs are also referred to herein as an "alternating oxide/nitride 

stack" That is, in the first stacked layer 2, multiple oxide layers (shown in the areas with 

dotes) and multiple nitride layers (shovm in the areas v,-ith meshes) alternate in a vertical 
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direction. In other words, except a top a.nd a bottom layer of a given stack, each of the 

other oxide layers ca.n be sand·wiched. by two adjacent nitride layers, and each nitride 

layer can be sa.ndvviched by two adjacent oxide layers. 

Oxide layers can each have the same thickness or have different thicknesses. For 

example, a thickness of each oxide layer can be in a range frnrn 90nm to 160nm, 

preferably about 150nm. Similarly, nitride layers can each have the same thickness or 

have different tluck:nesses. For example, a tluck:ness of each nitride layer can be in a 

range from 80nm to 110nm, preferably about 100nm. 

[0049] His noted that in the present disclosure, the oxide layers and/or nitride layers can 

include any suitable oxide materials and/or nitride mate1ials. For example, the element of 

the oxide materials and/or nitride materials can include, but not limited to, W, Co, Cu, AL 

doped silicon, silicides, or a.ny coi:nbination thereof. In some embodiments, the oxide 

layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer. 

[0050] The first stacked layer 2 can include any suitable number of layers of the oxide 

roos11 

layers and the nitride layers. In some embodiments, a total number of layers of the oxide 

layers and the nitride layers in the first stacked layer 2 is equal to or larger than 64. In 

some embodiments, alternating conductor/dielectric stack includes more oxide layers or 

more nitride layers with different materials and/or thicknesses than the oxide/nitride layer 

pair. 

The first insulating connection layer 3 can be fixmed on the first stacked layer 2. 

In some embodiments, the first insulating connection layer 3 can be made by any suitable 

insulating material and/or dielectric material, such as silicon oxide. It is noted that, the 

material of the first insulating connection layer 3 can be difierent from the material of the 

nit1ide layer in the first stacked layer 2. 

100521 Further, in some embodiments, a first mask layer 4 can be formed on the top 

surface of the first insulating connection layer 3. The first mask layer 4 can include a 

nitride layer on the top surface of the first insulating connection layer 3, a.nd an oxide 

layer on the top surface of such nitride layer. 

[0053] In some embodiments, the first stacked layer 2, the first insulating connection 

layer 3, and/or the first mask layer 4 can be formed by using one or more deposition 

processes. It is noted that, the term "deposition process" used in the present disclosure 

can be referred to any suitable deposition process including, but not limited to, a chemical 
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vapor deposition (CVD) process, a physical vapor deposition (PVD) process, an atomic 

layer deposition (ALD) process, ,md/or any suitable combination thereof. 

[0054] At Sl02, a first through hole 5 can be formed. As shown in FIG. 1, the first 

through hole 5 can completely penetrate the first stacked layer 2 and the first insulating 

connection layer 3, and can extend into the surface ofthe substrate 1 

[0055] In some embodiments, the first through hole 5 can be formed by etching the first 

stacked layer 2 and the first insulating connection layer 3 and a subsequent cleaning 

process. The etching process to fom1 the first through hole 5 can he a wet etching, a dry 

etching, or a combination thereof. 

[0056] In some embodiments, when the first mask layer 4 is formed on the top surface of 

the first insulating connection layer 3, the etching process also etch the first mask layer 4 

to fonn the first through holes 5. 

[0057] At S HB, a first channel structure 6 can be formed on the surface of the substrate l 

that is exposed by the first through hole 5, as shown in FIG. 2. ln some embodiments, the 

first channel structure 6 can he a polycrystalline silicon (polysilicon) layer fom1ed by 

using a selective epitaxial process. 

[0058] In some embodiments, the first channel structure 6 may not directly formed on the 

smface of the substrate l. One or more layers can he formed between the first channel 

structure 6 and the substrate 1. That is, the first channel structure 6 is overlav the 

substrate l 

[0059] At S104, a first functional layer can be formed on the sidewall of the first through 

hole 5. The first functional layer can include a first tunneling layer 7, a first storage layer 

8, a first barrier layer 9, and a first passivation layer 10. 

[0060] As shovv11 in FIG. 3, the first tunneling layer 7 can be formed on the sidewall of 

the first through hole 5 and the top surface of the first channel structure 6. The first 

tunneling layer 7 can be used for generating electronic charges (electrons or holes). In 

some embodiments, the first tunneling layer 7 can be an oxide layer formed by usmg a 

deposition process. 

[0061] The first storage layer 8 can be formed on the surface of the first tunneling layer 7. 

The first storage layer 8 can he used for storing electronic charges. The storage or 

removal of charge in the first storage layer 7 can impact the on/off state and/or a 

conductance of the senuconductor channel. The first storage layer 7 can include 
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polycrystalline silicon (polysiiicon) or silicon nitride. In some embodiments, the first 

storage layer 8 can be a nitride layer formed by using a deposition process. 

[0062] The first barrier layer 9 can be formed on the surface of the first storage layer 8. 

The first barrier layer 9 ca.n be used for blocking the outflmv of the electronic charges 

stored in the first storage layer 8. In some embodiments, the first barrier layer 9 can be a 

silicon oxide layer or a combination of silicon oxide/silicon nitride/silicon oxide (ONO) 

layers. ln some embodiments, the first barrier layer 9 includes high dielectric constant 

(high-k) dielectrics (e.g., aluminwn oxide). ln one example, the first barrier layer 9 is 

a.n oxide layer ftxmed by using a deposition process. 

[0063] As shovv11 in FIG. 4, a first passivation layer l O can be formed on the surface of 

the first barrier layer 9. The first passivation layer l O can be used for protecting the first 

barrier layer 9 from being damaged in a subsequent removal process. In some 

embodiments, the first passivation layer l O can be an amorphous silicon layer formed by 

using a deposition process. 

[0064] The portions of the first passivation layer 10, the first barrier layer 9, the first 

storage layer 8 and the first tunneling layer 7 located on the top surface of the first 

channel stmcture 6 on the bottom of the first through hole 5 can be removed. ln some 

embodiments, the removal process can include an etchmg process and a cleamng process. 

As such, the first functional layer can be formed on the sidewall of the first through hole 

5. 

[0065] In some embodiment in the same removal process, the first barrier layer 9, 

the first storage layer 8, the first tunneling layer 7, a.nd the oxide layer of the first mask 

layer 4 located on the surface of the nitride layer of first mask layer 4 ca.n also be 

removed. As such, the nitride layer of first mask layer 4 is remained on the surface of the 

first insulating connection layer 3. 

100661 At S 105, a second channel structure and a first filling structure can be sequentially 

fonned on the side\vall of the first functional layer and the exposed surface of the first 

channel structure 6. The srnfaces of the second channel structure and the first filling 

structure can be lower than the surface of the first insulating connection layer 3. 

[0067] As shov,11 in FIG. 5, a second channel layer 11 can be formed to cover the 

sidevvall of the first passivation layer 10, the bottom surface of the first through hole 5. 

The second channel layer 11 can also cover the top surface of the first insulating 

connection layer 3, or cover the top surface of the nitride layer of the first mask layer 4. 
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in some embodiments, the second channel layer 11 can be an amorphous silicon layer 

formed by using a deposition process. 

[0068] As shovvn in FIG. 6, a first filling layer 12 can be formed to cover the second 

channel layer 11 and fill the first through hole 5. In some embodiments, the first filling 

layer 12 can be an oxide layer formed by using a deposition process. In some 

embodiments, the first filling layer 12 can include one or more airgaps. 

[0069] As shown in FIGs. 7A and 7B, a portion of the first filling layer 12 can be 

removed, so that the top surface of the first filling layer 12 can be lower than the top 

surface of the first insulating connection layer 3. As such, the remaining portion of the 

first filling layer l 2 in the first through hole 5 can form the first filling structure. ln some 

embodiments, the portion of the first filling layer 12 can be removed by using an etching 

process. it is noted that, the term "etching process" used in the present disclosure can be 

referred to any suitable etching process including, but not limit to, a wet etching, a dry 

etching, or a combination thereof 

[0070] In some embodiments, as shovm in FIG. 7A, the top surface of the first filling 

layer 12 can be higher than the top surface of the second stacker layer 2. For example, 

the top surface of the first filling layer 12 can be 20nm to 40nm higher than the top 

smface of the top nitride layer of the second stacker layer 2. Preferably, the top surface 

of the first filling layer 12 can be about 30nm higher than the top surface of the top nitride 

layer of the second stacker layer 2. 

[0071] In some alternative embodiments, as shovv11 in FIG 7B, the top surface of the first 

filling layer 12 can be lower than the top surface of the second stacker layer 2. 

For ex,m1ple, the top surface of the first filling layer 12 can be 30rn:n to 40nm lower than 

the top surface of the top nitride layer of the second stacker layer 2. Preferably, the top 

surface of the first filling layer 12 can be about 35nm lower than the top surface of the top 

nitride layer of the second stacker layer 2. 

roonJ As shmvn in FIGs. 8A and 8B, a portion of the second channel layer 11 can be 

removed, such that the surface of the second channel layer 11 is lovver than the first 

insulating connection layer 3. The remaming portion of the second channel layer 11 can 

form the second channel structure that is in contact with the first channel structure 6. In 

some embodiments, the portion of the second channel layer 11 can be removed by using 

an etching process. 
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[0073] It is noted that, in various embodiments, the top surface of the second channel 

structure can be higher or lower than the top surface of the first stacked layer 2. 

However, the top surface of the second channel structure is not lower than the top surface 

of the top oxide layer in the first stacked layer 2. In some embodiments, the top surface 

of the second channel structure can be higher than the top nitride layer in the first stacked 

layer 2, as shovvn in FIG. 8A In some alternative embodiments, the top surface of the 

second channel structure is in a same plane of the top surface of the top oxide layer in the 

first stacked layer 2, as shovvn in FIG. 8B. 

[0074] At S 106, a first groove can be formed in the first insulating connection layer 3. In 

some embodiments, the projection of the first groove on the substrate l can completely 

cover the projection of the first through hole 5 on the substrate l. 

roo75J As shmvn in FI Gs. 9A and 9B, the nitride layer of the first mask layer 4 can be 

removed. In some embodiments, the nitride layer of the first mask layer 4 can be 

removed by using an etching process. 

[0076] As shown in FIGs. lOA and 10 B, the surface of the first insulating connection 

[0077] 

layer 3 can be planarized by using any suitable techniques, such as backside grinding, 

and/or chemical mechanical polishing (CMP). A portion of the first insulating connection 

layer 3 can be removed to form the first groove that penetrates the first msulating 

connection layer 3. An area of the prqjection "x" of the first groove on the substrate l 

can be larger Hum an area of the projection "y" of the first through hole 5 on the substrate 

1. 

In some embodiments, a depth of the first groove can he equal to or less than the 

thickness of the planarized first insulating connection layer 3, a5 shown in FIG. 10A 

For example, the depth of the first groove can be in a range between 50nm and 70nm ln 

one embodiment, the thickness of the planmized first insulating connection layer 3 1s 

about 90nm, v,-hile the depth of the first groove is about 60nm. 

roo78J In some alternative embodiments, the depth of the first groove can be greater Hum 

the thickness of the planarized first insulating connection layer 3, as shovvn in FIG. 1 OB. 

That is, a portion of the top nitride layer m the first stacked layer 2 can also be removed to 

form the first groove. For example, the depth of the first groove can be in a range 

between 50nm and 70nm. ln one embodiment the thickness of the planarized first 

insulating connection layer 3 is about 30nm, while the depth of the first groove is about 

60nm. 
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At Sl07, a third channel structme 14 can be formed in the first groove 13. 

As shov,11 in FIGs. l lA and 1 LB, the third channel structure 14 can be in contact with the 

second channel structure. Tn some embodiments, the third channel structure can be 

a polycrystalline silicon player formed by using a deposition process. 

roosoJ A thickness of the third channel structure 14 can he equal to the depth of the first 

groove 13. As described above, in some embodiments, a thickness of the third channel 

structure 14 can be equal to or less than the thickness of the planarized first insulating 

connection layer 3, as shown in FIG. l lA for example, the thickness of the third 

channel structure 14 can be in a nmge between 50nm. and 70nm, preferably about 60nm 

Tn some alternative embodiments, the thickness of the third channel structure 14 can be 

greater than the thickness of the plananzed first insulating connection layer 3, as shown in 

FTG. 11 B. For example, the thickness of the third channel structure 14 can he in a range 

betvveen 60nm and 80nm preferably about 70nm. 

[OmHJ Refernng to FIG. 238, at S108, a second stacked layer 15 and a second insulating 

[0082] 

connection layer 16 can be sequentially formed on the third channel structme 14. As 

shov,11 in FTG. 12, the second stacked layer 15 can include a plurality of oxide/nitride 

layer pairs, such as silicon oxide layer and silicon nitride layer pairs. Similar to the first 

stacked layer 2 as described above, the multiple oxide layers (shown in the areas with 

dotes) and multiple nitride layers (shown in the areas with meshes) in the second stacked 

layer 15 alternate in a vertical direction. The second stacked layer L5 can include ,my 

suitable number of layers of the oxide layers and the nitride layers. In some 

embodiments, a total number of layers of the oxide layers and the nitride layers in the 

second stacked layer 15 is equal to or larger than 64. 

In some embodiments, the second insulating connection layer 16 can be made by 

any suitable insulating material and/or dielect1ic material, such as silicon oxide. 1t is 

noted that, the material of the second insulating connection layer 16 can be different from 

the material of the nitride layer in the second stacked layer 15. 

[0083] Further, in some embodiments, a second mask layer 17 can be formed on the 

surface of the second insulating connection layer 16. The second mask layer 17 can 

include a nitride layer on the surface of the second insulating connection layer 16, and an 

oxide layer on the surface of such nitride layer. 

10084] At Sl09, a second through hole 18 is fonned. As shown in FIG. 13. the second 

through hole 18 can completely penetrate the second stacked layer 15 and the second 
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insulating connection layer 16, and can extend into the surface of the third channel 

structure 14. TI1e projection of the second through hole 1 8 on the substrate 1 can at least 

partially overlap with the projection of the first through hole 5 on the substrate 1. 

!0085J In some embodiments, the second stacked layer 15, the second insulating 

connection layer 16, the second mask layer 17, and the third channel stmcture J4 can be 

etched to form the second through hole 18. The second stacked layer 15, the second 

insulating connection layer 16, the second mask layer 17, and/or the third channel 

structure 14 can be etched by using a dry etching process, a wet etching process, 

or a combination thereof. A cleaning process c,m then be perfonned to clean the second 

through hole 18. 

10086] It 1s noted that, the second through hole 18 can extend to the surface of the third 

channel structure 14, or c,m extend into the third ch,mnel structure l 4. As such, a fourth 

channel structure formed subsequently in the second through hole l8 can directly contact 

the third channel structure. 

[0087] In some embodiments, a maximum difference between the radius of the top 

aperture of each second through hole 18 and the radius of the bottom aperture of the 

second through hole 18 can be 15nm. That is, as shovvn in FIG. 13, a distance "a" 

bet,veen the bm.mdary line of the top surface of each second through hole 18 and the 

boundary of the bottom surface of the second through hole 18 can be no more than 15 nm. 

10088] At S l 0 l 0, a second functional layer can be frm:ned on the sidewall of the second 

through hole 18. In some embodiments, the second functional layer can include a second 

tunneling layer 19, a second storage layer 20, a second barrier layer 21, and a second 

passivation layer 22. 

[0089] As shovvn in FIG. l 4, the second tunneling layer 19 can be formed on the sidewall 

of the second through hole 18 and the surface of the second channel structure 14. The 

second twmeiing layer 19 can be used for generating electronic charges. In some 

embodiments, the second tunneling layer l 9 can be an oxide layer fonned by using 

a deposition process. 

[0090] The second storage layer 20 can be formed on the surface of the second trumeling 

layer 19. TI1.e second storage layer 20 can be used for storing electronic charges. In some 

embodiments. the second storage layer 20 can be a nitride ]aver formed by using 

a deposition process. 
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[0091] The second barrier layer 21 can be formed on the surface of the second storage 

roonJ 

layer 20. The second barrier layer 21 can be used for blocking the outflow of the 

electronic charges in the second storage layer 20. In some embodiments, the second 

barrier layer 21 can be an oxide layer formed by using a deposition process. 

As shown in HG. 15, a second passivation layer 22 can be fonned on the surface 

of the second barrier layer 21. The second passivation layer 22 can be used for protecting 

the second barrier layer 21 from being damaged in a subsequent removal process. In 

some embodiments, the second passivation layer 22 can be an amorphous silicon layer 

formed by using a deposition process. 

[0093] As shovv11 in FIG. 15, the portions of the second passivation layer 22, the second 

barrier layer 21, the second storage layer 20 and the second tunneling layer 19 that are 

located on the surface of the second channel structure 14 c,m be removed. Tn soi:ne 

embodiments, the removal process can include an etching process and a cleaning process. 

ln some embodiments, the portions of the second passivation layer 22, the second barrier 

layer 21, the second storage layer 20, the second twmeling layer 19, the oxide layer of the 

second mask layer 17 that are located on the nitride layer of the second ni.ask layer 17 can 

also be removed by using an etching process. As such, the second functional layer can be 

formed on the sidewall of the second through hole 18. 

100941 At Sl012, a fourth channel structure and a second filling structme can be 

sequentially formed on the sidewall of the second functional layer and the exposed 

surface of the third channel structure. ln some embodiments, the top surface of the fourth 

channel structme can be higher than the top surface of the second filling structure. 

[0095] As shov,11 in FIG. 16, a fi)urth ch,mnel layer 23 can be formed to cover the 

sidevvall of the second passivation layer 22 and the bottom surface of the second through 

hole 18. ln some embodiments, the fourth chai:mel layer 23 cai:1 also cover the surface of 

the second insulating connection layer 16, or the surface of the nitride layer of the second 

rnask layer 17. In some embodiments, the fourth channel layer 23 can be ,m amorphous 

silicon layer formed by using a deposition process. 

[0096] As shown in FlG. 17, a second filling layer 29 cai:1 be formed to cover the fourth 

channel layer 23 and to fill the second through hole 18. Tn sorne embodiments, the 

second filling layer 29 can be an oxide layer formed by using a deposition process. 

10097] As shown in FIG. 18, a portion of the second filling layer 29 cai:1 be removed, 

such that the surface of the second filling lay er 29 is lower than the surface of the second 
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insulating connection layer 16. In some embodiments, the removal process can include 

an etching process. The remaining portion of the second filling layer 29 in the second 

through hole 18 can fonn the second filling structure. 

!0098J As shown in FIG. 19, the portion of the fourth channel layer 23 located on the 

surface of the second insulating connection layer 16 or the surface of the second ni.ask 

layer 17 can be removed. In some embodiments, the removal process can include an 

etching process. The remaining portion of the fourth channel layer 23 in the second 

through hole 18 can fom1 the fomih cha.nnel structure. The top surface of the fourth 

channel structure can be higher than the top surface of the second filling structure. As 

such, a second groove can be fonned on the fourth channel structure and the second 

filling structure, and in the second through hole 18. 

10099] It is noted that, the top surface of the fourth channel structure can be higher Hum 

the top surface of the second stacked layer 15, or can be lower than the top surface of the 

second stacked layer 15. The top surface of the fourth channel structure is not lower than 

the top surface of the top oxide layer in the second stacked layer 15. In some 

embodiments, the top surface of the fourth channel structure can be in a same plane of the 

top srnface of the top ox.i de layer in the second stacked layer 15. 

100100] At Sl013, a fifth channel structure can be formed in the second groove. The fifth 

channel structure can be in contact with the fourth channel structure. As shovm in FIG. 

20, the fifth channel structure 30 c,m be fonned in the second groove that is on the fourth 

channel structure and the second filling structure and in the second through hole 18. 

The nitride layer of the second mask layer 17 can be then removed by an etching process. 

[00101] As shown in FiGs. 2lA and 2lB, the top surface of the second insulating 

connection layer 16 and the top srnface of the fifth channel structure 30 can be planarized 

by any suitable techmques, such as backside grinding, and/or chemical mechanical 

polishing (Cl\i1P). 

100102] Accordingly, the disclosed method as shown in FiGs. 23A and 23B can fonn a 

joint opening structure of a three-dimensional (3D) memory device by combining tvvo 

through hole formation processes. As such, the formed channel hole having the joint 

opening structure can have a large aspect ratio and a limited top-bottom. aperture error. 

Further, the disclosed method of forming a joint opening structure in a 3D memory device 

can result in an efficient process capability controL a simplified process complexity, and a 

reduced cost. 
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[00103J In some embodiments, the present disclosure also provides a three-dimensional 

memory device formed by using the above disclosed i:nethod as shown in FIGs. 23A and 

238. ·me three-dimensional memory can include the following components described 

belmv. 

roorn4J A first stacked layer including a plurality of oxide/nitride layer pairs, such as 

silicon oxide layer silicon niuide layer pairs, is formed on a substrate. A first insulating 

connection layer is formed on the first stacked layer. A first through hole penetrates the 

first stacked layer and the first insulating connection layer, and extends into the surface of 

the substrate. 

[00105] A first channel structure is formed on the surface of the substrate exposed by the 

first through hole. A first ftmctional layer is formed on the sidewall of the first through 

hole. A second dumnel structure is fonned on the sidewall of the first functional layer 

and the surface of the first channel structure. A first filling structure is formed on the 

sidewall and the surface of the second channel structure to fill the first through hole. In 

some embodiments, an airgap is enclosed in the first filling structure. The top smfaces of 

the second channel structure and the first filling structure are lower than the top surfaces 

of the first insulating connection layer. 

100106] A first groove 1s formed in the first insulating connection layer, and above the first 

functional layer, the second channel structure and the first filling structure. A projection 

of the first groove on the substrate corn.pletely covers a projection of the first through hole 

on the substrate. A third channel structure in contact with the second channel structure is 

formed in the first groove. 

[00107] A second stack layer including a plurality of oxide/nitride layer pairs, such as 

silicon oxide layer and silicon nitride layer pairs, is formed on the top surfaces of the first 

insulating connection layer and the third channel strncture. A second msulating 

connection layer is formed on the second stack layer. A second through hole penetrates 

through the second stacked layer and the second insulating connection layer, and extends 

into a surface of the third channel structure. A projection of the second through hole on 

the substrate at least partially overlaps the projection of the first through hole on the 

substrate. 

[00108] A second functional layer is formed on the sidewall of the second through hole. A 

fourth channel structure is fom1ed on the sidewall of the second ftmctional laver and the 

bottom surface of the second through hole. A second filling structure is formed on the 
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sidewall and the surface of the fourth channel structure to fill the second through hole. 

in some embodiments, ,m airgap is enclosed in the second filling structure. TI1e top 

srnface of the fourth channel structure is higher than the top surface of the second filling 

structme. A fifth channel structme in contact with the fourth channel structure is formed 

in a second groove that is surrnunded by the second functional layer, and above the fourth 

channel structure and the second filling structure. 

[00109] In some embodiments. as shmvn in FlG. 21A, a thickness "b" of the first 

insulating connection layer, which is the distance between the top nitride layer of the first 

stacked layer and the bottom nitride layer of the second stacked layer can be in a range 

between 80nm and l 00nm, preferably about 90nm A thickness "c" of the third channel 

structure can be in a range bet\veen 50nm and 70nm, preferably about 60nm. 

root to] In sorn.e alternative ern.bodirn.ents, as shown in FIG. 21 B, a thickness ''b" of the 

first insulating connection layer, vvhich is the distance between the top nitride layer of the 

first stacked layer and the bottom nitride layer of the second stacked layer can be in a 

range between 20nm and 40nm, preferably about 30nm. A thickness "c" of the third 

channel structure can be in a range between 50nm and 70nm, preferably about 60nm 

[OOH l] Further, the difference betvveen the radiuses of the top aperture and the bottom 

aperture of the second channel structure, and the difference bet,veen the radiuses of the 

top aperture and the bottom aperture of the fourth channel structure can he within 15nm. 

Accordingly, the disclosed channel hole having a joint opening structure can have a large 

aspect ratio and a limited top-bottom aperture error. 

[00112] In some embodiments, a replacement process can he performed to replace each of 

the plurality of nitride layers in the first stacked layer 2 and the second stacked layer 15 

with a conductive layer 40, as shovvn in FIGs. 22A and 22B. The conductive layer can 

include any suitable material that is electronically conductive, including, but not lirnited 

to, vV, Co, Cu, Al, doped silicon, silicides, or any combination thereof 

root 13] In some embodiments, during the replacement process, a portion of the third 

channel structure 14 that is adjacent vvith the bottom nitride layer of the second stacked 

layer 15, or is adjacent with the top nitride layer of the first stacked layer 2 can he 

converted to an oxide layer by ,m oxidation process. For example, an etching process can 

be perfom1ed to remove all nitride layers in the first stacked layer 2 and the second 

stacked layer 15. Then an oxide process can he formed to oxide the exposed surface of 

the third channel structure. As a result, a portion of the third channel stmcture can be 
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converter to the oxide layer as shovm in FIGs. 22A and 2213. In some embodiments,, 

a thickness "c" of the third channel structure c,m he reduced after the replacernent 

process. For example, the thickness "c" of the third channel structure can be reduced to a 

range betv,-een 30nm and 50nm, preferably about 40nm. 

root 14] Referring to FIGs. 50A and SOB, schern.atic ilo-w diagrams of another exemplary 

fabricating process for forming a joint opening structure of three-dimensional (3D) 

memory device are illustrated in accordance with some other embodiments of the present 

disclosure. And FI Gs. 24-49 illustrate schematic stmctural cross-sectional diagrams of an 

exemplary joint opening structure of three-dimensional (3D) memory device at certain 

stages of the fabricating process shovvn in FT Gs. 50A and 508. 

100115] As shown in FIG. 50A, at S201, a first stacked layer 202 and a first msulating 

connection layer 203 c,m be sequentially fi)nned on the surface of a substrate 201. In 

some embodiments, the 3D memory device can include a first region l 00, a second region 

200, and a tlmd region 300, as shown in FIG. 24. The first region 100 can be used to 

form one or more channel holes, the second region 200 can be used to form one or more 

staircase structure (SS) dummy holes, while the third region 300 can he used to fonn one 

or more through array contact (TAC) barriers. 

100116] As shown in flG. 24, the first stacked layer 202 can be formed on the substrate 

201. The first stacked layer 202 can include a plurality of oxide/nitride layer pairs. That 

is, in the first stacked. layer 202, multiple oxide layers (shov,11 in the areas with dotes) ,md 

multiple nitride layers (shown in the areas with meshes) alternate in a vertical direction. 

in other v,-ords, except a top and a bottom layer of a given stack, each of the other oxide 

layers can be sandwiched by two adjacent nitride layers, and each nitride layer can be 

sandwiched by two adjacent oxide layers. 

100117] Oxide layers can each have the same thickness or have different thicknesses. For 

example, a thickness of each oxide layer can be in a range from 90nm to 160nm, 

preferably about 150nm. Similarly, nitride layers c,m each have the sarn.e thickness or 

have different thicknesses. For example, a thickness of each nitride layer can be in a 

range from 80nm to 110nm, preferably about 100nm. In some embodiments, the oxide 

layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer. 

[00118] The first stacked layer 202 can include any suitable number of layers of the oxide 

layers and the nitride layers. ln some embodiments, a total number of layers of the oxide 

layers and the nitride layers in the first stacked layer 202 is equal to or larger than 64. In 
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some embodiments, alternating conductor/dielectric stack includes more oxide layers or 

more nitride layers with different materials and/or thicknesses than the oxide/nitride layer 

pair. 

10(H19J The first insulating connection laver 203 can be formed on the first stacked 

layer 202. in some embodiments, the first insulating connection layer 203 can be made 

by any suitable insulating material and/or dielectric materiaL such as silicon oxide. lt is 

noted that, the material of the first insulating connection layer 203 can be different from 

the material of the nitride lay er in the first stacked lay er 202. 

[00120] Further, in some ernbodirnents, a first mask layer 204 can be fi)nned on the 

srnface of the first insulating connection layer 203. ·me first mask layer 204 can include 

a nitride layer on the surface of the first insulating connection layer 203, and an oxide 

layer on the surface of such nitride layer. 

[00121] In some embodiments, the first stacked layer 202, the first insulating connection 

layer 203, and/or the first mask layer 204 can be formed by using one or more deposition 

processes, such as one or more chemical vapor deposition (CVD) processes, one or more 

physical vapor deposition (PVD) processes, one or more atomic layer deposition (ALD) 

processes, and/or any suitable combinations thereof. 

100122] At S202, one or more first through holes 205 can be formed m each of the first 

region 100, the second region 200, and the third region 300. As shown in FIG. 24, each 

of the one or n1.ore first through holes 205 can completely penetrate the first stacked layer 

202 and the first insulating connection layer 203, and can extend into the surface of the 

substrate 201. In some embodiments, when the first ma-;k layer 204 is formed on the 

surface of the first insulating connection layer 203, the etching process also etch the first 

mask layer 204 to form the first through holes 205. 

100123] In some embodiments, the first through holes 205 can be fom1ed by etching the 

first stacked layer 202 and the first insulating connection layer 203 and a subsequent 

cleaning process. The etching process to form the first through holes 205 can be a wet 

etching, a dry etching, or a combination thereof. Tt is noted that, in the direction 

perpendicular to the surface of the substrate 201, the depth of the one or more first 

through holes 205 in the third region 300 can be larger than the depth of the one or more 

first through holes 205 in the first region 100. 

100124] At S203. a first channel strncture 206 can be formed on the surface of the 

substrate 201 that is exposed by each of the plurality of first through holes 205, as shmvn 
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in FIG. 25. In some embodiments, the first channel structure 206 ca.n be a polycrystalline 

silicon (polysilicon) layer formed by using a selective epitaxial process. 

[00125] At S204, a first functional layer can be formed on the sidewall of each of the 

plurality of first through holes 205. The first functional layer can include a first tunneling 

layer 207, a first storage layer 208, a first harrier layer 209, ,md a first passivation layer 

210. 

[00126] As shown in FlG. 26, the first tunneling layer 207 can be fom1ed on the sidewall 

of the plurality of first through holes 205 and the exposed surfaces of the first channel 

structures 206. The first tunneling layer 207 can be used for generating electronic 

charges (electrons or holes). In some embodiments, the first tunneling layer 207 can be 

an oxide layer formed by using a deposition process. 

roo1211 The first storage layer 208 can be formed on the surface of1.he first tunneling layer 

207. The first storage layer 208 can be used for storing electronic charges. T11e storage 

or removal of charge m the first storage layer 207 can impact the on/off state and/or 

a conductance of the semiconductor channel. The first storage layer 207 can include 

polycrystalline silicon (polysilicon) or silicon nitride. In some embodiments, the first 

storage layer 208 can be a nitride layer formed by using a deposition process. 

100128] The first barrier layer 209 can be fonned on the surface of the first storage 

layer 208. The first barrier layer 209 can he used for blocking the outflow of the 

electronic charges stored in the first storage layer 208. In soi:ne eJ:nhodiJ:nents, the first 

barrier layer 209 can be a silicon oxide layer or a combination of silicon oxide/silicon 

nitride/silicon oxide (ONO) layers. In some embodiments, the first barrier layer 209 

includes high dielectric constant (high-k) dielectrics (e.g., aluminum oxide). In one 

example, the first barrier layer 209 is an oxide layer formed by using a deposition 

process. 

100129] As shown in FIG. 27, a first passivation layer 210 can be formed on the surface of 

the first barrier layer 209. The first passivation layer 210 can be used for protecting the 

first barrier layer 209 from being damaged in a subsequent removal process. In some 

embodiments, the first passivation layer 210 can be an amorphous silicon layer formed by 

using a deposition process. 

[00130] The portions of the first passivation layer 210, the first barrier layer 209, the first 

storage layer 208 and the first tunneling layer 207 located on the surfaces of the plurality 

of first channel structures 206 on the bottom of the plurality of first through holes 205 can 
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be removed. In some embodiments, the removal process can include an etching process 

and a cleaning process. As such, the first f1.mctional layer c,m be fonned on the side·walls 

of the plurality of first through holes 205. 

100131] In some embodiment, in the same removal process, the first barrier layer 209, 

the first storage layer 208, the first tunneling layer 207, and the oxide layer of the first 

mask layer 204 located on the surface of the nitride layer of first mask layer 204 can also 

be removed. As such, the nitride layer of first mask layer 204 is remained on the surface 

of the first insulating connection layer 203. 

[00132] At S205, a second channel structure and a first filling structure can be sequentially 

formed on the sidewall of the first functional layer and the exposed surface of the first 

channel structure 206 in each of the plurality of first through holes 205. The surfaces of 

the second channel structure and the first filling structure can be 10\ver than the surface of 

the first insulating connection layer 203. 

[00133] As shown in FIG. 28, a second channel layer 211 can be formed to cover the 

sidewalls of the first passivation layer 210 and the bottom of each of the plurality of first 

through holes 205. The second channel layer 211 can also cover the surface of the first 

insulating connection layer 203, or cover the surface of the nitride layer of the first mask 

layer 204. In some embodiments, the second channel layer 211 can be an amorphous 

silicon layer formed by using a deposition process. 

100134] As shown in FIG. 29, a first filling layer 212 can be formed to cover the second 

channel layer 21 l and fill each of the plurality of first through holes 205. In some 

embodiments, the first filling laver 212 can be an oxide layer formed by using a 

deposition process. 

100135] As shmvn in FTGs. 30A and 30B, a portion of the first filling layer 2 l 2 can be 

removed, such that the top surface of the first filling layer 212 can be lower than the top 

surface of the first insulating connection layer 203. As such, the remaining portion of the 

first filling layer 212 in each of the plurality of first through holes 205 can form the first 

filling structure. In some embodiments, the portion of the first filling layer 212 can be 

removed by using an etching process, such as a wet etching, a dry etching, or a 

coi:nbination thereof. 

100136] In some embodiments, as shovvn in FIG. 30A, the top srnface of the first filling 

layer 212 can be higher than the top surface of the second stacker layer 202. 

For example, the top surface of the first filling layer 212 can be 20nm to 40nm higher 

Atty. Dkt. No. 4123.0110003 

Micron Ex. 1002, p. 175 
Micron v. YMTC 
IPR2025-00245



- 28 -

than the top smface of the top nitride layer of the second stacker layer 202. Preferably, 

the top surface of the first filling layer 212 can be about 30nm higher Hum the top surface 

of the top niuide layer of the second stacker layer 202. 

100137] In some alternative embodiments, as shown in FIG. 30B, the top smface of the 

first filling lay er 212 can be lower than the top surface of the second stacker layer 202. 

For example, the top surface of the first filling layer 212 can be 30nm to 40nm lower than 

the top surface of the top nitride layer of the second stacker layer 202. Preferably, the top 

surface of the first filling layer 212 ca.n be about 35nm lower than the top surface of the 

top nitride layer of the second stacker layer 202. 

[00138] As shovvn in FlGs. 31A and 318, a portion of the second channel layer 211 can be 

removed, such that the surface of the second channel layer 211 is lower than the first 

insulating connection layer 203. The rern.aining portion of the second channel layer 211 

can fom1 the second channel structure that is in contact with the first channel structure 

206. ln some embodiments, the portion of the second channel layer 211 can be removed 

by using an etching process. 

[00139] H is noted that, in various embodiments, the top surface of the second channel 

structure can be higher than the top surface of the first stacked layer 202 or lower than the 

top surface of the first stacked layer 202. Ho,vever, the top surface of the second channel 

structme is not lower than the top surface of the top oxide layer in the first stacked layer 

202. in some embodiments, the top surface of the second channel structure can be higher 

than the top nitride layer in the first stacked layer 202, as shown in FIG 31A. In some 

alternative embodiments, the top surface of the second channel structure is in a same 

plane of the top surface of the top oxide layer in the first stacked layer 202, as shown in 

FIG. 31B. 

100140] At S206, a first groove can be formed in the first insulating connection layer 203 

above each of the plurality of first through holes 205. In some embodiments, 

the projection of the first groove on the substrate 20J can completely cover the projection 

of the corresponding first through hole 205 on the substrate 201. 

[00141] As shown in FIG-s. 32A and 328, the nitride layer of the first mask layer 204 can 

be removed. In some ern.bodirnents, the nitride layer of the first mask layer 204 can he 

removed by using an etching process. 

100142] As shown in FIGs. 33A and 33 B, the surface of the first msulating connection 

layer 203 can be planarized by any suitable techniques, such as backside grinding, and/or 
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chemical mechanical polishing (CMP). A portion of the first insulating connection layer 

203 c,m be removed to fixm a plurality of first grooves that penetrate the first insulating 

connection layer 203. An area of the projection of each of the plurality of first grooves on 

the substrate 201 ca.n be larger than an area of the prqjection of each of the plurality of 

first through holes 205 on the substrate 201. 

[00143] In some embodiments, a depth of the first groove can be equal to or less than the 

thickness of the plananzed first insulating connection layer 203, as shown in flG. 33A. 

for example, the depth of the first groove can be in a range between 50nm and 70nm. In 

one embodiment, the thickness of the phmarized first insulating connection layer 203 is 

about 90nm while the depth of the first groove is about 60nm 

100144] In some alternative embodiments, the depth of the first groove can be greater than 

the thickness of the planarized first insulating connection layer 203, as shmvn in 

FIG. 33B. That is, a portion of the top nitride layer in the first stacked layer 202 can also 

be removed to form the first groove. For example, the depth of the first groove can be m 

a range between 50nm and 70nm. In one embodiment, the thickness of the planarized 

first insulating connection layer 203 is about 30nm, ·while the depth of the first groove is 

about 60nm. 

100145] At S207, a third channel structure 214 can be formed in each of the plurality of 

first grooves 213. As shovvn in FIGs. 34A and 34B, the third channel structure 214 can 

be in contact with the second channel structure in each of the plurality of first through 

holes 205. In some embodiments, the third channel structure can be a polycrystalline 

silicon player formed by using a deposition process. 

[00146] A thickness of each third channel structure 214 c,m be equal to the depth of each 

first groove 213. As described above, in some embodiments, a thickness of each third 

channel structure 214 can be equal to or less than the thickness of the planarized first 

insulating connection layer 203, as shown in FIG. 34A. For example, the thickness of 

each third channel structure 214 can be in a range between 50nm and 70nrn, preferably 

about 60nm. In some alternative embodiments, the thickness of each third channel 

structure 214 can be greater than the thickness of the planarized first insulating 

connection layer 203, as shmvn in FIG. 34B. For exarn.ple, the thickness of each third 

channel structure 214 can be in a range betvveen 60nm and 80nm, preferably about 70nm. 

100147] Referring to FIG. 50B, at S208, a second stacked layer 215 and a second 

insulating connection layer 216 can be sequentially formed on the plurality of third 
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channel structures 214. As shovm in FIG. 35, the second stacked layer 215 can include a 

plurality of oxide/nitride layer pairs, such as silicon oxide layers and silicon nitride layers. 

Similar to the first stacked layer 202 as described above, the multiple oxide layers (shm:\m 

in the areas with dotes) and multiple nitride layers (shown in the areas with meshes) in the 

second stacked layer 215 alternate in a vertical direction. The second stacked layer 215 

can include any suitable number of layers of the oxide layers and the nitride layers. ln 

some embodiments, a total number of layers of the oxide layers and the nitride layers in 

the second stacked layer 215 is equal to or larger than 64. 

[00148] In some embodiments, the second insulating connection layer 216 can be made by 

anv suitable insulating material and/or dielectric material, such as silicon oxide. lt is 

noted that, the material of the second insulating connection layer 216 can be different 

froJ:n the material of the nitride layer in the second stacked layer 215. 

[00149] Further, in some embodiments, a second mask layer 217 can be formed on the 

surface of the second insulating connection layer 216. "l11e second mask layer 217 can 

include a nitride layer on the surface of the second insulating connection layer 216, and 

an oxide layer on the surface of such nitride layer. 

[00150] At S209, one or more second through holes 218 are formed in each of the first 

region 100, the second region 200, and the third region 300. As shown in FlG. 36, each 

of the plurality of second through holes 218 can completely penetrate the second stacked 

layer 215, the second insulating connection layer 216, and the second mask layer 217, ,md 

can extend into the srnface of the corresponding third channel structure 214. The 

projection of each second through hole 218 on the substrate 201 can at least partially 

overlap with the projection of the corresponding first through hole 205 on the substrate 

201 

100151] In some embodiments, the second stacked layer 215, the second msulating 

connection layer 216, the second mask layer 217, and the third channel structures 214 can 

be etched to form the plurality of second through holes 218 that penetrate the second 

stacked layer 2 l 5 and the second insulating connection layer 216. The second stacked 

layer 215, the second insulating connection layer 216, the second mask layer 217, and/or 

the third ch,mnel structure 214 can be etched by using a dry etching process, a wet 

etching process, or a combination thereof A cleaning process can then be performed to 

clean the plurality of second through holes 218. 
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[00152J It is noted that, each second through hole 218 can extend to the smface of the 

corresponding third channel structure 214, or can extend into the corresponding third 

channel structure 214. As such, a fourth channel structure formed subsequently in each 

second through hole 218 can directly contact the corresponding third channel structure. It 

is also noted that, the one or more second through holes 218 in the third region 300 c,m 

also completely penetrate the corresponding third channel structures 214, as shovvn in 

FIG. 36. However, the one or morn third channel structures 214 m the first region 100 am 

not completely penetrated by the one or more second through holes 218. 

[00153] In some ernbodiments, a maxirnum difference between the radius of the top 

aperture of each second through hole 218 and the radius of the bottom aperture of the 

second through hole 218 can be 15nm. That is. as shown in FIG. 36. a distance "a" 

between the boundary line of the top surface of each second through hole 218 and the 

boundary of the bottom surface of the second through hole 218 can be no more than 15 

nm. 

[00154J At S2010, a second functional layer can be formed on the sidev,'all of each second 

through hole 218. In some embodiments, the second functional layer can include 

a second tunneling layer 219, a second storage layer 220, a second barrier layer 22L 

and a second passivation layer 222. 

100155] As shovvn in FIG. 37, the second tunneling layer 219 can be fom1ed on the 

sidewall of each second through hole 218 and the surface of the corresponding third 

channel structure 214. The second tunneling layer 219 can be used for generating 

electronic charges. ln some embodiments, the second tunneling layer 219 can be an oxide 

layer formed by using a deposition process. 

100156] The second storage layer 220 can be formed on the surface of the second 

tunneling layer 219. The second storage layer 220 can be used for stormg electronic 

charges. In some embodiments, the second storage layer 220 can be a nitride layer 

fonned by using a deposition process. 

[00157] The second barrier layer 221 can be formed on the surface of the second storage 

layer 220. The second barrier layer 221 can be used for blocking the outflmv of the 

electronic charges in the second storage layer 220. in soi:ne embodiments, the second 

barrier layer 22 l can be an oxide layer fom1ed by using a deposition process. 

100158] As shown in FIG. 38, a second passivation layer 222 can be formed on the surface 

of the second barrier layer 221. The second passivation layer 222 can be used for 
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protecting the second barrier layer 221 from being damaged in a subsequent removal 

process. In so1:ne embodiments, the second passivation layer 222 can he an amorphous 

silicon layer formed by using a deposition process. 

100159] As shown in FIG. 38, the portions of the second passivation layer 222, the second 

barrier layer 22L the second storage layer 220 and the second tunneling layer 219 that are 

located on the surface of each third channel structure 214 can be removed. Tn some 

embodiments, the removal process can include an etching process and a cleaning process. 

ln some embodiments, the portions of the second passivation layer 222, the second barrier 

layer 22 l, the second storage layer 220, the second tunneling layer 219, the oxide layer of 

the second mask layer 217 that are located on the nitride layer of the second mask layer 

217 can also he removed by usmg an etching process. As such, the second functional 

layer c,m be formed on the sidewall of each second through hole 21 8. 

[00160] At S201 L a fourth channel structure can he fonned on the sidewall of the second 

ftmctional layer and the exposed surface of the third channel structure in each second 

through hole 218 in the first region 100. Further, a second filling structure can be formed 

in each of the plurality of second through holes 218 in the first region 100, the second 

region 200, and the third region 300. In some embodiments, the top surface of the fourth 

channel structure can be higher than the top surface of the second filling structure. 

100161] As shown in FIG. 39, a fourth channel layer 223 can be formed to cover the 

sidewall of the second passivation layer 222 and the bottom surface of each of the 

plurality of second through holes 218 in the first region 100, the second region 200, and 

the third region 300. In some embodiments, the fourth channel layer 223 can also cover 

the top surface of the second insulating connection layer 216, or the top surface of the 

niuide layer of the second mask layer 217. In some embodiments, the fourth channel 

layer 223 can be an amorphous silicon layer formed by usmg a deposition process. 

100162] As shown in FIG. 40, a third filling layer 224 can be formed to cover the fourth 

channel layer 223. In some ernhodirnents, the third filling layer 224 can include one or 

more airgaps in each second through hole 218. Tn some embodiments, the third filling 

layer 224 can be an oxide layer formed by using a deposition process. 

[00163] As shown in FIG. 41, a third mask layer 25 can be formed on the top surface of 

the third filling layer 224 in the first region 100. Using the third mask layer 225 as a 

mask, the portions of the tlmd filling layer 224 located in the second region 200 and the 

third region 300 can be removed by using an etching process. 
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[00164J As shown in FIG. 42, the third mask layer 225 ca.n be removed. Using the 

rernaining third filling layer 224 in the first region 100 as a ni.ask, the fourth channel 

layer 223 located in the second region 200 and the third region 300 can be removed by 

using an etching process. 

root65] As shown in FIG. 43, a fourth filling layer 227 can be formed on the surface of the 

second functional layer located in the second region 200 and the third region 300. 

ln some embodiments, the filling performance of the fourth filling layer 227 can be better 

than the filling performance of the third filling layer 224. That is, in a same removing 

process, the removal rate of the fourth filling layer 227 can be less tha.n the removal rate 

of the third filling layer 224. 

100166] As shown in FlG. 44, the third filling layer 224 on the surface of the fourth 

channel layer 223 in the first region l 00 can be removed by using ,m etching process. It 

is noted that, a portion of the fourth filling layer 227 can also be removed by the same 

etching process. 

[00167J As shown in FIG. 45, a second filling layer 229 ca.n be formed in each second 

through hole 218 in the first region l 00, the second region 200 and the third region 300. 

The material of the second filling layer 229 can be the same material of the fourth filling 

layer 227. 

100168] As shovvn in FIG. 46, a pmtion of the second filling layer 29 can be removed by 

using an etching process, such that the top surface of the second filling layer 229 in each 

second through hole 218 is lovver than the top surface of the second insulating connection 

layer 216. The remaining portion of the second filling layer 29 in each second through 

hole 21 8 can fonn the second filling structure. 

[00169] Further, the portion of the fourth channel layer 223 located on the surface of the 

second insulating connection layer 216 or the surface of the second mask layer 217 can be 

removed by using a.tl etching process. The remaining portion of the fourth channel layer 

223 in each second through hole 218 can form the fourth channel structure. Tiie top 

surface of the fourth channel structure can be higher than the top surface of the second 

filling structure. As such, a second groove can be formed on the fourth channel structure 

and the second filling structure in each second through hole 218 in the first region l 00, 

and on the second filling structure in each second through hole 218 in the second region 

200 and the third region 300. 
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[00170J It is noted that, the top surface of the fourth channel structure can be higher than 

the top surface of the second stacked layer 215, or can be lower than the top surface of the 

second stacked layer 215. The top surface of the fourth channel structure is not lovver 

than the top surface of the top oxide layer in the second stacked layer 215. ln some 

embodiments, the top surface of the frmrth channel structure can be in a same plane of the 

top surface of the top oxide layer in the second stacked layer 215. 

[00171] At S2012, a fifth channel structure can he formed in the second groove of each 

second through hole 218 in the first region 100. TI1e fifth channel structure ca.n be in 

con tact with the fourth channel structure. 

[00172] As shovvn in FIG 47, the fifth channel structure 230 can be formed in the second 

groove that 1s on the fourth channel structure and the second filling structure in each 

second through hole 218 in the first region 100. TI1e fifth channel structure 230 can also 

be formed in the second groove that is on the second filling structure in each second 

through hole 218 in the second region 200 and the third region 300. The nitride layer of 

the second mask layer 217 can be then removed by an etching process. 

[00173] As shown in FiGs. 48A and 48B, the top surface of the second insulating 

connection layer 216 and the top surface of the plurality of fifth channel structures 230 

can be planarized by any suitable techniques, such as backside grinding, and/or chemical 

mechanical polishing (CMP). 

root74] Accordingly, the disclosed method as shown in FIGs. 50A and SOB can form 

another joint opening structure of a three-dimensional (3D) memory device by combining 

two through hole formation processes. As such, the formed channel holes having the 

joint opening structure can have a large aspect ratio and a limited top-bottom aperture 

error. Further, the disclosed method of forming a joint opening structure in a 3D memory 

device can simultaneously form a plurality of channel holes, staircase dummy holes, and 

through array contact barriers, resulting in an efficient process capability control, a 

sirn.plified process corn.plexity, ,md a reduced cost. 

[00175] In some embodiments, the present disclosure also provides another three-

dimensional memory device formed by using the above disclosed method as shmvn m 

FIGs. 50A and SOB. The three-dimensional memory device can include a first region for 

forming a plurality of channel holes, a second region for forming a plurality of staircase 

structure (SS) dummy holes, and a third region for fonning a plurality of through array 

contact (TAC) barriers. Along a direction perpendicular to the surface of the three-
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dimensional memory device, the three-dimensional memory device can include the 

following components. 

[00176] A first stacked layer including a plurality of oxide/nitride layer pairs, such as 

silicon oxide layer and silicon nitride layer pairs, is formed on a substrate. A first 

insulating connection layer is frm:ned on the first stacked layer. A plurality of first 

through holes penetrating the first stacked layer and the first insulating connection layer 

and extending into the surface of the substrate are formed in the first region, the second 

region, and the third region. 

[00177] A first channel structure is formed on the surface of the substrate exposed by each 

first through hole. A first functional layer is fonned on the sidewall of each first through 

hole. A second channel structure 1s formed on the sidewall of the first functional layer 

and the surface of the first channel structure in each first through hole. A first filling 

structure is formed on the sidewall and the surface of the second channel structure to fill 

each of the plurality of first through holes. In some embodiments, an airgap can be 

enclosed in the first filling structure in each first through hole. The top surfaces of the 

second channel structure and the first filling structure are lower than the top surfaces of 

the first insulating connection layer. 

100178] A first groove 1s formed in the first insulating connection layer, and above the first 

functional layer, the second channel structure and the first filling structure in each first 

through hole. A projection of each of the plurality of first grooves on the substrate 

completely covers a projection of the corresponding first through hole on the substrate. 

A third channel structure in contact with the second channel structure in the 

corresponding first through hole is ftxmed in each first groove. 

[00179] A second stack layer including a plurality of oxide/nitride layer pairs, such as 

silicon oxide layer and silicon nitride layer pairs, is formed on the top surfaces of the first 

insulating connection layer and the plurality of third channel structures. A second 

insulating connection layer is formed on the second stack layer. A plurality of second 

through holes penetrating through the second stacked layer and the second insulating 

connection layer and extending into a surface of the third channel structure are fom1ed in 

the first region, the second region, and the third region. A projection of each of the 

plurality of second through holes on the substrate at least partially overlaps the projection 

of the corresponding first through hole on the substrate. 
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[00180J A second functional layer is formed on the sidewall of each second through hole. 

A fourth ch,mnel structure is fonned on the sidewall of the second functional layer and 

the bottom surface of each second through hole in the first region. A second filling is 

formed to fill each of the plurality of second through holes in the first region, the second 

region, and the third region. In some ern.bodirn.ents, an airgap can be enclosed in the 

second filling structure. The top surface of the fourth channel structure is higher than the 

top surface of the second filling structure in each second through hole in the first region. 

[0018.lj In the first region, a fifth channel structure in contact with the fourth channel 

structure is formed in a second groove in each second through hole that is surrounded by 

the second functional layer, and above the fourth channel structure and the second filling 

structure. And in the second region and the third region, a fifth channel structure is 

fonned in a second groove in each second through hole that is surrounded by the second 

functional layer, and above the second filling structure. 

[00182] Due to the fourth channel structures being formed m the second through holes m 

the first region rather than the third region, the fifth channel structure in each second 

through hole in the first region can be electronically connected with the first channel 

structure in the corresponding first through hole, while the fifth channel structure in each 

second through hole in the third region can be electronically insulated with the first 

channel structme in the corresponding first through hole. Thus, in the three-dimensional 

i:nemory device, a plurality of channel holes can be formed in the first region, and a 

plurality of through array contact (TAC) barriers can be formed in the third region. The 

plmality of staircase structure dummy holes in the second region can have a supporting 

f1mction of the staircase structure. 

[00183] In some embodiments, as shovv11 in FIG. 48A in each channel hole in the first 

region, a thickness ·'b" of the first insulating connection layer, w-hich is the distance 

between the top nitride lay er of the first stacked layer and the hot1om nitride layer of the 

second stacked layer can be in a range bet\veen 80nm and 100nm, preferably about 90nm. 

A thickness ''c" of the third channel structure can be in a range between 50nm and 70nm, 

preferably about 60nm. 

[00184] In some alternative embodiments, as shown in FIG. 47B, in each channel hole in 

the first region, a thickness "b" of the first insulating connection layer, vvhich is the 

distance between the top nitnde layer of the first stacked layer and the bottom nitride 

layer of the second stacked layer can be in a range between 20nm and 40nm, preferably 
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about 30nm. A thickness "c" of the third channel structure can be in a range between 

50nm and 70nm, preferably about 60nm. 

[00185] Further, the difference betvveen the radiuses of the top aperture and the bottom 

aperture of the second channel structure, and the difference between the radiuses of the 

top aperture and the bottom aperture of the fourth channel structure can be v,ithin 15nm. 

Accordingly, the disclosed channel hole having a joint opening structure can have a large 

aspect ratio and a limited top-bottom aperture error. 

[00186J In some embodiments, a replacement process can he performed to replace each of 

the plurality of nitride layers in the first stacked layer 202 and the second stacked 

layer 215 with a conductive layer 240, as shown in FlGs. 49A and 49B. The conductive 

layer can include any suitable material that is electromcally conductive, including, but not 

limited to, W, Co, Cu, AL doped silicon, silicides, or any coi:nbination thereof 

[00187] In some embodiments, the replacement process can be performed in one or more 

of the first reg10n 100, the second region 200, and the third region 300. ln one 

embodiments, the replacement process is performed in the first region 100 and the second 

region 200, but not in the third region 300. That is, the first stacked layer and the second 

stacked layer in the first region and the second region can be alternating 

conductive/dielectric stack, while the first stacked layer and the second stacked layer in 

the third region can be alternating oxide/nitride stack. 

rooms] In some embodiments, during the replacement process, a portion of the third 

channel structure 214 that is adjacent with the bottom nitride layer of the second stacked 

layer 215, or is adjacent ·with the top nitride layer of the first stacked layer 202 can he 

converted to an oxide layer by an oxidation process. That is, as shmvn in FIGs. 49A and 

49R a thickness "c" of the third channel structure can be reduced after the replacement 

process. For example, the thickness "c" of the third channel structure can be reduced to 

a range betv,-een 30nm and 50nm, preferably about 40mn. 

roots9] Referring to FIGs. 74A and 74B, schern.atic flcyw diagrams of another exemplary 

method for forming a joint opening structure of three-dimensional (3D) memory device 

are illustrated in accordance with some embodiments of the present disclosure. 

And FIGs. 51-73 illustrate schematic structural cross-sectional diagrams of an exemplary 

joint opening structure of three-dimensional OD) memory device at certain stages of the 

fabricating process show11 in FIGs. 74A and 74B. 
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[00190J At S301, a substrate 301 can be provided, a first stacked layer 302 and a first 

insulating connection layer 303 can be formed on the surface of the substrate 301. As 

shcrvm in FIG 5 L the first stacked layer 302 can include a plurality of oxide/nitride layer 

pairs, such as silicon oxide layer and silicon nitride layer pairs. The multiple oxide layers 

(shown in the areas with dotes) and multiple nitride layers (shown in the areas with 

meshes) in the first stacked layer 302 alternate in a vertical direction. The first stacked 

layer 302 can include any suitable number of layers of the oxide layers and the nitride 

layers. In some embodiments, a total number of layers of the oxide layers and the nitride 

layers in the first stacked layer 302 is equal to or larger than 64. 

[00191] In some embodiments, the first insulating connection layer 303 can be made by 

any suitable insulating material and/or dielect1ic material, such as silicon oxide. 1t is 

noted that, the material of the first insulating connection layer 303 can he different from 

the material of the nitride layer in the first stacked layer 302. 

[00192] Further, in some embodiments, a first mask layer 304 can be formed on the 

surface of the first insulating com1ection layer 303. TI1e first mask layer 304 can include 

a nitride layer on the surface of the first insulating connection layer 303, and an oxide 

layer on the surface of such nitride layer. 

100193] At S302, a first through hole 305 can be fonned. As shown in FlG. SL the first 

through hole 305 can completely penetrate the first stacked layer 302 and the first 

insulating connection layer 303, and can extend into the surface of the substrate 301. 

[00194] In some embodiments, the first through hole 305 can be fom1ed by etching the 

first stacked layer 302 and the first insulating connection layer 303 and a subsequent 

cleaning process. The etching process to fixm the first through hole 305 can be a wet 

etching, a dry etching, or a combination thereof 

100195] In some embodiments, when the first mask layer 304 1s formed on the surface of 

the first insulating connection layer 303, the etching process also etch the first mask layer 

304 to form the first through holes 305. 

[00196] At S303, a first channel structure 306 can be formed on the surface of the 

substrate 30 l that is exposed by the first through hole 305, as shmvn in FIG. 52. In some 

embodiments, the first channel structure 306 can be a polycrystalline silicon layer formed 

by using a selective epitaxial process. 
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[00197J At S304, a first functional layer can be formed on the sidewall of the first through 

hole 305. The first functional layer can include a first tunneling layer 307, a first storage 

layer 308, a first barrier layer 309, and a first passivation layer 310. 

100198] As shovvn in FIG. 53, the first tunneling layer 307 can be formed on the sidewall 

of the first through hole 305 and the surface of the first channel structure 306. Tiie first 

tunneling layer can be used for generating electronic charges. Tn some embodiments, the 

first tunneling layer 307 can he an oxide layer formed by using a deposition process. 

[00199J The first storage layer 308 can be formed on the sw-face of the first twmeling layer 

307. The first storage layer 308 can be used for storing electronic charges. In some 

embodiments, the first storage layer 308 can be a nitride layer formed by using a 

deposition process. 

100200] The first barrier layer 309 can be formed on the surface of the first storage 

layer 308. The first barrier layer 309 can be used for blocking the outflovv of the 

electronic charges stored in the first storage layer 308. ln some embodiments, the first 

barrier layer 309 can be an oxide layer fom1ed by using a deposition process. 

[00201] As shmvn in FIG. 54, a first passivation layer 310 can be formed on the surface of 

the first barrier layer 309. The first passivation layer 310 can be used for protecting the 

first banier layer 309 from being damaged in a subsequent removal process. ln some 

embodiments, the first pa-;sivation layer 310 can be an amorphous silicon layer formed by 

using a deposition process. 

[00202] The portions of the first passivation layer 310, the first barrier layer 309, the first 

storage layer 308 and the first tunneling layer 307 located on the surface of the first 

channel strnctw-e 306 on the bottom of the first through hole 305 can be rernoved. In 

some embodiments, the removal process can include an etching process and a cleaning 

process. As such. the first functional laver can be formed on the side\vall of the first 

through hole 305. 

100203] In some embodiment, in the sarne removal process, the first barrier layer 309, 

the first storage layer 308, the first tunneling layer 307, and the oxide layer of the first 

mask layer 304 located on the surface of the nitride layer of first mask layer 304 can also 

be removed. As such, the nitride layer of first mask layer 304 is remained on the sw-face 

of the first insulating connection layer 303. 

100204] At S305, a second channel structw-e can he formed on the sidewall of the first 

functional layer sidev,-ail and the surface of the first channel structure 306. The surfaces 
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of the second channel structure can be lower than the surface of the first insulating 

connection layer 303. 

[00205] As shown in FIG. 55, a second channel layer 3 l l can be formed to cover the 

sidewall of the first passivation layer 310, the bottom of the first through hole 305. 

The second channel layer 311 can also cover the surface of the first insulating connection 

layer 303, or cover the surface of the nitride layer of the first mask layer 304. ln some 

embodiments, the second channel layer 311 can be an amorphous silicon layer formed by 

using a deposition process. 

[00206] As shmvn in FI Gs. 56A and 56B, a portion of the second channel layer 311 can be 

removed, such that the surface of the second channel layer 311 is lovver than the first 

insulating connection layer 303. The remaining portion of the second channel layer 311 

can fixm the second channel structure that is in contact with the first ch,mnel structure 

306. In some embodiments, an airgap can be enclosed by the second channel structure, as 

shown in Fl Gs. 56A and 56B. ln some embodiments, the portion of the second channel 

layer 311 can be removed by using an etching process. 

[00207] H is noted that, in various embodiments, the top surface of the second channel 

structure can be higher than the top surface of the first stacked layer 302 or lower than the 

top surface of the first stacked layer 302. Ho,vever, the top surface of the second channel 

structw-e is not lower than the top surface of the top oxide layer in the first stacked layer 

302. in some embodiments, the top surface of the second channel structure can be higher 

than the top nitride layer in the first stacked layer 302, as shown in FIG 56A. In some 

alternative embodiments, the top surface of the second channel structure is in a same 

plane of the top surface of the top oxide layer in the first stacked layer 302, as shown in 

FIG. 56B. 

100208] At S306, a first groove 312 can be formed in the first insulating connection layer 

303. In some embodiments, the projection of the first groove 312 on the substrate 301 

can completely cover the projection of the first through hole 305 on the substrate 301. 

[00209] As shovvn in FI Gs. 57A and 57B, the nitride layer of the first mask layer 304 can 

be removed by using an etching process. As sh0,',11 in FlGs. 58A and 58B, the surface of 

the first insulating connection layer 303 can be planarized. A portion of the first 

insulating connection layer 303 can be removed to form the first groove 312 that 

penetrates the first insulating connection layer 303. An area of the projection of the first 
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groove 312 on the substrate 301 can be larger than an area of the projection of the first 

through hole 305 on the substrate 30 l 

[0021 O] In some embodiments, a depth of the first groove can be equal to or less than the 

thickness of the planarized first insulating connection layer 303, as shown in FIG. 58A. 

For exarnple, the depth of the first groove can be in a range bet\veen 50rn:n and 70nrn. In 

one embodiment, the thickness of the planarized first insulating connection layer 303 is 

about 90nm, while the depth of the first groove is about 60nm. 

[002.llj In some alternative embodiments, the depth of the first groove can be greater than 

the thickness of the planarized first insulating connection layer 303, as shovvn in 

FIG. 58B. ·mat is, a portion of the top nitride layer in the first stacked layer 302 can also 

be removed to form the first groove. For example, the depth of the first groove can be in 

a nmge between 50nm and 70rn:n. In one embodiment the thickness of the planarized 

first insulating connection layer 303 is about 30nm, while the depth of the first groove is 

about 60nm. 

[002l2J At S307, a third channel structure 313 can he formed in the first groove 312. 

As shov,11 in FIGs. 59A and 59B, the third channel structure 313 c,m he in contact with 

the second channel strncture. In some embodiments, the third channel structure can be 

a polycrystalline silicon player fom1ed by using a deposition process. 

100213] A thickness of the third channel structure 313 can be equal to the depth of the first 

groove 3 J 2. As described above, in some embodiments, a thickness of the third channel 

structure 313 can be equal to or less than the thickness of the planarized first insulating 

connection layer 303, as shown in FlG. 59A. For example, the thickness of the third 

channel structure 313 can be in a range between 50nm. and 70nrn., preferably about 60nm 

Tn some alternative embodiments, the thickness of the third channel structure 313 can be 

greater than the thickness of the planarized first insulating connection layer 303, as sh0,',11 

in FIG. 59B. For example, the thickness of the third channel stmcture 313 can be in a 

range between 60nm and 80nm, preferably about 70nm 

[00214] At 8308, a second stacked layer 314 and a second insulating connection layer 315 

can be sequentially formed on the third channel structure 313. A.s shovvn in FlG. 60, the 

second stacked layer 315 can include a plurality of oxideinitride layer pairs, such as 

silicon oxide layer and silicon nitride layer pairs. Similar to the first stacked layer 302 as 

described above, the multiple oxide layers (shm"11 in the areas with dotes) and multiple 

nitride layers (shown in the areas with meshes) in the second stacked layer 314 alternate 
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in a vertical direction. The second stacked layer 314 can include any suitable nwnber of 

layers of the oxide layers and the nitride layers. in some embodiments, a total number of 

layers of the oxide layers and the nitride layers in the second stacked layer 314 is equal to 

or larger than 64. 

roozt5] In some embodiments, the second insulating connection layer 315 can be made by 

any suitable insulating material and/or dielectric materiaL such as silicon oxide. H is 

noted that the material of the second msulating connection layer 315 can be different 

from the material of the nitride layer in the second stacked layer 314. 

[00216] Further, in some embodiments, a second ni.ask layer 316 can be frm:ned on the 

srnface of the second insulating connection layer 31.5. The second mask layer 316 can 

include a nitride layer on the surface of the second insulating connection layer 315, and 

an oxide layer on the surface of such nitride layer. 

[00217] At S309, a second through hole 317 can be formed. As shown in FIG. 61, 

the second through hole 317 can completely penetrate the second stacked layer 314 and 

the second insulating connection layer 315, and can extend into the surface of the third 

channel structure 313. TI1e projection of the second through hole 317 on the substrate 

30 l can at least partially overlap with the projection of the first through hole 30.5 on the 

substrate 301. 

100218] In some embodiments, the second stacked layer 314, the second insulating 

connection layer 315, the second mask layer 316, and a portion of the third channel 

structure 314 can be etched to fom1 the second through hole 317. The second stacked 

layer 314, the second insulating connection layer 315, the second mask layer 316, and/or 

the third ch,mnel structure 314 can be etched by using a dry etching process, a wet 

etching process, or a combination thereof. A cleaning process can then be performed to 

clean the second through hole 317. 

100219] In some embodiments, a max.inmm difference between the radius of the top 

aperture of each second through hole 31 7 and the radius of the bottom aperture of the 

second through hole 317 can be 15nm l11at is, as shovvn in FIG. 61, a distance "a"' 

between the boundary line of the top smface of the second through hole 317 and the 

bmmdary of the bottom surface of the second through hole 31 7 can be no ni.ore than 15 

nm. 

100220] At S3010, a second fw1ctional layer can be formed on the side,vall of the second 

through hole 317. ln some embodiments, the second functional layer can include 
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a second tunneling layer 318, a second storage layer 319, a second harrier lay er 320, and 

a second passivation layer 321. 

[00221] As shcrvm in FTG. 62, the second tunneling layer 318 can be fonned on the 

sidewall of the second through hole 31 7 and the surface of the second channel structure 

313. The second tunneling layer 318 can be used fix generating electronic charges. In 

some embodiments, the second tunneling layer 318 can be an oxide layer formed by using 

a deposition process. 

[00222J The second storage layer 319 can be formed on the surface of the second 

tunneling layer 318. The second storage layer 319 can he used for storing electronic 

charges. ln some embodiments, the second storage layer 319 can be a nitride layer 

formed by using a deposition process. 

ro0223] The second barrier layer 320 can be formed on the surface of the second storage 

layer 319. T11e second barrier layer 320 can be used for blocking the outflovv of the 

electronic charges in the second storage layer 319. ln some embodiments, the second 

barrier layer 320 can be an oxide layer fom1ed by using a deposition process. 

[00224] As shmvn in HG. 63, a second passivation layer 321 can be fonned on the surface 

of the second barrier layer 320. T11e second passivation layer 321 can be used for 

protecting the second barrier layer 320 from being damaged m a subsequent removal 

process. In some embodiments, the second passivation layer 322 can be an amorphous 

silicon layer formed by using a deposition process. 

[00225] As shovvn in FIG. 63, the portions of the second passivation layer 321, the second 

barrier layer 320, the second storage layer 319, the second tunneling layer 318, and the 

third channel structure 313 that are located at the bottom. of the second through hole 317 

and the top of the first through hole 305 can be removed. In some embodiments, the 

removal process can include an etching process and a cleaning process. 

100226] In some embodiments, the portions of the second passivation layer 321, the 

second barrier layer 320, the second storage layer 319, the second tlmneling layer 3 J 8, 

and the oxide layer of the second mask layer 316 that am located on the nitride layer of 

the second mask layer 316 can also be removed by using an etching process. As such, the 

second functional layer can be formed on the sidewall of the second through hole 318, 

and the second through hole 31 7 and the first through hole 305 can be interconnected 

with each other, as shovvn in FIG. 63. 
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[00227J In some embodiments, the portions of the second barrier layer 320, the second 

storage layer 319, and the second t1mneling layer 318 that are located under the second 

passivation layer 32L a5 shoYvn in the dashed circle in FIG 64, can also be removed by 

using an etching process. 

ro0228] At S30 l L the second tunneling structure, the third tunneling structure, the second 

passivation layer 321, and the first passivation layer 310 can be removed. In some 

embodiments, the second tunneling structure, the third tunneling structure, the second 

passivation layer 321, and the first passivation layer 310 can he removed by using one or 

more etching processes. As such, a third through hole 322 can be fonned by 

interconnecting the first through hole and the second through hole, as shovvn in FIG. 65. 

100229] At S3012, a fourth channel structure and a first filling structure can be 

sequentially formed on the sidewall ,md the bottom of the third through hole 322. In 

some embodiments, the surface of the fourth channel structure can be higher than the 

surface of the first filling structure. In some embodiments, the fourth channel structure 

includes a joint channel structure that is sandwiched between the first stacked layer 302 

and the second stacked layer 3 J 4, and covers the exposed surface of the first insulating 

connection ]aver 303. 

100230] As shown in FIG. 66, a fourth channel layer 328 can be formed to cover the 

sidewall and bottom of the third through hole 322 and the exposed surface of the third 

insulating connection layer 303. In some ern.bodirnents, the fourth channel layer 323 c,m 

also cover the surface of the second insulating connection layer 315, or the surface of the 

nitride layer of the second mask layer 316. In some embodiments, the fourth channel 

layer 328 can be an amorphous silicon layer formed by using a deposition process. 

[00231] As shown in FIG 67, a first filling layer 334 can be formed to cover the fourth 

channel layer 328 and to fill the third through hole 322. In some embodiments, the first 

filling layer 334 can be an oxide layer formed by using a deposition process. 

ro0232] As shown in HG. 68, a portion of the first filling layer 334 can be removed, such 

that the surface of the first filling layer 334 is lower than the top surface of the second 

insulating connection layer 315. ln some embodiments, the removal process can include 

an etching process. The rernaining portion of the second filling layer 334 in the third 

through hole 322 can form the second filling structure. 

100233] As shown in FIG. 69, the portion of the fourth channel layer 328 located on the 

top surface of the second insulating connection layer 315 or the top surface of the second 
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mask layer 316 can he removed. In some embodiments, the removal process can include 

an etching process. The remaining portion of the fourth channel layer 328 in the third 

through hole 322 can form the fourth channel structure. The top surface of the fourth 

channel structure can he higher than the top surface of the second filling structure. As 

such, a second groove can be formed on the ft)urth channel structure and the second 

filling structure, and in the third through hole 322. 

[00234] It is noted that, the top surface of the fourth channel structure can be higher than 

the top surface of the second stacked layer 314, or ca.n be li,)',ver than the top surface of the 

second stacked layer 314. The top surface of the fourth channel structure is not 10\ver 

than the top surface of the top oxide layer in the second stacked layer 314. In some 

embodiments, the top surface of the fourth channel structure can be in a same plane of the 

top surface of the top oxide layer in the second stacked layer 314. 

[00235] At S3013, a fifth channel structure can be formed in the second groove. The fifth 

channel structure can be in contact with the fourth channel structure. As shown in FIG. 

70, the fifth channel structure 335 can be formed in the second groove that is on the 

fourth channel structure and the second filling structure and in the third through hole 322. 

[00236] As shm:\m in FIG. 71, the nitride layer of the second mask layer 316 can be 

removed by an etchmg process. As shown in Fl Gs. 72A and 72B, the top surface of the 

second insulating connection layer 315 a.nd the top surface of the fifth channel structure 

335 can be planarized. 

[00237] Accordingly, the disclosed method as shovvn in FlGs. 74A and 74B can form 

a joint opening structure of a three-dimensional (3D) memory device by combining two 

through hole formation processes. As such, the formed channel hole having the joint 

opening structure can have a large aspect ratio and a limited top-bottom aperture error. 

Further, the disclosed method offormmg a joint opening structure in a 3D memory device 

can result in an efficient process capability control, a simplified process complexity, and a 

reduced cost. 

[00238] In some embodiments, the present disclosure also provides a three-dimensional 

memory device formed by using the above disclosed method as shown m FIGs. 74A. and 

74B. The three-dimensional memory c,m include the following coi:nponents described 

below. 

100239] A first stacked layer including a plurality of oxide/nit1ide layer pairs, such as 

silicon oxide layer silicon nitride layer pairs, is formed on a substrate. A first insulating 
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connection layer is formed on the first stacked layer. A first through hole penetrates the 

first stacked layer and the first insulating connection layer, and extends into the surface of 

the substrate. A first channel structure is formed on the surface of the substrate exposed 

by the first through hole. A first functional layer is formed on the sidewall of the first 

through hole. 

[00240] A second stack layer including a plurality of oxide/nitride layer pairs, such as 

silicon oxide layer and silicon nitride layer pairs, is formed on the top surfaces of the first 

insulating connection layer. A second insulating connection layer is formed on the 

second stack layer. A second through hole penetrates through the second stacked layer 

and the second insulating connection layer, and is interconnected vvith the first through 

hole. A second functional layer is fom1ed on the sidewall of the second through hole. 

ro0241] The first through hole and the second through hole constitute the third through 

hole. A fourth channel structure being contact vvith the first channel structure is fom1ed 

on the sidewall and the bottom of the third through hole. A first filling structure is 

formed on the sidewall and the sw-face of the fourth channel structure to fill the third 

through hole. In some embodiments, an airgap is enclosed in the first filling structure. 

The top surface of the fourth channel structure is higher than the top surface of the first 

filling structure. A fifth channel structure in contact ·with the fourth channel structw-e is 

formed in a second groove that is surrounded by the second functional layer, and above 

the fourth channel structure and the first filling structure. 

[00242] In some embodiments, as shown in FIG. 72A, a thickness "b'" of the first 

insulating connection layer, which is the distance betv,'een the top nitride layer of the first 

stacked layer and the bottom nitride layer of the second stacked layer can be in a range 

between 80nm and l 00nm, preferably about 90nm A thickness "c" of the third channel 

structure can be in a range betvveen 50nm and 70nm, preferably about 60nm 

100243] In some alternative embodiments, as shovm in FIG. 72B, a thickness "h" of the 

first insulating connection layer, which is the dist,mce between the top nitride layer of the 

first stacked layer and the bottom nitride layer of the second stacked layer can be in a 

range between 20nm and 40nm, preferably about 30nm. A. thickness "c" of the third 

channel structure can be in a range between 50nm and 70nm, preferably about 60nm 

[00244] Further, the error the radius of the aperture of different positions of the third 

through hole can be within 15nm That is, a difference bet,veen a maximum radius of the 

third through hole and a minimum radius of the third through hole is less than or equal to 
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15nm. Accordingly, the disclosed channel hole having a joint opening structure can have 

a large aspect ratio and a limited top-bottorn aperture error. 

[00245] In some embodiments, a replacement process can be performed to replace each of 

the plurality of nitride layers in the first stacked layer 302 and the second stacked 

layer 314 with a conductive layer 440, as shmvn in FIGs. 73A and 73B. TI1e conductive 

layer can include any suitable material that is electronically conductive, including, but not 

limited to, W, Co, Cu, Al, doped silicon, silicides, or any combmation thereof 

[00246J In some embodiments, during the replacement process, a portion of the third 

channel structure 313 that is adjacent with the bottom nitride layer of the second stacked 

layer 314, or is adjacent vvith the top nitride layer of the first stacked layer 302 can be 

converted to an oxide layer by an oxidation process. That 1s, as shovvn in FlGs. 73A and 

73B, a thickness "c" of the third channel structure c,m he reduced afler the replacement 

process. For example, the thickness "c" of the third channel structure can be reduced to 

a range between 30nm and 50nm, preferably about 40nm. 

[00247J Referring to FlGs. 103A and 103B, schematic flow diagrams of another 

exemplary fabricating process for forming a joint opening structure of three-dimensional 

(3D) memory device are illustrated in accordance with some other embodiments of the 

present disclosure. And FlGs. 75-102 illustrate schematic structural cross-sectional 

diagrams of an exemplary joint opening structure of three-dimensional (3D) memory 

device at certain stages of the fabricating process shown in FI Gs. l 03A and 103B. 

[00248] As shown in FIG. 103A at S40L a first stacked layer 402 and a first insulating 

connection layer 403 can be sequentially formed on the surface of a substrate 401. In 

some ernbodirnents, the JD memory device c,m include a first region 100, a second region 

200, and a third region 300, as shmv11 in FIG 75. The first region 100 can be used to 

form one or more channel holes, the second reg10n 200 can be used to form one or more 

staircase structure (SS) dummy holes, while the third region 300 can be used to fom1 one 

or more through array contact (TAC) barriers. 

[00249] As shown in FIG. 75, the first stacked layer 402 can be formed on the substrate 

401. The first stacked layer 402 can include a plurality of oxide/nitride layer pairs. That 

is, in the first stacked layer 402, multiple oxide layers (shown in the areas ·with dotes) and 

multiple nitride layers (shown in the areas vvith meshes) alternate in a vertical direction. 

In other words, except a top and a bottom layer of a given stack, each of the other oxide 
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layers can he sandv,-iched by two atjjacent nitride layers, and each nitride layer can he 

s,mdwiched by two adjacent oxide layers. 

[00250] Oxide layers can each have the same thickness or have different thicknesses. For 

example, a thickness of each oxide layer can be in a range from 90nm to 160nm, 

preferably about 150nm. Similarly, nitride layers c,m each have the same thickness or 

have different thicknesses. For example, a thickness of each nitride layer can be in a 

range from 80nm to 110nm, preferably about 100nm. In some embodiments, the oxide 

layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer. 

[00251] The first stacked layer 402 can include any suitable number oflayers of the oxide 

layers and the nitride layers. ln some embodiments, a total number of layers of the oxide 

layers and the nitride layers in the first stacked layer 402 is equal to or larger than 64. ln 

some embodiments, alternating conductor/dielectric stack includes n1.0re oxide layers or 

more nitride layers with different materials and/or thicknesses than the oxide/nitride layer 

pair. 

[00252J The first insulating connection layer 403 can he formed on the first stacked 

layer 402. In soi:ne emhodirn.ents, the first insulating connection layer 403 can be rnade 

by any suitable insulating material and/or dielectric material, such as silicon oxide. lt is 

noted that the material of the first insulating connection layer 403 can he different from 

the material of the nitride layer in the first stacked layer 402. 

ro0253] Further, in sorn.e embodiments, a first mask layer 404 c,m be formed on the 

surface of the first insulating connection layer 403. The first mask layer 404 can include 

a nitride layer on the surface of the first insulating connection layer 403, and an oxide 

layer on the surface of such nitride layer. 

[00254] In some embodiments, the first stacked layer 402, the first insulating connection 

layer 403, and/or the first mask layer 404 can be formed by usmg one or more deposition 

processes, such as one or more chemical vapor deposition (CVD) processes, one or more 

physical vapor deposition (PVD) processes, one or more atomic layer deposition (ALD) 

processes, and/or any suitable combinations thereof. 

[00255] At S402, one or more first through holes 405 can be fom1ed in each of the first 

region 100, the second region 200, and the third region 300. As shov,m in FIG. 75, each 

of the one or more first through holes 405 can completely penetrate the first stacked layer 

402 and the first insulating connection layer 403, and can extend into the surface of the 

substrate 401. In some embodiments, when the first mask layer 404 is fom1ed on the 
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surface of the first insulating connection layer 403, the etching process also etch the first 

mask layer 404 to form the first through holes 405. 

[00256] In some embodiments, the first through holes 405 can be fom1ed by etching the 

first stacked layer 402 and the first insulating connection layer 403 and a subsequent 

cleaning process. The etching process to form the first through holes 405 can be a wet 

etching, a dry etching, or a combination thereof. Tt is noted that, in the direction 

perpendicular to the surface of the substrate 201, the depth of the one or more first 

through holes 405 in the third region 300 can he larger tha.n the depth of the one or more 

first through holes 405 in the first region l 00 

[00257] At S403, a first channel structure 406 can be formed on the surface of the 

substrate 401 that is exposed by each of the plurality of first through holes 405, as sh0,',11 

in FIG. 76. In some embodiments, the first channel structure 406 can be a polycrystalline 

silicon (polysilicon) layer formed by using a selective epitaxial process. 

[00258] At S404, a first functional layer can be formed on the sidewall of each of the 

plmality of first through holes 405. The first functional layer can include a first tunneling 

layer 407, a first storage layer 408, a first barrier layer 409, and a first pa5sivation layer 

410. 

100259] As shm"11 m FIG. 77, the first tmmeling layer 407 can be formed on the sidewall 

of the plurality of first through holes 405 and the exposed surfaces of the first channel 

structures 406. The first tunneling layer 407 c,m he used for generating electronic 

charges (electrons or holes) Tn some embodiments, the first tunneling layer 407 can be 

an oxide layer formed by using a deposition process. 

[00260] The first storage layer 408 can he formed on the surface of the first tunneling layer 

407. The first storage layer 408 can be used for storing electronic charges. The storage 

or removal of charge in the first storage layer 407 can impact the on/off state and/or 

a conductance of the semiconductor channel. The first storage layer 407 can include 

polycrystalline silicon (polysilicon) or silicon nitride. In sorn.e embodiments, the first 

storage layer 408 can be a nitride layer formed by using a deposition process. 

[00261] The first barrier laver 409 can be fom1ed on the surface of the first storage 

layer 408. The first barrier layer 409 can be used for blocking the outflow of the 

electronic charges stored in the first storage layer 408. In some embodiments, the first 

barrier layer 409 can be a silicon oxide layer or a combination of silicon oxide/silicon 

nitride/silicon oxide (ONO) layers. In some embodiments, the first barrier layer 409 
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includes high dielectric constant (high-k) dielectrics (e.g., aluminum oxide). In one 

example, the first barrier layer 409 is an oxide layer formed by using a deposition 

process. 

100262] As shown in FIG. 78, a first passivation layer 410 can be formed on the surface of 

the first barrier layer 409. TI1e first passivation layer 410 can be used for protecting the 

first barrier layer 409 from being damaged. in a subsequent removal process. In some 

embodiments, the first passivation layer 410 can be an amorphous silicon layer formed by 

using a deposition process. 

[00263] The portions of the first passivation layer 410, the first barrier layer 409, the first 

storage layer 408 and the first tunneling layer 407 located on the surfaces of the plurality 

of first channel structures 406 on the bottom of the plurality of first through holes 405 can 

be rernoved. Tn some ern.bod.irnents, the rernoval process c,m include an etching process 

and a cleaning process. As such, the first functional layer can be formed on the sidewalls 

of the plurality of first through holes 405. 

[00264J In some embodiment, in the same removal process, the first barrier layer 409, 

the first storage layer 408, the first tunneling layer 407, and the oxide layer of the first 

mask layer 404 located on the surface of the nitride layer of first mask layer 404 can also 

be removed. As such, the nitride layer of first mask layer 404 is remained on the surface 

of the first insulating connection layer 403. 

100265] At S405, a second channel structure can be fonned on the sidewall of the first 

functional layer and the exposed surface of the first channel structure 406 in each of the 

plmality of first through holes 405. The second channel strncture ca.n be in contact with 

the first channel structure 406 in each first through hole 405. The smface of the second 

channel structure in each first through hole 405 can be lower than the top surface of the 

first insulating connection layer 403. 

100266] As shovm in FIG. 79, a second channel layer 411 can be formed to cover the 

sidewalls of the first passivation layer 410 and the bottom of each of the plurality of first 

through holes 405. The second channel layer 4 l l can also cover the surface of the first 

insulating connection layer 403, or cover the surface of the nitride layer of the first mask 

layer 404. In some ern.bod.irn.ents, the second channel layer 411 can be an amorphous 

silicon layer formed by using a deposition process. 

100267] As shown in FI Gs. 80A. and 80B, a portion of the second channel layer 411 can be 

removed, such that the top surface of the second channel layer 411 can be lm"v'er than the 
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top surface of the first insulating connection layer 403. The remaining portion of the 

second channel layer 411 can form the second channel structure Hmt is in contact with the 

first channel structure 406. In some embodiments, the portion of the second channel 

layer 411 can be removed by using an etching process. 

ro0268] It is noted that, in various ernbodirnents, the top surface of the second channel 

structure can be higher than the top surface of the first stacked layer 402 or lovver than the 

top surface of the first stacked layer 402. However, the top surface of the second channel 

structure is not lower tha.n the top surface of the top oxide layer in the first stacked layer 

402. In some embodiments, the top surface of the second channel structure can be higher 

than the top nitride layer in the first stacked layer 402, as shm:\m in FIG. 80A Tn some 

alternative embodiments, the top surface of the second channel structure is in a same 

plane of the top surface of the top oxide layer in the first stacked layer 402, as shov,11 in 

FIG. 80B. 

[00269] At S406, a first groove can be formed above the first insulating connection 

layer 403 above each of the plurality of first through holes 405. In some embodiments, 

the projection of the first groove on the substrate 40 l can completely cover the projection 

of the corresponding first through hole 405 on the substrate 40 l. 

100270] As sh0,',11 in FI Gs. 81A. and 81B, the nitride layer of the first mask layer 404 can 

be removed. ln some embodiments, the nitride layer of the first mask layer 404 can be 

removed by using an etching process. 

[00271] As sho,"11 in FlGs. 82A and 82B, the surface of the first insulating connection 

layer 403 can he planarized by any suitable techniques, such as backside grinding, and/or 

chemical mechanical polishing (CMP). A portion of the first insulating connection layer 

403 can be removed to fom1 a plurality of first grooves that penetrate the first insulating 

connection layer 403. A.n area of the projection of each of the plurality of first grooves on 

the substrate 401 ca.n be larger than an area of the prqjection of each of the plurality of 

first through holes 405 on the substrate 401. 

[00272] In some embodiments, a depth of the first groove 4 l 2 can be equal to or less than 

the thickness of the plananzed first insulating connection layer 403, as shown m 

FIG. 82A. For example, the depth of the first groove 412 can be in a nmge between 

50nm and 70nm. In one embodiment, the thickness of the planarized first insulating 

connection layer 403 is about 90nm, while the depth of the first groove is about 60nm. 
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[00273J In some alternative embodiments, the depth of the first groove 412 can be greater 

than the thickness of the planarized first insulating connection layer 403, as shov,11 

in FIG. 828. That is, a portion of the top nitride layer in the first stacked layer 402 can 

also he removed to form the first groove. For example, the depth of the first groove 412 

can be in a range between 50nm and 70nm Tn one ern.bodirn.ent, the thickness of the 

planaiized first insulating connection layer 403 is about 30nm, while the depth of the first 

groove is about 60nm. 

[00274J At S407, a third channel structure 413 can be formed in each of the plurality of 

first grooves 412. As shov,11 in FiGs. 83A and 83B, the third ch,mnel structure 413 can 

be in contact vvith the second channel structure in each of the plurality of first through 

holes 405. ln some embodiments, the third channel structure 413 can be a polycrystalline 

silicon player fixmed by using a deposition process. 

[00275] A thickness of each third channel structure 413 can be equal to the depth of each 

first groove 412. A.s desc1ibed above, in some embodiments, a thickness of each third 

channel structw-e 413 can be equal to or less than the thickness of the planarized first 

insulating connection layer 403, as shmvn in FIG. 83A. For example, the thickness of 

each third channel structure 413 can be in a range between 50nm and 70nm, preferably 

about 60nm. In some alternative embodiments, the thickness of each third channel 

structure 413 can be greater tha.n the thickness of the planarized first insulating 

connection layer 403, as shown in FIG. 838. For example, the thickness of each third 

channel structure 4 l 3 can be in a range between 60nm and 80nm, preferably about 70nm 

[00276J Referring to FIG. 103B, at S408, a second stacked layer 414 and a second 

insulating connection layer 415 can be sequentially formed on the plurality of third 

channel structures 413. As shovv11 in FIG. 84, the second stacked layer 414 can include a 

plurality of oxide/nitride layer pairs, such as silicon oxide layers and silicon nitride layers. 

Similar to the first stacked layer 402 as described above, the multiple oxide layers (shmvn 

in the areas with dotes) and i:nultiple nitride layers (shown in the areas ·with meshes) in the 

second stacked layer 414 alternate in a vertical direction. The second stacked layer 414 

can include any suitable number of layers of the oxide layers and the nitride layers. In 

some embodiments, a total number of layers of the oxide layers and the nitride layers in 

the second stacked layer 414 is equal to or larger than 64. 

100277] In some embodiments, the second insulating connection layer 415 can be made by 

any suitable insulating material and/or dielectric material, such as silicon oxide. It is 

Atty. Dkt No.4123.0110003 

Micron Ex. 1002, p. 200 
Micron v. YMTC 
IPR2025-00245



- 53 -

noted that, the material of the second insulating connection layer 415 can be different 

from the i:naterial ofthe nitride layer in the second stacked layer 414. 

[00278] Further, in some embodiments, a second mask layer 416 can be formed on the 

surface of the second insulating connection layer 415. The second mask layer 416 can 

in.dude a nitride layer on the surface of the second insulating connection layer 415, 

and an oxide layer on the surface of such nitride layer. 

[00279] At S409, one or more second through holes 417 are formed m each of the first 

region 100, the second region 200, and the third region 300. As shown in FIG. 85, each 

of the plurality of second through holes 417 can completely penetrate the second stacked 

layer 414, the second insulating connection layer 415, and the second mask layer 416, and 

can extend into the surface of the c01Tesponding third channel structure 413. The 

projection of each second through hole 417 on the substrate 401 c,m at least partially 

overlap with the projection of the corresponding first through hole 40.5 on the substrate 

401. 

[00280] In some embodiments, the second stacked layer 414, the second insulating 

connection layer 415, the second mask layer 416, and the third channel structures 413 can 

be etched to form the plurality of second through holes 417 that penetrate the second 

stacked layer 414 and the second insulating connection layer 415. The second stacked 

layer 414, the second insulating connection layer 415, the second mask layer 416, and/or 

the third channel structure 413 can be etched by using a dry etching process, a wet 

etching process, or a combination thereof. A cleaning process can then be performed to 

dean the plurality of second through holes 417. 

[00281] His noted that, each second through hole 417 c,m extend to the surface of the 

corresponding third channel structure 413, or can extend into the corresponding third 

channel structure 413. As such, a fourth channel structure formed subsequently in each 

second through hole 417 can directly contact the corresponding third channel structure. 

ro0282] In some embodiments, a maximurn difierence between the radius of the top 

aperture of each second through hole 417 and the radius of the bottom aperture of the 

second through hole 417 can he 15nm. That 1s, as shown in FlG. 85, a distance ''a" 

between the boundary line of the top surface of each second through hole 417 and the 

boundary of the bottom surface of the second through hole 417 can be no more than 15 

nm. 

Atty. Dkt. No. 4123.0110003 

Micron Ex. 1002, p. 201 
Micron v. YMTC 
IPR2025-00245



- 54 -

[00283J At S4010, a second functional layer can be formed on the sidev,'all of each second 

through hole 417 In some embodiments, the second functional layer can include 

a second tunneling layer 418, a second storage layer 419, a second barrier layer 420, and 

a second passivation layer 421. 

ro0284] As shown in FIG. 86, the second tunneling layer 418 c,m be formed on the 

sidewall of each second through hole 417 and the surface of the corresponding third 

channel structure 413. The second tunneling layer 418 can be used for generating 

electronic charges. In some embodiments, the second tunneling layer 418 can be an oxide 

layer formed by using a deposition process. 

[00285] The second storage layer 419 can be formed on the surface of the second 

tunneling layer 418. The second storage layer 419 can be used for stormg electronic 

charges. In some embodiments, the second storage layer 419 can be a nitride layer 

formed by using a deposition process. 

[00286] The second barrier layer 420 can be formed on the surface of the second storage 

layer 419. The second harrier layer 420 can be used for blocking the outflow of the 

electronic charges in the second storage layer 419. in soi:ne embodiments, the second 

barrier layer 420 can be an oxide layer fom1ed by using a deposition process. 

100287] As shown in FIG. 87, a second passivation layer 421 can be formed on the surface 

of the second barrier layer 420. The second passivation layer 421 can be used for 

protecting the second barrier layer 420 from being damaged in a subsequent removal 

process. In some embodiments, the second passivation layer 42 l can be an amorphous 

silicon layer formed by using a deposition process. 

[00288] As shown in FIG. 87, the portions of the second passivation layer 421, the second 

barrier layer 420, the second storage layer 4 l 9, the second tunneling layer 418, and the 

third channel structure 413 between each second through hole 417 and the corresponding 

first through hole 405 can be removed. In some embodiments, the removal process can 

include an etching process and a deaning process. In some embodiments, the portions of 

the second passivation layer 421, the second barrier layer 420, the second storage layer 

419, the second tunneling layer 418, the oxide layer of the second mask layer 416 that are 

located on the nitride layer of the second mask layer 416 can also be removed by the 

same removal process. As such, the second functional layer can be formed on the 

side\vall of each second through hole 417, and each second through hole 417 and the 

corresponding first through hole 405 can he interconnected with each other. 
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[00289J In some embodiments, the portions of the second barrier layer 420, the second 

storage layer 419, and the second t1mneling layer 418 that are located under the second 

passivation layer 42L a5 shovvn in the dashed circle in FIG 88, can also be removed by 

using an etching process. 

ro0290] At S4011, the second tunneling structure, the third tunneling structure, the second 

passivation layer 421, and the first passivation layer 410 can be removed. In some 

embodiments, the second tunneling structure, the third tunneling structure, the second 

passivation layer 421, and the first passivation layer 410 can he removed by using one or 

more etching processes. As such, a plurality of third through holes 422 can he formed in 

the first region 100, the second region 200, and the third region 300 by interconnecting 

each first through hole and the corresponding second through hole, as shown in FIG. 89. 

ro0291] At S4012, a fourth channel structure can he formed on the sidewall of the second 

functional layer and the exposed srnface of the third channel structure in each third 

through hole 422 in the first reg10n 100. Further, a first filling structure can be formed m 

each of the plurality of third through holes 422 in the first region 100, the second 

region 200, and the third region 300. In some embodiments, the top surface of the fourth 

channel structure can be higher than the top surface of the first filling structure. 

100292] As shown in FIG. 90, a fourth channel layer 428 can be formed to cover the 

sidewall and the bot1om surface of each of the plurality of third through holes 422 in the 

first region J 00, the second region 200, and the third region 300. Tn some embodiments, 

the fourth channel layer 428 can also cover the top surface of the nitride layer of the 

second mask layer 416. ln some embodiments, the fourth channel layer 428 can be 

an amorphous silicon layer formed by using a deposition process. In some embodiments, 

the fourth channel structure 428 includes a joint channel structure that is sandwiched 

bet,veen the first stacked layer 402 and the second stacked layer 414, and covers the 

exposed surface of the first insulating connection layer 403. 

ro0293] As shown in FTG. 91, a second filling layer 429 can he formed to cover the fourth 

channel layer 428. In some embodiments, the second filling layer 429 can include one or 

more airgaps in each third through hole 417. In some embodiments, the second filling 

layer 429 can be an oxide layer formed by using a deposition process. 

[00294] As shm:\m in FIG. 92, a third mask layer 430 can be formed on the top surface of 

the second filling layer 429 in the first region 100. Using the tlmd mask layer 430 as 
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a mask, the pmtions of the second filling layer 429 located in the second region 200 and 

the third region 300 can be removed by using an etching process. 

[00295] As shm:\m in FIG. 93, the third mask layer 430 can be removed. Using the 

remaining second filling layer 429 in the first region 100 as a mask, the fourth channel 

layer 428 located in the second region 200 and the third region 300 can be removed by 

using an etching process. As such, one or more fourth through holes 43 l can be fom1ed 

in the second region 200 and the third region 300. 

[00296J As shown in FIG. 94, a third filling layer 432 can be formed to cover the sidewall 

and the bottom of the one or n1.ore fourth through holes 431 in the second region 200 and 

the third region 300. The third filling layer 432 can also cover the exposed surface of the 

first msulating connection layer 403 in each fourth through hole 431 m the second region 

200 and the third region 300. In some embodiments, the third filling layer 432 c,m 

enclose one or more airgap in one or more fourth through holes 431. In some 

embodiments, the filling performance of the third filling layer 432 can be better than the 

filling performance of the second filling layer 429. That is, in a same removing process, 

the removal rate of the third filling layer 432 can be less than the removal rate of the 

second filling layer 429. 

100297] As shown m FlG. 95, the second filling layer 429 on the smface of the fourth 

channel layer 428 in the first region 100 can he removed by using an etching process. 

As such, one or i:nore fifth through holes 433 can be formed in the first region 100. It is 

noted that a portion of the third filling layer 432 can also be removed by the same etching 

process. 

[00298] As shown in FIG. 96, a first filling layer 434 can be formed in each fifth through 

hole 433 in the first region l 00, and in each fourth through hole 431 in the second region 

200 and the third region 300. The material of the first filling layer 434 can be the same 

material of the third filling layer 432. 

100299] As shmvn in FIG. 97, a portion of the first filling layer 434 can be removed by 

using an etching process, such that the top surface of the first filling layer 434 in each 

fifth through hole 433 or fourth through hole 431 is lo,ver than the top surface of the 

second insulating connection layer 415. The remaining portion of the first filling layer 

434 in each fourth through hole 431 or fifth through hole 433 can form the first filling 

structure. 
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[00300J Further, the portion of the fourth channel layer 428 located on the sw-face of the 

second insulating connection layer 415 or the surface of the second mask layer 416 can be 

removed by using an etching process. The remaining portion of the fourth channel layer 

428 in each fifth through hole 433 can form the fourth channel structure. TI1e top surface 

of the fourth channel structure can be higher than the top surface of the first filling 

structure. As such, a second groove can be formed on the fourth channel structure and the 

first filling structure in each fifth through hole 433 in the first region 100, and on the first 

filling structure in each fomth through hole 431 in the second region 200 and the third 

region 300. 

[00301] It is noted that, the top surface of the fourth channel structure can be higher than 

the top surface of the second stacked layer 414, or can be lower than the top surface of the 

second stacked layer 414. The top surface of the fourth channel structure is not lower 

than the top surface of the top oxide layer in the second stacked layer 414. Tn some 

embodiments, the top surface of the fourth channel structure can be m a same plane of the 

top surface of the top oxide layer in the second stacked layer 414. 

[00302] At S4013, a fifth channel structure can be formed in the second groove of each 

fifth through hole 433 in the first region 100 and each fourth 431 in the second region 200 

and third region 300. The fifth channel structure can be in contact \Vith the fourth channel 

structure in each fifth through hole 433 in the first region 100. 

roo303] As shown in HG. 99, the fifth channel structure 435 can be fonned in the second 

groove that is on the fourth channel structure and the first filling structure in each fifth 

through hole 433 in the first region 100. The fifth channel structure 435 can also be 

formed in the second groove that is on the first filling structure in each fourth through 

hole 431 in the second region 200 and the third region 300. 

100304] As shown in flG. 100, the nitride layer of the second mask layer 416 can be then 

removed by an etching process. As shown in FIGs. 101A and 10113, the top surface of 

the second insulating connection layer 4 l 5 ,md the top surface of the plurality of fifth 

channel structures 435 can be planarized by any suitable techniques, such as backside 

grinding, and/or chemical mechanical polishmg (CMP). 

[00305] Accordingly, the disclosed method as shown in FiGs. 101A and 101B c,m form 

another joint opening structure of a three-dimensional (3D) memory device by combining 

two through hole formation processes. As such, the fom1ed channel holes havmg the 

joint opening structure can have a large aspect ratio and a limited top-bottom aperture 
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error. Further, the disclosed method of forming a joint opening structure in a 3D memory 

device can simultaneously fonn a plurality of channel holes, staircase dummy holes, and 

through array contact barriers, resulting in an efficient process capability control, a 

simplified process complexity, and a reduced cost. 

roo3o6J In soi:ne embodiments, the present disclosure also prov ides another three-

dimensional memory device fom1ed by using the above disclosed method as shown in 

FIGs. 101A and 10113. The three-dimensional memmy device can include a first region 

for forming a plurality of cha.nnel holes, a second region for fom1ing a plurality of 

staircase structure (SS) dummy holes, and a third region fix fi)nning a plurality of 

through array contact (TAC) barriers. Along a direction perpendicular to the surface of 

the three-dimensional memory device, the three-dimensional memory device can include 

the following components. 

[00307] A first stacked layer including a plurality of oxide/nitride layer pairs, such as 

silicon oxide layer and silicon nit1ide layer pairs, is formed on a substrate. A. first 

insulating connection layer is formed on the first stacked layer. A plurality of first 

through holes penetrating the first stacked layer and the first insulating connection layer 

and extending into the surface of the substrate are formed in the first region, the second 

region, and the tlmd region. 

100308] A first channel structure is formed on the surface of the substrate exposed by each 

first through hole. A first functional layer is formed on the sidewall of each first through 

hole. A second channel structure is formed on the sidewall of the first functional layer 

and the surface of the first channel structure in each first through hole. A first filling 

structure is formed on the side·wall and the surface of the second channel structure to fill 

each of the plurality of first through holes. ln some embodiments, an airgap can be 

enclosed in the first filling structure in each first through hole. The top surfaces of the 

second channel structure and the first filling structure are lower than the top surfaces of 

the first insulating connection layer. 

[00309] A first groove is formed in the first insulating connection layer, and above the first 

ftmctional layer, the second channel structure and the first filling structure in each first 

through hole. A projection of each of the plurality of first grooves on the substrate 

completely covers a projection of the corresponding first through hole on the substrate. 

A third channel structure in contact ,vith the second channel structure in the 

corresponding first through hole is formed in each first groove. 
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[003lOJ A second stack layer including a plurality of oxide/nitride layer pairs, such as 

silicon oxide layer ,md silicon nitride layer pairs, is formed on the top surfaces of the first 

insulating connection layer and the plurality of third channel structures. A second 

insulating connection layer is formed on the second stack layer. A plurality of second 

through holes penetrating through the second stacked layer and the second insulating 

connection layer and extending into a surface of the third channel structure are fonned in 

the first region, the second region, and the third region. A projection of each of the 

plurality of second through holes on the substrate at least pmiiaHy overlaps the prqjection 

of the corresponding first through hole on the substrate. 

[0031 l] A second functional layer is formed on the sidewall of each second through hole. 

A fourth channel structure is fom1ed on the sidewall of the second functional layer and 

the bottom surface of each second through hole in the first region A second filling is 

formed to fill each of the plurality of second through holes in the first region, the second 

region, and the third region. In some embodiments, an airgap can be enclosed in the 

second filling structure. TI1e top surface of the fourth channel structure is higher thm1 the 

top surface of the second filling structure in each second through hole in the first region. 

[00312] In the first region, a fifth channel structure in contact with the fourth channel 

structure is formed in a second groove in each second through hole that is surrounded by 

the second fw1ctional layer, m1d above the fourth channel structure and the second filling 

structure. And in the second region and the third region, a fifth channel structure is 

formed in a second groove in each second through hole that is surrounded by the second 

functional layer, m1d above the second filling structure. 

[00313] Due to the ft)urth channel structures being ftxmed in the second through holes in 

the first region rather than the third region, the fifth channel structure in each second 

through hole in the first region can be electronically connected with the first channel 

structure in the corresponding first through hole, while the fifth chmmel structure in each 

second through hole in the third region can be electronically insulated with the first 

channel structure in the corresponding first through hole. Thus, in the three-dimensional 

memory device, a plurality of channel holes can be formed in the first region, and a 

plurality of through array contact (TAC) barriers can be formed in the third region. TI1e 

plurality of staircase structure dummy holes in the second region can have a supporting 

function of the staircase structure. 
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[00314J In some embodiments, as shown in FIG. 101A, in each channel hole in the first 

region, a thickness "b" of the first insulating connection layer, wfoch is the distance 

between the top nitride layer of the first stacked layer and the bottom nitride layer of the 

second stacked layer can be in a range between 80mn and 100nm, preferably about 90nm. 

A thickness "c" of the third channel structure can be in a range between 50nm and 70nm, 

preferably about 60nm. 

[00315] In some alternative embodiments. as shown in FIG. l 0 lB. in each channel hole in 

the first region, a thickness "b" of the first insulating connection layer, which is the 

distance between the top nitride layer of the first stacked layer and the bottom nitride 

layer of the second stacked layer can be in a range between 20nm and 40nm, preferably 

about 30nm. A thickness "c" of the third channel structure can be in a range between 

50nm. and 70nm, preferably about 60nm. 

[00316] Further, the difference between the radiuses of the top aperture and the bottom 

aperture of the second channel structure, and the difference between the radiuses of the 

top ape1iure and the bottom aperture of the fomih channel structure can be ·within 15nm. 

Accordingly, the disclosed channel hole having a joint opening structure can have a large 

aspect ratio and a limited top-bottom aperture error. 

100317] In some embodiments, a replacement process can be performed to replace each of 

the plurality of nitride layers in the first stacked layer 402 and the second stacked 

layer 414 ·with a conductive layer 440, as shown in FIGs. 102A and 102B. The 

conductive layer can include any suitable material that is electronically conductive, 

including, but not limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination 

thereof 

100318] In some embodiments, the replacement process can be performed in one or more 

of the first region 100, the second region 200, and the tlmd region 300. In one 

embodiments, the replacement process is performed in the first region 100 and the second 

region 200, but not in the third region 300. That is, the first stacked layer and the second 

stacked layer in the first region and the second region can be alternating 

conductive/dielectric stack, while the first stacked layer and the second stacked layer m 

the third region c,m be alternating oxide/nitride stack. 

100319] In some embodiments, during the replacement process, a portion of the third 

channel structure 413 that is adjacent with the bottom nitride layer of the second stacked 

layer 414, or is adjacent with the top nitride layer of the first stacked layer 402 can be 
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converted to an oxide layer by a.n oxidation process. That is, as shovvn in FI Gs. 102A and 

102R a thickness "c" of the third channel structure ca.n be reduced after the replacernent 

process. For example, the thickness ''c" of the third channel structure can be reduced to 

a range betv,-een 30nm a.nd 50nm, preferably about 40mn. 

roo320] The provision of the examples described herein (as well as clauses phrased as 

"such as," "e.g.," "including," and the like) should not be interpreted as limiting 

the claimed subject matter to the specific examples; rather, the examples are intended to 

illustrate only some of many possible aspects. 

[0032]] Further, the \vords "first", "second" and the like used m this disclosure do not 

denote any order, quantity or importance, but are merely intended to distinguish between 

different constituents. The words "compnse" or "include" and the like mean that the 

elern.ents or objects preceding the \vord can cover the elements or objects listed aHer the 

vvord and their equivalents, V\~thout excluding other elements or objects. The vvords 

"connect" or "link" and the like are not limited to physical or mechamcal connections, hut 

can include electrical connections, either directly or indirectly. 

[00322] Although the present disclosure has been described and illustrated in the foregoing 

illustrative embodiments, it is understood that the present disclosure has been made only 

by \Vay of example, and that numerous changes in the details of embodiment of the 

present disclosure can be made without departing from the spirit and scope of the present 

disclosure, which is only limited by the dairns which follow. Features of the disclosed 

embodiments can be combined and rearranged in various ways. Without departing from 

the spirit and scope of the present disdosme, modifications, equivalents, or improvements 

to the present disclosure are understandable to those skilled in the art and are intended to 

be encompassed within the scope of the present disclosure. 
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DECLARATION 

As the below named inventms, r hereby declare that: 

This declaration is directed to: 

D The attached application, or 

fS' United States application or PCT imemational application number .Lt?.!04_6,847 

filed on Ju!y_2~20i8 

The above-identified application was made or authorized to be made by me. 

I bdieve that I an:1 the original inventor or an original joint inventor of a claimed 
invention in the application. 

I hereby acknowledge that any vvi!lful false statement made in this declaration i;; 
punishable under 18 tLS.C, § 1001 by fine or imwisonment of not more than five (5) years, or 
botlL 

ASSIGN1\'1ENT 

In consideration of the surn of One DoUar ($LOO) or equivalent and other good and 
valuable considemtion paid to each of the bdovv named inventors, each of the below named 
inventors, hereby sell and assign to Yangtze .iVfomm:y Tedrnologie$ Co,, Ltd., a corporation 
formed u;ider the laws of China, whose mailing address is IS Gaoxin 4th Road, East Lake High­
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§ 100) and throughout the world, 
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THREE~DI~1F.NSIONAL I\-1EMORY DEVICES AND METHODS FOR 
FORMING THE SAME for which application(s) for patent in the United States 
of America is identifie:d above, in any and aH applications thereon, in any and aH 
Lette:rs Patent(s) therefor, and 

(b) in any and al! applications that daim the benefit of the patent application 
identified above in part (a), including non-provisional applications, continuing 
(continuation, divisional, or confauiation••io--part.) applications, reissues, 
extensions, renewals und reexaminations of the pa.teat application or Letters 
Patent therefor listed above in part (a), to the foll ex.tent of the term or terms for 
whi<:h Letters Patents i.ssue, and 
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AppL Nn. l6/iWi,ll47 
Atty. Docket No. 4 !2HH l0002 

(c) in any and all inventions described in the patent application identified above in 
part (a), and in any and ail forms of i.ntellectllal and industrial property protection 
derivable from such patent application, and tilat are derivable from any and all 
continuing app!.icatior:s, reissues, extensions, renewals and reexaminations of 
such patent application, inc!rniing, without limitation, patents, applicat,ons, ut!lity 
models, inventor's certificates, and designs together with the dgllt to file 
applkatkms therefor; and including the right to claim the same priority rights 
from any previously filed applications under the International Agreement for the 
Protection of Indnsir-ia! Property, or any other international agreement, or the 
domestic laws of the country in which any such application is filed, as may be 
applicable; 

all such rights, title and interest to be held and enjoyed by the above-named Assignee, its 
successors, legal representatives and assigns to the same extent as all such rights, title and 
interest would have been held and enjoyed by the Assignor had this assignment and sale not been 
made. 

The below named inventors agree to execute all papers 11ecessary in connection with the 
applk:ation(s) and any non-provisional, continuing (continuation, diviskio.a!, or continuation-in­
part), reissue, reexamination or corn::sponding Rpplicati.on(s) theE·eof and a.ho to execute separate 
assignments in ,:cmnecti.:m with such application(s) as the Assignee may deem necessary or 
expedient 

The belov,, named inventors agree to execute all papers necessary in connection with any 
patent enforcement action (judicial or otherwise) related to the application(s) or any non· 
provisional, continuing (continuation, divisional, or continuation-in-part), reissue or 
reexamination application(s) thereof and to cooperate with the Assignee in every way possible in 
obtaining evidence and going forv,..·ard \vith. such patent cn:forcement actinn. 

The below nanied inventors hereby repres,:nt that he/she has full right tn convey the 
entire interest b('.rein assigned, and that he/she has no! executed, and will not exe;~ute, any 
agreement u1 conf!id therewith. 

The below named inventors hereby represent that he/she understands that the patent 
practitioners associated with CUSTOMER J\.1:JM.RER 2611 l are the legal represenlatlves of, 
and attorneys for, the assignee, and are NOT the legal representatives of and attorneys for, the 
inventors. 
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lN \.\/1TNESS WHEREOF, executed by the below named inventor$ on the date opposhe 
his/her name. 

LEGAL NAME OF fNVENTOR 

Inventor: Znenyu LU-··--·····--······-········- Date: 

Signature of Laventor: 

' ~ t l 
L /-~--#.' ~- L·ir<~, 

. ···-······· .. ·········F·-··········-------~-~--·····-·········~···· 

LEGAL NAfvfE OF lNVENTOR 

Inventor: .... ~~ua.ng Sill Date: / 0 /1 s-/ J-ot4 ·-···-··~-

Signuture of!nvemnrc C::~---·---~ 

LEGAL NM11f.E OF INVENTOR 

Signature of Inventoc 

LEGAL NAME OF INVENTOR 

fnventor: .Feng PAN_··-···-·-······-···- Date: 

Signatllre of Inventor; ~ .................... -···········-······-··----- --------·····-········· 

LEGAL NAME OF INVENTOR 

Inventor: XfanJla. WAN············~········•-····- Date: 
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LEGAL NA.NIB OF fN'v'ENTOR 

Date: 
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Doc code: Oath 
Attorney Docket No. 4123,0110002 

Document Description. Oath or declaration filed 
PTO/AIAJ02 (07-13) 

Approvec tor use through 11/JD/2020. 0MB 0651-0032 
US. F'atent and Trademark Offica; U.S. DEPARTMENT OF COMM::RCE 

Umier the Paperwork Reduct,ori Act of 1995, n,, persons are required !o respond to a collection of in!ormstion wnless it displays a valid 0MB control number. 

SUBSTITUTE STATEMENT IN UEU OF AN OATH OR DECLARATION FOR UTILITY 
OR DESIGN PATENT APPLICATION (35 U.S.C.115(d) AND 37 CFR 1.64) 

Title of THROUGH ARRAY CONTACT STRUCTURE OF THREE-DIMENSIONAL MEMORY 
invention DEVICE 

This statement ls directed to· 

D The attached application, 

OR 

i] United States application or PCT international applicafon number 
16/046,84 7 July 26, 2018 

filed on . 

LEGAL NAME of inventor to whom this substitute statement applies: 

(E.g., Given Name (first and middie (if any)) and Family Name or Surname) 

Feng PAN 
Residence (except for a deceased or legally incapacitated in,,entor): 

CitvWuhan, Hubei i 
lcountrv CN istate 

Mailing Address (except for a deceased or legaliy incapacitated inventor): 

Yangtze Memory Technologies Co., Ltd. 
18 Gaoxin 4th Road, East Lake High-Tech Developn1ent Zorn, 

r·t Wuhan, ~1 y Hubei 
lstate IZiD Countrv CN 

I believe the above-named inventor er joint inventor to be the original inventor er an original joint inventor of a ciaimed invention 
in the application. 

The above-identified application was made or authorized to be made by me 

I hereby acknowledge that any wiliflil false statement made in this statement is punishable under 18 U S.C. 100'1 by fine or 
imprisonment of not more than five (5) years, or both. 

Reiationship to the inventor to whom this substitute statement appiies: 

[····1 
____ ... Legal Representative (for deceased or legally incapacitated inventor only), 

□ Assignee, 

[i.] Person to whom the inventor is und,,r an obligation to assign, 

□ Pe!'son who othe;wise shows a sufficient proprietary interest in the matter (petition under 37 CFR 1.46 is required), or 

□ Joint !nventor. 

[Page 1 of 2) 
This rollectirn of info,mation is required by 35 U.S.C. 115 and 37 CFR 1.53. The information is required lD obtain er retain a ben-ef:t by the pub!ic which is lo file (and 
by the USPTO to process) an applicat,on. Contide;;t:ality is governed by 35 U.S.C. 122 and 37 CFR 1.11 ar;d ·1, 14. This ~.olieciioo is estimated to take 1 minute to 
complete, lnduding gathering, pmparing, and submitting the completed app)icatlon form to the USPTO. Time wrn vary depenti:ng upon the indiv:dua! case. Any 
ccmmen1s on the amount of time you require to complete ihis fcrm and/or suggestions for reducing this burdt:'n, should be sent to fae Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department cf Commerce, P.O. 8c,x '1450, Alexandria, V.A 22313-'1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS SEND TO: C,1mmissiom,r for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, 

! 8li418HD0.~~6B,'· JG. i8. 4 i. 34 
32766-14/!1/20l8 09:24 

Jfyou need assistance in comp!etmg the Fonn, c;a!i 1-800-PT0-91'99 and seiect option 2. 
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Attorney Docket No. 4123.0110002 

PTOiSE3iAIA02 (07 .. 13) 

Approved for use ihmwgh 11/30/2020. OM!3 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under !he Pape1wock Reduction Act of 1995, nc persoris are required to respond to a coliedim of informa~o" unless it disp:ays a valid 0MB contro! number. 

C SUBSTITUTE STATEMENT ) 
Circumstances permitting execution of this substitute statement: 

0 Inventor is deceased, 

D Inventor is under legal incapacity, 
1----7 

LIJ lnventm cannot be found or reached after d1!igent effort. or 

0 Inventor has refused to execute tlle oath or declaration under 37 CFR 1.63. 

If there are joint inventors, please check the appropriate box below: 

[ii An application data sheet under 37 CFR 1.76 (PTO/A!A/14 or equivalent) naming the entir·e inventive entity has been 
or is currently st1bmitted. 

OR 

D An application data sheet under 37 CFR 1.76 (PTOIAIA./14 or equivalent} has not been submitted. Tilus, a Subsiiiute 
Statement Supplemenial Sheet (PTO/AIA/11 or equivalent) naming the entire inventive entity and providing inventor 
information is attached. See 37 CFR i .64(b). 

WARNING: 
Petitioner/app!icant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribl1te to identity theft. Personal information such as social security riumbars, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is inducted in documents submitted to the USPTO, 
petitioners/applicants should consider redacting sucll personal information from the documents before submitting them to the 
USPTO. Petitioneriapplicani is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the pubiic if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PT0-2036 submitted for payment purposes are not retained in the application fi!e and therefore are not pubiiciy availabie. 

PERSON EXECUTING THIS SUBSTITUTE STATEMENT: 

Name: Yu-wen Wang IDate (Optional): 

Signature:~A t-·J~~-, ~ 
APPLICANT nA.ME AND T XECU'flNG THIS SUBSTITUTE STATEMENT: 
If the applicant is a juristic entity, list the applicant nan1,,(and the title of the signer: 

Yangtze Memory Technologies Co., Ltd. 
Applicant Name: 

Title of Person Executing A . t t o· t 
This Substitute Statement: SSIS an ff8C Or 
The signer, whose title is supplied above, is authorized to act on behalf of the applicant. 
Residence of the signer (unless provided in an application data sheet, PTO/A!A/14 or equivalent): 

city Washington lstate DC !country LJS 
Mailing Address of the signer {unless provided in an application data sheet, PTO/AIA/14 or equivalent} 

1100 New York Avenue, NW 

city Washington !state 
DC 

Zip 
20005 

Country 
us 

Note: Use an additional PTO/AIN02 form for each inventor who is deceased, legally incapacitated, cannot be found or reached 
after diligent effort, or has refused to execute the oath or declaration under 37 CFR 1.63. 

lSMZ8~·-000A4fiBJ~-1G. 18. 41, Jtl 
32756-·i4/l I/20l8 09:24 

[Page 2 of 2] 

Micron Ex. 1002, p. 215 
Micron v. YMTC 
IPR2025-00245



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

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

Under tile Paperwork Reduction Act of 1995, no persons are required to respond to a r,o!lection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4·123.0110003 
Application Data Sheet 37 CFR 1 "76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR 
FORM!NG THE SAME 

The application data sheet is p;irt of the provisional or nonprovisimrnl application for wt1ich it is being sutJmitted The following form contains tt1e 
bitJliogrnptlic data arranged in a format specified tJy the United States P;itent and Trademark Office as outlined in 37 CFR 1.76 
This document may tJe completed electronically and sutJmitted to the Office in electronic forrrnit using the Electronic Filing System (EFS) or tt1e 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
• 37 CFR 5.2 (Paper filers only. Applications tt1at fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 !RfMM-ifl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Zhenyu LU 

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

City Wuhan, Hubei !Country of Residence i lcN 
I 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I Wuhan, Hubei I State/Province I 
Postal Code I I Countryi I CN 

Inventor 2 ! Rfin~¼ffl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Wenguang SHi 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Miiitary Service 

City Wuhan, Hubei lcountry of Residence i lcN 
I 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I Wuhan, Hubei I State/Province I 
Postal Code I I Countryi I CN 

Inventor 3 !RfMM-ifl 
Legal Name 

EFS V\/eb 2.2. i 3 
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PTO/AiA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti lo respond to a coilection of information unless il contains a valid O1\11B control number. 

Attorney Docket Number 4123.0110003 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMiNG THE SAME 

Prefix Given Name Middle Name Family Name Suffix 

Guanping WU 

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

City Wuhan, Hubei lcountry of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co , Ltd. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 4 ! Ri@@.a rl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Fen~i PAN 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Mliitary Service 

City Wuhan, Hubei !Country of Residence i 
I 

jcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I Wullan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 5 ! RifoW~ tl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Xianjin WAN 

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

City Wuhan, Hubei lcountry of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co , Ltd. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 
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Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti lo respond to a coilection of information unless il contains a valid O1\11B control number. 

Attorney Docket Number 4123.0110003 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMiNG THE SAME 

Inventor 6 ! Rfin~¼ffl 
Legal Name 

Prefix Given Name Middle Name Family Name 

Baoyou CHEN 

Residence Information (Select One) 0 US Residency @) Non US Residency 0 Active US Miiitary Service 

City Wuhan, Hubei I country of Residence i jcN 
I 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I Wutlan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

All Inventors Must Be Listed - Additional Inventor I nforrnation blocks may be ! generated wit!1in tt1is form by selecting the Add button. 

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

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

Customer Number 26111 

Email Address 

Application Information: 

,<\~ij ti 

Suffix 

Title of the Invention JOINT OPENiNG STRUCTURES OF THREE-DIMENSiONAL MEMORY DEVICES AND METHODS 
FOR FORMING THE SAME 

Attorney Docket Number 4123.0110003 I Small Entity Status Claimed □ 
Application Type Nonprovlsional 

Subject Matter Utiiity 

Total Number of Drawing Sheets (if any) I 120 I Suggested Figure for Publication {if any) I 
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Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti lo respond to a coilection of information unless il contains a valid O1\11B control number. 

Attorney Docket Number 4123.0110003 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMING THE SAME 

Filing By Reference: 
Only cornplet,~ this section whE,n filing an app!ication by n,ference undE;r 35 LJ.SL 1 ·11 (c) and 37 CFR 1.57(a). Do nol compl,,tE, this s,~ction if 
application papers including a specification and any drawings are being flied. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (Le., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For thE, purpos,,s of a filin~J datE, und!:r 37 CFR 1.53(b), thE, dE,scription and any drawings of th,, present application art, n,plac.~d by l his 
reference to the previously filed application, subject to conditions and requirements of 37 CFR ·1 .57(a). 

Application nurnb,,r of th,, previously Filin;J date: (YYYY-MM-DD) lntelle:ctual Property Authority or Counl ry 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1 .219) 

Request Not to Publish. I t1ereby request that the attached application not be publist1ed under 

□ 35 U.S.C. 122(b) and certify tt1at Hie invention disclosed in the attact1ed application has not and wm not be the 
subject of an application filed in another country, or under a multilateral international agreement, tl1at requires 
publication at ei~1hieen months after filing. 

Representative Information: 

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

:.-

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

Please Select One: @ Customer Number I 0 US Patent Practitioner I 0 Limited Recognition (37 CFR ·11.9) 

Custorner Nurnber 26111 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Sta~1e entry from a PCT application. Providin~i benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to tt1e current application, please leave the "Application Number" field blank. 

Prior Application Status Pending !f¥1t@1%I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Continuation of 16046847 2018-07-26 
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Attorney Docket Number 4123.0110003 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMING THE SAME 

Prior Application Status Pending !BWNh%1 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

16046847 Continuation of PCT/CN2018/077785 2018-03-01 

Additional Dornestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes tile claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1 .55. Wl1en priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office ti-om tile participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period :specified in 37 CFR 1 55(g)(1) 

!RfMMNI 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code1 (if applicable) 

201710134 782.1 CN 2017-03-08 

! R~m2'M~l 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

201710134 783.6 CN 2017-03-08 

Additional Foreign Priority Data may be ~ienerated witt1in this form by selecting tt1e 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (i) claims priority to or the benefit of an application filed before Marct1 16, 20i 3 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA, 
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4123.0110003 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMiNG THE SAME 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sl1eet is properly signed and filed with the application, applicant has provided written 
authority to permit a pmticipating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragrapl1 A in subsection 1 below) and the European Patent Office (EPO) access to any search results from tl1e instant 
application (see paragraph 8 in subsection 1 below). 

Should applicant choose not to provide an auU1orization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or 8 or both in subsection 2 below. 

~_Q_IE: This section of the Application Data Sl1eet is QMLY reviewed and processed witl1 the INITIAL filing of an 
application. After the initial filing of an application, an Application Data st1eet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX} - Unless box A in subsection 2 (opt-out of authorization) is cl1ecked, the 
undersigned t1ereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
Ct1ina (SIPO), the World Intellectual Property Organization (WIPO), and any ott1er foreign intellectual propeity office 
participating witl1 the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to U1e instant patent application is filed, access to: (1) tt1e instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related biblio~)rapt1ic data, and (3) the date of tiling of this Authorization. See 37 CFR 1.14(t1) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box 8 in subsection 2 (opt-out of authorization) is checked, 
the undersigned t1ereby grants the USPTO authority to provide U1e EPO access to the bibliograpt1ic data and searct1 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that tt1e EPO's Rule 141 ( 1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
tt1e instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-tiled. lftt1is box is checked, U1e USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

8. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1. ·14_ 
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Attorney Docket Number 4123.0110003 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMING THE SAME 

Applicant Information: 

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

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
143; or tile name and address of tile assignee, person to whom tile inventor is under an obligation to assign the invention, or person 
who otherwise :shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whorn the inventor is obligated to assign, or person who otherwise shows :sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

@ Assignee I Q Legal Representative under 35 U.S.C. 117 IQ Joint Inventor 

Q Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 
I 

If applicant is the legal representative, indicate the authority to file the patent application, tl1e inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
lftt1e Applicant is an Organization ct1eck here. ~ 

Organization Name I Yangtze Memory Technologies Co., Ltd. 

Mailing Address information For Applicant: 

Address 1 No. 88 Weilai 3rd Road 

Address 2 East Lake High-Tech Development Zone 

City Wuhan, Hubei State/Province 

Country I CN Postal Code 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Attorney Docket Number 4123.0110003 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMING THE SAME 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name 

I Yangtze Memory Technologies Co , Ltd. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 No. 88 Weilai 3rd Road 

Address 2 East Lake High-Tech Development Zone 

City I Wuhan, Hubei State/Province 

Countryi I CN Postal Code 

Pt10ne Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting tt1e Add button. 

Signature: 
NOTE: Tt1is Application Data St1eet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c:). 

This Application Data Sheet mM~i be signed by a patent practitioner if one or more of tt1e applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, tl1is form must be signed by a 
patent practitioner, ij_ll.joint inventors wt10 are the applicant, or one or rnore joint inventor-applicants wt10 t1ave been given 
power of attorney (e.g., see USPTO Form PTO/AIA/8•i) on behalf of a!! joint inventor-applicants. 

See 37 CFR 1.4(d) for U1e manner of making signatures and certifications. 

Signature /Donald J. Featherstone/ Date (YYYY-MM-DD) 2020-11-18 

First Name Donald I Last Name I Featherstone Registration Number 33,876 

Additional Signature rnay be generated wit!1in tt1is form by selecting the Add button. 
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Attorney Docket Number 4123.0110003 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
JOINT OPENING STRUCTURES OF THREE-D!MENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMING THE SAME 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to fiie (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. ·122 and 37 CFR 1.14 This 
collection is estimated to take 23 minutes to complete, including ~iatherin~i. preparing, and submitting tile completed application data 
sheet form to ttle 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. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: LU et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Confirmation No.: To Be Assigned 

Art Unit: To Be Assigned 

Application No.: To Be Assigned 
(Continuation ofAppl. No. 16/046,847; I_;iled: 

Examiner: To Be Assigned 

Atty. Docket 4123. 0110003 
July 26, 2018) 

Filed: Herewith 

Title: JOINT OPENING STU.lJCTlJRES (W THRElI-Dll\H:NSCONAL MEMOU.Y DEVlCES 
A.ND IVIETHODS FOR FORl\HNG THE SAJ\IE 

Authorization to Treat a Reply as Incorporating an 
Extension of Time lJnder 37 C.RR. § l. l36(a)(3) 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-14.50 

Commissioner: 

The U S Patent and Trademark Office is hereby authorized to treat any concurrent or future 

reply that requires a petition for an extension of time under this paragraph for its timely submission, 

as incorporating a petition for extension of time for the appropriate length of time. The U.S. Patent 

and Trademark Office is hereby authorized to charge all required extension of time fees to our 

Deposit Account No. 19-0036, if such fees are not otherwise provided for in such reply 

Date: 11/18/2020 
----------

1 IO O Nevv York Avenue, N.\V. 
\:Vashington, D.C. 2000.5-3934 
(202) 371-2600 
15725750 l.docx 

Respectfully submitted, 

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/951,141 11/18/2020 2811 2240 4123.0110003 20 3 

26111 
CONFIRMATION NO. 3874 

FILING RECEIPT 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 1111111111111111111111 m~mll!~l~IIIH~ 111111111111111 IIII IIII 

WASHINGTON, DC 20005 

Date Mailed: 12/01/2020 

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable. 

lnventor(s) 

Applicant( s) 

Zhenyu LU, Wuhan, CHINA; 
Wenguang SHI, Wuhan, CHINA; 
Guanping WU, Wuhan, CHINA; 
Feng PAN, Wuhan, CHINA; 
Xianjin WAN, Wuhan, CHINA; 
Baoyou CHEN, Wuhan, CHINA; 

Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA; 
Assignment For Published Patent Application 

Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA 

Power of Attorney: The patent practitioners associated with Customer Number 26111 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/046,847 07/26/2018 
which is a CON of PCT/CN2018/077785 03/01/2018 

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.) 
CHINA 201710134782.1 03/08/2017 No Access Code Provided 
CHINA 201710134783.6 03/08/2017 No Access Code Provided 
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Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/30/2020 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/951,141 

Projected Publication Date: 03/11/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS 
FOR FORMING THE SAME 

Preliminary Class 

257 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

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. 
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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 (1-866-999-4258). 

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 U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/951, 141 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 320 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 700 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 800 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 3 minus 3 = X 480 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 420 
(37 CFR 1.16(s)) 50 sheets or 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)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 2240 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

*** 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 found in the appropriate box in column 1. 
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Approved for use through 11/30/2020. 0MB 06S1-0031 

U.S Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
l'nde' tt1e Paperwork RierJuction Act of 1 qq5 no persons are ceauirierJ to r-es.io1K1 to a collec"on of 'n'ormation unless it r·ontains a v··lid 0MB contro' m•mbe' . ' , ·- '" 

, . .. . , " ' .. ' ,. 

r Complete if Known " Substitute for form 1449iPTO 
Application Number 16/951,14'1 

INFORMATION DISCLOSURE 
Filing Date November 18, 2020 
First Named Inventor Zt1enyu LU 

STATEMENT BY APPLICANT Art Unit 2812 
(Use as many sheets as necessary) Examiner Name To Be Assigned 

\... Sheet 1·1 of !1 Attorney Docket Number 4123.01 '10003 .,J 

i U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns. Lines, \Nhere 
Initials' No. 1 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Number-Kind Code2 (ifkriowro) Figures Appear 

US1 US- 2013/0109158 A 1 05-02-2013 Lee et al. 

US2 US- 2010/0078622 A 1 04-01-2010 Yoshimizu et al. 

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US--

US-

US-

US-

I FOREIGN PATENT DOCUMENTS 
Examiner Cite f'oreign Patent Document Publication Name of Patentee or Pages, Colurrn1s, Lines, 
Initials'' No. 1 Date Applicant of Cited Document Where Relevant Passages 

MM-DD-YYYY Or Relevant Figures Appear ~e 
I 

Countrv Code-3 -Number 4 -Kind Cotie-5 1if known) 

FP1 JP 20·100080685 A 04-08-2010 TOSH!BA CORP 

[ 
~xan1,ner Date I ] 
Signature Considered , 

*EXAMINt:R: Initial if reference considered, wlletl1er or not citation is in conformance with MPEP 609. Draw line through citation if not in confonnance and not 
considered. Include copy of tiiis form with next communication lo applicant. 1 Applicant's unique citation designation number (optional). "see Kinds Codes of 
USPTO Patent Documents at ,l-'.\Y:--X.,::m!i<.lli<>: or MPEP 901.04. 3 Enter Office that !ssued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, tile indication of tile year of !he reign of tile Emperor must prn,,ede the serial number of tile paten! document, 5Kind of document by 
the appropriate symbols as indicated on tt,e document under WIPO Standard ST. 15 if possible. "Applicant is to place a check mark t,ere if English language 
Translation is attached. 
This collection of inforniation is required by 37 CFR 1,97 and 1.98. The information is required to obtain or retain a benefit by the public which is to rne (and by tile 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 Cf'R 1.14. Tt11s collection is estimated to take 2 hours to complete, 
including gathering, preparin(1. and subn1ittin(1 the completed application forni to !he USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of lime you require to complete this form andior suggestions for reducing this burden, stwuld be sent lo the Chief Information Officer, U.S. Patent 
and Trademark Office. P.O. Box ·1-<150, Alexandria, VA 22313-14S0. 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 twee! assistance in completing the form, call ·I-800-PTO-9-f::}9 (1-800-786-9199} and select option 2. 
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(19) B*fflM~f.f (JP) (12) ~ lffl ~ r-f ~ tli (A) (11) ~lWllilD~lffHl-ij, 

(51) Int.CL Fl 

ffll2010-8068: 
(P2010-80085A) 

(43) ~lffJ El 1JZJl22.4F.188 (2010.4.8) 

HO 1 L 21/8247 
HO 1 L 27/115 
HO 1 L 27/10 
HO 1 L 291788 
HO 1 L 29/792 

(2tXJIJ.01) 
(2tXJ6.01) 
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(2tXJ6.01) 

HOlL 27/10 434 
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5F033 
5F083 
5Fl01 

H O 1 L 27 / 10 4 5 1 
HO 1 L 29/78 3 7 1 
HO 1 L 45/00 Z 
HOlL 49/00 Z 

1ura>1< *a* a>1<~0~ 5 o L 

(21) lli.l!Ji!at-ij, 
(22) lli ID El 

~/D2008-247549 (P2008-247549) (71) lli/DA 000003078 
Sf2.~20!i:p9~26EI (2008.9.26) -~~t:±•z 

(57) [~;f.9] 
[ ~i'm] ~~ O)ffi}! ~ ~ 1'fT 6 ffl,g t:::t:; i. 1 --C t ~:ftt0)!3z 

1J iJ•1J, ~ i. 1T-f!l!nt1icttJ~Nr&t/ f-O)~~:n~ ~ t,rn~T 
~,, 
[ !¥i~-'fof1U ~r!it, WJ~c~:fttO)__!:_t;:3e:1H;:ffiJ! ~ h, 

ffif!nrnJt;:l£iffiT 6 ltiffitLiJ{~Jllt~ htc:-ch--f"htlfx(J) 
*@tl~&U~t~~ t ' wriclt,ffifLO) ff;J~ t;::JfgJJlt ~ i'ltc: ~ 
~~ I::" 3- t , Y~ < t i wrtc~~~ I::" 3- t wntc'~t,i)g 
~c(J)i'~t=~itt~htc:'~{ilT'iWtlJ!t' ~,fnLL WJtc~tR: 
~t.;L EEiffiiliD:h&U5[~f,D7JO)l, 1i"hiJ,.___.n~nfJlT 6 
~~~h, Wiic~~~tL wricEEiffiiliD:h&Ui3[~J;DjJO) 
i. 1fhiJ>ft!!:n~nfJl-t 6 .~~~uz. t ~f~~t -t 6T-f!I! 
n'l"l:icffi~tl1IiJ1~,~~ n 6 . 
[~tRl:m] l:m 1 

••mt1ffzit-T§ 1 • 1 -ij, 
(74) ~~A 100108062 

#~± El fPJ,ey, ff& 
(72) ~DA~ 1f7J< mA 

••mt1ffzit-T§ 1 a 1 -ij, •~~tt 
•zj:1;] 

(72) ~DA~ ~~ ~ 

••mt1ffz•-r§1a1-ij, •~~tt 
•zj:1;] 

(72) ~DA~ ffi* ~Jc 
••mt1ffz•-r§1a1-ij, •~~tt 
•zj:1;] 

ca-~ 

.}- ~~~~~~ 

<it'~~~~~~ 

;;l-,.~~~~;'l] 

~:::-- '· ,_,--., ---.. .., 

~~§E 
'----- ... -----·' 

§ § ~ ~ ~ 
',., _______________ , ________________ . 

~ 
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ofJ~c.£.f-Jx 0:> J:. t;:3't:1H;:ffrJ! ~ h, ffi:J!JJfril t.:11:Jffi-t 6113ffitLi.liIDfflt ~ ht.: -f h-Fh ti~ 
O:>*eti~&tP~:fii~,imc: . 

WJ~cll:JffitL0:>rkJ:&it;:IDJvt~ ht.:~~fzl,; t:7-c: , 
j,-~ < c ti Wiic~~fzl,;t0 7- c: Wiicltf~~c: 0:>Fait;:i~Ht t:.ht.:%m~ffi:J! c , 
~1iffi:L 
wr~cte~~tL EEmiMS:n & tF5 PJ.IU5:n 0 v Y·f'ni.i·-JJ ~ 5E!Jl-t 6 ~ ~ * h- , 
n1Jic%,iii~~!.;L ~cffmiJ;f51J &tF5l~J;f51JO:>v y·f'hi.l•{filJJ~5E:l:JlT 6 ~~'2i"t.r..:. c: ~i1 

ffi c -t 6 ~1'~111:i/cffi~l!lI" 
[ ff;1<:CJ[2 ] 

1J11~c~:fii)i~i:;L WJicv vj"hi.l""lfilJJ~5E:1:JlT 6ffi 1 ~~~c:, WJ.ltcv •i"hi.l· --JJ~5E!JlT 
6 ffi 2 ~:fiiJi~ c: , ~*u ,::_ c: ~ i~m c: -t 6 ~t;1<:r1 1 !ci¼(7)~tt5E't.1Uc'~~l!lI ,, 
[ ff;1<:C.Q3 ] 

EEmiJJ51J&tF5l~J;f51JO:>v •Th7J.,___.JJ~5flJ:JlT 6te~~c:, v •Th7J1filJJ~5E!JlT 6 ~ 
t~.imc: , ~£.f-Jx0:>J:.t;:3't:1[LIDJvt L, 

wJgcte~~c: WJ~c%~~c: ~tiJ!JJfriJ(;:1§:iffiT 6 ll:JffitL~IDfflt L, 
wrtcliiffitLO:>rkJ:&i(;:~ttt::.ht.:~~i*t:7-c:, j,-~< c 'bMHC~~fzl,;t:7-c:WJic~ 

,iii~,imc: 0:>Fait.:~tt t:.ht.:~m~fflJ! c, ~IDJvt.-t 6..:. c: ~i1ffic: T 6~1'5E1'~Hcffi~l!lIO:> 
~J§jj"i;t,, 

rnw;1<:rj4 l 
=rnx0~*;,( t 1J J!~ffih-:mfat.:~tt5E'l1:ic'~~tl1It·2fi>--)-c. 
wr§c~1x0~* ;,( t 1J !!0:> -f n .:rYu± _ 

ffi 1 jllj~,Jl c: . 
1Ju.:tcffi 1 jlljctu=xt '-- -c=1l:-¥ht.:~~it t:.nt.:ffi2 jlljc**c:, 
Wiicffi 1 jlljc** c: Wiicffi 2 jlljc.Uc: 0:>Fait::rt~tt t:.h, ic.iiJ! c: ~ilic:*r c: ~'2i"t.rfflJ!r\'fili 

fzl,;t -
~ifL, 
"ir~c~i:m:*-=r-ti . 

EEmiJJ51J&tr5151J;f51JO)v •i"hi.i•-JJ~5B!JlT 6ffi 1 ~i:m:*r~c:, 
wricEE¾mJJ5:n&tr5151JJ5::h0:>v ,f'ni.l1lliJJ~5E!JlT 6ffi 2 ~~m*-=r-~c: . 

~'2i"t.r..:. c ~i~ffic T 6~:ft~tticffi~l!lI" 
[ ~f ;1<:Cj5 ] 

m 1 jlljc**c:, 
wricffi 1 jlljc*t'.:xt L -c=1l:-¥fit.:i~it t:.nt.:ffi 2 jlljc**c: _ 
wJ§cffi 1 jlljc~ c: WJicffi 2 jlljc.ti c: 0:>Fai t::rtJHt t:.h, ~c.iiJ! c: ~~*r c: ~ '2i"UtlJ!ffli~ 

fzl,; l--

~ifT 6 ~*;,( t 1J J!~~ixt1h-:mfat.:~tt5Ettic'~~l!lI(7)~J~JJi:tt•«'>---:, -c, 
wrtc~i:m:*-=r-0----:&i c ~6 _ EEmrMS:n&tr5l~MS:n01, ,f'ni.i•-JJ~5B:1:Jl-t 6ffi 1 ~~ 

*r.im ~ ID mt L, 
wJic~i:m:*rO:>JJIJO)-$ c ~ 6, WJ!c v •i"hi.i•1filJJ~5flJ:JlT 6 ffi 2 ~i:m:*r~~IDlvtT 

6..:. c: ~i1mt -t 6::;r::tt5E'l1:~c1~~l!lI(l)~~JJ~◊ 

[ 5EBJJO)lfit-ffi"d.'l5l BJJ] 
[ ttff.j7J'-lff] 
[0001] 

*5EBJJti, ~1'5Etticffi~l!lI&tF.f-O:>~~JJi:t(;:fm-t 6 ., 
[ ~itttffef] 
[0002] 
ili:i¥-, 7 7 •:, s.-, J...;,< t 1J 0:>~W~ft~l:m6t.:li:>t;:, -1::,1.,~~J!ft-t 6fxvf.ji.li!ffl5E~h -c 
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1., '◊, fJ!J,ttL £,,f'JxJ:J::it:@tiHU: ~:f.)!Jm t ~3i:lit::fflfi Lt.:f&, ----tt!i'C'~:iffifL~Wfflt L, 
~0~iffifL0f!l1JffiLct::~ffef ~ f*~T ◊ ~ffef,fifflfi ~Wfflt L, ~iffifL0p'q$t::tt:tk~~~ffl! 
M)Jbtr O ~ht::J: •J , ~tt:i:,t~~t ~~imt O)y:~$1l"t::, ;,{ ::i:: lJ -1:::,1,..;b{ 3 <.xfta"Jt::j!ljc:7rJ 
~:h◊, +Ve, ~___I::_JiO)~~IBLct::-:nfriJt.:fil!;u·◊tHx:::$:O)j~:fR7'·- H*~l~tt, -=tO) 
___1::_11i::ff!!:nfrilt::fil!;u·◊inx*O) t::· ,y Ht ~~~it-ctt:f:k~t~0)___1::_~gpi::ttmT ◊ ~ t t::J: 1J 
, ff1!: O)fi:j-R~~,?"~tR'i!J'lf~ t 7£ ◊ • ----· :n, ~~~-Im~ ffi]i(,::~7£ ◊ 7- f Jllicit:!(::timT 
◊ ~ t t::J: 1J' f£1!:0)~t~Jm;b{~tR'i!J~ t ~-◊ ~ ~ O)t.s~, ff:1!:0);,{ t lJ {::J),.~jJUR L -c 
,f-~0)-~Jbh,~hIBL~fij~tffit~◊-

[ 0003] 
·:n _ m~-ft;>< ::i:: 1J vmvt~ft;>< ::i:: 1J ~0)- mvt-tt:f-tO)'itJ~tff.vt:f:tJl]~frJfflT ◊T-~~ 

11:iic't!~i~RL ~WJJL ~fgf_ll'!'10)T-~~tt~211'!~@'.t L -Cftijqf ~ :h -C 1., '◊ ◊ ~ C7)fi~ b 
_ m~1t_x ::i:: •J gpvm~1t_x ::i:: 1J gpi±£;f'Jx0)___1::_t:::$,tmfi~h, ~1, ,~2,ttwJ.t~~~T 

[0004] 
~ 0) J: j i::, -1::: ,1,., ~ :$, fi1t L t.:'~f<lf,fifflfi~ O)T-~~,t<t:~211'!~@'.v, m~ {t;>< ::i:: lJ vm 

vt~{t;,< t lJ (;:fj \, ,-zi±' £~t.::$,f&O)Jll;b{fflfi ~h◊t.:&"), £,r)xO))c'(rnjO)h(.:)±;ffllJ;-6 
1Jv'31~lli1J ~~fJlT ◊!mh"Wfvt~:h, £,,f'JxO)lJ'i" h.;t{~:1Ja L £,,f'Jxb"*~ < OC◊. 1711-Z 
i:f:$,*tifliS.,, 1):11/cTEOS (Tetra ethyl Drtho Silicate) Jmc0ffl}i)m~32Jifflfi 
T◊t, £,,f'JxO)oclJtL c:1i:nfrilk::200µmJ,-::J.___I::_c7£◊" ~C7)J:-:i7£*~7£&:IJU, ~:i~ 
Lf¥(.:t3tt◊ffl&~~ft~it, :tt.:~@~@:0)~5E Lt.:fi~~t1Hf, :tt.:, r'J x -J\0)1'flj 
ft_O)m(~(::i>7£ IJ *~iz·fo'jlfilt7£◊' 
[0005] 
~-j:3, ~~f::>CffiA 1 t.:U, r'J x -J\O)OC I) ~{~il¾T ◊Wvf.Jb{~lffl~:h "(I, 1 ◊ . 

[ ~~~f::>ClflAl] ~~lffl 2 0 0 5 --- 2 6 4 0 4 ~~¥12 
[ ~BJJ O)jffljf-] 
[ ~BJJ;b{jg1J'.i:k L J: 3 t T ◊~Im] 
[ 0006] 
:;:$:~BJJi±, :$,J:ZO)ffl}i)m~ifT ◊1'\'i@t=t3~ ,"( i> £t)xO)_l_'sz IJ ;b{;J,~ 1, ,T-~~tl:~2'1!*@ 

&u·+ O)~@:n$ ~mf~T ◊ ,. 
[ ~M ~Rii:RT ◊ t.:&")0)-=ffl] 
[0007] 
:;:$:~BjJO)-l~tJH.:J::htL £,,f'Jxt' wiic£;f'Jx0)___1::_t::3i:lit.:::ffl}i~:h, ffifin[ri](::~JffiT 

◊ ~JffifLb"lB!vt~ :ht.:-=t:h,f':ht1f~~O)it:@~!m&tf.~;fi,Jilm t, wiic~JmfLO)p'q$(.:::JBJvt ~ i'l 
t.:-¥~vt(e'7-t, j,'7£< ti wI~2-¥~f*l::.°'7-t wI~c~:f.)!Jmt O)fmt=~~ttt::>t-1t.:~ffef,i; 
ffifi t, ~fimj_, wiic*~lmti, fE;ffllili1J&U'5l~ffi1J0)1., ,i":hb~ -:n~~fJlT ◊lm~* 
.;z;._ lriic~t~imu, wiicfE;ffllili1J&JY'3PHUi51J0)1, 1i"hiJ>f-l!!:n~~~T ◊im~*u~ t ~ 
~~mt '9 ◊ ~~~-ttl:~~'t!~@'.b{:fJH~~:h◊ ·-
[0008] 
:::$:~BJJO)JJIJO)-~Jl&UH::J::htf, fE~F61J&cf''31~J,61J0)1,,'9":h,;t,- -•:n~~fJlT◊*eti!m 

t' \, 1f:hb·1-l!!:n~~fJlT ◊ ~t~Jmt' ~~O)J::J::3t]it::Wivt L' lru~c*@ti!mt wTilc~ 
i"~lmt ~ffifi:nfrilt::~iffiT ◊ li:JffifL~W3lvt L, lruilc~JffifLO)l:t.J$t::~~tt t:>:ht.:-¥~1*1::.°'7 
-t. j,~7£< ti wii2-¥~i*l::.°'7-twii2~~imt O)rnJt;:~1.tt::,:ht.:~wfiffiJ!t _ ~w 
ivtT ◊ ~ t ~i~m t T ◊ T-~~t1:~2,tt~@'.0)~~:1i$b{:fJH~ ~ n ◊" 
[ 0009] 
*~aJJ0JJ1JO)-JiJt~t::J::htL ~~0~*;,{ ::i:: 1J fi~ffih-.mtit.:T-~~1:u2,tt~@'.t'·2b 

-:i-c, wI~ciHzO)~*_x::i:: 1J Ji0;ch-z'·tii±, m 1 Jllictit, wI~cffi 1 Jllic*lt:::ttL -c~Pr-h 
t::~~tt t:>:ht.:ffi 2 j!lj~J£t , lru~cffi 1 j!ljc!i t lru~cffi 2 Jllic!* t O)f'a'!kJ~lt t:;,:h, ~cilfi t ~ifii 
*TC ~*trffififfl~i*t, ~if L, wiic~lli*rU, fE;ffljffi1J&tf515iffi1J0)1,,i":h,;b• 
-:n ~ ~fJ?.'9 ◊ ffi 1 ~lli*r.lm t , lru~cfE~M51J &tf.5 l~M51J 0) 1, 1i":hb·1f!!:n ~~fJlT ◊ 
m2~lli*r.imt, ~*tr~ t ~i~mt T ◊T-~~,i-1~2,i-,1e1~@'.b{t£f~~:ho, 
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[0010] 
*naJJ0JJ110-:ll'&f:Rt;: J: tiJf _ m 1 wcitt _ ntr~cm 1 wcitt;:M L --cwt'"fit;:fl~tt t:>ntc: 

ffi 2!1ictlt, ntr!cffi 1 ~ci!t nu~cffi 2Wc11\~t 0Fa'Jt;:~ft t:>tl, !cif;!! t~im*-=f t ~~ts 
fft!!m3~H1": t _ ~ 1fi'" 6 ~* ;< t: 1J !! ~ intffih-:mfatc: ~1'n'l1ic'i2~@'.0~3g:1rlt--c· &:> 
-:i -Z:-, ntric~im*-=fv')---{ff, t t;::6, EEffiiJ;t1J&{l5l~J:D1JO)~ •i"tlil.-:1f ~nJJlT 6ffi 1 
~im*T~~Mlvt L, ntrlc~im*-=fv')]Jljv')---{ff,):: t;::6, IW~C~ •i"tlil·11!!:1f~nJJlT 6ffi 2 
~im*-=r~~Mmti'" 6..: t ~1~jjit i'" 6~1'n1t1ic'l2~@'.0~3g:1rltil{tJH*~tL6" 
[ nBJJ O)~}J*] 
[0011] 
*nBJJt:J:ntL $Jt0fft!!~~1fi'" 6m3~t:t3 ~ ,-z:- i~w0Bz 1J ili,J,~ ~ •~1'5E't1~c 

ffi~@'.&tf'-f 0~J§Jf$il{fJll* ~ tl6 , 
rn~~~~i'"6k~0a~0mlThJ 
[ 0012] 

i:rn;: _ *naJJ0~~~0M:li'&k: -~) ~, -z:- i:moo~~~ L /Y>!JlBJJi'" 6" 
t;::t3, l:mOOtl:Jtrt:;a'.J:¾ tc:tifl!JL~a~t;:: i> 0--c·&:> IJ , ~filH:i'-0J¥h- t "1iit 0llWit filHiFa"l0 *~ ~ 0ltfiftt;:: cU, £,f L f>JJl~0 b 0t l,'tl-t !i~it:>~~, ., :¾tc:, l<t1 tfilH:i'-~*T 

t~{'(c'&:J-:, -Z:- i>, i:mootc:J: IJ II~ ,v')-j-$~lt1~~~il{~f;::-:, -Z:- *~ tl6 fi&b &:> 6 ❖ 
:¾tc:, *liBJJ*m=itt ~i:mt;:;B~ ,-z:- _ rettB01:mi;:oo L -z:-ntr~ Lt-: i 0 t 1<t1t:R0~*t;:ti1<t1 

-0)~{}~ (1L-Z:-!$~~!JlBJJ!i3~1r~'~T60 
[0013] 

< m 1 0~»m0M!Th) 
*nBJJO)ffi 1 v')~~m1Tht2:1l6~1'nfi~cffi~@'.!i, iFE~~t ~~l~t ~Y::Ii.t.:ffl!! L 

, -tc!i L -Z:- ffeiimfL ~ MJvt L , ..: v')ffeiiifL v')fffUOO t2:~:r,1f~fff!!il{MJvt ~ tl 6 ~1'nttic1'2~ 
@'.O){Jlj"('&:J 6 ❖ 

i:m 1 ti_ *naJJ0m 1 0~»mm:li'Jt;: 1i 6 ~1'~tc·R@'.0mmt ~ (JIJ~i'" 6 tJtita1!flioo 
i:m--c· &:> 6 ',' 

i:m 2 ti, *naJJ0m 10~»mM:li'Jt;:f*6~1'ntt~c'~~@'.0mivt~(JIJ~i'" 6t~:cta"Ji1m 
[;R) --c· &:> ◊ 0 

i:m 3 ti_ *naJJ0m 1 0~»mMJThkm 6 ~1'ntt~c·li~@'.0-$0mivt ~ (JIJ~i'" 6 -m:ct 
a"J!lliOOl:Rlt·ib6" 

'97£ bi':>, [;RI Ui, [;RI 2 0 A---- A' iirmool:Rlt'ib 6 ◊ :¾ i::, [;RI 3 !i, [;RI 1 v')C $~flt* 
Ltc:t~:ctl'l"JltliOOl:mt·ib 6 ._ 

t;:::b, 1:R12 t.:Js ~ •-Z:-!i, 1:m~ ~~ < T 6tc:~t;:, ~~$JJ'"0h-~~ L, *E~-gM:i'-01:Rl~ 
(j:~-~ L '"( ~ •6 ., ;¾ tc:, [;RI 1 "'-[;RI 3 t;:;B P'"( !i, fff!!~~~[~J: 1J f>j,'f;:: < ftiP'"( P6, 
[ 0014] 

i:m 1 _ i:m 2 t=* Lt-: J: -3 i.: _ *naJJ0m 1 0~»mM:li'.Jt;:fl6~1'n't1~c'l2~@'. 1 o t.:;B 
~ \ '"( (j:, (Jlj;t_ !:fiii*tlf'aY IJ ::1 >il•t:>t;:: 6 ~w 1 1 0 ili~!,Ht f:>tl '"( P6. ~w 1 1 0 O)J::.ji 
$JJ'-t;:;Blt 6~M0~~i:::ti, ~~!t1JJil{~A~tl -Z:- ¥-~f-1":~~iliMJvt~tl -Z:- t3 IJ, ~Jv'/ 
-_7-C S tt;::-:i'"(~,6. ~w 1 1 O0J::.t:::;Btt6~Jv'/-.7-C SO)fi[J::.~i;:ti, (Jll;t_!:fM 
fts,,..- 1) ::J ✓ ( S i O ~, ) ii• t:, t;:: 6 ~ti!! D 1 ii{~ tt f:>tl '"( t3 IJ , ,z-0) J::.t;:!j:, $¾-s~S,,..- I_} 

::i >ii· t:>t;:: 6 rf«u;~tRr- l- Ls Gili~~it t:>n-z:- ~ )6, 
[ 0015] 
r@1~tR1/- l- Ls G01::.:1ft:::!i, tUt0irE~~ 1 2 O t ~t;Jii~ 1 3 O t iliY::Ii.t:::ffl!! 

~:tltc:ffi!!{-1"; 1 4 0 iliMJ»t~ tl -Z:-P6 o ~:ii,Ji.~ 1 3 0 !i"7- rcfi1·VL t t;::-:i '"( h lJ, iFE~ 
~1 2 O!i, 17- nJwL[~J±~~~T6!!Fa"liFE~~tt;::-:i'"(~\6,, 

l:ml----l:Rl3k:BP'"(!i, '~~~1 3 O!i, 4!!ftnil•tl'"(~\6il{, *~f-if';fitl0~-&!i'~:fi,)i 
~ 1 3 O0!!1:?:!i, 2 OJ!t·ib6. 

-z-L-z=-, *~»mm~t;:f*6~1'5E'tiic1t~@'.1 ot=:b~•-Z:-ti, ~~"i~13 oti, (JIJ;t.tf 
, m 1 ·~ti~~ 1 3 1 t m 2 '~:,.~mt 1 3 2 t ~ 1f L -z:- ~ ) 6 • ,~ #:a"J t;: a _ 1 !! El ------ 1 2 !! El 
O)'~f,,~~ 1 3 Oti, ffi2~~~ 1 3 2--c·ifi:i IJ, 1 3!!§-----2 O]i§O)'~~Ji!m 1 3 O!i, ffi 
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1 ~iiili!Bt 1 3 1 't''it 6 ., f- L -C, ffi 2 ~~!Bt 1 3 2 t::t:L J±Wtl:0Ji6::h !'-Jffli" 6 $M~ 
:;/ lJ :1:::.,, (;t.:'lJ :;/ lJ :1:::.,,, P --- s i ) i.1-iffll, 1t;,:h, ffi 1 ~~!Bt 1 3 H::!.i, i315fttt0Ji6::h 
!'-:¥efl T 6 oJl=:a~W 1/ 1) :1 :'.1/ ( TE Jv 7 7 A 1/ lJ :1 :'.1/, a --- S i ) h~ffl P t;,:h 6 ◊ 
[ 0016 J 
----·Ji. ~~!Bt 1 2 0 !.i, ~:@;_!Bt 1 3 0 0i£Jj:(::x;fJ;6-t 6t3t~~tt t:.:h6" ,f L -C, *~ 

»&78:li'JH::(*6~1':¥ett~i:!ffi~l!i 1 o (::.t:5 ~ 1-C !.i, ~~Jm 1 2 o t::!.i, (§!Ji..t:L J±Wtt0Ji6 
::h !'-:¥eflT 6 TEO S ( Tetra ethyl Ortho Si 1 icate) !'-ffll, 16 2:. c 7'.1-i"(·t 6. 
[0017) 

i:tr, *BJlir-Hll!=(::;Bl,1'"(!.f, j}tBJjv')ffILl:., XYZU'D'.i:mH~Vi~!'-~AT6., 2:0~1'~* 
(::.t:5P-C !.i, ~t!x 1 1 0 0_1:_ffi:f (::--¥11'~:nfPJ't''ir>":) -Cffll[(::~.xT 6 2 :nfPJ !'- X:nfPJ&(f' 
Y:nfPJ c L, X:nfPJ&UY:nfP105t.X:n(::x;f L -C~.:XT 6 :nfPJ, T~b-f::>, *e.~Jm 1 2 O & 
tl'~:t;,Ji!Bt 1 3 o 0ftl!:nfPJ !'- Z :nfPJ c T 6 ◊ 
[0018) 

~;f:5, ~~!Btl 3 O!.i, J:.1!(::jlljcl!f~:ht-:11tililml 3 O!lc'X:n[P](:..t:5tt6-J.t~i.l{m< 
~":)'"(;f:5 0, J:.:n ( +Z:nfPJ) i.l·t:.Ji-C, ~~~Jm 1 3 O!.i, ,f;f1.J:: 1)r:n(::jlljcl!f~flt.: 
~~!Bt 1 3 0' rilllJ~tJb"'- T-- Ls G&'ll--t:Jv'/-,:Z,C S0[fqf!l.lH.:jlljcl!f~:h '"(P6 0 ~~ 

lBt 1 3 0 i.l·t:.Ji-C :':: X:nfPJ&U' :t: Y:nfPJ0p)lt~lH.:!j:, *e.~I! ( l;Rl-jf--\ti") h~fitt t;,:h '"( v 1 
6 . :it-:, fll!~ 1 4 0 a, Y:n[P](::iG":) 'ZtHtflIDilitt t;,n -C P 6 
[ 0019 J 
,f L '"(, fll!f* 1 4 O0_1:_(.:!.i~il!D 21.1\1~ttt;,:h -C.t:5 1L ,f0J:.(::!.i, (711i_!:f$M 

la:;/ 1) :1 ::.,,7'.l,t;, ~ 6 J:.f!liJiMtR 1/- T-- u s Gi.l{iiitt t:.:h -C .t:5 IJ , -f 0J:.(::!.i, *Elil! D 3 7'.I{ 

~tt t;,n '"( P6 0 J:.f!liJ~tR'.1/- T-- us G!.i, PiiJi..!:I'$*ta~1/ 1) :1 :'.1/7'.l•t:.~6 HX0~~!Bt 
7'.l{Y:n[P]{::iG":) '"( -½'--IDT~ ;f1.'"( JBnt~:ht.= 'b Ci)"('ir) IJ, X:nfPJ(2:@;(l6m~*Ci)jlljc*lix0~ 
-~:rmtt C~":)'"( VI 6 0 C::;fH::xtL-C' 7- H!WL&UTf!llJ1iHR1/- T-- Ls G!.i, fll!~ 
1 4 0 c::· c (::JBnx. ~:h '"( J3 IJ , f-:h,'f':hi.l-iX Y--o/-00(::--¥:ff~ lt:{0t)x;f-J~0~~Mit:f c ~ ":) 
'"(P6 ◊ :it-:, --t:Jv'/-,:Z,C S 'b-5tillr~:h -C.t:5t:.i", mix0fll!~ 1 4 O0~Tt~!'--::>~ 
<'"J:: -3 (::, XY--¥00!'-fflnx.T 6 1 tx0:t!xtft0~~Mit:f c ~":)'"(~ 16 0 

[0020 J 
ffll!~ 1 4 0 !'-fflnx.T 6~~~!Bt 1 2 0 &tl~~:fiili!Bt 1 3 0 t::!.i, ffll!:nfPJ ( Z:nfPJ) 

(::ifll6m~*0"¥-~~l::'7- 1 7 0 7'.li;t!f~i~:h '"( v 1 6 ❖ ~"f.~~l::'7- 1 7 0 !if.ii!~ 
1 4 o 0~~!'-1§:v 1'"( .t:5 rJ, -c-0~:fiiH.f(§!Ji..!:I' 9 o nm c•it 6 ,, :it.=, (711 i.. !:f, ¥~~ e 
'7-1 7 O!.i, X:nfPJ&UY:nfPJ(.:rr:h '"(? 1-- lJ 7 ,:Z,:f-x(::jlljcfrJ~:h -C.t:5 IJ, X:nfPJ&tFY 
:nfP10-f:h-?':h(::J3~1'"(, "f.~~l::c':7-1 7 O0jlljcfrJJW!:Jl:Jl!.f~Jl:'."('if>6,, 
[0021 J 
"f-~~t::·7- l 7 O!.i, ~Mt!t~i.l'- ~-7°~:ht.="¥~~, (§!Ji..tL $*ta~:;/ lJ :1 :'.1/:it.:U 

oJl=:a~ff 1/ 1) :1 ✓ (;: J:: ":) '"( ~~ ~ :h '"( l, 16 " 
:it.=, !;RI 3 (::~ Lt.: J:: -3 (::, "¥~~ c: '7- 1 7 O c , ~~Jm 1 2 O &U\l:t;,Ji,lffl; 1 3 O c 

. 0ra".10F9fa'itx0&i-½'--(:.t.i, :'!H!llL T~ bi::>, ~film 1 2 O &rP~:fiiJi!Bt 1 3 O ffflJi.l,t;,J!fiH:: 
, ffi 1 *ml! 2 5 o , ~ffef,iHII! 2 6 o , ffi 2 ~til! 2 7 o 1.1{ c:: 0Ji11H::ffll! ~ :h -cl- 16 ◊ 

ffiHetil!2 5 O&U'ffi2*e.t-i:1!2 7 O (::U, (§lli_!j:~ft:;/ 1) :1:::.,, ( s i 0 2 ) !'-fflv16 
c:: c 7'.l{c·t, ~w~ffll! 2 6 o i::t.i, (.glJ x.!j:jilHt:;/ 1J :1:::.,, < s i N) !'-fflP6 .= c 7'.l{c't 
6. 
[0022) 

,f L -C, "f-~~l::"'7-1 701.1"< '/-,:Z,fljt~, 1-~-t-Jv~:l~lL &U', ~ v1 ✓~~c L 
-clf!n~ L, 7- r~WLi.1-i:J :'.1/ T-- O-Jv:1/- 1-- c L -clf!n~L, ~fiif~fll! 2 6 0 7'.1-i~c'i:II! 
c L '"( lf!i~T 6 2:. c (::J:: IJ, NAN D~ 7 7 '1/ 1/ :;1.. _;x --'E 1) i.l~m~ ~ :h '"(, 2:. :hi.li;,(--'E 1) --t: 
Jvc:~6 ., =nt::J:: IJ, 1 *0"¥-~~l::'7-1 7 O&U'f-0JW!lfflt::!.i, 7- ¥~WL c !BJ 
~Ci);,( t 1) --1::Jvi.li Z :nfPJi::-Jrj(,;:jlljcflj ~ :h, 1 *Ci);,( t lJ A J-- lJ :::.,,7•'1.1{:ffl~ ~:h '"( l, 16 . 
:it.:, ~1':¥et1~i:!'~~l!i 1 0 (::.t:5P-C!.i, mlt:$:0"¥-~f*l::'7- 1 7 0 i.l"'X:nfPJ&U'Y:n 
fPJt=ia":)-c<t-lJ 7,:z,:r-xi::jlljcfrJ~:h-cP6t.:<lb, mrx0;x---E1J--t:1v1.1{, x:nfPJ, Y:nfPJ, 
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z :1Jfi'il t::iB-:i -c, 3 <Y::5i:J~r:lxt::i!'icfrJ ~ :h -c i,, 0 " 
[ 0023 J 

( 6 ) 1~1ffl2010-80685(P2010-80685A) 

~:1'3, 't~f*t."7- 1 7 0 O)mfl::tL l;R])F L~~ ,Tf!llJtt:tf(~Si:lii~ttt:.:h, ~cO)ff!llj 
tt:lx~Sit.L ffi~I! D 1 &V:TIJllH~tR-1/- t- Ls G ~lt:iffi L -C :1'3 ".), .:fO)TtllffiU:--t:Jv'/­
;:z cs i::tf®'E~:h, f-O)J::}.'lfiltt-'¥-~1*t:5- 1 7 o i::tfm~:h-c ~ ,0" Tf11.I1tt~~Sic ~-E 
ti/! D 1 &U'T{!I.IJ~:IKY- t- LS G c O)Fa'H::t.L IZ!JF l,,~1, ,-1/- t- ffi~Jm,'i;~~tt t:.:h0 -. 
[0024 J 

----·1i _ -'¥-~f*t:7-1 7 o O)mJ::.t::tL IZ!7F L~1,,_1_:_mI1tt:I*~~:1J,..i~ttt:.n, f-O)_l_:_ffllJ 
tt~:f(~~tL ffi~l!D 2, _l_:_fi!JJJHtR-1/- t- USG, ffi~l!D 3 ~ltJfflL-C:b ".), f-O)Tt!lffi 
!:i-'¥-~l*t."7- 1 7 0 t:tfm~:h -C v '◊" _l_:_{!l.ljfi~:f(~tiliic, ffik'll!D 2, _l_:_f!!IJ~tR-1/- t­
u S G &V:Je~l!D 3 c O)Fa'H::t:i, !:RJ:if-; L,.;(/~ 1 -1/- t-~Jm:/J,.-~ttt:.:h0 

Tf~)Jtt:lx1i:fiili&V:._l_:_f.!1.IJtt:lx~:fiilit::U, ~~!tw:/J,.-F-7~ :ht.:-'¥-~1*, f§IJ x_ tf, ¥,*iliasa s.,, 
lJ :1 Y :i t.:U3Faiws,,- lJ :1 Y ~ fflv '◊.:. c :IJ{---c'f:. 0 •, 
[ 0025 J 
~ TfJlIJtt:1ft~t~- ~-'¥-~f*t:5-1 7 o&v:·~ _1_:_mI1tt~-k~:fii~!:i-1*i=r"Jt::~*ili~:h -c :1'3 0 

, .:.nt;::J:0, 1::z1s:O)tt~:f(O)-'f~«qmtt:1J4\'iinx:~n-c~,0,. ~tL-c, _1_:_~0)~□ <- _l_:_f!llJtt 
~x~:fii~!;i, _l_:_{!1.IJ~iR-1/- t- US G~ltJffl L, -'¥-~1*1:::'7-1 7 0 !:imJ:kO)?- H!WL ~ 
ltJffl L-, TffllJtt:l:f(~;j;,Ji!:i, T{!llJJHtR-1/- t- LS G~ltJffl L -C v,0" 
[ 0026] 
;it.:, ~1!D 3 _1_:_t·2b -) -C _l_:_{!I.IJ~tR-1/- t- US G:IJ{JllictllI~:h -C ~ '◊PJ!j~O)m_l_:_~(::!;i 

, Y:1Jfi'ilt::fil£v:·0mJx::zls:O)t:· •:1 t-i!'ia!B L:IJ{i~ttt:.:h-cv,0 ◊ 1::· •:1 t-i!'ic*!B u::t:i, :&:~ 
, f§IJ;U;L 5'>:l';:z-j-y (W), 7Jv2..::.ryL (A 1) &Uilcrl (Cu) W~fflP0.:.t:1J{ 
-c·t ◊ ◊ ~::1'3, ::zls;BJUlll~i=:bl,,'"( ,- :&:~J C ~•') C e!:i, Mi:&:~0)(-l!lt;:;@;-:&:t*tfbO)c 
''}◊◊ 

1::· ''/ t-i!'i~B U:i, ~.Jjf*t."7- 1 7 0 O)m_l_:_j~(=~~ttt:.:h -C :b lJ, ~ 1::· ''/ t-Jllic*!B L 
ti, Y:1Jfi'i1LiB-:i -cwc~J ~:ht.:~3irJO)_l_:_f!llltt~x~t,,'lio)_l_:_t!lffi~t=tiME~n -c v ,0, .:.ni;::J: 
•) . -'¥-~1* t" 5- 1 7 0 !:i, Yjj[i'i} (::fil£v:· 0 ?>'IJ ~- c (::, ~~ 0 t:· '>' r-i!'ic*! B L (::ffm~ :h 
-C v, 0 - 1::· ''/ t- i!'ic*! B L (j, Yjj[i'i} (::i!'ic?>'IJ ~ :ht.:mJtO)ffl/!1* 1 4 0 O)m_l_:_~ ~ Jff!~T 0 
J: -5 i=~iJi;i=r"Jt::i!'icj~ ~ n -c :1'3 0 , ~ffll!<* 1 4 o 0)-'f~f* e 5- 1 7 o k:~n!itfm ~ n -c 
~'◊ .. 
[ 0027 J 
~ t:. t::, 1::· ''/ t-i!'ic*!B L:/J•il'ictllI~:h -c v '◊~Jl~O)~ Xjj[i'iJ{!lJH;:Jj, Xjj[i'i}(::fil£v:·0m~ 

:;$:O)_l_:_{fl.ljj~iR-1/'- t-Jllic*!U s L:IJ{j~ttt:.:h '"(v,0. _l_:_f!llJ~tR-1/- r-i!'ic*!U s U;:t;i, :&:~ 
, f§IJ,t !:L 5' y,:,··;:z T ✓, 7 }v 2..::. T'.7 L&V:'fii,JW~ fflv '◊.:. c :IJ{t·t 0 ., _l_:_f!I.IJ~tR-1/- t­
Jllic*! u s L O):;$:~!j' _l_:_{!llJ~tR-1/- t- u s GO):;$:f'{ C IA.I t. c· 2b ".) ' ~ _l_:_f!I.IJ~tR-1/- t- i!'ic*i 
U S L :IJ{~ 1::·7 1 8 0 ~ -fr L -C ~ _l_:_(!l,IJ~tR 7'·- t- U S G l::tfm ~ :h -C v, 0 . 
[ 0028] 
;it.:, 1::· ''/ t-i!'ic*!B L:IJ{j!ljctl1f~:h -CP0fJJj~O)+ Xjj[i'i}f!l.lj(::!;i, 1 "'.JO)ffl/!1* 1 4 0 :::.· 

c i::, Xjj[i'i}(::fil£rr 0mJ:k:;$:O) 9- J<Jllic*!WL L, Xjj[i'i}(::fil£U' 0 1 :;$:O)T{!I.IJi~tR-1/- t­
i!'ic!i LS L, &U'Xjj[i'iJ(::fil£tF0 1 :;$:0)--1::Jv'/-A.i!'ic*!C S L:IJ{~§Htt:.:h -C v '◊. 9- F 
Jllic*!W LL, Tffl!Jj~fR-1/- r-i!'ic*!L s L' &v:·--1::,vv-;zJllia!C s Lt2:!;i, :&:~, f§!Jx_t;f 
, 5' y,:f;:z-j-y, 7Jv2 ..::.ry L&U'fil,J~ fflP0.:. c :IJ{c·e 0., 

1 "'.JO)ffl/!f* 140t::fr;fr,6i"'09- Fi!'ic*!WL LO):;$:Jj:!;i, 9- H!WLO)t,izf'{c IA.It. 
c·2b 1), ~9- Fi!'ictiWL L:IJ{t:'71 9 0 ~1rVC~9- H!WU::tfm~:h-Cv•0◊ ¾ 
t.:, Tl!llJ~iR-1/- r-i!'ic.*!L S L(jt:'72 0 0 ~-frL-CT/.lllJ~tR-1/- t- L SG(::tfm~:h -C 
B IJ, --1::Jv'/-A.~ct!C S U;i:1 Y?',:, t- 2 1 0 ~-fr L -C --1::Jv '/-;:z CS (;:::ffm~:h-C ~, 
0 .. t:'7 1 9 o, 2 o o &v:·:1 Y5',:, t- 2 1 o i;1, f-:ht:.:1J{tlME~n0~~im 1 3 o O)m 
_l_:_j~t·2b-:i -C, f-:hJ: 1) _l_:_J!O)~~~lm 1 3 0 :IJ,t:.J! -C + Xjj[i'i}fl:IJH::j~:ht.:iJj~(::;Bnx;~ :h 

[ 0029 J 

Micron Ex. 1002, p. 237 
Micron v. YMTC 
IPR2025-00245



( 7 ) 1tlffl2010-80685(P2010-80685A) 

t>1 H 11ic~B L' J::J!IJHiHR'.1/- t-lllicii us L, 1:7- flljciJwL L, TflllJ~fR7- t-lllic*l 
LSL&U'-tJv'/-7-jlljc~CSU::t, {71J;U;L ~~J'frtrJ (ZJ'f[trJ) 0){1[@:, ff!.~, 't,ff::liJ> 
fAJ-'t''Zb iJ, {71Ji..t:L 1 txO):&~mtiJ1H5'-=->-":7' ~h "O&nx.~ h◊,.: c iJ•z:.··~ ◊" ~jlljc 
jJlfffl!::t, YiFa'1$E~mt ( [;R)jf-itf) t: J: ":) 'l$E~~ h "C 1t '◊ ◊ 
[0030 J 
~t:5 _ :;;p~Je'ti~cm~@: 1 o t:t:51i 1z:. i::t, c::· •1 t-lllic~B L ~* L z:. --1::.11utt4x~Ji.O)J::JIM 

ffiH.::~fil~ l:fJ1J □i"' ◊ F '71 J'\@lll-iL --1::Jt, 'I-7-jlljettC SL, ::1 >-" 5>-;, t- 2 1 0 &t.F-t;t, '/ 
-_;zc s ~fr L Z:.Tf!!Utt4x~~O)T!lftiH~IH.::~{{r~ f:111J□-t ◊ F '71 /\@l/j!1L J:::.f!!U~fR7- t­
Wc~U S L&u·c::·71 8 0 ~fr L "C J:::.f!fll~fR7- t- US Gt.:~{{[ ~l:f11J□-t ◊ F '71 /\@1/j!-i} 
, Tf!!U~fR'.1/- t-llliciJlL s L&1Jc::·72 0 0 ~1rL "CTl!!UJRtR'.1/- t- Ls Gt.::~f{r~E111J□ 
'T◊ 1-''71 J'\@1/j!-i}, 7-fjlljc~WLL&tlt::·719 0~1)-L"C.~7-FtJWU.::~w.~l:fJ 
1JD'T◊ F'71 J'\@1/j!-i} (1t,fhl,12'J;j~l±f) iJ1~~(tf:>h◊o 

[ 0031 J 
*~»m:1&mu:.:.1* ◊ :;;p~Je'ti~ctt~@: 1 o i::t _ reu.:: ~JlsJJ Lt.= J: -3 t.::: _ ~f,if~fflfi 2 6 o ~ 

l'¾c'ttfi c -t ◊:;;pfiHMi~cif'!~@:'t'·Zb I), ~y( t 1J --1::,vt.::.X>tili-t ◊ ~:;:,Ji.mt 1 3 o iJ1lf.@lf.tmt 1 
2 O ~ fr L "C, ~~ 1 1 O O)J:::.t;:, ~Jtfifflfi~ h "C 1i '◊" --c L "C, :;t,:~ f*Wtlt:.:.t:5 Ii, "CU 
. lfi§---1 2fi§O)~,r,Ji..lBO 3 Ot·Zb◊ffi2~~mtl 3 2k:, EEffir'tiO)J;D:fJ~JeJJii"'◊ 

:iHi!lifli S,-- lJ ::1 >-" p --- S i i.N'!i It, f:>h, 1 3 Yi§--- 2 0 Yi§ O)~~mt 1 3 0 O)ffi 1 ~~mt 1 
3 U;::, ':Jl~lfiO)J;D:fJ~JeJJii"'◊a~s iiJ1J+lli'lf:>h, Jf.@~mtl 20t:.:.t::t, EE~1~0));51J 
~Je}Jii"' ◊TEO Si;'>J+)1t,f:>h "Cit '◊O)t', ~~mt 1 3 0 clf.@r~mt 1 2 0 ~_g,J-zfflfi L "C 
t, ~t~mt 1 3 0 clf.@~JJl 1 2 QO)l[1t,O)J;D::tJiJ,ffi~~h. ~~ 1 1 0iJ'*~ < oc6,.: c 
~ @li!fft·~ ◊., 
[0032) 

l:RI 4 i::t, *JeBJJO)ffi 1 O)~nm:J&~t= <* ◊ :;;p~Jett~c·tl~@:0)1t'ti ~ WtJ~-t ◊ /f '7 71:Rl't'· 
Zb◊. 

i"'~;hi:,, fAJl;Rft::t, ¥,~f*~~O)J:::.t.::, p~S imt (ffi2~~mtl 32) cTEOSmt 
( ~~mt 1 2 0) c ~:X:lit.::ffi}w Lt-:f&, a --- S i mt ( ffi l '~~mt 1 3 1 ) c TEO S mt 
(~~mt 1 2 0) c ~:X:lit.::ffi}wLt-:c ~O), ~O)oci')O)~{tO)~!JUili*~{71J~L 'lb 
I). ffifmt::t, ~~mtO)JwJtt·Zb I'), Miifmt::t~~O)oc I) ~'c-Zb◊" ~t:5, ,.:O)~IJitU, ~ 
~c L"Ci![{_¥i;'>3 0 Ornm"C"fff.~iJ1 7 5 01tm0)¥,~f*ryx.-l\~fflP, ,.:O)J:::.t.::, p --­

Si mtc TEO Smtc~t.:: 1 2@1-ffi:fi L "Cnx.mtLt-:f&, a --- S i mtc TEO Smt~:X:lt 
t.::, ~ 1H 1 3 @I El---~~t 3 2 @I El O)fflfi nx.mtiJ,:fr.hh "C 1t, ◊ " 
[0033 J 
l:Rl4t.::*Lt-:J:-3t.::, p--s imtcTEOSmtc~x.lit.::ffifiT◊, lfi§---12!i§ 

t.::t-:3P"C!::t, fflfii"' ◊JwJj:i)•~i..◊t=1Jl:-:)( EE~J'frtfJO)oc •'.) (,.:,.: tu ,- j:j_O)oc I) J CT 
◊.,) iJ'*~<~":)'l\i>◊,, i-L"C, l 3!i§.l-::JJlO)fix.mtt:.:.t:51t,"(!::i, ~~mtl 30c L 
"Cffi 1 '~fiiJi.mt 1 3 10) a~ s i mt~ J+11t,z:.t:, 0, fflfii"' ◊JwJziJ,~i..◊ t.:1iE":) "Ci:Jl~J'frtrJ 
O)oc 0 <,.:.:::_tu ,-JEO)oc I) J c -t ◊., ) iJ'*~ < ~":) z:.1t 1 ◊" --c L z:., ~~ttJ'J 2 o Jw 
EI O)c ~ _ oc iJ t::tHti'~c ~ 0 _ --cn.L-::J.J:::.O)J:tO)Jw ~fflfi-t ◊ c JEO)oc I) iJ"*~ < ~ ":) z:. 
It'.◊,, 

[0034) 
.: 0) J: -3 t..:, P ~ S i mt c TEO S mt c ~:X:lit..:fflfi Lt-::1:i-at.::U, J±~O)oc I) ( j:j_ 0) 

oc I) ) iJ'>Je1='. L, ffl}ffiO)fiJ:tc ~t.::~O)J'f[tlJt.::oc 0 iJ"i'Jt*i"' ◊ -J'f, a---- S i mtc TE 
osmtc~xlit.::ffl}wLt-:±~-g-t.::t::t, 5l5lO)oci') (}EO)oci')) 1J>Je1='.L, ffl}ffiO)}ffi~cf* 
t.::JEO)J'frtfJO)oc I) iJ,tJt*-t ◊" 
[0035) 

*~1im:J&YMK:: 1* ◊ :;;p~JMi~c'li~@: 1 o t.::t:51t I z:. i::t _ ~~mt 1 3 o O)J:ti::t 2 o t·Zb rJ , 
1:> J: -3 c·oc I') fJ'>-lH-~ < ~ ◊ J: -3 t.::fifl:'.~hl It,◊., T~;b'l:,, ,.: O)IF-jO)oc I) !::t, ~11 
o µ. m 't''Zb◊ 
[ 0036) 
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:: O)J: 5 t::. *~1IBUB~t::f*-t>~~J£'ti~cffi~r!i 1 o t:::t::;1; \'( tL BUJ ~fficJ/J', Lt.:~~ 
J£1tiic'lt*r!i1J{mf*--c·~ -D , 
[ 0037) 

( ffi 1 O)J:t~f§IJ) 
!'RI 5 !i. m 1 0) .1:t~f§JJO)~~J£figcffi~r!iO)~~tt ~f§IJ~-t -D '? •• 7 7 !'RI'(·· ii'> o " 
-t~b~. ffi 1 O)J:t~{!i1JO)~~J£'tigcffi~r!i9 1 t:::t::;1;\'(!;i_ ~:t,,~Jm 1 3 O t L '( P --­

s ia~JflP. *f~tial 2 0 t L'(TEosa~ffli;\, Z..hb~3'<:1it::ffi)!Lt.:fifil~fl 
-t -D ◊ :: .n.I-1JHi. m 1 O)~»m1F3Ji&t:: f* o ~~J£ttgc•l!~r!i 1 o t ~~-c ii'> o " 
[0038) 

!'RI 5 t::* Lt.: J: 5 t::. ffi 1 O)J:t~f§JJO)~~J£1f~ic'l!~r!i 9 1 O)tl,i;-. ~'( O)~:t,~a 1 3 
0 t L '( p - S i an{ffli, \ t;,;h '( i; \,t> O)'(··. ~~/:ll l 3 0 t ~k:i:/:ll l 2 0 t O)ffi)!O)J!tx 
b{f:ti!f f~ -t> t;:1ft-:, '(. !i!:f-iXlmft!'l{Jt::£t&O)JR VJ Uf:t/!f* L '( 1; '-t> o f- L '(. ~~- 1 3 o 
O)rJl..n{ 2 QO)lkj(,::ti. ¥17 0 µmO)}R f) t~-:,'(i;\,t> 0 Z.O)J: 'J t:.. ffi 1 O)J:tt'tf§JJO)~~ 
J£'ti~c'tt~r!i9 1 '(·U. £t&O)ocVJni*~"'" 
[0039 J 
:=.nt=M L '(. !'Rl4 t;::fglJjf- Lt.: J: 5 t=. *~»m1F3Ji&t=1*0~~1£'tiic'l!~r!i 1 o t:::t::;", 

'((i. oc rJ !i 1 0 µmt . ffi 1 O)J:t~f§JJO)~~J£ttic·l!~r!i 9 1 0) 1 7 t ~-:, '( P-t>. 
Z.O)J: 5 t::. *~»filfilJi&t::1*-t>~~J£tt~c11!~r!i 1 O t:::t::;1;,'(!:J:. ~:fia 1 3 O t L '(, 
'315ftfiO)JSjJ~J£l].T o a - s i at. J±mttiO)JSjJ~J£l].T-t> P - s i at ~ffl.7J.irb 
-1±-0:: t ·c£t&O)oc 1J ~m;,J, Lt.:~~J£tttcffi~r!in{1tG.h-t> 0 

[ 0040 J 
!'RI 6 !i. *J£BJJO)ffi 1 O)~»m1F3Ji&t::f* o JJIJO)~~J£1titc·l!~r!i0)~~,11: ~ f§IJ~--t o '? •• 7 7 

[Rl·c- ii'> .{, " 
T~b~. ~!'RIU. -'¥-2JJ~£;f'&O)J:J::. a -- Si a (ffi Ul:f,,~/:ll l 3 1) t TE o sa 

<*@tia 1 2 0) t ~~t::,ffJ!Lt.:ti. p --- Si a (ffi2'~:t,,~- 1 3 2) t TEO sa 
( *@t&a 1 2 o ) t ~ ~t:: TIJ! Lt.: t ~ 0). £t& O)JR VJ O)~{tO)~.~U~:W: ~f§IJ~ L '( :t3 
fL ffltrn!i. ,~~•O)J!Jx--c· ii'> VJ. MiftrnU~O)oc IJ .m:--c·il'> o .. ~:b. :: O)~.~t:::t::;1; ,'( 
b. £t&t L '(1![1_¥b{ 3 O O mm-z::·,!!j[~ fJ{ 7 5 O J.J. mO)-'f'-;iJJ~r'J x. -1\~ ffii, ,'( 1; '-t> .. 7c 
L'(. Z.O)~~- a-Si/:lltTEosat3'<:li~l2@1ffiJ!L'(~-L~m. p-Si 
atTEOS/:ll~~t::. ~~tl 3@1§---~~t3 2@1§0),ff)!~-h{fi,b;h'(i;\o,. 

f-L '(. *~nfilfil~t=f*oJJ1JO)~~J£figcffi~r!i 1 U:::t::;1;,'(ti. ~:f,,~/:ll l 3 O!i. 3 
2 J!ffiJ! ~ .hofifilc·il'> o ,, 
[0041) 

[RI 6 t::* Lt.: J: 5 t::. a -- S i Im t TEO Sat ~ .-x:lit::ffiJ!-t o. 1 J! §-------1 2 J! El 
tz_t:;i, ,'( u. ffiJ!-t oJ!Ixn:f:ti!f .to i::vt-:> '(i315ftnrPJO)oc tJ < J:EO)oc IJ ) n{*~ < ~-:, '( 
1; '-t> ◊ -f L '(. 1 3 J! El 1-_:lil?O)~J:lltz_:t::; 1; ,'( ti. ~t~/:ll 1 3 0 t L '(ffi 2 ~:f;,Ji/:ll l 3 2 0) 
p --- s i •~ m" ,'( :t3 VJ. ffl:J!-t oJ!ttfJ{f:ti!f .to t::vt-:> '( EEmlnrPJO)oc tJ < J:lO)oc 0) n{ 
*~ < ~ rJ . oc IJ O)*@M{i:tif§IJt::.ifr-51,, '( 1; ,o,, 7c L '(. ~l:ltt· 3 2 J! El 0) t ~ . JR rJ U 
!t~a{J,j\~ <~VJ ¥13 0 µ m t·il'> o. 
[ 0042) 
:: 0) J: 5 t::. *~nfEID~t= f* o ~•JO)~~J£ttficm~r!i 1 1 t:::b "\'(ti. '~:fii:Jia 1 3 o 0) 

ffl:J!rl!.. 3 2 0) t ~ t::oc VJ n{,J,~ < ~o J: 5 t=i~Ji:'.~ .n '( ",o 0 

:: 0) J: 5 t::. *~nfEID~t=f*-t>~•JO)~~J£ttgcffi~r!i 1 1 t:::b ",'( ti. oc 1J ~m;,1, Lt.: 
~~J£'1~~c'l!~r!ih,;t-lH*t·~ o. 
[ 0043 J 

( ffi 2 O)J:t~f§IJ) 
!'RI 7 u. m 2 O)J:t~f§JJO):;;p~J£figc1t~~O)~ffl ~f§IJ~-t o '? •• 7 7 !'Rlt·il'> o, 
T~,b~. ffi2 O)J;t!J~WJJO)~~J£'ti1'lc1i~r!i9 2 t:::t::;1;,'(!:J:. ~~"i/:ll l 3 O t L '( a --­

s i ai'ffli;,_ *@tia12O t L '(TEO sa~Jfli,)_ Z..hbi-3'<:lit::,ff}! Lt.:fifil~fl 
"9-Do Z..h!.-_:l!fHi. ffil O)~nfil1f3:@t::f*oJJ1JO)~~J£'titc·I!~~ 1 1 tfit]~t·il'>oo 
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[0044] 
[:RI 7 t=~ Lt~ J: -3 t=, ffi 2 O)J:t~J0)1'$Jett~c't!~@'. 9 2 O)t:J;if, ~'t" O)~~~Hl 1 3 

o t L -ca - s i !Jl:b>ffi\, 1G:h -c \, 1 -QO)""(··, ~~~MO 3 o t ~ti!Jl 1 2 o t O)ffJ!O)J!lt 
ff,fftf J~ -Q t=fff--_, 't", tu:rm:iHtjt=~rfRO)Bz 0 tJ:1E0)1frPJt=fftf::k L -C\.- 1-Q" f- L 't", ~~~lll 
1 3 o O)ltii- 3 2 O)ffift=tL ;i¥J 2 5 o µ. m O)Bz 0 t 7£ -:i -c \.- 1-Q ,, 2:. 0) J: -3 t=, ffi 2 O)J:t~ 
fiJJ0)1'$Jettic11'!~@'.9 2"Ct:.L ~..f'JxO)Bz rJiJ'::k~ \.- 1 , 

[0045] 
2:.nt=ML-c _ [:Rl6t=f§IJ::>FLt~J: 5 t=, *~1ifilID!i&t=1r;-Q31JO)T-$Jettictt~@'.1 1 i= 

:B\.- i'( tL N tJ t:.l: 3 o µmt , ffi 2 O)J:t~f§IJ0)1'$Je'f-1~c'lt~@'. 9 2 0) 1 _ . ..- 8 t 7£-:i 't" \.- i 
◊ ◊ 2:. O)J: 5 i.:, *~1ii!!ID!i&t.:f*◊31JO):;;p$Je'l'ttc't!~@'.1 u:::B\.-1-z:- tL ~~Jm 1 3 o 
t L -c, EEffifiO)J;f51J ~Je:E~"t ◊ P - s i Jilt, ':lli3!HiO)J;f51J ~:JefflT ◊ a - s i !Jlt ~ 
ffl.h-ifbit ◊ 2:. t --c~rfKO)Bz tJ ~ffi1J, Lt~T-$:Jett~c·lt~@'.iJ{j'~ G:h◊" 
[ 0046] 

[:RIB tL *:JEBJIO)ffi 1 O)~.uim~i::1r;-Q31JO)T-$Je·t1ictt~@'.0)1~'t1~p,u~--t ◊ ?··7 7 

[:RI t· cf) -Q ◊ 
T7£i-Yf::>, [A.![:Rlt;f, -¥~f*~rfRO)J::.t.:, a-Si JJl (ffi1 ~~!Jl1 31) tTEOSJ!l 

Ue~!Jl 1 2 0 ) t ~ j(1[t.:ffJ! Lt~fft, P - S i JJl ( ffi 2 ~~!Jl 1 3 2 ) t TEO S lll 
( *etilll 1 2 o ) t ~3'.ULt='flJ! L, ~ t:, t=zO)fft, a --- s i JJl ( ffi 1 ~~lll 1 3 1 ) t 

TE o sJm <*e~Jm 1 2 o > t ~3'.c:1n::ffJ! Lt~ t ~ 0), ~..f'lxO)Bz rJO)~{tO)~.~*s~~ 
Wtl::>FL '(\,i-Q ◊ ,f L 't"' t-ifrntL ~~JlJllO)J!ltc·a') tJ' ~frnt:i~rfRO)Bz r:>I~~ L '(\,i-Q 

7£:B, 2:.0)~ij!J!tt;L ~..f'Jxt L-Z:-m:1?H1{3 O Ommt·J¥~iJ{7 5 0µ.mO),~~W17x.­
J\~ ffl\, l, 2:_0)J::.t;:, 1 J! § ,.____ 1 2 J!§ t·a a ... S i !Jlt TEO Sl!lt i){?,'.(1[t=it:.Hl~ h 
, ,f O)f,i, ,m~t 1 3 J! § ,.____ 5 6 f! § cU P ---- S i mt t TE O S JJl t iJ--3'.(lit=ff!! L -C nltlll 
~:h, ,fO)f,i, ,m~t 5 7 J!§,.____6 4 f!§ c-i:i a--- S i Jilt TEO Sl!ltiJ--ffJ!L 't" ~~ 
:h '(\,i-Q. 

,f L '(, *~1im:W:5!i&t=fl-Q 31J0)1'$Jetticffi~@'. 1 2 t=;B\, i'( tL ~~!Jl 1 3 0 t:L 6 
41!:fiJ!~:n-QmJtn:·Ji)-Q ., 
[ 0047] 
[;R!Bt=~Lt~J: 5t=, a--- S il!ltTEOSJllt~3'.(1it=ffJ!T-Q, 1J!§,.____12f!§ 

t=:B \, ,-z:- t±, ff!!--t -Q J!ttiJ--±ftf x_ -Q t=ffE ___, -c ':l 1~1f rPJO)oc tJ < 1£0)oc 'J ) 1;--*~ < 7£-:i -c 
P◊" -f L 't", ,m~t 1 3 J!§,.____,m~t 5 6 J!§t;::;B~ 1-Ct:.L '~"'f~ii~ 1 3 0 t L 't"ffi 1 '~f.1l!Jl 
1 3 1 O)p - s i !Jl~ ffi\, ,-z:- :B tJ, ffJ!"t -QJ!ltiJ{±ftfx_-Q t::{ff-:i -CfEffi1frPJO)oc tJ ( ~O) 
N tJ) iJ{-k~ < 7£-:i'(\.-i-Q ¢ ,f L-C, 5 7 J!§,.____6 4J!§t=;fS\,i'(tjJlf(Ya - Si !Jlt T 
E o s !Jlt ~3'.(1it.:ffJ! L 't" :B 0, NU-, ffJ!T-Q J!~iJ--fftlx_-Q t.:{ff-:i -Ci31~1frPJO)Bz tJ 
(1EO)oc tJ) iJ"::k~ < 7£-:i 't"Pb, -f L 't", J!ltiJ{ 6 40)ffi!i,t.:, N r:>tilt~a~1J,~ <, ii\~ 

--- 1 0 µ.mt·Ji)-Q. 
[0048] 
2:.0)J: 5 i=. *~nmmrwt=f*-Qg1JO)T-$:Jett~cffi~@'.1 2 t=:B\, ,-z:-,:1, ~,t;,~_~ 1 3 o 0) 

ffJ!ltiJ{ 6 4 t *~ < '( 'bR tJ ~ffi1j, Lt~T-$Jettic11'!~@'.i){~:f~c-~ -Q ,. 
,f L 't" , T-$ Je1ti~c·t!~@'. 1 2 0) J: -3 t= , a ---- s i JJl t T o E s Jll t ~ 3'.(1[ t= ti!!T -Q 

mm t _ p - s i l!l t ~ 3'.(1i t=ff!!--t -Q mm t ~ , +t~@J~ 0 ~ --t 2:. t 1;•<· ~ -Q , 2:. :n t= 
J: tJ, ~~!Jl 1 3 o O)JiJr~O)J!Jtt=:B\, 1-C, oc VJ ~ffi;J, Lt~T-$:JB1t1ic1lt~@'.iJ"{~t:,:h-Q 

[ 0049] 
[:RI s t=f§IJ::>F Lt~*-!"! f*fgtl0)1'$*'ttictt~@'.1 2 i=:B\, i'( t±, fi!Jx_t:foc 'J O)Jt?§'.:ft::kfl 

Uexifl) 1;q O O µ. mJ,.~,Tc'cf)-Q t:l;&i){~JE'~h 't" \.- i-Q ,, 2:.0)t~/r.J, oc 1J O)texifi]ii){l 
0 0 µ. m ~~i_7£\, iJ: -3 t=, 1 J!§,.____ 1 21! § t= a---- S i Jilt TEO S)Jlt O)'fjJ!)Jl~ ffi 
\,\, 13J!§..._.,56J!§~p-S i!JltTEOSJlltO)ffJ!!Jl~ffi\,i, 57!!§,.____64!! 
§t=Nv·a-S i!JltTEOS)JltO)ffiJ!Jll~ffiP, T7£i".)i:>, a-S iJ!ltp-S il!l 
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t 0)-tJJ 1J ff 7-- Z' 2 @It L.t.::., c.:..ttt.::J: 0 , Lt¥:1$$0):i&*O)oc 0 < ~xtfiii) Z' _ 1 o o µ 

ml,:J.T c Lt t, 16 ◊ 
[ 0050] 

t.::tc.:· L _ **aJitl: c.:. .ni;:~,N t::. i-'\ 17117--t:L oc 0 O)~f~:i&*fiii ( *eMfiii) iJq 5 0 µ ml,.:l 
rO)tii5-tL fflli. tf 1 J! §~- 1 6 J! El(;: a --- s i mt c TE o s mt c O)ffJ!!mZ' fflt- 1_ 1 7 
J! El----- 6 4 J! El Z' P --- S i Im t TEO S /me O)ffJ!!m1:-fflt- 1--C t ~t, 1. c.:. O):tJbi5-t _ 6 -4 
J! El -c·oc rJ Z' l:t.~s{J,1, ~ < f!IJ i. ~iJ-. t::. _ Tf~J£q:rO-J:i&*O)oc 0 ( *eMfiii) Z' _ 1 5 0 µ m 
1::lT c T 6 c.:. c iJ,-z:-~ 6" 

~(;: _ OC 0 O);jf~:i&*fiii (~(iii) iJ{ 1 0 0 µ m J: 0 b ,1-..~ \, 1tii5-tl: _ a - S i /m.&tl 
TE O S mtO)ff J! Im c . p --- S i Im& T.Y TE O S /mO)ffJ! Im c , 0)-!;JJ I:) ff i. O)@JJ't Z' J: I:) 
$<T6C.:.ct··, I~.i,'n$0):i&*O)oc 1) (~fiii) Z', ,1---~<t··~60 C.:.O)J: Ji;:,*~ 
1ii!Iff:f/i,1H;:(;;i6:;;p$*ft~cffi~@:t;:J:;t,Y'(tL a-Si /m.&T.FTE O S/mO)ffJ!mtc _ p ---­
S i mt.&r/T E O S MtO)ffJ! Im t , 0)-!;JJ 0 ff i. tL 0~ c ~ .h6 oc 0 O).ff~:i&*fiii ( ~xt 
ft) t= J: --:i --c JM-tm.::~/lb t::..n6 _ 
[0051] 

~ '? (.::, ~tilfiMt 1 3 0 i;:ffl\, 1C::..h6 a - s i Mtc p - s i MtO) 1 J!cbt..: I:) 0)3( I:) O)~tl: 
. nx.Mt~#--'?, f-.h-f'.flO)MtO)J¥~t.::J:-:_,t b'3t~T60-Jt·, a - s i Mtc P - s i MtO) 
~~#--'?MtJ¥~ c·t;:J: 6 1 }!ir)t..: I:) 0)3( I:) O):IJ;:£---5t, 1'"(, a --- S i Mt.&tFT E OS Mt 
O)ffJ!mtt . p - s i Mt.&V:-T E o s /mO)ffJ!Mtt, O){JJ IJ ff i. Z':iM-tm.::tT-) c:: t 1J-.·c-t: 
6 .. 
[ 0052] 

if.t.::, ~~Mt 1 3 0 cffJ!~tL6*e~mt 1 2 0 i.::fflt,1C::,.h6 TEO SMtO) 1 }!ir)t._: I:) 0) 
oc IJ O)jitL -fO)nx./m~#--'?, mtO)J¥~ t.::J: •') t b '3t~T 6 O)t·, TEO S mtO)nx.m!;~#­
-'?mtJ¥~ c·t;:J: 6 1 }!ir)t..: IJ 0)3( IJ O)_mJ;:£---:it, 1'"(. a --- S i ■&UTE O Sm!;O)ffJ!mt 
t, p-Sim!;.&tlTEOSm!;O)ff~■ c,O){JJIJffi.Z':iffi{JJ~fi-3C.:.cffi~~6. 

[ 0053] 

~i-3 _ *~niitJ8Ji'J.i=f* 6 :;;p$*'tiicm~@:t=i:> t-, --c ti_ ;,< -E •J -t1H=xtJ;6 L --c _ '~;jiiJiJm 
1 3 O c~~- 1 2 O c iJ'$11(ffJ!~.h6ffl@1=-1fT 6/J', c.:..hl,.:l;1H;: t, 1711i.kfl:ill 1 
l:ill2 i.::Wtl7FLt..:J: -3 i.::_ ~flO)mtiJ-.£-ffx 1 1 OO)J::J.::IDt~tt::..h6 ,, C.:.O)ffi'L ;,<-E 1J-t1vt= 
X'fJ;fiT 6 ~~- 1 3 0 c *e~■ 1 2 0 c O)ffJ!■ c _ f-.hW.Y~O)/m t Z'kbb --C _ oc IJ iJiJiJr 
m0)~4°~ftt::~t-1t::~£ 6 J: -3 t=, ~;jiiJiJm 1 3 o t ~~• 1 2 o O)ffl~t, ~~• 1 3 o 
t *etimt 1 2 o O)J1(Z'5i:'.lib6 c.:. t 1J-.-z:-~ 6" c.:..nt.:: J: IJ, ;i<-E 1J -tJvt.::xtJ;fi-t 6 ~$iiMt 1 

3 o t *e~mt 1 2 o t O)ffJ!mttc.:-it-z:·~ < _ -t.ni.:t;1~0)Mtc Z'klibt.::tihf,rs%:oc 01J,,1-..~ 
t- ):;;p$*'11:ic1t'.~@:Z'1£~T 6 c.:. c iJit··~ 6 ◊ 
[0054] 

~:B _ *~»&mJl'J.i.::1*6 :;;p$*'ti~cffi~@:,.::i:>P --c _ _lJcO)p - s i ■O)ft.b 1J ,.:: _ 1711 
i.tf _ fEfitl:O)J;fi1JZ'*JJlT 6 Ge Z' fflt, 16 c.:. ct t·~ 6" C.:.O)i:Jiit_l_ic c fct11:fO)'JJ* 
(;:J: --:it, $J1(0)ffJ!MtZ'1fT 6ffl.i1H.::;t:; t- 1--C t£-f!RO)oc iJ Z' (.!t~tt·~ 6., 
[0055] 

*~1imm~i=f* 6 :;;p$*'tiic'tt~@:t:: :Bt- 1t ti_ ;,<-E •J -ti~ i::ttJ;fi-t 6 '~:fii~mt 1 3 o t 
_ -c.n-c·.nO)~:f,!ji• 1 3 o Z'ffilit=*eti-t 6*e~Mt 1 2 o iJ-.~~ffJ! ~.n6 fflmt=:Bt- 1--c 
, oc .-J Z'a£~~-t 6 c.:. tiJ1-c·~ .ntf~\,10)t··- *e~mt 1 2 o iJ-.*JJl-t 6J;fi1J t~~6fl~O) 
J;fi1J 1:- 1ef~T 6 ■Z' _ ~;jiiJim!; 1 3 0 iJ'k A., t·t- 1.fltf~t, 1,, 

-t Lt_ ~:fiili■ 1 3 o t*e~imt 1 2 o cO)*Hh-i5-.b-ttfJ,_ ffJ!~.h6J!J1(t;:;t:;t- 1t _ oc 
l)iJ>f.!t~~.h6 J: -3 (;:IDt5i:'.~.h.htf~t, 1• 
[0056] 

fJlli.!:L *e~/m 1 2 o Ii, EEfiJ;fi1J&T.f5!~J;fi1Jo-Jt- 1-r'.hiJ·~:1J1:-*~T 6/mZ'ku-=­
c tiz:•~ 6. C.:.O)ffif, ~)!■ 1 3 o ti, frJ~ct-1T.flfJ•O)(lli:1JZ'ifT 6/m1:-kt.1·~ c fJ-.-z:-~ 
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J;61J ~ 1ElJlT -t> ■~%UC: c iJ{·-c t -t> . 
£t.:.. *efl■ l 2QiJ{. 5[~ffi1J~3efJlT◊-~%Uct. ~~-130tL l±mlJ;61J 

~.JEfJlT -t>M~%UC:. c iJ{"Ct -t> 
[0057) 

--1::gct·~aJJt.,,t.:.T E o s■ttl±mlJ;61J ~.JEfJlT -t> ■t·;.tf;-t>" 1ff-->-C. ~;ffimt 1 3 o i::tt 
i:Jl~J;61J ~JEfJlT -t>Mc L -c <7) a --- s i lm~%UC:. c iJ'>-c··t -t> _ 
[0058) 

C:.0~.~~~- a-Si ■01J!i;.tf;~Y)0J;61J0~nMc.TEOS■01J!i;.tf;~Y) 

0J;61J0~nfii'l0~/J\l:t~t'l'-J!J,~ v•:%i'i-tL a -- Si ■c TEO s■c ~~ 1:J~ L -Ctll!i 
T -t> C: ct·. JmJ~0J;61JiJ{flfffi~h. t!H)t~h-C. oc 0 t;J:;J,~ < -c··t -t> ◊ 
[0059 J 
5[~J;61J-'?J±mlJ;61J~3efJlT ◊-Cl,, -CW!J~tf~1t1/ 1) :1 ::.,,/){~ff C:>h-t> ., C:.0~. 7'" 

7 ;;(?#k(-'t-~0nx■:?kf4t;:~ -->-C. 5[~tl:£t.:.tl:l±mltl:0Pftt.-J;~t:.:~1t~ ~-t> C: c -J;{t· 
t.£~.z0J;61J0*t~t~•T◊=c~~t-t>. 

£t.:.. W!J~t::f. a --- s i c P ---- s i 0J;61J~tL ■q:i01Jc*mt-r0.I-c··::~tj!ljc~h. WIJ~ 
i:x. mt■~0#k1-t-i.:~ •) -cJJ<*mt-r0.:_ ~ir1tit11T ◊ = c ,.:~ -->-C. JmJ~0J;61J0~~m1Hill 
T -t> C: c t}t·t -t>" 

£ t.:.. ~ft1/ 1J :1 :1/-'?~1t1/ 1J :1 :1/i£ c.·~*!i:>. ~f-l0■i=:a ~ ,-c. ztt.t::%£tt.-t> ~ 
*€!1'~0:fl~-'?z0i!U~. 7.f<7l'-i£ U.: ~ ') -c J;61J0ll~-'?--c0*t ~ iJ{~1tT -t> ◊ 
[0060 J 

c:.0~ -3 ,::. --1::~c0Jirf:;;W!Hi-WJJ-c··;.tf; rJ. *JEaJJi:::av,-cti. m~ i-t>tt:'f2tt-:U-c··i£< mt 
■~0:?kf-'t--'?%£h-t>~*lti!r>!Ji£c.·t.:£-J~i-C.JEfJl~tl-t>51~11:&tll±mltl:0■0fflh-f';-;;b 

~~ fflv i-C. ~Ji:0t1J!imt~fl°T-t>ffligt2::a~ i-C t£toc0oc •J ~ml11"~~-t> __ 
[ 0061) 

!'RI 9 ti. * .JEBJJ 0M 1 0~nffimJiJ(;: f* -t> z110~$3e•ti~c1Dli'. 0mmt ~ WIJ~T -t> #t:ctl39 
lffrffitil-C•';,tf; ◊ ❖ 

ti! 1 o ti. *JEaJJ0M 1 0~nffimJiJt:: f* ◊ z110~1'.JEitHctt~li'.0mmt ~ f§IJ~T ◊ m:ct 
t'19iN1:Jl!'½lt·;.tf; -t>" 

Ti£b1::>. til9ti. til20A-A' illffrffik>t!=l~T-t>l'ffiffi['Rlt·;.tf;-t>◊ £t.:.. till Oti. 
ti! 9 0 C $ ~ F.t* Lt.:. #t:ctt'191'ffiffif:m-C·· ;,tf; -t> " 

!'RI 9 t=* Lt.:.~ -3 i::. 2fs:~1fffimr@t::f*-t>~1'1E'ti~c·Dli'. 1 3 t:::av i-C ti. -~;f;,Ji■ 1 3 
0/Jq fl~. Ti£h't:>. M 1 '~iuJi.lm 1 3 1 cffi 21ltffi■ 1 3 20 2:fl-c·•tii£ <. 1 ll~0 
'~~!miJ{fflv, t:.h -c ~ i-t>. c:. hl--::J.JHi. f&t;:iJtaJJ L t.:.~1'.JE1[1:gc'li~li'. 1 o c [A}~i£0-C·· 
~1tBJJ~~l!lt}T ◊ •> 

[0062) 

!'RI 9. r:m 1 o t::f§IJ~ Lt.:.*~1fffimJiJt::f*-t> zr10~1'1E'til:ic'fi'.~li'.1 3 tu. *eft■ 1 2 
0 til±ml'ti0J:51J ~.JEfJlT -t> TEO s■-c··;_tf; I). ---·1i. ~;f;,Ji■ 1 3 0 t::ti5[~1t!0J;61J ~ 
3efJlT-t>~~■iJ{fflpt:,tt_ -c v•-t>"' t t.,, -c. 2fs:J'!.f:ifi:WIJ0:%i'i-ti. *efi■ 1 2 O t::fflv•-t> T 

E o s■01 l!io:f>t.:. rJ 0J±mlJ;61J0*en1iiic. ~~Ji■ 1 3 o i=m~ i,t>~~■01 J!i;.tf;t.:. i:J 
05[~Jii51J0*enfiiic iJ{l!ll}fA]---- c i£--> --C ~ i,t>"' T~·;;bi:,. tll!i~ h-t>. ~;ffi- 1 3 0 c ~ 
~- 1 2 0 c iJi. J'j[PJ/J{~[PJ t-c··. *e-tffii'[iJ{tH:r~ L v ,J;61J ~1EfJlT -t> ~ -3 t=~~JE'.~h -C 
v, -t>" C: iH..: ~ i'J . ~;ffi!m 1 3 0 c *e~■ 1 2 0 c ~ ~Ji:ffll!i l,, t.:.t~i';-t::t-:3 v •--C b . Et•) 
t;t1J,~ < :1!11~ t:.h-t>., 
[ 0063 J 

C: 0 ~ -3 ,:: . :;zfs:~nffiIDJiJt;: '* ◊ ~ffii.JE'tigcffi~li'. 1 3 t:::a v • -C b . ~,l.Jilm 1 3 0 c *e~ 
■ 1 2 ciJ{. J'j[PJ/J{~[P]t-C··. te-tffii'[iJ{tit:l~ L~ ,J;61J~3efJlT-t> ~ -3 (;:j~Ji:'.~h l_V '◊ 

0--c·. ~;fii~!m 1 3 o c*e~■ 1 2 o c ~~Jxffll!i Lt.:.t~i';-t..::av•-C t. oc 1:J ~ml1J,l,,t.:.~ 
ffii.JEttl:ic'li~li'.iJ{f~ t:, ic-t> .. 
[0064) 

c:. 0~. 1JIJ ~t;L '~t,Elm 1 3 O ( {JIJ ~ t:l a - s i ■) 0 1 J!i;lf;t.:. YJ 0Jii51J 0*enfiii c . 
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*~¾l)ffl; 1 2 0 ( iJIJ;U:fTE O S)ffl;) <7J 1 Jicbt-: fJ<7)JiDjJ<7)*mfit•(W~ot~-&t::tL ~:t,)i 
Jffl; 1 3 o t ~m:Jffl; 1 2 o t 2:' 1ji*i1!t::~ •J ~ L --CfflJi Ltd~-;@j-t::t;±, jmj~<7J*ex1fi<7J~JJ"<7J 
JiD:1JiJ{~ffl~tl, fflJi)ffl;<7JJiJ:l(t::f-f-:> --C DZ fJ iJ{flt::k L --C L :i -3 ., 
[0065 J 

.:. <7Jffi¥ _ -1.~i:<7J1'~:Jettlsii:'~~cti 1 o _ 1 L 1 2 ··ctllBJJ Lt-: J: ·:H:: _ fEffitl:<7JJi5:1J 2:' 
JEJ~T o P --- S i Ji t TE O S Im t <7Jffllifflm 2:"Jffi1i'.fEp AT o ,.: t t·, a ---- S i )ffl; t TE 
o s Jffl; t <7)JiD:1J<7J*eMfi<7J~n<7JJiD:1J<7)~ffliJ{fj'f'.iljj~ no 0 

[ 0066) 
T~;bt";,, ~~)ffl; 1 3 0 ti, fEffiJiDjJ &tF5 l~JiDjJ<7)1, Y-f'tliJ-:.ftfl1r<7JJiD7J 2:':Je;fJ[T o ffi 

1~i"At!ffl;131 t, wJ~i::;l,'~< t b -1r<7JJiD7J2:'Je:tJ!i'"offi2~f~)ffl; 1 3 2 t, 2:'-@;-t•.:. 
t iJ{t· 2- ◊ ,, 

i'"~b-t;,, ~¾R:,!Dt 1 2 o iJ{, fEffiJiD:1J 2:':Jemi'" o Jffi;2:"@;-t• t 2-, ~:fi,:,i)ffl; 1 3 o ti, 51~ 
JiD:1J2:":Je;fJ[i'"offi1~~1m13 lt, 1±ffiJiD:1J2:"Jel'W.i'"offi2~tR132t, 2:'-@;-tr.:. 
t iJ{'"(•' 2- ◊ ,, 

:it-:, *~,im 1 2 o iJi, 5 l~JiD:1J 2:"Je:l'~i'" o Jffi;2:"·@;-tr t 2- , ~~)ffl; 1 3 o ti, EEffiJiD:1J 
2:':Je:l'W.i'"offi 1~~)ffl;131 t, 5l~JiD7J2:':Je;fJ[Toffi2~1"1ilm 1 3 2 t, 2:"-@;-tr,.: t iJ{ 
t·2- ,(, " 
[ 0067 J 
T~bt";,, -1.lii:t11tBJJLt-:~~)ffl; 1 2 0 t::ffiP~tlo TEO S)ffl;!jfEiffiJiD7J2:"JEl~T o 

Jffl;t·£> fJ , .:. <7Jffi¥!i, ~t~Jffl; 1 3 o ti, 5 l~JiD:1J 2:' :Jeffl.T o ffi 1 ~:t,J1.!m 1 3 1 < a - s i 
Jffl;) t , fEffiJiD:1J 2:"Je:l'~i'" o ffi 2 ~:t,:,i)ffl; 1 3 2 ( P --- s i ,!Dt) t , 2:'-@;-tr.:. t iJ{t·2- o" 

,f L '"(, rett::~~BJJ Lt-:*~1Itt(Jf:5Ji~t::m 01'~:Jettlii:11~~@: 1 0 , 1 L 1 2 <7)J: ·:H::, 
ffi 1 ~t~)ffl; 1 3 1 (a---- S i )ffl;) cffi 2~:fi!~)ffl; 1 3 2 ( p --- S i )ffl;) <7J,ftl-fll<7JJ:i(2:'. 
fflli~tlol!Jx<7Jffi¥t::DZ fJiJ{,J,~ < ~o J: -3 i::Jffitm=~tF{i'"o ., c::nt::J: 0 DZ 0 2:"ffi,J, L 
t-:1'~:Jett~i:ffi~ctfiiJ{1l~tlo ., 
[0068) 

~i=:3 _ -1.~c,::i=:31,-.--c _ ~~,im 1 3 o t L --c, m 1 •~ffi!ffl; 1 3 1 t _ m 1 -~J")i)ffl; 1 3 1 t 
J~1rfn1<7JJiD:1J 2:"Jel'~i'" offi 2 ~:t,)i!ffl; 1 3 2 <7) 2 ll2:' J+J1, •o iJIJ~t~aJJ Lt-:iJ{ _ *JEBJJti.:. n 
t:::!Ii~ T', ffi 1 ~ffi)ffl; 1 3 1 ti, tl~<7JJiD:1J<7J~xtfi2:"1fT otl~<7J!ffl;2:"-@;-tr,.: t iJ{t·2-
o ◊ ~ ~ t::, ffi 2 ~:t,:,i,!Dt 1 3 2 ti, tili<7JJiD:1J<7J*eMfi~1fT o tJ:J:i(<7J!ffl;2:"-@;-tr.:. t iJit· 
:,0 ◊ ,_ 
[ 0069 J 
T~ b -t;,, iJIJ i_ tL [;RI 4 t:. iJIJ;;f-; Lt-: J:1.-~i711':.i=:31, 1 --c , 1 3 Ji§~ 3 2 Ji § ti, a ~ s i 

Jffl;t·£> fJ, ffi 1 ~ffi)ffl; 1 3 1 t·£> o iJ{, [;RI 4 t::~ Lt-: J: -3 t::, 1 3 Ji§~ 1 6 I!§ t::i=:3 it 
oJiJ:l(t:xti'"o~t&:<7JDZfJ<7Jfi;Jl2-!i, 1 7Ji§~3 2Ji§<7Jfi;Jl2- tW~-:>'"(1,,0" i'"~b 
t";,, 1 3 Ji§~ 1 6 Ji§ <7) a S i )ffl; ( ffi 1 ~~"jg)ffl; 1 3 1 ) t , 1 7 Ji§~ 3 2 Ji§ <7) a 
--- s i Jffl; ( ffi 1 ~ffi)ffl; 1 3 1 ) t , l..''!;±, JiD:1J <7J*eMfiiJ,,W~-:> --c 1,, o " c:: <7J J: -3 t::, ffi 
1 ~t~lm 1 3 1 t , ffi 2 ~~Im 1 3 2 t , ti, til'il:<7JJiD:1J<7J~xtfi2:"1fT o tiJ:i(<7J!ffl;2:"-@;­

,t'J' ,:_ t iJ{t· 2- ◊ ,. 
[ 0070 J 
i~ § i'"tltf, *~1Jtl(IDJm::m o l'~Jett~cffi~cti t:::B 1, , --c _ ~:fli!Jffl; 1 3 o ti_ m 1 ~1'1g 

)ffl;l 3 1 t, ffil ~t~_)ffl;l 3 1t~fnJ<7)JiD7J2:':Je1'~Toffi2~ti!/i!ffl;l32 t, t:.1Jaj_'"( 
, ffi 1 ~:t,:,i)ffl; 1 3 1 t ~ t-1rfn1 :i t-:ti~1rfn1<7JJiD:1J 2:"JEl~T offi 3 2iJ~2:"1f L --c b ~ 1,, 

[ 0071 J 
~i=:3, -1.~i:<7J*~1ImIDJi~(::f*ol'~Jett~i:ffi~ctit:::f:31, ,'"(, -~~)ffl; 1 3 o t L --c, a --­

s i Jffl; t P - s i Jffl; t 2:"iitt ~ 7i"t ffl 1, ,t-:±:lb·i?i, jmj~<7JJ:tfft.m<7J~Wt:: J: -:> --c, l'~Jetl: 
lsii:'t.~~ctiiJ{JE;r;t::j1Jf1:o L~ < ~o, :it-:!;±, IE;r;t::j1Jftt o ?~it &tf~m#kf4<7JialffliJ{j'* 
:io.:.tiJ,,cbo. C::ttt::xtL--Ct;±, {JIJi_t:;L a-S i!ffl;cp-S i!ffl;<7J,f:i1.-Ftlt:::Blto 
1'*i1!~<7Jllffi~i~Jl:~c·bmtm::ililJ~T o.:. t t::J:-:>--C, a -- s i Jffl;t P - s i Jffl;t<7JJ:t 
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t!£tJtCl)il§:W~~ffls"J~gf?GililfflP9t.:jJfi?n 6 ~ t iJ{t· ~ 6" ~tu;: J: rJ , ~ Cl)Fo"l~iJ{1J1;i:Rt· 
~6. 
[0072] 

~ Cl) J: 5 i::, ffi 1 ~:fii~mt 1 3 1 c ffi 2 ~,ii,:imt 1 3 2 c Cl)JttKtJtt:l:, llllH~~ c T 6 ~ c iJ{ 
t·~ 6" ~,h(,;:J: IJ, *~nm1f:1.F/!H::1*6/pf!J~1t1ic1lll~@'.(,;:t31,\'(, lE~(,;:j)Jft-t6~~Jt 
&Y•m~~Cl)~lffl~BlE~T6~c~~~6-
[0073] 

( ffi 2 Cl)~jj{RC1),lf:11f&) 
* ~ EIJJCl)ffi 2 Cl) ~»mMff& i:: '* 6 /pf!J~tUcffi~@'. Cl)•j§::nitt.L ~1tt t _ nu ~c~1ttJ::. i:: 

x1H::fflJ!~.h, fflJ!::nfPJ(;:]Uffi-t 6 ffet.iffitliJ{,lf:1)1x. ~.ht.: :f-i'L-c'.hfil~Cl)ife~Jll&L~&t:ffii 
mtt _ wJtc1lt.iffitLCl)P9fi!H::Mnx.~ nt.:-'¥l]f ~c '7- t _ j,-~ < t i n,J~c-'¥l]ff4-t.·3- t u,r 
~c~:tn:5imt t Cl)r,m:: t~tt 0.t1.t.:~f,if'iiifffll! t _ ~1Fm ,t t.: /pf!J~ti~c'rt~@'.Cl)•j§::nit-c··:b 6 
,. + L -c _ *~fimMff&(-.:1*6 /pf!J~1t1ic1t~@'.Cl)•@::nitt.L J::.i.JcCl)ife~mt t ~:tn:imtCl)• 
@::niti;:~lf{iJ{;b 6 Cl)l'.:·, ifE~Jitc 'ijfJ~)llCl)·J~JJitt;:~:)t, \'(gJtEIJJT 6 ◊ 
[0074] 

[;RI 1 1 tL *~EIJjCl)ffi 2 C1)~1JmMmu.:{* 6/pf!J~1ti~c'fi~@'.Cl)•@::nit~ WIJ~T 6 7 o 
-1--'r'- t-!;fil-c··;b 6 .. 

[;RI 1 1 t;:* Lt.: J: -3 (;:, * ~EIJjO)ffi 2 C1)~1JmMmH:: 1* 6 /pf!J~'tigc'fi~@'. Cl)•j§::nit (,;: 
t31, \'( t.:l:, :ii", EE~Jii5:h&V-.517-RJii51JCl)t, 1i"hiJ~-::n~~~T 6ife~Jll~Mnx.-t 6 ( .:z_ 

--r ·17· s 1 1 o > ◊ f!.,IJ,t tL reu.:::~JtaJJ Lt.: ct 5 t.::: _ *e~mt 1 2 o t ~ 6 TE o s mt~mnx. 
-t 6 o ~Cl)~, EE~Ji61J ~~fJl-t 6 JitiJ{1f:1nx.t·~ 6 . 
[ 0075] 

+ L-c _ wJ~cPi".niJ~11±1::nCl)Ji61J~~f.W.-t6~t~mt~mnx.-t6 <x--r •17°s 1 2 o > .. 
{flJ;U:L ife~Jll 1 2 0 c L-'Z, EE~Jii5:h ~~fJl-t 6 TEO S!it~Mnx. Ltdl.r~t.L ~,ii,:imt 
1 3 o c L 'Z5 l7.RJii5:h ~~fJl-t 6 a --- s i Jll~Mnx.-t 6 ◊ 
[ 0076] 

+ L -C, J::.tcCl) 7-. f ·17° S 1 1 0 c 7-. f ·1 7° S 1 2 0 c ~, J!~iJ~PJr5ECl)Jtt::.i~T 6 £ 
l'.:Ji IJ .iST ( 7-. f ·17° S 1 3 0 ) ., 
[0077] 

~,h(,;:J: IJ, ife~Jlll 2 0 t~"fi,ffil 3 0Cl):f'.h-c·no)f,6jJ~tilHIL, $£-'(Cl)fjJ!Jit~ 
--lf-t 61'\'iJ@t:::B i, 1-C 'L ~Cl)R IJ iJ{,J\ ~ i, 1/pf!J~'tigc·lf~@'.crJ•@::nitiJ{tf (~-c- ~ 6 " 
[ 0078] 

[;RI 1 2 t.L *~aJJCl)ffi2 C1)~1Jmm~i.:::1*6}JIJC1)/pf!J~'ti~c'li~@Cl)•@::nit~WIJ:JF-t 6 
70-7"-\"-J--[;fill'.:'iY)6e 

[;RI 1 2 i.:* Lt.: ct 5 i:::_ *~aJJoJffi 2 Cl)~»mM~( . .:::f*6 }JIJCl)/pf!J~'ti~c'~~@'.t.::Bi, 1-c 
t.L :ii", EE~Jii5:h&V-.517-RJii51JCl)t, 1"9'.hiJ~--::n~~~T 6ife~Jll~Mnx.-t 6 ( x f ·17· 

s 1 1 o ) . Wik t:f _ .i&i::~aJJ Lt.: ct 5 i:: _ ife~mt 1 2 o t ~ 6 TE o s m ~mnx.-t 6 ., 
~Cl)~, EE~Ji61J ~~fJl-t 6 JmiJ{1f:1nx.'t'·~ 6 .. 
[ 0079] 

+ L 'Z, wJtci, \f,hiJ~::nCl)Ji6jJ ~~fJl-t 6ffi 1 ~:ffiilm 1 3 1 ~Mnx.T 6 ( x f ·17° s 
120) ◊ W!Ji.t:L ife~Jitl 2 Ot L-C, EE~Jii5jJ~~fJl-t"6TEOS!m~Mnx.Lt.::tlib-ir 
t.L ffi 1~~Jlll31 c L'Z5l7.RJii5:h~~~T6 a~ s i Jm~Mnx.-t6 
[0080] 

:f- L -C, J::.~cCl)X f ·17° S 1 1 0 t 7-. f ·17° S 1 2 0 t ~, J!~.ZiJ~J-fJr5ECl)J'(t;:~-t 6 £ 
--c·~ fJ .iST (7.. f ·17° s 1 3 o ) . 
[0081] 

~ ~ t::, EE~Jii5:h&V-.517-RJii51JCl)t, 11".hiJ~-::n~~~T 6/fe~Jm~Mnx.T 6 ( 7-. f ·;17° 

S 1 1 1 ) , T~V'G, (911,ttL ifE~lm 1 2 0 c L -C ~Jii5jJ~~~T 6 TEO sm~m 
nx.T6 .. 
[ 0082] 
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-fl 'Z, lru~c.v 1f:f1.ip----::tr0f61J ~:JEJJl-t 6ffi2~t~Jm 1 3 2 ~'Jf%X:T 6 (;:t-r·17"S 
1 2 1 ) ◊ flilJ ;U:.L ffi 2 ~~Im 1 3 2 t l --Z 1±mif6::n ~:JEJJl-t 6 P --- s i Jm ~Wnlt"t 6 .. 
[ 0083] 

-fl 'Z, J::ic.O);z -r ·17° S 1 1 1 t ;z -r ·17° S 1 2 1 t ~, J!~iJ{pJrJE'.0Jtt::J¥-t 6 £ 
--cifi I) ~T ( ;;:z -r ·17" s 1 3 1 ) ._. 

[0084] 

C::.tl.t;:J: f), *e@Jm 1 2 0 t ffi l ~ti!Elm 1 3 1 t t::, J;6::h0*eX'tflH.:~~iJ{;t6:!lr5'1•:: 
, ffi 1 ~1i1~lm 1 3 1 cJ21ffriJO)fD:1J~:JEJJl-t 6ffi2~1i1~lm 1 3 2 ~fiJ!-t 0 c::. t c·, c:. 0) 
f6::n O)*extf@:0~~;1;{mi1J, --c·· ~ 0 ◊ 
[0085 J 

C::.O)J: ·:H::, 2fs:~»mW1i~t::il04'm:Jettic.ffi~M0~1ritt::J:i1.tf, t-et~Jm 1 2 o t 
. ~1i1~lm 1 3 O ( ffi 1 '~1i1~lm 1 3 l &U:ffi 2 ~1i1~lm 1 3 2 ) 0J;D::h ~ tilH'i: l, ~JtO)fiJ! 
im~if-t 0m@i,::t3\- ,--z t.i~1&0Bz 0 iJ{;J'-.~ v Y~fm:Je'ti~c.t!~MO)~@::trltiJ{tliH:ft:c·~ 0 

[0086 J 
~h,J::~0;z::;-o/7"SllO~;;:z-y-o/7s130~*~;;:z-y-o/7s101t,J::~O) 

;z -r ·1 7° S 1 1 1 ~ ;;:z -r ·1 7° S 1 3 1 ~ *~ ;z -r ·1 7° S 1 O 2 t , t.:L Jllffff ~ Ah~ x_ 'Z 
ti Jog-." £ t.::, ;z -r ·17° s 1 O 1 t ;z -r ·17° s 1 O 2 t ~ -fi1.-f':i1.fli'{@l~:1im l --Z ti ft\- 1 

[0087 J 
!;RI 1 3 ti, 2fs::JEBJIO)ffi2 O)~nmwmu::1J0}J'J0)4'm:Jet1:i2.ti~M0~:;;,1f1rlt~flilJ~-t 0 

7 D-7"'('- J--[;Rlt·;to ◊ 
!;RI 1 3 iz.w. t...t-: J: -3 i:., 2fs::JEBJI(7)ffi 2 0~»&WmH:.1J0 JJIJO)~m:Je1t1i2.tt~Mtz.h\- i'( 

ti, £ f' EEmif6::h&tfi31if.RJ;61JO)\, ,f:hiJ>-'h~:JEJJl-t ote@Jm~Wnlt-t 0 ( ;;:z T ·17° 

s 1 1 o ) ◊ flilk t.L reu::t~aJI Lt-: J: -3 i::, *e@im 1 2 o t ~ o TE o s im ~Mnx:-t 0 
c::. O)ffi'r, EEmiIB::n ~:JEJJl-t 6 JmiJiMffltt• ~ 6 " 
[ 0088 J 
-fl --Z, lru~c.\- 1ft1.iJ~ft!!.1r~:JEJJl-t 6 ffi Ui:~Jm 1 3 1 ~:fBnlt-t 6 ( ;z -r ·17°S 1 2 O 

) , WtJx_tL *e@Jml 20c l't:, fEffi!J;G::h~:JEJJl-toTEOS)m~:fBnltlt.:::r~ifti, ffi 
1 ~ta~lm 1 3 1 t l --Z 5 lif.Rili::h ~:JefJlT 6 ~'l --- S i Jm~ Wnlt-t 6 ,_ 
[0089 J 
-fl --Z, wJtc.0)\- 1ft1.iJ~0)~1f~:JEJJl-t 0*e@Jm~%nlt-t 6 ( ;;:z -r ·17 s 1 1 2 ) ◊ -t 

~h~, ~@!ml 20c~0TEOS!m~%ffx:T0., 
[ 0090 J 
-fl --Z, lrul.lc.\- 1f:i1.iJ~0)--•1r~:JefJl-t 0 ffi 2 ~t~Jm 1 3 2 ~Wfflt-t 0 ( ;;:z -r ·17° s 1 2 

1 ) ◊ WtJx_ ❖:.L ffi 2 ~~Jm 1 3 2 t l --Z EEmif6::n ~:JefJl-t 0 P ---- s i Jm~:fBnlt-t 0 ._ 
[ 0091 J 
-f l 'Z , J::tc.O) ;;:z -r ·17" S 1 1 O ~ 7.. -r ·1 7" s 1 2 1 ~, J!~iJ1PJrJE'.O)Jt t::J¥-t 6 £ t· 

/fi 1) ~ T ( ;;:z T '1 7' S 1 3 2 ) " 
[ 0092] 

T~-b~, [;RI 1 3 t::WtJ~ lt-:~m:Jettic1~~MC!)~m~Mt'U, §_\, it:.J21ffri10)};'61J ~ 
:JefJl-t 0, ffi 1 ~~Jm 1 3 1 t ffi 2 ~tiliilm 1 3 2 t iJ1 , te@!m 1 2 o ~1r l --Z, 3'e:lit::fi 
J!~il.6 ◊ 
[0093 J 

c::. O):r~-.@i- ti , *e@Jm 1 2 o t , ~:,t,,1!Jm 1 3 o ( ffi 1 ~1iiJilm 1 3 1 &U:ffi 2 '~'f:i:Jilm 1 3 2 
) O)J;G:1J ~r-llH'i:-t 6 c::. t iJ1--r:·-~, ~J;:0,fiJ!Jm~ifT 0m@(,;:h\- 1--Z t.i~fRO)Bz I) iJ{1J,~ 
\- i~m:Je11Jc.1i~M0)~@1rltiJ{tlfft:t· ~ 0 " 
[0094 J 
~B, [;RI 1 2 t::f!iU~ lt.::~m:Jettlc.ffi~MC!)~@hitt, [;RI 1 3 t::fi!J~ lt.::~m:Je1tiic. 

ffi~M0)~@1rltt ~it11.h-if hit--Z~1i&-t 6 c::. t tic·~ 6 .. 
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[0095] 
( ffi 3 0~»f!W.Hf:;Jl'l1) 

:is: ~BJI O)ffi 3 0 ~M!Hf:;Jl'l1 t= ~ 6 ::r-tf ~tt~c~*fili tL WlLz.J ;f tlf vt~1~Jmif, 0 ~ 6 ~cilJi 
t ~im:*-=r t :IJ{-X'fO)~t,~(;:~£htc:ffU~~, fJJi L -c ~ 6 ::r-1'~1t1~c'li'*fil't0l'J!J'Z'·.:t> 6 

rm 1 4 tL * ~sJI0m 3 0~nf,ur:;rrn t= f* o ::r-1'~'t1~c'rt*fil'to) mrot ~ WiJ:if-;-t 6 m:itrm t· 
£>6 

T~;bt";,, IHlrm (a) Uffi:it8'.Jft'ttfrm··c£> IJ, fBJrm ( b) ttfTIIrm (a) 0A-A' tJl[lr 
Imrmt·£> IJ, fBJrm ( c) t:L fTIIrm (a) O)B - B' *!lffrffirm't'·£> 6" 

rm 1 5 CL ::zfs:~BJIO)ffi 3 O)~nf!!IDfil1k:{*6::r-1'~11'11:lc'li*fil'iO) -$0:mrot ~Wll:iFT 6 ffi 
:ita'.JftHtrm't'·£> 6 

-t~bt:, _ rm 1 5 a, ::r-tf~'t1flc'rt*fili0 1 ---:)0)~*;,e-E 1J Ji ~WiJ:if-; L -c 1., 16 ¢ 

[0096] 
rm 1 4 t=~ Ltc: J: -3 (:.:., ::zfs:~BJIO)ffi 3 O)~nf!!IDfrnC:{i6::r-1'~1ti~c1ft*fili 3 0 tL ffi 1 

Weitll 5 0 t, ffi 1 i!ic*Jl 5 0 (;:x,f L '(,:Jl-'f-fr(;:~§Ht 0htc:ffi 2 i!ie*! 8 0 t, ffi 1 We*! 5 0 t 
ffi2Wet!8 o t0Fs"J(:.:.~it0h, .llcilJi 6 o t~ilit:*-=f-7 o t ~~ufJJim~vts:6 5 t, 
~flT6~*;,C-E~Ji66~m~flhmb~m~~flT6o 
[0097] 

WlLz tL ::r-tf~·t1ic'rt*fili 3 o 0-cffi:r0~*;,e -E 1J Ji 6 6 t.::;!'31., 1-c _ m 1 We*! 5 o ti 
. 7- F*!WL 1 L WL 1 2, WL 1 3 '"(·£> IJ, ffi 2We*!8 0 tL t·· ·1 r-*!B L 1 1 . 
BLl 2, BLl 3'"('£>6¢ '£..tc:, riP02~§0)~*f-=f: 1JJi66(::;/'31.,\'(jj_ ffiHie 
*!5 0 !j, 7- F*!WL 2 L WL 2 2, WL 2 3 ·-c£> IJ, ffi 2Wc*!8 0 !j, 1:::· ·1 H! B 
Ll L BLl 2, BLl 3'"('£>6" ~0(::, r:IJ>03~§0)~*;,(-=f: 1J}i66(;::;/'31.,1"( 
(j, ffi 1 i!ie*! 5 0 !j, 7- F*!WL 2 L WL 2 2 .. WL 2 3 '"('£>VJ, ffi 2 Wr.$!8 0 jj .. 
1:::·•1r-*!BL2 L BL22, BL23-c£>6 .. ~0(::, -~J::. (r:/J>04~§) O)~~t 

;,C-E 1J Ji 6 6 (;:$ I., 1-C!j, ffi 1 We*! 5 0 !j, 7- F*!WL 3 L WL 3 2, WL 3 3 '"c'.:t> 
'L ffi2i!ie*!80!j, t::·•1r-*!BL2 L BL22, BL23't''£>6. 
[0098] 
::r-1'~'11:!cil*fili 3 o 0:r~-&t-u, ~*;,e-E 1J Ji 6 6 f.1{4 Jiffihmb 0h-c 1., 16 :IJ{, *~ 

»mIDJfl1(::1i6::r-1'~~c1~*fil'i(;:;/'31.,i'(, ~*;,(-E IJ Ji 6 60tt'iJili!jffs~'Z''£>6 .. 
~B, ~0J: -3 ~::r-1'~1t1Jc'ft*fili!j-'f~1:ils:£t&o)J::.t::l§Ht 6 ~ t :IJ{-c··~, f-0!tj, ~ 

*;,e-E 1J Ji 6 6 0%Jitj_ -'¥~1:ils:£1'&0±.Im t-'-12-t=rt=Wefili-t 6 ~ t :1J{-c··~ 6 ~ -t~bt:, _ 
~*;,e -c 1J Jitj_ '¥~1:i1s:£t&0.±.oot::-'¥t=rt::mtmJi~h6. 
[ 0099] 
£ tc: _ rm 1 4 t:.;!'31., i-C u, m•~ ~i!l!it 6 tc:lrbi.:. ~*;,(-E 1J Ji 6 6 t::i':3 it 6ffi 1 we 

*-* 5 o ( 7- F*!) &vcm 2 i!iet!8 o ( 1:::· ·1 HU U, 3 ::$:f---:)fyiJjf-; L -C 1., \ 6 f.i\ .. ::¢:~nm 
IDfil1t= ,* 6 ::r-tf~·t1flc'li-*fili 3 o t::;!'31., \ -c _ m 1 Wetll 5 o &rf'm 2 i!ic*-* s o 0111:a. f:f ~ 
'Z''.:t> IJ, £ tc: .. ffi 1 We*! 5 0 O)~c ffi2 i!ic*l8 0 0txt :IJ{~~-:) -C 1., i'( b 1H i,, 
[ 0100] 

-c L -c .. ~~ti-t 6 ~*;,e -E 1J Ji 6 6t-:;!'31., 1-c _ m 1 wet! 5 o < 7- F*U &rf'ffi 2 i!ie** 
( 1:::· ·1 J--- i!ic*U U .. ~ffl ~ h -C 1., , 6 
-t~bt:,, rm 1 4 < b > .. < c) t=~ Ltc:J: -3 k:.. 7- ntwL 2 1 _ wL 2 2 .. wL 

2 3 (jJ::.r0~*;,(-E 1J Ji-c·•~ffl~h, i.tc:. 1:::· ·1 H!B L 1 1 .. BL 1 2, BL 1 3 & 
vc1:::·,y r-*lBL2 l, BL2 2, BL2 3!j, J::.r0')~*;,(-E 1J]i'"(·~ffi~h-C1.,i6~ tc: 
t..:· L. ::zts:~BJI!j~ nt=~0 f _ fflJi~ htc:f-n-f·n0~*;,e -E 1J Ji 6 6 t::;!'31., 1-c _ 7- ¥ 
it!lt 1:::· '1 Hit~ f-:h-f':hMtlL L -c~~!t-C {;.f!I., 1o ~;b .. ~*;,(-E lJ Ji 6 6 (;:;/'31.,i'( 7 
- F*! t 1:::· '1 H! t ~ Jf:h-f'hMl.ll. L -Ci~lttc::r~&;-. 7- F*l071!;T±JJlriJ t 1:::· 'Y J---t)l0)71!; 
ft}J[ri) C (j, ~*;,( t 1) Ji 6 6 O),f:i1_,f':i1_(;:t:3I., i"(~,Z '( fJ.f!I., \~ 
[0101] 

£ tc: , ~ ~ 'Z'U.. ffi 1 Weti 5 0 ~ 7- nt c L_ ffi 2 Weti 8 0 ~ 1:::· '1 H,J t L tc: f.i{, ffi 

Micron Ex. 1002, p. 246 
Micron v. YMTC 
IPR2025-00245



( 1 6) 1~1ffl2010-80685(P2010-80685A) 

1 We¼! 5 0 ~ 1:>, Hi c L, ffi 2 We~ 8 0 ~ 17 - F ¾lR c L '"( l> .15! Po T~ b ~ , l,,::.lTfillBJJ 
T-b~M,rnJirru::,* .i::;;r-:JiliJE'tigr.'~¼~@&rl+O)~m1r~i=:t:w1-c, 1:>:, Ht c 17-nt c 
t.iffilit::J..h~ ,t llfi~t·ir>-b o 1::.lT'CU, ffi 1 We*! 5 o iJ117- F¼tt·ib IJ, ffi 2 We¼lR8 o 
iJ{ l::'-;, r-~ t· «_) -b :t~ii-C L '"( fillBJJT ◊ ' 
[ 0102 J 
+L-c, l;illl4 (b), (c) t::*Lt_:J:-3(::, ~*;x~ 1JJi660)-fh-f'h(:::t3v1'"( 
~cilJi 6 0 c ~Vi*T 7 0 c ~ *D«ViffJmf:ifi; 6 5 ii, ffi 1 Weit 5 0 c ffi 2 Weit 8 0 c 

iJ,; 3 O:it$/;Jt::?,'.f~T o Mi-fr ( ~ o ;z* -1 .1/ r- ) (::~~lt t:.h -C :t3 1) , ::;;pt!fiJE'ti~c'~~@ 3 0 
t.i, vibl9>o ~ o.:z*-1 ✓ t-~O)l':JifiJEtt~cffi~@c·«>o., + L -c, :1}~ o .:z;t-"-1 ✓ H:: 
;Bit .i ilcitli 6 o iJ{ 1 -=>O)~r.'~*m: c ~ 1J , .:. O)~r.nli 6 o ~ *ufflJiffJmf* 6 5 ii 1 -=> 
0)--1::;1,t~.i., 

~:t3, UHiToJ:-3t::, ;tr.ilJi6 OO)f§IJ,t!;fjjiijf!J.U£t_:!.iJ='rf!lUt::'~~1g (ffil ~~Ji&tf'ffi 
2~~Ji) 7J1ll~tt t:.h, ~cil&ic ~,bi;'>, l;ill 1 4 -c•t;f, .:.nt:,O)~~)g(j~~~h, ~cilJi 
6 O O)h ~ f§IJiR L -C Po ,. 
[ 0103 J 
~;B, i_:m 1 4 < b > , < c > c:* Lt_:f§IJtu, ffi 1 We¼t 5 o t!ltlt=~vn*-=r 7 o iJ1i~tt t:. 

h, ffi 2lllie¼lf!lUt.:~cilJi 6 0 (&tf'fit~T o~cil&i) iJ1~ttt:.h '"(P,biJ>', ffi 1 We~ 5 0 
f!ltlt=~c.i!Ji 6 o ~~it, ffi 2 we.its o mut=~tm:*-=r 7 o ~l!~i-t-c P!~ i., ~ t:. t::, :1}~*;x 
~ 1J Ji 6 6 -::·ct:., ffi 1 w~ 5 o &tf'ffi 2 We~s o i.:~T o~vfi*r 7 o &tF~atJi 6 o 
O)ffl)iJilll~~,t -C 'L .15! < , .:. O)J: -3 (:., ~mi*r 7 0 &tf·~~Ji 6 0 O)ffl)iJIIJitL (:f:~t· 
«> o., 
[0104] 

if.t_:, [211 5 t.:*Lt_:J: -3 (::, ~cifJi 6 0 !.i, ffi l J\ 1) 7.x Y Jv6 1 c, ~r.il&i6 3 c 
, ffi 2 }\ 1J -r ;x >" A 6 2 c, ~1fT .i.:. c iJ>'c·~ .i .. ~;B, J::Jr.O)ffi L ffi 2 }\ 1J -r ;x >" 
A 6 1 , 6 21.i&-~t::J;fi r: -c ~~tt t:.n.i ., tJ. t_:, f§IJ ,t !::L ~cit&i 6 3 ;>j{ffi~ ,t~*rv'):t~ 
ii'!.i, ffi 1 , ffi 2 J '\ 1) 7 ;x :7 JI, 6 1 , 6 2 O)j.,·~ < c i, ~ Yj'n,;>j,;>j{, t -y' ~ ~fflT o .:. 
c Ve~ o .. 
[0105 J 
ir.itli6 oO)ir.n&i6 31.i, jjlij~t.:EP1J □ 2-nt_:~1±t.:J: 0, +O)tJfm~KWiJ>'~:i".)-itKvt 

~1tttfi~ fflv 10.:. c iJ{t·~ o, T~b ~, 'llcil&i 6 3 !.i, f§IJ i._ !:L N b Ox , C r F-
7° S r T i O ,3 ·-- ,, , P r ,, C a Y lVI n Oz , Z r Ox , N i O ;,: , T i F-7°N i Ox 
, Z n Ox , T i O x , T i O " l'J Y , C u Ox , G d Ox , C u T e x , H f Ox , Z 
nMnx Oy, &tY:ZnFe" Oy, ;>j•C:,~ofM•t:.~!.lht_:(J,.·~<ci>l-::>~*t'.:.c 
iJ>'c·~ .i .. ~ t:. t::a, L~cO)tffi~ 2-::>i::.lJ::.i~-ir Lt_:tffi~*t'.:. c iJic·~ .i. ~ t:. t::t.i 
, .:.n t:,O)ttf-1iJ• t:.~.ili~~itmli Lt_:ffJm~ fflPo.:. c iJ>'t·~ .i. 
[ 0106 J 

2-t::.t::, ~cnli6 oO)icit&i6 31.i, EP1J□ 2-nt_:'~1±··c~ToS:.:z.-,1,~t=J: 0+0) 
tff.mttWiJ"~bo f§IJi._!:fJ'J Jv:1'1/-r-1 F *O)ffi~1tttf~~ m~ 1 ◊.:. c ;>j{t·~ o, T~A)~ 
, ~cif&i63!.i. f§IJ,tt:;L J'JJl,:1'1/-:r-1 F*O)GST (Gex Sby Te"), GSTt:: 
F-e.1/f~fjf!!l.,t_:NF-7°r-GST, OF-7"1--GST, Ge" Sby, &U, In,, 
GeyTez~t:,~,bfi~t:.am~h~~~<ci>l-::>~*b.:.c#~to.2-t:>~, ~ 
nt:.O)tff-1iJ•t:.~ oli~~Itfflli Lt_:ffJm~ m~ i-b.:. c iJ1c·~ .i 
[ 0107 J 
----·:if_ ~iJff*r 7 o 1.i, ffi 1 ¥~1*li 7 1 ( ffi 1 ~ifL*r!m) c , ffi 2 ¥~f;-tJi 7 2 

ffi 2 ~{Jli*rlm) c , ~1fT o,, ffi 1 ¥~t*li 7 U::l.i, f§JJ,ttL P + ~O) P - s i Jm~ 
fflPo.:.ciJ{t·~- £t_:, ffi2¥~f:ifi;Ji72t::a, WUi._!:;L n"' ~O)a-S i!m~ffl~\o 
.:. c iJ{c·~ o o 

~:t3, ffi 1 ¥~~Ji 7 1 c , ffi 2 ¥~f*li 7 2 c , O)f'a'J(;:ffi 3 ¥~f*li 7 3 ~~,to.:. 
ciJ>'t·~- ffi3¥~f:ifi;Ji7 31.i, f§IJ,.·U:;L !!tt (Intrinsic) ¥~f:ifi;~ffl~ 10.:.ciJ>'t·~ 
o ., T~b~, ~mi*r 7 o c L -C, P i n -;1·-1 :;t- J::iJ{ffl~ 1.t:,n -C ~ 1.6 ,. 
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[ 0108 J 
._:::_ (1) ~ '3 ~m!ilt ~ 1f-t 6 , *~nmJBiTht:: 1* 6 ~f!j!JM11ic't!~ii 3 o i-:::B \,,-ct±, ~~* 

;,CE 1JJ!6 6iJ'-3'liffiJ!~:h, -t~b1>, ffi}!f\\J§C-4,6 5(1)-$'"(•'&:,6~vfi:*-=f-7 0iJ'-3' 
JiffiJ! ~ h 6 . 

,_:::_(1)~, *~»f!i%iTht::fj6~tlf§e1[1:fictl~@'.3 o t::;B\.,-Ct.;L ~i:fit*-=f-7 O(l)p in :9·· 
1 .:;t- f c ~ 6, ffi 1 ¥-~f:tJ! 7 U::fBtu'itt(l) P --- S i mt~ ffl\. ,, ffi 2 ¥-~f:tJ! 7 2 {;:5[ 

*'f1=(1) a --- S i mt~ ffi\, •6 ,_:::_ c -r:·, ~~*;,(-=E lJ J! 6 6iJ"3'11cffiJ!~:ht...:f\\J§{::;B\. Y'"( '6 
£tJx(l)oc 1J iJ'-,J,~ t- ,~f!j!§e•f1:~c'ft~iiiJ'-tJH!~-r:·t 6 . 
[0109 J 
--t~b1>, 'LL, ~vfi:*-=f-7 O(1)p i n:9··1.:;r-fc~6, ffil!f.~1*1!71 cffi2¥­

~f:tJ! 7 2 (l)jilij::fJt;:, P ~ s i mtt--='tt~ ffl\. ,6 t, P -- s i mtiJ'-1fT 6EEffi'itt(l)Ji6jJiJ'-~ 
ffi~ h, ffiJ!J:l((l)~jd:: f'Ft::, £tJx(l)Bz IJ iJ'-J±ffiljj"rtlJ t::*t < ~-:> -C L £ '3 ., .it..:, ffi 1 
!f.~f*J! 7 1 c .ffi 2¥-~{lj,;J! 7 2 (l)jilijjj"t.::, a --- S i mtt..:·tt~ffiP6 c, a -- S i mtiJ'-1f 
-t 6 i3f*fi(l)Ji6:JJiJ"~ffi~:h, ffll!Ji(l)~*t Wt::, £tJx(l)Bz ") iJ'-5[*1rrtlJ t::*t < ,j:- "-) 

-CL-1'3. 
[0110] 

,_:::_;h_( • ..:ML -C, *~»WlltH.::fj6~f!j!§ett!c1t!~@'.3 O t.::;B\.,-Cl::L ffi 1 ~~f*J!7 1 
{;:fEffi1111(1) P --- s i mt~ ffi\,,, ffi 2 ¥-~f*J! 7 2 {::51*'11(1) a --- S i mt~ ffi \., 6 ,_:::_ t -r:·, 
P ~ s i mtt a~ s i .~(l)lf.\. ,(1)J;6jJ ~fflf5t-t 6 ,_:::_ c iJ'--C··t, £t)x(l)Bz IJ ~ ,J,~ < -r:·t 6 

[0111) 

~H, J:.ic{.:::BP-C, ffi 1 ¥-3.sf:tJ! 7 U.:5[*'[1:(1) a -- S i mt~ ffi\. ,, ffi 2¥-~f:tl! 7 
2 t::EEffi'ltt(l)p --~ s i mt~ffi\.,-C 'L~\.•. 
[ 0112) 

.it..:, ~vfi:*-=f-7 OiJ'-ffi3='¥~1*1!7 3~1f-t6t~i:;t;;L ffi3¥-~i*J!7 3{::1±, EEml 
tt £ t...: !:±5 [ *fi(l) -~ ~ J=!l~, 6 ,_:::_ c iJ'--C· t , ,_:::_ (1)~, ffi 1 ¥-~f:tJ! 7 1 c ffi 2 ¥-~f:tJ! 7 2 
c <1)£7:i'-(l)J;DjJ ~ ffl~T 6 ~ '3 ~jj"rtlJ(l)J;6jJ ~§eIJl-t 6 mt~ ffl\., 6 ,_:::_ c iJ'--r:· t 6,, ,_:::_;h_{;: 

~ IJ, ffi 1 ¥-~f:tl! 7 1 t ffi 2 ¥-~f*J! 7 2 c -r:·, J;6jJ(l)*eMfiU::£iJ'-crr:d...:t~-g-{::, -­
(1)£~ ~ h t..:~,J\-t 6 ,_:::_ t iJ'--C:·t, ~ h t::oc IJ ~ 1J\ ~ <-c··t 6 , 
[0113) 

£t...:, J:.lc(l):flflj,;{91J-C:ti, -WUt L -C, ffi 1 ='t~f*J! 7 1 {::, P _,_ ~(l)p --- S i mt~ ffi 
\,'\, ffi2='t~f:t/!7 2{::, n + ~(l)a~ S imt~ffi\.•6{91J~~BJ.1Lt...:iJ'-, ¥-~f*}!(l)~~ 
~l.iff:~-r:·;!f, tJ, .it..:, %1f~it6~*ifi!tm(l)fi~'Lff:~-C:•;!f,6. -t~b1>, ~i.m:*-=f-7 o 
t::;B\. •-C, ffi 1 ¥-~f*J! 7 1 t::J±ffilJ;6jJ ~§eIJ[-t 6 mtiJ'-ffl\. • hh, ffi 2 ¥-~1*1! 7 2 t::5[ 
*J;6jJ~§effl-t6mtiJ'-ffl\.,hh, £t...:l.i, ffil ='t~f:tJ!7 1 t::i3[*J;6jJ~§eIJl-t6mtiJ'-ffi 
Phh, ffi2='t~f*J!7 2t::J±ffi1J;6jJ~§effl-t6mtiJ'-ffi\.,0:h:htf~\.•. ~t:,- l'IJ!~:h 
6~*;,<-=E lJ J! 6 6 ~·ct::, ffi 1 ¥-i¥1*1! 7 1 c ffi 2¥-~1*1! 7 2 c t::ffl\. ·, hh6mt(l)J± 
mi£ t...: !:±5 f*(l)Ji6jJiJ'-~b-:> -c 'L ~\. ,,. 
[ 0114 J 
£ t...:, ~mt*T 7 01.i, P I N f\\J§ ~ flT 6 ,_:::_ c i)'>, IJJ{'j:::(l)~Ji:'._I:_, ~ 1) ~ £ L \., ◊ ,_:::_ 

(l)t~-g-t::1±, (91Jx..li, P~¥-~1*J!&tf'~tt¥-~1*J!~EEml't'l:t L, n~¥-~f:t/!~5f* 
t1t T 6 ,_:::_ ci)'>'"(··t 6 ◊ £t...:l.i, J:.~c(l)*flh-abif-(l)~c T 6 ,_:::_ c i)'>'"(··t 6 ◊ £t...:tL P 
~¥-~1*1!~~•[1:c L. ~tt¥-~1*J!&tf'n~¥-~1*J!~5[*'f1:c-t6._:::_ ciJ'>-C:·t 6 ·. 
£t...:1±. J:.lc(l)*flhii~v-tt(l)~c-t6._:::_ ciJ'--r:·t 6 .. 
[ 0115 J 
*~»f!i%Jl1U:.:H~6~f!j!§e1f1:~c't!~@'.3 o{;:t:5\,,'((,i, ~i.m:*-=f-7 OtL fEmlJ;6::h&U'5[ 

*};67)(1)\, •i"hiJ•-jj"~§eIJ[-t 6ffi 1 ~rn*-=rmt ( ffi 1 ¥-~f*J! 7 1 ) t, wJlc\. ,f;hi)• 
fi!!jj" ~ §eI~-t 6 ffi 2 ~i:m*-=f-mt ( ffi 2 ¥-~ f,1(1! 7 2 ) c , ~ 1fT 6 ,, 
[ 0116 J 

._:::_ht::~ IJ, ~~*;,< -=E lJ I! 6 6 iJ'-3'ltffil! ~:i1.t...:f\\JJilt:::BP -c 'L£tJx(l)oc IJ iJ'-1J\ ~ ~, 
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( ffi 4 O)~:Jj{EO)Jf:1jiJ.) 
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2fs:~BJjO)ffi40)~:Jj{EJf:1~(;:f*6~1'~fi!cffi~j;'.O)~gjj$tL ffi 1 jllj~J 5 0 c, ffi 1 

Jllic*! 5 0 (;:x,f L --C ~~~fil=f~ It Ghf:ffi 2 jlljai 8 0 c , ffi 1 jlljc*! 5 0 c ffi 2 Jllic*! 8 0 c 0) 
rs'J&;:f~ltG:h, gcfflJ!6 o c~trlt:*r7 o c ~%tsffJ!n'U~~6 5 c, ~liT6~*,;x::C 
tJ J! 6 6 ~~fj:ffh~bt~~1'~tticffi~j;'.O)~gjj$c'ib 6 0 .if L, --c' *~»fEID~t=f* 
6~1'~11:'Jc1t~11'.o:i~:1J$tL J::.i§co:i~tm:*r 7 oo:iIDmt:1J$t=~tlx#ib6o:i-c·, £ 
-r~mc:*r 7 o o:iIDivt:1J$t="'.)\, ,zf.!lBJJT 6 ., 
[ 0118 J 

rRI 1 6 L:L 2fs:~BJJO:>ffi4 0:>~:JiffiID~(;:f*6~1'~1~tc111!~11'.0:>~M:1J$~W!J:1FT 6 7 a 
-1--..y- t--rRJ-c·ib 6 ◊ 

rRI 1 6 c::.~ lt~ .l '3 (..::., 2fs:~BJJO)ffi4 O)~:JjffiID~l=f*6~1'~1~gc111!~1;'.0)~gjj$k: 
iH •--C tL £ f, ~vfi*r 7 0 O:>---Mi c ~ 6, fEmJ,61J&tf'5[5:RJ,61)0:>1,, •f:hiJ·---jj~~ 

fJlT 6 m 1 ~im:*rmt~IDnx:T 6 < ::z ::;- "I 7•s 2 3 o > " wi1;_if, ref(.;:~sJJ lt~ct -3 t= 
ffi 1 ~im:*r~ ( ffi U¥-~i,t(J! 7 1 ) c l --C, WIJ j_ tL fEm},5:n ~~fJlT 6 P + ~O) P ~ 

s i mt~filtmtT 6 ,, 
[0119 J 
f- l -c, ~mc:*r 7 o o:i81Jo:i~Mit ~ 6, lVJgc\, ,f:niJ·fi!!:1J~%mT 6ffi 2~tm:*rmt 

~IDfiltT6 (::Z7•17"S240) 0 f}IJj_tf, ffi2~im:*rmt (ffi2~~~J!72} cl"C 
, 5I5:RJ,6:h ~%fJlT 6 n + ~O) a --- S i mt~ nx:mtT 6" 
[0120 J 
f- l --c, ..:.nt::.::z ::;- •17°S 2 3 o&u::z T·17·s 2 4 o iJ,,,_ ~~,;x::i:: 1J J! 6 6o:irJr5EO:> 

l!txt=~T6 £-c··, m 1 ~im:*r~cffi 2~tm*rmto:i11□.r.J:J¥~%&1':>-c~ l)~~:n6. 
,2::iH= .l VJ, ffi 1 ~Wi*rmt c ffi 2 ~iJft::#rmtO:>J,51JiJ{tffi(I~ :h, Ix.•) iJ{ft~~:h6 ·. 
[ 0121 J 
..:.o:ict -3 i=, 21s:~1ifEID~t=1l6~1'%tticffi~11'.o:i~j~:1J$t=ctntL ~*;,(::c 1Jf! 6 

6 iJ{'$ltftl! ~ t1.t~mMt=:t.J 1,,, --c i ~m: o:i1x. I) iJ,11\ ~ P~1'~ttic'li~11'.iJ,m,~-c·~ 6 ., 
~.t:3, J::.gc(;:.t:31,, ,"(, ::Z T ·17" S 2 3 0 c ::Z T ·17° S 2 4 0 O:>l:IJ!Ff!if:r~-C·•;b 6 ., 

[0122] 

~ G (;:' ffi 1 ~im*rmt C ffi 2 ~im:*r~ C !i' gcj!J! 6 0 C f'f (,;:1J □I ~ :h --c b ft\,) 0 

~ t::.i=, m 1 ~Bi1*rmttm2~im:*rmtc,i, m 1 \f'i~!5 o cffi2jlljc*ts oo:iPf:hiJ· 
c f'H:.1J□I ~ n --c i ft 1,,.. J,,~rr, ~wi1 ~ ~5?.BJJT 6 .. 
[ 0123] 

rRI 1 7 ,i, 2fs:%sJJo:iffi4 o:i~1ifEID~i:.,*6.'iJ'J0:>~1'%'~gc'li~11'.o:i~g:1J$~WIJ:1FT 6 
7 □-1--..y- Hz!t·ib6, 

rRI 1 7 i=~ Lt~ ct -3 t=, 2fs:%sJJo:iffi4 o:i~»fEID~t=f*6 8'J0:>~1'%'~\1c'li~11'.o:i~1i!h 
$(;:.t:31,, •-C !i, £ f, ~~~~ffi:1=.l::::, ffi 1 Jllic*l 5 O c ~ 6ffi 1 ~~mt~IDffx:T 6 ( ::z T 
'1 7·· S 2 1 0 ) ,. 

f- l "C, iciiJ! 6 0 c ~ 6 ~ciiJ!mt~ '1f311x:T 6 ( ::Z T '17• S 2 2 0 ) . 
[0124 J 
f- l --c, ~mc:*r7 oo:i~Mit ~6, EEmJ,5:nizv·i315:RJ,51Jo:i1,, ,f:niJ·~:1J~%fJlT 6 

ffi 1 ~im:*rmt~ ID!vtT 6 ( ::Z T '1 7° S 2 3 0 ) ◊ {JU j_ tL ffi 1 ~im*rmt ( ffi 1 ~~f* 
1!7 1} c l-C, W!Jf~tL fE*rnJ,51J~%fJlT6p+ ~O:>p --- s i mt~JvtmtT6o 
[ 0125 J 
f- l --c, ~tm:*r7 o o:i'i31Jo:i-Mic ~6, iw~c~ ,fhiJ•1i!!:1J~%mT 6ffi 2~im:*rmt 

~IDnx:T 6 ( ::z ::;- ·17• s 2 4 o ) , WIJ j_ tL ffi 2 ~im:*rmt ( ffi 2 ~~{,t(J! 7 2 ) c l -C 
, 515:RJ:D:h ~%fJlT 6 n + ~O) a --- S i ~~ filtmtT 6 .. 
[ 0126 J 
.if l --C, ffi 2 jlljc*! 8 O c ~ 6 ffi 2 ~~mt~ IDnx:T 6 ( ::z ::;- ·1 7" s 2 5 O ) o 

Micron Ex. 1002, p. 249 
Micron v. YMTC 
IPR2025-00245



( 1 9) i~lffl2010-80685(P2010-80685A) 

7c L -c, J::J:cO)ffi 1 zJJ~JmZittf'JJ1co)ffi 2 zJJ~JmO)I, Yf'h.iPt, JJ:cO)~ci-tliimt, --'=­
tcO)ffi 1 ~ffii*-=f-Jmt' __1::_icO)~ 2~ifii*-=f-lmt' ~1JDIT ◊ (AT '17°S 2 6 0) 0 

7c L -C, __l::_~cO)A T "17" s 2 1 o -~-- s 2 6 o ~~ IJ :;gT .. 
[0127) 
T~ b 'G, *nBJJO)ffi 4 0)~1if!H~ruH:: ~ ◊ 31JO)T-$~11:lc'li*iifi0)~@1r£!i, ffi 1 i!ic 
~ t , oo~cffi 1 i!icfJiH::t-t L --c ~lcffii=~ it t:.,nt..:ffi 2 i!ic*! t , oo~cffi 1 i!ic*! t ni1gcffi 2 i!ic 
*it O)ra'H::t!Ht t:.,h., ici-!Ji t ~ifit~-=f-t ~%Ufilim@M" t, z-fl°T ◊~*.x t lJ Ji z­
tlltflh-mht..:T-$n1!1:i1c'li*iiio)~@H£c·&.> .-::, -c, 4'-zJJP!'-~;ffx--'=-(=WJ~cffi 1 We** t ~ 
◊ffi 1 zJJ~Jm~IDret L, WJ\1ciatli t ~ ◊~c*ililm~IDret L, oo~c~i:m*-=f-0)-gn ~◊ 
' EEmUD::h&V:'5[5IJ;f5::fJO)I, )'°9';h.iJ:.- -::tr ~flT O ffi 1 ~ffii*-=f-lm~IDret L' wJtc~i:m*-=f­
O)ZIJO)-~ t ~ o, n1Jtc1, 1fn1.1•fi!!::tr~ n!Jl-t o ffi 2 ~im:*-=r-im ~IDret L, ootcffi 2 i!ic~ 
t ~ o ffi 2 zJJ'~Jm ~IDret L, ooicffi 1 ¥¥'~.lm&YB•Itcffi 2 ¥¥'~Jm0) 1, 1fn1.1· t , Wiicic*! 
Ji!mt, niJ!cffi 1 ~i:m*r.imt, oo!cffi 2~im:*-=r-imt, z-1JaI-t" oz. t z-i~mt 1"" o :;:r; 
$nttic'li*iii O)~@:n£t· &.> o ◊ 

[ 0128) 
~.B, __l::_icl::.B 1, )"(, AT"/ 7° S 2 5 0 t AT';/ 7°S 2 6 0 O)ra'H::, ZIJO)~*_){ t l) Ji 

6 6 z-IDIJXT ot,.:/sbO)If:¥.t L -C, f7!LztL AT ·17°S 2 2 0 t AT ,y7°S 2 3 0 t AT 

.,,7·,s 24 ot, ~~1if!i:-toz.t1.1111Jfllic•&.>o .. 
[ 0129) 

Z.iH:.:J: IJ, ffi 1 ~im:*r.imt ffi 2 ~i5ft:~-=f-JmO)J;f51JiJ1tJIHJ:~:h, R: IJiJ1ff~~:ho .. 
Z.O)J: -3 i::, *~M,rn~Ji'bt::fioT-$ntt~cm*iiio)~J§::tr£i::J:ntL ~*.x 1= 1J Ji 6 

61.11'$,Jtmli ~ nt..:mmi.:::.ts1, 1-c t~;ffxO)fi: 1J 1.111b ~ 1, 1::;:r;$nttic'li*iii1.11tt~t·~ o ._ 
~'t3, __l::_icl::.B 1, 1"(, AT'>' 7" S 2 2 0 t, AT'>' 7' S 2 3 0 &V'A T "I 7° S 2 4 0 t 

, O)J1W:~1±f:f~t·t>o ◊ 7c L- -c, f-O)J!li~tL ~~.x 1= 1J Ji 6 6 0)-f:h-f":h t·~x_ t t J§! 
I,)¢ 

[ 0130) 
tJ--'=-, Jlf:it-f7!J z-~~ L--:;-:; , *naJJO)~nf!i:O)ID~ i::-:;i 1,) -cm aJJ Lt..:◊ L 1.1• L , *naJJu 

' Z.il. t:.,O)J;!;Pf'-f}IH::~J.Ui'.~i1.o b O)"(·l.f~I, 1c f}lji_ !:.L ::;:r;$JEtt~c1~ili&V:'-f O)~J§H 
£~mreti"" o:~~*O)J!Pf'-1'1':J~mreti:.:fffl L ttL ~*~iJ1~WO)ifilffiiJ•½J@H1IHRT o Z. 
t i::J: IJ*nBJJz-fHJ~l=~1if!i: L, [HJ:f:RO)~}J*~f~o ,:_ t iJ1c·~ ◊ mPL *nBJJO)ifilffil::§ 
%~:hoe 

:it..:, :g.J,tpt_f}IJ0)1, 1f:hiJ· 2-:;iJ,::J._l_O)~*z-~-vfil'r':Jt::"ilJif~~ifilfficJ!l.k&'ibitt..: i,O) L 
, *naJJO)~§'z-@.%1"" o Ill fJ *naJJO)ifilffi&.:::i5-:t t1.o .. 
[0131) 

,f 0)-fl!!, *nBJJO)~jjf!i:O)ID:IJbt L "( __l::_:iZE Lt..:::;:r;$JEtl:ic·li*iii&V'-f O)~@:n£z-~t=­
Lt' ~*~iJ1J@1r~n~!!!L t~1if!i:Lf~o~"(O)::;:p$JE'l1:icii*iii&V'f-O)~@n'~b 
, *naJJO)~§"z-§%1"" olll rJ, *naJJO)ifilffit=a-t o 
[ 0132) 

f-O)fi!!, *naJJO)}~t-W.O)ifil!llt::.ts1, it, ~*~c·&.>nt::L :g.fil!O)~!J!fJIJ&t.Ff~lEfJIJt::m 
flj L1.tto b O)c'&.> IJ ' -f:hG~!!!fJIJ&V:'*lEf}IJl;:-:;i I,,"( L*nBJJO)ielffil::a-t ◊ b 0) t J 
M~i1.o" 
[ [;R!Iffi O)jffi1j,i~f~BJJ) 
[ 0133) 

[ [;Rll) *nBJJO)ffi 1 O)~nf!i:IDJi'bl:: H~o T-$n•l1:gc'li*iifiO)mfflt z-f71J~T o #b.tl'l':Jlffiiffi[;RI 
c·Ji.)o" 
r !;Rl2 J *naJJO)ffi 1 O)~nf!i:IDJibt::f*o T-fil!n•l1:~c'~*!!iO)mretz-f71J~i"" ottitl'l':lMtt!;RI 

t·&.>o <· 

r !;Rl3 J *naJJO)ffi 1 0)~1if!i:IDJJ].t::1*0 T-$n,11:ic'li*iifiO)-~O)m.oJt ~wi1~-t o m;i:\a-j 
lffiiffi[;Rlt·&.> o ._ 
r !;Rl4 J *naJJO)ffi 1 O)~nf!i:IDJi~t=f*o T-$n111:ia·li~iifiO)i~tt z-f71J~-t o ;,··7 7 !;Ric·&.> 

Micron Ex. 1002, p. 250 
Micron v. YMTC 
IPR2025-00245



( 2 0) f~!ffl2010-80685(P2010-80685A) 

[ [;RJ5] ffi 1 <7) 1t~WJJ<7)~$Je1litlc't!~tfl<7)fH1 ~ Wt1:3r-T o '7. 3 7 [:Rlt· «> o __ 
c [;RJ6] *JeBJJ<7)ffi 1 <7)~-JimID~t= f* o JJJJ<7)~$Je•liic't!~tfi<7)f~tt ~ WJJjf;T o ;/ •• 7 7 [:RI 

t·/=;o 
[[;RJ7] ffi 2 J:t~WJJ<7)~$:JE'li.:1cffi~tfi<7)f~tl: ~Wtl~T o :?··3 7[:Rlt·«.> o ,. 
[ [;RJS] *JeBJJ<7)ffi 1 <7)~-JimID1i'£i;: fi o }Jlj<7)~$Je11igc'tl~tfi<7)f~tt ~ Wtl:3r-T o ,:/'' 7 7 [:RI 

c [;RJ9] *JeBJJ<7)ffi 1 <7)~-JimID1i'£t:: f* o JJIJ<7)l':;$Je·liic't!~tfl<7)fflfflt ~ WtJ~T o m:rts{Jlllf 
OO[;RJ -c· «> o ◊ 
c [;RJ1 o] *JeBJJ<7)~ 1 <7)~-JimIDJlit:: f* o JJIJ<7)~$Je11iic,1i~tfl <7)mnx: ~ WtJ~T o m:rtaryi,i. 

tl[:Rlc· «.> o ., 
[[:Rill] *JeBJJ<7)ffi 2 <7)~-JimIDJ'rnt::fi o ~$Je1liilc1t!¥Jtfi<7)~:iitn$~Wtl~T o 7 a-1-

..y- 1-- [:RI'('«)◊,, 

[ [;RJ12] *JeBJJ<7)ffi 2 <7)~-Ji!!!ID!i'&t.::: H~ o J1IJ<7)~$Je11i.:1c1t!~tfl<7)~j~JJ$ ~ (l,tl~T o 7 a 
-1-..y- J--[;fil't''«.> ◊ ,, 
[[:RIB] *JeBJJ<7)~ 2 <7)~-Ji!!!ID!i'&t~ fi o JJIJ<7)~$JelUc1t!~tfl<7)~ffl}J$ ~ Wtljy_T o 7 a 

-1-..Y- J--[:Rlt·«>o ◊ 
[ [:Rll 4] *~BjJ<7)ffi 3 <7)~-JimIDJ'rnt::fi o ~$Je1liilc1t!~tfl<7)fflffx: ~ Wtl~T o m:rtcmt· «.> o 

c [;RJ1s] *JeBJJ<7)ffi 3 <7)~-JimIDJllH2:fio ~$Je11il:lc'li~tfi<7)~$<7)mnx:~WtJ~'9 om:rtary 
iHW.r:mc·«.> o ◊ 
[[;RJ16] *JeBJJ<7)ffi4 <7)~-JimID!i'£i.:::r*o~$Je11il:lc'li~tfi<7)~mJJ$~WtJjf;T o 7 a-1-

-v- - 1-- [:RI'(' ct') ◊ ,, 

[ [:Rll 7] *JeBJJ<7)ffi 4 <7)~-JimID!l]t::fi o }Jlj<7)~$Je11i~c1t!!ttfl<7)~ffl}J$~ j}IJ~T o 7 a 
-1-..y- J--[;fil't''«.> ◊ ·. 
[ ~~<7)lBlBJi] 
[ 0134] 

1 o , 1 1 , 1 2 , 1 3 , 3 o , 9 1 , 9 2 ~$Je'tUc't!!ttfl 
5 o ffi Uic*l 
6 o ~cttl! 
61 ffil}\l};;,{-jl}I; 
') 2 ffi2J\l) If:$' Jv 

6 3 l:l~$ 
6 5 ffil!m@~ 
6 6 ~t~ftl) 

7 o ~mt~r 
7 1 m 1 ¥-~~J! < m 1 ~ffit*rlffl ) 
72 m2¥-~~J!<m2~ffit*r~) 
7 3 ffi 3 ¥-~~}! 
8 o ffi2Wctl 
110 ~:ftt 

120 *~~~ 
1 3 0 ~fii1i~ 
131 ffil ~:t,lii~ 
1 3 2 ffi2~~1i~ 
1 4 0 ffil!!* 
1 7 0 ¥-~!* l::° 3-
1 8 0 , 1 9 0 , 2 0 0 c:::·7 
210 -::1y-51,:;1--
2 5 0 ffi 1 ~~}! 

Micron Ex. 1002, p. 251 
Micron v. YMTC 
IPR2025-00245



2 6 0 1!i:r,ij'~fflJ! 
2 7 0 ~2*~~}! 
B L t::· •;1 I-- *I ( t::· ·1 Hic*U 
cs 
CSL 

--1::: Jv 1/- ;;;z 

--1::: Jv 1/ - ;;;z fficti 
D L D2, D 3 *~J! 

7-J--t~~.im 
LSG· 

LSL 

GU 
rffflHIHR7- l-­
rffflHIHK7- l--ffic*Jlt 

U S G J::.i!!U~1R 7- t-
u S L J::.{ff1J~1R 7- I-- ffic*! 
WL 17-J<~ 

WL L 9- fffic*i 

[[:ml] 

(!) ~ 

--s'\"-.-s+:,_-.,_-;;;r-·-.~,-{\· 9 -~ 
ti~ ... •······/ 

--' ,,i-~ . 

~.~ 
~-~,~-

0 ,._ 
--' ~ ro-~ .• 

ffi-

.·•ci 

•=:::: / -. ,/" 

( 2 1 ) 1~1ffl2010-80685(P2010-80685A) 

-U 

Micron Ex. 1002, p. 252 
Micron v. YMTC 
IPR2025-00245



( 2 2) 1~1ffl2010-80685(P2010-80685A) 

/ 131 ::;,.:.,>:::;::;:;·.';:-;;_,,:;. 

<' (130) 

120. 

131 
(130) 

120 

,c 
.i 

131 ', 
~(130) 

---120 

140< }140 
132 

-•"(130) 

[ 1215] 

150.-------------------

"" p-Si/TEOS 

t 100 

sot----------------------1 

~ 01-c-----------------~ 
e 
.!$ 
~ 1 --50 

-100t-----------~----'=<~----I 
~ 
I±! -1 so ...... ------~-__,,........______......_ __ __,..____,_.__1 

4 8 12 16 20 24 28 32 

11:UifiJ;©l!H!t 

[1214] 

100.------------------
i'l!'a! 
iiFi r 100 

p-Si/TEOS -.+- a-Si/TEOS 

E 5o _______________________ ___. __ _ 
~ 

~ Ol-;:c-----..._ __ .,.c.~~-------1 
e 
.!$ 
~ 1 -50 

-1001--------~--------~ 
&! l±l -150.....__..._ ___________ ..._ _______ ......... _ _. 

[ 1216] 

~ 300 

"" r 200 

"€ 200 
::i. 

:i' 

~ 150 
e 
.!$ 

100 1'lli 

50 

i 0 
~ 
I±! 

4 8 24 28 32 

a-SilTEOS -t- p-Si/TEOS 

4 8 

11 

12 16 20 24 28 32 

iEffim©Mfi 

Micron Ex. 1002, p. 253 
Micron v. YMTC 
IPR2025-00245



[ [;ffi7] 

~ 300 

"" f 250 

E 200 
::s. 
::;, 
~ 150 
~ 
!/i;f 

100 ~ 

50 

i 
~ 

0 

I±! 

[[;ffi9] 

4 8 12 16 20 24 

11Urnl©ni!~ 

)\\~\ \i~\.-"'~/ 
0000000 ...... 
C"') N("")N~NC'?N 
- --'t'""----

"-~-------------.,.-------------~·· 

~ 

28 

0 

,.. .. ,..... 

32 

( 2 3) 

l!!l:! 200 

111' i 150 

100 

50 

-50 

a-Si/TEO~ 

1~1ffl2010-80685(P2010-80685A) 

-Si/TEOS 
a-Si/TEOS 

--.-

!i" 1 °0 1._._4.__ ...... 8__.1 _2 _1.,_6_2 .... 0_2._4_2,._.8_._3_2 ...;3_6 ....... 40_.....44___,;4_8_5._2__..56_6.._0_6........,4 

I±! 
'IIUHi:a:>liH& 

[[;ffilO] 

-130 ' 

--120 

--130 

--130 

-120 

Micron Ex. 1002, p. 254 
Micron v. YMTC 
IPR2025-00245



[ 12113] 

fffl * 

lffl * 
lHiJZna:t::f;l::s!i!in; 1J(])L' 9;j1,tJ, 

-1.i"~lii" ~~-Jll0)%Jtil; 
--S110 

( 2 4) 1~1ffl2010-80685(P2010-80685A) 

[12112] 

;30 
/ ;/ 

... -,,.....--~.,_ )" 

BL23 1 '-B 
¾ BL22 2 

A'_/ BL';1:, • r:;:;,.~~K-----Wl33 

--~~;-~: 
-.,;..,_ WL11 •• 

'-.__B WL 
WL1 

w 
WL13-···· 

WL31 W)-32 WL33 

,30 
i-l 

seJ 
,-1-

(b) 

0 

1-~~80 
:BL21 

}65 
'·80 

L23 

(a) 

(c) 

-30 
d 

.-·50 
WL31 

65 
·:so 
23 

l65 
!--50 
·-·WL21 

ls5 
'so 
L13 
'65 

-5() 
WL11 

Micron Ex. 1002, p. 255 
Micron v. YMTC 
IPR2025-00245



[ !;Rl15] 

[ !;Rl16] 

'-- ,/6 
(80--/ • ~ 

. (60 
66~ 65': 

"
50

l,701 

lffl ~ 

~ ,"9'tt,tJ,1t!tlJ'a:~T~~2~J.ilHlTlill --· s24o 
o,mJill: 

( 2 5) 

[!;Rl17] 

1~1ffl2010-80685(P2010-80685A) 

Ml ~ 

._ ___ li2_~;.,,;,1l_nl,......©_m_f>¼ ___ __, -S220 

! 1,,'9';ti,,tJ,itl!:;lj~i'fT•MK21\!mt~H!i "'~'"S240 
, O)~Ji)! 

~1,..'lilll& U:~2,..'/iilllJ)~ ,~ti,,i.J,. 
ia~J&!l, M" 1 ltmUHffl. M"2'!1;JIE ·-S260 

*Tlll(l)1m.I 

Micron Ex. 1002, p. 256 
Micron v. YMTC 
IPR2025-00245



( 2 6) 1~1ffl2010-80685(P2010-80685A) 

(51)Int.Cl. FI 7-7:J-}c (.~~) 

HOlL 45/00 (2006. 01) HOlL 27/10 448 
HOlL 49/00 (2006.01) HOlL 45/00 }\ 

HOlL 27/105 (2006.01) HOlL 21/90 B 

HOlL 21/768 (2006. 01) HOlL 21/90 J 

HOlL 23/522 (2006.01) 

(72)~BJJ~ ti* ixz 
**ffllWIX.zim-T§ 1 :ffi: 1 ~ ~:ct$;t±m:z:rq 

F~-.b.(~1t) 5F033 HH04 HH05 LL04 LL06 NN39 RR04 RR06 5S04 TT07 VV16 
XX17 XX19 

5F083 EP18 EP23 EP76 FZl0 GAl0 GA27 JA33 JA36 JA37 JA39 
MA06 MA16 

5Fl01 BA45 8B08 8D02 8D22 8D34 

Micron Ex. 1002, p. 257 
Micron v. YMTC 
IPR2025-00245



Electronic Acknowledgement Receipt 

EFSID: 41589767 

Application Number: 16951141 

International Application Number: 

Confirmation Number: 3874 

Title of Invention: 
JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES 
AND METHODS FOR FORMING THE SAME 

First Named Inventor/Applicant Name: Zhenyu LU 

Customer Number: 26111 

Filer: Wenchong Shu/Jon Baitlon 

Filer Authorized By: Wenchong Shu 

Attorney Docket Number: 4123.0110003 

Receipt Date: 08-JAN-2021 

Filing Date: 18-NOV-2020 

Time Stamp: 16:54:24 

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.) 

272825 

1 Miscellaneous Incoming Letter 
slDSl-Cover-

1 
Letter-4123-0110003.pdf 

no 
96483646195e44de6636f690c56e011366fl 

eb19 

Warnings: 

Micron Ex. 1002, p. 258 
Micron v. YMTC 
IPR2025-00245



Information: 

128268 

2 Transmittal Letter 
slDSl-Pleading-4123-0110003. 

no 6 
pdf 

4 b91 ad 5 68ceef866ff4a6658f8c7fc4cf5 31 e( 
f1 

Warnings: 

Information: 

151272 

3 
Information Disclosure Statement (IDS) 

slDSl-SB0Sa-4123-0110003.pdf no 1 
Form (SB08) 

7679974f5f5048fd09c822fc795d3da9420a 
Deal 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

785852 

4 Foreign Reference FPl _JP2010080685A.pdf no 26 
6706641901 750cc0fe0d7f5bc5523a07aee 

a304 

Warnings: 

Information: 

Total Files Size (in bytes) 1338217 

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 AQQlications 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 AQQlication 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 AQQlication 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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WENCHONG SHU 

PATENT AGENT 

(202) 772-8656 
WSHU@STERNEKESSLER.CO M 

January 8, 2021 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sterne Kessler 
STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 3874 
Art Unit 2812 

Attn: Mail Stop Amendment 

Re: U.S. Utility Patent Application 
Application No. 16/951, 141; Filing Date: November 18, 2020 
For: JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL 

MEMORY DEVICES AND METHODS FOR FORMING THE 
SAME 

Inventors: LU et al. 
Our Ref: 4123.0110003 

Commissioner: 

Transmitted herewith for appropriate action are the following documents: 

1. First Supplemental Information Disclosure Statement; 

2. Form PTO/SB/08a (1 sheet) listing 3 documents (US1-US2 and FPl); and 

3. A copy of the cited document (FPl). 

In the event that extensions of time are necessary to prevent abandonment of this patent 
application, then such extensions of time are hereby petitioned. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, 
or credit any overpayment, to our Deposit Account No. 19-0036. 

W-S/jcb 
Enclosures 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/W enchong Shu/ 

W enchong Shu 
Agent for Applicant 
Registration No. 73,999 

16083122 l.docx 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: LU et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: 16/951,141 

Filing Date: November 18, 2020 

Confirmation No.: 3874 

Art Unit: 2812 

Examiner: To Be Assigned 

Atty. Docket: 4123.0110003 

Title: JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY 
DEVICES AND METHODS FOR FORMING THE SAME 

First Supplemental Information Disclosure Statement 

Mail Stop Amendment 
Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Listed on accompanying IDS Form PTO/SB/08a equivalent are documents that may be 

considered material to the patentability of this application as defined in 37 C.F.R. §1.56, and in 

compliance with the duty of disclosure requirements of 37 C.F.R. §§ 1.97 and 1.98. 

Applicant has listed publication dates on the attached IDS Form based on information 

presently available to the undersigned. However, the listed publication dates should not be 

construed as an admission that the information was actually published on the date indicated. 

Applicant reserves the right to establish the patentability of the claimed invention over any 

of the information provided herewith, and/or to prove that this information may not be prior art, 

and/or to prove that this information may not be enabling for the teachings purportedly offered. 
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This statement should not be construed as a representation that a search has been made, or 

that information more material to the examination of the present patent application does not exist. 

The Examiner is specifically requested not to rely solely on the material submitted herewith. 

Applicant has checked the appropriate boxes below. 

D 1. Statement under 37 C.F.R. l.704(d). Each item of information contained in this Information 

Disclosure Statement: (i) was first cited in any communication from a patent office in a 

counterpart1 foreign or international application or from the Office; and this communication 

was not received by any individual designated in Sec. 1.56( c) more than thirty days prior to 

the filing of this information disclosure statement; OR (ii) is a communication that was 

issued by a patent office in a counterpart foreign or international application or by the 

Office, and this communication was not received by any individual designated in Sec. 

1. 56( c) more than thirty days prior to the filing of the information disclosure statement. 

IZI 2. Filing under 37 C.F.R. § l.97(b). This Information Disclosure Statement is being filed 

within three months of the date of filing of a national application other than a continued 

prosecution application (CPA), OR within three months of the date of entry of the national 

stage as set forth in 3 7 C.F .R. § 1.491 in an international application, OR before the mailing 

date of a first Office Action on the merits OR before the mailing of a first Office Action 

1 The term counterpart foreign patent application means that a claim for priority has been made in 
either the U.S. application or a foreign application based on the other, or that the disclosures of the 
U.S. and foreign patent applications are substantively identical ( e.g., an application filed in the 
European Patent Office claiming the same U.K. priority as claimed in the U.S. application). 

Atty. Dkt. No. 4123.0110003 
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after the filing of a request for continued examination under 37 C.F.R. § 1.114. No statement 

or fee is required. 

D 3. Filing under 37 C.F.R. § l.97(c). This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date AND after the mailing date of the first Office 

Action on the merits, but before the mailing date of a Final Rejection, or Notice of 

Allowance, or an action that otherwise closes prosecution in the application. 

D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

D c. The required fee is provided through online credit card payment authorization in the 

amount of $260.00 in payment of the fee under 37 C.F.R. § l. l 7(p). 

D 4. Filing under 37 C.F.R. § l.97(d) This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date and after the mailing date of a Final Rejection or 

Atty. Dkt. No. 4123.0110003 
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Notice of Allowance, but on or before payment of the Issue Fee. The required fee is 

provided through online credit card payment authorization in the amount of $260.00 in 

payment of the fee under 37 C.F.R. § l. l 7(p ); in addition: 

D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

IZI 5. The patent family for one or more foreign language documents submitted herewith includes 

a United States patent, and other patent, in the English language. Copies of both the 

particular foreign patent(s) or published foreign patent applications cited in the foreign 

patent office communication, and that are not already of record in this application, are 

enclosed. Copies of the related United States or other English language patent or published 

application from the family list, if not already of record, are listed on the accompanying 

SB/08A form. For the purposes of a statement under 37 CFR l.97(e)(l), the United States or 

Atty. Dkt. No. 4123.0110003 
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other English language patent or published application are to be construed as being cited by 

the foreign patent office. MPEP 609.04(b)(V). 

D 6. The document(s) was/were cited in a search report by a foreign patent office in a counterpart 

foreign application. Submission of an English language version of the search report that 

indicates the degree of relevance found by the foreign office is provided in satisfaction of 

the requirement for a concise explanation of relevance. MPEP 609.04(a)(III). 

1:8'.l 7. A concise explanation of the relevance of the non-English language document(s) appears 

below in accordance with 37 C.F.R. § l.98(a)(3). 

Document US2 (2010/0078622 Al) is submitted herewith as as the English-language 

counterpart of document FPl (JP 20100080685 A). 

1:8'.l 8. A copy of document FPl is submitted. However, in accordance with 37 C.F.R. § 

l.98(a)(2)(ii), no copies of the U.S. patent application publications cited as documents US1-

US2 on the attached IDS Form are submitted. 

D 9. Copies of the documents were cited by or submitted to the Office 
---------

in an IDS that complies with 37 C.F.R. § l.98(a)-(c) in Application No. ____ , filed 

_____ , which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, 

copies of these documents are not attached. 37 C.F.R. § l.98(d). 

1:8'.1 10. It is expected that the examiner will review the prosecution and cited art in the parent 

Application No. 16/046,847, filed July 26, 2018 (now U.S. Patent No. 10,886,291), in 

accordance with MPEP 2001.06(b), and indicate in the next communication from the office 

Atty. Dkt. No. 4123.0110003 
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that the art cited in the earlier prosecution history has been reviewed in connection with the 

present application. 

D 11. Applicants submit herewith Office Actions from the co-pending U.S. Patent Application 

No. , filed , as documents to ------ -------- ----- -----

The identification of these Office Actions is not to be construed as a waiver of secrecy as to 

those applications now or upon issuance of the present application as a patent. The Examiner 

is respectfully requested to consider the cited applications and the art cited therein during 

examination. 

It is respectfully requested that the Examiner initial and return a copy of the enclosed IDS 

Forms, and indicate in the official file wrapper of this patent application that the documents have 

been considered. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, or 

credit any overpayment, to our Deposit Account No. 19-0036. 

Date: January 8, 2021 

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 
16083115 l.docx 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/W enchong Shu/ 

W enchong Shu 
Agent for Applicant 
Registration No. 73,999 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/951,141 11/18/2020 

26111 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Zhenyu LU 4123.0110003 
CONFIRMATION NO. 3874 

PUBLICATION NOTICE 

11111111111111111 lllll ll]~!l]!~l!~l!~H!l1HI,] 111111111111111 IIII 1111 

Title:JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR 
FORMING THE SAME 

Publication No.US-2021-007 4 718-A 1 
Publication Date:03/11 /2021 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PTOiS8/08a (07-0fl) 
Approved for use through 11/30/2020. 0MB 06S1-0031 

U.S Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
l'nde' tt1e Paperwork RierJuction Act of 1 qq5 no persons are ceauirierJ to r-es.io1K1 to a collec"on of 'n'ormation unless it r·ontains a v··lid 0MB contro' m•mbe' . ' , ·- '" 

, . .. . , " ' .. ' ,. 

r Complete if Known " Substitute for form 1449iPTO 
Application Number 16/951,14'1 

INFORMATION DISCLOSURE 
Filing Date November 18, 2020 
First Named Inventor Zt1enyu LU 

STATEMENT BY APPLICANT Art Unit 2812 
(Use as many sheets as necessary) Examiner Name To Be Assigned 

\... Sheet 1·1 of !1 Attorney Docket Number 4123.01 '10003 .,J 

i U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns. Lines, \Nhere 
Initials' No. 1 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Number-Kind Code2 (ifkriowro) Figures Appear 

US1 US- 10,038,006 B2 07~31-2018 Furihata ei al. 

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US--

US-

US-

US-

I FOREIGN PATENT DOCUMENTS 
Examiner Cite f'oreign Patent Document Publication Name of Patentee or Pages, Colurrn1s, Lines, 
Initials·• No. 1 Date Applicant of Cited Document Where Reievant Passages 

MM-DD-YYYY Or Relevant Figures Appear ~e 
I 

Countrv Code-3 -Number 4 -Kind Cotie-5 1if known) 

FP1 KR 1020180095499 A 08-27-2018 SM,DISK TECHt,OLOGIES LLC 

[ 
~xan1,ner Date I ] 
Signature Considered , 

*EXAMINt:R: Initial if reference considered, wlletl1er or not citation is in conformance with MPEP 609. Draw line through citation if not in confonnance and not 
considered. Include copy of tiiis form with next communication lo applicant. 1 Applicant's unique citation designation number (optional). "see Kinds Codes of 
USPTO Patent Documents at ,l-'.\Y:--X.,::m!i<.lli<>: or MPEP 901.04. 3 Enter Office that !ssued the document, by the two-letter code (WIPO Standard ST.3). 4 For 
Japanese patent documents, tile indication of tile year of !he reign of tile Emperor must prn,,ede the serial number of tile paten! document. 5Kind of document by 
the appropriate symbols as indicated on tt,e document under WIPO Standard ST. 15 if possible. "Applicant is to place a check mark t,ere if English language 
Transiation is attached. 
This collection of inforniation is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to rne (and by tile 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 Cf'R 1.14. Tt11s collection is estimated to take 2 hours to complete, 
including gathering, preparin(1. and subn1ittin(1 the compieted application forni to !he USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of lime you require to complete this form andior suggestions for reducing this burden, stwuld be sent lo the Chief Information Officer, U.S. Patent 
and Trademark Office. P.O. Box ·1-<150, Alexandria, VA 22313-14S0. 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 twee! assistance in completing the form, call ·I-800-PTO-9-f::}9 (1-800-786-9199} and select option 2. 
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:~-1 AH.£. -¥-~g_ %~H C:i7-J.s=J-:::, q1:1} 0l2::. 

A11H}Ol1 ~61--'-i. ~-;·.c:~-~~:;rj 11.~ :g:~Zc'] -".i7] .iiI.t:lj 2::~, W %71 ~4-9l nJl5:..2i :>::lel1 -,1-±%,C,. -'j_:;1 -•;<lee} 

'?__l 7'1-%71 ql:l]- 012::~ ~oJl ~?.]5}:i:::-, i:::11:11- 012::. 

A-112~011 ~61--'-i . .AJ7l :;,.]Ec}'j -,1-%.71 c]l:l}01A~ ,C,. %71 ~%-nJlY2i-'r!-1]1!!1 1:11 6} q:JQcjoj] ~?.15}:i:::- %71 %~~1 

%~ AH5.. ¥~ o}2.J10ll ~?.]5}:i:::-, c]l:l}ol2::. 

A-111-0-Joil ~61--'-i . .AJ-71 -\:1!:-%-uf!Y2i-'r!-1]1!!1 1::ll 0} -=?-±%~ ,C,. %71 ~%-nJlY2i-?cJl1!!1 1:l]o} q:jQcJOll ~?.]s}:i:::- ~61.5=. 

5}t...}-9l A-112 .ill. qj 2:: ~ % %~H C:i 7-J.s=] :i:::-, q l:l} 0l 2::. 

--"J7l ~61£ 5l-t...J-9l A-112 .iiI.t:11 2::~ 2. %~.:<-11 2::-"11°1--'-i ~~4 ..,J7l ~C:i 'z~9l A-112 ¥~~9l .iiI.t:11 ,;:: ~-;:2.: ±W 
'6}.:il, %7] %1:!.:<-11 2::"11°1--'-i '~-~ 44-2::- 449l -'?1cc}~l:tj- %"M~ 10111;f!_Oll "f17.l5}J:9; 

--"J7l ~61.5=. 5}t...}-9l )(-112 .iiI.qj 2::~,": ~C:i ;,H7} ..§.ifil?.l -=r-s::%(insulating moat trench structure)Oll 9l;,H :?-1 

61.5=. -¥-~~_c>_s.. ½ci,v.}'?__l, qe]-0]2::. 

--"J7l ~%-nJl 5:.. 2i-?cl] 1111 1:11 °} -,1-s::% ~ f:.· --"J7l ~%-nJlY 2i-101l 1111 1::ll 0} "2l QcJ Y1 s.. C:i 7-J.s=]-:= '?] E 2}';'} ~ 4 ~ C:i "'i? 
%9l --"J7l .iiI.t:11 2::~ g %.,,H '{'[7-J.s=J.:v_: 
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AJ7l J11l1 uJlY 9 ~~21 7-11 ia ~ "'! qj oJl ¥ 01:::. %:z-1. ~-11 ;1] li -¥-~ g_ %%] Cj_ 7-J.£] j2 AJ7] ;1-Jll uJlY 9 ~ ~ 1-Jl 21 

'?-l -"-=- 2-/-'Zl ~ .31} {l ~ <>}:::. q,i _c=_ 2-/-'Zl z:! '21 _1=_c_ ti l O } 7'-s:: % ~ ; ~ 

~1E2-/-'Z_l z:!12]1_=_ til 0} -,1-s::%4 ~%-uJ]Y9-'G-ll111!. til 0} 7'-s::%21 z)-z)-9] ~~-a- :z-1_71~_<)_5°.- t:r~-"17'1:::. AJqj i:-ll 

~l ~~ AJ.:§:_{l~ 7'-s::%~ AJ7l AJqj 'G-111111. ~~ AJ.:§:_{l~ 7'-s::%~-~ AJ7l iiLi::Jl .::'::12] qjotl ¥0ljl, AJ7l .A-lll 

uJl5'-'-'~ ~ ~ 1~H AJ7l %~A %~ ;1R,K 4'-~611 ;:g_~ ~ g 

;;(jl8~01l ~O,A7, ,,.,_J-71 ~%-uJlY9-r-l]'l:[ til 0 } ~"'! 2- uJlY9 O,'G-1] 01 ~"'!21 ;;(jll t:1-4'-(endHl ~:::_ J11l2 uJlY9 
~~-01] ,$17.]<>"}£, o,nH} 'fl1=-2-/-'Zl z:!'2]_!=_c_ til 0 } 7'-s::%£ ,,.,_J7l uJl_12..i.'] O,'G-1] 0] ~"'!21 ,,.,_J-71 ;1-Jll t:1-¥011 ~:::_ ··'cl-

71 .0s-l]2 uJlYi.'] ~~211}71 ~%-uJlY9-'G-ll'l:[ til 0 } ~"'!011 qj7.l<>"}Al ~:::_, C1l:l} 0l.::'::. 

~7] Jl·Jl2 ufl.51_9 ~~21 ,,.,_J;:l 7-llt:r ~Qcj qj01l ¥'Zl %:z-1.~-ll Jl]li ¥~-;:'½ %t>Jl Cj_.AJ-.£jj2 ,,.,_J7] J1-ll2 uJlY9 ~~- LJ1 

21 ?~ .':: 2-}-·j ~ 4 {l ~ i,,j-:::. ;1-Jl 2 q,] C 2-/-'Zl z:! 12] E l:l] 0} -=?-s::% ~ 

;;(j]l'8"J-oJl ~°1"'1. ~71 ;1-Jll uJlY9 ~~21 7-llt:1- ~"'!4 SE ctc. uJ]Y9 ~~.9.1 Alt! ~QcJ2- %~~ tjjz)-~ Jc!J~J 
_c:,_S°.- ~t"3) :::_, q l:l}ol .;:':: 

~-=r~ 12 

it!-£5{-ll 7]-¥!' qJ otl q:i 7.l <>"}£ ~ o, £ <>"} 1+21 .:uz. i::Jl .::':: '21 -- ~71 ~ o, £ o} 1+21 .:uz. i::Jl .::':: '21-f ztzt 21 ~ <:j_ ~~:ii} zt 
Zl-21 :z-1_7] £:z-1. ~~-9.l .:uz.rn "6'-%f ±~~- '3-1 AJ7l ~0,£ 8}1--}21 .:UZ.tjj .::'::Jel]-,'i %t>H y-3]2_.i;c '{PJ.s::1:::. uJlY 

cl .::'::Jell -=?-:J:~:%-i ¥~0}:::. uJl:i?-cl-i:-ll'l:[ o,,._i!J~9; 

~71 uJ]Y9-'G-l]'l:[ O,,._,:!J~9~ ¾t>Jl y-3j_c,_5°.- <'.j_7.J5'Jj2, ;1-Jll y~ ~]-~}~} rr}2} ~~~J_c:,_S°.- ~~.£Jpcj, ,,.,_J7l ~O, 

£ <>"}1+-9.l .:uz.tjj .::'::12]~- ~'4'-21 c'c',lclJ~J_o_s oJ2::J-B ~ ~-(')_5°.- ~lclJ-~J_o_s ~W<>"}:::. ~'4'--9.l 4,Jc!J~J_c,_5°.- 7cl~~ z:1 

12]_1=_c_ til 0 } -=?-s::% ,,.,_J-71 ~'4'-21 ~=-~-~-. ,,.,_J7l ;1-l]l y:l§ Jc!J~Joil y-'3j'Z} J11l2 Y'§ Jc!J~j{½- rr}2} ll~~-B ;;slll ~~-, 

;;s-112 ~~ ~ J1-ll3 ~~-& •~A7rJlS°.- ±~<>"}:::_ 37]21 °1¾ ~~~21 ,11l_!=_c_~ ±~~ : c;.J 

,,.,_J7l 0s-Jl2 ~~21 7cl 0llclJ-'Y t:l-¥011 'Z}{l<>"}-711 ~ ,,.,_J7l ;1-l]l ~~21 Alt! ~Qcj.31} ,,.,_J7] J1-ll3 ~~.9.:J 7-llt:r ~Qcj A}oloJl 

qj 7,13}pcj' %:z-1.~-ll %:z-1. ;;sl) £. ¥~0 11 un 'l':l-B yZ,j _0 _£ <'.j_ .AJ-5'1:::. ~%-uJlYi:.'.]-'G-l] 1131 til 0 } -=rs::-¥~-;:', ± t}<>"}:::. f:t 

%-u-1]£ 9-'G-l] 1111_ ti] o} ~ Qcj 
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,,_J7l ~5=.5<il c]tit 0l~~Ej .'=£~011 ~71.:&j_(_) _ _i;o_ TI~.s:1.:iI -'-J7l }@'c! ~5=.~l ABE~ 0 tt!Jcil ~'Z} ,,_J7l '.3jo-]S=. 

"iotl-}-91 "iot-'f-l r-1]'lll %~5<-ll -",}all uB'%J~ "iot-'f-l r--ll'1ll _:g-4r ,,_J~{l4r -,'-3':%~ 

-"2}-7] uJlYc.1 ~lelj -,'-3':%% 44;"_ AJ7l ~71 5=.~ %~-91 4z:i--91 r-1l1llM -'f-JJ,;l~ uJlYc.1 _B_~~-91 y-'3.] ~fdl% 

'!I_ ~6}.:iI: 

-"2}-7] ~£;'<-ll c]tit 0l~~;"_ 44-91 -$1-E-c.1-'il~Oll g~} tit0lo1~ ~'f]-g_ ~l°"1"iot£~ 7'--"'a~ -$1-E-cl-'il ~-$15<;] c]t1t 

01~~g_ ±~-l-"iof:::_, ~£~1 7'-3':%. 

-"2}-71 ~l 1 ~ AJ7l ~]3 :; ~El ,ii] TI ~ '2'j ~ -$1 oil ~'il '2'j-,iil 1i:!"3j %:~5<-ll AB li -¥-~ g_ %~H '?:i AJ S1 .:i2 -"2)-71 -$1-E-c.1-

'il €-'411"~3]--::: .s;,-Lc:_,;,1-9_) ?,:ilelj.§ t:J]ot -=?-?:::%-iL ~2 

-'f~-E-c.1-'il ?,:ilelj~ t1] 0 1- -,'-3':%::i!t ~%-uJLi::7-c1-r-1]'1ll t:Jl 0 1- -=?-3':%-91 44-91 ~~ g_ ~71.:&j..Q_.£. 1i:t~-'-l7'l-::: ,,_J-'f-l cl] 

11ll cg-4r -"2J-~{l4r -,'-3':%~ --"21-71 -"-J-$1 r-1]'1ll cg-4r -"2J-~{:J4r -=?-3':~~·-2: -"-J7] uJlYc.1-cll'!!l o-]J.,]~c.1 -$1011 w01 

.:iI, -"2}-7] A-ll2 :;4, 111 -"2)-71 ~11 :;~14 -"2}-71 ~13 :;4 % "io}401l ~~-

~]16~Joj] '.?J°1-'-l. ,,_J7l ~%-uJ]i;,_c1-r-1]'1ll l::ll 0 1- -=?-~%~ 44-t- 44-91 -$101] ~'il ,,_J-'f-l r--l]~,ll_ 

3':%4 ~i ~-5]·-:::, ~£5'-ll -,7-3':~ _ 

;;(-j]l6~Joi] ~°1-'-1, AJ7l ~5=.5<-l] 71-'\1!- AJ-91 AJ7l ~5=.5<-ll cjl::l]- 01~~-91 -'-7_l=l_~;"_ -"2)-71 }@'c! ~5=.5<-l] AHli ';Ej 7'-'2'l 
0 1- ?11 oil -'f-l 5<;] "iot-::: . ~ £5<-ll 7'-3': % . 

Au2~Joi1 ~°1-'-1, AJ7l %~5<-ll ¾~ AHli -¥-~-r:-. /2~615=., /cl-71 uJlYc.1-r-111111 o-]A;ll~c.1-91 ~VJ1i:! 1E'c!c& ±_~"io]­

-::::_ ;;(-lll 4-}@'c!_c,__£-'¥-E~ ,,_J7l ul]Y c.1-r--ll '1ll_ 61 ~ ~ c1 -91 ~ "io}1i:t JE~ 0 ]-i'jj 011 -'fl J,;l ~ ;;(-ll2 y'§ I;"l77}7l y-'3.] _<)__.£. '?17.J 

S1 -::: . ~ £5<-ll 7'-3': % . 

~]19~011 ~°1-'-1, ,,_J7l uJlYc1-r-1l'1ll 61-'-;ll~c.1 °}?11011 ~ 01.:rI ,,_J7l ullYc.1 ~fdl -,'-3':%~ Lll-91 4-Zl ~5=.5<-ll J<hl_ 

~all ~71.:&j_c:,_.£. {:l4r~ 4-1§ ~5=.5<-ll J<Bigj_~-& ±~"ioj--::::_ }@'c! ~5=.5<11 -"Hii- ~g_ c-j ±~"io}.:iI, ,,_J7l ~12 4-}@~ 

-2-::- AJ 7 l 1§ 'c! ~ 5=_5';-j] A~ ii_ ~ El "io]-1i:! 1E 'c! 0 l-?11011 -'?1 },;l "io]--::::_ ' ~ 5=.5<11 -,'-3': ~ -
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.,>.J-71 Au ~ .,>.J-7] A-113 ~-~91 z)-z:j-91 Alli± '"§"'1 ~ F-l]t}c:'::.(terrace)~-j~ -3f.Wti}JI .,>.J-7] F1]4.c'::~6llA-1 Z}Z;-91 °} 

i.'-]ioi] ~'?} ~71 5=.~~ c;-o] .,>.J-7] uJ]Yi:.'J--c,1111'!. 0 1,'-;l]~i:.'j 1..J1oi],-,_7 'iJ£191 ~6ll ~'?} ~71 5=.~ ~_!_.l__q .,>.J-71 A1]1 Y 
~ lclJ-~Jg u:}4 I:-7 ~cl ~7-J.s:ij]_; 

AJ-71 uJ]Y2.] c:'::.Ielf 71-:S:¥~ 44-&, uJl.5'-'-"~ ~' ~ AJ-71 uJlYi:.'J-101111'!. 67,,_;ll~c] 6 }i.'-l16ll ~'?} ~~ 1s3l-5=.~-ll AH.li. 

--°6° LJ191 ztZl-91 Y~ ~]lg6ll '?l~~ Y3l 1s1£.~-ll ~]lgg ±Wti}~. 1s1£~-ll -,7-:5:-~--

A-ll2H}61] '.U67A7, .,>.J-7] uJlYcl c:'::.ICn, T:5:~~91 ,:=_-c,-Jl'?l '"§"'1~611 ~713,jO._£ ~~sci~ ~Y91 t!l.§.4~1 I:-7 ± 
Wti}~ 1s31-£~-ll -,7-:S:¥. 

-'2}7] ~71 5=.~ -',n½-£: .AJ-71 4--31 NAND qti} 0 l691 4491 q;J.E.i:.'j-'?__lg_ ±Wti}7!4, AJ-71 y3j NAND qti} 0 l691 

4491 -%1.E.cl-~cJl ~7l3i2-.i£. ;~4r.s:1JI; 

-'2}7] Y2g-c]~ 3:;t}~ NAND 6.§."'cl~91 67101] 0 191 ~ll qti} 0 ]6 -c,1]'1'!.91 ~675=. ti}491 uJlYi:.'J -1!!~. <•}71 S:.2g-c'l 

~ 3:;t}~ NAND 6.§."'cl~91 67-c,1] 0 191 A-1]2 clti} 0 ]6 -c,1]~£1 5'::. q~ uJlYi:.'J ,,_£ ~611 ~zlti}i:tj; 

-'2}7] {)_2.]~ 7],¥1-~, -'2}7] uJ]Yc] qti}o]c:'::.~ ~~ q;J.E.i'}~ -,7-%7] SJ£ 19<1 tl].§.2}'?} -,7-%7] SJ£~ -3f.Wti}~ 

~ ·?<.1 SJ .'£. ~ ¥.~ti} jl ; 

~yS>j 1s3}5=.~l ~] lg .. -'2}7] ~yS>j 1s3}5=.~-ll ~] lg 44 S>l ~ 67 5=. ti} 4S>l :g 4'-~.g_. AJ-7] 1s3}5=_,;:i.Jl 7]-¥1-91 /Jli± 11. ~ 

61] {I~~ 2-,_i;c._ y3j 2.,i:~ ~;;,;J--'B 

~yS>j ~ti} A7;;,;J .R.~ ---44S>l ~ti} ;,;pJ .R.~~ -'2}7] ~yS>j 1s31-£.°{1l ~]lg ¾S>l 44S>l 1s3}5=..x1l ~]lg61l ~~ti} 

~ ~;;;;]~: ~; 

-"J-71 1s3l-5=.fiil 7]-'tl-9-1 AJ-7] .,>.J1if lf.~611 {1~3j()_.:£ ~<>~ti}7ll ~AJ-.s:1~ 6~'£1 -&J-"J-% ~c ~yS>j A-1167 7ll 0 L~ 

~ -:c:;- -'2}7] ~yS>j A1] 67 711 °1 ~ ~ ~f. 3167 5=., AJ-71 Au 9 ti} 0 l 6 -c,11 ~ 611 ~ 5;] ~ Au Ail 67 lll 0 1 ~ ~ -~ ~ 
AJ-71 .oz-Jl2 qti} 0 ]6 cl]~61l ~zl~ A-112 A-llo-] 711°1~ ~~g £W~J--
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-"J7] ~%-u]]..5'..c]--cl]~ 1:l]o} 7'-s:.-~-~2._ -"J7] ;z1]1 uJ]..5'..cl :;.~21 lllU ~9'14 -.:_E_ Lt~- DJ]Ycl :;.~21 lllU ~Q'j 

/-} 0 ]01] --'f15:]~ %~X1] %~ ;;(BE 4'--5':-Zc ¾'°B ~7-Js=f:::::, qt1} 0 ]c'.'::. 

-"J7] ;z1]1 uJ]..5'..c] :;.~21 7'lU ~Q'j --'floj] ~'?] %~Xi] ;:BE -'\'-~Zc ¾'°B ~7-Js:].:iL -"J7] A]]l ul7..51..cj :;.-~- LJ121 'f-~ 

_i==_2}'?J~4 {l~8}-:::::_ ~_i==:_2}'?] ;f:i~:§. 1=1]0} =?-s=.¥~; ~1 

-!fl_i==:_2}'?] :f:i{oljE 1l] 6} 7'-s:.¥4 ~%-uJlYcl-r1l~ 1:l] 6} 7"-s:.%21 z)-z)-21 ~~ g_ ~7]~7_'.'.)_£ U~A]-Y]-:::::. ,,d---'fl r1] 

"£ -'6-'¾- AJ~{l'¾- 7'-s:.~~ ,,d-71 -"J--'fl r1l~ -'6-'¾- AJ~{l'¾- 7'-s:.-~~-2- -"J7l __iil.i:l7 c'.'::~ --'floJl ~ 0 1.:il., ,,d-7] "111 
u]]..5'..i:'~ :;_ ~ ~1 AJ7] %?P1l %~ ABE -'j'-~oj] ~~ ~ g 

AJ7J "u uJlYcl :;.~21 :,:i1u ~9'14 s::-. r:+-~- DJlYcl ~~21 ;i!lu ~"'l 2- %~~ t:Jlzt{! lclJ~_'.'.>_-5'.. --"J~·il-:::::., ri 
1=1}o]c6. 

~£x1] 7]-¥1:- --'flOll uJlYcl-rll~ o,{l:;.cl ----'d-7] uJlYcl-r1]lfil o,1):;.c.1-:::::. -3:1°7£ t,}L-}21 __iil.t:Jl c'.'::~ ~ -"J7l -3:jo, 

£ t,}L-J-21 __iil.i:fl ~~g_ %'8'fl 4".3j_Q_.5'.. ~7-Js:]-:::::. uJlYcl c'.'::leij 7'-s:.¥~.g ±WW-- -g- ~AJt,}-1= 1j:;ij]; 

-'J-7] uJl ..51..2]-i:--il lfil o, ,,,~-~ c.1-g- %'8'll ~4-21 c; lclJ<5J=~.5'.. 7.-1 ~~ Z:i 1eiJ .:§. e] 0} 7'-s:.¥ - - -"J7] ~4-21 ::;-lclJ<5J=~.5'.. 7aJ. 

~{'1- ;f:ilei].§ 1:l]o} 7'-s:.¥2- ;(111 4-~ lclJ<5J=g_ rtj-2} c;lclJ'8'J=~.5'.. ~;.cJ.s:].:iL -'J-7] .:c:~o,s:_ t,}421 __iil.i:Jl c'.'::leijg ~4-21 

:;~<5J=~.5'.. oJ2=J-¥! :;_~~-5'.. --=,lclJ<5J=_Q_£ ~'%I-t,}nj, -'J-71 ~4-21 ;;_~~-- -'J-71 A]]l 4-~ lclJ<5J=oJl 4--31'?1;(1124-~ 

lclJ<5J=g_ rtj-2} lll7~.s:].:i1., z}-z)-, ;;;:J]l ;i!lt:1- ~9'!, ;z-J]2 7-llU ~Qcj, ~ ;;;1]3 711U ~Q'jg_ ¥_~3}-c- Aill :;.~. ;zi]2 

:;_~, ~ ;z-J]3 :;_~-& 'ii:-J.74!£ ¥.~3}-c- -3:1°7£ 37]21 °1* ;;_~~21 A-j]:§.~ ¥.WW--- g_ ~AcJt,}-1= U?-17; 

-'J-7] Ail 2 711 u ~ Q;j g_ A-ll 7J t,]--:::::. U11l; ,g 

-'J-7] ;;;:J]l ~ -'J-7] A]]3 7-11 U ~ Q;j 2- .::r 41 £ %.7-] 5'] 1?'! -"'1 -'J-7] A]] 71-¥1 All2 7-11 U ~ Q;j 21 7'-Q;j oJl ~%-uflYcl-r1] lfil 

1:l]o} 7'-s:.%~H} ~AJt,}-:::::_ Ulll 

-"J7] .:c:~o,s:_ t,}421 t,}--'fl r1]'11-l -ft-~x1] :~ --'flOll ~1?'! ~s:-x1] ;zLs- ";- -"J7] uJlYc.1-r-lllfil o,,,,~:;.c.1-:::::. -"J7l ~1?'! 

~£X1l ;z]E ~- --'floJl ~AJ5'].:i1., AJ7l ~1?'! ~£X1l ;zl7_?_ ~-,9-=- -"J7] u]]Ycl c'.'::lei] 7'-s:.%~ LJ121 4--31 ~£X1l .xl7 1
~ 

~oj] ~7]-3:j_c,_£ {l-:<;--¥! 4-~ ~£Xi] Y:]lVl_~-.g: ±~W -§- ~AJt,}-:::::_ U11l 

-'d-7] -3:jo,£ t,}421 t,}--'fl -cl]lfil %~X1l ~21 r1]1filoj]J.7 --"J7] ~£X1l q1=1} 0 ]c'.'::~21 x.c~oJl ~7]-3:j_o_~ UEf-¥1 o} 

-'fl -cl]lfil -'6-'¾- AJ~1l'¾- 7'-s:.¥~ -"J7] ~%-uJ]Ycl-r1llfil 1:l] 6 } 7'-s:.¥~-2: --"J7] t,}-'fl r1]1fil -'6-'¾- AJ~{l'¾- 7'-5: 
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;;(-Jl 29'6J6J1 ~ o, Ai , 

%71 Au ~ %71 A113 :iilB ~Qcj -Si116ll ~o,£ ,5}1--}.s>1 Qcj-111B~ *~~11 Allli ,¥~i· ~~5r::: Bllt 

%71 A-11;:,q~ A-112 711B ~Qcj.91 .,:'Qcj -Si1161lc o,u:,~ ~"2JlE l:ll 0} -=r±%£ "3"J,,,,a"8l71 eJ-..S!..1i'1Ai, AJ7l ~o,£ 'i',}1-f 

.s>1 <2'l-111B~ *~;<n Allli ¥~g_ ~Zill %71 Au ~ %71 A-113 111B ~<2'l -Si11611 ~ ,,J71 ;;(-j11 ~ AJ7l A-113 ~·~~~ 

1-11.91 %71 ~lc::,,'dl~· ,,JcJl zJ~ -%1£2t'il ~"2ll.s l:ll 0 } -=r±%~ g_ ~,,,,a'8"}c 1i±71l: P,J 

%71 uJls..cl-1'-1111ll. o,1J~:cl ·?1.91 -%1£2t'il ~"2Jl.s l:ll 0 } -=r±%.i!J- {4-¾-uJls..cl-ic!l11ll. l:ll 0 } -=r±%S>1 ztzt.91 ~~ 
%611 %#1 1'--1111:[ "'6-2? /J§.~2? T±%~· 'AJ-71 %-'f-1 1'-1111:[ "'6-2? AJ-§.~2? T±%t'.H"' AJ7l ;;(-Jl2 ~~, ~ AJ-71 
;;(-J]l ~~.i!j- ,JJ71 ;;(-j13 ~~ "5' '8°}"4~ 7}£~]2:j ~.AJ~ · g_ ~A3'8°}-::_ 'd:71] 
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~4-~ ~5} 7-l~ _£_;::;::. 44~ ~i>} 7-]7-J _e_;::;::.~ -'2f7l ~4-~ 1tl-£;<Jl ~ni %~ 44~ 1tJ.-£;.t-ll ,x]'j_oll ';'l~i>} 

◊:j -'?17.] ~ --- ; ~1 

-'2f7] 1tl-5:)lj] 7]~-~ AJ7] AJTI lE'i'!oll ,~zJ31_Q_£ :sie"~i>}jj] '?1"'J.5'1~ ce:.§.1:1 ~-'c}g_ ~~ ~4-~ ~167 7l] 0 ]E 

~:::; ---%:;-] -!,\-9-~ ~167 J'll 0 ]E ~~-~ 3167£, -'2f7l ;(ill 9°}0 lce: i.'-j]"filoll -'f17.]~ ;(j]l Ail67 7'11°]E ~~ ~ 

-'2f7] ;(1]2 qti} 0 ]ce: ol]~oll qj7.]~ ;(112 ;(1167 ill 0 ]E .:;zi~-g_ ±:~~ -

1t1-£~1 7J~ -'?loll -'f17.1~ u11£i:.cl-r-11~ 67~~i:.cl~ ~Aai>}~ 1cr1-11 -%71 u11£c1--c111fil 67~~c1~ ~71 .1:c~ ~ 

~ J1J- f;_ ~ '~-~ "'-1 ~ll -¥-~ ~ ~ 3167 5: i>} L-1-~ jR r1l ce: eii g_ ± ~i>} 2, -'2f7l 3167 5: i>} L-1-~ jR r1l :->:: eii % %%H 4-

31_Q_£ ~7-J.5'1~ uJlYcl ce:eii --=ra:%-id- C7 V~i>}i:rj' /cl-71 uJlYi:.cl ce:eii --=ra:%~ z_/-zj-,': uJ]5:.-2] ~-.:,ij- 4-31 1t} 

£;,j] ~]1.1g_ ±.~~--

-'2f7] uJ]Yc]-i.'-1] ~ 67 ,,_~~cl ~ %isH ~4-~ :; BJ15J_Q_£ ~J ~~ z! eii E 1:l] 0 } --=?-a:% g_ ~ -"8 i>} ~ B-7-11 ----'cl-71 ~4-

-"1 :;BJ~_Q__i;c_ ~~~ zl.eii_§_ 1:l]o} Ta:_%2_ ;(-l]l 9"3§ lclJ15J-z'i: u:j-2} :;BJ~_Q__i;c_ ~7-J.5'1j1, -'c}-7] 3167£ i>}L-}~ 

jRcjj ce:eiia- -"J7] uJlYcl--cll~ 67A~~cl LJ1~ ~4-~ :;BJ15J_Q_£ 0 12cl~ ~~_Q__i;c_ :;BJ15J_Q__i;c_ ~ww--: :;-1 

~~- L}j~ ~%-u]l_1,1__c]-i.'-1]1fil 0 1°} q-J9'jol] 3167£ i>}L-}~ ~%-uJlYcl-i.'-1]~ 1:l]o} Tc::?::%g_ ~Aai>}--l:::- Rill ----"J7l 

~%-uJlYcl-r-1J11ll_ l:l]o} q-J9'j 2- ~ ~~ ~BJ15J_Q_£ ~~~ zJ.eiiE 1:l]o} --=?-a:¾~ ,'-} 0 ]611 ~ -'2f7] ~~oll -'f17.]~ 

uJ]Yi:'-] ce:eii --=?-a:%~~ 27] -=i~ ,'-} 0 loll -'f17.]"i'>}2 ~%-uJ]Y2-:J-i.'-1]~ 0 1°} --=?-a:¾~ g_ ±Wi>}jl, -'2f7l 3167£ 

i>}L-}~ ~%-uJlYcl-i.'-1] ~ 0 1°} --=?-a:% zj-zj-2_ -"J7] uJ]£cl-i.'-1] ~ 67 ,,_~~cl ~ %-8-H 4-31 _o_£ ~7-J~ 

-"J7l 1tl-£-~l qti} 0 lce:~~ _:ir:_c::_~ oll ~7]31_Q_£ 1i°!"f.5'12 -"J7l 1tJ.-£;.t-l] 7]:-& -'?1~ 3167£ i>}y-~ i>}-'?1 r-1]~ %~ 
;i;-=n ;c1] u],g~ i>}-'f1 -cl]~ -'g--4f -"J~~4f --=ra:%~ --'cl-71 ~675: i>}L-}~ ¥!-%-uJlYcl-r-1]~ l:l]o} --=ra:.%2- -"J7] 

i>t-'f1 i.'-11~ cg--:'; -'cl-~~~ --=ra:%~ -"Joll ~_}-,a~ g_ ~_J-,ai>}~ u111 
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;(11103-ciJ-oJl ~ 0-P-i . ..AJ-71 31615:.. t,}y-.9j t,}-'fl 10-l]'1ll.. {l--{!5<1l ~ -'floJl }§1?1 \31-5:..~] A]li ~~- ~_Aat,}-::_ Uill~ c-j 

±~3}.::il, ..AJ-71 1faJ?1 \31-5:..~ll A]li %~ ..AJ7l ufl_5_1._9 6~ =r'-3::%~ L]jSc] "T'-31 \31-5:..5<11 5<]~~611 ~~-'8_ y-}§ \3}_-

5=..5<1l 5<]~~g_ ±~t,}-::_, JcJJlfl. 

1J-7J 3161£ t,}L-}.91 -{l-%-uJlY9-10-1l11ll.. 7]-=?-..9~ ~_Aa:i!} %AM ...,cr7l 3161£ t,}y-Scl j_i/_i:H 6~ 1 %;r;H ll]1?1 z-:i..~'§. 

~~jl7.]-@: ~AJti}-::_ U7'll; 'Jl 

zi..;,:_~ ~~ AHL -~g_ ~~o}.::il 0 lJcJJ_Aa oJl~~.Q..5°....Ml -1}7] 31615:.. t,}L-}.91 ~-~ 4°11..-i.91 ~_Aj:il1 %A]oJl ..AJ7l 

1l]J?1 ~~~ ~ifil3'.].9j '_;-1:!j -'d-oJl 7}~ 6itJ] 0 lAi~ ~"8-t,}-::_ U7'll 

-1}7] '{i±~ ~~ A]..fi. ~ 0 1 °lJcJJ.,J._.:l oil~~-::_ %~ 1}71 31615:.. t,}y-Sc] -{l-%-uJlY2i-'c!l11ll.. 7]-=?-c 0}~~.Q..5°.... ~ 

~~.::il, 

~]106-ciJ-oJl '.V.61Ai, 1}71 ll]J?1 Z::l~~ Eifil3'.l 1..BSc] ~l'IJ-~.Q..5°.... 7cJ..~~ Z::l~~ t:Jl 0} -=?-3::% ~ ztzt.91 ~~ 4°1 

1..---J LB Sc1 £--ct_Aa %:ct ;,:] li -¥-~-~ %Al oJl 1,Vil t,}-::_ u7'lrn c-j ¥.. ~t,}-::_ ~'?]. 

~]102-ciJ-oJl ~67A7, ..AJ7l \31-5:..~l 713& -'floJl }§1?1 \31-5:..~l A]li ~g_ ~-AJ"3}c U7'll~ c-j ±W3}.::il. -1}7] }§1?1 \3}_­

£..;'-ij] ;z]K ~,::_ ..AJ7J uJlY2i 6~ -=?-3::%~ Lll.91 7"--3] \31-5:..~l 5<]~~oJl ~~-'8.. 7"-1la it!-£~11 ~H~~--il- ¥..Wt,}i:rj, 

1}71 ~7"-.91 ~-JcJJ~.Q..5°.... ~~~ Z::l~~ 01°} -=?-3::%2.. ...,cl-7] }§1?1 \31-5:..~l A]li "6° 1-tloJ] -'fl3'.]~ z..)-z..)-.91 y}§ 5<]~ 

~:tj- AJ~,t,}-::_ ztzt.91 °}'<:]oJl ~'{]_ :±:..6 ~Q'j~:tj- {l~,;,}-::_ :±:..6 cl-·<l~ g_ ±Wt,}-::_, JcJJlfl . 

..AJ7l \3}-S:..5<ll 7]-¥1- .-'floJl ~~ ~~4 §:1-"~ A]li ~~9..l 31615:.. t,}y-.9j -=g-;,;J%(in-process) ..iil..I:H 6~ g_ ~_Aat,}-::_ 

uill: 
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:'<-j] 1Q9i5J-ofl ~ °7 A7 , 

~7] ~7] £~ ~~-9.] ~-'8 4-61] ~7] BH'i':i z!"lj..§. ..§.~;,.]-~ 44 i..H-9.] ~~ ::'::if]] 0]Ai ~ ,,,,_J-7] ::3:j°7£ i3}"y-.9.] 

¥1-%-uJlYL'J-101]1Jll 7Fr 42-f 1-11.9.l ~~ 4°lL-i~ %A]oJl ~/Il"6}-::. i;f;ifl; i=,:2 

~7] ::3:j°7£ "6}1-}.9.] ¥1-%-uJ]YL'J-101]1Jll tl]o} .'.y-:'i::% ~ ,,,,_J-71 ~y-9.] c;clJ-8"J()_£ ~~~ tl_"lj§_ tl]o} .'.y-:'i::%% % 

A] oJl ~ AJ "6}-::. B-111 

;.J]lQ9i5J-oJl ~°7A7, hJ-7] ~y-9.] _'-,clJ-8"J_c:,_£ ~~~ zl_"lj..§. ti]o} .'.y-:'i::.%.9.] ~,,_a ~oJ], hJ-7] ::3:j°7£ "6}1-}.9.] ¥1-%-­

u]]YL'J-101]~1 7HT 4zt&, zt4.9.l ~~ 4°]1-7 ~ 44.9.l ¥1-%-uJ]YL'j-'cl]~ tl]o} 7'-:'i::%£ -~H-'?-c TI;ifl~ Ci± 
-~}"5}-::. clJ~ . 

.9.1?-¥- i..t1oJl _.,J7] ¥1-%-uJ]YL'J-101]1Jll tl]o} ~Qcj-9.] 7'-'2'1 g_ .¥_~"6}-::_ fiH:;>:} ..§.,;ffi;,.] 1=.'-J ,,,,_J7] ::3:j°7£ "6}4.9.l :g-;,:J¾ 

3Jlr:H ::'::"lj g_ %<SH BHi:r! z!"lj_§_ _§_~;,.] ~ g_ ~Aj"6}-::. i;:flj]; 

~7] BHi:r! z!11lj§_ ..§.i;ffi;,.l~-"'i :°';~~ 01 %L'J::3:j.Q..£ .:~H1oJ] .xs~·£1i:r!Ai, ~7] <SHA} ..§.i;ffi;,.]-9.] -::';~-~- ,,,,_J-oJl 2lJF.1'cJ 

-'E ~~ 40]1.:j -~ g_ ~Aj"6}-::_ TI11l; 

~7] llH~ z!"'l~ _'§_<fll;,.]~% %<SH oJl~A-Jl~ 5-=_'ic]~.Q..£-¼] ~71 :~~ ~~oil qj<SH ·li11lJ~.Q..£ ~7] §jA] ;(HE 

~ -€ ½1- ;(117i ~ .Q..£ -"'1 , 1lH i:r! _c;,__ -lif--¥-~H} ~ .,,,a "6}z TI 111 ; n.../ 

~71 llHi:r! z!11lJ_§_ '§_;,;1J;,.rn-g_ %<SH it!-g%g £'icJ~.Q..£-¾J ,,,,_J-71 llHi:r! -2--lif--!f--j.H} ,,,,_J-71 ~71 £.z:! ~.Q..£ ~]%_()_ 

5'..-¼], ~71 ::3:j°7£ 5}1..-}.9.] 3Jlr:l1 ::'::"lj g "',Pa"6}-::. TI.ill 

~7] B]i:r! :f:i11lj..§. ..§.~;,.]~ i..H-9.] ~~ ~s,Jl 0]Ai% ~}1 ,,,,_J-7] ;sH:;>:} ..§.i',1}7] 1-11.9.l ~7] .ilf!F.1'cJ-'E ~~ 4°]1--7~ %Al 

oJl ~ Aj "5}-::. TI.ill: 1:'-J 

AJ-7] .ilf!F.i'cJ-'E 11~ ::'::Jtj]O]A-1~ AJ-.9.] AJ-7] ~y-9.] :";Jc/:}'8"J_C>_£ ~~~ :f:i"ljE tl]o} 7'-:'i::% ~ hJ-7] ~-~ c}o]tj 

AJ-.9.] ,5=_.z:l_Aj ¾~ AHli -¥--!f-i- %A]oJl ~Aj5}-::_ TI11l 

,,,,_J-7] ::3:j°7£ "6}4.9.l :g-;,:J¾ 3Jll:f1 ::'::"lj-9.] -y-uj;s] 1\'--lf,':_ ,,,,_J-7] ii]:;>:} ..§.~;,.]oJl -9.]iiH oJ].$l~}'<l 7'-'2'1 l-11611 ia-0 }S'l-c, 

clJ~. 

,,,,_J-7] BHi:r! :f:i11lj~ _§_i'J!;,.]~ L1j.9.] ~~ ::'::lt]]o]Ai~ ~ ,,,,_J-7] iiH:;>:} ~'<ill;,.] L1j.9.] ~~ :'<].E.. ¾~ 4'--lfg %A]oJl ~ 

AJ "6}-::. TI 111: 1}.l 
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AJ7] 3161 £ iit 4.£1 '3';;<.J %- ji[ t:Jl ~ Jell .£1 y-uj .z] 4'-~ ,':_ AJ7] iiH At ~ '<ill~l oil .£1 iiH oil-%1 ~t~ 7'-9'1 LJ1 oil 'cl-0 t~ ~. 

JcJJ~. 

AJ7] ~7] £~ {;·€-t'.: AJ7] yzj NANO i::1tit 0 ]~.£1 ZfZf.£1 --'i'-lc4~% ±Wiit7J1-.}, AJ7] yzj NANO 9tit 0 ]~.£1 

zJ-zr El --'i'~ -'='4 ~ oil ~ 71 ?'] _<'.!_s!. {l ¾ 5'1 2; 

%7] Y~c.J-61 3*}-'tl NANO ~~'i'l~.£1 61i--l] 0 ]E-:J ;(-lll qti} 0 l~ i--l]~.£1 3161£ ii}y-.£1 uJ]Yc.J 1!_,<:., AJ7] 

-61 3*Htl NANO ~~'i'l~"'1 61i-1]ol.£1 ;(-l]2 9ti}0 l~ i-1]'~191 S: C:f-~- uJ]Yc.J A,R --'i'ioi] --'i'i~]iitr:tJ; 

%7] 1l_i:.'i-~ 7]cit!-,<:.. AJ7l uJlYc.l qti} 0 1~;"; --'i'i~ -%Jed~ 7'-%71 9j£ '3:1 tl]~i!l~ 7'-%71 91_i_;o_;";_ ±Wi'i}c 

~ 31 91 ~ ~ ¥ tl·3}_-:i7_; 

~"r-.£1 ~£;<11 ;<H\el. --AJ7] ~'T'-"'1 ~.5=.~l ;<H\el. z;i-z;i-.£1 3161.5=. iitY-.£1 'g- 4'-~-?-- AJ7l ~£;<11 7]-¥1-.£1 AJB- lE'i'! 
oil 1l. ~ 31 _<'.!_s!. 'T°Zl _<'.!_s!. ~ ~~ -- • 

~y.£1 ~ii} APJ· .B..$: - z;i-z}"'1 ~ii} APJ S.$:~ %71 ~"r-.£1 it!-£;,]] :<H\el. %El z;i-z;i-9l ~.5=.~l :<]\el.oil ~{lii} 

e:J q:i ~111- -< ~1 

%7] ~£;,.-Jl 7]-¥!-9l %71 %tr 1f.!i'1oJl 1!~31_<'.!_s!. 3ia<>~ii}J1l ~;;<.J5'1c ~E'%J -.3jAJg -';'.-):c ~y.£1 A-1161 711°1~ 

~=; --%7] ~"r-.£1 A-ll61 711°1~ ~~-£:, 3161.5=., %7] ;(-lll qti}0 ]~ i--l]~oil q:J;;,;]~ ~ll A]]61 71] 0 1~ ~~ '3:1 
%7] ;(112 91=1} 0 1~ iol]~oJl --'i'i~]~ ~12 ;(1161 711°1~ ~~g_ ¥1)-1)-

[0001] ~~ ½-'tl 

[0002] ~ ½-'tJ.,<:., %a:£ =-i ~:<-lM¾0 1 ~ 1:§.l.7].l.··joJ] ±11-5'1~. 2015\1 12%l. 22~ 'il-'tl-'8. P]~ 7h½-'tl 1ti§.. ;(-ll 

62/271, 210§..; 2016\'l_ 9%l_ 19~ 0½-'t]_-'8_ u]~ l:l] 7}½-'t]_ 1ti§.. ;(1]15/269, 041§..; 2016\'l_ 9%l_ 19~ ½-'t]_-'-E:[ Pj~ l:l] 

7}½-'tl 1ti§.. ;;1]]15/269.112§..; 2016\1 9%l. 19~ ½-%1.-'8. P]~ l:l]7}½-'tl 1ti§.. A-lll5/269,294§..; 2016\1 9%l. 19~ 

½-%l_-'-E:[ P]~ 7}½-'t]_ 1ti§.. ;(1]15/269,946§..; '3:) 2016\'l_ 9%l_ 19~ ½-%l_-'8_ P]~ l:l]7}½-%l_ 1ti§.. ;(1]15/269,017§..E-:j -'f­
~l':i_-£: "T'-;;<.J~q 

[0003] ~o]: 

[0004] ~ 7]J.]L)1%,<:_ qj:<-J]s!. ~.5=.~l 9ti}o]~ ~o]:oil ~~ 7_;:!o]nj, -,1-:,:-l]31_c:,_£~, yzj NANO ~~'i'l ~ 7]E}Ej 3;;(}-%)_ 

qti}o]~ ~.£1 3;;(}-'t]_ l:l]~~.l.j uJ]Yc.j 9ti}o]~, '3:) :i '3j.l.j JcJJ~oil ~~ 3-!o]q 

[0005] £]2-, uJlu:Jl£ BiCS(Bit Cost Scalable) 6 }::l]ElJ-'9425=. iit~ 3.?-}-%1.(30) ~Jell.§'1--'8. uJ]Yc.j ~Jell 7'-a:%g 0 1%~ 

3:: JI'M.5=. ;zpJ 91=1} 0 ]~7} ~]'i'l-5'15;:J,q. oj];"; ~61. 30 NANO ~lell.§'l--'-8 uJlYi:.'-1 qti} 0 1~~, ~7] .5=.~ 'Z_<'.!_£.1.7 

-.3j "'a 5'1771.+ ~71 .5=.~ 'Z _{'.)_£ qj ;,1] .s=i ~, ~ ~ ;z] li-'4 ~-"ll 0 V1 ;z] li ;- ~ El ji[ qj ~ lell 9l 61 i--ll 0 1 s!...!j'-E-j ~"'a~ 
y ~q. uJlYi:.'-1 7]7'-~ 0 1 .nZ.qj ~Io~ g_ ~iiH ~"'a5'12, uJlYc.l ~Io~ -=r-a:%~£ ;,.H--'i'-1.z]r:tj, uJlYi:.'-1 ~Jell -=r-a:-~ 
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% 44 ;?_ u11£ 21 _8_~%9.1 4-.3J ;::::: le!J 4 4-.3J ~-';=J-11 ~R 1gj_ g_ ± w~q. ft rJ1 ;::::: 1e!J ~ u11£ c.J ;::::: 1e!J -=rs¥ g_ ± 

w·w,:: uJl£9-101]1lll. 61~!;97} 7].o& qjoil '5JAj-'8_q. ~71 .£~ ~.£- 3D NAND ;:::::le!j..§"}-'8_ ufl£c.! qti}01;:::::SiJ ~ 

Ei:.'}'i']..Q..sc..J..7 7l~%t 4- ~JJL, uJl£9 ;::::le!] 7'1-s:¥~9.] 61101] 01 qjoil *'i'.l til..§.i:.'}'i']f':- 4-.3J ~.5=.~11 ihl.21 :=' .. 101] 

'i'..1-~ ~BoJl {l~~ ~- ~9-. 35'}--'t!_ uJlY9 r:1ti} 0l;:::::~ 0l r:7 ,3J-."'. qti}0l;::::: .7.14-sc.. ;:::::7'J]~c1'J~oJl rr:}4, 2r-1t! 

qti}ol;:::::~ g_ qj~ qti}o];:::::, T'2"1 ;?_ ~~,l ~ 1i'!.:3:j21 -"J"J lj'--e-g_ 7};:,;l%t 4- ?Jr:..}. 

[0006] n:}t}A7, ~~11 ~ 3..71~ 3..711 ~7}Al7'1;:,;] 'i'J"..Q..1i'!A1 . .s?~:=.t}'i'] 7"-%71 :§:lsc.. ~21 q 0J~ 2r-1t! qti}0];:::::~ A1]-;§'-;c,l 

-:::::_ lclJ~ 0l iL7"-tl_q, :cE~, uJl£9 ;::::le!] 7"-s:¥21 61101] 01 LJ121 .fL1'r.:3:j'i'.l ~~ -]t-11ffuJ-;?_ 35'}--'t!_ uJ].5'..9 qti}0l;::::: 

21 -'~~-~ ..... %·7}A]~ 4- ~9-. ~.5=.~-11 ~Sil *_:IT.'s':1..§.~ 4£"6"};ill ~7}Al7'1Al 'i'J"c'.l.1i'1_J..7 ~~ -e-11ff~ <5JAJA17'1-:::::. 

lclJ~ 01 :cE ~ 2... 7'1-tl. q. 

[0007] --E- 7l7A]LH¾21 ~ 0JF1JoJl n:}.s1i'!, 35'}--'t!_ NAND ufl£c.J r:1ti} 0l;:::::-:::::_, 71.o& .AJoJ] :cE-::= 7]-¥! qjoJ] 11p]t1_ .s?l!:::.c.J·'i'.l 

7'1-% 7] r:] ti} 0 l;::::: ~ ' '?-l _I::_9·'i'] 7'1-% 7] 9 ti} 0];::::: ~ qj oil qj .7.l ~ 'f~ i::::_ i:.1}'i'] ~ 4 ~1 ~ ,~g-~~9.1 ft rJl ;::::: ~, ft i:.fl ;::::: le!] 

g_ %"517 ~~~-c- ~4-21 uJl£9 Ale!] 7'1-s:¥ ···4421 uJl.5'..9 ;::::le!] -=?-s:¥;?_ uJl£9 it/-4 4-31 ~.£~-ll ~R1gj_-g:­

¥.W~·-· . i=i.1 ;;,;1]1 uJ]£9 ~-~ LJ121 ~-l.E.4'i'.l~ g_ ~-1.E.cl'i'.l -=?-%71 r:]ti} 0l;:::::~oJl ~-17].:3:j..Q..sc.. ~~-8}-:::::_ ~%-uJl 

£2]-iol]'l1l. ti] 0 1- -=?-s:¥g_ ¥.W~9-. ~%-uJl£9-io1]1Jll. til 0 1- -=?-s:¥;?_ ;;,;-Jll uJl£9 ~~Sil 7-1lB ~'2"14 :cE q~ 

uJl£9 ~~Sil 7'llB ~'2"1 A} 0 loil qj.7.]~ ~%-uJl£2l--cJl~ 0 1°1- ~'2'jg_ %"517 ~~tl.9-. 

[0008] --E- 7ffA]LH-§·SiJ ~ 0JF1Joil rr:}.s1i'!, ~.5=.~-l] -=?-s:¥ 01 "il~~JL, 01 ~.5=.~l -=?-s:¥:?. ~.5=.~l 71¥1: qjoil qj.7.]"6"]-JL 

.:3:j61.£ "6"]-Y-21 ftqj ;:::::,l'-]1 •• .:3:j61.£ "6"]-Y-21 Nqj ;:::::le!J-8: Z)-z.}21 ~~ ~~4 z}z.}21 ~-!7] .£~:! ~ ~21 Nqj ~~ 

g_ ±WW· 4 ::3l61£ "6"1-Y-21 Ni:Jl ;:::::le!Jg_ %"517 4-.3J..Q..sc.. ~AJ-~c uJl£9 ;:::::le!J -=?-s¥~g_ ¥.W"6"l-c uJlY9-

'tll1Jll. 61,,_,!/-@}9; uJ]Yc.j-'tl]~ 61~!;c.]~ %"517 4-31..Q..sc.. ~AJ~JL, ;;,;,]1 4-~ lclJ'6"J=g_ rr:}4 41clJ"8'J=..Q..sc.. ~AJ-~~. 

::3l61£ "6"]-y-SiJ ftqj ~le!Jg_ ~4-21 ~~'6"J..Q..sc.. 0 124tl. ~~..Q..sc.. ~lclJ~..Q..sc.. -e-~"6"1-c ~4-21 -.;-~~..Q..sc.. 7cl.~~ 

zl.le!]..§. 0 1°} -=?-s:¥(a plurality of lateralb·-elongated contact via structures) --~4-21 ~~~·2:, ;;i;-Jll "r 
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$j yzj TI1?'!5=.$j :i§ 1i'1011 r:B g ~q 
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£ 32bc £ 32a~ 'T'-1131i'1 B-B'~ n:j-~ A]l3 oJ1Al-'3j'i.! -=?-3'::%9.1 ~'5joJl.9.1 'T'-113 trl?:!S:. 0 li=t. Al.::1.A].:2 y31£B. A-

A 1 c £ 32a~ 'T'-31 trli'1S:.9.1 1131?! oil t:1l g "tli=t -

S:. 33ac i":- 7Pli.ll%?1 A1l4 {!_,),.loJl61l n:j-~ A]]l lll~ Ri:]1 ~1'll. A1]2 lll~ Rqj ;'.":1'Jl, '}l uJl.£cl ~1'lj -=?-Z:%'€· 

~ '5jAJ +9.1 ;(114 oJl,.,,.1-9'?..! -=?-3'::¥~ 'T'-31 121:'~£olq. 

£ 33bc S:. 33a~ yll31i"J B-B' ~ n:j-~ A1]4 oJl,.,,.l-9'\J -=?-3'::.%~ yStJ 121:'1;"1S:. 0 ]q_ ;,;j,:2;(].:2 'T'-311i'1 A-A'c :C-:: 

33a~ 'T'-31 trli'1S:.9.1 1131i'1611 t:1l g "tlq. 

S:. 34ac i":- 7PlcH%9.1 ;(-114 {!AloJ]oil n:j-~ ~%-i:iil.£cl-i.'.1]"!ll 7flT~ '}l BR1i'1 z:!1')jE Eifil~l-~·.5'; '5j-·"cl +~ A1]4 

oJlA]:3:1'?..! T5:-¥9.] 'T'-113 TI1i'1£ 0 lr:}. 

S:. 34b';:: S:. 34a.9.1 'T'-1131i'1 B-B'~ n:j-~- ;(114 oJ].AlZj'\J -=?-3'::%~ 'T'-113 TI1i'1S:. 0 ]q_ ;,;j,:2;i:].:2 yzj1i"J A-A'~-:_;:;::_ 

34a~ y3j trl?:!S:.~ 1131?! 611 t:1l g 1}q 

S:. 35a';:: i":- 7fl A] LH-%9.1 ;(114 {!,.,_l oJl oil n:J--E- ~ ~ 2}0 11.-7 ~ ~ ~ Zj '}l JIJ-lE-1 'cl +sq ;(114 oJl Al-'3j 'i.! -=?-3'::.%~ y3] 

trli'1S:. oJ q. 

S:. 35b';:: S:. 35a.9.1 'T'-1131i'1 B-B'~ n:j-~ ;(114 oJ]A]-9'\J -=?-3'::%~ 'T'-38 TI1i'1S:. 0 li=t. ;,;j,:2;(].:2 yzj1B_ A-A'';:: 2-c 

35a~ 'T'"Zl trli'1S:.~ 1131?:! 611 r:J1 g tlq. 

S:. 36a';:: i":- 7]A]LtJ%9.1 AM {)_AloJ]oil ul~ BR1i"J .2.~,¥-~9i '5jAJ +~ ;i:-J]4 oJlA]Zj'i.)_ -=?-3'::%~ yzj 

TI1i'1S:.olq. 

S:. 36b ';:: S:. 36a~ 'T'-381i'1 B-B' ~ n:j-,e ;(-114 oJl .A]-9 '\J -=?-3'::.%~ 'T'-38 TI1i'1S:. 0 1 q. ;,;] .:2;(].:2 yzj 1i"l A-A·';:: S: 

36a~ 'T'"Zl trli'1S:.~ 1131?:! 611 t:1l g "tli=t. 

S:. 37a';:: i":- 7fl,.,,.lcH¾~ A]]4 {l_AloJ]oil n:}~ ~71 S:.~ %"--€-~ '5jAd +9.1 ;(-114 oJlAlZj'\J -=?-3'::.%~ yzj TI'i'!S:. 0 1 
q 
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5=. 38a-::. i":- 7]Al1.H%~ AH {tAloJloil rr]--E.- ~~ iil]7.]- .§.'tll-3'-] T3'::%% ~ ~1=1J~_c,_£ ~~~} Zilell-~ l::ll 0 ]- T3':: 

%~91 °8j,.,_d +~ A1]4 oJlAlZj'{} T3'::%91 yzt TIIB_5=. 0lct. 

5=. 38b-::. 5=. 38a~ y'f~'B_ B-B'-~ n:}~ AH oJlAlZj'{} T3'::%91 y~ TIIB_5=.0lct. Al..:::::IAl]..:::::I y3-l1i"I_ A-A'-::. .5=. 

38a91 yzt tl-1i"l_5=.~ ~ 1i"I_ oil t:J1 g ~ct. 

5=. 39a-::. i":- 7]AlcH%~ AH {tAloJM n:}~ tl-%-rillYc.]-101]'1:[ l::ll 6 } T3'::%~~ ~,.,_d +~ AH oJlAlZj'{} T3'::~-

91 "rzt tl-1i"l_5=. 0lct. 

5=. 39b-::. 5=. 39a~ "r'{i'B_ B-B'~ n:}-C~ AH oJlAlZj'{} T3'::%91 y~ TIIB_5=.0lct. Al..:::::IAl]..:::::I yztJ?:! A-A'-::. 5=. 

39a~ yzt tl-1i"l_5=.~ ~ 1i"I_ oil t:J1 g ~q. 

5=. 402. i"_.. 7]Al1.H%~ AH ~AloJM n:}-2 AJ-¥1 101111:[ cg-~ AJ~~~ T3'::%~~ ~.Ad -~~ A1]4 oj]Al;;i:~'{]_ -,1-3'::% 

~ "rzt tl-1i"l_5=. 0lct. 

5=. 41,':_ i"_.. 7]A]l.H%~ A1]4 {-1"-loJM n:}~ JiJlE]'c].'.§ ~~ 2..)- 011.;j "_:;~~ °8jAd +91 ;;zl]4 oJ]Al~'l'{]_ T3'::%~ A1]1 

~ "8j oj] ~ ?.:3J 1:f i:.'l5=. 01 q. 

5=. 42-::::_ i":- 7]A]1.H%~ ;;zjl4 {i_A]oJloil n:}~ -".'--=l~ iil]7.} .§.'tll.,i;l T3'::%~. ~1=1J~J_2__?_ ~3i-~ ti.;JJ.§. l::ll 6 } T::'s':~­

%, ~ -t!-%-nJlYc.J-'cll'1ll. l::ll 6 } -,1-3'::%-~~ °8jAd +~ A1l4 oJ1Al'9'Zl T3'::%~ A1]1 l:.'!l~oJ]~ ?.:3J TIJ?:!5=. 0lq. 

5=. 432. i":- 7l]A]1.H%~ A1]4 {)_AloJloil n:j-~ .,>g-¥1 101111:[ -'6-4i'- ..'g~~4i'- TS:%~~ ~Ad +~ Ail4 oj]AlZj'{} T:t% 

~ A1]1 \1~oJl~ 4-zJ TIIB_5=. 0]ct. 

5=. 44a~ i":- 7]A]cH%~ A1l4 {)_AloJM n:j-~ Au ;ifl'Z .:ur-qj -:-'::Jell, A1]2 7ll'Z ..uLql -:-'::.;JJ, nJlYc.l 6..;JJ T3'::%~, 

P,J -'=.~1]'{}-~.;JJ-'cl]'1:[ ~2. .§.'tll.,i;] Zlc.l TS:%~~ °8jAJ +~ ~]4 oJlA]:3:j'{]_ TS:%~ A1]2 ~"8joj]~ yzt tl-1?15=. 

o]q. 

5=. 44b~ 5=. 44a91 y~1?:i B-B'~ n:}-f:': Ail4 oJ]Al:3:J'Zl T~%~ ~12 1;1"8joJl~ 'T~ tl-1?1£ 0lct. )(.]_::::r;sl]_::::r yz] 

1i"I_ A-A'-::_ £ 44a91 yzj 1:f'r!S:.~ ~ Ir! oil i:J1 g ~q. 

5=. 45a~ i":- 7HAlcH%~ ~14 {tAloJloil n:}~ -t!-%-nJl_1r_c.]-~11'1ll. 7HT~ ~ B]1i"I_ Zilell.§. ..§.'tll.,i;Hl~·;;•j °8jAJ +~ Ail4 

oJjP.]:3:j'{]_ T3'::%~ Ail2 J;1"8joj]~ yzj tl-1?1£o]q_ 

5=. 45b~ 5=. 45a~ ?~1?1 B-B' ~ n:}~ Ail4 oJlA]:3:j'{]_ T3'::%~ ~]2 J;1"8jojl~ y~ tl-1?1£ 0lq. Al..:::::r;sl]_::::r yzt 
1i:! A-A'-::. £ 45a~ ?.:3J tl-1i"l_5=.~ ~ 1i:! oil i:J1 g ~q. 

£ 46a~ i":- 7]AlcH%~ ~14 {tAloJloil n:}~ §J.,_J Allii.. '3°~·-t ;g_7] 5=.;g_ 'Z~£ i:JP-ll~ +~ A-114 oJP·l:3:l'Zl Tk 

%-91 ;;z-J]2 ~"8joJl~ ?zt tl-1?1£ 0lct. 

5=. 46b~ 5=. 46a~ ?~1?1 B-B'~ n:}~ A-j]4 oJ]Al:3:J'Zl 7-s:%-91 A1l2 ~"8joJl.91 'T~ tl-1?15=. 0ltj-. Al..:::::IAl]..:::::I ?zt 

1i:! A-A'-::. 5=. 46a~ ?zt tl-1?15=.~ ~ 1i:! oil i::l] -§- ~q. 

5=. 47a-::. i":- 7]Al1.H%~ ;;z-114 {l_AloJloil n:}E Zi.¥.~ ~~ -°J-91 -"1:3:1, ~ ti±~ 1'l<=;i 0'/s'-~1 ?~ 4'-~1 ;s-1171<'>}.::il 

:r!-%-nJ]Yc.]-~]11:[ 7HT~-i 3ljfl f.'f~ 0lBJ'1! oil~ +91 Ai]4 oJ]Al:3:J'Zl T3'::%~ A-112 ~"8joJl~ ?zt TI1i':15=. 0lct. 

5=. 47b-::. 5=. 47a~ y~J?:! B-B'~ n:}~- A-j]4 oj]AlZj'{} TS:%.9] Ail2 1;1"8joJ].9] ?~ TI1i'15=. 0]q. Al..:::::I;sl]..:::::r ?zt 

1i"I_ A-A'-::_ 5=. 47a~ ?.:3J tl-1i"l_5=.~ ~ 1i:! oil t:J1 g ~q. 

5=. 48a-::. i"_.. 7HA]l.f!%~ A-114 {l_AloJM n:}~ ~1=1J~-2..5'.- ~3l'-~ ZiJell.§. l::ll 6 } T:5':-:%~ ~ -t!-%-nJlYcl-10-l]tfil l::ll 6 } 

TS:~·~,,~ °8jAJ +~ Ail4 oJlA]Zj'{]_ TS:%91 ;sj]2 ~~oll~ ?zt TI1i':15=. 0]q_ 

5=. 48b-::. 5=. 48a~ y~1rl, B-B'~ n:}~- A1]4 oJ]AlZj'{} T3'::%.9.:J A1]2 J;1"8joj].9.:J y~ TI'i'15=. 0lct. A]..:::::IAij..:::::I yzt 
1rl. A-A'-::_ 5=. 48a~ ?.:3J TI'i'15=.~ ~ 1rl. oil t:J1 g ~q. 

5=. 49-::::_ i"_.. 7HA]cH%~ ~14 {)_Alolloil n:}-~ .AJ-¥1 101]'1:[ -'6-4i'- .AJ~~4i'- T3'::~:-%"-1 ~Ad +~ Ail4 oJlAlZj'{} TS::-~ 

91 7.112 \1 "8j oJl ~ "rzt TI 1rl. 5=. 0 l ct 

5=. 50a-::. i".-- 7l]A]cH%~ All4 {l_AloJloil n:}~ AH 7ll'Z .uI-qj 6..;lJ, 7.i]2 711% ..uLql 6.lelj, nJlYcl 6.lelj TS::%~. 

~ C'i:-J]'{]_-~lelj-101]'1:[ ~,':_ .§.'tll.,i;] Zlcl T3'::%~S>l "8j-1! +~ A1]4 ol]A]'9'Zl -,1-s,:%.9.l 7.1]3 ~"8joJl~ yzt TI'i'15=. 
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5=. 50b-::. 5=. 50a-"'-l 4-1§1?:i B-B'~ o:}~ ;,;1]4 oJlAlZj~ Ts%-"'-l ·"113 ~Z§oJl.s>l 4-:srJ B1?:15=. 0 l1i. ;,..l.:::i;,;]J.:::z. 4-3l 

ti A-A'-::_ 5=. 50a-"'-l 4-3l 1i±1?:i£.9.:j 1§ 'cl oJl i::1l ;; ~q. 

5=. 5la-::. ~ 7]A]l.H%S>J ?:114 ~AloJloJl o:}~ 3ct-%-i:iil£cl-i.l]~ 7]T~S>l Z§Ad +-"'-1 ?:1]4 °PlZl~ =?-s%S>l ?:113 

~Z§o!lS>l 4-3l B1?:1£ 0 l1i. 

5=. 5lb-::. 5=. 5la-"'-l 4-1§1?:i B-B'~ o:}-2 ;,;1]4 oJlAlZj~ Ts%S>l .::<113 ~Z§oJlS>l 4-1§ B1?:1£ 0 ]q. ;,..l.:::z.;,;]J.:::z. 4-3l 

1?:i A-A'-::_ 5=. 5la-"'-l 4-31 BZ:1.5=.S>l 1§ 1?:i oJl i::1l ;; ~q. 

5=. 52a-::. ~ 7]A]1.H%S>l ;,;1]4 11AloJloJl o:}-~ ~/.] ::<]J.E. c~~g 1271 5=.11_ ';'-~£ qj5tll~ +S>J ?:1]4 oj]A]Zj~ TS 

%S>l ?:113 ~-ejoJlS>l 4-31 B1?:1£ 0 l1i 

5=. 52b-::. 5=. 52aS>l 4-1§1?:i B-B'~ o:}-~- ;,;1]4 oJ]J-lZl~ Ts%S>l .::<1]3 ~Z§o!]S>l 4-1§ B1?:1£ 0 ]q. ;,..j.:::z.;,;l].:::z. 4-31 

1?:i A-A'-::. 5=. 52a-"'-l 4-31 1i±i;cJ£S>J 1§ 1?:i oJl i::1l ;; ~q. 

5=. 53a-::. ~ 7]A]1.H%S>l ;,;1]4 <'l"'loJloJl o:}~ ~~ 4°11--i~S>l Z§Ad +S>l "114 oJl.,,_lZlZI Ts%-"'-l .::<1]3 ~Z§o!l-"'-1 4-

31 BZ:l.£ 0 ]r::}. 

5=. 53b~ 5=. 53a-"'-l 4-1§1?:i B-B'~- rtj-.f'. ;,;1]4 oJ]J-l:3:j~ Ts%S>l ;,;1]3 ~Z§o!lS>l 4-1§ B1?:1£ 0 11i. ;,.j.:::1;,;l].:::1 4-31 

1?:i A-A'-::. 5=. 53aS>l 4-31 B1?:1£S>l 1§ 'cl oJl i::1l ;; ~q. 

5:. 54a-::. ~ 7]A]1.H%S>l ?:1]4 ~.,,_loJloJl o:}¥- 3ct-%-i:iil£cl-i.1]~ l:l] 0} Ts%~S>l -ejA<') +S>J ?:1]4 °l]A]:3:j~ T:t% 

S>l ?:1]3 ~Z§o!l-"'-1 4·31 B1?:1£ 0 11i. 

5:. 54b~ 5:. 54a-"'-l 4-1§1?:i B-B'~ r4c· ?:1]4 oj]Al:3:j~ T3::%S>l ?:1]3 ~Z§oJ]S>l 4-1§ B1?:15:. 0 ]q. ;,..j.:::1;,;l].:::1 4-31 

'cl A-A'-::_ 5:. 54aS>l 4-.:3] :f 1?:15:.S>l 1§ 'cl oJl i::1l ;; ~q. 

5:. 55a~ ~ 7].,,_li.H¾S>l ~14 ~.,,_loJloll o:}~ ~JclJ.,,J=.Q..£ .:;-J~~ zl.m]:§ l:l]o} Ts%·~· ~1 .AJ.$1 i.1]~ if~ .AJ.:§:.~ 

~ TS%~-"'-] -ejA<') +S>l ~14 oj]A]:3:jZ! T3'~%S>l ?:1]3 ~Z§o!]S>l 4-31 B1?:i5:. 0 l1i. 

5:. 55b~ 5:. 55a-"'-l 4-1§1?:i B-B'~ o:}~ ;,;1]4 oJlAl:3:j~ Ts%S>l ?:1]3 ~Z§ci!lS>l 4-1§ B1?:15:. 0 li::}. 7.l.:::i;,;l].:::i y-3J 

'cl A-A'~ 5:. 55aS>l 4-3l 1~1?:15:.S>l :l§!i'1oll i::1l;; ~q. 

5:. 56a-::. ~ 7Pli.H%"'1 ~14 ~AloJloJl o:}~ i:iil.P-cl ~m] ..::;1-s%~ ~ ~JclJ.,,J=.Q..£ 7,J.~~ zl_m]E l:llo} ..::;1-s::%·~· 

S>j Z§-"d +S>l ;;t1l4 ci!lA]Zj~ ..::;1-s%S>l ;,;1]4 ~Z§cil]S>j 4-31 B1?:15:. 0 ]q. 

5:. 56b~ 5:. 56aS>l 4-1§1?:i B-B' ~ o:}~ ;;t1]4 oJlAl:3:j~ ..::;1-s%S>l ;,;1]4 ~Z§ci!lS>l 4-1§ B1?:15:. 0 l1i. 7.l.:::i;,;l].:::i 4-31 

1?:i A-A'-::. 5:. 56a.s>l 4-3l B1?:15:.S>l 1§ 'cl oJl t:l1 ;; ~tj. 

5:. 57a~ ~ 7]AM%S>l ?:114 ~AloJloJl o:}~ 3ct-%-i:iil£c1-;;.]]~ 7]..::;1-~ "'1 ~-18 +sq ?:1]4 ci!l"'lZl~ ..::;1-s-%9.l ;,;j]4 

~ Z§ o!l .s>l 4-31 B1?:15:. 0 l q. 

5:. 57b-::. 5=. 57aS>l 4-1§1?:i B-B'~ o:}~- ?:1]4 oJ]Al:3:j~ ..::;1-s%.9.:J ;,;1]4 ~Z§oJl.9.:J 4-1§ B1?:15:. 0 li::}. ;,..j.:::1;,;l].:::1 4-31 

ti A-A'-::. 5=. 57aS>l 4-31 B1?:i£S>l 1§ 1?:i oil rJ1 ;; ~q. 

5:. 58a-::. ~ 7] .,,_l i.H¾S>l ;,;1]4 ~.,,_l oJl oil o:},e.- ~ ~ 4°11--i ~ <>1 Z§-"<'J +S>J ?:1]4 oJl ,,_l :3:j Zl ..::;1-s%S>l ?:1]4 ~ Z§ oJl S>1 4-

31 B1?:1£ 0 ]q 

5=. 58b-::. 5=. 58aS>l 4-1§1?:i B-B'·~ o:}~ ;,;1]4 oJ]Al:3:j~ ..::;1-s-%.9.:J .::<114 ~Z§oJl.s>.:J 4-1§ B1?:1£ 0 11i. ;,..].:::z.;,;].:::i 4-31 

'cl A-A'-::_ 5=. 58a-"'-l 4-31 B1?:1£S>l 1§ 1?:i oil rl1 ;; ~q. 

5=. 59a-::. ~ 7],,,11.tl¾S>l ;;t1]4 ~,,,loJloJl o:}~ ~%-i:iilYcl-i.l]~ l:ll 0 } ..::;1-s%~ ~ ,,,Jqj i.1I~ if~ .AJ.:§:.~q. Ts 

%~-s~ ";.l-18 +S>l ?:1]4 o!l,,,l:3:j~ ..::;1-s%S>l ?:114 ~Z§o!lS>l 4-31 B1?:1£ 0 11i. 

5=. 59b-::. 5=. 59aS>l 4-1§1?:i B-B'~ o:}-2 ?:1]4 oJ]Al:3:j~ ..::;1-s%S>l ;,;1]4 ~Z§oJ]S>l 4-~J B~5=. 0 ]q. _;;,..l.:::z.;,;].:::1 4-31 

'cl A-A'-::. 5=. 59a-"'-l 4-31 B1?:1£S>l 1§ 1?:i oil rJ1 ;; ~q. 

£ 6la-::. ~ 7],,,li.H¾S>l .::<113 ~,,,loJloll o:}~ i:iilYcl ~ISJJ ..::;1-s~-%~ Z§A<') +S>J ·"113 oJl,,,lZl~ ..::;1-s%S>l ?:112 ~Z§ 

oJlS>l 4-31 B1?:1£ 0 11i. 
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• -b-i-@ g lb lfo fu fu to=ifu-8. 1-z* to BIL :'i ~ j V-V !rt 

tz* r[rr[-c ·tilo=i]=ii-8. fu* tolEOffiti"t l[i-r to¾T-.:1:: Io~lY[EO tli-r ;;;;:-[TI ~,8-8 ]=iifu* toW[L :'i ~qlL :'i 

"-blo=ii;'i_-8. ['2-c? tolEOffiti"t l[i-r to¾T-.:1:: R,~[Y[EO t[f,: to± fY 
ffi [Y% to~i:3.li:t[6 -[o[A ]k[f-;;-[2c5'[ln--&-t\: f,,::~[¥[l23 3[3."Q" i;'i_[fl -§'-[:n [fo[EO[YF} tlb-: to%fh[y[L ii' ~BIL :'i 

"-p.1-9-g lb [fo]=iifu to=i1rt-8. 1-z* toB0L :'i ~ ,Y-V !rt 

1-z* r[le'.r [-c • -b lo :'iirt-8. fu* to [EO ffi ti"t L[f,: to¾T.:1:: Io~ [Y [EO tli-r ~-[:n ~ , 8-8 ]=ii fu* toB0L :'i ~ qol :'i 

"-b[o:'i]=ii-µ 1-z* to[EOf.gti_'t L[i-l". to¾T.:1:: R,~[Y[EO 

tlfl". to± fYffi ho·!~-[I'!'~% ilklf2c -3-tf:IR" l'B. ~¾T-.:1:: [3'7 t2ctlln ~tn lfolEO[YF} vlb< to%trtlY[L ii' ~BOL :'i 

• -b-i-@ g lb lfo !rt fu to=ifu-8. 1-z* toB69 :'i ~, V-V 1±i­
rz* r[lle'.r[-c ·tilo=i]=ii-8. fu-c? tolEOffiti"t 9[f,: to¾T.:1:: Io~lY[EO tlb-: -~{:n -~,8-8 ]=iifu* toB69 :'i ~%9 3 

-blo=i]=ii-8. tz-c? tolEOffiti"t 9lb-: to¾T-.:1:: Io~lY[EO v[fl". to± fd.!?-to~¾ 

T-.:1:: ~~"-@-[',-· ~-E-]k[f,; r<SiY j'B. ~¾T-.:1:: -[o[A ]k[f-;;-[2c5'lln--&-t\: "§'-ln lfo[EO[YF} vlb< to%fh[y[L ii' ~B69 3 

• -b-i-@ g lb lfo fu fu to=ifu-8. fZ"-c:? toB89 :'i ~, V-V !rt 

1-z* r[lle'.rl-c ·tilo=i]=ii-8. fu* tolEOffiti"t 9lb-: to¾T-.:1:: Io~lY[EO t[f,: ~-[:n ~ ,8-8 ]=iifu* toB89 :'i ~Q89 3 

"-blo=i]=ii-8. tz* tolEO~ti"t 9[1-l". to¾T-.:1:: R,~[Y[EO t[i-l". to± 

fY~ ro-s¾T-.:1:: -[o[A =1[3."Q" 1-9-~Ez 2of.2--fi=l-':;;:: j'B. ~~ ~3 [t:~ ~tn lfolEO[Y'fy tlb-: to%fh[y[L ii' ~B89 :'i 

• ,l::i {@ g fp lfo !rt fu to:'i ]=ii .f-i_ ['2-c:? to B l9 3 ~ , V-V ]=ii 

1-z* r[le'.'C[-c ·tilo=i]=ii-8. fu-c? lolloffiti"t 9lb-: to¾T-l-R,~[Y[EO tlb-: ~-[:n ~ ,8-8 ]=iifu* toBL9 :'i ~qlg 3 

·tilo=i1rt-P-t 1-z 

-c? to [EO ffi ti"t 9 lb-: to¾T-.:1:: lo~ [Y [EO tli-l". to± fY ffi to -§*·b--◊ fa [fl ~tn lfo lEO [Y rv tlb-: to% fh [y [L ii' ~Bl9 3 

·ti.1-9-glb lfofofu to=i1rt-8. 1-z* to-c99 3 ~.v-v 1rt 

tz_;., r[le'.r[-c ·tilo=ifu-8. fu-c? lolloffiti"t 9[~ lo¾T-.:1:: Io~lY[EO t[fr -~--[:n ~.8-8 1rtfu-c:? toB99 3 ~qgg 3 
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Hr i{t '[-2-¾ ~((081)~ tY2·0-fa{Yi@l-Y i{t)(0LT)~ ['t' ]=o~ Hr 'H-2-lo [lo~llo fY-fFtlo lo-b{.<?-=ibfi: ~{.<?-%-lo 

tY2Ec:?{a ~llo ·&'-IDl.Y 2llr [r;:["2ry[2 Es-l2i-btlrr ''?Thtlrr lofti-[r21Y ·g;[lic [r;:["2ry[2 ·tiro? ~fY~ ~-t':­

[L llo~1. IDl.Y 2llr [r;:["2ry[2 bl5l2i-t3.tlrr [n-["2ryt2 'K'fo? BfY~ lloro ((081)~ k2·0-fa{YIDl.l-Y i{t)(0LT) 

~:Kt ]=o~~: Hr lo([Y::'i[n)[jl.Y 2[r [r;:[2cry[2 ~{-'?--t~n: ·&'-·-~_c, "3y[z:-[f"23:if :'it<)[£ 'b;;. ~llo ·t:iro? BfY 

~ tYllo~l¥'.'ro ~r:'rfY~ tY[-2-~--¼ lo~-~:,P-,1:-[jl.Y l2ctl!n ~{.<?-%n :z.;-";l@y ['i:? lo;=;_yl;f t2ctlln 'ty[to(00T) 

!'oti:> lo[f2cb t2ctl!n ·~(6tT)-,1:-[L t2ct[[n ~ll-£ Hr ·tiEs-?Y~ H-2-¾ ~(ZtT 'Z8T)IDl."'7 tbE ~ll-£ T[l-r {L(6tT) 

-t::-HL [27i[ln ~ltz. T[l,,:' ~l5-t't:i=o [z:-{t£j;'i_Jf Bf, :'it<)[£ lo(0T)~ 2[r lr~::'i{R. j;'ifu 'i=;'i{2-':P% ~q9 ::'i i{t 1:9 ::'i [6t-OO] 

• ti 1b ? B% lo [Y g, =illb:k-;;; t:J. ti. k-tz t:J '{it k'fo ? Thro Ett loWU008 

kfti-wuos ~llb:k-lo(08T)~ lt~R% -tz~ll-£ ·ti-w.-t~n ~2[r lr,::li::% rc{fr ~~iY -i?l2?Y '?(081)~ lld~:% 

-tz~[I,'. ·ti'fo? BE£la lloro (0LT '991 'zn 'ZST)¾':P-,1:-~11,'. Tlf-r lo(08T)~ l~R% -tz-~ll-£ 'ty·2of.9-htfa.1-Y [81700] 

• ti Fo b [5 [Y::'i 

2O1-Y~ tY[loqt ::'i ~ldt loS Bl!-£ lotYllo(ZtT 'ZST)[Bl.c:? tbE ~ll-£ Tll-r ·tin; ? BfY~ tW2O%[~ 22 

[r ltd~:% \.fr ¾{:g{y ~..g. ltl:'.li::% ('?-rz t,J:-¾~-1.Y ~ln~-ro) ~:fi/i{t ¾~-1.Y -i?l2?Y ~r=ili=t[.f {oli=t K{.<?-?d,, 

~ r=ili=t[.f {oli=t [-2-¾ ;:;' (ZtT 'Z8T)i[ily [J.E td~ T[fr 'k~: ~lto '~ (TLT)¾:P-,1:-%lL lz:-lz:-~ll-£ Tl~ ·tiriS> ? 

BfY~ llo(00Z)g,ti;, {oli=t 3.[jl.j=l; R,{2:s~ i{t (00t)g,ti;, {oli=t illct[r"2-[2ctl!n-¾f.\.: '~(TLT)¾':P-,1:-%[L [z:-[z:-~ll-£ 

Tlf-r '~c-3--~lk titb? BfY~ [lo;=;_~-½ lo(ZtT 'Z8T)IDl."'7 tbE ~ll-£ Tlfr ~.f6 lz:-[5fy~ 2::'i['h ~~ l~~¾ 

lo¾:P-,1:-IDl.Y l,,·;.,i'[l,, tY[lo;;.[l-£fi &¾ -{·:,',: • ~(TLT)¾:P-,1:-%lL lz:-lz:-~ltt Hr 'i=;'i{.<?-:P% ~Qll ::'i lb. Bt ::'i Lli:"OO] 

·ti-w.?y-,1::-;:;'¾:P-,1:­

~,ltt Hr R,¾':P-,1:-%&-& ~[5fl,.~ l-YH-2-~--¼ 2OE£~[} -~(991)~-½ 2[r lr~R% fl,.Bll-£-l,s ~ll-£ Hr i{t (ZtT 

'z8Oifii-< fl:iE ~ll-£ T[fr ·ti-w.-ra ~Y-B° ~-15. ;:;'i=;'iJf ~f!ill-£ -b::E£i=;'ifi fu? ~{-'?-{L~ ':Pfi tY2?% lol2k 

tr? lot3--½2oitlJf B-tV lo·li't[L ~{.<?-[r-.iE {Ly·g-·-rc,yl;f .. ~Bl!-£-[D,. 'ltn B%{Y tYlL[:o ·ti'fo? ~f..,✓~ 

-'6-(991)~-½ 2lir lld~:% fl,.Bll-£-g, ~lrL Tl~ bl5E£la ~::'i-b-[~ ~ r=ili=t[.f ~fill-£ Hr {L2lir R% ·tit¢> ? 

BfY~ ~W2o-t~¾-J,,-o 2O['L? ~l=1li=t[6 P,Y2O-[~~llo ;:;'1'?-i-loi'z-tz lo(ZtT)-0 2llr t[Yl:@ Tlk i{t (ZST).'.; ]=o-~ 

Tlk i@.[¥'.'ro llo[i'c{o ·2{Et j;'i_Jf fi{.<?-lol=lli=t[~ Es-~llo ro~1. g,-,1:-Es-~llo 'K{.<?--t't:-l~ ·2·0-[£1',W. ;:;' g,-,1:-Es-~llo '7,:_· 

{-'?-~[l:o ~r=ili=t[.f tYllofti-;;.1\k[f~ lo(0LO-~ [',c ]=o~ Hr 'K{-'?-fY~ -i·c.%· cc:?{a ~.i'z ~-,1::-[L !lo-½tti 'b'; ~lto 

''?i=;'i1f fl,.fill-£ Hr ·t:i'fo? ~-t~n: ;:;'(ZVS)l,s-,1: ~Bltt Z[fr ~[5fyf}.,. lo%i=;'iJf fl,.fill-£ lofi:tL? tYllo¾:P-,1:­

~.:c!if lo{L? ~:fi/i{t. ¾:P-,1:-~ll-£ Zlfr (B?Y~ lloro ¾:P-,1:-~ltt Hr [-y[~.:;:::--¼) i{t. (TVS)g,-,1:-~Bl!-£ Tlfr loi'z 

i7 ~ [5 fY fl,. lo i=;'i Jf ~fl ll-£ Tltr ' '? i'zi'z ( 00Z) [D ti;, {o [Fl =1 IDl. R; R,{2: ·:=i· I'.-~-i{t ( 00t) !'o ti;, { o [i=t iFt [f2c-[2 ct lln-¾f<l: [91700] 

·tiFo? ~fy~ ·::,'i=;'i_Jf ~fill-£ Hr kllo(00Z)[Dti;, {olFI =1ff3I£' R,{2:·:=i~ lo-1:z-1:z i{t. (00t)g,ti;, {oli=t 

1\klf~-l2ctl!n-¾f.\.: loi'zi'z bl5l2i-t-3-tlrr Z(ZtT 'ZST)IDic:? lbE ~ll-£ Hr i{t. (0LT)~['ic "R,~ Tlfr 'i=;'i{.'?-:P% -i-s ::'i [~t-00] 

• ti tb ? B% lo !Y !'o ::'i[lll:k-E f-::i -b k-lz lcJ '{it lz:-fb ? 
Throti't tc,wuoos lz:-fti-wuoz ~llb-ck-lo(0LT)% a'" i=o~ ·ti-w.{~.n: ~2llr [r,::~% -w.Th% -b::(Z8T)~ i=o~ Hr v 
(0LT)~ ['t' ]=o~ Hr 'tYllolto[yfy, {@. ·ti{-9--t~ti: ~2[r lr<'R% ~{;; ,:;cc Th~lir [tl:'.~% loloft ~ri? B%lo 

[lo(Z8T)~ ]=o~ Tltr -=;"(0LT)~ [';<. ]=o~ Hr ·tilis:i:'Yfl,. [o(0LT)~ a'" ]=o~ H)". [loro (ZtT 'Z8T)IDl."'7 [-y[-2-~± [vv00] 

·tic¢, ? I?{L ~llb:k--w.Th-E-R,]i't* 2ofi:iZR' tYllo~1. (ZtT)~ 2llr t[Y~ Hr g fl:i loi'zi'z -(}(ZtT)~ 2llr 

t[Y~ T[l-r loi'zi'z lofti-(ZtT 'Z8T)[jl.y tbE ~ltt Hr 'klloltolvF;'-{@. ·tir¢,? B%lo lY!'o =i?~ WW-·vfa 
f-::i '{il[z:-Fo? ThroEtt rc,99Z l'L~1. 8 2O[£-tY-& 'tZ0T lzfti. Z ~?~ 1',{R lo;;.-t'?v lo(ZtT)~ 2Hr t[Y~ Hr i{t 
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[00511 ~lelJA}'1J-_()_£A-1, 7-llz:d- %zj:<1l -zoso)21 i'.11~oi1 :u-::: "ill 7-ll-z uJl£9 7FrO49)21 -¥-~~-- ~lclJ,,_cl oi1-1M 21 

iiH ~lclJ'3"J2£ ~~~ 4- ~q 0l~ ~ 0 -L 111-z:d- %zj:<1l -z(lso) 0 1 (cj_S=-~-'8 -n-~~ %9~ ±WW 4-

~.-:::) ;,U ~'ti. -z(l32)__l_il__tj- -2- o!l~ ,~_s=--~ ?t-::: (~-n-~ %9 ~21) -fl--zj:<-ll ::<l]ii.~ ±W~r:l-1?'1_, (HF~ 0 1%~ 

-;',~ oil~ ~21) ~lclJAcl 611~ 0 1 :ill-z:d- %zj:<1l -z(l80)21 i'.j]~o!l ~)-:_-: ::<-Jll ~1;- uJlY9 7]7"-21 ~lclJ'3"J ~!'T~ 
~-"J/.15'171 qjiiH 0 1%~ 4' ~9--- 1lVis"--n %zj;<1] -z(l80)21 i'.l]~o!l qj~l~ A]ll :ill-z uJl£9 7]7-049)£1 -¥-~ 

,s?;- ?dlelj/.}'1)-_Cl_£/.-] ~~5'] 0 1, A-112 :ill:;; uJlY9 7]7"-~ 0 1 (::<-112 lll-z uJlYi:'-l 7]7"-21 "§,,_cl zjoJl ~:':;"iiH/.-] "§,,_cl~) 

::<-112 ::i]l"bc'c ji!_r:1] ~Jell g_ -'b'-iiH ~~iiHA-1 "@Ajs=]7l qi~ -c-j -2- iili'i'l ll]j_:r==_~ ::<11--'g-W ''r ~9-. 

[0052] ::<ill jjf~- uJlY9 7].'.y-(149)611-::: §j-'-Jl uJl£9 7HT %-zj Jr-~(131) 0 1 "@Aj~ 4- ~9--- oil~ ~(>L §j-'-Jl %-zj ::<1] 

It z- 0 1 A]ll :t;· uJl£9 711:r-C149)oi1 5'1'.3j-'8r:l-. §]-'-JJ %-zj ::<Hii. z_g.- ::<-Jll ~'ti. -zo32) '3c! Aill §PJJ ?:]ii.-;-­

(142) 21 All ii. 61] r:1] ii] ,:-1 Jell -'.3j _()_£ _:;z]l77 ~ 4- ~ -c· §] -'-Jl ;z1] ii. ~ ± W ~ tj- . ~ {I_ Al oj] 61] /.7 , §] -'-Jl % zj ::<1] h :-~ 2- , 

{I_ 9 ~( oJl ~ ~ o, . a-Si :cE-::: ¾9 /~ 9 ~), ~ 9 ~-711 2 u}--e- "ff;; , 711 _s_ u}--e-, I I I -V ~Ww J:fl-£:<11 ::<1] E, :cE-c 

0 ]~21 ±W ~21 l:fl-£:<-ll ::<]ii.~ ±WW 4- ~9-. ~lelj/.}'1)-__Cl_£/.7, §]-'-Jl %-zj ;;z]li. "i?Z. 5'1:;,,-11'}71 zjoJ] (1nm 

1--1]7-l 3nm ~qj9.J --'¥- 7/fl~ Y-c {1_9~- ~}~% -z ~21) @-,H?: 61]~ ~7-l ';· 0 1 °]%-'%:l. 4- ~9--- §j-'-Jl %;,:J_ ::<]ii. 

-z-.?:- ti]-{1±~ 5']-'.3j .'-F-l:: D±~ 5'1~ lclJ~oJl 21-ffll "§,,_cl~ 4- ~9-. gc __ i:f-~ {[/.]oJloJ]A-1, §]-'-Jl %;,:J. ;,:]ii. ';;--

2. c1]-'2J61] 21-ffH ~~iiHA-] _,zi17J~{ y ~-:= B]:i')aj_ {1_9~ :cE-:= (Bl:cscJaj_ 1,8--~ t:f.-:= tj-o]o}_g.:,==_ "§ 1,8--~ ~21) 1,8--

[0053] 5']-'.3j-'8_ §j-'-Jl ;,:]li.21 Jr-~~~ ::<-Jll ~1't[ 7J-Z(l70)(~ ~lelj/.}'1)-__CJ_£A7 ~_:;z1]~tj--i:z1 -z(l80)) qjs_1f-E1 ::<jl77~ 

~}tj-_ oJ]~::- ~--o,, ~,,._Jl %-zj ::<1]£. ';;--2. ~18--~ .:g-~.g_. 0 1%1'}°'1 ::<ill ~'ti_ i7J -z(l70)(~ ,:-j_t'~A}'1}2.£A-j ~::<1] 

~r:l-1?1 -zoso))9.J _,._J--ia 1f1?'l_o!l r:11-ffH .2.~~~ 4- ~r:l-. ~18--~ :g--:-<cJ 2-, .2.i_;;-~ o!l~, ~~'.3j 7l7-ll-'.3j ~18--~ 

(01P), :cE-::: 0!--€·21 a:td} ¥.W'!t y ~9---- ;,:J]l -~~ ~--(170)21 --'J1rt lf.1?'1_('3,) ~e:!JA}'1)-__Cl_£A7 ~-,1],,1---::: 7cH--­

-z(l80))~ 61]1) 737-l '5· :cE-c ~18--~ 7scJ7-l -Z2£A7 °1%~ 4- ~9--. ::<-lll :ill-z uJl.51..i:'~ 7].'.y-(149) 1--1]21 §j-'-Jl 

::<]li.21 z/Zr21 L-}u-]7-] -¥-~2- ~-'-Jl uJl£2-] 71].'.y- %-zj 1f-~(13l)g_ 7"--"'cl~t:l----

[0054] §j-'-Jl uJ]S'.9 71].'.y- %-zj Jr-~(131)21 --'J1rt 1f_1?'1_2_ 7-ll-z:d- -fl--zj;,-J] -z(l80)21 --'J1rt 1f_1?'1_::il} %~ ~1?'1_ AJ--611 ~)~ --~--

9_,ltj- __ §j-'-Jl uJ]S'.9 7].'.y- %-zj Jr-~(131)2. 1.-]Jr-611 71]Bl£1~ ¥.W1o}77L-}, ±W1'}7-] ?Jg_ 4-£ ~q 

[oos5J £ 7g_ {l--a:1o}1?'1_, Au 7-ll--~ .::i1-a:wC132, 142, 170, 131) qioi1 ::<-112 7-ll-z .::i1-a:w 0 1 -8".F<'l~ 4- '.:Ut:l--. _;(112 7-lhf ::J. 

5:W 2.. ~j 'ct ,~---::ir}, §] ,,<.,lj ::<1] .fi. -Z 0 ] -%I + <?J t· ~"11 °1 A7 ::<1] .fi. __--6, "-1 2r7}-'.3j '?.l iiLr:1] 6 ell g_ ¥. W%r Y ~q. oll 

~ -~--0, . ::<1] .fi. "~· ~ 21 ;;z-Jl2 iiL r:1] A e:!j (232, 242) 0 ] ::<-Jll iiL r:1] A Jell (132, 142) 21 -AJ--1rt 1f 1?'l_ AJ--oJl +~-ffH A7 "§Ad~ 

4- '.:zi.9--. ;;z-j]2 ~e:!](232. 242) 2- ii/_r:lJ1o}-::: ~4-21 ;,:-Jl3 ::<]ii. -z4 _:;z1]4 ::<1]ii. -z g_ ±W~t:l--. z/--z/--21 ~13 AH.fi. -z 

2. ;;z-j]3 ::<1]ii.~ ±W%1-- y ~..Jl. z/--Zr21 ::<,14 ::<1]ii. %.g_. ;;zil3 ::<]ii.£}-:= -AJ--o]~ A-l]4 ::<1]ii.~ ¥.W%1-- Y ~9--. ~ -~ 

,._ l oj] oJl ,A-1 , A1] 3 ;;c1] ii. -c A]ll ~ <ct -z (132) 21 _;(ill ::<1] ii.--9} % ~ W 4- ~ ..Jl , ;;z-j] 4 ;,:1] ii. -c ~]l §] ,,<..Jl ::<1] ii. -z (142) 21 Ail 

2 ::<ll ii.--9} %~ %1-- 4- ~ 1i. 

[0056] ~ {i_,A]oj]oJ],._1, ;;zj]3 ::<1]K ~,.g__. ::<1]2 ~'ti_ ~(232)~ 4- 5'J..Jl, ::<-114 ::<]ii. ~--i?:- ;,:-j]2 ~<ct -z(232)21 z/--z/--21 4-.:31 c:,] 

* ~ /.} 0 ]61] 4-.:31 °124·&· ;;,Jl{~io]--~- Ail2 6"1) 0 Vi AHli -z~ y ~9--. ~} ~A]oj]oJ]A7' ;;z-j]3 ::<1]ii. 1ll~::ilt ;;z-jl4 ;,:~ 

K ;% _g_ , zi--z;i--, Ail 2 ~ 0j_ '~ ( 232) 3} ~l 2 §] -'-.Jl ;,:] 5_ ".; ( 242) ~ 4- ':il t:l-- . ;;z-j] 2 ~i 'ti. ".; ( 232) 21 A]l 3 ::<1] \~ -c -'.3j 0, £ 

1o}L-}21 ~'ti. ;,:1]£.~ 4- ~9---- ::<112 §j,,<..Jl ::<]ii. ~~(242)9~ ;;z-j]4 ::<1]£.-c. _:;z-J]2 ~'ti. -z(232)21 Ai]3 ;,:1]Eo!l ~lelj-'.3j _()_ 

£ ;;z1]7--j~ ,,,c 9J-::: §J-'-,Jl AHli.~ 4- ~.9--. Ai]2 §j-'-Jl ::<flii. ~-(242)2., ~'ti. ;,:]K, J:fl-£.x-ll ;z1]K. sc-::: 5=_zjAj ;;i_}! 

ii.~ ¥_WW y ~9--. ;;z-Jl2 §j-'-.Jl ;,:lJii. ~-(242)21 Ail4 ::<P,.B'.-:=, +~-ffliA-1, oJl~ ~ 0 ) 4-.:31 NANO clti} 0 ]c21 ;>:-llo, 

;iflo]__l=- zj~~£A7 7]~%r 4'- '.:z)-c· zj7] £zj,,_d zj~~£ r:1]:<11~ 'T 119--. 

[0057] ~ t]/.]ojloJ]Ai, z;i--zi--21 A1]2 si't! -z(232)2. A-112 ~'ti. ::<]ii.~ ±WW 4- ~l..Jl, zrzt--21 ;;1]]2 §j-'-.Jl ;,:!)£. -z(242)2. 

;;zJl2 §j-'-Jl ;>:}]_E.~-- ±WW 4- ~9--- 0 1 :?J---9---, Ail2 clelj(232, 242)2. iiLr:1]1'}-::: ~4-21 ;;z-j]2 ~<ct CC~-(232) ~ ::<-1]2 

§1 -'-.Jl ::<lJ ii. ~~- ( 242) g_ ±WW 4- ~ q . ;;zJ] 2 ~ 'ti. ~;-- ( 232) 21 ::<1] 3 ;>:f! ii.-::: , oi! --~ % c,i_. f:} ~ -'.3j ~ 3J-- ( CVD) 61] 21 iilJ 

~~~ 4- ~9--. ;;z-j]2 §],,..Jl ;;z1]ii. <;·(242)21 ;;z-j]4 ::<]ii.-:=, oJl~ -f¼o-l, CVD _i:;c:_-::: ALD(atomic layer deposition)£ 

"@,,_d~ y ~9--. 

[0058] "i]2 ~'ti_ -z(232)21 ;;z1l3 ;;(fi_E-t':" -'.3j0,5=_ 1o}L-}21 ~'ti_ ::<lJ__fi_.~ y 5'19--. Ail2 ~'ti_ -z(232)oJ] 0 1%~ y ~-:= ~'ti_ 

::<]ii.-:= _;(ill ~'ti. -z(l32)61l 0 1%~ 4- 9Jc- 'B2121 ::<]ii.~ y ~Jq __ ;;zJl2 §j-'-Jl AP;li ;--(242)--9-1 Ai]4 ;;z1]ii.-::: ;;zJl2 

~~ -z(232)21 Ai]3 Allii.61] r:]iiH ~lelj~__CJ_£A-j ;;zJ]77~ 4'-- 5')-:= §-1-'-Jl ::<1]ii. 0 ]q_ ;;z-jl2 §J-'-,Jl ;;z1]ii ___ -z(242)oJl 0 1% 

~ Y ~-:= §]-'-Jl ;;z1]ii.-:= ;;zill §]-'-Jl ::<H~- ~-(142)611 °1%~ Y 0J-c 'B2121 ::<]ii.~ Y ~9---- ~ {[/.loJloJ]Ai, Ail2 
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[0059] A1l2 ~~ ~(232) ~ A1]2 §J--'-,Jl A]li.. ~(242)~ -'j'-;r,,J]~ 20 nm 1-jj,;,;] 50 nm~ 'tl~l~ y '.V_,;,;]~, 44~ A1]2 ~'i''l 

zJH232) ~ 44~ A1]2 §J--'-,Jl A]li.. ~(242)oJl tjjioH C7 :3}7-14 ri ~ -'j'-;r,,Jl7} 0 1%~ y ;Jt:.J-. A1l2 ~~ ~(232) 

~ A1l2 §j--'-,Jl A]li.. ~(242)~ %~~ lt}~ ~T~ 2 7-Jl_;,;l 1024, %/2}-?-j_<'.>_5°.- 8 Ljj,;,;l 256~ 1tl-$l~ y ~l,;,:]1?}. I:7 

~,'.:_ ~}~ ~y.£ Qc]A] 0 ]%~ y ;Jt:.J-. ~ {'J_A]oj]ojl.J-7, A1l2 c:'.'::lel;(232, 242) Ljj~ ZfZf.9-1 A1]2 §J--'-,Jl :z]R 26' 
(242)-€: 44~ ioH~ A1l2 §j--'-,Jl A]li %(242) 7-JloJl.!.i ~z,)_~_0_£ ~'i'!'i.l -;,]-~~ ~-;r,,Jl~ 7}z,l T ;Jt:.J-. 

[0060] A1l2 .ill u~ 7"-Qcj (SA2) Ll1 ~ A1l2 .ill u~ JI. 't! ,'.:_' 3167 .£ ti} 4~ u}6 9d '~ ~ iIJl 18. oil tjj ioH ~ ~ ~ 3::7;g ~- ~-ioH. 

A➔ll :illU~ 7"-Qcj(SAl)oJl.!.7 ;;-111 :illu~ JI.1i'ig_ "§-"-jti}7] 0 1%-'r:l 7--Jcl U:ill~4 %~~ A-]]~91 ~-lcl U:ill~-£- 0 1 
¾til-°1 tt-%-uJlYcl-10,l'lll. 1:11°1- cgQcJc4oo) 51 -?lE.4'?..l z!Ielj..§. 1:11°1- cgQcJc2oo)oi1.1.-1 "§-"-<'l~ 9- '.V-t:.J-. ;;-112 :ilfz 

Qcj--:illU~ %~;1;11 A]li.. -¥--!t-(265),'.:, tl-%-uJlYcl-?1]~ 1:11°1- <:gQc](400) ~ -¥-1£4'?..l z!Ielj_!==_ 1:11°1- <:gQc](200) Ll1 
~ A1l 2 .ill U "§ JI. 1i'i ~ -$1 oil "§ "a ~ "r '.;J t:.J- . 

[0061] A1l2 ~~ 7,lj '°6'"(270)-€: A1]2 ..iil.1:jj c:'.'::Ielj(232, 242) -$loll --f-4;'-ti}°i ~-"-d~ y ;Jt:.J-. A1l2 ,d~ '7,lj '°J-<270),'.: ,:z,12 

§J--'-,Jl ,;,:]5.. ~~(242)~ A]li.'4~ -?} 0 ]~ %~;1;11 ,;,:]5..~ .¥.W~t:.J-. ~ 1tAloJloJ]Ai, ,;,:1]2 ~~ 7,1l ~~(270),'.: 1tcl~ 

~l-:&% g .¥. ~}%t y ;l q. ~ -~-"-1 oj] oil Ai, A➔ll ~ A1]2 §j--'-,Jl ,:z] li ~ (142, 242) 2. 11 cl~ z,1:.§"}% g .¥. TI%t y 

~lr+. 

[0062] ~lt}~_<'.>_r;c__ W'ti}1i'i, 1-i~ ';(132,232):tj- (§j--'-,Jl ,:z]li ~(142, 242) ~.9-l) 65'!1°].l.7 ,:z]li ~~ ~67£ ti}l-j-~ ..ill 

tjj c.-. .,J] 2. ~1?1 1t}.£;(1l ,:z]li '~·(lo) -$loll "§~~ 4, '.;l.Jl, ~o,£ ti}L}~ QcJ-.iilU"§ %~-i1l ,;,:]£.. -¥--lI-(165, 

265)2. ?-lo,£ -;-l-1-J-9i ..iil.tjj 6Ielj(132, 142,232,242) ,,,21-~ .iilu <:gQcJ -$loll ~<:V<'l~ "r '.Ut:.J-. 

[0063] £ Sa ~ £ Sb~ {l-3::t,}'t!, ,;,:1]2 :ill~ ;,..l,;,;] 7]% 7"-3::¥(271) 2. ,:z➔ll :ill~ ;,..].-:,;] 7]% 7"-3::¥(171) -$loll ~'i.l ,;,:1]2 

:ill~ ..iiicJl c:'.'::Ielj(132, 142)-"'1 -'?--!f-~o!l ~~~ T ~lt:.J-. oj]~· ~<•L ,;,:1]2 .ill~ 7-]7-] 7]% 7"-3::{;l-(271),'.: tl-%-uJl 

Ycl-?,J]~ 1:1] 0 } <:gQc](400) ~ ~£4'?..l z!IeljE 1:1] 6 } <:gQcJ(200) LH~ A1ll :ill~;,..]_;,;] 7]% 7"-3::~-(171)9i -?}i;t JI. 

1i'ioJ1 .3.J~ "§~~ y ;Jt:.J-. ,:zi]2 :ill~;,..];,..] 7]% 7"-s.%(271)'2:, oJI-~- ~67. ,;,:1]2 .ill-{/ .:uu11 6.Ielj(232, 242)g_ 

%'5H 1:1] 0 } :'1']1:l]E.j ~ "§-"-jti}.Jl 1:1] 0 } 7']1:l]E.j ~ 1lcl~ ~:&¥ ~/EE~ (~-'f-.::i]l'f ~:.§"}¥:tj- ~,'.:_) %~j;1l it~ -{!:­

:&½ '8·9i %~;1;11 ,:z]li.£ ;(]%_<'.>_5°.-M] ~V<'li1 "r SJt:.J-_ 

[0064J ~ fJj ,<.}-o-J- _<'.)_5°.-.l.7 , E. -c-1] 'i.1-~ Ielj-?,J] ~ ~ ,'.: E ~7.] 7-=j cl 7"-3::¥ (72) ,'.: A1] 2 :ill~ .:uI cJl 6 fJj (232, 242) 9i ~-$1 -¥--!t­

~ ~~~ .1.1J:!.~g_ %'5H ~-"-a~ "r ;Jt:.J-. ~Ielj-E.-c-11'?..l--c-11~ ~2. ..§.~7.l Zfcl 7"-3::¥C72)oJl ~'5~ ~;_ii;t.s;i~ .,11 

2 §J,..,JJ ,:z]li ';:;-(242)t £?,Jl'?..l-~Ielj--c-1]~ ~71 £~ ~ 0 1 --f-4;'-j,H.1.1 ~-"-<'l.s;i~ i3ll~oJl ,.1]-\}\'}t:.J-. E.-c-1l'i.l--~Ielj-;,i] 

~ ~,'.: ..§.~7.] Zfcl 7"-3::¥(72),'.: ~-~-~(Bl, B2, B3, .. )-§ ~]1 "r~ JcJJ~ hdlg_ u:}e} ~y.91 .1.7J:!.~-~-_<'.>_5°.­

-!t-%l-~q. E.-c-1l'i.l-~Ielj-?,JJ~ <fr;:_ ..§.~7,J Zfcl 7"-3::¥(72)2. 1lcl~ ~:&% 'ii-~ %~~1 ,;,:£5..~ .±~~t:.J- ~l 

1 7'11~ JJicJl 6\e!J(l32. 142) ~ ,:z,12 :ill~ ..iil.t:11 c:'.'::Ielj(232, 242)~ :illus~ -$17.l ~ £ sboiJ.1.1 ~~_<'.)__;;:_ £Al£167 

'.U q . A➔ll , ~1 2 ~ .:Z1l 3 uJl.'i'. cl ~ -~- ~ ~ :ill U cg QcJ -€ {'.': -~ ~ tl ql z} ~ JcJJ-o-J ( oj] ~ ~<,; . ii} c; _c,_ ~ 1i'-Ei 4-~ _c:>_ 

-5'.)_<'.>_~ --"J-~~t:.J-. 

[0065J £ 9a ~ .£ 9b~ {rs:til-1?1, A1l2 jjj'z 7"-3::¥(232, 242, 270)~ %'5"H ~7.J.s;i~ .:z1]2 .ill~- uJlYcl 7]T~ .§'M uJl 

Y cl 7] 7"- %~ -¥--!t-O31) -$1 oil ~'il -=?-9'l oil ~ -"-<'l -'r:l q. .¥..sc. ?.1]7-16..§. -~- ~ ,:z-Jl 2 7'11-z 7"-3::~(232, 242, 270) -$1 

oil ~-"-<'l'i'.J y 9}2 §j;<.,lj uJlYcl 7~T %~ lj!--!f-(131)~ :;rJ118_, q, A1ll ?11 2J- uflYcl 7]7"-2~ .llJ-]18_.:ilj- %1::!~ :;rJ118_ 

a- ~-"-jti}.£~ cl!i::.::z.i.'11-'Q iIJlE-l'c'J-':'! y S'Jt:.J-. A➔ll 711'~- uJlYcl 7H-=?-O49)~ :;rJjE-]'c'Jti}~t:-l] 0 1%.s;i~ cl!i::.::z.i.'11:u] 

u}c;'.'::::=:/~ ;;-1]2 :?]!-%~ uJlYcl 7]7"-~ :;rJlE-]'c'Jti}~t:-ll 0 1%~ Y '.Ut:.J-. cl!i::.::z.i.'11~ :;rJlE-]'c'J-'8. ±.sc.?-1]7-lc:'.'::~ ·t-"-"-] .llJ-]18_ 

g .:z1]2 .ii]';- 7"-3::¥(232, 242. 270)~ ~'5H ~.l.}ti}7l q]io] o]JcJJ-"-j o!l~ 0 1 y<>,lj~_ y '.V-t:.J-. ~ {).AloJloJlAi, ,;,:112 

.ill~ ..iil.ql 6\e!j(232, 242)~ A]li* oJl~i>}7l -$liiB 0 ]%.s=]~ 0 ]JcJJ-"-j oil~ "g-7.J~ :.§"}~ :3}%,'.: A1l2 7'1V_; .uLql 6 

fJj (232, 242)o,] .l.7 .:uI tjj ti}~ ;(] li "'~- ~ ~ oil~ g_ ~~:§}ti}.£~ .:uI ql %[ y '.;). q-. 0 1 JcJJ~ oJ] ~ ,'.:_, oJl ~ % 0 -], ~ 

~~ lt}~-"-d 0 1-& oJ]~~ T ;Jt:.J- . .ilJ1Ei'c'J-'r:l cl!i::=ri.'11:u] A]li.. c:'.'::Ielj-€:, oJ]~ ~ 0 L 0 lJcJJ-"-d oil~ -'g-7.J --:foJ] 0 1]-"cJ 

oil ~ ;,B .:zV-J ~ "r '.U t:.J-. 

[0066] 0 }i.'11oJl ~'i.l §J--'-,Jl uJlYcl 1]7"- %~ 1i'--1I-O31)~ %TI JI.1?1 ,'.: zJ-4~ .:z1]2 :ill~ uJlYcl 1]-=?-~ ti}U-¥-oJl.1.1 ¥cl 

~-0_£ _1-c½~ "r '.Ut:.J-. §J,..,JJ uJlYcl 7]7"- %~ -¥--!t-O31)~ --"J-U JI.1?1°1 ¥cl~_<'.)_£ .'-c½-'r:l '?=. oil~ -:g-;,.J 0 l 

y<>,Jl.s;io,, §j--'-,Jl uJlYi:.'] 7]7"- %~ lj!--]I-(131)~ §j;<.,lj .:Z]li..~ ,:z,]2 7'11~ ..iil.ql c:'.'::Ielj(232, 242) ~ A➔ll 7'11~ ..iil.ql 6 

fJj (132, 142) ~ .:z] li( oJl ~ ~ 67, C4Fsf02/ Ar oil~) oil 1:ll ioH ~ fJj 31 _<'.>__5'_ .:z1l71 tlt:.J-. 
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31 '°cf~_<'.> _ _i;c__ 'il~~ ~,':'_ A1ll 711~ _iiLI:J1 2::~(132, 142) ~ A-112 711~ _iiLI:J1 ~~(232, 242) g ¾j';H ';1AJ.£J-::: ';1 

::';- ::,Hl::l]E]~ ~,Ad~I:t ';1~ '1]1::llEJ-::: i":- '§A1l"-161l"-1-::: uJ]..5-'..9 7]7'-(49)4.:il. 7-l3dc8r:+. ~1?:! itl-£5:-1] AHli %­

(10)-9-] AJi;± JI1?:!.g- 44-9-] uJ]..5-'..9 7]7'-(49)-9-] 3}i;± 1E1?:!61l"-i %9~_s>__i;c__ -"=.½~ 9 <Ur:+. 

[0068] £ 10a ~ £ lOb~ %~3}1?!, -"Jlt:·fl~~ .o<hj_ -'f-~(11),':'_ ,:j_~~ itl-£5:-1] s=~~ .:g:-Aa61l S'-]ja;H 44-9-] uJ]..5-'..9 7]7'­

(49)-9-] 3}1i:!1\'-6ll ,:l~"-}79-_0 _ _i;c__"-7 ~Ad'£ 9 <Ur:+. ,:j_~~ itl-£5:-1] £1~,"'_, 1i\-£5:-1l 1E1?:!, q, ~1?:! itl-£5:-1] AHli 

~(10)-9-] %9~_C>__i;c__ -"=.½'8 JI1?:'l_C>__i;c__-'f-E-j;'! itl-£5:-1] AHli~ 1;:PJ;.]5'].:iI., ~';15:1] JI1?:'[_c,__i;c__lj'-E-]S>-] itl-£5:-1] 7:Hli-9~ 

Ad ~ g <?:j :kil ~ q. ,:j_ ~ ?~ it!-£5:-1] -5'1 3i .:g:- 78 % ';'}' ( {)_ ic!-' c] ~ _i;c___i;c__{)_ ic!-' ~ 9 {','-s'.s'.{t ic!-' c] ~ ic!- ~ -9-] ) it!- ~ % 

.g. (°'3~95':. ~S>-1) oJl3dA-1l-'4 %},1611 !E-l=- _iiLq1_i;c__ -5'1~ ~Jl::l-j 1-11£ %'il~ 9 <Ur:+. 1i\-£5:-1l A]li-::: ~';15:1] 1E 

1i'!_sl_q 1i\-£5:-1l 1E1i'! AJoJH C7 -e- -5'1~ ~££ £1~.£]71 ut1~61l, itl-£5:-1] 1E1i'! AJs,_j it!-£~1 ,;,:]li-9-] -5'1~ ~£-'4, 

~';15:-1] 1E1i'! AJs,_j itl-£5:-1] ,;,:]li-9-] -5'1~ ~£ "-} 0 1-9-] 6113d ~£~ ~Aaw.<'.> _ _i;c__Mj ,:j_~~ .AdAJ- 0 1 ~Ad'£ 9 '.Ur:+. 

~ {t"-]011611"-i, -"Jlr:-112:::~ .o<]\'1 -9-~(11)-9-] AJ1i± 1E1i'l,':'., 5-:.2::-,:l~-r1]'lll. z-1_7] 5=.z-1_ '~· 0 1 ~c:':;""i>fl"-i ~Ad'£ 9 '1J 

-::: 5-:.~ ,:lISlj r-1]'lll.~S>-1 r1l'lll.~ g 7}£ ~2.1 ';1AJ'£ 9 <Ur:+. 

[0069] uJlYcl ~~ 7'-~%(55)-g uJ]Ycl 7]7'-(49) 1-11611 ~Ad'£ 9 <Ur:+. 01]"-l~'il 011611"-i, z)-z)--9-] uJ]Yi:.'] A~ T~ 
%(55),"'., uJ]..2..9 "f(50), 9.3J itl-£5:-1] .o<]'§.(60), ~ ,:l~"-}-oJ~'il %z-1.5:-1l .:rr.°1(62)~ ±W%l- 9 ~r:+. ~~ {t 

"-l°116ll"-i. z)-z)--9-] uJ]Ycl "{(50),':'_, AJ-'iJ£61l oj]},lc8_ l::l}-'4 ~ 0 1, ,:j_~,',}i5J~'il ~}B %z-i~l ·z(51), uJlYcl ;:(H 

li ~(54), ~ E-J\'1~ %z-i.i1l ~(56)g ±W%l- 9 <Ur:+. ~ {t"-1°11611"-i, 4z.J·.91 9.3J 1i\-£5:-1l .o<fl\'1(60),"'. ;;s-111 

it!-£;,;-11 j:fl\'1(601) ~ Ail2 itl-£5:-1] .;;<]\'1(602)g_ .¥.W%l- '1"· 'iJI:t. uJ]..5-'..9 7]7'-(49) ~ .,-111 7-ll~ 7-l7l 71% 7'-~% 

Cl 71Hl r:J1 ~ 7-l 7-l 7] 7'-7} 44 £ 5a ~ £ 4a 611 "-i W 7] -91 1i17-ll ~ 611 "-i ~ ,Ad .£Ji:= ?,i._s>__i;c__ £"-l .£J o--i 'U.7-l ;'!, !E 

r:+::: {l_;.l oi1611 "-i-:::. uJl..2.. 21 7R-=rc 49) ~ Au J.Jl·'; 7-l 7-l 71 * -=r-~%(171) 611 r:H ~ 7-l 7-l 7TI-7"-i:= %~ ~ i;1111.5'.. ~ 

,Ad'89-. 0 1 {j_,>..loJloJl"-i, l::llEc}'i}61l z-1_7]~_s>__i;c__ 1l~.£l7-l 'i'.{f cjP] uJ]..5-'..9 ~mi T~%g .¥.Wit-::: Au 7-ll% 

7-].:z] 7]% 7'-~%(171),"'., uJ]Y9 ~~ 7'-~%(55) 0 1 uJlYcl 7]7'-(49)611 ~,Ad5'li:= ~I!} %"-loJl 7-]7-l 7]7'- 1-11611 

~ ,Aa '£ 9 ~ ;::+. 

[0070] ~}B %z-ij:-1l ~(51)-i':, {tcl~ ~~%, (~3f-Pl1'f ~~% ~-91) %z-ij:-1l -?,-c:':;" -".:'}~% . .±.1'::" 0 ]~-9-] ~w ;;-91 ~} 

's:i %z-1;;;11 ARE~ .¥.W~r:+. ,:lmJ"-ti5J-_s>__i;c__A7, ~}B %z-1.5:1l ~c51) ,':'_ 0 1 .:g:-Aa BJ.Jl %';'} _,_~Ef'£ 9 <U.:iI., -cH~ 

61] ~~5'11'::" tl}-'4 {J- 0 1 Bfl1?1 .2.~-'f-~ %5H ~Ad-'f:j 4'- ~!.9-. ~ {l_;.loJloJl"-i, uJ]..5-'..9 ,;,:].E. '~·(54),':'_, °11~ 

~c-L {ti:'~~~~%~ 9 <U-:::, -f'rZ'l,Ad z-1_3} .¥.~ ,;,:].E.~ .¥.W5}1'::" z-1_3} .¥.~ A]li~ 'T' ~:::.}. 

[0071] uJlYcl ;:(H.E. ~(54)0· i?-7.al~ ~--'8%-91 B~ uJlYcl A]li ~_s>__i;c__,',7 ~,Ad5'17-J4, ~9-91 uJlYcl ;;s].E. ~~-91 2::: 

~ g .¥. w~ 9 'U q. ~9-91 uJlY 9 AH li ~ ,c,_, 0 1 %5'1 i:= 7a 4-, £z-i--'8 7:H li( oil~ ~ o--i. Ea~ till, -~cl E.. T,:!]_, 

B"f·, Eln-a-. HJJii". -'fc-ll-a- ":~ c]~"1 W2 '§·?l -s- ⇒, ~"'-1'::" c@~I@ {)_9"-} 0 1£, %9E..nJl {ti:.'l"-} 0 ]£, %cl 

.!:!, T,:!]_ {t 9"-} 0 1 £, Bs=± {t 9"-} 0 1 £, El ct'"ff {t cl"-} 0 1 £, 1.,1 ~ {). 9 "-} 0 1 £, !Et: cl~ -91 ~w ;; -91 ii-~ {l 9"-} 
0 ]£) ~/5':.i:= 1i\-£5:-1] A]li(oJ]~ -~°1. ~°1£ 3}4-91 ~5':. 1i\-£5:1] ..8..5-:. t:f.1'::" ~°1£ 3}4-9-] ~W% 1i\-£;(1l ;,fl 

li~ .¥.1h}c q;~p,3 P:i:= l::llAa~ itl-£5:-1] A]li)~ .¥.W3}-::: ~"r-91 °121'8 -¥-% JJ1°1E A]iI. ~~-& .¥.W%t 4'­

'Uc]-. r:J1 ';'} _s,_-5'..Al IE i::" 4, 7} ~' uJl .51.. 9 ;{]j_1t. ~ ( 54) ,':'_ ' 3} 4 ° l "c} -91 {)_ cl ~ ~ ~% ).7] .::r ~ :§. ·'g -91 ~;l ';1 A,;j :ct 3} 

.¥.~ ;,;]li~ .¥.W%l- 9 S;lq. q1';'}_s>_s'."-i, uJlYcl A]jf!. ~(54)-c, oil~ ~ 01, 3f-6Jl-a- 4-"=-'iJ7-}~ 9 11c, -~? 

c:':;" 4-"=- 'iJ7.} ;;-9-] 5=.~Vd L.}-"=.'iJ7.}~ .¥.W%t "r 'Ur:+. uJ]Y9 ,;,:]li '~;-(54),"'., 01]~ ~~o--i, ~~~ ~z,J-(CVD). 

~7.V~ 5'1~(ALD), %cl~ ~z,J-(PVD), :CE-::: ~71 ~3}~ J<.FJ5}7l -¥1~ ~-91-91 ~~-~ -5'1~ 71~611 .9j5H ~-';J~ 

9 ~lq. uJ]..5-'..9 A]li ';(54)-91 -'r-7,'ll-::: 2nm 1-11:;,;l 20nm 0~ ~-¥1~ 9 ~17-l;'!, C7 .3J-7jL.} c--j -e- -'¥-.TJJl.5=. 9Pl 0 1% 

[0072] E-j\'l_~ %~5:-11 ';(56)-f·, ;,;HJ~ ~71~ l::l} 0 ]°12:: ~~ 5}611"-i ~3} E-j\'l.~ 0 1 9"<'l'£ 9 <U-:= %~;<-11 A]li~ ¥.. 

W~r:+. 

[0073] ~3} E7\'1_~ ,"'_, ~Ad'£ ..5'..~9"-1 3*}~ NAND 2::~~ uJ]Ycl qti}0 l~.91 %-<Q- ..5-'..£61] u:}c} ~ 7']cl°1 4-'iJ i; 'f 
z;H GI":.-:= If}¾c]--"=.~£3}~(Fowler-Nordheim) E7'§.~ %£ ~5} ~%-611 .91j';H 9"~'£ 4:- <Ur:+ E7\'1~ %~5:1] 

~(56)~, 1]_9~ ~~%,~cl~~~%. {]_9~ ~~~~%, (~3f-Pl-'ff ~~~ ~ 3}_>!.l'f --:±~~ ;;-9-]) %~ 

5:-11 -"J-~ --:±~%, %~~1 ii-c:':;" ~~~~%, -fl--~5:-11 .:g-~ n---:±~, 0 1~.91 W.:g-, ~/!E-::: -:::1~.-:,1 ~W-£- ±W%t 9 

'ilA. ~} /g;.loJloJl"-i, E-1\'1~ %~5:-1] ~(56)::.. ~3] ONO ~~ 0 14.:iI. ~31~, ;;s-Jll {).9~ ~~% ·z, {tcl~ 

~~~f,H!:- ;:c<5~, ~ ~112 ~9~ ~}~}-~- %-91 ::'::~ g_ ±W%l- 9 '1JI:t. E7\'1~ %~5:-1] ~(56)-9-] -'¥-.TJJl-::: 2nm 1-117-l 

20nm.91 ~-¥1~ '"r 'U.7-l;'!, C7 -3},;;<jL.} c--j -e- -'¥-.7JJl£ "'l;,l 0 1%~ 9 '1JI:t. 
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919-. ;;z1]1 t;l}.£;,;-Jl ;1;1J\'l ~S>l -'¥-;,,Jl-::. 2nm J.tl;sl lOnm-"'1 13--'fl~ "T'- 9J;sl~, 1:-] .3}714 1:-] ce- -'¥-;,,Jl.£ "'P·l 0 1%~ 

"'r 919-. ~ll 1:fr.£;,;1] ;1;]\'l ~ ~ uJlYi:.c] cq-(50);"_ 0 P3Y'·d 61l~.s=j01 :i y}§ -','-~& A1l.77W Y '.Ur+. zJ-zJ-S>j 

uJ].51..i:.c] cq-(50)-"'l y}§ 5}B-1,'--::. zj-zj-S>j uJ].51..i:.c] 7]7"-21 5}B-'f-_so_-'f-E7 A1l71~ y '.Ur+. Au B,_}.£;1;Jl J<]l\'l ",':: -9] zJ­

zJ-21 4v-1 Al 1r-~ 2- Au 1:fr.£;1;11 .:'<ll \'l c 601) g_ -=r/'>d ~r+. "-111 1:fr.£;1;11 ;1;Jl \cl ;:,_ , ~ 01 .£ 5} 4-"'l ~~ 1:fr.£;1;11 ;;zJl li, 

~01.£ 5}421 III-V .§}W½ 1fr.£;1;1l ;;z]ii.. ~01.£ 5}421 II-VI ~W½ 1:fr.£;1;-Jl ;;zl]ii., ~01.£ 5}4-"'1 fi-71 1:fr.£ 

~1 ;;zlJii., si-=.-::. .g 71~~0 1=611 _:g-;,;128_ 7lE}S>l ttl-£;1;-17 ;;zJlii. %-21, 1fr.£;1;1l ;;zlJii.~ ±WW "T'- '.Ur+. ~ 

{! Al erJl 611 "-1 , ~ll 1fr .£;1;1] .o<]l \'l ( 601) £:- til .AJ ~ 1l_ i:.c] ~ .SE-::. ~i:.c] {l_ i:.c] ~ g_ ±. W %1- y '.:U q. 

[001sJ "-112 1:fr.£;1;11 ;1;Jl'a'l ~£:-. Au l:fr.£;1;Jl .:'<ll\'l(601)c~, "-1111:fr.£;1;11 ;1;Jl\'l_ ~s,:i 4u-]_;,;l yzJ 11-~) -'cl-611 ~ 611:s.rledJ~ 

;1;]\'l_ -','-~(11)(.'E.-::. oJl:s.r]edl~ .o<]\'l 1\'-~(11) 0 1 ~;;z]l5}.7-l *-::_ 7i:l+ 71~ J:,l}.£;1;-Jl "~(10))91 -'cl-B lE1i.':! .AJofl .'rl~ 

~ y '.:U q. A1l2 1:fr.£;1;1] .:'<] 1§_ '~ ;"_' Au 1:fr.£;1;-Jl ;1;] \cl c°Jc61l 0 1 %~ y 11-::. qJ 9191 1:fr.£;1;11 ;;zlJ li ~ y ;U-::.' 1fr 

5=.;1;-11 "llli~ ±W~r+. Aiu~ A-112 1:fr.£;1;-11 .:'<ll\'l ~~-2:, Au .£~~21 5=.~C~, 71:,,1- J:,l}.5=.;1;-11 ",'::Oo)Jl} %~~ 

5=.~~)g 7};,;l.771...}, ~~~_(> _ _so_ :j_?~, ~' 1.0 X 101./cnr~ 3'c..:il}5}.7-l *-::. _£-'tl_E *.£~ 7}~ y '.Ur+. -t!· 

1l_AlerJl61l"-1, A1l2 1:fr.£;1;-Jl .:'<]\cl :;::-t til.AJ~ 1l_i:.c]~ .'E."'.::: ~i:.c]1l_i:.cj~g_ ±.W"%1- 4'- '.Ur+. A-l]2 l:fr.£;1;Jl .:'<]'§_ 6~91 

-'¥-JJJ]-::. 2nm LB;,;] 10nm91 13--'fl~ Y ;V_;sl~, 1:-] ~714 1:-] = -'¥-71].£ "'1A] 0 1%'%l 4'- '.Ur+. 

[0076] ~~;1;-j] ;;z]R-::. .A1l2 1:fr.£;1;11 .:'<l]\'l_ ','::61] S>j-8"lJ ½cl~}~ 7']tll£1~ 1.tl61l .'rl~~ y ;.?J.Jl 4-4r-8H"--1 .A-l]2 ::C:c'l.'?:! -"J --~, 

(270)91 .,,_J-B lE1i.':! 0 H'-11oJl .2.~~~ 4- '.Ur+. uJlYi:.cl 7]7'1- 1.tl91 %~;1;11 ;;z]li21 Z!-zJ-91 4u,:;.;J 1\'--e--8: %~;1;-f 

5101(62)~ 7'1-AJ~r+. ;;z-112 5=.~~(;;zU .£~~.:il} rfrtjjqJ).g ?..t-l=- .£~-'8. 1:fr.£;1;l] ;;zlJii.-l=-, %~;1;-Jl 5101(62) -¥1611 

~ uJlYi:.cl 7NT LB91 7']tll£1~ Lll61l -"1~5'101 ~ioll~ ~9'1(63).g 'Sj-'1J%1----;--- '.Ur+ . .£~-'8. 1,3}.£;,:fl ;;z]li-::., erJl~ 

~01, .£~-'8. ~2]1l_i:.c] ~~ Y '.:UI:t. .'r]~-'8_ 1:fr.£;1;-j] ;;z]ii.21 J1} 0d -1,'-~t, c!]~- ~<-~. ~f;j- 7l7cJl~ }§18-~(CMP) 

.'E.-l=- .2.~~ oJl~oJl 91-8"], A-112 ~'?:! 9,1l ~(270)-9.:j .AJ,;=} lE1i1~_so_4'-E7 ;;z,17-1£101 ~10-1]~ ~"'1(63)g_ ~AJ%r "T'- 91 

r+. A-112 1:fr.£;,:-JJ ;1;1J\'J. :;,91 zi-zi-91 4u-J_7..11r-~-e- A-112 1:fr.£;1;-11 ;1;Jl\'1C602)_g -=r-Ad~r::i. uJlYcl 7ll7"- LB1r'-91 Au 

1:fr.£;1;-Jl ;1;] 'a'l ( 601 )Jlj- All 2 1:fr.£;<-Jl ;1;] \el. ( 602) 91 s: Wt yz] l:fr£;1;jl ;1;H \el. ( 60) _g -;7-AJ ~q. 

[0077] uJlY cl 6 filJ 7"-s:%(55) zJ-zJ- t, n1lY cl 1irC 50), ~ }§ 1i1 1fr£;1;1l "li li ~ C 10) 1.tl 91 zJ-z.t 91 "T'-}§ ;1;i ~ •:1] ~ -1l ~­

yzJ J:,l}s:_;1;-11 ;1;H\'J.(GO) _g :Y:W~t+. z.tz.J-21 u]]Ycl 1ir(50) t, uJlYcl 11l-=?-S>l -:;-1:l:j.:ri} -1j~5}-::_ ;1;}B %:.;,l;1;-J] ~ 

(51), ;1;}B %~;;:-lJ ';·(51)91 LB:;~-~ ,'cJ-611 --'fl.7-l~ Csl,,_J "lili ~(142, 242)91 4491 ioll~61l ~lz uJlYcl .·,ll 
li. ~ (54)91 -1,'-~ ~ .£.A7 7"-~5'1-l=-) ~"T'-91 ~ '6} 7--] ~ ~ "'1. ~_T ~4'-21 ~ 5} 7--] ~ ~ "'1 Lll 1\'--611 -¥1 .7-l ~ Ef'g "'cl .g. 

~-;;-ll ~(56) _g ¥-W%1- "T'- '.Ur+ 

[0078] ;(j]l 7cJl~ 7"-s:%(132, 142. 170, 165, 171), ;(jl2 7cJl~ 7"-s:%(232, 242, 270, 265, 271), 1TI~-t!- %~5i-ll -1' 

08o), ~ uJlYcl c:"::filJ -=r-~%(55)t {lw~~.£. uJlYcl-10-11~ 01·-'rH1i:.cl~ -=r-AJ~i:+. uJJ.£2.l-10-11~ 01".!l~cl-l=-, 

}§1i.':! 1:fr£Al ;;zlJE- ;-(10) 0 1. uJlzcl 6°@, 7"-s:%(55) 1.tl91 yz] 1fr£;i1l ;1;]\'1(60)oJl ~7l~~_so_ -1l4r--'8. y}§ 1fr 

£;.\-Jl ;l;f!\'l_& ¥-W5}£-~ }§Z[ 1fr£;,<4] ;;zji5. ~(10) -¥1611 ~Ad-'8.9-

[0079] ~11 ?,':l_Jel1E 10-11~ *~5(-11 ,;-<280)~ uJl~cl-10-11~ 01,,.;JJ~cl -¥1611 ~.Ad~ 'T ~Jr+. Au ?,':J_filJE 10--ll~ ,1t11;1;11 .,3 

(280),'?_, :<;t.0- ~.zJ B7cJl~61l"--1 sl.AJ ;;zf!f:.' ~(142, 242)g tjj5i1l"B'}-c- q 0J~ ~71 .£~ ~~ ~ ~10-ll~ ~"'1(6 

3)611 q 0J~ ?,':l_filjE til 0 } 7"-~% 0 1 +-:-';--8"]i"-7 ~Ad.So]-::_?,':!~.§. 10-1l~61l"-1 ,iPd'89-. 

[0080] £ lla ~ .£ llb~ %s:5}1i.':!, uJlYcl-10-1]~ 01".!l~cl~ %-&-R zJ-z)-21 -{j_-%-ullYi:.'.J-iol]~ ti]o} ~"'!(400)oJl -{j_-%­

uJl.£2.l-10-1]~ 7]7"-(769)7} ~Ad~ y ~r+. erJl~ ~-<>-l, uJlYcl-10-1]1!1l. 01,1.;ll~cl~ %-8"R '?:!;,;J-£1-::::. -{j_-%-ull.51..cl-ioll 

'l1l_ 7]7"-(769)-::::. Ai]2 7cJlB ~"'191 7"-"'1611 ~Ad~ 'T'- ~r+. -{j_-%-ullYcl-10-1]~ 7]7"-(769)-::::., erJl~ ~01, A7]1 ?,':!filj 

.§. 10-ll~ %~;,;-Jl :,'::(280) -¥1611 ±.£io-1].7-l6E -;;(767).g ~Ad5}.Jl, ±.£10-1]_;,;16.§. ~-(767)-& cl~iio]JT1 }IjjE-]\:15} 

~ zJ-z)-21 -{j_-%-uJlYcl-10-1]~ til 0 } ~"'1(400) -¥1611 7]7'1-~ ~Aj5}.Jl, ±£10-1];,;]6.§. ~91 7]7'1- 0 HR61l ~~ uJ].51.. 

cl-10-1l1!1l. 01,1.;ll~cl ~ A1ll ?,':!~..§. 10-1]~ %~5i-ll ~(280)91 11-~-~.g- 0 P3,Vd 61l~w_C) _ _so_Mj ~Ad~ "T'- ~19-. ~l- -~ 

AlerJloJl"-1, zj-zj-S>j 7H7"-91 -=?-"'1t zJ-z.J-91 -{j_-%-uJlYi:.c]-10-1]~ ti] 0 } ~"'1(400)21 ¾ 1?:!~91 ~kn~ lj'--~(q 50% 0 1 

7J-) g_ ±WW "T'- '.Ur+. 

[0081] -{j_-%-uJ].51.. cl-ioll ~ 7H 7"-(769)-::_ -{j_-%-u]l .51.. cl-i::1] ~ l:ll 0 } ~ "'1 ( 400) 611 ~ ~ Ad .s=j .Jl, ~lc==..i:.'.)-~ ?,':! filJ .§. ti] 0 } ~ "'1 

(200) .'E.-::. uJlYcl 0110-11°1 ~"'1(100)611-:::: ~";:]£1;,;l *-::.i:+. ~.:Ji::::i:.'.J-'<l ?,':!filJ..§. ti] 0 } ~"'1(200) .'E.-::. uJlYcl 0110-11 
0 1 ~"'1(100)91 7"-"'1~t }IjjE-]\:l-'8. ±.£10-1l;sl6.§. ~(767) ~21 u}6 9d ~~_so_ "@~q. 

[0082] -{j_-%-uJlYcl-io-11 ~ 7H 7"-(769)-::., uJl.£ 2.l-10-1] ~ 01 ,1.;ll~i:.'-1, }§ 1i1 1:fr.£;1;11 ;;z] ii. ~ (10), ~ filJ A} 15J~ ~ }§ 1i':! _£~Ad ;;z]l 

li ~(6), ~ ~01£ 5}491 5}--'fl 10-1]~ %~5i-ll ;;z]l5. ~(760) ~~11~ %ii] '?:!;,;J~ 'T" '.Ur+. ~ 1l_AlerJl61]A-j 7)-
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z,-21 3&%-uJlYcl-i'.1]'111. 7Fr(769)21 i,}Ij- JE'i':!,<'. i,}-¥] i'.1]'111. cg-~ AJ~{l~ 7'-s,:¥(780)21 ~--'cl-13- 1E'i':! -¥1611 -¥1 

7.]W y 'Ui::.J-. t:Jl<j-_Q__so_,,1.7, "5"}-¥] i'.1]'111. cg-~ AJ~.AJ~ 7'-s,:¥(780)9] j;JAJ-13- JE't!,<'. 3&%-uJlYc]-icl]'!ll_ 7]-'r 

(769)61] "'l ¥cl '3j _Q__so_ -'=½~ y <;). q. ~ {l_,-1.] all 611"'7, 3&%-uJlYcl-icl] ~ 7] 7"-(769) ~ uJ]Yc]-icl] ~ 0, ~~cl 

~ :ila'i':! J;l}S=.:<ll A]li. ~(lo)g_ %l>H '.'.;:PJ.s:1:-.-: /;cl.~:3j_Q__so_ '4'-3l"<l ~"1g_ ±W;t '4'- <Ui::.J-. i":- "§Ail"'161l"'1 "'}% 
~ n:Jl, ~f!jo] '4'-3]0]714 '4'-3l'i':!_<'.> _ _so_lj'-E7 55=. P];'}_-9-:J z,-5=.;'}'5'- 131_0,L-j-~ 7<3-¥-, qf!J--f':- ''{l~:3j_c:, _ _so_ y3j"o]q. 

[0083] 5=. 12a ~ 12b~ %s,:3}'Cl, %::~P1l %~ A]li.. -','-~(430),<'., all~ ~O,, %~:<ll %~ A]li..9-i 5'j:3j ~ 0sll1 {if'Jj..§. 

i'.1]~ %~~1 ~(280)21 AJ-1;± 1E'i':!g_ ±.W"5"}~ ys@'i':! -¥]5'..-','-E,]21 4°d %~:<1l %~ A]li..21 A1]71oJl 21<5], zJ-zJ-21 

3&%-uJlYc]-i'.1]'111. 7]7'-(769) "41611 ~Ac:J-'[l_q_ %~:<1l %~ 0s]5.. -','-~(430),<'_ c;>:!5=.-'2l-'8. -rr<-1-~ %c1(all;=; ~- 0 i, 

{le]~<±~¥). 5=.-'2l-'8. -rr<-1-~ %cl. 5':.-c· ;::':::J,f!-~ ;;;;t]1;::':::(SQG) %£>1 %~;;,;-Jl A]li.~ ±.W~9-. %~-~11 %~ 
A-Ali~, zl.±.~ £1:3j ~;;:J, tilzi±~ 5'J:3j ~.AJ4 cl~s..-9-- ~.AJ21 s,:W, :s1=.~ ;::':::J8.-~ SI~oJl 21'5H £1:3j~ '4'­

,Uq. %~~1 ¾~ A]li.21 :i7}0d -','-~,':'_, _2_~~ 61]~, ~~:3j 7]J1]:3j s@TI~(CMP), ±-~ 01~21 s,:W61l £>1t,] 

0s-Jl 71 %l 4- 'U q . 

[0084] .5=. 13a ~ 5=. 13b~ %s,:"5"}'Cl, ll]'i':1 {if'Jj..§. ..§.i:',1171(79)7} .f-c:';-t,],,1.7 Alll zl.IoJl..§. i:-1]'111. %~~11 ~(280) ~ uJ]Ycl-

101]~ O,J,~~cl ~ 1f-H~ ~AJ-'r:l_tj-_ all~ ~~o-i, ±.£i'.1];,;];::':::..§. -~ ,c>_ ;;(j]l {ils~_§_ iol]1!1] %~.'t1] "~(280) -¥1611 c]~.:::1 

r-11 ~ .rrJ1E7½:l.s:10, Ajll ys@ lclJ-5J hdl g_ rr]-cl- ~:PJ-.s:1-c ~ ~~ 7] 7'- ~ ~ Ad w y 'U tj-. JJJ1 E7 \1-'8. _:;,_~£ i'.1] ;,;] ;::':::_§_ 

~ 1.fi21 7]7'-~-91 "'11:!..-'.:ll."'. ~-~~(BO, Bl, B2, B3, ... ) ,-1.}o].9] 7<3AloJl ~O,~tj-. o]lclJ-.->3 oJ]~o] y~~s=jo, .rrJ1 

E'1'<1-'8. ±.£i:-1];,;];::':::..§. ~ "4121 JJJ11:fig_ Alll zl.~..§. i:-1]'111. %~:<1l ~(280) ~ uJlYcl-<'-l]'#l o1,.li~c1~ %ti] s@'i':! J;l} 

£;;,;l] AHR ~(10)-91 .->,J-u JE'i':!_Q_-~ ~A}~tj-. ±.£i:-1];,;];::':::..§. ';".<'_, al]~ ½O,, 0 ].->,JoJ] ..Q]t,], .:f~t,],,1.7 A1]71~ 

[0085] ll]1i"l_ {if'Jj..§. Ei('l)_,7.1(79)~ Alll y:i§ lclJ-<5J hdlg_ u:}i'f- ~-.AJ~.Jl. u:}2},,1.7 A-lll ys@ lclJ-'5J hdlg_ u:}2} ;:Q~t,]~i::.J-. 

ll]'Cl '{!~_§_ _§_i('l)_,7.1(79)~, uJlYcl O,i:-1] 01 ~~(100), "{_}{Ji,}~ -'?-l~-cl-"<l '{!~_§_ ti]o)- ~~(200), ~ "{_}{Ji,}~ 

3&%-uJlYaJ-i:-1]'111. tl]o} ~~(400)g_ %t;] 't!.AJ-£1~ ;;(j]l "'7.!:!..-'.:ll-91 ll]'Cl {i"@,..§. ..§.i('ll-7-](79)~ ¥.W~tj-. ;;(j]l "'l 

.!:!..-'.:ll-91 ll]'i':l zl.~_§_ _§_i('l)_,7.](79)-c- uJlYcl-1011'111. O,,.<jl°)~c]~ %t;] ~{Vcl.s:1.Jl, ;;(j]l 4-s@ lclJ-~ hdlg_ u:}2} ~lclJ-'5J_Q_ 

_so_ 't! .AJ-£1 i:tl , ( ~ 1tl-:3j _Q__so_ :3j o, £ i,} L-J-21 .:w. t:J1 ;::'::: ~ 032 , 142 , 232, 242) g_ ¥. Wi,} ~ ) uJl Y cl -i:-1] '111. o, ..,_~ ~ al ~ 
~'4'--91 ~ lclJ '5J _Q__S'.. 0 l 24 ~ ~ ~ ( BO , B 1 , B2 , B3 , . . . ) _Q__so_ ~ lclJ '5J _Q__so_ ~ %t ~ tj-

[0086] Zj-=?')-21 ~~(BO, Bl, B2, B3, .. )-f: Alll "'1_1=l_-'.:Jl21 llf\B_ zl.~.1=- ~\ll_z](79) ¾ 0]¾3}-c- ~21 llfl1i'1 zl.~~ E;E] 

7.] (79) ~ ,-1.}o] -91 uJ]Y '-'1 o, i:-1] 01 ~ ~ -91 Zj-Zj-.9] -','-~ g_ ¥. W~tj-. Zj-Z)- -91 ~~(BO. Bl. B2. B3. . . H': . uJlY cl 

0,101] 01 ~~(100).9] Z)-Z)-21 4-~, uJ]YaJ 0,101] 01 ~~(100)21 zJ-zJ-21 -','-~.9] ~o]lclJ'5"J.9j ~ 1;±-','- --'c]-oJ] -¥]7.]"5"}.Jl 

-'?--lE:",2}"{_} zl.~."§ l:l]o} ~~(200)g_ ¥.Wi,}~ A]U ~~- ~ uJ]Yaj 0,10]] 01 ~~(100).9] Zj-Zj-.9] ,¥-~.9] :L q~ 

~o]lclJ-5J 1;±-','- AJoJl -$)7.]i,}.Jl 3&%-uJlYaJ-101]'111. tl]o} ~~(400)g_ ±.W3}-c- cE. ,::I-E :illtl ~~g_ ¥.WW Y ~j 

tj-, ~ -~Al all oJl "'l, 't! ~ ~~~(BO, Bl, B2, B3, _ .. H?. ,1}-;:c:. -'i'oj.!==.2}~ ~-1_ ~."§. l:l] 0 } ~ ~ (200) -91 ll] 7.] ~ 27~ 

-91 tjj "6:~ ?f- ~ ,-1.} 0 l oJl "'l .ill. tjj w 4- 'U tj-. ~ all A] :3j ~ all 611"'7 ' _,,-, ;:: ~+ ~~-(Bl' B3 -~' .H': ( 5't~ ~ 21 ) ~- ;~ 

-"cJ-oJl Z)-Zj-£>1 -'fcl.E.2}~ zl.'E;JJ..§. Bl 0 } ~~(200)% 7};,;li:tj. 'i~;:: -~-'4'- Q~(B2, B4 -0-)·0 (-9--~ ~-91) ltl-t:Jl ::";- -"er 

61] Z)-Zj-21 -'fcl.E.2}~ {i'@,..§. l:l]o} ~~(200)i >!'-t:-r:1. P}~7};,;l_so_, ~~3j~ ~-~~(BO, Bl. B2. B3, .. )i 

u:}-c· 3&%-uJlYc]-i:-1]'lli. tilo} ~~(400)21 ll]7.]~, 3&~-uJ]Yi'~-i:-1]'111. tilo} ~~(400) 01 .9,jr=_4~ zl.~E tilo} ~ 

Qcj(200).i!} ¾{ls;];,;] ?JS~ 27].9] tjj.,-J z~,-§~ ,,1.} 0l61lA1 ..ill.t:JlW y <;).tj-_ al]A]'3j~ alloJP-1. 5-'.2- ;,i]-y ~:~(BO, 

B2. B4 -5"Ht (5't"; ~.9]) ~ ~~ --'cl-o!l"'l Z)-Z)-21 3&%--uJlYc]-i:-11'111. ti]o} ~~(400)-g_.. 7};,;]i:tJ. S'-·c ¾,;- -~~ 

(Bl, B3 '3--)-?: (~-=='; ~-91) \l}t:Jl 0
";- %61lA1 Zj-Zj-.9] -'i'li=:.2}~ {if'Jj..§. ti]o} ~~(200)g_ ~~tj-. 

[0087] ~ allAl:3j"<l alloJl,,1.1, Ji\-'4'-21 ~~-f: Au ys@ lclJ-~ hdl61l '4'-31~ A1]2 ys@ lclJ-<5J hd2~ u:}2} llfl~~ A-lll ~-~ 

(Bl), .0s1l2 ~~(B2) ~ A1l3 ~~(B3)g_ 'ir"'lt:lJ_so_ ±.W~, 37]21 °1¾ ~~~(all~~•:>]. Bl, B2, B3)21 Ai]..§.~ 

±*W y ,Utj-. ;;(j]l ~~(Bl), A1l2 ~~-(B2), ~ A1l3 ~~(B3),':'_, Z)-Z)-, (£ 10b61] 5=.,,,_l~ ~~ Bl21 5't~ --'c)-

21 ~?,l.r=.2}~ zl.~..§. tl]o} ~~(200)21 ~~ ~21) Alll lllTI ~~. (5=. lObo!l 5=.A]~ ~~ B221 S\"~' AJ-21 3&%­

nl]Yc]-101]~ tl]o~ ~~(400).9] ~~ ~.9]) A1l2 A]TI ~~. ~ ;;(j]3 llltl ~~iq, ~~ B3.9] /~~-91 -'i'-]E-2}"?1 zl. 

Elj..§. ti] 0 } ~~(200)21 .,!i\-A1rn-)g_ ±W"R y ?Jtj-. '5'£"'7 ~21-'8. t1}S<} :Q- 01, (Bl~ B2 ~9-:J) ¾'4'- ;;~.tj- ;,i}y 
~ ~-~ "d{l ~ :". A1]2 4-s@ 11--,;-J~~ u:}2} ?7] 9 _<) _ _so_ \l}.,!i\-~ y 5'.l tj-. 

[0088] ~f'Jj,-1.}-,;-J_() _ _so_,,l.7, A1]2 ,,l.7_lcl_-'.:J121 ll]'i':1 zl.~_§_ ~i('ll?.](79)7} zJ-zJ-21 ~~(BO, Bl, B2, B3, ... ) "41611 Ail~~ y 5:J. 
tj-. 01 %~ 9-"1?1, A1]2 ,,1.7 _l=l_ -'.:Jl 21 ll] 1i'1 zl. ~__E- -1=-. i@7.] ( 79) ~ ;;(j]l y:i§ lclJ-~ hdLg_ rr]-2} 't!-"'J~ y ,U.Jl, Z)-Z)-21 

~ §,- g ~'4'-21 "'l .!:!.. ~ ~ _Q__so_ :3j ~ "5"] ~ W3} 5=.~ -¥] 7.] W y <;). tj-. ll] 'Cl zi f'Jj..§. ..§. i:',1]_71(79) ~ Zj-Zj-.9] uJlYcl ;;;_ 
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~ 1-t1oi1 "'1_1=1 _ _:;_~ ~;ijrn_ ±Ww 4- <Ui::t-. Bfl'i'.! 7,'4_~~ ~"'J!;,:1(79)-::: %~~ ~-.::::4~ 0 1 %~~ ~~ 1-t19-J 27H 

91 ~ {l ~ A7 ]=I_ ~ ~ ~ A} 0 l 9-j {l ~ ~ '2'l ( 778) oJ] A7 ~ ;,;J s=] -::: ~ _g "&] % 5} 5=. ~ ~ ~ ~ ~ 4- ':U q. E r-1] ~ - 7,'4_ ~ ~ 

-r-1]~ 'it2. ~ifil;,:] 2jcj 7'"·3':%(72) 0 ] 0 ]%-'8.i::t-'l!, cr-1]~-7,'4_~~ r-1]~ 'it2. ~,ill;,:l 29<'~ 7'-3':%(72)2. A]]l 4-

~ "'cr""J hct1.g n:JA '?1AJs=i◊-i 4z.J-9-J ,,.-i_l=l__~~ 1-t19-J _sr:_-::: 449-J ~~ 1-t19-J _A112 ;ill~ __iiLr:fl ~~(232, 242)9-J -'cl-

~ --9--~ 1-fl9-j cc~-~ 9-J A7_1'1_~ ·£.· -]=.'.·%[~ Y ~lq. ~ ~ _g A7_1=l_~ ~- ~ CE_';:_ 5}~ B~ ~£ 1.-f-'f--7] ~ i>fl tj- 0J~ {I 

;iil :tl 3l ~ 7} o 1 %~ 4- ':Uc}_ 

[0089] 5=. 14a 1-fl.7-l 5=. 14c~ %s::5}1l1, 7-111 ~ ;(112 ~~ ~(132, 232), ;(111 ~ 7-112 ~'?1 ?J~(l70, 270), ~ uJlYcl 

cq-c 50) 9-J :tJ S>1 -e1-J- ~ 9-J 7-fl .fi. oJl ~ ~H , 7-111 ~ ;(112 .§1 -"8 7-fl li ;· (142 , 242) .c>J ;zF, fL ~ ~ ~ 3l _0 _£ oJl 11 5}-::: oJl -~ 7--1] 

';:::, cl!~- ~-o-j. ~lclJ.J..j oJ]~ i-'--7:Jg o]-§-3}°1 Bfl'i'.! 7,'4_~~ ~il:11.7:1(79) 1-f!oJl 5=.1Ji-l_ y ';Uq_ A]]l Bfl'i'.! S:.~-¥­

(143)';::: -"ill ~-"8 ;zHli ~i~(142) 0 l ;;s1l77s=]';::: 5(-jl3j 1-tloJl ~.J..j-'[l_q_ 7-112 Bfl'i'.! .2..--l:sf---9--(243)';::: _A-112 .§1-"8 ;sf,R a;;; 

(242) 0 ] -"il7,s=]';::: ~-1l3l 1-tloJl ~.J..j-'[l_q_ ~ {l_,-<.]oJloJ]A7, 7--j]l ~ _A1l2 .§1-"8 ;z]li -~(142, 242).,c': {!_i:.'1f ~~%.g 

±W%1- 4- ';U..::il, -"ill ~ A1l2 ~'?1 ~(132, 232)9-) ;(H.fi.';::: {icjf ,:±~%~ T ':Ui::t-. EL 1:+~ {l_,-<.]oJloJlA-1. ;(111 

~ ;;s-112 ~-"8 ;zfl.sc;__ z(l42, 242)2. 7fl.su}-'a- .51=.';::: {l.clf-711.su}-'a- Wcg-- ~9-J T:t}.5=.5(-11 ;zflK~ .±.WW 4- ';U..::il, "'1! 

1 ~ ;;s-112 ~'?1 -{,:'c(l32,232)9-) ;s]K';::: {icjf ,:}~% ~ {icjf ~~%£1f--E--] ~1'±!-'ti y ';Uq_ 

[0090] ~lclJ-Aj oJl~ ~.Aj2. -;::,<'-j oJ111 -f?.-Ql1"~~ 0 1%3}';::: -;::,<'-j oJl11 -ts'-78°1711.-f, oJl1I_A-1l7} ~7P,.J<'.>_£ llfl'l! 7,'4_~~ ~'i'J! 

~1(79) 1.Jls_ 5=.1Js=]-::: 7l"2l·CzP·-l) oJ111 -:g-.;,;J~ 4- ':Ui::t-. oJl~- ~◊-i. 7-111 ~ _A-112 .§1-"8 ;sfl_E. ~(142, 242) 0 1 {l. 

i:.c]~ {c)~%_g .±.W~i::t-'l!, oJ111 ~;-1!-f, {l_cj~ ,:±~%, {icjf, '}.1 ~ 7l~~0 l=oJlA-1 ;(fl-§-s=]';::: tj- 0J~ 9-~ ;zF, 

li~oJl r:Jli>fl ~~3i.Q.£ ~cl~ ~Js.}%_g_ oJ1115}';::: ~,:±_g ±W5}';::: -;::;-~ oJ111 ~3. 1.JloJl oJl,,.13l~ -'?-3':% 0 1 aj 

.,,_1s=i-::: -;::;-,,.,1 oi111 -t?-AJ~ 4- ':Ui::t-. ~-"8 ;zflli "~(142, 242) 0 1 1tl-5=..i-ll ;zH.E.~ ±W3}c ~4-. CKOH %~ %.9-l 

-;::;--"-1 61]1l;;s1l~ 0 1%W 4- ':U-:::) ;;<'-J oJ111 ~.;,;J .51=.~: (71-'cl- HCl_g ±WW 4- ':U-:::) <:!-61 61111 ~;~ 0 1 °1%~ 4-

':Ui::t-. 

[0091] ;z-j]l ~ -"112 1lfl'l1 _2_~-,'-(143, 243) z.j-z.j-,':_ 7']1:llE.]9-J y.3j lj§~E_9" ~ -:;lc/J-"<>J ~l'T°~ ;:tc ~lclJ~.Q.£ '?1AJs=j';:::_ 

7'fl1:llE]~ 'T" ;Ut:1-_ ~. ;sill ~ ;;s1l2 llfl'l1 ,2__--l,f-4'--(143, 243) .z}z.)-9-j -:;lclJ'°t} ~ly';::: z.)-z.j-9-j lllJ'l1 _2_~-'j'--(143, 

243)9-) 3'f 6 lE-r::J- "€ 'T° ':z/"C-t. ~y9-j ;s-j]l llfl'l1 ,2__..J:sf-4'--(143)';:::_, ;s-jll _§j-"J ;z].E. ~(142).9.] ;sfl_E.7} ;;s1l7,5']';:::_ 5(-j]31 

1-tl oJl ~ Aj ~ <' ':U tj _ ~4-9-) Ail 2 llfl 1t1 .2.. ..J:sf---9--( 243) ';::: , ;s1l 2 ~ -"8 ;.fl .E. ~ ( 242 ) 9-) _All .E. 7} Ail 77 s=] ';::: ;,:-il 31 1.Jl oJ] 

~j .J..H-l 4- S'l tj _ Aj]l ~ ~12 llfl J:B .2..--l:sf---9--~ (143, 243) z.j-z.j- a'=. 7] -¥1-(9) 9-) -'cl-B lE J:B oJl {! ~ 31 .Q.£ ~ ,;;8 5} 711 '?1 

AJ~ 4- ;Utj_ llflJ:B .2..~--9--(143, 243)z, o}~oJl ~~ ~'?1 ~(132 .51=.';::: 232).9.1 .AJ-B lEJ:BJ!t ~oJl ~~ ~'?1 

~ (132 .51=.-::: 232) .9.1 5} B 1E 1t1 oJl 9-j 3H 4-3l .Q.£ :;;Ml 7} 78 i>H ~ 4- ':U tj _ ~ {! A] oj] oJ] A7 ' ~ll ~ A]l 2 llfl 1t1 .2..--1,f­

-¥-·~ (143, 243) 4z.J-,<:. ~P-1131.Q.£ if~~ ~ 0 1 ~ 7}~ 4- ~J.c:.}_ 

[0092] ~ {)_ A] oJl oJl A7, 4z.J-9-J 1'1] "Gll~ ~ 5(H\c1 -¥-~(11 )9-j -:; ~ lE'l! ,':_' _A1ll ~ ;;s-j]2 ~ -"8 ;4lli ~ (142. 242)9-) ;;s-jl7j + 
oJ] z-}-z.j-9-j j;]8"}B ~]1 llfl'l! _c;>_-~1f--(143) 0 ilA-1 %cl3i.Q.s!.. -'=½~ 4=- ~tj- .51=.~-. ~'l! 1tl-5=.*1l ;.H_lj__ ~(10)9-) ,;..J 

B 1E'l!a'=. z.j-z.j-9-j llfl'l! {i~§. §_(]l;,:](79).91 5}1d-¥-61V-1 ~i.'131.Q.s!.. -'=½~ 4- ':Ur:l . ..::ilcj~ -'i;-::~p-11 ~iEJl 0 P--1 

016)-:::, -"ll"Gll~~ 5(H\c1 --9--~01)..c>l %cl~.Q.s!.. .1=½-'8. -?-~ --9--~.<>-l ,:±:§:toil -9.li>B z.J-z.J-9-J Yil"Gll~~I- ;(fl\§_-¥--]=.'.­

(11) -?-~611 <Sj.-<gScl 4- <;Uq_ .51=.~, T:t}.5=..~11 ,:±~% ~"'1(616H!: ..::ilcj<Sj %:=~P-11 ~-"ll 6]A7(ll6)9-j ~.J..jJ!} %AloJl 

~J:B 1tl-5=.~l AHli ~"(10)9-) z.j-z.)-9-j %cj31_c:,_£ -'=½-'8. lE'l! --9--~.0..£--9--E--] ~.J..j~ y ~tj-

[0093] 5=. 15a L-!j.7-l 5=. 15c~ %s::5}1l1, Bfl'i'.! ,z.}B %~cq-(ul5=..J..l)a'=., Bfl'i'.! .2..--1:sf---9--(143, 243) ~ llfl'l! 7,'4_~.§. Ei:'Jl~l 
(79)oJl ~ 7-111 {i~§. iol]1!ll_ *~~l ~(280) ~oJl ~~A}<'>J_C>_£A7 ~3j~ 4- ~9-- llfl'l! ,z.}B *~5(-11 ~ 2., uJl 

Ycl ~~ 7'-s:%(55)9-J S>j'°', JE'l!.9-l %cj31_()_s!_ -'=½-'8. .!\'-~ ,J..Jo!l 5'131~ 4- ~tj- llfl'l! ;,.}TI *~5(-Jl %-e·. 
%~:'(-11 cg--c';- ,:±~%, {l.<'-lf ,:±~%. :St:_';::_ 0 1~.Sl 3':W -'~.=..sq %~5(-11 ;s11li~ ±W~r:l. 0 1%-'8.r:l'l!, Bfl'i'.! ,z.}B 

%-~~l ;·,<'.'_, ~_;;,;}-~ 5'131 51:.';::: ~~31 ~z--J- ~o~ 7,'4__±.~ 5']3j ~.7'JoJl 9-J 3B ~.J..j~ Y ':Ur::J-. llfl'l! ;,.}TI %~5(-Jl 

~9-j -'¥-711';::: 1nm 1-f!_;;,;] 60nm.9-l 1,§qj~ 4- ';U.7-]~, c7 ;;,p-,4 c-j ~ -'¥-7115=. Qj,-<.l 0 ]%-'fc:1. 4- <;Ur}_ 

[0094] 3i o-j 5=. -t-} 49-j 5=.~ .J..j _AH .fi.7}, ~4-.9.1 Bfi 'i'.! .2.. ..J:sf--¥-(143, 243) oJl , 1lfl 'i'.! 7,'4_ ~ _I=c _§_ ,ill~l(79) 9-j ~ ~ .AJoJl, ~ ;;s1]1 

7,'4_ 1"l; §_ 'io1] ~ * ~ 5(17 ~ ( 280) ~ oJl 5'] 31 ~ y ?J. tj-. .3j o-j 5=. 5} 4 9-j 5=. ~ .J..j ;zF, li ';::: ' 31 o-j 5=. 5} Lt 9-j -'§'· '~ AB li. 

~' 3jo-j5=. 5}49-J ~-,::;, ~~~ ±-Y5}';::: ~71 5=.~Aj ABli~ ±WW 4- Jltj-

[009s1 ~4-9-J _Au ~71 5=.~ ~046) 0 1 ~4=-9-J _Au Bfl'i'.! .2..--l:sf-4'--043)oil <Sj.J..cJ~ 4- ~.:il, ~4-9-J _A-112 ~71 5=.~ 0.=: 

( 246) 0 l ~y 9-) ;;s-j] 2 llfi 'l! .2.. ..J:sf---9--( 243) oJl ~ .J..j ~ 'T" ':U _()__ uj , ( 5=_,-<. l s=] 7-l ~ ,':_ ) '?1 ~ cg--c';- _AH li ~ 0 l z.j-z.j-9-j 1lfl 'l! 

7,'4_~_§ ~iill~lC79)9-J -:;~ .AJ-611 ~ _Au 7,'4_~§- r-11~ *~~-11 ~(280) qioi1 ~,,__a~ 4=- <Ur::l-. rr:i-4"'1, _Au~ _A-112 

.§1-"8 ;zHli ~(142, 242),<:., z.J-z.J-, -"-lll ~ 7-112 5=.~.J..j ;zBli ~(146. 246).Q.s!.. riP-11~ 4- ~9-- 7'-5(-1131.Q.s!.., z.J-
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z)-_<>j AJ]l §:],,_~ ;t]li ~(142)2- BR1?1 J(}B- %~~11 ~ ~ A]]l ~71 £~ ~(146)-"'1 ~lelj.A}z<J.:3:j ..!j'--!t-_0_£ LJ1~11~ 

4- '.UJI., z)-z)-_<>j ;t1]2 §:],,_~ ;t]li ~(242)2- BR1?1 J(}B *~~l ~b~ ~ .7-112 £~ ~(246)-"'1 ,:-ilelj.A}"6J.:3:j ..!j'--lt-_c'.l_£ q1 

~l~ 4- '.Ui:::.t. BR1?1 7']1::l]EJ-::. ~¾ -~¾ ;t]li ~(46L)_c'.l_5'.. %~.s=J.7-l \%2- z)-z)-_<>j BR1?1 z!IS!J_§_ _§_ifil7-](79)-"'1 ..!j'­

-lt-611 e ;,:] ~ r::l-. 

[0096] -'§-'¾- ;;:]K~, c+.~ ~◊i, ~q ~31-(CVD), i'i7}~ sP-j(ALD), 1¥-~ii] £-'§-, ~7] £-'§-,EE~,.,]½"-] ~W~ 4-
11 ~ .zi.¥. ~ s'] .:3:j l=IJ-lfl 61] El iiH s'] .:3:j ~ 4- 91 q. cg-~ A] li-::.' i'i:S::. ~ ¾' .:3:j oi .5.:. 27H-"'1 i'i:S::. ~ ~ ~ .91 '3-¾Z} 

w--g-, :z..~◊i£ st4-"'1 i'i:S::. -'§-¾El £~"a ~~%, £1:i"a -'§-¾ <±~%, £~"a £~-'8 1t!-£~1l ;t]li, cg-,~ n-<± 

'?'I, c-]%.-"'1 \J'J- 'f 0!½-"'1 ~w SE~ 2::I'lj ~El£~~ -'g-~-Jfl-£~11 W-'§-~ 4- '.Ui:::.t. 1l]1?'[ _2_~.lj'-(143, 243) 

611 .'rl.:3:j~_ 4- ':?)-::. J::ll;t1l~.:3:j'll c:iP-1.:3:j'll ~¾ ;t]li-::., ~2::Jill, ~;:'::EJ! -{,}~%, EJEl-~, EJEl-~ ~~%, 18-~t, 

18-i:fr ~l~~-. 51~§., ~ -'f-E1l-a--i- ±~~q. ~ /,'[,,<.lcj]61lA1, -'§-¾ ;t]li~ ~;::::Jill',}.'-'~-'§-¾ ~/SE-::.-'§-¾:;',!_ 

~%2. .¥.~W 4- '.f)9-. ~ ~"1"1161]},7, 1l]1?'[ _2_~..!j'-(143, 243)~ ~H-9-71 -$1~1-'B-~ ;t].E.-::., ~~ ElEl-F -;:t']­

~2::Jill %~ ;t]li-"'1 ~w~ 4- '.Ui:::.t. ~ ~,,.lc:il61l,,.-1, -'§-¾ ;t]li-::. §t~}.:3:j ;;:\!- :=;c_-::_ i'17t'~ ]q.:3:j61l -"'liiH ]q.:3:j 

[0091] zj-* £~"a ;t]_ii_-::., BR1?1 :Blell§. _§_i:fil7-l(79)-"'1 1.Jl4'-£4'-E1 ;t1171~ 4- '.Ui:::.t. -=r-~11;:s,J.c:,_g_ ~¾ it¾ ;tfili 'Z-"'1 

s'].:3:j-'8 cg-~ ;t]li-::., ,,jj~ ~oi 011=1J-~ :CE-::. ~l=IJ-Aa 611~611 _<>ji;], z)-z)-_<>j BR1?1 '{:!1'!J.§. 1cc_-ql]_7-l(79)_<>j o,\trcj_0_.5'....!j'­

E7 ~ A]]l 'ElelJE 101]1fil *~~l "~(280)-"'1 -$1£..!j'-E7 61l7-]1l.Jl~ 4- '.Ui:::.t. ;t1]1 BR1?1 _2_~..!j'-(143) 1.Jl-"'1 ]q.:3:j-'8_ ~~ 

;t].E..Ej z)·z)-_<>j L}o-J.7-l 4'--!t-2. ;t1]1 ~71 £~ ~-(146),g_ T~~q. .-;(112 1lH1?'[ _2_~..!j'-(243) 1.Jl_<>j ]q.:3:j-'8_ -'5-~ ;\]1 

li-"'1zJ-zJ--"'11-.-tu-J.7-J 4'--lt-f ,A-112 ~71 £~ :;c246)g_ -'r-"a~i:::.t. zJ-zJ--"'1 ~71 £~ ~046, 245)..g. .5=.~"a t1'll 

-'?-~%~ 4- '.Ui:::.t. 

[0098] .2=.101]'l1-{i1'!J-101]~ ~g_ _§_ifil7-l 2:!2-1 -'?-~%(72)-"'1 '2-11~611 -$17-l~ ;t-j]2 {171 .5=.~ ~(246)~-"'1 A7_~/;l]...g. .2=.'2-1l'll 

,:-l.lelj 71] 0 ]E ~~g_- T~~q. JI.2.]~ %~~11 2::.ilJl 0 l,1,1(ll6)~.'?1 z)-z)-_<>j '2-1]Jfil61] -1'-]7-]~ ;;<-j]l ~71 .5=.~ ~(14 

6) ~ -"'1 A7 .!:!.~ 2. :5::.A ..-:-J. IS!J 711 °1 ..§. ~ ~,&- T~ ~q. .2=. 'cl] 'll ,:-l. lelj 711 °1 ..§. ~ ~.:tj- :S::.2:: ~ 1'!J 711 °1 ..§. ~ ~ .A} 0 l 

61] -$17-]~ ~7] .5=.~ -~(146, 246)-"'1 A7_!:l_~;:_ %~~ '2-1]~61] -$17-]~ A1l◊i 71l 0]ES!j- -1-4.<==.c}'ll-"'1 ~W_c'.l_£A7 71 

'o%1· ''r' '.Ui:::}. z)-z)-_<>j ~7] .5=.~ ~(146, 246) 1.Jl_<>j ~l◊i 711°1E ~~..g. uJl.£2.] ~F..Jl -'?-~%(55)g_ .¥.~-t,}~-

4-31 uJl.£2.] cjl::l}o];::::~ -$1~ ;t1l◊i 71lolE ~~olq. 

[0099] uJl.£2-1 ~IS!l -'?-~%(55) zi-zi-..g. ~71 .5=.~ ~~046, 246)91 zJ-zJ--"'1 'cll~61l -$17-]~ uJl.£2-1 .fl..:S::.~-"'1 4-31 2::lell 

g_ .¥.~~i:::.t. ~71 .5=.~ ~~(146, 246)-"'1 ,,,,-1.!:!.~..g. uJl.£2-1 .fl..:5::.~g_ -$1~ -1'l!:=-ct'll'€{%- .¥.~%l- 4- '119-. 0 } 

91611 ¥'ll -?le§ cjl::l} 0]2:: ~~(700) 1-~Ej 1t!-£~1l cjl::l} 0l2::~ 2. z)-z)-_<>j ~.2=.c}'Z.1611 LJ1~ l::l} 0loj2:: ~'f;g_ Ail◊iB} 

£~- -'?---'cl-'8 ~.2=.4°J 2::-$17-l r:11::l} 0l2::~ g_ .¥.~%l- 4- '.Ui:::.t. uJl.£2.1-'2-1]~ ◊i,,_41~2.lc lt}.5=.5<-ll 7]-'tl:-(9) -$1611 -$1 

7-J~i:::.t. uJlYcl--'2-1/tl ◊i,,_41~-<'-lc .:3:j◊i£ 3}4-"'1 RLJ1 2::lellC132, 146, 232, 246) ~ ;:s,J◊i£ 3}1-..}-"'1 RLJ1 2::IS!l 

032, 146, 232, 246)g_ %%] 4-z]_c:,_5°.. ~7-J-.s=Jc uJl.£c1 2::lelj -=?-~%(55)g_ .¥.~~i:::.t. ;:s,J◊i£ EI}L}-"'1 ..uL-c~ 2:: 

lell (132, 146, 232, 246) zi-zi-..g. zJ-zJ-91 7-J ~ ~ ~ (132 .'Le 232) ~ zJ-zJ--"'1 ~71 £~ ~ ~ 046 s•=-c 246)-"'1 

jj1LJ1 'iH~--s .¥.~~i:::.t. ;:s,J◊i.5=. 3}491 .ii!..LJ1 2::lelj(132, 146, 232, 246)..g. t:1]42::~g_ .¥.1}3}-::. 7'll12- ~~~g_ 

.¥_1}3}J1 t:1]42::~611,,,_1 z)-z)-_<>j 0 }c]61l ¥'ll ~71 £~ ~(146, 246) 01 uJl.£2.]-'2.1]~ ◊i~:;2.] 1.Jj61]),7 ~-"'1-"'1 -$1 

61] ¥'ll ~71 £:ct -"~(146, 246)_lil_q Aill 4-~ lclJ-~ hdlg_ u:J-4 C7 ~2-1 ~7-J-'8_q_ 

[0100] }§1?'[ lt}.5=.~-ll Aijli ~(10)-"'1 ;ti]l .5=.~~.:tj- lfr-cH'll A1l2 .5=.~~91 .5=.1t1_E7} 7].:;& Jfl-.5=.~l ~(10)-"'1 Rl?'l -lj!-~611-? 

~.s=ioi z)-z)-91 Bfll?'[ 'Z:ilell§. _E=."il)~l(79).<?.1 3}1d_- Rl?'l 0}91611 :5::.;:::: ~~(61)-g: ~"a%!' 4- '.Ui:::.t. %~~-11 ;t]li~ 

.¥_1}3}::::_ ~~ ;::::Ji!lol,J,7(74)-::::_, cj]~ ~◊j (~2.]~ <}~% ~.9.1) 'E.¥_~ ~~ ;t\j5._<>j ]q;:s'j ~ ~'¾-3}-::_ o]l=IJ-Aj 

611~611 -"'liiH, zJ-zJ--"'1 BR1?1 'E~l:§. _§_icJ17-1(19)-"'1 -?~4'-611 ~"a~ 4- Jli:::.t. 7-lll z!IS!JE '2-11~ *~~1 "-.'.;(280)..g. 

.'r13:j-'8 .zi.¥.~ ~-~ ;t]E--"'1 4-:l§ ..!j'--lt-::..] 4-~ ..!j'--lt-g_ A1l7-13}-::. 0ll=IJ-Aa 611~ %'ll- 2J(}.:3:j 61]~d(collateral etch) 

()__£ 'll ii] g}o }-$/ 4- '.U q . 

[0101] -zi± ~ ~i_ ~ ;t] li 2g..g. BR 1?1 'E 1ell ..§. §JJ!~l ( 79) 611 ]q ;:s'j ~ 4- '.UJI.' 01 l=IJ-Aa 611 ~ .s=j oi ~-l_ ~ ;::::If]] 0 l A7 ( 7 4) ~ ~ "a 

1l '0- 919-. ~~ 2::.ilJ] 0 ]A7(74)-::_, ~2.]~ ~~%, ~9~ ~~%, ~/SE-::_ %~~-!] -'§-'¾- <±~% ·'s·.'-'1 ~~ Aij 

li~ .¥.~~i:::.t. ;;(U 4-:l§ l=IJ~ hdlg_ u:J-4 ~l=IJ-~0..2..£ ~7-J.s=J::::. :1'HtllEJ-::. zJ-zJ--"'1 ~~ 2::.ilJl 0 l,,,,-1(74) 1.Jl61l -lA 
~q. 

[0102] c:i1~ ~oi, ;:s,Joj.5=. 3}4-"'1 .5=.~"a Af,ii_Ej .'rl;:s,J 'Jl 01 .'rlZj-'8. ;:s,Joj.5=. 3}4-"'1 .5=.~"a ;t].E..Ej 4°d ..!j'--!t-g, ~~ 

7]_;,j];:s,J ~B~ EE-::. -2-~~ 61Pd ~El ~B~ cg-;,;J61l -"'liiH ;ti]l z:l_lell§. '2-1]~ %~~11 ~(280)-"'1 -"-J-12- Rl?'lg_ .¥.1} 

~ 4-:l§ 1?'l -$1 £4'-E1 )(117-1 ~ _c'.l_£M] , BR 1?'l .zi lelJ ..§. ti] 0 } -'?-~% 01 z)-z)-.9.j 1l~ 1?'l .zi lelJ_l_=c_ .§. ifil7-] ( 79) -"'1 L}u-] 7-l ~11 ;:s,J 611 
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1Pcl~ y xJ.q. 1l]1?'[ zl_leljE 1:l] 6 } 7'1-s::%,:_ .51..~ ~BJ'5'JoJ]A-j ~7]:3:j.S'_.£ ~<:1.s=j.:il., ;,.1]1 y:5.§ BJ~ hdlg u:]-2} 

~BJ'5'J_c>_sc_ 7cl_~-,,]~q. u:}2-}A-], 1l]1?'[ zl_leljE 1:l]o} 7'1-s::%,:_ ~ l:§,\ilA-]oJlA-]~ ~BJ'5'J_c>_sc_ 7.:l.~tl zl_leljE 1:Jlo} 

TS::~(76) 0]2}.:il. 7-]~-'E[q -Ee l:§,\7]A7ojl,J,7 A}%~ u'Jl, ;,.1]1 y:5.§ BJ'5'Jg u:]-~ 7'1-s::%-"'l :t]41 ~BJ'5"J ~]y7} ;;111 

1 y:5.§ BJ'5'JoJl '7"-~'d ?.112 y}JJ BJ'5'Jg u:]-2} 7'1-s::%-"'l :t141 ~BJ'5'J ~l'l"-li3..9- :3:jo-].5=. 51l];'}'ii" .3..9-1?'!, i TS::~· 

~ ''~BJ'5'J_s'.l_sc_ 7cl_~i>}q". 

[0103] 1!1e!jA}'5'J_s:>_sc_A-j, ztz.)-91 ~BJ'5'J_C>_sc_ 7.:l.~tl zl_leljE 1:Jlo} -=?-s::%(76),:_, i>}-$1 B]'?'! zl_leljE 1:110} 4'-~ ~ AJ-$1 B] 

1?1 zl_leljE 1:l]o} 1\'-~ -'os--"'l ~'7"-91 1l]1?'[ zl_leljE 1:l]o} 4'-~g ±W%l:- Y 5'J9-. tl allA]~'d all<:>l]A-], i>}-$1 1l]1?'[ 

z! 1e!j E 1:ll 0} -¥-~-€-:- ( .5=.~ -'El ~i:.':j ~cl~ ;; -"'1) .5=.~ -'El 1tl-£;<-1l ;z] li ~ ±. tHl Y x)..:il., .5=.~ -'El 1tl-£;<-ll :,;] li ~ % 

5°]31<'>}°'1 1l]1?'[ zl_lelj.§. .§.ifil.:3i.](79)~ ~]-'f-.:il. 5°].?-j-'E[ .5=.~-'8 1t}£;<-1l 7-]li~~ 1l]1?'[ zl.E~_§ .§.ifil~](79)-"'l AJ-$1 4'-~ 

_s'.l_sc_4'-Ej AJ17JW_c>_sc..-¼1 "8jAcl~ Y x).q. AJ-$1 1l]1?'[ zl.lelj.§. 1:l]o} 1\'-~,:_, (TiN 4°11..--]9} W %~ ;,.]5-_c>j s::~ -'os­

_c>j) 31°"1.5=. B}L}_c>j 'ii'~ 7-]li~ ±W%l:- '7"- 1).:iL, i>}-$1 1l]1?'[ zl.t"JlE 1:ll 0} 4'-~ -$loJl ~o-].5=. i>}Y-91 -5'-~ ;,:]_iii_~ 

Sc] 31 i>} .:il. ~ll z! 1e!j .§. ~-11 'fil %~;<-Jl ;· ( 280) 91 AJB J:E 1?1 g ± Wi>}~ y1IJ 1?1 -$1 sc..4'-Ej ~ o1 .5=. i>}L}_c>j ~; 4?- ;,.] 5-_c>j 

4°d -¥-~-::.<;: AJ17JW.C>_sc_Mi ~Acl~J y 1)9-. ;,.1]1 zl_leljE ~-ll'fil %~;<-11 ~(280),:_, ~~31 7]71131 :ileTI-.§.}(CMP), 

_2.~~ Oll~, .11=.~ 0 1~-"'1 s::~-£~ 0l%%l:- 'T ~l.~· :ilJTI-~ -'§-7-j_c>j -+1tJ: 1\'-~ %~ ~ 6 }7-l.:il. All7J~ Y x).q. Zf 

4-"'1 ~BJ'5'J_0_sc_ 7.:l.~tl zl_E~E 1:l] 6 } 7"-s::%(76),:_ uJlYcl-~-l]'fil °7.A~~cl~ ¾f5] ~ 44-"'1 ±>- cg9'j(61) ~oil 

~pg~ 4- 1)9-. 4z:t--"'1 ~BJ~_c>_sc_ 7.:l.~tl zl_le!jE 1:l]o} 7"-?::~(76)-"'l ~B Jf.1?'[,:_ uJlYcl c.EJl -'rs::~(55)-"'1 

~B 1E ~ g ±. ~-i,}~ 7..,_:ile 1?1 -$1 oil -$1 ~l %1- 4- xl. q. 

[0104] ~4--"'1 ~BJ'5'J_c>_sc_ 7.:l.~tl zl_EljE 1:ll 6 } 7"-s::%(76),:_ ;z1]1 4-:ile BJ'5'J hdlg u:]-2} ~BJ'5'J_<'.l_sc_ <:1~.s=j.:il. 3161.5=. z.} 

Y-91 .uLtjl c.lelj(132, 146,232, 246)g ~4-91 ~-BJ'5'J_<'.l_sc_ 0P=l2f! ~~-~(BO, Bl, B2. B3, ... )SC.. :':;BJ'5'J_c>_sc_ 

~%1-<'>}nj, al 71 A-j, ~4--"'1 ~-~ g_-, All 1 9-3.§ BJ'5'J hdl oil 4-~ 'd ?.-112 4-:ile B,,HJ hd2 ~ u:]-2} ll] ~.s=j .:il., z_:i-zt, (.5=. 

13boJl £Alt! ~-E.4'd zl_le!jE l:l]o} cg9'j(200) ;;91) ;,.1]1 ;iflB cg9i, (£ 13b01l £Al2f! :d-%-nJlS'.cj--~-l]'fil t1] 01-

''a'2:l(400) ;;_c>j) All2 :illB cgQcJ, ~ (£ 13b-"'l 7'1-'9 -~4'--"'l ?.-113 ~~(B3) 1-il-"'1 ~¾-uJlYcl-~-ll'fil t1] 0} cgQcj 

(400) 0}i.'11oil ~J.:3i.]%!- ::;, <tl~) 7-1]3 7-1l1i± cgQcjg :V:.Wi>H=:- ;,.1]1 ~~(Bl), 7-112 ~~(b2) ~ 7.ll3 ~~(B3)g ~A-j 

i:]sc_ ±Wtl 37]91 °1* {t~~-"'1 ,\7]E ~ .¥.Wtl9-. 

[0105] £ 16a 1..il-7-] £ 16c~ %s::<'>}~, Al]2 zl_leljE 'ell~ %~;(-11 ~(282),:_ ;,;U zl_leljE ~1l~ %~.i-ll '~·(280) -$1011 1!1e!j 

A}~_<'.l_sc_A7 6jAJ~ 'T° 1)9-. ;(112 zl_le!jE ~1]~ %~;<-Jl '&'(282),:_ ~cl~~~% .IJ=.~ ~cl~ ~~% ·'0-◊~ %~ 

;<-Jl 7-]li~ ..¥.Wtlq. ;;(112 zl_le!jE ~1l'fil %~;<-11 ~(282)91 -¥-JJll~ 30nm 1..il-7-] 300nm-"'1 ~-$1 ~ 4- 1J.7-l;'}, c-j ~71 

y- c1 -2- -¥-7Jll£ QcjA] 01%~ 4- x)_q_ 

[0106] q 0J=tl zl_le!jE l:l]o} 7"-s::% 01. zl_leljE ~-1]~ %~;(-11 ~~(280, 282), %~~1 ~~ 7-]li 1\'-~(430), ~ nJlYi:.':J-~1] 

~ o-],@~c.j1..il91 uJlYc.l qt1}0 lc.91 q 0J=tl xE~ ~9i ~ i>}-¥1 ~-11~ "ii'~ --'g§..~~ 7"-s::%(780) ,'c}_c,j 6 }i:]Oll 

~'d %~;{-ll 7.]5-~g ¾-cr] "8jAcl~ 4- xJ.q. T;<-11.?-j_c>_sc_~, ~¾-uJl5.'.cl-~-1l'fil tl]o} 7"-s::%(488),:_, %~;{-11 % 
~ ?.]j.£i.. 1f-~(43Q)g %-cr], ~ ,{<j_le!jA}'5"J_<'.l_sc_A7 zl_leljE ~1]~ %~;<-Jl ~(280, 282)g %-cr] ~,;,3.s=j°7 i>}-$j ~1]~ "ii° 

4:-- AJ-§..~~ 7"-~¥(780)4 ~7]Zi_c>__i;c_ 1l~%l-(~, ~71.?-j_c>_sc_ ~W~) 4- 119-. ·'?-1.-c=.t}'d zl_le!jE 1:l]o} 7'1-:Z:¥ 

(86),:_, zl_le!jE ~I~ %~P-ll ~(280, 282) ~ 7--1]2 7-11~ "'l-AlB~ %~»il 7-]l.E.. 4'-~(265)g %-cr] cgQcj(200)oi]A-j 

~Ad~ 'T° x)_q. 

[0107] ;z1l2 ~71 .5=.~ ';(246)4 1}~'<'>1-~ -'f.1:==..2-}'d zl_le!jE 1:l] 6 } 7"-s::%l86)~-"'1 A7_lcl_~;='_, cgQcj(200)01lAi 7.112 7-11~ '9 

--AlB~ %~;<11 ;,.]j5.. 1\'-~(265)..g: ¾-cr] <:17-J.s=j.:il., ;,.1]1 7-11~ "'l-AlB~ %~5(11 ;z}K ,¥-~(165)% %-cr] <:17-J.s=j-7-] 

;OJ-~q. A!ll ~7] _r;::_~-! ';:;(146)4 ~~i>}~ 1,1.r:=~}c,,l zl_le!jE 1:l]o} 7"-s::%(86)9] "E 9-·e- A7_l=l_~,:_, cg9'j(200) 

oJlA-1 ?.112 Al'Z Qcf-1-1lB-8j %~5(-11 7-fj.s' -¥-~·(265) ~ A!ll 7-1V~ "'l-AlB~ %1 7-f/.s. 4'-~(165)g %<>] <:17-Jtlq. 

[()108] E~1l'd cg9'j(63)4 ~~<'>}~ .C::.~1]'d z!lelj.§. tll 6 } 7"-s::%(88),:_, qtJ}0]c. cgQcj(lOO)oi]A-j zl_le!jE ~1l'fil %~5(j] ,-~ 

(280, 282) ~ ;;(!]2 :g_<:1 7J :;;;-c27o)g ¾-crR <:1~~ 4- xJ.q_ ±c. ~~ tl] 0} -=?-s::%(91),:_ zl.le!j.§. ~11~ %~;<-11 

~(280, 282)% ¾ii] <:17-J.s=jo-] cgQcj(lOO, 200 ~/.11=.~ 400)oJ]A-j ~BJ'5'J_0 .sc.. 7,,l.~tl zl_le!j.§ 1:llo} 7"-s::%(76)sc..9] 

~71 1J~g ;,.-11-,g-%1- 4- xl.11-. 

[Ol09] zj-zj-9] 1:ll 6 } 7"-::'i':.%(488, 86, 88, 91) ,:_ 4z.J-91 ,\ilE91 1IljE7'cJ -'g-7-3 ~ ~g-~ -'g-:c<j& 0 ]%i>}cxj ~AJ~ y x).q, 

4l~_c>_sc_A7, 27~ 01~91 %~-"'1 1:l]o} 7"-s::¥(488, 86, 88, 91),:_, 0 1BJ"'cl oil~ -'g-7-jo] -'ii,'-A]Ol] ~~s=l~ zj-zj-9] 

%~-"'1 7'R1:l]Eioil 41tl Et~ ~ 01 ~-ll'filoilAi 7']1:ll'Ei~-"'l 4-~ 'tl-¥1~ ?.1]°"1%l:- 4- x).q.:il. 7}7-ji>}'?'!, -'§-% Ail.§.911Ill 

E7'cJ -'g-7-3 ~ %~ t'-7-a-;.i- 0]-§-i>}cxj ~Ad~ Y 1)9-. 
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[0110] ~ {[,A]oj]oJl"-1, (oj]~ % 0 -L ~Y !';,~S>l) (5=. 16bs,:J oJ],,.,l-'8. -'l1!-¾-nllYcl-i.',l]'lll. l::ll 6 } ~Qcj(400) ~s,:J) ;;(-112 111B 

~Qcj -'?loJl~ o-]u:7~ z!~!=-- l::ll 0 } 7'-3'::%5=. i@--",:j"i'i}.7-l 'f'J-_<'.>_t!"-1. ~q..rc=:.2.}'{]_ z!~.s l::ll 0 } 7'-3'::%(86) 0 1, Zjo-]5=. i3-} 

421 QcJ-"illBi@ %~5til ARli -'f-~(165, 265)g_ ¾i>H, (£ 16b21 o!l,,.,l-'8. ~,i_i:==_2.j-'{)_ z!~.s l::ll 6 } ~Qcj(200) ~s,:J) 

;(ill 11lB ~Qcj ~ ;;(j]3 11lB ~Qcj(S=. 16b21 oJl,Al-'8_ 7'-QcJ 6 }i.'.]1s,:J ~,ic4'{]_ z!~_§_ l::l] 6 } ~Qcj(200)s,:J EE c)-~- '{}~ 

'ii~) -'?loJl ~ A]]l ~ ;;(113 ~~(Bl, B3)(oJl~ ~°7, ¾"r !';,~~)£1 ~71 5=.~ ~-(146, 246)S>l zj-zj-s,:J -'f-~ cl} 

s.. -'?l oJl ,s-J --"el ~ "r ~ t:.J- . 

[0111] -'l1!-~--u\]Ycl-'cil'lll. l::l] 6 } 7'--~%(488)~ zJ-21-2_ (o!l~ ~'>i, ~Y !';,~s,:J) %~5tl] %~ ARli -'f-~(430)-i ¾'>Hi@ 

--"cl~ "r ~t:.J-. -'l1!-¾-nllYcl-i-ll'lll. l::ll 6 } 7'-3'::%(488)2-, -f',~5tll %~ ;(ij.5.. -'f-~(430)g_ 1IIJE-J'iJ"i'i}.:i2 -'f-~(430)21 

7R7'- LHoJl 5=.~--"J ;;(ij.5..(oJl~ ~-o-], TiN, WN, W, Al, Ti, Cu~)~ 5'13:j"i'i}°'] -'l1!-¾-u\l.5:.cl-i-1]'lll. l::ll 6 } 7'-3'::%(48 

8)~- i@--"j~<'.> __ £M]. tj-1?: l::l] 6 } 7'-~%(86, 88, 91).:rr} 1!'[5=.s.. i@--",:j~ y ~t:.J-. cH'{}-_()_s_"-7, -'l1!-¾-nll.V-cl-i.',l]'lll. 

til 0 } 7'-3'::-~::-(488)-£.-, %~~ .rrHEi'iJ ~ ~lZl B:.iil %';'}, "i'i}cf 0 1~21 tj~- l::l] 6 } 7'-3'::%(86, 88, 91) ~/:cE~ llH 

t! z! 1eJl ..§. l::l] o} 7'-3'::%(76)s.."-7 i@--",:j ~ y 91 t:.J-. 

[0112] ¾"r !';,-~ ~ ~y !';,~ 0 1 -'?loJl"-1 AJ"§.£j5:J_7-l;'}, ~Qcj(400 ~ 200)2- ~Qcj(l00)S>l ~ ~AJ-oJl"--1 ~5.}3:j_0_5', _iiLt:J1 

%l- 3.)1.fL~::: ;l:lq~ ~oil %21i>H 0 l= ~t:.J-. o!l~ ~- 0 -1. ~ J.ll.sS>l 27R21 'Zl{l~ ~QcJ(200)2-, ~QcJ(loo)s,:J 9-°7~ 

~(oJI~ ~-o-i, ~-,;- ~E~ -9-:;-) AJ-s,:J "i'i}1-f£1 ~Qcj(400) :cE~ ~ J.-11.sS>l '{]_{l~ 27Rs,:J ~Qcj(400)oJl -~ZiH ~cl~ 

"r ~r::.J-. c]l::l} 0 ]~ ~Qcj(l00)21 ~ :';-(oJl-~ -~·°7, 3~~) ~oJl"-1, -'l1!-¾-nlls..2.i-i;,J]'lll_ t:l] 6 } 7'-3'::%(488)~s,:J "-11:!.. 

1!2-, ;;(j]l ~ ;;(1]3 :.iilB ~Qcj '§·9~ ¾Y 11lB ~Qcj~ 0 l -~:tt:J1s.. %7-]:s;j~ ~~ ;;(j]2 ;iflB ~Qcj '§-9~ ~Y :.iilB ~ 

'2'!~ 0 ] <1]7-j-'8_ 0 ]~oJ]. ~Qcj(400)oJ]"-1~y ;iflB ~Qcjs,:J 7'-S"j~oJl"-1 i@--"j~ "r ~t:.J-. °']7]"--1 "-}%~ u:Jl, ~'2'1°] 

1-f 7'-3'::%oJl t:J1f5H {[~3:j'i} 7'-3'::% ~7d 0 l 0 l3f-o-]7-]7-l '2.J-~q~, ~S"j :cE~ 7'-3'::%,':', ".::Z.gs.. %:,.]-'8_tj". -'l1!-% 

-nllYcl-i-1]'lll_ ll]o} 7'-3'::%(488)~ zj-z)-,':'_, 3:jo-]5=., nllYcl-'cil'lll. o-]',l]!';,2]s,:J ~~-tl- JE~g_ .¥.1}8}~ ;;(1]1 y3f,Jt! 

_<'.>_5'.,4'-E7 nl].5:.2]-'cil'lll. o-].J;JJ!';,cls,:J ~"i'i}B lE~g_ .¥.~"i'i}~-: ;;(112 y3f,Jt!7J}7-] yz]_<'.>_s_ ~.AJ-'8.t:.J-. 

[Oll3] t:113'::3:j_<'.>_s_, 5=. 17eoJl 5=_,A]-'8_ l::l}9} ;Q- 0 1, ~Qcj(l00)S>l ~g~(oJl~ ~°7, 4-~)o,]~, -'l1!-%-nl]Ycl-'cil'lll_ ll]o} T 
3'::%~S>l "-1.!:!..1!,':'_, A]]2 :.il]B ~Qcj !'.g-9] 1,}y ;iflB ~Qcj 0 ] .Jt:J1s_ %7-]:s;j~ ~~' ;;(l]l :illlct ~Qcj ·'i'S>l ¾"r Al 

TI ~ QcJ 0 ] ;;(j] 77-'8_ ~o,] ~ '2'! (400 )o,] "l ¾"r :.ii]B ~ QcJ S>l 7'-QcJ oJl "l i@--"Hl Y ~ t:.J-. 

[0114] u:J-4"--1. £ 2 L.\17-J £ 7oJl £,Al-'8. l::l}9} ;Q- 0 1, ~4'S>l .:urt:11N~ .§1-"] ~(142, 242) '::'~ ~~ _,,~(132. 232)o] 5'13:j 

.£] °7 3:j °7 5=. "i'i} 1-]-s,:J .:uI t:11 ~ 1eJJ g_ i@,\j ~ cj-. .::z. cj-; , 5=. 13a ~ 5=. 13boJ] £,Al -'8. t:l}9} .:Q-o l , 3:j o-] 5=. "i'i}'L-}s,:J .:ur 

t:11 ~~~- %f5H A➔ll y3f,j lclJ'<>J= hdlg_ u:J-4 ~lclJ'<>J=.£.s.. ~.AJ.£]~ ~ys,:J B]~ .§\ll;,,](79)7} i@--"d-'8.t:.J-. .§1-"] ~ 

(142, 242),':'_, 5=.14a L.\17-] 5=.14coJl 5=_,A]-'8_ l::l}9} ;Q- 0 1, ~"r21 BR~ .siill~l(79)~ ¾f5H 3:jo-]5=. "i'i}cfs,:J .:urg ~ 

~.£.S'.4'-E7 ~~Zj.Q.s.."-7 ;;(jl/js=]o-] ~~ '~;-~(132, 232) "-} 0 ]oJ] ~ys,:J Bij~ .2.~J,1-(143, 243)~ ,s-J,1..,:j~c]-. 

[0115] 5=.15a L.\17-] 5=.15coJl £,Al-'8_ l::l}9} ;Q- 0 1, ~ys,:J ~71 5=.~ ~(146, 246),':'_ ~y21 B~~ _1=c,~ll~]~ %f5H BR~ S,_ 

~,¥-o,] <5J"3.£]j1, ~'?1 ~3'li◊l"--1(74)~ ~4'21 BR~ .siill~l(79)o,l i@--",:js.Ji:tj, ~ys,:J ~lclJ'<>J.Q.s_ 7,J?i'j"~} zl_~_Ec 

t:l]o} 7'-3'::%(76),':'_ ~ys,:J B~~ .siill?-l(79)oJl"--1 ~~ ~3'11°1"-1(74) ~loJl ,s-J--",:J-'8.tj. 

[Ol 16J ~'T'"S>l aH\1 ..§.i!Jl~l ~ %f5H BRTti .2.~J,1-oJl"--1 ~~r-"'1 ~71 £~ ~-1 i@--"j"i'i}~ tl-:.ill~. £ lla LB7-l 5=. 12boJl 5=. 

A]-'8_, Ai]2 Alt±- ~Qcj g A-l]77"i'i}j1 %~5tll %~ AHli -¥-~(430) g_ i@--",:j"i'i}:-.:: B:ill ~ +oil ~-"]~cJ-. A1]2 :illB ~ 

'2'!-;.'½ A]]7-j "i'i} ~ TI :ill c. All 2 :ill TI ~ '2'! oJl "-1 ~ 'i':1. -~ ~ .§1 -"] ~ g ;(1]71 "i'i}°'l -'l1!-%-nll Y i:.'J-i-1] 'lll. 7l-,1-C 769) ~ i@--"cl 

"i'i}~ tt:.iil~ .¥.W~cJ-. ~71 £~ ~-(46)2- -'l1r¾-oJlYcl-i-1l'lll. 7H7'-C769)oil -'fl?-J~ *~;(n %~ ARE -¥-~C43 

o) oJl i@ --"cl .£J 7-] '2J' ~ t:.J-. 

[Ol17J 5=. 17a 1-tJ.7-] 5=. 17f~ .:{l-3'::"i'i}~, 2-}'{]_ i-l]'lll. %~5ti] ~(110) 0 1 z!~.s i-1]~l %~5t-l] "~(280, 282) $loJl ~,,.d~ y 

9).cJ-. 2.J-'il 'cil'lll. %~5t1l ¾(ll0)oJl~ q 0J~ cg-~ ,,,cl-~{l:';' 7'-3'::%ll08, 103, 101) 0 1 i@-"3~ 4' ~cJ-. cg-~ 
AJ-~1l¾ 7'-3'::%(108, 103, 101),°_, ~i::::2-j-'{]_ z!~.s l::ll 6 } 7'-3'::%(86)4 -'l1!-%-u\lYcl-'cil'lll. t:Jl 6 } 7'-:~~:-(488)s,:J 

zJ-zJ-21 ~oJl ~ 7 l 3:j _()_5', 7.e!_ ~-5,J ~ ( oJ] ~ ¥ o-i . 4 zJ-21 ~oJl i@--"J .£j 77 4 ° l 9t % 213:j _()_s_ 1l ~ "i'i} ~) AJ-'?j i-1] 'lll. cg­
¾ AJ~1l¾ 7'-3'::%(108), ./4112 y3f,j l=IJ'<>J hd2~ u:J-4 ~.AJ.£].:i:I ;;(111 y'S@ l=IJ'<>J= hdloJ] yz]'{]_ t:J]E2.}'{]_(103). "~ 

s--_~ 1J ¾ ll] o} 7'-3'::%(91) 9} 1'l~"i'i}°'] ~ lclJ'<>J_()_s_ 7,J ~~ zl_ ~ ..§. ti] o} --,1-3'::%(76) g s--_~ ~ Qcj (61) g t:i}o] o-] -'i:) 

"i'i}7l ~l~ ~7] £~.Ad 7ds..~ A1!~<>1-~ s--.~ 1l¾ 2.J-'il 7'-3'::%(10l)g_ .¥.~~ "r ~tj. Ei--l]'il~ ~~ 7Jl 0 ls 

~~ zl_~_§_ l::llo} 7'-3'::%(87),':'_ c]l::l}o]~ ~Qcj(l00)oJ] '{}{l'tl ~Qcj(200)oJ] $];,_]~cJ-. 'Z11l~ c]t:i}olA i-1]'lll_~ 

s..-'f-E7 27H 0 ]AJs,:J yz].Q.s.. ~cl-'8. -%]E2.}'{}~% x½,,.,]7']~ ~Qcj(200) L.\121 ~1l~ BR~ z!~.s .siill~l(79)~ 

"-} 0 ls,:J zJ-zJ-21 "-l.1:l_!';,~oJl~ 27R 0 ]AJS',1 :.iiltl- 0 1 ~-i '7" ~cJ-. 0 1 7d-'f-, %~~ "-7-1.:". !';,~oJ]"'-j "-7s.. 3fil'8']"i'i}7ll 

-'?J~]"i'i}°'] zJ-zJ-21 yz-j.Q.s_ ~i:']-'8_ $~!=.2.}~_liy- 1J~"i'i}~ 27R o]AJ-9.] -'i'~-'=-2.J-'Zl zl_~_T=-_ t:l] 6 } 7'-3'::%(86)(oj]~ 
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~y[o{etb [fl?:':i"{E't '[:-y[!:ollo[YE-} fa ·t:i.-w%:n: %'=;.R,{2:::ilt, -wro %~Yo [2-,-s-[[n -;;-(9vZ '9v1)'=;.~ 'R:'i [L 
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t:i ltl?::'iw ·-;;-c o8L )-g~ -/: ~ ~ ~fy ~-2-1Ft tf.:i ro1* • -b r.s ~ ~ l¥ ro t1:o-&, c 6)-Er LL lfl?:':i"w ~ n:1 y ['le 1& 3 so~1O 
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232, 246) z.j-Zj-,":. Zj-Zj-.9.j ;;:_.cl~ -~ ~(132 ±.C.:~ 232) ~ Zj-Zj-.9.j ~71 5=.~ ~~(146 ±.~ 246).91 .illi::]J ~ ~ g_ ± 

'®-~t+. nJl.£ cl 6 "@, 7"-s::~-C 55) zJ-z.)- .":. ;;-'1.71 5=.~ ~ ~ (146, 246) .91 z./-z./- .91 ;;.1] 11ll. oJl .$17-] ~ nJl .£cl .fl..:±.{Ir.91 

y3l ~~2 ±~·~i:+. ~71 .::c~ ~~(146, 246)-E':- nJl£cl .fl..:±.~g_ .$1~ -$~E.4'?l~c8~ ±'®-~i:+ 

[0134] ~0,5=. "i',}L-}.9.j .illqj 6~(132, 146, 232, 246) ,':'_ El]4:'.c~-·f: ±'®-3}~ :iil1i± '"@91 g_ ±W"5"}.:i2 E1]2}6~ oJ]-"7 z.)-zj· 

.91 °}i!lloJ] ~'?} ~7] 5=.~ -"~(146, 246) 0 1 nJlYcl-c.1]'1ll_ o,J;ll~cl LRoJl-"7 ~.91.91 .!floJ] ~'?} ~71 5=.~ -~-(146, 

246)Ji"..q ;;;;j]l "T'-3:§ 1clJ~g_ u:}2} c-j ~cl ~~Br+. ~0,5=. "i',}4.91 91-:iil1i±~ %~;~fl ;;;;R.li. lj!-~(165, 265)·?· .:3-J 

0,5=. 3}4.91 .illi::]J 6~(132, 146, 232, 246) .AJ.9.j :iil1i± '"@91 .$161] ~Ad~ y 9li:+. 

[0135] ~y.9.j ~1clJ"5"J=~£ 7J~~ {i~E 1:l]o} 7"-s::~·(76) 0 1 nJlYcl-c.1]'1ll_ o,J;ll~,,~-~ %<5] ·<"{Pd-'8.9-. ~y.9.j ~JclJ-ercJ=_s>_ 

£ ~~~ :tile!l~ 1:l] 6 } 7"-s::%(76).':. ;;;;1]l 4-.1§ 1clJ'5"cl= hdlg_ u:}2} ~1clJ'5"cl=~£ ~;,;J.s=1.:i!., ~0,5=. 3}4.91 .illi::]J 6~ 

(132, 146, 232, 246)g_ ~y.9.j ~1clJ'5"cl=~£ 0 129-'8. ~~~(Bl, B2, B3, B4, ... )£ ~1clJ'5"cl=~£ ~if~q ~ 

y.9.j ~~~(Bl, B2, B3. 84, _;-f,, ;;;;1]1 y.1§ 1clJ~ hdloJl y3l'?_l ;;;;Jl2 Y10 ~~: hd2~ u:}2} ll]'i':l_.s=1.:i!., (.::i:J]3 

~ ;;;;J]4 ~~CB3, B4).91 40,;zl 71l1i±~g_ ±'®-"5"}".::: -'f~'=-4'?1 ~~~ 1:l]o} '"@91(200) ~.91) ;;;;-1]1 71l1i± ~'2'1, (;;;;1]1 

~ ;;;;J]2 ~~(Bl, B2).91 -¥1-%-nJ].£cl-c.1]'1ll_ 1:l] 6 } '"@'2'1(400) ~.91 :ill1i± 0 ] Al]7-1-'8.) ;;;;l]2 :ill1i± '"@'2'1, ~ ((~i,c_;_Adg_ 

.$1~ £Als=17.] ~,':'_) BO )g,.9.j_ 4'7} ~~~.91 L-}U,7.] ;;;;Jl3 :iil1i±g_ ±W"5"}~ -''s',].r::2}'?_1 ;f:i~E 1:l] 6 } '"@'2'1(200) -'g'c 

.91) ;;;;J]3 :i!l1i± ·=:r~>l-g_- Z}-z.)- .±'®-"5"}~, ;;;;1]l ~~(Bl), Al]2 ~~(B2), Al]3 ~~(B3) ~ ~14 ~~(B4)g_ 'i?-"1i::Jl.~ 

±~~ 37].9.1 °]¾ ~~-¥.91 ,kl]~~ ±Wtli:+. 

[0136] u]l..£. 2-]-'cl] '1ll_ 0, ,,_jl) ~ cl ~ %<5] ~;,;Js=1 ~ -¥1-%-nJ].£ cl-e-1] '1ll_ 7] 7'1-( 769) ~ ;;;;J]2 :ill 1i± '"@ '2'1 Z .91 ;;;;1] 71-'8. ill 1i± ~ '2'1.91 

=r'-'2'1 oJl ~ Ad 5.'l y 9l q. -¥1-%-ul7_1,1_ 9-r1] 11ll_ 7] 7'1-( 769) ~ ~ 0, 5=. "i',} 4.91 3}.$1 10-1] 11ll_ -?r~5\1] ARK _,_~ (760) LR£ ~ 

;,;J~ y ~l q. -¥1-%-uJl.£ ~ -10-1] !!,Jl 7]7"-(769) ~, nJ]Ycl-c.1l '1ll. o, ,,_jl) ~ r~1 ~ Tl'j i?:1_ Jfr.5=.~l ;;;;R .Ii. .cc,; (10) g_ %<5] ~;,;J 

.s=J~ {l~~-0_£ y-3]'?} ·=;s!jg_ ±WW 4' ~LI1. %~5\1] ¾{l ;;;;]K 1,'-~(430),':'_ ¥1.:%-nJlYcl-c,J]11ll_ 7]7"-(769)oJl 

~AHJ Y 9Jq 0 1~ 1i±:il]~,0., ~½-'8. l=l}.Q} 7c[ 0 l, B]i?:1_ ..§."Jl.~](79)~ ~Ad3}.:i2, §1-<J ARR ';'(142, 242)g_ 

{17] 5=.~ _,_~·(146, 246)_0_£ t:Jl5\1]3}.:i2, B]t! ..§.aj].~1(79) "41611 ~'?i 6ltJ]o],,<.i(74) ~ ~@, . .::=: l:l]o} 7"-s::%(oj]~ 

~c:.j, ~6 {1-~ ±.~ ':i;-7.]~ %.ft.~c':;'lj!-)(76)g_ ~Ad'3}~ 1i±:ill~g_ %1tltlt+. 

[0137] Al]2 :iil1i± '"@'2'1 z.91 ;;;;l]7-J-'8. :i!l1i± ~91 .$loJl~ o,1:E]tl {i~..§. tJl 6 } 7"-s::%5=. ~Ad3};<.] ~..'2..'?:!A7, ·'f-]!==.2}'?} zile!l 

..§. tl] 0 } 7"-s::%(86) 0 1, ;;;;1]l ~ ?;113 :iil1i± ~'2'1 ~.91 40,;z] :i!l1i± ~'2'loJl-"1 ~71 £~ 1;-(146. 246).91 -'r-~ %oJl 

~ :=I. .$1611 ~Ad~ y 919-. ;;;;j]2 :iil1i± '"@'2'1(82) ~.91 ;;;;J]71-'8. :iil1i± ~'2'1 ~]oJ]~ o,u:7~ {i@,_E=_ 1:l] 6 } 7"-3':%5=. 

~"83}7.l ?J_c:,_i?:1_-"7, -$JE2}'?} {i~.§.. 1:ll 6 } 7'-s::%(86) 0 1, ~0,5=. 3}4.91 91-:iil1i±~ %~5\1] ;;;;RK lj!-~(165,265) 

% %'5H ;;;;1]l ~ All3 :ill1i± '"@'2'1 ~.91 40,;,.l :iilTI ~'2'1 .$loJl, ~ ;;;;1]l ~ Al]3 ~~(Bl, B3).91 ~7] 5=.{i ~(146, 

246).91 z.)-z.)-.9.j ¥~ %611 -3]{l ~Ad~ y 119-. 

[0138] ¥1.:%-ufl.£cl-<'1111ll. 1:l]o} 7"-s::%(488)~ z.)-z.)-.C:. 0 1{1 ~A]cjl61l-"7 1l.~-'8. tl}.Q} 7c[ 0 ] %~5\1] ¾~ Al]s. lj!-~(430)g_ 

%'5] ~Ad~ y 911:f. -¥1-~-u]].£~-101]'1ll. tll 6 } 7"-s::%(488)~ z.)-z.)-.C:., ~0,5=., uJl.£cl-c.1l'1ll. O,,,_jl)~cl.91 3']~1i± 

lf_i?:1_g_ ¥.W3}~ ;;;;l]l Y101?:!.9...£.lj!-E7 uJl.£cl-101]11ll. o,,,_4J~cl.9.1 j;J3}1;± lf_i?:1_g_ ±'®-3}~ All2 y101?:1_7,7}7.] y3l.9...£. 
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[0139] .!f-lc2}'?_} 6-$1~ r:lti} 0 ]6.9j x.c-:::, )(-112 :illB ~Qcj ~91 7-Vl~ :illB ~9'1.91 --,1-QcJoJl ~.Ad-'8 ~%-ufl__',_'__9-101]'11)_ 

ti] 0 } --,1-s::¥(488)-a- ~-"35}-::: -"ill~ 7-113 :illB ~9'1 ~-9-:J 4°77-l AlB ~QcJoJ]J.i ~71 £~ ~(146, 246)-911\'--l_i':­

oJl ~71~-J_Q__s__ 14i'-~ 4- S'Jtj-. 0 l]~ ';;;_61. --'-J-$1 101l'1ll_ -'g-4i'- --'-J~14i'- --,1-s::%(108)t, ~%-uJ]Y9-101]'1ll_ ti]o} 

--,1-s::-¥(488) --'-JoJl ~ uJ]Y9-101]'1:[ 6l-':Jl~9 --'?loJl ~ ~-ic4'?_l Z:1_1'];__§_ til 0 } --,1-s::~-(86) --'-JoJl <'§-'a~ 4- S'Jtj-_ 
0 ll-~ ~''1. --'-J-$1 i:cl]'1:[ -'g-4i'- --'-J~14i'- --,1-s::%(108)t, uJ]Y9-101]'1:[ 61,,_;ll{::~9 ~l.9J ~~--uJ]Y9-101]'1:[ ti]o} -,1-s::¥ 

(488) ~ -%[.-=_4'?] zl_1'];§. ti]o} --,1-s::%(86)-91 44-"'1 -!!-J';;;_ --'-JoJl ~_,,_d~ 4- S:.19-. --'-J-$1 i:cl]'lll_ -'g-4i'- AJ~14i'- T 

s::%(108)~ % 3161£ 5}4-::: 7-1]2 ~~(B2) ~ 7-1]3 :;_-~(B3)g 7}s__ ~<'-1 'B_~~ 4- S')tj-_ ~ {l_J.-]oj]oJlJ.i, --'-J 

-$1 i:cll111I -;:;'4i'- --'-J~1~ --,1-s::¥(108)-~ 44t ;;s1]1 :;~(Bl).rr} 7-1]3 ;::;_~-(B3) J.} 0 loJl -$!?-]~ 44.91 2~1clJ'6J() ___ ~ 

~~~ zl_1'Jl_1=c_ 1:lJo} --,1-s::¥(76)oJl 7Jtl 4- S:.19-. 

[0140] £ 20-£~ %s::-8}1i'1, "r1-cc:4'?_l 6-$1~ qti} 0 l6, 3161£ -2>}4.9J 5}-$1 i:cl]'1:[ *~5<1] 2}(760). 1f 5}-$1 101]'1:[ -'g-4i'- --'-J 

~14i'- --,1-s::-¥(780).rr} %~~ 101]~~oJlJ.i <i1'l;J.}15J~ *~5(-Jl ,,]1.s ','.;(52) ~ ~]l _:ii]-,:;- .ill.LB 61'];(132, 142).91 J.i 

__l=l__,'j}g_ <'§-"3f}_c,_5_Mj £ 18.9j 7-]l2 ojlJ.-]31'?J --,1-s::%s__--'f-E7 £½~ Y 5:.1-::: 7-1]2 oj]J.-]31'?J --,1-s::%.9J ~<'§ojl7} £/-l 

"961 S'Jtj-_ oj]~ €61, -'1'1.Si'}'?_l 6-$1~ qti} 0 l6 ~ 5}-$1 -c-1]'1:[ -'g-4i'- --'-J~1~ --,1-s::%(780)t ~%-uJ]Y9--c-1] 

11:[ til o} ~ QcJ C 400) oJl ~ uJl Y 21 61 1011 ° l ~ QcJ (loo) .9J --,7-9'1 914'-oJl ff:l .Ad~ 4- S'J q 

[0141] ~ {l_J.-lo:iloJlJ.i. %~5(-ll J<JJc ~(52) ~ 7-1]1 7-ll~ .ill.i:11 61'];(132, 142).91 J.i__l=l__1!t 7]~-(9) -'21-oJl ff:l_,8~ '"r 
9)9-. Y2i'-15ll/-i, 7-1]1 _:,j];,g .ill.J:11 61'];(132, 142).91 J.iE--'.:J!-91 4'-~~?: uJ]Y9 61-c-1] 0 ] ~Qcj(l00).9J 914'·-5'.1\'-E-] 

7--1]71~ 4- S').32 ~]l 7,:i 03' jjl_J:11 61'];(132, 142).91 J.iE--'.:J!.91 E1]2}6~ y-:= 7-llB ~Qcj .:_ ~%-uJ]Y9-6"1j til 0 } 

~ 9'J ( 400) EE-:= -%j ~-c.J-'?1 zl_ 1'];__§_ 1:l] 0} ~ 9'l (200) oJl '?115}-:= uJ]-5:. 9 61 -c-1] 0] ~ 9'J (100 ).9J 3r ~ 1\'-~ ~ oJl ff:1-"3 ~ 

9 9Jq_ 5}-$1 i:cll~ 9'1-7-llBtr:l %~5(-Jl ;;i:Jlli 4'-~(765)~ 44.91 7-llB ~9'1 -$loJl ff:1~"9.32 ~9'1(700)oJlJ.i ;;i:-Jl7l 

~ 4- S'Jtj-_ 1t}-£;,;-J] 91:l} 0 l6(710), 3161£ 5}4.9J 5}-$1 i:cl]~ %~;(11 ~(760) "'..J B}-$1 -c-1]111)_ -'g-~ AJ§.12i'- T 

s::-lH780) t ~ 9'I (700) 1.f1 .9J 71 ~(9) -'fl oJl ff:l .Ad -'8 q. 5}-$1 -c-11 ~ 9'1-7-ll Bff:l %~5(-Jl 7-ij li. 4'-~(765) t, 7-1]1 7-ll ~ 

.ill. -ell 61']; .9J ~ 31 -'8 J.i E- -'.:JI .9J --'-J B lE 1i'1 ~ 31 61 £ -t-} 4 .91 "6"}--'fl -c-1I ~ % ~ 5(-Jl ~ ( 7 60) .9J --'-J B lE 1i'1.r4 {l_ 7.al 31 _Q__s__ 

%cg~ -c-1l~oJl S'J-::: --'-JB lE1i'1-i· 7}7.al_ 4- S'Jq_ 

[0142] £ 21g %s::5}1i'1, ~ll 11r~- .ill.i:11 61'];(132, 142).91 --'gJi.31 A1E..-'.:l! 0 1 7--l]l 7-ll~ .ill.i:11 61'];(132, 142).91 ~31-'8 

J.iE--'.:l! -$loJl ff:l.Ad~ 4- S:.19-. £ 3, £ 4a ~ £ 4b, £ 5a ~ £ 5b, ~ £ 6a ~ £ 6b.9l ~19 B-7-l]';;;_ 4-<>J 

"961 7--l]l 7-ll~ --,1-s::¾g ff:l-"'.:l%f 4- S'Jtj-_ £ 22~ %s::5}1?!, £ 7a ~ £ 7b.9J ~19 BAl~ i.J17.] £ 10a ~ £ 

lOb.91 ~ 9 B-7~1 ~ 0 1 y<>J S:j 61 7-1]2 7-ll~ --,1-s::% g ff:l /-d %[ 4- S'J tj-. 0 1 {!/-] o:i1 oJP-i. 0i (10) t 0 1 {!_J.-] ci!loJl J.i-c­

] q~ 4° S')7] U!l~c.'Ji 4-~ ;,;~'§.-2__- uJ]Y9--c-1]'1:[ 61,,_;l];::;_9 °}?-lloJl ~'?1 71~(9) 1.f1oJl -$1?-]~q- J:11~_Q__s__--'-i 

~(l0)t ~9'1(10) 914'-.91 7]~(9) -'2}oJl 311 ~Ad-'8t:~. 

[0l43J £ 23g %'i~5}1i'1, £ lla ~ £ llb.91 ~19 B-7-ll~ 1.f1;,;l £ 17a ~ £ 17d.9J ~19 B7-ll~ 0 1 4'- 3Js=l61 ''1'!.c::2}cj 

6-'fl~ qti} 0 l6.9J Xe~, A]]2 7-llB ~Qcj ~.91 7-117-1-'8 7-llB ~9'121 --,1-QcJoJl ff:l-"d-'8 ~%-uJ1__1,_1__c.j--c--l]'1ll_ 1:l]o} T~ 

%(488) g 0 1%5}-::: 7-1ll ~ 7-113 7-llB ~9'1 %-.91 4o-17-l 7-llB ~9'1 1.t1.9J ~71 £~ ~(146, 246)21 4'-~''i] ~17I 

[0144] £ 24a ~ £ 24b~ %s::5}1i'1, -e':- 7]J.-li.Jl%.9J 7-113 {l_J.-lo:il 0 1l n:}:§_- 7-113 ci!lJ.-131'?1 --,1-s::¾t. ~'B_ ''6'-€ 1}1 ~,,_J {l 

'B_ ;;i:Jl_s'. "~~-91 .ill.J:11 6'1'l;91 7-1ll 4'-~g, ~,,_J {l'B_ 7-]li ;,l;~;:;; 0 1 ;~71~ £~Ad ~EL'}'?] "'b~½','- I:~~1]-'8 {l'B_ 

61'];91 .ill.i:11 61'];.9j 7-112 --'f-~_0 .-5'.1\'-E-l ~95}-::: 15HA} _§_ifil~l~ :sEW~9-- 7-113 ojl/-]31'?1 :~-'-5'::~-:' -"ill 1-111;- _ul__ 

cJl 61'l;.9j ff:l-"d7,7}7.] ~19 B-7-l]~.g- "r-"'JW_c,_s__Mi 7--l]l o:il""l~'?J --,1-s::%, 7-112 ojlJ.-]31'?] --,1-3':% g:,-:= 0 l½.9J ~ff:] 

_c,_£ 1\'- -s-J £ ½~. Y S'J t:-J-. -"ill ~ 7-112 {! -"l o:il oJl--'-i -'4 :Q- 0 l, 5}--'fl i:cl] '1ll_ -;:;' 2i'- AJ §.12i'- --,1-s:: ¥( 780) t 1t!-£~1l 9 

ti} 0 l6-9~ x.:==_oJl ~7l~_Q__s__ B"'t~ "~" S'l.32, 1s1}£;,;1] 71-'\'!:-(9) --'f]oJl f@Aa"9-::: 3161£ 5}421 5}--'f] i:cl]'1ll_ *~5<1] 

~ (760)oJl u] ~~ 4- S'Jtj-_ --;-:i 1e1]J.}15J_c,_s__J.i 7-1]1 :ill~ 7.l7.l 71% --,1-s::-¥O71) g Zr4.9J ~%-uJ]Y9-61']; ti]o} 

~9'1(400)91 %{:l--'f-s__4'-E7 7-11715}£~, 7--l]l Al~ 7.l7.l 71% --,1-s::%(171)91 lIJll@oJl J:11~ i:cl] 0 1°}*t ~j1'];X~<'f:}_c:,_ 

s__J.i ~7<:/~ 4- S'Jtj-_ £ 5a, £ 5b ~ £ 6.91 ~19 B-7-ll~ t 7-1]1 ;-'W:g- uJ]Y9 7]--,1-(149)~ ff:l-"d5}7l -$1-8-H 0 1 

¾"9-::: lIJ110. g 4- 7a 5}°i 4-<>J ~ 4- '.U q. <l 1'Jl--'-}"'J-31 '?1 ~ 1i'1 £~_,,_d ;:Jl li ~ (6) ~ ~ 1i'1 ~£;(11 :~fl li. ';-(lo)-i':­

lIJlE-l 'cl s=J 61 °1½ ~½g %ii] o}?lJoJl ~'?_} 7J'B_ ~(760)7,7}7.l 'B_:CSJ"9-:= 7]--,1-(151)~ ff:l-"d%f" 4- S'Jtj-_ 7]--,1-(15 

l)~ ~9'1(400) 0 }?-lloJl --'f1.7,]5}.J2, EE tj--~ {l'B_ ;:Jlli ~(ojl~ -€'~, ~9~ ~~% 'I--~- £~-'8 n-~'"EJ -fj-

9)(760)_Q__s__ ;,;]~7.al 4- S'Jtj-

[0145] -,1-5(11 ~ _Q__s__, ;;s1]1 7-ll ~ uJl-5:. 9 7]--,1-(149) 21 f@Ad .r4 %J.-l oJl, 7--l]l :ill~ ii]A} §. ifil~l 7} 4421 ~%-uJl y 9-61']; Bl 
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6 } ~Qcj(400)61l "C§Aa~ 4'- 1li::.J-. 011~ ~ 0 -l, ±£-c.1]7.]6E ~t ;s1]1 -~'i'i 9,1l ~(170) sr:.-:::: lll~Zl- %zj_~11 %· 

oso)"'-1 "C§,.,_a ..:q:-611 "C§,.,_a~ T ;?I.:il, 2i_~.:2i'il~ II1JE11cJ.s:ioi Au 111~ .uLI:1l 6~(132, 142)-& %;,H "C§""a~ Au 
~ii~ ;:cH 7.} :§. icJ17.J 91 .ilJl tt J1J- u11 ..s.1.. i:'I 7Fr 91 IIll tt ;=:. ±wt;}-:::: IIll E1 'cl -'8 ±£ -c.1J 7.l 6:§. ~- ;=:. "C§ ,.,_a %l.- 4'- 11 r:+. Au 
711 % ..ill qj 6 ~ (132 ' 142 ) g_ % iiH O p,J-,,8 611 ~ 0 l T <>] sci o] ;s1]1 111 ~ ull £ i:'] 7] =r- (149) ~ A1ll 111 ~ i'iH :;z.} :§. '@ 7-] 

·¥· "C§ .Aj ~q. 

[0146J §:1,,_J ui1..s.1..21 7]=r- ¾zj_ 1r-~O31)-f': Aiu 111~ ui1..s.1..i:'J 7]7'-049)611 "@"'a~ 4'- 11.:il, §:1,,_J "i,H7.t ,§_ifil7.1 %zj_ 1--lt:· 
(141)-:::: Au ?,l"§'- "i,H7.l ,§_ifil7.l61l "C§Aa~ T 11i::.J-. cJl~ ~ 0 L §:1,,_J %zj_ ;;,:Hli ~-t- Au 7-11~ ui1..s.1..i:'l 7]=?-049) 

~ A1]1 ?11~ 8-H7.} :§.'@7.]oj] ~.3~.s:i.:il. §:],,_] %zj_ AHli ;·91 J1} 0d -'\'-~t 61'1]:{}- %::;'-1~1] ~(180)91 AJ-TI 1E~ -'fl 

_i;o.4'-E7 A1l7'1~:l. 4'- 1li::.J-. §:],<] %zj_ AHli-:::: A1ll ~ ;sj]2 {!AlcJl61].A79.} %~~ AH.li.% ±W%l.- 4'- 119. 

[0147] ;sj]l 7-11~ ullYi:'J 7]..,'-(149) LJ191 §:],<] AH.li.91 z.j-z.j-S>] L}u-]7.] 4'-~t §:],<] ullYi:'] 7]=?- %zj_ 4'-~(131)-~- 7'-.Aj~ 

tj_ A1ll 7-lF~ -&-H7.} §..'@7.] LJ191 §:],<] AH.li.91 z.J-z.J-91 L}u-]7.] -9-~t §:l,<J "i,H7.} ,§.'@7-] %~ lj'-~(14l)t -,1-Jj~ 

q, §:],<] ullYi:'J 7]..,'- %~ 1j'-~(131) ~ §:l,<J %H7.} ,§.'@7.] %zj_ lj'-~(141)91 -"-J-TI 1E~~-t- ;;,:1]1 ~'i'i 7,1j;';· 

(170)91 .,,_J-TI 1E~4 %~ ~~ AJ61l 11g -,;-- 119. §:1,,_J u1ls-i:'I 7]=?- %zj_ 1¥-~(131)-&::- Lll1¥-61l :1]til£1 ~ ±W 
t;};;ij y-, ± Wt;}7.] ?J- g_ 4'-£ ;\l r:+. 

[0148] £ 25a ~ £ 25b~ {}-3':t;}~, £ 7, £ Sa, £ Sb, £ 9a, ~ £ 9b91 7.7i:'] TIA]~~ A1]2 7-11~ 7]·r~ i@.Ajt;} 

7] -'f!-f5H 0 1%-'8 .il)jt[g_ 4'- 73~:.-}~ 4- 5]~ "re. 1J.i::.J-. 7'-;'<1]:?,j..Q._i;o_, A1]1 Al~ %H7.} :§.'@7.]61] qj~ .ilJltl 0 l ;sj]2 7-11% 

ull£i:'J 7]-,1-61] qj~ .ilJlt[61] ~7}~ T ;Ur:}. A]]2 Al~~ ..uLqj 6~(232, 242)g %-f5H ±£-cJ]7.]6:§. cc~•- LJl91 IIlJt[ 

g_ ~Y,}i',}-:::: 0 ]"/:l-"'8 61]~ ~-"J ..:q:-61], A1]2 7-11~ %H7.} :§.'@7.]7} A1]1 7-11~ "i,H7.} :§.'@7.] -'f!61l i@.Aj~tj. Ai]2 ;iiY.; 
"5H7.} :§.'@7.] .ilJltlt Aill lll~ -f5H7.} :§.'@7.] :rrHlfl4 %~~ T 119. (lj'-~~(131 ~ 141) 0 1 1,:ts::;i!l AR.E..~ ±W 
~tj~) §:],<] ullYi:'] 7]7'- %zj_ .!j'-{E-(131) ~ §:],<] "5H7.} :§.'@7.l %~ lj'-{E-(14l)t . .::1 I:HL ~~:?,j ,.,11~ EE-::: 

0 ]~61] 91-f5H A1]71-'89. A1]1 71]~- -f5H7.} :§.'@7.]9.} Ail2 7-11-;- "5H7.} !§'{]7-].9~ zp)-S>.j ;!::~-c- -f5]7.} E'@7.l(449)~ T 
.Aj~i::.J-. -f5H7.]- :§.'@7.](449)91 i@.AJJ!} %A]61l Zjo-]£ t;}L-}91 ..uLqj 6~(132, 142,232, 242)g_ %<5H 'i'i;;,,Js:i-:::: n]l 

Yi:'] 7]7'-(49)7} "C§AJ~ T 119. 

[0149] ~ --;~1A]cJ]61]Ai, zfz.j-S>.j <5H7.} :§.'@7.1(449)-::::, U-"C§~91 27]91 7]lclJ- 1ct-lj'-7} ~o-]£ ti}L-}91 Qcj-;i!l\:l:is %~;'<1] .:zHii.. 

¥--lt:-(165, 265)91 JI~..Q._i;o_ 7'-.,..cl-'8 4'-:3J ~tl'J-~ .¥.Wt;}.:r_~, U-"C§~91 4'-~ B~ "C§,:,_H;;· 7f~ "r ~_;q_ 0 1 7J 
-'f-. ?.)-z)-91 <5H7.} :§.'@7.1(449)91 °J:;-f: ll]~ :t[~E E'@7.l(79)91 7,,l_o]lclJ-~J61l ~<>]~ Ai]l y~ lclJ'<>"J hdlg_ u:}i:']­

'i'i;;,,J~J y 1i.:il, 15H7.} ,§.'@7-1(449)91 ~~lj'-~ %"5H A7_i;o_ '?.1~%l- y :Ur:+. '8' :;f: 15H7.} E'@7.](449)91 -2--'f! 

:;61Vl A1]2 7,,l_o]lclJ~ hd261l ~<>]"5'}711 'i'i;;,,J.s;J.:il, <5H7.} :§.'@7.1(449)91 !@TI -:;61] ;U-:::: ~ll 7-11-'Z .:uLqj 6~(132, 

142).sj ~t;}TI -~91 7'-Qj g "Bo-J"'i ;s1]1 T~ lclJ~Jg_ u:}i:'l 'i1;;,,J~ 4'- '.Ui::.J-. ~ ~kJ]A761]A7 A}%1:l. 141. "5H7.} :§. 

'@7.](449)91 "-?.-c~'i -I('·f': u1]5.'..i:'] o]-c!] 0 1 ~Qj(l00)61] 7}77}¾ -:;-i 7.]~t;}.Jl, <5H7.} :§.'@;,,](449).9.] "!@-'fl "0?('?: 

ul]Yi:'] o] -ell 0 1 ~ 9'l (l00)..Q.:?..lj'-E7 ~ :; g_ 7.] ~ ~}tj. 

[0150] EE tj .:': {I A] cJl 61]A-] , z.J-z.J-91 "5H7-} :§. '@7.] ( 449)-::::, ul]Y i:']--c-1] ~ o] ,,_;1J ~ i:'] 91 ..,'-Qj 0 1 z)-zj-S>.j <5R7.} :§. '@7.] ( 449) 1.B 

1\'-61] -'f!7.]t;}£~ 'ii!-~ Z§-"-J(oJl~ ~-o], tj-z)-"C§, 'li"C§, F}!@Z§, ~Trzl~ "C§-"-J :;)g_ 7}~ y ;U.:il. uJlYi:'J--c-1]~ 

o] A;lJ ;; i:'] 91 AJ _lil_ ~ 7'-Qcj t z.j-zj-S>.j "5] 7.} _1=_ '@7.l( 449) 91 91 -'\'-611 -¥17.l ~ tj. 0 l :?J-9-' iiH 7.} §J,1}7.] ( 449)-:::: ' "5H 7.} 

:§.ifil7.J(449)S>J 7'-9'l61l i::] gt;}-::: 'ii!-<ti i@..,d- -=;i-Qj-£: ?lc "i,H7.} :§.'@7.](449)91 91-'\'-.£.1¥-E-1 15H7.} Eifil7.](449)91 i.11 

':'--;=; -l:t-i:'.]~tj. ~ ~A1V161l"'1 "'}%~ 141. 'ii!-~ i@"d-t, 'it~ Sl?(outer periphery).9.}, ~~ 1.B?(inner 

periphery)61l S>J;,H 1191-'8 ~~ 91?~ ~-:::: 7]..,'-~ ~-:::: Z§AJo]tj_ -i,H7.} §..ic,1}7.](449).sj 7]-=;1--:::: ~(10) i.1191 

7]=?-(151) -¥161] -'f!7.]"6}.:il, 7H7'-O51)9.} %~t;}7jy- %"'}~ Z§AJ ~/:cE.-:::: 7-]y~ 7}aj_ 'T" 119 

[Ol 51] 

(132, 142, 232, 242)g_ %;,H 'i17,J-'[!tj_ :?,jo-]£ t;}L}.?] ..uLqj 6~(132, 142, 232, 242)91 ~lj'--:::: -¥1:-%-ullYi:'] 

-i:1]~ tl] 6 } ~Qj(400) 1.B61l ~~A~r:+. =r'-;'<1]~-◊-5°., ~'i'i §:],,_] AH.s='c. ~(142, 242)g_ .¥.Wt;}-::: :?,jo-]£ t;}L}S>j . .iiL 

qj 6~(132, 142,232, 242).sj ~~-::::, "i,H7.} ,§_i'.J}7.](449)7} 'ii!-'{[ i@AJ2, z..1--:::: :?J-9- "i,H7-} §..'@~l(449).sj ~ kll 

"§.91 i.114,~ ~ ~ Lll 611, :cE.-:::: ;,H7.} :§. '@7.l( 449) 7} U- "C§ AJ'?_l 7d-'f- -i,H7.} :§. icJl;,,l( 449) 91 'tl TI(di sta 1 end) 611 -'fl 7-] ~ 

iiH7.} ,§_ic,1}7.](449).sj tl ~91 y,?,j '?J27.]~ ~2i'-3}-:::: "a~g ±W3}-:::: y,?,j~Jlj- iiH7.} E{l)7.](449)S>.] ~ A7]ES>j LJ1 

:; -:; tl'l 91 3': ~ 4l 611 , -:; lclJ-'<>"J ..Q._i;o_ 611-%1,.Y,}~ Y 11 t1. 

[0152] £ 26a ~ £ 26b~ {}-3':t;}~, £ 10a ~ £ 10b91 ~1i:'I B;iil~91 -"7_1=l_.~ 0 1 y<>Js:io-J ~~"'}%:?,j :iiil1'1l6,g .::<]\'l. 

lj'-{E-(11) ~ ullYi:'J ::'::~ ..,'-3':%(55) g_ i@.Aj %l' y 1] q. c -c-1] '?.} ~ '9 (63) t z.j-zj-S>j y,?,j Jti-£;'<1] ;,;] \'l. (60).9~ AJ 

1i:!-61l "C§ "'a~ 4'- 1J. r:+. 
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[0153] ti ~ ;.] oJl 61] J-7 , i>H A} :§. i,1}-7-1( 449 )-"'-! Y-E- 1E 'i':12- %-",:P1l 1E 1i':1 ~ y '11 q. -"ll t:1]:::':: ~ ;,;] 1g -'f-~(11) 0 1 z-)-zJ-Ei uJl 

Yi:'1 7]-,'-(49)"'-1 <3}1i±-'f-o!lJ-i :i§'i':! 1fr£;,;4] Alli ~(10)-"'-l ¥i:'jZj_<)__£ .x.½28. 1fr£;,;il 1E'i':!_<)__£-'f-E1;'} ·-'cP·J-i>}-:_: 1fr 

'i':1, i>HA} :§.i.'J}.7-](449)611-:= o-Jrr1ti 1fr£;,;4] ABE£ ~?-j.s:J-"l 'i'J-5=.~, ;-lt'Jj?-j 1fr£,;,;1] ~?-j 3I£kJ]:::'::7} ;,;]¾s=io-J -"ll 

Gil :::':: ~ "H 1g 1¥-~ C 11 ) g_ "rVa ti r+ . 

[0154] uJlYi:'1 :::'::I'll 7'-.s::¥(55)-"'-l "i:l--'cl.:iIJ- %}.loll, r::-1u1 uJlYi:'1 :::'::I'll 7'-.s::%(155) 0 1 z-)-z-)--"'-! i>HA} _§_i,11_.7-](449) LJ161l ,·tva 

28.t+. oJl~- -~o-J, uJlYi:'1 ciJ-(50) 2-, ?i!o-J..5=. <3'}4-"'-l -fi-:~P1l ;z]ii.. ';"(51. 54, 56)-::"½ _::>fW<3'}-:_: c"g-~s~ :::'::I'll{½ -'r-1 

Zj <3'} Jl 0 ]',J·Aa _o_£ oil~ w _()_£ ¼7, z-)-z-)--"'-! i>HA} _§_ i,11_;';.l( 449) oil J-7 -"'-I ~ '?'I. 4°11-i (50 )-"'-! •1Va 4 %AM z-)-z-)--"'-! uJl 

Y2] 7]-='?-(49) cl161]J-7 ~--'cl~ ""r '.<lt+. 0 lo-J.Ai, {i_::,f~ 1fr£;,;4l ;z]E.. ~; 0 ! uJlYi:'1 "-J-(50) ~ aj_'?'l_ 2} 0 ]1.c](50) 

--'c!- 0 11 ~Zj~ 4, S'.l.::V-. {i_::>f';'l 1fl-£,;,;1l ;zf,ii_ ;-o~ -'¥-~~,'°_ 1§18-§J- :g-;~L'g 0 l¾i>}Ocj Zjo-j..5=. <3'}L-}-"'-J .2r:H :::'::~ 

(132, 142, 232, 242) #1 £-'f-E-1 A1] 7HJ y S;l q. {i_::,f ~ 1fr £_;,;1] ;z] E.. ',;-"'-! z-)-z-)--"'-! L-}u-] 7-] 4'-~-£:-, liHA} :§. i,1}-7-] 

(449) i.111¥-"'-1 r::-1u1 uJlYi:'1 :::'::~ -,'-.s::¥(155) i.11611·l:Atit+'i':11fr£_;,;1l %~ )(ls. -'f-~(60)-"'-l :=Ee uJ]Y2-j :::'::~ 

-,'-.s::¥(55) 1.HoJl ~_;,(Ntit+'i':1 y-'3] ~111 iL4 :§.i.',li.7.]:::'::E7-"'-l ~--'cl ;,;]j'gj_~ + s:1-::: y-3] 1fr..5=.5'1l ;,;]'gj_(60) g_ -,'-Aa~ 

r+. 

[0155] z-)-z)--"'-! r::-1ul uJlYi:'1 :::'::~ -,'-.s::¥(155)2- uJlY2i :::'::~ -:,:'-.s::¥(55)4 %~ti ,,1.-1]:§.-"'-! Jl._5:-:~-B, 7}~ 4'- '.Ur+. -t11 

A} .s_i.'J!.7-](449)61] ~--'cl.s:J.:il uJlYi:'1 ciJ-(50).:iI} %~ti ;z]ii_ :::'::~ g_ ~-::: ti ,'.7].s,.9-j ~'?1 "-l--~ ~ ~,,1.7]J-7oj]J-7-t'- :;j_ 

'?'I. 2} 0 ]1.c](50)~-Jl .7.]~28.r:}. r::7u] .E..1-'--ll~ ~Qcj(463),'°_ z-)-z-)--"'-! I=1u] uJ]Yi:'1 :::'::~ -,7-a:¥(155)-"'-l ,,_JBo!l ~--'cl~ 

4'- ?Jr+. r::7u] uJlYi:'i :::'::I'll -=r-a:¥(155) 2- Y;::: 0 }cllo!l ~~ -~'-::i::.~ ~ ~JcJJ~_<)___i;:_ ½cl~}-::: Jl.::1::.~s-Jr-E1 ~ 

7]Z'.j_<)__i;:. Zj2i~---;- 1Jr::}_ ·:~]~ ~-o-J. z-)-z-)-.9-j C7D] uJlYi:'i :::'::~ -=r-a:~-(155)2-, (7H7'-Cl51)~ ;,;H-'f--::: ~o-J..5=. 

<3'}L-}-"'-l <3'}-'fl 1-'-l]~ AJ~~4r -fi-~;,:-Jl ~(768) ~Ei) ?-jo-j..5=. i>}L-}-"'-1 i>}-'fl 1-'-i]~ %~:i:-ll ~(760)-"'-l .AJB 1E'i':1 ~ Zj 

o-j..5=. i>}Y--"'-1 JJlqj :::'::~(132, 142, 232, 242)-"'-l ~l:l:j~-, ,:'-:Elj;j- %~-"11 ~(180), ;sj]l ~'?'I. :7.,)l ~;;(170), ~ ;sj]2 

~'?'I. '7.,)j ~(270)4 ~~%t y 5;1,:}. 

[0156] r::7u] uJ]Y2] !::!ell -,'-a:~-(155).:iI} r::7u] .E..i.'-1]~ ~Qcj(463)-"'-l z-)-z-)-.9-j ,?',W·f:, z}z.)-.9-j "5H,7-} .s_i,11_-7-1(449)~ ~H-'f--:= 

~'?'I. "5°]A} :§.i,1}-7-] -=r-a:¥(155, 463),g_ -,7-Aatlr+. z-)-z-)--"'-! tl-%-uJl£i:'1-i'-1]~ l:l]o} ~Qcj(400)-"'-l -,'-Qcj 2- z-)-z-)--"'-! ~j 

'?'I. "5°HA} _§_ i,11_.7-J -=r-a:¥O55, 463)-"'-l ~~ LJ1 ?oil 21 "5H ~ _('.>i 28. -,1-Qcj g_ ~ wtir+. 

[0157] 5=. 27a ~ 5=. 27b~ %a:i>}I?!. 5=. 13a ~ 5=. 13b-"'-l 7.7i:'j B1ll~-"'-l --'c!-Ji.Zl~ J-i.1=!..11°1 y 5J~o-j ;s-J]l {iEljE i:-l]~ 

%~;ill ~ (280) ~ 13] 1i':[ ;{i Elj :§. .s. i,1}-7-1(79) ~ "{,J Aa "%f y '.U q. 

[0158] 5=. 28a ~ 5=. 28b~ %a:<3'}1i':!. 5=. 14b, 14c, 15b ~ 15c-"'-l 7.7i:'j B1ll~ 0 l 4'- 5J_s:jo-J :§1,,_J _;,(HL ~(142. 242)% 

:ct7] 5=.~ ~(246, 246)_{)__£ qj,;,;-ll"%l- y 11,::;c, tl {l_;.JoJlo!lJ-i, :§:],).~ .:S]E.. ~~(142, 242H':, -j}~~-11 :::'::.ll'l] 0 1J-i 

~ ~-, 4' 1:~ ~ 'i'·%(132, 232) g_ y-3] _<)__-?_ 0 1 Zcj Al 7']-::: %~~11 .:s] li ~-~ ~- .:¥. ~%t ? S;l q. ~ '?'I. "5°HA} .s. i,1}-7-] 

-=r-a: % (155, 463) ~ , o-J rr1 ti 13fl 1i':1 -2.. ~-¥-0 43 , 243) 5=. "5°F, 4 .s. i,11 -7-] -=r-a: % C 155, 463) o!l -"'-I "5µ, ½cl~}~ ~ Qcj 

(400) i.114'-o!l "8sAa.s:J7.l ~5=.~. i;±~_<)___sc_ :cE-::: '9-7-llB"i:l %~~11 .:s]ii_ 4-~-(165, 265).:iI} .s::Wi>}Ocj. ~'?'I. "5°HA} 

Ei,11_.7-] -:,:'-a:%(155, 463)611 -"'-l"5H -~·JcJJ'6J_<)__s.. o!l-'i'a1~}~ -,'-Qcj i.11£-"'-1 611~"11-"'-l '-\\'l ~TI}~ 5:}Btli:+. "5°H,Al- 5i,1} 

-7-] -,'-a:% 91-'f-(~, tl-%-u]]Yi:'j-i:-1]~ l:l] 6 } ~Qcj(400) 914'-Hl -'fl-7-l~ %~~1 :::'::.l•Jl 0 JJ-i ~(~, AM .:sHR "~ 

(142, 242) )-"'-! 1¥-~%,g_- ~ 7] 5=.~ ~; (146, 246),0 _£ qj 5<ll .s:J-:_: lfl-'i':1, z.}z-)--"'-1 "5°HA} .S. i.'J}?-] ( 449) 1.H-"'-1 Zj o-j ..5=. i>} 

4-"'-l .iil.r:H :::'::Elj(l32, 142. 232. 242)-"'-l -'¥-~-~£ -=ir:H£ -fi-7-128.r+. ~71 5=.~ ~(146,246)~. "5°BA} ."s,(:!l-7-l T 
3'c¥ 91-'f-(~, ~Qcj(400) 911\'-)o!l "§Aa.s:J.7.];'} %HA} ,S_i.'J}-7-l -,'-;::t:% LJ1-'f-(~, ~9'1(400) LJ14'-)oJl-:= "8sAa5'J7.] 

ui1£ 21 :::':: Ell -=r-.s::¥c 55) g_ 11 ~} !?,J.E.. 4,u -& -=r-,,_a tli:+. 

[0159] ~4ri>}Ocj, {i.:¥.';'l ~'?'I_ ){jjii_ ~- 0 ] ~?i!.s:1.Jl z-)-z-)--"'-! BR'i':1 {iElj.s_ :§.i,1}7.]l79) 41oj]J-7 °]JcJJ1 a_()__£ 611~.s:Jo-j ~'?'I_ 

:::'::-"ll 0 1 .A7 (74) ~ -&-,Va tit+. z-)-z-)--"'-! llH 1i':1 zi Ell:§. .s. i,1}-7-] (79) i.11-"'-l ~ JcJJ'6J_O _ _s0_-'?'1_ 7-J .s:j-:_: zi Elj 5 Bl 0 } -,7-a:¥( 76). 

Aj]l ?:5§ lclJ~f hdl% rrJ-4 '?:1_7-.}.s:j-:_: ~?-"'-! :',JcJJ'6J_<'.l_£ ~~tl zi~.s. l:l]o} -:,:'-a:¥(76)2-, uJl£i:'j-;;.j]~ o-J..<;1)-~ 

2]-~ ~?-"'-! ~JcJJ'6J_<)__£ 0 ]Zcj-'8 ~-~~(Bl, B2, B3, ... )s.. ~JcJJ'6J_<)__£ ~°%ttir::.J-. Jt?-"'-1 :;~~(Bl, B2, B3, 

... )?-:, ;s-J]l ?:5§ lclJ'6J hdlo!l 4'--""1~ ;s-J]2 'T"~ JcJJ'6J hd2~ rrj-2} llR'~28. ;zj]l :;~(Bl), ;s-Jl2 :;~(B2), ~ ;s-J]3 :; 

~(B3)% 'i?J-ir:H£ .:¥.W<3'}-:_: ~o-j..5=. 37]-"'-l 0 1¾ :;~~-"'-1 A-j].s_~ .:¥.~~ y '.Ur+. 

[Ol 60] i>BA} §. i,11-7-] ( 449 )7} U-"f:l.AJ~ 7<:J-'f-, Qcj-7-ll B"i:l %~ i1l .:s] ii.. -'f-~(265 :cE-c 165)-"'-l L-}u-] 7-] 1¥-~ ,'°_ ( ..5=. 28b 91 A1ll 

:;~(Bl)-"'-! ..5=.;.]28_ -%J-==_4~ {iEljE l:l] 6 } ~Qcj(200) ~.'?n ;sj]l lllB ~9'191 ~71 ..5=.~ ~(146, 246)-"'-l -'¥-~, ~ 

..5=. 28b-"'-l ;s-Jl2 :;~(B2)-"'-l tl-%-uJl£i:'1-;;.1]~ B] 0 } ~Qcj(400) ~91, ;s-Jl2 lllB ~9'1-"'-l %~,;,;-Jl :::'::-"1] 0 1.Ai ~(~, .§:1 

,,_~ .:s]ii.. ~(142, 242))-"'-1 L-}u-]A-1 1¥-~ .!?1£ 1ll-:';' '?'1_7-J~ 4'- s:li:+. 
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[0161] S:. 29a 1-H,;..l S:. 29c~ {!-3':3}~, ~¾-uJlY2:J--c,1]1l'l. 1::ll 6 } 7"-3':¥-(488),':'. 44.£1 ~¾-uJlY2:J--cl]'l'l. 1::l] 6 } ~Qcj 

C 400) 611 ~ -"-a ~ '4'- '.U q. o:Jl-~ ~ 0 -1, A]]l 'zi ~ .§. -c,1] 1l'l. -R-<~l 5<11 'Z C 280) , _7-112 ~ 'i1 'Z C 232) :4 ;,;4] 2 §:1 .-<J 'Z C 242) 

.£1 .7.4] 2 111 'Z JJI i:H 6 ~ .£1 y-o-] ,Al 4'-~. ;,;i]l ;zJ 'i1 'Z (132) :4 ;,;i]l §:1 .-<J 'Z (142) .£1 ~ll ;iJl 'Z JJI rJ1 6 ~ .£1 y-o-] ,;..] 

4'-~. '3J 316-lS:. 3}491 3}-¥1 -c,1l'l'l. %;~:P1l 'Z(760J.£1 --'-J-¥1 4'-~g ¾-;,-H 'i17.J-5']-;:: 1::l] 6

} :lTI1::llE-J~ 0 l ~-"<l~ + ~1 

r:}. ~~3j_e>_£, ~¾-uJlY2-]--c,1]1l'l. 1::l] 6 } 7"-3':¥-(488),':'_ 3jo-]S:. 3}4.£1 JJiq 6~(132. 142,232, 242).£1 4uj 

,Al 4'-~91 ~AJ-U- JI.~ '-3J 3jo-]S:. 3}1---}.£1 _2q 6~(132, 142, 232, 242).£1 ~3}U- }E~g £W3}-;:: 7-i]l y1Js~ 
.Q.£-'j'-Ecj yz].Q.£ '~:P<J-~ y '.Ui:t. q 0 J~ -2p-7} 1::ll 6

} 7"-3':¥-(86, 87, 88)-{'_-, S:. 16a 1-H,;..] S:. 16c91 ~-12:J U-111 

~4 %~~ ~-12:J U-;iJl~g oJ-%3}◊ci ~-"-a~ 2r '.Ui:t. ~9'1(400).£1 JJII:J1 6~ ;,;Hli-;:: ~71 ~'i1"<l 0 17l u:JlcR-- 0 11, 

~ Qcj (400 )91 JJI rJ1 6 ~.£1 ~J 'i1 %~: ¾%H 'i1 7JS]-;:_ ~¾-uflY2:J--c,1] '1ll_ 1::l] 6} ·7-3':¥-(488) ,':'_ -"7£ S"_-t:'_· ~ Qcj (400) 

914'-91 6~ 1-HS>-1 Ye -$1 ~-4'?J.0_£ TI~5'],Al 'i'J--;:: i:t. 

[0162] S:. 30-£~ {!-3':3}~, 4'?1 i:.1]1fil %~'<:4l 'Z(ll0) 0 l '{i!elj.§. -c,1]1l'l_ %~'<:1] ;·(280, 282) -$1ofl ~-"<}~ y '.UJ:t. q 0J 

~ cg-4i' AJ-§.1j4i' 7"-3':%(108, 101) '-3J 1::ll.§.4'?1(103) 0 1 S:. 17a L-Jl7-] S:. 17d91 ~-12:J TI;i!l~·& 0]%3}◊cj 4'?1 i:-1] 

1l'l. *~'<:11 1;-010)oi1 ~-"-a-%!. '4'- '.Ui:t. Au '-3J ;,;i12 {l_,._1o:i1~61l-"1-'4 7c£ 0 L 1::l]E4'?JOo3)~ uJlY2:J--c,1111R 6-l";l]~ 

2:J -$1 61] ~ w. + '.U JL uJl -1? .• ,s; 6 !ell ·7-3': {H 55) -"'1 -1=E C 0 11 ~- ~ 6-l , ~ 'ell '?1 ~ 9'l C 63) Hl ~ 7 l 31 .0. -5°-. _:~Ht ~J '4'- '.U 

JL. 4'?1 ioll ~ %~ 5<1l ~ ( 110) ~ 91 316-l S:. 3} 1--}.£1 --'-J-¥1 -c,1] 1l'l. %--~P1l '~ 611 °H '%l-'fil 2r '.U q. -t!-¾-uJlY 2:J--c,1] 1l'l. 

1::l] 6 } 7"-3':¥-(488),':'. ~-$1 i:-1]'{12 -'5·4i' --'-J§.~4i' 7"-::i'-:¥-(108) 'JI -B]·-$1 rl]'1ll_ cg-4i' AJ§.~4i' 7"-3':¥-(780).£1 4491 

~~4 ~-~w 2r '.Ui:t. ~-$1 -cll'l'l. -'6·4i' --'-J§.~4i' 7"-3':¥-(108),<:>_ 1::l] 6 } 7"-3':~-(86. 488) '3J(87, 488)91 44.£1 

~g ~§.~4i'-"-ltli:t. 

[0163] S:. 31a '3J S:. 3lb~ %3':c}~, ;,;413 o:Jl-"l.:3:j'?J 7"-3':¥-91 ~~o:i]-;::, 4491 uJlY2:J 7]7"-(49) '3J uJlY2:J 6~ 7"-3': 

¥-(55) g ~-"-a o}-;:: ~ .::1}t· ~7H.£1 U--;>jl ~ ofl-"1 ~H.;,.} .§. ~117-l 049) '3J ~ 'i1 '5H7-} .§. ifil.7-l -=?-3':¥-(466) g ~ -'8 W .Q.£ 

M1 _;,;413 oJl"'l-'3:j'?J -=?-3':¥-_i:;c_1f-E-l S:.¼~ 2r '.Ui:t. ;,;4J3 o:il"'l-'3:j'?J -=?-3':¥-g ~-"-a3t-;:_ lclJ-1tJ ,':'_, _;,;412 ;ill~~ uJl.2.2:J 7H 

---{~ ~-'8-o}7] ~611 '5H.7.} .§.,ill?-]~ ~-"<JW.Q._i:;c_Mj S:. 8a '3J 5=. 8bofl 5=."']'8. lclJ-1tJ TI;il]~£1f-E-l %£~ 4 '.Ui:t 

o1I~ ~6-l. 5=. 8a '3J 5=. 8b91 _;,;4]1 oJl"'l31'?1 7"-3':¥- -$1611 3l:.£i=-1]7-l6.§. 'Z 0 l ~-"-a~ 2r ';JJL, 2:Js::..::ii!.11~ nlJE-l'cl 

5']6-l 5=. 25a '3J 5=. 25bofl 5=."'1'8. '5H.7.} .§.ifil-7-]91 ;rJ1't!61l I:J1-§-c}-t:- 7H7"-~ ~,Pa~ 2r '.Ui:t. 0 1'!}_,.__,:J ofl~ 0 l ;;;1]2 

;iJl'Z JJii:H 6~(232, 242) '3J 7.111 ;iJl~ JJii:H 6!elj(132, 142)g %'5H "'r 15]5']6-l ~H;,.t .§.ifil.7-l~ ~-"-d~i:t. 

[0l64J %H.7.} Ei@.7-j-;:_ +4i'%H-"7 {]_2:j~ ~91-¥- {,c-9~ -ft~::'<1] ;;;Hli.£ ;;<H-$1.A'j, %H.7.} .§_~);;,_]~ ;;(H-4--;:: %HA} .§.;fil.7-] %~ T 

3':%(466)'?1 1t,<:>_ .§.ifil.7-l 242:J 7'1-s:¥-g E§-"-a~ 2r '.Ui:t. ~ {l_"'lo:JloJl-"1, %H.7.} .§.ifil.7-] %~ 7"-s:¥-(466) ,':'_ .;o!_. 

7.al.31.Q.£ %~.>:11 ;,;ijli.£ T-"-d~ 'T '.Ui:t. ~ {J_A]oj]61l"'1. ~%--uJl.£2:J-i:.1]1lll. 1::l] 6 } ~<2'l(400).£1 7'1-<;cj,':'_ ~'i1 %H 

.7.} .§,,ill?-] 7"-s:¥-(466).£1 ~~ 1--Jl?~ E:.~%t 'T '.Ui:t 

[0165] 5=. 32a '3J 5=. 32b~ %s:3}1?:!, 5=. 9a 1-H7-l 5=. 15c.£1 ~-12:J 1rt;iJl~ 0 1 ~~}-'3:j.Q._i:;c_ y 15]5']6-l §:1.-<J ;;;Hli. ~(142, 

242)g ~7] 5=.~ "~·(246, 246).Q.5°. i:H~]3}Jl ~'i1 6-lill 0 Vi(74) '3J :;lclJ~J 'i1~5']-;:_ '{i!elj.§_ l:l]6} T~¥-(76)_g 

~-"-a~i:t. +4i'%H-"7, 5=. 29a 1-W;,;] 5=. 29c91 ~i2:J U-;il]~g 0 ]%-i>}~ z)-z)-.£1 -{'r%-uJlY2:J-?--l]!fil 1:l] 6 } ~9'1(400) 

oJl-"i ~%-uJlY2:J-'cll!fil 1:l] 6

} 7"-~¥-(488) 0 1 ~-"-a~ 2r '.Ui:t. q 0 J~ 4°'-7} 1::l] 6

} 7"-~l:aH86, 87. 88),':'_, 5=. 16a 

L-J17-1 5=. 16c.£1 :",-J2:J 1rt;iJl~:4 %~~ z12:J TI;iJrng 0 1%<>}~ ~-"-a~¥ 0
~ <;Ji:t. +4i'%~-"i, 4'Zl i:-1],m -fl-:=;,l~l % 

(llQ)o] '{i!eljE -c,4]1l'l_ %~::'<4] ';'.;(280, 282) -¥161] ~-"3~ y '.UJL, qoJ~ --'-J§.1j4i' T:37--::¥-(108, 101) '3J 1::l]E4 

'?J(l03)o1 S:. 17a 1--Jl,;..] S:. 17d.£1 ~i2:J TI7'll~ g 0]%3}◊cj 4'?1 i:-1],m %~5<1] ';·(110)0!1 ~-"-J~J 2r '.Ui:t. 

[0166] 5=. 300!] -5=."'1'8. A]]3 oJl-"-l3j'?J 7'1-s:~ '3J S:. 32a '3J S:. 32b61l -5=."'l-'rl ~~o:il-;::, ~S:.~l 7]-¥!:-(9) -$-Joil -$1?-]3}JL 

~7] S:.~ ~~(146, 246) '-3J {J'i1 ~~(132, 232).£1 ;,;1]1 4'-~.£1 316-l.5=. 3}4.£1 ~ll JJiq 6!elj-~ £~3}2, AJ 

71 316-lS:. 3}1---}.£1 Ajll JJii:H 6~-& %%H y-~_o _ _i:;c_ 'i17.J5'1-;:: uJ].£2:j 6~ --=?-3':¥-(55)·& c-j _¥_W3}-;:_ uJl£2:J-i:.111l'l. 

°7-";l):;_2:j~ ±W3}-;:_, ~S:_;;<-j] 7'1-::i'--::¥-Z_ £W~i:t. uJ]Y2:j 6!elj 7"-3':¥-(55)~ 44,':'_ uJlY2:J "{'(50) '-3J yz] ~ 

S:.'<:-ll ;;<H1-;cl_(6o)g £W~t:t. ~7] S:.7J ~(146, 246),<:>_ uJlY2:J 6~ 7"-s:¥-(55)g_ -$1~ ~1~-4'?1g_ 7'1---"a~t:t. 

1s3}-S:.5<-l] 7'1-s:¥-,':'., uJlY2:J-io-l]'1ll_ °7-";l]:;_2:j~ ¾~~ y:3]9_ _ _i:;c_ 'i17-J-S]JL 316-lS:. 3}1---}.£1 ;,;i]l JJii:H 6~(132, 146, 

232, 246)_('.)_£-'j'-E-j :; lclJ-~_o_£ 0 ]2::f-'8 ~¾-uJ]Y 2:j--c,-j] 1l'l_ 1:l] 6} ~ Qcj ( 400).£1 7"-9'1 ·i 7.J .£13}-;:_ ~ 'i1 ~~;,.} -~ i@.7-] 

-=?·3':~{466 i;_c_-;:_ (155, 463)}g_ C-7 ±W~i:t. ~S:_.'<:-Jl 7'1-s:~,':'_ SE~, ~¾-uJlY2:J-'c111l'l. 1:l] 6 } ~<2'l(400)61l --'f1.7-l 

~ 316-l S:. 3} 1--}.£1 ;,;-j]2 JJI rJ1 6 ~ g c--j ± W~q. C3j 6-l 5=- 3} L-}.£1 ;;;112 JJI i:H 6 ~ t, %~~41 65iJ] 0 1-"i ~ ~ (142, 

242):4 ~'i1 'Z~032, 232)-9~ ;,;112 4'-~.£1 .uLi:H ~g~g £W3}JL, %~::'<11 65iJl 0 l.kl ~~042, 242) 442- 44 

.£1 ~71 S:.~ 'ZC146, 246)4 %~~ -c,1]1fil61l -$17-]~i:t. ~S:_;;<-j] 7"-3':%,':'_' ~¾-u1lY2:J-,;.-jJ!fil 1:l] 6 } ~9'1(400) 1--Jl 

611 -¥17-] 3} JL uJl .2. e-1-i:-111fil 6-l .-<;l] :; 2:J .£1 ~ --'-J TI lE ~ '3J uJl .2. e-1- i:-1] 1fil 6-l -";ll ~ 2:J .£1 ~ 3} TI lE ~ g _;i:_ W3}-;:: ;,;i]l '4'-:sIJ 
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[0167] 0 {[AlaJloJlAl, ~~-D!lY9-101]'11!. 1:ll 6 } ~9'1(400)91 7'-9'12- ;,;J_~ <5B7-} .szJ!7] 7'-s::% {466 .5'::.-::. (155, 463)}91 

~~ cl1?~ ±1l-09-. 0 1 7c:l-9-oJl, ~167.5=. t,}1-J-~1 ;:(112 -.iiI.1:]l ~telj(l32, 142, 232, 242)91 91-:';- ?f-~91 {-17:11 Ail 

~-::_ ~~ <5B7-} ~ifil7l 7'-s::%{466 :r=E.c 055, 463)}91 1-J1~- ~-~:iii- 1:l~%1- y ~9-. 

[0168] 0 {[AlaJloJlA7, ~'T'-91 -:';-JcJJ'8"J_()_£ ~~0 Z:1-telj~ 1:ll 6 } 7'-s::%~(76)2- A-illy~ lclJ-~ hdl% n:}2-} '?PJ-~- y 11 

.:il, u1].£iq-'G1]'11!. 67";ll~ic-l~ ~Y-~ -:';-lclJ-'l=J'<'.>_£ 0 ]2':l-8 ~~~(Bl, B2, B3 .... )£ -:';-~'8"J_0 _£ {f--%1-%1- T S'lI:t. 

0 {[A]ojloJlA1. ~Y91 ~~~(Bl, B2, B3, .. )-2:-, ;:(-illy~ lclJ-'l=J' hdloJl yzj'?__l A-112 T~ lclJ-~ hd2~ u:j-2-} 1l] 

~-'8_ ;:(111 ~~(Bl), ;:(il2 ~~(B2), ~ A-113 ~~(B3)&i ~A71:]j£ ±W0 ~67.5=. 37B91 °1:£:- -l::}~~~l ,,(il.s~ ~"I. 

W%1- y ~9-. ~~ i>B7-} EZJ)7] 7'-3':%{466 :r=E_-::_ (155, 463)}2_, ;;(-112 l=_!.~(B2)91 7Joll'IJ-'8"J Bl\'- -"cJ-oJl ~ "-ill 

~~(81)91 JllB ~Qcj:ilj- A-113 ~~-(B3)91 JllB ~Qcj A} 0 loJl -'f17]%l- Y ~9-. ;:(-ill~ A]l3 ~~(Bl, B3)91 z.J-z.J-91 

:illB ~2'1~- L1]2-}~~-i- ±WW T 1].:il L1]2-}~~oJlA7 z.J-z.J-91 °}t11oJl ~'?_} Z1_7l .5=.zl_ c'k-(146 .5'::.c 246) 0 1 ufly 

t-J-101]1{1)_ 67"il~cl cl1oJlA1 '"il9191 -'i'loJl ~'?_} Z1_7l .5=.zl_ ~(146, 246)_1_,l_q ;:(-ill T~ lclJ-~ hdl-E- rrj-2-} r..7 ~9 ~ 
:;<;J-'8_ q. 

[0169] 0 {[AlaJloJl-'-1, 2'1-:illB~ %zl.7:-il ;:(B_E_ -9-{t--(265 .5'::.-::. 165)91 :illB~ t,}i;:} lE'i':12- z.J-z.J-91 Aill ~ A-113 ~~(Bl, 

B3)oJlA7 :;(111 ~ A1]3 :illB ~2'191 lllB~ -"cl-B lE'i':1:ii!- {l~%1- T ~9-. 0 {[A]aJ]oJlAl, ~7}~'?_} 2'1-lllB~ % 
zl,i:ll ;,;]li 1\'-{f--(265 .5'::.e 165) 0 1 7-i~ %B;;r.} .sifil7l 7'1-s::%{466 ~-::_ 055, 463)}91 1.J-l-:';- -:';-~ 1.J-loJl -e;.sB%1- y 
~lt:}. 0 ] 7c:J~oJ], ~7}91 QcJ-JllB~ %zl~ll Aflli 1\'-{f--91 lllB~ t,}i;:} lE'i':\ ."'_ QcJ-JllB~ --l'J--:d~-11 ;:(ll-5.. 1\'--lf.-(165, 

265):ii!- %~ ~- ;:(~£_~ .¥.W%1- ,;:-, ~t:u.. 7:c=J ~ %fl;:,.} ~iill7l 7'1-s::% {466 .5'::.e(l55. 463)}oJl 91<5fl QcJ-:illB~ %Z1. 

~-11 ;,;fl.s.. 4'-{f-..S:..£1\'-E7 :';lclJ-'8"J..S:...5°.. 0 12::J~ Y ~..S:..i:tj, ~67.5=. t,}1-J-91 ~12 .iJLt:TI ~telj(132, 142, 232, 242)91 lllB 

~ ,,_J-B 1E1?1:ii!- ~~~ 'T'" ~q. 

[01101 0 {[AlaJloJlA1. 7.4~ <5fl7-} E,;i17l 7'1-s::%(466 l:f.e (155, 463))2- u-~-"cl-~ 'T'" ~I:t. 0 1 7c:l-9-, 9'1-lllB~ -fl-zl 

~,n ;:(n_E.. 4'-{f--(165 .5'::.e 265)91 ~7}~'?_} lllB~ t,}i;:} lE'i':12- ~675=. t,}1-J-91 A]]2 .:mt:l] ~telj(l32, 142, 232, 24 

2)91 1ll1i:l--8"J AJ-i;:} 1E1?1:ii!- 1:l~%l- 4'- ~t:-}. 

[0171] 0 {[AloJ]oJ]A7, ~Y91 -;·l'IJ-'8"J..s:_£ ~~0 Z:1-\ell.s tll 6 } 7'1-s::%(76)~ z.)-zj-2_ 1:1.~ AJ>Jl 0 JA7(74)oJl 91%B :';JcJJ-8"J 

2£ ½cJJJ,}~ T ~9-. ;,;J_~ %fl7-} .s;;il.7.] 7'1-?::%(155, 463) 2- u1]Y21 :.>::"§! 7'1-s::%(55) 1-J191 uflYi:.'j ~(50)J1} 

%9cfif- ;:(ll .s.. ~ .¥. Wt,}e 7:J ~ 4°11..-i (50) ~ .¥. W%l- 'T'" ~ q. 

[0172] 0 {[A] oJloJlAl' ~y91 -:';-c1J'8"J=..s:_£ ~~0 Z:1- \ell.s tll 6 } 7'1-s::%(76) 2- z.J-z.J-91 T~ ~]1g(58):i!} {l~t,}e z.J-z.)-91 
0 }t11oJl ~<?__l :±:~ ~2'1(61)31} {l~t,}-::_ ~~ 2-}<?__l~ .3!:.W%l" 4- ~9-. 

[0173] 0 {[A]oJlo:JlAl, ~~ <5]7-} 7'1-s::%(155, 463)2-, z.J-z.J-91 uJl.£21 ~telj TS::~(55), -=i, D!lY21 ~(50) ~ yzj ,fr 

£~11 ~n1gC6o)oi1 ±W-8 -"'t--€3!} %~0 Ail.s91 2t0 ½-fr .¥.Wt,}e -1,c ~!ell g_ .¥.W~- 4- ~I:t. 

[0175] J:fr.5=..%11 7'1-s~."'_' J:fr-5=_;<-Jl 71~(9) -"cl-o:Jl -'f17]0 J:fr5=.~ll qe} 0 1~. BJ5=.~ll ql:l} 0 1~91 x.E.o:Jl Z1.7l~2£ Bet.sci 

.:il J:fr.5=.~-ll 71~(9) ~M ~'Zl ~67.5=. t,}1-J-91 t,}-$1 1011111!. %Z1.,i:1l ~(760)o:Jl uH:J-8 t,}-$1 1011111!. 'ii'~ -"c)-§.{l~ 7'-s:: 

%(780), 'Jl ~67.5=. t,}1-J-91 t,}-$1 'Bl]11li. %Z1.~11 '~(760) -$1o:Jl ~ 0 1.:il uJlYi:.'1 ~!ell 7'-s::%(55) 1.~91 7"-31 J:fr.5=.~11 

~]-ig(6o)oil {l~-8 7"-~ J:fr.5=..%11 ~ll\'l.(58) &i ±Wt,}-::_ ~'i':1 l:fr.5=.~-ll ;:(11.s. "~ (lo) g r..1 ±1l-%l- 'T'" ~q. 

[0176] -~ {[AlaJlo:JIA1, ,fr-5=_,i:-Jl -,1-s::%--2:-, tj].51.9-101]'11!. 6-111~21 -$1o:Jl ~ 0 1.:iI., uJlYi:.'1 ~!ell 7'-s::%(55)91 _'.i::._i=:_oJl Z1_7l~ 

_o__£ ~-W.s=-]i:tj, ~67.5=. t,}1-J-91 AJ-$1 1011111!. --l'J--zj_,i:jl ~(llO)o:Jl u]'%J-'8. AJ-.!i1-1 101]'1R 'ii'~ -"c)-§.{l~ 7'-s::%(108)~ C7 

S'J.:il, %-'fl r1]11ll 'ii'~ -"c)-§.{l~ 7'-s::%(108) ~ t,}-$1 10111111 'ii'~ -"c)-§.1:J~ 7'-s::%(780)91 z.J-z.)-91 ~.,)-~:v+ 1:l~-%1_­

Y ~9--

[0177] .5=. 33a ~ .5=. 33b~ %s::t,}'i':[, ~ 7]Al~%91 ;:(1]4 {[Al aJlo:Jl u}~ A1]4 aJlAl~ '?__l 7'-s::%2-, ;:(111, A1l2 ~ ;:(113 aJlAl 

~'?_} .:-iia:.-~: :CE-::. i 1t!~91 ~Aa:i!} %AloJl ~_)8~ ~- ~714, ~i\':l~'?__l 7'-s::%.?.A7 -8"J,Aa~ y ~9- . .5=. 33a 

~ .5=. 33bo:Jl .5=.Al-'8_ ~14 oJlAl~'?__l 7'-s::¥2-, BHIB. Z:1-lell~ ~,;i!71(79)~ ~Aat,}71 ?J-.:il .5=. lOa ~ .5=.10b91 A-ill 

aJlAl31'Zl 7'-6'::¥g ~Aat,}-t:-1'11 °1%-'8. 7-79 B1ll~::i7j- -%'-~0 7-79 Blll~ g 0 ]-§-t,}°'] ~Aa~ 'T'" ~9-. ¥1-~-DJl 

Yi::'-]-101]1111 1:ll 6 } ~9'1(500) 2- uJ]Yi:.'1 671011°1 ~Qcj(lOO) cl1o:Jl ~Aa~ T ~9-. z.J-z.J-91 ~~-uJ]Y9-10ll'11!. 1:ll 6 } ~ 

9'1(500)2- ~zj_i>l ~~(Bl, B2 '6-1 cl1o:Jl ~Aa~ y ~9-. ¥1-~-uJlYi:.'1-rll'11!. 1:ll 6 } ~9'1(500)2-, ;:(111, A-112, ~ 
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;(113 {l_A]oJlS'l ~%-uJlYcl-'cl]~ 0 ] 0 } ~9'1(400)g_ ~Ad<'>}Al ~JI ~Ad~ y ?1774, %~~ uJlY2-l-i'1]~ O,,,_;ll~ 

cl~ %i>H AJll, AJ]2. ~ ;(113 {P·loJ]S'l ~%-uJlYcl-i'1]~ 0 1°} ~9'1(400)611 ?7}<'>}61 ~Ad~ y ~q 

[0178] ~'?:1. ~~032, 232) ~ §1,,,.j AHi. ~~(142, 242)91 Zjo,£ -t,}1-fS>l .u1.i:ii ;::'::"1] 44.g. +~ 7jcl u;ifl~611Ai 4'­

;,:d sci~ -'"g- 7J % .u1. i:J1 ;::':: "1] 0 1 q. ~%-uJlYcl-i'1] ~ tl] 0 } ~ 9'l (500) 0 1 uJlY cl 0, i'1] 0 1 ~ 9'l (100) 41611 ~ Ad sci~--= {l_ 

AloJl7} ~ ~AflAi61lAi ~~sj5:J.Al;'}, ?7}-'3:j~ S".~ LJ1:;(1Vd91 ~%-J:']lYcl-i'1]~ 0 1°} ~9'1(500) 0 1 lllTI ~9'161] 

~ Ad sci~ {P·Hl ~ .5=. Qcj Al JI i:\j-'8_ q. q 0J~ ci P] uJlY cl ;::':: "1] -,1-s:%(55D)..f': c] 0 } 0 1 ;::':: {I± \1~ ~ £Ai ~7] Zj 

.Q.s.. ~~sjA] ~Al'-tl .f-'¾- 7jcl TI1ll~6JlAi BR'?:! -2..~1\'-S'l ~Ad %'i'l- -,1-s::3_7 AlAl~ .!?1i>H 0 1-§-Sl~ ~%-uJlY 

cl-i'1] '111 tl] 0 } ~ 9'l (500) 9-.!?1611 ~Ad~ y '.?] q. 

[0179] .5=. 34a ~ .5=. 34b~ %s:<'>}'?:!, BB'?:! :{1"1]E Eqll_7.l(79) ~1 i>H;:z} _§_ql}_:;,;](579)~ uJlYcl-i'1]~ o,_1.;ll~c:'.]~ %i>H % 

AM ~Ad~1 y ~t:t. oj]~ ~O,, ±..s=..'ci]A];::'::_~ ~,':_ ;(1]1 :{1"1]_§_ i'1]~ %~5(11 ~(280) .!?1011 ~Ad'fA 4'- '.?},JI, 

cl ~.::1 cA~ iiH Ef1<:l sci ◊-i, 0 1 ~ ~ A] oJl ~ 011"i 9t :Q- ,':_ BH '?:! :{11'lJ _§_ E ql}~] (79) 91 IiJ1 Jil, ~ AJ]3 {)_A] oJl :cE. ~ .::1 'i1! 
~ 21 i>H;:z} E i!J}~l 21 Iil1€-4 %qI 9cl_- y ~1 ~ i>H;:z} _§_ i!Jl~l 21 :;IH€ g_ ± W<'>}~ 7H-,1- ~ ~Ad%[ y ~ q. 0 Pir12 011 

il 0 1 y~ si 67 uJl y cl-'cll ~ 0, ,,_;ll ~ i:'~ ~ %i>H IiJ1 E,1--a -'8 ±£ i'1] Al;::'::_§_ ;- 21 Ii11 € g ~A} W .0 5'.. ~'L BB'?:! :{1_ l'~ _§_ _§_ 

ql}~l(79) ~ i>H :-<} !'.'.. ql}~l(579) ~ ~ Ad %l y ~ q. ±..s=.. i'1] Al;::'::_§_ ·;- ,c>_ , ,:,rn ~--•,j , 0 R ~ 611 21 i>H. .f-~iiHAi A1l 7-1 
~ "]'· ~t:t. 4421 iiHAl· Eql}~l(579)-c .::1 919- 41611 ~%-uJlYcl-<'1]11:[ 0 1°1- ~9'1(400)91 -,1-Qcj-& .±.W%l y 
~t:t. 

[0180] .5=. 35a ~ .5=. 35b~ %s:B}'?:!, ~~ 2.]- 0 11..i ~(572L),':. i>H;:z} Eql}~l(579) ~ BR'?:! :{1"1jE _§_ifil~lC79)61l ~Zj~ 

~- ~t:t. ~~ 2.]- 0]1..i ~-(572L),':_, {)_cl~ ~2J'%, {)_cl~ ~2J'%, ~/S".~ ~3f-P]-'fr ~2J'% ·kS>l %~511] -s-~ 

-~1-2J'~=- !§-21 *~5(11 AHli~ ¥-W~i:::i-. ~i~ c1- 0 11..i "~C572L),':., 2J'-& ~-"<r S".~ -'f:17.F~ ~Zj ~21 ~±~ ~Zj 

<l:r~6Jl 91i5H :{1.±~ AHli ~.Q.s..Ai ~Zj~ c0 ~t:t. ~~~ 2} 0 ]lc] ~(572L)"'-1 -'T-7,>J]~ 3nm 41Al 60nm tt:J.!i1-1~ y 
~ -;,;] "'}. Ci .3}7-j L.} c-J -2- -'T-7,>J].5=. 9'l Al 0 ] %~ Y 9] q 
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AJ]l 1.J1zl ;{113 {)_1-]oJloJl1-19J- 7.? 0 1 4'?1 "C]J'1lJ. %~~1 ~(ll0)oJl q 0J=~ "ii'2? 1}§.~2? .::i23':¥ 0 ·: ~.J::l-%1 y S;.lq 

"ii'2? 1[§.~2? .::i23':¥2., ~£4'?1 '{i'ielj_§_ t1] 0} .::i23':¥(86)iIJ- "tt%-uJlYcl-"C]J'1lJ. t11°} .::i23':¥(588)-9l 4:z.}21 ~ 

oJl "8',Va51714 .::i23':¥(588)oJl ~4?-'r! {:!_§_ 4'?1°14 ~s4 6E1ljg_ ¥.%;:;}-:::: 11"-'fl "C]]'1lJ. "ii'~ 1[§.~2? .::i2:t¥ 

(108), Ai]l y}§ 1=1J,,-J hdloJl yz]'i} ;;(112 y}§ 1=1J"6J hd2~ rr:}4 ';'i;,.Js=J-:::: l::l]_§_4'?J(103), ~ (£1-]s=]z] ?J-·3:) .±: 
6 14? 4'?1 .::i23':~ g ¥. %W "r S;.l q. 

[0197] £ 43oJl £1-].'{! AJ]4 oj]J-1~'?1 .::ii~-~21 A1ll ~~oJl-::::, ~£;i;1] 7l.:itt(9) -'floJl -'fl.7-]ti}.:il ~7] £~ ~~(146, 246) 

~ ~';'i ~~(132. 232)-9l AH 4'-~21 ~61£ <'>}421 ~ll ..uZ.tjj 6~f(: ¥.%c}.:il, .,..,J7] ~61£ <'>}L-}-9l Aill ..iil.t:H 

6~-&} %"5] yz].Q.s_ ~;;<.Jsj-:::: uJl£cl 6~ .::i1"3"::%(55) g 1:,1 ¥.W<'>}-:::: 0 1]5'..9-'c-1]'!ll. 67 ~~cl~ ¥.%<'>}-::::, ~£ 

5<1l -=?-3':¥-g ±%~9-. uJl"'-2-1 6~ .::i23"::¥(55)~ 442. uJ]si.21 i=q-(50) ~ "r-=-31 ~£fi!l ;<]'§.(6o)g ¥.%~q 

~71 £~ ~(146, 246)2. 0 115'-cl 61aelj -,1-3"::%(55)g -f'i~ ~1=.4'i}g T/3~9". ~£~1 .::i2:t¥2., 0 1112..2]-,i]l 

'1ll. 61,,_;ll~cl~ %<>H yz].0 .s.. ';'i;,.JS].:il ~61£ <'>}Y--9l ~ll ..uZ.tjj 6~(132, 146, 232. 246)_().s..4'-E7 ~1=1J,,-J.0 .s.. 

..2..::U:~.>8 "tt%-uJlYcl-r-1]'1ll. l::l]o} c:g~(500)91 .::i2Q:J g ~.9]'3]--:::: ~';'i <>H:;,;} _§_i,1};;,;] -,1-3':%(572. 575) g c-j ±~~ 

9-. ~£;<4] -,1-3':%-2-:- S':.~, "tt%-uJlY2.l-101]'1ll. l::ll 6 } <'.;:lQ:J(500)oJl -'fl;;,;]~ <'~67£ <'>}L-}-9l A1]2 ..uZ.tjj 6~& r:-j ¥. 

W~q. ~61£ <'>}Y-21 ;{112 ..uZ.tjj 6~-2-:-, %~;<il 6lfJl 0 l1-1 ~~(142, 242)4 7'._:I~ ~~(132, 232)-9l ;{112 -9-~ 

-9l .iiLq1 "6"~-a- ±%<'>}.:il, %~;<i] 6.i,]]o]A7 "z~(l42, 242) 442_ 4421 ~71 £~ ';;"(146, 246)ilt %iJ.~} 101] 

'1ll. oJl 5?1 ~1 ~q. ~£;<11 .::i1",2::¥ 2. , "tt%-uJl Y 2.l-i:-1l '1ll. l::ll 0 } <'.;:l Q:J (500) 1-Jl oJl -'fl ~l <'>} .:il i::iJlY 2.1-"C]l '1ll. 61,,_;ll ~ cl 21 ;J;J 

AJU 1f. 1?:! ~ uJlY cl-101] '1ll. 61,,<.;l) ~ 2-121 ;J;] <'>}U JI.1?11 ± W<'>}-:::: ;;s1ll y}§ 1?:[.Q.s_4'-E7 yz].Q.s_ ~ ;;<.Jsj .:il £~-"cl 

;{HE~ ±W<'>}-:::: "tt%-uJlY2.l-'c-1]'1ll. l::ll 0 } -=r'-3'::%(588) g Ci ±.W~9-. 

[0198] ~ {).l-loJloJll-1, ;{illy}§ lclJ<5J hdlg rr:}4 ~:o\Js=j-:::: ~"r-21 ~1=1.,FJ_e>..s.. ~~~ '{i~E l::l]o} .::i23':%(76)2. u]]Y 

2.l-r-1]'1ll. 61,,_;!)~2]~ ~y-9l ~l=IJ"6J.0 .s.. 0 l2::l.>8 ~~()_s_ ~1=1J,,-J.c:, . .£ ~WW 4- 5V-Jl. ~y-9l ~1=1J,,-J.c:, . .£ 7d~~ 

zi~_§_ l::ll 6 } -=r'-3':%(76)~ z.}42. ~~ c:'.'::lf]] 0 1;1.1(74)61l 21<>H ~lclJ"6J.()_s_ ½27M}~ y S;.lq. ~';'i <>HA} _§_ql};;,;] 

.::i23'::¥(512, 575) 2. ~~~ .Q.s.. *~;<11 AHlis.. .::i2"a~ y S;J,q_ 
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%4 %~%l- 4- '.Ur+. Ai]4 oj],',].:3j'i} 7"-3'::%$.J Ai]2 ~"f,joj]-::_ AU, Ai]2 '}! Ai]3 oj]A].:3j'i} 7"-3'::% si=.-::. :i ~"f,j ¾ 

~$.]$.] ~$.] "f,jAJ:rrj- %AloJl "f,jAa~ 4- 117-14. ~'%J"f,j 7"-3'::%5°..A7 "f,jAJ~ 4- '.Ur+. :ct~-!8. {l.Al0JloJ]A79t :Q- 0 1 

l:fr5=_.'(1l 7]~(9) -$1oJl 7'J'i"! 'z~(l32, 232) '}! (§],'-] A]li 'z~(l42, 242)~ 4- 11-::::.) %:ct5til ,;:'::J}Jlo]A-7 c;:;~s,1 

.:3jo,5=. 3}49.l ➔?--1'l¾ JJ11:l1 ,;:'::l;')j 0 l "f,j"-a~ 4- 11t:t. 

[0200] i zj-zj-9.j %-{l ~9'1oJlA-j uJ]Y9 ,;:'::l;')j 7"-3'::%(55)g ±W3}7.] 'i'J--::. 'tl-%-uJlY9-?.l]~ t1] 0 t9.J ~9'1(600)~ 0 ] uJl 

Y9 0, ?.11 °1 ~ 9'1 (100) 1-floJl "f,j Aj ~ 4- 11 tj-. zj-Z-)-9.j '\11-%-uJlY 9-?.1] ~ l::ll 0 t '";g 9'1 ( 600 ).g 't!-:ct ~l :; ~(Bl, 82 

~ ) 1-fl oJl "f,j -";:l ~ 4- '.U tj-. C7 Pl uJl Y 9 ,;:':: 1;')j 7"-3'::% ( 55D) 2- 'tl-%- uJl y 9 -?.l] ~ l::ll O } ~ 9'1 ( 600) 9.j T ~ 1\'-oJl AJ]';§" 

~- 4- '.Ur+. rcP] uJlY9 ,;:'::l;')j 7"-3'::%(55) 2- 1:fr£:'(4l 7"-3'::%$.J ~Aa :Z-l.¥.\1_§_7} o}y.:,..];'}, 1lfl1?:! .'?.-'2,--'f-(143, 

243)$.J "f,j Aj %~oJ] 7"-6'::.:3j 7.] 7.] ~=- ;;t]] .::g.,3"t7] .$1 ii] 0 ] ¾-!8. tj-. '\11-%-uJ]Y9-?.l] '!11 tl] o} ~ '2'j (600) 2_, ;;tl]l, ;;tj]2, 

'}! ;;t4]3 {i_A]oj].9.j 'tl-%-uJlY9-?.l]~ l::l] 6} '";g'2'j(400)g "f,jAc33}7.l ';'J-JL "f,jAJ~ 4- '.U7J4. %~~ uJlY9-?.ll~ 0, 

'2)-~r:.l~ ¾ti] Aj]l, ;;tj]2, '}! ;;tj]3 -~P-1°119.J '\11-%-uJlY9-?.l]~ l::l]ot ~9'1(400)oJl 47t-ot~ "f,jAJ~ 4- '.Ur+. 

[0201] 5=. 45a '}! 5=. 45b ~ ::'g-3'::3t1?:!, ±£ ?.1] 7.] ,;:':: E 'z ( 677) 2- Aj]l :zi 1;')j _§_ ?.1] ~ %:ct5t1l '~;- (280) -$1 oJl "f,j Aj ~ 4- '.UJL. 

9.±::i.i'.J1~ ii]E-j~.s:]o, :i 1-tl-9-oJl 7]-'l~ "f,jAJ%£ 4- '.Ur+. 7]7"-9.J iill18.2-, ~~-!8. 1lfl1?:! :zilelj_§_ s.~~1(79)$.J 

ii] 18.' '}! +:'; ii]Ai 'tl-%-uJlY9-'ll] ~ ~ 9'1 ( 600)oJl "f,j -"8 ~ '\11-%-uJlY9-?.l] ~ l::l] 0 1- 7"-3'::%$.J Si/l 18. g ±. W~r+. 

[0202] ±__sc_?.j]7.],;:'::_§_ '~(677)$.J Jifl18_~, Aj]l :zil;')j_§_ ?.1]'/;l)_ %:ct5t1] 'z(280)g %~], '}! 1i'i"! '~~(132, 232) '}! %:ct5t1] 

,;:'::lf]] 0 ]A7 ;;t]li 'z~(l42, 242)$.J .=g.:1¾ .illI:] ,;:'::leljg ¾~ll :ctA}S:]O, uJlY9 0,?.1] 0 ] ~9'1(100)$.J 1lfl1B :zil;')j§_ ~ 

EJl.~](79) '}! 'tl.-%-uJ]Y9--cll~ tl]ot ~ 9'1 ~ (600)$.J 'tl.-~-uj]Y9-?.l]~ 7]7"-(679) ~ "f,jAJ ~ 4- 'f t:t. 3131B ]:fr£ 

51J 'z(l0)S>~ ~-B JE1i"!~ 449.l 11]1i"! .:zilelJ_§_ s.~1J~l(79)$.J '5"}t!-oJP-i ~-9.:3j~r,c_ ~½~ 4- '.Ur+. 111l1i"! :zi~_§_ 

§_,;-1)~](79)-::::. 'tl-%-uJlY9-?.1]~ 7]7"-(679).91 "f,jAJ:rrj- %AloJl "f,j-"g~ 4- '.Ur+. 

[0203] .:3j 0, 5=. '5"} L.}9.j 3t-$1 .,;J] ~1 %:ct5t1l 'z ( 760) 9.j ~B JE 1i'1 ,°_ zj-zj-.91 'tl-%-uJl y 9-?.l] ~ 7] 7"-(679) 9.j '5"t t!-oJl A7 %9 .:3j 

~.s'. :i.:.½~ 4- '.Ur+. 3}.$1 -ell~ cg-~ ~&{l~ 7"-3'::%(780)$.J ~B JE1i"!~ 'tl-%-uJlY9-?.1l~ 7]7"-(679)$.J til­

t!-oJl %2].:3j~5°.. :1>::.½.s:]771-]- s..t:· %cJ~~5°.. :1>::.¼5']7.] ';'J-g "T- 9,/t:t. ~ {i_A]oj]oJ]A7, 'tJ.-%-uJ]Y9--c1]1!}'. 7]T 

(679)$.J ~~ 11fl1i"! :zilelJ_§_ _§_~~1(79)$.J ~.!2..tj- "€ 4- 1.lt:t. 0 1 78-9-, opo1,pJ oJl~ %'d- cl Pl~ t;i}--~-% 0 1 'tl­
%-uJ]Y9--cl] ~ 7]7"-(679) oJl .=g.iff)_ "f' '.UJL, 'tl-%-uJlY9-?.1] ~ 7] 7"-(679)$.J 3t B JE 1i'1 ~ 1lfl 1?:! .:zi lelJ E E .m~1 
C 79) $.J 3t B JE 1i'1 ° t-cll oJl fl ~l %l- 4- '.U tj-. 

[0204] 5=. 46a '}! 5=. 46b~ ::'g-3'::'5"t1i'! . .¥..sc.-c1]7.],;:'::_§_ 'z(677)~ o:i]~ ~o, 0 ]~oJl $.J~ll ;x4]7-l~ 4- '.Ut+. 5=. lla '}! 5=. 

llb$.J :<79 Blll~ 0l 4-<5].s:]O, ~'i"! 'z(l32, 232)oJl i:ii~ll ~~.:3j~5°.. §JAJI ;x]K ~~(142, 242)g -"ll7lw 'T 

9,Jtj-. 0 1 78-9-. 11]1i"! .:zi1elJ_§_ _§_~~](79) '}! 'tl-%-uJ]Y9-•cl]~ 7]7"-(679)-::::., 1~~ ~(132, 232)oJl Yl~ll ~~:3j 

~-5°.. §j A! All li :~- (142, 242) g oJ1.:~ '5"}-::_ oJl ~Ail~ 5=. 'fl 3}-::_ "Gil O l ¾~ 4- '.U tj-. +4i'~] ,,,_i , 5=. 12a '}! 5=. 12b$.J 

~1 i-'1 t!-7cJl ~ o] "r- <5] _s:j ◊, :ct 7] £:ct 'z (146, 246) g "f,j Aj %l- "r- '.U tj-. J:fr g % 0 ] 1lfl 1i'! :zi lcJ\ §_ ~ s;1) 7-] (79) '}! 'tJ.-% 

-uJ]Y9-.,;JJ~ 7]7"-(679)~ ¾~ll 5=.'f]_s:Jo, :ct7l £:ct 'z(l46, 246)g !tJ.:3j%l- 4- '.Ut+. :i,q:3j.!8_ £:ct--".J ;x].E..$.J 4 
''d -9-~~ oJl~]-H..lj -=g-;,;j g 0 ]¾'5"}~ 1l]1i'! :zilelj_§_ _§_~~1(79) '}! '\11-%-uJlY9-?.1]~ 7]7"-(679) 1-fl-'f-~-'f-1:-7 '}! "j]l 

.:ziin]_§_ ?.1]~ %:ct~ll -t(280) -$1s-'f-1:--J Ail7l~{ 4- '.Ur+. rr}i.<},,...i, ~~ t~(232, 232) 13'1 :ct7l £:ct '';;~046. 

246)$.j JJ1tj1 ,;:'::l;')j(l32, 146, 232, 246) 0 1 "f,jAc3.!8_tj-

[0205] 5=. 47a 3'1 5=. 47b~ %s:3t1i'°!, :zi±'?J ~~ ;x]li "~- 0 1, ~~-3l ~--3)- g:_t:- -'i::l_;z.t~ !tJ:3j ~$.J :zi±'?J !tJ:3j .::g.-1'loJl 

$.J ii] llfl 1i'1 :zi lelJ ~ ~,ill~]( 79) '}! '\11-%- uJl Y 2.]-?.l] ~ 7] 7"- ( 689) oJl ~1 :3j -!8. tj-. :zi ± '?J ~1_ ~ ;x] li ~~~ ~ , -1,,l_ cl ~ --8-

~%, ~9~ ~~%, %:ct5ti] "'5-:";" --8-~%, _GE-::_ 0] ~$.] 3'::~ ;;$.] %:ct-'(11 A]li~ ±W~tj-. 

[0206] opaJ.,,_J oJl~ 0] 4-<5].s:JO, :zi±'?J ~-~ ;;t~-~- 'z9.J 4-313 -9-~g ;;t4]7-j~tj-. 3}~ r-1]~ "'5-:";" ~&~4;'- T3'::%(780) 

.91 ~B 1E 1i"! 0 ] opaJAJ oJ] 3<.J :ct oJl '\11-%-uJlY9--c1] ~ 7]T(679)$.J '5"tTI-'f-oJ] A7 %9 :3j <:> __ 5°.. :i.:.½5']7.] 'i'J--::. 78-9-, 
opaJ.,,_J oJ]~ 2_ .:3j0,5=. '5"}49.J '5"}~ -cl]~ %:ct5til ""~·(760)$.J ?7} ;x]li~ ;;t4]713}~ '5"t~ ?.1]~ cg-4i' ~&1J4;'- 7"-3':: 

%(780)$.J ~B 1E1i'!g_ %9:3j~5°.. :'>::.½Al~ 4- '.Ut:t. o] ~--'f-, :zi±'?J ~'i"! 7'~li ~-o] opaJAJ oJ]~_s:J-::_ %'d­

'\11-%-uJlY9-.,;J]~ 7]T(679)-::. 0 ti'.J1~_Cl_£ ~;,;J~ 4- 9lt:t. 3}~ ?.1]~ ;;:";" ~&1l4i' 7"-3'::%(780)2- opiJ.Ja oJl 

~ %'d- 3t4 °]~9.j 'tl-~-uj]Y 9-?.1] ~ 7]7"-(679) $.J 3ttl-4'-oJl A7 %9 ?-l .Q.5°.. :1>::.½~ 4- '.U t:t. 

[0207] ll]li'! :zis:Jl_§_ ~;,,11_~](79) 1-fl.9.j :zi±.'?J ~~ A]li ~$.j Z-j-zj-9.j 1-fP-j7.] -'f-~2_ ~~ ,;:'::-"]]o],,l,.7(74)~ 7"-Ajtltj-. -{)· 

%-uJlY9-•cl]~ 7]7"-(679) 1..]19.j :zi±'?J ~~ ;x]li 'z9.l zj-zj-9.j L.j-P-J.:,..l -9-~2- ~~ 4°]L--j(674)~ 7'1-.,,_Jtltj-. 

~ ~ A liJl 0 ] A7 (7 4) 13'1 7'J 'i"! 4°1 L-7 ( 67 4)-::_, :ct7] £:ct 'z (146, 246) $.J "f,j Aj +oil, zj-zj-, 1lfl 1i"! :zi 1;')j _§_ E ~~l 

(79) '}! '\11-%-uJlY9-?.1]11ll 7]7"-(679)oJl %A]oJl "f,jAc'J.!8_tj-. 1l]1i'! :l]l::l]E.1(79')-::. zj-zj-9.j ~~ ,;:'::lf]] 0 1Ai(74) l •• jloJl 
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[0208] S:. 48a ~ S:. 48b~ {l-~5}~, ~O,S:. 5}4-"'1 S:.zj"cl .z]K7} 11]~ :Y]tl]E.](79') ~ tt%-oJlYcl-i,l]'lll. :Y]tl]E] 

c 679, Hl 5'1 ~ni 9 91 cJ-. ~ f2}3 i 71 ;ill :"1 1§ u~ ~ -91 1lJ u~ .::g.~ 611 913H ;(u c{! "1l :§. i,-JJ 1l:1l. %{_P11 ~ c280) .9~ 

.AJij- JI~g ±.~8"}~ 91ls~ ~s..lj'-E-] ?-jO,S:. 8"}491 S:.zj1 ;s]K91 4°d -'f-ft- 0 1 _:,:1]7-f~ 'T 919-. 11]~ c{i<'Jl 

:§. :§.'si]z](79) LH91 ?-jO,S:. 3}45'1 S:.zj1 A]K-91 44-91 y-u];<.] lj'-~;"_ ';lclJ~_c:,_s.. 7cl~~l- {i<'Jl_§ o]o} -?-~-~ 

(76)g T-"cltlcJ-. tt%-oJlYcl-i,-J]1fil 7]'7-(679) 1-Jl.9~ ?-jO,S:. 8"}491 S:.11-"cl ;;s]R-91 L}-491 y-uj;<.] -'j'-~-2: tt~-­

oJlYcl-i,l]'lll. tl] 6 } -7-~%(676)·& -7-"cltlcJ-. 4491 tt%-oJlYcl-i,l]'lll. tl] 6 } -7-~%(676)-@: S:.zj-"cl %~ :,:]K 1¥-­
ft-o]q. ';lclJ~_O._£ 7cl~tl c{i<'Jl:§. l:l]o} =?-~%(76) ~ ~%-oJlYi:.'.]-i,-j]~ l:l] 6} -7-~%(676)-e:-, 1l]~ c{i<'Jl_§_ :§. 

,Wzl(79)6l] ~ tt%-oJlY i:.'.]-i,-l] 11ll. 7]-7-( 679) 1-11611 %Al 611 ~"cl~ 9 'fl q. 

[0209] S:. 49~ {l-~8"}~, Ci,j]'i} c{i<'Jl_§_ tl]o} '7-~%(88) ~ ~~c2}'i} c{i<'Jl:§. l:l]o} '7-~% 0 1 ;;sl]l Ljj;<.l ;,:-Jl3 ~A]oj]61Vl 

~ 7.J- 0 1 ~-"cl~ 'T 91 q. i:.'}'i} 10-l] 111)_ %~5(-Jl ~ ( 110) 0 1 ;sl]l c{! "1l 5. ,ol] 11ll. %~5(-Jl '~ (280) -$1611 '5',P·cl ~-i y 91 q 

;;sl]l Ljj;<.l ;(!13 ~A]oj]61l}.7~ 7.J- 0 1 i:.'}'i} 10l]11ll_ %zj;'(-j] ~;(110)611 I:t0Jtl -;;;;::'; .AJ§.{j2i'- T~% 0 l ~-"cl~ "r 919-. 

'ii'2i'- .AJ§./\J2i'- -7-~%-2:-, -'?~:=c.i:.'}'i} c{i<'Jl:§. l:l] 6 } '7-~%(86)4 ~%-oJlYi:.'.l-i:11~ til 0 } -7-~%(588)91 4491 ~ 

61] ~"cl£17-jy- -,1-~%(588)611 ~4;cf1 11..1=.. i:.1}'?1_ 0 14 ~~ c:::'::::§.~g ±.~3}~ -AJ~ i:1]11ll_ 'ii'2i'- .AJ§.~2i'- T~~ 

(108), ~ll 91ls l'IJ""J hd161l 4--31~1 :,:1]2 91ls ;'IJ-,,Jg u:J-4 ~PJ.s;]~ l:l]:§.i:.'}'i.1(103). ~ (S:.,<.1£l.Al 'i'J---2:-) ±;::: 

11,~ 4'il -7-~%g ¥-~~ 4- 919-. 

[0210] S:. 50a ~ S:. 50b~ {1-~"2">}~, :,:j]4 oj]Al~'il -?-~%91 zll3 ~~oJl~, S:. 44a ~ S:. 44b61l 5=.Al-B .:,:jl4 oJl,<.l~'il 

-7-~-~-"'1 ;(!]2 ~~4 %~"%r 9 91;<.l'il-, E..10ll'il-1i<'Jl-10-ll'lll. ~~ :§.~lz] 2lcl -7-~~(72)g -$1tl nl1~61l}.i91 ~ 

"@,,<.}<5j-~ 4-~g %itl-tlcJ-. ~~-Bo}~ i£ 0 l. :,:jll 111'~ ..iiLt:H c:::':::"1j(l32,242), :,:jl2 111~- ..iiLt:H c:::':::t;!J(232,242). 

oJlYi:.'.l ~lell -?-~%(55), ~ E..i:1l'il-~'lell-"-ll11ll. ~2. :§.~1!zl 2=Jc1 -7-~%(72) 0 1 ~"cl~ 4- 919-. 

[0211] 5=. 51a ~ 5=. 51b~ {l-~5}~, .¥-£1011;<.lc:::'::::§. ~(677) 0 1 -~pj.s;]J1., 5=. 45a 13'1 5=. 45b61l .£,<.]-B 1l]J?! :zi'lelJE E,ill 

z](79)S>j Jill~~ 0 1 ~%-oJ]Ycl-"--ll'lll. 7]'7-(679)91 Jill1tJ'il-~s.. l1J1E-]1c]~ 9 919-. o]lclJ-"a 61l?J 0 1 5=. 45a 13'1 5=. 

45b91 .7c]cl 13-111~611}.i~ i£ 0 l 9 15~£Jo, >[.£.10ll;<.lc:::'::::§. ~(677) 1-1191 Jill~g ..iiLt:H ;:'::'lelJ(l32, 142, 232, 242)g 

%"5] ?-j 615=. 3}491 %~;'(11 '~ (760) 91 "'cl-~ -9-ft- Llls.. ~,<.}~ 9 91 q. tt%-oJlYc1-i:1l 1l:1l. 7]'7-(679)-l= itl-5=.~-ll 

-=r-~%611 11] ~ :zi 1ell .1=. .1=. t11;;{1 ~ ~ -"a 8"};<.1 uj]_ tt¾-oJlY cl-10111l:1l. ~ ~ c 600) 611 ~-"a-B cJ-. 

[0212] S:. 52a 13'1 5=. 52b~ {1-~8"}1?! . .¥-£1011;<.];:':::§. ~(677)~ oJl~ ~O, 0 ]'?]611 S>j"5] ;,:-J]7-J~ 9 919-. 5=. 11a ~ 5=. 

llb91 :<-]cl 13-111~ 0 1 y 15J.s;]O, ~~ ~(132, 232)611 q1"5] ~lelJ?-j~s.. §J__,_J A]li. ~~(142, 242)g ;(f]7j"%[ "T 
~Jq. 0 ] ~~- tt%-oJ]Yi:.'.]-10-l]11ll_ 7]'7-(679)~, ~~ ~(132, 232)61] cJl"5] ~lelJ:3j~s.. §J__,_J A]li. ~(142, 24 

2)g 61]7di,}-l= 61]?J;(fl~ 5=.'ic]5}-c-"Gll 0 1%~ 4- 919-. ~'?-2i'-"5]Al, 5=. 12a 13'1 5=. 12b91 :<-]cl 13-111"~ 0 1 y 15J£Jo, 

~7] 5=.zj ~(146, 246)g_ ~-"a"%r 9 91i:}. itt-;:;% 0 1 tt¾·oJlYcl-10-ll'lll. 7]'7-(679)~ %"5] 5=.'ic]s=lo:J ~71 5=.~ 

~(146, 246)g_ 5'1:3l%t 9 919-. 5'1?-j-B 5=.~"cl ;s]K-"'1 4°d -9-ft-?: 61]z]-lilj ~178 ~ 0 ]%8"}°'1 ~%-oJl£cl-i!il 

1l:1l. 7]-7-( 679) LH-¥-.£ ljL El ~ :,:-j]l c{! 1ell 5 101] 11ll. %~ ;t-j] ~ ( 280) --$1 s..-'f-E-] ;,:-J] 77 ~ 'T 9} q. u:j-2},<.-j . ~-~ ·-'6'--~­

( 232, 232) ~ ~71 £~ ,~~(146, 246)-"'1 JJit:H c:::':::'lellO32, 146, 232, 246H ~"a-BcJ-. 

[0213] 5=. 53a ~ S:. 54b~ {l-~3}~. c{i.¥."~ ~~ ;;s]K -;- 0 1, ~f,'j-?-j ~~ _q=_~ ~A}~ 5'1?-j ~$j c{i.¥_~ 5'1:3:j .::g.~61] 

913] ~%-oJlYcl-10-l]'!ll. 7]'7-(689)611 5'1?-j-'8.q. c{!.¥_~ ~~ A]li ""~·£, {'li:.'.]~ ~~%, ~cl~ ~~%. %~-!~➔] 

[0214] o]lclJ"cl 61]~ 0 ] y 15Jj£jO, c{i.¥_~ ~~ ;;s]]s' "'b"-91 91ls -'f-ft-g_ ;(fl77tlc)-. 8"}i11 'cl]'lll. 'ii'2i'- .AJ.ft.~2i'- T~~(780) 

91 ..,_J-g. JI~ 0 1 °1 l'IJ-"a 6117d ~ 611 ~%-riilY i:.'.]-101] 1l:1l. 7]-7-C 679)-91 3}13--9-611 }.i %c1 ~ _c:,_s.. x½£l.Al U~ 7J~, 
0 1 lclJ"cl 6117J ~ ~ 0, S:. 5}491 5}--$1 'c-l] ~] %~~11 ~ ( 760) -91 {'-7} A] li ~ ;<1177 8"}~ 5}--$1 'cl] 'l:1l_ 'ii'2i'- .AJ.ft_~ 2i'- T~ 

%(780)-"'1 .AJij- JI~-i- %cl~-°-£ x½,,_l~ 9 919-. 0 1 78-'i'-, c{i.¥_~ ;a_~ Allli ~ 0 1 °ll'IJ-"cl 61l?J£l~ %'i'l 

~%-rillYcl-10-l]'lll. 7]'7-(679)~ 6 }i'.11~~£ ~/\J~ 9 919-. 5}--$1 i,j]'l:1l_ -;;;;::'; .AJ.ft_{j::'; -,1-~%(780)~ o]lclJ-"cl 61] 

~ %'i'l 8"}y- 0 1..,.J-"'1 ~%-ril]Yi:.'.]-'c-111l:1l. 7]-7-( 679)-"'1 8"}13--¥-611 ,<.7 %c1 ~ .O..s.. x½~ 4- 91 q. ~%-riilY cl-10-l] 1l:1l. 

7]'7-(679) 1-11-91 c{!.¥_~ ~~ A]li ~91 44S>.1 y-uj;<.] -¥-~~ ;§_~ 4°lL--](674)~ T-"a~l-9-. ~%-riilYcl-10l]'l'l 

:Y]l:llE.](679')~ 4.z.J--"'1 ~~ 4°11..1(674) 1.Jl61l ~;z]tlcJ-. 

[0215] S:. 54a ~ S:. 54b~ {l-~8"}~, ~O,S:. 5}4-"'1 5-:.~"cl ;s]K7} ~%-oJ]Yi:.'.]-10-l]'lll. :Y]olE.](679')611 5'1~~ y '119-. 

:§:} f,'j-?-j 71111 ?-j 1lJ 18-~ ~ S>1 1lJ 18-:§:} .::g.;<.J 61] 913] A1ll :zi 1ell 5 i,j] 1l:1l. %~ ~il ~ (280) S>1 .AJij- TI:~ g ±. ~8"} ~ 91ls 
~ i11 £-'f-E7 ~ 0, S:. 8"} Y-91 5-:.~"cl 7] K91 4°d -¥-ft- 0 1 :,:-j] 7-1 ~ y 'fl q. ~%-rill.5.1.. 2.]-10-l] 1l:1l. 7]-7-(679) 1-11 S>1 ?-j 
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0,-5=. <'>}Lt~ -5=.~--"d A]li~ z)-z)-~ 1-)-uj;,;] -¥-~.'°. tl:-%-uJlY9-i:--l]'1ll. l:ll 6

} --=?-s:¥(676)g_ --=?---"H}r:.J-. z)-z)-~ tr 
%-uJlY9-i:--l]'1ll. l:l]o}--=?-s:¥(676).'°. -5=.~"d %~ ;;1.]li lj'-~olr:.J-. 

[0216] -5=. 55a ~ -5=. 55b~ %s:"6"}'i"!, z)-z)-~ ~Cj_ 6,,fl 0 1A-1(74) 1--)1611 ~7:l~ ~Y~ ~Cj_ 6.lf!l 0 P-i(74) ~ -:;BJ~.£..s.. 

Cj_?:J.s=j-::_:_ z:!1-'Jl.s l:l] 6 } --=?-s:¥(76) 0 1 ~"'d~ ''r JJq_ Bfl'i"! z:!1-'Jl.s .§.,:gJ_7:l-::_:_, .5=. llb61] .5=.A].'j'! g]j~g_ 0 ]%<'>}61 
7stl_C;i %%032, 232) ~ ~71 £~ ,;;%(146, 246)£1 JJLi:11 61-'Jl(l32, 146, 232, 246H~ ¾<'>fl ~--'8%1 4'- Jlr:.J-. 

~ Cj_ 63'Jl 0 1 J.7 (74)-::::. ¾~~11 An .E-9-1 £1 ?-j ~ 0 1 BJ--"d 611 ~ 611 ~ iifl ~ "'d ~ y JJ q ~6 ~ Qcj (61)-E.· 44~ Bfl 

'fl z:l_t'-Jj.§. _§_£,_1)_7:] 6 }cjJ61] <'§·"3~ 4'- J,lq_ -:;BJ~.£..£ Cj_?:J-s=]-::_:_ z:!1-'Jl_§_ l:l] 6
} --=?-s:¥(76)-f':, ?qo-j-5=. <'>}4~ .5=. 

~"'d )(fl_E_~ £1~ ~ 1IJJ8-~ :g-7:J£. 01%~ ?-lo-J.5=. "6"}1-)-~ £~--"d )(fl_E_~ 4°d -¥-~~ .AJ17161l ~-s-fl ~--"d%! 4'-

5:J q. 

[0217] +¾iiflJ.7, c::i:--l]'il z:!1-'Jl.1==. l:ll 0
} --=?-~-~-(88) '}l 'f~c2}'i} z:!1-'Jl.s l:ll 0

} --=?-s:¥ 0 1 A-l]l LH;<;] A-ll3 1l_A]o]l61]J.79t ~ 0

] 

~--"H'-l y Jlq_ 4'il 10-ll'1ll. ¾~i~11 ~(110) 0 1 A1]1 z:!1-'Jl.s i:--l]'1ll. {r~i1l "'6"(280) ~611 <'§--'j~ y Jlt:t. Aiu 1--)1 

-"-J~{lc'.';- --=?-s:¥.G.:-, -$]-1'=.2.}-'i} zi"~.§. l::ll 6 } 7'-s:¥(86)4 tl:-%-uJlY9-'cl]'1ll. l:ll 6 } 7'-s:¥(588)~ z}z}~ ~611 ~ 

,-'8.s=j7j1-J- --=?-3':¥(588)611 {l¾.'j'! 11.s 2-}'i.1°11-J- ~~ 6.§.~g .3t.~"6"}-::_:_ -"-J~ 'cl]'Ji] 'ii'¾ -"-J~~¾ ·7-s:¥(108), 

.AJ]l y~ BJ~J61] y3~'il ;;1.112 y~ BJ~Jg u:}9- Cj_AJ.s=i-::. l:l].§.2.}-'i.1(103), ~ (.5=.J.l.s=j;sl ~.'°.) ~-:6 ~4?· 9-'il T 

[0218] .5=. 56a ~ .5=. 56b~ %s:<3}'i"!, A-l]4 o]lAl?-J'il --=?-:.=E¥~ .:.-Jl4 1tl_~oj]-::_:_, .5=. 13a ~ .5=. 13b61] £A].'j'! A-lll oj]J.P.1'il 

--=?-3':¥, 51::.-::::_ .5=. 13a ~ .5=. 13b~ ~19 B-7-11~611 i:11·€·2.H::· ~½28. A-ll2, ;;1.113 ~ <1]4 oj]A]?-j 0J --=?-:.=E~~ ,;.::-::_:_ :i 1t! 
<'§ % ~ ~ -£1 ~ .£..5'. ¥ E-] £ ½ ~ y J1, tj -

[0219] :i 44~ %{) ~Qcj61]J.-j uJl-5'..9 61-'lj --=?-:.=E¥(55)g .¥_~"6°}Al ~c tl:-%-uJl-51..9-101]~ l::l]o}~ ~Qcj(600)~ 0 1 uJl 

Yi:~ O,i:-1] 0 ] ~Qcj(l00) 1--)1611 <'§.J-d~ ~ J,lt:.J-. 44~ tl:-%-uJl.£.9-10-l]'1ll_ l:l]o} ~Qcj(600)t ~~<'>] ~~(Bl. B2 

';' ) Lfl oil <'§--"a~ 4'- '.:U tj. c-, Pl uJlY 9 61-'ll --=?-:.=E%(55D) t tl:-%-uJlY 9-i':--l] ~ 1:l] 0
} ~ Qcj ( 600 )~ 'T' 1t! lj'-•:•,] ;z-Jl .:g. 

~ "r '.:Ut:.J-. C7P] uJ]Y9 61-'lj --=?-:.=E%(55) t Jfl-£~11 --=?-:.=E%~ ~--"J ~.¥_\:!.§.7} o}y;,;l'tl, Bfl'i"! .2.~lj'-(143, 

243) -£1 <'§--'8 %~oil -;1-:.=E?q ;,;l ;,;l ~ ,7,11.:g."6"} 71 ~ "8fl 0 ] %28. tj. tl:-%-uJlY 9-101] ~ l:l] 6 } ~ Qcj (600) t . ;;1.i]l, ;;1.112, 

"'.~ A-113 1l. AJ o]l ~ t1:-¾-uJl y i:1-1011 ~ l:ll O } ~ Qcj c 400) i ~ --"d 3};,;1 ~ j1 ~--"a~ <?- '.:U 711..1-. % ~ ~ nJl y i:1-1011,w_ o, 
-11]-~9~ %"8fl .AJll, A-ll2. ~ A1l3 ~-Alo]]~ tl:-%-uJl5:'.2-]-10-l]~ 0 ] 0} ~Qcj(400)oil ?7}"6"}61 <'§--"J.:'{j "r 5'.it:t. 

[0220] .5=. 57a ~ .5=. 57b~ %:.=E"6"}'i"!, .¥.£10-J];<;]6E ~(677) 0 1 ~--"c3.s=j.J1 £ 51a ~ £ 5lboil .5=.J.].'j'! tl:-%-nJlYi:']-10-l]~ 

7]-;1-(679)~ J!Jl~.£..5'. J!JlEl'a:'g y '.V.t:t. o]BJ.AJ oil~ 0 1 yis-].s=jo-J .¥..£101];<;]6.s ~(677) 1--)1-£1 J!jj~g_ JJLi:11 6 

1-'Jl(l32, 146,232, 246)1 %"8fl ?-lo-J.5=. "6"}1-)-~ ¾~~-ll ~(760)~ -"-J~ ¥~ 1--Jls!_ ~.A}%l_- <?- J.lt:t. tl:-%-uJlY9 

··'cll'1ll. 7fl--=?-(679)c tl:-%-uJ]1i1.9-10ll'1ll. ~Qcj(600)oi] <'§--"a.s=ic lfl-'i"!, -~4-~ ~BJ~J.£..i£. Cj_AJ.s=i-::. :tl1-'Jl.s 1:l]o} T 
,?:-.%(76) ~ ~C;i 6,11l 0 1J.-1(74)c Jfl-£i1l -=?-:.=E¥ 1--Jloil ~)(fl~t:t. <'>}i'.11oil ~'il 'c}~ 10-ll~ 'ii'¾~~~¾ -=?-s:¥ 

(780)~ -"-JB 1I'i"! t tl:-¾-uJl:2.2-l-'Bll~ Jfl--=?-(679)~ <'>}B-611.A-1 ¥i:1?-l.£..£ x.½~ 4'- '.:Ut:t. 

[0221] .5=. 58a ~ .5=. 58b~ %3':<">}'i"!, .5=. 53a ~ £ 53b~ ~19 B-7-11~ ~ yis-].s=jo-J 44-£1 tl:-%-ul]Yi:.'.]-1011~ 7']1:l]e-1 

(679')~ -:;BJ~J_O_£ ½cJ,Y.}C ~Cj_ 2}o]tj(674)~ ~--"d%f 'T° '.V_tj, 

[0222] £ 59a ~ .5=. 59b~ %:.=E<'>}'i"!, E'Bl]'il z:!1-'ll.s o]o} -=?-s%(88) ~ -%Jc4'il z:!1-'ll~ l:l]o} --=?-:.=E% 0 l ,7,1]1 LH;,;] ,7,113 

{!Alo]loilJ.-191- 7c{ 0 1 <'§--"ai1 4'- ut:.J-. 2.r<U 101l'1ll. *~i1l :CC~-c110) 0 1 Au z:1~.s 1011~ *~;%11 °~~c2so) ~oil ~--"a~ 

y 5'Jt:t. A1ll i.jj;,;] ;;1.113 1l_A]oj]oilJ.i9} .:Q- 0 1 4'il 10-l]1lll. ¾~~11 ~(110)611 tj 0J~ 'ii'¾ .AJ~AJ¾ -=?-s¥ 0 ] <'§--"a~ 

4'- ~;q_ ;;~ -"-J-~~~ -;1-3":-g\-t, -'f~ci:'}'il z:!1-'Jl.s o]o} -;1-s¥(86).:il}- tl:-¾-nJlYi:1-10-l]~ o]o} -;1-s:%(588)~ 

44~ ~oil <'§-1J.s=j7J1-J- -=r-s¥(5S8)oil {l¾.'j'! /:-Cl.~ 2.J-\'.1°11-J- ~~ 6.s~-i~: ±ir<'>}-::. -"-J~ 1011~ 'ii'¾ -"-J~~c'.';­

-,1-3':¥O08), .AJ]l "r~ BJ~oil <?-z.J'il .Ail2 "r~ BJ~Jg u:}2} Cj_?:J.s=j-::. 1:l].§.i:'}'i.1(103), ~ (.5=.A].s=j;<;] ~~} ~6 

{l 4;'- 4'il -=?-s% g .¥. ~~ 4'- u q. 

[0223] .5=. 60g %:.=E<'>}'i"!, ~ 7fl,1,.lc-J1%~ Ai]4 {!_A]oj]oil u:}~ ,7,]]4 oj]J.]?-j'i.l --=?-s:¥£1 ;;1.1]5 't!<'§o]]7} £A].s=jo-J J,l.Jl, 0 ]~ 

t. i:==. 'ell 'il-z:! 1-'Jls-'cll 1lll.~ "ft 2. E ifil~l 21 i:1 -=?-s:¥(72) g ~ ~5};,;l *-::. BJ--61 -~-5'. t1:-%-riflY9-'cl] 1lll. Jfl-=?-(67 

9)~ g]jEftaW.9. .. £0'1 All4 oj]Al?-J'il -;1-s%~ ,7,-Jl2, Ai]3 ~ _;;t-J]4 't!~ ~~ ~~~ ~.◊ .. £¥£1 £½~ y Jlt:t. 0 1 

7c:l-9--, tl:-%-uJ]Yi:.'.]-101]~ o]o} -;1-s%(676).'°. 27}~ 0,10-J]o]£J.-] ~"'J~ 4'- JJq 

[02:24] .5=. 61a ~ £ 6lb~ %:.=E3}'i"!, Ail3 oj]J.l?-l'il -;1-3':¥~ A-ll2 1tl_i§oj]7} .5=. 10a ~ .5=. 10b9l =r'-:.=E¥ :I-::. .5=. 22~ 

--=?-3':%£1j'-E7 £½~ 4'- Jlt:t. uJlYi:1 61-'lj --=?-3':¥(55) ~ ;z1]1 z:!1-'Jl.s 101]1lll. ¾~~11 ~(280)t ~½.'j'! BJ'fl~ 
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[0225] S:. 62a ~ S:. 62b~ ::?L3':.'5}i:ci, S:. 34a ~ S:. 34b-"'l ~-li:.cl 1i':l-lll~ 01 y-8-Jls=.]o, uJlYi:.cl-ioJl11ll. o,J,l);:;_i:.cj~ ¾iiB BBi:ci 

z!~5. Eqll_~l(79) ~ iiH;,,:} 5.qll_~l(579)~ %Aloi] ~Aj%1_- 4- 1Jt::t. 0] 1'J.Alciiloi]A7, iiH;,,:} _Ec_ql}~l(579)-9.] 

qi~]-c, u]]Yi:.'i O,iol] 01 ~Qcj(lOO) 9-]-','-, ~ A1]1, ;<1]2 ~ ;;(113 1'J.Alciil-"'l tl-%-u]]Yi:.c]-ioll11ll. l:l]o} ~Qcj(400):rr} %~ 

~ qi.o:l~ 7}~ 4- ~l~, 44-"'l tl-%-uJlYi:.c]-'i:-1]11ll. til 0 } ~QcJ(400) LJ1oil <;IS:.~ <-1~.:8.t::t. 

[0226] ciil~: ~ 0 L ±.s=..ioJl7l.:'.'::_~ ·'Z-2. Au z!~5. 'i:-ll11ll. %~ill ~(280) qioil ~Ad~ "r 1l.:i1.. ioj~.:::ii.'.]1~ lIJlWcl~O,. 

01 ~ ~1 ,._1 o:i1 ~ oil ,._i -'4 7c{0 1 BB i:c1 z1 ~ ~ 5- qll_ ~lC 79) 21 lIJ1 € ~ i>B 7-} E 2,11 ~ic 579 J 91 lIJ1 ~Hi- Y w'5}-::: 7Fr~ ~ Ad 

%t 4- '.Ut::t. 0ll=IJ-"8 oil~ 01 y""Jl~O, DJ]Yi:.c]-'i:-ll11ll. O,J,ll ;:;_cl~ ¾i>H lIJlE.7~.:8_ ±.s=..'i:-1]7].:'.'::§. ~91 lIJlEJ-& ;tl,q~ 

_c:,_s_-MJ, BBi:ci z!I'JJE 5.qll_~l(79) ~ i;H;,,:} 5.ql}.7-](579)~ ~-"8%1- 'T 1Jt::t. ±..s=..'i:-j]7].;'.'::E ~-g., ciil~ ~O, 0 H~ 

0 1] 91i>H, ~4'fi>HJ-i ;;(1171~ 4- '.Ut::t. 44-"'l i>H:7-} 5."2~1(579)-::: .::::1 9-]T LJ1oil tl-%-uJlYi:.c]-'c-ll11ll. Bl 0 } ~Qcj 

C 400) -"'l -=?- QcJ a- ± W%1- 4- '.U t::t. 

[0227] S:. 63a 4171 S:. 63c~ {rs:"5}i:ci, S:. 35a ~ S:. 35b, S:. 36a ~ S:. 36b, S:. 37a ~ S:. 37b, S:. 38a ~ S:. 38b. 

S:. 39a ~ S:. 39b ~ S:. 409] ~72.] i;:!111~ 01 e~}-3-:j_O_s_ y-8-Jl~o,, uJlYc]-'c-11~2 o,,<J)~i:.c]~ %i)"B ~4-91 :°;·l=IJ<5J 

_<)_s_ 7,J~~ z!~5. l:l]o} 72 3'.::%(76)g_ ~Aj'5}.:i1., u]]Yi:.c]-ioll11ll. O,,,_~;:;_i:.c]~ ¾tB y~_c:,_-5°.. <j?.J-~-::: ~:l_<j i>H;,,:} 

5-il:Jl~l -,1-s:-~0 (572, 574, 576).5'.. ZfZf-"'l i>H;,,:} E i!J:!~1(579) ~ :<H% T ;Utj-. tJ:%-uJ]Yi:.c]-'c--j]~l_ l:l]O} T~~­
(488) ::'., 44-"'l ~<j i>H;,,:} 5-il:Jl~l -=?-?,::%(572, 573, 576)oil .9.]i>B ~l=IJ-<5J.Q.£ oil~-1M}'U 4zt-"'l %;tl;(-ll AH.li 0, 

J,ll~i:.c]~ ~~i5fl ~Ad~ T '.Ut::t. Z.)-Z.)-S>] %;tl;(1l AH.li O,,,_~~i:.'i-c, 1:1'1 ~~(132, 232) ~ .:'.'::.itl] 01J-i %;tlJ<l] ~~­

~(142, 242)-"'l -<'9675:. ~l-c+-"'l ..iiLI:11 .::'::I'll, ;(112 llVit· QcJ-lll1i':l-~ 4-:~Pll ;;sHs- ¥~(265), ~ --;:J"@,J-}<5J--<'-l'i.1 ~ll ill 
~ QcJ-1ll1i':l-~ %;tl:<1l ;;sHli ¥~065) g ±W%t 4- <Ur+. 

[0228] q 0J~ z! I'Jl5. l:l] o} -=?-s:%(88, 86), el-'U 'c-j] 111)_ %Z:·P-ll ~ ( 110), ~ el-'U 'c-1] 111)_ %~~1 ~ (110) g %i>B <j?.J-~-::: 

qoJ~ ii-4'f AJ§.?.J4'f -=?-s:% ~ l:l]5.e}'U(lo3)0] ~Ad~ T <Ur+. -'6-4'f ~§.1]4'f -=?-s:%-2. .AJqi iol]11ll_ ii-4'f ~ 

§.1]4'f -=?-s:%(108)g ±W~ 4- ;Ur+. ~ {lA]ciJloilJ--1, ~qi 'c-1l11ll. -'6-4'f ~§.1]4'f -=?-s:%(108)-"'l A-j~~,c,_ .5f-j.E.. 

el-~ z!~5. Bl 0 } -=?-s:%(86) ~ tl-%-uJlR.i:.c]-'c-ll11ll. Bl 0 } -=?-s:%(488)-"'l ztzt-"'l -'>&-oil ;tl7]-<'9.Q.s.. ~W~ 4- <Ur+ 
coirn '€·,'>j, ztz.J-91 ~J-011 ~Ad~7Jy- 01-'4 ~~9-<'9.Q.s.. 11~%1- 4- '.Ut::t). l:l]E2.}~(103)-2. ;;(j]l 4-S§ l=IJ~ hdl01l 

4-~'i.1 ;(-j]2 4-S§ l=IJ<5J hd2~ u:}e} <j?.J.:8_t::t. -'f;JE:1,'}<,>) ~§.1]4'f -=?-s:%(106)::'. tl-%-uJlYi:.cl-ioll11ll. Bl 0 } -=?-s:% 

(488)011 ;tl7]-<'9.Q.£ Ber~-::: ~qi 'c--l]11ll. "ii"4'f ~§.1]4'f -=?-s:%(108)-"'l lj!-~..g_- YW'5}7JY-, ~/.!E-1= uJ]Ycl a,i:.-Jl 

0 1 ~QcJ(lOO) LJ191 uJlY2l .:'.'::~ -=?-s:%(55)91 -$1:c:.2-l-<U~- -=?-%'5}7] qi~ "'T'1r! sl£oil 1:l4'f.:8. ii-4::- ,:!}~g ±W 

%1- 4- ~li::}. qj'iJ.-.Q.£A1 .!E-1= 4'-7}_:;<.j.Q._i:;c_, tl-%-uJ]_i:;:,_2.]-'c-j]~ Blo} -=?-s:%(488)-"'l ;;<.j0,5:. ~ J--j~~-2. ~~ ~ 

~- ;tl7]--<'9 1]7] ~l-'8- ~-"'l ~01~ ~-<'-l~ciil o]%~ "r :Ur+. 

[0229] 5:. 64~ {rs:3}i:ci, ;;(-113 ciJlAl;;<.j~ T~~-S>j ;;(-ll3 1r'l_~ciil-c, 5:. 41 ~ 5:. 42-9.] ~1i:.'i 1i':l-71l~ g y~'5}~ z.}-z.}-01 ~ 

%91 .:~f<j 2.l- 0lt=1(572) ~ 1:i<j ;.Hs.. ¾~ ¥~(575)g Y~'5}-c ~'1 i>H;,,:} 5-~~l -=?-s:%~(572, 575)g ~-"-cl 

W.Q.s..-M] Ai]3 oj]A],;;<.j 0J -=?-3'.::%91 ~12 1r'l~ciils..-'fE7 5:.½~ 4- S:Jt::t. 

[0230] 5:. 65a ~ S:. 65b~ {;-3'::-o}i:c!, ~14 ciJlA];;<.j'U -=?-?,.:~--"'l A-ll6 1r'l~ciil-c, 5:. 44boi] S:.A].:8_ tl-%-uJlYi:.c]-'c-1]~ l:l]o} 

~Qcj(600) 41011 ;(j]l lll'z ;s-B;,,:} _E=_il:l}~l~ ~AdW.0.s..-M], S:. 24a ~ £ 24b91 ;<-j]3 oj]J-1,;;<.j'iJ. -=?-s:%£..lfE7 S:.½~ 

4- S:Ji::+. ~,,..!! ;s-H;,,:t §il:Jl~l %;tl ¥~041)::'. S:. 24a ~ S:. 24b91 ~1i:.cl 1i':J-;ifl;:=,_g 0 1%'5}~ ;;(111 lll~ ;s-H;,,:} 5-il:Jl 

~loJl ~ -"-cl ~ 4- '.U t::t. 

[0231] 5:. 66a ~ S:. 66b~ {rs:'5}i:ci, S:. 25a, S:. 25b, S:. 26a ~ S:. 26b91 ~7 9 1i':l-1ll ~ ·& 4-""Jl ~_(>_£-M] ;;(-112 lll~~ ..iiLI:11 

.:'.'::"~(232. 242) ~ uJlYi:.cl .::'::I'll ~s:~(55) ~ c-jPl DJ]Yi:.c] .:'.'::"], ~s:~ (155) 0 1 ~-"-d.:8.t::t. cl Pl uJlYi:.cl .:'.'::~ 

-=?-?,.:%(155)::'., tjP] uJ]Yi:.c] .::'::I'll -=?-s:%(155)-"'l LJ1..lf-'4 .9.]-'f J-} 0loil ;tl7l-<'9 2J2.l~ ~]-'g-'5}-::: {rl_<j iiB;,,:} .E=."t1l~l 

-=?-3':.-~-o]q. 

[0232] S:. 67a ~ S:. 67b~ {}s:3}i:ci, S:. 27a ~ S:. 27b-"'l ~1 i:.cl 1i':l-11l ~ ~ S:. 28a ~ S:. 28b91 ~1 i:.cl 1i':l-Al ~ 91 ,,_i 1=1_~ 0 1 

y -8-Jl ~ o, BB i:ci -2.. ~¥ (143 , 243) ~ ~ -"-d %t 4- S:1 q . 

[0233J S:. 68a ~ S:. 68b~ %s:'5}i:ci, S:. 28a ~ S:. 28b-"'l ~12i 1i':l-1ll~91 ~..sl..-<'9~ J--j_l=l_-';1! 0 ] 4-""Jl~o, tl-%-uJlYi:.c]-'i:-ll 

11ll_ 0 ] 0 } ~ QcJ ( 600) 91 ¥011 ;tl7l S:.;tl ~ (146, 246) g ~ Aj %t 4- 1J q. 1:l '1 .:'.'::lfll 0 1 J-7 (7 4) ~ ~ l=IJ-<5J _C>__s_ <j?.J 

~-c- ~~~ tilo} -=?-s:%(76)::'. BR~ z!~~ 5.i!Jl~l(79)oil ~-"-Hi T S:Jt::t. 

[0234] S:. 69a ~ £ 69b~ {rs:"5}i:ci, -<'90,S:. '5}491 ~%-uJ]Yi:.c]-'i:-1]11ll. 7R-=?-7} 44-"'1 tl-%-uJlYioJ-ioll11ll. ti]o} ~Qcj 

(600)91 -=?-QcJ 4191 uJlY9-'i:-1]11ll_ o,,;.~;:;_2-]~ ~i>B ~Acl.:8.t::t. tl-%-DJ]Y9-'i:-1]11ll_ ti]o} ~Qcj(600)91 -=?-QcJ~oi]J-7 7H 
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T ~ £ Wt;}-::_ cl S::=1 i.'.11~ ~ Eftcl-'8. u}:::':::3.-::_ , 5=. 2 ~ 5=. 7 S'1 :S7 cl TI;iil ~ oil,'-7 :S7 ;; "§ Aj .s=J-::_ :3l o-j 5=. i:i} 1-f S'l 

__uLl:]1 6i:;JJ(l32, 142, 232, 242)S'l Af,li ~ :3jo-j5=. t,}1-fS'l t,}qj i:ll113i. %~~1 ~(760)S'l .A£.£..~ oiPJt,}-::_ 0 l1=1cVa 
oil-1) %~ 01%~ y ~q- t,}qj i:]]113)_ cg-~ AJ~{l~ --,1-s::%(780)S'l <tu lE1?1~ 44S'l tl%-uJlYcl-i:l]113i. 7] 

--,1-S'l t;}-g-01p,7 %cl:3j_O_£ x.½~ y ~q- 5=.~Aj Af,ii..7} tl%-uJlYcl-i:l]113i. :Y]tl]E]61] ~:3j.s=J.JI., 5=.~Aj A]li 

91 4°d -'f-~ 01 ;;i:i]l z!i:;JJ_§. i:]]113)_ *~j(ll ~(280)S'l AJTI 1f_1i':1_g £Wi:i}-:::: y~1i':1_ -¥1£-'f-E-] ;;i:4]77~ y ~q tl 

%-uJlYcl-i:l]113l. 7]--,1- i..HS'l 5=.~~ A]ii..S'l 44S'l 1-tU,7-] -'f-~~, 4491 °}i.'.J1oil ~'U i:i}-$-1 i:-]]113)_ ii-~ -'J~{l~ 

--,1-s::%(780)4 {l~~ y 91:~. tl%-uJlYcl-i:l]113i. tll 0} --,1-s::%(588)g =r'-Aatlt:.}. 

[0235] tl {l_Aloj]oilAi, :3jo-j5=. t,}1-fS'l tl%-uJlYcl-i:l]113l. tJlo} -=?-s::%(588) 01 tl g:c-'t i..HS'l tl%-uJlYcl-i:ll113i. tllo} ~'2'1 

(600)oi] f§Aj~l y ~t:.}. tl%-uJlS'-cl-i:l]113J. tll 6 } ~'2'1(600)~ tl %S'l ~~-lclJ~_o_£ 1::J.~tl z!i:;JJ.§_ tll 6 } -=?-:?::.% 

(76)~ A} 0]oil, ~ !;.~ i..Hoil -fl~]tl uJlYcl 6i:;JJ --,1-s::%(55)~S'l 27] =i;,f- A} 0loi] ;;i:j].:g-~ y ~q- tl·t--uJlY 

cl-i:1]111-l tl]o} ~'2'1(600)-g. tl%-uJlYcl-i:l]113l. tll 6 } -=?-s::%(588)g £W~ y ~q. :3jo-j5=. ·i';}cf.9-1 tl%-uJlYcl­

i:ll113i. tJ1°} -=?-s::%(588) z.fzr& uJl.'<'cl-i:l]113l. o-J~!;.cl~ %"8"] yz]_c,_£ ';'!.7.J-'8.t:.}. 

[0236] TC:_i:ll'U z!~E tl]o} -=?-s::%(88) ~ '?c].:=.2}'U z!i:;JJE tllo} --,1-s::%ol -~lll i..J17-l ;;i:j]3 {l_A]oj]oilk]'4 7ctol "§~~ y 

~q. 21-<U i:]]113)_ %~;(11 ;;-010) 01 ;;i:i]l z!i:;JJ.§. i:ll113l. %~~1 ';;(280) -¥1011 "§~',Cly ~q- ;;i:i]l i..J17-l ;;i:jl3 1J.Al 

oiloilA7'4 7ct0 ] cl-'U i:-ll113i. %~}(11 ~~-(ll0)oil t:.} 0J~- ii-~ -'-J~{l~ --,1-s::% 01 f§Aj~ Y ~q- ii-~ AJ~{l~ T 

s::¥.g., --'fl-'=-cl·'U z!i:;JJE tll 0 } --=?-~~%(86)4 tl%-uJlYcl-i:l]113l_ tll 0 } --,1-s::¥(588)S'l 44S'l %611 f§~.s=J174 T 
s::·l'H588)01] ~~-'8. ~§_ cl-'U 011-f ~~ 6.§."flg ±W-t-}-::_ ~-fl io1]113l_ ii-~ AJ~~~ --,1-s::%(108), -~lll y3fj lclJ 

~ hdl oil yz] 'U ~] 2 y~ icy-.,,-J hd2 ~ u:}2} '?PJ.s=J-::_ tl] E 21-<U (103), ~ ( £A] .s=J 7-] ;:>J- ,':' ; :?-.6 {l 4i' cl-<U --,1-:?::. 

%g £W%f y ~q 

[0237] 5=. 70a ~ 5=. 70b~ %s::t;}1i':1_, ;;i:]14 ojlAl:3l'U -=?-s::%S'l ;;i:j]7 ~f§oil-:::: 5=. 10a ~ 5=. 10b61] 5=.Al.'8_ ;;i:lll ojlAl:3l'U 

-=?-s::¥£1f-E7 5=.½~ y '.tJL}. uJlYcl 6i:;JJ -=r-~¥(55) ~ ;;i:i]l z!i:;JJE i:1]113)_ %~;(11 ~(280)~ :{i~:f lclJ1il~.2. 

0]-§-t,}O:j f§Aj~ y ~q. 7-]7-] 7]% --,1-.s:%(171. 27l)S'l ~€ ~ .f-~-t-}O:j -s-,pj~ tl%-uJlYcl-i:-ll113l_ tl]o} --,1-s:: 

~-S'l --,1-Q'j .2_ .il]-t-}£~ yA,3~ y 1}t:.}. 

[0238] 5=. 71a ~ 5=. 7lb~ %s::i:i}1?!, :Y:.£..i::-]]7-]6E ~o] f§Aj.s=j.JI. cl:±:=ri.'.11~ JJ!JE.f'cl.s=Jo-J ~~-'8. ll]1?! z!J;;!JE E~~] 

(79)-91 ~€ ~ 4421 tl%-uJlY2]-i::-l] 113)_ l:l] 0 } ~ '2'1 (400) 61] f§ Aj ~ tl%-rillYcl-ioJI '~ tl] o} --,1-s::%-91 ~~ a- ± 

Wt;}-::_ 7]-'r~ f§Ajtlt:.}. ±£i:]]7-]6E ~ i..J1.9] ~tgol riJlYcl-i::-l]113J. o-j~~cl~ %"5] ~A}.s=jo-j ll]1?! z!J;;!JE E 

~~](79)'4 tl%-u]]Ycl-i:-1]11ll_ 1:1] 6 } 7']1::l]E-1(479)~ %A]oil f§Ajtlt:.}. tl 1l_A]oJl61]A7, o]lclJAj 611-1)~ :3j0,5=. -t-} 

1-f-91 -t-}-fl ioll113i. %~.;(jl ~(760)-91 %cl:3l.Q..?_ x.½-'8. 4'-~-91 011-1) g 7}'c;t;}jfl i:i}7l ~]"5] ~1?1 ~5=.~l ~O0)-91 

~5=.~l A]ii..011 ql"8"] ~J;;!J:3l~. y ~q. tl {lAloj]oilAi, i:i}-fl 'iol]113l. cg-~ ~~{l~ -=?-s::¥(780)-91 ~TI lf.1?1~ 

tl%-uJlYcl-'ioJl113l. tl]O} 7']tl]E](479).9] -t-}Tioi]Ai %cl:3l.Q..£ x.½~ y ~q 

[0239] 5=. 72a ~ 5=. 72b~ %s::t;}1i':1_, 5=. 52a ~ 5=. 52b.9] 7jc] TI;i!l~~ y 15]S:i°7 ~,,_J ;,:]ii.. ~(142. 242).2. ~7] 5=. 

~ ~(146. 246).Q...5'.. i::Jl~-ll~ y ~q. tl%-uJlYcl-i::-1]113i. tl]o} :Y]tl]E](479) ~ ll]1?! z!\.ell."§. E~.7.1(79) _z_j-4;>., 

~,,_] ANli ~(142, 242)-91 A]II.~ .Aj]77i:i}◊:j ll]1?! ..2..~·-¥-043, 243)~ f§Aj-t-}-c oi]-1).jjl~ A1].:g-"6}.:iI. ~.7] 5=.~ t 

(146, 246).9] £~Ad AlK~ ~3jA]7']t:- ~g¥.2_ .:,jj.:g--t-}7] -$-]-tH 01%-'8.t:.}. 

[0240] 5=. 73a i..J17-l 5=. 73c~ %s::i:i}1?!, (1l.cl~ ~:§}¥ ~-91) %~}(11 ;,:]ii..~ .¥.Wt;}-::_ z!.¥.~ -~';'! A££. '; 0] ~.:3j.s:j 

.JI. o]lclJAj oi]-1).s:jo,, tl%-rillYcl-i:1]113J. tl]o} 7']!:l]E-](479) i..H-91 ~~ 2} 0l"Gl(474) ~ ll]1?! 5,'il;;!j_1=-_ -1=-.~J!~l(79) i..J1 

.9] ~-~ 61']] 0 ]Ai(74)~ ~Aloi] f§Aj~ y ::,)tj-_ :±:6 ~'2'1(61)~ ~1?1 ~5=.J(ll Aflli ~-(l0).9] ¥cl.:3j_c,_£ x.½ 

"'El -'j'-~011 ~7] £!Ii.§~ 2r~-W.0.£M] f§Aj~ y ~t:.}. tl¾-rillYcl-i::-1]1] tl] 6 } --,1-s::%(476)~ tl-'g·-uJlYcl-i::-1] 

113l. tl] 6 } :Yfltl]E](479).9] 44-91 Y.U,7-] J(j].:3j01] f§Aj~ y 91.JI., ~lclJ13"J 0_£ ~.7.J_s:~-::_ z!J;;!J_1=-. tl] 6 } T~~-(76)~, 

TiN ~ W ~-91 :3jo-j5=. -t-}1-f-91 £~Ad A]ii..-91 ~.:3j ~ ~18-:§}oil .9]"8"] 1l]1?! z!i:;JJ.§. .§.W~l(79).9] 44-91 4U,7-] 

J(j]Zjoi] f§Aj~ y ~q_ ~~-'8. lclJ-1il g_ ol¾-t-}O:j q- 0Jtl z!i:;JJ.§. tl]o} =?-s::¥(86, 88)0] f§Aj~ y ~q--

[0241] 5=. 74~ %s::-t-}1?1, 4~ 'iol]113l_ %~J(j] ~(110), ~ 4~ i::-l]113J. %~J(j] ~-(110).2. %"5H ';'!.7.J.s=J-::_ q 0Jtl ii-~ AJ~­

{l~ -y-C:E~ ~ tl].§.2}'U(l03)o] f§Aj~ y 9Jq_ cg-~ AJ~{l~ --,1-s::¥~ AJ-$-] 'c]]113i_ cg-~ AJ~{l~ TS::~­

(108),g_ ±"W~ y ~r:l-. tl -~A]oj]oi]Ai, AJqj i:l]113l. cg-~ AJ~~~ -=?-s::¥(108)-91 A7l=I_~~ 1~E4'?l z!i:;JJ-1=-. 

tJlo} -=?-s::%(86) ~ tl%-rillYcl-i::-l]113l. tllo} --,1-:'i::¥(476)-91 _z_j-_z_j-.9] %oil ~7]:3j.Q..£ ~W~ y ~q(oj]~ ~ 0 1, 

_z_j-_z_j-.9] %oil f§Aj.s=j7-jy- 01'4 ¥cl:3j_0_£ {l~%l- y ~q)_ l:l]E2}'U(l03)~ ;;i:l]l y~ icy-.,,-J hdl01l "r-'SJ'U All2 

y~ lclJ.,,.J hd2~ cr}2} ';'!.7.J.'8_q_ ~~ c4<U '2)-~{l~ =?-s::¥~ tl%-uJ]Ycl-'ioJ]113l. tllo} -=?-s::¥(476)oil {17]:3j_<:>_ 

£ TI'"f.s=J-:::: -'-J-¥1 i::-1]113)_ ~-tc;c AJ~{l~ --,1-s::%(108)-91 -¥-~g ±Wi:i}771.f, ~/EE-::. uJlYcl o-Ji::-1] 01 ~'2'1(100) i..H 
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9-J ui1Yc1 ~Ielj 7'-3'::¥(55).9.J -i~c21-'i'2g_ 7'1-%5}71 -'fltl ?~ ~£611 {l4r-~ cg-4;- 4'?1g_ ±~%[ 4- vi:+. i::TI 
'?]-_c:,_£,,,_1 EE-:= 4'7}'.3:j _c:,_£, t~-ullY i:']-'ic-l] 1111 l:l] 0} 7'1-s::¥( 4 76) 9-J .?ii 0 1-.'c tl Ai t_c1_ ~-f': ~ ~ ~ <;;, ~71 .?ii {l "'l 

A-j]~ ~ £1 .AJ-o]tl ~:3j~·61] o]-§-~ y Vi:+. 

[0242] £ 75a ~ £ 75b~ %s::5}Ttl_, A-ll4 all,,,_l.?i!'i'l 7"'3'::¥9.j 7--J]S ~~all-:=, B]1i.'! Z!Ielj_§_ _§_i,1}5{1(79).9.j ~"'jg_ ~~ 4 
0 ]1-7(474) ~ ~~-uJlYcl-10111111 l:l]o} 7"-s::¥(476).9.J "rPcl ~7,'}7'1 ~7]~_c:,_£M], £ 70a ~ £ 70b.9.J A-j]4 al]Al.?i! 

'?1 7"-s::¥9.J Ail7 1t!~al]£lj'LE] T_;=½~ 4- 1li:+. 

[0243] £ 76-& %s::5}1i.'!, ll]1i.'! Z!Iel]~ _E=_i,1}5{](79), 7,4~ ~J:El7o]A7(74), 5-:~ "l39'j(6l), ~lclJ-.s-J_c:,_£ ~-"-J.s:J-:-: Z!Ielj_§_ 

l:l]o} 7"-s::¥(76), 47} Z:!"1j~ l:l]o} 7"-s::¥(88), 4'?1 'ic-l]1111 %~~-ll ~(110), '){ 0 1~ ~'>H ~-"-J.s:J-:= q 0Jtl "6-

~~, AJ~{l4;- 7"-s::¥(108) ~ l:ll_§_t-}'?](103) 0 1 ~Ad~ y 1li:+. 

[0244] Ail4 all,,',]<'~'?] 7'1-s::¥ EE-:= :=L 1t!~all.9.J q 0Jtl t~-uJlYc]-r,1]1111 l:l]o} 7"-s::¥(588, 676) 0 1 °]%.s:Jo-] uJlYc] o-] 

i:--ll 0 l ~QcJ(l00).9-J ~Ielj~ ?-9'1 i..Jl-¥-611 4-Zl ~71 £~-"cl 7c!£~ :,]HJ-%£ 4- ?..ti:+. ft¾··-uJlYcl-'ic-l]1111 l:l] 0 l- 7'1-s:: 

¥(588, 676)-f': ~S:1 ~llll 0J-.9.j S-llj"-£A7 °1%~ "r' V7JL-}, ~~ 7<3£~ TI~5}~ i61] rrj-t} ~~ ~11 ~ ¾"if 
-"cl ~wg 3oJ±§:l-B}-:-: lclJ_;_J_<) _ _s 35.}'t]_ uJlYc-1 cjl:l} 0 l~61l ~tl q 0Jtl A-llo-J ~~~ Ai!·E·>oi-:=i::-11 °1-§-~ 4- vi:+. 

[0245] Ail4 al]Al.?i!'i'l 7'-s::¥ 'T.t:- i ~.9-j.9.j ~~all-:-:, ~£~1 7]~(9) -'fl61l -'fj5{]5}.:i2 ~71 £~ ~~(146, 246) ".~ ~1 
'?'l ~~(132, 232).9.j A-lll 4'-~~£1 .?i!o-]£ i,}y-9.j .ill.~ ~Ieljg_ ±~5}.:il, -"d-71 .?i!o-]£ 8'}L-}.9.j .ii!.~ ~Ieljg_ %iifl 

~-zi_c:,_£ ~~.s:J-:= uJ]Yi:'] ~Ielj 7"-s::¥(55)g_ c-] .¥.~5}-:= u1lYc1-i:--l]1111 o-j,,_~~2-1~ .¥.~·5}-:=, ~£~-ll -=-r-3'::~-g 

±~%£ 4- Vi:+. uJlYcl ~Ielj -,7-s::¥(55)~ z)-z)-,<:. uJlYcl ~(50) ~ 4-Zl ~£~-ll ~flig(60) g_ .¥.~tli:+. ~71 

5-:--;:J_ ~(146, 246)2. uJlYcl ~Ielj 7"-s::¥(55)g_ -'fltl ~l~2.J-'?]g_ 7'1--"cltli:+. ~4-£1 -:;lclJ~_c:,_.s -7,J~tl Z!Ielj_§_ 

l:l] 0} 7"-s::~-(76),::. uJlYc]-i.1]1111 op,ij:::;_c]~ %i5fl y3]_<'.l__s ~~.s:J.:il, A-lll 4-~ lclJ-a-J= hdlg_ n:j-c]- -:;lclJ~_c:,_£ ~ 

~.s:Jnj, .?i\o-]£ t,}L-}.9-j .ill.~ ~Ieljg_ uJl.£.c]-i:-1]1111 o-],,_~:::;_c] i..Jl.9-j ~4-9.J -:;lclJ-.s-J=_c:,__s 0 lz:j~ ~--~~(Bl. B2, B3, 

.. )5'.. -:;~-a-J_c:,_£ ~%ftlL1. :3~61£ 5}L-}.9.J t%-uJl.£2]-i.-ll11111ol 0 l- -,1-s::¥(588. 676),::. tl :::;_~ i..Jl.9-J t%-uJl 

.£ i:']-i:-l] 1111 l:l] 0 } "l3 9'l ( 400) oJl -'fl 5{] ~q. t%-uJlY c]-i:--l] 1111 l:l] 0 } "l3 9'l ( 400) 2. , tl ~J-9.j -:; lclJ-a-J _<'.J_£ -7,J ~tl 7,'i_ Ielj 

_§_ l:l]o} 7"-s::¥(76)~ A} 0 M. '51 ~~ i..JloJl ,$15{]tl uJl.£2] ~Ielj -,1-s::%(55)~.9.j 27] iw AJ- 0 1011 -'fjJ{]~q . 

.:3:jo-]£ 5}49.j ~~-r-,o-1]Yi:'-1-io1l~-l l:l]o} 7"-s::-¥-(588, 676) zj-z)-2. uJ]Yc]-i:-1]1fil o-J,,_iHli:'-1~· %i5fl 4-zi_c:,_£ ~.Ad-~ 

q. 

[0246] ~£~1 i::]1:lJ- 0 1~-:-: ~£~-ll 71¥!-(9) ~oJl -$15{]~ 4- Vi:+. 5}-$1 ,:,-JJ1111 'ii'4i' ~~{l4;- 7"-s::¥(680)2. ~£~-ll c]l:l} 
0 1~.9.J ::.::..E.011 ~7].?i\_c:,_£ TI-Ef~ "r V.:i2, ~£~-ll 7]-"tl-(9) -$1611 ~'?1 .?i!o-]£ 5}49.J 3\.$! i:--!11111 %~~1 ~(76 

0)oJl nfl~~ 4- ~q. 5}-'fl i:-1]1111 'ii'4i' ~~{l4;- 7"-s::¥(680) 2. .?i!o-]£ 5}L-}.9.J t%-uJ]Yc1-~l1111 1o]o} 7'1-s::¥ 

(588, 676)4 {!~%[ y ~i:+. ~1i.'! ~£~-ll A]li ~(10) 2. .?i!o-]£ 5\-L-}.9.j 5}-'fl i:--l]1111 *~~-ll ~(760) -'fl01l ~~ 

4- V.:i2, uJlYi:'-1 ~'!ell 7"-s::¥(55) i..Jl.9-J 4-31 ~£~-ll ~]ig(60)01l ~7].:3:j_c:,__s {l4;-~ 4-~ ~£~-ll ~flig(58) g_ .¥. 

~~ 4- ~li:+. 

[0247] tl {l_,1-]all01]A7, .?i!o-]£ 5}1..}.9-j -ti-%-uJ].£.c]-r,1]1111 l:l]o} 7"-s::%(676) zj-zj-2., zj-zj-9.j ~~ 2} 0 ]1-7(674)01] .9.Ji5fl ~ 

7] £~ ~(146, 246)_<'.l__s-'j'-Ej -::',lclJ~_<'.J_£ ~7].:3:j_<'.J_£ 7-=lcl~ 9- ~i:+. ~ {j_A]oj]oJlAi, .?i\o-]£ i,}l..j-9.j t¾-uJl 

Y 2-1-'ic-l] 111_1_ 1o] 0 } 7"-3'::¥(588, 676) 9-J zJ-zJ-9.J :", l:lcj 9-J 5} TI ¥~ ,<:. .?ii o-J £ 5} 1-}.9.J 5}-'fl i:--l] 1111 %~P1l ~;;- ( 760 ).:ri} ¥ 
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