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PTO/AiA/15 (10-17) 
l\pprnved for use through 11/30/2017. 0MB 0551-0032 

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

Undf'r the Papi::rwork Redur-tion Act of 1gqc; no persons are ri::quirf'd to respond to a col:i::rtion of inforrnation unli::ss it displays a valid 0MB control nurnbf'r ·--- . . .. .. .. 

UTILITY Attomev Docket No. 4123.0190001 

PATENT APPLICATION First Named Inventor Qian TAO 

TRANSMITTAL Title See 1 in Addendum 
Priorft_y f'v1a ii Express® 

(Only for nev,, nonprov!sionai appl!carions under 37 CFR 1.53(b)) Label No. 

APPLICATION ELEMENTS Commissioner for Patents 

See A1PEP chapter 600 concerning utility patent app!fcat!on contents. ADDRESS TO: P.O. Box 1450 
Alexandria, VA 22313-1450 

1. □ Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS 
(PTOjSB/17 or equivalent) 

2. □ Applicant asserts small entity status. m □ Assignment Papers 

See 37 crn 1.,27 (cover sheet & rJocun1ent(s)) 

Applicant certifies micro entity status. See .37 CFR 1.29. 
Narne of Assignee 

""'\ 

3. □ 
App!icant must attach form PTO/SB/:LS,l. or B or equivalent. Yangtze_Memory Tectrnologies_Co.,_Ud. 

4.[R] Specification [Total Pages 36 l 11. □ 37 CH! 3.73(c) Statement [R] Power of Attorney 
Soth the da!ms and abstract must start on a new page. (when there is an oss1gnee} 

(See NJ PEP§ 608.0l{a) for information on the preferred arrangement) 12. □ English Translation Dowment 

dRJ Drawing(s) (35 IJ.S.C. 113) [Total Sheets 15 l (!f applicable) 

6. Inventor's Oath or Declaration f rota! Pages l nD Information Disclosure Statement 
(including substitute statements under 37 CFR .1.64 and assignments (PTOjSB/08 or PT0-1449) 
serving as an oarh or declaration under 37 CFR 1.63(e)) □ Copies of citations attached 

a.o Newly executed (originai or copy) 14. □ Preliminary Amendment 
b.o A copy from a prior application (37 CFR 1.63(d)) 

'IS. □ Return Receipt Postcard 
7.[R] Application Data Sheet * See note below. (l'vJPEP § 503) (Should he spec!fical!y itemized) 

See 37 CFR 1.76 (PTO/Al/\/14 or equivalent) 16, □ Certified Copy of Priority Document(s) 
8. CD-ROM or CD-R Ufforeign priority is claimed) 

in duplicate, large table, or Computer Program (Appendix) 17 □: Nonpublication Request 

□ 
,., 

Landscape Table on CD Under .35 U.S.C. 122(bl(2l(B)(i). Applicant must attach form f'TO/SB/35 

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

(if opp!fcafJ/e., items o, ·-- c. ore required) 18.[_KJ Other: Authorization under 37 CFR 1.136(~)_(~2 

a.O Computer Readable Form (CRF) 

b.o Specification Sequence Listing on: 

i. □ CD--ROM or CD-R (2 copies); or 

ii.D Paper 

c.D Statements verifying identity of above copies 

*Note: (1) Benefit c!aims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS). 

(2) For applications filed under 35 U.S.C. lll, the application must contain an ADS specifying the app!icant if the applicant is an 

assignee> person to whom the inventor is under an obligation to assign, or person who otherwise shows suffident proprietary 
interest in the matter. See 37 CFR 1.46(b). 

19. CORRESPONDENCE ADDRESS 

[K] The address associated with Customer Number: 26111 OR □ Correspondence address beiow 

Name 

Address 

City I State I I Zip Code 

Country I Telephone I I Emaii 

Signature /Donald J. Featherstone/ Date 7i27i18 
Name 

Donald J. Featherstone 
Registrntion No. 

33,876 (Print/Type) (Attorney/Agent) 

This collection of inforrnation is required by 37 CFR L5.3(b). The inforrnation is required to obtain or retain a benefit by the pubiic which is to fl!e (and by the USPTO 
to process) an application. Confldential!ty is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
induding gathering, preparing, and submitting the completed application form to the USPTO. Time 'iNi!I 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, /1lexandria, VA 22313-1450. DO NOT SEND Fas OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, f',O. Box 1450, Alexandria, VA 21313-1450, 

9714857 
if you need assistance in completing the form, calf .1-800-PT0-9199 and select option 2. 
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Addendum 

1. THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES 
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DONALD J. FEATHERSTONE 

DIRECTOR 

(202) 772-B629 
DONF@STERNEKESSLER.COM 

July 27, 2018 

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

(;~) Sterne Kessler 
·.,,\. STERNE KESSLER GOLDSTEIN & FOX 

Re: U.S. Non-Provisional Patent Application under 37 C.F.R. § l.53(b) 
(Continuation f?fAppl. No. PCJ!C'N20l8/085./21; Filed: Aia;y 3, 2018) 
Appl. No. To Be Assigned; Filed: Hereivith 
For: THROUGH ARRAY CONTACT (TAC) FOR THREE­

DIMENSIONAL l\IEI\/IORY DEVICES 
Inventors: 
Our Ref: 

Commissioner: 

TAO etal 
4123.01 90001 

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

1. Utility Patent Application Transmittal Form (PTOiAIA/15); 

2. Authorization to Treat a Repiy As Incorporating An Extension of Time 
Under 37 CFR. § 1.136(a)(3); 

3. US. Utility Patent Application entitled: 

THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL 
lVIE:MORY DEVICES 

and naming as inventors: 

Qian TAO 
Yushi HU 
Zhenyu LU 
LiHongXL\O 
Xiaowang DAI 
Yu Ting ZHOU 
Zhao Hui TANG 
Mei Lan GUO 
ZhiWu TANG 
Qinxiang \VEI 

......................................................... QJa.ubln.g . .X.lJ. ... 

St~t~:l, K(?.t$!~t t~t)!dthiin &: fqc~ f\t,LC. ! HO() N(Wi Y❖t~ .A,i~ttii~\ NV>/ l \\'~•$.hifltJt&l, ~).,(;, iiJQOS 
P iW,371,it:t){l ~ F 2£Jl .. l?t.:?.f'5~~{] ~ ~~~~ft~:s:~}~~~~~t~~L~t~n 
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Commissioner for Patents 
July 27, 2018 
Page 2 

Sha Sha LIU 
.Jian Hua SUN 
Enho \VANG 

the application consisting of: 

a. An Application Data Sheet (37 C.F.R. § 1.76) (PTOiAIA/14); 

b. A specification containing: 

1. 31 pages of description prior to the claims; 

11. 4 pages of claims (20 claims); 

m. a one (1) page abstract; 

c. 15 sheets of drawings: (Figures JA-JC and 2-13); 

4. An executed Power of Attorney by Applicant form (PTO/AIAi82B) and 
the Transmittal for Power of Attorney form (PTO/AIA/82A). 

The above-listed documents are.filed electronically. 

Correspondence should be sent to Customer Number 26111. 

This patent application is being submitted under 37 C.F.R. § l.53(b) without Declaration 
and without the required fees. 

DJF /Y-G/tas 
Enclosures 

Respectfully submitted, 

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

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 

9714852 l.docx 

St~t~:l, K(?.t$!~t t~t)!dthiin &: fqc~ f\t,LC. ! HO() N(Wi Y❖t~ .A,i~ttii~\ NV>/ l \\'~•$hilltJt&l, ~).,(;, i()QOS 

P iW,371,it:t){l ~ F 2£Jl .. l?t.:?.f'5~~{] ~ ~~~~ft~:s:~}~~~~~t~~L~t~n 
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Electronic Acknowledgement Receipt 

EFSID: 33301095 

Application Number: 16047182 

International Application Number: 

Confirmation Number: 7800 

Title of Invention: 
THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY 
DEVICES 

First Named Inventor/Applicant Name: Qian TAO 

Customer Number: 26111 

Filer: Donald J. Featherstone 

Filer Authorized By: 

Attorney Docket Number: 4123.0190001 

Receipt Date: 27-JUL-2018 

Filing Date: 

Time Stamp: 11:28:38 

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.) 

2368256 

1 
41230190001_Utility_Applicati 

yes 71 
on_FILING_signed.pdf 

897e0027762ccf2c0ff7fbef5743706bb32dE 
59a 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Power of Attorney 70 71 

Drawings-only black and white line drawings 55 69 

Abstract 54 54 

Claims 50 53 

Specification 19 49 

Application Data Sheet 6 18 

Authorization for Extension ofTime all replies 5 5 

Transmittal of New Application 3 4 

Miscellaneous Incoming Letter 1 2 

Warnings: 

Information: 

Total Files Size (in bytes) 2368256 

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 Agglications 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 Agglication 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 Agglication 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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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 01/31/2018. OMS 0651-0035 
U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 

Under tile Paperwork Retiuciion Act of 1995. no persons are requiret1 to respond to a collection of information unless it tiisplays a valirJ 0MB control 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 ttle application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney wiii not be recognized in ttle application. 

Application Number To Be Assigned 

Filing Date Herewith 

First Named Inventor Xiao Jun WANG 

Title METHODS FOR REPAIRING SUBSTRATE LATTICE AND SELECTIVE 
EPITAXY PROCESSING 

Art Unit To Be Assigned 

Examiner Name To Be Assigned 
Attorney Docket Number 4123.0290001 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Donald J. Featherstone/ Date (Optional) 7/27/18 

Name Donald J. Featherstone Registration 33,876 
Number 

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

Applicant Name (if Applicant is a juristic entity) lvangtze Memory Technologies Co., Ltd. 
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 than one applicant, use multiple forms. 

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

This collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public wtiictl 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. Ttlis coliection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individuai 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. 

ff you need assistance in completing the form, calf 1-800-PT0-9199 and select option 2. 
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U,8 Pr1!}~nt and Tr,):d{':,"r'1<1:rk Vffke: U.S. DrPAPTMEt:.r: OP" C0:\.1Mf::.:cE 
Under ~~1f:. P.::ipe:r,.vo;k_ P~{~Ui~ic.fi. .~ct i.:,t 1!::-1g:,_ r;,:, P<~!~Or.•:- 3.r~ :--::1~~:ir•=:tl re !'•:•s_p,:,fK'i t,:, ~ (OH•:·ct~::,:1 ct l:* __ •n-n:::fa:,;1 u:·:tes.$ rt d:2p:~y:::: 2 vB:,d OM:3 :-::1Jn~:·0! n:mH.:~-r 

L~~«'=--------------------------· 
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POWER OF ATTORNEY BY APPUCANT 
·----------·--·--·············----······· 
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the boxes below. 

~'.:,.:,.,.~-~~---~-""-'~ ... "Y.-.-.-...~ ............. ------------------------------------..........-.:,,-.-.-Y,A ............. ........,.,. ...... ..,.,._...__ : .1.1.1:»>>) :,, >>>)> ~-"' 

r··-····-···-·--··---··----------·----------------

' ;.\ppilc"1tion Number 

---------------··----------------T--·····--·-···---···-···--··-·----· 

f. FHin9 _Dc-,h: -----·------------------------·: ________ _,l l 

___________ . _________ ....,.!______ _ _______ .J 

l hereby <:ppc-:!r:1 th::: P~H:1r1t Prf>ctitione:{$.) £3:~soct:.:'1ted with tr:e to-l:0wn·1rJ Custo:ner Nurnb~i as rr•y/our ;sttorney(s} c1: agent(s). and 
ti..J liarrs3Ct ::1H busin~:ss in ttu~ United States PaY~nt arvj T!·acie;r:::.Hk Offic..e conni::cre-:) n1~~n:w1Ni for !he app1:cat1c.,n rs:f~?rs~nced 1r: 

[=] ! heE.~by~ appoirn PrGctitionen/;,1 narned in thf: attached list ~f0nY: f•1 rO/A:A/B~':C) o,g :·ny!our attorney(s) ot· as:e-nt(s), ;3r:d tc trans;a::J 
al: business in the United St.ates PaJf~nt arKi Tr2.dem;..1rk Off:ce connected tf:en:Nv'tttl for !ne patent app!!c:atiDn n:fr~:-ence:::j :n the 
t1tt-ached h'Bns.:Y::ttaJ !e:.ter (fonr: PT()fAlA/82Ai o:- lde:"1tified at.•o\uJ. (N()t0. Cm~1plt:!f~ tc:•rrn. PTC)/ . ..:l.il--\/82C} 

r;iry l 
Co·;;t~;.....,__,..,. ....... ,.,,, .. _._ ........ n ........ n ... T ....... ............................ n 

-l-::;:1::-'p~.·,~ ... ,·,,·e·------···-·--········ .. ········1,····················--··-··········-···--------..,...-------.-----·-·-···------·---·· .. ··································-·····-""' _ ._ .................... l. f.:,r.aii .............. !... ......... ___________________ .,.. 

:, Ya.ngtze ... M erno ry ... I~.~.t~~~.?.i.?9 le s Co • .: ... ~t~:····-····-··•····--··········································································-···· 

r-··i 
,o 
j [?J ?,$$!rJPee c,r Per$Gn to Wt orn tt·e inveritor 1s Under an Obi:gat1on to i\ss:g,-. ,provije s,;,1e:'s t1tit:< 11 apµ!1c.a:1t is;;; Jutl';.llc emi,y) 

~ 0 tJet5•)n 1/V·:t> Uttlt!r,1\-'ise St1:)1/,.$. SL.~1c..0r:r Propr:et~r ... !ntE:t•~St (·~ g., J p:.:.-t-t:or ur:cje:- ~~- CFR : 4f>(b)(2) wa:3 grar:ted m the 
~ .... §.E'J?.~~--~ .. ~~~:~.,.~.[ .. :~-~2!.~~.~.:L?.~~~lx .. l? .. ? .. ~:g f:!~d ,fv!tt· th:$ di.:.1t~Uf~{f:!H) (p:\)V:d•:: sign~·;($ t1U-2: :,: api:.:ic2.___[~! .. :l_;.1,.J.,l}_[:~!~~:'-~•l·~~~b:2 .................... ~---~ 
! ·/ i SIGNATURE c,f Ap;::lit.,mt fo: P;itt,nt 

L=:::1;.~;~·,~·:·~:=~:'.~:~::~: .. '.:~i.'.':~~:.:~~:.:::(~E~~:.~:~.~;'.:~:;:.~: ''.'.it!l•Jrized t,~'.~'..~'.~~:'.:~'..~:'..'.!!'.:n~~~?};;~;f :~;.;~;f I:::::::::'.::'~:::':':~::::::·~:=::::::~::::::::~:===::==· 
Na;v~ .................. simon.Sni-f'.Jing.Yang················----------·---------------·········-······················ 

CEO 
;,...------------'------------------········································································•·················-····-·---------~ 

NOTE: ~;19na;u:e,.. Thls forrn n1us1 be ~;ignecJ try me 0p~1lic;:!nt in accc:rdonce \1vitr: :.r? C~R ~ .33. ~~et: 37 CFR 1 ;~ for sigr:aturt: requtrernenr~; ~ 
anci :.:,:':i.itk-:ations. H rnc.:re_thar. c_~:1~~.~~pptiCi~:·1t,.u~;e ;nu!H:w: fcrrn~·:. i 

-, l • ---~------·····••-···•-•··-•····•···················i 
L.JTct..a! ~~l fc:tns r::re sut:r:-Jitteti. J ----.-.----~~ -------•-·------------w.N,N..---~---~-----------~ Thi~ :::o:l~xtic..-, o'f 1f~,tor·rn,:,tio1, is f·i::-q .. ;ir>:::: try J7 CFR i .1 :,·;. ~ ,J2. a;:(J 1 .::n. T:1-..:: !nfrxr:·:,-::t;-:m ;s :eq1::1t;-r_: in o~A,;,~<r1 or re:Bin ;5 be~1t•1'it ~Jy Vit_:- pi.i:)fi,:: v.-tJ.icti :::.- tO file (!3nC t:y m,:: 
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ABSTRACT 

Embodiments of interconnect structures of a three-dimensional (3D) memory device and 

method for forming the interconnect structures are disclosed. In an example, a 3D NAND 

memory device includes a semiconductor substrate, an alternating layer stack disposed on the 

semiconductor substrate, and a dielectric structure, which extends vertically through the 

alternating layer stack, on an isolation region of the substrate. Further, the alternating layer stack 

abuts a sidev,-all surface of the dielectric structure and the dielectric structw-e is formed of a 

dielectric material. The 3D memory device additionally includes one or more through am.ty 

contacts that extend vertically through the dielectric structure and the isolation region, and one or 

more channel structures that extend vertically through the alternating layer stack. 
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V\11-IAT IS CLAIMED IS: 

1. A three-dimensional (3D) mernory device, comprising: 

a semiconductor substrate; 

an alternating layer stack disposed on the semiconductor substrate; 

a dielectric structure on an isolation region of the substrate and extending vertically 

through the alternating layer stack, wherein the alternating layer stack abuts a sidewall surface of 

the dielectric structure and the dielectric structure is formed of a dielectric material: 

one or more through array contacts (TACs) extending vertically through the dielectric 

structure and the isolation region: and 

one or more channel structures extending vertically through the alternating layer stack. 

2. The 3 D memory device of claim 1, further comprising: 

an epitaxial layer formed between each of the one or more channel structures and the 

semiconductor substrate; 

an etch stop plug disposed on each of the one or more channel structures; 

a staircase structure disposed in the alternating layer; and 

one or more contact layers disposed on the one or more TA Cs, channel structures, and slit 

structures. 

3. The 3D memory device of claim J, wherein the dielectric structure abuts a sidewall 

surface of the TACs. 

4. The 3D mernory device of claims 1 or 2, wherein the 3D memory device is a NAND 3D 

memory device. 

5. The 3D memory device of claim 1, wherein the alternating layer stack comprises 

alternating pairs of a dielectric and a conductor layer. 

6. The 3D memory device of claims L wherein the dielectric material is silicon oxide. 

7. The 3D memory device of claims l or 3, wherein the dielectric structure comprises an 

oxide. 
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8. The 3D mernory device of claim L ·wherein the dielectric structure defines a through 

array contact region within the 3D memory device. 

9. The 3D memory device of claim J, wherein the dielectric structure has a footprint equal 

to or smaller than the isolation region. 

10. A method for forming a 3D memory device, the method comprising: 

forming an isolation strncture on a substrate; 

disposing an alternating dielectric layer stack on the substrate, the alternating dielectric 

layer stack comprising pairs of a first dielectric layer and a second dielectric layer different from 

the first dielectric layer; 

forming a channel structure extending vertically in the alternating dielectric layer stack; 

forming an opening in the alternating dielectric layer stack, ,vherein the opening exposes 

the isolation structure; 

filling the opening with a dielectTic layer to form a dielectric structure as a through array 

contact (TAC) region of the 3D memory device; 

removing portions of the dielectric strncture and the isolation structure until the substrate 

is exposed to form a TAC opening that vertically extends through the dielectric structure and the 

isolation structure; and 

filling the TAC opening \Vith a conductor to form a TAC structure in the TAC region, 

v,-herein the TAC structure is in contact with the substrate. 

11. The method of claim 10, \vherein before forming the TAC opening the method further 

comprises: 

forming slit openings extending vertically in the alternating dielectric layer stack, wherein 

the slit openings expose a doped region of the substrate; 

replacing the second dielectric layer through the one or more slit openings with a 

conductor layer to convert the alternating dielectric layer stack to an alternating 

dielectric/conductor layer stack; and 

filling the one or more slit openings with a conductor to form one or more slit structures 

extending vertically in the alternating dielectric/conductor layer stack. 
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12. The method of claim J 0, wherein before forming the channel structure performing a trirn-

etch process to form a staircase structure in the alternating dielectric layer stack. 

13. The method of claim 10, ·wherein filling the opening with the dielectric layer comprises 

depositing the dielectric layer with a chemical vapor deposition, a plasma-enhanced chemical 

vapor deposition, or a physical vapor deposition process. 

14. The method of claim 10, wherein filling the opening with the dielectric layer comprises 

forming an oxide. 

15. The method of claim 10, wherein the first dielectric layer comprises an oxide and the 

second dielectric layer comprises a nitride. 

16. A three-dimensional (3D) mernory device, comprising: 

a substrate \vith an isolation structure: 

an alternating conductor/dielectric layer stack disposed on the substrate; 

a dielectric structure on the isolation structure and extending vertically through the 

alternating conductor/dielectiic layer stack, wherein the alternating conductor/dielectric layer 

stack abuts a sidewall surface of the dielectric structure and the dielectric structure is formed of a 

dielectric material: 

channel structures extending vertically through the alternating conductor/dielectric layer 

stack; and 

through array contacts (TAC) extending vertically through the dielectric and the isolation 

structures. 

17. The 3D memory device of claim 16, further comprising: 

a stairca.-.:e structure disposed in the alternating conductor/dielectric layer stack, wherein 

the staircase structures comprises levels with each level having a conductor layer thereon; 

a word line contact disposed on each conductor layer of the staircase structure; and 

a local contact disposed on each channel structure and slit structure. 
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18. The 3D mernory device of claim 16, ·wherein the dielectric stmciure abuts a sidewall of 

the each TAC. 

19. The 3D memory device of claim J 6, wherein the dielectric structure cornprises a through 

array contact region of the 3D memory device. 

20. The 3D memory device of claim 16, further comprising: 

an etch stop plug interposed betvveen each local contact and each channel structure; and 

an epitaxial layer disposed between each channel structure and the substrate. 
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THROlJGH ARRAY CONTACT (T,AC) _FOR THREE-Dll\ilENSIONAL 

I\!lElVIORY DEVICES 

CROSS-REFERENCES TO RELATED APPLICAT'IONS 

[0001 J This application claims the priority of PCT Patent Apphcation No. 

PCT/CN2018/08542l filed on !v1ay 3, 2018, the entire content of which is 

incorporated herein by reference. 

TECHNICl\L FIELD 

[0001] TI1e present disclosure generally relates to the field of semiconductor technology, and 

more particularly, to a channel hole plug structure ofthree-dirnensional (3D) memory devices 

and a method for forming the same. 

Bi\CKGROUND 

[0002] Planar rnemory cells have been continuously scaled down from one technology 

generation to the next by improvements in circuit design, fabrication integration, and fabrication 

process. However, as the feature sizes of the memory cells continuously shrink, the density for 

planar memory cells increases. Consequently, the fabrication techniques can become challenging 

and costly. 

[0003] A three-dimensional (3D) memory architecture (e.g., planar memory cells stacked on 

top of each other) can address the density limitation of planar memory cells. The 3D memory 

architecture includes a mernory array and peripheral devices for controlling signals to and from 

the memory array 

BRIEF survlMARY 

[0004] Embodirnents of 3D memory and fabrication methods thereof are disclosed herein. 

[0005] According to sorne embodiments of the present disclosure, a 3D NA.ND memory device 

includes an alternating layer stack '.vith a staircase structure and one or more dielectric structures 

surrow1ded by the alternating layer stack. TI1e alternating layer stack can include a stack of 

alternating conductor and dielectric layers, and the dielectric structures can include a single 

dielectric layer. The memory device further includes multiple vertical structures that extend 

vertically through the alternating conductor/dielectric stack, and multiple vertical structures that 
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extend vertically through the dielectric structures. By way of example and not limitation, vertical 

structures extending vertically through the alternating conductor/dielectric stack can include 

"channel" structures and "slif' structures. Vertical stmctures extending ve1iically through the 

dielectric structures can include through array contact structures, referred to herein as "through 

am.ty contacts" ("TAC" structures or "TACs"). 

[0006] Additional elements of the 3D NAND memory device can include an etch stop layer 

disposed on each channel structure and a first contact layer with a plurality of first contacts. For 

example, each of the first contacts can be formed to physically connect to a respective conductor 

layer frorn each alternating conductor/dielectric stack in the staircase structure, a respective etch 

stop layer of the channel structures, and a respective slit strncture. 

!0007] ln some embodiments, the etch stop layer includes polysilicon (e.g., polycrystalline 

silicon or '"poly"), titanium (Ti), titanium nitride (TiN), tungsten (W), or combinations thereof. 

Further each of the plurality of conductor/dielectric layer pairs can include a metal and a silicon 

oxide (Si02) layer. The aforementioned materials are exemplary and are not limiting. As such, 

other appropriate materials can be used. 

[0008] In some embodiments, the memory device includes dummy (e.g., electrically non­

functional) channel structures extending vertically through the alternating conductor/dielectric 

stack. 

!0009] ln some embodiments, the memory device includes a second contact layer over the first 

contact layer and a third contact layer over the second contact layer. The second and third contact 

layers include respective second and third contacts. Some contacts of the third contact layer, via 

the respective second and first contacts, are electrically connected to the conductor layers from 

the alternating conductor/dielectric stack in the staircase stmcture, and to the channel and slit 

structures. In some embodiments, the first, second and third contact layers form an interconnect 

netvvork for the 3D N AND memory device. The interconnect network can be used to transfer 

electrical signals between the various components of the 3D NAND memory device. 

!0010] According to some embodiments of the present disclosure, a method for forming a 3D 

NAND memory device is disclosed herein. For example, an alternating dielectric stack can be 

formed over a substrate. The alternating dielectric stack can include a plurality of dielectiic layer 

pairs, ,vhere each pair includes a first dielectric layer and a second dielectric layer different from 

the first dielectric layer. A first staircase structure can be subsequently formed in the alternating 

Atty. Dkt. No. 4123.Cll90001 

Micron Ex. 1002, p. 31 
Micron v. YMTC 
IPR2024-00788



- 3 -

dielectric stack Subsequently, channel structures and a dielectric structure-----each extending 

vertically through the alternating dielectric stack-are formed. 

[OOH] ln some embodiments, the dielectric material of the dielectric structure can be the same 

as the material of the second dielectric layer in the alternating dielectric stack. A sacrificial etch 

stop layer can be disposed on each channel structure. Slit openings extending through the 

alternating dielectric stack are subsequently formed and the first dielectric layers of the 

alternating dielectric stack are replaced with conductor layers through the slit openings to form a 

plurality of conductor/dielectric layer pairs. TI1e slit openings are then filled v,-ith a conductor 

material. Further, a first contact layer with a plurality of first contacts can be fonned so that each 

first conductor layer from the alternating conductor/dielectric stack in the first staircase structure 

is connected to a first contact. Additionally, each channel and slit structure can also be connected 

to a respective first contact of the first contact layer. In some embodiments, and prior to the 

formation of the first contact layer, the sacrificial etch stop layer over each channel structure can 

be replaced '.vith a "permanent" etch stop layer. 

[0012] In some embodiments, TAC openings are etched through the dielectric structure and 

subsequently filled v,-ith a metal to form respective TAC structures that extend through the 

dielectric structure and a portion of the substrate. in some embodiments, TAC structures are part 

of the first contact layer. ln other words, the TAC structures can be formed concurrently ,vith the 

first contact lay er. 

[0013] In some embodiments, a second contact layer with a plurality of second contacts can be 

formed over the first contact layer. Second contacts can be connected to respective first contacts 

of the first contact layer. 

[0014] In some embodiments, a third contact layer with a plurality of third contacts can be 

formed over the second contact layer. The third contact layer, via the respective second a.nd first 

contact layers, can electrically connect to the various components of the memory device 

including the first conductor layers of the alternating conductor/dielectric stack in the first 

staircase structure, the channel structures, and the slit structures. 

[0015] In some embodiments, prior to forming the slit structure, a doped region can be formed 

in the substrate. The slit structure can be in contact with the doped region. 

[0016] In some embodiments, the permanent etch stop layer includes one or more of 

polysilicon, titanium, titanium nitride, and tungsten. The dielectric structure can include silicon 
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oxide. Each of the plurality of dielectric layer pairs can include a silicon oxide layer and a silicon 

nitride layer. Each of the plurality of conductor/dielectric layer pairs can include a metal layer 

and a silicon oxide layer. 

[0017] Further features and advantages of the invention, as well as the structure and operation 

of various embodiments of the invention, are described in detail be!mv with reference to the 

accompanying drawings. It is noted that the invention is not limited to the specific embodiments 

described herein. Such embodiments are presented herein for illustrative purposes only. 

Additional embodiments will he apparent to persons skilled in the relevant art(s) based on the 

teachings contained herein. 

BRIEF DESCRIPTION OF THE DRA \,VINOS 

[0018] The accompanying drawings, which are incorporated herein a.nd form a part of the 

specification, illustrate embodiments of the present disclosure and, together vvith the description, 

fwiher serve to explain the principles of the present disclosure and to enable a person skilled in 

the pertinent art to make and use the present disclosure. 

[0019] FIGs. J A-lC illustrate various regions of a 3D memory device in the plan-view, 

according to some embodiments of the present disclosure. 

[0020] FIG. 2 illustrates a cross-section of a 3D memory device, according to some 

embodiments of the present disclosure. 

[0021] FIG. 3 is a flowchart of a.n exemplary method for forming a 3D memory device, 

according to some embodiments of the present disclosure. 

[0022] FIGs. 4-13 illustrate an exemplary fabrication process for forming a 3D memory 

device, according to some embodiments of the present disclosure. 

[0023] TI1e features and advantages of the present disclosure will become more apparent from 

the detailed description set forth below ·when taken in conjunction with the drawings, in which 

like reference characters identify corresponding elements throughout In the drawings, like 

reference numbers generally indicate identical, functionally similar, and/or structurally similar 

elements. Additionally, generally, the left-most digit(s) of a reference number identifies the 

drawing in which the reference number first appears. Unless otherwise indicated, the drawings 

provided throughout the disclosure should not be interpreted as to-scale drawings. 
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DETAILED DESCRIPTION 

[0024] Although specific configurations and arrangements are discussed, it should be 

understood that this is done for illustrative purposes only. A person skilled in the art will 

recognize that other configurations and arrangements can be used ·without departing from the 

spirit and scope of the present disclosure. It will be apparent to a person skilled in the art that the 

present disclosure can also be employed in a variety of other applications. 

!0025] lt is noted that references in the specification to '·one embodiment," "an embodiment," 

"an example ernbodirnent," "some embodiments," etc., indicate that the ernbodirnent 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 same embodiment. Further, v,-hen a particular feature, structure or 

characteristic is described in connection with an ernbodirnent, ii would be within the knowledge 

of a person skilled in the art to affect such feature, structure or characteristic in connection with 

other embodiments whether or not explicitly described. 

!0026] In general, terminology may be understood at leas;t in part from usage in context. For 

example, the term "one or more" as used herein, depending at least in part upon context, may be 

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. 

!0027] lt should be readily tmderstood that the meaning of ''on," ''above," and "over"' in the 

present disclosure should he interpreted in the broadest manner such that "on" not only mea.ns 

"directly on" something bui also includes the rneaning of "on" sornething with an intermediate 

feature or a layer therebetween, and that ''above" or '·over'· not only means the meaning of 

"above" or ''over'· something hut can also include the meaning it is ''above" or ·'over" something 

v,-ith no intermediate feature or layer therehetween (i.e., directly on something). 

[0028] Further, spatially relative tenns, such as "beneath," "belcJw," "lcywer," "above," 

"upper,'· and the like, may be used herein for ease of description to describe one element or 

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

relative terms are intended to encompass different orientations of the device in use or operation 

in addition to the oiientation depicted in the figures. The apparatus may be otherwise oriented 
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(rotated 90 degrees or at other orientations) and the spatially relative descriptors used herein may 

likewise be interpreted accordingly. 

[0029] As used herein, the term "substrate" refers to a material onto w-hich subsequent material 

layers are added, or otherwise "disposed." The substrate itself can be patterned. Materials 

disposed on (e.g., on top) the substrate can he patterned or can remain unpattemed. Furthermore, 

the substrate can include a \vide array of semiconductor materials, such as silicon, germanium 

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 wafer. 

[0030] 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 underlying or overlying strncture, 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 strncture. For exarnple, a layer can be located between any pair of 

horizontal planes between, or at, a top surface and a bottom surface of the continuous strncture. 

As used herein, the term "top surface" or "front side" of a structure, a layer, or an element refers 

to a surface where subsequent elements or structures can be formed thereon. Conversely, as used 

herein, the term "bottom surface" or "backside" refers to the side of the structure, layer, or 

element that is opposite to the top surface. It is noted that the terms "top surface" or "front side" 

and "bottom surface" or "backside" are used merely for description pmposes and not to limit the 

orientation of the elements, layers, or structures. 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 therebelo'.v. 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 vias are formed) and one or more 

dielectric layers. 

[0031] 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 belovv the desired value. TI1e 

range of values can be due to slight variations in manufacturing processes or tolerances. As used 

herein, the term "about" indicates the value of a given quantity that can vary based on a particular 

technology node associated with the subject semiconductor device. Based on the particular 
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technology node, the term "about" can indicate a value of a given quantity that varies within, for 

example, 10-30% ofihe value (e.g., ,HO%, ,-±-c20%, or J:30();o of the value). 

[0032] As used herein, the term "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 nominally perpendicular to the lateral surface of a substrate. 

[0033] Various embodiments in accordance with the present disclosure provide a 3D memory 

device with interconnect structmes for a memory array (also referred to herein as an "array 

device"). The interconnect structures allovv contacts to various memory array structures (e.g., 

NAND strings, gate line slits, word lines, etc.) to be fabricated in a limited number of steps (e.g., 

in a single step or in tv,-o steps), thereby reducing the process complexity and ma.nufacturing cost. 

Tn sorne embodiments, the interconnect structures disclosed herein include bit lines in the top 

interconnect layer, which are suitable for those 3D memory architectures where the array device 

and a peripheral device are formed on different substrates and are subsequently joined by hybrid 

bonding in a "face-to-face" configuration. 

[0034] Moreover, the interconnect structures disclosed herein ca.n include TAC structures for 

providing vertical interconnects between the stacked array device and a peripheral device (e.g., 

for po\ver bus and metal routing), thereby reducing metal levels and shrinking die size. In some 

embodiments, the TAC structures, as part of the interconnect structures, are formed within 

"single-rnaterial" dielectric structures (e.g., dielectric structures that are made of a single 

dielectric as opposed to a stack of alternating dielectric layers). According to some embodiment, 

forming TAC structures in a single-material dielectric structme is advantageous compared to the 

formation of TAC structures in a stack of alternating dielectric layers in terms of etching 

capability and cost. 

[0035] According to some embodiments, Fl Gs. lA-lC are plan-vie,.vs of various exemplary 

regions of a 3D memory device along a bit line (BL) a.nd a word line (WL) direction as denoted 

by respective axes labeled BL and WL. For example, FIG lA is a plan-view of an exernplary 

WL TAC region 102 of the 3D memory device. TAC region 102 includes NAND string regions 

110, a TAC region 120, and top selective gate (TSG) staircase regions 130. NAND string regions 

110 can include a.n array ofNAND strings 112, each including a plurality of stacked memory 
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cells. TSG staircase regions 130 ca.n be disposed on the sides ofNAND string regions 110 and 

adjacent to TAC region l 20 in the plan-view. TSG staircase regions 130 can include an array of 

TSG contacts 132 formed on a staircase structure having t\VO levels or more. TSG contacts 132 

can be electrically connected to the top selective gates of NAND strings 112 in NAND string 

region l l O through a network of interconnect contacts noi shmvn in FIG. l A. 

[0036] In some embodiments, TAC region 120 is between two TSG staircase regions 130 in 

the WL direction of the 3D memory device. TAC region 120 can be defined by a single-material 

dielectric structure 124. Multiple TAC structures 126 can he formed within TAC region 120 in 

dielectric structure 124. In some ernbodirnents, dummy (e.g., non-electrically functional) channel 

structures 122 are formed outside TAC region 120 to provide mechanical support to the memory 

array structures. By way of example and not limitation, dummy cham1el structures 122 can be 

formed in any regions outside TAC region 120, for example, along the edges ofNAND string 

regions 1 JO adjacent to TSG staircase regions 130. As shmvn in FIG. l A, WL TAC region 102 

can also include a plurality of slit stmctures 114 with each extending in the WL direction. At 

least some slit structures 114 can function as the common source contact for a.n array ofNAND 

strings 112 in NAND siring regions 110. According to some embodiments, slit structures 114 can 

divide the 3D memory device into multiple memory blocks. 

!0037] FIG. lB is a plan-view of an exemplary bit line (BL) TAC region 104 of the 3D 

memory device, including NAND string regions 110 and a TAC region 120. NAND string 

regions 110 can include an array ofNAt'-fD strings 112, each including a plurality of stacked 

memory cells. In some embodiments, TAC region 120 is disposed between two NAND string 

regions 110 in the bit line direction of the 3D memory device (labeled as "BL" in FIGs. lA-lC). 

TAC region 120 can be defined by a single-material dielectric structure 124. More than one TAC 

structures 126 can be formed in TAC region 120 within dielectric structure 124, as shown in FIG. 

lB. Further, BL TAC region 104 can also include slit structures 114 ,:vith each extending in the 

WL direction. At least some slit structures 114 can fw1ction as the common source contact for an 

array of NAND strings 112 in N AND string regions 110. Slit structures 114 can also divide the 

3D memory device into multiple memory blocks. ln some embodiments, dummy (e.g., non­

electrically ftmctional) channel structures 122 are formed in part of NAND string regions 110, 

for example, in the memory areas that are adjacent to TAC region 120 in the hit line direction. 

[0038] FIG. lC is a plan-view of an exemplary staircase TAC region 106 of the 3D memory 

device, including a NAND string region 110, a staircase region 140, and a TAC region 120. 
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NAND string region 110 can include an array ofNAND strings 112, each including a p!w-ality of 

stacked rnemory cells. Staircase region 140 can include a staircase structure and an array ofWL 

contacts 142 formed on the staircase structure. In some embodiments, TAC region 120 can be 

formed in staircase region 140. TAC region 120 is defined by the single-material dielectric 

structure 124. Multiple TAC structures 126 can he formed within TAC region 120 in single­

material dielectric structure 124. As shovvn in FIG. lC staircase TAC region 106 can also 

include slit structures 114 with each extending in the WL direction. At least some slit structures 

114 can function as the common source contact for an array ofNAND strings 112 in NAND 

string region 110. Slit structures 114 can also divide the memory device into multiple memory 

blocks. In some embodiments, dummy (e.g., non-electrically functional) channel structures are 

formed in staircase region 140 outside TAC region 120 (not shown in FIG. lC). 

[0039] FIG. 2 is a cross-sectional view of an exemplary JD memory device 200, according to 

some embodirnents of the present disclosure. 3D memory device 200 can include a substrate 202. 

Substrate 202 can include single crystalline silicon (Si) or another elementary semiconductor 

such as, for exan1ple, (i) germanium (Ge); (ii) a compound semiconductor including silicon 

germanium (SiGe), silicon carbide (SiC), gallium arsenide (GaAs), gallium phosphide (GaP), 

indium phosphide(lnP), indium arsenide (InAs), and/or indium antimonide (lnSb): (iii) an alloy 

semiconductor including gallium arsenide phosphide (G-aAsP), aluminum indium arsenide 

(A!InAs), aluminum gallium arsenide (AlGaAs), gallium indium arsenide (GainAs), gallium 

indium phosphide (GainP), and/or galliurn indium arsenide phosphide (GainAsP): or (iv) 

combinations thereof Further, substrate 202 can be a "semiconductor-on-insulator'" wafer, such 

as silicon on insulator (SOI) or germanium on insulator (GOI). For example purposes, substrate 

202 will be described in the context of single crystalline Si (e.g., a Si wafer). Based on the 

disclosure herein, other materials, as discussed above, can be used. These materials are within the 

spirit and scope of this disclosure. In some embodiments, substrate 202 can be a thinned substrate, 

which was; thinned by means of grinding, wet and/or dry etching, chemical mechanical 

planarization (CMP), or a combination thereof. 

[0040] 3D memory device 200 can include an array device above substrate 202 (on a top 

surface of substrate 202). It is noted that x, y, and z axes are added in FIG. 2 to further illustrate 

the spatial relationship between the various components in 3D memory device 200. Substrate 202 

includes two lateral surfaces (e.g., a top surface and a bottom surface) extending laterally in the 

x-direction (the lateral direction) and y-direction. As used herein, whether one component (e.g., a 
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layer or a device) is "on," "above," or "below" another component (e.g., a layer or a device) of a 

semiconductor device (e.g., 3D mernory device 200) is determined relative to substrate 202 in the 

z-direction (the vertical direction) when the substrate is positioned in the lmvest plane of the 

semiconductor device in the z-direction. The same notion for describing spatial relationship is 

applied throughout the present disclosure. Further, they-direction is pointing into the page of 

FIG. 2. 

[0041] By way of example and not limitation, 3D memory device 200 can be part of a non­

monolithic 3D memory device, in v,-hich components (e.g., the peripheral device and array device) 

can be fabricated independently on difierent substrates and then bonded in a "face-to-face" 

configuration. In some embodiments, the array device substrate (e.g., substrate 202) remains as 

the substrate of the bonded non-monolithic 3D memory device, and the peripheral device (e.g., 

any suitable digital, analog, and/or mixed-signal peripheral circuits used for facilitating the 

operation of 3D memory device 200, such as page buffers, decoders, and latches; not shown in 

FIG. 2) is positioned so that it faces the 3D memory device 200 prior to hybrid bonding. 

Alternatively, in some embodiments, 3D memory device 200 is positioned so that it faces the 

peripheral device (not shown in FIG 2 merely for clarity) prior to hybrid bonding. Tiie array 

device substrate (e.g., substrate 202) can be a thinned substrate and the back-end-of-line (BEOL) 

interconnects of the non-monolithic 3D mem01y device can be formed on the backside (e.g. 

bot1om surface) of the thinned array device substrate 202. 

[0042] In sorne embodiments, 3D rnemory device 200 can be part of a non-monolithic 3D 

memory device regardless of its relative position ( e.g. above or below) ·with respect to the 

peripheral device. For ease of reference, FIG. 2 depicts a state of 3D memory device 200 in 

v,-hich substrate 202 (the array device substrate) is positioned below the array device in the x-y 

plane, regardless of whether substrate 202 is the substrate of the non-monolithic 3D memory 

device or a thinned substrate on w-hich the BEOL interconnect layers of the non-monolithic 3D 

memory device are formed. 

[0043] In some embodiments, 3D memory device 200 is a NAND Flash memory device in 

which memory cells are provided in the frm:n of an array of NAND strings 204 extending 

vertically above substrate 202. The array device can include a plurality ofNAND strings 204 that 

extend through a plurality of conductor layer 206 and dielectric layer 208 pairs. The plurality of 

conductor/dielectric layer pairs are also referred to herein as ''alternating conductor/dielectric 

stack" 210. In some embodiments, the number of the conductor/dielectric layer pairs in 
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alternating conductor/dielectric stack 210 (e.g., 32, 64, or 96) defines the number of memory 

cells in 3D mernory device 200. Conductor layers 206 and dielectric layers 208 in alternating 

conductor/dielectric stack 210 alternate in the vertical direction (e.g., along the z-axis). In other 

words, except the layers at the top or bot1om of alternating conductor/dielectric stack 210, each 

conductor layer 206 can be adjoined by two dielectric layers 208 on both sides, or each dielectric 

layer 208 can be adjoined by two conductor layers 206 on both sides. Conductor layers 206 can 

each have the same thickness or different thicknesses. Sirnilarly, dielectric layers 208 can each 

have the same thickness or different thicknesses. By way of example and not limitation, the 

thickness of each conductor layer 206 can range from about 25 nm to about 40 nm, and the 

thickness of each dielectric layer 208 can range from about 20 nm to about 35 nm. 

!0044] By way of example and not limitation, conductor layers 206 can include conductive 

materials such as tungsten (W), cobalt (Co), copper (Cu), aluminum (Al), doped polycrystalline 

Si (polysilicon), doped single crystalline Si, silicides, or any combination thereof. Dielectric 

layers 208 can include dielectric materials including, but not limited to, silicon oxide (SixOy, 

thereafter '"SiO2"), silicon nitride (SixNy, thereafter "SiN"), silicon oxynitride (SiON), or any 

combination thereof Tn sorne embodiments, conductor layers 206 include metal layers, such as 

W, and dielectric layers 208 include SiO2 

!0045] As shovm in FlG. 2, at least on one side in the lateral direction (e.g., along the x-axis), 

alternating conductor/dielectric stack 210 can include a staircase structure 212. Each "level" or 

"step" 214 of staircase structure 212 can include one or more conductor/dielectric layer pairs on 

stacked top of each other. Each conductor/dielectric layer pair includes a conductor layer 206 and 

dielectric layer 208 respectively. The top layer in each level 214 of staircase structure 212 is a 

conductor layer 206 available for interconnection in the vertical direction (e.g., along the z-axis). 

In some embodiments, levels 214 in staircase structure 212 have the same height. Further, 

adjacent levels 214 of staircase strncture 212 are being offset with one another by a nominally 

same distance in the x-direction. More specifically, for each two adjacent levels 214 of staircase 

structure 212, the first level that is closer to substrate 202 can extend laterally further than the 

second level, thereby forming a "landing area" or a "connection point" on the first level for 

interconnection in the vertical direction (e.g., along the z-axis). 

[0046] As shown in FIG. 2, each NAND string 204 includes a cha.nnel structure 216 that 

extends through alternating conductor/dielectric stack 210. Channel structure 216 is filled with 

semiconductor materials (e.g., as a semiconductor channel 218) and dielectric materials (e.g., a,;_; a 

Atty. Dkt. No. 4123.Cll90001 

Micron Ex. 1002, p. 40 
Micron v. YMTC 
IPR2024-00788



- 12 -

memory film 220). In some embodiments, semiconductor channel 218 includes Si, such as 

amorphous SL polysilicon, single crystalline Si, etc. In some embodiments, memory film 220 is a 

composite stack of layers that includes a tum1eling layer, a storage layer (also knovvn as '·charge 

trap/storage layer"), and a blocking layer. Each NAND string 204 can have a cylindrical shape 

(e.g., a pillar shape). Semiconductor channel 218, the tunneling layer, the storage layer, and the 

blocking layer are arranged along a direction from the center toward the outer surface of the 

pillar in this order, according to some embodiments. The tunneling layer can include Si 0 2, SiN, 

or any combination thereof. The storage layer ca.n include SiN, SiON, silicon, or any 

combination thereof The blocking layer can include Si 02, SiN, high dielectric constant (high-k) 

dielectrics (e.g., with a dielectric constant greater than 3.9), or any combination thereof. 

!0047] ln some embodiments, N.A1"\fD strings 204 include a plurality of control gates (each 

being part of a WL). Conductor layer 206 in alternating conductor/dielectric stack 210 ca.n act as 

the control gate for memory cells in NAND strings 204. Additionally, each conductor layer 206 

can act as the control gate for multiple NAND strings 204 that can extend laterally (e.g., along 

the x-y plane) as a WL ending in staircase structure 212. 

[0048] In some embodiments, each NAND string 204 includes an epitaxial layer 222 and an 

etch stop plug 224 at the respective bottom and top ofNAND string 204, as shmvn in FIG. 2. For 

each NAND string 204, epitaxial layer 222 is referred to herein as an ''epitaxial plug_·, Each of 

epitaxial plug 222 and etch stop plug 224 ca.n be in contact ,vith a respective end of channel 

structure 216. Epitaxial plug 222 can include, for example, a semiconductor material (e.g., single 

crystalline Si) that is epitaxially gro"vn from substrate 202. Etch stop plug 224 can include 

semiconductor materials (e.g., polysilicon) or conductor materials (e.g., metals). In some 

embodiments, etch stop plug 224 includes an opening filled with a titanium/titanium nitride stack 

(barrier and adhesion layer) and W (conductor). As the narne suggests, etch stop plug 224 is an 

etch stop layer that prevents etching of dielectrics in channel structure 216, such as SiO2 and SiN, 

during subsequent etch operations. In some embodiments, etch stop plug 224 acts as the drain of 

NAND string 204. 

[0049] In some embodiments, the array device further includes slit structures 226. Each slit 

structure 226 can extend vertically (e.g., along the z-axis) through alternating 

conductor/dielectric stack 210. Slit structures 226 also extend along the y-axis to separate 

alternating conductor/dielectric stack 210 into multiple blocks as discussed earlier for FI Gs 1 A­

l C. Slit structures 226 are filled with conductor materials including, but not limited to, W, Co, 
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Cu, AL a silicide, or any combination thereof. Slit structures 226 further include a dielectric layer 

interposed between the conductor in slit structure 226 and alternating conductor/dielectric stack 

210 to electrically insulate the conductor materials in the slit structure from the surrounding 

conductor layers in alternating conductor/dielectric stack 210. In some embodiments, slit 

structure 226 acts as the source contact for NAND strings 204 located in the same memory block. 

Consequently, a slit structure 226 can function as the "common source contact" of multiple 

NAND strings 204 within a memory block. 

[0050] In some embodiments, substrate 202 includes doped regions 228 with p-1ype or n-type 

dopants at a desired doping level. Each doped region 228 is in contact with a respective slit 

structure 226, as shown in FIG. 2. In some embodiments, slit structures 226 are electrically 

coupled to NA.ND strings 204 through doped regions 228. 

!0051] It has to be noted that NAND strings 204 and slit structw-es 226 are partially formed in 

a dielectric layer 230 that is disposed over alternating conductor/dielectric stack 210. In sorne 

embodiments, dielectric layer 230 can be a layer stack made of a single dielectric material-as 

opposed to being a stack of alternating dielectric layers. By way of example and not limitation, 

dielectric layer 230 is an oxide layer, such as Si(h In other words, dielectric layer 230 can be the 

same as dielectric layer 208. Further, and as sho,vn in FIG. 2, dielectric layer 230 can extend 

over staircase structure 212. 

!0052] As shovm in FlG. 2, dielectric conductor/dielectric stack 210 is "disrupted" by single­

material dielectric structure 232 (thereafter ''dielectric structure 232") along the x-direction (and 

along they-direction-not shovvn from FIG.2). In some embodiments, dielectric structure 232 

defines the boundaries, the shape, and the size of TAC region 120 (e.g., shown in FIGS. lA-lC). 

Consequently, as sho"-11 in the pla.n-vievvs of FIGS. lA-lC, dielectric structure 232 can be 

surrounded by conductor/dielectric stack 210. Further, dielectric structure 232 can extend in the 

x-y plane and be coplanar ·with dielectric layer 230 (e.g., the top surfaces of dielectric structure 

232 and dielectric layer 230 are flushed). ln some embodiments, dielectric structure 232 is 

formed so that it is aligned to or covers at least a portion of an underlying isolation structure or 

region 233 (thereafter "shallow trench isolation (STI) structure 233) Please note that, STI 

structure 233 is exemplary and is not limiting. As such, other isolation structures can be used. 

Fmther, dielectric structure 232 is in contact with STI structure 233. By way of example and not 

limitation, STI structure 233 is formed on a top portion of substrate 202 and is filled with a 

dielectric material, including but not limited to SiO2, for example. In some embodiments, the 
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footprint of dielectric structure 232 is smaller or equal to the footprint of STI structure 233. For 

example, in some embodiments, dielectric structure 232 can cover only portion of STI structure 

233. 

!0053] ln some embodiments, dielectric structure 232 includes the same material with 

dielectric layer 230, and/or dielectric layer 208. For example, dielectric structure 232 can include 

Si 02. However, this is not limiting and therefore dielectric structure 232 can include a different 

material than dielectric layer 208 or dielectric layer 230. In some embodiments, dielectric 

structure 232 can have different shapes. For example, as shovm in the plan-views of FIGS. lA-

1 C, TAC region 120 can have a rectangle or square shape. However, these shapes are not 

limiting and dielectric structures 232 can have any shape according to a design layout Further, 

multiple dielectric structures, like dielectric structure 232, are possible across substrate 202. 

!0054] As shovvn in FIG. 2, 3D memory device 200 further includes TACs 234, ,vhich extend 

vertically through dielectric structure 232. According to some embodiments, etching through 

dielectric structure 232 can be advantageous (e.g., involve fewer etch operations) compared to 

etching through a stack of alternating layers having the same overall thickness. For example, the 

formation ofTACs 234 in an alternating layer stack with a thickness of about 6 µm or more (e.g., 

for a 64 tier 3D memory device) requires multiple etch and fill operations-therefore, incremses 

the fabrication cost. Each TAC 234 can extend through the entire thickness of dielectric structure 

232 and extend through at least a portion of STI structure 233 in substrate 202. 

!0055] TACs 234 can carry electrical signals from and/or to 3D memory elev ice 200, such as 

part of the power bus, with shorten interconnect routing. In some embodiments, TA Cs 234 can 

provide electrical connections between 3D memory device 200 and the peripheral device (e.g., on 

a CMOS chip; not shown in FIG. 2) and/or between BEOL interconnects (not shovvn in FIG. 2) 

and the peripheral device. Each TAC 234 is filled with conductor materials, including, but not 

limited to, W, Co, Cu, AL doped Si, silicides, or any combination thereof. Since TACs 234 are 

embedded in dielectric structure 232, additional layers of dielectric are not required to insulate 

the conductor material. 

[0056] In sorne embodiments, 3D rnemory device 200 includes a plurality of "local contacts" 

in physical and electrical contact \vith the various memory an-ay stmctures disclosed herein, such 

as NAND strings 204, slit structures 226, and conductor layers or WL 206 in staircase structure 

212. The contacts are referred to herein as "'local contacts" because they are in direct contact with 
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the memory array structures, and further because they are formed ,vithin dielectric layer 230. As 

shown in FIG. 2, local contacts can include NAND string contacts 236, slit structure contacts 238, 

and WL contacts 240. ln some embodiments, TACs 234 are also considered local contacts. As 

used herein, the term ·'contact" can broadly include any suitable types of interconnects including 

vertical interconnect access (via) lines and lateral lines (interconnect lines). 

[0057] In some embodiments, each local contact is coplanar \vith one another, e.g., on the top 

surface of a dielectric layer 230 (and dielectric structure 232 for TACs 234) in which the local 

contacts are formed. The lower end of each local contact can he in direct contact with the 

respective memory array structure. For example, the lower end ofNAND string contact 236 can 

be in contact with etch stop plug 224 of NAND string 204, and the lower end of slit structure 

contact 238 can be in contact '.vith the upper end of slit structure 226. The lo\ver end of each WL 

contact 240 can be in contact ,vith top conductor layer or WL 206 in a respective level of 

staircase structure 212. Each local contact is filled with conductor materials including, but not 

lirnited to, W, Co, Cu, Al, silicides, or any combination thereof. Some or all of the local contacts 

can be formed simultaneously in a single contact forming process as described below in detail. 

[0058] As shown in FIG. 2, in addition to the local contacts, 3D memory device 200 can 

further include a contact layer 242 and an interconnect layer 244 as part of its interconnect 

structures. Contact layer 242 can include a dielectric layer and a plurality of contacts 246 (e.g., 

vias) in the dielectric layer. Interconnect layer 244 can be formed on contact layer 242 and can 

include another dielectric layer and a plurality of interconnect contacts 248 (e.g., interconnect 

lines) in the dielectric layer. The local contacts, contacts 246 in contact layer 242, and 

interconnect contacts 248 in interconnect layer 244 can be collectively referred to herein as the 

interconnect structures of 3D memory device 200. 

[0059] In some embodiments, each contact 246 can be filled with conductor materials 

including, but not limited to, W, Co, Cu, Al, silicides, or any combination thereof. All contacts 

246 can be formed simultaneously in a single contact forming process as described below in 

detail. 

[0060] In sorne embodiments, each interconnect contact 248 can be filled with conductor 

materials including, but not limited to, W, Co, Cu, Al, silicides, or any combination thereof All 

interconnect contacts 248 can be formed simultaneously in a single contact formation process as 

described below in detail. 
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[0061] In some embodiments, interconnect contacts 248 in interconnect lay er 244 can include 

bit lines 250, which are electrically connected to NAND strings 204, respectively, by 

corresponding contacts 246 and NAND string contacts 236. Bit lines 250 can be used to 

individually address a corresponding NAND string 204. Interconnect contacts 248 can further 

include source lines that are electrically connected to slit structures 226 (source contacts). Further, 

interconnect lines can be electrically connected to TACs 234 and to WL 206 in staircase structure 

212 through respective contacts 246 and WL contacts 240. It is to be understood that the number 

of interconnect layers in 3D memory device 200 is not limited by the example in FIG-. 2. 

Additional interconnect layer(s) ·with contacts can be formed to provide an interconnect network 

of structures for 3D memory device 200. 

!0062] FIG. 3 is a fimvchart of an exemplary method 300 for forming a 3D memory device 

similar to 3D memory device 200, according to some embodiments of the present disclosure. 

Fi Gs. 4-13 will be used to describe the exemplary fabrication process for forming a 3D mernory 

device using method 300. By way of example and not limitation, the 3D memory device 

fabricated v,-ith method 300 can be the 3D memory device 200 depicted in FIG. 2. It should be 

understood that the operations shovvn in method 300 are not exhaustive and that other operations 

can be performed before, after, or between any of the operations. For example, other operations 

may include wet clean operations, dry etch operations, photolithography operations, etc. Further, 

the sequence of the operations in method 300 is not limiting, and some operations may be 

performed concurrently or in a different order. 

[0063] Referring to FIG. 3 and FIG. 4, method 300 begins with operation 302, ·where an 

alternating dielectric stack 400 is disposed, or otherwise deposited, on a substrate 202. For 

example purposes, substrate 202 in method 300 will be described in the context of single 

crystalline Si. Based on the disclosure herein, other materials, as discussed above, can be used. 

These materials are \vithin the spirit and scope of this disclosure. A plurality of first dielectric 

layer 208 and second dielectric layer 402 pairs can be formed on substrate 202 to form 

alternating dielectric stack 400. in some embodiments, each dielectric layer pair includes a SiO2 

layer and a SiN layer. For example, first dielectric layer 208 can be made of SiO2 (same as 

dielectric layer 230 of alternating conductor/dielectric stack 210 of FlG. 2) and second dielectric 

layer 402 can be made of SiN. Alternating dielectric stack 400 can be formed by one or more 

thin-film deposition processes including, but not limited to, chemical vapor deposition (CVD), 

plasma-enhanced CVD (PECVD), physical vapor deposition (PVD), atomic layer deposition 
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(ALD), plasma-enhanced ALD (PEALD), or any combination thereof. By way of example and 

not limitation, the height of dielectric stack 400 can range from about 4 µm to about 30 ~un In 

some embodiments, second dielectric layer 402 can be a sacrificial layer that will be replaced 

with a conductor in a subsequent operation so that alternating dielectric stack 400 can he 

converted to an alternating conductor/dielectric stack, similar to alternating conductor/dielectric 

stack 210 of FIG. 2. 

[0064] According to some embodiments, substrate 202 includes isolation regions or structures, 

like STI structure 233 shown in FIG. 4. STI structure 233 in FIG. 4 can be formed on a top 

portion of substrate 202. By way of exarnple, STi structure 233 can be formed prior to the 

formation of alternating dielectric stack 400. STl structures can be filled with a dielectric 

material, such as for example SiO2. 

[0065] Method 300 continues with operation 304, as illustrated in FIG 3, in which a staircase 

structure (like staircase structure 212 of FIG. 2) is formed from a portion of alternating dielectric 

stack 400. In some embodiments, a "tiim-etch"' process can be used on at least one side (in the 

lateral direction, x-direction) of alternating dielectric stack 400 to form a staircase structure with 

multiple levels (e.g., steps). By way of example and not limitation, a trim-etch process can be a 

multi-cycle process, where each cycle includes one or more photolithography operations 

followed by an etch operation. During the photolithography operations, a patterned photoresist 

(PR) layer masks a portion of dielectric stack 400. A subsequent first etch process removes a 

predetermined number of dielectric pairs from the exposed portion of dielectric stack 400 to frm:n 

a first step (e.g., first level) in dielectric stack 400. The PR is then laterally trimmed (e.g., 

recessed in the x-direction) to expose an additional portion of dielectric stack 400. A subsequent 

second etch removes a predetermined number of dielectric pairs from the newly exposed 

dielectric stack 400 and the first step. Hence, a second step (e.g., second level) in dielectric stack 

400 is formed. This step formation process continues in this fashion (e.g., a PR trim followed by 

an etch operation) until the desired number of steps in dielectric stack 400 is formed and the 

staircase structure is complete. As a result of this process, each level can include any desired 

number of dielectiic layer pairs with alternating first dielectric layer 208 and second dielectric 

layer 402. After the staircase structure formation, the PR layer is removed (stripped) \Vith a \Vet 

etch process. FIG. 5 shows the resulting staircase structure 500 made from alternating dielectric 

stack 400 according to the description of operation 304 of method 300. 
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[0066] In some embodiments, the etch process used in operation 304 can be a dry etch process 

that uses a single etch gas chemistry for both dielectric layers 208 and 402. Alternatively, the 

etch process used in operation 304 can use different etch chernistries for each dielectric layer. 

Further, depending on the selectivity of the etch chemistry, the etch process can he timed, end­

pointed, or a cornbination thereof. 

[0067] After the staircase structure formation, dielectric layer 230 is deposited over staircase 

structure 500 and dielectric stack 400. In some embodiments, a CMP or a dry etch process can be 

used to planarize the top surface of dielectric layer 230, as shown in FIG. 5. By v,-ay of example 

and not limitation, dielectric layer 230 can be SiO2 deposited by PECVD, CVD, or another 

suitable deposition process. The thickness of dielectric layer 230 over alternating dielectric stack 

400 can range from about 10 to about 1000 nm In some embodiments, dielectric layer 230 is the 

same as dielectric layer 208 of dielectric stack 400, e.g., SiO2. 

[0068] Method 300 continues ·with operation 306, as illustrated in FIG. 3, ·where a channel 

structure can be formed over substrate 202. However, this is not limiting and additional channel 

structures can be formed. Each channel structure can extend vertically through the alternating 

dielectric stack 400, as discussed earlier. Fabrication of each channel structure begins by etching 

a channel hole through dielectric layer 230 and alternating dielectric stack 400 until substrate 202 

is exposed through the channel hole. Prior to filling the channel hole, an epitaxial plug 222 can 

be grmvn through the channel hole from substrate 202, as shmvn in FIG. 6. By way of example 

and not limitation, epitaxial plug 222 can be single crystalline Si. The height of epitaxial plug 

222 can be controlled through the epitaxial gro,vth process conditions. Channel structure 216 can 

be subsequently formed on epitaxial plug 222 by filling the channel hole. 

[0069] By ,vay of example and not limitation, a dry etch process can be used to form the 

channel hole. in some embodiments, the fabrication process of channel structure 216 further 

includes depositing memory film 220 and semiconductor channel 218 so that memory film 220 

can be interposed between semiconductor channel 218 and the dielectric layer pairs 402 and 402 

of alternating dielectric stack 400. Semiconductor cha.nnel 218 can include semiconductor 

materials, such as poly silicon. Memory film 220 can be a composite stack of dielectric layers 

including a combination of a tunneling layer, a storage layer, and a blocking layer (not 

individually shown in FIG. 6). 
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[0070] By ,vay of example and not limitation, the twmeling layer can include dielectric 

materials such as SiO2, SiN, Si ON, or a cornbination thereof. Electrons or holes from the 

semiconductor channel can twmel into a storage layer through the twmeling layer. The storage 

layer can include materials for storing charge. The storage layer materials include, but are not 

limited to, SiN, Si ON, a combination of SiO1 and SiN, or a combination thereof The blocking 

layer can include a single dielectric material, such as SiO2. or a stack of dielectric materials, such 

as SiO2/SiN/SiO2 (ONO). The blocking layer can further include a high-k dielectric, such as 

aluminum oxide (AhO3). Semiconductor channel 218 and memory film 220 can be formed by 

one or more thin-film deposition processes, such as ALD, CVD, PEALD, PECVD, any other 

suitable deposition processes, or a combination thereof 

!0071] ln some embodiments, dummy channel structures (not shmvn in FIGs. 4-13; e.g., 

dummy channel structures 122 in FIGs. 1A-1B) are formed simultaneously with channel 

structures 216. TI1e durnmy channel structures can extend vertically through the alternating layer 

stack and can be filled with the same materials as those in channel structures 216. However. local 

contacts are not formed on the dummy channel structures to provide electrical connections ,vith 

other cornponents of the 3D rnemory device. Tims, the dummy channel structures cannot be used 

for forming memory cells in the 3D memory device, i e, they are not electrically functional or 

otherwise operational. In some embodiments, the dummy channel structures are used as 

structural elements. 

[0072] Referring to FIG. 3, method 300 continues with operation 308 and the formation of an 

opening in the alternating dielectric layer stack. Formation of the opening involves etching 

portions of dielectric layer 230 and dielectric stack 400 until STI structure 233 of substrate 202 is 

exposed (e.g., through the etched portions of dielectric layer 230 and dielectric stack 400), as 

shovvn in FIG 6. In other words, the opening can be formed so that it is aligned to STI structure 

233. In some embodiments, the opening cannot expose an area beyond the STI structure 233. For 

example, the opening cannot expose STI structure 233 and a portion of substrate 202. However, 

the opening can expose a portion of STI structure 233. This can be accomplished via 

photolithography and etch methods (patterning). For example, photolithography can be used to 

form a patterned PR structure or a patterned hard mask (HM) (not shown in FIG. 6) over 

dielectric layer 230. The patterned PR structure or patterned HM can have an opening that 

exposes an area of dielectric layer 230. The opening in the patterned PR structure or patterned 

HM can be positioned so that it is over an area of the underlying STI structure 233. Areas of 
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dielectric layer 230, ,vhere the formation of a dielectric structure is not desired, are covered by 

the patterned PR structure or patterned FfM. A subsequent dry etch process removes the exposed 

pmiions of dielectric layer 230 and dielectric stack 400-----e.g., through the openings in the 

patterned PR structure or pa11erned HM------unti! STI structure 233 of substrate 202 is exposed. In 

some embodirnents, the dry etch process can be a rnulti-step, anisotropic etch that can be 

terminated (e.g., stopped) ·when STI structure 233 is exposed. By way of example and not 

lirnitation, the d1y etch process can include the same or different etch chemistry for each layer 

(e.g., dielectric layer 230 and alternating dielectric stack 400). As a result of operation 308, an 

opening 600 with ·width 600w is formed in dielectric stack 400 over STI structure 233, as shmvn 

in FIG. 6. As discussed above, width 600w of opening 600 can be equal or shorter than width 

233vv of STI structure 233 (e.g., 600w:::: 233w). In some embodiments, opening 600 may extend 

partially into STI structure 233. In other vvords, the etch process used to form opening 600 may 

also remove (recess) portion of the top surface of STI structure 233. It is noted that opening 600 

shown in FIG. 6 can also extend in they-direction (not shown in the view of FlG. 6) and its size 

can be defined by the patterned PR structure or patterned HM and the process conditions during 

the etch process. In any direction, the area of opening 600 can be equal or smaller than the area 

of STI structure 233, according to some embodiments. Additionally, multiple openings, like 

opening 600, can he formed concurrently during operation 306 of method 300 in other areas of 

dielectric stack 400. Further, each opening 600 can be formed over an STI structure 233. In some 

embodiments, the aspect ratio of opening 600 can range from about 0.1 to about 10. 

[0073] In some embodiments, opening 600 can be formed concurrently with channel structure 

216. ln an alternative embodiment, opening 600 can be formed after the formation of channel 

structure 216, or before the frm:nation of channel structure 216. Each of the aforementioned 

sequence of operations may require additional number of photolithography, etch, or deposition 

operations. After the formation of opening 600, the patterned PR structure or patterned HM can 

be removed (stripped) with a wet etch process. 

[0074] In referring to FI Gs. 3 and 7, method 300 continues with operation 310, where opening 

600 can be filled with a dielectric layer 702. In some embodiments, dielectric layer 702 includes 

a SiO2 layer that can be deposited by a CVD, flowable CVD (FCVD), a PECVD process, or any 

other suitable process that can fill a high aspect ratio structure. By v,-ay of example and not 

limitation, dielectric layer 702 can be the same as dielectric layer 230, and/or first dielectric layer 

208. A CMP process or a dry etch process can be used to planarize dielectric layer 702 so that the 
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top surfaces of dielectric layer 230 and dielectric layer 702 are coplanar as shown in FIG. 7. As a 

result, dielectric structure 232 is formed in dielectric stack 400. In some ernbodirnents, dielectric 

structure 232 defines the borders of TAC region 120 shown in FIGS. lA-lC. 

[0075] ln some embodiments an etch stop layer is formed on the channel structures 216. For 

example a dielectric layer 704 can be deposited over dielectric layers 230 and 232 and be 

subsequently patterned to form plug openings 706 as shown in FIG. 7 Etch stop plug 224 can be 

subsequently formed on channel structures 216 by filling plug openings 708 using one or more 

thin-film deposition processes, such as ALD, CVD, PVD, any other suitable processes, or a.ny 

combination thereof as shown in FIG. 8. In some embodiments, polysilicon can be used 1o fill 

plug opening 706 followed by a CMP process to remove the excess polysilicon so that etch stop 

plug 224 can be coplanar with dielectric layer 704. In some embodiments, a metallic stack, such 

as Ti/ TiN/W, can he deposited to fill plug opening 706, follov,-ed by a CMP process to make the 

top surface of etch stop plug 224 and dielectric layer 704 coplanar. In some embodiments, etch 

stop plug 224 can be sacrificial so that it can be replaced in a subsequent operation. For example, 

a sacrificial etch stop plug 224 can include an oxide instead of polysilicon or a metallic stack. A 

sacrificial etch stop plug 224 can be removed at a later operation and replaced with a 

"permanent'" etch stop plug made of polysilicon or a metallic stack. 

[0076] ln operation 312 of method 300, as illustrated in FIG. 3, one or more slit openings can 

he formed in alternating dielectric stack 400. For example, slit opening 900 can be fom1ed by dry 

etching dielectric layers 208 and 402 (e.g., SiO2 and SiN) in dielectric stack 400, as shown in 

FIG. 9. In some embodiments, doped regions 228 can be subsequently formed in substrate 202 

under each slit by, for example, ion implantation and thermal diffusion through the slits. 

Alternatively doped regions 228 can be formed during an earlier fabrication stage, for example, 

prior to the formation of dielectric stack 400, according to some embodiments. 

[0077] ln operation 314 of method 300, slit openings 900, shcwm in FIG. 9, can be used for a 

"gate replacement'· process (also knmvn as the "WL replacement" process) in \Vhich second 

dielectric layers 402 (shovvn in FIG. 9; e.g., SiN) in stack 400 are replaced with conductor layers 

206 (shov,m in FIG. 1 0; e.g., W). As a result, alternating dielectric stack 400 is converted to 

alternating conductor/dielectric stack 210 shown in FIG. 2. 

[0078] The replacement of second dielectric layers 402 with conductor layers 206 can be 

achieved ,vith the use of a wet etch process that is highly selective (e.g., with selectivity equal to, 
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or greater than, 500: 1) towards second dielectric layer 402 (e.g., SiN), in comparison to first 

dielectric layer 208 (e.g., SiO2). By ·way of example and not limitation, the wet etch chemistry 

can include hot phosphoric acid (H3PO4). Since the 'Net etch chemistry is highly selective 

towards SiN, any layers or structures (including first dielectric layer 208 and dielectric structure 

702) made of oxide (e.g., SiO2) will not be etched or removed (i.e, will not be affected by the 

wet etch process). 

[0079] Once second dielectric layers 402 are fully removed (e.g., etched), a conductive layer 

can be deposited by CVD, PECVD, ALD, PEALD, or combinations thereof to fill the space 

between first dielectric layers 208 through slit openings 900. As a result, conductor layers 206 

can be formed between first dielectric layers 208 as sho,:v11 in FIG. l 0. By way of example and 

not limitation, the conductor materials can include W, Co, Cu, Al, polysilicon, silicides, or a 

combination thereof. In some embodiments, adhesion layers or barrier layers (not shown in FIG. 

10) may also be deposited prior to the deposition ofihe conductor material. In some 

embodiments, conductive layers 206 can he deposited ·with a deposition---etch---deposition process 

to avoid partially filling slit openings 900 with the conductor material. 

[0080] In operation 316 of method 300 shovvn in FIG. 3, the slit openings can be filled with a 

conductor rnaterial l 004 to form slit structures 226 as shovvn in FiG. l 0. in some embodiments, 

conductor material 1004 can be the same as the conductor material in conductor layers 206. For 

example, slit structures 226 can he filed with W, Co, Cu, Al, polysilicon, silicides, or a 

cornbination thereof. In some embodiments, to electrically isolate conductor material l 004 of slit 

structure 226 from conductor layers 206, a dielectric layer 1008 (e.g., SiO2) can be deposited 

therebetween. A CMP process can subsequent remove excess conductor material over dielectric 

layer 704 as shown in FIG. 10. The lower end of slit structure 226 can he in contact v,-ith doped 

region 228. In some embodiments, slit structure 226 can function as a source contact that is 

electrically connected to NAND string 204 through doped region 228 of substrate 202. 

!0081] Referring to Fig. 11, a dielectric layer 1100 can be blanket deposited over dielectric 

layer 704 across substrate 202 so that local contacts can be formed in dielectric layer 1100. In 

some embodiments, the contact formation process can be divided into two separate 

photolithography/etch operations to accommodate the formation of contacts with different depths 

or heights. For example, the shortest local contacts (e.g., the NAND string contacts, the slit 

structure contacts, and the upper WL contacts of the staircase strncture) can be formed first, and 

the tallest local contacts (e.g., the TACs and the lower \VL contacts of the staircase structure) can 
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be formed second. Merely for simplicity, the aforementioned shorter local contacts can be 

collectively referred to as first local contacts, and the aforernentioned tallest local contacts can be 

collectively referred to as second local contacts. 

!0082] Dielectric layer 1100 can be formed by one or more thin-film deposition processes, 

including ALD, CVD, PVD, any other suitable processes, or any combination thereof. Dielectric 

layer 1100 can include dielectric materials, including, but not limited to, Si 02, SiN, Si ON, or any 

combination thereof. First local contacts------such as NAND string contacts 236, slit stmcture 

contacts 238, and upper WL contacts 240-1-----can be formed through dielectric layer 1100 by first 

etching vertical openings (e.g., with a dry etch), followed by filling the openings with conductor 

materials using ALD, CVD, PVD, any other suitable processes, or any combination thereof. By 

way of example and not limitation, the conductor materials used to fill the local contacts can 

include W, Co, Cu, Al, polysilicon, silicides, or a combination thereof In some embodiments, 

prior to the conductor rnaterial fill, the openings can be filled with a barrier layer, an adhesion 

layer, and/or a seed layer. In some embodiments, prior to filing the openings, the oxide sacrificial 

etch stop plugs 224 can be replaced with permanent etch stop plugs made of poly silicon or a 

metallic stack, as discussed above. 

[0083] Etching of dielectric layers to form the openings of first local contacts can be controlled 

via the '·inherent" etch selectivity between the etched layer (e.g., a dielectric layer) and the 

1mderlying layer (a conductor, a nitride or oxide, etc.). For example, in the case of NAND string 

contacts 236, etch stop plug 224 filled with an oxide different from dielectric layer 1100 or a 

nitride can prevent further etching into NAND strings 204 during the formation of the first local 

contact openings. ln the case of slit structure contacts 238 and upper WL contacts 240-1, further 

etching can he prevented due to the presence of conductor material 1004 and conductor layer 

206, which can act as an etch stop layer for the dry etch process. As a result, formation of first 

local contacts with different heights can be possible. 

!0084] A discussed earlier, first local contacts-----such as NAND string contacts 236, slit 

structure contacts 238, and upper WL contacts 240-1------can he concurrently formed in the same 

contact forming process. The first local contact forming process can include multiple processes, 

for example, photolithography, etch, thin-film deposition, and CMP. ln some embodiments, each 

process in the contact forming process can he performed only once for all the first local contacts. 

For example, a single lithography and etch process can be used to form all the openings of 

NAND string contacts 236, slit structure contacts 238, and upper WL contacts 240-1 and a single 
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deposition process ca.n be performed to fill all the openings of NAND string contacts 236, slit 

structure contacts 238, and upper WL contacts 240-1 with the same conductor materials. Tn sorne 

embodiments, a CMP process can remove excess deposited material from the top surface of 

dielectric layer 1100. 

!0085] In Referring to FIG. 3 a.nd method 300, the formation of the TAC structures (and the 

rest of the second local contacts) can be formed in operation 318. Referring to FIG. 12, and 

according to some embodiments, after forming the first set of local contacts (e.g., NAND string 

contacts 236, slit structure contacts 238, a.nd upper WL contacts 240-1) a second set oflocal 

contacts can be formed, including TA Cs 234 and lower WL contacts 240-2 that are close to 

substrate 202. TACs 234 can be formed in dielectric layers 1100, 704, and 232-and lower \VL 

contacts 240-2 can be fom1ed in dielectric layers 1100, 704, and 230------by first etching vertical 

openings (e.g., by dry etching), followed by filling the openings with conductor materials using 

ALD, CVD, PVD, any other suitable processes, or a.ny combination thereof The conductor 

materials used for filling the local contacts can include, but are not limited to, W, Co, Cu, AL 

polysilicon, silicides, or any combination thereof In some embodiments, prior to the conductor 

material deposition, a barrier layer, an adhesion layer, and/or a seed layer can be formed. 

[0086] TA Cs 234 can be formed by etching through the entire thickness of dielectric structure 

702. Since both TACs 234 and lower WL contacts 240-2 are formed in oxide layers (e.g., 

dielectric layers 1100, 704, 232, and 230) the overall etching process ca.n be simplified in terms 

of etching chemistry, etching process tooling, overall process integration, and cost By vvay of 

example and not limitation, the openings for TA Cs 234 and lower \VL contacts 240-2 can be 

formed by a deep reactive-ion etching (DRlE) process or '.vith any other suitable anisotropic etch 

process. Forming TACs 234 in dielectric structure 232 can simplify the fabrication process and 

reduce the fabrication cost. This is because TA.Cs 234 can be easily fonned even after the gate 

replacement process together with the other local contacts in a common contact forming process. 

!0087] ln some embodiments, the lower end of TACs 234 can be formed in STI structure 233 

and in contact v,-ith substrate 202, as shown in FIG. 12. For example, TACs 234 can extend 

through STI structure 233 and stop on substrate 202. The lower end of each lower WL contacts 

240-2 can be in contact ,vith the corresponding top conductor layer 206 (WL) of a corresponding 

level in the staircase structure, as shmvn in FIG. 12. The upper ends of all the local contacts 

(including both the first and second sets of local contacts) ca.n be coplanar with one another at the 

top surface of dielectric layer 1100. The second set of local contacts (including TACs 234 and 
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lower WL contacts 240-2) can be simultaneously formed in the same contact forming process 

after the formation of the first set oflocal contacts. That is, all the local contacts (including both 

the first and second sets oflocal contacts) can be formed in two contact forming processes as 

illustrated in FIGs. 11 and 12. 

[0088] It is understood that in some embodiments, all the local contacts (including both the 

first and second sets oflocal contacts) can be simultaneously formed in a single contact forming 

process. That is, the two contact forming processes illustrated in Fl Gs. 11 and 12 can be 

combined into a single contact forming process. In some embodiments, each process in the 

contact forming process can be performed once for all ofNAND string contacts 236, slit 

structure contacts 238, TA Cs 234, upper WL contacts 240-1, and lmver WL contacts 240-2. For 

example, a single lithography process can be performed follo,ved by a single etch process and a 

single deposition process. 

[0089] In sorne embodiments, an additional contact layer with a plurality of contacts can be 

formed over the local contacts. As illustrated in FIG. 13, contact layer 242 (including a dielectric 

layer 1302 and contacts 246) can be formed over dielectric layer 1100. Dielectric layer 1302 can 

be formed by one or more thin-film deposition processes, including ALD, CVD, PVD, any other 

suitable processes, or any cornbination thereof. Dielectric layer l 302 can include dielectric 

materials, including, but not limited to, SiO2, SiN, SiON, or any combination thereof. Contacts 

246 can he formed through dielectric layer 1302 by first etching vertical openings (e.g., using dry 

etch), followed by filling the openings with conductor materials using ALD, CVD, PVD, any 

other suitable processes, or any combination thereof. The conductor materials used to fill 

contacts 246 can include, but are not limited to, W, Co, Cu, Al, polysilicon, silicides, or any 

combination thereof In some embodiments, prior to the conductor material deposition, a barrier 

layer, an adhesion layer, and/or a seed layer can be deposited in the contact opening. 

[0090] As shmvn in FIG 13, the lower end of each contact 246 can be in contact \vith the 

upper end of a corresponding local contact, for example, NAND string contact 236, slit structure 

contact 238, TAC 1200, or WL contacts 240-1 and 240-2. In some embodiments, all contacts 246 

in contact layer 242 can be sirnultaneously formed in the same contact forming process. In some 

embodiments, each contact 246 of contact layer 242 is a via. Further, contact layer 242 can be 

referred to as the "Via0 (VO)" level/ bottom level of the interconnect structures of 3D memory 

device 200. 
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[0091] Subsequently, a plma!ity of third contacts in an interconnect layer can he formed. As 

illustrated in FIG. 13, interconnect layer 244 (including a dielectric layer 1308 and interconnect 

contacts 248) can be formed above contact layer 242. Dielectric layer 1308 can be formed by one 

or more thin-film deposition processes, such as ALD, CVD, PVD, any other suitable processes, 

or any combination thereof. Dielectric layer J 308 can include dielectric materials, including, but 

not limited to, Si 0 2, SiN, Si ON, or any combination thereof By way of example and not 

lirnitation, interconnect contacts 248 can be formed through dielectric layer 1308 by first etching 

vertical openings (e.g., with a dry etch process), fol!mved by filling the openings with conductor 

materials using ALD, CVD, PVD, any other suitable processes, or any combination thereof. The 

conductor materials used to fill interconnect contacts 248 can include, but are not limited to, W, 

Co, Cu, Al, polysilicon, silicides, or any combination thereof. In some embodiments, prior to the 

conductor material deposition, a barrier layer, an adhesion layer, and/or a seed layer is formed. 

[0092] As shovvn in FiG. 13, the lower end of each interconnect contact 248 can be in contact 

with the upper end of corresponding contact 246 in contact layer 242, so that each interconnect 

contact 248 can he electrically connected to a corresponding memory a.rray structme, such as 

NAND strings 204, slit structures 226, and WLs 240- l and 240-2. In some embodiments, all 

interconnect contacts 248 in interconnect layer 244 can be concurrently formed in the same 

contact forming process. In some embodiments, each interconnect contact 248 can be an 

interconnect line, and interconnect layer 244 can he referred to as the "MetalO (MO)" level/ 

bottom level of the interconnect structures of 3D memory device 200. 

[0093] According to some embodiments, contacts 246 and interconnect contacts 248 can be 

formed in a single contact forming process, such as in a dual damascene process for forming Cu 

contacts. Nevertheless, as illustrated in FIG. 13, the interconnect structmes including local 

contacts and contacts 246 and 248 can be formed in a limited number of fabrication steps to 

reduce the fabrication complexity and cost. 

[0094] Various embodiments in accordance \Vith the present disclosure provide a 3D memory 

device with interconnect strnctures for a memory array. The interconnect strnctures a!lov,' 

contacts for various memory array structures (e.g., NAND strings, gate line slits, WLs, etc.) to be 

fabricated in a limited number of operations (e.g., in a single operation or in two operations), 

thereby reducing the process complexity and manufacturing cost. In some embodiments, the 

interconnect structures disclosed herein can include bit lines in the top interconnect layer. These 

bit lines are suitable for 3D memory architectures in which the array device and the peripheral 
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device are formed on different substrates and are subsequently joined by hybrid bonding in a 

face-to-face configuration. 

[0095] Moreover, the interconnect structures disclosed herein include TACs for providing 

vertical interconnects between the stacked array device and peripheral device (e.g., for power bus 

and metal routing), thereby reducing the metal levels, improving the packing density and 

decrease the die size. In some embodiments, the TACs in the interconnect structures disclosed 

herein are formed in a dielectric structure that can be easily etched to form through holes therein 

compared to a stack of alternating dielectric layers or a stack of alternating conductor/dielectric 

layers. Therefore, fabrication complexity and cost can be reduced. The dielectric structure can be 

formed prior to the conversion of alternating layer stack of dielectrics to a conductor/dielectric 

layer stack. 

[0096] In some embodiments, a 3D memory device includes a semiconductor substrate, an 

alternating layer stack disposed on the semiconductor substrate, and a dielectric structure, 

extending vertically through the alternating layer stack, on an isolation region of the substrate. 

Further, the alternating layer stack can abut a sidewall surface of the dielectric structure and the 

dielectric structw-e is formed of a dielectric material. The JD memory device additionally can 

include one or rnore T ACs that extend vertically through the dielectric and isolation region, and 

one or more cham1el structures that extend veiiically through the alternating layer stack. 

[0097] The 3D memory device further includes an epitaxial layer formed between each of the 

one or more channel structures and the semiconductor substrate, an etch stop plug disposed on 

each of the one or rnore channel structures, a staircase structure disposed in the alternating layer, 

and one or more contact layers disposed on the one or more TACs, channel structures, and slit 

structures. 

[0098] In some embodiments, the dielectric structure abuts a sidewall sw-face of the TA Cs. 

[0099] In some embodiments, the 3D memory device is a NAND 3D memory device. 

[0100] ln some embodiments, the alternating layer stack includes alternating pairs of a 

dielectric and conductor layers. 

[0101] ln some embodiments, the dielectric layer comprises silicon oxide and the conductor 

layer includes a metal. 

[0102] In sorne embodiments, the conductor layers include a word line. 
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[0103] In some embodiments, the dielectric material is silicon oxide. 

[0104] In some embodiment the dielectric structure includes an oxide. 

[0105] ln some embodiment the dielectric structure defines a through array contact region 

within the 3D memory device. 

[0106] ln some embodiments, an area of the dielectric structure is equal to or smaller than an 

area of the isolation region 

[0107] In sorne embodiments a method for forming 3D memory device includes forming an 

isolation structure on a substrate, disposing an alternating dielectric layer stack on the substrate, 

v,-here the alternating dielectric layer stack includes pairs of a first dielectric layer and a second 

dielectric layer different frorn the first dielectric layer. The method further includes forming a 

channel structure extending vertically in the alternating dielectric layer, forming an opening in 

the alternating dielectric layer stack, ,vhere the opening exposes the isolation stmcture. The 

method also includes filling the opening with a dielectric layer to form a dielectric structure as a 

TAC region of the 3D mernory device, removing portions ofihe dielectric structure and the 

isolation structure until the substrate is exposed to form a TAC opening that vertically extends 

through the dielectric structure and the isolation structure, and filling the TAC opening \Vith a 

conductor to form a TAC structure in the TAC region, wherein the TAC structure is in contact 

with the substrate. 

[0108] ln some embodiments, before forming the TAC opening the method further includes 

forming slit openings that expose a doped region of the substrate by extending vertically in the 

alternating dielectric layer, replacing the second dielectric layer through the one or more slit 

openings with a conductor layer to convert the alternating dielectric layer stack to an alternating 

dielectric/conductor layer stack, and filling the one or more slit openings ,vith a conductor to 

form one or more slit structures extending vertically in the alternating dielectric/conductor layer 

stack. 

[0109] ln some embodiments, before forming a channel structure, performing a trim-etch 

process to form a staircase structure in the alternating dielectric layer stack. 

[0110] ln some embodiment, removing portions of the alternating dielectric layer stack 

includes performing a dry etch process. 

Atty. Dkt. No. 4123.Cll90001 

Micron Ex. 1002, p. 57 
Micron v. YMTC 
IPR2024-00788



- 29 -

[OlH] In some embodiments, filling the opening with the dielectric layer includes depositing 

the dielectric layer with a chemical vapor deposition, a plasma-enhanced chemical vapor 

deposition, or a physical vapor deposition process. 

!0112] ln some embodiments, filling the opening with the dielectric layer includes forming an 

oxide. 

[0113] In sorne embodiments, filling the opening with the dielectric layer includes forming a 

silicon oxide. 

[0114] In some embodiments, the first dielectric layer includes an oxide and the second 

dielectric layer comprises a nitride. 

[0115] In some embodiments, the first dielectric layer includes a silicon oxide and the second 

dielectric layer comprises a silicon nitride. 

!0116] ln some embodiments a method for forming a 3D memory device includes disposing an 

alternating dielectric layer stack on a substrate, where the alternating dielectric layer stack 

includes pairs of a first dielectric layer and a second dielectric layer difierent from the first 

dielectric layer; forming channel structures extending vertically through the alternating dielectric 

layer; etching the alternating dielectric layer stack to form an opening, where the opening 

exposes an isolation region in the substrate; filling the opening with a dielectric layer to form a 

dielectric structure as a TAC region that is equal or smaller than the isolation region; etching 

through the dielectric structure and the isolation region to form TAC openings that expose the 

substrate; and filling the TAC openings with a conductor to form TAC structures in the TAC 

region. 

[0117] In sorne embodiments a method for forming a 3D memmy device further includes 

forming slit openings extending vertically through the alternating dielectric layer, where the slit 

openings expose a doped region of the substrate. The method fmiher includes replacing the 

second dielectric layer through the slit openings with a conductor layer to convert the alternating 

dielectric layer stack to an alternating dielectric/conductor layer stack, filling the slit openings 

with a conductor to form slit structures, forming a staircase structure in the alternating dielectric 

layer stack, where the staircase structure comprises levels. Further the method includes, forming 

a ·world line contact on each of the levels of the staircase structure, forming local contacts over 

the channel and slit structures, and forming one or more contact layers over the local contacts, 

each word line, and each TAC structure. 
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[0118] In some embodiments, forming the opening in the alternating dielectric layer stack 

includes performing a dry etch process. 

[OU9] ln some embodiments, the alternating dielectric/conductor layer stack abuts a sidewall 

of the dielectric structure. 

[0120] In some embodiments, the dielectric structure abuts a sidewall surface of each TAC 

structure. 

[0121] In some embodiments, a 3D memory device includes a substrate with an isolation 

structure; an alternating conductor/dielectric layer stack disposed on the substrate; a dielectric 

structure extending vertically through the alternating conductor/dielectric layer stack over the 

isolation structure, vvhere the alternating conductor/dielectric layer stack abuts a sidewall surface 

of the dielectric structure and the dielectric structure is formed of a dielectric material: channel 

structures extending vertically through the alternating conductor/dielectric layer stack; and 

through array contacts extending vertically through the dielectric a.nd the isolation structures. 

[0122] In sorne embodiments, a 3D memory device further includes a staircase structure 

disposed in the alternating conductor/dielectric layer stack where the staircase structures 

includes levels with each level having a conductor layer thereon; a word line contact disposed on 

each conductor layer of the staircase structure; and a local contact disposed on each channel 

structure and slit structure. 

[0123] ln some embodiments, the dielectric structure abuts a sidewall of the each TAC. 

[0124] ln some embodiments, the dielectric structure includes a through array contact region of 

the 3D memory device. 

[0125] TI1e foregoing description of the specific embodiments will so fully reveal the general 

nature of the present disclosure that others can, by applying knowledge within the skill of the art, 

readily modify and/or adapt for various applications such specific embodiments, without undue 

experimentation, without departing from the general concept of the present disclosure. Therefore, 

such adaptations and modifications are intended to be within the meaning and range of 

equivalents of the disclosed embodiments, based on the teaching and guidance presented herein. 

1t is to be understood that the phraseology or terminology herein is for the purpose of description 

and not of lirnitation, such that the terminology or phraseology of the present specification is to 

be interpreted by the skilled artisan in light of the teachings and guidance. 
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[0126] Embodiments of the present disclosure have been described above with the aid of 

functional building blocks illustrating the implementation of specified functions and relationships 

thereof. The bmmdaries of these functional building blocks have been arbitrarily defined herein 

for the convenience of the description. Alternate boundaries can be defined so long as the 

specified functions and relationships thereof are appropriately performed. 

[0127] The Summary and Abstract sections may set forth one or more but not all exemplary 

embodiments of the present disclosure as contemplated by the inventor(s), and thus, are not 

intended to limit the present disclosure a.nd the appended claims in any way. 

[0128] The breadth and scope of the present disclosure should not be limited by any of the 

above-described exemplary embodiments, but should be defined only in accordance with the 

following claims a.nd their equivalents. 
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If the Applicant is an Organization check here. [g] 

Organization Name 
I Yangtze Memory Technologies Co., Ltd. 

Mailing Address information For Applicant: 

Address 1 18 Gaoxin 4th 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. 

I 

Micron Ex. 1002, p. 70 
Micron v. YMTC 
IPR2024-00788



PTO/AiA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Oifice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are required to respond to a co!lection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0190001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention THROUGH ARRAY CONTACT (TAC) FOR THREE-D!MENSIONAL MEMORY DEVICES 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent 
app!ication publication. An assignee-applicant identified in the "Applicant information" section will appear on the patent application 
publication as an app!icant. 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. rgJ 

Organization Name I Yangtze Memory Technologies Co., Ltd. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 18 Gaoxin 4th 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 the Add button. 

Signature: 
NOTE: This Application Data Sheet 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 must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, ~JI joint inventors who are the applicant, or one or more joint inventor-applicants who trnve been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of al! joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature 
/Donald J. Featherstone/ 

Date (YYYY-MM-DD) 2018-07-27 

First Name Donald I Last Name I Featherstone Registration Number 33,876 

Additional Signature may be generated within this form by selecting the Add button. 
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PTO/AiA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Oifice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are required to respond to a co!lection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0190001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention THROUGH ARRAY CONTACT (TAC) FOR THREE-D!MENSIONAL MEMORY DEVICES 

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 gathering, preparing, and submitting the completed appiication data 
sheet form to the USPTO. Time wili 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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Privacy Act Statement 

The Privacy Act of 1974 (PL 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly. pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process andior examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidential!y to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the international Bureau of the World intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of l,ational Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the US PTO becomes 
aware of a violation or potential violation of law or regulation. 

EFS Web 2.2.13 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: TAO et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: To Be Assigned 

(Continuation of Appl. No. 
PCT/CN2018/085-121; Filed: Alay 3, 2018) 

Filing Date: Herewith 

Confirmation No.: To Be Assigned 

Art Unit: To Be Assigned 

Examiner: To Be Assigned 

Atty. Docket: 4123.0190001 

Title: THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY 
DEVICES 

Authorization to Treat a Reply as Incorporating an 
Extension of Time Under 37 C.RR. § 1.136(a)(3) 

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

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 otherv,1ise provided for in such reply. 

Date: 7/27/l 8 
----------

1100 New York Avenue, N.W. 
·washington, D.C. 20005-3934 
(202) 371-2600 
9714859 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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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AiA/82A (07-13) 

Approved for use through 01/31/2018. OMS 0651-0035 
U.S. Patent and 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 ttle application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney wiii not be recognized in the application. 

Application Number 16/047j 182 

Filing Date July 27 1 2018 

First Named Inventor Qian TAO 

Title THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL 
MEMORY DEVICES 

Art Unit To Be Assigned 

Examiner Name To Be Assigned 
Attorney Docket Number 4123.0190001 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Michael D. Specht/ Date (Optional) 

Name Michael D. Specht Registration 54,463 
Number 

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

Applicant Name (if Applicant is a juristic entity) lvangtze Memory Technologies Co., Ltd. 
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 than one applicant, use multiple forms. 

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

Thls collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public wtiictl 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 gathering, preparing, and submitting t~1e 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 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. 

ff you need assistance in completing the form, calf 1-800-PT0-9199 and select option 2. 
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Electronic Acknowledgement Receipt 

EFSID: 33321916 

Application Number: 16047182 

International Application Number: 

Confirmation Number: 7800 

Title of Invention: 
THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY 
DEVICES 

First Named Inventor/Applicant Name: Qian TAO 

Customer Number: 26111 

Filer: Michael David Specht/Angela Robertson 

Filer Authorized By: Michael David Specht 

Attorney Docket Number: 4123.0190001 

Receipt Date: 30-JUL-2018 

Filing Date: 

Time Stamp: 17:29:16 

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.) 

164277 

1 Transmittal Letter 41230190001 _transmittal.pdf no 1 
25976779e2f265413a6c46196a8de93c981 
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Information: 
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2 Power of Attorney 
41230190001_ Transmittal_POP 

no 1 
.pdf 

34b3f3 e4e971 5 682 44948f25 2e 7 64 f97 d6e0 
9ecf 

Warnings: 

Information: 

1272778 

3 Power of Attorney 4123POA.pdf no 1 
16c3979f1 c50404839c539a781116cedec7f 

7467 

Warnings: 

Information: 

Total Files Size (in bytes) 1570519 

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 Agglications 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 Agglication 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 Agglication 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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MICHAEL D. SPECHT 

DIRECTOR 

(202) 772-8756 
MSPECHT@STERNEKESSLER.COM 

July 30, 2018 

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

Confirmation No. 7800 
Art Unit To Be Assigned 

Re: U.S. Utility Patent Application 
Appl. No. 16/047, 182; Filing Date: July 27, 2018 
For: THROUGH ARRAY CONTACT (TAC) FOR THREE­

DIMENSIONAL MEMORY DEVICES 
Inventors: TAO et al. 
Our Ref: 4123.0190001 

Commissioner: 

Transmitted herewith for appropriate action is a document entitled An executed Power of 
Attorney by Applicant form (PTOIAIAl82B) and the Transmittal for Power of Attorney form 
(PTOIAIAl82A), which is submitted electronically. 

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 
and any additional fees required to continue prosecution or appeal of this application (including 
issue fee, fees for net addition of claims or forwarding to appeal) or credit any overpayment to 
our Deposit Account No. 19-0036. 

MDS/Y-G/amr 
Enclosure 

9737901 l.docx 

Respectfully submitted, 

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

/Michael D. Specht/ 

Michael D. Specht 
Attorney for Applicant 
Registration No. 54,463 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/047,182 

26111 

FILING or 
37l(c)DATE 

07/27/2018 

GRPART 

UNIT 

2872 
FIL FEE REC'D 

0.00 

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 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

4123.0190001 20 3 
CONFIRMATION NO. 7800 

FILING RECEIPT 

1111111111111111111111 m~mll!IUllH~ 111111111111111 IIII IIII 

Date Mailed: 09/06/2018 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

Qian TAO, Wuhan, CHINA; 
Yushi HU, Wuhan, CHINA; 
Zhenyu LU, Wuhan, CHINA; 
Li Hong XIAO, Wuhan, CHINA; 
Xiaowang DAI, Wuhan, CHINA; 
Yu Ting ZHOU, Wuhan, CHINA; 
Zhao Hui TANG, Wuhan, CHINA; 
Mei Lan GUO, Wuhan, CHINA; 
ZhiWu TANG, Wuhan, CHINA; 
Qinxiang WEI, Wuhan, CHINA; 
Qianbing XU, Wuhan, CHINA; 
Sha Sha LIU, Wuhan, CHINA; 
Jian Hua SUN, Wuhan, CHINA; 
Enbo WANG, 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 PCT/CN2018/085421 05/03/2018 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
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Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

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: 09/05/2018 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/047,182 

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 
Title 

THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES 

Preliminary Class 

359 

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 
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patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

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). 
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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 
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 16/047, 182 

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 300 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 22 minus 20= 2 (37 CFR 1.16(i)) 
OR X 100 = 200 

INDEPENDENT CLAIMS 3 minus 3 = X 460 = 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 0.00 
(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)) 820 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 2740 

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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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 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/047,182 07/27/2018 Qian TAO 4123.0190001 

CONFIRMATION NO. 7800 
FORMALITIES LETTER 26111 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

111111111111111111111111]~!1]!~1!~1! ~!11!~!11! ~Ill lllll 111111111111111111 

Date Mailed: 09/06/2018 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied 
by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 
• The application search fee must be submitted. 
• The application examination fee must be submitted. 
• Additional claim fees of $1020 as an undiscounted entity, including any required multiple dependent claim 

fee, are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees 
are due. 

• Surcharge as set forth in 37 CFR 1.16(f) must be submitted. 
The surcharge is due for any one of: 

• late submission of the basic filing fee, search fee, or examination fee, 
• late submission of inventor's oath or declaration, 
• filing an application that does not contain at least one claim on filing, or 
• submission of an application filed by reference to a previously filed application. 

SUMMARY OF FEES DUE: 

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized 
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of 
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified 
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro 
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.) 

• $ 300 basic filing fee. 
• $ 160 surcharge. 
• $ 660 search fee. 
• $ 760 examination fee. 
• $ 200 for 2 total claims over 20. 
• $ 820 for multiple dependent claim surcharge. 
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• $( 0) previous unapplied payment amount. 
• $ 2900 TOTAL FEE BALANCE DUE. 

Items Required To Avoid Processing Delays: 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Qian TAO 
Yushi HU 
Zhenyu LU 
Li Hong XIAO 
Xiaowang DAI 
Yu Ting ZHOU 
Zhao Hui TANG 
Mei Lan GUO 
ZhiWu TANG 
Qinxiang WEI 
Qianbing XU 
Sha Sha LIU 
Jian Hua SUN 
Enbo WANG 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserLocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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MULTIPLE DEPENDENT CLAIM Application Number Filing Date 

FEE CALCULATION SHEET 
16047182 

Substitute for Form PTO-1360 
Applicant(s) Qian TAO (For use with Form PTO/SB/06) 

* May be used for additional claims or amendments 

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * * 
AMENDMENT AMENDMENT 

lndep I Depend lndep I Depend lndep I Depend lndep I Depend lndep I Depend lndep I Depend 

1 1 51 

2 1 52 

3 1 53 

4 2 54 

5 1 55 

6 1 56 

7 2 57 

8 1 58 

9 1 59 

10 1 60 

11 1 61 

12 1 62 

13 1 63 

14 1 64 

15 1 65 

16 1 66 

17 1 67 

18 1 68 

19 1 69 

20 1 70 

21 71 

22 72 

23 73 

24 74 

25 75 

26 76 

27 77 

28 78 

29 79 

30 80 

31 81 

32 82 

33 83 

34 84 

35 85 

36 86 

37 87 

38 88 

39 89 

40 90 

41 91 

42 92 

43 93 

44 94 

45 95 

46 96 

47 97 

48 98 

49 99 

50 100 

Total lndep 3 0 0 

Total 19 .J 0 .J 0 .J 
Depend 

Total 22 0 0 
Claims 
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505222472 12/06/2018 

PATENT ASSIGNMENT COVER SHEET 

Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: 

NATURE OF CONVEYANCE: 

CONVEYING PARTY DATA 

QIAN TAO 

YUSHIHU 

ZHENYU LU 

LI HONG XIAO 

XIAOWANG DAI 

YU TING ZHOU 

ZHAO HUI TANG 

MEI LAN GUO 

ZHIWU TANG 

QINXIANG WEI 

QIANBING XU 

SHA SHA LIU 

JIAN HUA SUN 

ENBOWANG 

RECEIVING PARTY DATA 

NEW ASSIGNMENT 

ASSIGNMENT 

Name 

Name: YANGTZE MEMORY TECHNOLOGIES CO., LTD. 

Street Address: 18 GAOXIN 4TH ROAD 

City: WUHAN, HUBEi 

State/Country: CHINA 

PROPERTY NUMBERS Total: 1 

Property Type Number 

Application Number: 16047182 

CORRESPONDENCE DATA 

Fax Number: (202)371-2540 

EPAS ID: PAT5269241 

Execution Date 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

09/12/2018 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 202.371.2600 
Email: ygao@sternekessler.com, ttopssecretary1@sternekessler.com 

Correspondent Name: STERNE KESSLER GOLDSTEIN & FOX P.L.L.C 
Address Line 1: 1100 NEW YORK AVENUE, N.W. 
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Address Line 4: WASHINGTON, D.C. 20005 

ATTORNEY DOCKET NUMBER: 4123.0190001 

NAME OF SUBMITTER: DONALDJ.FEATHERSTONE 

SIGNATURE: /Donald J. Featherstone/ 

DATE SIGNED: 12/06/2018 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 5 
source=Assignment-4123-0190001 #page1 .tit 

source=Assignment-4123-0190001 #page2.tif 
source=Assignment-4123-0190001 #page3.tif 

source=Assignment-4123-0190001 #page4.tif 
source=Assignment-4123-0190001 #page5.tif 
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Atiy Docket 'r✓o. 4 J.U O i 9000 ! 

corvi:mNED D.E'.CLARATlON AND ASSlGNMf.N!' 

As the below· named inventors, r hereby declare that: 

Th is declaration is directed to: 

0 The attached application,. or 

vJ United S!ntes application or PCT intemationai application 
nwnber _l_6/047, l 82 

filed 011 Ju!v_:?,1._2018 

The above-identified application was mack or authorized to be made by me. 

! believe that I am the original inventor or an original joint inventor of a claimed 
invention in the application. 

l her,'.by acknowledge that any \Vil! Cul false statement tna,k in this declaration is 
pundrnbk under l 8 l).S.C. § I 00 I by fine or imprisonment of not more than five (5) years., or 
both. 

ASSJGNiWENT 

fn consideration of the sum of Une Dollar ($! .00) or equivaknt and other good and 
valuable consideration paid to each of the belmv named inventors, each of the below named 
inventors, hereby sell and assign io Yangtu, i'Vfomory Tedwologie1» Co,, Ltd .. , a corporation 
fi)1Tned under the laws of China, whose mailing address is l S Ci-aoxin 4th Road, East Lake High­
Tech Development Zone, Wuhan, Hubei, China (hereaf'ler rel'erred to as the Assignee), his/her 
entire right title and interest, including the right to sue for past infringement and to collect fr.ir a!I 
past, present and ft.1ture damages, for the United States of America (as defined in 35 U.S.C. 
§ l 00) and throughout the 1,,vorld, 

(a) in the invention(s) known as THROUGH ARRAV CONTACT (TAC) FOR 
THREE-iHMENSlONAL MEMORY IJEVlCES for which application(:S) for 
patent in the United States of America is identified above, m any and all 
applications thereon, in any and all Letters Patent(s) thcrelclr, and 

(b) in any and a.II applications that claim tlw benefit ot' the patent application 
identified above in pa1i (a), including non--provisional applications, continuing 
(continuation, divisional, or contirmation--in-pa.rt) applications, reissu{'.i;, 
exknsions, renewals and reexaminations of the patent application or Letters 
Pak~nt therefor listed above in pa.(t (a), to the foli <:xtcnt of the term or krms for 
which Letters Patents issue, and 
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Appl. No. l<.i/047,!S'.2 
Ali:y. Docket No. ,j i 2:U) 19000i 

{c) in any and all inv(,ntions described in the pateni application identified above in 
part (a), and in any nnd aii forms of intellectual and industrinl prop('.rty protection 
derivable from such patent application, and that are derivabi.e from any and all 
continuing applications, reissues, extensions, renewals and reexaminations of 
such patent application, including, without limitation, patents, applications, utility 
modd:;, inv!c,ntor' s ccr1:i!foates, and <ksigns together \Vith the right to file 
applications therefor; and including the right to claim the same priority rights 
from any previously /-lied applications under the International Agreement for the 
Protec:tion of fndustrial Property, or any other international agreement, or the 
domestic laws of ihe country in which an_y such app! ication i,; filed, as may be 
applicable; 

ail SU('.h rights., title and interest to be held and et~joy(\d by the above-named Assignee, its 
su<.:cessors, legal representatives and assigns to the same extent as all such right:,,, title and 
interest would have been held and enjoyed by the Assignor had this assignment and sale no! been 
rna<k. 

The below· named inventors agree to execute all papers necessary in connection with the 
appiication(s) and any non--prnvisionaL. continuing (continuatiotL, divisionai, 01 continuation--io-­
part), rei~sBe, reexamination or corresponding appiication(s) thneof and afao to ex<:.~cute separate 
a%ignmcnts in connection \vith such application(s) as the Assignee may d,~etn necessary or 
expedient. 

The below named inventors agree to execute al! papers necessary in conned ion with any 
patent enf<)rccment action (judicial or otiwnvise) telated to the application(s) or any non­
provisiona!, continuing (continuation, divisional. or continuation-in-pa1t), reissue or 
recxami1H1tion app!ieation(s) thereof and to cooperate with the Assignee in every ,vay possible~ in 
obtaining evidence and going forvvard 1.vith such patent enf-cffcement action, 

The below named inventors hereby represt~nt iha.t he/she has full right to convey the 
entire interest herein assigned, and that hdshe bas not executed, and will not execute, any 
agreement in conflict therewith. 

The below named inventors hereby rcprcs<.:nt that he/she understands that the patent 
prnctitioncrs associated w·ith CUSTOMER NUM.Hli~R UiU t arc the legal rcpresentntivcs of; 
and attorneys f-c)r, the assignee, and are NOT the legal representatives of, and atlornc:;-'<. frir, the 
inventor<;_ 

Page 2 of5 

Micron Ex. 1002, p. 92 
Micron v. YMTC 
IPR2024-00788



!\pp!.No. l6iO,i7,lB2 
A i.ty. Docket No. 4 l 23.0 ! 9000 l 

11'.J WITNESS WHEREOF, i.'.Xecuted by the below named inH~ntors on the date opposite 
his/her n<irne. 

LEGt,.C NAl\ifl:: OF JNVENTO.lZ 

rnventor; 
).A>i tr · , . ) -)_,., 

---·--~--··t------------------········------------

S tgnature of fnvenior: 

LEGAL NAi\1E OF fNVENTOR 

Date: ----·--·-.J~:'._ { f j' 

,~• .,..;· ,;: .j" 

.................... ·::;?1 .. ,.,fz; •• ~~:~:~.-: ........................ ----· 

LEGAL NAME OF INVENTOR 

Date: 

Signature oflnventor: 

LEGAL .NAtJE OF lNVENTOR 

Dare: 

LEGAL NAME OF {NVE.NTOR 

fnvemor: .. _Xiaowang DAl. .......................... _____ Date: .. _ ......... 20.l.i-.,.'1._lL __ 

Signature of inventor: 
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LEGAL NAiv1E OF INVENTOR 

Date: 

LEGAL (\)AME OF lNV ENTOR 

Zhao Hui TA.NG Date: 

LEGAL NAi'AE OF INVENTOR 

lnvent0r: M.d.Lan GUO D:1te: 

LEGAL NAtVLE OF lNVENTOR 

LEGAL NA.ME OF INVENTOR 

fnvcntoc Qinxhrng WEI Date: .........;:,.__,........,_,._ ______ .................. .. 

Signature of lnveotor: 

Page <-'i of S 
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Arty. Dockc:i l'-./o. 11123,019000[ 

'toil (]1. 1} 
......................................... / .................................... . 
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LEGAL NMv1F OF INVENTOR 

Inventor: ... (km bing. XU·······-································ Date: 

Signature of Inventor: 

LEGAL NA~..,ff OF INVENTOR 

lnvenior: Sha Sha LHJ Date: 

Signature of Inventor: 

LEGAL NAME OF lNVENTOR 

Inventor: Jfan Hua SUN Date: ·----------------·-··--·--------·------------------

App!. No. l(ii047,lg2 
/\tty. Dockd No.,JID.0190(101 

--,- r (7 

Signature of inventor: ... Ji(}.h ... h~-\.A ...... ~fAY"J .................................... ----· 

LEGAL NAME OF INVENTOR 

Inventor: EnBo W1tNG Date: 
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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 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/047,182 07/27/2018 Qian TAO 4123.0190001 

CONFIRMATION NO. 7800 
FORMALITIES LETTER 26111 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

111111111111111111111111]~!1]!~1!~1! ~!11!~!11! ~Ill lllll 111111111111111111 

Date Mailed: 09/06/2018 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied 
by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 
• The application search fee must be submitted. 
• The application examination fee must be submitted. 
• Additional claim fees of $1020 as an undiscounted entity, including any required multiple dependent claim 

fee, are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees 
are due. 

• Surcharge as set forth in 37 CFR 1.16(f) must be submitted. 
The surcharge is due for any one of: 

• late submission of the basic filing fee, search fee, or examination fee, 
• late submission of inventor's oath or declaration, 
• filing an application that does not contain at least one claim on filing, or 
• submission of an application filed by reference to a previously filed application. 

SUMMARY OF FEES DUE: 

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized 
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of 
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified 
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro 
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.) 

• $ 300 basic filing fee. 
• $ 160 surcharge. 
• $ 660 search fee. 
• $ 760 examination fee. 
• $ 200 for 2 total claims over 20. 
• $ 820 for multiple dependent claim surcharge. 
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• $( 0) previous unapplied payment amount. 
• $ 2900 TOTAL FEE BALANCE DUE. 

Items Required To Avoid Processing Delays: 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Qian TAO 
Yushi HU 
Zhenyu LU 
Li Hong XIAO 
Xiaowang DAI 
Yu Ting ZHOU 
Zhao Hui TANG 
Mei Lan GUO 
ZhiWu TANG 
Qinxiang WEI 
Qianbing XU 
Sha Sha LIU 
Jian Hua SUN 
Enbo WANG 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserLocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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PTO/AIA/22 (03-13) 
Approved for use through 11/30/2020. 0MB 0651-0031 

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

Docket Number (Optional) 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 4123.0190001 

Application Number 
1 6104 7 1 82 

' 
I Filed July 27, 2018 

For 
THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES 

Art Unit 
2872 I Examiner To Be Assigned 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

Fee Small Entit:t Fee Micro Entit:t Fee 

0 One month (37 CFR 1.17(a)(1)) $200 $100 $50 $ 200.00 

□ Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $ 

□ Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $ 

□ Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $ 

□ Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $ 

□ Applicant asserts small entity status. See 37 CFR 1.27. 

Applicant certifies micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

A check in the amount of the fee is enclosed. 

Payment by credit card. Form PT0-2038 is attached. 

The Director has already been authorized to charge fees in this application to a Deposit Account. 

□ 

□ 

□ 
□ 
0 The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 

Deposit Account Number _1_9_-0_0_3_6 ________ _ 

Payment made via EFS-Web. 

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

I am the 

D applicant. 

0 attorney or agent of record. Registration number_3_3_,8_7_6 _________ _ 

D attorney or agent acting under 37 CFR 1.34. Registration number ____________ _ 

/Donald J. Featherstone/ 
Signature 

Donald J. Featherstone 
Typed or printed name 

12/6/18 

Date 

(202) 371-2600 

Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit 
multiple forms if more than one signature is required, see below*. 

0 * Total of_1-'-(o_n_e-'-) ____ forms are submitted. 

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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CO!VHUNEH DECLARATlON AND ASSIGNMENT 

DECLARATH)N 

As the bdo\v named inventors, ! hereby declare that: 

This declaration is directed to: 

C] The attached application, or 

United States application or PCT international application 
number _16/047,_1_82 

filed on Ju!v 27 20 t8 

The above-identified application was made or authorized to be made by me. 

l believe that t am the original inventor or an original joint inventor of a claimed 
invention in the application. 

l ht'.reby acknow!edgt'. that any vvillfol false staiernent made in this dedarntion is 
puni"-hable under l 8 U.S.C § ! 00 I by fine or imprisonment of not tnore than five (5) years, or 
both. 

In cow,ideration of the sum of One Dollar ($ ! .00) or equivalent and other good and 
valuable consideration paid to each of the bdo\v narned inventors. each of the helm-v named 
inventors, hereby sell and assign to Yangt:t(' I\:lemory 'I't•chnoiogies (;o.~ Ltd., a corporation 
formed under the hn-vs of China, \-Vhose rnaiiing; address is ! 8 Gaoxin 4th Road,, East Lake High­
Tech 0('.Velopment Zone, Wuhan, ffob6, China (hereafter referred to as tht: Assignee), his/her 
entire right title and interest, including the right to sue fix past infringement and to cn!kct for all 
past, present and future dmnag-es, fix the United States of America (as defined in 3 5 U .S.C. 
§ l 00) and throughout the world, 

(a) in the invention(s} known ,ls. THROUGH ARRAY CONTACT (TAC) FOR 
THREE-DIMENSIONAL MEMO.RY llE'.VlCES t<.)r \-vhich application(<;} for 
patent in the United States of Arnerica is identified above, in any and all 
applications thereon, in any and all Letters Patcnt(s) there!~Jr, and 

(b) in any and all applications that claim the bent~fit of lhe palenl application 
identified above in part (a). including non-provisional applicatiom:, continuing 
(continuation, divisirnw!, or conlinuation-in-part) applications. reissues., 
extensions, renewals and rcexaJninat.ions of the patent applicati<m or Letters 
Pah.:nt therefor iish:d above in part (a), to the full t:.~xtent of the term or terms for 
'\.vhich Leiters Patents isstK\ and 
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App!. No. l6/(N7.l 82 
Any. Docket No. ,ll23.i)l9000 l 

(c) in any and all inventions described in the patent application identified above in 
part (a), and in auy and aU forms of intdlectutd and industrial property protection 
derivable from such patent application, and th,lt are derivable from any and all 
continuing applications, reissues, exten:~ions, renewals and reexaminations of 
such patent application, including, without !imitation, paknts, applications, utility 
models, inv<.mtor's certifk~tk~s, and designs togetht:,r '.Vith the right to file 
applications therdbr; and including tht:: right to clairn the same priority rights 
frorn any previously filed applications under the fmemational Agreement for the 
Protection of Industrial Pr-openy, or any other international agreement, or the 
domestic laws of the C(Hmtry in \Vhk:.h any such application is fikd, as nuiy be 
applicabk; 

all such rights., title and interest to be held and enjoy,.:.'.d by the above-named Assignee, its 
successors, legal representatives and assigns to the sa.m,z extent as all such rights, title and 
interest would have been held and enjoyed hy the /\ssignor had this flt,signment and sale not been 
made. 

The belmv named inventors agree to execute all papers necessary in connection with tht~ 
application(s) and any non--provisional, continuing (continuation, divisional, or conl:inuatiort-in-· 
part), reissue, reexamination or corresponding application{s) thereof and also to cxec:ute separate 
assignments in connection ·with such application(s) as the Asslgnet~ may deem necessary or 
expedient 

The below named inventors agree to execute aU papers necessary in connection with any 
patent enforcement action (iudicial or otherwise} related to the applkation(s} or any non-· 
provisional, continuing (continuation, divisional, or continuation--in-part)., reissue or 
reexan:-i ination application( s) thereo-f and lo cooperate ,vith the Assignee in every ,-vay possiblt: in 
obtaining evidence and going fi:wward with such patent enfix<.:ement action, 

The bdo\v named inventors hereby represent that he/she has full right to convey the 
entire interest herein assigned, and that he/she has noi exe1::uted, and will not execute; any 
agreement in conflict therewith . 

.. rhe below named inventors hereby represent that hc/she un<krstands that the patent 
practiti<.)ners associated \vith ('.US.T(JME:R NTfl\'HlER 2611 t are the legal reprcsentativ,~s ot: 
and attorneys fi.Yr, the as:;igni:'.e, and are NQT the !ega! representatives oC and attorneys for, the 
invcmtors, 
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i\p.pL t✓o, 16/047~ t 8_2 
Atty, Docket No. 4 l 23.0 l 90O0J 

1N WlTNESS vVJ-:lEREOF, ex<c.'.cuted by the bdow named inventors -on the date oppo.,. ite 
his/her nam(,, 

LEGAL NA.!VLE OF iNVENTOR 

Invent.or: Qian TAO 

Signatui·i:, of Inventor: ... 

LEGA.L NAl'vlE OF INVENTOR 

{nventor: ·rushi HlJ Date: 

S ignat,H'e of Inventor: 
.. · ~-.::- <;-~··· _,,f ,.<./ 

••------•-•-•~•-• •• ~ • _.,-:...•::) ,.,.•,•: ... •••••t,•••t,• •• - {••--•-.w•._., _____ •••••• ~-

❖" 

LEGA.L NAME OF LNVENTOR. 

I.n".:entor; 

.. 
Signature uf Inventor: l--··•t-, ...... ------

LEGAL NAi\.:f.E OF INVENTOR 

lnvento.r: .. _l ... i_llong X.l..t\O 

L.EGAL NAME OF INVENTOR 
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LEGl\L NA.1\{E OF U<VENTOR 

Inventor: Yu Tiu~ ZHOU 

Signature of Jnvenwr: 

LEGAL NAME OF INVENTOR 

f.nvenror: Zhao Jhd TANG Date: 

AppL No. 161047, I -02 
Any. Docket No. 4 l 23J) l900{H 

---,( ---.,·· 
Signature of Inventor: .... ?ll.aJ:zHu.,...1--L&.A.&,,1 _______________ _ 

LEGAL NAME OF INVENTOR 

inventor: fvkJ .Lan GlJO Date: 
-----i-------······················· 

Signature <)f lnventor: 

LEGAL NAl\tE OF INV.ENTOR 

fovenwr: ZhiWu TA.NG 

LEGAL NAfvfE OF lNVENTOR. 

Date: 

Signature of Inventor: 
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LEGAL NAME OF lNVENTC}R 

fnventor: ... Qian Mug. XU·······------- Date: 

Signatme of Inventor: .... {)Z0-.,,hi,,1 .. XV·································· 

LEGAL NAl\·IE OF INVENTOR 

inventor: 

AppL No. tMH7. JR2 
Atty. Docket No. -H23.0l9000l 

•••••••••••••••••••••••••••••• ----------·---

LEGAL NA ME OF INVENT-OR 

[nventor: Date: 

LEGAL NAl'v!E OF INVENTOR 

foventor: Ei1Bo WANG Date: 

Signature of Inventor: 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: TAO et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: 16/047,182 

Filing Date: July 27, 2018 

Confirmation No.: 7800 

Art Unit: 2872 

Examiner: To Be Assigned 

Atty. Docket: 4123.0190001 

Title: THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY 
DEVICES 

Preliminary Amendment Under 37 C.F.R. § 1.115 

Mail Stop Amendment 

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

Commissioner: 

In advance of prosecution, Applicant submits the following amendments and remarks. 

It is not believed that extensions of time are required beyond those that may otherwise be 

provided for in documents accompanying this paper. However, if additional extensions of time are 

necessary to prevent abandonment of this application, then such extensions of time are hereby 

petitioned under 37 C.F.R. § l.136(a), and any additional fees required to continue prosecution or 

appeal of this application (including issue fee, fees for net addition of claims or forwarding to 

appeal) are hereby authorized to be charged to our Deposit Account No. 19-0036. 
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- 2 - TAO etal. 
Application No. 16/047,182 

Amendments to the Claims 

This listing of claims will replace all prior versions, and listings, of claims in the application. 

1. (Original) A three-dimensional (3D) memory device, comprising: 

a semiconductor substrate; 

an alternating layer stack disposed on the semiconductor substrate; 

a dielectric structure on an isolation region of the substrate and extending vertically through 

the alternating layer stack, wherein the alternating layer stack abuts a sidewall surface of the 

dielectric structure and the dielectric structure is formed of a dielectric material; 

one or more through array contacts (TACs) extending vertically through the dielectric 

structure and the isolation region; and 

one or more channel structures extending vertically through the alternating layer stack. 

2. (Original) The 3D memory device of claim 1, further comprising: 

an epitaxial layer formed between each of the one or more channel structures and the 

semiconductor substrate; 

an etch stop plug disposed on each of the one or more channel structures; 

a staircase structure disposed in the alternating layer; and 

one or more contact layers disposed on the one or more TACs, channel structures, and slit 

structures. 

3. (Original) The 3D memory device of claim 1, wherein the dielectric structure abuts a 

sidewall surface of the TACs. 

Atty. Dkt. No. 4123.0190001 
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4. (Currently Amended) The 3D memory device of claims 1 or 2 claim 1, wherein the 3D 

memory device is a NAND 3D memory device. 

5. (Original) The 3D memory device of claim 1, wherein the alternating layer stack comprises 

alternating pairs of a dielectric and a conductor layer. 

6. (Currently Amended) The 3D memory device of [[claims]] claim 1, wherein the dielectric 

material is silicon oxide. 

7. (Currently Amended) The 3D memory device of claims 1 or 3 claim 1, wherein the 

dielectric structure comprises an oxide. 

8. (Original) The 3D memory device of claim 1, wherein the dielectric structure defines a 

through array contact region within the 3D memory device. 

9. (Original) The 3D memory device of claim 1, wherein the dielectric structure has a 

footprint equal to or smaller than the isolation region. 

10. (Original) A method for forming a 3D memory device, the method comprising: 

forming an isolation structure on a substrate; 

disposing an alternating dielectric layer stack on the substrate, the alternating dielectric layer 

stack comprising pairs of a first dielectric layer and a second dielectric layer different from the first 

dielectric layer; 

forming a channel structure extending vertically in the alternating dielectric layer stack; 
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forming an opening in the alternating dielectric layer stack, wherein the opening exposes the 

isolation structure; 

filling the opening with a dielectric layer to form a dielectric structure as a through array 

contact (TAC) region of the 3D memory device; 

removing portions of the dielectric structure and the isolation structure until the substrate is 

exposed to form a TAC opening that vertically extends through the dielectric structure and the 

isolation structure; and 

filling the TAC opening with a conductor to form a TAC structure in the TAC region, 

wherein the TAC structure is in contact with the substrate. 

11. (Original) The method of claim 10, wherein before forming the TAC opening the method 

further comprises: 

forming slit openings extending vertically in the alternating dielectric layer stack, wherein 

the slit openings expose a doped region of the substrate; 

replacing the second dielectric layer through the one or more slit openings with a conductor 

layer to convert the alternating dielectric layer stack to an alternating dielectric/conductor layer 

stack; and 

filling the one or more slit openings with a conductor to form one or more slit structures 

extending vertically in the alternating dielectric/conductor layer stack. 

12. (Original) The method of claim 10, wherein before forming the channel structure 

performing a trim-etch process to form a staircase structure in the alternating dielectric layer stack. 
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13. (Original) The method of claim 10, wherein filling the opening with the dielectric layer 

comprises depositing the dielectric layer with a chemical vapor deposition, a plasma-enhanced 

chemical vapor deposition, or a physical vapor deposition process. 

14. (Original) The method of claim 10, wherein filling the opening with the dielectric layer 

comprises forming an oxide. 

15. (Original) The method of claim 10, wherein the first dielectric layer comprises an oxide and 

the second dielectric layer comprises a nitride. 

16. (Original) A three-dimensional (3D) memory device, comprising: 

a substrate with an isolation structure; 

an alternating conductor/dielectric layer stack disposed on the substrate; 

a dielectric structure on the isolation structure and extending vertically through the 

alternating conductor/dielectric layer stack, wherein the alternating conductor/dielectric layer stack 

abuts a sidewall surface of the dielectric structure and the dielectric structure is formed of a 

dielectric material; 

channel structures extending vertically through the alternating conductor/dielectric layer 

stack; and 

through array contacts (TAC) extending vertically through the dielectric and the isolation 

structures. 
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17. (Original) The 3D memory device of claim 16, further comprising: 

a staircase structure disposed in the alternating conductor/dielectric layer stack, wherein the 

staircase structures comprises levels with each level having a conductor layer thereon; 

a word line contact disposed on each conductor layer of the staircase structure; and 

a local contact disposed on each channel structure and slit structure. 

18. (Original) The 3D memory device of claim 16, wherein the dielectric structure abuts a 

sidewall of the each TAC. 

19. (Original) The 3D memory device of claim 16, wherein the dielectric structure comprises a 

through array contact region of the 3D memory device. 

20. (Original) The 3D memory device of claim 16, further comprising: 

an etch stop plug interposed between each local contact and each channel structure; and 

an epitaxial layer disposed between each channel structure and the substrate. 
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- 7 - TAO etal. 
Application No. 16/047,182 

Remarks 

Upon entry of the foregoing amendment, claims 1-20 are pending in the application, with 

claims 1, 10, and 16 being the independent claims. Claims 4 and 7 are sought to be amended to 

remove the multiple claim dependency. Claim 6 is sought to be amended to correct a typological 

error. These changes are believed to introduce no new matter, and their entry is respectfully 

requested. 

Conclusion 

Prompt and favorable consideration of this Preliminary Amendment is respectfully 

requested. Applicant believes the present application is in condition for allowance. If the Examiner 

believes, for any reason, that personal communication will expedite prosecution of this application, 

the Examiner is invited to telephone the undersigned at the number provided. 

Date: 12/6/18 

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 
10401726 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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00 5JU + t& 21 o , 212 z §c. 'ti ffl ¥ JG 216 , 218 ° HP , f§ '3t ~ II] 1 cp ~ 7G z 
gc 'ti ft~-' JU 1 oo , ft §c. ,~ m ~* JU 2 o s t:f:i z §c. ,~ e ¥ JG z ffi 1t JI t& ffl ~ ~ 

110 + ti z g-;;-~ c iutm , !c ,~ n •JG 21 s_t ti z + ti 212) 0 1ft JG*& 

214m '.xE 1ftm~ ~*El m:af1ftJGt~214Cft{v.JGt,214IE ...t ti &IET ti)z 

~ ~ §C. 'tie. JG 2 16 ' 21 8 p)T ~ ~ 0 JJ:t f§ ~HI~ 1ft :TC t,,i 2 14 ~IHM ffi m .?t ~ 

~oo~mffl.JGffi~~o~-~pz, -~m•~~~-~~~~ 

2 cp J5Jr ~ 7G C 1'1U ti□ , ti□ 111 2 cp J5Jr ~ 7G Jtl~J§J!.~ ) z ti fei: JI *& 0 ?A ii'TI , §c ti 11 

¥JGz~ ~ mm z~ n□ c~ti□ ff E'3 00:1i~oo §c.'1:iffl ~>1u2ostt~ft1~ JJ:t 

z...t)W~W5Effl~~m■¥JGz•-•~•mza~+a&m~a 

1t!c.'tiffl¥JGZ E:E-ffr ll-*&C~.?t ~ ll-*&~)zB1t1ftJGt,,i 0 

tti-f ~+*&210 , 212~7]\ z~ §f t~lG mt&&-~5Eli*& pg z+ 
t,,iz~Fff O ~f9Urffi p '+l,,~210(WL3,0)1*-Jm7Gm5E1ft~Jl-r&0179Z.1ftti: 

3~, Jl+f$212(WL3,i)f*-m¾71'ffi5E1ftnf!l-*&1P9Z{ftii':3~ 0 [z§rffi, §c. 

'ti ffl $ JG 216 ft Ii] 2 t:p 1*-~ 7G ffi '.xE 1ft nf 1ft JG *l 214( HP ' BLo) !M 1ft :TC *i 
214 T ti Z +*,,~(HP , WL2,o)Z Fs~ Ji !c'~ffl~ JG 2 I 8ft 1112 t:f:i 1*-~71' ~ 5E 

1ft~1ftJGri2I4(HP , BLo)W{ftJGtl214...tti Z+tl(HP , WL2,1)ZFsi 0 

ill 3~7!'tR~:2fs:~ o/J z;g=-=f-'if :5fl!f9U ;z =*t §c. ttffl ~f JU320 ° ft~ 

-=f- • :5fl! iu t:f:i , 1¥ If~ t& c~ ~ ~ m 11 + ti cwL))'li!: ii': ft 1l ~ oo ;;- t& c 11u 

ti□ ' r=J :f;tg ' El=' t& ' zis: rm ) ...t O ~ iu ffij p > f *l ~ 'Ji: ti: ft N fi JI l& ...t O *-@ 

~ ift TI c iu ti□ , * m fl *4 H~ + *& z ;;- r& 7t ~ 0 1zg rm , ff El3 ~ ~ fl *4 5t 

~Z+*)7~z fir& ID }rxWL/*-@ ~fl TI z-tt~ 0 ~*4tl(;!t~ ~ffi1t 1ft 

JG ti (BL) H* ~ ti: m • 1t ...t ~ ~ nf + ti ..Ii 5E 1:v: ~+ti z N oo JI t& ...t ti z 

-Jlt&~(f9UtzDftN+lJ;-t&~) 0 ~1ftJGrt oJ -~~lli+*&z~-=f-~~ 
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fil {$ $ C -WU tzo • fil@ fil f $ $) , ;!t cp - ~c 'ti ff• JG~ J$Z ft fil ~ fil 1$ $ W 

+tlz Fsi 0 

~c 'ti ft ~f jLJ 3 20 "6J -'e1 '2i" ft 7-Js: y:_ cp "6J ffi 1t + ti z fl~ ®I 2!f, ffl ¼I 

3 2 2 C -WU tzo , f¥ If:sl ti) & ft 7-Js: "5l:. cp "6J ffi 1t 1ft JG ¼I z ~ fflJI 3 2 4 ( -WU tzo • ji 3¥4 

t .. i ) 0 + t .. i 3 2 2 or ~ mi PX B -=f Jii *& 0 + tl 3 2 2 :f:E 111 3 cp 1* 1m ~ ffi ffc Ii: PX 12B 

@Je-R& 0 ~rm, +tl322"6Jffctl[PXZRit&z~.m.~~JnfJ.lt~.m. • Ji+ 

t .. i322oJ~a ~PX]! ~:@G]!::!r !i-*& 0 +t .. i322w~ -1. 1Elll:t zr:fr~~iE-~ 

kJiif&&pg O +tl322°6Jft-:l:fDcpfil~f-t~ 0 HP , ft~®'Ri*&z~::ff 

cp Z + ¼& 3 2 2 t:iJ 5E 1ft fjf ffi - Jti *& pg Z - f§ IP] :t§ f,t 1ft tr[ ~ • J_;J ~ W iE _t 

:15 &1~1E ~ :n z + ii322w ~ 0 ~~ift3¥4Crril 3 cp *lm~)m )E 1ftnf~ J$Z 

+ ti 3 22 Z Jti *& Z Fsi &-~ 5E Rf*& J1l1Z+¼l322 Z Fsi 0 

tz□ llil 3 cfJ rtr ~ , 1ft JG~ 324 m • ~ -1. 1El nt zr: fr ~a~ ft~ IP]~* ¼I 

322,PfrftZJifr&(-WUtz□ ' ft+t&322pfrftZlif ff&_t :n)z-Jtit&~ 0 HP ' 

1ftJG¼ .. i oJ5E fftnf~cttn ~, jU32ozrigBm O 1:tLJ-c¼&324oJ~-.~ waoo:/$Z 

Jf jf _t fil @( -WU tzo , iE x )nf + i,322 , tJ ~~ ~ 1ft 7G ~324W+ ¼& 322 

z Fsi zmDC-WUtlD , ft~~ !i-*&J1!1zx~) 0 ~rm , Jf ~-WU~ ~Jnf-1® 

t~ If fj 1:iE x *JHt~ 0 

ftlll 3 cp itf-t ~+ t,.i322m¾~ Z* 5 It~ YG-~ 5ERi*& pg z + ti z 
1ft Ii: c f:9U ~□ 13F J¥ ) & m *& 0 ~ f:9Ll rm p , + *9~ wL 2, o 1* m¾ ~ ffl 5E 1ft nf )ff t& o 

pg Z {ll~2~(ft5E1ftnf1fttt[2~Z+~Z-tl!l!Z~$z-+ti) • Ji 

+¼& WL2,31*m¾~ffi 5E 1ll~ Jti r&3 pg z {ll tl[2m(ft )E {ll~1ll il[2~ z + 

ti z -:tt • z ri :oo z - + ¼&) 0 + ti 3 22 or wa ~ PX z 11- *& z ~; & ft ffi 

-Ri*&mz+¼l322Z~£ "6J~~:@G:9~lll3cp~~Z~.m. 0 

ft-1ft 7G ti 3 24 w + ¼& 3 2 2 z- :tt • z BJ - m • ~ , 1ft JG~ 3 2 4 z 

-~ffl~1$gB326*&J'.E ~ Jr~ _t fil@~1ft JGrl324& + ¼&322 , tJ ~ W 

~+r&:tt• cp z ~-+¼&322z-:005ttElx O ~f:9Uim p , 1ftJGr&324z 
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~fflfil1$%B326-a} *~~ ii: PJ § {:s'IJGri324fil@fil{$ PJ WBt1:s'IJGt,,,324-r 

n z. ~ § * t,,, 3 2 2 z. - $ B- if-§ x , tl□ lil 3 $ J=ifr 7G O tl□ J=ifr 7G , ~ ffl ~ 1$ $ 

326-aT ii~-* t,,, 322tJ ~ffi El3 * ~ 322% ~'§ !ffl O t.N •£ T Jl' nffi WU , 

~ fflfil {$ f½B 326-aTft * ti 322 llf1 lli ~~('WU tzo , if§~~+ f,,, 322){~ 1~ -aJ 

ft ~ ffl ~ 1$ %B 3 2 6 W + ti 3 2 2 z. Fs~ ~ gx,- §c. ti fl:¥ JG 0 

§c.'~ffl¥ 7t 328ft lil 3 $1*m¾ 7G ~ tJ-x x. ~M~ ~ Wc! ~ft-{:s'IJt 

t,,, 324Z. ~ fflfil {$ $326W+ fl322ft~ IP] Rf ~m 1El1lt ~ lli z. 1iz oo: U1 

lli: 0 ft£ TW nffi -WU$ , §c. 'f:lfl: l'i[Jt3281*' JE 1:s'I~ ~ fflfil {$$ 326W * fl 

3222. Fs~ 0 ~WU rm >=I , ft-~ffl~{$f½B3263mi@l-+tl322Z.-%BB-z 

'I~ 1£ -r , - gc. ti fl: 1'i[ 7t 3 2 8 -aJ JE 1ft ~ ~ ffl N 1$ %B 3 26W + t,,, 3 22 z. Fa~ 0 

1z;1 rm , gc. 'l:l a¥ 7t 3 2 s oJ re fflt gx, ~@ m-~ , ~ Ji" r& JP~- *s ~ ~ -
xx I~ ~t•z §c.'l:lftl'i[Jt O ic. 11:liffl:¥ 7t328Z.Mr&-aJ ~ gx,ftfBlllt~ IP] 

zm-t&m ' ff Jlt*~fil@:tl!I: 0 [113 $ m¾ 7f\ Z-~ic.'[:ift ~JU320-a]" ~ ~ 

~tr-~ IP] 1:s'I Jtti 3241s@ 3U * ti 3222. §c. ma •Jt 32s O it ~ft lil 3 $ 

Jm7G+t,,,322z [9@nf r&C&g2'1:lffll'i[7t32sz. [gf~it n!mt&) , 1s *~ 
SA Z Jf nffif§U~ ~Nn1 Ilt .fl. -aJ § ~+t,,,322Z.]!! ~ ~]!! :P Ji-~(&g2'f:ifll¥ 

7t 3 2 s z 11 ff! Ji- t&) 0 gc. ,1:1 iii• 7"C -ar ~ w: ft• 1{ _tAEl IP] i1 ~ gx, + ti z m 
~mo 

t.N m * ~ ~ z E T • nm -wu , gc ,~ ff ¥ 7t 3 2 s -ar 1* - m ~_§_ -ar ~ i2 'tt 

R ~ JG O ~ -WU rm >=I , g2 11:l e • JG 3 2 8 -a} '§ ~ WU tl□ ME ~ 1-1:/t~ z. - if§ ~ *-f 

ft (PCM) 0 ~ ;!t 1~ ~ ~ z lffl M Z. 9i- • 4:ij- g2 'ti iii¥ 7G 3281J'-aJ" ~ ~ f§U 

~□ MOS ffl sss ff - BJT , = tJ ff , ~~I@; ~N {00: lffl IU1 (OTS) Z - lffl ~ 0 

oTs m '§~ME ~ 1t !fo/1 M *4 • ~ tz□ ~ IP]~ m i1 gc. ti ff JG 1ti: z ME~ 1t ¥J.J t.t 

t4 z. ifrE ~ 1t !fo/1 M r-4 ° 

;t.NtkiJl'nffi-WU , -g2'1:iffll'i[JG328-aJ"-§~W-~ § ¥JG~m~~(f§U 

~□ , l'i[Jt1¥1f>l~ii:)$ ~~i~UiZ-~ff JG{t!: • tz□ -r ~M~lil 5ii-&Ms 
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*m m ff , ~ ~2 'ti ff • 7C ~ , Ld·t!Hr~ fflZ ft ~ • fil 1$ $ 3 2 6 mJ lffl O £ -=f- • nfil 

iu ~ "2i" if§~~ 3¥4 (PCM) & 00 ~ ~c. 'ti ff• JG z _ • ~2 'ti ffl ~, JU , ;!t "aJ ffi 

fJ=-3D PCMS~JU O ~ 7iffi•lfB~ , !iil3a7f\1E{ll~-fil{$$326W­

+¼&322Z.-if§Xlti~Z-g2'tifitfi[JG328 ° ~rm , *~B,Jjz.JrilfiliU::f 

~.& n~ I.tt _§_ - gc 'ti ft• JG 3 2 8 "aJ IE 1ft tit - ~ 1$ $ 3 2 6 W- + t& 3 2 2 z - x 
Yl ~1j}f 0 

[i] 4~ /f\ m -m: if-.&•*~~ z £-=f-• "Effi iu z -• g2 ,r:1 m ~ JU z ® m 

z -15 #i. 0 Iii 4 a 7G- ~2 'ti a~, JU 43 o , ;!t -ar 1,~ ~ :at Iii 3 na mt z g2 'ti ffl 

~ JU 320 z-ms 71" 0 g2 'ti a~ jij 43 0 PJ '§"a"~~ 00 + ¼& 422 ' *I IE XIE 

~ z 1ftJG¼l424Fl.il IOCtit+~'I-422& 1llJG¼9'424~~ z~ ffifil{$$436 , 

~ ~ ~ ffl ~ {$ :00 4 3 6 *I 1M ,g- _§_ *-fil ~ tii[ tJ § 1ft lC ti 4 2 4 Jf@f [q] T fil {$ 0 

1% T 7¥!f3Z ( iutm ' fj ~1t ~~l!f3Z)g2 'li'.ft ~ JU 430 ' t;R ffl - ~Ir® 

& 15 ~ 0 *~ IE r.l[ + ti 422(HP , ft *-fil IE r.l[ Ji-*& _t z *I IE r.l[ 1ft ti:~ z + 

•)&@1EhlmJG~•~m~m~;!t~z•~~~~~§•JG~ma 

ti: z ~ ~.& 100: • m O * *-fil IE r.l[ + ti 4 2 2 » * *~ 5E r.l[ fll JG ti 4 2 4 *-fil 1m m ft 1~ 

~ff fi:iJ ~f-tB it*~JEilt&I~* *-fil5E hlZ + *9'422& 1llJG¼l 424Z ffl&~ 

::fffl~~§fi[JGam&ffiz~m•mm 0 •~rm~·PJ~~~--~ 
ffl ~ (V REF) z- $ rsi ffl & C ~ t!D *~ ;g J.l[ 1ft JG¼& W + ¼& ffl & z rsi z - $ lti 

ffl ~ )11D ~ &-m: pfr ~ ;!t {-!ft+ ¼l 422( 'P2 "2i" ;g {ll-m:- f§ ~Ji-*&$ z ::f ~ + 
¼&422Fl.5E fll-m:::f ~ li-*&~ z +¼&422)&;!tfi!?,fft7C¼&424 ° 

ft lil 4 $ #~ *-fil IE hl fll JG¼& 424 a /f\ m BLADDR Jl M~ * *15£ r.l[ 1ft JG *9' 

424a7GmBLNoTADDR O ftli!4$itJJ-~+¼&422a7GZ*5 [fl Ji!~-~ 

JEMal7'3z+•zmm&~R!a 0 ttfl-@5Ehlli-a~-Ji-&~zili 
iii[ • ~ ffl ADDRffl i.t Ii] 4 $ a 7G Z + ¼& 422 _§_ it fl-* *-fil 5E J.l[ Ji-l& ~­

Jg-*& 17-3 Z ::f ~ + ¼& 1ft ti:~ ffl NOTADDRffl 1.± ~~+¼JR 422 ° ~ Jlt • ft 

lil4$ #~*~5Ehlz +¼&422~/f\m wLADDR,ADDR O ftliil4$ ~**~5Ehlz 
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+ t)7i 422~ 71' ~ WLNOTADDR,NOTADDR ' WLNOTADDR,ADDR:@G WLADDR,NOTADDR 

z-~ PJ t~71'**~JE±l[Z +ti422JE {:s'z~**-filJE±l[z-{:s'z ii:lsz.l:@G- Jff 

t&~ 0 

fN • ~-=f Jr nffi f§U , * *-fil JE :f:Jl:: z + ti 422 Ez. * *-fil JE :f:Jl:: z {tL 7C ti 424 

"6J" ~ jE ~ - t:p rai ffl ~ J:J i~ I j, t§ ~ tit *_fil JE :f:Jl:: "Z_ + *vi 4 22 R *i JE ±l[ "Z_ {l[ JG 

*I 4 2 4 z i& :k ffl ~ ~ 0 $ f§U ffo I=! , cp rai ffl ~ oJ *~ ~ If>l PJ ft**~ JE :f:Jl:: z 

+ *,.i 4 2 2 W * *~ JE ±l[ z {:s'z JG *I z rai z - cp ~6 ~ 0 ~ ffff , cp rai ffl JE oJ *~ 

~t¥PJ~ ~~-cp 16ffl!EPJ fflt:1J,1t~+ll422lsz. ftL7Ctl424Z -=fa 0 

Iii 4 ~ 71' *-fil JE :f:.l[ Z + ti 422 W *-fil JE ±l[ Z {ft JG *l 424 Z rai Z tc 11:l ffl ¥ 

JG 442 *-fil 5c ~ 11□ ~ ~ PJ t~ 71' ~ §c 'f:i ff¥ 7G 442 Z ffl ~ ~ ffl@ t§ ~ ij~ Z ¥ 

7G ~ m ~ ii: z n ~N {@: ffl JE V O Iii 4 Ji{ 71' * *-fil JE :f:Jl:: z + ti 422W * *-fil JE ±l[ 

Z {:s'z 7C *14 2 4 Z rai Z * *~ -=fa !c 1f:I ff¥ 7G 4 3 8 ~ {± {i:iJ ~ ~ PJ t~ 71' ~ tc 11:l 

ff¥ 7G 4 3 8 z ffl JE ~ f* oJ m B1e l¥J , -WU tl□ ~ {00: , ~ 0 Iii 4 31' ~ 71' * *-fil JE ±l[ 

z +ll422W*-fil JE :f:.l[Z {:s'IJG ll424Z rai z*~ -=f atc tlff ¥ 7C440Ez.*-filJE 

±l[Z+*l422W* *~JE:IJ.t z {ftlC *1424-;z rai z*-fil-=f- atc 11:iiffl¥ JG441 *~ 

$:fr;/JD ~~J;J t~ 71'~!c 11:lffl¥7C441Z ffl~~1J,~:lt E§ ¥7C~t¥~ii: 

z ~ ~N.{00: fflJE z~-cp rai fflJE , f§UtlDV 12 ° ~**~JE±.l[Z +ti 422&* 

*~ JE ±l[ z 1ft 7C ti 4 2 4f~ JE ~ - t§ ~ ffl JE m f* tf int i¥J 0 

§C 11:l ff~ 37U ~ ti W-*-l ~ 00: w i]1 N AND tc ti m Ji tf- LEI;. f§ {~ /~ 0 

~ ffo • 1¥ If>l - t2. ,~ 1ffi ¥ 7G 1& J>z.. {~ ffl ifrt ( ~ 31' ft*~ IE ±l[ Z {:s'z 7C ** 4 24 Ez. I 

:@G*~ JE±.1[ z+ *1422 cp tit Iv )im@!c'l:lffl¥ JG(f§Utz□ -ffl ~Ji oJ ~!c'~ff 

• 7G) 0 * • sA z zis tr~ JM :n ~?Git 1m ft - *i JE tl[ ¥ 7G J:. Cf P , ft*~ JE 

tr.z:t•-Ma&m7C•J:.)mm~~=~fflz-fflJE~•®ffi-=fa 

iG*~JE:f:l[Z+*l& {ft7C*l:B-J3Ll~ft**~JE:f:.l[Z {ftJG*IEz.+*IZ¥7C , 

f§U tz□ ~ ~ -:t& 1J, r'1. a ffl mE it Iv ill[ i&l * *~ JE :f:.l[ z ¥ 7G 0 

~s•7]\*•*•~z~-=f-•~~zJEm*••oo~m•~z~ 
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1L\ ic. ·~ m ¥ JG O ft*~ BA pg , , rm 1L\ J t~ 1-t • ~ _t 1i JJt -e1 ~ z ~ fl , 
~~m~ww•*ww~mm~•~•®M·~~~mm•~*-~ 
ti m • m m rm I L\ gc. ·~ m ¥ JG O Iii! 5 m¾ 71' ~ iz□ Iii! 3 t:f:i ~ 71' z gc. ·~ m ~ :1u 

3 2 oz - gc. ti ffl ~ :lU z - $ :fr O Iii! 5 m¾ 7G -e1 ?r ft ff El3 :¥ y - ~ ~ tt 3fSJ­

C * m¾ /i\ {B 5E {ft~~ ffl fl 5 22 z rs, s 48 ~ )1i J!t :fr M z ;;g: -=f- JI-~~ z tl: ~ 

oo~fflJl522c-wuiz□, +fl)z-±t§:544 ° -2'fflfilfi=f'q}B554*f~uiitJ 

jg ~~gt~~002'fflrl522fil{$ 0 2'fflfil{$~B554ft-iljffi~{i3 ~.-g-:¥­

{ft :re f!7i ( 111 5 cp * Jm /i\ ) 0 

Iii! 5 Jfi¾ 7]\ 2' fflfil {$ $ 554im ~ 2' ffl ti 5222_ ~ ~~ 1~ 2'ffl fil {$ $ 

554Z-:tli¼ffi'i% ~ E13-~ sl ~-~5221!1 ~ 0 ~ fffi , ;$:~ BA z Wfifil-WU 

~ ~Nn1 rtt , Ji ~fflfilf$ffil 554 ~*tffc uiitJ if w-~ §I 2' •*i 5222.-m 

:frt§ v:~1~~fflfil1$fffi554~ % ~ rn 2'fflt&522-e1 ~ ci;m~ !iii 6B™ tti1! 

t-r ii! - & tm ~) 0 tH • ;;g: -=f- w nm -wu , ~ m fil 1, m 5 5 4 ~ Ur - ~ si 2' ffl *!7' 

522im~ffff 1Fim~~~ s! ~fflrl522 ° 

Iii! 5 ii§ - & ~ /i\ ~ ~ 2' ffl fil {$ frB 554 ~ 1L\ ffc rni z ft 1¥ JG {ti:: tt 3fSJ-

552( 'WU tl□ t§ ~ tt f4 (PCM))&• JG~ t¥ ~ uli tt f4 550(~ ~ ~ ~N {ti 00 Im 

(OTS)) 0 !al~ Iii! 5 ,Im 7f\PCM 5 52*1 ~ ii: W 2' fflfil {$ {½B 554t§ f@ Ji OTStt 

3fSJ-550*f ~ uli WPCM 552 ~ 1L\ , {B ;$:~ B)j Z 1l :M!! ,WU~ ~N n1 llt O t.N. ::g= 

-=f-W nm -WU • OTSttf4550{Jfd~c rn[m w~ fflfilf${½B 554t§ m ii.PCM 552{*' 

~oo:mWOTStffl550rm 1L\ 0 

~ ~ ~ m ~ ,m ~ ft 111 5 t:f:i * ~ /i\ , 1.s ~ ft ~ • fil f $ m s 5 4 w-~ 
§I ~•t!7i522z.ra, ~ 1LdiBm µ,x:~:9f-tt*4 , ~tl□ g~ Iii! 6c~-&~~z 

- n□ ~ ~ tt *4 ° 55 - • -wu 1* m m ft ff ff JG 1ti:: tt *4 5 5 2 w ¥ JG ~ m ~ rn[ 

tt *4 5 5 oz rs, tJ :fr M ff ff JG {ti:: tt f4 5 5 2 W ¥JG~~~ rni 5 5 o & I~ m {~ ft 

ff :rc{ti::ttf4 552W•JG~ t¥~uli550Z rs, z. ~~tJ ( 'WU tl□ )r~,Iµ,x::fr i~ .-g­

z-ttf4 ° 
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:(£~ffl~1$g5554 , ~ {;\PCM 552& ~ 1[}OTSift;fj-550~lli-% § 

~fflfl522~@L~. '[lr5t T ' '§ '2i"W-~ § -JC~•~m= 1$ -~~z -
ftff JC1tt: z- ~ 1G\ §cttm• JC% fDG1:E~ffl~1$$ 554W~ffl*)7' 5222. 

Fsi O ~ IL\ §C /~ m ~ JC oJ. ~ _tJf~ fDG ft if§ ~ nt % fflG * *)1' z ~ r& ~ ' ~ 1~ 

- ~ 1L\ ic fflffl~ JC!Ji!-~ ffl*l s22w~ _t ~ 00 ° 

ft ff JC {tf: oJ 1}f- - ffl ~J3. oJ ~ ft ff JC {tf: 0 -Wutm , ffi ~J3. oJ ~ R ff JC {tf: 

~ 7 'EI. 'a' ;!t. {i!1 ffl ~_§_ oJ ~ ft ff JC {tf: if1° f4 Z. 5} VJ\ oJ 'EI. 'a' PCM O ft ;!t. t:p ffl: ~_§_ 

oJ • ft ff JC {tf: 1!1 rt PCM Z Jf ~ -WU t:p ' ~ :!t-{m if-§ ~ M ;¥,4 Z 1i1} ' if-§ ~ tt f4 
~ oJ 1* ~frt ~ 1t l?lJ ft~ , ~ tl□ ffil (In)-~ (Sb )-W (Te )(IST) M f4 (-WU~□ 
In2Sb2Tes, In,Sb2Te4, In,Sb4Te7~)~ffi(Ge)-ii(Sb)-iW(Te)(GST)ift3[21. 

({91J~OGesSb5Tes, Ge2Sb2Tes, Ge,Sb2Te4, Ge 1Sb4Te7 , Ge4Sb4Te7~) 0 

~□ * x cp ~ m z m ~ * ~ ~ ~ z 1t ~ *Ji ft tm ti ~2 ift. t~ /1\ 1!1-a-~-t=lf JE 
~ft~~~ft~cpz.x$•~~ft~/f\~&~ffiJEJC$ZM~~ffl~ 
tt. 0 ,WU~□ , ;!t-1-!Q if,§~ M f4 oJ 'EI. 'a' Ge-Te , In-Se , Sb-Te , Ga-Sb , 

In-Sb , As-Te , Al-Te , Ge-Sb-Te , Te-Ge-As , In-Sb-Te , Te-Sn-Se , 

Ge-Se-Ga , Bi-Se-Sb , Ga-Se-Te , Sn-Sb-Te , In-Sb-Ge , Te-Ge-Sb-S , 

Te-Ge-Sn-0 , Te-Ge-Sn-Au , Pd-Te-Ge-Sn , In-Se-Ti-Co , Ge-Sb-Te-Pd , 

Ge-Sb-Te-Co , Sb-Te-Bi-Se , Ag-In-Sb-Te , Ge-Sb-Se-Te , Ge-Sn-Sb-Te , 
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Three dimension memory arrays and methods of forming the same- are 

provided. An example three dimension memocy array can include a stack 

comprising a plurality of first conductive lines separated from one another by at 

least an insulation material, and at least one conductive extension arranged to extend 

substantially perpendicular to the plurality of first conductive lines, such that the at 

least one conductive extension intersects a portion of at least one of the plurality of 

first conductive lines. Storage element material is formed around the at least one 

conductive extension. Cell select material is formed around the at least one 

conductive extension. 
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DIMENSIONAL CIRCUIT DEVICE 

(57);f~-t-

- § M-tl·1111Uei,Jt:J;ft,lftJ+~ fl1t.ig(AlOx)M 1t:~-t HiK M i,:J.t,l1~Hi~Hf_iUJHf•tl. 0 ti:J;ft,lft 

a'-1½M ~#--tc.·1iftfle7,Jt~ 1:. 0 ti't~ ~#i'@ ~~ti§ M -tc.·l:tftJJei,Jt:J;ftiifta'-1- ~&.r"'i ili~ § a"'a'x;y(SGS 

poly)M , 1t- rt 1i SGS poly M 1t ffl i,:;. fi,-1i § M Jftif:B Ef.J1i. -tl·l:tftRei,Jtt,l1#- r"'H~ili~1t ~t O 1i 't 
~~~#-~'t~5M~*U:J;ft-lftEf.Jtt.Mt,l*ffl;¾--ii~.z.-~5~B 0 UAflliM~~~tt 

~5MAUS~p~M~,At,l*~ft~ili~ttR~ft~ili~tt~*ffl~%4-ii~~'ta-¾ 

ii • &c, ·11 ftflg 7t fr. tt ~&-:t~J\t 0 

A multitier stack of memory cells having an aluminum oxide (AfOx) layer as a noble HiK layer to 

provide etch stop selectivity. Each tier of the stack includes a memory cell device. The circuit includes a 

source gate select polycrystalline (SGS poly) layer adjacent the multitier stack of memory cells, wherein 

the SGS poly layer is to provide a gate select signal for the memory cells of the multitier stack. The circuit 

also includes a conductive source layer to provide a source conductor for a channel for the tiers of the stack. 

The Al Ox layer is disposed between the source layer and the SGS poly layer and provides both dry etch 

selectivity and wet etch selectivity for creating a channel to electrically couple the memory cells to the source 

layer. 
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[0006] Iii lffiJl~ AIOx~~_i,lif ;z-jf~fflJmz-•~ 

f§U 8"J n tm Iii 0 

[0007] Iii 2A-2F ffi Jl ~ AIOxf!i! iU ~ m 11 }if 8"J !f ~ ffl Jm 

B"J:g.a~,~~z-•~f§IJZnm.111 ° 

[0008] Iii 3 ffi Jl ~ Al Ox~ ~.i ]if w ~ ffl t1E {,@~~lb F~ ~~ 

B"J- !lit: ffl 1m z -• t;ffi f§U B"J n :tm Iii 0 

[0009] 1114 ffi ffl J;)Jri fflG Jl~ Al Ox~ ~_i }if B"J if~$~ im 

~ m im z n tt z -• nffi 11u s~ ¥trE fi 111 ° 

[ o o 1 o J III s ffl ~t ~ * t!E z - • nffi 11u s~ 15 tm 111 , ;1t $ -aJ m 

l:JlJl~ AIOx~~.iMZ-!l~$~ilii~ffllm 0 

[ o o 11 J 1116 ffl rr lb~ ii: z - • 1;™ 11u B"J n tm 111 , ;1t $ -aJ e 

l:JlJl~ Al0x~~_ijif ;z-jf~$ ~ilii~fflJm 0 

[0012J trtx¾ ® tmrn & m:1:Jl z m ~~tt III rt z m ~ -aJ 

M-~~-~~z$~~½$•~&~M~-~~Z*H 
BA z f~ !Jl B"J ffl tE. ~ f§U & ffl fjl O 

[ Jrnffin~ l 
$5t1* •~ 11u z ~ tm~ BA 

[oo 13J tl□ 11t~mi!tt, ffl!mJC{4 z -1t, M!l~e~m~1t 

jg (Al Ox~ ALOX) Ji {'I= ffi 1t HiK,lif J;J t:ft {~ i!i! iU {?le~ m 
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tt 0 ff~~¥-~R■Z~Jl-®-~m*•·•~11-*• 

ffl~~~~~~B"J-~ffl~ 0 ~ll-*•mz■m~m~• 

fflR■ •~$~~~M~ffifflffix®~Jl-~~~*• 0 ~ 

-e ff! m & ~ 1~J~ rw ~ • ~ tg 0 

[ oo 14 J nt-@Jf n£I f§rJ $ , * • m EB~•~ ft-@ ic 'tiffl 

ffixR■~~1ffi!Effifflffix~■ 0 ~ffl~W~ll-*•■® 

--~~Mffl•-~JI-ES■ffix*•■B"J-•Mmm~ 

lst0(SGS poly)}I-, ~~SGS poly}l-tgMr-~JI-*•■®~~· 

Effifflffix~~-Mffimm~~ 0 ••~fu~ffl-~-~ 

~11-mu~•*•■EB•••~~m~-wffiz-~ffi~ 

ffl 0 ~~·••~1ffi!Effi■ffix~~~-~¥-•ffi 0 U 

Al OxJl-1lMt~ -~ ~~ t~ :§ii JI-W ~~ SGS poly JI-Fs9 .§.. ~ 1~ ~z f!!=l tU 

m•tt&~b~m•ttffi~ 0 b~m•tt~~~~~-~ 
-wffi®••-~••Effi■ffix¥•~~ 0 

[ o o 1 s J nt-@ • n£I ·WU $ , ~•~ft N AND ic ,r~ m Hfil x 0 

tz□ llt , -~~-m -*'l:(3D)ic'tiffl~- 0 ~-{ffi!Jf:[jffi,Wlj $ ' 

•m~~7~J1-®-$~wffi 0 -~LfflUID~~Bttffl 

Z~~~ID~~~-•~x~z-M~ttffl~mL~ffi 

~
0 ~~~~z•ID~•~x~Z-~Jl-*•ffl-~L~ 

~ z i!!=l tu - ¥Jcr1: c -wu tz□ • i!!=l tu~~ • b tu [!:!] wr1) J='fr ~.& 0 $-WU ~ 

Z•U-EffifflR•$~-~-*•~-mm~•-~­
fi. ~ B"J-t1 ■ ~ ~ tt 1$~ LJ=ifrng~ ~ B"J ~ ~ B"J ~ rt tt 0 

[0016J m ~*••~~~ ••~cxm-it~3o•~) 
Z ~ E ¥JJ¥ $~ t5 ~~~fr. 1¥.; ~ Z - JI- ;P.f ;¥4 (HiK;P.f ;¥4) 0 lit 

4 

• 

Micron Ex. 1002, p. 187 
Micron v. YMTC 
IPR2024-00788



201606388 

• 

f£ tt :¥4 M 11' *fE .1:. ~ii:~~ s Gs po 1 y W ffl ~ JC 1tt: M Fa~ , ffiJ ~F 

~iuin~~SGS polytfi¾iJJ§i;@jj Fa~ 0 HiK;M-*3} m1~ffl:~ rg ii~ Z ffl~ 

@ ~ t,,U~ Y i~ i,m O ~ *~ 'ff ~ BS HiK tt :¥4 Z f9U '§ t5 H f0x , 

ZrOx, &TanOx O iJJfffi,1t~~~7Rmln~~DHf0x, ZrOx, 

TanOx, &Al0x(&·l:ffi:iJ1Jg1~ffl 1¥r!t'8~)ma1t¥JJ1t-@;¥;Jz 

am~7Rmlnffi1~~~~~~ 0 ~®~7R~O~ffi'E1~ffi 

-JC*z~:P-®~rwaz~:P-®~r~•~¥JJ~'@; 

¥lJ O ~®JC*BS~-l;JJ ~ r~ El #~~ft~J!&!~~fittvltrffiJ 

~ 0 Al0xl'.J™fflfflm1:!¾aff1l'-fflttjf .§..tc.;!t'8HiK;M"*3} 

m{:!¾ ~ J! {* BS i!I! tu '[i. z -f_iHiKtt:¥4 ° ;!t '8 ti§ /1\ BS HiKtt 

*4~~mmM~tt*4~ffi™~•*uwm~m~•~¥JJ~ 

~AWtt*4·ffoJ•~~m•tt~Rffttft 0 ;!t'8tt*4S 

~~~~~~~~~BS~■mm,~m~mmJ!~ili~ 

;@jjoft*~~*•;!t'8tt*4ftff~~~~·~~mm™w 

mfflffl 0 ~ft•;!t'8tt*4~$-m~~-~~tt- 0 ft~ 

;t.t ft ~1 fJfE oJ 1Jg ~ ~ ~c 'ti ft ffE JC BS -=f- fl & /~ ~ lcJ ffl ffl JC {cf: 

FsiBs~ffl 0 

[0017] Al0xoJrjff~m r .HiKJ tt*4 • ~7R;ltm1:!¾a~r 

k ffl ~I iiit ' [c] (ey m 1:!¾ i!I! tum • '[i O J! B_)j ~ l=I z ' A 1 Ox 1Jg m 
1:!¾ i~ i!I! tU m. 'Ii & ~ i!I! tU m. '[i WJ ~ 0 ~ 'f9U 1=1 Z , Al 0xf§ 

•~m~~•~••~~AWtt*4&a~¥JJm~affm• 

tt O ftfim. 1[itJg c(x:a SGS polytnfj 13 _§_ c(x:a i!l!tU~~~.L-Jm 

1:!¾wmWiJJJi~JiSfflMZ~~ 0 ~Oft , Al0x1Jgm{:!¾.:Pfi~ 

-=f-rl&-~M~ 0 ~*ffimtt■tt-~m•~~~tt~ffi 
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ij~~~~A~J!~-@;~ 0 ~DJ=ifrta!i~Z.AlOx)tj-B"Jfffflilifj~ 

ti;IJD5fflieHIB"J i, $fflmt • .§..i~Y'~~~9 l@&J'F. ffl&(SG-Vt) 

Z ~ 1t O lit 11- • Al Ox M ~ 1ffl fjl ~ }if Z ~ ®I }if~ Z ff! ffl $ fj~ 

2t .l~J.t 1ffl ~ t.t ffl ~ 11'1:i 0 

[ o o 18] 1& x ~*HI~ l=!Jj ~~ 5.t ~ W~ ij:f lll O ii Ht M ij:f lll ~ rii 00 

tt~--~#~ffl# 0 ¥®~#--*~ffltt~••m~ 

~~&~~§B"J 0 fufflMm~~--~~mM•z~~* 

9·~~~L*• 0 ~-®••~$•fflMm*~*• 0 

[0019] !iii l~A~ AlOx~~~Jiz-*•ffl/mz-•"Jj{ff. 

f§Ue~15~lll O *MEI oo~~{fffl ~ Jif ::ifz. ffllm~{t Me~fflr 

fflM~m 0 ff«a~~--*•ffl~B"J~$fflM~#.§..~ 

liilm~-wil!tJJ~f1=~$ffllm~1ti: , **'1t 1001*~Ji•~ , 

ftm ~ Ji•z •im~1ti: 0 

[0020J ~ffl 11o~~n1;1=tLa1:.1ffl-=rfflnz-~ffl~* 

5fflzis"EI O **i 100~7Gfflrffllliz-~oo , .§..iinrm~~ 

*~~~~fflM~~-*5ffl~~L~~-~ 0
-~~~ 

ffl 11 o ~ ~L;ff} ~( f§Utm , itf.l)iJWiifuJj5ffl 120 ° i1Wi@5R 120 

m ¥Jl 1v ~~tu* *lt 1001-z. •ii~ 1ti: B"J ffl ji ~ 1'1= 0 ~ ~ 5 e 
120~~~~fflif.tf4 • ~~D~Jlif.tf4(f§U~D • ¥'1tji(WSix)) 

~A~ff~~B8$~-=fs"J;t=tBM~ 0 ~-®W•~q::i, 
~~5ffl 120-§M~ Jif Mf4(f§U~D , ti)'fti~(WSix)Jif & ~ ~ 

Mt~~ ~ ti)' M) 0 ii HJ1t ffi~ tt ~ - rJJ n~ ffl Im :ME ~F ~ ~~ ffl Im~ {t 

~f§U~~**'lt 100 ° 

[0021] ALOX(~ {tf::130-A& 130-B)eytf {~~~ 5ffl 120 
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• 

W;W{~Ji f'l'l9 ~ M SGS poly 140(JG{tj:: 140-A& 140-B)fa9 Z ffl ~ 

{ft~ 0 }I-ff 102-§tf5ffl!m7G{tj:: 150(JC{tj:: 150-A,& 150-B) • ~1* 

EB SGS poly l 40¥j(IIJ O @[Df ij,ff ~mi7Rf.S JG{tA&B • {B Ji 

~ 102-aJ 1Qj:3tf,@]fflJmJG{t 150 • ;!t{*ff SGS poly l 40®~3ffl 

~ 1 2 2 ,t 00 ~ Ill O A & B Z fl ffi {M {* FF.Lat WU 7R § ~ 0 ffl n JG 

1t1501:EJiif102~i~mJi~m O ~□ lit, tf,@fflnJG{t15ooJ 

tt!iif 102 ~i~WUltHB'i(WU~o , ~ TI[if§~)!-ft~ 0 Ji~ 102 

oJ '§15 El ~@ffln7e{tj:: ~~+@fflnJ"C{t(WU~□ • 36~38@1 

~c. 'Ii: ffl g~ 7G) 0 im ~ 122 M~ Ji I! 1 o 2 ~ ~ r=J; ~ ~ ~ {$ ~ 1jj ~ 

120 , ~□ 11:tmf#1t1Jj~Ji 12o~mnJGft 150~•~~*-t O mHi 

12211 Ji~~ - u#ff ~{$~Ji I:~ §3- u#ff (WU~□ , ~~TI[ !-ft~ 

a B9 Jj ~ ® ' ~ nt 11< 2F !-ft It: ffl /JU B9 j§ ~ j§) 0 

[0022]"/jt-@]JfnfilWUc:p • ~Mf lO0'e!,j:f§tf,@!Ji~ • ~□ EB 

M~l04'WU7R, M~l04{*if§~~Mit:102~3'.I~~~ 0 !ii! 

1 o4'e!, r8 mnlC 1t 180(JG f* 180-A& 180-B) 0 :at-@w nl wu 

c:p , Jiif 1041Qr87t00Mfi: 104WM!ilf 102~*-~~ffl 160J:.z 

ALox 11o(JG{t 110-A& 110-s) 0 Bt-@WnffiWUc:p , ffln7G 

{t 150 & 1801:E ;it@l 53U Ji~~ i~ ~ 00: !-ft~ ffi ffl n JG {t Ji O lit 

-®I w nfil wu c:p , ~ m ffl n 7G 1t 18 oz~~ f* w ~ m ffl n JG ft 

15 o Z ~~if§ [q] • {B ~ff~® Ji if~~~ {'F ,t 00 B9-l' [q] Ji 

tf!tp¥Jlfr 0 

[0023] ~-@WnffiWU$ , ~fJ.ttM:I: 102J:.ii:~*-@~ffl 

l 60(7G{t 160-A& 160-B)fffim{#-Fa~~~a • Ji~ 1041ij:f±~Fa~ 

liiff!J:.:ri~~ 0 ~e 1241*:t±im~ 122*u#ff~~ , mf#M~ 
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104ZW3!! 126~Ji- if 102ZW3!! 122:gft ~rm :¥ffi~i 12oe~ffl 

~ ~ *-Ef 0 =@t Of~, 'i' 1W-~ 12 o ~~Ji !i ~ , bt ~ oJ -@Jti ft tu~ 

~ , ;tt #~ ~ ~ ~ ~ -tt tt jf 1¥J Pl ~ft.term tg j{y ~ m w 3!! 12 2 

&126, rm•n124~rWJg••~;fSl-~~Ji~;fS!. 0 

[0024] ALOX 130&ALOX 170"i:iJ~fttU~liJl{#~~fg 

Ji-, ;!t5t53U~W3!!122&126~mt.tffl 0 ~□ lit, ALOX 130& 

1~ AL ox 1 1 o oJ ~ 111 * *'1E 1 o oz bt f][ rm~ m r§:1 g ;iu, ti f!i! tu 

~ {"J= 0 ALO X 13 O it 1:iJ ffi Wm 122 Pl ~f ffl ~ A ~ ~ :¥ y!{ ~j 

120 ° ALOX 11oit oJ ffi ® m 126fil ~f ffl ~A~~~. e 

124 ° 1J~-oo•nm11u $ , **-1E 1 OOZ~f]['§f5?}@1fttU~11= , 

;tt A}'§ tt5 !jizf!i! tu~~ EiJ~ 11 ~ tu ~]:_I 0 ALOX~t ~ 11 & !j!z 

~tUPW :=ff m{# r§:1 ~~m•[:if!i!tU~ti O ~ 3Ujfil&JW if 102 , ~ 

- oo • nffi 11u $ , AL ox 13 o it~ w m f!i! tu~ e!i! 5if m ~ JG 1tf: 

1 5 0 13~ ?} !i :bl • e , m {# - m!R tH~ le !i O ALO X 13 0 A} ft 

ALOX!i{~ 1r.~tUrm *'~ffte1W-~l 120 ° ~JJjbtf! -a} .l,jf~9;t.j 

~ta~ ti ·11 t-fu e!i! tu AL ox 13 o , 1,j e!i! tam M' m ~ JG 1tf: 15 o & 

ALOX 1301¥] ~~j~l~rm ~-tfj~:f'j 120 ° 

[0025] * *!E 100 BJ.I lit 11U ;,r- PW @I Ji- if • Ji-. 102 & Ji~ 

104 ° iJ~~,JG{tf:ft::f [Al !i!lll¥J:5t lffl , tJ&~*-5~~ !i !ll z 
~~$~®ffl&~1r.!iZr§J••ft~ff~B§Z!i•ft* 

*'5clOO$:bl:ll 0 ~□ lit• £15~~:bl:llffl' 1§!-fM's~®fNifilfJiff 

*'1t _tJt m ~ • § , ft* *'1t 1 oo $ z m ~i :re ftf: a~~ m-ar 11□ 1-g -

1-tf • ~tJ...t O iJHfmll:t~ti~l¥J~~tifttU-aJ!-f !i~102 

¥J\lr, &**'1tlOO:Mi::f~~JI!-~~'8!i:ll(~.t!P, !i:ll104~ 
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• 

~~'f:11¥}) 0 ~-1iJf~fJLJtp • }ti~l04ti~fJ.~ ' !:tJti~ 

1041¥) ~:EJ.:gft ~ffl~ffffl ALOX 170 , {815 }ti~ 104tp & ~ ~ 

ls 1i57 M , j! U fig ff ffl !t '8 *~ ~ ffl 0 

[0026] 11]2A-2FfflAfl° AIOxf!!IjU~t¥t1JifS~ti-ffln 

1¥J~-~~z-•~~z~filll 0 fflT•~~~Z§l¥J, 

II] 2A-21,WU 71' A~ :g, 11-ictlfflJJ§ JC 1¥J =~ ti~ ictlffl ~ 

• 
0 ~BJlfii ~ z' 11]2A-2Ftpz•-wumtf::Hi~ttr!ifictlffl~ 

■z-@Affl•~~ 0 ~-oo••~cp•~&-~ey~r* 

~J~~llim•~~m~~*•n~e~*•n~~*• 
fflZS~~- 0 ~Dll:t , ~-@Jl'~-f§Ucp , r ~~ J ttr•eyt~{~~ 

~~ti: tEt ~ :EJ. Ez. /~~ti: ffl lit ff 111= l¥J * • ffl ~ ffl rfiJ 7" ~ rfiJ 

_tJIIHI{$ffl:ns"J{:E{oJ ~:@ 0 ~fJ.'E1tiiAIOxfif tJ fl{~~ t¥ 

t1~jUrJg1J 0 

[002111112A -wu 71' m n#trm 202 , !t cp :g, oo ffl ~ JC 1tt: 11-

2521* 1± ilff- ~Ji 2 2 0 J:: ~ ti ~ • fJ. 0 nt- 00 • nffi -WU tp ' ALO X 

2301*1±~@2201:~~~:EJ. 0 ~-@Jl'~-f§Ucp , :(£~~220 

WALO x 2 3 o Fai ~ ldt !Jo/.J M O nt-00 Jl' •-WU cp , $i.1t lm M 2 3 o 

1*:(:EALOX 2301: , :(:EALOX 230WSGS poly 240Fa,~f! 0 

ALOX 230Wilff-~1i220Faiz~:(:EALOX 230WSGS poly 240Fai 

z $i.1t lm 11-wg i1y m 1~ ™" ~ ~ ~~ ~ ~ 11-~ iW-@ 22 o ~ ~ s~ -
t.t e z ~ jU '1fn m 1¥J ~ iu 0 

[002s1 nt--@I Jl' •-wu cp , ~ ~Ji 1121 o '@, tt-~ :g, M ~ 

;,fq. 0 •-WU~ Z , ~~1i220ey f~1Jii1i571tiij(WSix) • :mg~~~ 

ls1i9 • :g, ls 1i571ti,i ( poly-tungsten silicide) • &/~;lt '8 ~ g 

9 
5 

Micron Ex. 1002, p. 192 
Micron v. YMTC 
IPR2024-00788



201606388 

~ ffl tt ;¥4 ° M'-®I JI liffi f§U tp , ~ ~l 2 2 0'EdJi El EB ~ r ~ ft , 
~~on~ W ~ §, ls ti>' 0 i.w: !Jlt ~, n ~ tt :¥31-~ 1§ El EB ffl r ;!t fl 1:!:t 

m ti tt 1n c ff m 1:tt m v=u) , rm P ~ tt ;fl-~ 1§ El EB mm ;1t m 1:tt m 
tlt1Effin(ffm~~ffl1i'D') 0 1i1-®'Jlliffif§tltp , SGS poly 240'e1t3 

pmlW~ §, irsti>' 0 ~~ §, }1252Z.}i:lt~ffl250{*:f:ESGS poly 

240_1:~£.I O Ji:ti::lfffl2501=1J'e1m*@~ftttf4(ffftl~D, ~1t~?!J) 

NJ~ ffl tt :¥4 C -WU tl□ , W ~ §, irs ti>') z. :5<: ffl Ji 0 

[0029] [112Bf§U 7G•n~7t~204 , ;!t tp ~IJJfjJrxffl 1J1®~ 

~ ffl Z - ~§,ti ffl O M'-@ Jl liffi ,WU tp , - ~§,ti ffl 2 6 Of* ff 

Ir~ f!i! tUffj m , Ir~ f!i! tu ffj m w i&! Ji :tt ::If e 2 so , w i&! s Gs 

poly 240, imi&l~1t¥tJ232, &~.AALOX 2301¥}1ffl □ 0 ALOX 

230o}flffjJrxtiffl260f!{;!:tfElttU1?lC.Ji O ff#~ALOX 230~M' 

SGS poly 240W i!i ~j 220 Fa~ , rm ~P ~□ 1-$ *ft 15" :it~ ii: M' SGS 

poly 240W. Ji:ti ::If ffl250Fai , it Jj~f-'. "i:iJ2t.N SGS~ lft*CJB 

:B- Z.20~ 40 ° lltfiflfa Jftc!x: .El 1*tt§ tift260®i@SGS poly Ji 

240S~N[f~ttg~~-¥1 ° lit)'} , ~~ ALOXJl~mmlli~;f'j 

220 s~ AL ox 23 oz~~ ti im itJ 2t .Elm lli ~ ~ 1¥1 tie 260 z 
Ni~ i¥ *ci so% , ;1t ™ ~em 1:tt ~ Jr fE i¥J fife m 0 

[oo3oJ ~□ n1 m Ji!~ Mt-~ 204 c:p ~ 7G , tie 260 or t!i! tu A 

ALOX 230.§. f? ltn1ALOX}i~~~rm::f~tUAiW-~220° n1-

®l '.If nffi -wu tp , tie 260 -ey ffi ~ t!i! tu WK ii rm t!i! tu A ALox 

230 ° ~□ lit , ALOX 230"i:iJfl;@fjrWJ~fUJitt.~~~(fffU~D , *CJ25Z. 

iui tt. ) m 1:tt ~ i!i! tu ~ ~ w rm ::f IL ~!i! A iW- ~i 2 2 o O M' ~ tut.1: 

e260.AALox 23oz. 1&c-wutl□ , n1~~tUWKffz 1&), lfitR:111 
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• 

~~ i:p &/~~ff i:p ~tl~ffl~1t • f.Iffl260i:iJfEtljU ;\ALOX 

2 3 o pg $ B'9 f± fiiJ 1:v: ti'. 0 ~□ 1~ m i® oo ::f ~ ft ffl 2 6 o,s;u 71' , tEtl jU 

A ALOX-a} tg BS! tU A f§ ~ ~ rn[ pg 153 Z ::f ~ fi ml pg 153 ~ ~ ~ 

~' .§..tE::f ~~rn[_t{fffl f§ ~~f!, -aJj!i!tU::f~.m.AALOX 0 

[0031] ffllm#1\~204-l:!1~71'~f!J1~~262 ° 11~~262 

~71'BS!tUMraitg@lilfflilAfiffl2608'9~jt 0 ~,WU i=i z , 1nrz 

~tUMFai, *§ALOX 230Z~~-a}@lj}ljJAtiffl260 ° fi 

a26oi:f=! 2-HiKJt~~~?Ftg~ftf ttffl26opg:g3~m~, s ~u 
~~mm~•~~•f!&Affi8'9~~ 0 

[0032] Ill 2c,WU 71' ffl lm#1\ rt~ 206 , ;it i:p ~ff~~ T fi ml 

260&~Rl:BiJ;fj220 ° tz□ fw"?x:g/tllJ2BZti~ , B!EtU•f!z 

:1c ~ EJ tg ~~ti ffl 2 6 o pg :g:3 z 71 ~ ~ :¥31- • & ti ffl ::f WI :1c iE: BS! 

'.§.pALOX 230¥LliJ;@j220 ° 1n-OOJfnffi-WUi:f=! , ~£!1§:ls~■ 

rzB!i!tUJltf!z 1&8'9iiB!i!tU~f!tJJt~~Ji2201t~ii~ 01n-

00Wnffi-WU cp , ALOX 230~~~tf5?FA~ALOX 0 1n Jit-'.Jf 

nffi ,WU cp , ~~□ ii BS! tU tx t,jtj , ~ tz□ HF ( i\ ~ !i f!i! jij) & BOE(~ 

--~~j!i!~,;tt~:lsffl1nj!i!~~-~---)'~~;@j~ 

~ ~:1:1g m ~~it ttf4 , tJ & tt ~ ii te it ;@j 220~1:!¾ r%'J mr ~ m 
'[~ 0 

[0033] fffflALOX 23011J=~HiKif,i;r4Ji1niJj~j220!MSGS 

poly 240Faitgf::IH#50:1 HFrn~~m'[~, &*~100:1 BOErn~ 

~m·[~ 0 JI:t:9'}, tt'5tSGS poly 240Z~Ali57&1~fdt~ 

232 , ALOX 230ijg~f:!¾ 10: l~B!i!tU~m'[~ 0 l=!Pfl~?Fie~ 

~J:t , ;f-§Jt~m•[~:f:lliJt ALOX 230ffij i=i ~~~ 0 1n-@l.'nffi 
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-WUi=f:l, ffl~r1sJ1mi.(-WU~D, 950-1100°Cial~l)*-~ls1tALOX~, 

o:rm r1sJALOX 230ZYi&~f!11tU~mt1~¥3-{tf O .ll:tf.i~ ~ 

1t oJ f:t ~*-I~ fi • 1'F :@Z & .~ m {~ ~ :9f- ~-g- '.Sf5l * , -WU ~D , • 

M~ALOX}if;f~fi:1¥J~lf9g~ft::ffBt~~Jg'Zm~B~ 0 

[0034] !iii 2D19U71'ffllinMtl~208 ' * i=p ~fj_[!:!] ~@7~~ Ji 

ffl ~ 1$ lb ~9 if!!l ~ f!I[ 0 ~ - {I '.If nffi ,WU i=p , ~ fj_ [!:!] ~@ 7 ALO X 

2 3 om m ~ # lb ~, Ii ~ :@ 0 ~ - fl If nffi -wu i=f:l , ~ fi ::f 1t fr 

ALO X JV pg g~ ffj fflG 1$ IJJ'~9 if!!l O ~ fj_ fr :g_ JV 2 5 2 pg g~ ffj fflG [!:!] g~ 

264 ° ~-{I Jf nffi-WU i=p , ~fifrALOX 23opgg~ffj fflG~{kAl¥J 

[!:!] g~ 0 [!:!] g~ -WU ~D oJ ff 1!11 tU • {'F ~ ± 0 ~ - fl If nffi -WU i=p , ffj 

fflG[!:!] g~264B{Jf!l1tHi {'FoJ ffe.S ffl PJ 13 HJl260M ~ALOX~~ 

¥lJ a{] t§ IA.)~ 1:!I[ fi ff , & ~:@ fi ff z ~ ii fjg ii:± [!:!] ffl3 ° 

[0035] li!l 2E,WU 71'ffi~#t!'m21 o, * i=p ~fifrfi252i=p ffj fflG 

#lb~9@270 ° ~* i=p ~fj_ ilfrALOX 230i=p~ fflG#lbMffi 

B{J - {~ If nl -WU i=p • ~ fj fr ALOX 23 0 ~ fflG JillI ~~ 1$ lb r~ if!!Ji 

212 ° #lbMffi270frfjd'F...t~r}J~g , lzsifffi@Jff!~-~tf1i3 

~ , #ivM~21o•{tm~iffi O !illl~#lbFJ¥9ffi272fu oJ@Jffl 

~-~mffi~•~·fi•~~~~~rsJ•~~~z••rm 
f=l oJ ~ ~ m fjg 'l:1 , {B jizJF PJ 1$ IJJ M Ii 2 7 o 1¥J t§ IA.) Ji.~~. 

{'FJJJfjg'l:1 • fr~ALOX 230jft::f1Q,ffl@]ff!~-~f¥~9ffi{i3 ~ 

~~-~-~-ffl~~~*BfflM~~ 0 

[0036] li!l 2F,WU 71'ffiiiMttt~212 , * i=p ~fi frfiffl i=p ~ fflG 

~ffl3m~ 0 3m~2so~7G~-~ffl~fflG~f1ffl260Z!?Hfil& 

1l1 g~ ( m ~ lliJI if!!Ji 1 2 o Z g~ ft ) _t B{J ;t.t ffl ( ~ 71' ~ _t Ii!! ) 0 ~ -
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oo•~-wuct=r • W~280,l;j*~~ffl(-WU~□ • ~1t!Jo/J)t:IM ' *@~ 

ffl~~~fflffl~·~Wffi~~-cp~w~ 0 cf:r~w~~ffl 

1*- ti§ ft~ 1m _t ~ - ~Rf~ ffl ( -Wtl ~□ ' j~ ~ PJ ~ 1 J\ la f_v: * 1 J \ W 

~ tU ~ ffl ~ :¥4 ~ ffl ~£1.1*-f)l) & mi~ pq t5B ~ - *-§ ~ ffl ~ - ;t.t 

ft O ~ ffl ~ fl tJi 2 2 o Ji ~ 1$ iJJ FE¥i tJi 2 7 o (&ft~ J=&: ~, ;fuli 2 7 2 ~ 

-fflfJ! cp z F~;fu1i212)~ J=&:~9£JmMl O ~□ Jtt , w~28ot1:1~ § 

1JJ;fu1i220:¥1$iJJ~ifJi21o~ffl~~*a O 1½'-00Jfnffi-WUct=r , ~ 

~ ~, tJi 2 7 2 i:iJ EE ~□ IEJ 1$ iJJ FE¥i ;fuli 2 7 o l3'j :t§ IEJ FE¥i fJi ~ m 1~ ~ Mi 

~ 0 ~□ Jtt, ALOX 272cpz_~g~~,;fu1i272"6Jc~~tff)Jfjj220:¥ 

mi~ 2 8 o l3'j ffl i1 i1 iJJ , * i:iJ c~ ~ Pfr ff ffl M z ffl ~ti:.~ 0 1;1-

00 Jf ~ M cf:r • ffl M ~ # Ri Z ~ E Ri ~ i:iJ ft ffi R ~ ~-M ...t 
.fJ. 0 

[003 7] [113 ffl ~~Al Ox~~~ Rf w ~ ffl t!rE {}Eil§ 1$ iJJ ~, ;fuli 

El'j-ft~fflM z -•~-wu~n~ 111 ° fflM300"i:iJffl Ill 1 z ~ 

Mtl00El'j-f9U, ~fflfflM#Kll~202 - 204 - 206 - 208 - 210, 

21213'j--wu O ~!¥.Im l=l z , •~3oom:1~1§~~~fflw~~ 

-~-~El'j~$~-~~~~~o~~~ft~$~~~# 

390 ° 

[0038J n1 - 00 Jf nffi -WU q:i , ffl M 300'e21ii ~ ;tj lit 312 & 

3 14 , * i:iJ ffl ~ ~ 2 2 oz - -WU 0 n~ -00 JI' :affi -WU cp , flffl fj 3 12 ffl 

WSix~* E~Ji~fl 0 1½'-00Jl'nffi-WU cp , flfft;fu1i314fflfifft;fu1i ~ 

~~fl ( ~ ~□ n~ ~ ~ ~ ~ ~) 0 iI ~ fglfllfft fj ML ~F &;, ~ ~ Jt~ 

M~fl·*-OOW•Mq:i•-~~fl~~-~~fli:iJ~ffl 

f)J;f'j Jit 0 
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[0039] ffln300'§,n5SGS poly }i340WiffiHi Fai ZALOX)i 

330 ° B~nf III cp ~*~;Em/)\ , {B ffl~300-a} '§f5;(£ALOX 

330WSGS poly 340Faiz~1t!lo/.JM O fjf-@!Jf~'IJUcp , ffl~ 

300'§ri5 ALOX 330W~tj Fai Z ~1t!lo/.J)i320 ° .ittm~1t!lo/.J)i 

(-aJffeS@~ , iu~□ ALOX 330ZWffl'.Z*~ 1/8¥ 1/20)-aJtf%.§.}J~jj 

11:: AL ox 3 3 o Q:!J ~fHt§ Fai PJ tm El~ Q:!J ~H1 ff¥ f1 R ~ ~ 0 1.if-@l 

Jf~iUcp • ALOX 330~Wffl'.-aJffeS{fj40-100** , &~1t!lo/.J 

320~Wffl'.-aJffeSffJ5** 0 ~-@!Jf~iUcp , SGS poly 340 

B~Wffl'.-aJ11S*~100-200** 0 

[0040] ~-@WBffiiUcp, ffln3o0'§fi~1t!lo/.J3sotJ~~­

Jiz:LtffffWSGs poly 340 , _§_1'£ffl~JG1tf::Fai'Elti~~-Ji 

3 7 0(~ ~D ~ 1t !lo/.]~ ffi 1t!lo/.J) 0 ~@I~~ ffiE Ji 3 60 Z W ffl'. ey ~ {fJ20 

**o~~•e••z-ftmcp,~~fflnJG~-aJ~~m 

f tl''R (WL ):g, J's 1i5' 3 60 , ti□ Iii! cp iu 71' • ~ ~ - ~lb~ tj & ~c ·m 
RffiJG O f ti(WL):g, idi5'360ZWffl'.-aJ~ff]30** 0 fflIBi3oo 

-ar~m~•~•~m~m~ff~R§z•& 0
~~~­

f)l , ffln3ooz fflnJG,ft~-mJif El 1~~312.¥&1&-m~ 

*I!tWN-aJ~~2000-3ooo** , ~K¥~w O 11t1i- , ~-@ 

•~iucp , fflIBi3ooey '§rt:g,@:tti!m~ , ~ El ~~:g,oo:tt 

JifM 0 

[0041 J ~Ill ~Mi Ill ¥UfflU~iU7"fflIBiJGftf::390~~~®ff~ 

111 , ~-oo•~iucp , ;1t1*~~nf[!:!J~@w~3socp O ittt® 

f~III • iU7"3mig[380, SGS poly 340, ALOX 330, &~1t!lo/.J 

32ot'f~:fr O ~tJ mnJGftf::39o~*~t~iffliQ-aJ~ ~nf~ Ji~ , 
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tz□ m n 3 o o cp M 7R O n1:-oo • 1;~ 1Ju cp , 1;1: m im 7G f4 M cp , ~ 

JI -aJ 'Edi tE 53-JI ffl ft Ji" 3 94 PJ ~F,ij l1t ~ ffl 1m 7C 14 W. ~ ti (WL) 

~~~360 ° n1:--@!JttiilliUcp , ®~9ft39218~®~380_§_ 

ffl~ mimJG 1439oz #mil fE¥i~ &JfflZJGtfi 14~1, 0 ffllm7C14 

3 90-ey 'Edi tE tt® ~ 9ft 392W. # mil fE¥i ~ 396 Fa~~ ffl ft~ 3 94 ° 

n1:- -@I • 1iill iu cp , m n 7G 14 3 9 o 'Edi m tEI ~#mil ~ ~Jj 3 9 6 & m 

ft~394~JfflZJG398 ° ALOX}i330-a} 'Ed,13--@] *19!5Ef.rl:~ ~ 

mm7C•~®~~m~~••m7C~~~·~*flff~m 

~ jj ~fl _§_ 7f ti ff Jf3Z ffl n1: ~. ~ • 1'!= 0 {B ffl: Im 7G 14 3 9 0 B1-J ¥.51: mil 

ma~~ fflJm3oo~t9i $ffltiE&ilti'~ 0 

[0042] 11] 4 ffi ffl J,,:,1_ 7fj ft\G A~ Al Ox~~~ JI~ ti J!1 tp ~ ® 

~ffllmZ :15$z-JttiilliUi¥Jmtfilll O 15$400-aJ PJ~£~ ffl 

Jm & ffllm~~B1-J:15t.!z-iu ' ~tz□m {P) [1]2A-2F • 1111 Z* 

MEIOO • &1-1113~ ffllm300 ° 15$400-a}ffl~i§J[ft~J,tfl 

mfi~fi 0 Ri§ffiffl~J,t@mfi,_§_:t£*9ft~~~~fi 

-$~~-fl~---~u~~fflrffllm 0 J,t@mfi-aJ'Edi 

m¥Jifr1:1:-m~~~•@•1toxfft - cMP - ~*u -Mr;ftt 

A • ~ x · Jt '8) B1-J I A O lf:t f_i a f!. ~i fi 'Edi tf5 l.A 1 T J,t fl s1-J ffl 

B~fi&■-IA&ffl.IA 0 J,t@mfirn-•~-@JJ,t@ 

• 1'1= Et mum n n□ tJ Et mu , ~ Et mum nm 'Edi 1E uI R ~ m & 1• 

JliX ft 1in ft~ iii tJ ~mu~ :rJJ • fl O ~ ~~ • m *~ m 1u ~ tR ~ tJ 

~-@]*~¥Jifi~®-~o~~@~•~-]J,__J,!@~ffl~-a} 

ffi1'!=.fJ.*ME O ffi T 15$4ooz § ~ , •1'1=191:ti!am!ffi rn r • 

@J~fi·~•@oom~~m•~ffi&rn•~~~m~• 
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f!.~Mt O 

[oo43J •f'-tt*•ffl¥ffl~tzow ~ 11_t ~pg IDJrx,-ffl 

~ Ji , 4 o 2 ° ~ fJ. tE ¥},ff{~ _t ID Jrx, ffl r ffl M O ¥},ff{ ;fujj m - • ffl , 

~•am•~~ffitEfflMJG#IDJrx,ffl~mtt 0 •~Jim~ 

ffl~■~fl·~--~~W~fl·~~ff 0 ~-00W~M 

cp , ~f-'.1:E1m~_t1nxffutir~1t¥,1J , 404 ° ~ffi~1t¥,IJ~ 

*@•ffl O ~fJ.ID Jrx,AlOx~tU-f¥ Jl:.~~.iJi , 406 ° AlOxJi~ 

¥1 ft tu R ~~tu~ fl= m 1~ JHi ti ' _§_ JI} HiK * ffl ~ f4 ° ~□ 

J1t , Al Ox Ji ~fg m {~ HiK~ ;f4 8-j £ n1 ;!t ft ~U ~ m '[:i 8-j ffl: ~ 5& 

*<~~D~xfi~) 0 

[oo44J •JJ. ttffl~tJ ;ttt::1:J:ct~m:-=rm:n~~~m fliij 

1lffl~~w m , 40s O -e1-@1fnm-WUcp , ~m~j;fu)nttffllf~lG 

#~~•*•fflcpffl~~$fflnJG#~M~ 0 -fJ.IDJrx,ffl 

lf~JG1tt: Jis-j-m• , 41 o O ~-@Wnm-wu cp , ~f!l!ttffllffi!ye 

M~;ttt::fflnJG#M 0 ~-00Wnm~cp,.f!l!~Jrx,ffln7C 

#Ji~~*•tt~Jlt 0 fflnJG#Mmffi~mJiM~•ffls-j 

~1t¥,IJ~fl:5t~ 0 

[oo4sJ ~-oo•~wu cp , ~JJ.ID Jrx,-U:ffl , ~~□ntr m 

mt lU ffi 4 ff tl:Lllru 7G Ji. ""f 15 B~ ¥},ff{ tJi • ffl Ji , 4 12 ° E131n Al Ox 

~ r%'J ~~m'ti&AlOx{tltt~m ~j;tj JiW.¥JJ.R~Jir~i Z {SL&[ 

Ml • t!fflM~1'9' ll:.ttAlOx}i _t~AlOx}i pg ffi~4iiffitJi~JL 

~¥W-tJi 0 

[oo46J 1n-@Wnm-WU$ , ~JJ.¥Jtf=r~mftlU~JJ.<~-=r­

•f!.);ttmm1~t1a~ R~f~m , 414 ° t!ffl~R~f~m1* 
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ffitt■mili•@~-~ffiWtt■§ili*•■®~•~-~ 

eyffi-~ 0 ffl•Mtt■•ffl~■¥-~m~*~ffl®~ffl 

■ffi~~•n~#~~~-~ 0 ~~·&W®tt■nmft 

m::1:i~■®~t~•n~1t:t±~tm0~.1;Jpg•1t O -JJ1-oow 

-~$•&W~tt■MmA~tt■~ffl~tt■~~~~­

ffl■~@~m¥Aalli•@~m~*IBW~ttM 0 ffl•m 

:(:EAlOx}i ® Q:!J t~ $ % ~ ~ g1)® ~ ~ ~ ~ FJ¥1 ~Ji ffl n1 WJS{t im m 

®&WM■~ffl~*~~~•tt■~~ffl 0 

[004 7] n1-@ Jr• ,WU$ , ~J!:(:EAlOx}iJ!fT Q:!JtUit tU 

ffij:(:EA10x}if%~-¥$1}Jfr;pj@, 416 ° ~1&, ~~);!ey~);!:f:E 
ffln~1tJiJ;JR.:(£AlOx}lf$®-~IJJ~@, 418 ° ~f_ley1,1t 

M-iffim••u~iffim~•@~•n~#~~Mmm•• 
:ct§fl} ' 420 ° m--@Jf :a~-WU $ ' ~lJJlfUI% ~mn~1t z 
~11-~M~, 422 ° 

[oo4sJ 111s~§t•*~z-••-wu®:n~111 , ~~§t• 

**fl$ , eyffilJ!A~ Al0x¥~~Jiz-:l:l:11$@iffimffl:~ 0 

* *fl s oo~ ;R * ~ lf:t ~ m jfil Er-J 1:1: 1ey • •-wu z §t • ~ ~ , w ey 

u~•~M•~--~M••·ooma•••~••~~ 
**fl· mHma • ~EP~ • JUEPa • n1I~t7J~~~ • ~!t 

Bfflr~oo: 0 *~soo'§:t§~J!as20, ~f.las2om1~**fl 

soo® ~£! • 1t~fglJ. • &t!§-%¥J11=r O ~1:1as2oey 'El.t§ff: 

1i:iJM53LlEr-J17&~J!a • $*~JJ.¥~(CPU) • ~J!~{j, • ~!t 

'8~3:!~■tJmf~**flsooEr-J~J! 0 ~J!as2o~tLl**flsoo 

z•••~·~eyu~~ey'El.M-~~ooeymEiffim~w 
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mff.&~:EJ.a - 15l1:v:1i3~~fJ.■(nsP) - "i:iJ~J!tu~iua -~~ 

~fflfflfflffl]m(ASIC), "i:iJn!IU~ffl-~fii(PLD)~~lf:t~~ui 

1¥1 t"3. -@;- 0 

[oo49J gc•tlfflr**lE53o~~*Mc5ooz:1J12,1:f-1m, m1# 

~ ffi ~ £J. a 5 2 o ¥Ji rr s-91~ ~ z ~ ~ m ~ ¥Ji :r=r-m ~ a'9 ~ *4 
11 z tu"~ ftr-f. 0 gc ·~er* *1E 5 3 o ey 'el, m-~ ~@ g2 ,~a~ 

Thi , ~~□ utt~~c'tlffl(ROM) - 'l9cM~2,mm - f33fH~f-i.lf;Zgc•m 

ffl(RAM)Z.-~~@1~1t ' ~~'8gc'tlffl~ui ' ~11:t~~ 

Thi B'9 tJ3.-@i- 0 gc ,mar* *1E 53oftr¥ _§_ ± M:11= ~* *1E cos)536 

~PJm1#fflJ,,j_1l~**1E500¥)ifj}~trl¥J-,xfflzp:ti O 11:t'.>7i-, ;lt 

'81~tr 538{* 13 gc•tlfflr * *1E530ftf¥-!M¥Jt1=r tJ m1~ * *1E 

5 oo Z ~ ffl El~ fJ. 0 11= ~ ~ *1E ( OS )5 3 6 El t~ tr 5 3 8{*tt ~ fJ. ■ 

520¥,ttfr O §c'tlfflr **lE53o'eJ,}f5'.gc•mm~fii532 , :f:E~'.gc•m 

ffl~fii532ftf-j.~f4 ' t~tr ' fi:it ' ~*'8:r:JJ § 0 ~-@]ff 

nffi-WU cp , §c'tlfilr **'1E'e1,tf5§c'tlfflf~tua534 , *F.J il~W 

~ ~ t~ tr Mr gc ,mm~ Thi 5 3 21¥1-§c ·mm~ iu ~ 0 ii iig ~~ gc ·m 

m ~ iu a 5 34 ey ffl ~ £J. ~ 5 201¥1 ff mrm 1lf: 0 

[ o o 5 o J ~ :EJ. a 5 2 o & g2 ,~ ffl r ~ *1E 5 3 o llili-@. ~ !ti t11 ~I: l@t 

ttr'Ll11:**1E5 Io O filim~I: s 1 o~@I M!~ij.I~ , ~ ~ 1±1 ~ '&;f1jj~ 

--~---&~~~-~~1¥Jff-@j~ff~@]~~ffffl 
111.tfrtf11:, illiID=t*l/Jrffi, &!~l~t-J-1~~*~ 0 ~11:t, ltit7E~l:510 

"i:iJ 'el,ti519U~D * *1E ltimE~I: , m j§*,§_ {tj:: li~(PCI)ltii,71:tjp , m 1-$ 

Ii]~ .I~ ffl ~~-(I SA) Iii t!rE ~I: , 1 J \ m! ffl §~ * *'1E 1r iii (SCSI) 

ltit7E~I:, illiffl $jU!timt~l:(USB), ~~~fflit& fflr .Ifj0ffi 
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~Wf(IEEE)f~~l394@fiJ1tJ~l:({t)-m 1 ~kJ9iJ )q:iz-~~~ 0 

III tt :!91: 5 1 oz~~ ~ im :!91: fu -aJ if-§~ 1!! ~~~fr iffi 5 5 o q:i z fr 

iffi 0 

[0051] * Mc 500-1:P, ~ t!- ~~-@I ffd A lffd te (1/O)fr ffii 

540, ~Jmfrffii550, -~~1)pgff~::k~m.fti¥~ii'.560, Ez. 

~~ ~ ~tl:i9F5 I0B"J ml ~fl'® 570 ° I/Ok 00 540-aJ ~t§-~ 

~ -@I fr ffii ff£ 14 , 1~ ffl ~ ~ ~ ~ ~ fr ffii ff£ 14 W * ffft 5 o o ?I I}] 

( iutm , ff&i m -if ~fl - &1~:x~fr~) 0 ~-@I Jrnffi iu q=i , 

1/Ofr 00 540-a} ~t!-~~~(HD)&7R~ • ;!t~1~ffd lB*-~­

~ ffl ~ 0 ~ ii jf-aJ 1l~L~ ff*~ 100 PPI( 4ij ot {ffl *) s{J {ffl * ~ g 

z-M7GM • £1. "i:iJ ~t§~tz□ ~HD(ffeutl□ • I 080p) • ff&=l~)ffl;M 

7RM , 4K(~~~jf~UHD)~;!tBf!A 0 ~~if fu "i:iJ1§~ 

ff W {ffl * M 7G M "i:iJ if-§ frl ~ B"J ff&i :fl fo jf z :r~ ~ & 7R M ( fJU 

tz□ , NJil!GAM7G~) 0 ~lmfr00550~1~~*fffc50o~~-~ 

~-@l~~WiliiltM~oo:(fJUtz□ , {EJ~~M • ;itB§t~~oo:)~~rll¥J 

~g 11 ° ~ Jm fr ffii 5 5 o "i:iJ ~ tf5 Z ::t ~ 1m ~ ~ M • ffllJv~ ?I ~ *fl 

{4 • wffl $9U~t7E:!9F(USB) • ~;!t'8J,,Jffti~1P,HIIH~ffi~ 

@ B"J ~~ff B"J fr 00 ° 

[0052] ftr¥~ii'. 560-aJ tJ~~"i:IT-'E1tf5 tJ ~Fft<mtl:1.iAft 

i¥::km.WflB"JffW~~-R·~~-~~11umtt-U~ 

t~ - ~tJJ't~~~~z~,1=, - ~;it*si=r 0 ftr¥~ii'.56o*ff 

1-t iii~ 1§ fi-~Wfl562 :lit t'f ti M:k t~ ( ~ r!P , {m'i ~ * fffE 5 o o s{J 11 

11 tj=I lffi {B ~ 100: fil ~ f:i W ) 0 ft ff~@: 5 6 0-a} ft *J'c ff&i ffl - 1 ~C. 

tie J , 1s ~c. ti a 5 3 o:t ~ ~ 1~ 1§ fi-*-k ~fJ. M 5 208"1 ¥Jifj ~c. '1:i 
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e~~1'l=~c•l:lffl O B~fnfr-¥Rmi560~1Ht<■ 'li. ' {B 530-aJ 

1Q. ti 1t< ■ 'Ii. §c ti ffl ( ZJt .t! P , tf * ME 5 o o 8"J ■ JJ r:p !ffi , fl U ~ f4 

zl5lfii~~7\fm~~ffDE) 0 

[ o o s 31 m1 ~ 1r oo s 1 o -aJ 1e1Jt rw :x * !jey 3 um l?dt~ 11: fi:iJ li£ e 
fr 00 ° ml~Rmift 1t1*r~ 13ft 1Hfmjf¥ *ME500El'jR& 0 13ft Jffi 

~*'a~*Mtsoo;(:E~...t¥J\ff~1'l=, &-ftffl ~~~Ii.l1JEl'j$X 

ffl ZJS 'El' & I~ li£ R ZJS 'El' 0 

[oo54]~-00'l'nmf9Ur:p, §c'l:lfflr**fE53o(f9U~□, §c'l:I 

ft R mi 5 3 2) &IEJx * *fE s oo z ;tt '8 *fl. ft~ m ~ fflG ~ :1:t ~■Im 

8"J JC ft ' ~ :l:t ~ ffl M 1! ~ ~ ffl ft ffi if~~ 1:E Al Oxft ~Uf9 Jl:. if 

~~ Jff ...t O ff 1±1 ~ fflG ■ Im JC ft 1~Hi 00: Jff , * *fc 5 oo z li£ R *fl ft 

i:iJ tE tt 1-5 *fE i:iJ tg 8"J ~ ~ 00 f.i JJ~> J \ 8"J ® t& 00 f.i ...t R :E.W. 0 ~ R 

wm•~oo:1:t•■MJC~~~••~~¥-~W~~• 0 

AlOx}it]lf~■:i:t:'ll!fflM~~ [A]~~~ jj~f,w~g ~-~fJ! 

[0055] lll6~frlb~miz-'l'nfilf9U~n:tmlll ' n1~fflb 

Rmi r:p , i:iJff:£.W.~~ AlOxif ~~Ji z-:l:t:'11! r:p ~Wffi■M 0 

Rmi600~1G1Tlv~t-~mi, ~~□tt•zist& - 1=rmv■itEJx~ 

-~-~--•■rM■ffl-~M~tt-~mi-EJx~Bfi 

lbRmi 0 fflmm¥®@~~-~■1G·~~~ffl&mi~~ 

[0056] Rmi600~1i~~ffl610, ~~ffl6I0¥J\1=r~mi600 

B{J ±: ~ ~ :E! ~ 11= 0 ~ :E! ff 61 o ey ~ 15- EJx ~ 00 Jr R ~ mi , ~ 

~□ vi&~ :f! ff - ff! m ~ :f! ff - vi& t.?;g tu ff - -a:r m 1u ~ m ~ mi -
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wZ~'f::~fJ.~ii: 0 EE~f-'.M610~1:S:8'9~f-'.f%!{t'e1tc5{t~zis: 

i:i wZ {t ~ * *!t El'9 ~ 1:S: , 1i~ ~ ...t ~ 1:S: ff! ffl fi ~ .&./ wZ ~ mi )jJ 

wg O ~ fJ. f%! {t 'E1 tc5 W 1£ ffl A El'9 ffu A lfff!H:fj (I/ o )f§ M f%! ft , m 
iW-~ fJ. El'9 f§ !HJ f%! {t ' & lwZ ~ ii: 6 0 0 ~Mi~~ '8 ~ ii: El'9 f§ !HJ 

ti {t O ~ fJ. ti {t i:!1 "i:iJ f%! ft if gft 1/ 0 & !wZ mi 7G I/ 0 El'9 f§ !HJ f%! {t 0 

[0057] 1i~-@'.Jf~-WU cp , ~ii:600§:tf5if gJl=f **J'f 620 , 

~ ~ 7G fl 1~ if g,A JJJ tg *-~ §t ~ ~ ii: fEI !HJ ~~ El'9 fill! ffl *fl 14 ( f§U 

~□ , ~ gft fill! ffl & ~ g,A ffl Im) & ~ ffl *fl 14 (-WU~□ , ,11Hl}J fj 5:t , kl 

li' ~~1Hi, ff) 0 if m :CjJ tg "i:iJ ~ ti m § ff lsUwZ If: IUtu te ' tJ & ~ 

:5'lJi1MA O .litf.imtgz~ii:"i:iJ~-@j-A~ii:600, wZ"i:iJ~*-~~ 

~ii:600 ° 1i~-@'Jf~fJUcp , -1£ffl:g-ffHI1~EE~fJ.M610 

~ ®: 8'9 & ~ f-'.13'9 if gft t§ % fm w ~ ii: 6001f i}J 0 

[0058] mi7"r **Jc630~7f\ff-~-1£ffl ~fl~jjjj,i:mi7f\& 

lwZ Ml 1' mi 7f\ fm W ~t ~~fl 1f iJJ 8'9 lill! ffl tJ3. f 4 ( f§U ~□ , mi 7f\ ~ii:) 

&lJ.:ffl*J3. 14(-f§U~D , JliiJJfi~) 0 D7f\r *Mt63o~:tf5D7f\fr 

00632, ~1'1:tf5 ffl tJ*-€i-1£ffl ~flf~-■7GB~~'.AEfit¥wZlill! 

ffl~ii: 0 )¼'-@Jf nffif§U cp ' D7f\fr @632~mW~f.lff610 

~~1¥J■ffl~~fiW~D7f\fflMl¥J~~~~~f.1°J¼'-ffi 

Jf~f§Ucp, mi7"r**'1t630~tf5flf~ffdtB&ffdA~~~-{£ 

ffl ~B~MIJ~fit¥~ii: 0 J¼'-@Jf ~f§U cp , D7f\r **J'f 6301'1 

fcSm{~fftltB*-~-1£ffl ~13'9 ~iiff(HD)mi7GM O ~-ff"i:iJt§ 

~1§¥3100 PPI(ent{t*)El'9ft*~ JJrZ-D7f\M ' £L "i:iJ ~ 

:fs~~D~HD(f§U~D , 1080p), ff~~~mi7f\ff , 4K(~~-ff 

~UHD)~~Bf~A O ~-Wi:!11:iJt§~1§W{t*E7f\ff "i:iJf§ 
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frl ~ 13'-J ff~ 11 iPQ ~ z t!si'. ~ m 7G ~ ( f§U ~□ , NJ[ Jx ~ m 7G ~) 0 

[0059] 1/O~tu ~640~;7G fM-~m ~ R lht~HUl e"J~ffl 

~mL&txffl*.E!.{ti: 0 I/O~ifiLl~640i:iJfi{"J=tJ.g~IJifffl, ~~ 

fflJitotff mr *Mt620,&/~E7Gr *ME630Z i~{tj:: 0 ll:t:9} , 

11O~ iu ~ 64of§u 7G ~ *B :¥*ti: 600 e"J ~ 1t * ti: z -~ *-a 
~·-~ffi~®~~~~~i:iJfM*MElilh 0 $MAz,i:iJ 

~tm:¥~ti:6ooe"J*ti:PJ 'EJ.tf:5~52:M*ME, ffl§~gl(;ftffl§ 

* *ft - W!fl m * *ft g\(; * '8117G * 1fl - •fig\(; 11c=t,} m fi ~ ui -

~ ffl tit~~ ff! ffl 13"1 * 12 II O ~@ , ~ ~□ -¥" Jt ~- ]f;Z ~ ~ * '8 ~ 

ti: 0 

[00601 ~□~mt , vo~iu ~64oi:iJ ¥Mff mr * *ft620&1~ 

■1Gr**ft6301I1n ° •,wu A z, *~El3~52:M~*t::ffm~ 

ti: ff.J A i:iJ ti 1~ la A~ it f-1~ti:60013"1-~ ~ 00 ff! ffl li ~ ~ 

~~zm% 0 ~~·•~~~7■7GMlliz~•i:iTmm1r 

mMlli 0 ~~-@-~M$·~E7Gr*ME'EJ.~■~m¥, 

~rJ E7G~ii:fu i:iJ {"J=ffiM A~ii: , * i:iJ El311o~tLl ~640:¥ :P 

i~ :5t 1g £J. 0 :t:E ~ ii: 6 o o J: fu ey ~ ~ 1t mm~ !ffl g tJ m 1~ El3 

1/O~ifiLl ~640g£J.e"JI/O~fig 0 

[0061] ~-@Jftiti!f§Ll$ , I/O~tLl~640fg:E_l~oo':, ~~□ 

11□ 3! ~ gf , fl~HI - ~ :*-: ~ ~ ;tt 12 ffi m ~ jU ~ - ~'E ~ ii - ~ 

~JE{{I**ft(GPS), ~PJB'tE~~fil600pge"J*'8~ffl O M 

Ai:iJS~m~m~lilh$~•U&m~•m•A~*MEU 

~-;ttti{'F(~~D ' ~ill~m ' IDWJ~ffiM'-%~:t§1jUzl!7G , 

*~ tEI fl tifil 11□ oo nJfl , ~ * '8 ¥-t ·r~ 1ti:) 0 M'--@ • tifil iu $ , ~ 
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~ 600~ t5ffl ~~!J. 650 , ffl iJJ.¥-~!J. 650~:EJ. fflng ffl jJ 1¥]~ 

m•••~1¥J%ffl,&Wffl•~1¥Jffigff• 0 

[0062J gc•f:lfflr * *1t660'E1.ts m tJ ftr-¥~w=t15~~• 600 

c=p ~ gc •f:l ffl ~ Li: 6 6 2 ° gc •f:l ffl r * *ft 6 6 o oJ 'El. t§ 11= ft< ffl ti ( gc 

·~ e ~ ■ B"J • 11 c=p ffi ~ Mt ft~~ 2~ ~) & 1~ ft<•·~ (gc •f:l e • 

ti: 1¥1 • 1J c=p ffi B~ Mt ft~~ 5E) gc •f:l ffl ~ Li: 0 gc 'ti ffl 6 6 o oJ ft r-¥ 

~m~~~~-~m~~~-~~-~h-~~-~;!tB 

~ ;f4 - t) & * *i 6 o oz~ ffl fi ~ & JJJ ff§ ¥Jt ff ;f-§ llffl * ME~ ;f4 

( • ~ ffi ffeJt§ ~ ~ M) 0 ~ - @ 'fl 1@ 1JU c=p , gc 'ti ffl r * ME 6 6 o 

'El.riigc'tifflmrM ~664(;!t-tg oJW~ffi **ft6oozmiu~Bf4 , oJ 

ngma~ n,,m~!J.H610~~14) 0 gc•timmiu H664~1§-~~ 

fiHtJil:~&~~t~-f:i-~gc'~ffl-■662 ° 

[0063] ~~·[1670'El.t!uJ!ffl~■ (-WUtz□ , •*l&1~1f ~ 

~ ~ ~ & ~ ~A uJ! ffl) & :,;: ffl *J3. f 4 ( 1JU tl□ , .~ lb fi ~ -ta 5E :tl !If) 

tJ1J!~■6oon§Wjf.~~-■~~A O jf.~B~■ oJffl:5tlffl~■ , 
H~;!tBtt•a■ ---r-¥~~~£~~,~&~•-■ 

Htl□il[~~-■ , JUEPH, ~;!t'8•■ 0 

[0064]~~•[1670oJ~t!?J,@~[A]~mlB~~~•[1 ° ~~ 

J::::I z , •■6001JU;,r-1!r ;J\~~~~·~672&1P.Hl~~•[i674 ° 

1J\ ~~~~tl:672::k¥.i1*-t~ EE •*t~rBltfH~1¥J1J\ ~~~Im 

~~•[1 ' ~tl□ ~~~~frib®~A*ME(GSM)~~1-t~ffl 

~ , IU~?}fi':TI~Jf3Z(CDMA)~~1t1JJGrn~ - ,t~?J, I(TDM) 

~~1t~f8~ 'ffeJmri~(LTE' Xffi4G)' ~;!t'81J\~~iji 

tiffl~ 0 •tt~~·[16741*-t~~l=J11j\~~1¥J-tt~~·11' .§. 
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oJ'EJJ5@1Ai&t~~lm(Witz□~3f), ]&t~~lm(Witz□ WiFi), & 

/gltl:!~~lm(~tz□ WiMax) , ~*EffiH~miitt O ~*~miittf* 

m~~~fflfflm•M~~fflR~~~~-■---~ 0 ~ 

*~miitt*i El3 ~~ifilm•■~~ 0 

[oo6sJ m1 ~~ti68,o'EJJtnJ!■fr oo &~ti~ , r.J&txm 

*H {tJ: ( f§U tz□ , .~IUW1 fi ~ • t1% 5E !f !ii) t.J {ti)! ml ~~ti O JJHI ~~ ~ 

w:6ooey r.J~*Egtn~ii:139 ml~~w:C:¥682), r.J&~~ ml 

jf~@i(§ 684)~ti*J:~~ 0 ~ji'.600m, ~~- r Wti J 31 

ti~tJ31ti:¥*'2gt•~uiffl~WitzD~£J!(f§Utzo , T~&/ 

~ J: • , c!z ~ , fAJ tv ft)~ ii: 6 o o J: ~ 179 ff~ z § 139 ° ll:t >1'1-- , 

™~~fi~gf"i5J~fii600~~:¥~® JWJ~~ui • gf "i5J~ii: 

6ootA!tU 179 ga tB , f§U~oa tB :¥~~ ~ *lEElJG* 12~ *lE 0 

[0066] ~ 7 $ ~ ~ * ~ * ~ ~ * 12 $ ~ ~ * 1iJ! ffl Z 

>'i--, ~!i'.6ooey~~m m 139~t.Jtl$~~~139~ti~ftl)!mJ ~ 

31~680 ° m, J~Jffiml"i5J ~ttifilffl $9Uliiifrt~F(USB)31*~(* 

"i5J 'Eli t5 :g, fl~ fAJ 1iJ! ffl fr~ 00 cp z ff - ~) , ~ /J\ fl'/! 'Eli ts~ {fn ~ 

/J\t-'¥(MDP), ~-~~P~fflfrffij(HDMI), 1<*~, ~*E~ 

[0067] ~-f[IDji':fjf!!f§Utp • gc'l:lfflr*ME660({9Utz□ • gc'l:I 

ffl ~ ii: 662) & !EJJG ~ ii: 600 Z * 12 tH {tj: 'Eli tt * ~ f&, m ~ ~ ~ 
iffl: ifil 3!! ~ ~tg ft Al Ox isi ~U {? le Ji J: ~ !f !If ffl Im Z JC f tj: 0 ~ M~ 

ffl le~ JC {tJ: M f&, ~ fil Nr JI- , * ME so oz~ ffl *H {tJ: "i5J ft tt 1.$ ME "i5J 

tg 139 ~ t& 00 fft~> J \ 139 ® t& 00 fl J: ffl fj! 0 ~ ffl ifil ~ ~· §, {[ID !f 

!If ffl Im JC {tj: tg i'iiJ ffl ~~*~:¥-;it ifil ~lW{ ~j Ji O Al Ox}i ff {;!=t ~ 
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*~-~ffi~~-~--~-~~~--~-- 0 

[oo6sJ 1J~-ffl1m 1AJ cp , -~•~~ffl!'ELfiS = -~ m~2·tt 

■ffix~•-·-~••z~JW-§,t5-~--ffi~--: 

~§ 1.m. ~ JW gc ti ft ffi ~ ~ ~. B~ -1& Ff'fli •• ~ a'1i W ( SGS 

poly)};- , .SGS poly)tf ffl t)Jit-~ J;-~!il!ft~~~gcti-ft 

ffixmm-M~••~M:-•••~mmu~~~•• 
~~~mmmm~-~mz-~~••;&fr~~~mw 
~SGS polyJ;-Faiz-~{ti§(Al0x)}tf • ~AlOxJ;-mf#-fsi 

~Uf,9'JlJ;-tJ5tlm~SGS polyJ;-W~S~J;-, ~cp~Al0x)l-

mm~b~--tt&~b~--ttm~ • ~cp-~m~~ 
msi~-~ J;-gc'tl■BBlx~•■&gsos poly}tf , ~ 1¥ J1m­

gA1ox}tffm~~~ffteg1&~Jtf • &~cp-•••fi:M~f!b 

~U fsi ~U B~ ~ gc ti■ ffi X tp Z F~ ~Ji ti~ & ~ ~U ~ Al Ox};- fm ~ 

& te B~ ilJ ~Ji JW 0 

[0069] m--@Jfnm-WU tp , gsGS poly}i'§ -a--p~~~ 

~~W 0 ~-fflJfnm~cp,gS~Jtf'§MW~•-•~~ 

m~~w-~~~w~•cpz-~~~o~-ffl•nm~cp, 

~-~Ji}tf'§ -a--n~~~ ~~Ii:$' 0 1J1-11Jf nm19U tp , ~Al Ox 

m~-~'§-a-:~•M~••~M••z-~~M~mu 

mm~g~~m~-~-~•-ffix~--~-~o~­
fflWnm~cp,g®m'§-a-~~®~~~m~••z-cp~ 

®m•~cp~®m'§ttSffi•-®m@•■~••~Mum 

f#•~~ti-~~~~2tl■ffixZFf'fli~ ; ;ttcp~AI0xJ;-~ 

~M~mm~-~~-~-cp~~m~•~ 0 ~-@Jfnm 
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,WUcp • iffi-~'el.B': :f:EgAJOxMW~tSGS polyMFa,z-~ 

{t~ M O 1l~--®l '.l'.Bffi'WU tp , iffi-~'el. -fr : tE~tAIOxRf wg 

•@mra,z-~1t~m 0 

[0070] 1f~--®100 f"PJ tp , -fi■rRfi:'El.:t!: - -*-1Hl~ 

Effi■R•m~•ff•fl·gEffi■Rfi:'El.m=-~m~ 

Mfflffi:TC*~•·g*~•z~m~m-~••ffi:TCR 

fi:;fflEg~m~ffifflffi~*•■~-SM~m~AW 

(SGS poly)Rf , gsGS poly Rf ffl PJ.*-~~t~ Ri*~fflB~g~~c 

ffifflffi:TCm~-~@~m~•:-8ffl.@Riffl~~g* 

~a~g~mm~m~-w~z-•@8ffl:&:f:Eg•@ 

JI-W~SGS polyRfFa~Z-~{tj§(AlOx)J;- , gAIOxRf111~ 

-f!ktU{? ll::.M t) n-lffl•~sGS poly J;-Wgy)j~j Rf , ~ tp~ 

AlOxlffm1~~!ElltU~m·l1:&ti!ElltU~m·[1:~~ ' ~tp-~ 

~m!ktU!!k~g~ M~c•f:ifflijfilJ"C*•ffl&gSGS poly Rf , .§. 

1¥ ll::.1i~. Al Ox Rf ffiJ ::f 1N ~ ff tl:r. 1~@M ' & ~ tp - ~ m '~ 

Fffli@m!E tU BER tU ~t ~ ~c 'frl ffl ijfil 7C tp Z ~@~I~ & !!l! tU. Al Ox 

Jiifm~Rte••@m:~~-~-~-~~~£~ftff~ 

gEffifflR•q=rz•ftrm~~-■~•00° 

[0071]~--®l-nffi:,WUtp , §tSGS polyM~-fr-p~-~ 

~AW 0 ~-@••~tp•••@m-e1mw~•-•~• 

H~AW·~~AW~&q=rz-~~~ 0 ~-M••~c:p, 

~1lffi~")Rf~-fr-n~-m~AW O ~-@Jrnffi,WUtp, gAIOx 

mii-~~-fr=rngM@~m1~•~~z-#~~@m~ 
m~~g•@m~~~m~•n~lC*••~•m·~-
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m•*~cp,g~m~~~~~~g~m~~ez-cp~ 

nm•~cp~am~mffi~-~m~~e~~ffl~R~m 

1:!¾ffl~~t.tfli~-~~cffifflHfillCZ~,~j : *cpgA1oxm1$ 

~~@m~~g•@M¥ncp~am~ffl~ 0 ~-fflW~ 

-tJUcp, g§c'~ft-[i:~-~~~: ;-{:EgtAlOx}ffl-~gSGS poly 

MMz-•~~M 0 ~-fflW*OOcp,gEffiffl•1i:~­

~'EI,~ : 1:E~AIOxMW~1mt~lMF1=1iz-a1t~M 0 

[0072]:af-ffliffirAJcp , -t_iffi~ID~~~-AlOx~~.i 

Mz-*•ffl~z~~'el,m=~~-~mEttfflHfillC*• 

e••*•ez~m'§,m-EmfflffilC••:ffl••~• 

~c•~fflffilC*•fflID~-1mt~,~~~~16(SGS poly)]ffl-, g 

SGS polyM ffi PJ~g ~ M*!!fflB")g~§c'~ftffilCm1:!¾­

~~~~1B ~; ;-{:E-*~ffl~ftLID~-~ffl-@M ffi ~ 

~g*~e~n~Mm~m~-nmz-•~~e:&tE 

g¥ffi{~Ji MWg SGS poly M F1=1i ID ~--1tj§(AlOx)M , g 

AIOxMm1:!¾-i9!tU{? ll::M PJ5t ~ gsGS poly Jffl-Wg11ff{~Ji 

M • * cpgAIOxMm1:!¾~isitU~mti&¥iisitU~m·l1 i® 

~•*cp-amn~n~g~mEffifflffilC*•e&g 

SGS poly}ffl- , .§. {?ll::nfgA1OxMffiFfwr4fflll:Bg¥1fft@M ' 

&*cp-~•tt~~n~n~g~Effiffl~lCcpz~~m 

l~&ntUgAIOxM fffi 4Ste~t¥1fftfj M 0 

[0073]~-fflW*-WUcp, ID~gsGS poly]ffl-'EI,~ID~­

P~mft~~~ 0 ~-fflW~OOcp, m~g-@Ji'EI,~ID~ 

-•@m*'el,m~~••mMm•~~~-~~~10~• 
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$z-~~~ 0 ~-oo-~m$•Mm•5~M~~M~ 
-nml~~~~~ 0 1.i1-,@].~f§U$, Mm~AlOx}iil§-& 

~~=mm-~~~~murn•~~~•1~•~~umm 
~g-@Ji~g~M~ffifflffix*9ffl~■~ 0 ~-oo• 

~m$•Mm~~a~•~m*••z-$~®~•g$ 

~am~m••-nm@•■~••~~u~*••~• 

flH~Bi~~ctiffljffgxz~i@ ; ;!=t$~AlOxM~~M~mf~ 

~--@Ji~g$~Dm~■ffl 0 ~-m•Em$•~­

tt-~ ~tt~iAIOxMW•SGS polyJiFl3iMm-~1tlmJi O 1n 

-OO'.l'nm.WU$ , il§-3'5-~~:t±tiA10xJiWBi5:tElJiFl3iMm 
-~{t!f'o/.JJi 0 

[0014J 1,1-moo~ $,-fl~~ ~~pg~R:r.¥~;t=t...tz 

-■~ey■~R:r.¥•■zR~~~,;t=t~~fi~~--~ 

ffltJMm~~-AlOx~~.iMZ*9ffl~ • ~:J=§: ~±.-~ 

Ji~fflfflffix*9ffl·-*9fflz~Ji~M-~fflffljffgx 

=•:m•g~Ji~S■fflx*9■Mm-•M~-~~ 

1i)'(SGS poly)Ji , .SGS poly Ji ffl PJ*-~~i~ Ji*jffflB~-~ 

~ffifflffixmm-Mffim•~•::t±-*8■¥■...tmm 

-•••~Mmu~g*•■®g~Mmmm~-amz 

-iBlt!!~8ffl ; &tt~i~~JiW~isGs polyJiFsiMm-fdt 

~ (Al Ox) Ji • g Al Ox Jim 1~ - f:li jtl 1? it Ji tJ 5t Im g SGS 

poly}i!Afgi~tElM • ~$gAIOxJim1~~~iUa.,[~&ii 

~~••tt~~•;t=t$-Dffl~~ti~g~9~fflfflffix 

*•■&gSGS poly Ji • _§_ {? ltn1~Al0x}iffjj:fl?f~fftfj 
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-~59·&~r:p-••tt~5b~b~-~Efflfflffix 
r:p Z ~i~:fil~&m91~UgA1Ox9fffi ~l'lteniJ.Wtf!!)JI- 0 

[0075]n1-@!Jf:affif§Ur:p, ffln~%~gsas poly9Z~3 

~~ffl~%m-pffi~&~A~z~3°~-oo•nffi~r:p, 

m~~m••~•z~ff~~m~%m-•~•z~~· 
--~-~m~~~-m~W-~A~-~~A~~~$ 

z-~~~ 0 *-®1••~$·ffl*%m••~•z~3 
~~ffl~%m-nffiW&~A~z~3°~-@Jf:affi~$• 

ffl~ffimgAlOxMZ~~ii-&~~: ffl~%~-1$ib~ 

fjfflurn•~~~•fg~~~um~§n•~•~•~m 

~fflfflffix*••~•~z~ffo*-@Jf:affi~t:p•ffl~ 

%m~~®~•~•*••z-r:p~@mz~3•~r:p~ 

®ffl~mffl~-~m~~•~~-~~um~•~~:fi~ 
*€i-~§c'l:lfflffixz~i;tj ; ~$-AlOx}ii;,$i)J~,~m1:!t § 

--~-~-$~~m~•~o~-@Jf:affi~$•~-& 
~~ ffl:[;1:(£.AlOxJiWnsas polyJiiF1=1~%m-fdtto/.JJiz 

~ ~ 0 1,1-@Jf :[;ffif§U r:p , ii-&~~ ffl ~:(£-AlOxRf W• 

ffi;tj M F1=1~ % m-tdl:: to/.J M z ~ ~ 0 

[0076] 1,1-@100 [A]$ • -~ffl~%m~~-AlOx~~~ 

Mz*••nz~s~M:ffl~£~-~Jii£fflfflffix* 

••z•~·•*••z~•~m-EMfflffix•a:m 

~m•n~mEffl■ffix*•■%m-•~••~A~ 

(SGS poly)MZM14 , nsas polyM ffl J;)J€i-~ li*••~ 
-·~-•~xm~-~~--~-;ffi~:t±-*••~ 
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fflLIDm-~CS@MfflLl~•*•e~-~;;mmm~ 
-@ m z-1mt ~i • n z • ft : & m ~ 1:t ~ 1mt ~ 11 w ~ s Gs 

poly JI F1=1i ~ m - ~ 1-t jg ( Al Ox) }I- Z tffi {4: • ~t Al OxM mm -
~~Uf¥ ll:.Ji P.J.:B-lffl~SGS polyJIW~t1mt@JI • ~ cp ~Al Ox 

;;m~~ti~••tt&~ti~~•tt~~·~cr-@mti 
~UIER'.§F. ~ M~c'l:iffl!rfillG*:liffl&~ SGS poly Ji- • Ji{,~ ii:. 

~~Al Ox}! ffij ::f ff 4 ii l±\ ~¥mt@ JI ' & ~ cp - ~. '11: ~ ffi 

IER tU ii ~U ~ ~ ~c 'ti ii Hfil 7G cp Z r~i ~j !t I~ & e!I! tU. Al Ox}! rm 
4 Ii tfj ~ 11Et ~) Ji- 0 

[0077] ~-@1Jfamf9Ui:p, ffl*IDm~SGS polyJlza{t 

~~ffl*IDm-pffi•M~A~za# 0 *-00W•~cp, 

m*IDm~•ffi11za#~-@;-ffl*IDm-sffi•za#• 
~•~;;~m~~•~mm••~A~-~~A~~•i:p 

z-~~~ 0 *-00W-~cp•ffl*IDm•~@Mza# 

~~ffl*IDm-nffi••~A~za# 0 *-00W-~$• 
fflJ½-IDm~AlOx}!Zfffi{til§-~~-@;- : fflnfIDm-1$f}]F~i 

~murn~M~~•1~~•~umm~•~~;;~~~;; 

~-ffl!rfillG~-e~•fflza# 0 *-00•-~cr•m~ 
m~~~@~~~;;~•ez-i:p~@mza#•~cr~ 

@m~m•a-@m@an~••ttMumm•~~~• 
*~~~~c'l:ift~BJlGZ~,~ ; ~cp~tAlOx}liff}JFqij~~{~ ~ 

~-~;;~~cp~@m~fflffi 0 *-00W•OO$•il§-~ 
~~ ffl nftE~AlOxJIW~SGS polyJIFJJID~-~1t~JIZ 
aft O :af-00Wamf9Ui:p , il§-:;y~-@;-fflnftE~AlOxJIW~ 
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¥lm~li-Fsi~r&i-~1t¥1.Jfi-Z~{t 0 

[ 0 0 7 8] ltt ~ -WU 7j\ z rfrE fi Iii! 11! {~ :g. ;§ tu~ iJJ {'I= z II~ ff O tlE 

~liilmm/]\•~•~w•m~~a~•~·~&•■• 

{'I= 0 nt - @ • flfil f§U i:p , mt fi Iii! ey f§tl 7R 1§ ~.& #* riJ ■ (F SM)~#* 

lt~ , ~FsMmntij!ft&/~fx■ftlj[ 0 B~1*J;)~5EffJU~ 

II~ ff~ 7G , 1B ~ JF g fT ~ ~ ~ ~U iv 1'1= II~ ff ey t-fil ~ 2!x: 0 ~D 11:t , 

~••~/i'•~~•w•-~•&nd:EJ.m~~~mrf~ 
f:S: , & 1§ !E9 liJ {'I= i5J :illi JU ~ f:S: 0 Jlt :$7'1- , nt ~fl• nfil -WU i:p ey flHIJ 

~-~~ffliv~·:illi#•oo•E~W~*~$ib~ 0 ~B 
~:EJ.1J1Efi~■ mfm 0 

[0019J ~ittdWimt~:g.m•11=~:tJJfi!gzfi~, ~m=rJtm 

mt~:W-5E1%~1fflli!® - 1!§fi- - tJ3.lt~ - &!~-~ 0 pg ~ey~~ 

~ff( r § El':/ J ~:ct~ r m¥AfT J ~~) - *ilmli!§ - ~~~li!§ 

coli!®~ :rm J=, ~,I) 0 JJ:t d Wi mt 13-9 • vffi -Wtl z ,x a pg ~ m ~ ~ 1§ n 
pg~ftff~LZ-~~~~m~,~~~-W-~ffl*® 

~~~-~ffl*®~~-flz-~~m~ 0 ■am•~· 

ff•■m~~--~fiffiWimtEl':J:tJJ~~-W·~~~~­

ac-wu~o, it~•• -~r**;Jc~)mffif;;i~~•ff•~rte"Jff: 
foJ ■ tu , ~~□ mM<~1;JF mM<~•ec-wu~o , ltl~1i2,1:1 ■ 

(ROM)' ~-ff~§tH:l■(RAM) ' ntHlftfffrl■ ' *~~ 
ff•■ -~oo~•-··~) 0 -~ffl*®~m*~1=§-• 

---:J'c~~i:p~ff-ffEl':Jff~-~·ffl~~ffl~53-• 

ti:El':J•■ , ~~oi2tt■ 0t1fiE~F* 00 • ~lJ.Mltlmt~F* 00 -
~-~~~~-~J=,~~-~o~fflft@mffi~~mn• 
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15£ Ez. 1~ ~ ~ m ~ *a !a tJ *•~mi~* oo ~ 1~ m mt~ ,x ■ 

~~z-~~f8~ 0 IBi~fr'OOm~~~~~~IBimfr'OO~ 
-E11<: ~ oo ti§ fr~ 1i3 ~ ® rJ_rr-r lfi 0 

[00801 !l:t~m ~z~fita 14 m tJ~m tJ ¥Ji fr J5Jrfea ~~ 

~1t~r.JJimzm1ti: 0 !l:t~m~z~@l*a 14'El.:ri5~• -~• -

~ft~fflft 0 ~~m~m■mm~■m@-~fflmffl-M 

m~■(-fJUtm ' MJEJJ!ffi~ffl ' MJEJJ!ffiff■ffl~(ASIC)' 

15l{tI{i3~~£J.~(DSP)~)' itt.A~~mu~' ~*,~~~ O 

[ o o s 11 Mt s !l:t ~ m ~ ~ z 11"' , ::f ~~*~EA z ia III m ™ 
*~~z•~-~~&■m•rn~~~~o~ft·ft•z 

{JU~ & Jf-fJU i.w: rEt ffilf, ~, ~{JU~ tt ffij ~F ~.& mu t~ ~ ~ 0 * ~ 13,Jj ~ 

fi■fflffi8~-~$fflW~B=N~ 0 

[:m=~~~] 

100 , soo. ·-*Mt 

102 , 104 .. . ;;-~ 

110 .. Jiffl 

120 , 220 , 312 , 314 ... ¥Jj~~-, ¥Jj~"j 

122 , 126 , 280 , 380 .. -~~ 

124 .. Jtft 

130-A~B , 170-A~B , 230 , 330 ... ALOX , ~1t~Ji-

140-A~B , 240, 340 ... SGS poly 

150-A~B , 180-A~B ... ffl~7C{!:f: 

160-A~B .. ·*@.~ffl 

202 , 204 , 206 , 208 , 210 , 212 .. . ffl:~#fi::fm 
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232 , 320 , 350 ... fdtto/.7 , ~{tto/.!Jii 

250 ... firff~ffl 

252 ... fi 

260 .. ttffl 

262 .. -~~!lo/] 

210 - 396 ... t-f111rf;J3,~ 

212 .. -~~if-fltJFE¥J@ , ~~rf;J3i@ 

360 .. ·**i(WL)~ls~ 

370 ... *'~~M 

390 ... JG{tf: 

392 .. -illi~~ffl 

394 ... fflfr~ 

400 ... ~fJ. 

402-422 .. -~:£J.15tm 

51 o ... lfltt131:11HtrfiE13l:~r1c 

520 ... ~fJ.~ 

530 ... ic'lf-fflr**i - ic'lf-ffl 

532 ... ic'lf-ffl~ii: 

534 ... ic'if-ffl~tu~ 

536 ... {t~*ri(OS) 

538 ... f!§4.J-

540 ... ffrj },jffrl tB(I/O )fr 00 

550. --~~frffii 

560 ... ftf-f~ii: 
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562 ... jiTI 

570 .. . JW]jffrlffi 
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• 

• 

~~ffi~ 
* $~~~: (041.,,-;v}tik, 

* $~8: \O~ b.4 

[ ~f!ij~ffi] ( tfl3t/~:X) 

m~ ~ffl~~~z~~fflw~m~~~~~~M 

Go2-f 1/1,3.3 <2006.00 

i-J-o,L 2.yg-2 ?,q (2006.0l) 

ALUMINUM OXIDE LANDING LAYER FOR CONDUCTIVE 

CHANNELS FOR A THREE DIMENSIONAL CIRCUIT DEVICE 

[cp:;t] 

- ~ JI-gc •r:tlffl lffi! nJl ~ 1ffl ~ ~ ~ 1t &8 (AI Ox) M fl=~ 1t HiK M t)Jl 

m~~~k~mtt 0 •*~-~~Jl-~ffl-~S■~x-~ 0 -ffln 

~t3~§~~~Jlg2•[:tffl~x*~R~-~!iM~m~~li)'(SGS poly) 

}I- • ~cp~SGS poly}l-f*ffltJ~~~Jl-*~•~~~gc'[:tffl~xmm 

-Mffi~m1~~ 0 ~ffl~*~ffi-~-~~JI-U~~*~•~~~JI 
mf~ ffl ~-w~z-~~ ~- 0 ~AlOxM1*f}'z:(£~~ffiJI-W ~ SGS 

poly JIFai , _§_ m~ fzJ!l!tU~mtl:Ed~fEln~U~mtiffi~ ffl t)Jf~ ~-w~ 

ffiffl~M~~~~S1ffllffi!x¥~-~Jl- 0 

A multi tier stack of memory cells having an aluminum oxide (Al Ox) layer as a 

noble HiK layer to provide etch stop selectivity. Each tier of the stack includes a 

memory cell device. The circuit includes a source gate select polycrystalline (SGS 

poly) layer adjacent the multitier stack of memory cells, wherein the SGS poly layer 

is to provide a gate select signal for the memory cells of the multitier stack. The 

circuit also includes a conductive source layer to provide a source conductor for a 

channel for the tiers of the stack. The AlOx layer is disposed between the source 

layer and the SGS poly layer and provides both dry etch selectivity and wet etch 

selectivity for creating a channel to electrically couple the memory cells to the source 

layer. 

1 ✓ 
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[~~llll 
·,:.•.d'., ';[Czjs:~H§5E1-t~III]: ffi ( 1 ) Iii 0 

[ * 1-t~ Ii] Z f-45ffcfffi ~ m BJ§ ] : 

100 ... ~*'fE 
102 • 104 ... }if :'.If 
110 ... ~ffl 
120 ... ~~Jj • 1)J~~m 

122 • 126 ... ij~ 

2 

124 ... ~ffl 
130-A~B • 170-A~B ... ALOX • ~1t 

ffl}tf 

140-A~B ... SGS POLY]tf 

150-A~B • 180-A~B ... ffli!J"C1tf:: 
160-A~B. ··*~~ffl 

• 

• 
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1. -mffllm~ii: I ~'ed. 13" : 

-~•~meffi~*•e••*•ez~•'ed.~~ 

-~i:.tlfflffi~~ii: ; 

-~r~~-~a'1i~(SGS poly)M I ~!M~t~ Mgc.ffi 

ffl,§§~*•fflifl~Bi ' •SGS polyMf*ffl J¼-jtfi• ~ M* 

•ez•~~ffifflffi~mm-~•~•~~: 

-•m~•••m~~™fflJ¼'~*•ez~~-~ 

-il!Hl m 1:tt-1mt tEl ~ e ; t.J. & 

-fdti8(Al0x)}ffi- ' ~fr1£~t1mttii}JlJ!M.SGS poly 

Mzrai, .AlOxMm1~ffln1ff.SGS polyJ;-W~rJN-tElM 

51-!ffl~-f!HiUwlf::J;- I ~r:p I .AIOxJ;-mm~i!aiU~m 

tt~mm~~~~•tt•~r:p•-am~~-~~~• 

~ Mgc.'f:iffl,§§~*lt!ffl&~tSGS poly}ffi-}lfLLl:J¼'.AIOx 

Mffi~a■tB~~-M·~~~r:p,-~mttM•~~ 

d fl. f91 iU ~t ~ ge, 'ti flt,§§~ t:p Z F~ - ~ ~~ ~ f91 iU. Al Ox 

Mffi•Rte~Wi-Jffi- 0 

2. tz□ gN31<Jj1Zffl~~ii:, ~r:p • •SGS poly}it'ed,13"-p~ 

M$R~ls~ 0 

3. tz□ gff 31<:rj 1 Z ffllm~ii: , ~ t:p • -~~M'ed.t5~JU r:p Z 

-~~~:~~&-mNmR~A~-~~A~~- 0 

4. YD§N31<Ji1Zffllm~ii= • ~r:p • -i~ifE)}l-§13"-n~m• 

~la~ 0 

s 
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5. tz□ ~N3:f<JJ0Zffl~~ti:, ~tp , gAIOx}lii;-~'§-a-: 

rng~@~•m~~~~-#~~@•m~mm~ 

g~@Ji¥g~}i~ffl■ffi~~--~ffl~o 

6. tz□ ~N3:f<rJ s z m~~ii: , ~ tf=l , gwm 'el -a-~f$jffii@~~ 

~m~••~-tf=l~®m,gtf=l~wm~ffi$~-®m 

@•■~•m~~,m~mm¥g~~•■ffi~z~@ 

B"Jffl~~~~ ; 

~cp, gAIOx]1i#~F1¥ififfim1~§!g1~@Ji¥gcp~ 

7. tz□ ffl3:f<Jj lZffl~Hii: ' ~ii;-~~'a" : 

ITgAIOx}iW~~SGS polyJizra'j~-~ft¥oJi 0 

8. tz□ ffl3:f<Jj 1 Z ffl~~ii: ' ~ii;-~'§-a- : 

rrgA10xJi:Wg1JJt.illiJiZFaiB"J-~{t¥oJi 0 

9. -fifflrHui , ~,e1 -a- : 

ffi~-~-M~--•*•~ffl■Hfi:·g~ffiffl 

Hrni~ffi : 

-~Ji~ffl■ffi~~-■ ,g~•■z~Ji~ 

f3- §c 'l:t ft ~fil 7C ~ ii: ; 

wg~m~m■ffi~~••m•~-~~~ 

-~sssti>'(SGS poly)nlf ' ~SGS poly}if*ffin~it!t 

g~•~••z~~~ffl■ffi~mm-~@~• 

fa~; 

-•m~~••m~~~m~~~••z~~ 

Ji~-jffimm1~-1MH~-- : PJ& 

2 
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. 

tt ~ im{ tEl Ji- W ~ SGS poly Ji- Z F1=1j ~ - ~ft~ 

(Al0x)}i- , ~tA10xfi-m1:!¾ ffl ;fj~~~SGS poly Ji-W~ 

imttElJ;-5t!fflS~-f!litLl1¥ 1e!if, ~cp , nA10x!ifm1:!¾ 

~~~m•ttilimm•~~m•tt•~cp,-®m 

e!litu •f!. e!lI~n ~ !if gc'ttfflffiJG:tt•e&n sas 

poly J;-M£1em-nAl0xJ;- ffiFf !J'.liten~~ !if ' Mi]. 

~cp•-m•ttM~~~-f!.~~-~Effiffl~x 

t:p Zr~ tEl f:t I~ Mi e!R tLl n Al Ox }if J;J !J Ii ten imt tEl 

1i ; J;J& 

-~•••~•·~~•m*~m-n~:t±nEffiffl 

~ti:cps~~;jqfffiitl:i:-U~aoo 0 

1 o. ~D gff * JJi 9 z ffl r ~ ~ , ~ cp , ~t imt tEl JI- 'el. t"6 ~ 1Ll cp z 
-~~~:~~--ffl~~-~~~-~~~~~- 0 

I I. ~Dgff*J:Ji9Zffl:r~~, ~cp , nAlOx}i~-~'eLB': 

~-M~~•1~~-•~-~~M~•mumm~ 

~~~1i¥n~1iEMffl~x:tt•e~•ffl 0 

12. ~Dgff*rj I lZ mr~ti: , ~ cp , n®~'el. ~fil1$®~n 

~Ji:tt•e~-cp@®~•~cp@®~'e!.Mffl~-®~ 

@-■~S-~;jq•fflU~m¥n~EMfflffiJGZM~ 

~-~~f:t■: 

~cp • ~Al0xJ;-~~r~jtEl~1:!¾ ~~¥mt~Ji-¥~cp@ 

®~~•tt O 

13. ~□ gff*rJJ9z ffl:r~~ , ~cp , n§c'ttffl~ti:~-~'el. 

~= 

3 
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Z:E~AlOx}iW~SGS polyJiZFaiE!'j-~ftlilJJi 0 

14. ~o~w*rJ9zmr~~ , ;ttcp , ~~c·~a~~~-ffe'§, 

:f:E~AlOxliW~tmt~liZFais~-~1tfo/.JJi 0 

1 5. - fl 13 it: , ;It 'e1, 'Ei" "T 37U tv- ,~ : 

~~-01i~Mftffix*•ft·~*•■z~M'e1, 

:tt-~ctlftffix~~; 

iu ~ w ~ 0 mr gc ti ft Hfil x *•ft t§ ~ ~ - tmt fl¥ii ~ 

.0,~di)l(SGS poly)};- , stSGS poly}if*fflnttt~st0 

li*•ftz~~~Mftffixmm-~~~-ffi~; 

iu ~ :(£-* • ·R ~ m ...ts~ - • m tmt ~j Ji , m tJ it ttt 

m~~*••z~~JiE!'j-affimm-~••ft:& 

irJ ~:(£gt~~), Ji W gt SGS poly Ji Z Fai 8~ -~ft~ 

(AlOx)}i, stAlOx,lffm1~fflntf~gtSGS polyJ;-W~tmt• 

Ji:B-lfflE!'j-f~tH~.ir.Ji , ;lttp , ~AlOxlifm1~~e~tu~ 

•tt~mm~b~2mtt,;ttcp,-amb~•~b~ 

st :g, Jigc.'~■ Hfilx*•■ &~SGS polyM:Mzll::~~ 

AlOx]ifffij:f~fitestimt~Ji' :Mi.§.;lttp '-~•ttr~,­

b~-~b~~~~-ffl~X tp Z~~-~:Mib~~ 

Al Ox}if t) ~ Fi tfj st¥mt. J;- 0 

l6.~D~W*rJ1sz:nr:t:, ;ttcp, irJ~~tmt~JI-Ztv",~'e1,-a-: 

EU 3§ - tmt ~j JI- , ~ tmt ~) JI-'§, :ti "T 37U cp z-~ 0 ~ : 

W~&·•~-•:g,AW·~0AW~& 0 

17. ~D~W*rJ1sz:nr:t:, ;!tt:p, iU~~AlOxliZtv",~~-tv-

4 

IQ ~· .. ' 

Micron Ex. 1002, p. 223 
Micron v. YMTC 
IPR2024-00788



201606388 

'EJ,-a-: 

EU~ -1$ fflJJ liP9 ~ , ~ 1$ fflJJ ~ ~ "EiJ E'3 ~ ~ ~j ~ ~ 1~ ~ 

agu~m~~~~•¥~~•~••ffi~*•m~ 
fflifrt O 

18. ~D~N3J<JJi 11;:z15$ , ~~-&~ -a-rJU&,~ : 

~~~~a~~~•*•m~-$~am•~$~ 
a~'E],~ffl~-am~~-~~fflttfl•mu~m¥~ 
~ictlfflffi7CZF"Pi~J~~~~~- ; 

~$, ~Al0x}if1$ffl}J~~j~f~ ~~¥J1-~M¥~$~ 

a~~ffl:mt: 0 

19. tzo ii* :i:J 1 s z :n $ , ~ ~ -& 'EI, -a- r JU & -~ : 

EU~tE~AlOx}if !Af~SGS polyJif ZFa9B"J-~1t¥JJ 

}if 0 

20. tz□ iff31<:i:J1sz1Ji! , ~~-&~*rJU&.~ : 

EU~tE~AIOx}if !Afg~¥JW-~JJif ZFJJ ~-~1t¥JJM 0 

5 
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--, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I fi~ftflj: I 
I 

(}iij) itHLJ 
104 180-A 

ALOX 170-A ·-
A@~ffl 
160-A 

.. 

ffl~ftflj: 
(}ff) 

1so-A 
/ff~. 
102 

SGS POLY 140-A 

ALOX.llQ:8 

1/11 

• • • 

3iiti 
126 

iift 
ill 

~it! 
122 

i)jffi 120 

ilft 110 

1111 

fi~ftflj: 
(}ti) 
~ 

ALOX 170-8 

~~-160-8 

'ii~ftflj: 
(}ff) 

150-B 

SGS POLY HQ:(! 

ALOX 130-8 

s 
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2/11 

202 

lff JiEl:lffl 250 

I M 252 I 
I Mm I 

• • • 
I }ff ill I 
I Mill I 

SGS POLY .MQ 

$\{t~ 232 

ALOXllQ 

~~ 220 

1112A 

S: 
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3/11 

/ltre~ffll 250 J!tre!lffll 250 J!tre:fifl! 250 

I Mill I I JI ill I I Mill I 
I m 252 I I M 252 I I M 252 I 

• • • • • • • • • 
I J! 252 I I /fJ252 I I /fJ252 I 

ttffll ttffll 

I J!lli I 260 I Jilli I 260 I /fJ252 I 

SGS POLY240 262 SGS POLY 240 262 SGS POLY 240 

V\ V\ 
~ft~ ill ~ft~ 232 ~ft~ ill 

ALOX 230 

iffi:ffi 220 

1112B 

s 
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lf§:t1MMI 250 JiJHHI 250 .liltil!U~ 

I Ii ill I I Ji 252 I I Ji 252 I 
I Ii ill I I Jilt 252 I I 252 I 

• • • • • • • • • 
I Mill I I ~ill I I Mill I 

I ttU I I Mill 260 
Ji 252 I f!U I I 260 Mill 

r 

SGS POLY240 SGS POLY 240 SGS POLY 240 

~{tq&.J 232 ~{tq&.j 232 ~ {tq&.J ill 

ALOX 230 ALOX 230 ALOX 230 

rm(~ 220 

1112c 

s 
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5/11 

/l#UHD 250 
264 

J!!il!lli 2 50 
264 

mitD!ll 250 

/1252 ~ m 252 ~ M 252 
I I I 

/ff 252 M 252 /ff 252 

• • • • • • • • • 
/ff 252 M 252 /ff ill 

I I I 

/fJ252 ttfll }f!252 
ttfll J!lli 260 260 

SGS POLY 240 SGS POLY 240 SGS POLY240 

$1.{t!fo/.l ill 264 ~1t!fo/.J 232 ™ $\{t!fo/.1 232 

ALOXllQ ~ ALOXllQ ~ ALOXllQ 

~~ 220 

1112D 

.s 

Micron Ex. 1002, p. 229 
Micron v. YMTC 
IPR2024-00788



201606388 

6/11 

220 

lltt~U ~ lllt~ffll2so MttfHI 2so 

Ji2s2 Ji 252 /i252 

}i252 }i252 /i252 

• • • • • • • • • 
JjJ252 /fi252 Mill 

}ff252 ttn lf!252 ttlm Mill 260 260 

SGS POLY 240 SGS POLY240 SGS POLV240 

ALOX230 ALOX 230 ALOX 230 
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212 

M!ifHI 250 RJ!i~fll 250 RJ!il!fll 250 

/f!f 252 )ff 252 /f!J252 

Jfit252 /i252 }fi252 

• • • • • • • • • 
/f!f252 Jf§252 $:252 

tte tt\m 
Mru Z,§Q Mfil 280 }f,!Jfil 

• 

SGS POLY 240 SGS POLY 240 SGS POLY 240 

~ft~ 232 ~ft~ 232 l\ft~ 232 

ALOXZ,N ALOX 230 ALOX 230 

wli~ 220 

i!2F 

s 
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(19) tf7 f. t\. iJ ~a' !.M A..Jti 
(12)~8Ji~jla)3 .. 1}Mj* (11)0Ml.Mfijt: TW201721921A 

(43)0Ml El : 'P. !\~ 106 (2017) 11=- 06 A 16 El 

(21)\ftfjat: 104142185 (22)\ftf El : <f%t\.il 104(2015) lf=-12 J3 15 El 

( 51 )Int. Cl. : H01L51/00 (2006. 01) H01L21/8239(2006. 01) 

(71)\f tf A..: 81-51" 1:-f-At1½'~ ~Eli}~ (<f ~ t\.il) MACRONIX INTERNATIONAL CO., LTD. 

(TW) 

#Jr ft ~\ ft * 1. -f 00 I.& h fr ;ij. 16 5t 
(72)~af3 A..: t}J ;tJf CHIH-WEI, HU (TW) ; ~/it~ TENG-HAO, YEH (TW) 

(74)1-\J.ff....: 1~ 8/31/f; ttf."% 

(54),t~if-

~ MHcAt tt n:.14 
THREE DIMENSIONAL MEMORY DEVICE 

(57);fi¥j~ 

#37 J( 

-a~•u~tt~#•~#JM*¾M.JM*¾M-~# •• ffi~1:••a••·~~·~ 
~AiliM-·M~·•~~-~***•;~~M-***•i~J-$~•ff4M~:~~-~ 
***~i~•-•~•a•M~:i-umu~~•~·•••-•~•a•M~~•-•~ 
•a•M~:~~•~***~i~•~•~•a•M~:~~•~***~i~•~•~•a• 
M~:i~umu~~•~·•••~•~•a•M~~•~•~•a•M~·•-~~-•~ 
M·••-***¾~*1:••••·•~~~-•·M·••~***¾~*1;••••:•~ 
~~-•~M•--~~-~***~~~1:•••~ 0 

A 3D memory device includes a multi-layer stacks structure having a plurality of conductive strips and 

a first, a second, a third and a fourth ridge stack; a first SSL switch, a first GSL switch, a second SSL switch 

and a second GSL switch respectively disposed on the first, the second the third and the fourth ridge stack; 

a first U-shaped memory cells string connecting the first SSL switch with the first GSL switch; a second U­

shaped memory cells string connecting the second SSL switch with the second GSL switch; a first word 

lines contact in contact with the conductive strips disposed in the first ridge stack; a second word lines contact 

in contact with the conductive strips disposed in the second ridge stack; and a third word lines contact in 

contact with the conductive strips disposed in the third ridge stack and the fourth ridge stack 
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TW 201721921 A 
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I 104 • 
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106 • • "tc.-t.ft#Ji'4At 

107 • • -f tftti@.il 
At 
108 • • • "tc.·tft]g 
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r~~§Jt~w=l 
[ crxJi~~l~] -= tt ic ti ffl :re ft 

[9txJi~~f~] THREE DIMENSIONAL MEMORY DEVICE 

rti<iltr~~ti] 

[ ooo 1 ] :2f !i ~ ~ ~ ~~ 1if - ;fl fEJ ?£ ffi *c 'ti ffl :re ft O i~ 3Ll ~ -

;fi-=.tt(Three Dimemsional, 3D)*c'ti1fflnf* 0 

[ ~i:JftJ~(iltJ] 

[ 0002 ] ~ F ~ ~ ti: §[, 'ti Jffi :re f ct , 17U 3ZD 'r~ iA9 §C 'ti 11: ' $l ~ tE l.$ 

~-~~~~*~~~~~S-n$Z•m~~tt 0 8•~~m 
~m~~m~~~m~H·8~m~-ft~ffl~~~~~*~~ 

~~~ffl 0 ~7~~~~~~?£fff~~ff-~ffl*·§M8~~ 

-& ;fl ~ fo1 ti ;tJH1kJ - tt tc 'ti R :re f !'f: , 17U 3ZD $l 1§ • iEJ39 fnlx (sing I e-gate) 

gate )gc 'ti ijfil ~-= tt -r~ ilHc 'ti R :re {ct , :fEl ~ 1±1, 0 

[ 0003] :!1±! ~ B'J - ~t ~ I=: ti !i ti: tc 'ti Jffl n ft fil ~ ti It @ 71 ti 1if 

~ m :tt:11:titi(multi-Iayer stacks)Z cp ~~:!I! 11:iffi lli BkJ §c 'ti ijfiliL. 

-~~·~~~UID~fflffl$~~-~-M~~1'1:wm 

(Single-date Vertical Channel , SGVC) NAND §c'tiJl:nf!'f:~17U , 

-~~~m~~~~•~:tt~•m•m*~~~-ffl~M~·~ 

~~~~~mm~*·~~:t:Em•~•ffl~~~•m~oo•ffl• 

• 

• 

1041421SS 10420?039~HJ 
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• 

~ ~'ti~H~ 0 

[OOM] ~*'*n~m•~-~-~ffi■n~ffi~*~OO 

fl , :/Jo J:. *c ti ijrJ pij! :fU J:. :15 ?G ~pg ii£ ~ * n ~I ~ {fii ti ~ Fa5 ~ ~~ 0 ~~ ~ 

=:i ,~!'!Bl1 - Jff- =:i ,~ R _§_ nf.-ttffi:ti trt;ia ~ ~ .J,fr ,W, ~ ~±i;ti; rh ~"" ~{l:';(."iff!; fll:t 
i:iu 1-~' FIE n IT i:iu 1-~' 13'- 1E. Clj 11~ JL, ' 13: 1"'f 5' Is J-1± E Is "'P 1¥} 1 ~ El'!. 7f'; ffl PB 

J:. ~ ~ z ~ fifcr Pfr 1m ffi B'g Fo5 ffi 0 

.'fi:fUmf~HJR(String Select Line, SSL)lmwffl , %-tf:tttmm~J 

2 

1041<121&5 l0420703SS-O 
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»~$z·ffl-»~$DU&ffl~»~$~ 0 ffi-$~fflm~~ 

mm f:rr. nt m - » M* :tt z z __t O m - ti :tfu m ti ti ~ mm f:rr. ~t $ = » M* :tt 

zz__t. 0 ffi-U%~fflffi$~$mffi-$~fflm~~MWffi-m 

~mm~lmM 0 ffi=$~fflm~lmMffi~ffi-=»~$zz__t. 0 ffi 

=m~mm~~Mffi~ffl~»~$zz__t. 0 ffi=u~~-ffi$~ • 

* ti ffi = * ,u mm *i 1m mm m m = ti tfu m ~ *, ~ M O m - ~ n *, ti 

fflWffi~ffl-=»~$zffiffi~ff~$z__t~-~~mmg 0 

[ ooos] H~ ~ __t }ltt 1l' ntE {JU , 21s: IDi ~ ~ ~ m! 1, - f_i Ji ~ :g, @ ff 

M*$ z Et7-= ~l*ctta n{tt= , ;tt cr a-@~ Mx:tt z §-a- , n ~u Ji~ 

m~ffl$Et7-®*~mm~~M~-oom~mm~~Mu&m 

~~*~mm~ooM~~m~mm~oo~TE~~~oo~m 

ffi·H~**ffi~~oo»~$~__t~ffi-$~mm~1mMmm­

m~mm~1mM,u&ffi~ffi-$~mm•~Mmm-m~mm 

~lmMTE~~ffiffi*%~ffi-U%~ffi~$~;~~H~$m 

f:rr.nt551~ ~ftm ::t" IPJ » M*$ z __ta"J m = * 3IU ~t~*, 1m mm m $=ti 

tfu lli ti ~, ~ iYm , u & frr. nt m = * ,u m ~ ti rm iYm to m = ti tfu m m ti 
1m mm T 1i a"J *c •ti ijfil * % ~ m = u % §c •ti ijfil ; ,u 0 

3 

• 
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r 0009 1 =Jt cp , 1rr i~-- ffi - u ID §c m ij§ * 7U z ffi - * 7U m m • 

~UTh~~fflffiWffi-*n•m ■~•~m:m~m=uID~ 

'~ijfil $7U Zffi= $ 7U film~i ~ rn~T h~!c'~ijfilWffi =*n~lti 

•~•~m:@m~ffi-uID~fflffi$~z•-m~mm~n~ 

Th~~-ffi~&m*ffi=UID~Sffi$~Zffi=m~film~n 

~ffl T h B"J *c ffi ijfil , ffe! U ~ ti ~ ffl raJ B'J ffi -:::: * n ~I ti fli ~6 m O tffe! -1:iJ ~3 

~•=m£ffiffln~tp•ffl*~*m*m~mmn~ThZ£ffi 

e ffi~*n•••~•••~*m*~*m**~mmn~Th 

Z~-~~*n~-~~- 0 ~W~M~~cp~=~£~ffln~ 

ffl~,~~a~£s~;~MmT•~~~~*n•••~•~ 

• 

r oo 10 l li rn ;~ J,--* n ~I ti ~Ii ~6 • a~ ~9: if , PJ ~ ;~ J,--!c ,~ m 
n~~@~R~:~PJ~~~•~mm~~MmT• ■~£m■ 

n {tj: B"J §[,ti~; , ::k ~i ~ {{£ ~ fj !?x * , :Mz ~h Ji~ 1c Ji~~ fj! ~ ~ 

:i=. , t~ :/Jo m ll jLrn: !cm m n ft s"J ~ t~ Ei.Pf 0 

r il:r-tr~•iJt~ l 

[ oo 11 l * !? s~ ~ =Jt {ili § s"J , ~-1HJ: ro ~ ~ ~ ~ * T }fil ff ;tjfE -WU 

~$~-~~~·:Mz~~mm~:r-t·~~m~~~T: 

ffilA~~lD~~m•~~&~m•~~---~~m][~ 

ili N AND §[, I~ ffl n {tj: ~ ~ ffil ~6 m ~ 1Jl ~ : 

ffi 2 ~ftd~-% ID ~Pfrt@iGZij[FEflit1m11wm NAND !cffi 

4 

Micron Ex. 1002, p. 241 
Micron v. YMTC 
IPR2024-00788



201721921 

ffl JG f tj: Bk] fctHm ~B JLt 1Yl Ill ; 

ffi311l~*•*ft~t!"1g-•~mM~~z•~~mKwm 

N AND §[. ti ffl JG ftj: B"1 mHm ~B ti __t_ 1§l Ill ; 

m 4 lllf*tt~tJm 1c 111z•rEj3it~mKwm NAND icttfflJG 

ftj: ~ fj ~ A.ti 1t (program operation)B1} t!"1 ~ ~ ~ i-'& liil ; 

~ 5 lllf*tt~tJ~ lC 111z•rEj3itilixfilKWili NAND ictifflJG 

ftj: ~ fj §I If:il ti ft (read operation)B1J Bk] ~1:1[~ ~ Ill ; tJ ,& 

ffi 6 [l]f*~t~tJ~ lC 111z•r~H~~Kwm NAND ictlfflJG • 

ftj: ~ fi tt M'di ft ( erase operation)(ey t!"1 W ~ ~ i-'& liil 0 

[.J'jfEJj~] 

r oo 121 * ft BJJ ~ m 1~ - u~ ic 'ri m JG ft , oJ M 5R ~ ~□ ic ti iffl 

JG~~fflm~~~BkJ~@•:;lftHfaJ~~~~ffi~*m~~ffl~ 

* 0 ~-*ft~Z__t~WX~§BkJ·Mffi~~~~~~E~~· 

T~M$nOO~~-~m•:;lft~~ffi~~~·~W~~~~~ 0 

[ 0013] {E3 &, ~J[ 5-1 ~Bk]~ ' 1§ ® tl 5E B"] 11_' nff ~ -WU ' :;}ft ~F ffl J.,j_ 

~I:{ 5E * -§? BJJ O * -§? ~ ru oJ ~ m x fili tl ~ , n f 4= , n 5t ,& * 11ei 11□ 

Y-~ 0 ~~-~m~mili••~mYm~*ft~~~®Mffi· 

:ilt~I=: m tJ ~I:{ 5E* ft BJJ s1 El3 gi ~tu iri @I O §~ ~ f1fLr~Wf~ cr Jl. ff w m ~ 

~~ • Mf ciJ f~ M tJ T §Jl ~ ~ BkJ ti~ • 1f ~ ij~ $11 * -§} BJJ 81 tl 1$ iB @I 

pq , f 'F :t~ W t119 ~i ~m JH!H c O 1f ~ faJ • 1iffi -WU W Iii ~ Z cp , t§ faJ B"1 JG 

f4= , Mf tJ t§ faJ s':J JG f4= :T--f 5J;i JJ □ tJ * iG 0 

5 
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r oo 14 J ~l ~ ~.~ m 1 A 111 ~ ffi 1 c Ill , ffi 1 A IJil ~ % 1 c Ill 1* 

ffl•*B~~--*~ffi-~~~-~~ffiK~ffiNAND~ffi 

jffl :re ft 100 8'9 ~ fj ~tiilw ~ tJl Ill O ~ 1'F * ~, ~ fil 1[ w m N AND ic 'tf 

:ffl :re ft 1 oo 8'9 :1.nt , m tt --r ~ & ,~ = ~ 5t 1'± ~ TT 1 o 1 819 :=& oo _tJf1 

PX :g, }§:rt:~ ~6 m 104(:s<D % 1 A Ill pjy t~ ~) 0 1± *. nfE ffU c:j:i ' :g, }§ it 

§~am 104 §t'i!i;fr~~ lA ll]pfr~@~~ Z fffihfoJ • tl~TT 101 __t 

f&: JJ:t x: ffl :rt:~ 8'91112@ ~ ~ s 102 tJ & 1112 ffQI ~~ts 103 ° 

• roo1sJ 2Js:-§JB~B'g-®WnfE1JU c:j:i , ~~~ 102 81tt~ , PJ tJ 

• 

'P2-a' lt ft~ ;l ~ii$ 8'9 n ~ :g, ~ iiJ (~ n ~ ~ ~ * ~ li5') , K~ ft~ fflJJ 

B'g P ~ :g, ~ li57 c :@G P ~ ~ ~ * fill UY ) , mot ¥t 819 8'9 :g, ~ :u>1 , ~ • :u>1 

1c~(silicides), 19tl:s<D:05'1cik(TiSi), :OJ1c~(CoSi)~:OJil(SiGe), 

~1c~-=!=-~ffl(oxide semiconductors), fftl:s<D~1ci~it1*(InZnO)~~ 

fc iltil ~ i$ (InGaZnO) , ~ ~ , 19U :s<D i§ (Al) , ffl (Cu), i,~ (W), tk (Ti) , 

it115(Co)' ii(Ni)' ffi1cit1i(TiN)' ffi1ci!!(TaN)~ffi1ci!!i§(TaAlN), 

~ "rivHi ~ :g, fl __t ~ TT ~ z ~,§_ -a' tt pfr mm O ~@ ~t Ji 1 0 3 PJ J,J EB * ~ 
TT f4 , fftl fr□ :07 ~ 1c ~ (oxide) - :OJ ffi 1c ~(nitride) , liJ ffi ~ 1c tt 

(oxynitride) , :05'!1n(silicate)~~{iliTT1F4 • pfrmrx 0 

roo16] ti~, i1:g,~:rt:~~am 104 m:r=r-lll~1c~ti, tJ 

ID m1112 {[QI~~* :rt: :1: 1 o4A , 1040 , 104c w 1040 ° 1'± :2fs: ~i BJJ B'g­

Jtl; W * f:Jtl c:j:i , 1*~ ffl ~F ~ rtJ@in tU ~ fi (anisotropic etching 

process) , {ftl:s<D &:ff!~ir@intU(Reactive Ion Etching, RIE)~fi , fj 

:g, 1w tt ~ ta m 1 o 4 m fr @in tu O li i,:J 1'± :g, Ji tt ~ ~a f~ 1 o 4 z c:j:i ID JvG 

6 
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5{5 ¥ X ti! rt] g {$ _§j{j- Z llim ~ff£ JPJ g {$ ~ ~ ffl I 0 5 • #~ ~ Ji fl ~ ~6 tl 

104 5ttUfflttilJ@~#ft:fl~ 104A, 104B, 104C f□ 104D, :tt#~~ 

f,t 1 o 1 B'g t5B 5t ~ ~ ~ EB 5J ti I o 5 ~ ~ n~ JH ~D ~ 1 B lil rfr ~ ;,r- ) 0 

[0017] w-{~~#ft:fl~ 104A, 104B, 104C 5f[I 104D ~§ 

~ 11 IJ {~ {It #ft: BkJ ~ m: {~ ffl O {JU to tt * jf Jjf!i ~u cp ' * #ft: fl ~ 1 0 4 A 

~ iuI:i ¥ Z llirn n rt] J□J __t :!itl: BkJ ~ ~ {lj m 104A I , I 04A2 , I 04A3 , 

104A4, 104A5 f□ 104A6; ~#ft::!itl: 104B Jcl.~5-fi¥ Z l!iran [Pl rt] _t 

flil:BkJ~~iifRffl 10481• 10482· 104B3· 104B4· 104B5 5fD 104B6; • 

~ #:k fl if: 104C ~ ~5-fi¥ Z l!im n I□] [Pl __t fl~ El'j ~ ~ {lj m 104C 1 • 

104C2, 104B3, 104C4, 104C5 5f[I 104C6; J.?,J,,&~#ft::l:t:il: 104D J! 

~5I:i¥ Z llimn[PJ[PJ_tfl~BkJ~m:1,im 104D1, 104D2 ~ 104D3, 

104D4, 104D5 f□ 104D6 ° * cp , {i[ Jj~ ¾f #ft: ft~ 104A, 104B, 104C 

f□ 104D L. J~ t5B .IjZ ffil BkJ ~ m: {lj ffl l 04A6 - 104B6 , 104C6 5f[I 104D6 

Jcl. ~ tc {rr n'S' if§ [o] ~ #ft: fl~ 104A - 104B • 104C fD 104D BkJ * {ili .IjZ 

iiiL~~{ljffl 104Al-104A5, 104B1-104B5, 104Cl-104C5 fD 

104D1-104D5 }i:;kB"9~Jjr 0 

[0018] Z.1&, n'S'¾f#ft:fl:11! 104A, 104B, 104C fD 104D Bk) 

ffliJ ~ _t :n J,,j_ ,& 5~ ffl 1 0 5 ms t5B ID fflG J! ~ ~ M :trlHJE ~6 tl (Ch a r g e 

trapping structure) , BkJ ic ti tJ f4 Ji 106 ° 311 n'S' ic ti f,t f4 Ji 106 _t ID 

ffltlil*1cB"9¥-~ffliHU~Ji 107°~fmtt~#ft:fl~ 104A· 104B· 104C 

f□ 104D ~~m:{1t=w 104Al-A6-104B1-B6-104Cl-C6 f□ 104D1-D6 

w ic ti f,t f4 Ji 1 0 6 f□ mi .fil Ji I 0 7 = 1L~ ~ BkJ {i[ ii (Cross p O int) ' 5t 
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53U 5E ~ tJj m: ~ {i §c ti flfil 108(~0 ffi 1 c Iii pJT ~ 7G) 0 

[ oo 19 ] tt 7-fs: !1 ~ B'g - i!1; jf ntE {JU c:p , *c ti tt )r-4 Ji 1 o 6 B'g ~ zey 

MtJEtamoJ J;J~-fltl~~~}i, ;tt{i~ El M" El3 liJ fii1c~-ffi1c~ 

-~fii1c~(oxide-nitride-oxide, ONO)tam, -liJ~1cto/J-ffi1cliJ­

liJ ~ 1c to/.1-ffi 1c liJ -liJ ¥(, 1c t~ ( oxide-nitride-oxide-nitride-oxide , 

ONONO)ta m , -liJ -liJ ~1c ~ -ffi1t liJ -liJ ~ 1c to/.1-liJ 

(silicon-oxide-nitride-oxide-silicon ' SON OS )~6 ti ' - ,ff5 t9i I fj liJ 

- -liJ fi, 1c to/.1-ffi 1c liJ -liJ ~ 1c to/.1-liJ (bandgap engineered 

silicon-oxide-nitride-oxide-silicon , BE-SONOS)~afi , - ffi 1c j§­

~ 1c j§-ffi1c liJ -liJ fi, 1c to/J-liJ (tantalum nitride, aluminum oxide, 

silicon nitride, si I icon oxide, silicon , TANOS)tafi tt& -{iz )Ii rEJ 

• 
(metal-high-k bandgap-engineered 

silicon-oxide-nitride-oxide-silicon , MA BE-SONOS)~a ti p]T ~,§_ PX L 

~ B'g i® {~ fiB 51- 0 ;tt c:p - fiB 51- B'g -=¥-~ M w ili Ji 1 o 7 N jf tt ffi}t!LL ~ 

ilfi: ti~ 104A ;rO 104B J;J & }=§ * ~~ WJi-¾f ~t ti~ 104A ;rO 104B L ;i 

ffl 105 B'g~fiB O ffiJ;J5J-53Utt~AA:ti~ 104A f0 104B ZFs1%1JX-{~ 

8 
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U %wm>i~' ffl3K$Hi%PX~ff~tfUt'.'i: 104A ;fa 104B __t_B1Jml~ 

{ffil §G t! ff fil 1 0 8 ' ~ ffij % me m - u % §G t! ff Pl $ JU 1 0 9 A O ¥.} - ffE 5t 8'9 

¥-~Rwmli 107 fl~TI:t§~IL~ff#ftfl~ 104C f□ 104C J;J.&ffl3K 

~~ ~t * #ft fl~ 104C f□ 104D Z 5w ffl 105 13\/ [\S ffE O :tt _§_ tt ff #ft :tt ~ 

1 o 4C fD 1 04 D Z Fsi % PX ¥.J ~ {~ u % w m ~ ~ • ffl 3K $ ti % PX ~t * 
#ft fl 1;: 104C f□ 104D __t t0 t1[ ,~ {ffi! §G t@Jfil 108 • ~ im % RX m = U % 

*G ti ijfil $ JU 109B 0 

[ 0021 ] ;it cp , {rr ~*#ft fl~ 104 A Z J~ ffE 13\/ §G ti ijfil , "BJ£), • 

fl= ~ ~ - U % §G ti ijfil $ JU 1 0 9 A 13\/ m - ti j:~ ~ t~HJR Im mm 11 0 A ; {rr 

~ * #ft fl :ii: 1 04 B Z l~ $ lfJ §G ti ff Pl , "BJ J;). ft~ % - U % tG ti ff Pl $ 

JU 109A B'9~-$JU~tilmmffl l llA O {rr~t-w#ft:tt:ii: 104C ZJJ'.[ffE 

8'9 §G ti ff Pl • "BJ l:J. {t ~ ~ = U % §Gt! ijfil $ JU 1 O 9 B 8'9 ~ = ti till~ ti 

~, Im mm 11 OB ; {rr ~ ff #ft tt ~ 104D L JJHfE EJ'9 §[, ti ijfil ' "BJ J;). ft~~ 

= u % §Ct! fffil $ JU 1 0 9 B 13'g % = $ JU ~ m Im mm 111 B 0 

[ 0022] 55 >7HH fi 5-1 ~ 81 ~ , !nt ft% 1 C Iii ti~ 7G 1±1 IZ!I {ffil ff 

#fttt~(ff#ft:tl~ 104A, 104B, 104C 5f□ 104D)pfr%RXE8=11i U % 

§G ti fffil $JU(~ - U % iG t! fffil $ JU 109A 5fD % = U ffJ §Gt! ijfil ,$ JU 

109B) 0 {B ;it {i {~ ~ T 5l ~ fsHrtnre ~ fffi ti 7G ' :tt ~F ffl J;). ~~IE* ft 

~ 0 ;(£$:ft~B1J-~W~~Zcp••M~~~wmNAND~m■ 

:n: {tj: 1 o o "BJ l:J. 'Pl tt ~ ~ B1J * #ft :tt ~ J;J. Ez. ~ ~ E8 U % §G 't! ff Pl ,$ JU , 

~ fffi % RX - @ :rr R §c 'Ii fffil ~f JU 0 

[ 0023 ] Z Zi , ;(£ 5w fl 1 o 5 cp tJ JE 11' ~ iP.t ~ m 112 ° TI: $: ~l 
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BJJ B'9 - !Et 1r 1i~ i1U cp , % glZ fr ~ if,j ~ Ji 11 2 ITT if:,t ~ oJ J) § ~ = ~ 1c 

:01, ffi1cv5, ffi~1c:fi7, ~fr~1*~(high-k)MWJJ-~_tiltt;jst?4~ff: 

~ ~Jl ~ 0 :ff * 'I' 1i~ {§U cp , ~ i* iffi § ~ tt ~ ffl 1 o s cp % giz ~ ~ rsi ~* 
(air gap)ll3, ffl~<.JlH~{ll~'~foJ~a:k*~ 104A, 104B, 104C ;¥[! 

1 0 4 D fJllJ ~ _t §c ti flfil 1 0 8 ffl li Z rsi B'9 -=f ~ 0 

[ 0024] 1& ti 3tD ffi 1 D Ill pfr £® 7G , :ff 1f M:k * :I: 104A , 104B , 

104C fD 104D UU1G % giz ti flHsHl (contact plug) 114, 5t J3U ~ %- ,$ 

- JU mm ~ ~ jyffl 111 A fa % = ,$ JU ~ m f-JR ~ jyffl 111 B ii ti~ - {It {rr TC 

f-i 11 s : ]ft* giz ti flHru ~ 11 6 ft m - t~v:tt ~ m f-t ~ wm 11 o A w m = 
ti ttt~ mf-1 mJ mm 11 OB 5t J3U :mH.@ ~ ~ 4¥ ~~ 117 ilti ~ -# [oJ ;J,ffi tJ 

f-i 11 8 ° ]ft :ff fr ~ §c '~ flfil ~$ JU s'9 r□=J }I ~ ID RlG ~~ ,W M:k s'9 ti ~ {i ::j=: TC 

ti ti ~; ~i1Hi ({§U 3t□ ' % 1 D Iii pfr ~t 7G B'9 11 9 B) • ~ frr nf 1f M:k * ~ 
104A , 104B , 104C ;¥[! 104D Z ;t§ [oJ ~~ Ji cp ffl 3K ID glZ Ji °§c '~ fl@ l 08 

~~~f'*m 104Al-Dl , 104A2-D2, 104A3-D3, 104A4-D4, 

104A5-D5 ;¥o 104A6-D6, 5t,8ij~ti~~[oj13'9'..:j=:TC~ 120 ° 

r 002s 1 * TC ti tiM~im , 1§U3t□ * TC iJlHi~I ~iti 119A, 119B 

fl] 1 1 9 C • 13'9 §$ tffi r!c I[ §~ ~ ?.?~ % 2 [I] ' % 2 [I] {* t!:Hl % 1 D pfr ~ 7G 

• rEJ39 t.uF fil ::~um fil N AND §C ;~ jffl TC 14= 1 0 0 ITT ,$J ttlH6 m _t tJUII O '¥ TC 

titiflltiffl 119A, 119B w 119c 1*5tBU@ciitt~a:tttt:t1: 104A, 

1 o4B - 1 o4c w 1040 ITT ft fa(P¥J 1Jt11 ° :ff*• nfil 11u cp , *TC~, ti M ii 

ffl 11 9 A § f3 ~\§ f$ M:k tl :I: B'9 §;, {i ti Mi Ji ' 5t J3U ffl 3K EM {ll 1if ~ a:tt * 
~ 104B cp ~ foJ ~~ Ji 13'9 ~~fltwtiM; '..:j=: TCtiti~ititi 119B § ~ 

IO 
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B'9 §:- @ ti ill Ji , :S 3U m * w ~ #ftrt t1: 1 o 4 A ;fO 1 o 4 c cp 1rr nt t§ foJ ~~ 

J!i EI"l ~ g {ri m t# ill 0 

Ji EI"] ~ m; {~ m , ~ ffl - 1~ '.:j:= n ~I t# ill tt ti 11 9 C O ~fa Z • ~ #;k ti 

~ 104A 5¥0 104C cp 1rr n~ % -4 mj Ji EI"]~~ {il m 104A 1 5¥0 104C 1 • 

W ~~ t, #:k '.:j:: n ti t# fflli ta ti 1 1 9 c EI"J % - t# ill Ji ( * ~i 7G Hi ill ; 1il nf • 

% = 4 ® Ji EI'9 ~g {~m I 04A2 5¥0 104C2 , W ~~t%#:k'.:j:: n tltifflli t;s 

ti 119C 1~ % = ti fflli Ji<* ~t 71' Hi fflli ; 1rr ~ ~ - 4 ffiJ Ji El"l ~ lUri m 

#:k'.:j::ntitiffll~6ti 119C Eir.J%[2]tifflli(*~iG)lit#fflli; 1ilnf%1i4 

®JiEI")~gfrim 104A5 ;FD 104C5•W~~t%#:k'.:j::ntit#ffllitati 119C 

El'9 ~ Ii t# ~;Ji<* ~tr 71' Hi flJ ; JJ_ Ez. 1il ~ ~ n 4 ® Ji EI'9 ~ g {~ m 
104A6 ;fO 104C6, !EH~W #:k'.:j:: n~JR ti~li ~tti 119C EI1% n t#~li Ji<* 

fl= 1Jit :f tt Il:t Ji: }ill 0 

r 0021 l 1.s '.:j:: 71: ~,*ill ~t m EI'9 @c ii ::n ~ -1ft :r PJ. Itt ~ ~~ , 1:1: * 
~ s~ EI"l - ® • nffi 137U cp , 1rr nt §r nt ffi @ PJ. _t :r 1oJ u ID *c ti ijfil * :>1U cp 

Z $ JU llimtt Im iYru """f" 15 EI"J~ g {rim • ti :S 5:JU W :f foJ EI"J '.:j:: n ti t#~li 

~-;m~~§:,~ffi@~~:floJUID~ffl~,$~cpZ*~llim~ 
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lffl~~~1¥J~t•m•~m-ffl*n•mM~M 0 

[ 0028 l tt * g, ~ El~ - ® W 1iffi i1U Z cp , • fE¥j t.iiji fil :a w m 
NAND §ct!fflln{4 100 iffiBI.ft:'fil~{i,$JUillmilfiM~ 121 w­
{~ ~ ffl ~ m :tit ill m ~l m M ~ 1 2 2 5t ,rn ffl * Xf ,$ JU ill m Mi lffl mm ( f1U 

~□ , ffi - * JU ill m ~, lffl mm 111 A ~ ffi = * JU ill m ii lffl mm 111 B) w ft 
:ttt ill m lffl mm ( 1fU ~□ , ffi - ft :tit m m ~i rm mm 11 o A w ffi = m :ttt ill m ~ 
lffl iYffl 11 o B) iijHi ~ fW u1§ ~ ( * ~t 7G ) 0 f1U ~D tt * j( nfE {§U cp , ~ - {i ,$ 

e JU m m ~1 m fli ~ 1 21 0- 53u {R n12-~ 1'f ffi - * JU m m ~1 rm iYm 111 A f□ 

ffi=$JUillmitlfflmm 111B Z¾fMttt~ 104B l□ 104D 0'9-trim, ~ 

ft * n ~I fl~; tam 119 A ;fa 11 9 B ' :ill'L§. W ffl * W PX ffi - ,$ JU ill m 
~t lffl mm 111 A w m = * JU m ~ ~i lffl mm 111 B 1¥J ~ t {1t m 1 04 B 6 ~ 

10406 ft~; 0 ~ m 0'9 m:tttm t~Ht ft~;~ 122 ¥!U {Rn12' f!~ffi-fttit 

mm ti lffl fflffl 11 OA to ffi = m j:fu mm ti lffl jyffl 11 OB Z ff Mt fl I: 104A 

W 104C 13'9-triffl ' ~i!Hi* n ti fill} tafi 1 l 9C ' :;!ft_§_ W ffl *W PX% 

- ft tit ~ m ti lffl mm 1 1 o A w m -= ft :ttt m m ~i lffl mm 11 o B 13'9 ~ ~ {1t m 

104A6 W 104C6 ti ~l} 0 

[0029] 1i~m~*n~fi~liiati 119C ~WM:ktiJ tJlffi~-¥ 

ieP11'iijxfil1f wm NAND §c't!fflln {t 1¥Ji1§t fffi1'f pfr~ ['a] 0 {§U:t<□ tl~ w~ 

ffi3~•ffi3~~ffl•*g,~~~--~~M-7GZ•~~fil1t 

w lli N AND §C ti 1m n {4 3 00 1¥1 r□J fiB tam J:. tJl ~ 0 ¥ r~ fiijx fil 1t will 

N AND §C 'l:l ffll n {4 3 00 ~ ia fi 7': JJ( W ¥ fE¥j ~"i !l! H Will N AND §c 'ti 

1m n {t 100 ffi ['a] ' ~ 51U {i fr n12' ' ~ fl fl :tit ill m ~l fl ~I;~ 122 13'9 "f'. 
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TC ~I ti ~I ta ti 3 1 9 c E8 % Mt ~ loJ O 1± * jl' :al f:9tl Z cp , tfz ffr 15~ ff Mt 

:ti~ 104A 5f□ 104C Z%-tifft~flMUmwffl llOA 5f□ %=tiflli~fl 

~ffi NAND §c'rlffl TC1tl= 300 01tl [P] Jlli 0 

[ 0030] ~ T ~JJ Jl ~ ~ ~ J=§'.¥ TC *I ti ~Ii ti ti l l 9C Z ~ loJ U 

% §c 'I:! ijfil $ JU 1 0 9 A 5fD 1 0 9 B 1± ~ AJI ff , ti If:Z ti 11 l□ t3K ~~ ~ ff cp 

£~IB~~-·r±*~~~-®jl'~~Z$·¥~~~~~ffi • 

NAND gi:_1, 'I:! ffl TC ftj:: 100 BJ t,,U~J t3-f~ ffr nt U % §C 'f:!ijfil $ JU 109A 

Z ~ - $ fU ~ ~ *JR Im wffl 111 A 5f□ % - ti fit m fl ~ Im wm 11 o A Z Fsi 131 

% - ~ ttl Im wm I G _ 1 A • tJ & - @] ffr :U~ U % tc 'I:! Rfil $ fU 10 9 B Z % 

= $ fU ~ tl ~ Im mm 111 B W % = ti fit m fl ti Im mm 1 1 OB Z Fsi 131 % = 

~ tu rm mm 1 a_ 1 B 0 

[ 0031 ] n;,, .,_,□ s,t,. ~ w~ kh- 4 ~ , $_ 4 lg( 1-&. til,-;-,. '' 1 ~ I c lg( """7 ~ "1/!J ~ □Fi ~ /l~ $ rnID 7r-J L@J ·171, \,,s /1'\ .VA~ L@J L ~ 

~ ~ JEg.(complementary .switch circuit) 123 Wff ~:ti~ 104 B 131 fOC §'~ 

·f:! gm 1 o s E8 Fo~ M O EE JJ~ , ~=~tu rm mm 1 a_ 1 B 131 tam BJ tJ w ~ -

~ tu rm wm 1 a_ 1 A ffl 1oJ , w % =~tu 1m mm 1 a_ 1 B 01 tam ~ ~ ti 7G n~ 

13 
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ffi 4 fl] c:p O {B tt ~ {~ • 1iiE tu c:p ' ffi = ~ mu Im fflffl I G - 1 B in ta ffiHJJ oJ 

tJ,Wffi-~tUrmfflffl IG_lA ~fol 0 

[0032] ~t~tE-®~1~01Jf1ifilfJU c:p ·' *~tilixfil1rimifil 

NAND §C ti jffl :re {tj: 100 ~ oJ tJ 'EI ti-{~ {iI. ~' ~ - ti ttt ill f~H! rm fflffl 

11 0 A to % - ~ mU rm fflffl I G _ 1 A Z Fsj 131 % - WIHl)J rm fflffl I G _ 0 A ' tJ .& 

-{~ {iI. n~" % = ti ttt ill f~H! lffl fflffl 11 OB to%=~ mU lffl fflffl IG 1 B Z Fsi 

131 % = m 11)] lffl fflffl I G - 0 B O fol tt 131 ' % - fm Il)J lffl fflffl I G - 0 A to % = m 
• WJ Im fflffl IG_0B intatioJ tJWffi-~ mu rm fflffl IG_lA t§ fol~~ fol O 

[ 0033] tt 7-fs: 'If :5tE fJU c:p , ffi- fm II)J Im fflffl IG _ OA {* W-Jif ~ ii :ii: 

~ ff~ Z §c ti Hfil 1 o 8 131 BJJ: ~ 0 

[ 0034] ~ tJ ffi - $ JU ill m lffl fflffl 111 A ~ ff ffi - U % §c ti Hfil 

$ >1U 109A c:p 131 §c 't! ijfil 108P nt ff MA~ {1= B~ , ~ lffl .® ffi- $ JU ill 

m ~, Im fflffl 111 A ' % - ~ mu Im fflffl I G _ 1 A to % - ffl Il)J Im fflffl I G _ 0 A ; 

Mz fflffl M ffi - ti ttt ~ff~! Im fflffl 11 OA O tJ {iI. :re~! 115 to~ fol >15Hilix ~! 

118 roJ~f1ffi-$7U~m~tlfflfflffl 11 lA toffi-tiftt~m~tlmfflffl 

11 OA JifE;IJO O {:k ~~ (OV); M ff EE* :re~! 120 f1 t& ill !fSl §c ti Hfil 108P 

nfJi ;/JD - F~ y_ciii ~ A ~ 1M V pg m ; tJ .& f1 {iI. n~' ~ - U ~ *c 't! Bfil * JU 

109A _tin~{~*c't!Bfil 108 fltE;/J □ -FEfljf_ciiiim~~m Vpass O ~c:p 'FEflj 
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roo3sJ *~mm~m= u %§c'ttBfil$JU 109B tfjifr~A 

t*fl= Bi ' ~ {:tr fl~\ ff ~;Jett~ 104D __t L m =$JU lli m ti lffl mm 111 B 5f[I 

;It ""f n 131 ic 'ti ijfil B'J F~ t_iiix {~1H~ 5-¥ ii (floating) 0 EB fl'2' ff ~ rt ~ 1 o 4 A 

fD 104C t:pB1~~{~w#ffl-{~~TC~itiMJ£iti 119C; £Lm-ti 

tfu lli m tJjUffl mm 11 OA f-D ~=ti tfu lli flH~ lffl liffl 11 OB fu # ffl ti tfu lli m 
ti ti~;;~ 122 ° lzsl Ilt , nlli 11□ tE ff ~;IUt ~ 104C __t Z ~=ti tfu m f~;HJ 

lfflwm 110B tJ,&;lt""fnZic·~ijfil 108(§-@-§c'~ijfil 108P')l31~tilix~ • 

m, wrt□ nlli1J □ tEffMtrt~ 104A __tzm-tittt~mt11mrnm 110A tJ 

,& ;It ""f n Z ic 'ti ijfil 1 o 8 ( 'EL -@- ic ,~ ijfil 1 o 8 P) 13'9 ~ tilix ~ m 3'c ~ :t§ [P] 0 

mmM~=~tu1mmm IG 1B' oJ{tm= U %*c'~ijfil$JU 109B ~L 

104C % mffv {iE El~~ {:fr ttJrr (local self-boosting).L-). £1 t~ H. i'iiJ 131 ~ 

{ft , • ~JJ 1r. {:tr. n'2' ff ~t rt ~ 1 04 c __t Z §c '~ ijfil 1 o 8 P' §t ¥U ~ A~ m v pg m 

B1~~ffoti~A 0 

tl 7-fs: Jf Dlli {§U t:p ' ~ tJ m - $ JU lli flHl lffl mm 11 1 A ~ m {ft fl~~ - U 

~ ic '~ ijfil ,$ JU 109 A __t 81 ic 'I:@'. ijfil 108R ji f'r gfl If:Z ~ ft Bi , WT Im ~!l ~ 

- ,$ JU~ m ~I lffl jyffl 111 A , m - ti tfu ~ f~Hl Im mm 11 0 A , % - ~ tu 

lffl mm I G - 1 A fD m - • f!jJ Im wffl I G - 0 A O {f {ft n ti 11 5 fD # jP] )j tifx ~1 

11 s jP] ~ 11 m - * JU ~ tl ti 1m mm 111 A f□ m - ti ttt ~ m ii 1m mm 

llOA 5J'53U:lifE1JD 1 {f~(lV),& 0 {f~~(OV); fE}ffiEB~TC*i 120 fj 
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~ fil If~ t8 ic '~ Hfil 1 o 8 R nffi no - i~ f_ojx it If~ ~ & Vre f : PJ EdN 1rr ~-- % 

- U ~ §C t! Hfil $ ,u 1 0 9 A J:. 8'9 ~ 1-t!!. §C t! Hfil 1 0 8 ntE no - rfP, ~"'ix W ~ ~ 

& Vpass O b!P oJ EE~ lli Ifx t8 ic 'ti Hfil 1 OSR r:p ii I& ji 7'SI- 0 
• 

c 0031] * * ~ m 8'9 ~ = u % §c 'ti Hfil * ,u 1 o9B tt ~ fr ti Ifx 

tif1=~, 1rrn~'~Mfi:ft~ 1040 J:.t8ffi=*,u~m~immm 111B w~ 
T :1J 8'9 §c t! Hfil 1 o 8 rfPi 1.ij 1:W-- =t~ 5-¥ Ji O EE 1K ~ #;fU(t 4: 1 o 4 A fa 1 o 4 c cp 

t8 ~ ~ f1i m # ffl -1i ~ :TC ~I =ti ~II ~5 tl 11 9 C ; _§_ ffi - =ti tfu m t~Hi Im 

• mm 11 o A to % = ~ ttt lli m ~ lffl mm 11 o B fu # m =ti ttt m t~Ht =ti fl1 ~ 

122 ° tzs111t , nffi no tt ~ #ft ft~ 104c J:. z ffi = =ti ttt mm~, lffl mm 11 oB 

Ll & ;tt T :1J z ic 'ti Hfil 1 o 8 ( § ~ ic 'ti Hfil 1 o 8 R' ) s'9 ifPi ~ ~ m , tr W nffi 

no 1± ~ #ft ft ~ 104 A J:. z ffi - ti ttt fil ti~, rm mm 11 o A PJ & ~ T :1J z 

§[, 't! Hfil 1 0 8 ( '§ ~ §[, ti Hfil 1 0 8 R) B'9 i~ f.ij ~ m 5G ~ ffi fol O mm M % = ~ 
tu Im mm I G _ 1 B ' :fil _§_ ff ffi = U HJ §C 'ti Hfil $ JU 1 0 9 B cp 8'9 ffi = $ ,u 

m m ~ rm mm 111 B w ~ T :1J s'9 ic 'ti Hfil 1 o s z ~, t.ij 1:W--~ 5-¥ ii • oJ ~E 

le** m I& Z ffi = U % §[, 'ti Hfil $ ,u 109B r:p B'9 §[, 'ti Hfil 108R'* rfP, 

1.;ffi ii If~ ~ m V f e f pfr iR If~ O 

[0038] !l~?.~~ 6 Iii , % 6 1111*it:rr-PJffi IC lilz¥Mt.aJx 

!1! 1{ Wm N AND §G 'ti Jffl :TC 14= 100 ~ fj-:f3K ~t fi f'j:: 81 t8 ~ 5<'~ ~ fil! Iii 0 

tt ::z!s: '.if ntE {9LJ r:p , & fil m ffi - u % §c 'ti Hfil $ JU 1 o 9 A ~ fj- :f3K ~t ~ 1"!= 

81 , tr it ffi - * JU fil m ~ rm mm 111 A - ffi - ~ tu rm mm r o _ 1 A to m 
-wU'-h rm mm ro _ oA B'9 rfP, t.aJx nffi no 1 1:x ~ m c1v) , ii tJ ~~ ~ lffl AN ; PJ 

~[o];Jmt_oji~j 118 Jtffi-tit.fufiltl~timmm ll0A nffino 0 1x~&(0V)' 
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M4 ~ - ti :tfu m t~HJUffl mm 11 o A s1;; r~, tilix 1~ t~ 5¥ ii ; 11 1:rr nt % - u ~ 

§C ti flfil ,$ fU 1 0 9 A _t B';; pfr fl §C ti flfil 1 0 8 B';; r~, f_cilx nfil tm 0 17\ ~ JM ( 0 V) ; 

~J,J{:rrnti 11511~-,$:lUmfftilmmru lllA ntEJJ□ 20 {t~(20V) 

B';; tt ~ ~ ~ 0 ff 1-J 1f {:tr nt ~ - U ~ §c 't! flfil $ fU 109 A _ta';; §c 'rl flfil 

GIDL 0 

[ 0039 l **Elm fl B';; ~ = u ID §c ti fifil $ fU 109B tt i1§ fff* ~ 

ti 11=: s~ , 1:rr nt ff M;+ut :1: 1 o4 n _t s1;; ~ = * :1u m t~1Hi rffl mm 111 B to ;!(: e 
T 75 ITT *c 'ti flfil 1 o s tJ. & ~ = ~ iu rm mm 1 a_ 1 B !fD % = ti :tfu mm 1m mm 

11 OB s';; iffli ttlix ffiH~ ~ >¥ M O EE nt ff M;fUt :I: 104A fD 104C cp a"]~~ 

11i m * m -1~ * n ~ ti ~1 ~at~ 119c : _a%- ti :tfu m tf ~ 1m mm 
11 o A to % = ti :tfu m ti ti 1m mm 11 o B ili * m ti :tfu m m tJlHi ~1 ~ 

12 2 ° fzsl ll:t , nfE b□ ff ff M;+ut ~ 104c _t z % = ti :tfu m tf ~i 1m mm 11 o B 

J;). & ~ T :n Z §C 'ti fifil 10 8 B';; i~, {clix ~ ffi ' ~ f□ nffi 11□ tt ff Mt ft~ 104 A 

_t Z % - ~ :tfu m ff ~ Im mm 1 1 0 A J,J & ;1=t T 75 Z §C ti flfil 1 0 8 B';; if¥, ~j 

~ ffi 7t ~ fEl [cu O {f {:fr ~ ff ~ ft ~ 1 04 D _t B'~Hi = ,$ fU mm ti Im mm 

11 1 B fD ;1=t T 75 a"] §C ~ fifil 1 0 8 J,J & ffi = ~ tu lffl mm I G _ 1 B B';; rffl, {clix tfG 

{~ t~ 5¥ ii , oJ }l!JI f* ~i B~ is9 , ~E 1r. ffi = U ~ ic 'ti fifil ,$ fU 109B cp 

B';; §c ti fifil 1 o 8 ff * fy f* ~ B~ Fsi pg * tt ~i 0 

[ 0040] f~ ff _t }ztt W nfil {JIJ ' * gjl ~ w ~ fJi: {~ - fi Jl- fl ~ {~ ff 

Mt rt :ii: s';; - ~tic 'ti ffl n {tt , ;t=t cp 'HJ - {~ ff :tk ft ~Bl~ . , :fr BU ~ fl 

&~rn~ITT-@$~mm~1mmm~-@~~mm~1muu&& 
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~$~mm•~n~•~mm•~HTnB"J~Rffl~Sffi 0 M~ 

**&~~@-~~-LITTffl-$~mm•~HWffl-*~m 

m•~n,Y&&~•-*~mm•~nwm-*~mm•~H 

TnITT~fflffi*%~ffl-U%£ffiffi$~:~~-rn$*&~~ 

1~ ~f~ 7f ~ ~Mx:l:1E9LB"Jffl= * 1ummti~ mmwm=ti±ttmm 

~~H,Y&&~ffi=*~mm•~Hwm=m~mm•~nT 

nB"J£Sffi*%~ffi=U%£fflffi$~ 0 

- [ 0041 ] ~ cp , {:tr :ot ffi - U % §C ti flfil $ 7U Z ffi - $ 7U m m ii 

~HTn~£Sffifi•-*n~*•~-~*:~~ffi=u%£ 

,~ Hfil * 1u z m = * JU mm ~, ~ mm T n El"1 ic ,~ Hfil w ffi = '¥ n ~, * 

iii £5ffl~ti : mi {:trif'ffi- u % §C'~flfil $ 7U Zffi-tltttmm~, ~ mm 

Tn~£ffiffiY&&~m=uID£Sffi$~Zffi=*~mm~~ 

fflffl T n B"J §c ti flfil , J=l U ijHi ~ ffi loJ B"J ffi _ * n ~! Ht ~I £5° • 0 tl {D §3 

~'=•£m■n#cp•ffl*~*&~m~mm~HTnZ£ffi 

Hfil El"1 *n ~,ti ■ £B°ffll1 ~ 1J\n~ m * ~ tif:tr n~ * JU mm~ mm T n 

Z£fflffi~'¥n•m■ ~ffl 0 ~W~M~~cp~--£ffi■n# 

ffl~,tt~a9£ffi~~ITTMmT,~Y~&'¥n•m■~fflITT 

[ 0042] ff rn ~~ & * n. ti ■ £5. ITT ~l ]i , ~ tJ )~ & §CI~ 1ffl 

n#ITT®fflR~;~~tt7f~-~mmMB"JMmT,.~£ffiffl 

n{tf: ITT §c'~ ?G ~ , * ~; ~i {~~ fi ~* , SJ1~JJ JJ:. ~fc~ ~5f :EJl ~~ 

~ , tt 1JD !E 1i :rnHl §c ·~ Jffi n {tf: B"J ~ fi ~ $ 0 

18 

Micron Ex. 1002, p. 255 
Micron v. YMTC 
IPR2024-00788



201721921 

104142US 

[0043] 

1 0 0 , 3 O O : §c ti iffl TC {tj: 

104A, 104B, 104C, 104D: ff~:,f(tt~ • 104Al-104A6, 104B1-104B6, 104Cl-104C6, 104D1-104D6: 

105 : jJffl 

1 0 6 : §c 'ti ;t,;f)!El- /i 

1 0 7 : -=F 1¥ iffl W :lli Ji 

108 , 108P , 108R : §c 'ti ijfil 

1 O 9 A , 1 O 9 B : U % ic 'ti ijfil ,$ JU 

11 o A , 11 oB : m j:tt }jtff ~, 1m wru 

112 : 1r~tt~ ,a 

1 14 : :ti flHaHl 

115 : {i'.z:TC~J 

116 : :ti fl.i fEa £ 

19 
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111: ~Jlj~M~ 

1 1 8 : ~ ~ 5JJ ti M'! 

119A, 119B, 119C, 319C: *nMHiflltati 

120: *n~l 

121, 122: ftfl)~ 

IG_lA, IG_lB ~1Mlfflrnffl 

IG_OA' IG_OB: mfiJJ!fflrnru 

Vpgm: ~Am!M 

Vpass : FE¥1 ~ :wB@i m 1M 

Vref : ~1 Ni~ ~JO[\Z ~ ~ floating : 5-¥ ~ 

Gr o L : FE¥1 NF ~~ !I 5& ~ )ffi ~ 5frt 

20 
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• 1111111111111111111111111111111111111111111111111111111 

201721921 

$ffl l3: 104. 12. 15 

IPC'.5}1!: 

• 

r-l o \ L 51/o-:i 

Ko1 L. >1/gJ.~r 

[~X:-§}B)j;gwn THREE DIMENSIONAL MEMORY DEVICE 

[cpx:] 

--~-~--n~•~m~--~~-~---~-~m 

••oo•••m&•••mffl•~~•lliffi-·ffi=·ffi=ffiffl 

[Q ¾f ~* * :11: ; 1rr M' ffi --=- ff ~* * :1: _t a1 ffi - * JU m m ~J 1m mm : 1rr M' 

ffi = ¾f ~;k * :I: _t a"J ffi - ti :f:fu m m *J Im fflffl ; ffi - u ID *c ti flfil $ JU • 

* * ffl - * JU m m *J Im mm to ffi - ti :t:ili m ti ~ 1m mm : 1rr M' ffl = ¾f ~* 
*•_t~ffl=*~mm~im~=&J½'ffi[Qff~*•_ta"Jffi=*~ 

m ti ~J im mm ; ffi = u ID i2 ti flfil * JU • * ti ffi = * JU mm ~J 1m mm w 
ffi=Mi~mm~lm~ 0 ffi-*n~Mi■~mWffi-¾f~-•a"J• 

••mMi■ ·ffi=*n~Mi&~MWffi=ff~-~a"J•••mMi 

&;ffi=*n~Mi■ ~mWffi-ffiffi[Qff~$•a"J•••mMi 

A 3D memory device includes a multi-layer stacks structure 

having a plurality of conductive strips and a first, a second, a third 

and a fourth ridge stack; a first SSL switch, a first GSL switch, a 

second SSL switch and a second GSL switch respectively disposed 

on the first, the second the third and the fourth ridge stack; a first 

(2006:01) 
J 

(2006;01) 
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U-shaped memory cells string connecting the first SSL switch with 

the first GSL switch; a second U-shaped memory cells string 

connecting the second SSL switch with the second GSL switch; a 

first word lines contact in contact with the conductive strips 

disposed in the first ridge stack; a second word lines contact in 

contact with the conductive strips disposed in the second ridge stack; 

and a third word lines contact in contact with the conductive strips 

disposed in the third ridge stack and the fourth ridge stack. 

[ f~ 5E 1~:zzliil] : ~ (1 D) ffij 0 

[ 1~:zzli!ZfHJ.itFJ.f~mBJU : 

104A, 104B, 104C, 1040: ff~:kfl~ 

109A, 109B: u IDicf!ijrJ$JU 

11 o A , 11 o B : ti j:it ~ tl ~ im mru 

11 1 A , 1 1 1 B : * JU ~ m im mru 

2 

• 

• 

1041421S5 1042070399-0 
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114 , 116 : tlflHm~ 

• 

3 
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104142185 

(trench) , ,E§ J;J ~ :Y '.XE ~ 1::8 - ffi - ff #t fl ~ (ridge 

stacks) • -:m =ff~fl~ • -:m--=. ~#tfl~J;J&-% [!;I ff 

#t flit! ; 

-%-$7U~m#J(String Selection Line, SSL)lffl 

-ffi-tf :tfufilm tJ(Ground Selection Line , GSL)!m 

~ffi-$~film~1mu~~ffi-~Mmm~1mu; 

-ffi=$~film~1mu,~~~ffi--=-ff~fl•2~; 

-ffi=~Mfilm~imu,~~~ffi[gff~fl~z~; 

- :m = u % §c ti ijfil * 7U , * ti~ ffi = * 7U fil m #I Im 

iYffl fD ~ % = ti :tfu fil t~Hl Im jyffl ; 

• 

1042:0 70339-0 
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-ffi=*n~m•~-·~~~~ffl-ff~~~w 

~ffi~ff~~•~~~~-•~mm■• 

2 
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m=ff~*~~®~®~ffi~~R~m-m~m~~~ 

mm J=ifdf~ PX ; tJ R: 

m~*m~m=*~mm~~H·m~~ffi-ff~*~m 

~ffi~ff~~~~®~®~ffi~~&~m=m~m~~ 

~ mm J=iR ~ PX 0 

-m-~~~~·~~~ffi-$~ffl~~~~m~ 

ffi - ti tfu ffl tlHJJUffl mm Z Fsi : tJ & 

::It rh : ,,.,1 

m ~ti 0 

3 
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~ 'el M : 

-ffl-•®MU·&~•ffl-~~Mnw•ffl-m 

tfu mm M~ M mffl Z Fa~ : tJ & 

-ffl=•®MU·&~•ffl=~~Mnw•ffl=m 

:it rf-t : ..,..., '"i" 

[ ffl 9 Jfj ] ~D $ ~ ~ 5f IJ iB Ill ffl 5 Jfj pfr £It L-= ~t *c ti :ffl lC {ti: ' 

~ cp '£ m m i~ m - u % ic ,~ gfil * 7"U nt rr - ~ A ti 11= 

(program operation) 8~ ' §~~At* {t § f3 : 

M~~ffl-r$~mm•Mnw•ffl-~~Mn: 

UM~m-m~mm•M~·m=•~mm•Mn 

w i~ m = ~ t~ 1m mm ; tJ .& 

4 
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fi~~~ffi-U~~Sffi$~~~~~~@~mffi 

nffi:IJ□ -im~m'.~(Vpass) • ~cp§~~A~JM-An~t~~W~ 

ma 

[ ffi t o r_ij ] 1£0 $ §~ ~ f lJ iH ~ ffi 9 rffii J5Jr mt Z -· £t §c t! G: :TC f4 , 

~crrr~fi~~A•~~·~ffi=*~~m~~~~-~ 
{ifid~iH~ 5l Ji (floating) 0 

5 
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104A 
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103 
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105 

104 

103 

102 ---t:==-----1-.J,........!.~:..,.._---~---------+-----
:< _.: 1 i 2 \ 107 :< >: 
104A 106 113 104B 
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100 

104142185 

-117 116 114 120 
I 

120 
115 FF~=~::::;,:, 

117 ~/4~~{t;=-~57,./~~::,,"/4¢=;z::71/,~~ 
116 h 

114 
111A 

llOA--. ___ \ 
··--::.::---._~-------,~~ 

104 

103 
102 --t::::::----i--+4---------1---------'~..v 

~ 112 ~ 
104A 106 107104B 

109A 
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104C 

109B 
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104B 181 121 

181 181 104A 
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300 
319A 

319C 

121 ~ 

104D 
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~ 
115(0V) 118(0V) 

111A(ON)1 I I ~ 1 lOA(OFF) 

V _pass-j I I~ v _pass 

V _pass-j I I ~V_pass 

V _pass-j j I ~V_pass 

V _pass-j I 
r ---------------,108P 
I I~ I' : V _pgm f ·__! 

108 L _______________ J 

V _pass-j I I ~V_pass 

V _pass-j I I ~V_pass 

V _pass-j I I ~V_pass 

V _pass-j I I ~V_pass 

IG_lA(ON)-j I I ~ IG_0A(ON) 

109A 

108 

123~ 

115(0' 

111 B-(Floating) 11 
Floating-j I 

Floating-j I 

Floating-j I 

108 
Floating -l I 

Floating -l I 
Floating-j I 

Floating-j I 

...1.. Floating-j I 
Sel ~ 

____n___f IG_lB(OFF)-j I 

desel :._ _.: 
, 104D, 

ffi 4 fiJ 
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100 115(1V) 118(0V) 

lllA(ON)~ I I ~llOA(ON) 

V_pass~ I I~ v _pass 

V_pass~ I I ~V_pass 

V_pass~ I I ~V_pass 

V_pass~ I 

------, __ --- .... -108R 

108 
j I ~V_ref 

______ J 

V _pass1 I I ~V_pass 

V_pass~ I I ~V_pass 

V _pass~ I I ~V_pass 

V_pass~ I I~ V_pass 

IG_lA(ON)~ I. I ~ IG_0A(ON) 

;c ;a,; :s::: ,..: 

104B , 104A, 

109A 

1041421&5 

108 

4' 
115(1 \ 

11 lB(Floating) ~ I 

108 
Floating~ 

Floating 

Floating~ I 

Floating~ I 
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100 
GlDL 11 ?~0V) l 18(0V) GlDL ll~-~~~ 

l l lA(7~iHl. I ~ 11 0A(Floating) 11 lB(Floali~~)Hi [ • 

ov-4'!' l~ov Floating-4'1-E 

ov~I l~ov Floating~ I [ 

ov~I l~ov Floating~ I [ 

ov~I l~ov Floating~ I [ 
108 

l~ov 
108 108 

Floating~ I [ - ov~I 

ov~I l~ov Floating~ I [ 

ov~I l~ov Floating~ I [ 

ov~I l~ov Floating~ I [ 

IG_1A(7V)~ I I ~ IG_0A(7V) IG_lB(Floating) ~ I [ 
:-.:: ;,a; 
104D 

109A 
~ 6 [IJ 

1C420703S~-0 
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1. -l~*~1*Z-f1i:1UU~~.,'ffit2i: 
HJ1£; 
$~*~~mM~.Jtfil.w~Milltt11£~~*®Yfi~ffi-~~~~~m*,Mili* 

,a -11 mta iti:J q:i 1¥1-&-1"§ :tt /Jt ~ %n * JJili.:lt ,a fr Ji!r:riJ<t J ~ _t 1¥1 t~ rt~ tn -11 Et! itlz : 
$~¥n~ili~~.;t:t~~M:r£$~fflm~~q:t~~-~;LlR 
~,Mltlf§&;Q' -:t:ti&R frPfrili:lt~MJJJt}Hafi:JzraJ' Pfrill~,MlHili&;Ql:J pfrilltt ll£ti~, ff Ji?d.w 

£JJg-~~5c.>l o<JJg=~~M1$, 
-:t:t~.~ffi~~mM~~~i¥1Hll£§fflfil.wffi~ffl=~~~~ITT~~~ili~, 
-:t:tlfl, J1Jr:r£~ili ~ LfJBI.J-& 1"~1fffl m&, ff fl 
;tt q:t' )1Jrj£ ~ ili ~ lJ, AT pfrj£ffi-m& B<Jffi-~e 1iHElJl:l:J11] [Wj:rf 0 

2. tlH!,HX%Ll~* 1 Ji!r5£s<J*~1*Z-f1it~* ~., Jt q:i, rfr:r£ciji:1.U10mtati:J q:i 1¥1-&-~1'1 
fjs ~liitfr ~£, ~ w Zf 1it £, ~BJ~ 1r ~£to§ +i + ~ 1*t1fl- s''.i ¥ 11J10 i~ oo ¼ o 

1. tlHiTXf-Ll~* 2 JifrillR<J*~1*Z¥1itg~Jl, Jt q:i, JifriliilfRY10m00¼§t~ ~APfrilltt 
J~¥A~ilii¥Jffi-¥A~mOO*~R¥AW~frM:r£ffi-¥A~m:OO*_ti¥1ffi=¥A~ 
ilOO~,ff _g 

-:t:t q:i , Jifrill rt m 1t Ffl m , Jifr ili Ffl w Z¥ faw ~ to Jifr ~ 1mJ.'3 * Ffl m ;f!J R fr Jifrillffi ~ :fil 1u10 m 
00*£J P!r:r£J;t-tt~ffltlztaiti:JzrRJ o 

4. tlHJ§TXlU~* 2 fifr;£s<J*~1*Z-f1i1~*Jl, ;t:t ~, fifr~1Wtiffi~§tJS%£~tofiJr;£ 
~£~_tsf.J~rE.~o 

5. tlHJ§;tJZ.;f1J~* 1 Ji!r3£B<J*~1*Zf1i~~Jl. if§tt : 
m~~~oo¼,Jt&Wfrm:r£~mM~~m:r£:1t•mm~t1:Jz~. 
6. tlHit:£%Ll~* 5 Jifr3£B½+ ~1*Zr1it~~n, J:f§1%: 
~*tl~WJlfrMili$~~ffi~_t~~m~ffi~OO¼, 
;t:tq:i, Ji!r:r£T1Wi ~tMiOO*£JJi!r:r£imtlzffi~Bf.JJ~¾®AtltiAl:e, ff r:l 
-:t:t q:i, Jifr:r£T m 1~ t~ri oo ~:r~Jft~JiJr:i£~ 1~ t~ri oo ~. 
7. tlHRltXlU~* 5 Ji!riliB<J*~1*Z-f1il'H~*R, if§tJS: 
WJ1frm:r£:1t~mmMt1:J~~~•oo*, 
-:t:t ~ , fifrJ£-3Z.JJ 00 ~ § :tt : ~ ~ t:n', -:t:t 1£-.w fifr;£ ffl-~ ~ ~ ~ fifr ~ 1W tiffi~, TT _g 1£-.w 

M:r£ffi~~~~~~~:rf;~R~k$~.~~~$~~~~~~M3£~:ff~•frM3£* 
~-11mtffiti:J_t" 

8. tlH@txlLl~* 7 r!r5£B<J*~1*Z-f1it~*~·' JJ;q:i, Ji!r:r£tMfl-cyJifr:r£ffl-~~1~R~ z '¥= 
JTJ~FJLl" 

9. tlHiTXf-Ll~* 7 JifrillR<J*~1*Z¥1itg~Jl, Jt q:i, Jofrili#f 9"' R<J~-t- ~ Jofrili~ ili ~ 
q:i 1¥1-&-1"~&! _t¥At1'1 *I§:" 

10. tlHJ§t:£%Ll~* 7 rfr:r£81.J+~i$1f{i~~~Jl, ;t:tq:i, Jifr:i£x~OO~Jl~1B-~Jifr:i£ffl­
~ ~ M1$ B<JM&;Q%iR. 

11. tlHAH>llU~* 1 Pfr:r£of.J*~f*#1tg*Jl,;t:tq=i,pft:r£~tlzffi~§tt: rJf!J,;l:t§:tt 
fil.wffiJ£ffl=~~~~ITT~~~ffl~o 

12. flHMtX%Ll~~ 1 Ji!r3£Bf.J-'f~141'f1il~6~-. if§tJS: 
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CN 105047668 A 2/3 rfl: 

¼':f¾imtlk rx:' Jt:--1::j JifritimtlkfsH1Hiffl.cl!' * r:1. i&.'i'. ttJifrittf )!£ cp 0 

13. -;ftfi+~1;;$:1¥1i~fl:~]i, 1'1tt : 
$1'*~00WM~,Jt~~att~k,Mili*~OOWM~cp~~--t§ffi~ff~~~ 

t-trrJi~ttFtrittf Jrt 1--. of.Jtf3tlm1riffl ~tlk, * _§_ffrittt~.ffltlktattim,t:;g-77 [Pl ~.r!:~ rm IWi 
:ff; 

$1'¥Ili~il!M ftJ, Jt ~ ~Jifritttt~fflflkM ftJ Lf1 Bf.J4lt ·-t ; 
imtJktffqti, Jti&Jifrpfrjij;f':lt,i:ffltR~At20Zi'irJ, J:ifritim:f&tffqtj§;J:t~ ~M.Hft: _ft1A 

~1:jmJ£ffi-1f[PJ~X~ffi=1f[P]hl~;~& 

~cp.mIB0:f¾~:1:&~§mm-i'mIBffi=1f[PJ~ff~*~~m-•*~~~m=•* 
tm rx:, 

-H'rh f;r;:~-£-Mr ~;j;L>f/, ,vr::J-jc,kh" -e',ltJ' -J+r::Jf;r;:'-.J.'.kh"-f,;';j;Llf-/, ,vr::J-fc,M<"--e',ltJ' -J+r::J *' 'm ~*-1e>7f:-r':(/Jt.>(.~,Fl *-fn:J/x., 71 _tll-'/1 J~*-1~7f:-r!/J t.>(.~·Fl *-rn:J!x., 71 _ti 

;l:t cp, Jitriliffi- ~&AT JifrIBffi-: ~& o 

i9:Ji~ffi]£ffl=•~~~~~ffl--~~~' 
;1:t Lf1 , Jitritffi - ti* tm ~ sf.J ti* tm sf.J 1t & r8i T Jifritffi ·ti* tm ~ :to Jitritffi -Ji* tm ~ 

15. tiWtxtLlJf3.K 13 J:i~itsf.Jc'f:~1*1¥1itfl:*'i!., J±'ffit2i : 
i&~ttMitffi-~*~~k~r~~ffi~OO~. 
16. tititX:fLl~3.K 1 s JoJ-riliRf.Jc'f:~iz!s:Zf{ilff*Ji, if§;J:~ : 
1% ~f~tlOO~, Jtti.'i'. ttJifrit~tlkM~!j Jifrit:lt!§:ffltlkMttJz.i'sJ, 
;l:tcp, Jitrit~ 1~ffirtOO~j!m¥J1tr:r£r~ 1~ffitiOO~" 
17. tlH!iHXtLl~* 13 J1J-riliB<Jc'f:~1*Zf{il'f~*~' iE§fjs : 
1&1iamJ£:1t~fflt&M~1--~~•oo~, 
;1:t ~ , Jifr J£ ~ ;J:J 00 ~ 'ElAt : ~ -t tTT, ;1:t itr 3i Jifr J£ ffl - 77 [Pl ~ ~ rfr ]£ 1~ t:& M ~ , Jt _ft itr 3i 

Mitffi-:~[PJ~~~~H;~R~k$~,~~~$~~~~~~Mit~4~•amitttt 
,i: .ffl :f&~ff ttJ k . 

18. -;frpc'f:~1;;$:1¥1i:gfl:*'i!.,1'11'6: 
$1'¥~~~~~.;l:ti&~tttt~k,ft:_ftfil-i'½Mittt~¥~~1f~M~; 
$1'*~~:f&M~,~§~mIB~R~il!M~,H_§_§fflfil-i'~mIBtt~~R~7J[P] 

:it!§:~ffl~t&,Mit:lt!§:ffl:f&M~m~~ffTMitffii£~ffi-77[PJ~~~i%H;~R 
0:tt~JR tlk ~, Jt JTJ ma J:itr:r£ M Ji£ cp ft:1'1 tf5 $1' * tB ~, J:itr:r£ $1'* tB ~ 1tr* --1::j Jotr:r£ffl 

-77[PJ~X~ffi-:1f[PJ~$:ttMIB*~OOWM~z~, 
;ttcp, Ffrit* ~-H ~ cp of.Jil}-1~JtnttPfritJg=1f [PJ r Of.J%-ftli:!JL ft: _ft 
;l:t ~, Jifr ]£* tB ~ iJ, AT Jifr;£ffl-~m'Bf.Jffl-Ne ~f&Jlti'sJ ~H" 
19. fiJMfXtLl~~ 18 JoJ-ritBf.J-'f~¼:Zf{ti~&*•• iE§fjs: 
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W~tEM~$~fflfilM~k~~soo~. 
;ttcp, Jifej£x:t'J.OO~t11At :1>i"trr, ;lt1fr~Jifej£ffl-:,h 1i.iJ~f(JlgJ:ifrj£¥JJ;Wflm~, ff _§Jfr~ 

m~m~~~~~~~*;~~~km*.~~~m**m~~~m~mffft~aM~* 
~ .mr :12Ha ittJ 1--. o 

21. -f~;um:.¥~1-t:r.¥111iut11.s1~;:,t, 1'1:JI§;_t111 = 

%~MM~¥nM~~$~¥n~mM~; 
%~1'1~M~~n~mM~~$~$~ffltfilM~,M~$~$~fflfilM~1'1Mm~~ 

M~W~*~~~~*•~-~fil,ffHM~$•fflfilM~fil~~fifM~tt~~ffl-~ 

fr?Jr~ *f ~ cp * ~i~j¾i»H.&IX' pJ-r~i~j¾~fftlX fr?Jr~$~:t#Jimit.&iat~Z r~J' 
;ttcp,M~0j¾~fil~1'1Mfil~~M~ffl-~~~X~ffl=~~~~~%~~ffi-~ 

~~IX~ffl=•~~IX,M~ffl--~~IX~~ffl-~~,ffHM~ffl=•*~IX~~~ 
f J1Jr~ffl- rWJ & s<J ffl ~ rWi & o 

22. tlHAH>lliJJf,1( 21 P!r~o<J~i!, if1'1tttVJ}i: 
frffi~ffl=~~~IX~%~ffl~~~~IX, 
;tt LfJ , Jifr~ffl ~ 1i* tm IX 811$ ~ t?JJ s<J ;it & r8i f p)T~ffi ·1$ ~ t?JJ IX ;to pfr~ffl ~Ji* t?JJ IX 

23. t-iWt-xtLlJf* 21 r~~s<J~it, J±{i1t;i;tb&J = 

tEM~ffl--~~IXk%~~~~ffi~OO~. 
24. tititX:fiJJf,1( 21 pJ-r~R<J~it, n:1'1tttV&t: 
ttM~~~$~fflfilM~z~%~~filffi~.M~~filffi~~M~0j¾~fil~~Mff 

tEM~MW~~~M~$~~WM~z~%~~~~~oo~. 

;ttcp, Pfr~!Wi ~t{gtt00~~1:~¥.PJT~~!Wi ~t{gtlOO~o 
25. f-ititXtiJJf,1( 24 fifr~s<J~i!, if,filtr§-JJ;&J : 
tEM~*~ffl~M~k%~~-~~. 
;ttcp, Jifr~~-~~1'1tt :$ ~,tff, ;ttm~Jifr~ffl-~~~~Ji!r~¥lH.&11UJt ff _§Ji=\-~ 

Ji~~ffl=~~1&:1lti'sJ~* : ~,&[jij'] AE:'$:5J'-·, ~[jij'] AE:' $:5J'-:5J'-·5.JU~1i¥J:i~~i'frff l&~.tEJi~~$ 
~-tffifilt6;ti;Jk. 
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[ ooo 1 J ;t§ :;'k q1 iff s1>J 5e. JZ3 I ffl 
[0002] :zjs: $if~* T 2014 "f fi ):j 2 l::J ft ¥i ~ ~Q iR F ;j;,£ f§J ti 5C. R<J fHli] ~ 5fU $ if 
No. 10-2014-0053601 o<J1i5ttll, it $ijo<J03f4:X iJ, ~I ffl1f:rtff A*X c:p o 

t~#~:00~ 
[ooo3J :zjs: ~ 11JHtJ ,~Jiv Ee',¥:~ iz!q"f {itff *:'I.I'x: ;t:t: $11 m 1fiL J!J:l f*:!:il1 iJL :zjs: ~ 11JHtJ .~,lffe I'x: 
~ ti (3D) *~1*t¥{i1ff*'i!.&Jt$Um1fito 

;lt:.§e..-1:±--,1,>­
F.l .,r-.1.X./1'-

[0004] *~1**:'l.iE~1.8, J!:iJri r§'J[~Jti:PlZ P.JJJt{~r'ia'i-ti~~:tU{t':PlZ:zjs:c *~f*f¥1~ff*:'l.s<J~ 
~~~n~~~~9~H~ff~:'l.~~*'MW9~m~~~~~~9~~:'l.~~*o~ 
~.m=~t (20) R"1E1X f- lWR<JW1i1~*:'I.R<J~µ\ZJ3ti:~ l:8 l'j'L{ftW1i1~1'j'Ljc ~1JEi R<J uutR:tzlim'iEo 
~11t, %PlZtl!Jil\'!L l!l~o<Jtt:f:~*lk*:ti11j;ufoJ1t1m 20 #fitf ff*iio<J~PlZ~i 1i O r.tw, ~ 7'J%PlZ 
rel v'& 00 ~ i'm ·~.Hlk ~ 1ft 1'~ 8"1 W: ~, Jife iJ,, 2D W {i~ ff ~:'I. 8"1 •'1xi* ffl'~ 1'f f'J;!;J~tt A!~ ITTtt 1l: f,lz o 
IL9 .r!L 2 n x>t§1jl(i;U1~F>1LI s<J t¥1il:m • JG s<J 3D 'f ~14:t¥1il'li~ *·E'jtJ:ff TuJlj'E c 

£SJ'lpg~ 
W~J *~~~m~~~M~~~~-~~-~~IJ,I'x:~illM~~~~tt~'f#1*f¥ 
{it~*:'I." 
woo~ *~oo~m~~~m~mm~~~~~mr'ia'i~PlZNJJ,&a*~~~~~tt~* 
9 i*Hfitff~:'I. s½1frt o 
[0001J a--t1f lllL -t~*~1*Z¥1it~*11.m§1~ =*1n£ ;g;-t:111:1fff:Uzta;ttJ, JtrJJ-w-1::j 
tt Jtt o<J *~ TirPf fr o<J ffl - 1f rPJ 1t:.rll r'sJ !Wi3f, :it 1g:~JHlkta~ c:r m ilJ- ,t§115 :')t ~ 5fn * ~:til1:it 
~att~~~~~m~•~m:~~~n~~~~,Jt~~m~mm~~c:r~~-~;JJ, 

.& V,'iiil:tHiI,~, Jt '&R tt:lit1t~]Hf~.t1J .,~JsJ, V,'iitftJiif ~-t +1 JE£ti~i, 4 _tjjJJ-w-tffl -71 rPJ 5e.X 
~m=1frPJ~W.~~mM~~ti~tt~m§Mm-wm=1frPJ*~~g;,t~ffi~.~ffi~ 
~~~-~mA~ffl-~N,frH~ili~mJJ,JJ,j;:-f'ffl-~N~ffl-~~~~~~3fo 
[ooosJ tt½ 1700, • 1~'f#{*t¥1tl':1~1i*n~§1% :g;~:b(l:11':.1,lJHlHiHJJ, Jti&nttM~ 
k,:lt11':ffifil~~c:p~--,t§ffi5e.ffl~~~~:Jt~frH~k~ffi-~~ffi~fil.ff~:lt 
~ffifilM~ill~ffi-7J[P]~~~~3f;$~½~~m~~,~~~:lt11':ffifil~~c:p~-­
~ dllitbHfilH&, JtW:.i'.ttJ:ife:ri~~:Jt~tJlJHLHMJJzJsJ, ~lli*LHiift-&§1% 9 ~t.tllJ=t HiJJ3Ef-½ffl 
-1f rPJ xXR<J;i;=1f rPJM1$ ; JJ,.&i~~V,Mf IX, Jt-1::jV,Mftili~titi, ff Ji 19:11. ttt1Jt£ c:r o i~ 
~~fil~m§Mfil~ffi=1frPJ5e.~~%PlZD<Jffi-~*~~~ffi=~*~~offi-~*~~ 
nT r:::f *.,,,,.. 2c, It!' * r:::f .,,,,..~*7.LMntxnT r:::f -fc,kn-~ 2c, It!' kn- 2c, ltl'nT+-=c,sp;~-,e,ltl' 
Hj ::P<'Fl m-ln:J/x, 7, _tlm-1&~11/J l". Pj ::P<'Fl m-ln:J/x O m-ln:J/x Pj /\. .J 7tt-ln:J}X. 0 

[ooo9J 1'E3J-1frni, -f,~'f~Wf¥1il'li~*R~§1% :g:;~~1lJ~;g~f1J, Jt'&Rtt+1~ 
1--., * H 1a-w ~ tt ~ :fil Jg:S<J1f rPJ ~ 1$ ; g; ,ttt 11: ffl t1H21;ttJ, ;t:t: § ~ :fil 1:,J~ iiHa;ttJ, * H § 1i5 
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if\-~ 1=J ff J~ 'fil A 1¥177 rPJ :It~ Bf.J ffi Et!tlz, :lt~ffi tlztattJlf\-~-'f frr t,t J~ Bf.J ffl - 77 rPJ 1Ez:.1JUaJ ~ 
3f ; Lll,z. 0 :ttJ&tlzlR, JtJTJ$;1=EMJl£ q=i #tiJA5"$1'-~ tll [R, JiJT;£ $1'-~ tll [Riff~ 1=Jffl-)J10J 
~Xi¥Jffi~77rPJ%$;1=E:lt~WWM~~~o~W~q=ii¥J~-1'-mA~1=Effi~77rPJki¥Jffi­
m~,#H~ffilRm~~*rffi-m~mffi-~~~~~~3f. 
[ oo 1 o J 1± Jj - 77 rnL -f~ ~u Jj_rc'¥ ~ ft Z¥ 1i1'1 :ff* ii BS 77it m 1'1 :ti = % }1)Z 1'1 :ti '.'.>'c: ~ to ~~±-th 
*~1=tWJl£ki¥J~~~~ffitt~i¥J~~M~;%$;9~~~M~l¥1$1'-'filH~fflM~;ft 
~~M~q=i%'1)Z~ffi,~~ffi~ffl~1.(~fflM~q=ii¥J-~1=J~1.(~fflM~q=ii¥J~-~~-'f 
DrMJl£1¥Jffi-77rPJki%~.#H~ffifil~1=Jffl-77rPJ~~i¥Jffl=77rPJM~;1=tm~M~ 
k%~§m$1'-ffi~~kW*~~~OO~,MJ£ffifil~ffi-77~½~ffl~X#Hfil~ffl~ 
77rPJ1Ez:11UaJ !%ff,# H[ifil kWJJ\.iit~~:tJl' ;-¼~imlffUtatig RStgtjtt~ ~%µ\Zff D ;JJ\.!iJU1=E~ 
3f □ q=i%$;ffl~m;1=t~~i¥JOO~k%$;~~ffi~00*;1=t~M~~~-i¥Jffi~k%$;~ 

1'-~tll [R, ~ tll [R q=i 8f.J~-1'-lfr~ffl=H 10J~~ffl-~ffl'.. 3f H~tll lR1B-~ffl=H 101 Ll* 
fffl--&i¥Jffi-~~~~~~3f;~&1=E~ffiq=i%$;~W~~.~W~~~M~$1'-~ 
Wt lR~l'R] of.Jtt Mtlfo!I!# Hfil~ffi=77fPJM1$. 
[0011] {± Jj-77TiiL -f~~Umc'f.~f-tt¥1i1'1:ff*iiBS77itm 1'1t!S :1±M!l£l:.%$;~1'-'filH 
11031:!MttJ, J1JTJ£'filH~10fflMttJJ{},t( 1=J+tll£'filHBf.J1JfPJfil1frl ;%$;$1'-*~ffll-tlz~ftg, JiJTJ£$ 
1'-:1t~mmM~1'1~~1.(~fflM~#1'1Mm*1=JHfl£~_g(1¥J77[PJ:1t~1¥1mi-Et!m,:1t~mi-m 
M~fil~-'fDrMJl£1¥Jffl-77[PJ~~~!Wj3f;~&1=EmJ£%1'-:lt4fflmM~~~i¥JMJl£q=i 
m~0~~mrR.0~~mrRm§mm~½ffl-77~~x~ffl~77~~e~m~~m-• 
*~lR~ffl=•*~lR 0 ffl-•*~lR~A~ffl-~~,#Hffl=•*~fRajA~~rffl 
- r'ia'i Ji'. Bf.J ffl = r'ia'i Ji'. o 

~1100 i.R. SJi 
[0012J ~rlWJ OO;fo~Fomwtl±JtE/iJ£, :zl:1zl1Jl~J.!U41t1~1!:/.Jorn~ o 

[ oo 1 3 J 00 1 A £5F t±:l itz 1m :zJ: 1z r!JH1;J J.!J, BS 5F {!JU~ llffi 1JU BS cf.~ 1-tZf {it :ff* ii BS -'f TiiJ 00 ; 
[0014] ~ 1B ~?F t±:l1'1t!SftHHkf 4\tz ~fig,~, Bf.J5F{!Jlj ~JftlI {JU Bf.J-'f ~{4Z¥frlr~6*E 41 Bf.Jx#J 
~ ~ BS~ JrttI 1Ju ITT-'¥ TiiJ ~ ; 
[0015] I!] 2A JFU I!] 2B 7J\. 5.Jlj~jf\-~ I!] lA BS~ I - I' JFU II - II' iUfxITT-i'fHml!l, ~~ t±:lfit@:zl: 
lZ~~~~5F~~~~~+9~~~:ff~~; 

[0016] 00 JA :tt:00 2A Rf.J$7J\. 'A' Rf.JJ'R:AOO; 
[0011J oo 3B tnoo 3c *IlU'AkOO 2s Bf.JWJJ\. 's' tnW7J\. 'c' Bf.Jm*oo; 
[001 sJ 00 4 ;!ik5F tll t11:tt1=Eti1As *1:z r!JHiJ ,l.!J, 8f.J 5F1!iu stUfil 1Ju 8f.J +~1-tt¥1i~ :ff 1~.i'. q=i 8f.J~~ 
OO~Bs~-~.1Jfil1JUBS-t'-uu00; 
[0019] 00 5A;fP00 5B 7J\.!iJlj£filif00 lA OS~ 1-1' ;fp 11-11' ~JR[t(J'fi:1]1½\00, ~5FrHtitli5:zl: 
1:z~~ms<J5FM~llffi~ITT4'-~~t¥~ff*ii; 
[0020] ~6A;f0~6BJJ'-!iJlj~f{},t(~ lABf.J~I-I' ;fOII-II' ~lRITTti:Ul½\~,~5Ft±:lfiJM4( 
lZ~~filITT5F~~JJfilMITTc'f.~~~~ff~ii; 
[0021 J I!] 7 A lU I!] 7B 7J\. 5.Jlj~jf\-~ I!] lA BS~ I - I' lU II - II' iUfxITT-i'fUllJ;l.i!J, ~~ t±:lfit@:z!: 
lZ~~~~5F~~~~~+9~~~ff~~; 
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[0022J oo 8A lnOO 88 :5t'.rlU£00 rn sf.Jtm?J\. '8' ;fntm?J\. 'c' sf.J:n5/:::kOO: 
[0023] 00 9, 00 10, I!] llA, 00 12, I!] 13, I!] 14A ¥00 21A ;fDI!] 14B ¥00 21B ;%?Fttl$1JJSli:;j{~ 
E*~OO~m~?FM~~M~*~~H~~~-~~~~-®*~~~~00; 
[0024] 00 118 £00 llA ITTtm?J\. 'A' Of.J:n3t::k00: 
[0025] 00 19C ;fD00 19D :5t§IJ£00 19B s<Jtm?t 'B' ;f□$?t 'C' B<JJJ!z:1:00; 
[0026] ~ 22A ;f□ ~ 22B Jt§lj~la~ ~ lA Bf.J~ I-I' ;f□ II - II' ~ItZBf.J-!'fUtm~, 12},JFtt\$Llm: 
~~~~~~*~~H~~~:'i.~~tt~-®*~; 

[0027] 00 23A ;fU 00 23B * J}lj ?'ildf\-cy 00 lA sf.J~ I - I' ;fU II - II' iUflB<J-ffUtmoo' 12),~ tr:\ $Um 
OOM~OO~~~~~zy~e~~~~~~-®*~; 

[002sJ 00 24A ;fol!] 25A tr::ffl-ogl!] lA Rf.J~ T-T' ~~Rf.J#UT:',\1,00, ~?Fttl$Llm:00 7A, 00 713, 00 
M~l!]88~*~~#~-~~~~~~-~*~; 
[0029] 00 24B ;if□ 00 25B ;%ff\-~ 00 lA 8f.J~ II - II' l¼:tit8f.JtfiJtX 00, IJ,JF tr:\ $1Jilli: 00 7 A, 00 7B, 
OOM~OO@~*~~H~~~-~~~~-®*~; 
[oo3oJ oo 20 £?F Wi'EL1i:St1u1is *1;t 11JJ ;ti;J ,l!l, ITT?F111J g_J~ 11,JDJ.J *~1*#f~H~:'i. o<J *~1*~ 
:\!]Un Bf.J?F~tUII 00 ; IJ,,& 

[0031 J ~ 27 ~?F ttl'E1tJStlHM4(1;t~ fi;J,\!:J, ~?F13U ~~13U sf.J'f ~WH1ti~~~-sf.J rt:!.-=f ~tJE 

sf.J ?F iii t!JII ~ o 

~ 14' ~ ~~ jj" :t'C 
[0032J JJilitE, ~'iftt ~ x ~ B ~~ :!t ~ ?F tr:\ J *1>2 00 ;tig }~, Rf.J ?F13U ti:~~ iYu Rf.J rft 00 J!5t.i:ttt!ifs'i 
3£*1;t00~~0 Ml2J,rffiBffl~OOJ!W~~fs'i:i£~?FMtl~~M~,*1;tOO~m~~~~ 
ID~h~~tt~~~fil~~~m•.~w,@~tt~,*1;too~m~~TIJ,rJFMtt~~ 
iYU. ff Ji PT§'.~~ i'§-5¥~ % :ct:~JJJl" tJsl JI:~, :ti{Jli ?F iYH:'t~ ~ 13U {x.ffl r 03f * ~ 00 ~ ,\H ff Ji 1f£ f~ * 
~~tt#AM~~*1;t11JJ~~m~mott~00~.*1;t11JJ~mm~~M~~r*xmmm 
JI_~ ?F {3L TT H 7'l J 1;; .,lit!Tt!iJ! fr T9 * " 
[ 003 3 J 4( x ~ J=l:JBf.J # iH1x. ~ 7'.1 f f8'i :i£ ~~ 5E ~ ~ 13U sf.J § sf.J W ~ r: I@ ft~~ $Ll ,+( 1;t ~ " ti□ 4( x J:i!r 
m, ~t1r1: rxiB'•tt*?F~ ~~¥F, i2f ll!U-'flt3tHJ:i:I'.: "---t''- " - ":t□ "it" ms 1T'El15~J51: 
%:iX:.~*xmm,#~"~/~"~Mffi*m~~~-~%~~HW~m#ffl~"~~~ 
in~, ':1§-'i"-5c1!:/=}Ell$1f "a*" !JX "*~*" ¥:'h-5c1!:/=St, it5c1!:/=PTH*a*!'x*~*¥PlTJ£:'h 
-;n:;14, ~~ PJtffr ~ r~J7C14 u 

[0034J ;t§{~,,Utt!i,@itf!!lM, '3ittti□~, rx:~trt !~Bf.J5c141El1${f "1llr" ~-5G14 "J:" at, :!:t 
PTnm1llT J:iJr5£ jj-x{t!= l:~PIHtt ~ i'sJ 5c1!:/=. tB &, #i\3-" nm"~ n;tz~~Htt cp i'sJ xf!:/=. 
if@it~ffilii, #i:g."§1js'\ "§1JS••···· Bf.J'\ "§~'\ ;f□ I ~"§~······Bf.J" '3fflr*XS{, :!:tt!'t 
l1Jl #tEP!r :VU t~f,L ~1*, ~ !Wf<, it ft, 5c14;f□ I ~£ft 14, 1!! ~ t:lP ~#; #tt~~;/JQ ~ --t ~~ --t :!:t ~ 
t~fil, !i'±1*, ;_t!JJ, ~11:, 5c1't, £ft 1'tt□ I ~-t::; 1fJ Bf.J£ft. 
[oo35J 4(xlflnJ1f£mffiti□ "tE······ r1T", "tE······ ,Lr", "r", "tE······ -LJ:", "J:" ~sf.J 
~~~M~ffi,12J,ffl:i£ffl~~M?F~---t5G#~~fil~~~5G#~~fil~~~ 0 @~~M, 
~~ffi~*~~a~~~m~~~cp~~-~~oo~m~~~~~*~~~~~.m~, 

Pl 1 ~ 00 ~ s{_J ~ n jjlj 1¥u , JJ!HEl fs'i j£7'.J "ft :!:t ~ 5c 14 !JX t~ Zif z:. r "!JX "tE :!:t B 5G {!:/= !JX ttfiE r ~" B'-J 
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x;14~4f-1El.1lHJtl]j'.-z rPJ 79"ftJtB x;14~t~1if z._t "o IElJl:l, #i-B-" ft······ z. r" PT 1i~ft ••• ••• z. 
_tfPft••····z. r~M'i"]j'.JJ0J o 1~:'i.PT:t~fl~Jt'f::JiA:]j'.-Zl0J ( EJ£$~ 90 ffl'~f:v:TJt'f::]j'.yJ0J), ff 
~PTffl@~~~*JtMfflITT~~fflxtm~~o 
[ 003 6] ,1Hr ' ~'ij-ilU1 f'J::: Jj * bt sJHtJ }i!;, 01 f_Ef ;i'.l',! ~ f5i1j [?fl 01 tfl] {¼\ [?fl* m ~ J=l 1* * Afij; 77 A cp 01 * 
Afij;M◊IEl~,pJ*ffl~mtl#~/~~~~~~~~MOOITT%~01El~,*bt~~mITT~Afij; 

M~~~~M~~~lliITT~~%~,W~~§ffi~~*~ffiI~r~ITTJt'f::%~" ~~M 
~ITTg~A~-m%tl,ffHffl~~llix;#ITT~k%~"1El~,~~@~M79~~*bt~~ 

[0031J ~@itfiu;, lirt*x cp PT ftffl#i-g-ffl-, m----., m ~ ~*m:it&'i":n:14, m1E~ 
®~#~@~~®#m~~o~®#m~m~~-~~#~~-~#g1f*u [El~.-® 
*Afij;McpITTffl-x;#PTftJt'f::*Afij;Mcp~~~ffl=x;#,W~~~*btl3J=lITT~~-*Jtcp 
i¥f'f'f p ~ lli 81 * b( S}j tiJ ,li!J, ITT :g_ )i 00 81 ~1Yu ·[1.~ nm fYLl tilAt'f:: 1r'J ITT lif [, 81 xt ffiZ $1t O ft '1lf ~i5t 

i3J=j ~q:t' *§ [Rj B1~ft [?fl,l,jiG~f§ IRJ B"J:~~i'l",~111!'t~t§ IRJ B"Jx;{4 0 

[oo3sJ TTITH, :zJs:Jt cp~fl~f1J:cJjtJE;i'J.!fto1~w,1 m o"Jtr'l*J\\ m1ri 1 ~-'f oomm~~w,J·t!:f:*Afij; 
17Ll o [E]Jt, ff 791JLJftD~Llmtl#fP / ~0~81~a~, PT 12),frn IBOO rr 81%~R811t1t" [E]Jt, ~17Ll 
tt~Afij;M~@~M79~~4Jt~lliITTgITT%~.W~§ffiM~~~ffi~~ITT%~ITTffi~ 0 

vLlftP, ~79~'=1Jf3 s1t.ctc~Ll g~:ij-ifil•m' A~!211%~~ aM~1iE" IElJl:l, ~ cp~lli 81 g~pj_tJE,:~,w:t!: 
81, ff H 'f::1ns1%:tk~ ~ft~ lli*~-e1g 81~pj%:tk, ff H~ ~ft~lztu~wu~llfu13Ju 81rurn1" 
[oo39J ~ ~F :'JHHlz JE', ~ !J!Ll * x: q:i ftffl B':J J:ifr 1f #i-g- C §:HH±#lP ;fA-'##i-g- ) A 1f--½ * 1:z 
i3J=l ;tig }2:j, ?Jr~ ~])it~ 1¥rlt imtl# Air! Z. -im ';ltlJEt¥ 1¥J~ x.*§ ~ R1 * x." if@it :f_Ef m, ~;J; ~ ~ :zjs: Jt 
cp sJHm~ff JE)(_, ~ mu vttftriftimffl ii¥l ~ cp JE)(_ ITT]~ll:~ 81#-t-g-m i~i&Mff 79 A::ij 1=; ~ ff Jftt§ 
~tl#ITT_erJt~*~l3J=l~q:tITT~~-RITT*~,W~@~~~~~~ttTfrA:~Mff'f:: 
1r'Jo 
[0040J ftDimM*btSR 01*1*01fJffWr', "tlzffl*JtPJr~ 011';-,t*Afij;f>i1J 019&:'i.tP%~9&:'i.0177 
~PT~~~-~~nITT~~~9&:'i.rf1~~.Jtrf1*ffl*Jtffl~ITT~~~Afij;MITT~~*:'i.• 
~ftR ~w~~*-~-IEl~,4JtM~ITT~~~~ftW~~*-~m~M~~R~rPJ 
c~m~JE::fr~ITT)~~.IEl~,~~*W*JtM~ITT~~~Afij;MITT~:'i.ITT~~~*:'i.ITT-'f 
OOOOPT~~~~~9&WITT~~tt~m~~q:i~/~=-OO~q:iITT%~9&Wo 
~M1J *W*x:M~~~~~~M~~~PT*w•~~~~~~~tttt~ftJt'f::~~ 
z.~ 0 ~H.*ffl*JtMIB~~~~Afij;M~W~~~:'i.~m~aj~M~M~~~77rPJ~~ 
s1 m ~ 71 rPJ ;iJ[ tu , PJJtf~ ~ i'.t ffi: m ~ ~ o 
[0042J IEl~, *JtJ:foF81tfLll¼\OO~f~ T ffl T1fr~-'f oo00 q:i ITTM~~ ~Ji 10JfP I~ ,'11*00 

cpITT-~~~77rPJMWITTmE*JtMIBITT~~~Afij;MITT$~~~ITT~-# 0 M~.~ft­
:'i./~~~ffl~OOq:i~~•,tffMg~.~:'i./~~PT§ffi~~~~,tffMg~~~-~ 
t-J;J ( ~~r ~tdt t5GB1 Z¥1i1'1 :ff _qi :n:Jat-J;J, ffl t:JH2ft1;J ~ ) , ftD 9&:'i. I fMJ;J 81-'f oo 00 JW:5F" 
[0043] ~ lA ~~lliflzdki4(bt~fi;J,ii!:j,B"J~1YLl~Afij;1YLl8"J-'f~14f¥1il~69&WB"J-'fOO~" ~ 1B 

JE::5Flli§Af~*W*bt~~mITT:5FM~Afij;MITT~~~f¥~~~:'i.q:iITT~-~$ITT~Afij;M 
81 f 00 [?fl o 00 2A 3fU 00 2B '5f J}lj ~ J{rcy 00 lA 81 ~ I - I' 3fU II - II' iU-Z 81 tf!Jff [?fl o 00 3A ~ 00 
2A B':J$1t 'A' B':JhJc:k:00' ff_§_ 00 3B lP 00 3C '5t57iJ1E 00 2B 8½$1t 'B' ;fP$1t 'C' 8½JJXA 00 0 

8 

Micron Ex. 1002, p. 291 
Micron v. YMTC 
IPR2024-00788



CN 105047668 A 5/21 rfl: 

004~~~'E1Mttmffl*~OO~mITT~M~~MITT*~i$#~-~A9"'ITT~~OO~ITT~ 
~ st m'.!H3Ll 81.J-'f oo 00 c 
[0044] ~~~00 lA ~00 3C,tltifi~~13U~~13UBI.J*~1*t¥{il'f~~_]ipJ§tj§":tt~mJtftta~ 30 
;fP¥1~JtJi!HattJ 2000 tt~ffltJHattJ 30 pJ§;j:155c:M;fP.ffi:;ll1[:l:il1tt~atfM 100 l--of.Jt5tl)~ 
110 9'PfflEt!t:& 1720 ¥1.UtJjJJtttJ 200 pJgm'tt~fflt:&ftttJ 30, Jt HPT1fl-:tr£JHn£ 100 ITT 
±*00-'¥1-fBI.Jffi -1TfPJ Dl 1JzJlti'aJ~1Uf o ¥I'CitJ31HaftJ 200 nJlf\-,t(£Jffn£ 100 Bf.Jl:*®¥ 
HITTffi-::1J[P] D3 JAH~ 100 fil1$o H~ 100 PT'Elitt*~ftMHo 13UftP,Hn£ 100 PT7'J~11'j'L 
s1Hn£,{i$EiiHn£Bx::E1ffi$s1Hn£o pJ~~Jfil, Hn£ 100 pJ:t-J~B@{t_ttii (SOI) tfn£o Wu 

ftl I, H n£ 100 PT 'E1t%i&n ttfEfl£ _t Er:/+ ~1t£ ( 130 ftl I, ti1£, ti1ti £~ti£ ) , pfritf5fl£ 
1it/1i&lttt*~1t}fn£_tRI.Js11t~u }fn£ 100 PJ7'JJl:;g~~~Et!~~ C fJUftP, P ~) Rf.J* 
~i;$:ff}~o 

[0045] ftPOO lA pJr~, :li~tltJHatiJ 30 pJ Jl:;g1fr3ff l:jffi~:,h1i-iJ Dl ~3:# _§_l:j*fn£ 100 81.J 
~*~¥~ITTffi~1JfPJD2~~ITT~~%~"~~.~'E1ffifrtt~~~M~3Oq:tITT~~m 
110 ;fPfflEt!t_& 172 "ilJJj1ff-i'%=1JfPJ D2 M1$Df.JA~OO~o tEtl~ 110 PTitr-i'$~7JfPJ D3 
tt~f±Hn£ 100 l:.o fi1\~,& 110 BS JJ!l'PT 1J\rfflEt!t:& 112 ITT JJnL ,(£Jt't::&:nfilf3Ll rr, fi1l~ 
~ 110 LfJ Bf.J:3":& ,t Bf.JJlocnJ::krffl rg.trz 112 LfJ Bf.J4lt ,t Bf.J~l'.lto f3LlftP, JJ-1f n£ 100 3fyi'iffi 
=1':it~Bf.JtEtt,& 11Ob,~_toosf.Jti1\rtm 11Od l;},R_!j~_toosf.JtEtt,& 11Od Htit~1~Bf.Jtfg 
@m 11Oc PTttfflEt!t& 112 J!tc a'h~@~~f3U9"',fBtlm 110 sf.JJ!tltPTfS~rfflEt!t& 112 
l'r:J!Jlto -½Hn£ 100 *f81!B1:1~rool'r:1f5fl£ 11Oa PTtti&nttJt_ts½Jt't:f5fl£ 11Ob, 11Oc 
lP 110d £~u f3UftP,t~fj,& 110 9"'Rf.J4ij~~pJ'E1t~=$.1-tti!,&u 
[0046J fflEt!t_& 172 PTlfr~ffi ~ 7JfPJ D3 ft~, ff: r=tPT i&AtttEfi,& 110 ;tJaJ o fflEt!t& 172 
PT t11 tt ih'tr1 tt a ~ ft ( 3 D) + ~ i$ 1¥{i~ e 1~ It ( 130 ftp , ¥ ];[ NAND IAJ ~ f¥ frl@e ~ It ) q:i 81.J 1¥ 
{ii~$ JGBI.Jt~!ffLl~JJJ Ft!.t&o f3LlftP, iQ_]i a:Ji_t ~Bf.J~JJJ Ft!.tft 172c J::J:ii r U!JBS~JJJ Ft!tft 172a zJaJ Bf.J 
fflEt!t& 1726 pJJjx-f@y;j:,;,ifJrJffl~;j;_&Qf.J-¥~ 0 ;j:,;,ifJrjfflEt:!J_& 1726 PTt/lHl¥.¥AitJmtattJ 200 
l-;J,%pjzf¥fitelp.jco [zs]J]t, ¥1.Ct¥1I&elp.5c$ PT~Jl,(£ftn£ 100 l:.o ¥1.Ct¥fite1p.5ci; rr 
Bf.J4lt ,t nJ 'ElitMf\-,t(ffi ~ 1TfPJ D3 m>1u B1f¥1ti~~l'j'L JGo 
[ 004 7] ~ r 00 BS ffl Et! f-_& 172a ;f P ~ _t 00 81 ffl Et! ti 172 C pJ J=IH'F iztrf o'Ii i$1'r 81 ffl Et! t_& 0 130 ftp ' 
~_toosf.Jffl Et!t& 172c PT ffl fi::ffl rxf fft~ ( *~ ~) £J'IJf.HitJ mfatt.J 200 zi'aJ Bf.J Et!~ttitl:1T 
:r1iffLl B½ $n'tdls11ttrs1:1tl~t&, # _§_~ roos½tl~t& 112a PT ffl 1tffl Tx,tJTJJJtttHn£ 100 q:i 
Rf.Ji~j¾iE\t&IR 154 '7~M¥~mtatiJ 200 ;tJsJRf.J Et!iitlitl:1-ft1!ffLl RS:1:ili:iztrla11t~Rf.J$ Et!t&u 
[oo4sJ 1r Et!t_& 112 PT §Effi¥A1tJmtattJ 2000 1r Et!tLz 112 q:i sf.J&~,t PT §;J:15.ffltiiz~ Et!,& o 
fflt&~Et!filPTt11ffl~~li~~fil,~~fil,~~-~~fil~'t:fil~ffWffl~oM~.~~li 
~~,&pJ§ffili~~,li~tt,ft~~~li~fflq:tITT~&-1'0~~,&PT'ElimC@+~r) 
~, t,~ktii, iJ~tEl q:i 01¥.y~,t o f11Jftp, ~~•1ttm~PT'E1ti5•1t'FJ, •1t~~•1t{B q:i ITT 
~y~,to 
[0049] ¥I'CitJmMftJ 200 nJ!:fm':htt~fflfLzMtJ;J 30 Lf1 Bf.J4lt -,t' I;}, rguJi±+fn£ 1000 ~ 
~~ ~ 1 A, t/ll ti~ :It :i: ffl tLztfi ~ 30 q:i 814lt ~ i' Bf.J:@ 1.C itJ m tfiti;J 200 PT ¥A-if-'¥ 1-f r ffi = 1J fPJ 
D2 ITTffi~>1uCDtuffi=>1Ki}J':jpJLJ c ffi~1uCDBI.Jffi~'IJf._E[1~mfMtJ 2OOa pJjfr:ogm~1J[P] Dl £J 
ffi __:.JU@ Er:/ ffi __:. ¥ ]UtJ iiHM~ 200 b l'aJ ~ 3f o ffi ~ lP ffi __:. ¥ ]UtJ i1H6 ttJ 200 PT tt ~.U z -¥ JTJ 
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t1PJLio *~-ffi:1:1JtJi!HattJ 2ooa;fn*=-ffi:jiJtJmJatiJ 2006 if\-~*~:1ffPJ Dl ::fxt.f~o WrJ:uo, 
*~-ffi:l[yiJiitatrJ 200a rJJyf\-~*=Ji 1CiJ D2 '5H}IJhA,*=-ffi:ll1iJHHat-iJ 200b fg;{fr:*=-ffi:ll 
110 31:Ha ft) 200 b B<J ['a] Jte B<J ~ 4': 0 

[0050] _f1>7r, Jg~ ylj@Q{]Jg ~ -ffi:JgjtJilHatkJ 200c fW$ IJ] ylj@o{]Jg IJ]-ffi:_1gjtJil'!tatkJ 200d 
~ rir i~ ti~ :it~ ffl t1ue1 ttJ 30 rr ITT & ~ ~ o * ~ -ffi: 1Hti Ji ta t1;i 20 o c ;fo * IITI -ffi: ][ 110 Ji ta *1;1 

200d nJJf\-~* -JJ[P] Dl -¼t.ft* -ffi:1UtJmta+J;J 200a;fP*~-ffi:J~jtJmtattJ 200b B<J lYl~o 
*~=@1UtJmtMtJ 200a ;fo*-:::@][110mtMtJ 200c rJJ~-=f*=:fU®x-H8' o *==@][1tJmtfi 
tiJ 200b ;fU* IJ] 'lf:EjtJ mtattJ 200d rlJ~T* ~ :flj(~};(t.f8' 0 {iJJ;1;}f\-og IJ] JLi 11PJLi s<J 'lf:HitJ mta 
tiJ 200 B1>Jf'firlJ1f\-3ir*~:1frtJ Dl _m}[t-fui&tHo ':1§1')1.-'fTiiJrncp~st, 0::1--UllJ.tft~ ( ~Pi!Jttftffi 
~ ) 182 PJ -btJI 1=t1i11U§4~ R<Jtll:tJaJ u Pt rm, ;zJs:1,2 ~ i0J J.B,::f ~i-=fif\-3ir vq :fU:t:lrYU R<J ~R110mta 
tiJ 200 0 1=1:Jt't*llffi11,J cp, -ffi:1gJtJmtaittJ 200 rir 1t1-~l1l:_m ::f 791IT1 s<J ~ JU 11PYu O w,i :u□, JU il&rir 
7'J=~rir-t:T~~T1io 
[0051J ~R1tJil~JattJ 200 rir~~$~~JJJFt!itft 1720 -~JJJFt!itft 172 rJJ'ELll~R1tJilHaittJ 2000 
-ffi:JgJtJmtaittJ 200 cp o<J~~,t rJJ'ELttJg~-ffi:JgJtJmrn~ 128,il&t®#ftrn~ uo, *=-ffi:A 
itJJiOO~ 140 ;fotJJ;1Et~~OO~ 1440 z!&tAH¥1i100~ 130,*=-ffi:][ytJil'!OO~ 140 ;fotJJ;JEt~~ 
~~ H1 nJ-¼t•a* 'filHitJm~~ 128 _L 
[0052J *~=@1_u10m~~ 128 rJJ§!s1$¥Hll£ 100 cp O ~~=@][1tJm~~ 128 s<J~~:7trir 
19: 'i!_ tE ft fl£ 100 cp , * ~ 'lf: 1L yg J! lfil ~ 128 ITT 5j ~ $ ?J'- rJJ J:l_ ~))I. t,t fl£ 100 'lf: 1LJtlrJ~ tB s<J tt 
JTJ O *~-ffi:][1tJi!irn~ 128 rjJ ttR i=E:lt~tffitftfMJ;J 30 B{Jri'ffl?J"cp O 1YIJ:UI I, *~-ffi:1U20i!irn 
~ 128 R1 J]f~TIITPJ ~T cstt!l£ 100 *§4~1¥JS ~TIITRMlfr Eg;j;ft 172a R1 J]f~TIIT ( iJIJ:UD, t-fu:iztrla1 
1i,:~s<Jffl EgtftITTJ:ui~TIIT) o *~-ffi:_1gJtJ3ilfil~ 128 rJJ 'ELtlt4':~1i,:Mf4◊ M:u□, *~-ffi:_1gJtJm 
rn~ 128 r1Tt11t5"1ii (Si) ,'ft (Ge) ,1ii'f1 (Si Ge), III-V h*1t~te{J~ II-VI h*{t~to/Jcp 81¥0> 
~~o fylj_f,(o,*~~J[ytJmrn~ 128 rjJ79'§ttf~~;ii-1s<J:>1r~~o *~~J[ytJ;arn~ 128 r1J 
'ELtlt*ti5¼ □14':~1i,::1-;f.'f4, ~ti*11 ~ ~~:J1'11:gtfJrt 100 01~ Eg~:J1'/t§~mti*tmo14':~ 
1i,:t,.H4o 
[0053] nJi=E~ --ffi:IU10m~~ 128 B11~~~J:-¼t.ffltllZft1ttm~ 1610 ffltftft1t'lo/J~ 161 
rJJ-btJl1'r~rTIITB<JfflE:gtft 172a 1:g*~:@][110m~~ 128 zJiTlo 
[0054] yf\-og* ~ 7J[P] D3 }!f {$ B1*= 'lf:HYtJ m lfil ~ 140 r1J 19: 'i!_a*~'lf:1(yg m lfil ~ 128 
J:o *_:_-ffi:][110mrn~ 140 r1J~J!~¥*~-ffi:][110j:!i00~ 1280 m_:_-ffi:][ytJj:!irn~ 140 rJJ 
-btJltEJ_fzJJ,§Zffitrn~ lJO cstJl;JEt~ttOO~ 144 zraL ~=~R110mrn~ 140 PJJt1fJ_uift/mr/,j{ 
:ff ITT cp ?B1iilU"'~%:U( o a~JJ:~*Afij;f!irJ cp, *=-ffi:1U10m lfil~ 140 rJJ AtHir1~~::rf B1J1;1fij;fn 
Tf£y;/i) 8<J~;jxo B:Jl:B~DmfYIJ cp, *=-ffi:];[1iJiiOO~ 140 r1J Jl:1ftl1EITT ITmttJTJJTJtk, ft _g r1J ~, 
~:t~JEt~t¾rn~ 1440 *~~J[1tJmrn~ 140 rJJ'ELti$a14':~1i,:Mf4,~~a14':~1i,:M:¥4~~ 
u'D4':~1i,:i-;f,'f4 o {3irj :UD, Jg=-ffi:_1gj1:Jil'! lfil~ 140 r1J '§;j:tf tit (Si) , 'f~ (Ge) , titffi (Si Ge) , 111-V 

»*ft~t?!J~ II-VI »*1t~t?!Jrt1B'.J~&~~o fJIJ:UD, *=-ffi:][yt}Ji[fil~ 140 rlJ79'§1JS1+La11i=E 
B1:!rM~o 131J:UD, *~.-ffi'HYtJm~~ 110 nJ'ELtltJKti~s{J'f~W-Mt~-, 'f~14:.t~f4,~~t$ 
~ff ~Eg~:J1'/£JH!l£ 100 B<J~Eg~:J1'/t~~s1ti~t?!JB<J$rrbtt=L 
[0055J z!&t®t¥1itlfil~ 130 rJJl&'i!_tE:ft*-fflt&tMtJ 30 lum=*1Li10mlfil~ 140 zrsL lt 
ffl Zr 1ii lfil ~ 130 r1J A 1f ::rf □ J:uY i;/il ;f P J1£ i;/il o 'lf>[ ffl ff 1ii rn ~ 130 r1J 'EL 1% f3~ ~$ Zr fit J>[ ti B½ $ £ o 
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WIJ:uo, PTlLlffliliii¥l1JtJm~tZJ 200 l=jfflft!tlk 172 zJsJB<JEt!ff&~t~i¥J Fowler-Nordheim 
~i ~ 51t@r=ii~ Z¥1IlftE ~ffl Z¥1I~ oo ~ 130 cp 81 i11:ti c tt mL * R f!Jl tiJ ,1~,~ r,1,z T JJ:l c PT ~:JjJtg, 

~fil1¥1il00¾ 130 PT J:l.:1rn~~$~f}tj~ufi~:E11¥{il~fils<J~~ ( 13UftD, fflr*§3il1¥1il~ 
~ :1: o<J Yi~~ FFJ r PT ~1t Et! i-;13. # fit g~ :1: o<J Yi~ ) o 

[oo56J ~m~oo 3A,~tA!fZ¥1itOO~ 130 PT1'1ttl=jfflft!t-Jx 112 t§~r,s<J~~r,13.t'Hrft!~ 132,l=j 
~~.¥Ir1tim~~ Mo t1:nr,s11~mfrrg!zf 136 :¥□ 1&.11.a~ ·lill:l~frrg!zf 132 £51~m1rrg!zf 
136 z1'17JB<JEt!ffei1¥1i1~ 1340 13UftD, ~imfrEt!~ 136 PT1'1tt=$\.1tAi1~o Et!ffeifJ".1~~ 134 PT 
'ffit&f,&~#1rEt!~ (trap dielectric layer) J:Jt;t;·Jl_..fef ~Et!t1A1:~t,~.(i¥Jf)'Et!~o fJUPD, ~&mfr 
~£pJ,fil~ffl1tn1£o ~~f,.fit~fr~g 132 pJ,fil-}%_J!(1tn1£:fD I ~/i§'J k 11-~£ ( {3UPII, 
$C{tffl~~=$C1t~~)" ~~ffi;j"'§frft!~ 1:12 PJ1'1t~1¥1-~~$t-lW~u a~@~mrH3LJcp, 
~~r:§.t3frft!~ 132 PT79J:l.1'r=$Cftn.i~B<J "1'1.~o 1=EJt't*JJ8j;W1J cp, ~~f,i113frft!~ 132 
PT~m~~=~~ftfil,~~fflfil~=~~~filcpi¥J¥&m~i¥J~~$filo 
[0057] pJ'.flJ11:7ri=E:l1U't~JJHJ:Zta:ttJ 30 J::] ~ ~. ½J[;;tgjg I.!!¾ 140 Z.. i's] RR~~. !m13fr Ffi~ 
168, * li:$=Pil13fr Et!~ 168 PTft~~t~~ 110 l=j1ffiEt!t.& 172 z..i'RJM1$ 0 fy1Jfto' %=ril13fr Et! 
~ 168 pJ;;{}~;j;§x1rHn£ 100 ~*7.K-'fB<J1JrtJfil1$' Ll~:ilRMEt!t-Jx 172 s1rm~TIIT:f□n£~TIIT 0 
iJUPD, ~ ~f,13.J~fr rg)zf 168 nJ 791¥1-!zf ~$ !if o 13UPD, ~ ~.lill.J~fr rg!zf 168 nJ 1'11'%/E/J k 1r rg)zf 
( f3UftD, $\.{tffl~:f□ / ~=$\.1t~~) o ;yt~®~JJfilfJU cp, PT~%p\(;~=ril13fr Et!~ 1680 
[005sJ t"!§;fdB@OO~ 144 PTt1l:ft:*1.L;;tJJlHMtJ 200 s<Jp;i~i'sl◊ t"!§;ft:tB@OO~ 144 PT'ffit& 
_:.$C ~:u1g ~ m ~:u1g 0 
[0059] PJft:!JtM/?gm~tZJ 200 cpR<J4ij~t-J:i&.lt~E§.~:m: 146u ~Et!~:m: 146 PJ'§t~~ 
Et!Mt4o PT~~!tL ~ Et!~:m: 146 "ilJ79:ft~1'rti$:~tms<Jti$:~'.foml>C ¥_1gJtJmtattJ 200 91£5 
~Et!f~:m: 146 ffl:fH£1!8<J~ft;ii;"ilJ791JiiHlltlRc PTtt:li,iUlfrtlkfatiJ 30 J:i&.lt~:m:1:~t?fil 148 Ll;li 
~~ FfiW:m: 1460 
[oo6oJ PTatt~1rit1z~ttJ 30 z.rmN.1t.Jg~1tJt® 150 ~i4ttt~.mr:mtaittJ 301&J.1:l:n-1iti O 1111 

PD, ~~;;tJffl 150 "ilJ%p\(;.{£,15- ~ 1'1tM£-~~~1JrtJ Dl ;;$:l'.81 [g JU s<J¥][;;1;Ji~HattJ 200 81?'.§. 
~i'aJ o ~- ;;tJft 150 nJ MJ~f:l:1:~Hf=t!zf 118 B<JJ.01:«TIITM1frl:E+tn£ 100 LfJ o '29J.l:l, ~- ;;tgfi 150 
PT1'1ttg1$¥Hn£ 100 cps<Jl.lJJ:ittlR 150Ro °3%p\(;~~;;tJ;tt 150 s,t, PTi:4Hn£ 100 tt~t.clL~Ll 
~%p\(;[1J]Jtt[X 150Ro [1J]:itt[X 15QR pJ Jl..feJ • .iEftJ{bvJjfB1fITTLJ~o 
[0061] "ilJ1=E[1J]:ltJ:[R 150R cpi&[J§'.£l19'1$C1ttm£ 1660 1YUPII, fl1rr!l~tm£ 166 pJJT;J:&1=E[1J] 
:ittlR lfi0R R1100Ll~tVfDn£*TIIT...tu £119'1$C1t4m~ 166;fD]JllHJk$C1t4mfil 164 PJJffii11§~R1$C1tI 
Z::~S1%p\(;o *=~il13frft!~ 168 iEPTi&.'i'.1=Etl1rf1!lfttmfil 166 l:o *=ril13frft!~ 168 
PT 1:~rni tiEJTi ma [1J] ill rx 150 R cp o 

[0062J 0;ttJ/'l(:1:lz[2{ 154 "ilJ%p\(;1=E}tn£ 100 cp, ff Ji PT ,fil[E fliljt!:12{ 150Ro ~1=1Jiisi5L °31'A f 
TIITOOtrst' 0~i»l\t1zlR 154 PTi&.ltttii~fflt1ztaittJ 30 Z.['R] 0 Wuft□, 0~'/JJH1zlR 154 PTttiliii 
~~;;tJ;t! 150 ~imB<JHn£ 100 rf1;;£-~~=1JrtJ D2 fil1$ o ~iiJ it iJt, .':"if.A. -'fTIITOOtrS1, 0~ 
iJJHRlR 151 nJi&.11.tt:lit~ffltl\Z~,ri;J 30 ~i'aJ, ~¥B,tf~~1JrtJ D2 M1Frlo 0~iJJHRlR 15,1 nJ 
1'1tt~Hn£ 100 s<J~~~ft!~ru~~B1~=~Et!~rus1ti*'.f'mo f3ufto,0~imtRlR 154 PT 
'ffit&itiftD11$ (As) J:lx~~ (P) 81 N ru:ti*tm◊ 0~iJJH.&lR 154 pJ{ilf;1;~~:ti*t?!J[R 154a ;tum 
_:.J$*4?!J[R 154bo 13UPI I, ~~J$*'.f'm[R 154a pJ79f~i*~1$*'.f'm[R, ~_:.:}$*4?!JlR 154b pJ79 
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~l&JiUt*tmrsc W1J:uo,*-tt::?fetmrx: 154a s<Jtt~tmi:&Ji'.B<Ji~ml-aJT'Jtf.J 1014atoms/cm3¥ 
t<J 1017atoms/cm3

, # _ft*=ti*tealX 154b 8<Jti*teaWffl'i'i<Jffill-aJ7'Jtf.J l0 19atoms/cm3¥t<J 
1021atoms/ cm3 o 
[oo63J ~~f( I!! 2B ,fo l!l 3B, ;t::t: cp%P1G110~1JJH& rs: 154 mHJrr. 100 -aJ 1'1t!1B-3i*=1f fPl 02 
11p3Jlj B<J g>i"* t±:1 IX lOOao * t±:1 IX 100a -aJ A1fTiJ1:zz®, ~iri;f:zz® i&:'i.7'J£Ji&:'i. {± * t±:1 IX 100a 
~i'aJB<J+t!l£ 100 Bf.JT~ff<Tiilif§Jile/Ei:i&PHo ~irJ"Us¼.,*t±:IIX 100a nJ~1f/Ei:illtPHo 1}U,tzo,*t±:I 
IX 1 OOa -aJ m:i' * = 1f fPl D2 ~Ue ~ PL tEUltr1T1 [Wj 3f, #_ft* t±:1 IX 1 OOa cp Bf.J4lt-T -aJ JtrHA 
og*=1f fPl D2 Bf.Jmllt PWo 1=[-®~Jlili1flj cp, Ji1e~ PL riJ7'Jmllt PW B<J!L{~¥!L +{~Ao %nx 
B:1'1t%*t±:IIX 100a B1JH!l£ 100 cps½0;:J--!jJ~flzlX 154 rlJ1'1tJS*t±:l0::l-¾~flzlX CSP 3fPD:Ilill0 
~jm(:f&IX CSRu PJi~*t±:\i~~ym(:f&[K CSP fl!z5E7'J%Jt1ZB:*t±:\IX lOOa;fP*t±:\IX 100a l'7JR<J 
tt Ji£ 100 cp s<Jtt~tm rx: o -ari~ D:IJ Jtl:0~;11ir:it1z rx: cs!{ cp s1-&-1"fl!z5E7'J%nxfri9:ii fr~ te rx: 
100a :tJaJ8<JHJl£ 100 cp8<Jti*tm1Xo !El.Lit, *t±:10:tti!RflzlX CSP cp8{]4lf.-,t,ifr~*=:h li-iJ 
D2 -aJ A1fmllt PW,# Ji*W0~~/M&IX CSP -aJ1I:\-3g*~7JfPJ D2 12),J::]MjtJ:0~~,'l\tJJt!X CSR 
Df.J'bli:/¾£:zis:xtEiZof.JftP~ PL 1&:1l:li'RJ[Wj3fo */-t-\0-~ifiH&IX CSP -aJ1'1t!%-ti~t?VIX 154a, 
TT _ftD:IJJtl:0-~il:t:&IX CSR -aJ1'1:tt*-:t-#~t?VIX 154a ;fo*=t-#~t?VIX 154bo *=t-#~t?VIX 
151b nJM1frl~*t±:10~1JJH&IX CSP B<J $:n\.4-1 o 0-~i!JRil:&IX 15,1 EB* ti*tmlX 15fa nJ 
m:oi*=1f[PJ D2 iitJtfil1$ 0 *=ti*t?VIX 154b -arm:oi*=1f[Pj D2 :;fiiilJfutlpJlj O 1YU:UD, 
lfrog*=1ffPl D2 tlp3JLJBf.J*=ti*t?VIX 154b -aJ1&:rlt1'sJ~3fo *-ti*t?VIX 154a -aJ'ffi:t6~ 
r,§']J3t1&:rlt~IPJB1JIXo 1YU:Ull,*-1**t?VIX 154a -aJA1fifr,i'*----.71rtJ D2 5t~11FJLJB1J*-IX 
~ffi=lRuffi-lXA1fffi-r,§']~.#_ftffi=IXA1f~ffi-r,§']~:;f[Pj~ffi=r,§']~ufr-®~ 
JliliW1Jcp '*-tt*tmrx: 154afr~t±:10~illH&rx: CSP cp91.j4lt-,t,cp-aJ A~*-~/i'. SHl' * r:l. 
frD:IlJtl:0:!ti!Rflz IX CSR cp 8<J4lf.-1'-q:t riJ Jl1f*= Fro ffl' SH2 o *-Fro ffl' SHl -aJ AT*= Fro ffl' 
SH2o *~ti*4?VIX 154b -aJ%nxfr*-ti*4?VIX 154a "Po ?.ffffi,:zjs:Jx:~~,ffi,,,-J,J)~rrlto fr 
;t::t:'f::~JlffiWU cp, *=ti~t?VIX 154b -aJ~m*-ti*t?VIX 154a, # _ft-aJM1$¥.ttM 100 cp o 

[ooMJ 1'1:t!r~~t'§rfdfil~ 180a Bf.J~B~~-aJi:'it::'i.{±*t±:10-~iJJH:&IX CSP rrl'B-&-,t, l:.o 
17Ll:UD, t~1+1A1tt?V~ 166,*~-~_§J=Jfl' rg~ 168 ;fPr~~ ~tBti~~ 180a nJ f!i;/1li}Jfftfi:1l:fr+tll£ 
100 Bf.J*t±:1 IX 100a _L T-[Wj~tBt~J?fl~ 180a,*=~.§.1-'3frEt!~ 168 totf1rp$({ttm~ 166 Bf.J 
iOOU~-aJ £J'X'. t±:1 IX 100a Bf.JfOOLl~~:zls:x,f:if o ~rlt, r~ ~t~~l!I~ 180a, m=fl.§.1-'3fl' E§.~ 168 
3fPti1rrft{ttm£ 166 s½mllt ( 1YU:UII, PW) -aJffr3g*----.71rtJ D21&:rlt~*;,j;§IPJ~t§1t;L yj:)'l', 
?t!iJIJi9:ltfr*t±:IIX 100a 1:Rf.Ji"i- H~~tBtiOO~ rnoa( E1Xi"i-ffi=rntHrEt!~ 168 ~i"i-~1rr 
ftftt?V~ 166) -aJPJJ!i;~lte~ PL ~*;,j;§IPJ~;,j;§f~JITT£e~t&:.Liti'aJf%3f o 
[0065] :uoOO 2A J:ifr?F, r~1iti,tf'.iriOO~ 180a lP~1iti,tf'.iriOO~ 180 -aJ:j;i,JPlG-,t,l~ir±ft, # 
Ji rl11¥j~t'§t¾OO~ 180a riJJ'.,f@fl11¥j~tBt¾OO~ 180 s<JfflS1i~o ""fl)1~~tBt¾OO~ 180a -aJ:r:i1l;JE 
[1_r]Jtl: IX 1501{ o<J¥.J>-$:n\., # _ft-aJ i9:lt fr%-ti*tm IX 154a r. o i9:lt frr [Wj ~tBtli!l3R 
180a r1fB<Jff191ftftt?V~ 166 ;fo*=fl.§.t~fl'E§.~ 168 -aJi&:'i.{±D:IJJtl:IX 150R rro 
[0066] ~~~tBti~~ 180 nJibt.fr:hft1l:ffifft~f10 30 ~iJJRfftJffi~ (plug line) 182 ~i'aJo 
vu:u□, [Wj ~t'§tiJ?fl~ 180 -ar 1&1r. znmf1ztiui 182 £Jim Et!t& 112 :t.l'i7J O [Wj ~ tBtiJ?fl~ 180 -ar 
$:n\.Jili,:l:J§;ft*-)1:Jfl 150 ;rUD:IJJtl:IX 150R, # _ft-aJ £JffiE§.t& l 721iiM!o ~~tB~i!I~ 180 -aJ 
:f:1J;JEJf; JJX:fr!'.Bfifil 11 o z:JaJ B"J 2'.i'aJ, l2J, {liHNJlH ~flz 172 B"J i~Hi o :5*tilf;3f D -aJ~ J2H~ ~ f:B 
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ti I!!~ 180, ff r:IJJ!tJitli~ 182 PT i&it :r±~ti!ffHf IJ q:t o fr*=1nPJ D2 L, IWi ~ f~ti I!!~ 
180 ifJ~ffl11tPT1iffi, LlfF79HJ1£ 100 L8<Jr~1'£;',ffitil!I~ 180a, ff H~1'£;',ffitil!I~ 180 8<J 
31 ~ 1m 7]\. PT J=r;t:t "t t~ ti m c 1Yu ft□ , tJ ,rr $t 1um m 16 6 ;fo * ~ 1m.t¥H~ Ft:!. m 168) ~ 7-EQ l&'. iJi , 
i;J,~JI.Wi01UJJl\:tlizts: 154o !Wi~f~til!I~ 180 PT~JtwJttmfzkttffi.1ttmm~$.1ttmmo 
[oo67J iEWkffi~ 182 PTi&ir.1'±0~il:t:&ts: 154 l:.o ~:t:&ffi~ 182 PTi&ir.1±*~11gti,!!f 150 
Lfio ½5'r,1JJ¥.f&1i~ 182 nJ"fil1Fr1.:EMjtJ:[s: 150R Lfi, i;J,i1Jl.:E0~1JJ¥.t&ts: 15110 1JJ¥.tllZ1i~ 182 
PTri1t£0~iJ!t&ts: 154 S<JEE!.~].o ~t&tt,f! 182 iSJ791f\-if*=1nPJ D2 j~Ji,fil1$Bf.Jf!%~~0 
~t&ffi~ 182 PT~~*=~].t~frEE!.m 168 lu~11rr~1ttmm 166, 1J,~tt¥ 0~~t&is: 1540 
iW.t&ffi~ 182 S'-JJ1£'RWS'-J~$1tPT --½0::1--UJ~t&ts: 154 *i81!, ff _§J~t&ffi~ 182 S'-Jyj~$1t 
Pj Es i~~'ILULzts: 154 7)\. ~:+flP raJ IWdf" i'.?Uft□, 1!Jl\tliz1i~ 182 PJEs (1:l]Jtl:i~~y)!:tliz[s: CSR Rf.J J}n 

¾Wtlfili,ff r:l.PTilitt%,tf~rim 180a,168 ;fn 166 £JX:t±:\0~1J!:tlizf5Z CSP Sf.J:@¾ffii'aJIWi 
-:rfo iW.t&ffi~ 182 PT £J'9H±:l0:ttJJH&!s: CSP 8<Jf~U~8<J~ffl11tffl:iB!l!o ~1:iJ-U5i5l.,1W.t&ffi~ 182 
s<JJ1£'R Ltlj s<J~ iii1JJ\. PT J::J r l11\2j ~ f~tffi I!]~ 180a JHitlfBi, ff Ji~,1lW.Hi~ 182 s<J ll£'R l!Jj s<J Y1 ~ 
$JJ\. PT £J 0~i»l\:tliz ts: 154 O<J%=t~*tm ts: 1546 1Hl:tli9.il! o imt&ffi~ 182 PT 'P1tt ~ EE!.Mito 
13ufto, 1EH:&ffi~ 182 PT'P1:ttYH~m 182a to~ EE!.fil 182bo 1Yufto, ~~m 182a PT £J*=t~jf;t?!J 
ts: 1516 tlfo1! , :ff _fl nJ 'P1 II ~ rg~ 18 26 s<J ~Hi ;foll£~ W o 

[006BJ ~~fil 182a PT'P1ti5~~;fo~~~fttmq:is<J¥d>~,to 13UftP,y}~m 182a PT'P1ti5 
ti (Ti) 3!! (Ta) ,ffi.ft,t:,t (TiN) ,ffi.{tt~ (WI\) ,ffi.ftt!! (TaN) J:JxB1fJB<Jfffi:iJg_§_ifq:tB<J¥'.'.!>~ 
,to 13Uftll, 9~£ 1826 PT'P1:Hsmftll~!,;Hfii!B'-J±~o :P-i{ttmfil ( *7f-tB) PTmhxiE1~t&ffi~ 
182 Esi~~YJ!t&ts: 154 zJaJ u 

[0069J 3t~l!I~ 160 PTi&it:r±:It,a.$:tliztati:J 30 Lo 1'E:~JJ:~*JJtf9rJq:i,~~~t&ffi~ 182 
8<J>tffi!I~ 160 PTiiir.iE~R!:fit?l: 148 Lo :t!Di!l lA J:ifr7f-,X:ffi!I~ 160 pJ{iJJti&tir.iE:li 
*·~JJJ:1:tz£ati:J 30 LS<JG1ilJE1m7J'" 1606 ;fP~~G1ilJEil'~JJ\.16061!1Z.tlt3!tiS<J$,tffi: 160ao G1ilJEil'~JJ\. 
1606 PT!Wll:::tt~ffltJHattJ 30 fH;Jt,J.o ,tjj: 160a q:tOI.J~~-t1fr:i'%=1f[PJ D2 PT J=lnmJJl BWo 
13JU:t!D, 'W:Jl' BW pJ £J~ 1±\ 1K 100a ITT'W:Jl' PW ~*;t§ IP]E1Xt§fl;J,o fJf 160a pJyfrifm=1f [PJ D2 lffi 
i1:13U:t!D£J~ 1±\ ls: 100a J~Ja] S<Jli:e ~ PL ~,4.(;t§ RJE1Xt§1~B<Jli:e ~ BL 1&.ll:Li'aJ !Wi-:rf o lzs!Jl:L, if\-~* 
=1f[PJ D2 J:l::i'f'.\tll BL s<Jm=11g,ti,!!f 162 PTi&ir.fr3tdf~~ 160 q:t O *=i1gti,!!f 162 pJ J:lff:§x 
tii%◊ fr*~jf[P_) Dl L, m=1gffl 162 s<J'.\t[tpJjc-f-*~1g,ti,!!f 150 Bf.J'.tllo *=ig,ti,!!f 162 
;f□* ~yg,ti,!!f 150 s{J '.\tllz:..i'aJ s{J ~PT 791!] lA q:i J:ifrj£8'-Jli:B ~ s S'-Jrl31i"f o lzs!Jl:L, ~i'l~ffi~ 182 PT 
tJlJ'E#f 160a z:..i'aJ Rf.J;i;=110tt 162, * _§JJ!t&ti~ 182 Rf.JtJlJ't;i;=110.tt 162 Rf.J1fr;i;~1J[P_] 01 
sf.J '.\t Ji'. PT :;c r i»l\ t&ffi ~ 18 2 s<J Wit 1± tft 160a r 1f s<J '.\t Ji'. o 1Ji: 16 oa PT iE ~m t&ffi ~ 18 2 L ¥tr 
3ff*~J,1CiJ Dl ~~W.t&ffi~ 182 3c:Xo 
[0010J i£~@~JJt1Juq:i,ffi: 160a PT~mt z f%t!l:3'U,:t!Di!l 1BJ:ifr7f-o 13Uft□ ,JJJ~m~1f[PJ 

Dl 1El.ll:l1~ifio<J1Ji: 160a PT~x1tJJzo ~Jl:L, 1~ifiOI.J0~iJ!t&ts: 154 Of.J~ Wt ts: 100a PT~Mt~, 
1-§.£ PT1a~*~1J[P_J D1 t~R~ z f%til::Vu o -f±~®~~f3u rr, >tnoo~ 160 PT Ji:;~na~m~ 
TJ[P] Dl M1Ff1B<JH~%~,:t!o~ 1 J:ifr7f-o 3tdf~¾ 160 nJ'P1tMB-~m~JT[P] D21~!::YUS<J$-t 
,t[i: 160a fPJ.A,t[i: 160a ,fil1$¥:lt:i:fflt&£Mi:J 30 LS<J$-tiW!Jitfl~½\. 16060 ,t[i: 160a :fPIW!Jitfi~JJ\. 
1606 PT~~:lt*fflt&£Mi:J 301&'.Jl:L~tic lm ',:i:'$% 1606 PT £Jtft 160a Ji1fi-B IP] s<J1!~%t1co 
rtrm, *1:tRJlt-1:J }i!:l,~~~T.ll:Lo 1'E:;l:t't~Jft!H3~ q:i, lm ',:i:'$1t 1606 S'-J '.\t/iPT:;cTtft 160a S'-J '.\tlt, 
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:SX: ifrlJ Jl.~ ,£ ;frft %:U~ o tfe Hi O a "P 81 & ~,t/{:1-~ ffi = 77 iPJ D2 PT Jl.~ m Ii'. B IV o tfe Hi O a PT 1f\-
3ff ffi = J, 1 Ci J D2 ~Ue1'tii BL1£/lJJ:li'sJllflHf O x~lfil~ 160 pJ{i]Jj_!r'r{{tt?!JJ:,ffl.{tt?;JJ:,'¥-(ffl.{tt?!J 
Fzk5K =ti* 8"1 it s1ti.rm :~tt 11'J 81 ff fiiJfJ:!~ c:p 81 iE: Y -,} o PT lU ffl {t ·'f"~'U§ 1JU:R ( CVD) I Z:: 
:sJ(»f[-=f~tJff,R (ALO) --1.Z::%PlGx1Ji!I~ 1600 
[0071J -1.mrsJtfil~m 186 PT-i&ir.1'±3t1#00~ 160 l:.o -1.mrsJtfil~m 186 "ilJ'§tt1Afttm 
~,1Affl.1ttm~~ffl.ftt?JJ~o i!ifilflUi,119O nJ~JitE!:t±!l:~i'sJtfilti~ 186,x1J~~ 160 
:fP·W.:1:M:1itf1m 148 81lffitlHlflUL 188 "Po lffitJHi,8 190 PTJ!=tl¥~Et!:W.:1:M: 1460 iffit1ziui,8 
190 PTJi1t¥{ft~ ( *~tl:I) 0 lffit&ffill!,8 190 PT1'1t2ii{i~p~}f.l?;,~}f.l?;ffl.fttm:9xti*1fti*tm 
B''.1:t~tii8{J ~~:rJfl-◊ 
[ oonJ tlHJ§ ~ JJffi -Wu Rf.J 4': ~ 1i,: Zf 1if ~~it R13t JJ I!!~ 1 60 P J ll7J 11: ff Et! t& 1 7 2 l:8 -=f ff Et! t1z 
172 Bf.J%:U~81~pt;g5],tttrm1f\-~ffi~1f lPJ 011~1tf o {91j~p, ~p I!] lA tn I!] 2A ?fr~, ffi Et!t1z 172 pJ 
~~00~1t~~~Mm~ilm~~3O~~~~¥~$~~~~~m-~m~m-~n~ 

il:H\1f t1J 2OOa 81 /Ee~ n 1':-=f Mtlit~JJJtJit\1f tJJ 30 8"1:ti 1Y!U ~iE: ii~i5::ti 1Y!U ~ B1 ffi ~JLfU ® 81 ffi 
lill~HitJilHatJJ 2OOd Of.JftP/iti T2o tEikfrft·tj6r.~, {fr:-=f%~37UCDoJ.J;g~~H11:Jm~ttJ 2OOa 
81 :£ {~U 818 ~t:& 172 81 ,8,_m pJf3~¾A-=f{ft-=tm lill 37LlC4)81m lill ~1.[~10jJJatJJ 2OOd 81:tii~U 81 
ilrHil:& 112 81,\{/,.iio ttt~iffl.1:Iz~fJJ 30 81->tir¾rn-=filrHfl\Z 112 81:£:ti~pxfM~.iirmHMz, JJ, 
rmtl~ilt&ifftiJ 30 ¾f~j{o ~ll:,irtl~81ffi Et!t1z 172 817J&_mJW:iJP, tl~ffit1zi'.MJJ 30 81i~i4 
:E9t®t¾7:!ff.1'f£1JPF£o l2ltlt, PT~1~3t1Jlfil~ 160 L;J,fl7J1Ltl*-ilt&i'.MJJ 30 Bf.Jf~#,4:EIJil.~o PT 
@ttxtllfil~ 160 8½1Jf 16Oa lln Jt:it~tffit1ztMtJ 30 s{Ji@I#-~JJJl~, JA rmlw 11: ~ ~:k1f:m: 146 --½ 
1JIIH1zfgg(,8 190 z:.i'sJ R"J7G ~JltilPlmtIHi~ 182 rsi~JHmtl\ZIX 154 z:.i'sJ R11' ~Jltlu '31Jl:l, 
PTm~4':~~#~8*AITTM:tiJ~~tt~Et!PTBtt◊ 
[0073] 00 5A ;rP 00 5B '5t§jlj ;%lfr3ff 00 lA 8<J~ I - I' ;rP II - II' :i¼!j::ZITTtfU:llJ;l. 00, L;J,~ tl:\ tlHJ§ :zjs: 

:&:fiJ:l t1J }~, B"J~17U ~JJffiiYU 814':~fi,:l'fiif ~~Ro rX c:p, ~~t' ~ ~fiij •ta'i:if~D~ ~-~ I!! lA iE: I!! 
4ffl~~xtffi~~#~ffl~o~~~~,~~~ffl~~M*nffi~~M~*~~z:.~~~#o 
[oo74J ~m~ oo 11h oo 51\ to oo 5B, tlHi~Wu~nffif1~ s1"¥~fi,:Zff111e*1r. PT ,g:ti-1.m1'sJtfil~ 
~ 186, ;1:t~•tE~:m:1ifr1 ~ H8 1:, ::1+1iw.1»Rt1zJm~ 1820 11utz□ , 1:~rsJtfilti~ 186 m ~• 
frimtt:Jzt~t:Uift:t~t~~~~ lA ¥~ 4 #li~81"F~fi,:Zffi1'1~~ir.B<Jx1J~~ 160 rffi;fff PlG81 
MtJJl:o l2ltlt, 1:m1'sJtB~m 186 PT !5~:m:f~H? m 1481iffill!, * H PTttft:imtt .t;.~ix1Jlfil~ 
160 B''.!tfe 16Oa Jf;):JxJ{Jtfer1:JJtl!X l84o yj>'l', 1:£i'sJtfilft£ 186 PT1iw.~t1ztil~ 1820 tfrr1:JJtl 
IX 184 Pjyfr~~=niPJ D21'lr37UtEYmt&1i~ 1821:u '3JJ1t, i!JH&1i~ 182 R1Ji)t~TIITPJ7G7'J'f 
JJ!ITT o fE~Jl:~*JJtw,J c:p, PT .t;.~itiA 1=Elmt1zm~ 182 s11m~~s1J:tmJ:s<JIWi /i!it~tioo~ 180 tn 
m=~]J~1t~J: 1680 ':1§JJ..->f®l!l~st,Hfl£ 100 8'-Hfrr1:JJt]!!f!X 184, rllflli1'tiitfitiOO~ 18Oa to 
*WIX 10Oa PT~:2fs:1ltitl::_i:ito ~fiJ~iJ?., ttll£ 100 B"JtfeMtl!X 184, rls111~tfilt¾lfil~ 18Oa 
;f P * 1--H IX 10Oa PT £:zjs:1£/lJJ:l~Htift_i:~ o fJ1J ti□ , 1Jf [1_r]t® IX 184 of.J{Y!~~, r!Wi 1i1i tfiltt I!!~ 18Oa 
s1fmuJ1jfif'P* tl:\ IX 1OOa Bf.Jfmu~PT~:zjs:1&Jltxt1F◊ iJJH:&til~ 182 B<Jfl£~®s1-$1t PT !5i:'it:ir. 
tE+t~ 100 B1*ti:IIX 10oal:Bf.Jr~~~t~ti~~ 18Oatifoio l»Rfl\ZJm~ 182 B11l£~ffiB1½ -
-trl~:n" PT !5*=:ti*tmix 154b 1tffli, * H PT¥A-,ir*=n1P1 D2 §!1;1$ C rf{9=1$( HAmm 166 :fP* 
=lillJ~1r ~m 168 PT i&~.tErllflli /ititB~[!]~ 18Oa !5'Jt tl:\ IX 1OOa zl'sJ o 
[0075] 1!]6A3fPl!]6B'5t§jiJ1Eltr~i!I lAB½~I-I' 3fPII-II' ~!IRB''.!tfu+!Xi.lfil,L;J,~t±:JtlHJ§:2fs: 
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a: sf! ttJ ,~, 9<J ~ w,i * JJt w,i 914': ~ 1;,t# 1~ ~ 1t;1. 0 T x q:t , i4'f ~, ~ .9X fITT ¥ m J£ :ti□~ R~ I!! 1 A _¥ I!! 
4 tEid£ 81 xttB rc,J 5c f!:f: 81:tEii:r£ o m:1:D i5"i£, it :1: ~:tEii:r£ ':1§ ~u· ~nm 11u ~ ~u· :r£~~ 13u:tJsJ 81 ~* o 
[0076] ~~~ i!] lA, i!] 6A ;fO I!] 6B, ftt~~~1JU~JM1JU 9"1#:~1.<$:t¥{ii~~~ q:t, --1.fzHsJtBt¾ 
m 186 PTi&JltE1r4l:1it?m 148 fOJ=l:fl-'ftJ:3.JiJY¾TIITD"JiJJU1tJi~ 182 ro f11J:qo, PTitlB.1:ftE 
iJJHltli~ 182 9<Jl:.$rf1%JJ½OO 5A ;foOO 5B 9<J:tfi'[1J]fJ!!IIK 184 9<J1JJ't*ft1~1EHJl!i~ 182 -'ftQ 

1.to l.5l.tlt, iJJRil:IUffi~ 182 91J1;t1<WnJ ~~:tm:iif/1 /zf 118 91J1;J:1<W~4(~TiiJ o imtJHi~ 182 91 
Jl\E*ffi9<J~tfi~:n'--PT ~i&.11. ztH!l\E 100 9"1* t±:\ 1K 100a --1.9<JT1% ~tBt~f?f1$ rnoa :tiiu£1! o ~t.& 
;Ji~ 182 9<Jfl\E*ffiB"Jjj~iffl:5tpJ ~*=:ti~tm!R 1546 tiifl£1!, ff JipJJ{}:;g*=1JrtJ D2 hl1$o 
£1lrr1tt1.ttm£ 166 ;fo*__:.~.fittfl' ~£ 168 PT i&E'.tET~ ~f:~rtl!I~ 180a --½* t±:\ lR 100a z 
raJ 0 

[0077] I!] 7 A ;fn I!] 78 :n'--iiJ;l~df\-~ I!] lA 9<]~ 1-1' ;fn 11-11' ~Ji:is<J:S:Ul1J;l,i!], ~),~ t±:1:tltl;@* 
R Sjj ;j;i,J ,~, 81~13U '>ttffi13U 8<J-'-J':~1.<$:t¥1it~1~.11. o I!! 8A ;fO I!! 8B -5tglj :}½ I!! 7B 8<J $-5t 'B' ;f0$ 
7t 'C' 9<Jjj!J.:t:l!I O TJtq:i, i4'ft'~ElXfITT •fs!iif:ti□~~~ i!] lA it I!! 4 fs!ii£9<Jx1*§ l11J5G149<Jfs!iif o 

~~~~.~:1:~ffl3£~~8'.:kJM~~~83i'.:kJM~Z~~~*" 
[0078] ~R~ 00 lA, 00 7 A, 00 7B, 00 8A ;fo 00 8B, :tlH@~fJU~Jrui13U 9<J#:~1.<$:t¥1I&~~.11. PT 1'1 
115 ~~-'ft!! 1.t ITT J1;J :1< W 9<J i!JR il:bHffi ~ 18 2 to~ 1E¥. Hz Ji~ 18 2 9<J ~ -t Jl\E :1< W ti in£!! 9<J 0~WR t.& lR 
1540 13iJ:tiD, PT:t·IJ#;f?fl 6A fpf?fl 6B 9<JTl%~tBtif?f1$ 180a,*=~_[;j'_''Lf)'Eg~ 168 :fPf!lrr~1t 
tm~ 166,ffli~t&ffi~ 182 91fl\E*WPT~~q:i%JJ½1:f0~~:t&IK 154 9<J<J~t±:\IK 1ooa1Hi 
*.ifl!I!◊ *t±:\!R lOOapJJ:l.~r',§'!}'.ltPH' o [z;']J]:L,1}]?,t.&ffi~ 182pJ){}3g*__:.1Jrt]D2M1t+J,:3flipJ 
"JJfr3g~=1JrtJ D2 t!rJiJ R<J * t±:\ !R 100a ;f□* t±:\ 1K 100a zi'aJ R<J}tfl\E 100 :ti~iu %IBZtE1'1t~ 
X: t±:\ f5Z 100a 91*f Ji£ 100 q:i 91X: t±:\ 0~iEH.&l>Z CSP' PT 1'1ttJ:l.1rnH&Ji'. 9<J*~:ttH1~tm f5Z 154a 
;fOJl~ Fra1.«ffl'8<J*=m:~~IK 15460 :'h5'I-, JfJ$;tE*t±:\ 1K 100a zi'sJ8<JHn£ 100 q:i8<J[1J]Jtl: 
0~~,Mlitx CSR' iEPT 1'1tJSJ:l.~{f.l;;t.i<&9<J*~:ti~t?JJIX 154a ;fOJ:l.~ r',§'!;l.:&)'.lt9<J* ~.:ti*t?JJIX 
15460 f?1J:qo, 1*ji;&JJlD"J%=1i~tm 1K 1546 PT FR1~;J.;&JJlo<JJg~:ti*tm 1K 154a 1'1 ~ o Jg~:ti 
;Jl;t?JJ!K 154a PT1'1tt~Jl'f&Jlt:frc,J9<Jf2L *~:j'-#;Jl;t?V!K 154a PT J:l.~yg.3g*=1JrtJ D2 ~ft} 
14F:9U9<J* IXfO*~.IX o *. ·IX~~ /Ei:J& SHL *~.IX~~ ~/Ei:JJ'.lt SHl :f R9<J/Ei:J& SH2o 13iJ 
PD, *~:ti~tm!K 154a TT* t±:\0~iffH&IX CSP' q:i 9<J4lt~,tq:ipJ J:l.ff iWJ& SHL ff liTTl.lJJJtl: 
0~~t.&!K CSR' q:t 91&~-tq:ipJ J:I,,~· ~it SH2o ~it SHl PT:A:r~lt SH2o *=ti*t?V!K 
1546 PTJT~JJ.\Ztf*~J$*t?JJIX 154a q:i o Plrm, ::$:1,tRJlt~,~,:f~lzTJl:Lo 1'E;l:t't:~iifil13U q:i, *__:. 
:ti~t?JJ!K 1 fi4h PJ~~~~:ti~tm!K 1 fi4a, ~M1$_¥}f Jl\E 100 q:t O a~@~Jrui13iJ q:t' * t±:\ 1K 
100a pJjf\-~*~1JrtJ 1)1 :J':1;zR~ z *%:J':11::JUo jj)'r, 0~11U.&rx: 154 ITTX:t±:10~~t.&l>Z CSP' 

YB~*~:_61CiJ Dl PT~xti<, ff Ji PTif\-~*~JJ i0J Dl =!'~fl~ z 7JfM41:3'iJ o ~t.&ffi~ 182 pJyfr 
3g*~.1JrtJ D2 M1$ ~l:]J:l.~ r',§'!1.i<J'.lt8<J* ~t~~t?JJIX 1546 lUitifo~, ff Ji%JJ½tE1'1tJS?J3g 
Jg=1JrtJ D2 tin1uo<J*ffi!K 100a o<JtfM 100 q:io 
[0079] 00 9, 00 10, 00 lli\, 00 12, 00 13, 00 14A ~00 211\ ;fOOO 14B ~00 21B £~tf:\~1Jmt~ 
M ,4.( 1t ~JHtJ ,\!:J, B<J~13iJ ~ln!i13iJ 9<J 'f ~14t¥1tl~6 ~-ITTJJ~! 9<J ·®~JI 9<J 'ff!J:'fJII, ll:lo ~ 9, ~ 10, 
f?fl llA, f?fl 12, f?fl 13 fp f?fl 14A _¥ [?fl 2 lA ~x,J@ r f?fl lA 9<J£~ I - I' 9<J iflj fJ\', [?fl, ff Ji f?fl 14B _¥ [?fl 
21B ~xtJ~ri!l lA 9"1~ II-II' 9"]-fflj:'f¼',l!]o i!l llB ~i!] llA 9"J$:5t 'A' 9"JJJ2:Ai!lo i!] 19C 
;fOI!] 19D -5t:!51j£1!] 19B B''.1$?t 'B' ;f0$?t 'C' B''.!hJi:1::i!lo 
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[0080] ~~~I!] 9,~$Lltaiti:J 10 PT%PIZtET<f)i£ 100 _L 111)pD,tffi:1'1Lltaiti:J 10 pJ'§;j:5/)(~fn* 
·JJ!E.:li-i:tEH/l£ 100 J:8"Jr~fi!: 110 tot]§ttt: 1120 {E~®stOOH?iLl cp' fl:'.lfi~ 110 tot]§tt~ 
112 cp 8"J~~1"' PT 'E11E$1"' mo 
[0081 J t<f !rt 1 oo PT 'E1tt-'¥~1*t.t.H o 1,i1J PD, t<f M 100 PT J'J:iit-'¥L u'D*f Jrri, t~ -'¥l u'DT<f MEi'JG:ii$ffi 
lp.EiiH/l£ o PT~MHih, ff fl£ 100 PT 7'.Jf'§~f*-1.ni cson ff fl£ o 1?iLlPo, t<f fl£ 100 PT '§:tis--&:\!{± 
mw•tt~~##/l£J:~~#~ill1T~~~~~~J:~~~#~(M~,U~,Uffi~Ei'JG 
ffim) o H/l£ 100 PT'E1ti5Aff*~~Et!~:Jl'l ( 13LlPD, P :ll'l) B"J:ti*tt'JC>L 
[0082] t]§t-1:1: m 112 pJ EB :,j;g xf rt8f%<m 110 Ji1f t:lr~Ll mfHi B"Jtt:¥4 % PIG O Wu PD' tE%Ll J=IHt 
~ ii mt Er:/ 1irr: t:lttLl I z:: cp ' t]§ tt £ 112 B½ t:lttLl .$ pJ /i§J T fa ft£ 110 B½ t:ll tu.$ 0 130 Pl I ' fig ft£ 
110 cpR"J~~~pJt-J=$t1t:i;1mEi'JG~1Jt:i;1m,ft JHr.tittm 112 cpR"J~~~pJt-J=$t1t:i;1m, 
fflft11im,iHtlim,:i;1mEi'JG11.=Hlrmz.~o Jl:laf,t]§ttm 112 El=rt§xfrf'§rim 110 A~t:lltU 
mt1-1·1:8"JH:¥-tJTJm c tt~®stm'.[ffLl cp, rl:'.lfi~ 110 PT 7'.J=¥l 1t11i~, ff Ht]§tt~ 112 PT 7'.Jffl 
1t:ii.rmo 
[0083] PTfLlRH~ CVD -1.Z::, ~~-=f1*±~3.ia!E CVD -1.Z::Ei'JG ALD -1.Z::%PIGff3fl~ 110 fPtj)Iiti 
m 1120 
[0084] tlfEltt~ 112 B"J~&nJ1&'.Jl:lt§~o tE;i:tt:~Jlfil1?iLl Lf1' £J1f fl£ 100 :tifarl!B"Jf'§fj~ 11Oa 
PTt-Jimi:HM~t1t T Z::Ei'JGt)l'.:f;~ TZ::7ff PIG8"J=~1tiiim, ft Hf~rim 11Oa B"JW&PT 1J,-'f ;ttt: 
tB~m 11Ob, 11Oc ;¥u 11Od B"J~&c tE55~®~~1JtJ cp, fA*ffl£ 100 Jf~a*=-i":lt*B"JtB~ 
£ 11Ob,~J:OOB1:Jfaft£ 11Odl01i-lt-½~J:00i'r:JfBft£ 11odt§~~B½faft£ 11Oc PTbt;!:tt: 
figt%:m 11 Oc Ei'JGtr.tittm 112 £Wu 
[0085] ~~~I!] 1O,1tJmtL 124 PT%mt-J~~tffi:1'3Lltaiti:J lOo 1tJmtL 124 PT~iitifJi£ 1000 
[0086] pJiffijjJ5-JwJ-ff'['t!:±iht1rtLltil'1Llfa;ti,J 10 JTJp\ZjiJHHL 1240 1iJ:i1HL 124 pJ £JI!! lA p)T~ 

B"J~]jjt}jgteffig 200 ~~'~*§ IRJ%:ct:t!l::YU O 1?iUPD' JJJ~-'f1TT$ ~.1JfPJ D2 B"J lill:Y-Ut!l::YU B"J1t}jg 
tL 124 PTti:JJJlG~f.§., ff H~1"'f.§.PTi&:i'.J'J1f\-~%~7JfPJ Dl 1&'.Jl:li'RJ!Wino :zjs:~13Jl;j;i:J,i~,::;fl~-'f 
[9 3'Ll1tJjJJL 124 o {±;t:t·t:::~00!:1YLl rr, 1tJJiJL 124 PT 1f\-~r333'Ll Ei'JG1i:Y-Ll Ei'JG~:t 3:Ut!P3'Ll o ~ %PIG1tJ 
il:HL 12 11 of, nJi'i'f+f fl£ 100 H&t:ll~Ll l:J,7ff PIGM3:1l:IX o 13Ll PD, Mill IX B"J~Bt B"Jm llnJ t-J 10nm 
_¥ 2OOnmo 
[0087] ~R?.i!l lU\ ;¥ul!] llB, *J5j1;JJ1HMtJ 200 PT%PIGtEH/l£ 100 J:o *1UtJmtef;tig 200 
PT~ J~Hif\JiJfMtg 10, ff H PTlf\-~m ~ 7J rtJ D3 M1tF o Z-¥1i1tJil:HMtg 200 PT Jt111Jj:i1tJ10ilHL 
124u }tj:7[,,:fil]O~mtatiJ 200 PJM1$.¥t<t/l£ 100 ~ (13iJPD,i&:i'.tEr70mJL 124 ~7JR"J[1:l]ill 
rx:) 0 ¥1gJtJm:tait1:J 200 ~s"J-&~-i"PT'E1ttm~¥1~Jtim:l!I~ 128,~~#1~1!1~ 13O,m= 
¥];(/iJiiOO~ 140 to:tJ1Er~fil!I~ 1440 m~¥];[1iJiiOO~ 128 pJ:tJ!l;JE[l:l]ill!X, ff HPTfttt 
%jjlSt'PJAtt/l£ 100 ~1i±&*W o m~~1iitJml!I~ 128 PT:t~JE1tJm1L 124 ~B"J~~1"'BYf 
$:n\. 0 111JpD' %~¥_1gjt}ii'! 00~ 128 PT* /-H' l:J,£J~/fJIJtaiti:J 10 O"J:ii rTIITO"Jtigfl~ 11Oa fP:ii 
rTIITB"Jt]§ttm 112a B"JfmLl.!ifH-tfH!l!o 55;7[,, m~ji;1[1tJjiOO~ 128 ~PT*t±:l, ~~iRJAH/l£ 100 
:rf~~m~.1,:tfiJiB"JtigtJ~ 11Ob ITT1miJ~B"J ·1ITTJJ'o 1YLlPD,m ·ji;JU10m~~ 128 B"JJJJl:«TIITnJ 
b~MH/l£ 100 TT~flm=1"':it~ITTtBt~m 11Ob B"JT,VY:~00£1~0 m~:@1[1tJJi[?f]~ 128 pJ'§ 
:t6-'f.~1*:rt:¥4o 1JUPD, m~*11J1;Jmi!]~ 128 PT1:M&:iii (Si) ,tf (Ge) ,:iiitf (SiGe), III-V 

:15.Xftil-tm~ II -VI :i5X1til-tm cp Er:/ _¥y~-i" 0 1YLIPI I, m~¥1t1tJml!I~ 128 pJ 'E11%iffi:um1l 
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tHHlftt.-f;;: (SEG) __lZ:%JJIGB"J*~1;71s:;f-Jf4◊ m~-ffic1:UtJml!I~ 128 pJ'§;j:5Jt~E§.3!~71'J~t<f 
fl£ 100 8'-J~ E§.~~ifB Fr,]8<.J:ti*t?I.! 0 13U!ZD, ft SEG IZ::cp' m~-ffic_I;.ijiJiil!I~ 128 pJ ~1.vJ~~ 
j~ ~ 4m O pJ ~ ~ t&' * ~ :fil ]jjJg m I!]~ 12 8 pJ jJlB:1 ~ --f 11A I z: =ti* j~ ~ 4m 0 

[oo88J :tt:i', ~mtitrJmttJ 10 o"Jtrtlrif#1il!I~ 13osg=¥1t120ml!I~ 140 ;i:0:1:int{gttl!I 
~ 144 PT%JJIG.(£m~-ffic][110ilOO~ 128 l:.c 
[0089] 9&:!JfZ'f1tflt!~ 130 nJ1i~110m:JL 121 B"JV'Jf~rJ~o 13U!ZD,W:1Mf¥1tflt!~ 130 fti10m 
:JL 124 B"J p;j f~iJ-iLt. pJ Aff 1'11] [Wj{tf:%>1:k, * _§_ pJ Mi10mtL 124 B"JT~fli/iLfil1Efl¥m~:@][itJm ~ 
~ 128 B"J Tut~ TiiL Wu !ZD' ~;/',@ f¥1ifi I!]~ 130 pJ J:J_,,ffef rl,jBf B"J Ji;Y Yffij ;fU ~ Yffij O ~ t@f¥ fiff I!]~ 130 
PT --½tlfbrJtMi;J 10 B1:Jt5fi£ 110 :fP4iffitt£ 112 *lhc ~:fli5Zf1ifl!I~ 130 PT'E1t%~~t$ff1i'lf3J.: 
fflR"JmI~o 1YU!ZP,}3J.::f.J§Zf{ifl!I~ ]JO Pj'§;j:~~~~$:f-Llffl fowler-Nordheim ilt~5i.51:@.1ZZ¥1it'¾3J.: 
ffls"Jrn'JZ:o f'lrm, Jt,:~riJ::Jti;JJ,!VHlzr.uL PT~~t-&, ~fti@#1Igl!]~ 130 PT A~~5~~T5j~ 
~~~~f¥M~ffl~MfilC~~,fflTffl~ZtM•~~~-~.9½fflTPT~E§.mZfM•~~ 
B"J~JZ:) o ~:tEZffitl!I~ 130 PTl:8$1"'~m%PlGo 
[0090] WiJtzP, ~:tlrif#{il!I~ 130 pJ'§;j:t§g~p_§J.3:frE§.m 132, E§.1b'j#{iffm 134 ;fPp~J.!'!:frE§. 
JZ: 136, !ZD 00 1 lB Jifr~ 0 13U!ZD' m~m:t.31r E§.}Z: 132, E§.1lf1f¥1i1'1 m 134 :fP!ltil1r E§.JZ: 146 pJj'~ 
/1liJJff%JJIGftit031:!:JL 12,1 B1V'Jf~iJ~J:o * -~_§J~1rrBJzt'. 132 nJ'E1:tt~.fUtUJzt'.:fP / !l½r\s'J k 1r 
E§. Fz!: ( VU !ZP , ~ {t ffl Fz!: -8½ = ~ {t ~ Fz!: ) o * ~ p..[ t.3 :fr E§.Fz!; 13 2 pJ '§ ti5 J¥L Fz!; -9½ $ ,t if Fz!: o fr~ 

@~Afi?:1JtJ cp' m~~_[:j'.3jj'- E§.JZ: 132 pJ 7'J EB=• 1t:Pifz!:%JJIGB"JJ¥Lfz!: 0 ftJl;.B~Afi?:Wu cp' m~p_[ 
:t~1r~£ 132 PT'E1t%A1f __:_•ft:P-1£,fCftffl£:fP / ~__:_-ft¥ii£cpEJ1:J¥YWf,t9{;$,t~ 
Fz!: 0 

[0091 J E§.f\/f #fig JZ: 134 PT 'E1ti5Pfl ~Jt1r E§.m !J½A~ ~ E§.trJ*,8 s"J1r Et!JZ: 0 11,i tzo, ~ ~Jt1r E§. 
t: PT 19Atffl1tnifil c vu:tzo, Piii1r E§.J: 136 PT 1ilAt=¥l 1t:Pifil o PTfLlffl ~ i1tii-=fftt~B£81 cvD 
I Z:-9½ ALD I Z:%JJIGm~ lillJ.31)' Fflfz!: 132 lP Ffl w1¥1il Fz!: 134 0 PTlLlffl ~ ~ --f 1.:$::f:iBTI CVD I 
z::, ALo __lz!J½t~4tft__Lz:%JJIG~im1r~m 1360 ~:tim:fr~m 136 PT £J%=¥1t1tJml!I~ 
140 :ttfM! o 
[0092J m~¥H110m1:t1~ 1,10 nJrguJt~m ¥H110m1:t1~ 12s,f-f B.nJ~9&.JMZ¥1tt1:t1 
$ 130 :tifMi◊ m=:@1.LitJm~$ 140 PTfi7fft-&%JJIGfritJm?L 124 cp, IJ,J:lffl[t!Hi>~o * 
= '1Jf.1.(110m:l!I~ 140 PT1B-~m ~ nfPJ D3 M1Efl O m= '1Jf.1.(i10l!l!I~ 140 PT Ji1t ** IJ TuYflm 
131:J cp ss: 131:J :iflU., ~ JT~;J;k c ft~®~ hm 1Ju cp , m __:_-ffic H 110 i~ I!!~ 140 131:J rm };!;J :f P ~ flr/il PT ~t * o ft 
JtB~Afi?:13u cp, ~=ilflilO~ml!I~ 140 pJJ:l1r:tJ1t:1~m:rL 124 rm,;fA1f:tJn~5tji!I~ 144 
B"J1211#%o m=¥1t110ml!I~ 140 PT'E1tt*~1.:$::Mf4◊ 1J1J,tzo,m=-ffic_1gJtJml!I~ 140 PT'E1 
tt~~+~1.:$:M*4,~Fs~+~1.:$:Hl4.9½$s~+~1t;ttf4o 13Ll:tzD, m=¥tUiJiiOO~ 140 PTt11 
:tt:P.r (Si), ti (Ge), :P.rti (Si Ge), ~ffl{Ui (GaAs), II I -V ;o~{t if4m, II -VI ;o~ft ir4m.9½B 1r'J 91 
1f1PJiEtiftm cp m¥y~,t o §g=-ffic_1gJ10m I!!~ 140 PT 'E1:tt*=ti* □1*~1*H*t.8½1i*:n;t:t 
~E§.~~~H/l£ 100 B':J~E§.~~t,§Fr,JB':J:t~jf;tms"J*~1.:$:Hl4◊ PTlLlffl ALD I2, CVD I2 
E'X>'r M-'tt:I Z:%JJIGm ~¥Hi10mltl~ HO 0 

[oo93J PTHIJJIG.r.4nt~t~~$ 144 1J,.r.41t:A::rrm=:@H120m~$ 140 B':li10m:JL 1240 .tAn 
t8~1!1~ 144 PT'ffit6=•1t:P-1m~ffl1t:P-1m◊ lEPTft%JJIG:l:tft:t11t%<1!1~ 144 z.iwtftJI~il! 
:kI z:, JA rro[fllft PT~~Zffr Tm__:_-ffic][110:i1il!I~ 140 cp 9{_j s11.:$:~ps o 
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[0094] ~Et!Wffl: 146 PT:5t'.ilU%PlGtt'filliJtJil'HattJ 200 _L 111):(zD,'filJgjtJi/'!tattJ 200 cpsf.J 
~~~8f.JJ:$PT[IJ]nL !liffJa, [IJ]J![RPTt:l1E~ ~ Et!M*4~2',JfJPlG~ Et!Wffl: 1460 PT~:J~Hin, PTiffi 
tt~-~~ttM~ffi~~M~ffl00~14ocp%JJlG~~Wffl:1~"~~~PT%PlZ1=ENI1=t~ 
E{!'fi!:fil: 146 r7fO'cl$='filliJtJil'!OO~ 140 cp O 'k1'4!:1it? m 148 PT%PlGtt~ Et!'k'J':filr: 146 fD~ 
l:. TiiJB'clti1\~~ 110d l:." 
[oo9sJ *~~~ 12, nJi:ifH~JffiJ~.ttJ 10 ~~ft, i2J,1=Et1z.rl:Li1'§~~Bf.J'fil1UtJil!~ftJ 200 ,,~JsJ%PlG 
ffi~ytJtl 1500 ffi~ytJffl 150 PTiUft±:IHJi 1000 0~iJJHRIKBf.Jffi~ti~tm!K 154a PTfffJJlG 
1=tiffium~120ffl 150 :Jl:MS,B'clftfi 100 cp" 171JizD,m$UtatJ;J 10 PTf&:ftfPJ:FF'tcEJtt.tJr~U, 12J,%JJlG 
m~1tJtl 1500 13Utz11,m~1tJtl 150 mmt&tt'i3-B1?1tJS¥ti~--½ffi__:.1frtJ D2 -'-fff~J1cJ[g:YiJf!FJLi 
R'cl:!ltMY10ilitat1J 200 Rf.J 1'5-~£_§_zfsL tt:lt't~JJm13U cp, ~~yjg:j;f 150 Pj %}J)Gfti'5- § 1?1tMfr 
~rl3J°Umz=n.:yumz£%:YUf!PJ°Ll s'cl'filJgJtJ31HattJ 200 sf.J*~tRzr'sJ o m~1tJt\!!l 15o m1fr~ffi= 
:h 101 n2 7!1LJ-!◊ oo 11A 8f.JmturatiJ 10 miffiMm~1£Jt]!!f 150 i&~J:5tT'J~~ttturatiJ 10, tzDOO 
12 ?fr?f;" ':13%JJlGffi~ytJtl 150 SJ, PTi:ifftfi 100 tt!3tt.ca~IJ l2J,%JJlGM3tl:~ 150Ro 131JPD, M3tl:~ 
150R O'cl1*/JU~~PTJ~ 5nm ¥. 150nmo [1__f]Jtl:[R 150R PT J=lff TfrtJf~ff4D'cliOOIH'io %~ti~tmlR 
154a PT%PlZT'J1?1tffi[IJ]Jtl:[R 150Ro m~t-#~tmlR 154a PT1?1tffi[IJ]Jtl:[R 150R Bf.Jf~lj~fJ,o;i~TiiJ" 
ffi· ·ti~tmlR 151a nJ1?1tJS~+tfi 100 Bf.Jffi ~rtt:1~?1'l~fJJB'clffi~.~rt!J;:?1'l ( 131JftD, N ?1'l) 
sf.Jti~tm o ffi~ti~tm [R 154a PT7'JfE,\;J&!3tti~tm [Ro 131JPD, PTi:if N ruti~tm ~T ( f3UPD, ti$ 
(As) ~TWG~~ (P) ~T) 12),tf.J lOKeV ¥tf.J 40KeV Bf.J~E;bfUtf.J 1012atoms/cm2¥tf.J 10 13atoms/ 
crn21'f1JfU~11:i\HJi 100 cp, J-ArmJTJJJtm~:J-i~tmlX 154ao 
[0096] *m:too 11,fgtjf:J:j:Jl;JEOO~ 158 PJ%)J)Gft~~y1g.tl 150 cpu 13LIPD,fgtjf:J:j:Jl;JE~PJ%)J)G 
ft'~ffi:fjjf1 ~ 148 1:, ~J,:l:Jl;JEffi~ytJ.t\!!1150, ~tJ;JpJiffitt@Jt_ca_l z:mzft"lttJti'Jtil:Jir/J:3/t (CMP) _l 
z:itfjiljtt:tJJ;1Ef:-'-f:f:!!fttr¥~5U~ffl:1i:t?I: 148 8f.JTul~TiiJT'Jll:o lzsl.rl:L,ffitt:tl1EOO~ 158 
PT%PlG1=tffi~1tJtl 150 cp o fjiljtt:t:Sl;JEOO~ 158 PT 1?1f15tfgtj~, ~ s1E.r~mz't1J'J sf.J{f:fPH.tl. if" 
f3;1JpD, f]Jyti:1:Jl;JEOO~ 158 Of.J~i1\tlmPTJjim.fttmm,tit£:niE¥*~J:jt~ (S0H) mmz~£ S0H mo 
PT%Uffl CVD I2, ALD I2EixJki~I2%JJlGfjiljf.1::l:l1EOO~ 1580 
[0097] *~~~ lA,~ MA;f□~ MB,3t:t1J~~ 160nJ%PlGttf~/ffLl~ftJ 101:o 13LIPD,3t:t1J~ 
~ 160 PT %PlZTT'k'riM:1it? ~ 148 :;f;Qflffiti.l.4n l?fl~ 158 _L PD l?fl lA faJr?f;, PT ;fff JJlG3t:t1J l?fl~ 
160 12),'ffif6$~tft 160a 5fU~1t¥tft 160a Bf.Jufil5E$~\. 160bo 13iiJPD, %PlZttWffl:13iH/1~ 148 
1:i'r:JxtiOO¼ 160PT1?1t%i&nttm*Llt6ttJ101:s1:Jufil5E$:5t 160b 5fD~:iftl*Llt6ttJ 1011z.rl:La 
tfITT:tfr 160au tJ'f 160a Pjyfr:i'~~1frtJ Dl ~~fgtj:[1:l:Jl;JEOO~ lfi8u tJ'f 160a q:tRf.J~~~yfr 
~ffi=1frtJ D2 pJ Jt.~mJi'. 8Wo 111' 160a pJff\-~ffi=1frtJ D2 ~Jlte~ BL 11z.rl:UsJl%3fa [zs]Jlt, 
•5tt±:lfjiljtt:tiJEoo~ 158 81m=1£1t]!!f 162 m1&.'i.1=Ex:tttoo~ 160 cp o m=1iJt]!!f 162 m Jllf 
?d~ffi~.7f[P] D2 Jt.~mjj'. BL Bf.J~!kfi%o i31JPD,Jte~ BL PTttmjj'. BW jcJLfg:~JL+fir" fr 
$~1frtJ Dl r., $=7tJt® 162 ITTftli'.JJlPTjcr%~1tJtl!!l 150 Of.Jft/i'.JJlo *=ltJt® 162 ;fp*~yg 
tJ!!I 150 Bf.J1fr~m~1frtJ Dl Bf.JW:Jl'zi'sJBf.J&NePTT'JOO 14A JiJr~Bf.JNe~ s Bf.Jrl31tro 
[oo9sJ 1=E ·®~JJm13U Lf1, 3t:t1J ~~ 160 Bf.Jfft 160a nJ JJ~~ z ."J'.%1~F>1U, PD~ 1B faJr?f; o 13UPD, 
iA-~ffi~1frtJ Dl t&'.Jl:Li1'~1~Bf.Jtfi: 160a PT~xJf$ff liPTttm:t z ."J'.%t/pJ°1Jo ;(r;tt't~JJm{Jljcp, 
3t:t1JOO~ 160 PT J:l,,10fr~m~1f rtJ Dl }!ff$ Bf.JH~%:Jx, PD 00 4 ?fr~" ttOO 4 cp, 3t:t1JOO~ 
160 PTi&.E'.7'1~~, 3t lixtiOO¼ 160 PTifr~m__:.1frtJ D2 f!FJLittW:!:fil:1itf1£ 148 l:o xtl 
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I!!~ 160 pJ-§;j:5~,}:j-:ff 160a, Jifrit~1-tft 160a /ti~*~1frt] Dl ~)t!Mj1Eit4:tj;yEI!]~ 158, ff 
'§llj4J~J:,:m:1i:t?t: 148 _L Wu:tz□ ,£Jt1f 160a Jl~~*;tBIP]81.JJTJ~:k81.J[m5E$-5t 160b PTJTJ$: 
ftm*Ll£i±f~ 10 _L ~rm, :,$:'.&:f~J:l~J~,+llzri!:~o Gm5Erf~?t 160b B"J~&PT::f:::rffi' 160a B"J~ 
ilL ~ 7f PT Jfn ~ ;f~ % ~ o tfr 160a q=i ITT TI}~ 1-PT Jfn ft$= 77 rt] D2 I- 01.J 'b/Ui BW, ff _§_:j-fi: 

160a PTJlTI:cUe~ BL 1£-~*=1frtJ D2 f&.tlti'sJ~3f o 
[0099] *~~ 15A;fP~ 15B,3fDIX OA nJ%$:ftf~*Ll~f~ 10 Lfi◊ nJ:i!lhl:* -11;Jfj 150 
:f□ *=11;Jff 162 tJiitjltitim 112 :fPtjltit1.t.41Ei?f1$ 158, l;J?'rt~rtm 110 z. lFl%$:3f DIX OAo 
1?JU:tz□ , PD :!;JHjltit1m 112 lUtjltit1:l:Jtft:l!I ~ 158 EBffi. 1t~im%$:ff: Ht11tim 112 EB=• 1ttiim 
JTJ ht, JTILl PT ;fU ffl '§1%~~w~ B'-J t:lrtLl lg1&-Z-rtJ IP] 'l'it:l:-fu titLltj1Eitt£ 112 lP tjltitt:t~yE I!]~ 158, l;J JTJ 
mff □ IX OAo 1?JUPD, po:!;IHr!ittm 112 tE::~1t~imff: Htr!itt:l:Jl;yEI!]~ 158 tE:; SOll m, !l!UPJjffi 
u8<ft_L Z:~~itjltit4:l:Jj;yEI!]~ 158, * r:1.PT;fUffl'§;j:t~~~tsf.JtitLliif115l~~tjltit1Em 1120 * D 
IX OA PT7'JJt9'1~tJTJm:tffi~fJ181.JIXo pJjffiJ13f DIX OA :lc~:fil.f.L{iJiiti±ftiJ 200 8<.J~®tffl?to 
Wu :ti□ , pJ :i!U.t TT D IX OA :le Ji w ½ M {~ ig ~ f~ 2 0 0 B"J ~ tRi ff {ii rn ~ 13 0 0 1?Ju PD ' pJ :i!U.t * D 
IX OA ~!t~i@#1ii!I~ 130 Of.J%~~_§j3j)' ~m ( I!! llB 01.J 132) o .7HL PTiffitt3f DIX OA 
rr B1.J~&~1-iu1*~:fil1.[11;Jjilfil~ 128 sf.J11J!Ll~j'L xt@ftjltittm 112 rr sf.J4ij:~,tsf.J3f n IX 
OA nJ;}fr~* 1Jrt] Dl lP* ~1Jrt] 02 M1Ffl o 
[0100J i7lJHJ1$l1ttmm 154 PTHim:rr*~:@1.[11;Jil!l?fl$ 128 s"Jf1J!u~1:, * _§_if1rr$lfttmm 
166 PT%$:ft[1J)3tl:IX 150R q=i O Wu:tz□, pJ~~*~*1.[$'~ml!I~ 128 Bf.Jimtt3f w IX OA :lcimBI.J{IJ!Ll 
~-ftl;JmJJt.tffi:1:&.1tt?JJ£ 1640 IP]St, ~pJ~~jffijj:[1J]:ltJ:IX 150R •1tB'-JH~ 100 •1tl;JJTJ 
JJ>Z£!1rr•1ttmm 166u 1fUPD, PJimrl*§IP]Rf.Jt~-1tIZ:~~iffitt[1J]3tl:IX 150R :lc~R"J~~:fil]i 
110:iil!I~ 128 sf.Jf~Lll'ifnftM 100 •1t◊ iffittt~•ft_Lz:%m:s1.Jffif&•1ttmm 164 PTfflftt-fu 
~11E1=Ht"g8"JtffifJ1~1tteat: o ~1rr~ftteat: 166 PTfit?t11-:l°f5JIBJ1[1J]3tl:IX 150R :lc~8"J*~ 
t~~tmtx 154a B"Jttf1£ 1000 
[0101 J *~~ i!] 16A;fP i!] 16B, *=~iit3ft~~ 168 ;fPffifliz~ ~m 170 PTtiuxJt%m:1'E*f Jk( 

100 l:., l;J:l:Jt1E3fn IX OAo PT%m:*=f,ii:ffl-fr-~~ 168 l-;J,fi%:l:-fu~iR3fn IX OA BI.Ji7'11H!iL 
Wu:tz□, * ~f,iiJ~-fr-rg~ 168 nJ £Jtflti~ llO B"JJ~ff<Tii'.PtPJl£:«TiiHlfHEl!o * ~f,iiJ~-fr-rg~ 168 nJ 
1:j:@1.[11;Jil!£ff~ 200 B/,JflJ!Ll~:fifflio 1fUP□, *=rill.t31r~m 168 PT !j*~~iit31r~m 132 ti 
mi◊ 5jfr, *=rii13-fr-~~ 168 PT !j*~*1.[11;JJ1tl!I~ 128 B1.Jffit&•1ttmm 164 tiffli◊ m 
__:_1IBJa-fr- ~£ 168 PTM1tF¥[1J]:ltJ:IX 150R q=i' l;JJTJ/Jtftifjrp!( fttmff 166 J: 0 11u:tz1 I' *__:_f,.fi 
t'31r~m 168 PJ-§tr1i"•m~$-t~mu 11UP□ ,~=rm.13ft~m 168 pJ-§tr1i"~ k -fr-Et:!.m ( {?JU 
PD, $(ftt8~~=$(fti15m) 0 1'EJt't~JMi:f91) c:p' PT:f%$:rffi;I! PT/a'~*=rnt.3-fr-~~ 1680 
[0102] pJJTJm:tffif)1~~/: 170 l-;J,:l:jJEJl~*=rill.ta-fr-~t: 168 8"J3f □ IX OAo 1?JU:tz□ ,tffif}1 

~ Fflm 110 "ilJ-§1js'§ft~~B"J~Fflmo 1?JUP□ , mHli~ Fflm 110 "ilJ-§tJS~~m,~~~11Mmm 
~~~~ftt?7J~c:p Of.J¥.p~,to f11J:q□, ~~~pJ'§;j:t{J, {i;, f[), {J, {B.~~q=i Of.J¥.p~,to 
pJ ;fU ffl ALO I 6 ~ CVD I 6 % $:~ ~ ~ 0 Wu :ti□ , ~ ~1ii1t t?JJ ~ pJ '§ ;j'j§-:fii ll'./tl' nift ti' tii ft 
iEkii.1ft 't.i, ti.=Uttfl~ti.1ft~ Lf181.J::f.:'l> 1- o ft -@~~WU Lf1, nJ1Jt'.:f9$ s""sti±~lP ~~~ i;,l 
J:Ji;JE:ff DIX OA, ff H1J11)~8/,J $ p'IJiiim:fP~~m PTiffitttM1Hll1. T Z:11ll.tlt&@J;,l7ff n\(:~~iiift 
tmm◊ 11uP□ , ~~m fttmm PT 1Mim 1t1Jc, m ftt~J:Jtm 1t1fl q=i s1.J¥:1>~1- o fflf&~ ~~ 110 
pJ :l:~yE[1J]:ltJ:IX 150R B½ ¥&~$-5t 0 
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[0103] $R?.l!I 17A lnl!I 178, :it-H~/HJHa;J0;J 30 PT%JJttEt:fJ~ 100 _L :it-HffitJHattJ 30 cp 
81.J4jf.~,tpJ1'1tM~J@:jff:lj,i:1=EHn£ 100 J:81.JtffiE:g;j;)k 1720 a~@stOOHJU cp' pJ~zHffitlk~ Eg 
~ 110 :s- IP] 1111 tH&t.ca1ku l2J,%p)Z?J~m - 7J IP] D3 wzt~?J"' ~ sJ.J:rlit s<J~JJJ Ffi ;t)Ji 112 0 11u ti□ , ~JJJ Ffi 
tliz 17 2 pJ Jl 171tf ~ % ~ 7J IP] D 1 f,A tf3 ti ff; 110 o<J fITTLl ~*A~ @u\Hg m ta tt.l 200 ti IP] [1_f] :ttt o<J Ml 
~rm B<Jfzffilii-lL i_,s]1IL JB-~m - 7J IP] D3 1&:.rlti-§ t~ B<Jffi Egt:Jx 172 pJ {:d?JJ!J.l:. 1&:.rlt?t ~ Ll 1w lt't:: 
1r'l2JaJfJrnio ~*' ttt1tffit1HattJ 30 4-1 B<J~ ·,t nJ 1'1ttx. {j?fO.m2,Ulhttt~1=E+tn£ 100 J:Bf.J 
tf3ti~ 110 fP.fflj-Eg;t,& 1720 
[0104] ~R1, ti□ 5'!tio$R?.i!l 1A, I!! 2A lUl!I 2B nliJiBI.J;j~:jq:, 'lf:HitJJ1'HMtJ 200 !5:lt1rffltlk 
tMtJ 30 B1:J6:{~HfzJaJB½tffi~tl 172 B1:J'lf3J.:__;.3fo¥1H10:i1:HMtJ 200 -½:it1Hffitlt6ttJ 30 B½:t"i~Ll 
~z:JaJ R<J,ll Egfliz 112 R<JJJl.m~ ~, JJ1Llf11JHlHtltattJ 30 ~.®fw,ll Egtliz 112 R<J7J&.m£:i::R<Ji~Ll~ 
irW1t.4o ~~:it-HB<Jffi Egifliz 112 Bf.J2litmtl1Jo, :it-Hffitlta;J0;J 30 Bf.JfrW~4Jffi\~~~-ft1~ £1JDF* o 
rt m1, ;J;lzti *1lz flJl tiJ .~, 81.J~OO! wu. PT :iffiu1.Jt. l!I ~ 160 JijQ$1!'X I½ Jt:li~tffitJizta~J 30 81.JiLm#-4 
JJ!l~o 11uti□ , :rlit.~JJJ:1:tzta;J0;J 30 PTitlB13tJJl!I~ 160 B<Jtft 160a 1!1Z~J!tl, NdmPT:tim1:¥:rlitmJ 
tJizta;J;tJ 30 0%attJ1fi(J;E·t4, 12J,~~E1Xr;1Jltti~~,l/Hliztatt.l 3o of.JirW;i;4Jffi\~o ta5'!, tt~ffitliztattJ 
30 pJ~1J\E1X~JJ Jt PT {£!§t~I 2 rt, ~iJz:Bf.JI 21~~ o 
[01osJ $R~~ 18A lO~ 18B, ~~li!itf3ti~ 178 nJ%JJ½ft:htt~B<Jffltl~ttJ 30 -2,i'aJB<Jm ·ig 
;tt 1so cp O i1uti□, 1% /iiitf3ti~ 118 PT Ji1'fi'r3t#J~~ 160, 12J,&*~~10;tt 15o tom=$-20m 162 
Bf.Jrf;J~TIITJ:%JJ½B<J1L~%:fxo ~/ilitB@~ 178 pJtJ§;ft;[1J]Jtl:[K 150Ro ~/ilitB@~ 178 ;i£pJtJ§; 
JE f5 fi 8 11 O Z.. i'aJ B1:J ~ i'aJ , 12), 1l tft .tffi ~ tR 17 2 B1:J flr/ti ii-IL m /iii f5 fi 8 17 8 PT 1'1 t!S m 1-t tm 8 , $( 

1,1::A?JJ~E'X!l13Mt4?JJ~" PJ;fLlffl CVD IZ::!'X Arn IZ::%~m/ilitf3tl~ 178" 
[0106] $R?.l!l 19iL i!] 198, i!] 19C lnl!I 191), 1%/ilit~til!I~ 180 PT%JJ½ft:it-HffitlHattJ 30 
z..i'aJ 8<J*~1iJtJ!!I 150 81.J rf;JiITTU~J:o ~ 1'.t'itl:'.lfil!I~ 180 iErlJJT-;p)Z1=1:m=1iJtJ!!I 162 ITT rf;JfITTU~J:o 
~WIX 110a PT%JJ½1=Ei!U1m~1g;J;J!!1150 •ils<J}tn£ 100 J:, ff Ji Tll1~ ~tf3til!I~ 180a PT 
%JJ½ft~ rt\ 1K 100a cp of.JilJ:~~ r o Wi ti□ , PTimrl ~ iPJ :FF't4t.ca1krJ_l Z::@I ti!% /iii tf3tiff; 178, i2J, 

!£m~~10;twi 150 lo*=1tJ;tW1162 rr%p)Z1¥,ii~tf3~oo~ 1800 .rJts1, PT~:/J*=mt31rE:gm 168 
3fOrJl4i!l1ttm~ 166 ~~~li!itf3ti~ 178 -~t.ca1kLl, 12),~~* -ti~t?JJIK 15fao ½5'r, nJi1u 
ti□ 12J,~*1'.f PH~'4Hn£ lOOtll'.ft:ktLlo TTl%~tf3ti~ 178 Bf.Jit@Jt:kTZ::cp,Jt#J~~ 160 Sf.J,tft 
160a PTfi:tft~lilitBtJm 178 sf.J~®$7J"', l2J,%JJ½r~/ilitB@i!I~ 180ao ~/PJ12ii£, T~li!i 
tEfil!I~ 180a PTxtmT1=1:tfr 160a r7JflffiB1:Jm~tEfi£ 178 B1:JJ:ifr:i£$7to TmlilifEfil!I 
~ 180a PJft'fTIITIIJcp "JfJI' 160a ~:zjs:]J,:~, ff _§_pJ'7{\-~~=7JIP11)2 t!rJUu i1uti□, l'm/ilitf3 
til!I~ 180a cpsf.J~~,tsf.JfITTLl~PT ~tJf 160a cps<Jtf~1'Bf.JiITTLl~x11L *=~Jl;J:3:f)'Et!~ 168 
81.J~ffi17t3fOf'Jllrr¥t1tt&Jt: 166 8<J~$7t PT1ltt1=ET~1't'itfifil!I~ 180a cp 81.J4jf.~,t81.JTJJ, 
3tlittn£ 100 s<J~WIX 100a PT%JJ½1=tr.2Hrf1~1Mm~ 166 s<J;t:t~r'i~?J"'r7Jo m~_IJllf3:f)'Ffi 
ff; 168 ;forllrf1¥C1t'.fmff; 166 o<J;t::t:~$:5-H<JJk,JJtPT ~Tl%1i!itf3til!I~ 180a of.J'b/Uit£:zls:t§~o 
Hn£ 100 Bf.J~tl:\ 1K 100a PT Ji~ r§'Jf:lt PH, TT Ji w-'i.{£Ti¥,ii~tf3~00~ 180a rf1Bf.Jtf~1'Bf.JT 
1i o r\5'J If PH nJxt m r~ tl:\ 1K 100a B<JT~!:« TIIT ~f'X:t~1kLl Bf.J +t n£ 100 B<JT~!:« TIIT 2.i'aJ Bf.J ¥Hfi!e 
/iii O ~1:iJiisi§t, Hn£ 100 B/,J~ tl:\ 1K 100a PTlilirm=7JIP1 D2 ;jc!pJIL Tl% ~tf3ti~~ 180a fo 
~lilitB@i!I~ 180 PT1Ez'.ll:b~:J:t12J,;J;tJp)Z~,tn*ir±1*o ~lilitB@i!I~ 180 PT Jl:~-a*~1tJtJ!!I 
150 lom __ Jg;J;J!!l 162 B1:Jrf;Jf~Ll~J:lfJJJX:B½i'aJm1!:J:JT;;[x, 3t Ji Tm~tEfil!I~ 180a rlJJT;JJx:1=1:m 
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~1tJt\!!l 15o s<JM~rnLt, p,J,71'-iUx1$.r3t~l!I~ 160 s<J~1'm rnoao r!Wir\,1/irf3~1!1~ 180a 
pJJ!fif~J~1'ti,tfiril!I~ 1800 WUfto, ~1iti,tfiril!I~ 180 PT1£-~m~Ji10J Dl ~'1}$~t& 172 {Bl 
JltJ1\2j ~ 0 r IS1\2j ~ tf3rf I!]~ 180a to* w L>{ 100a ?d,i' * ~ 7J [PJ D2 pJ J:l1f ml'.lt PW O r ~I~~ rig 
rll!I~ 180a PTif\-,i'%=1JfPJ D2 ilU1JlPr\,1/i PL 1El.t1li'RJ!Wi3fo *Wi IX 110a :i2EPT1fr,i'%=1JfPJ 
D2 JffijjJ§:~ PL 1&rtUaJ~3f o mJt PW pJ~*~rmf!t BW, Jt _§Je~ PL pJ £JR§:~ BL ~*1§ 

[0101J tt:i', PTtr:i&.l'.tr:*t±:l IX 100a :tJirJs<JHm: 100 q:i%~m=ti*tm1X 15460 m=ti 
*~IX 1546 m1fl-:5gm=1JfPJ D2 tiPYU, * Ji m10~1=1:1fl-:5gm=1JfPJ D2 ~r#JiliJf~~s<Jm~ti 
*~IX 154a q:i o *->f**tmlX 1546 PT1ElJl:li'sJ~3f o a~@~Jft!H3U q:i, m_:.Ji*tmlX 1546 
PJ~nH~~ti*tmlX 1 fi4a, ~"fil1$¥ttm: 100 q:i u 

[01osJ m=ti$:*tmrsz 1546 tnm~ti$:*tmrx: 154a PTti:J~0~~1lH&rs<: 1540 PT~4J'-ti$::,'J'J?'Jr\,1/i 
-=t"A£'11A¥Jl1fm~ti*teo1X 154a 8<JHm: 100 q:i, ~UTJ~m=ti*teolX 15460 13Ufto, m 
~ti*tm L>{ 1546 m {g,tjt;t:t~ Ffl~~J:Jm~ti*tm L>{ 1546 s<Jti*tms<J ~ Ffl~~*EI IRJB<Jti* 
tm◊ ~1:iJiifi~,%=ti*tmlX 1546 pJJlJ1%=~~~~ □<Jti~~o 1f1Jfto, pJ~~t<J 5KeV ¥. 
tf.J 30KeV 8<Jl'Jt£5f0~f.J 101\1Loms/cm2~~<J 10 15aLoms/cm2 8<JrfU£~~ N ~t~;:Jl;tm~-f" ( 13Ufto, 
Ml (As) r\,1/i-=t-~i~ (P) r\,1/i-=t") 'l±AjiJ+tm: 100 4-1' f}3m%~m~ti*tmlX 15160 0~WRHzlX 
154 pJ{g,tt*t±:l0~iJJHJlZIX CSP ;fO[_IJJJtl:0~'1JM&IX CSRo *trl0~'1mt&IX CSP q:i 8<Jtt~,t 
PT%~tEJtr1J8<J'Jt t±:11K 110a 5fUHm: 100 q:i 8<J&~,tq:i, ff Ji[1I]Jtl:0~i/JH&IX CSR q:i 8<J& 
~,t PT m J:&tE * t±:l IX 100a z:JsJ 01:J H m: 100 q:i, ~JTJ JJttE-½ * t±:l IX 100a 1§ ~~ 01:J H ~ 100 q:i o 
* t±:li~~'lmtllZIX CSP q:i R1~~,tpJ{g,t~~~ti*tmlX 1 fi4a R1~-tt13:5J'-, ff Ji[1I]Jtl:i~~WHRIX 
CSR q:i914it~,tpJ{g,ttm~ti$:*t?1J[X 154a 01~-tt13:5tfnm=ti$::,'jJ?1J[X 15460 m=ti$:~f?'J[X 
1546 PT~14!¥£J*t±:l!K 100a 8f.J1mHit-B~~8f.J*t±:l0:!UJRtllZIK CSP q:io 
[0109] m~ti*tm L>{ 154a pJ {g,tj§" ~ Bt1BZJl:l,i~ IRJ 81 L>{ 0 13U to'* ~ti* lm L>{ 154a pJ J:l1f 
1f\-,i'%=1JfPJ D2 5c~tlP37LID1%~[8>fP%=1Xo %~1XJ=l11%~1*j/J[, ff li%=1XJ=l11 ~* 
~~Jt:f[PJ01m=~r!to {£~@~~17Urr, m~t~;:Jl;tm!K 154a {±*t±:10~'/JJHJx!K CSP rf18f.J 
& -,t4-1nJ ~;gm -r8Jl'.lt SHl, ::i+ _fitEMjtJ:0~iEHRIX CSR 4-181& -,t4-1nJ ~;gm~r8J& 
SH2o 13Ufto, m~r'i\'!Bt SHl PT ,krm=r'i\'Jl'.lt SH2o 
[0110] a~@~Af!Hyljq:i, ]&'11_1=1:ftol!l lB ?fr~'lfl-~m~1J[P] Dl ttJ?, z **tlPJLi8111f 160a 
r7J8½r~r\,1/if~fil!I~ 180a 5fO*t±:l lK 100a pJJg-,t:m~1JrtJ Dl t~~U z *JfJ:J:lp}Jlj o jjJj,, 0 
~1mltRIX 154 R1*t±:li~~imtRIX csP 1£-,t:~~1JfPJ n1 pJ:fx1:¥$, rfdtc::PJ'/f\-,t:;i;~1JfPJ n1 
1~~~ z **:J:lp}Jlj 0 
[0111 J ~m-( I!! 20A tP I!! 20s, ~tRtru~ 182 mJTimam~1i1ffl 150 tom=iiJf\!11162 q:i o 1JR 
tlHili~ 182 PT"fil1$~MjtJ:L>{ 150R q:i, ~3!:ti~ 0~~),'HJil>{ 154, :3f Ji PT?J,t:m ~.7JfPJ D2 "fil 
1$o iltbztru~ 182 pJ{g,tt~~m 182a ;fP~E§.m 18260 ~~m 182a PT~~*=ti~tmlX 
1546 t-tiH!l!Jt JipJ{g,[E~E§.~ 1826 811m~~5fP~:zzTiiL %~~ 182a ;fiP~E§.~ 1826 PTifr,i'* 
~1TfPJ D2 ii~tlhfil1frl o 13Ufto, nJ%~~~~ 182a to~rg~ 1826, ~:t~JE~1f~r\,1/itf3ti~~ 
180 01m~itJtJ!!1150 ;fom=1titl 162, ff liPTi~~~~ 182a ;,fp~ ~~ 1826 -'ftJ!1tJ[¥~il 
3t;Jt'.l!I~ 160 :t-nL JAmHf~~vU&tru~ 1820 ~~~~ 182a PT 1'1t2i~~;fu~~ffi ittmq:i 01¥ 
y~,to {3Llftll,~££ 182a pJ{g,-}154',t (Ti),4:fl (Ta),ffl1t4:i (TiN),ffift~ (WN) !ixfmfttfl 
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(TaN) cps<J~!J>~1-o {91):fto,~~~ 1826 PT®"ttitf:ttot1':\.sxJ!WIB/,J~~o 1Jlli:;j;Jtli~ 182 B/,JJ~¾ 
ID ITT~$ '5t PT~ 0 :,ttJJJ, ;tJz lR 154 mfB:e, # _§JJR ;tJztru ~ 182 81:J Ji£* ID 8':J jj ~ $1t PT~ 0 :tUJR 
;tf!X 154 :5J\.~:3f o 13U:ftD, ~,Mf1ili~ 182 PT -1=J MjtJ:0J!J,Mf!X CSR B':JJJi*LttHifB~, 1fl.:lE:: PTimi1 
r!Wi~tigtfzl!I~ 18oaSg=~iitHr~~ 168 o':J~®$:5J\.;fPilJrf1¥.tfttm~ 166 o':J~®$:5t~ 
*tl:\0~iJ1H&lR CSP iBTiTI:zzIDl'sJ1¥,ii:3fc lJJH:&tru~ 182 PT ~*tl:\0~iJJH&lR CSP B':Jfmu~s/,J~ 
®$:5J\.1ifn:k, ::i+ _fl nJ ~lfif\-,ti* ~1JfPJ D2 uJj:1:lhfil1frl B':JIL~%~o ~1:iJtsibl, i/lRtLHi~ 182 
B/,Jn£*IDs':J~®:gl;5J\. PT ~r!Wi ~t~t~~$ 180a JgJi1i1'0:I!, # _§JJlli::1:/iztiUi 182 B/,Jn£:zzIDs/,J;tt 
B$:5J\.pJ ~m=:tt*tmlR 15461.[:J:iHifoio $Wltru~ 182 PT1fl-cym=1JfPJ D2 }!ff$ o 
[0112] ~~~ I!! 21A 3f□ 00 21B, pJJTJJJX:J:£ i'sJf:~fl£ 186 l:J,fi_fi'fr.1),!i,;j;J,ztffi~ 182, ff_§_ pJJTJ/JX: 
imH&fggu~ 190 [2JJ!ti¥~ ~:J:!i!:m: 146u tE~®~~fJU cp, J:~i'aJtigtf~ 186 Pjqi~yM,;j;JHili~ 
182 # r:l.PT%PlZtEJz:Jil!I~ 160 l:o J:~i'sJtigtt~ 186 PTEl3.JrJ?!J~,-ffiJtt?!J~,3fnffi,ft 
t?!JJ: cp 8':J¥d>~1-mm o 1!ffi;tlkfB£1l,8 190 PT~ ~_1:1: rsJterit: 186, x:~oo~ 160 tP:J:!i!:m:fjJJ'J 
~ 148, l:J,j~Ji~~FfiM:m: 1460 13U:ft□, PT%mtlliHttifB~.fL 188 l:J,!:f~J:~i'sJtigtf~ 186<SZ: 
ttl!I~ 160 ;fP'J:li14l:fit? ~ 1480 JJl;tJHiiui:PL 188 i:4~ ~):r4!: 146 ~il-~-H*o PT1JL1R~ ~M 
H l:J, tJ JE ill t:& tt fB£1! :PL 18 8 , TT_§_ PT J!lh1 @J t:kI 2 !ix ft"¥: in ri!ltl:lrft 16 ( CMP) I 2: i'.!J-iJi: f.R B/,J ~ ~ 
Mf4-'f:l:fl. ft l:J,%PlZiffIDtJ,zfo£1!,r5, 190 o lffID tJ,zfo:e,1 190 nJ ®"tt~:tto~~, ~~ffi,tttmlP / !ixtt* 
1Ht*tm B':J $ o'Erii.iB':J ~ ~ttt,4 o jU&fei,8 190 PT3!Ji¥i'.!J-TTJ§ti T z:: cp %m B':J fftti ( *~ 
tl:\ )o 
[0113J PT@i1J:j£jz:tf l!l~ 160 ~t2~1W lt:lt1'l:-tffi:1:&t6;tzj 30 B''.!i~JJ!j~-JJJI.~, J).rm~1J\t,;tt!W 
ltIZ::~~.~~'~*ffl~$:1:&~~30~~~*~~:1:&~~30ITT~~~~~~~ffl® 
BMl/t ~t,J,z 172 B/,Jl~.mzi'sJ B/,J~:ff rmftvr~4, IJ!Ll 3i'.!J-1% ~tig£fz~ 178 t:ktiJ 1:)Jl~!JlG[Wj ~ tigtfzl!I~ 
180 atPT~t3cft;wHit0:ttfJJlj;Jz[R 154c lzslJ.1:L, tEJatiI z:: cp JTJ!JlG8':J~*Jz1i~ 182 ~◊j!m¥ 
0~~,Mf!X 1540 ;jj5'r, PT~~¾~'.!J--1=J~JJ1Ffi*f 112 *§~~B':Jl11\2j~tigtf~ 178 t:ktiJ,JArm~iUIW 
ffl ~ t1>Z 1 7 2 l2J ~ tJOJJHJ,z tffi ~ 18 2 ~ ffl ~ t1>Z 1 7 2 Z i'RJ O/,J 9;.R /f,6- o rl:L &r , ~ % JJlG ;JIIHJ,z ti ill£!! :PL 18 8 
at, ¾x1t:l:il-~ ~w:m: 146 ~~{sz.¾•il-t±:l~ ~w:m: 146 s{]~1J,W1t, JArm ~JyJJit:&fBi,8 
19 0 ~ ~ rg):lf ft M 6 ,,cJsJ B':J ii ti ffli* 0 Pt rm ' HUM 4<&: ~ ·tzj }~, B/,J ~ 13U ~ JJfil 13U. nJ illhl: 3t tt ~ 
$ 160 ~$.£~!W Jt:it~iJlJHJ,ztfftzj 30 B':Jftv!l];t:FJJ/.~, }Armmr'i\'J 7-'¥-~11/q'ffit~*.l1.B%fftzj~k 
tE ;rU ~PT$ tL 
[0114] i!] 22A lPl!l 22B 1t11iJ:lE::1f\-:wi!l lA B''.1~ I-I' lP II-II' IUIXB½il'H.ml!l, l:J,JFt±:l$iJ~ 
00 5 A 3f P 00 sn ITT-'¥-~ 1*Zf 1i1 ff *.11. R':J 7:J ~ Rf.J ~@ )ll:EJ. • tE 3 BU~ .bm {JU cp , ifflj m-'¥-~ f* Zf fit 
ff*.'i'.BS7Jft;"ilJ®"tt~R~l!l 9 ¥1!120B WiJiBMitiJtati;J 10 s/,J%!JlG__Lz¥iW-:1:&tru~ 182 ITT 
JTJ JJlG I Z:: o 

[011sJ ~~~i!] 22A lPl!l 22B, PTtE%!JlG~,'Hftili~ 182 ZJa-;t;l).#;3tJ#l!l~ 1600 13iJ:ftD, PTim 
tt~ fPJ Hft.~~ fPJ ~'t':f:t:ktrJ__L Z:::i&~'r1=H-!h-t;r;;j';3ttt I!!~ 160, })\ TTITi:411'4!:fit? ~ 148 ;fPim 
t:&tru~ 182 •il-tll*◊ 1±~®~~wu rr, ~-t;r;i3t1"00~ 160 at, PTi'.!J-%m1±m=11g;tt 162 
B/,JV'JimiJ~J:s/,Jr;~~t{gt£'z~* 180 fPm~.rn1='31l'r:e.~ 168 ®-t:~o nJillh1:3ttt~* 160 B/,J 
:t P;J;TT'IJlli:tlktrF,ti 182 B':JJ: tfi,; cp %m1Jfl.1"Jt! [R 184 o lzsl Jl:~, iJlli:;j;J,ztrf,ti 182 B':JTY1*IDPT~-'f tJL 
;j;j'f [1J];j;j[R 184 1B l;l;J fOOUWPT ~r~ ~££1~1!1~ 180a ITTimuwlU'J( tl:\ [R 100a s/,JiOOuwx,f:if◊ 13U:ftD, 
3JA -'-f-IDOO;wat, *j'f[1J];j;j[R 184 PT-½r~~f:~fll!l~ 180a lP*t±:l [X 100a 1t111J.m1'l:o PT@ 
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51 _ttzHsJ r~ rim 18 6 :1:JJ; n: tn [1I] 1\!11 rx: 184 , :u□ oo 5A ln oo 5 e J5JrJF o :ti~ , rira 5f m _tm r'sJ rMi 
t: 186 tOWffl:iit? t: 148 ITTimUJz:m:iflEl!JL 188 cpm$),i;f)izifl3!,8 1900 i!ffit&iflEl!,8 190 pJj!ffl.¥ 
-@± Ffi M ffl: 146 o 

[0116] 00 23A;fOi!] 23B 7t171jJdfrifl!I lA o<J~ 1-1' ;fo 11-11' ~Jtzo<J-fri]i½\00, LfJFWitiJm 
00 61\ tooo 6B i¥J"F-@±1tf¥1i,lc;:g~jlB<J1J~B1~®:!zj:J]L {±~1W*nfil13Llrr, *Llm"F-@±1tZ¥1i1'1 
~~~JiB<J1J~nJ§1i§"~R~~ 9 ::t_~ 20B -}1fi:i£B<Jt~$iJ~fiJ 10 B<J%$:IZ:::t_iJJR-tIHi~ 1s2 i¥J 
7f3$:TZ:o 
[0117] ~R?. 00 23A 5fU 00 23B, ft%'1x:iLULtlru~ 182 z.!BPT *PiiLULtlru~ 182 s1~$:5J'-5fU3t 
ti 00 ¼ 16 0 0 11Ll "iii I ' pJ Jffi 51 -'-f :I:!! ft I z:: ~:it -:t ti 00 ¼ 160 to 1~ T1Hm ~ 18 2 B½ _t $ B":J ~ $ 7J' * 
[lj ' ~A rm p J i:it 1ml i:lHi ~ 18 2 R<J Ji)J;~ TIIT 1'-fE.1.t O {?Ll ii□ ' p J ;flj ffl CMP I z:: ~:it 3t J-'1: 00 ¾ 1 6 0 to wH& 
ffi ~ 18 2 B<J _t $ B<J i~ $ :5]'-* pj , pjjj: ii t±:l W ffl: 1~HP m 148 B<J J:ijf ¾ rnHJ R. % $;A~~* -'-f JJ:J. 

8<JruY~oo8<J1JJJ,1~ffi~ 1s2 o lzslJJ:l, 1JJJ,1~ffi~ 1s2 8<JriJY~WPT ~Wffl:1i1? t: 148 8<JJiJ!~W~:zfs: 
~U!L P,1)§, iz□ i!l 6A tooo 6B ?frJF, _tmrsJr{gtfm 186 PT%'1x:ftWffl:1¼tftm 148 tOA~~* 
-'-ffflo<JT~¾ooo11»H~M~ 182 r., * _§JjU&mEl!,8 mo PT%nxft5fm rmi'RJrfgtim 186 ;ro,fi! 
ffl:1i1Pm 148 i¥JimH:1HtiflEl!JL 188 rro 1ffiT'.&ifl3!,8 190 pJJ!:J't~-@±~Ji;!ffl: 1460 
[0118] ~ 2·1A to~ 25A 1l!df\-~ ~ lA ITT~ I-I' ~!tZB<J-frH-J;i.~, LfJF t±:l $Um~ 7iL ~ 7B, 
~ SA ;fo~ SB B<J"F-@±1tf¥1i~~JIB<J1Jrts<J~®jzcJ_F!L ~ 24B ;fo~ 25B J:E:}ffif~ lA B<Jtj 
II - II' i\U[:l.B1-ffHx I!], Lf ~ t±:l $Om 00 7 A, 00 7B, 00 SA 5fU 00 SB B<J "F-@±1tf¥1itf :g~ 'i!. B<J1JitB1 
~®:!z!:J!JL ft ':1'iiw~ht!H1Ll cp, $iJ:@: + ~1tfffi:g~J§1.B":J1Jit PT §-}%~RU 00 9 .¥00 18B nli:i£ 
R1m$rJtt1iJ 10 R<J%mIZ::.¥1%~rMtm 178 R<J%mIZ::u 
[0119J ~ R?. oo 24A ln oo 24e, ':1'ift~ ~ rig rim 118 _t1Aff@J t:lt1--. z:: PJ%$:~ ~ r~ri oo~ 
180 atPT*Pi::t~OO~ 1600 fJLliz□ ,::t~OO~ 160 t0~12'ir~riJ: 178 EBifBIP):,j;J*3].m$:, PTlU 
ffl *§ lr1Jt:lt~Ll~14* l)il)1\zj ~ tfgtfm 178 s<J~ i\'l):5]'-;f,03tJ# 00¼ 160 0 tlslJJ:l, pJ * j5jtjl;yEfliljtJ:!2{ 
15oR o<J!Wi~tfgtim 118,%=r_§J.3:fr ~m 168 ;rort✓rr$Jttm~ 166, * li!Wi ~r~tioo~ 180 
PT%$:{£3&~1~1\!!r 150 to3&=i~t-Wf 162 s<Jpgfmu~-1.o p/,ij~t~r&cOO~ 1so PTifHtm=-JJrtl 
D2tri3ktlhiBl~~3& ti*t?JJIX 15fa B<J+tfl£ 100 B<JJ,0f«Wo J1lot,12Sl79:iPc.catiJ16tJift~ 
tfi: 160a m:~ B<J IX cp B<J 1Wi ~ tfgt~m 1 78, ?fr Lf HJ1£ 100 PTt&ttlit:lltLl o lzsl JJ:l, PTi:it~ tfi: 160a 
;t,g M B<J 'X'. t±:l IX 1 OOa % $: 79 .Ji1f r§'J Ii PH' 5fU ~Ii PW' o 'Jt t±:l IX 1 OOa pJ i!iufe ~ PL' f&.tlt ['a] 
~3fo fJLl"!zll, r§'Jli PH' pJ~:zfs:~T~::t::TOO 19C ?lTJFS":!r§'Jli PHo 11Ll"!zll, ~Ii PW' ;f,OJEB~ PL' 
PJ:5)'-171j "JOO 19n ?HJFR<Jm& PW ;fOfte~ PL ~:zfs:t§1(;}.~*§~o ~=ti*4?JJIX 154h Pjyfrif~ 
=1Jrtl 02 Ji~3kt-lh%$:ftA~m~tt*t?JJrs<: 154a B<JHJ~ 100 cpo m=:tt*tmrsz 154b tnm 
~ti~teo!K 154a PT:tiJ$:0:tt~;t~!K 1540 PTttti~teo12'ir1::]~}1:A.¥~~3&~ti~tm!X 
154a B<Jttfl£ 100 cp,JXfm%'1x:3&~ti~t?JJ[2{ 15460 11Ll"!z□ ,3&~.ti*t?JJIX 154b "r1J§1i§"l:]3&~ 
:ti*t?JJIS: 154b □1ti*t?JJO<J-@±~~~;t§IP]O<J%=-@±E§.~~ □1:ti*t?JJ0 {3;1Jiz□, pJLJLft<J lOKeV 
~t<J 40KeV B%t]HO~<J 101

\1Loms/cm
2~~<J 10 10

aloms/cm
2 B<JffiJ~i:it N ~1{t~t?JJ~T ( iJiJiz□, 

Ml (As) ~r~:ii~ (P) ~T) t±:A:t_f1fl£ 100 Lf1, Mrffi%$:3&~.ti~t?JJIX 151bo 
[0120J H3$:TT§tt~t±:lts: 100a B<JHJ1£ 100 cpi¥J~t±:l0~1ffH&IS: CSP' PT§ttAfffESWli 
s1m~ti~t?JJIS: 154a 5fUJ:l_,fef r§'Ji:&liB13&=ti~t?JJIS: 154bo %$:ft i&'i!ft'Jtt±:l IS: 100a z.i'aJ 
B":J*1n£ 100 cp B{J [1I]:ltJ:0::l--!d~1f IX CSR' ~PT §:ri§"Ji~1ESi:«liB":1m~Ji~WIX 154a ;f,OJi~ r§'J 
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1;&1i'.s<Jm=tt*tmrx 15460 WLJ:q□, J:t.~ rWii;&Ji'.s<Jm=ti*tmrx 1546 PTEl3Jl.~1t~J;&Ji'.s<J:m~ 
ti*t?olK 154a 1'111 o ttrm, ;;$:Rr!J§tiJ,l!J,:;,fl~TJJL -tEJt'f::st:Mgf!iu cp, m=ti~teolK 154b PT 
~~:m~t~*tml>{ 154a 12J,M1$iE:HfflS 100 cp o :m~t~*tml>{ 154a "ilJ{g,ttJtr',§')/'.lt1BUrG+~ 
o<J lK o f?1J:qo, $~ti*tmlK 154a PT {g,tMfl-:oi%=1f rti D2 idft=!l::VU Of.:1$~ lK;f□*=lK o * 
~ [KpJ Jl.~:m~ r,§J Bt SHl' TT iim=lKPT JI_~ !jm~ r,§J Bt SHl :f Fr,J s<Jm= r',§'j)l' SH2 0 1!iuft□ ' 

:m -ti*t?!J[Kl5fa-tE~t±:l0;+!;1J}jH,&[KCSP' Lf1B<J4lt -tlflnJA~m ·r\5')/'.ltSHl,:;i-f_fi-tEMJtt 
0;+!;imt.&lK CSR' cp B<J4Jt~f'cppJ Jl.:rr:m=~N SH2o fyLJ:q□, :m~~N SHI PT J,:r:m=~li 
SH2 ( IX', I!] 8A JFU I!] 8B) o 
[0121 J ,tE~®~Jjjg {!iU cp, ftl l*-;t;; rri:ql I I!] 1B J:ifr?f,Jl. ~t~ ~n z -"f'. Jf;~pJLJ B'J tJi: 160a B{J xtf I!] 
~ 160,!l!U~t±:l[K 100a Pjyf\-3i;i;~71rt] 1)1 tt~~ z **~rJUo !tHr,i~;+!;WH.&lK 154 R<J~t±:l 
0;+!;imt.&rx CSP' iB-~m~1f rtJ 1)1 PT:fMt$' 1B;1! PTiB-~m~1f rtJ 1)1 t~~~ z -"f'.%~1:JU 0 
[0122] ~m~l!I 25A ;fi□ i!I 25B, PTJTJnx:iJJH.&ffi~ 182 ~2-/Jt1E:m~1iJi'j!!f 1500 $Wkffi~ 182 PT 
{g,tt11}£~ 182a ;f,D~Ft!m 182bo 1),MJiti~ 182 B<J1/}£~ 182a PT l::J:m~Ai*tml>{ 154b ti 
fll:l!H ii "ilJ{g,~~ E§.)~ 1826 o<Jtm1J~;f□M¾TiiL ~~~ 182a ;fo~ E§.~ 1826 PT!f\-:oi*=1f rti 
02 J!3'~±-iliJis1$o f!iufto, PT%$:%£~ 182a ;fi□ ~E§.~ 182b Ll:f:J1EJl.~!Wi~3'1:1l~OO~ 180 B<J * ·11Jfil[ 150, ff _fl nJi~~£~ 182a l□ -B' rt!~ 182b 3¥±!! 1tH~~~ t±:l~:tm:1ifft ~ MS 7'J 
it, J.ArmHinx:1mlt&tiffti 182 0 {g,;j:511Jit.&tifft! 182 cp B<J~ E§.1i.'N pJ !j$~~ ~ 20A ;fo ~ 20B #Ii 
j£ ITT tH Fr,J o 
[0123] /»tf.&ffi~ 182 B½n£'«1IDPT-½Jl.~r',§'J/'.ltPH' B'J~t±:l[K 100a1Lli*.ifl!l!o izs]Jl:G,l»tf.&ffi 
~ 182 Pj'=jyf\-:oi;i;=1f rti 1)2 ~rJLi R\J~ t±:l [K 100a t□ 'f::1r'J:t:JaJ ITT}1n£ 100 tifo~o Ymlt.&tili~ 
182 PT1a~m=1Jrti 1)2 3lf1Efl O ~1:iJit-t5l, 1m.t1ittm~ 182 PTYB-~m=1f rti 1)2 3lf1$, p]!jm= 
ti*t?olK 154b ( Jtj!~±iftJTJnx:-tE1'1ttifl-~:m=:h 101 02 t41=3JUITT~t±:l lK 100a 8'cJH!l£ 100 cp) 
1Hitifo:k o ti:i', :qo I!] 7 A ;f,D I!] 7B Jifr?f,, _t.~f§Jtfiltj~ 186 PT%$:-tE:J:li!:ffl:1:¥tft ~ 148 ;f,DJl.~ 
~;;$:3¥-±!!o<JJIJf¾OOo<Jimf.&ffi~ 182 r.o J!ti¥~E§.J:~4!: 146 o'clrlffit.&fo:1!,si: mo PT%$:-tE~~ 
J:.ml'§J3'1:1l~~ 186 ;fDJ:1;!:ffl:1itft~ 148 ITTiffifiltJxttiflffL 188 rt'o 
[0124J ~ 26 ~:5f-t±:l{g,ttttHM4(RIVi ff0,\!:J, B<J:5f-1!iu ~~13U Bf.:J'f-B'Wf¥1ti~~~-B<J 'f-B'14~ 
:'I. * tJE B<J :5f- ,1'i:dll:11! ~ o 
[012sJ $R?,1!1 26, t~W:;$:Rg)jtf0J~,B<J~1!iU~llffif7LlB'clf¥1itff ~fn 1000 PT7'1-'¥~11f:1'¥1ii'i~ 
.E!.o 11u:q11,ff1ii'iff]UJE 1000 "ilJT'JZJ1it ~~[!Iij~:ffl: (SSO) 0 Zrfitff]UJE 1000 pJ{g,}%-i&n-tE'iE 
1* 1100 cpR<Jt2'.iuR 1200 l□ 1'¥1itff~:'I. nooo t:2'.iuff 1200 PJ"J1'¥1itff~:'I. noo x.~E§.f§ 
~ o f91J:qo, 1!2:$Uff 1200 ln#1vl'f ff*.'i'. 1300 pJu[ii)mrt:2'.iuff 1200 B<J~~1Ez:Jl:G/}_~l'R:W o lzsl 
Jl:G, 1'¥1itff ~~ 1000 PTtt~tAsf¥1Tlfttf¥{itff ~:'I. 1300 cp, ~~PT~t'l1ti JA1'¥1~ff~:'I. 1300 
rim w iE: &Hm ~ tJE O 1'¥1it ~~~ 1300 PT {g, tt~ tm * 1,2 ~ rJ;J ,\H s'cl :5f-1!iu ~ ~ f!iu s'cl-¥ ~1*1'¥ 1it ~ 
~ :'I. q:t o<J ¥ :'l> ~ ,t 0 

[0126] 00 27 ;l!?f, tf:l{g,ttr~W *R f!JH10 ,~, ITT:5f-1!iu ~~13U B<J-'¥~12f:1'¥1i-iSff ~:'i.B<J E§.-J" ~fJE 
B<J :5f-1c1tt111! ~ o 
[0121J $~~~ 27, E§.-1-*tJE 2000 pJ{g,;j:5J!2:iu~ 2200,1'¥1it~~:'I. 2300 :fD11wA / 11wt±:l~ 
~- 24000 1!2:$Uff 2200,1'¥1itff~~. 2300 ;fU$1ruA / $1rut±:l~~- 2400 PTiffiul'R:Wtt~ 2100 Wz'. 

Jl:G *Iii* 0 Jfttm ,B, ~ 210 0 pJ xt m T RJEJJ.: tm B'J fil1H~ 0 13U ftl I , 1:2'. fbu ff 2 200 pJ {g, +t ll~Htll ff' JJ.: 
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*~%/Jl:~ff-~~~ff:sx:~~~-*B~~¥&-~.~~~-*B~~~m~~IJ!:~ 
ff, l!tTf§ %1zl:;f1EfflPt'l,H~$Uff ~ 811f-,t·tBM◊ riwA / riw t±:l~lr. 2400 m t11ttt§t[R, m:m: 
E1X'1I'.~s\1t~~B1~&-~" ff1it~*R 2300 JE:~~~J;ff1it~&J!i!:B1*R· ff1it~*R 2300 m 
#1itt4itlH1:t,;,ffJrJg 2200 tPA-fD1~ffl;fP I :SX:$4-. #f~g*Ji 2300 m'E1:ttf11k·t4#f~g* 
lr.tP / E1X~~~1kttff1i-l'lff*lr.· m~m:±ih, fffi11ff*lr. 2300 m'E1MIA15lff1i-l'lff*lr." IAJJ! 
ff 1ti~6 *irnJ ~ JJJt7'J i:HI ~ 1m: ( s sn) • ft i3: frr-tt m r , rB -=r * tJE 2000 nJ ~:if* .iiJiJdM l~ JJ: ±th ff 
f~TTfffi!~*lr. 2300 ~. fffi!~*lr. 2300 m'E1tt;tl[ffl*1zlJJ];J0;1J.TI,B1~fyLJ~llffiiJUB1*~1zt: 
ff fit ff* if.~ 81 ¥&-~. Et! -=f ~ fft 2000 J& m 1'1 t;i;· ~~J1c ffl 1z:5!¥iilH~JixxJ ffir J:Jt .:ti))dJlH~H«J 
t(5*l[:(i:jjJJi5B''.1* D •x 25000 * D .ji; 2500 m:URi13c~7JA~:liRi1~tiJ3¥:11: 0 {JUJZI I,* D 

.JG 2500 PJ'§f~7d;~E'J(:1G~ / ~~y!,l:1,z.:ff.u 

[ 0128] m :fU ffl ~ ;frp tt* tz #~:if f~ ffl * lZ SjJ ttJ ,~'91 ~{ylj * lJffi fyrj 81 * ~ 1it:#1ii ff *B '§it 0 

13u JZD, m 5fUffl 1J, r tt~tt# ~ 81 ff-~~c!J;J;l[ffl *1:z S}j tiJ ,~, 81 ~u· j£~vffi1YU 81 +~1it:ff1i~ff ~ 
R'E1it,Jifriftt*tt#if :~1:Ht* (PoP) tl#.:E:J<MJJJl5$3TU (BGA) tt#.~Jt£1Ht* (CSP) tt 
#,.W.t4sliiFc'::J-\·~fzt; (PLCC) tt#,.W.HxX:YLl1~JruAi,J* (PDlP) tt#, mfxJrz£ftftt:A~u'D 
tz:#, ET§ [fill ;i'\;fJ si tz:#, ;J;f_l ~ Jt ( COB) tz:#, ~~ 1stx.UllLli A3°>f * ( CERD IP) tz:#, .W.l+ 7J 
%$Pf it* (PYIQFP) tJ:#,.W.*4[IJiliffiaft:t* (PQFP) tJ:#,1J\&Ht~tt* (SOC) tz#,m[1J\&r 
:lt'itt* (SSOP) ttA~,iw:lt'i 1Hrr:lt'!tt* (TSOP) ttA~,iw':lt'![IJ7Jffiaftt* (TQFP) vzA(,*tJE?i& 
tt* (SIP) tz:#, ,%,~:Jttt* (MCP) tz:#, sil§l~.&/'1Um:tt* (WFP) tz:#;fU sil§l~.&lzl:;f1E±i*-3'T 
* (WSP) f±#. ~~~* T;J;![ffl l:J,...t~Jllli17UZ:.. -B½+ ~1zt:ff{i!ff*RB''.!tt*{tt:~m 'E1tM1 
$U*~1zt:ff1i!ff*lr.A"J¥&-~*~izls:*lr. ( i3UJZD, t~$UfftP / :sJGiz$l*lr.) o 

[0129] f~ffl*jjz SjJ ttJ ,~,B"J~fyrj *JJtfyrj, m1~w:sx:1W 11:::±l~~/l<f]HattJ B"JfH;J~,j.J:ffi~, ~Jm r'ia'i 

+~izls:H~ff~lr.~~~ffi~tt®Et!m$tt. 
[ 0130] tltlfi~ * 2st)~)j ,ti;/-~, B"J ~ 1YU ~JM {JU ' mm P½>Z JJ !?fl~ lU, ~t:£:SX: ,~ 11::: '§ IE ilfii110 ig ~ ttJ 
o"Jtt~~lJH&~ttJ o"Jftvr;J;;J., »dmmaFo~j-1. z:: ~~ 11\:sx:iw 11:::-1. z::tj:~:L ta5f!:, mm1~~~1iJ;;=tn: 1*j 

m$tts"J~1Jm*~1zt:H1i-l'lff*lr.B"J7Ji!◊ 

[ 0131 ] 1i rt B fr£~~~~ 1YU ~ )Jtij; 1YH18 j£ f 4\ lZ SJ=j fi;J ,\!:L 1J::L~4\ ~Jil:l::glttf *A¼ mz ~ ~ t~' ft 
~~~*1zlJJ];J0;/fil~ffi~~ffi!E~ffi~r,m~t±:l~#a~~~a"~~,mz~mMl:J,...t~ 
llffiWU~~ ~lzl'1Ut'EB"Jnu :t~dfU~tts"J O l2ltlt, iffii1x1 lU, rf£5fU~*& Jl/f¥ ~tm s"Jm ft WB"J~m Bf.J 
m~*~k*llZ~,ti;/~~ffi~,nu~@:URi1l:J,...tmJ£*~~~~~*1z~;J0;/~~ffi~" 
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