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The invention discloses a memory element and a making method thereof The memory 
element comprises a first conductive strip, a first storage !ayer. a f!rst conduct!ve 
column, a first ciielectric layer, and a first conductive plug. Tl,e first conductive strip 
extends along a first direction. The first storage layer extern.is along a second direction, 
is adjacent. t.o t.he first conductive st.rip, and overlaps with the first conductive strip to 
define a first storage area on the first storage layer. The first conductive column 
extends along U1e second direction, and is adjacent to and overlaps with the first 
storage area. Tl:e first ciielectric layer extends along the second direction, and is 
adjacent to the first corxiuctive strip, the first storage !aye;- ancl the first conductive 
column. The first conductive plug extends along the second direction, at least partially 
overlaps with the first conductive strip, and is electr!cally isolated from the first 
conductive strip, the first storage layer and the first conductive column through tr1e first 
dielectric layer. 
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~tt~~.M~~ffi-~~tt~~~f~ffl-*~M~~ffi=*~~~~:~& 
·J4'£ : s, ~t~dfl1rJt, m1~i1 ... ~1sril1;!1$, Ji·1'.!1Hi~ft~ :.1r 1f_tfi.tJ@:ffl· s, 1lt~m, itJf£ • 

~~-ffi~~"R~-ffi~#M .~~ffi-~~tt~~~~ffl :~~tt~~~~~~ffi 
:;:.Zf fi:/J i:/ ~HJ il~s1'1 R:c! Zffi~ ti ,1i j: : ~;& 

;!t "11 , t~~; • ~:;, ~l~.:nf1~fiLTt~J,r; ·'f'.tx1<nttJ¥i :'f'.ttz1w1, l-1l,i-it:W, ·'f'.t~~fnit% 
'+ i~ cg t-i: IJwi ,; o 

6. ,f!Hliftx 5f1J ~ .:t( 5 pff ~ iYJ tf fil~~ Jr:. f'-L ~ 8J:§ : 
-11 -Ir It_~ tal ~~ , ,fl[ f i~ i1 - @ rt!Am ~ J::.' Jt bj i~ ~1 -* 11_\ fil ;,fQ it J¥£ - • '¥i' 11_~ '.fITT *-ti ft!il : 

--*=-fr F['.tfflt~' {v. -r 1~ffl =~ rtJffi~d:., n ~ 1~ffi = * FE~l'il 1~ffl =-B'c FEtEti~ttm:ll 0 

7. -tfttfi±l tXt,J ~ 1\ 5 ,iifi ~ t1111 f~ i} ;ii flt-, ~ i1L ~fi : 
"'ci'/.1'-='.&•l-\'::%'..J"'_~~J~ (r,d•wa'-nh•--'poa' m•-1: ,_1,J''"r c•['J''J,,-\ 1··,'r+----.:l-;~:-k+ i- .))L.*.;i,;·Ifi-----:J.7 Fl ·1/'i.- J/ Af'-'L.;:.::,. \ J_ ~,.., r u u 1..., r 1..J.L,._,J_ tC,)t, - u ,c,..,.,,'\.,JJ ...'...1..,._ J ~t~ 1l1/J___L_..1ii:::t,.,t~f v_;:i':;:_....;,r::J 
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}iffD*J41-=#fi:/r!if; IJ,l:!t_ 
it1,j'S ·'=Jz=fjg;fwi~(~,; : '¥tli,, {{ET:i25:~t~¥f ~)(g; Ji~Ji 8~Jl)J l'fil o 

8. fRf~t'Z:f@~$:: l p,Jr~t~101r-ftt~idtt, Ji: i~iJ'& : 

2/2 9J. 

-m-=1+1ti1z1, J{h~tn-= h rPJ~g;1$, E=J i*m--t,=f. E!:1.~·1t'1i4, ITTil:Ei~tn-=r+1ttJ¥J:i=J iim 

(String; Select Line, SSL) jjiJ1o 

9. HUA,l:fx.%Ll~:1-t 1 Wr~~~11'¥fit~1Lfif., '11:11JJ;1i: 

• Jli : 8'-{itf}if' l'H-i*J41 :;j 1iSJ filN,' 1:ii~J~l -~ rt},;*w.m,:;/f, ]fatEiiJlt :1"¥-{*}~-1:iif<ti'S 
-~~%*~~~~~ill-~~~:~H 

-*:::.-~ Eti.tii11:1:$:, ;{}i~1¾ :. h r!1J 7-!lNl, :.if .r'J 1~1¾ ff t!lt. lXm. 7~, §_t~1-ttftlii1:1itt 
(Ground Select Line, GSL) liftl:" 

10. ·ffff1it.g1;icfl·fl)irr!Jfl1IiL BIJrfi: 

~n-#~~*~~-m-~~fil~= 
T ~ ~"1~ H tJtJ; fil,fc1: fil ;;~ f □1 !Jj .'E;J.> • 1•:,Hf (f'.l • Jk~ tis f□ 11)[H'1 J::.ff:; H~ • +1 MH:f t4 )~ : 
T~~~~%fil*fil~%~-~~M~fil.:.lf~m~~m= 
i~I $it~ tty $.i',f 'M Wl.· ;fr1 if:: 1J {ii.' :MN Jz: . L) .. + i* ylg ;f\1if z rt1 ni ./.i\Z ~ .\ill 1L, :Jt-ffr, 5r 1~ ~ 

f;J [J,U:Z. it-~ Ft!~wJlt-t+&~ : J;r{l, [~]~1t8~Ji~@it~iff;f,,~/~'f31Jr1i3:i;J.>· ~ ~tt~Ri:¾,:, 1:ll r it 
•1t1J~ r_j:-; · 13?'-] ~' f' 1,, r1:r 1i 1,.1·,t·f:;t;J,,I. f¥',·t;, ;;;+_· -;z;:c; ?b • i't{;.JL J~ . .{;'f r~.;,;.;,{\41 t:11,t rb . I] j, .;,,, :j't{,Ji: l~5i "½° 1~;', 
1 ":J \ H , ~ ___ _7f;,: -1...,, r .. ;.,:::r, /1 :.J "'H 1 1 ... ,r~ , ,:;...::,, t'! .. " r:-1 .....::i.::. _.,,,,. • .. • 1-:l I~ • ,...:..,...... ~ v;,,. !,l T,__, ,- • _ _1-_--1. LL i-::: ." • ... . rJ.:1 1 ~ ..., !,_, ~ ...., 

Ft,, *'llr * 1Hr5t :x. te-· :frni· rx: : 
+:c~ll;bt:fL 8~ fftH':IT !;)JI}_~~+&!· (:r~i{ff¾M° J·.% nJ.t ~fr-rt~ ; 

~h~: it~~ $.-!w ¥ J:.Jf; f3lL~ •t' fr it 1rTI ¥, tUJ'JJJJii-~ Ji:~i£1HL ; L2Ui 
iri: [~l ~~ 1t ii<~ $. jc;j fl- Jz:, ~ +l! 1~lt :Jt~ $ .'7: ~}f (:J~Jfli ~,; % ./.i\Z ¥: j;, • ·:ti~ , 1i1 -:ffl :_ Ji 

lfca fil f E\l , fl 11. -1J i~ -~'l' ct tt iR i,i,( 11_\ -t.'l.J~ ffiiJI o 
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J.iz#11'i!ii 
[ ooo 1J t,: &: iy=j ,~ ~ Jt T 1* 0W ai ~ tl: 1':r-frt ~bdif 1'.z J{ f}rLl ff. /nt o ~eye ~V :-% 1lf :1(f )~ ,'r f* 
(Three Dimension, 3D) .~ J::fH'I /i~•g-i Ji:ft &.JtiHt}TYt o 

·f~JfjJfLa11ilI~J; ai1RitHf1 Ef1 .'if ~%-m (stripe) *~*tH?<f{):tt~itH&tJtt.fbf] ftl:ti~i'f{i{J 
M - ~ 'I. •••• 17~A Lj. '·Jz q', - .. , 1·- n)- ,±, .• •• ,. + jffl ' • • . \ > ... ,"+, L .. ' .• , '£ J-i t•it ,, -
tt'· )L, rm:,-;; f ,,"r· :t,, :'f lrti T· 7LZ BJ 11~ q; f:ii: l,lt ;1:i \Senes res 1stance, , :® rit ~X'T q, :Jc±:1crl•fl '11-)t; 

~~~-A~~ZA~~~*~~fi-TttA•~-~®.ff~~AB~~~g~Mff~ 
~~N~DW#ft#rj.~ ~A~~~A*~il~~*m~~~~*~~~~%~ ·¥ 
~ ~ tff¥:J, {f /;;t ~tt JrJ!IJ{.'r::FJ; !t~itf ti;i ITT :ili:•J:'l: lW L ; ~i;;'.-tt:{f fit ~tt Jf,i:: fi~J ITT J; a11~ ~ ~*fl'f 
ri 11t)\}~TJ~Jrf, 7G1X~{'1.'.l. z:w~Jf~A~1,t, ±~J]q L ·z: S1J1F.1}j1j~: ( thermal budget), n·~y 
⇒it1'01;±/ (.h+f"f1••fr+/_L'',fr,j/h I;'}. ?.,~:J;,!;'>-,Ltf!' ;";1".'f;¥~1', "j,' 1'1 (itr.;,\': Tfv f~f~ p, ;V,J;, ic,0 (nrog·r,"rr/,:,r," ,.,.,,·i ·rr1J-
.../Y _,.,J"J,, rA:J ,-1 , ,::...• - ,_:_-r-'l.J ,,_::i., I -._,ul-~ ttlnrr,,L..,!.--l:.JOA,9:;X.".,../•-f-~-~--x-13'.ft!~ ✓ ' 1- - J,ll, '-- _(1,,,_/, .. 

£ f:1}1 j;\;J ~ 

[0004J ;fi~irr~*t£ ~~ 'fjtfJ -~i;J¥,ii/&IJ, 1:lHtt-l1f1 B'fifl~jf;,f'j, Jt1],f.1i :ffi --~ ~~;/1'\: ,ffi -{f 

Mui .. ~~, ,tJ.ttAJ( vt: , Jf,, • 11' 1tt h7: i:_; &J.+1 • # 1t1wi # o J::rt • ~~,, [t~. * ;; m Jf,, 7',r 1tcu J.ff 1t1 o ~1 

~~~~~ H~~-~ ~~tt~~illffi=~~M~,~~~ffi ·HMMJi~ffi -~AA 
~-~-ffi-1r~~mm=h~fil~-*~~ffi-W~~ffi,ffi-H~~~ffi-~~h~ 

[ ooos:i ;f~ t~ zjs: i3l rm t~ ITT ¥1 • ~ .OOi iJu , !~HJ~ 1t H fo~ ~t;i: flt- ll'~ i11Wf 7'T zt , GJili F 3& tt; 1;% : i':'f. 
}i:,~JE~,t~•fiJ.fsc mU-%J.&t fi~:!i (multi - layer stack) t;!f;tfJ. ¥trftttitt li~f¥!. ¾r4;tfg, t.J, 
)l%X:37·i'·B;J;.t.::J;.J~*.)~ (ridge-shaped stacks) ,11~ ·'1'"H'~f('.fr)~f~J~:z;,:j;,gJf1i 'r;,'[i 
·~.'".tf."J. • ·.JJ .. r,fiJ :',i:_f:_ {Ei.1 '1<0

.: f'¥, $,~ti,t 0 IJ,-,+-,; '.=i, l)j;; c&.,r.i, SY ~.i,}, 1:3. J'il] '16 ,,c: i[;, .... -/.i'J1:J ~iliit','.1 me ~7.:f[J ~i!ljll#' /f__=_f ..., :I-.! IJ .., - ':.J, • /1:-i ---# -H 1/\ __ J/, ;.-'\ _t-_t.J:z_-. IJ ..1 ·--'---~_,..- , _ 1['t::=t w , ~'"• ~::j'jJ !/\ :=:J:::::. 

J·.JJ;,G¼ff.itMt'M~ o r1fTlt~~t?>t/($ ;~:75.fz:!J·.Jl:.-f&'if ~t1r+~, ;tfJfl.ifmii1:fW! o tn:,:rr, itl$f,t 
# rt},1,J ;f,~ !¾ ;;fp .{cf f tU.d t,c+ !§1; ' lj ·; ;iig +1~· .L I I ! ,ff~ fl½ t 1r itl11L' ffi ~j,.:J~ ' ms 5} f]<J JEq~ ;;f P # rt}, ldil' 
~ n T yJ, o Jt rt.1 , EE¾ f.UfJ # flitlft ,g ~;j} 1§H% 'l'- fkT}ig f~ rt1 ;1~ Zi Mt Q ; rn:J ~1.t lfJ Et~J;J 
'~,!. ~ ?f ;[;,+iJ +;f '/:1•, 1ir:cr:,,,·,,zJ,fffil: 11 ~'t{, f,', $ l ]: '";1' 1A f.'1 A: lf:l,.:v1'it Rs .f'j·, d, !.f..,tr} Fi:f ;s:'.".)+ f}: :'1 'fl ·,15'. 1~ ',7-:,,.---_/ L.1'Jq I.---../ -J ,f-=i L!~J ../ ur_,__"1),'H '_L_i.1 • t. ,-1 ,.:f,7-"'> ., 1---f::,/-,-.,. ~-_J_-]_)•~Lr.a,-,.,-K...,L_J 'Tj-• 

fo'Jl'>t: o Ziri, T:lfiltLBI.J11n1~1tJ:J,.lHJi?J!T.9~ITT¥HJ·.J!;,G¼1r ~J~o /lfJl:.-f&$1'-·~ ~tm~, 5th] 
$*~~~~®~K.ftJi~#~~~~&~~~~ffiM%m~.~~,~~®#~~~k 
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JrtJcg{S;ff;fi-t~& -~+t:l?:, rHJfl, =.JS rr~J ~1'11, Jt·Jl !cj ~~ Ftr.tt:ikf;_js'. 1t1J1Jif1l:11o 
[0006] tlHiJ:.;'tt3:~J1Ji 1;rj, * ZR: ~8 E1:Y£:1'~ 1Jl··¥~ iL f*{Hi~ *;i~jtj: Jl:Jtf{,111'1~ h ¥l, 1'r f;,t;;(f (tt 

-~ rt {it [8: ,Ji.,~ " if@ ~111W 1¥ ftt t'jJ. ic IYJ 'ff 1t tt V\ 1$z_ i'!U Jl fr • -i'- 'F· 1f 'ff 1t tt V\1$ fl~·~ rg till¥, 
~*~~~%¢~~~~~~~&$*m•.~~~tl*~~~~~M•%~~ffl$~~ 
{it1 ~- jc t.t& \:' rt~w 1tr['E ~r~ lt~ o 

[ 0007] rf:i r. -~'ic rt1 :!Sf J.£ 1 if"1 ·I'{/"! f']~'illj? ~/ j,·~ lit,\'!, rf;+£;m ¥ ct,¥f; ~~ :tfl1 rir J711',~ .,i,, 1'rl,it;{r.('r-;; l-tj J .J _1:11±1 1-. _, L_,,z;; '_J~~lJFl.,..J........-\i.7 l,,i;_ .J ,_ .. 1!:1...11,:;Fl-;:-r:;;1.J Fl'ml.lh"J ---JIJ._1Y ___ J_c...L.V--P--·1r LI 

........ 1·,1- ·t+ / •• +,\' 1·1c- a·J. 13 de, tE: 'W , 1:··• E'. • ' f-"- ,u,.1·* •·., 'ri'i ••••• P. ·+·· r.a)- 1·'· c6 ,···· ···1 )·· ~ ,1. H-1 "'r' cc,C-h 
.~ }G· TJ1J:1T:i..'¥2 ·1° 'J ' ,r 't'.1;:B¥ z.~ t;J ,J· ~TT.~/\ i.p.-';i':®. ff[j y\1c~ ~,~.--!'. 'tii:k' f.] ·'L Cf' J!.l.~TICI·¼ 0 r~AJ 'lf 

llf1ffil m,a,~ 
[ooo8J Yc:J Txft:~~ ~~ att.i~'~JAAWrJJlA rw, □ Et1J, ~1u:fn tff:.6 ~t'.t'. llj! ,'ti Rdi, !~111;:~,i"t!x: 

ft~,m'Ji vu, ;Ji~ \Blrl it fiff ~H ~ j'\, 1-tc l:¥' f{Ij w. SJ1 Pn F : 

[ooo9J ['fl 1A JbM~~Jt:iJs: •~ flfHI~ -':'ttfilfV'Llffitir 1T; A<J $ J~~Ji·r~ttJ 0%1\f 1,tJ~t_llH~:I : 
[001 0] 

[0011 ] 

[0012] 

[0013] 

l:'.{l; 

[0014] 

[0015] 

[0016] 

[0017] 

[0018] 

[0019] 

[0020] 

[0021] 

[0022] 

[0023] 

[0024] 

[0025] 

[0026] 

[0027] 

[0028] 

00 2A :@~0;.;~.xJl3fl 1A t1\J:f;£f/lJ~t:M10:i1:tff~~ftiz:z.fciS<1fst1:;m:trt~: 
[¥=I 2B Jt HH»f [£ 2A Hr ft: ii~ a~ r~ ;tfJ J:.t!~ [£ ; 

~I ~1A ½'J;lt 75; ftiYJ~fr l'fj 2 A H%'l -tZJ J::. 7f/, }~)Z# fit H ;'M-;~ iP ~ $] ,rJ'JG~ j~ Z f½· HJ ti!H-ij m fl 

['fl tiB :£;1/H;/'H~ 1lA (f:Jr}J~ Sit] ffrtt11~fJ%{lj}f;\'i.f.i1rz1f!l1lil: 
l3f.l tic xsm~oo 4A rt:n:iJ~j~ s42 Nrt,0;.;~~1m;:fr~S~tJm{r.1\oo; 
00 5A :@~~.~1:E~ 1B 8<J~;ftJ,t1 JfJfN,*~m~.§S~it'itiJ t1r~,~: 
~I 5B ,~1f};j'f[£ 5A 0Jt;Jrt: Sf:il ,eifj-~~~J~tBHIHH1i,tfJmt~[[*l: 
["'I C:(' L'.1 ';fl¥["' ~ I l"·'.r '"'' [.,.L, ,,~ ,. ,·,·.;,,, ;;·; 'x1 ~-,1 )'.>, h±:-,!·• 'is: ·tr-( p,J 
~~ i) _,, Ac i tJ :=l:f ~j 0 h 1J'J l,)J £.--'.3G 0;) !, ;~11 ,t;jJ /J·\ l: "J -i=j· J 7J ;:i:~ 11·1~ .1!i -r_.,,L 6t ; 

i!l 7B ;~}f}~i!] 7A ~JS1JJ~j~ S71 f1rft;.i~tfJcg{l:frti1l.1=tJ;iJ_Hf.(\l!J: 
00 7C ~!{~~[~ 7A 0S{J]fi}. S72 f1fft:4':ii~ITTHIT5f~t1J51H\[[*l: 
[¾I 8 1' •• ,f;'l,§~J~1Fl!ll '17 f ~Jf:;f;Ji;ir+1w.;rJ,\)'c;g17• ~-:~'.f;+: Y J,;1°t,!,:f:;f;;M;i !·ilji[~I. 

:::,_ ,£1 ,..j_-,.C.--1/- •-•~ _-,,._, ."\. !-•- ..... ...., ,(-=:J l n;;,, ~- /..''o ~ -Ad<-11--- J::i'J.,..-~-1 '~:J __ , __ . ,_,,,w -~- ' 
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[0029] ~I 8C tl:tf\-fH~-j 8/\ fJ'JiJJf& S82 01t}~ 8''1£il5H~i<RJ:;~fl,\l,~J: 
[ 0030 J 00 9 J1)f\-:{f jL 1zls:rr fi# ~! it 14 ~t~ X y ~ 00 Ji,fr~,bfs lt:J-fiiHHri'r m rM.f~ f=fiJOO ;:~ ;&; 00 0 

[0031] [ ft~i£ fl,tj l 
[0032] lOO: f;fq'-f•(it[p,~Jf.f'jc 101 :~;M-

[0033] to2 :i~ll. 10:3 :1?'1iclitzf 
[0034] l 04 : FiJ' %H:V\ !;,t 
[ 0035J 106 : 1+1iii IX 
[ 0036] 109 : fr rn:tm it 
[0037] li Oa diJf:11[ 
[0038] llOc :~i-,Jtl!lfff111Hfa.g 
[ 0039 J 121---128 : tMj< tz:{ 
[ 0040] l 30a jtJ tJiil ff [] 
[ 004 1 J l 50 : -B" c;crJJt~fz} 

l05 : -~ %'ifdir 
108 : \J± $J1f~ 

J () A;, f"' _,.,,, '"' b+--f/ 
_ _t .J : 3;P ;~-R Jz;.; tn 1(½} 

] .. l Ob • ¥_:i. ,[J,· -fr t;~. ~-~ J-z-"~. 
.·t--:1 ✓11\._:f7;,,__,._L--I../ -'\, 

111 11s :~%m 
1:10 : ti1~1-t~ll:i¾tt~Jz'.i 
t 40 :fi:1itftJll!i· 
160 :Jr lfl,;.z"} 

180a 180f :ff1i:/f itJ.Jc, [0042] 

[0043] S:31, S52, S61 S62, sn, S72, S81, S82, S91 lU S92 : i:7J&t 

~ {;clq);;~~.UJ :r.t 

w. 

roo44J :;4-~ 3t fl,tj t~ftt~~frp •:L 1,-t:r; ftt ~ Jt1+ .&J=tm1J ffc',:0 ~i, rJT ,r'L :;i, ·~x-J-* :li Ftl .t§ t~frf~ 1¥- ;i: 
WJ~ t¥rJ~d!frtEfT~~ T1tAti51~tr'1tl'f 15L T, 11$1~f¥1~1'1$5Lz!'§J f!<J $ t~ 1t~~_g,, 7-J I >:1;4;:'ft. SJJ R'.l 
L''' ·, ,-1c-,,:,IT2-tt-',l n'' -1,±k-·~ 'I' ~Lb""w· □ '"{I*----_, ,J.±"'WJ--•·1·+··.J,c,w--•',+T1-J+,±.·'f!I--

_L;l._1:~1~:)j[]!.17~;'x'..A 1~!. S1 ffj, 'M f.iE;fD T1C,H1, ii,:,:,.:-. ~jLii fo''m, !'- Z:1,J~'i{ \L .~i:1-f1~ 1'lrt 7C 11 l'Z++.<11!J r 

/nt·frc:1/gt1ft'thfti:WJ, fl= !'iL~{j- ,~'rµN ~:i:(fr0ifH!Jl 1}1, A)cJ o 

[oo45J m&,;,;,11t;~: st .tL 3z ~4~ ;~ a] '::t~tili* f!irJcj h·;t. ;rr:~:c m ~J rs~t~4(tit fl,tj " :t~ 59.: ;9173 i1J 
-"%. f:'f=l ~tc_i:+rbi+,'f ~1·.r: :rr·-(1-t *:,+ Fr :t:,$fr ,r1: tin 1:1 ';if";'!J'*i J;/,1cjo~-,~/,'{,;,i;1j r.y,11,n wr. 1x.n .!:)!. f=T-1 1'1 ,r,y'l]·/•1-.: +· '#J· EJP 17{1 
/i', .. f!j ..:~ I L....l 1"•--1 1..L." ,/ Ll -l .. /J l~i.X... ?::,✓ -~,\~·"1\, ,:..,H j,..,,. j, LI!.!(! .-t__x., ,--1..... _J--.:. JJlli I'/_ 1-, '.J T,,__ ' '· /,._, tj t'A1 - .J' /--f1',- ,,j,,, __ ,.,j [] J 

;JJ:*: 1~ 1iL JHr" ffi tU1t,i!, ;t;: 'ft. !j)c} [fj tlf:Ll ~ ->JH[ [:nl O ii,~ H :;-tt 1w :~ 't" ,J=J, fl jfil 'ftt );[]i/:t ~' ~~ r1H1;t 11i 

LJ f i~.;g 15 sqtL'lii~, :(:E?,~,~~.r~/is: '.Ix ~8 sqt]!;z.rt1mlll pq' 1t0:l:tJW8{11J%t111~~1.!::io :(:r,:7,;:r;:,J '1::ittf.:WrJ~ 
[~ht.t.rt1 , ;ffi fJJ sq:fd't·, :1% ~t§ ltJ ~Jt1'-t11-¥f1m l:,!_~:ii o 

[oo46J r\r1.1k ir )¾c· ·1:£-f•clt ~* r 1* 1 oo "J<J 'f >+-. A'c,J fr: i:;: -'-¥.-1-t': 1w~ . ,,,,. 11 • 1± _Jt 1;,t 101 r.vJ~'Cs· rtii- r .. :rr;,f.i'-', F~ 1 p ____ , f"P-1-r Ta""'" c ,-r r 1_ tzs:, c-irn , x __ ..,. A~. 13 7G .--. __ L 1F, 11: {.<-WJ_LJL 1x, 

:i~1l.m&'.t,.j1;J (mu1 t i-1ayer stack) 11 Oo m-itRHl.'f] lA ;fOl±] lB, 1±1 lA }EJ!;t-Jm:;;:t;:~aJ)[f'y-~:1; 

ifffffyijffrft~:5F8~$m,,:J;X'.f~ri] 110 s%tt0:iJH!!ll!L ~ lB JJ~tbl:::V'r1\00 1A JiJrreft:5F8~$mj~J;_U~ti] 
110 tr~ r;±f f1J J. ~f{'. riL ff: :t~ 1t I~ (ti • ~ ~t tftb/YIJ rt1 ' j; ;'~ ~ '~ fi11 tt~ 110 Ill% J& f £M lO 1 J·. " j; 

fi~)igi; j:i~ 110 {iL:i{Ij $1"\~: ft!JJ 111-l 18 l~,),z,$,}f;{g<})* 121-l 28 o ?'£;,i.;:,j_Jfjji'fylj rt1, 2'.{~~}* 

121--128 Ej-$], 11,U~ l l l---118 1E:m3§'ffil ]A ffrt&~EfJ Z 4rn7Jl~J, Z±:miH 101 J: tHnH::o/¥/ii{lg, ftl'. 
~,$_f;f- 111t1tT$m,,:J;X'.fM0110 sqJa;J;X'., Hfff'@~;W 128111J·:%m~f;f-~;f1J 110 ITT'!WS·c 
[ ] 

8th = l , - ~ l•I f =l th .-,JL B ,-'---),},'»[ 'd.L i"' ~, I •";Jf!c---<'--·.L nh -pr '7 eel -,:.L --,t~ ,,i.,r 0047 --,;t: 'nm . l 1-- l rn Pj ":A [-J:] -~ 't ,--,i r("'-11'/J ?f'r, t4lJ9P 1'f2>5j'; ·j=j ri4W,l,ll~ w'J n 1e'.§';, 13fl1t±., E'.,:. n ':Q 

:Jr~ffi-&~/,it, P}7·.r10 i'.fL ll:t/1f-, \~: 1tU* l l l -118 ill PT L:), EtlfJJ:5f;1HJ!J BJ p ~ ~ JH1l]½ p ~:Yr~$ 

1~1EJJifr;t{~Jr& o YI • )Jlffi, -~ $.ff J l l---118 ill 11J DJ 83}(~lt5i":tYJ'J': zyf7fs:ttt4-, i9U~Dx1~*Ef'J ~ rnk 
1EE9X:>'l-~t J+~-1fi11•/it., ,r~'j'fJm C *~Mff,ffij ct,' ffi, $,s,'. 111--118 f1~[f] )ct~£~:£~ rTI1diU1ftt/)JX O }r~t~ 

A~~ tffuirU<J rfU,'[f.:,J (grain size) , Z:{f1 PT l;J'fr;Jo:1 frf 400 fJ~:W: (nrn) ~lj 600 t1~*;z. i'r"5] :JC 
}JHk ~Jlir1fJ1J ]\· 1tr.m1 (sbeet resistance) 11JL:J:i!r1H~f- Hi ohm/ square JU l0 11ohm/square 
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zJaL ~'l\1t1J~ 1u-11s Hi: -:irr0!~/truu:~rrnfr·r s Wt'tJU ,JO £r~*zJaL 
[0048] M~~t}~ 121 ••• 128 ~JJ ~~ ~t➔ fr ~HlL 0rrJ:;znfAJtl fr.t~ (oxide), Ti.i}J\JrAtli (ni trick:) ,:irk 
1~t~1t4M (oxyn i tride) , ttl!~tt (Silicate) iw.:l:t: fttJ}J'iGf, Hit1.JmL ~~f'etim 12 l •• l 28 str ;cf 

!it r:ifi;!.3tJR/ fr-'f l O ~Vl*iu 50 ~+~*Zf□J" ft ;4,-:i;,t Pfj trJ -Jrl;,3t;~ffi1§0 >{l, ~ rtJJ~ l l l l18 ~Dftf:J 

Jzf 121-128 fiJ5m.:tL':3'1)1l!J1[\:,fK1{:':r:'=C:t§fAl5{ (Low Pressure Chemical Vapor DE,t:iosition, 

LPCVD) I z:. , ffi!) fr, lWi J& " 
[0049] ttir,XLtJ:,:{~Jzgr1itiJ ll0_i!fr~l~~1tL!:, tJJU.;'iJZf;,t-,~if\~jz:f~jz:f ll0bo ~~ 
c·,n-,7c,I + r?.']' ·1x:1 r-JJJ,····,+El!'.J' ,'if >·cccf;g;F>'+j;' '*,-rz:··'·fl,···'+1-., •• -••1,+.,;•;J'· ~>:\~ b,: 2A 1rD 1<" 2B, b 2A ;t.:;tz'7J,i'J i" 1A r:iJ :6 J~::ciJZ: fri,,:'J l 10 }.irfT i"J~11.. L z:.Zki tFJ ~H 11'iJJ2I 
·'"' 11'! lft,,I ''B ,., +El tkl :ft,,I r,' c:r J .', - ]' f I, •·.JfJ l- ., ... 11(1 .;,-* ,.p, cjtl '" •bl: ,·'7 './c- is',+, ,<·, I··' ·"' , •• , , E•V·1 T:½'.~ 0 ~ '~ J n·~nl1.1/ti d;-i at fl! '!.ii /j\ f J!uT", L t.')i',ci O t:t. '+"',CZ'.n [iJ ·, sc%Tit!J,17lj 4'' 371;i5;''/1':)z5;~i:i rt.. 

l-=t (Chemical Vapor Deposition, CVD) [!:,1c1E~Jcz:f*J.z'1fif,}J;J 110 siJT.VltW~.liiffrff;J:ixJ{J 
.:t31f:~jHtJ~ (Advanced Patterning Film, APF)o l~!~~1Jfi1HFD 130a,9lU~iffiii)U!!J 
(photol i thography) I z::*:f$~ ·g{H}(i'J1-t::r1t ~~ft,§%ff~IBfaxo {E;;ts:;<t,:l\:ffifYIJ tt1, 1.iJ )iJti 

tHl 130a trH'l{ft@rnJf;:_,j ,a~~i{gf~;ffU l30a ?h'fJK~.:tffL~s"t ( 1tVH::J,Jlf:.jg~~!) ◊ 

[ ] ,-· f I i'j"h 'l.,•'':V.·k{s:P'·)··o 130 ,, .•.,1•,f ''··,H· ''" •I jf Mr6·'··11'd ··r··H·' • • 0051 Jr:i, f'.J, r'.lf ~'1·GiJ'.t.'3flt,r¥/:,z:; 79 ?,:;G Y'i{fit 1~~, ;l]TIJJ.: f' ~ 1r:iJ ;:',i;L ti.tL . z:. (am sotrnp1c 
·t ~.;.,g. r· •. 0 .,··) .is11+v1c;=;I\Vi\r+·:h'1"1m \'R ··"tl·,. T L't 1. 1• 0 

.. D•R) ··1··1.'.· '1-l-d;7 f~;![~l"~f=i, E:.Cd!!,, 1) oce,,c, ,:7~\>;!-11;,"_Lp"Q.J ;{~~:r, ,,ea.,, ,e ,on"· Cll. g,,uu, .... uu''.i,Y,z;;.rct.1z;;.,t=1 

tiJ 110 31Hf p,zrH<h◊ I~ 1.2.z 1£S:?~* Biti1ltiJz.r+1 Wi&f{}~ z t"ilrH riiJ 011Ef1 fJ<J;)iJt~ 110a, ;[~}% JzHJ, 
;~i:;J:f ,j:tJ 110 5HfLlJ&$1-"~~t\ $ Bi,g, ~ l lOb, jf::JtlH;J' 101 gg /'.;{I:$-)' [S{±H_x?5: EtJ11Jt~ l lOa [ii:r~+· 
5'~o {f::$:':ttifiify1!r}l, #f,·~~R~ ;~~,~- 11 Ob ~~1'1/.:t-tii1HHk-~XBJ~ it1Jz l 1 l -118, pJ,fjo:j9~.;; 

n:{Lffi:;?/firnm jc1't- 100 rt11il:f·!ITJ ·~*Ct fi~Ji l lOb ti'J ITT! ·l}fd~ tt'J $ tfHi:Jf ,'i3. 51:;(➔<J \J rt!. 
~'W 1050 

r1H::J. Et11'1,·i¾lt1tlr:t (si lie on oxide) £·, f11f-L11:i (silicon nitride) s-:frllHtH.s-Btr~: §­

;~ ( ~p, ONO~-) Ni'ttn»z◊ {t;,.t('~;)liiifiLl rti. ?tfrH;ff,,~Jz 140 fi~{(t-f tHX~;~ 110 81Tfff i'il3 tl 
liiiJi'~ 110a ftJif1tfl ( r~[J~~fi].j:~ llOa ~w~l =-· tf·(fJ§H.t 101) f~l11JW~ llOc J::.D 

[0053] (U~fix,1'Hf/tE¾ 140 ZN.L tl}:r:is:t~l'f ~f(;t ~,§'Bill Ob J-.Jfif,x~ ilrHli-Jti 150, trliiir 
ffM\tt'fj rJf 110, jf:t:mliiJt~}'rl l 10ao i'E:$:li ~g m-·tt:~JJiliif1l •t1 , riJ ~Jjmii:11£ Ef1.r:$ '=(;j'[Jf,r:;fJ;~ 

T~Z:: 1z$Ll1t ~ ~Hll~ 1:50" ;t1JJ&~ ~t~·,t:+Jz 150 s·~HfiJJ'., PI i2.l EL1itti~ :IJ1:#f1ht~fi¢.81 n ~ ~ 

JHi ( 9Jt n rr~1i!-9i$JM1) ,Jt:~~1H~Hfl~ P ~l%~~tili ( §.it P ft~J~g~.t~rii) ,7L"J$~Ut'J%JTu 
f1, ~J~f11ti'tJ (s il ici des), WiJ:fz~lfHttJ (Ti Si) , fi'tf.tJt (Cos i) l~~:itHf (Si Ge) ,lHtA3D '( 
.@1,4: (oxide semiconduc. tors) , 1r1).flp~Jtl!!J;l11~ (InZnO) :,::[Q~ f.tjfil~tf, (InGaZnO) , ~)~, ff1J 
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10:·! $1~-~ <tH:::j)~f;,t, lOL 

[oos6J {t¥_,i_tilii9Ll rf1 , trf ·-'i'·iffr,f ii¾ 103 -'5 §:>li}1-f-Yidt1'! 110a ·ffilLli1~L, 1H*l!dmtL 102 

Jifr :1 iWt ff1 -ms,-} ~* 1t1J;~--;; 10 s -'~IHt ; * n :t£ -m -1-+rriu;f 10 s EJ-m -1- \J Etr, ** 105 itt * 
r11J/4\'F~ ,~, ·v LIJ~A1 -J-_1.1; 1,rx ll'l6 4'ff:~/.1·~_'='!d,;tf'•;ir;"l;,i;: iO4 :\'.fs+t:~/.1~i-1~1;}-'~ 103 ::;::f:_stHxJfi,i w ,_J~_t=::=L1;J,_,..,.,r_LJ 'IT ~aL-~ o ~ 1j TI _.1"--I': _j_ "'I, lX 1· . . ~-a,z"' _..__ ,/, _.,rri=-1,\-.J __ i. 

ltJ#fr~Jt-103 aiJ#fr~lx 106 :fil"g," Jtrf1 , ',H,J~,1-#fr~f5<' 106 11:1~tr:Jl't{itiz110:L~qi,~'llr 

l055fi]~1t1.tUK1i l04,::.:1'friJ;j;i~f& ·1-#Mt~-ico ]1,JE8$~1'¥-M1fl 103, \~'Ef},*it 10551'□~~', 

~t,. H~R 1;$: l O'l JifiJt ~ it x. H:l * ff1 $1-1f-1ltfi'ft 5t, 11J ,jtJ JJt.fz:1:$:Z'Hi# •~~ 5t11t 100 fJ<11Y frtt l~ r;t fLl, 
[ J 'B{·-+1-1-• o·• ,, n -LL,' ''•J-•J + r -J·-+-•;•cJ;"" -i:J'l m,v-.sr±r 1,;r ",- 10 -- • '•,v.P 0057_ t. lA"-/R >;,9 a'} fJ ~ IL.; ~fflli vi 'r1 , 1\I • 1f !'11 t/J' yl :Y' (rJ i:rJ .j- 'fi j;'j-~"fj:{ b -":i 11ti};c,;-

10:·! tt 1~JViJt r~u IE x. w e<:rZf:frt tx 106, riI µ; ff:'/;_i,1: 1*1¥1itas:JGi't- 1 oo tt:1 $1r:ii1d'f':~t ~t~Eit:At 
:i't~JJJ;d'l ~& 11:J~; ( :-rd-41'~ ) t.r~ ~ ii [>I , 11,1 _!c_5 ii ~ii IK If!~ it. ~J<J .x1·@ # rt!, UAX f;,js: 104, IJ!Ll _!c_5 $ 1'i'tf'..i 
lrJlit (String Select Line, SSL) liJtli:rfa:ltd''i',t.::] (Ground Select Line, GSL) ( *iJ};_;~) 

[0058] :zXL-f:m11L 102 e<Jm•11f ( Ht'3:lf'? E!:J.lHHl llOa Jffe~~-f5'Hf>J# Ff..~'IW 105) f;JJlflP 
{!7. rh ~:r ~i ·t 1 n-- "''- ?jt .:r.f.,L v 1~-u ·t O 1 L. .ii:; 1, 1-- Ei, J"~ 1 ;0 ·c±; %~ m', :3(1 ~A [,1!:I ~~ 'ED i1!:J ~c i'l!'I ~ • .,_Lt:t:1J.lli·h, Ll,r.1{il::;i-frl 71'[.l~·-'l,.T-'J, _L/J?.fix,,i bz;; Lo k~3,._,.,r_~_7._ .. ,_,_, __ t$.T-b•-- ,bl•--A 

R:ti;:;;F{E~ ,1A i¥Jttt1:1 lf=IJff piZ:fl' rt~JTI 160 Z.f2 IT'.l tt;JtJ J-: f\\\ 00 o ~ 5B fI:){}'ff 00 5A Er-Jt/Jit S5l 
r;rrf+,/:_J·-~r1i,, ;!ti3/q .. ;:t-1· l:iJ~~im[¥=10 f¥=J sr -,'cl,9{~$ r~J SA r+0t:Mt SS2 f'if,'0$, i1:~lV;l {{7\1,';-.f-±;1t:J-icf,ciffl ,iJ 0 r;,.,._,__, t-1'Jh, J,.,.-'r::.1,'-<'...2.-,,/1....1--- ~---JU.., -._,H-U!--- u j-l'J..:-J--"" u r!"'"""'" !----l:J.-•1/~,,,..!---1'T., .. "--!--L!---

[0059] fr Et Ji 160 PHJjifiltt1ru1; fti"t ~ trrnctl={T. z:rt~fprm fi~" t:tJ j,,xfr ftlJl 160 t-r'li'Jt4, 
c1J" l'i 'f.n ikl r;\, t;_U.{J;jj; n l ~) 1 - 1 'i -8 6(J;i:* 'i,;I_ +8 IF! )1:-/.·k· 'i;= fill f.l\1 -----:tt: ';•i' ~:6:: ffi!I _,_,, r.cb /,-,_ rtr p l co tif vl') .§ •. • ~A, i-t 11MJ,..1.r,./,.t.L~.-;:,{l,.;z;; ,_,...L !~..,,.._ r~ :-'Jl:~:.i1r;::~ ~.,!a 1--• -p.,-/~<.. /J!-l'.J -==~~:;,-.::..-,iL!:'• /~...,,- 1 !' J: t_i.1Lc,, .u, •· .,.. ~,c 

1-t-11·,J --:');·Ti'±l: :¥:i .{I, lj,;,;1, tf±J, M {I/~¼/ r;,±l:f,),J 'ff/,{ l,Ji,1 {i'±l: lil/;i :ti, ttl! ~- -if fr! !'., r1(1,f-1- th Jc+;t-ll. r,i:.c.tkJ cf'; •r1t~:k'..r'i'ifii 
r_._ _ __ , !--, ,..._ - ' " t L ! ,'.) . ' - -J..k,l.i ,1 __ f/v' ' H_ -1K\. t \J "1-~ ,1/.)' ,..._ - ,-J,,.,.-.__rrrr -_cX.; __ ._~AI:.:_ ... fi. 1=-1 IJ J,,, 1---f:::'..lj'.'.J r 1 r11 ! ~ },i_Xt O - ~/.P" ~ /.Ju_:_i 

·J5'tl.:t. "11 , :11J !rU1 ~~ 160 t't11!stf~ Pf IJ.1].;JB,t 1tlili" ;.;=~ 3'~, fr it;~ 160 4--',idla<:r J~ltffr ·;· ~3nrn ~ 

10nm zrsJ" 

[0060] Z Tii", tl}tfJ.fix.% 1--~' EfLti!J~ l 08, -AfViHtl:\:r~ftT'RJ'.-·1-mHL l 02 Z rt-1, Jt-fif\t'.~ • 
1"·'Il'0 ~1}n~ 108 3-~ 1J;--~1+J. ·-1"tttil{1J,j"J,,zst@fL 102 *:ffl'T 9~Erl 0' cg%'1!r 105 f,f;:5t"ffi ~ o t-~ 

#s~-e:f~] r,r, It] i::11 ~ 11 l'l!'.J 6T, [:ttl (-J'A !';tf:1',·,i:,._-1'+:[:ttl ')·
1
1\ r'ri,,f1,1.ti;J,f-1~r;r._7,/.l·-.. _s,:., ~H1·'±'r( 1118 _,_,, f-rir't-;Ji;t.l:t;J 

c'":..:.,, J,,, 1---"' r.)'J.. ~ __ ..,_ u J :rµ ,____ . .,, :-,,--1 . /-1..- .. ..,,_,.., / .J _ _.___ "'--I ~ :>. 11 ·; ,.. ,_ 1·, :i r 11.,,, }JX.. _,. ~ ~n 1 a ~e:: .... ,..,_ , --I 1=1:.. --- 1---1 1
r .,, 

1:.t!.[l.~L ~II 6B ~\j{f;l'f-l~J 6A $jtJJt:J?; S61 Pfr~iij~f'r'.lffHH,1;.jtJ3i1f'-\1lfflo [~ 6C li.1d{\-~t*l 6A tf01;J 

t~ sG2 Jifr§t*t't:i#fl-57'-r!Pftji,jJ~!.oo c ?'£:i;:~hiii1311J "P, 19 Tti.1il1ti11: -1-~, ~ti~ mg !fI~1>~1~ 
~-7'--\'¥ ~Af,Wf 105 ms 5t~J~, tiJ~t--ffr ~11'l;f; 108 ,Q:,@UJi}E.it'[t{,t"J~~Z81:lflfL 102, ][_frJ ~131:@: 
uu~ s<:r -~ ,t! ~ -1w 105 Er] Ji i'r11o t4Hi z. -\'¥ ftt,1(,17i 10s s<1 ii% 1~. Et] ~.rJ· 101 mrij:, ~t• Jlfr-'li H ~ 
Itl.f~ lJ8 H)J@§~" 
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~Xii:. EfY't'L fr fil '-t 1M~ ' Rltfttm ' film~ 1-tAm 'fl mz th :gJt L~tJl-€=1· g(_) fr $, tr n N1 ti0 h½ 0 i± * 
;tJ•f!i Wtl..t rf1 , iiJ rit1r !l'UiTI ~ 109 l'rJ;Mt+ PT µJ/21 tr1l~ f,tr,h o 

[0062] tt'.J§·,x11ft'f'}'f~R$!:;~~):;f 110b thtf1J~f rtr,t.H1i};f 150 ill:fr~ ·t~f'fJ~~itI 
t!;, ~t f'ft:{xJ.;HJ~H~ 110b tf1Tffi~%:TftJ&$~'.rt~ 110, 1t~J.t; Y ttt1.h 1~JJ1if:1!+1, #JJfij ij ~tt~ 

1011 ~•14+};:<'il,, i11
0 

'1°.lr~8H [~! ,8A. i~j 0 I3 '1·[Jl13:.i 9C, i,;.l 8A J;J,0'~ ;;.::/'F!'.e;:.l 8A ft~Ji;l:;;}1:]rl1:u%; ,,,._,,r,l,J,;,:z,,z ',7_'.f;l;~ ~t!11:...1~~t,..,....iu.A ,...,_-::./,\\\ :.-!;--1 - ~!--:,,,_ u ,,r _:,,,_,u •-"'- -- 1 ~---.c.,_,,...,,,_.~,-"'- , ... !=l .... _...!---1'1',,, t 11:,:.,,_,'V_ __ Y~.J ... :,.IQ 

l60 :-fwfrrtJ.~flHl 109 15WH~'l4[;t'r~+~ 170 ·i1J!¼~" 
[oo63J ratt, 1l'} ir'!frt n: r.rJ rci f~I t:·;a-ix,Jtv!q'Hi:U~, ;;~•fq: 100 fYJ~11J Tu o _n: 1t?Hr#ititfq: 
lon ~mrJ" (,~·'1,!if)fi:;zt1J rb, ~ h1•,J. ;j:;f;~~ /.I,~ r,v :_J:. ~EB,~' 1 17 1 18 r1{1[1,-i"-1;~[0:i,#,1 0 

19'1ifllJ~vI'i~Rfcl P£:1 Cl, ~ H'.J'lj-!•1--11::iH, ,,,,. l --•-•~.,.,, L.J.,i--1,-:.,,, /L,-,,/',I, -< LL,-"--'-- - --'-- !=I,,!/ ,,,._-"...-1-11~ t .. ,:,,.. n;...,,,..1n1 • .:c>- ,., 

JG, fy1)ti~i{¥fi# ¥-5i'~ 180a, 180th 180c, 180d, 180e ,f[J l80f; fl..iz:AK:{Hi# ¥-K 180a, l80b, 180c, 

180d, 180e ;fLl 180f. tjfsi{.[f{ [~~ ft ij E§,,Ff~ 115 ,lifr:}T%jUtJ \J, E'§,\1HW 105 m X ~:[i)J lrIJftif:1$ WJ1l~ 

Jlt*tio 
["064] ','·iri'-f•tfJ;R'f- ]80 -[8"1 ] ]80 -[80-1 1°0 -f'1]0(lf•r'i']:Y1- _=J;Lc\,'.rtp}l-ej". -'•,·(-~F••,~') 0 X6 , .. ~"i-:r',c1 T·7C Ja-. , U), .. c -, < !h o e /p, o v : ~,-, , '·' ---- 8 1'iil'E'.3r1 ----•1-n,jf Ji;; 1- U.J 

~: ft!Jf ~kit l 01 o Jt cf, , {Hrt B£ 103 ;{} Z fttl ( ttE 1:f. x--Y siz [HJ ) -Jr r!1J ~I jE;l , # ~!Ht fr Ft{ :¥( 
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~~~~~'*R~~ITT~~~~~~~~~~W,M~ffi-!K~~ffi-lK~~m~;gm 
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~%~ff f/3 i1J:i1HL o 
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22 . :fttrlis t)UrU ~ *2 l?fr:i£1B f!Jlj m 711! , ;!:tW:fiE fr T , xE 'E1 ti:S : 
tE~@T~~~~~ffl-H~~ffOOJ:%~ffl-li~~~~Hmo 
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tl#~:mtmt 
[ oo o 1 J * a: ll}H:)b R i'J;J ff ff frlf fiHY! ~ , jtJt 1:ib R ~ trft 3D N ANDf¥ fi:lf f,,}ft R Jt fffiJ m JJi! , it 96f 
JJY!o 

jf~Ji# 
[0002] NANDl'J;Jf¥ ~~ ;flftl::I:: ~JM:~IR~M :~JJl¥J f¥Mh& 4.t, ffi11:i' A {r'J~:jU}Jff;{~, Jlm.~£,fP 
·tiFfHEITT ~F8J ~ff{i,I; r"'rfit, ft~ -=fr"' rfit cp :fijjlj T !¥ZITT )_l'ZffL El ~u·, Sf 00 taftJ ITTNJ\-'JDl'J;J 1'f B 
:iii~l>ffetf ~R11&~~ ,T-J T n1:~;ti7R<JtJf:r,§jf¥frlFB .m, r~i~~t:l::~A<J1'ffitrix:*, tR:tB T 3Ma:t.YR<J 
NAND{f fit f,,} o 

[0003] tE3D M-'JDf¥ftt .:W ~ fi;J Lf1 , * J=l:Hi J"!JitR $ )iJ&lkf 1'f ftt 1¥L JG 811J :i:~, ~f~titR:i:~ITT 
3DNAND#(i#f,,}£a:t.Y, YtmT, Jt:1llil11 ~lt'ifJ1JtiP~l!I.!3f,,} (decoder) , ]/.[~1rr (page buffer) ,fntJJ1# 
f,,} (latch) ~, i3: ®Jr~~ W4H~m:>%CMOSf,,}{tj: Jf; nx. ~1, CMOSf,,}•/tj:81.J I Z::: 5'cl!~ 3D NJ\NDf,,}•/1:j:~ 
rix::ff ~®, § mr, Jr:5J\.JJ'1*J=l:FF l'i,J ITT T z::::ttiGx:rn NANDt7fitMl4 '.Y'UlPJr 11 ~~i, Ff.:imtl~ rt 
3D NANDf¥{i:/f f,,}[4 flj B1jffiJLi~ =~· ~~ti.f±~JEQ o 3D NANDf¥(j;/f f,,}[4 37Ll '17 ITT tt•.:t:~*ffl 
OPOP~fi;J, L!IJ $ a'&li (poly) ;fP$.1-ttm (oxide) 1;&1.XmRB1~ fi;J, ffiR:i°fffit'B'. .m ~ ;)<i¥J.+Wrtl 
/i,i , o POP~ :t.Y ti~ ITT mzii1C.1' WT :b/1'1 ¥ , ±3:511 im JL ITT% nlG tR: tB Ht:k: ITT rJ~ ~i o 

£a~pg.W 
[0004] W ~r rlt, *Jlt~jj ITTm~1Jffit£1~ T ~fqi3D NJ\NDf¥frltf,,}1tj:, .(±1'f{ill437Ll l;f;J i&l'i B.! 
imti~~fL, f!+ IRJCMOS~ #ITTJ!ti, Ji ~+~rix; o 

[0005] 7'1~¥lk..t:\2tr'i:iJ ®!, *l5t!Y3~tr'tli vtltJt1~ T ~fqt3D NAND1¥(iti'f,,}{tj:, Ht&: 
[0006] £~: 
[ooo7J Ffe:i£J;l;Jit: l--.111 ii~~, Ffr:l£ii~~~tMfr:+=i~1JfPJ tcUJCflp;$ □1 *~ !R.lsj, *= lR 
:ln~tPm - lR :ln,t Jt cp, 
[ooosJ Jife:l£~=1R~1.trr J1Jr:l£~~ !RtjlP~ -.iR~z r~J, J1Jr:l£~=1Rtj cp :ttirix:w:ur:imi¥J 
ffi~~.ffiJ2tffi~~l;f;JITTJt•mT-JffiliOO~Jt•ITT•~~m~ffi~~m,ffi:l£ffi~~p;JITT 
ttRmlf1%n\ZW1J.tiHHim~fL; 
[ooo9J fofe:i£~~tt(Ef Jr ITT m= rx: :1wG pj,2zm~ rx: ~, m.=: rx: :lwGITT Jt~m 7'J :t1rIT. raJ ~f,ljtf ~ITT• 
~~Q~±•Q,Jt~gcp~ffiQ±•QT-JffiQ~~m.~J2tm-iR:1wG~m-~~cpm~ 
ff fflr7f;n\Zt1{~M{tj:s1iiJilHL; 
[0010J i&n .f±f'§ffllJl'B<Jfflt~i'ii~ o 

[0011] pJ mtih ')1Jri£:t11:1tmi13~tM.fr+ Jifri£:m~ 12<:tEjlP:m= 12<:~z.J'a] R1re~412<:tEj' b:J, ,& 

~rM:l£m=rx:~~m-rx:~zooITTm~rx:~.m:l£m~rx:~~m~rx:~ITTJt~mT-Jffi~ 
OO~*~ITT-~~~~~~~fi_t~~~~~T-J~~~~~~~~.ti;J; 

[0012] * ~ lR ~ '* ~ lR ~ PJ ]z* .=:IR .lsj '* Ji lR Jsj 111 Jt~m cp WH nlfr:+=ti 7J [Pl g {$ 

~Jifej2t§'@i'i~ITT~xt;t§li-'fffffl~i';iill;~ 'm ~,t/fil~f;ii~¥llITT Ji jwj pJrj2tf@i'i~ITT:iilW ~J> 
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M{$iU-xt Mtli fffR<JW&:M~l~Z:YrITT 1_;~)1; 

[0013] illB1fofiitJiJi ~~ ~~~r ttta;MJ it folritt~r%(:Ef jlij {IJW 1¥J-'f 1T 1¥1 .tf ~fi~ z!'BJ 1¥1 folrit 
ffl [X~~ffl-[X~i¥J~~~~-~~g. 
[0014] P]" mJt!!, *- [Xkj~J,&*-=-.[Xkjo"J:lt~mq:t Tl[}'[ :rfiB-'t=it7JIPJ M{$~FJritt~~fl::f 
ITT - xt if§ !f. -'-Fff ffl~r;ii ri;~ , m !j 1/filr~ r;ii~ ¥ n ITT Ji 1wJ J1Jritr@rtPF ITT :v1 w ~J> 7-lI 1LJ-l iU - xt if§ 
~~~1¥Jt1~~~z*1¥1rx~:mitffi-rx~~ffi~rx~1¥J*OOn*~m1¥J~~~;MJ.~ 
Mffiit:1t•~1¥J~~~;MJfflffiitffi~l::fW3001¥J-'-FIT1¥Jtl~~~z001¥JMitffl-lR~~ffl 
- IX ~ 1¥1 Iw m :lit!'$ .~JJJ ff!. B:Jt . 
[0015J Pl" m:til!, foftitM~~tl::f ifit.'i'. rif§TT. -'¥1-f m ffl4~mtt~ttrrri;~zrBJ 01 m= rx ~ c:r , foJrit 
ffl!f.-'-Fff~ffl®~•~~~J!~m~m-rx~-m~rx~~m-rx~. 
[ oo 16] wJ m:!:il! , J1Jr it tfl ~t PF ifitl'l r if~ !L -'-F 1-f 1¥1 ~ 4~ 1¥1 i'Jffi tUf fl;~ z IYD , fofr it if~ !L -'-F ff 1¥1 if~ 
®1¥Jtl~M~gMffl-[X~,ffl=rx~~ffl-[X~.H~&ff-~tl~M~~ffl=rx~~ 
Affl'BJ J;!sfi IX. 
[0017J Pl" mJt!!, foJritt~~wz&ri¥1ffl=rx:hi11¥J:1t11:mc:rmnx.1f 1011;;11rrL. 
[0018J nJi&ttl!,J1Jrit~~nffl -H~,J1Jritffl Hfis'-J'Ffffii&:'B'.ff3tJ.&ffl -Hfifl-½:ln 
~tliff!ll:fLJ!:ttm*-!f.I:ftta1i;J. 
[0019] Pl" ~:l:il!, :i±'BJtffl=H Ji, ffl=H Jiq:i JT;nx. TCMOS~{tf:~N!l2JZ,Hlir t'., Pfritffl= 
Nlii'8m*m~~ffl-Nfii'8~®.mitm*mfflmitffi-Nli~ffi=ttli~*-
[ oo 20J Pl" mJt!! , 1±xt gz r fi: fit rx :hi11¥1 m-n Ji 1¥1 11' oo _t m nx. ff m-!f. ~ ~ ;MJ 1¥1 *1 ±ft: . 
[0021J nr mttl!, J1Jrit~~§1Effl - 11 li».ffl - 11 li2....ts<J >'r M11 Ji, m- 11 Ji 41 mnx. T 
CMOS~{tf:~ ~4J-~JRffl= TT.ijXta;MJ, fo!rit~~ti~9lflill-;)v:Bti&r :filf1 Jk(~ffl ~ n Jk( c:r mffl 

• .=; ll¥ fl: ±t, 
----=i...l=fA,..-1----1 '1'~ 0 

[0022] Jlt&r '*1z l!J:] :i±tR:1~ T -:f~:m NANDZf {fM~ftf:1¥1 lffLlm1fit' §1\s: 
[0023J 1JH~~~: 
[ oo 24 J a foJrifJl Ji ..t m nx. t11: ~ m , foft:i£.ti ~ m § 1MH-=¥ ~ 1f rPJ 1~ {;)\ M~ 1ff R<J m - ix t1 , m 
=rx~~m-rx~.Mit:1til:~nffl~oo~:1t11:1¥J•~~m~~~~m: 
[0025J 1'EJ1Jritttt-i=JiB'-J m1mumJJx;:ttt-i=JiB'-J pfr1,5M-i1/1tJ; 
[0026] '.7J'-~1JttP/rit$-[X ~, * -[X kj m:lt~m q:t %nx.i1;JilHL ~J.& ttF!rit$= [X ~ITT :it 
-i:t'. q:t JTJnx. ~ JffiITTf@fil::f: 
[0027J ff!Jtizt1~till'~ .~MJ1Jritt1~ti~~ittfltt;1:::fz&rl'81t1:~mq:i 1'81JR1-ttm~:'i:,:u~n~ 
~m, [gJ Rt, t1r:Ui~ rr t"R1il:l~ ~m, ±t • m rr 1¥1 rmm~ ~m7'] rm m mfHlfil; 
[0028J atfltiPF iJ-J s<Jtii:1t~ 41 mm:m-iffi=tt~9l:fL. 
[0029J Pl" m:til!, foJrit:1t~m:i±§1151:fLr foJrit~-rx~lnffl= rx ~zJBJ o<Jffl [9 rx ~, ~JR 
ill. TJ1Jritffl~IR:1:!!15¥Pffl- fX:l:i!1zJBJB'-JfflnlR:1:!!1; ffl-[R~,ffl[9 lX~12JRffl- lX~-fflnlX 
~1¥1*11:mq=iifit~ffm-=¥~1f~~~~Mitffi~PF1¥J-M~!f.-'-F1rt1~•~.m~•~• 
~¥~~1f~ffi~ffi~~i¥J:iil~~&fil~~-xtffl!f.-'-Fffi¥Jtl~M~~*i¥1lR~:~, 
[0030J 1'EJ1Jri1~:t11::itmR1 Mfmumm:l11::itmR<J1;1r-tJMt;MJR<J IRJaJ, iE§1~: 
[ oo 31 J it~ [9 rx JllX ;fu m n rx ~ B<J tt 11: m c:r 1¥1 _t mm• 1i tm ~ ;fu tmJttm m :3 ili: t~ ti :1::::r, 1¥1 

1mumnx;~rt~M;MJ: mu, 
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[0032J 1'Ei1U:tfotrMiAJJt~~11~i~tfl~twz&r mti1tm ~ m~ f-t~mm H~7J~~mmzv ~, 
~.am~rx:~~m~rx:~mnxffim~~m~~~~.mttffi~ffim~~m~~~~~ffi 
~ffi~PFmOOITTfffITTffl~~~ZOOITTM~ffl lK~~ffl-lK~ITT~~~~-~tt~. 
[0033] P]" mJt!!, *- [Kkj~J&*-=-.[Kkjo"J:lt~m~ i&l'l :rfiB-'t=it7JIPJ M{$~FJr~t~~fl::f 
ITT - xt if§ !f. f ff ffl~f;ii ll;~ , m 1::g 1/filf~ f;ii~ ¥ J"r ITT Ji lwJ pfr~fflfiPF ITT :ii1 W ~J> fil 14-1 iLl - xt if§ 
~~~ITT·~~~Z*ITTlK~:M~ffi-[K~~ffi~lK~ITT*007J*~mITT~~~~.m 
Mffi~:1t•mITT~~~~~ffi~ffi~PFmOOITTfITITT8~~~zOOITTM~ffl-[K~~ffl 
- IX~ ITT rwm :iitl'$.~JJJ ff!. iiJi 0 

[oo34J Pl" m:til!. J1Jr~i~~tl::f i&.'i'. rif§TT.firm ffl4~ma~ttrrri;~zrsJ osm= rx: ~~ ,Jiff~ 
ffl!f.fff~ffl®~•~~~Jt~m~m-rK~-ffl~rK~~m-rK~-
[0035J wJ m:l:il! '?fr~M~~tl::f i&l'l Tif~!L fif ITT ~4~ITTi'JffitUfll;~z IYD 'fofr~if~!L f1-f ITT if~ 
®ITTffl~M~gMffl-[K~,ffl=rK~~ffl-rK~.H~&~-~8~M~~ffl=rK~~ 
A~fsJ J;!sfi IX. 
[0036] Pl" mJt!!' ttfolr~ffl-[X:hij,ffl- r>Z~ITT:l:tii:m~%nxiiJJ1ffLITTW!:ii~ '.icE't'Lt6: 
[oo37J 1'EJ1tr~tflftJ:::fz&ri¥Jffl~rK~1¥Jtu:11:Jt~%JJx.~rtJm.JL. 
[oo38J Pl" m:l:il!, :n-JJ'lttFJr~:s\¥-rK~-*- rKkjm:1t~m~mnx1iJilHL~J&1'EFJr~*= 
rK~ITT*~~~mnxm~ITTffi~PFITTzv•~m: 
[0039] Fi,JS11'Effi-[K:hij ,ffi- [K~R<.JJ#~ ~jf;)J½;)1gmmtLl::J,&ttffi=lK:!Ejft(J J#~m~jf; 

nx~Rl::fl::J,&~RPFz*ITTffl=lK~ITT:it·~~%nx~~lli~R.fr:5t~*IT~lli~R­
~ rAJil:tiffi-fL».iffi-fLW B1 :l:lJE, 1::J, 5}!JJLl % nx ;rJ;Jil:t-fL, ~ ;;J;Jil:tiffi-fL;f-OifltiW. 
[oo4oJ Pl" mtt!!. fotr~4Jtt71ffl-*t Jtt. kf1'1ti5: 
[0041] J,A}tr~ffl-H m:i'rJ '11ffimJJx:m~ffl-H m:H--½ m~*i!l!TLJ!*i'rJ ffl-![~fntAJ 0 

[0042] wJ m:l:il!, ?fr~~m:'ELtiS*----::Hm:to*----::H m:-1.ITT :Yr ~Hm:, l::gifl~tl::f p;J ITT [K:hijx,J 
gITT :Yr filtt m:ITT [K~i&l'i ~-ff n , -ff n ~ :l:J;'E~ 1r.~ttl4, ffl - tt m: ~ %nx T CMOS~{t:j:~ 

n~».ffi=K~~~.mnxmm~~~mzv•'ELm:mnxm~ffi~Wpgm*1tm~».*M 
H~-ffU~ITT1r~tt~~¥ffl-tt~~ITT~~~~ITTmm~MR. 
[0043] Jlt&r, ;,fi:,tt ~ JZ..J)f:f;ll; [ ;f~3D NANDf¥{tt~~f!:J:Mt~ErJ 1t*1J;;t, 1'1t1'5: 
[0044] t)t{;!i; r.~{f-D"J3D NANDH{i#ff{4,ltm;)-J%-ffm;: 

[0045] ti{;ll; ffl =H m:, ffl =H m: ~ JT0 nxi T CMOS~{t:j: ~J4H1 ,& mif ~ : 

[0046] i~?Jr~ffi=Hm:ITT~irm!(!J:jrnJ:m-Hm:R<.JlETIIT ,mMJ1Jr~mirmi~?Jr~:m-Hm: 
;f-offl=ttm:i'r1iif. 
[oo47J nr mtt!!, kf'EL1i = 

[oo48J tt?tr~ffl-*t J~t □11f oomnxmmm-n Jtt r:i.1::gmmtt~!l!TLJ1tto1ffl-4.ijx~~. 
[0049] P]" m;tih, kf 1'1t%: 
[0050] ;trx,JgrZffitlK~B<.J*-H m:B<.J 1f TIIT-1.7f;nx*-1-[~~A~ITT Hm 0 

[0051] f-lHA52fs:~afj~)Jffi{1LJ:j:,~':{;li;ITT3D NANDf¥{it~ft ,&Jl,:$1Jm7J¥!,!t*7J¥!, ffl-[K:!Fj;f-O 
ffi-lX~71fflf%nxf¥~~~ITTIX~.ttffi=IX~~~~Jffi~W.mMffi~W~Wp;J~ 
~*ITT:1t11:m~~-ff.ffi~~p;Jffl71•~~~~~~~mITT:1tii:,ffi~~*7J•~~m~ 
~~M~*ii:,ffi~Pf,p;J~-~~M~-~~M~*ii:~rm~*~~~%~,Wffi~Pf, 
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:Yr~~ mU·EI J l'f{it114 JU*~ 1¥1 Ffi Jttt, :i3:1~ta1i;J 1¥11:.1 i~Hi~~ fL~ f ':tJyll'f {il~f4 lriJ CMOS 

,~; Jti¥J Jiti, Fl.~r~JJ!lif 1¥1 IZ~~ ,t½5lrJ~:'1§:lt~~i¥JJ¥Jl'.:.f,1£/rt~jJQ}B, 3c'~J<rJtc!t~~ 
*~*%~m~gM~.~rIZ1¥J~~~~~Jl'.1¥J:.f-ffim~. 

1311 IE t5i a~ 
[0052J ~1?f,t±:1 J11ui*1z:~~.m!!1YrJ-s1:1D NANDZt1itM1tt:s111TH½1JM1;i?f,,w:~: 
[0053] 002~t±:l Ttlttfis;zjs:J>tgfj~Jn!!{!irJ=si3D NANDl'f{it~1'tB1Wt9i1.fat1:J~~oo; 
[0054] ~3:,i,W J HH.04:ft~~lni!'!YrJ- B13D NANDZt{it~1tf:B1Wt~~fi;J:,y;~~; 
[0055] ~4?f,t±:\ Ttltt!is::t1R~*Jni!WrJ[9 013D NAND#{it~{tf:o<J~{HJ~1Ja1i:J?f,g~; 
[0056] ~57f-t±:l TtlHJis;zjs:J>tRJf~;h1li:'!YrJnB'J3D NANDZJ{it~1tf:B'JtfulVt1.t6t1:J7f-~~: 
[oo57J ~o?f,t±:l J11HJis;,Js:1z:i!J:J~.m!!'IYrJ/\s<J:m NANDZffitMftf:s1tfUtJ11JMi:J?f,,w:~: 
[0058] 00 77f- t±:l Tt1Hfis;zjs:1R ajj ~lni!'!YrJi¥J 3D Ni\NDl'F{il~{tf:1¥1 $rJm7J1!11rI;f¥00: 
[0059] ~8-~ 1 0:,r; t±:l J:tlHfiii;,Js:R~ ':tJrffi'!YrJi¥J3D NANDl'f{it1~{41¥Jit~7Jr!i¥JfffrJm:tt;f~ "P 
1¥Jta11:J~~~. 

~ f*~ ~m1JA 
[oo6oJ 7'111*1R aJl ITT ..t.:i£ B ~i, ~11Uri{1t,8 i'ft'W$~JJw aJl 1uL~tl, rrnHai:i-fl1t ~x1;zjs:J>t aJl 

1¥1 Jl 1* ~ J1ffi 7J J'.\'.: ftlt'Mfll 1¥1 iJl. ~ • 
[0061] .f±rffii¥Jfs'[;i£ rr l'fl:i£ 71~:tJ:if*~eJ fj lJ. ~ Tft5J~:EJU¥;zjs:J>ti:lfj '{E3.~;zjs:1Rgfj J±pJ ~;), 

*J=!Utfm/f, lciJ f tEJltJa'i:i£Bi ~ 0., 7J .r.~*~Jrffi, 4~~N~tl:;;ftJdi:\ nJ lJ. tt/f':ffi ~ 4:ft ~ ~J MBi 
fflNrm~~mr.~J1t::t1R~:.f-~roo0H~A~*Jrffi~~~~-
[0062J it l'·h-, * ,g. RR il.: A - = llt1 , " :i- , 'L irn lli .::.£- *,"' .::.£- * ,g. RR r '·A- "'r's-+ .,_,_, Im T· 'I-\ RR ~ /, )(, /-f"/X. 1/:1,·W W 7F ,El, f3,'f Jtt 1Tl-r.-µj'.J~X!c., 1± l-rxtc./-f"/X. 1/:1 ':'k /J\jl, 17~ '.J , /)./ It l,;,r. 1/:1 , --t--:. 

?f,M#M~i¥J~OO~~:.r,~-AA~~~~®~A,W~M:i£?f,~~n~?f,~,~~Jlt:.f-@ 
~~ $rJ;zjs:1R ajj {jJf1B1 ffi~ 0 j[:j/- '.(±~~Jf $rJ11Pt' m1'115-tE:ffl'' ~ffl'.R~ffl'.1¥1 - Mts~ j's] R ~ 0 jj 

*,1J.rffl~1¥Jffi-~filam=~fil~"~1¥J~~PT1J.§fflffi-~m=~fil%~7'Jggg 
Mi¥J~~~.~PTIJ.~m~*i¥1#fil%~tEffi-~ffi=#fil~OOl¥J~~~.~ffffi-~ffi 
__:_ ~1iE nJ ~t :.f, ~J"r .Jt.Jtffl~ 0 

[0063] ~~~ 1 -6ffr?f,, ;zjs:;z:IJJ]~JrffifjrJt~1~ J -,f~3D NAND1'f{i#~1tf:, §;J:15: 
[0064] ~fl£; 

[0065] Jifr:i£~m::_ti¥J J~1fm, Nr:i£J~1fFA§tMfl-'¥~7J[n] 1:tUJCtir;;fff 1¥1:m-ix~110, :m= 
rxw112o;foffi- rxwx13o: ~rr, 
[0066] Jifr;i£ffi ~.[X~ 1201.v:r }1fr;i£ffi-C[~l lO;fQffl- C[:1:Ej130,,cj's], Jifr;i£ffi ~.C[~12041 

m ~ ~ :m- iffi ITT t~ tff(£fl 60 , Jitr:i£t~ tt:Ef 16 o j;/;_j ITT tt r&:~ 102 7'J :t1rIT. fsJ i;~ tt r&: □<J ~ 1i tm ~ 1021 
;fOffl.1tA?lJQ 1022, pfr;i£f@fi:£f 160 i;f;_J B'Jtt~Q 102cp JTJJJX:~1Jt:im*~!llJL162: P!r:i£f@tf:£f 160 
&r1¥1~=rx~1201J.2z~-rx:1ii1110 .~---::rx:1ii11:rn1¥J Jt~~ 1017'1:t~:.rrJOJ p~ Jt~i¥1~1,l:Am~ 
101 l;fQ~~~ 1012, ttil:mrr 1¥1Tm~~~~ 79Jm~:lz'ttlffl 1013, Nr ~ffi-[XJ!'1l 10;f□ ffl- IX 
:l:Ejl 30"P%~~ m+m~l'f{it~{4RiikJmfL 150; Nl'itEt-@~j},fjf,R<J,~JJJ~~iil~l 700 
[0067] tE3D l\AiDl'F(it~{tf:c:p, tt~~i¥J~jOR5EJ 1lf Ff.7JfPJ ..t.s<Jl'F{iti'J¥i.fti¥11-zii1l:, tt~ 
Ji B'cl )i;Jz 1YrJ:ti1 lnJ 1J. 7']32)i, 6-1)i~, ttt~)i B'-J Ji;J-:~g;, ~~tJ}l /Eli ~t&!l'., t{t~)iB'-J :rl&H~~ 
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/'Jl)fr1t~,j:ig, ±11'1i:FAcp:Ji__t_FAm~~m/'JrmFAHtr*•mt, ±11'1i:FAcp m~~FA/'J~~, imtt:ii:>1r 
11J!tlITT~frt-,q';tt,j:ig~~*~ 51 t±:l 0 

[0068] tL4(~~Jt;;l=$llii?Jtl4-1,m ·!K:lE-x110,m=1K~12otom-lK~l301rdJ4'-~ (word 
line) 1f [PJ WJ7tlP;$ITT, 1'E~ti1f [P] r.i;k-=-. ~IKkiJfn J;i;:zjs:~¥J[ITTi71~, {m 11' JITTJ'i~fzUtn 
t-§IPJlfJtHt{,t@ffJ:f pg ,:$'r~<J±iiJ!:~lfJiftl4::flPJ o;l:tcp ,m~!Kk,£110,m- !Kk,£130&t@ff3:f 
160:>1rEt<J~=1K:1iij120Et<JJt~FA/'J~f-t¥,JJFA "J~~FAr~J ~~Jt~mi Dx, ~~FAi?JLlP□ /'Jw, ~1-ttm 
FA Wtl PD 7'J OX i de ' m ~ 1K ~ 110 ' * -1K J!'X 13011 ttlf-% B)t~ ~jf ff {IM& :ti ITT ff fi:lf 14 JU ITT 1K hix ' 
::i:t±t-ff mLf-1 %n1Zff J=llr%n1Zff1it~14B<J itJm1uso, i3: ®itJm1uso,,c__t_~m_i~wJ·ii;g J:J ::i:t 
J!ttITT {tr~tn; ~Jtfmo<J Tf.J+Jii, rtJm:fL 1 so cp 'ELtt~ Et! 1b'i #{it FAlnrtJmFA, Et! 1b'i #{it FAW1J 
Pl lr1J~7'J0xide-Ni trid-OxidcEJ<Jt61tJ, rkJil:t~WLlPI rrJJ ~7'1$s1iL 
[0069] ffi£!tilsiR 1 7019:~ tr:£@£j;fif 160Z :>'r ITT Li ti FA cp , tr:Zf fit !K pg tJJJr£!filsiR 1708'11f [P] 
IPJ t-r~1f [PJ ~~J:lITT, ffik~fii™ 170 ffl-g'.¥UffM,±ttifzITT n£$.¥U~n£1:., ffik~fii™ 170ITT11JIU 
~/'J~1-t4mFA,Ji-JtM*4/'J~~ ,WtlP□w, ::i:trr%Dxffti~ix ,ttiffLlm:ttf.tcp ,11~~t1~ 170 
Jtlt-±ttiFAcp~~FAITT r1r~, %nJGzfB, ffl~tiir~ 170~1fffi~~~~fffitrx5:J~~rJ7'J$~~ff 
{tt!Ktotl'tffflt 1K, ½ ·1Tffi®¥UflJ~ (common source) Er'./ 11:m o:iil'mttti'tfffit 1K Er'./ cp Wit!Jt 
11TP1m:izt:tlffl{JJti (Top Select Gta te Cut) 180, :14:ti'tff f#'i' 1K ITTTP1m:izt:tlffl5:J~!U}JVJffli)5:;~, 
rm~~~fflm~~~~~~~MMmnlZ,~~~fflm~rir~::f~ttffl~:fif&ffl~:fifpglfJ!K 
:hij 0 

[0070] t~~Jif 160 pg ITT ±i *FA 7']~ 1-tt?OFA£5im 1-ttmFAITT±i *, 7'J J=l=lf-%nlG ffl Jffitit!t!:fLl 62 
BJ IX :lEj , 1;.t iHHi t!t! fL 16 2 ± Y 11.nm T ±ti: -ff m , 1;.t iffi tim!t! .fLl 6 2 ffl + lJ ;tj ~Alf CMOS Et! lfi BJ~ 
Jt Et! J!ti, CMOS Et! £i~ Jt *-Jf'EL:J:t T 3D NAND#fitfl:14 □114 JU~ Jt pfr~ITT Et! £i, f:yrJpo :ryf fl# 
(page buffer) , iHn13fl: (decoder) , {Jli::(f (latches) ~ &:>'r Ii)~ i,3.~, 1J.t ~*fij11JL 1621:JUPI rrJJ 
~ ESTi/TiN;¥QW7'Uffn\Zo 

[0071] rn r{±m=IK:ln!G12Otp wn T t·Mflf 16O, Ji!HH~fjJf 16Oi~Jf pg ;ji0Jf:7/,ITT±i-i:Jz 
~1~ ~TT, t'@~tw, 60 pg /'J~1-t1mFAlom1-t*ZllFAR<J±11'1i:FA, t'@£f}f 160:>11-, 'EL:t~t'@~tw160:>1rR"J 
~=rx~120~12z~~rx~110,~ - rx~13oITT±ttS:m~r;7'.l~1ttmm;f-u~~FAITT±tti, tB~ 
:fif 16 o pg i'rJ ~ 1-t tm Ji tom~ tm Ji i'rJ :ttt 11: ~ r :1n :ifil-Il ti IL 16 2 i'rJ % t& , rm t@~tJ:f :>1r tit 11: Ji cp i'rJ 
~~m1ii[ T ff{vl'i'~t-:YiJ~tiITT Et!J!ti, i3:f~tafZJITT1.J.tilUifff!t!:fL ill!r~Jlff1*~141PJCMOS~ 
Jt ITT 3! m , 1L~ T IPJ rm 1r 81 r z:: ~m .tr-t g1J :R:: ':1§ ±iiJ!: G'. ~<J ~ ffl'. ::f l£lr t!1i :/Ju J§ , x ® tu t11:~ ~ ±i 
~*%Dx~im~~R,~rI~ITT~$~~Dx~ITT::f~m~o 
[0072] 7'J T ]!Jf Jtl!flfij¥2f:/>tJ:!fl' ~j, ri~tair Jl_f*ITT ~,filli {fUJ±!:1T l:'Mffi B<JiJt J:!fl O {± r ;)£~,OOi: 

WU~ :t ~ $lli WU [Q 4-1 , ~ ~ ~~ff fit 1K 7'.1 i?Jtl Jtt 1f ix ~ , 4lf WI~ i:UH t:Q ti~~ ,,c !'BJ /'J ~ 1'" Jl't Zt{iti' 1K , 
tE tR: # fit rx cp ~ ~ --t m # {it rx , rJJ ~J fEJl MITT ~ , Jlt £1: 1x 7'.1 JF W1J , i:1.HAs ::f IPJ ITT 19: it , rJJ ~J ~ ::f 
1PJ ixni'rJ Zr fit 1K o 
[0013J ~,00i: wu~ 
[0074] {± 1~~,00i; WU rr, ~~00 lffrJF, m=IKJ!'1120i9::'i. {±tY: (block) ff Mi 1K rr, tY:ff{it 1K 
t8 ~JJJ~~il~ 170!'BJ ~~TT, .~JJJ~~il~ 170R"J1i [Pl /'J~~1f [PJ , ~JJJ~~il~z !'BJ t§Ii -'f 1f, ~ x1 ~JJJ~ 
filfi 170ZfsJ 7'.lt!°t (finger) ff fit rx O tEl:!J 2JifrJFITT J!_ f*~nlfdflj cp 'i:lllHUir~i~~~tR:ff{it rx 
5:J" r~ 7'.l - ,-t tl't ff 1tt 1K , ti.UM ::f lwJ Er'./ i&it riff* , nJ ~ 5:J" P~ 7'.l 2 ,-t ~ £ $ 't Er'./ t~ ff itt 1K o 
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[0015J ~~~ 5Jifr?ft, WiUU~ 1701:-r5f'. fUtti:~mR<J Ii$, mtr:M~IWt 110R<J ilJ!U~jJ$.1-t4t 
m,tJ'tft:ft*iJ.jJ~~, 1frJ:qow, Jl:rr%~1ft~*rx: ,.ffl~fiU~ 110-nOOr;r;1i1£1T:ttJ+Htrx:, ~-
1Jffi ®iU ~WR (common source) 1¥111 J=IL 3fil '$ tE JIH¥irt IX 1¥1 Lf1 $ ~n 1f T»H,f i1lAii:llJHJJ ~ 
(Top Select Gta te Cut) 180, )1#:t~#{i# IX ITTTP1m:l1f;:tiffl½'-~rjJ,Jj)Jj $5-}·, TP1m:12triffl-!:JJ§'~ 
180;@' ffi cb ~ 1-t to/! M tiJ.JTJ nx; o 

[ oo 7 6] :ff it~ 1Jlli Wtl c:p , JiJrit ffi - IX :hij 11 MD ffi -. IX JllJG D0 ITT Ji~ m c:r % IBZ1f t~ Ji 'f h ITT ffl 
r:Uirilt 1 70, ~B- !58t~tiill;~ *-1'I: 1¥1 n rtJ rfritt~~l:f 160 B<J .iil.W ~& fil 1$ iU - M tB Ji Sf {T 1¥1 ffl 
~giI~ 1102../4/r s<J tx:l:!!j, i3:f-¥, t-@g,£zJ:-f 160~4i3:x1t§:!i -t-1r s<J~m~giI~ 1102..rBJ s<J m- txtj 
1 l0;fnm ~ [X)~ 130ITT :it~mITT "PITT~ ~mt&:~ /4'::f)R.Wr, filgJt£m, t~tll:f 160jl;J;j-@U ITT1E1#{iif 
IX"P~Q~~8~$;@tt:ft~Qc:p~~Q~-Q~Jffio 
[0077] jJJ.lt, ztit~JJlli{ftl c:p, ztJifrit~-IX ~ ll0;fQ~=IX ~ 12oz. frl] i&J! ff~ [9 IX:hij 
140, IJ,& {£JiJr:i£m=IX:ln!G120lQm- lX:ln!G130ZJBJi&n1fmnlX~l50, 1'81 S1, p)T ~m[9 IX:hi1 
140lWmnlX:lwG150ITTt#~mc:r R<]_t Mm~~mjJ~fr;f'Jta~, :ffl-12{:lwGl 10 StV4 tx:1:!!j1401J, 
.&m - rx:~-.x130,mn rx::ll.¾1soi't<Jtt-1:mc:r 11it:-'i.10B-'¥~nrtJ Mi$~Jifrxtt~~:Ef 1601¥1-x1 
t§:!i -'-f-1-rffltUirilt 112, tE.:&°Jt~iJL Jlt □1, ffltUirilt 172MifrliUM~~fW3zt, lwJ □1, J1Jrxtm [9 IX:l:!!j 
140-fri:$ n IX~ 150ITT:1t~m c:r ITT rm m~~ m J,j~frtJia~, J,j T 1! rtn'ixt, ic1~TP1m~~ 
~~frtJ~:jtJ, it~fr:tJ~:jtJpJl2),7']1$f.{IJ!U~fr:tJ, i3:t-¥ ,;@ttJ1JritTOl~~~~~fr:tJratlJ~1Jpfri£t-@fi 
~mOOR<J'fhITT8~~~zMA<JMJ:tffi-1X:lwG~ffi-1X:lwGA<Jffim:l1f;*ffl~~~.~~01J, 
~~~~~_t&•-m~~m:!i~m~m~ITT:l1f;~ffl~~~~*o 
[0078] lcciJm-txJllJG.f,rim- tx:lwG, JiJrxtm lill 12{~110.t,rimntx~1sos1ttRmY'Jt§:!ii'BJ ~r~ttt 
~ITT~ 1-ttm m.fn~~ ~, Nrxtm [9 rx: :'1lJG 140.t,nm n rx: :1wG1soITTtt~~o<J m~ 1'81 m-rx: :lwGITT tt 
~Qs1:JQ1f{o 
[0079] fr~~JJlliWtlc:r, 7'J T i!r T Z:ITT1:it1t;frl~P-X, tr:~-IXJllJGll0~iJi~[91X:l:!!jl40ITT 
:iil.ti$-5t, m- lX:hi11 l0~m:mnlX~l50ITT:iil.ti$-5tB<Jtt-i:/z "P %~1f 13/gi};JiltJL152, * [9 

12{:l:!!jl 40:frimntx:l:!!jl 50R<]t#~m c:r%$(;1f 17'11AJw-fL 154, Ll.&t'@~fl,f 160:7rR1 m=txJllJGR<Jt# 
-1:m c:r -1£% p_X~- fJ,.irAJm:fL 155, J!J~fJ,.irAJm:fL 152,154, 1 s6PT ~1 !5%P-XHfit -'¥'-ftB<J rtJm::rL 
150 • lwJ % PX, Ym J§t~:ft:;f tE~ ®17'Jr1J:l1tJL_t% hx1fr.r&lz:!i~r&, 11h {f]:ft:;f m r J'l:iE s-':J ff 
{i# 0 

[ 0080] ~ ~ 1Jw: vtl cp , pJ iJ, JTi nX R -t $:fl A ITT t-@rt }:f , ~ ffl T JTi nX $<1 $ ~51:m. i'r-J -Jyt Jffi TI<i!I! :fL , H 
0~~ttffim~~m~w~~~$ffi-1X~~ffi-1X~A<Jffim:l1f;*fflR<J~~.~J.1t.Wffl 
&ttITTffl~,pJl2),~-~~ff~[X~&•-~~~~m=[X:ll.¾o 
[0081] ~1Jllii3tl~. 
[oos2J tE it* lJlli iJrJ c:r , i#ta'iit!5* lJlli 1Ytl-:;f 1'81 ITT$½'-, ffl1'81 $½'-)I#:;f-lI}~it o 
[oo83J ~~~2J1Jr7f-, Jifrxtm-rxJllJG110.t,rim- 1Xtj13os1:1tt~Qc:r mJJxlf M1r+1~tTit~lt 
160 ITT~ Ji Sf 1r ITT-x,HJJJJ-tUU~ 1 72 , YA ~ 1'Jlfr £.Mi~ :ifil 1'I: ITT n [n] JiJrit f-@ttW 160 i't<J :iil. ~ ~ & 
fil{$:¥U-x1t§:!i -'f1f ITT8~tiilsilt 170:Z..5'1,ITT IXJllJG, i3:t-¥, fB~l:f 160iti3:x1t§:!i -'fff ITT8~ 
~iii~ 172Zi'BJR1 m-tx~l 10.f,Qm- IX:lwGl 30R<Jt#~mR<J "P R1 ~~mtilz:JG::i:I511.I~, tB:&°Jt£iJL 
t-@fffz;i::f l 60jl;J;j flJ!UITT 1tJ H(iti' rx: c:p JIJim:l1f;fH/ffixr!~ttti,im c:p El<JT.OO~~~m~~ 0 

[0084] ft*~iiffiWtlc:r ,?Jrxtm [XJl!jl10.f,Qm-1XJl!jl308":J5'HIJ!j7']Jit-i:Jis1:J~fr:fJMtig (~ 
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* 7ft t±:l) , ii!b1 ?fr IB t1!: 1i: m: i¥J llJl' fJ ta~ i~ ?fri±JMt W M {IJW i¥J '11 W i¥J 11 ~l.H~ It~ zJaJ Ai Jiff IB:m 
- rx: ~JG 11 o;ru:m - rx: ~x l 3OBiTNfz[';:l1rtl.ffl}Et! Ji:ti O filgJt~m '-anJ tLlffl3D NAND:g{tf: cp *~ gJt 
lgj 1f lfl tit,i:~ v33 {m~ ITT ~fj-fj~ fi;J, i~~ lllli iJtl~J=l:j f X-DEC ( "¥t~!~uij) lfli&it /'J:Y:J!r (zigzag) 

ITTi&it, ikt¥, ~ m-t-,:;zttmfuijITT-'0/IJITT~frtJta~-ar~; m-t- 1--~ITT*-1Rl!!j11O1ri*_=-.fRl!!j 
130 81 Tm t'. )1t :tf tlfil ~ J!H:: 0 x1 Tit~ )M iJu ' tE -,}:l~Fff {~ [X cp pJ l:J, -J&j'i-,} :m = [X :hi~ 0 
[0085] Jl:l:::7r' Fi,] ~lllli '(Ju-'/'] 7 {!:TT z:: ITT 1ft1VfP*Dx' ill µJ l),ftffi- [X:lllJG 1 lO;fPffi-. [X 
f!,j 1103JE: * = [X ±!ix 12O ITT .ii.I~$ 5t ITT ti ,i': fz['; rt, & W. f'MtJ mJLl 5 2 , ~j_ .&t~~J:f 16 Mr Bi*= 
IX tj Bi tit Rfz['; Lfl '& R 113 ;;tJ jg -fL 156 , ik JJ:1; 113 ;;tJ jg-fL ff -1~ ffl f % AA ff fil~ JG o 

[0086] * lllli i!il]_=-. 

[oo87J ~~1!13'1Jr?F, tE~~1Jfil1Jucr ,fflt::u1~;1t11OJtt~m!r:m-rx:l'.!'111O,:m-----.1K~12otri 
~ --::[X:lllJG1:rn, i{FJ1Jr~t'@~jJ:f 160i&l'lr.t~1i-'f1'f BitJJJr£!fi~ 170Z. l'il:I1¥J~=lX:illJGLWq:t, ill 
,wt£ t5?J'@ttJ:f 16orSt:1f '#6:i:t1 t~m=rx~ ◊ikt¥, t'@ttJ:f 16oz.:7r1¥Jm=rx)!l112O1¥Jtt,1:m er 
i¥J -rmm: ~ ~ i{t :ffl - IX ~;f P :ffl = IX :l'.!'j i¥J Jm m :J1t :ti.fJlltJ!:tl®)l( , t'@~f :Et 1 60 j#j '01~ Ai :ffl - IX :l'.!'jlP 
:m=rx:~1¥Jffifz[';:l1f;ffffl~¾~~~wm~o 
[0088] ~t'F, nJ l:J, tE'fij·t:tlH¥frli [X q:t i&.'B'. ·tt'@tfJ:f, _fl3G Tffi lfl1:7r ff'.} M ;f'i;J *%< ir ~lili;fim 
AAITT~~.ili-aJl:J,Wffli&itITTm~,tE-~~ffMIRITTffiffMcp-J&J'l-~~$~~=1R~. 
i!lit iR. it Ji fi'1] 1$'. &; 1T 0 

[0089] Jl:l:::7r' Fi,] ~lllli '(Ju-' /'J J 1£ TI z:: i¥J 1ft1tlP*Dx' ill µJ l:J, tEffi-[X:lllJG 11 O;fPffi- [X 
~11103JE::m=IK~1120ITT Jn~$%1¥Jtf,i':fz[';rp &w. f'MtJmJL152, ~:J..&t~~W16MrBim= 
IX tj Bi tit Rfz['; Lf1 '& R 113 ;;tJ jg -fL 156 , ik JJ:1; 113 ;;tJ jg-fL ff-'!~ ffl f % AA ff fil~ JG o 

[0090J * wi; W1J [9 

[0091J ~~ I!! 4J1Jr?F , tE it~ iifE iJu er , J1Jr:i£JTif'.~J:f 16O-i&l'i T .tB 1i -'f ff ffJ .tB ~~ ffJ fflt::!HiilsiJ( 
z.i'ilJ, Jifr~tJlfr£!fi~ 170, 172'§f tl~-[X~l 10,~=IR:illJG120;,fP~--::[X:illJG1:rn .Ji~&~-~ 
fflt~tii~ 1121±:m= rx ~12o~J:l1f raJ Wr rx 1110 
[oonJ tEit:twi:i7tlcr, 3fttm-ix:l'.!11110,m=ix~12otrim- tx:lllJG13OAMJJJ~~~1~-arl:J£ 
Jit#:Btiik-,tr>Z~, m-ar ~:l£Jit#3f tt:m-rx::1F111O;¥u:m=rx:~12O,Jit#3f tt:m- r>Z±!r1 
130tri:m-----.[X~120il:!tE:m-----.1Kt-x120~~1fi'aJ!i;fi[X 171, ~~~ 11JiJr?F, -~ffl~tiUJ 170nJ 

~J J>JJ!tj m '§f' 5]-% mtttfi~~ 172J>J 17 i'RJ li;fi ITT m '§f' ill pJ ~J J>J WI fk.ffltttfilfJll .L5]J>J 17 i'RJ li;fi ITT 

[oo93J Fi,] ~ooi: i7tl- , t'@~J;1::;r, 16O1stw Jt.i:t1 :ti~=rx:1ii1, ±:~A¥, t'@~f;i::f 16oz.:7r1¥Jffi=tR:1ii1 
12O1¥Jtt4mrr1¥JTuffz[';*1:~i{tm-1K~·-/uri:m=IK~1ITTTNfz[';:i1ttfffl~ti~*'t~~W16OW3fOOtl 
1¥Jffi-1K~~ffi~IK~lfl~~:i1t*~~¾-ffl~W~li;Fio 
[0094J i:kt¥, tEJ=!At:@.ffl er , tm 1!14JiJr?F, PT ~.JJ#:f::k:#{tct rx: rf;J ITT .fflttMi!lfJll 1 72i1i~iilii.1'J1'rfsJ 
li;fi ffJ m !r , *ff fit 1K z..rsJ ffJ ffl t~ tii ls1J( 1 1 o ill n .TJ Jt t~ ffJ m !r , :im tt * ff fit 1K rf;J ffJ ffl t~ tii ls1J( 

1121¥J r01 li;fi 1K 111i{t~·i'·:tR:z+1it tR 1¥J:¥£!Jt:ti®* 7 ◊iki~:n.rt:x~im:7rITT~ff#JgJtwJl:J~J,m 
Tuffz[';:lz'ttlfflk:J,,&:¥~1¥JJ!tt, f!a~f~.Qili~r~JPZ, *nx;lt'sr:i§'J o 
[oo95J Jl:l:::7r, IRJ :tooi: 1Jtl-, 1'J 11£ r I z:: Ai 11t1-t*P*AA, fu -ar l:J, tEm-ix:lllJG 110;¥rim - ix 
±!r111 o3ili:m= rx: ±!r112O1¥Jm~-iffl%1¥Jti~fz['; cr i&ii. {j,J;;tJ:u~JLl 52, ~:l,&t'@~W 16Mr Bi :m= 
[X J!!-Xff'.} tit,i':)i cp i&.'B'.113itJmfL156' ~JJ:1;:173ytJ:l1[fLff ~ J=l:j r%J:ix;fffrli• JG 0 
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[oo96J '.:tl1ffi13Un 
[oo97J xtr::$:RllJl~tmf71J, HfrUS:14 &.'i.r~fi£z_t, it~fi£¥1J>®iU3t1¥'.i¥11tffl, 1=E-
®~JJ'ffi 13U 4-1 , ~~~ 5}1/r~, ~/i£7J* • +t Ji£ 1 oo, * • +t Ji£ 1 oonJ l:J,7J'f-B'W11 fi£, vUYnnJ l:J, 
}JSiH°Jlt,Ge}tJlt:,,SiGe}tJlt,SOl (t~ti1* r.fLSilicon On lnsulator) mtGOl (t~ti1* r 
tl,Germanium On Insulator)' - nJHtii-¥!1.&=IIYmHtii-¥!1-'-J':~~~o 
[0098] X•Jr 1LrifF.H ~_t:Af µjz_t:i2tZf:{itM{41¥J~Jlffi 13U' ,o Vli S}1fr~' µJ l:),J)Sp;-H Ji£ 100 
1¥1~0011it: w.B.l imm-tt fi£1oo_g1:5 8.! im:ttt!ll1L162~:tt1¥J m-1i~~rt;i1 go, i~m-:!i~ta 
ft;J1 gonr l:J, 'fil:tj§-mmzg; mu1L ,~~m, iffi:Um-+t Ii£~ [film-:!i~~ +t;i190~41J.tiffi:tiffl!ll 
JL162i31 tl:\, ~J,itt-!V£5CMOSEE!£4J. □{Jm=}th~(~f:Yt\EE!Ji:tia 

[0099J ~1*Et:J, m-ti-Q~4PJr:l2tm-tt /i£t□ m-----.H fi£fr1i-fr, ~fl WVr"~ JtEt:1 ~Ji*, 1±.m-----. 

},J!i£ ~ 8 ~Jfin\G TCMOSMfitEt:r.JiI~l:J,lzw!# m, Ji!r:i2t~=}J!i£1¥Jw!1f mlA rPJ ~-},J!i£1¥J lE 
00 ,JiJr;(tftifrz:14J?fr;(tm-H~t□m=H~fr1iif o 
[0100] :ltt-!Vtth' lB +*ffl T ~ lllj 511:±:l :e.tillHim~-fLl¥J1f j:1';' pJ l:J, tExt@ + H(it [XJ!!ji¥] m 
-tt!i£1¥J~OO_t%n\Gffi-~~~~1¥Jtt~o~r~1=Em-ttfi£1¥JH~~~i¥J~OO%n!GTtt 
m, /f 1w1-t-1tm1J1t, x~ttm H fi£Et:1Hftt1XJ!!-xft:1 JtJ:ill%J:ix.ttm, nr l:J,:itt !Vmi1J\~i1tJ:Et:1 
R~, :J'Jl1:~~n!GJ]:o 
[0101J ~nffi13U1\ 
[0102J 1=E!h-®~Jlffi13U~, ~~1!16Jifr~, J1Jr:l2t~Ji£~1~:m- H/i£30o.&:m-Hfi£300:;t_t 
1¥1 >'r NH fi£4oo, m- tt fi£3oorr mn\G TcMos~1t Et:r.JEi (OO;;,fz~ tB> l:J,1X'.m=:!i~tart;J302, m 
:i2t $ iffi :tiffl!ll-fL 16 2 :ltt-!V $ 5F 5HJUt Ji£ 1100 ±m - +t Ji£ 3 00 4-1 s{J * ~. :!i~~ fig 3 0 2 0 

[0103] 1=EJiJr:i2tm ~ ttJlt300~ 8f?.%n\G TCMOS~·f4Et:r.£4J.~J,2z 1rn~Hari;J 'itffi= 4.l+.Ha~ 
pJl:J, ~fjs*fg!h,-Q~$ g)j:JL<±~g' JttrnJftm-H!i£z_t3m)1iJt~Er'./7fj'.\;JTfbx.>7r 3-Ut 
fi£4oo, >'r filH!i£m-!V m-t-_t:i2tZf:1ttM141¥JHtn1G, it>'r fil}Jfi£10owrl:J,7J•mmt,fi:m~ff~, 
13U to PT l:J, T'J Jµ rs fil , $ si fil;1£ $ si fil 1:5 ~ ~ rz 1¥1 ,i': rz o Jtt-W ti!! , PT ~j 1£ 1:5 f13 tfZ:Ef l;f;J 1¥1 IX :hi1 
xt @A{] >'r M H Ji£ A{] IX~~ Nl'iJT D 402 ' l:J, 11! + $ illHi t~ -fL 1 62$ illt~Jf; =BJEH;+; ~ 302 0 

[0 104] l:J, _txt*R l3Jl ~nth {yrji¥J 3D NANDH{it~14:itt1T T t:'HeJ 1¥Jts'i:i2t '.lit >'r '*R l3Jl Jcft~{tt 
f _t:i2tHflt~i{'f:Et:1 ~Um1Jit o 
[0105J ~~1!17 Ffr~, 1±.!V1:lfso1, :J'Jl1:ittltftC 
[0106] 1=E-®~»ffivU~ ,pJr:i2t~~pJ~j7')m-H~l00,~~1!15JifoF 0 

[0107J 1=E!h-®~JlffivU~, ~~1!16Jifr~, J1Jr:l2t~!i£ µJ l:J, 'filt~:m- H/i£30oto:m- H/i£300 
LITT>'rfilH°fi£400, m-H/i£300rt1%n!G TCMOS~1tEt:r.JEi~j,lX'.m=:!i~tari;J302o 
[0 108] S02' tEJi!r:l2t~ /i£L% JJ½JttR~' pfr:i2ttti:R~'EL:tMff * ~ 7f IP] 11U.X1~~-tl1 s{J m- IX 
m't m = rx:1~ tn m ~ rx: ~ , Jifr:i2t ti r&:m 7'J if'§ TTJsJ ~r;!i ti r&: m ~ 1t tm m tn 1m 1t tm m ( l!I *~ tB > o 
[0 109] pJ l:J, *ffl-fr ~Er:/ 1JtlR1f1tit ;,;;ctt~• 1-Mm Ql□m{.tt?lJ g*JTJJ:ix.tt~Q' tt~QE(,J 
m~Wffl~ff1f~M=%n\Gi¥1Zf~•fti¥J~~*~k 0 

[o 11 oJ so3, 1£rJT ;(ttt,fi:m1¥J W3"11J!~%JJ½ti,fi:m1¥J~frttf'art;J (OO ;;,f:JF tB) o 
[0111] pJ l:J,*ffl$1;;c~Uti\R{J1f1t, tEt11'1tmA{J M {IJ!~%JJ½ISfrtt~ri;J, ISfrtt~~ R{JISfrtt llU ~ 
~t±:lm~~m.~~~~m1±0~1¥Jw•~~~~~T'J~~m,l:),ffl-t-*~~~~~~m 
Et:131-rlo 
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[0112J a~Jl:l;:tJtffif3iJcp, ~~~ 1 JifrJft, Jifri£.ti~m~'eLfMft+ JiJri£tD~[2{J!!-x11 o;fotD= 
rx: wi 12 o zJsJ i¥J * [9 rx: wi 14 o , ~J 1z 1ft r Jilr 5£* = rx: wi 12 o ;fu * - rx: wi 13 o zJsJ i¥J * TI. rx: wi 
150, tt%filZ~fr'1Ji'.\Hi;Js1 R 01, 13Uimtt%filZ:ttt11:~1¥J$yJ~B1~fi'fJi¥J R 01, ~filff ~nT 217#1: 
[0113J )I#* [9 !X~ 14ofo'.$n1X~ 15001:1t~m cp 01 1--m m¥t1ttmmto~1ttm m~m:t~ 
rt:1::f lf1 ~ 1mvri AA ~ff-tJ ta trJ o 
[o 114J so4 , * j]IJ ftJiJrJ£:m ~ ix :lllJG , :m -. 1;is::i)!-x 01 Ji j':m cp HI m rtg i1fJL ~ 2z ft J1Jr~ :m = ix :l!!-x 
01±t*Fz!:rf1%AAB.lims1t~~Wo 
[0115J ~~~ 1.&~ 5pfr:,r;, tt1ftmITT~,brn{yiJLfl, nJ~;iffiLl:~ T z)7!Jl*~fJ!l: 
[0116J l'i,] ~1ft*~ rx: :1wG110, *-=-.rx: :lllJG 13001±t~m 101 cp %AAriJm:ii:rL ~J& ft*= rx: :lllJG 
1208':J±f~g 101 cp mt&3mtLW~lbmtLWZ:>'rB':J*____..IX~B':J±t~gcp m):Jx.~r~m3mtL, :3f 
5J'-j]lj filff riJmim tL, ~rtJmim tl&im tLlf 81 ±j);-Jf,, ~ 5J'-j]lj Hf AAYiJmtL 1 so, ~ytjil[ij tL 152, 
156;fOf13tllf 160 0 ;!:t cp 'fiHflf ITTttl4 rjJ ~ T'Jft JWttl4' 13U,orJJ ~ 7'J~1ttm ,~1tA?DE:t]fte.1fJ 
i¥Jt!i if o ;;iJmimfL;fO~;;JJil!imfL r1J ~ IRJ S{%m, r1J ~ 1:&lJC%moxi de-ni tri d-oxi dei¥J Ffl w 
M~ m tu$ s1 it±J'tft:m o 

[0117J ~tf, nJ ~1±%):Jx.rJJmJLB':1 fE,J01%):J;H€~Jlf 160, frij1tIZ::z)7#lo =Sfll, 1'E;l:t1m~W!: 
f31J cp , rJJ ~J * RU:t: 1m 1f 1! *%AA t13 t:¾zJ::f 16 o , f31J ,oft% AA itJ :uHL z 81T mt 7i" z J§ *%AA t13 ti 
J::f 0 

[011sJ so5, ffimffliMt~ 110, iittJiJrJ£ffltx~i~ 11oi4t13~t£fz.:>1r1¥J J~j':mcp R1~1ttm 
mw.~T'J½~m 1012, l'i,] R1, ffl~tiirt~ rr ±!'l:1i½~m, ±t*m rr 01rv1m½~mT'JriYfm:i!tf 
~JJJ 0 

[0119J ft~l'i,J □1~JtffiW1Jcp, t~ffl~l'i,J □11&:J'i rm*, i&:_'i'.ffl~fttlf.!lt □1~ti;J~J&1=.it~tlJ::f □1 
t-Bx11ftno 
[0120J :tr-l1&z)7#~ cp, rn rt€~tws1~_§J~1'tm, t13~t:1:r, if;J 1t11:mcp 01~1ttmm#~~ii :t 
~ito~~, rm:im.cti:lfil~tii~t13tfJ:f:>1l,01tt11:m cp 01~1ttmJzt!J~11t:~~**~~ ,11tm±ih, ~ 
~R1~~mrJJ~T'JWo 
[0121] ft~!~~irtfi {ylj cp, $;~-~ lJifrjf, JitrJ£±t11:m~1ELffiilLT Jifr:)£*~ fX: ±!rj 1 lO;fu*= 
!XJ!!-x 12ozrsJ B':1 * [9 ixt-x 110, ~& 1ftr JiJrJ£*____..ixt-x 120;¥0* - ixt-x 13ozrsJ B':1 *11 ixt-x 
150, F!r~'.$ [9 IX~l 40tD:sfEli!XJ!!-Xl5001:lt~m )-J:f~ __ E_[JR] ~~:lt~ □1¥.t1ttmml□~~m Ji 1--. 
~~~~~T'Jmt:~~~~*tJrat£J: *~ix:!!!~110, *[91Xk~140~2z*- 1X:ll)ll130, *nix 
:1Ji-x1501¥JJ~j':mcpi&:1'[1n-a-=¥~1ffnJ ~1$~JiJrJ£t€tj£f 1¥J~xJt§J::i. 'ffrffl£x~~~112, 1-a ~ 
ffl~fii~ ~J'!ITT7f fPJ JWJ£t~~W160ITT Jil!Jr. ¥ 1J>fils1$.¥U~x.f ffi1i -'flI ITTffl~fiilf.!/t 172Z:>'r 
81 LiJ!!-X O i3:t¥ 'ttimLl:JiJr5£tflfl~tJi~ 172)14t€tJW160,,c/4/r BJ±ttR~ Lf1 Bf.Jffi fttm~ M~T'J~ 
~m J;;, ft* [9 rx: :lllJG;fn* TI. rx: :illJG%AATiYf m~~mpf,ti£ati;J, iittfotrJ£JuiFz!:~~mpfr'ti£ati;J 
~MJ£~~W~~~-'fff~ffl~~~z.OO~MJ£*-1X~~*-1X:lwG~Tm~~~ffl~~ 
ti 0 

[0122] {± l_,j~®¾'.Jtffi13Ll rf1, ~~00 2,rJrjf, m~ IX:lwGl lO~&m - IX:lwG130ITT±i11:Fz!:rf7-&J'[ 
ffld°=¥~7f fPJ ~f$iE:JiJri£t13~f}:f R1~x,t t§li +WtJJJJ~~iil~ 172, ld-½~]J ~~iil~~l1iR17f fPJ 
fotr5£t€ ~}:f 81:ill:'n'-~ 11> M 1$ .¥U ~ )(,f :t§ 4. f 1T i¥J ffl~fii~ 1 72Z :>'r i¥J rx: ~; JitrJ£m ~ rx: ~ 110 
to* - IX~ 1308':J :>1HmLlT'J±it1i:JiB':J ~fr'i'JM,ti;J, :lmttJiJr:)£±{1:,1:JiB':J pfr';f'Ji'.~ti;l~4Jifr5£~€~1W~ 
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f1JW ITT f ff R1 W&:M~ I~ zJB] ITT ?fr IBi'.P ~ IX ~ ;fQ m - IX ~ R1 Jryy m :lzd'~ .Vfil ft!. Ji ti 0 

[0123J a~~1~'g;Jrtli1J1J cp, ~~oo 3Jifr ~, JifiJ£f'.~~:t::f &Ji rtB1f.-°ftT 1¥J tB1~1¥Jffl~rilfi 
170,,cfsJ ITTffl=1K~1204-1, Jifr3£if'§1i -°fir ITT t§4~s<Jffl~ti~ 170J!fjm5f ffl • IK:l:!!i 110, ffl 
=1K~12o;fri'.$ ~ IK~l30o 
[0124] ax.~®g;JM:fJLl cp '~~004Jifr~ 'Jifrj£f'.@fRclf i&n T if'§__E_[ fff lfl if'§4~81fflf&fi~ 
170, 172:z.i'~J ,Jifr3£if'~Ji 'ffri¥Jffl41SITTffl~UiU~5FJ-1*~1Kt-x110 '*=1Kt-x120.tri* -.!K:l!!i 
130, .§.I~>J>~ ~~.tJlfr~i'i~ 1721'£m=IK~11201ztJl~i'BJl£Jr!K 171 o 
[0125J S06, ttf'.·M~Jcf V-J 16os1ttRm 1024-1%nt1.Jt1BHifij!l!fL162o 
[0126J tBrtlf 160 r,f;) mtt~m 79~1ttmm.s.iim.1ttmmm ~m, PT pJjmJ-1tUtctrli*tLlt1HtB 
fi}::f p;j s-':J :It tt Q' ][~~ ~ttttQ r s-':J 1K ~ 'Jtt rm' Jtt fr± ~tJfl-s-':J j:~ JE' WU "lZI IW' *m PX. -m: 
i~Hifij!l!:JL 
[0127] ,(£~®¾'.JJ@fJLlcp, $~006Jifr~, JiJr ~~ii£1!Htm - H )i£300:fQm - H )i£300l:.1¥J ,,,, 
M tf ~400, .sjf'.@f'.j},f r,f;) 160ITT IX:l:!!ix1 @ITT >7r MH ~R1 IX:l:!!it9:.'i.~3f D 402, 3f D 402 cp JJ1tfE 
1f 1r ~ i'-Hll- , * -*1 ~300 cp % nlG T CMOS:H1tf: E§. ft PJ .&m = 9.~ta ,tZ} 302 , % ~ 1Jt j]JH# fij!l!JL 
~~-§ffl:%~m5Fffl~lfp;j~*~M~R*MH/i£3f □ cp~1r~tJ~n~ffl-H~cp 

m1illHa-tZJ302ITT:m-5JlHlfff!1!1L162o 
[0128J a~®g;JM:fJLlcp, ~~005?fr~, Jifri£~1t£79ffl~H1t£100, if PT~ 1'1tt: 
[0129J J.AJ1Jri£*~H~1 OOITT-/f ITIT%J:oZ:e!im*~H~1 oo.§. "5:e!imtl~!ltIL 16031:J'iR<Jffi~ 
1i~tMiJ190o 
[0130] .rlt:5'r '4.'tx: ~ iftl~ T ~,j;~3D NANDW{it~1tf:t;f;fi;J sf.Jtt~:1fy!' ~~00 8-1 0JiJr?ft' 
§115: 
[0131] :l-}lHJtffl~*-f ~100, m~n /i£100...tm):Jx.~ _tj£g;/@:vucp ff~Ef1:J3D NANDf1iit:ffitf:; 
[0132] tlf~~=H·~200, ~=H~2oocp Jfin\G TCMOS~1tf:E§.liit~~.&m1r m220; 
[0133] i:!JJiJr ~ffl=H/i£200Bf.Ji~if )z2201j[J] rtJ ffl~H Ii£ lOOITTiEOO, :®MJiJr ~i~if Jz~:!JJifr 
i£:m~H~1oo;fri:m=tt~20Mbi'to 
[0134] Jlt-ti:;!:ll cp 'ffl~*-f Ji£ 10081.J TT.Jita,tZJ230.s.iffl=*1 Ji£1¥.Jl::r.~ta-tZJ210rm Jf if'§)(1 J1V"i9: 
R, ~'g;f~___'.~Ef1,j__E_[~o 
[0135J J1t~~t-tl1, iE1Ht: 
[O 136] fr?tr3£m~H Ii£ 1 OOITT'M' 00 JT:;n\Z-m-;imffl ~H Ii£ 100.§..sj-m-;imn::m!l!IL 162J!fl;;~1 m~ 
Ji~i'Mi;Jl 900 

[o 137] PT ~J it< 1:JZJffi.jjJt1"ffl~H ~ 1 oo, :J'M:1tffl~H ~ 1 oo ~J .&% ~:!i!fHa-tZJ~~ !:11*:it!: 
if m i!!Hlffl!I! :JL sf.J ~ ii:ti o 
[0138] J1t~~j:{g, frX1 EILr#iitrx: ~mm~ttJ~tm'M'rnLt%n\Zffl~ TT.ijXta-tZJIBH~ (I!] 

*?F t±:1) 0 

[o 139J EllPl;2Js:.'& l!JH&:S~o_t, 1l::!;2Js:.'& l!J:J *~~r,~ k r 1f:L 11 f PJ ;zjs:@i~tt;[U~JA, zt::f H~ ~ * 
.'flt ~jj ITT fl1H$.:frlffi ~ PJ , t)JPJ" fi::,15- ;f~9-!i}J .s.i11ic:&, ~ Jlt;zjs:.'flt ~jj ITT 1i:J'?ffi ~ E1L ;r'i IZHx:fLl ~*l1Jr 
ll~ k Rf.J ffi ~ 79 l1L 
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30 NAND memory device and manufacturing method therefor 
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(s): 
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Abstract of CN106920794 {A} 

The invention provides a 3D NAND memory device, The memory device comprises a 
substrate, a first memory region, a sub step region, tun-through contact holes, and grid 
line gaps, wherein the first memory region is arrangecl on the substrate; the first 
memory region comprises a word line stacking layer and channei holes in the word line 
stacking !ayer, the side wall of the word line stacking layer adopts a slep slruclure, the 
sub step region is arranged in the step structure: the sub step region is a stacked layer 
of an oxide layer and a nitride layer; the sub step region extends to the edge of the step 
structure in a word iine direction: an insulating layer is arranged on the side wall, 
connected with the step structure, of the sub step region: the run,through contact holes 
are fom1ed in the sub step region: and the grid line gaps are formed in the step 
structure outside the sub step region. By virtue of the run-through contact holes with 
lhe slruclure, connection between the memory device and a CMOS chip can be 
realized conveniently, and the memory device can be integrated v,1ith the existing 
process easily; particularly, wt1en the thickness of the stacking layer is constantly 
increased, a step of etching meta! stacking to form the run-through contact holes is not 
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needed, so that realization of the process and constant improvement of the integration 
degree can be facilitated. 
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lK~~ffi~M~~~.½-~~~~M~~ffl~~g~ffl~E~~~~ffl~. 
5 .1:~1itzliJ'Pi,'J( l -4r-ti ff • J9\J3/rM_~B')fHii-l?l!:i'f-, Jt *Y1iEtE =f, if1Mf§JffifUt.1ix lKlW~'L: 
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~;at# 
[0002] I\ANDIA] # ftt~~qi rt: ~'E-$t!!A,;(iiJi5ii pjf tr-J # ii~ '/1:-i1'r, !\ffi: :'-NA. ffJi~ Jf<:J}Jtf 1~, [rlt.Ji!:0::¥~1 
tUti f± u~ ~ ~ t} 1( tffvg ~ r'ih . tE 11!. f g ,t1 fij ¥ u r r'. ~:;i GKJ i1tffi , @ fi u , mi ~r11 tiJ i't~ ~ AND JJ~ tH~~ 

J.Ji#J1,J:tt~Stit¼:fl{, tJ I Jt1:~:tsJ.1ttt~t¥Mi~ iti:, P>'l f!z,;4'iJ.lt46:Et~1'f fitfJ));Jtc. tJttB I 3M~¥~tr-J 
NAND ff {ii,' #,\le " 

[0003] tcm NAJ\D{:¥11;/J ;;:H;.1; ;fiJ r} 1 , *JTLff(l:'i t(:i>~ 1, !~ fj t~i} #11\lf .$. JG fl~ 1J :t1C , ;t lJi1i ±it~ :it ~J 
3DN1\l\D-1Tft~ ~~ttii;J, PKrm, Jt1tl1JJ1,J 11!. [:;'Hv!]trnj~ffSii (decoder) , :JJ fUrt1 (page buffer) ;f;Utfli {{ 

t~ (latch)"~+ ,5.~~~HII EtH1:Htr.fe:O,lOSH~1'lJf::,fJ½tf''1 .rnostHl-sl.J L z.:x1!"J~m I\AND?olHt·~ 

!1¼rt··f~\, s ~tr, fe:5}'.i:iJ'.it/:8 ,r;[f1] Ef'l T. ~%ffitm NAND#{~g!}~:tJ:::YLl.fiJ'.>'~ ttl thfl'r, ,rtitlb.l'~;\1 
3D NAND#fritri~il$ jlj (JI.Jiffi,TL;lt :~· El! rtHtr'E -Jl:t\ G 3D \ANDf¥f~t~l5:$ JU r} 1 (10 :bi~·~±~*ff} 
(\lJ() f) /,-f··'·'1 '"J / 7 F.~ r+ ' ·i \ 1'.n ,,~~ {' 41,,n 1· • d. ·1 f* ')·, F" 0'.' "y7 / + V, IT>jc' ,}', ·tc·· J•+, , ... , ,.,., ' 0

F' ·,.P· LY• , • ,,1,cr, jcLJ 
., r ?Sti 1:·L::1 , f-\! ~t" as 1-H:: \po _ '/; 1r!--i ~~,.1~'1}'J \ox1 e~ ,, ,,.y'\. fA. ,zi::'l=f b~ ~ti fl:;;, !12. ~·~;r 1-f·1liJ tr JECrrn )JI(. 1~1:1 /f"-H;:;1 :ilc 
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:0004] 1;;· !J£;J-'· 1fJ, /:~~ 't;_;,; !JR E'J{J ~ ••• ,)' rrrf +f;Ufr -r ·····/m3[) ~I 1\ r,,, i,l Z'j"'/;cJ;,:-?cf, •frr,. f,± Pf,{;:t,·G.4: A;jl ,b ~r~ \'>"'_., firm '- . .; -=,h~ -l..1- J- ,:A.. /1 -l--1 ,,t:t J tJ:iJ1N:-t,,..., - 'IT1.. - ~~n--~-"'T~ ,,,~1=11 ... r , 1 , ...... /1-..., ,.;u,, ,,- W (!J !:.X....1-:::_"-·-V-.~ 
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i,_r ,LL Jrh .:,'.i,,,11\1·· !#, 1·x· !uttz" _.t,L to),, fi/1·1, l;'f,,;,.l:!-;-s_' c+.1 f-½ rl'.j' let f+_ .. ;/2:cJJ'*.:fL 
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filtt~*~tt~,ffi=#M~filffl*~*4g~&*~*4g~~~~~1B~%fi½~~ 
-M$t itttJ Jzf ;f!Jffi.,iJ:Afr!}zf fJJii:lHLtft ~ Jz{-' m ~ it!HU·m ~Ji tfJ 1ti ifililftl~JL i), .R:itlHUft ~\g lfl ,ff~~ 
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[0017] frh jJ_Jff ::. 12<: #,It fll-t-.frF:i:1:Jtt·-[X JJJ): :fwJi •:='.12<: #lz., 1·§] '!1i1£Jti :tx ti 1+1 % JJx:ff tr~ ~J<:f 
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J};\,i(. %--=-1-"' .. <))I(, r·T·· 71;;:: ;'Jxdi {'[,~ J..t!.:, ' % • r>:<.J!;Y.. • l ~-=- L:". !1)(, "r' 11'., :!;1-,;:.lfE'fcE/~ :;,Ff-~. ft.'fc'r.;~: ?'cc,~1'-"'' 

i: o o rnJ [jJ iW,ttl1 , Hir ~ ti'.\ ~t :q:; ist 'i: r t§ 4i3 (](] mt t~ ~~ 1s!it .zJsJ , J~ir ~~ t§ ~i3 ((T mt r&J:t it'll Jij~ 3::1.J+t •• 
1x:J11Q, ~1 :tx:#Jl;J<P!;f5 •••• [x: Ji, JJ.::i~j>:ij -%-tlfrf&ti!Mt 1±m :[x:J~!Zi:HWf§J~r lX: o 

[0019] fjJ irr,ttl1, nir~~Jj£ f'Lt§J4i • ft !1£11'. ~; ·lJ !!£~ J--.(f'..f 1i!·§JI¥J-!!£, -~~······¥1' !!£ 1 [; fl)r-;Q J 
CMOS£[fq:tg iqEUk ~ §Jflf~t1J, ):iif:i:f.17f ;®}ifthfUlt :!P B!V11r·9lfH ~"Em H~ ~ LfJ m 

[0022] 

[0023] 

[0024] 

~~~~m~~~~~~ffl~~mffili~~~~~~-*~~~~m-~d[K; 

~m~$•~~~ruw✓~m•~~~$~~= 

am-#~[R~~~g~%~~ffl~~&a~~~~~m~~ff~%~g~~ 

'"f\" J • ··-••,1 k:! 1v· -~ f rr, - ·u .,,.__.. '' ·,L Lvv:,.6 {l:I!IJr15tl!X:f'¾ 1r1 7t;nx..t,~;iiJ:H~il1!lH o 

w~n ~~~.affi-#M~~*~~~w✓~~m~~&~~$~~~m¥~ff~w✓~ 
~ iE 1~ ~· !½'"1 ·~ f,,li hIJ c1<J J·),1 {cf!, f'v'.J• {c;'r, {c{, J-2 ~-<] _._Jc.I.. mi; )j~ 1 £ . /'- i'ij ..:=t~ .. ,, 1.-1 ... ,-,-, T :1 r --;-<f',- 1 --c.-,-G'" ?--"" ,r 1/ ...,_~,--- L:l'TH ~ 

[002sJ aJ,ri -#-Mi lR (-f'.!:rft~ !;!: r11 Jl; i&JHH'L, 1cD fJJ, ftµfr-Ht~ .1't/ +1 lf1·¥i::!tJS rtJ ii;Jjx:g 1rt17f 

1i:ri- i5f} t~ :itJ i!l ~t rintJ i:t , ;,1g t\11! J'.! ~ _ff c1 ti 1* m r~1 * , _ff c1 1M~1 llfr· 1A~ ~ #J m tt . -5-t ;~1J ill rr@TL in 

[0029] llj i,1;Ji1I 'Pfr~~lkt·~ti51& ff(&* • H JLtzJ·.eg y~ Af l1 /1£, $ • l1 ft£ rt1 %JJx I 
Cl\10SiH'f: rtJ, g:s: ~). lzJ,fJ - • IU!Hi'f ;ft] : 1't: ~ fr£ J::. ft Ji!Z '¥t f-t ~ ff ..t5 jC 1t fJJ }f :t§ Ji foJ r,i\ii (fJ :l-ft ~ ff .z. 
trtf, Xf BJf: 
[0030] ?'f $'~;if Hl1£J:-.Jf;JJ~:ff D , Hrii:ff D x1 JN r r ~fi't'.filR~fJj [K Jg_](' ff D r.t1 J-Jtit.~ Ji')Iil 
--k;t*,1 • 11:11 ,T .. 11't 9 Y,-1, 
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trJ * 1i . hA ffil ~+ti :iffi tf: m!HL trJ m tJiG , it r-,1, rilf .tt./ sl.J it 111 tt:~,k fLft +~-t)1Il-t1i:t ~ n 1pi cMos,t'.:~ 
}ta~ jfj~ 'Ji~+ r~u t,r1;i. ~- s{J T -~ *·fjJ( 'q'-J'.f;IJ it: "'3Jl -jt/ts(J [¥ HtT~ ~\Fi±~ Jm )r5' 7G W,t :t,W(1{ ~-Jm 1ft: 

@: *~ r& 1fi Jfil:J:~,~~ fL, lLJ + T. Z Pr<F~JfillP ~Ji~lll trJ/F i£HJV5'i" 

~f1~t~)!fl 
[0034] [II 15j:tJ\ T tl~:lft14<9.afj?LiiffiiliuffJ~m ~!MfD#i~lHf;t;J1,-rf'JfHHJJJ;f;~[t]; 
[0035] 002~tB :nllt:t®;j1:~5trJJ:]~ii1Hv11 ·Stf'.3D j'{ANDfff~l~(t8~1111tSl\iMtJ7J;::~J~I: 
[0036] r'¾1 '.15j: tJ1 T*lltfl*a fJJ:j ?k Li1JI{Iilj jJ~ :m NANlH'f,fi;/'f ~~ft±:8~ 111HSl\M tv jj;:,~: ill: 
[o 037] 00 4~ tJ1 :f*U~ * ~5z r!J:] ~ iifa fv1J :::'.!JJ 3 D NAND;ff,f t;g ~~ ,f tj= FI~ %f 1:Q\i;J; ~ 7J;: :~J~I : 
[0038] 00 5~ tB T*F,tfl*a flJ.J ?t iii 1911 [ill tfJ 3D NANDZ:Hi-#~~ ft±=fJ~ 111HSl!.tttv ~;:~:!±]: 

[0039] 00 6~ tJI T*Ui *lt ~t] ~:):; 1i1li: {Zitl-fiifJ 3D NAND;ff'fi;/'f ~~,ft!=il~ ffut3~,M ;jiJjj;::@:00: 
[oo4oJ 007 /J~tB Ti'tH~*ZzHJttiiffifiiil~t:r3D Ni\~TI{Y-il!:1~;'H=Hf':1ff1LlJ5:1ctJJ)tilrU¥00 o 

~1*~J1~h:it 
[0041] '/;;f~:;$:~~: flfJ Ei'J 1-Jzti El S'J ,iW:J':fiE ~HHfL8 At~% ~;tm fiA 1r1 ij]tm' FHff :1.f f;-pH ~J.,J:;$:~~: flfJ 
ff{1 fl1Jt'l1::i,'.;j )';c\'(tir~¥:{tf11(.Y,1-i_~ ~r:J 
I- ',J .-, "'l·---r ...,,--,. Lill_,/,).>',\ ,-J,'\,. v-t"-Llll-•'J ~u /1 o 

~~~ ~TffiWJffl~~~~Tm$~~~~Ll~T~~~fi*~OO-~~*aOO~mu 
51( }lJ Jt1tk :;r;; l~l l' 1'L: JJ:t; m ;1£S1J ;t ·t:: h 5:t:~E~ li(E . *@'! :Q,.~ ii ;4~ A fft t1T j;J {'t :,i;; rt 'ij* '.Ix s,~ r:kl ifJ ITT 
't~?i F1i!Jz~Mtlr-, ltl.li-t:~1:';"1_ uJJ ;i:•,;t: F [fil1}ffWJ Htt·X;JfiliJustilti: ftrlo 
[0043] 

~fi#:1.f~WJ~OO~~~W-~~~~~$$*.~~~~- ~~~~~,~ff~~@ 

[lr,t *IJ ¥'.Ix. afJ 1* fPtrJWIMi! o Jlt:1~, tf 'tf Pi1; *rj ft rl1 
J,:1.11, At~1':lt, ~L1tfi<..i* !'-'.BJ :~i~i fE0F('1' "~ 

5'~ , Ll T Wi ~BJ* ·*-HI tf: m = tHU:,:t "J·." s".J it tiFiJ 1;J ,,ELM ¾l- r-u-m = *1J= fLE% nx n iHlt~ 
M~~~~,fupJLl~~~*s".J#film~«m-~~=#filZOOs".J~~~.~ff~-~m 
-= :j•;j' {J: PI riG :,i;; ;it:1l t~t~ ~i. " 
[0044] ~, 051t.il¥l~3fr[i;J~,4:1,1:0JHE::W [ ·frt13D NAND#fi%#!Hl,1!Lf!i: 
[o045J ~tr~~; 
[o04oJ ¥ r~_t ~Y'1 * -:{J M1 B: 1 o, 1ft • #Mr B: 1 o EHr§ '¥ &~ Jft 11/J DJ, l!z '¥ tt :E}Hl JJ ,ti r-r:r ;;1:1 m 
fL, 'lt'i:i:11Ait)f fl~ 1~1J~i1~ki!lti}i¥J40; 
[0047] ?±l~frtitt1i}10r.t1 Jl 1'l ·=f ll:friiL){, t~4 l, f ll111',$ B:t,,,f1 l * [{J '5"t5G rJllJ} '.h;~ 1,t~M!¥!:' f' 
~Jrtt Jx_ IEJ/A 1 ;'lf\-:+t~7:T 1t=u ilitfer, ¥.f½rt!itflitti fr:JJt1tt, rt·=f Pfrtt rx:t~~111 .ij~fri'tiili ;y4,1o;t~=rtt-r:111kilgi 
..t.it!'~~r@~i}!f44: 

[0048] 1£-=f~irt:4i [X)~Jl42 c+=! Vi ~.ff f:Jf i.FlHtt!l!JlA3: 
[0049] -=ff½Htlx:t~4l z.3~(tJ 11ri:il'1fi1ft140,-t, (f'J;tlN~JSiiff7t46o 
[0050] {£*'.ttfitJ~j}fji;fliijr:p ,1-f-Mi[IJ9Ffj TJl~ht{ffi# l'fi-;d{J J:i¾, tlf!m/j;pj Lf:iWr+, tffi#lx 
~1TtVh -1'..EXi~'HfJ:lJ (block) Zf fft·[S<: a 

[0051] ?£3D N1\J\Df//r~,~lf4r:p, Jft,,:Hf LfJ Hf:i& 1~ '.iF! T 0HHUJ r~1J J-. ~t..rN fit ~-fcftJ t-~, Jitf} 
EEl'J tr/.ttfiU:~iJ 11HJ,):f32E,64E~, :trr~"fi2 0".JEfti~g,, )t~i'fU@1l'tr*MiJt, ;f,ftt1 !~ ~J};1g, 

~~m~~~~m~ewi~E.& ~~~~m~~~~m~eoo~~m-*~Errak 
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l~IUJ::Wif (common source) 8<.J fr~ mo :Hil}f; U-::r\'3 H{it [5_{ ~J-'.J I I I tr:H~ i':tnmg .QtJltBJJ-tJH:~ p 

Sel8c: L Gt.a t8 Cu U ,~4t81?frMl>UJ10~~Xctt~1!fil5t~U)'i~1,Jfm:5l, rnJ~.v'1Jfti!f}Wf1flHI~~ai'1¥dk. 
1H1t;t:'N JU .5¼ o i~ ;!'¥':It~., (EiJJ:'ttf;t]-L140 ct1 -t!::J -ilit:~ fl· t!Jitt~ti3Uti/,: ,rn, t~~ffitt:Miif~ 46Ji, ~'ilfl't:*fttiJ40 
i'!J -~ fitj·_, tr: $!JHitU11'. q=: , Ulf::~ trf [¼t l !3 m ~f ~fr'ti M' ftJ q=: .&, j~ m ff'.)-~ 1§~ 0 

[0054] -=f~frN",[x· :!JrlJlJJ~fr;fi!',f~ti110,t1 0] ff[S71"-[x ±!1~, -=t-rlfri'.#ii>< .ltJ!l,1 ll}Yf' t&1S fr1l }[11~ 'I[!fr tit, 
ttft~408t7:i;trf;f, JtV:r i'.l~fr;t#,J'~ 8<Jt;1it1J, ~~fr'ti~t~t6J Jl {ft§faj 8]fi1i ¾1, tr: fil1rtsfHS<)~4 i ~~frT5(1 
:f'.t1 +;;14nJ~1 +:$;,LY.11• 1:Hi 1fil [· ;g- '@, ii f:t,', !:'~ F;J.i J' 11, Rlf t;J, "~ ';'r:r~ ,ti$ ::;i;e4-Hfj'·l)i'1 ;k4:ltt;;i;i;14,o+r1+1h),¾;Y,, l>< 
,,,.,__ 11' :i - - !.::i:i-:A.W'J t,,~------1........-- -~ ¥ . .--...--1::c:1.../~-_,, ... -t'.:l~;.,-J's-;,.._'\ ± i L_ .. ~•,uf-1- ltJu ~!'"---L....<-:%!" "--" ..,_' !/ !.,-,,,.~--! '_j - ·T ~ ,/! -'!)f. --~ 

nib'cil r:+.1 □-'.-Jif,i ,t,101 f,".l]i. (f}~Jc;i;c/[1 t''[14 0 f:t{,~tic :,:1.44-¾ {'-1 :i..-.,i;,j;·l-;l<_:I . ·qi· Pl ¾ ~'l. ~ ,N :'7, f,':'.~:f:1 M.1 1.ljjl tm pT -'f;J$;f 
?\I..,_ l !-I.., .~\o'I ! .'.) j.,__, VJ-,.;\, I/I\.. --! .. -1:'.i-0, /-:0... /:., ,J !~ ·-. '':J ! t _, /'\ /:., r- /?--\ .-."7",t .~v I>--•, .... !-- r"' ' J; ~ _y..~~ ~ ,' ~ ---r--·\, 

1t :filJ , i1 it !filJ %!, !jQ; 11E 1f J tf'\J r~J. ,g· " 
[0055] 'i'='Ji]"j-l¥-ifi,f,f·L43:w,: r/t Tl3{f-f~,t f:,( :cyr!T 41 r+, 1'.l't-,m+J!:lfl1:n 4;3 ~ ;!, ?t ;iJ.i •• J,,. ,t'i:/.1-f(f1·· ±i:;ff:_¼;J~ .J.f V .. _J:.. .... .111~ /I/.~ -1- J, r1 W ;>',j l , ~, .-"l.!;!,3:..-... ,., ... ~.., u ---'---~>' ;I-.., )-l!;!, _tE: t". 1X ... n T :J __ _._ __ ---~ 

J~ , !n J- ;3 ½ ·-tl ·•!'¥CMOS~~~ BJ :I:i J{ f¥1, l7i':f~ , CMOS f¥!JV-J :1:i; J+ .:t ~ i1Hili J 3D NAND ]'¥{it ~i 1'f' tf'\J 
[iff3'!j,f~JtfifrJ!a8¢JEl~J'11-,fJuil11vHI# (page buffer) ,nH1\ri,r (decoder) ,l:Jii# (latches) ~.t&. 
Jrl:fil $,B4f't¥, NJilH~M.rHL4~~t;,U1z□PT U Ef3 Ti MwW7t~Jf; f~\Z o 

[0056] E£1 -f-?:'EllfHftf.\f)i riJ rf1 -l!si::i1. J ~BtiHi?. ilfiii ~~tfJi .:Jt f-15Jr{tlK ±¥UDllfr't:'.MditzJ~i~ r~J; Jr, 
t@. iff. fJ r1~ 1)} J9 ,t ft q~j !~ fn m 1-t tia JJ ~l<J tit * , )A rrri hj T 1J! Jill tt ft!ll tL a10 Iii F& , i~ 1if §6 ti:J tr~ 1J! :iill 
J};Ji\•1 .J.'.L-1lff ·+-Tl::'. Hl,1 ;ts: l.1'-% '}~ ,f1.i.: rm ('1\,1()~;/f: t;-r1~1 1:tf:l'l'' r:J ,Ji~, .r. ~rw -tr ~](r r -fr-$ 1~\i- !:htj: \::Ii .f;l.. >Isj,r'/: I;,.\ F1 
.J.,,. ..... ,L,:t.., ,_,._--., ~-Y--..,r/u!T1:f=:1l"i°f, jHJ_,L_l_\.'-._)L_1•F,!--lJA...L,o">{,1_tj___¾ j !HJ.J;:,t.:.r--;s,_'_J __ _J_~LJ.-=+-::.1 ... Al':,...r ~-J.JJs_ I t=C._t_-_1._,L-.. 

ii~~ Q 

[0059] 

[0060] 
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HE11A~J~tlfilttt:i!W ·16:z_l'8J, ~J{rJ~1~ i"·~fi'tlf; fRJ:gt41 1cjtJJitttif~fl{4nz f8J ~J~::'2'!'8J n1 r E lfJtr'/.tiJB'.f 
ff:.:}JX:o 

[0063J r±i~3ttftiiW1Jtp, i'li1H5tR: i~:Jl41 itt'~I !£ TmH:M~t:lsJ.;t;t_faJ, icl",\tt1l1, i~-1' R: i~;\\;~ ·1-1~ 
;ff {i# IX: i'l~ '~'. ll , 1£ c& :Wl + rfl'1~ IX: tc;Qz.. JFj· , ·riT ~~ ~ 1J t£ Jlli ~J, J}, ~fr t~:ft'f'. t~ 'JI tl:\ IYJ f'1:iJ ~ , .'J;,1 ll-t , 
'[:f:z j(/,)- .J:;$ !,l,+J·1A 0(1I, 'lilf /1.U /•k.1"" .i 6c.[l. -~ ,1. ,it, A-{,,,,., i/s:i. N1 ,, •• ] "l· .i,·: ......• !;•,+-h l ,- +:cl" th 1;¾/,>cJ ·tj· ,/',._l.,llJ.f.•.\-: 'YLlf'> 
✓ --r-.1J: -1~tt..=t)]'~.~::t ~-J'J{l]J ;;~~J::r:~JA~l± i.x._~~/~--:1-·-=ef!l=I_ l{i3~f~:E3 if_~1{.l. : .l-A, ~ .. .§¼r'~ 1 ~~-1:-,1-7!", r ,'iJJ;J:'~tk:1:t-"J?, 

' '·,1 ·,; •·,rn·- .,,,- ' If'. " L" -J 'Li. '¥1 •• ,, Cl/ k" r··' ' f' • •• /, •• , r \. t'/i 1··- •,J· • -tilllb ,, ,, • I"' ' •··,1 ' •• / t 
.,('.JflJ trJ !flJ ~[B y_1. :.,,:J-: ':t..>I1+ '-i::l::'8Z~~1. j~Jr,1.'f, ><. t!Ji:,/"_}tr' i'.f-t"r)l i~JJ X. J;:,¼41 Ej 1)JJJ ;J:;7-J:-!; ~M 46..:"...lflJ J:1:Rri 

;fFtt t~ "~" [WI , ~JJ0 T ii iJA f'.r1 tiJ fl<.! n:; Hx. o 

[oo64J ~1, m~.15:J . 
[0065] ttk~~J%i.fy1Jc:p 'i%tM:i?fJ.f-~J~Drn{1:J~;i::1~J t't''l ,~ii Jr J t§lc,J ~f~)ti%/f;;fl}j,ff:;03 0 

[0066] ¥~~3Wr~ ,}-J~ l rt1 '8,s:5tl~{ ii1orJ<; ffDW11fti;:~, t2i~~rt1 ~ Hi T~frtMiftftj~lJr'.f"~ 
5H~J~~fl'frl\'l3:, {t~~rt (~ 1<:1oc:p, ~-1~~i"k:tYJf{t.Uill~5}f;).t•••~~35t, ~~~t,tfflttHtfJltz..fnJ 
;9~~:y~ (finger) Zffit li, ~~fl'fiii [::,<: ;93D NANTltff~t-1-3)LJ'}g[.1"f. 1111[;,{i!~, P} ~..(H2rff ~-'J'"J~X: 
$,•1'-fr,Jtk{J{ift[X" 

[006 7J H0r t¥~ rR :w,Jt41 i& ~ :r 1:;H;ittt :t1J 40 s<J xt ri~zt1ux :ll~ rtJ tfflt~~ tcr ~JJi: z fRJ , :5'1 ~ 1~1u rj<J pfr tiMr1f 
¥:J ([~] *iT~ IH) 8'.f k§J1~!l¥J f!xftFF 1DBH1~¥:J 8~ H~JJ~" H1.»:JtJHx, hVii" tillJ.:fyt41 r1i 11~~ T ~~{J 
fi~r::r 10s~ --ttt(JXt:~lUYi'x1·15ya,gf5J} t!MtttJrR}1, 3tf'f., ·qr tl wir!½t,?:1c m1fJ'(i¥1 Jr,fl-t;itrx t~, r.Htt 
%Ji~w 3lfil1~mt1L!J.3' tDxit j±j. Hlfl:'1".~~Et(:/ icJI IB 'ff::f ?'Ef§fl"t:5f1Wi1~1108'.f .:S ·1irn-tB ):) ri~ WITT ~t~' 
1 ,., 'N r;,·.i.,f, "i"J, □ /. ',f i-0·'#.l';::l 'c.1•Mr:0-·v1,±y..,Mrva l u:· -\'''~h•····.1---"-n', 1+,n~?I t±:;f~frZ 11'.J ~)i~' t,i fl: 1i>j - l'":i;~ t.>S.;t;rr)'.)J -1J1.W iH !")I 1.%1-d '[L~ iH ~ ... ,J~ .. •. 11j)J½lf1< >./~IX ,.')\'.,I:]~ :Cf f_~ 11:J 7 

ti\ ,J~frt,tj!j1R~!fffX-DEC ('f-~ifolifli~) fJi.J i~i:t-t~~~tH (zigzag) Er'.J 

[oo6sJ ::i it fi!J =·-

roo69J :1t.-1;7,,. ~,, r:fTl.'i P"ti'\'d;t/11[f:ftJ:i'1,}'@tJZ~Lj'jl:2::f6m:Ji r1<1r:xbrtt i~;tr.:ri y-_i,"l''~toi.::i±:, f/\J-'~ rf·r1(1-\J11·; 
._ µL_ )7,Y.._LHJ_,..,..-..i--•..c.J___._,.-~...,. '.J _....-..._Fl#J....._}J .. !i.-J>.,f~,..,.;,-Jl.-,\r ... !--~".'-•\jJ_'./, -r✓ :I-'·• ut_JJ,...-'p'W/ir"..J~~ 

.f-fr ✓ a. ,!;,, 1~1 ] cfn [3tl 1 c...- - f3t7 , .,J. j7R.' ] rl·J r- H:] , t'1/• l=' -~·17 '-/, ...L. foll.:] +. 155 ·•-- Ne r- , (' ,'.;, /,-,,· •••• ·fa,; (•+, Iv q (J 
·r:?7: ' ~>·"'j <i TH t-s1. J'!f 7F ' '"" '±.19 .''1 •·r t-><. ,1.:,!x, . ! 1.1 'J Jc1] i'n /JX. A Cs ' 1±. '.,jcl -ff I f'F1 t-><. ! .J ,t:1 _<;f, -1T :lt! i~ ,) 

zi'aJ iQ:'~.(cf iffi1L% fix ix:zo, Jfi • #f~ ix 1 o ., iffifL%r3x B: :zolD% >(c;fitt!X Jo?Jilit~ iR I5z1~~115, 
Pl 5ti • ?:t~ frfi R: 10, $ : i'dtt , 20,H:lY§ ftJ},:ltE *l~ LJ & f ttl1't ,~g ,t1 ~Y'.1 jr~ru:JL l ;~; :ifil IL% n'.IZ R: 
20'@_ -m 'Vl1t t?a )~ f□ t:\ ft tm ff EfJ::f!HL :bit it)~ 2 4 , ~ %"~ :'iffi :JL :!:ft '.'fl Jf :Z.1 8~ 8:\j)TI tl film IL 2 ti ~J &Jf!BL 
J1!/I½:Jzf f't'J fITT1J@s'L1. ~tJ t~}tt ti 2 2 ; * · EHifi fx.1 o ~f□ * : EHiti fx. 2 o r:p m '=J'. t~ H p'iJ ff,J tlfil t~ t~HS'.it 16 o 

[0010:i r1,111· r-rMt1x: 10, !-+~ .:r;frtrx201:r+t~J'J1t1J:s½ ~·· ffiTTf}JJHIMt F'fx(r-JrSif:,YLlLf,J 
[X: 'A¾, ~.:{lfitf [X20Lt-!. i&]'[.t11llt~f;![~ftl6c 
[0071] ® fUf /ft[,:{ 20ti ·~ {f}jf· rHrl't [X 1 Oln * : fH~~ IZ 302. ['(j] , :'iffi :JUf }JX [X 20 tp li'.T jfr ,-~'$ 

!~7'~14,ff {l, 1+-?01· 13 ·f□W JJ, ,4J71 ~ (1-(·rHt ,f'.r- Of;·, 7 -{[ET ~-C;f',J,li ,·<\. ;·l·r 1'!1/1,"" 1[ j:{i: ,f'.r- [~~1 •211 ;,1ur Hi:-f'."'1· f;c'. ')4_S Jr,•(•" 
.. _.., ~ =J="l K .. 1'./~ ;-z-;, /!' :..~'-·1,,._;"f:/J,,_-'\ r--1 :J J'.1±.L,L, /:.; ...., ,;1._ ..: .• 1-1-1XL, . _., ,y.,.51,., .:1::: .J-_:J~ ,;.:,., - I}~ .J .... .r~t._L ·'"'-" •-· ... :r , " ~n 

Jt~RJft.: ff t!Jlcil i¥J ;~:fi, i.~JLJffif~: R24!'n 1~1j~ ;jt~ttR22, it t-~, li:1'.U.ttfltt.R 22:J(f JflHL)l 
ff ;~ 24 fij fl' Ml J{J; ,~ )~ mi ~ij ff , 1± .il:H tUmt {t_~ frr1 fi;'.)t 16 :[zt ff fit [;{ LfJ Jft ''= :ttt ff t1r :tlP: ~'J , :~ {L ff~ J& 1x: 
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20 P,] iliHLJft~J~241J31;fH'i7i O i§tgJ~ 22j;Jfr fijHf4' Pf u.n-$-J~ ))½$ f~t,HtJ, f,liji~rJpf lJn~ {t 
, ~ 1Um";t9JZfm ffJ a11tl:l.~" 

26, Fr :~t t~ft!il :fL26 JH ·;· -'J ½ -Atf CMOS rt!Si'rtt<J ;t::; }\· iti. jtf .Jl o 

[0073] li:t:>1~, -~ ;~~ fU T Z:: Ef'l {le.1-t, :@;:~ ~l4Jfi ,J,, 1±Jt ·1'Hrt~. 103fPJj'l; ::11¥fi:~ ~.2or{ 1 ~lJ!i 
if:!HLffJJ,1)}:(R20f1J l'\fH}79{Jffffi~f5<" 14 oftic~Ai,i,frJA:,iJlliftiiJ ijl 'V{fffti [R 14:'/s ·-1'-Jl'r#frtix '-1J 

:,~ Wi EfJ 11Hi~ i4 YU r1t lR ±.,,~ H , {Jj 11-i~ lK 1 4 'EL J=& tt1 fwJ ~l<J ?{ M'J :l-fi>fig tJ, .& {{ f P,'1 t-ri>f~ fJ 1t1 fl'J ~t l@: 
-· ~ ~ =c •_., .,. •• Jt. IV ' • r '·ff· , •• 1·- , . ,, I I , I " ~ ~ Ff¥ ' •• • ' rf' -\-': f I • ··1 '4 7::- Jfj ~ ·;±,· •••• • • ., •• ·ft ' L)5. {± J- ' 1)51 ff 1 f8 L)S_ 14 Jf / 1' Jtr fT ri ':'.Ji rJ,J :II?.;% lx. !l iv: t-lt iJ.J. / hi , fil 1 i :h .' I ' • t· ,<":t.-it Et'J ·ff 

fri C 

[0074] ~r±· ~-_,i;;'cl::lt"," l.,,iii) rn, ~'ft 1•t f'._fii !<fr r('.~,'.?'J- 7'/:fi'#, :,x ;r,J_ ffl"~il'i+;i;:#,"1:1'., l 'X JfR.\'b &1--r'"f .:tlc. it'li 1/b} ,fi,.:'. 1·f1, i,f ,!J,, .. v..,,,, _ _.",IJ!~~.,,_' 1).[!1.,~---*U,,.;3-.,.,.,_:,. ··-/1..i ,a,.' _'.J.._.iJ21:LA,/~.'.:t--- .,,-A. ~%t'r,~1•-'-';, /l'--..,.,, __ ,.-_--j ... ,,,_.::.,l"'~.-\Jl._1 

~g~-~~~~$~.W#~lK~~%~#~~~~#~$~~.~~~~~-~~g 
(fJ .ifL~ JJ1 :_f Ff :®Jt ffl1l ·f L fJ'J lf r,~ , i:.~ ;fip tt t-1J ~fJ 1J! _ill :J't ;M1.fLf[3 f"'1Y1~, Jl:{it~ ~s {'f lciJ CMOS ;t::: it (f-.1 Bi 

11, n ·:½ Tr10rJl "tr(rJ I z!At(iX, tftiilJ ff:: "':§;fj,*;~£fj ~.ffi'.)JS::fi'.(rti'\'iJilfl.i, J~;;•t~Llt~iftJ~JHi/l~EJt 
fixiJ! iffi:rl:ffi!t!TL' :fU TT z~~ £lJ~fY~,,1;n~fix!itfPl~~MJt~i 0 

[0075] ~af'g,191] [ii.I 

[0076] ;iJt~tv81J, J2E ~iJ P), {:±Jlt~ZJ M°f [X lO;f:tl~ :ZJ (it[R :JO p1q rl?,:ill:~ }±.h1:'t"Uft l.~1iM1JL, 
J;J. F>ltWftIT!t#i:'Ef:2¥ ·fl{l:#[l lo;fn'.$::::?H~ 1>(30)1.tt ,t1 l't(J JJt imJimHLBSf;1f tiJ, l.:J.. ix tthi ~ 
J-.~~Wi t,u:;,: f@l 81J $Yr, ,t§ f@J 'ti11ft ;Fr,tJ;t:l1o 
[0077] ~:~ [!fj UfJl~l 5f!r /J\, l~I 5 :19l~J 1 ~t1 t<)'.!¾21 in ,~$JJ!C.*:l~I, [!fj 6:Jj~'r'-~Yit Wtl!N ifU II[I ~ 
;tf;/ jj~ lt m , Jif-r l£Jl'i ~ 1¥1i:/'f lx 1 0 5i'U J,jL..:. f?(i:/'f [:,{3 0 'el Jfi : 
[0078] J~tttS:~, )3/j-:12ftktttS:t~Ifiltl~m'¥~~-,ty1t1J t&l;\:t~~ tff8(} 3l";~ l'><:t.-gxl 10, m=rR ±,j 120 

;f-lJ~ :_isui1:10; JV+1 , 

[0079J Nd£*=lK:i-~120{,'.-'.f fiH~* -[K±.~1105f,um ::fR:qj130~fBJ ,fifT~m=r;;r t;\:12ort1 

%Ji~ ff E'JitfitrJ§#JjJf;l60, Fri ;1:f:;,~~j}:f,1 GO Ff.J 8''1.lJ:!::itt~}R l02J:J il!lil'i~J llf~ Jfr:,*B<:! 'ft 1MJJJ;~:ffJ 

~ 1tWJzl, »t•i fi}i-~t§.~/i(}-:r, p;j s<J±J~:lt~ Jz{ 102B~ ff1:!Jfifii4l1L 162: 
!0080] fif·1-;,~:0t1, i"-17,] E'(J' hf- r1f1 %S •••• rx ·t •·1l·1j'it, 7,H~ ---• rx J,l] 1 rJ i;ic->.:.::: [X niit] "(1 1711 1:+1.+-,'1: it"¾ i=='. ·f:1 tn 
.. I, A1:..✓ L1...-,,-,J\. T' - ). 7 r-1~>1-1-------L'.'.l. w' -~ ,l¾._>·r~ L:__. ~~ _.\ '\_,..-'f~----""--~-'"' ... ,•'\J 1),.JrJJ,J;.,"'()tl:--.:__a;;z,./..,'!tl 

Tf !'BJ ~1l:'jt{'i:~ f1J 'fiB~ 1tt?.lj Ji!lU~ ~ Ji. , Tl)Jii s<J )1)y~ ~~ !:i! 7'JTJ;j Ji~ H<;~]JJ, J3/rJ2£:m; • B)r!]t 11 O;f-P Jt 
-=-".lR:ll:¾l ;3ortJ Jl~f& rf i~iHfL l 50, 1ft ·ff ±.,,jH 1 03fl751cL~.!R +~1 :10+1 (➔<J:~:t~t~-lf~ 79,{J~ fli!f :i:1t~:f~: 
10081] lµn0{;:f-c'R~{b· 1 ..,(i J 7'.l-,J.:'- '-'i-' :+--t:0tl, 1t,E,;1;"T, 1 "(' hhj't(r·H1+<t:,~ p ,_j:-1 '- 1}J)J _:~ ..... J~ ~Jr.. _L ' ,-... - ' 1-, i.X. _EL f_ _ . .,,Li ..,;1',., "T' ... _ D )7 J tJ 'J .>j'\,_.1-t,._._fil.,L', ' 0 

[0082] ?'Ezls:itFifj¾h~/&Ll 1t1 , !ft -[K~l 10-.JfL:[KJ~~l 20H1Jofi:::--lK:IJr)tl30-l'E -·1":l;/-~#fir:tlK 

't1 , ·1::c: ffl1H'+~.x (word J ine) 7:1 l1=iJ 1:&" ;,;,~;f,W11H)'J , (tl1, {(J f°tJ:t1t~J!lA n.ts rl fl) fRJ1, fft'l'iJ.f :Ef, p;j, ,,~ 

ff,] ;ioft ,fl J¾ (f; H ~Bi JfS:: rl ◊ 
!0083] :f'1'Ji1;."4;Fr.[r-oo rh ~1(1 H, j1J'; l,;c'-_;, E/'1,1 'i_f {l,,-il-01 b,". c;1'"tf, J l· !f,J-~/~ L'f-i:Wt ,~_'< 7'~1 rn .-=i:::.:rf;:; c;jj: m 7tftJ;i;:~rb f[ 
- ✓ -~,.~ "'I' - 1-""J 0---I., .J.j\;, ~•-.u. IL--,, .:.I , \: , 'L,·f,:.., IL->. .) V'~\ 1-'LJ ,-'/J ~.:,.,,I-.~ r • _\.:_-t.., -:.I ftj ~ ),,.. /.J,,,-.... _-,,,...._)..[!:.,.,LA,,,__.\--. J 

, 62";! 1 rv "''' ·fff-;tr\ 1¥1',ch 7LJ er; ;c, 1 [,-m-s;,; -f .1.1, .1.rc1; ~ r::1 ff!-;,:,, '·*i."'-'LJ ~2 rn T- 1 • n ic:i ~C''IO"llJ Q-7. 
1 _, 11'.J J!:~.J.-~,¼, 17~ At!1x,f-]:±:{·f _o~:..I/ JJ:t J.tI~. J;;-t-:._Yw :1=-=L Jz;-;, _r,-1, J.t!ii~fll~H1 , _b _, ,'-tj .J ~ _}J ____ • :f=.i:-Fl ,:l1 

0 t_.,.r.ttr 

ffJ t )\· El! xi=Jt) ~~ ii1Hi~1: JL l 62 fflj ft~! PJ ~J.. ~t] Ti/Ti N .-¥PW* Ji:- ;'1Ji; 0 

[0084] i ! I T{f ;Jf1 :[5{ fyjt120i1 W '~ J tistiff:!~160, J!1-H:it~t~rf:l~ 160~:ij;FF Fl ~f:n:FFjJ,9<1~Jfr,-~-; 

r.~HWi tur, tf'.lt1J:f i 60 p;J 791;tftt%Jz} ~fli?,r{ft!JMf.~{-rtJtktf:!: ~Jf1, f;f,'i:bJ:fF i 6M~, ~Jiittitt:J:~F 160 
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tJ<:ti1t):2 •+1 s<J ~ fr~ !~1§~: rn: [ fHi-t f)$ 3'Ij r.y t~ s<J 1t :l;it!J: , lt}ijJ fif .faj 81 fft mHJ,:Jih 1 L{1'i + ~avrrf M; 
~~1tri,JC1v10sE:1~B{J IUi, Jl.~ FlrU F;m i'JB{J T. 2:AlU&, it} JJiJ•~'12=1±11ifi f~·s<J p~: I:~>Fl£,~±@iljmj§', :t 
~~~~•*•*m~~~~~~.~+I~~~~~-~~~~~m~. 
[0085] r1J ~:J 1HJ\ll J4-11~rfJ &i+r\si .~, tr.·~~811:{,'@r.* clB1:fE2l~, tt: ·'1--1}t±&ltJ :!tbtEWiJ 1+1 , 

'lf; [1-J sfrrr /j~, frJi J£t"i".~i}f 1601& '11.. +ts 11-'Hr fi'.J *H·t~0<J1fJr~:H~1~.:1::JsJ, N~J:tt~!l~illt~ t 10, 
1 ~1 ,-, ,,,., ',j· ~~· · rx t,rt' 1 1 0 ;,,:,• • r.x' +-;r+, 1 ,-, n 'l'q 1c'i'f ·~ rx nl 1 "0 r,:J ,,; A;, it · !:ir~ *11lj {d" f~ ~,i;- 1 ., ·2 n:: 1''7 • rx ti' , c.,.5f:[_;:;r, L". ,,.~- 1,5r, ___ .[,'>.>~)'" c.,,.,T!-l_,t, ..... [/',.• .. J'.. ,) ,_t::L_._.~ Fl ff,1:i,j.,J<,-,@:'.PJrt I ·1.,.)f, ____ .[,".,, .. ( 

12o>'l:Jl~·i'sJ rf'.lr rx 171 . 
[0086] tf it'.1'.t(iliWJ ,t1 , ~ i1:~*; -[X:F!)Xl HL 1c;1'L:[X~~ 120fw* :_ [X t:ti 1 ;10~1<11ijjlf&fr!!lll{ k'JJA 
Jig#J]t~i.3:=.tfX~, ·t/2IiJ IJ).~Jit~~U,gft -[Xt.r~l l0*J*::::.[XlJr;'.l 20,ii:t#;Y#~H]+t=.fXtl3Z 
130.f□ ?f; ,_ iX J!;!Q iWffd :(£:sfL: ij ]2(),$()_,~::tf j's] It~ K l 71, ft.:; ~6Jifr:j:;, -*tfitt:ttii!itt 170r1J 
1,1,; •+--1,+re•·'·< n -'."1L±illlb~•-•\,.'".l;l~2-1 *1•·-,!>ki:;:',' _,~, ,l.···..-r•I '' T.,__, 'llil'+''-:¼fi'"''·' '' *1•·-11,,e,-,,, 
J::1-, /-]J.:E,:¾; _I;.) ~-' Jj ---' j,r~ 1)~J ,;..:,?c;1c,,p)J, I' ,:;g fl 8J 11';1 lfJ r;~ ¼' '·Lfli flJ ~:J-,Jj ~,;~ ~1i»J ,t,v.; "!-£l'J'r. J.J7ii fl 8 l's/T iJ,J 

[0088] i~~, {£Jt{t;Ji~l'f1 cp, tm [fl 5Nr5i;, nJ lJJ,:l~t~f1fifi [>{ r9 f]{J tI'JJI ~\Z:t;&;~~ l 72cti!;l{i"iij;J,N!'elJ 
1¥( ,, ' -m· r'st l+, hf''' 1·-- _, 1•··• L1h Hlllt.e '·','1.'l-!1.• 1-0 'fl \>'1 " •,:-'+''-,ill- rh :,,; '+j.;., -fc:f'ci;l ' ___ ,f f,!, Hlll' L> f.'/y_ff'l' 
wT Erl 3,J. !-:i=· , .1<:'1-l' Ffi x_ ./'. .. ~IJ 1-1 •J 1:iv1 fa, !Jc[ !>Ji'{ i 1x _tJ .. /:-J n ~,J: 8:1 Ii~ 3f , ;ii±Ll~-L ~,ff tr; iX d I]',/ •1Jlii ~~ :s:t£ ~!R 

172 01 i'flJ ifi [R l Tl ;i1J~ '1--J3<: t?f#i !;;<: ltJ :~tt lt :r!;rIUk T o L~:;¥~ }1 J'tx ~ '.!J'VB'l· ~'.J ti11 ~1cJ tk1t r.1J ~v, ~ f!Jl 
J ,;~~:®ti ~lfr L'J K 't: f;] ITT Ji t:t , t;1i ;j;jJ fl11 i'j'1. El ~ +· 'J; t~l , * .~ f!t E,E 1\';1 o 

[0089] lit&~, 'h T {i+T z:iR:J-fft1.t. JL!I,~1JL'J.{:rJW,~jS<)~11 O;fLl~ : Ji, l O]~jfr~~l>U~ 

120 ~j itl t~ &~ 5H'<:l :tt::ti ;g, ;~ rt1 &.i'. {jg fz~ 3rBl 15 2 , t,1, lHE\ tf,J; 16 o >'~st m = [;{ ~;. ~~Ji,'¾, ~ 

l{J ff ~1~~'.ajli:FfLl56 ':tk~{n;~if'HUt+m j :lf~t&:fHi~li1)r:, 0 

[0090] ~t;tfili 19~.TI 

[0091J xtf;t~ft::uJ1 '.;;;~Wu, rtf~J?Jl:1'+·-Vi 'I.; ~r~zt, ~¥r~:"r~d->l!;.~u ~Jt.8"01tJH, nr u, 
;i-[[1!§Jt t'ls:s;_r l!stH Jtd~tt~r~ s·~ri°ittJ, {L·ilt~i:J1tli {§!J rf1 , ~-~ 1¥l6lf;j~, fW:l£~!!£~-1\1im • tt 
fi300.&* ·i,tlk{300Z.J:J;_r,HHt !~400, j} ·1~11~;300•+1 :lf~FJ¼ f CM0stiin-ft_lJ~ (liJ?K;J~ W) 
1)1 p, ~ ---- F rc¥.f:LbJ;i·{()2 - .;c:!'J i:E'#it :1i ~ ij -tfO- •fi' J.rl 7.if it fi',:'LL,QQ0Ji,; ----· if fF,¥:"QQtfi 6~1 Jfs ---- F Tfc¥. ~A,,-...>,....;;;i~: ___::_i_J:J-7\..-t:lT::J• ,}J:1,.1..!J.l,t~,~_.,·.1'""").LL .. Y .. W,.,.,-,1 __,,1·.x-T~,h•.t' __ t~-5f1 ·r1,-c;,,t'-) l 11'.J/:;{,, ___::_i_Jf1\ 

~·, ¥:J:102' ·1:1r iill~~:EtL Pj' i;:J ~..t.i*-:~t Wl fy!) rf1 E1~!S)r,tM,t~f tt,/Jlr1ix: [f,J ,#frl'i [X +J Ji; }JX fJ'.J ~#Mf [X_z. 

~%~~m~~~Rcp~-#~A#. 
[0092] T:Effrjt !'.rt ·l1 J~300 rt1 8 i&J~f1X: TCM0SiH1= 1ttft{) L.:J.R.:Ei.lt;:ti1lftJ, itJfi • 1_LJ};f.Jili .~J 
r1J tH=ilj',5:}~ !fl:£' -f1f;i;tJG J~l tt TL' ;~ ~ J~ ' itUffI {£$ • ti ltst:t bfiltt ;J;t,HHtJ l:T:rt m r& i~ g H 
Ht400, fl,M:ttJ~Jtt -zv HJ T ..t.:~i'Jfil~Hi= tlJ ff%.\Z, i~>'~ i[H !F~AOO rJJ LJ;9 $}~ r1~1'.)~ti1i ;ti;/, 
1J1Ll :/ZD r,J LJ Ys .~ J§ tier. , f~ ~§ fr g.Jt i)'.;: J§ fr t5 i:;, ff~ A;1- (J{J 1:1: rrl o iil • :::/7 Hl1, t1J 12J, 1:'E EJ f,'fAJ¾: ~ ~ (ir rx: r& 
J1@~1<1 >'~ ill= trt fr£ (i,,1 fX ~ ,ti i& ~jf D 4 02 , ~1 {!¥. f~ liX: :J; f~ N Jl:Uifllrt! JL -~ :11:!Eili l+~ -· IIJt'H6 
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tf'J Siifl' 111Jtrn1J ~,l n •;/ -W'1*f•UE£' j;/±~tvii-~T i;'), e,tHtfr;Jj~ r {#H+~it1ti'rJH!i 0 

[0096] {E -@~t lifu {}J r1 1 ., ~~%·[-t]6fiff :;}~, ffrit~!iPJ l;J i:L1i3iff; -ttF~~WO:,f-U ~ • tt )E£:1001. 

trJ :5'r Mtt Ji400, ;~ ·t,t Ja\~WO rt1 it; Jix I CMOS{#H't'$.lf6 ~J,J2:iff· :S:.If~:f;i'f t~ 302" i~ 11~ JHt J~ 

[0097] 3/g Ifflf-t-f5-@t ~J3jt~Jl:tHimERJL, !f,'> ~ 00 l -7, :ifill:1f I i;J i~ :5_l;;5~: 
[0098] ff:YUUtHlAOOJ·.H%'.ltJf ll :\02 'Nr:itJf [L7.1Atl. ·; :cf !lfr.ttfR:lr)i(4 I A~ [RJ;t)z' Jf ll 1f 1 :fj 

j{i ••{¥· fr tin M t4 , :i!t • w ttir , Jf [I ~ xt )£'. f· J,j'\ • 1l {it fR ;j;ll 5}\ : ff {it IX i'ltr ~3 t~ ~ l 6 o V'1 titr IX l:f;iz , 
:gR, ;g ~ ;H f\17.'f ~ • r+flf [R ~[]j',r; ·.z+Mf [R z 1'8] Lf'.l ifil IL m p)G [R 2 0 0 

[0099] ff ffe 73fi{SO2, ft ~ J~_tyr; fj~ ~ ft fa; Ji.'cij ;5,R {tfm )i 1§ 1-i ['sJ b~ ~]~ t{l: !}Ji, :l{Hc:} Ji JV4 ti'S 

[0 100] fjJ LJ *fflir:i2Ur1 r:ii.';f1;z h11Jtz {;J~tii' 1t:Vl ft~J ff :f P mt {t !fto}i 7R: Jf0 fl½ ti[,Jtfi¾, :t]} ,M:J¥¾ !'r'tr 
~ij<{r:J;fcl+F,!11i,-."', ,'1·· 11',1 GF~ Hi oi-;, ,,1:1 Ff f;~ .:;:;::[·~1 .,,,:1•-1(-..:w: ljf,, 'i=' :Ft,?,~ .h pi _-1cJ"'1F 57 .,;~ frf1fr. J>< ,,± 
,LJ, 9<r,.T~'<'3Ji-"J J~. L1. /~ '..J;, 1 rtrJ 1 ,/ ,,~ ~ "/1-.;. ,1-fi ., u 1'.., .AA/, ... 1-rn ,._ __ c I=~ _ _}-_-:L,Lc,,, I _A 'L ,~_17 1 , .• ,1-13 ___ ., ·1-

),~ '~t'. .liTo if J I i 1 , r1J 1;~ ii/]..> Ji: tf ff:!-+ t] 7':r 1tJ :fl ;{ff (tr ~! • :Fl iitI rx: 1 o , :@. JL :M i1x l>{ 2 o :rn 1ft1 •. :{J (~ti [5{ 

am•~~m.~~~~mA£~~ff~~~~~ ~~~m.~mT7~~~~½~m 

sfJi1.Jio 
[O 103] {C~t 1~JS04, :r"E ~~ ff fr/1lz:.106t{_/ Jf 1ls.'. r.jci :fr~- fiJZ ?!J .(ij JL 48 !;JR /IJfr HHi ~iHO rt11H ''.f­
t~ 1nt:l fY1 JJU.if$1 ?fJ0d¾I {'zjit'0v1f'tffj§5~Jl44, ~'E\~Ez-44~JF U it0 ~%[!Ht, .ff Li ij!,ijrtJl}f)' 

t>f~~;tf,tZJ40:i?1f1;' M~ti'.ffi;~ p;] s~ [5f ~Jln ffYfr;fs:(HX::ll~4 l 0 

1tr·z=wHf~" 
ro 106] ft ;t;/A;-ff~ 1t1 -fe:-cl'F f-:t.] 2-'' -'Lf pT ·v1' 1 l1!:l H·:f -rr:iff, JL:U:.5- 1,1~ rx i't(J:fo& ~\ f.c;1. rf, ~ f,l)-,),r,,1":=z•B~ /·i"J-Jf=i1 ~ff: .. '1-l~~:., .. ~~--1"-' ,~'/ -.,!-::-,,_ ,).1,_Hj j·., ~•J1I,...,__;;!,~ ,ll;.,JJ<.1--------:! >i+-_j___L,,<.-'\ l /l;)1JX.:1- J ~.,Jtj ~,,...__. 

1r(1tr,.1t-e~l, 1M, tt:'~[~J.1, ~J.ll2t'~ -1'HvlrfRfflw; :11-Mi!X Ef'l rt:m :[R:tJ,_Jt12otr,.1tir>~)~rt1 Jlin>H'B 
f~ ~ 1 fj O O [2J i~ 1ft :ltt El~ i- bffi Wu ' §~ ti ;r:f ll §~ ti !i: fl<:f pJ i;; {:E 11~ m JL JfJ p)G H:y jfj: fr ' l;J f§J 1t I -z: w 
jfaJ ,a ~ J -++- ,fu -l'; J-iJ' '* .JJ=. ]!If)( t1 w ·\' '1'·1 - ,. ''E- ~L ·c·c I" ,Fi] l, C ,±, ~- TV •• ;,, "'J. ffi- r1J1 ·'h ,.;c. -,,, I'' TI, (,/. ',}-, '-¥, 

-:JA<, JT.E :-~iJ .- -~ Z.. Jtt,bh,x c 13'< ;:Jl'-JJ:'R. c - 11;:; f.J/4 It. :tL~ JH 1' r- 1J :.;, C:i 1~ ~1'Jc.: !~iJ\ 11~ JJ~·tli=t -r 1J'.J 16-J J!-11t _::.J. 1X'V1 ~1 ~ ;.g 

JL' :tf rt:~i1ittJ i:J~f R p<jjlj '{1~;tJ:W:ILJt-::f ?£N; i~ I z~ rt1 %r1x1~Lf.:,%~ Ff.Hitt 0 

[O 107] {t: .ttJ~}~S05, f~,ri'.Q.t;}HJ~~{f ~ijt, iffijjjlJi}i~~~t~~~ * · tffvlr!X )f□t·Mf !iz.1!-(fJ!sfri:#1£~ .j1,j 

,;f rJ ti t~J~; fkJ &'J :lit 1b'. }~ ti rr h~ :ti~ *1 ~ fk , ,011':!-~ JJ M\{.[!r,7-,] ;frJ '1- ft4M 81
] ti f± , {yi :r 11 h fil ;im 11 

mHl. fi<1 H::. .fix o 

[a 109:i 1'~t§ ,f l15J s1iH J'I. ·iWf >x, ~ir ;.:J 1uv-~iso4;i:rJiJ;;1~1sos ,t1 , jmtt:;r: ffcfJ ITT t~HJ ~ -~, 1r1~7,, 
~M~~+~~M~~ffi~~~m~~~-~ll~~lX~ITTffl~~~~ffl~~~~.~~ 
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[0111J ~~~tJ~ fwtt~t:Ef r-J tr'1:11t: ~Ji!J'.i~j,t~ !¥1: ':i~{t4m!#~<:I 1i;~, nJUjfil:1:1:~rJtH~~*tLl 
t~1re.ttvr; rt>18<:riii':J~, Il~-l:~i:lii1,i:JiT'81 !Kfa:.~ ,f1t rtu, j:1J::ff -~J!ilHll8"'1:s4fE, ·fV'JPnw, *% 
t/~ 1it3I!iffffli.fL,, 
[O 112] ff -JL[);'k:aitfiLl 1f 1 '~~-f~Gfrffii~' f;Jrj£c,~ffr/e111±f Jit ·H r~300l[l~} • 1,,j· J¾:100J:.lf'11/!· 
(;f *~ 1,;-;400 hi. (if 'k,t 'f.;.:1_100 rb ,{}- •@·I,,-)-f ii Tf ,, pT DJ. "'f J1'>7 7·r«'rt~[5( +-J-i 11lPl;'!:;'.; rt Fi{. l: 1 T!t /i'-f1,· J.f. .A--,:J1v. .... 1/l--1· ✓ 1-;-...- . l ;::_.,.,._□~/Fl. ,/ .--. .J _.., /\..,.,------'-"'-" r1.'!>'1J __ ~~~,~--,I,,..,\ .,,.,.i.X.:L-~_':A1,,..."..71· · ✓ 

'•"'a· rz :fr]_1'1'.r, • :li.(,""u rz d.1 l't,J, f<-/4 G'J;, J;~ ::J;r 1]{1 rx :l:i' ~fF n rl-1 l"' c;';: F )!,.I r,11 i<lJJI. ".$; • ;,,,,- ri'<' ,_j:-J ff5-ffr' --J7 1"lV\(\S 
Ii.:- U/r~ _.,.,~ ---~·1..J " u , 1-1 ::.LJ..-,,J" 

7 !'. !Jr .1 l----------- .... ~, ., , ,-. t t=~ /LI ·r:3 ,,,.-..... , ·J 1 1, :::,r- T...: Jh\i , /1,,.. .zx.: _,, ,~ 

,.,, • '"] '" hl'----,k-tl-'-qR-lil•-L [ Ju---,k-<&tffl -j-f---c]l·1lti 1-'-, 1_· ,I[, ,--.- f·-r+"~'--1'+±;-J, I "" --'-• , fjp,--c;--+ 
Lv ·: ,J !11;';(\,'P- /.X. '_n 1,/S(f,ly]j- ¼fL .~' IC:'A'-JX. 13/3 -rr 'ii" or~ f-E-J ~ JJIJo i:t:· rJ /+'-'i'IJ:!.!.Jr)G,x./:\. /\. 11--.! '{±-'!' r)c, /2'~ /f'-

£ 00 ~ffi ~~~ m ~. ~0 ~~ ~~~~~~. ~ ~~£ 00 ~ ~~ffi ~@~ Ll ~~~~ffi 
[I~ 11". riJ T~ llil Jc:JIWo 
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1. -;f~NANDf¥{itff., Jttl'ZiE{±r, 'ELtJS: ~tRmtttt ,NA-'JD,$ '~~1Mu~;fO~fzmP; Et!m; 
Jifri£2#~m:f1.~'E1t~~ -B'1.zls:m5f-o~~~tm:Sc. ~t11'1t%n\ZA"J-B'{.zls:/~'@tf1*1tm; Jifri£NAND .$ ;f-O 
M:i£~~MAft½~rM:i£2#~m*ttcpITT-B'~m~ffi~mITTffi-~~LM~m¥M:i£ 
2#~)itittt; pfr:i£~flw # 4:! )i1ill'iE?fr:i£~~1z)itittt 'ft-½ Jifr:i£NAND * Er'./ ffi ·fzw ;fOJifr:l£;;/--!;~ 
fij!l!,8 ITT %-flw:J'ifff!I!, Ffr:i£NAND ,'f, .fOFJr:1£~~ fij!I! ,8ilUiFJr:i£~fzw-B' Et! m% nlZ Et! •tlfJ!tl: Ffr:1£ 
~~-B'Et!~ITT-B'Et!~~~~,~~~~~~~ft~~crITT-#~$#ITTffl~~n\Z. 

2. ~o;tx.;flj~* 1 JiJr:i£ITTNANDt7{iiff., Jt~1-1tftT, Jifr:i£~~83 W'J, tit, ii, t}l:;f-O~cp m­
t~ mt~ ;f~ i't<J i§. ~ ;j;j;J ~ • 

3. !l□ tx.tU~)]< 1JiJr:i£i't"JNANDf¥1it@, JtN1iEftr, J1Jr:i£~~if ~/'J~, t6, ti, t.tlo~41 
m¥&~#~~~n1Zm~~crm-#~$#mm~. 

4. PUt:xlU * * 1 Jifr:i£Er:J NANDf1{ii1 ff., JtN1iE ft T , )1fr:i£1-: ~li{t tm EB li{t tit, ft~ 4'!, :iii 
~tt~@~~crITT-#~$#~ffl*~nlZ. 

5. Potx.tU~*1~4rr {f-J)Jjrff 1f:B<JNA-'JD{ffi{;ff., Jtt1fil{±r, {±pfr 1f:NAND,$ ;f-Opfr :i£~ 
Ylffl-B'~m~%n\Z1fli*Mm,Mi£M~,$~MMIBli*film½Mi£~fzw-B'~m%nlZ~ttJ! 
t~. 

6.p11rx.tu~*13->1cr11 -rJ!iJ1fr:i£i'r-J-'JANDf¥itt~i, JtN1iEtEr, J1Jr:i£~tw# 4:!JiA1f $ 
~-B' Et!~ ;fo f>rri /fJi ~ , Ffr:1£ $ ~-B' Et! ~z.i'FD ~MFJr:1£ f>i% /fJi ~ ~~~i, Ffr;\£-'JA-'JD ,'fi ;fOFfr:i£~~fij!ll 
A~MM:i£$~-B'Et!~crITTffi-$*-B'Et!~~~Et!ttJ!tt. 

7. ~o;tx.:fU ~ *6 Jifri£ITTNANDf¥{ii1 ff., JtNttL ft r, JiJri£ H {ii ff.i±'ELt~ ft?Jri£ffi-~ rnJ L 
M~m¥ffi:i£2#~m*ttITTm¥~~MA,ffi:i£m¥~~MA.!:5ffi:i£~~-B'Et!~rrITTffi= 
Pi~)J-B'Et!~=tifijsi. 

8. ~□tll5¥U~*7 JiJr;\£ ITTNAND#{iff ff., JtiHif ft r, Jifr:1£ #{i#ff.if'EL1tffi-1L1+Xm, JiJr;\£ 
ffi-:!iltk QA 1':f ffi- ~ i.zls: Q , Jifr:i£MKD ,$ Er:! ffi- fti/;J 3mttJifr:i£ $1" ~ ~ ~ cp Er'./ ffi-$ * ~ ~ 
~ ~ J1tr:1£~--B' 1.z1s: m~:i=,m Et! t1J1:tt. 

9. Potx.:fU~*7 JW 1f:ITTNANDf¥{itff., Jtt11iE{± r, rfr :i£f¥fitff.if'EL1§ffi-:!iltkm, rfr :i£ 
ffi-K~mA1fffi=-B'1*m,MIBm~~~~A~MMi£$~-B'~~cpR"Jffi=m~-B'~~ 
.!:5Jifr:i£ffi=-B'1:tm~JJliEt! tl:~ti. 

10. Pl rtx.5¥U~*l¥4cp {f • JJ!ipfr:i£Er-JNANDf1{lt~~, JtNfiltE r, Jifr:i£f1ilt~iif'EL·J§;':7r II 
ff.{'t, %n\ZtrFfr:i£MND~ ITT%=fzw.fOFfr:i£~~fij!l!,8ITT:s\¥=fzw. 

11. Pot~:fU-~ * l OJifr.i£ITTNANDf¥{i,/qff., JttMiEtE r, Jifr.1£ f¥fiiff.if fltt .!:5 Jiff .1£;171, ~ ff.{'t 
~~mffi=~~m.mIBffi=~~mfil*-~~$~ffi~m.~R%~tE~-~~$~ffi 
~mrrITT-~mt~~-B'1*m· 

12 . YD fX. ;flj ~ >R 11Jifr:i£ B"J N AND{f {it@ , Jt N1iE tE r , pfr:i£ ff (it@if 'EL :ti½ Jifr:i£NAND ,$ B"J 
ffi=fzw~M:1£~~MAmffi=fzw~Mmffi~1L~m,m:1£ffi~1L~mfil*-~~$~ffi~ 
Fzl:., ~RJTJn\ZtE~-~gx;$1"f@r~Fzl:.cp ITT-~gx;$1" ~1.zls:Fz;;. 

13. ~□tx.:fiJ~*12Jifr:i£ITTNANDt7{it~' Jt4~1.11:::,r r 'J1J-r:i£ffi=~~m5f-□ }1Jr;\£ffl---::~~m 

reJ %nxi':f tMa woo, Nr :i£;111, ~ ff.ft .!:5 rfr :i£NAND.; :f□ rfr :i£~~iff!ll,8:®Mrff :i£ffi=:!iltkm:forJr 
IBffi-K~m%n1Z~t1J1:tt. 

14. -;f~-'JANDfHitff.ITT /ffiJ~ ~t!, Jttl'#fiEft r, 1Mtt□r Wc~i: 
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am-m:~t1z_twDx~~m:1-,tQ = 

%@Z1l:f A.~3f~~m:tttti¥JNAKD$ ;fU~Dfij!ll,~:: 
~4fffl i'i±~tffe. ff~/'J~Ylffl-B'rH~: ?!rit~iiffl-B' rH~£5?/ritNAND$ 1¥Jffl ·liiffl;f0}1frit~~ 

fff!ll ,8 ITT% - iq/Hlfff!ll , P!r:i£NAND ,'f, ;fQ Pfr:1£ ~ D fff!ll ,8 il!HtPJr:1£ D Yjfij-B' E§. m % PlG E§. ft J!:tl : Pfr:1£ 
~~-B'E§.~~~~-~~*~~~~li~~~i¥J-#~$#1¥Jffl*~PlG. 

15. :t(o;f;JZ)J;iJ ~ * 14,r)T;\£ i¥JNANDt71ii1 ~ B<J i!riJ~ Jfy!, Jt ~ttl Zt. r, fofr:1£:14 ~-li~tffe. ff~ 
7'1~ iilru-B' ~ m l¥J ;lv !JJO±!:-;lj;~J;g: 

*l~ffl-li~fffe.: 
a~*ffl-ut4ffiITT~~wmzD~-B'E§.m. 
16. :\!I 1t~:fU~*15}1fritB''!NANO:fffit:ffB''! i!fiJ ~ 1Jyi,, Jt~filtE T, ?!rit~J)iffl-li~tffe.B''! 

;lv a Jl 1* /'J: 1'!r Ye ~ii ~-iit~t&, 5-'.t J§ ~ :t ~i ~ff J§ B<J ~ -a~ tlz. 
17. :\!Dt>(:fHf * 14,P)r ;i£1¥JNANDf¥{it:ff B<J ~IJ~ 1JY!, Jt*~fil{£ T, ?fr :i£t!J ffl-:filJiHR ff~ 

/'J~,~ft//a-B' Ft:r. m 1¥1 !V !.IJ:itt-;lv§1i'i = 

am-ut~,t1z_1_wmz~~m; 
~ffl -@~*~~@½~~M~~~~*~~w~~~@~~,ffl~•ft//a#~~-
18. :ti□ t>( liJ ~ * 11 Pft:1£ ITTNAND:r¥1* :ff o<J i!rrJ~ 1frt, ~~1if tE r, PJr:1£ tE'.$-titlHJx r.w 

PlG~~~i¥JW9fiffl:ij~~Mffl-li~ffi,~0tE~M01¥Jffl-M~*_t%JJlG~~~-
19_ :t(o;f;JZ.;fU~*18,r)T;i£1¥JNANDt71ii1:ffR<Ji!riJ~ Jfy!, Jt~ttlfrT, fofr:i£tE~-li~tffe._t;lf; 

@G~~mi¥J;lj;RA~7'J:~ffl-li~ffi1=j~~m~tt~Mi¥J-ii/ru%@Z~~ffi~MM~PlGl¥J 
~I~ /tJi IX, ~1'ffl-li~tffe., 1L:C:ffl-li~tffe.B<J~~ /tJi IXiiW, tE~1'0B<Jffl-li~tffe._t%@Z~ 
~m. 

20. :g11t~:fU~*14~19~{f-Jj).jJ,fritB''!NANDff1ii1:ffB''!i!fiJ~ 1Jyi,, Jt~1iEtE T, }1frj£1Jyi, 
ff§ t\5: :t !Yt :lzt,E C><:1i ~ B<J •tw-B' E§. FzH.tN, ti:D ft//a-B' E§. m _tff; PlG ~!% /i1!i lK ~ ~, rPJ ~!% /i1!i lK ~ 
~ ~ :tj Jtt~tit-tn, 1£~ft//a-B' E§. m ~ w mz ~~ 1~ rK . 

21. :go;tJZ.:fU~*143i 19~{f-r:l).!J,fri£R<JNANDf¥fi!~R<Ji!riJ~ Jfr!, Jt~1iEtE+, fo!rIB1fr! 
iE1Mt: 

t£ffl_:Ji1~tffe._t%hX:JrIB!~i1tf:: 
11'.PJT:1£Jr ~ M14%PlGtEPft:i£NAKD,'t, ITT '.$=fr#a:frlPft:1£~~fH!ll,8 ITT %=ftw. 
22. :\!Dt~:fU~*21,rfriti¥JNANDf¥frli:ff 8<J ilr!J~ hr!, Jt~filfr T, ?frit1f PJritJr 11:ff·ftf: JT; 

Dxft?Jr:i£NAND $ i¥J ~ =tw ;f□ )1)r;\£~~~9U~ i¥J ~ =ftw i¥J W !Jl:itt-;lv§tr'i: 
{£fiJritKAND $1¥J ffl =ftiru ;fO filrit~~ t!ll ,8 i¥J ffl =ftw% JJlG m-!f.~m : 
%PlG-½ J1Jrit/4/rll~1tf::tiffl!llB<Jffl ~.!f.~~: 
am-TT.llXmtnm= TT.i+XmfaJWJJlGfMer~oo ,1t foftitYril:ff1tf:1=.ifoftJ£jA'm[l} tnJiJrit~ 

~~A~ttffl-!f.~Q~ffl~!f.~Q%~~tt3!~. 
2:1. :t(o;f;JZ.:fiJ ~ *22,P)T;\£ i¥JNANDt7 fit~ B<J i!riJ~ 1fyt, Jt 1~fil zt T, fofrj£5R,-!f.lti;m§*­

~~ ~ ~ffi~m, ~ &%PlG~ ~-~~ ~ ~ffi~m ~ 1¥J-~~ ~ ~-B' ~ m: ffi:i£ffl =!f.~ 
m§*-~~$~ffi~m.~&wmza~-~~$~ffi~m~1¥J-~~$~-B'~m. 

24. :t(o;f;JZ.:fU~*23JiJriti¥JNANDf¥1it:ffB<J/'1Ll1tr 1JY1i, Jlt#filtET, foJrittEffl-TT.~m;fuffl 
~!f.~~~W~~~Wffi~;lj;U* ·;lj;§ffl:~ffl -!f.~M~~ffi~M~ffl~!f.~M~~ 
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ffi~mw~~9•*·~;~~ffi-K~m~~~~m~ffi=K~m~~~~m*~~~ 
1:fJt#L 
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11#~:mtmt 
[0001] *,c,t i:lfj r,} ,&- trftNANDfffitff ,&;It i'11J ~ 15'1!, jt;\tyi,b ,&-,frft% ~3D NA-'JD l'J;J ff i¥J 
NANDfffil~ ».;it i'1Ll~ 15¥! 0 

jf~Ji# 
[0002J ~1Pi x'1r'ID &Jl~Et!-=f ~l'l81¥Hl11H~, M i;J]!~i¥Jit&:fri]!/~1¥J :C;/J3¥ie:Wf1:: Jlff 
~*1¥Jff#*~l¥J~~~ffMff#ffa~~l¥J~*-~~~~-Bi¥J,B~a:~7~~~ 
11\ K ,t i¥J ~14 ;fQ A~ l:J 1]( 'f ;fQ ~ !i 14 ftl 1ff JI R1 s1 f,zis:tg 1(! Jt 1¥1 :$ FAMf4. 3D N AND~.\ltW filT 
n}f a: i¥J - ,t~ ffi )'( i¥J j');J ff~~ , Jffi tt ~ 1! t1Mi: :$ FA !J1,t1m ff (it 1(! 7L * fij¥ t'R 2D wt 4i -'¥ ffiJNAND j');J ff 
w*ITT~R i'1Ll' ;\tA~¥~ITTf~)j'. '3tfeya]!1J\ITT~fa] V'J %=£r3£/El'J ITTff1it%'. .ii' nJtr mt±:lff1it 
~ ]Hr: Fi,J ~I\AI\Dvz* l*J JE~ fl'Ht<J #{iffi&t: ~, ill ITITl'r5<'Jz:[~{1£~*,fn~~f{, ~~:i: ffi Yim JEAj; 11'1 
ft~B~i&t:~~~*~F~i¥J~.\lt$~1¥J~*-
[ooo3J fftl~ITT3D NANDZf{it~~ ,tLlJ=IHl1&:i2trli'l~i'1Llli~tffe._e~ftwimmITT~Jffi ~~Wr' 
:ittrm~~Et!'llrEEB-'JA-'JD,$ {'½~ ~~~iff9L~ ._e;i2l~Ja1i;Jff1±-tzrn~ [ii]~: 1 ,JffittiJJH&nHli'l ~i'11J~ 
Yi/fiffijg 8'1 ~ iffi--1::J * WT , ~,1iUwiffi jg},A*Wr JiLl ~ iffi ~ ~-JE 8"1 flit fa] , Ji~~/~ Htm ¼ n ~ i!fLl ~ iffi 
ITT~fti/rl:iffimITT Et! ~R.t1*, ~lll:ff{4ITT~1ti!ii'.r[I$: 2,~~t.&:0!rtl i'l~i'1Ll~ii81~fti/rliim 
B'J 4:!i~£Lt1*, El3 f ~·t-Zf{tttt:l-¾¥ ··i'- r ½l;Jfffl, Jrli!CMOS~~{!:J:!½13:~~-i'-Zf{tt:tJcB'J~Yffij)l'fE 
llt1*-

£~JifA.l~ 
[ooo4J *a:llJl t-'ic1~ 7 -,f~NAKD1tfitff RJt i'1u1& 151!, § at-'ici§Jfffi:J:ITT~f1=:itlt ~:I.lkJr 11 
-:W14 x'11¥fit~ITT wjJliffl 01 !½IR~~~ JJ. 
[0005] ~R~*~SJJ IYJ--4'15ffi, tf{~ 7-.f~NAND#{iti'M ,'Elti5: ~ffl~:fttt ,NA\10,'f, ,~~ 
M~~~~~Et!~:Mit~ffl~*tt~ffl~~~~~ffi~~~~~~%~1¥J~~/ffi~~ 
:i:FA : J1JritNAND ,$ ;f P J1Jrit ~~~9! ,9-fF. =!If~ f filTit ~ &ti FA Lt~~ ITT~~ FA~ t~tiFA ITT~ -15 
rt] _efil{$ B.l~ JW:it~t2zmtttt; JWit~ftlru~Et!mqli#f.filrit~t,&mtttt' Jt!5fiJritNAND,$ ITT 
1,r,-)li/ii ;fPJ=ifrit~~/~fffgr,9, 8"11,r,-yiffl:J'ifijgr, JifritNAND ,$ ;fPJ=ifrit~~/~fffgr,9,iffi:ilJ=ilTit~,~J1i/ii ~ Ffl FA% 
~Et!tt~~:Mit~~~~mITT~Et!~El3~~,~~ir~~~~a~~~ITT-#~~#ITT 
tfi-fr:ti;Jbx;. 
[0006] f.itmt-tt!' Jifrit~~EB W'J 'f~' tj, {:jc;fQ~~ 0"J-;f~~$1~81fllr'fti:J~ 0 

[ooo?J {ft:lzttil!, PlT ~~~ir~~tlril, fil, il, ttc.:fPt~ tp ITT~ & pij,f~~~tt;J~ i¥J if~ tp s{j­
;f41~:$141R1f1! if. 
[ooosJ 1.itmJm, Ji~:it~~a1i~rn tttftJt, a1t4'~ ,aft4'Jc.:fua1it~ tp s{j-,f~EJZ$ t~ITTf~ 
*fi:J~. 
[0009] f)Lmtil!, aFJrit'1A'W ,'f, ,frJFfrit~ftw~ Et!~rRJ %~Dt8'Jr fil~, FfritNAI\O,'f, iittFJr 
itli*fil~!5Mit~~~Et!~%~Et!tt~~-
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[0010J f,itmtih, J1Jrid:iJ,0iffi-B' Ffifz[';Jl~ $~-B' Ffl l~)fOl>r;1i /iiJ IX, J1Jri£$~-B' Ffl L>Ct i'aJii.tlJifr 
:i£1Wj /iiJ f5Z t~~ , Ji]r:i£MND * :,fU Ji]r:i£~1Jffi ~!R ,8 im.tlJiJr :i£$ ~ -B' Et,. f5Z q:t 13<.J ffi - iffl ?J'-B' Et,. f5Z g;Jy;\ 
rt!'riuJlo 
[0011J fJLmti!!, FftJ2E#{i~~if'211t1=EF1TJ2E%-1JfPl r_gfefi:m-3f FJTJ2E~Wmii~ □<J :m-3f ~t 
~tiA,M:i£:m-3f~~MA--"=JM:i£$~-B'Et,.~q:iITTffi=$5t-B'Et,.~~Mo 
[0012] fjt;l!ttl! 'JifrJ2E t7{itdl,IH±'21t5ffi-J::L~fz[';' JifrJ2Effi- J::L~fz[';Jl~ffi--B'1*fz['; 'JifrJ2E 
m~$ITTffi-~~.tlffi:i£$~-B'Et,.~~ITTffl-$5t-B'~~--"=Jffi:i£ffi--B'~FA~~Et,.tt~ 
:tlo 
[oo 13J fJtmti!!, J1Jr:i£#{it:Hif '21ttffi-TT.llXfz[';, J1Jr:i£ffi-Tf.ijXfz[';A~ffi=-B'1*m:, J1Jr:i£:Br 
~~~MA~ttM:i£$~~~~q:i~ffi~$5t~~~½M:i£ffl~~~Qg;~~tt~~o 
[0014] f,itmt-lt!, ?frJ2Et71it~if'21ti-'i:7r ~ ~{'t, JfiAA1T:?frJ2ENAl\D * ITT 5R,=1w:,frJJifrJ2E~'{)ffi~!ll 
,8ITTffi=1m o 
[0015] f,itmtih, ?frIBW1iltHE'2Lt~--"=J JifrIB:7r ~~{'Hi~~i¥Jtn=:BJfJ'.2fz[';, JifrIBtn=lil.f}2fz['; 
~*-~~$~ffi~fz[';.~R%AA1=E~-~~$~~~fz[';q:tITT-~~$~-B'~FAo 
[0016] fjtij:;tt!!, Jifr:i£W1tt-tt[if'21t'rS½ Jifr:i£NAI\D $ ErJ m~1iffl5fOpfrj£~'{)ffiffl!l!,r:1 ErJffi~ftwJ~ffl!ll 
~~-li@m,~J2E~-li@m§*-~~$~ffi~m.~RMAA1=E~-~~$~ffi~m 
q:i ITT-~~$'i"-B'1*t'. o 
[0017J fJtmtih, J1Jr:i£ffi=J::L~m:trifiJrJ2tffi- J::L~m: r~Jjff m~iM~ 3'f.ITIT, fifr:i£:7r ~ M·f'f: ~ 
ffi:i£NA_iD ; trim :i£~i!JU!ll }~ ~ ttffi:i£ m = li ~m :,fo ,w :i£ m - li ~ ~ m AA Et,. tt ~ ti o 
[0018] :!1z'.~~4:ft~ s<J ;tj-7J rn:i' tl1~ J -;f,~NAKDZf(it:lsis<J*Ll~ 7JY.t;' '2Ltis!mr zv~f: 

[0019J 1=Effi-li4;J,i_t%AA~tNfz[';tt:tt: 
[0020] m}:Jx:=!lf§!::m-~~tJQtt:tti'rJNAND$ :,fo~1!J?,i!l!,8; 
[0021 J it 5R,-dJHJi-ffl ~~'{)ffiftiffi-B' Et,. fz[';: ?frJ2E'{)ffiftiffl-B' Et,. fz[';--"=J J=ifrJ2ENAND * ITT 5R,-ftw :,frJJ=ifrJ2E 
::[t'{)ffifijE!l,8 ITT ffi-ftmttJ!ll, ?fr ;i£NAND $ :,fO)=ifr :i£::tt1Jffi ~!R,8Ji!.tl)=ifr :i£'{)ffiftiffl-B' Et,. Jz% Bx: Et,. 'fi~tt:; 
MIBMftiffi-B'FflFA~~~.~~*~~~~li~~q:ii¥J-#~$#1¥Jili*~AAo 
[0022J fJtmti!!, Jifr:i£itffl-li~i'i fl:Jlk~'{)ffiftiffi-B'Et,.fz[';ITT-W!J.IJt!:--&1'Ltis: 
[0023J ~~* -U~i'lz: 
[ 00 2 4] ft mi:*~ -tUH.!x o<J {1'rJ!i'.% AA~ 1fffi -B' Et,. m 0 

[0025J fft~ti!!, Jifr:i£~~iffi-li~i'lzITTzv#IJl~7J: ~-7t;~r£$ffi-li~i'lz, Ptf§' ll}~~i~i 
~Fni¥Jffi-li~i'lz◊ 

[0026] fJtmJm, mJ2tit m-a~i'Iz tl~7'J~Y/ru-B' Et,. m:ITT zv #JJtl:-zv{,J,t;i;: 
[0027] 1=Effi-li~,tf_t%AA~~~; 
[0028] {tffi-li4i'i q:i ~li--"=J~~mq:i o<J~~*~1imAA~~aH:tm, 1~.¥Ll'{)ffifti/rl-B'Et,. 
Qo 

[0029] f,itmti!!, JifrJ2E11:~-d~;j,Ji_tJf;AA~~m:s<Jzv#l'21ti-'i: ~JtWIG~~-d~i'R, Pf J§ 

frWIGMf§'ITTffi-fil~~~%AA~~mo 
[0030] f,itmttb., )1fri£1=E~-li~i'RL%AA~~fz[';R<Jzv~IAi*~: tE~-li~i'JzJ::J~filizfz['; 
ii:tt~MITT-ftw%AA#~ffi~ttM~AAITT~/i/Jl>Z,~~m-a~~.~~m-a~~ITT~ 
/i/J~~t±:!,1=EWIG1'f§'i¥Jffi -U~~_t%)Jx~~)io 
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[0031] fjt:ltf;tth, Ji!ri£1Jr!:l2E'e1tr'i: ~l)im;k!Xtg\( ~ R<J~,~ftirn-B' Ft!m:tJt3~, ft~,OW-B'Fflm _tJJ~ 
PlG~F+i ~ rx: rn~, fi'iJ~F+i ~ rx: rn~~tJ'Ud~rl:tt.*4, tt~ftlm-B'Et!m~%~~F+i ~ IX: o 

[0032] fjt;l2ttt!!, Jifr:l2E::7)}!:l2E'e1t!S: 
[oo33J a$=utJ;iAK r.%PlG>'r~~f4: 
[ oo 34 J 11 Pfr :lZEYr 11 ~f 4 ;ri mz a Ji tr :lZENAND * ITT :m = trtil to Jiff :lZE::ttJJ?, ii .8 ITT :m =trtil o 

[0035] fjt:ltf;ttl!' Ji!r:li{tJiJr:li>1rll m;:f4jfJµ\ZfF.pfr;\iNAND$ ITTffi=fti/il;f□Jifr:lij¾~mi.8 B<Jffi= 
tru ITT ;lv 1&'10±1: - ;lv ~J;g : 
[0036] ft?fr:l2ENAND$ s<Jm ~.JLiffl;f-Op}r;lij¾~,1di.QB<Jm ~Jw%mzm-lilt'km; 
[oo37J %PlGl:5Jifr:li>'ril~f!Ht~imm= TT.i+xm: 
[oo38J am-liltkQ:f-om__:.:!iJtkQ!'ElJ m):Jx;fM6 woo, ftJ=ifr:li>'r lil~·/4--½ Jifr:\i'JANn; :f-□ JiJr 

:lij¾~~~~ttffi-1Lltkm~ffi=liltkm%mzEt,.ttJ£~0 
[oo39J fft:lzttil!, J1fr ~m-liltkizfl~-~ .,,x;g;'i"t~rtm, JJ,.&%PlG{± ~~-~.,,x;g;~r13rt 
m~~-~~$~-B'~m:MIBffi=K~m'e1*-~~$~ffi~m.~&%rnza~-~~ 
$ 'i"t~ ~ m ~ ITT-~ mz $ 'i" -B' 1* m o 

[oo4oJ fJti&ttl!, J1tr:ii am • 1LltkJi:f-□ m__._1LltkJi rElJ % ):Jx;fMi& J'lL oo i'rJ ;lp ~in1: ;lv'eL1% dt 
~-1L~m~mffi~m~~=li~m~mffi~m%mz~~~il'.~1~~~-1L~m~m 
~fi J: tom =liltk J: ~ ITT -B' 1i J: n!Jf ~ fl:!i 17, i'f!J: o 

[0041J ~f.fil1Hz~(ffll::l,;,Js:,t,t~Jl1f~ ~1f_i5.ii5f>I:*: 
[0042] (1) ffl r§!i Et,.-B' :f ITT~ftlru-B' Et,.mft EHii~fRLITT1~~Tuirnlfl, ~fffij¾~mi.8 £5NAND $1 

s<Jii:tt, rnf /E/:J Et,.-B'$ITT~,1iOw~Et,.ms1.JZta,j¾~,~ffli.r5,l:Jli:Yr MmrElJJ:l1f ~PH<J-B'Et,. t1, ;g 
5¥:IJ r:tffc ,*, ~·/4 ITT~ ft i!Ji'. : 
[oo43J (2) r£'i ~ ~$i'rJ~%ti ~ ~ Q:,pJJf4 PT~Y'J±::~ ,±::~-tr±::t□ ±::~lifttm~ l'r:1-l~~ 
$ :f~ ITT tll 'Pt ' ill µJ IJ, 7'J ;tt TI~ Et,. -B' $ ff .H O µJ IJ, tlH!is ~it~~ ' xJ Im Et,. -B' $ITT~ Yfffi -B' Et,. m :it!: 
ff oo % ft , 14 .¥U if~ s<J ~ itffil-B' Et,. m r21 ;MJ JJ, ~JR ~JJ J¥ ~ Zt fit :tR:, g; 'i" Zt M, :tR: , .,,x; Zt fit :tR: ITT w * : 
[oo44J (3) j¾~,u~.81::JttHrMmM:tt~ttr§'J Ft!-B'$R<J~,~ftlm-B'Ft! mJ£:tt, ~,~t'i:ltf;~ n a~ 
~-~rPT~~ffld~~~Et,.~~~-B'Et,.: 
[0045] (1) EBr~ft/m# 4!.)i~1f r'Eu ~ #$, ~~ [ }tjf~f.fil;;!-!i~ffli,r5,--½NAND$ ErJJi:fiz. 
>'r , :l2E PT ~J 1Bz'.FB fie 1I~>'r-B' Et,. m, * PTtlHffif ~~ffi Et,. JjI~~i.trm ~ x1~ Yffij-B' Et,. m :tlHf l!I %1.t, ~J ~ 
J!JUiiJ!YHrntf~J}Ji'Jg 0 

13f11!Ji5iSJ'l 
[ oo46J :iffi:U ,m ~ r x fJtm~ ifill 1J ~~ s<J w: too Ja'i :ii, ;; 1~ ~1th s<J iJt .Q :f-□ JS.il>'l:xt r 4: ~»l~iMt:iffi 

tt*AMffi~~~~~7.fflrn~fflr~ffi~:ltf;~~7J~ITTBITT,ffiH~~7'J~~*1zOO 
i'r:1~~*u ◊ Wlitt~~Jlftrn ~, mtslPJ i'r:1~~i1~~~ts1PJ i'r:1if1H4◊ttll1trn ~: 
[0047] ~ lJ.cffHJis;,Js:2,t~ ~~7JAITT'JANDZf{itm;:ITT~fff2J~.w:~; 
[0048] 002A-2D;!fJlHAif ;,Js:JjtaJj ~lfill7JAITTNAKDZt/iii~ITT jj,~~f't;f□ j/, ~ li~ms<J ~lj~ j; 

tll?ft :w: l!I : 
[0049J rn 3A-3D~tlH!r5*1z oo ~t1fi1JAITTNAKDZtlit~ITT J¾o :Y-Ll~14:f-ul¾o :Y-Ll TT.~m s<J !'1Ll1tr~ 
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[0051] ~ 5~%/:&lfr II ~i145¥0lfr II :!i~~i¥J?f,13Ll1Tt~~500i¥J1Jrtf¥~ ; 
[0052J I!! 6~%/:&!It YLl tt14lO!It YLl:!iTTJ'.:~m ?f,'f!j1J1f1!600ITT1frt;f£1!1 : 
[0053J 1!17;%faif~JLltt14tri>1rlltt14~<J?f,13Llh$'!700i¥Jt1Ef¥1!1 o 

~ f*~ ~{l!J'j":i\: 
[ 0054 J r Y. ~4:r ~ ~-~ ~t 1!1 £3'E ~} t& Ji :i2t4~ 'ix~ sf.J ~ ,brn 13Ll , 4~ 'ix~ B<J 1:ft:itf;~ JJ'fu 13Ll ft ~ft l!I LfJ 7ft 

t±:l o rt rm , i,: ,'& ~ PT rJ. rJ. 7G 1'11 ITT 1f :rt* ,brn , rm 7G JSIZ ~ NPff 79 i'xJ~ r J1t kt Jiff :i2t of.J * ,brn iJrJ o ft !ff 
T~OO~~ffll'1l~ml!l~fil~~ffi~ffll'1l~ft#o 
[0055] @3f!l'ffl1'' .1¥l_5,;,&±3:fil µJ 1£fflJ[(ii1}~-' ~=~tli'i:i2tft1~ft14' {tJ.±3: J!tft{tf:7G@)tl3~ 
ri3: ®*ii% o i! ®*ii% ffl r 11-'i"ft 14 IR §1J r 1N -T JG14 o 13Ll,ri , * -7G 14 PT iJ, 1ff 7'1* = x 
-f4, ~1~tth, m =ft14 PT 12,l, 1t79m -ft14, rm 1, 1J /i!J *R ~ 1¥1m:110 ,ri!ltktJiJr m 1¥1, *it· "to1 
~"~m-T~~T~~~~~§i¥Jff•&~#fflii'o 
[0056J @':1JI_El_lffl¥, ':Jlff ··i'-ft14ft½ JC14"_e", ":i1Ji¥U"~"*/J/ifi-¥Ll" ½ ·ft140t, BnJ 
rJJgJJft51-ft1tf: 1---.~~J1:ttiumz~if .¥1J 51-JC1tf:, ~~if PTl2J,+¥ftffiAm ft1tf: o t~&, ':1'J 

%<-1"JG14 "llH::ft" yj-ft·f4 _eQ)Z~ "llH::3!H::.¥U" ~ "llH::*lllir .¥U" yj-ft14st, 7G+tftffi 
A 1¥1 Ji;-ftj: 0 Jt 1t!!. 1¥1 ffl rta'i ;i2t;c 1tJ: z r~J ~ * 1¥1 in] iB@ 312), ~ 1~ 1¥17J :rt t¥ff ( 13Ll ,o ' "ft ... z 
j'B]" t8 Mr "J'Ui.f± ... zj'B]" ' "~ ~~" t8 Mr "J'Ui t8 ~~" ~) 0 J! Efl. 3 ,ft-TJL 1't {± 1h-7L; 1t 
_efl1 , BnJ 12,l, ft yj-ft 1i _e~ r , 11: :ti tM if iU yj-ft 1i, ~~ nJ 12,l, +tft ft; A Bf.J ft 1i, ~~ JC 
-ftf: PT rJ. imit~r.!/t ~!'BJ'™ 71\.P; :ff o 

[0057] j;2;JI!.pfr fflg',j *ii%1x 1x~7'1 T t/i'i;i2t~;g~i:;@13Ll' ff~F*P~ ~Ll*2t R,,EI O ,1 l!ltkt?fr fflg',j' 
~i1r_e r Y.yjff I!)=] ,pJH*:i2t, :p:f IJlUJ'(!JJUfI:rt "-" to "it" t~ 1'11 st s 1'r'E!t\51tJ~%:rt o if@3f!l' 
ffl¥ ,* ii% "tHt", "-cHt", "-cHt" to/ .,,x; "-cHt", ~.f±Jltkt1fffla1, t~IE T J1fr~t~{i.L !rf1t,W 
tll, 1f 11:, ft 14 tri/~£11. 14 Rf.J +t ft, {El# 1' tl~li#;-T ~g'; T Jt1te. Rf.J ~:fiE, ~1t, zv 11, :ff 11:, JC 
·ftf:, ~R.1tf: lU/mtJHR.if 81 +ttEmt~ JJp o 

[0058] *1:t ~ --t~ii@iJLl B'JNAND+tflt~i B'cl Mtig?f,~ ~ ,1 I~ l}ifr?f, o §11'5 ··i'-* U~tlz 
102 otE-®~,brni3Ll ~, $-iltlttR102PTFR 1(!11f1iftr!J1Jf&o tE-®~iflli vrJ~, $-iltltt&102PT 
rn Jt1mif ~~<JttHr!rrJi:&, iu,ri1.CJ)Fl3~ T, fttclkffimzt@ri1t_t :iaiiu~i (son o >'r II tt14 JTii:&a 
~-li~tlz 102_t o?J-r:i2t3'rll M1tf:§f~$1'-ai~i'r106 otf-JJ:l;~,brnvLl~, ~-li~tlz 102_t 
%1:&lHF+i /iiJ IR 104lWI#~ IR 1 os o 3'r 11:!i~m 122q1ffif.s11*i'r 106 ~;J,:itt1T E§. 18 %1t-B' o 3'r II :!i 
~~ 122'E!fJS-T~g';T ~i'eJt-@tf~, vLl!iPt-@tf~ 110, 112lOl l8olfrll:!i~~ 122:lt!:-zv§ 
ftm reJ ~~tim ~ m-1-~~ 1-igi,9,, 1YLl:tzriigi,9, 107:.fntgi,9, 114, 12,l, &-1-~~ 1-1rnx-B'1tm, 
13Ll,1 IQ 1165t0120 o!ff!IT,85trl:!i~ ~1tQ 83 0' ~ttfl-r~IJJJY;, PT 12),79~, ti'i, iii], t§lO±::~li1ttm~ 
1¥1-1~ ~ $ 1~ 1¥1 ~iii'f, ill wr 12,l, 79 :tt1m1r~ 1¥Jttt,-:J. 0 m rOJ t-@~tm 83 t-@ ~itt'¥-:J. mLli:& , wr 12,l, 79~ 1-t 

fil , ffi f.t fil, ffi1A 1.t fil tot~~ 1A f.t fil rr ITT -,frft .,,x; ~ 1rft ITT £ii if , ill PT iJ, 7'J Jtfte. if J:Q ITT tt ll- o 
[0059] ~JLl~14%i:&ft3'rll~14z_e O ~JLl~14§f~g';1'-f\A\JD" 130' JtM1$1J.t5!"~~FA 
tttt142 otf-J~~t'1fiiY1)~, ~r12mtttt142{,Jjr583 $TX:flii~ITT-B'1*FA 1345tUtBttm 136 
t'.1gJJY;B'J#~h@tt1t11:JiotE ®~hllivLl~ .~~JititttH2i-E'E!fJS#1th@tt1t11:Jiz>7rB'cl 
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~1*m:fP/.!jxJ@&;fmo tE-®;tJ1tlH3ucp, ~~mt#,!:Q142cp i¥J ~1*!i@~f1*1imz:>1ri¥1-B'1*m 
£5 ~ 1* It~~& 1*il=m pg i¥J ~1* m EB 7F ~ i¥J Hll-iu p\Z;fU /wZJJ_~· 7G ~ 1¥1 )¥ lt O fr - )~~nth {7') 

LfJ , ~#~~:littt 1112 LfJ i¥J ~1i!i@ti1¥il=~ -L>'r i¥J i@ti~1=5 ~1¥! i-@ti14il=~ V-J 01 i~Jt~ El3 
7F~ mH*4rrirJJJlG,,fP/~Jl,:fl7F~ 01 W!Jl o 
[oo6oJ fr-®~JJm1Jucp .~~G'.ti!A~142cp-®fl[J'ii'l1 -B'1*!i@r~1*il=~1=5 yj-®fl[J'i81 
~1*!i@ii1*~mEl3 7F~ 01t.tf3tfffUIBG:fP/~J:lff7F~ 81 J.J& '1JLJ:tip '~~mJt~cp -®f.f[j'[ 
81-B'1*/t~~1**mrr s1t~~m01 J.Jlt:'fg5-40nm, -B'f*m01 J.Jlt:'fg5-40nm; jj-®fl[ ir.81-B' 
14h@g,%d¥Rm LfJ B1i-@tf msf.J J.Jlt7'Jl0-10nm, ~Wms1 J.JltT'Jl0-110nm; X -@{vJ~'.81-B' 
1*!i~~l1*r&:m cp mt~~tmm l'lf ii'.T'J50-2oonm, ~f*mm J'lf Ji'.T'J5-40nmo 
[0061J fr-JJ:1;:~1:it!i: vu cp, 0'i2fs:Q El3 0' ~t.tlH~U):J;i;, PT~ T'J~, tit, ii]], 't§, 1~*li:fP±~li 
1ttPJ cp 81 -:f~~J;:f~81ili1f, ill DJ ~T'J +t:11R 1fW 01HN0 t@~tm El3 t@~tt.t*4 iumz, DJ ~T'J~ 
1.tfil, ~ 1tfil:fPffi1A1tfil cp 81 -:f~.,,x;~:f~81iliif, ill PT ~2'. 79Jtfte.if~01ttl4 o 
[0062] NAND.$ 130§ti1i"F-B'1*iiUtm 1 28:fPfr mtm 129 0 tE-®;l'.Jrffi'IJu cp '~-B'1*immm 
12883 ~~s11ff ,$s11ff:9>t.s11fffffLJp\Z ofr-l~~JJtfiVi)cp, fr m.tm 129't'Lt6~imm,fffit•JL;m 
:f Prli IWi Ji o fr • ® ~ h@ 1Ju cr , JiJr:i2tl~mJi§:Hst@ttt.tl4·, §.J%1-E3. 7F r~-=t• 1t :i;_:L m 1t u~m 
¥t1tiit, m.t1f r.itt.t*4mtli if ofr-®~llfilvrJq:i, ~m~m1'&]J5-15nm, ~-B'1*ifilmcp ITT 
~-=f ~~fl:pJ ~jm]ii3:~p~:iji~~i~~'JJ\'JD,$ 81Zffo/'i'.1$f.5G~ q:t ofr-®~JJmVUq:t, t¥{ic/'i'J$'. 
~m0~m-=t~~~~~®1¥J~~.~~•~mcr1¥J~~1¥J~~~~3~~~7~-B'1*im 
m813f~:Jx~ ot¥{ii1£1".7L;m01ttf4gt2i1.E3.7Fr~ r~ ftli ,ffi~Jtli!c!.Zli, !c!.Z~ ~J..tHf401£li 
it ofr-®~Jrffi'IJULfJ, t¥fr!i.5Gmsf.J !JltT'J3-15nmotE-®~Jrffi13UlfJ, IS.tl.~r~m,t~f4·7'J1A1tli, 
m~am.t~fr~~~~~HM,~~$#~..tHMmffiifo~~-~~~lim~-~§* 
1A1tli/m~li/1A1tli (ONO)~ Qs1:J~lt7'J4-15nms1:J!tfrQofr-®~hm1JUq:t ,r.BJ~QpJ~ 
:it!:-W§ti.'i-1"-~Kfr~m (1JU~PW!3t7'Jl -Snm81~1-tt§) 0 

[0063] .(±-®¾'.llfil1Juq:i '~tRFzttttl 42q:t 81-B'1*Jz fflfi:::~~'JJ\ND.$ 81;1211$ n E')G 'Ti~ 0 {± 

-®'.:tllfil1Jucp .~~mtJ~142cp Af.J-B'i*m 134ffl1'F\JAND.$ R1~~ otE-®'.:tJJ'fu1Jucp, ~~m 
tttt142cp i¥J%PlZfrNAND~ s1-ftwi¥J ~f*m 138fflfJ:cNAND~ 1¥JillH&~fF n O fr-l~~nm{frj 
cp, ~~)it{ttt112cp 8':1%):J;i;tf'JAND,$ 8':J ½ ·ftw8':J #1*Ji 110}=l=H'FKAND,$ 8':JiffiiutR½tfHl o 
[oo64J ~t:VU~{tf:ill-W§1i.'i-~~$1'"j¾wU!llA 132, :1:tfil1$:1n3¥~~~:lt~142 ofr­
®~mli:1Ju q:i, :tt1mt!ll,8132rn ~ ~Hf4iunx, PT~J 3/gtJ?,, tit,~, t§:fo~~Mft!yjJq:i 81-:f~~ 
$:f~ 1¥1 m if, m wJ ~ 7'J Jt11R iti£1¥1-B' ~ t-trJ. 0 fr-®~Jrffi 1Ju cr , j¾~.~!k,81 32:fo~~m1i~ 
142fsJ%PlZ~t~@m~JJE.¥UrF+i li!i § 01 o 
[0065J fr-JJ:l;~llfil vu LfJ , M: J°Ll@1tf::it!:-W§tJSnt~~£Jz~ttttt 112B1wRJLiffl~~~111 o fr 
-JJ:~*Jrffifyrjcp, j¾~~!H,8132/fnNANDq} 130:l::8£5t!ffiftw-B'ft!m 144ti~9lofr-JJ:~*llfilfyrjcp, ~ftw 

~ ~Q 1448':J 0' ~ IX El3 ~ ~ 9$HflJ.:Mlb;i;, Jt 0' ~ t'i:Ht7F§'l:~:tl:U\:;:/f l'l 1~*Ll, #1:tf~j-¾~i!h 
,12T12 "J'JA'JD.$ 1:rn~t~Jafinx ~~JITT ~tU~:Jio tr-@~Jrffi1Jucp, ~ftw-B' Et!m 14481-B' ~ IX El3 
~~,~~if~~~~fil~~rr01-#~~#01fflif:MJnx,mPT~rnJt~~~-B'$H~:MJ 
nlZ o tE - ® ;t llfil vu q:i , :Ml nlZ ~,~ fti/a-B' Ffi m 1 4 4 Rf.J -B' Ffi I.>{ R1 ~ ~ l:8 ~aj , tit , tJ1L tt :f P ~ q:i R1 - :f~ ~ 
_1; :f~ i¥J m if tiJ mz , ill PT ~J T'J A 1m if m: 1¥1 ~ ~ t.t f4 o fr - 1~ ~ nm 1frJ cr , :tiJ mz ~ ftw -B' ~ m 144 i¥J 
#4:!i IXEr:J~~{;-~T'J'ifriJ ,tit, fl,t;t:fP~cp B':J~Y W3:f~~~ti;J):J;i;Et':J a~q:i B':J :f~~.$:f~B':Jffl 
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it (fvu~o, Ji!rIB~~it~ PT!2A/'Jtitlit~, ill PT !2A/'J 11;Hlit~l□4:;t'f1?iit~ITT~Ji it) , ill PT l:J/'J 
Jl:1m it id: B<J ~~it~ lH4 0 ft~ J~ ~ ,/(tfi vu cp ' ;j;tJ AA 1Jffi ft]ffl -B' Et! m 144 ITT -B' Et! rx ITT~~ tE!dtAm EB 
U1tJ6, ti1it ti, U1-t ttl□U1t~ Lf1 ITT -5r~~$1~ITT~ilft-t~AA, ts nJ 12A EB ~11hft-~ITT ~~U 
1ttmMN;j;tjAA o 

[oo66J ft~JJ:l;:~mi: vucp, W1'ftrtil-B' ~~ 144~~ $1"-B' Et! IX ( vu~□ -B' ~ IX 1 s8l□~ Et! IX 160) 
;f□ 1% /i4i IX ( fvu ~□ ~~ /i4i IX 146) ' $ i'-~ Et! IX z. r~J im tt ~~ /i4i lR tE~t O ;ff~@~ lJlli vu cp '* J=IBt~u 
;fD-=f1!/i,1Vi'!~ut.rkI z=: ~~~~:l!'.iElRD."1rf1 B<J-B'Et!mMl4, 70AA~M ~ lROO~, Jt rtJ ~M ~ lR OO~rr 
±lJEtEtid~ f4-% AAPI~ ~ IX H6,-½ .rltt1t;:1 @itl!, 70AA1ffi'.PI~ ~ IX H6tEtiB<J $1"-B' Et! IX 158;¥□ 
160 oft~JJ:~*ifffi W1J cp, *ffl~tj::-*;fn/~fflBjiilR.-l z%AA~i% ~rx 1460 ft~JJ-~*lllli Wu cp, 1Wi 
/fiJ IX 146B':Ji'Jl4 7'Jft 1-tiL1m1tft, 1mf\.1-tftl01$~f\.itft cp B':1 ~5r~~ $1~B':1 KB.ir, ill PT 12A 
/'J;t::1;1m1t3JB<Jt,tH O fr~®~ifffi,Wucp ,NAND~ 1:1o;fo~~~9l,81:t!ifili1-B' ~ lR 158~fYi'.Et!tU! 
:j"1;;0{±~®¾'.lllli1Ytlcp 'itH@i& f I im~ '{±~!ljfij~E{!]z 144tpJ0AA::f Fi,] ITT~M I~ IX 00~' ~jJ~¥Llit 
~ITT~,~ ft]ffl-B' Ft! m tM~ , ~13: ~J 1(! i'-Ztfittk:, $ i'-Zt{ittk:, ~Ztfittk: ITT i'fl35J\. o 
[0067] I¾: JLl:H1tf:Jtt~W,11:ti~1'-mt$1" ]t~l¾o Jtl~i,~: 162, Jl: MiEti:m-3t~tl2m±t1¾142 o 
ft JJ:I;:~ nffi ,Wu cp , 3mtt~!rr:1i/-=f 1td¾Ui£kI Z::% b)t1Jt 3f ~W)i±itix 112B'Hf D JE, J=l:j #1*t,rf4-
±Jl.fiSF!r:ii 3f Q, %AA:m-5J"ptftliffi,8162 o ft~®~ifffif?1J cp, :m-3¥Pt :VLliffi,8162.fO~W~:lt~ 
142fsJJTJAA~tBfi~ 164!2Afts:¥Ll~~ 1'z'J B 8"1 o ft~®~JMf?tl cp, :m-3t~Jtliffi,8162fl 13'-B' Et!M 
f3J. ,JiJr5£-B'Et!t,rlH~H~i£!::f~~-f-~ ,iii, iPJ, tl=l,1¥~li ,ft1Mm~12J-_t.t,rf3J.ITTrn it oft~®~ 
ifffif!iu rr, pJ~j, *fflALD,CVD,PVD;fO/ !c!X~11hitid:ITT1H!{i-B'1*H*4!c!X:-1J· ~11httl4±l'!fiSJWj£3f 
Do 

[oo6sJ ft~J}~*lllli w1J cp, trtl@witrm ~, ft~Y]ffl-B' Et! m 144 cp IDAA::f Fi,j o<J ~!% ~ rx ~~, 12J­
f~ tU ir ~ B':J 1)J?, ftrtil 0' ~ Q t6 t~ , 11W1' ftrtil 0' ~ Q ft3!Mt:1--!:W1' iff!ll ,8--½ NAI\D .$ zJ'r , ~ rm. ~1m B':J ~ 
-t1Jt1tJ;1J~~ 0 tr:~J!t~)Jlli vu cp , :m-3¥Pt J'rni,8 rn2_1::g-B' Et! cis: rno1f ~91, 1r WJ-t-*fftl:m-3¥Pt Jtl~91 
,8162-'::g !f.~Jz ITT Et! ttJ!:tt: o 
[oo69J ft~®';)__:ifffif!iucp, ~ JUJ&'H+Jtt~zv11H~IDAAftNANO$13o;ro~,~iw-B'Fflm 144faJ R<Jru: 
tr Mm 147 ,NANDl¥ 13Oifili1fttrMm 147-'::g1)ffift]ffl~E{!m 144%AAEt! ·tt!:~1#a 
[0070J ~ Jtl~[1tf:;fotrEH! !f.~Ji 122faJ %):Jx.~~ Jtl!f.~Ji 123 oft -@~h@f?u cp, ~ JU!L~ 
m 123§:j:5~'1'-~JH'-tEt¾z~ (fyiJ~OtEt¾z~ 125.fOtEt¾z~ 121) 0 PtYLl!LTTJ'.:~ 123;ttt~zv§1i1itE 
fit: cp i'l"J~'l'-~$-i'-1:trr&iff!ll,8126, JJ,,&~1'-~$-i'--B'1*t: (fvHiot;; 124) oJ=ifr:i£-B'1*t: PT iJ, 
E8-B'EEl.ttf4i!rUIBZ, Jlf;t µJl2J_ ES~ ,tii, fPJ, t/=\lO~~ftfttmcp ITT~-f~~$1~ITTrn itti;JIBZ, ill µJ 

~:J, EB ~fmitirlITTHl4ti;J AA O JW5£t~~m EB t~~tH4 ilrU ~' Ji1*PT ~j, EB ft 1-tft' 1m 1-tft;fO ~* 
Et!~~~~MMLfJITT-#~$#ITTffiit~AA,illnJ12AEB~~it~ITTMM~AAo 
[0071] lMa!i1-®119%AAft)'Hlfil 4.l+Xm 122 □<.Jt~rtm l l8;fn~JUTT.1+Xm 123 □<.Jt~rtm 121Z 
fsJ oft~®~hfilvUtp, tM6W ®119ill PT12J-Jffnx.tE 0'1*Q 124;¥0 0'1*Q 12O:z.,fsJ o tt~®*!Jifi 
f!iucp, t'@rim 118J.c~1tiiim mHEtjm 121).c~ 1tliimafr~J!t~Mlif?ucp, tE~jm 118J.c~1-t 
nimmH~~m 121~~1-tnimo 
[0072] ft ~JJ:l;:';)__:lJTu 'f3Ucp, 1:tr~fij~,8126-½NAND $130tffij~, Jtl:YfijpJ imi11:tr~fij~,86EaiL ~fal: 
4lt1'-NA.iD l¥ a 
[0073J ft -@~h@iJucp .~Jtl~[1tf::itl: zv§f2iJ§ffi:#fUf~!f.~JiotE @~nffifvucp ,J§ffi:#fU 
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f.'llilfkmEfili-t-~$ t-Fn Bt tLlf.'lt'@tjm ( Wtl pot'@&;Jm 1 52) □ Fn Bt tLlf.'llilfkmnl:-zvEtili 
JB ®:tuf~-@!f*m ( 11,JP□ -B'1*m 148,154, 166lu168) luJB ®:tLlf~t,t ctf~m ( w,Jpo;t,t ctf½m 155) □ fofi' 

~}§ m tLlf"'-\:!i~~tEJifr~NANDW{rt-tfUD5'r $ rg @i -~Ja] 1-f;:iXrg 11§ ~· □ tE -®~)]@ i!ltl 41 , J§ m 
rJtij;f£-@!1*mfott~mMJ FR -B' Et!MftrltiJAA, JI __ ~pJ~J, FR~, it, ffl, t§;f□~~ut1-ttm cp IYJ-1~ 
~ $ f~ ITT riiif ;J;£J AA , ~ ~ cb ~1mif ~ITT :ttJt.4;J;£J AA □ tE -®~ JJih i7Ll cp , J§ m tLlfit'@rf G'. cb t'@rf 
ttM~~,A~0~EB-~li,~~li~~*Et!~~ffi~ttMcpi¥J-#~$#1¥Jffi~~~. 
J;l£1i EB ~-ftii-~1¥Jttt4~AA □ 
[0014J tE-® ~JJ@ wu 41 , ~,~)iw-@! Et!m 111 nr ~ 1171 J§ ¥Jt tLlfM:!i~ms1- ~~1r □ tE-®~JJ@ 
{f1)cp ,-@!ft! f5Z 1583iti~i'1AND[p 130ln~~~i,8132friYJ~1t£a~, {fi)po-@!{*m 148, *f:filNAND 
ff{icli'i'!!Pl'D~{m~@.& (iJtlp11J§m:!i~Q 154~) Er'./ ~t!:J!*otE-®~hfiliJtlcp, 9- ~ IX 160J!fi 
-B'f*m 166, ~f:fil:15t~~1f.J,rni,816:r-t□ ;ttfmEf!.@i (i!ltlP□ YBt:9::!i~m 168) 01 Efl.t!Jtti □ ?t-®~ 

JJ@ iJLl cp , ffl g 14 JLl ii ,9, l 6 2iB ~ fa ~ fA >'rliH/s:il=H~tim .¥Ll J§ m:!i ~ Jz E1£ H ~Jz □ 
[0075] l?f]2A-2DR::tlHl*.'.&~ ;t_'.)J@7Jj:\'.;i¥JNAf\D1tficli~i¥J fril~14lD&r 11 :i:ilfkmR<J tLl~zv 
~,~~ l?fl; l?fl 5~%Mfr ~ tt1tt:lu1r ~ tf.~ms1 ~11,JJJ1!5001¥J1mf~ l?fl o 

[0016J 5Fi7Ll::tr1t5oo3f ~13r~ft502, Pl,~ 5Jifr5F, ~P tE* ·:w1lHJz..t.%.n½&r IBi ~i-ftJ: o Pl 1 ~ 
2AFfr5F' §)t;f~f~ 7'.$-iitlttR202' m ~J%AAfr ~ fff4 □ tE-®~JJ@i71J cp 'fr~ ff14Eti5 $ 
1'"si1*trttf4204 □ '1fr~$1'"si1*trttf4204JTfMtE*-ftlH1z202..t. □ tE-®~!JihiJtlcp ,m 
~ s11* tr ff14 2041~/Jili $ 1--zv ~I. filtili1B::f ~~ f :3/t~Ll, Tfth~ tt Mt.rk, ~ ~lmiJE, ;m _':t *, ii 
A, 11$tJlt'J!\:-'f:f:E3, 11 (OIP) , lD/ Jc!xJ;J,..t.1¥Jtliif □ {±-®~JmHftlrr, ~~IX208ill%AA1±m-@ 
£,t1z202..t. □ tE-®~JJ@iJtl41, ~,~ ~ li206!:8%flX:tE*-@£,t1z202_L 
[0077] 5F{f1)7J¥!500~Hir~ff.504, PD i?fl 5Jifr5F, ftfril tt1tf: ..t.%M-1-~~1-t~ttmln 
~~Q 0 M~-1'"~$1'"~~Q~9-~QR::*~:!i~Q~-$*,~~ffl~*~tt#~~ 
{;;-!;:} □ PD~2Bfofr5F, ~-mt'@;:tm210Hf AAzt~-tiilHt202_t, ti~im209Hf M3f Et!'t1iiti 
j/, ~ tt14 o ~□ 00 2c ?fr?F, * =t'@tf Jz 216 % nx: {± m-t'@tf Jz 210-1. □ {±-@ ~ OOi:iJLl r:p , * =t'@ 
&;Jm216PTblR::$1'"mR1rn·irff Ji l:8J!kiLzv~t%fiX: □ tE-®:tJJ@'f7tlcp. -@!1*m212 ,tim~m 
2 09 lU -@! 1* m 214 EB -@! Et! tt Jt4 /'1Ll fiX: □ % fiX:-@! 1* m lU ti fiji m i¥J I zt: PT ~:J, {ii'. J=l=rnUlJJL iJE I zt: , 'EL 
f%113.::f~~f1t+"l.t§mffUt (CVD) ,t?!JJ_l"l.t§m5f9'1t (PVD) ,~))j{-=f )i)JLffUt (ALD) ;l'D~T&I 
zt: o %AA-@!1* m.f□tiiim os I zt: ill PT ~J ttffifttrJ, f-t$:tJ1f3l¾f fil 1-t, +1!h~~t1Jt!k □ %f1X:t'@ 
~~ITTIZPILl~fflMfflm~IZ,~mm~~T~$~fflmffi~~ro,~~~fflmffi~ 
(PVD) ,~!JfL-=f FAml5Ut (ALO) □ 

[0078] ~17LJ7J¥!500~iff~{f506, PD!fil5JW ~, %flX:fril:!i~ms1-1'" TlJ1$till~ml□-
1'" T~i~~-B'14~ o ii□ ~ 2D?fr5F, * -t~tf ~218%Mfr* ~j'@tf~216..t., -B'W:~220%flX:tE* 
_; tBttm218p;i □ P□ Jlt%f1X: 71rll 1:rnxm222 □ %f1X:-@!1*mo1 _L ZPT ~J. f!ffl~Iil!:miJE_L Z, fil 
t%1_Q::f~~ T1t$~tBmlJ=Ut (CVD) ,t?1Jf_f~tBmf,R1t (PVD) ,~J]!:-=f QJJLf,R1t (ALD) ;l'D~ ~I 
zt: □ Hf AA-@!1*mi¥1 T Zill wJ ~ 11'.fflft~Ll, 1t$tJL~-'f :lfl 1-t, +tth~1ttLlt£k □ Hi f1X:t'@&;~ml¥J T 
2:PT~ 1iffl7f~~mi1I2; ,filtj§f_E3.~~~f1t$~t§mffi¥! (CVD) ,!r?l)f_t~t§ml5U! (PVD) ,!?£ 

!JfL { mmffiY! (ALO) □ 

[0019J rn 3A-3DR::itHi*iz ~ ~t'tii7JP'.:i¥JNAKDWfittti¥J I¾: JLlttftt:lul¾o Jtl TT.~m ss 1'1Ll1tr~ 
#IJF~~; ~6~%b½i4JLl~i14t□i4JU:!i~)i5F1Jtl::tr1t600Er'./¥JrEf,!j_[~ 0 
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[oo8oJ 7ftvu:1Jrt6oo3f ~13+~ 1t602, :tt□ l!l6Jifr7ft, ft:ffl=li~tft_tJtDx~~ ~ 12{ 0 :tt□ l!I 3AJitr 
~ , m = li~tft 302 ffl r% nlZ ll4o JU ~{4 oft~ 1~ g;flfi v1J cp , m = li~tft 302PT EB -'¥L s1 tit tLlnlZ o 
ft ®g;]Jfil vu 41 , m= u~,t1z302m EB ;i:t1m'8-~1¥1 +~ f4tLlnJZ, vuYn 11::1.:;-HR r, U'Mktf ~t'@tt 
ft 1---ttrwR#'. (SOl) oft~®*!Jfilf?ijcp, ~i%~lK304%nlZft*=:ii$J;l;t)x302 I-. oft~®*!JfilViiJcp, 
JTin\Zril:1i 1'ZJ [8:3048"1 I Z:::PT ~*fflM\~ *lO/~$It!miJEo ft~®g;OOi; iJucp, ::Ytt¾LllOT¥!/1_!u1¥! 
t¾Llti T Z::: µ J ffl "f-jf; Dx ~~ ~ lK ~ ~ o 
[0081J ~vu:1J1!600tlHtr~{f604, :fto006fi!r ~, 1±m=ni~tft_t%nJZ~&lzFAtitt o.f±~ 
®g;!Jfilvu 41, ~tJzFAttttt306'el.1iEB $1'":)( ~tt1:Rs1m~t-@tfFA3ostom ~.t'@tiFA310¥gnJZ 
IJ1tB~FAx1 oft~JJ:~*!Jfil1Y1Jcp, ';$tRFA:lttt306kf'E11EtBtiFAx1z..jr1J1~ FA~¥ FAtB~FAo 
ft~JJ:1;:g;fiffivucp, ~ri~tttt3o6cp s%TittQX'fz..jrB'JtTittQ--½fTittQxi p;j B'JtTittQEB :;r, 
l'l11¥1MntLlnJZto/~Jl1f~l'l11¥11'& ofr~®g;!JfiliJUcp, ~&lzFAlitt:rn6cp ~®{ftl'ii¥Jt'@tt 
Jz xi 1=j 1tJ~®{ftnl¥1MHi!z xi rn :;f, l'l101:,t-,t;jGj. $Lln\Z;f0/ E1]Jl~:;f, l'l11¥1 )Jffl', VU'\!O, ~t.&Jz tttt 
cp~JJ:1;:fftir.i¥Jt'@tiFAxicp 1¥J:ffl~t'@tjFAR1 Ji&715-40nm, :m=t'@tiFAR1li&715-40nm: !H 
~ 1~fftir.1¥1 t~~FA xi cp 1¥1 m ~t~~FA 01Ji&711 o-40nm, m=t~~FAB1Ji&711 o-40nm: x. 

®fft:'B'.B'J t€tJJixi cp B'J m ·t€tf JiB'J llBt'71so-2oonm, m___:.t'@tJJiB'J !lBt'715-10nmo ft 
~®g;lflli 17,Jq:i, -'#&1zm:1t:a3o6 cp IJ(Jt-@t~m:tit4 J..i1m1tut, ¥t1tutfD1m¥t1tutcp IJ(J~f~~§': 
5f~i'l"J#iiir o-tE~®g;OOi:vuq:i, m~t~ttE'. 308711m1tftE'., m=t~tiE'.3l071i'tftftE'. oft~ 
®g;~ iJU q:t , m IBZ ~~ FA Ji/'~ 306 i¥J I Z::: µ J b:J {f ffl ;i Hj1Ji:YJEI Z::: , 'el.tMfl ~~~ rH:-'¥:.CC!f§m 
;f9'¥! (CVD) , t?O:El~ ,tgyJI;f9'$'! (PVD) , Jc!.£~-=f FAYJU9'$'! (ALD) o 
[0082] 7ftvu:1Jrt6oo~tj+j*1t6o6, Y□ l!l6fatr7ft, ftm-----:li~f1z_t10nJZ$1'"~ JU~f'f:01 
NAND[p o :ftDl!J3CJifr~, ¥-i'-NAND[p 318%n\Z-tEm=li4tJx302L oft~J}~*lflli{yljq:t, ';$&1zFAti 
tt3o6B'JtTittQX'f q:t B'J m~tTittQ3osPT~ ~~79 9-f*Q ,JArma~r1zQtttt314q:i JT5):Jx.$ 
-i'-~ft/ t'@tt1* FAM o fr~®* iJfil vu cp , ff ffl ~~FA IH~~ ~t'@ttFA ]08131 T z::: µJ b:J % ffl J! 
t1m=t'@rt1z310-1. 11rui ~ut11m~t'@rt1z3os, rt si~ ~1*JztJAtt~ q:t o .f±~®¾'.nm vu q:i , 
1i1E ~1*FAPT ~*mcv1L Arnto;i:tfmir~R1:1J1t O ft~®':t!Jfilvu cp, ~f*FA l:8 ~ Ftrtit4tLl 
nJZ ,1'LM1s.~~~rtPi,fil ,~ ,tBtu1mz~~li1ttm o 
[0083] ft ·®g; hrn vu cp '~~Jit{ttt311 cp B'J #1*Ji J=l=Hf $·t ~AND.$ B'J jj;JJ n ~'=¥~ 0 ft 
~®g;lflliiJijcp, -'#~m:1t:a314cp ITT-@±~m316ffif'F~AND,'f, m::;,=t~ oft~®g;~iJrjcp, '#~m 
titt3 l 4 q:t 8"1 JT:5 n\ZftNAND * ~j~t;!;; 8"1 ~1*I:328fflfFNAND.$ ~1~flz.Q1i1l n O ft~®g;]Jffi vu 
cp '~&iJ.iFA111'~314cp R1mIBZft\JAND,$ i¥J }H~ftwi¥J-@±1*FA330ffl{tKAND,$ i¥Jr1HRJ!tl n 0 

[0084J .f±~®¾'.!Jfil17Urf7 ,x1~&;RFAtltt306IVHITTB1~-i'-Jc!.£:t1"t~~FAx1:itHT00%1tJ§ ,-fij 
~~ ~ % ft 01 t-@ti ~ xi 41 1¥1 m ~ t-@tf ~ ~ ~71-B' 14 ~ , % nJZ tm f& J1t * n o ft~ JJ:I; g; lflli vu 41 , ft 
';$tRFAtttt306:i1n:tm%nJZ ~ FA-B' ~FA, xiit-@± ~ FAm:1r l!I %1t, % n\Zr,;t&J!:tl no a~JJ:~* 
JMvuq:i, 9 ~Q:tttJJ. ';g'f'?,, tt, 'fliD, 4'§,.J~~li;fo±~li1ttmq:i B'J~;f~~$1~B''.JK]:fr, ill PT~ 
71Jtftl!.1f~i¥JM,t,lofr~®*~vucp, -@±~FAB1 JIJBt'71E>-40nmofr~®g;lflliiJuq:i, %n\Z~~ 
m 1¥1 I 6 PT i2J, {i ffl iu~rn=ui I 6 , 'EHM!:! :;r, ~~ r ft~~ if'§ m 15U! ( CVD) , tm:EI ~ if'§m ;f9' ¥! 
(PVD) ,~~ fFAm19'Yt (ALD) otf~®J.:!JfilVU"P, PT~*ffl::Ytt¾Ll;fOTl!hlrrd!t¾Llti\IZ:::xi-@± 
~ FA :ltHf l!I % ft o 

[0085] ft ·®g; hrn vu cp , %bx~AND ,$ :itt i!7'el.t1'5% bx. -'f #1*:im:l1:!320, ;i:tft~J'L1T ri'D M{Ftl 
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ff ~jj:Jifrj£~~FA:t#.1Y,314o ft~®;tJJllif}tl cp, %m\JAND,$:it!:~zv'e1t~Ji' ~FA322, Jt:1ft+ -"F 
~1*imm32o;fu $ 1- -B'1*! t~t&m x1 z raJ oft~!~ ~ntli 17,i cp , 1r ~ m3 22~ $1-m s<J t~.if, 11 
trSfE3)flR r~m~ ,:Wfrt• 5G~ ,;for;_§J~ ~oft ®~JJllifftl LfJ, JiJr:i£1~m~'e1trSiB~id~ !¥4·, 'e1 
t5f!3. /fl~ r¥l ftu:L 1m.1tu:L 1m.$.1,LtitQJZ r.:i£MJf4o<J tllif O 1=f ~Jlt.* JJlli ,W1J cp 'fl%;m:~ ITT w )j[ 

7J 5-15 nm , + -B' ~ 5m i@: cp ~1 Cfl. -=f g1Z S-S: ~ pJ i2J 5m .ct ;iz;}: pif i@:}: 1%l ~ ~ N AND ,$ ~ ff {iii 1$'- 5G}: 

cp o ;ff ~®~.JJlli fftl cp , Zf {i:/'1. JGFA wJ i2J fflr t7{i:/'1~{tNANDi¥J ~--rnr o Zf fit• JGFAITTiff ft'eLtMfl 
7fl~ rffi {,Lni' im.~ {,t fff, JclX:~ {,Lni;fO i(Jtnii¥J tllif, JclX:L:i£HJf4i¥J tllif O .(±~®~)]lli 17tl rr ' 
:Wfo~-5GFAB1 JJ)l'.793-15nmo ft~JJ:1;~JJllifftllfl, J5Ji~i~mt~lf4·7J~ {,tli,~1tliQJZr8i1rCfl. -;W~ 

iB~M*-4 , mz ~ ¥ t~ ~J. ..t:t-J!f-4 ITT m if o WrHm ~ 1-~ 1iam g1Z~ 1-'eL *~ 1ia11m. 1ia1 ~ 1i 
li (ONO) ~ ~B'cl ~)l'.794-15nmE!'J1[ir Qot£~®~hffi1Jtlcp, Jifr:i£[)£1J~ ~pJl2Jjt!:~zv'e1-J-%~1-
~Kf)-~ FA ( iJtl:tzPW &7'11-5nmi¥J~{,L f§) o 11:~®~.JJllifftl cp, Jff n\Z Ji' Jjm:122wJ 12J%fflALD, 
CVD, PVD ;f P Jl:fte.if ~ B11ff! o 
[0086] ft~Jlt.;tJJlli{Jtlcp '%mNAND,$:it!:~zv'e1t~%mft?fri±:YA \JD,$ ~ftwR<J jf, MFA O :tzo~ 
3CJilr ~, 1rMFA326%nxftNAND*318;fU*=ft~tlz302Z.faJ oft~!~~ntliffi)cp ,1rMFA326~ 
UJi, Jt:-½*-.:.UlHlz302J'LfjJi~EilH _fifJ..*__:.U~-tlz302..tji':YJI-'t*oft JJt.~M.ivtl cp, jf­
g~325J1t~zv*iti*JrJ_l:t,RMITTti*1K-'-F o 
[oo87J ft~JJt.~OOi: vtlcp, 1ifF6o6nt:~tl7fitjl; JTJn1Z~1'-g1Z $1-:.ttW1'iEil,8 o :tzo ~ 3CJifr?F, ¥ 
J[M{$JF:1.:.r~~~mJ#~314ITT1HJm!it8324ffimft~=:iii~tlz302..toft~Jlt.~JJffivtlcp .~ 
~i!l!A324s<J~fttrul'!~ti~!i!*=:iii~~302o.f±~@~.!Jffi17tlrr .~~i!l!,~324:iffirlm=ft~t»E 
302iiti$"i'-NAND,$318 oft~®~JJffiiJtl LfJ ':iffi.tU,~flit:lzi;~ n 328~#Wlr MFA326Bf.J JT*~~ 0 

1=f~Jt~*JJffiW1Jcp, ~i)ffi~Eil,9,324EB-B'~MJf4f!JLl.~, 'e1ttfs.~~~r+8i, tti, 4fPJ, fil,tt~ft ,ftft 
tm~ 12J ..tMJf4 B'c1 mtr oft~®~ )Jih 1Ju cp , m JJ½j-¾W1'irt!,8 324 PT 12J5mtt 11 fflT1i11~1iiot.car 
z: ** nlZ :_@l[ ]t'# ~~mLt~:n 41¥1 :ff □ , f!.Ui:Hij--B' 1*:t-JJft g'Ztf ;t:t{mt-H4vtl:tzOiB~j:t-JJf4±tt 
JEJi)T ~:ff n o?!r ~:tj3't;f-,f;f4 pJ~_:t;,1HfjALD,CVD,PVD;fOJl:{te.if~i¥J1i1! o 

[0088] Jftfftl1ii!60M~~+~ff608' :tzo~6Jifr:,ft' ft$1'-NAND,$ L%P½M: yfBJ&~m O :tzo~ 
3D?fTJF, J¾o :Y-Ll 4.~FA338% n\Z1=E$1'-NAND l¥ 318..t o J¾o yfI7.~FA ffl rf~$fu1A1D l¥ ;fUJl;1tl!,~ R4t 
z.rsJ El''./ 4!.{§ ~- oft -®~hffiiJtl cp, %JJxM::YLl:1i~)i338'e11%%JJ½iB~l)i331,f!,tJ§%bx$t1ft 
~:U!l!A335, ~ftiB£~m334cp JF£5MKD,'f, 318:tifij!l!oft~®~.!Jffivucp, iB£j~334~~ ~g'Z§; 

}: fBftHHlJ.' iJtl :tzOi'.\Jt ft, ffl 1,L :iii' ffl ~ 1,L li~ ~ A m1r O ft~JJ:1;:~ mi: iJtl cp '1fttU!I! ,8 335 ~ * mttf.%7'1: 1/r 1cttiB~fFA334 cp jf; m:+f D 'P!.~ Fn~ ffl-B'1*f-Jt3+ ."½iB~f :t{fj.±Jj;3'EJifr:l£:+f D 0 

.f±~®~.!1ffi1ftlrr, tUmffti':U~_8335i¥J-B'1*:t-t!f41'Lt2if!3.~~~r-¥%,tti ,tlriJ /rB,t~~ttt,a1ttm 
g1Zi2J_tMMi¥Jmir 0 tE-®~.JJlli~LfJ,~m~~MMg1Z~Jt:~MM~~M:i£JT □ m12J*m 

ALD ,CVD,PVD;fn/g1Z~ftl!,if~m1i1! 0 

[oo89J ft~®~iiffi1Jtlcp, mJJxM:1Ll:1i~Q33sfil~tl7'e1-J-%mJJxJt:fm ~ ~Q, 1Ju:tz11JTJJJxftfTI 
£jm:t14cp B1-B'1*m:HO.frl-B'1*ti~EilFA]44o:rE~J!t~JJffif7tl cp, Jlff ~'1'-g'Z$1'"-B'i*m:140.,fri/ 
E1X:-B'f*tliHEilFA344 0 .(±~®~)]lli fftl rr '$Um-B'1*FA340;fP-B'1*tliHEilFA344i¥J ~1*H~4·@J%1!3.~ 
J5~ +~,¥ti, ~aj, ti=\, ti*:irr, li1t10g'Z 12J_t:t;t)f1~A<J£Jiif o %P½-B'1*mlo-B'f*tifij~FAR1 I Z:!SJ 
~'J, *ffl 0~o Bf.J 0 W: tLlf~1i1! o 
[oo9oJ ft -®~hrniJtlcp ,%hxM:1Ll:1i~Ji338ill -zv'e1-J%%JJxTJ):f$#4!.Jt312;foTJ):f$iBtt 
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m336 a ft~Jl:l;;tJtffi iJrJq:i, /lrrJm:TuHti1-B' Fflm342i¥J-B'1zfs::tJ'f3t~tMEl/H~ +~,it,~~, i/=l, ti* 
ft, ft {,t tm mt ~:J. _t t-t *4 81 t~. if a ft~!~~ tr'tli vrJ q:i , iffrJ m: TN il-11 t~ f'.%(m 3 3 6 ITT t~ ~ t-t *4{M2HB ::f 
~R -=t• ftti1, ffi.1,t ti±, ffi.• 1t ti1, ~_t:i2tM'¥4 81 tll8- a 
[0091 J l!l 4A-4D~:r1ui *,'& aJJ ~ lllli:1f :rt □1 ta if r~ ~ :vu H1tf:fo >'r ~ ff ftJ: 01 tv ~Iffs~ I!! : 
1!17 H:§'aif _t~14 JLlff1i:J:lO>'r II ff1i:J:81ffsvrJh1t10081¥JiU¥1!1 a 
[0092J ffsvrJ'tc!::1f1!700:+ffrf,-=f~f1=702, :tzo~7 pJ-rffs, i4ffi=ft~;tft_tB<Jl~1rJ~ftf: _t r-· Mj'[ 
J-J_ rm {t1;143rJ!f.~!f:1ft-=tm=ni~t.& r:1f, Jti4!4 JU!f.~m5¥0>1r II !f.~!f:x11f a PO 00 4Afilr 
7ft, '43tl!f.~!f:338~i'i.+m ~.ftlH.&302r:1f aft~®~llllivrJLfJ ,x1Jrl43rJ!f.~m338l05'r 
II TT.1+Xm222ITT :1f1t79x1-1'rl4 3rJ TT.l+X!f:338 ITT-B'1zfs:m342,tn>1r II TT.1+Xm222 □1-B'1zfs:m220 a PD 
lit, ':1§!43rJff1tf:lD>7rlilff1tf:t6ttS1 ~1z[s:Q342--½220*i!il a 
[0093] ffsiJH:'l::1f1t 700t['Hir~1f704, PD~ 7 Jifrffs, tff #pt 31j![~]f;;jsO)'r II !f.~m a PD~ 
4A?Jrffs, '43Ll!f.~/z338l0>7/'~ !f.~/z222taif-#%/vZ;fMaW 00403 a{±~®¾'.JtffiiJrJq:i, {±W3 
-~ lilfk!f:taitzflTEµ(taits{, !l!::EM.lI z:PT m+:IJD1.ffil4 3rJ:i:ilfkm33sto>1rll 2ilfkm222zraJ 1¥1 
f'.aif fJ aft~!~~fftl!Vl]q:t, t~f'.%(m33679.{,tftm, t~~m21879ffi.1-tftmaft~!~~1f'tfi'fyljq:t, 
t'@tJJi33679ffi.1tUJi, f'.'@tJJi21879• 1tti1Ji aft -®~hrnvrJ q:i, f'.~8-!l!:Jl~tJS~ ~-=ffzfs:!l!: 
~Iz:~;Eµ(~~~~!l!:~Iz:,!l!:~~~!f.~mITT*ffi~*~!f.~mITT*ffi~ft~,t-ffi 
tlt:336to21szrsJmnx:ft~tair att~®~JMiJrJq:i, &'aif !l!::Ell!.79Af\!l!:fll!.I Z::, ft~®~JMvrJ 
q:i ,~!l!:fll!.R1~ft1ffi't&l:250'C JU600'C aft~®~JtffiiJrjq:i, ~!l!:fll!.I Z:1!1~-B'1zfs:!f:342_f0220 
z..i'aJ?"'"t!f.tfi'fL EB lit, -B'f*m342;,f'D220{±f'.aif!l!:fll!.J§:tH!f.$'~if a{±~®¾'.JtffivrJrr, -B'f*m 
312;f-D22otr, EB ~~i!rrJIJ½ a 
[0094] ffsW1Jt:l::1f1!700tl'tf'.frf#!f'F706, PD 1!17 Jifrffs, ft~&-2zm:1:ttt_t%nx:•ftw-B' E§. ma 
[oo95J ft*jjzRJl Et:1 ~,t-~ ii@i?JrJ cr, :ti11106~fzfs:79; ~Pi~r1zQ:1ttt_tEt:1 m----.ft~t.&m, 
~~~m*tt_t%nx:•~-B'E§.m,-#~-~-B'E§.mcr%nx:~~~a 
[0096J {±~®¾'.Jtffii?JrJ q:i, ~~im=nilH.&302, -#{±~t.&/z:lttt3141:.%nx:•~-B' E§./z 
405, PD 1!]4Rl JiJr:,ft a ft~®:tllllivrJ cp, ~,0W-B'Fflm405 l:8 ~ Ffi -B'¥i'J'¥4;J:ignx:, ;\:t-B' Ffi tt~~.,-i,~ 
•t&.½trf 111~ifflj, -#{i1~~-~S!,1~(324£5NAI\D l¥ 318Ff~~%/vZ W. Pf ITT E§. ·r-'!Ji!J~a ft~!~~tr'm 
iu cr, •iw# 4!.Jt105EB ~~,~~8-~:r-D~~ti1fttmcr Et:1 ·1~~g;1~Et:1tll8-;tigJJx:, th nr ~ 
FR :1t{fu(.'fi E§.-B'¥:ttfJ.;ttJnx: a a~Jl:l;~Jtffii?JrJcp, :rtJ/vZ•YW-B' E§.m4o5o<J ~~ FR 'wil, it, 11, f)(,fo 
~q:i 81~.f~~:$1~81t'iliftL/ivZ, iliPT~.:J, 79;1:tfmif ~81~~:ttHaft~®~JMi?Juq:i, ;tr1nx:~fti/iJ 
-B' E§. FA 4 05 i¥J ~ ~ it~ 79 'wi1 At , ii A;t ;f-D ~ cp i¥J .¥ & p;J;J -t~ ~~ti) Jtiz i¥J it~ cp R1 ~ -t~ ~ g; ;f~ 
1¥Jtllir ( ifrJPD, m~~~if~ PT~;], 79'kid~if~, -th PT ~79'ct(t~if~;fD'ctci%if~i¥J§'llif) , ill PT 
~79;!:tfmif~B1 ~~it ~f~'f4· aft~®~llllii?JU Lf1, tZJ./J½WRYiffl-B' E§.~10581 ~~ft1ttmrnft1t 
it, a 1i 11, ft1t ttvrn ft1t 't8i cr ITT~ .f~ ~ ~ 1~ ITT m if ;ttg 5½ , m PT ~J 79 ;i:t fmif ~ITT~ ~ft1t tm 
:f,J'flj. a 

[0097] ~~®~Jtffii?Jrjcp, •iw~E§.m40fii¥JJ.Jllfrr20nm¥USOµmzi'OJ a~~®~JJfuiJrJcp, 
~ft/ru ~ E§.m4o5 i¥J JJ/t' frr200nmiU 5000nmz..l'aJ a{± ~®¾'.Jtffi i?JrJ rr , % nx:~~Tu ~ E§.m i¥J I 2: 
pJ~ 1!ffl~MlmrJEIZ:, ~tMEl/H;~+1t"i'~k§vU5Vi (CVD) ,4?7JfM.l~+§m;f5Vi (PVD) '~~ 

-=f mvHmt (ALO) a 
[oo9sJ ft -Jl:l;~hfilvrJcr, -13z:i:W*~m----.u~;t.&302aft -®~hfili?JrJcp, 1/r~~ttm----. 
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lc!Jltffe.302, P.tFn-f!}¾l~im!GfiFnm:m=li~t&o tf~®;t:Jrffi{Vtl cp, im!Gri:m=li~tffe.302, J1L~ 
~=li~t&302cp ITTrrl5 /fiJ f5Z304imt±:I otf~J~~JJrn1frjcp, ¾~i~=li~tffe.302ITTI~{,J,;j:;Ii{B.::f 
~R r s1 UnJ nJf M , -=f t~;;~Llt:k, J~ 1! ~Llt:kQl(;1,t '+itJ1rJ!\:W:l)'GQl(; J::i£I ~ ITT ~lift o 

[0099J tf ~® * Jrffi 1JrJ cp , 1!171:Hl:JJJ(ft#il-B' Et! m, tE~ftw-B' Et! m cp % AA Pi%~ IX oft□ i!l 4C 1 FfrJF, 
~"'"wt$ 'i'- ~r% I~ IX 40 7 m nx.tE~tilti ~ Et! t: 4os 1: o fr~®~ JM: vu cp , ::iHB :YctLl lo-=t 1! n1ut: tu 
~T~¾~~~IX~cpITT~~~Et!mMM,%~~/fiJIX~~.~~~/fiJIX~~cp~~ffi~ 
t-tll-%AA~M ~ IX 407 o{±~@~)J11Hftlrr, %AA~M ~ IX407B<J I Z::PJ"~:t71UtJm"t.*l□ /ie£fU~iJE 

lRI~ ofr~®~JJ'fuivtllfl, ~I~~ t_;~>107Et<JHt~-7Jft1tli,JMtli,ffiiA ftlil□t~~- ftlilfl s"J 
~ 1~ Ql(; ~ 1~ ITT ~R.ir , ill PJ" ~J 71 Jt1mir~ ITT M .t4 o fr~ JJ:~ * Jrffi W1J cp , tl.H@ * ~1T; Wit rm Jf , fr~ 
fti!d 0' ~ fz?:405 cp Jf~JJx;::f [P] B'cl ~!% /fiJ IX l!I~, l:J,fl/.f :fLltt ~B'J~ftild 0' ~fz?:t61tJ, ~IRZ9.J.'l'-fffi1*, 
$1"t71it:f"R:,Ql(;Zffit:tk:B<J i'liHJ\. ofi:~®~Jrffif7tl cp, fl[1Ti'i~~ji&it~Jf, fi:~ftw~ Et! m4os cpJff 
AA::flPJITT~~IXOO~.~~~ir~ITT~~~Et!fil~1tJ.~~~~~m~~~n~MA~ 
NANO,$ Z.~~, ;l'.fylJt{tfi.l't(] Ffi -rtl:~1iJ}Ji"f~ o 

[0100] tt*iz!Jjj ITT yj~'l'-~JJlfif71jcp, ~fP06JHt7J: a~=li~tffe.J:%AA~~m, {tl:~ 

~@~t)zcp~@½~~~cp~~~*~~Jl:;~~~@~~,ffl~~~#~~o 
[0101J ft□ i!14B2ffrJF, fr~®~Jrffi vrJ cp, ~ri'.$=ii$l!;i'Jx302, 1i ~*=ii$llHJx302 cp ITT 1Wi 
I~ [X304~t:t\ ,fijjLJJij\:$J§i'l<Jfil:~fP.417 ofr~®~JM:fjLJcp ,Jij\:$~=li~t)z3Q2~<.}I~~,tj5" 
ffl::ffl~ r~ l21l:iiJf M, T-1ttLlt£k ,r~1ttLlti\Ql(;1t"¥:i9Li'J!\:~~:YcQl(;J::i£I ~R"J~li if ofr~®~Jrffif7Ll 
rf1 ,{±~ffJ§ITTli~tffe.417 l:%AA~~m419a{±~®~Jrffi1J7tlrf1 .~~mt-t!f4:Jikti'i ,ti/@c;f0t% 

Lf1 s<J~f-~Ql(;) ~l~s"J~Ji if, Ql(;~~Jt'tif~s"J ~~.+~ t4oJ=ifr:i£~~m@.itA1f JE1rJj;ITT JJ§t, ~ 
1J¾ ft:)ci ~j &$ rm Jf OP]"~), ft ffl ~ Iil!:m iJE__L ~% AA~ ~m419' {,JJ§fB. ::f ~~ r1t"¥=~ t§IJUR~ 
(CVD) ,~f_f~;ffi;iJURii (PVD) ,~J}lJ:-=ffz?:mlRii (ALO) 71'D/~Jt1futt~B'J::75"¥ia 
[0102] fi:~J!t~lfllivtl cp, µJl:J, f!fflifsj(Ql(;;tt B -if¼! ITT T ~ {1'.?mGiiJBB<J iii~tt 417 cp ITT tt 
~~~rz419cp ITT~~~~1t%mz~~n11ttm ,1!/.f¥U1JJtm~~rz421, ~tw~~rz421 tpJi1f 
~I~~ IX304, :liFn¾II,r.~,Ow-B' Fflm421 J:~ffi ITT ~~m, ftDl!l4C2Jifr?F oJ:l~tt!!, 1!~~m419 
cp ITT~~Jt!:i\~~0ITTli~tffe. 417 cp %nx.~~li1tfm oi!!ft1m-B' Et! m421 r:p ITT ~~liftt-mt~ffl 
~~JzH19}1fr~~~B'J ::f lwJrm1f Jifr::f lwJ, ft1 l*~~Ji,119~UIHi'i ,tf ,4'.tQl(;f1?i, Y!Ll~ftw#~Ji 
421 cp ITT ~~ii$fttm:t~/lv.:l:fil}Jii$ftJi'i ,ti:Htil ,ii$1tUQl(;ii$1,t~ 0 fr~®~Jrffivtlcj=t '~Yjlij-B' Et! 
):421 ITT~~lift~Jl1f A~~$, Jt~~ 'tttt1~::f '§'l:~1&½1tl nt:2r!fLl, #ff1ij n~J'H!IU~324 
<=;NANO,$ 318fi~1rjj;ff; ~ ~ frf ITT Et! 't1:f:.~1i o 

[0103J f±~®~m11wu rr, f±m=li~t,&302J:%AAITT~M /fiJ rx 3o4::fi"f~1iJEM~t1ru-B' ~m 
121 s<Jttitrlff Jf, l!IIlt, J::i£1*fnoGJt!:~zv§:t§: ~%1t~iiAf-B'~JzH21, fr~!Lw~ ~~121 
cp Jl:;JvGffiITT ~~ ~[>Z (I!] cp 7KJF tr\) ofr~Jl:~*lflli1:Yi] cp , fr~=tt4i'ffe.302I.Jl:;AAITT ~~ ~ f5Z 304 
t1~1iJExt~ftilti 9 ~g421 B'Ji&itrm~, l!IIlt, ::f rm~xtmJJx;B'J~tilti 9~rz?:4211l}nl:frl!IJTHt 
~1f oJltjr ,:Hr J:Ji~1f706,~=iii~tt:rn2J:s<J~~ ~ IX:104::f Jr:&:,{uiITT, ep, zt~®*Jrffi 
17Llrr, %JvZITTm=n1~tffe.3021:.::fWf±~M ~ rx304, 1!11't, 1:.:i£~ft?o6m:~ j;'ELtt: 00%1t~ 
ft!/il-B'Fflm421,fr~,~ftw-B'Fflm421 r:p%AAr1~~1X (l!Jcp5K:,r;W) o 

[o 104 J fr ~J~ ~ JJffi 1"}rj cp , * ffl :YttLl ;fU-=f i!/ 1~ ¥! tLlti\I Z ¾ ~i ~ ~ f5Z ~ tp 81 ~Ylfil-B' Et! m 
t-J!f4·, % h½ rr% ~IX~~,# rtJ ~!%~IX ~ ~ cp :1:, Jt~i~tt-J!f4· % h½ IWi ~ IX o fr ·@ ~ hrn f7Ll cp , % 
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mz~ ~ IX R<J I Z::PT lj*ffljlm1:_ *;,fO/~~~lrJEf,RI z:: 0 ft~®j_:_'.J1ffi 1Jljcp '%IBZl¥J~p;lj ~ L>{ 1¥JM 
tlJ. 79• 1-t a, m 1-t a, 1m • 1-t a;fu ~~•it a cp ITT~ l~ J:l!Z$ l~ ITT mir , 1h PT lj 79 Jt fmifJJ§: ITT 
t~l4·o ft ·®3l=JJtti1JiJ Lf1, -tR1ris3l=l~ixitr/ff ~, fttflRliiffl~ rl::r.~121 Lf1%JJ½:;f PJ ITTrrl;!i ~IX~~, 1J, 

:f1t'j, _¥1j if~ IE ml! Yffij -B' EEi. m~afi:J '~[Ri}] 1¥'-1'-# {i# Jj(' ¥ 1'-#{i~ 1}(' ~#{i# 1}( IE$ 7)~ 0 ft ~@-j;_ JJtt1 

1J1Jcp .1~t1is3l=~ffi-i&itrm~, ft~Yrfd-B' Et:r.~421 cp JTJJJ½:;f lPJ i'l<Jrrl;!i I~ IX ll~, lj:fij.¥Llif ~i'l<J~fti/il 
~EEI.FAtfffi:J '{~wllftiffi-B'EEI.FAfr:l!tij¾Yl.U9L8 ~NAND,$ Z>'r' -j}_JfllJt{iliITT EEi. tl::l!tiJ)J~E 0 

[0105J ~{!iiJtt1J1t100~~-f-~{f708, ~P007 JW ~, ,(±~!iiru-B'Et:r.~_t%JvZJ§f&fffiJfi!f.~FA 
;fo+tmFA o !iol11DJifr:,f-, ft~,'iiJLiffl-B' Et:r.FA1os; 121_tmJvZJEtir!fUf.1f!i~FA*o+tmFAHs oft~® 
"ik JJtti fyrj cp, )ci t&f!JUf~ 4_ijXFA~ti5~1'-~¥-i'-t~~iFA409, ~1'-~¥ 1'"~9L841 Lfn~-i'-~~ 1'­
~1*Q413 o ft~®3l= hw: vu cp, tflttQ4o9~$'1'-tflttQB'J rn:tr, J1Jr:i£$'1'-tflttQ PI 1J,:imJ1Jg( 
ir. ITT W ~I *Ll ff o ti:~@ 3l=JJtti 1JU cp , ~9L8 411, ~ 1* FA4 l ];,fo},J mFA41 s wJ EB -B' Et:r. MH *Ll ~, ~tt 

1!3.:;f p~ r~, ijl;, tiRJ, tg, ti~ni, ni1-ttm;1£ IJ- 1:.;t-,f ;flJ.ITTmii- o ,f±~@~J1ffi 1JIJ cp, $IJJjH·Mfd~ 
4091¥1 t'@tj:,j-Jt1~~1M!3. + I~~ f~ 1-t trr, ffi 1ttrr, ffi~ 1-tli, ~_tifJH4 R<J ~Ji~ oft~® ;tJJtti 1JU 
cp ' t-f1~%(FA409pJ*~-;b{116 r§'i Kt-f1 ~ M )flt O ft~ 1~ 3l= if'tli 1J1j cp ' tit if~ FA 415 £5 ~'Hlf, EEi. g~ JiJi lj 
ftM·i':l-B''.J ~ :fU 1 >'r ~ ~iftJ:;fo31rW 4:! gi zJElJ 1Iz~4:!i 1* ~- o a -®3l= w: 1Ju cp, miw*Uf'.ll!f.ttJt 
( 1JiJ ~P i!ll ,8 411) 1:5 ml! !ii/ii-B' EEi. m 1i ti~ l'RJ ti EEi. ·ttfc:l! ti o 
[0 106] @ ':1§1'~ t±:1, _tj£]T;~Ni\NDZf fo/'i'ff 8<J hr!, lj ,&JT;JvZMNDZf {T/'i'ff i'l<J h1t cp fl-a-i'l<J JT; 
IBZ31r II ff{tf:;,j;OJrll Jl.~FAl¥17Jtt, ff!IBZl41U ff ftj:;,fOl4 fiJJ::L~FAi¥JJJ1!, lJ, E:.~~14:fiJ ff{tf: 
~*llffttITT1J~~79~~ttITT,ft:;f@~ffl*%JvZ~*~OOITT~~,PTIJ,@ffl~~rm~ 
i)#J~_t;l£1J1! Lf1 B<J tl1 ~I ~j ~;,fO/~Jilr}Jff, lJ, ~:f~ t§ lciJ ~t-§{I;Jj<J tl*5fYJIL viJ!iD, %JJ½/4/r II~ 
·f4 fnJr II TT.ijXFA IE w 011:5 % n\G~ JLl~14 fn~ JLl 1:rnXFA o<J w fff£t§ TT. ag(1LIE , = ~ 11 ::P-5'cJci 
)ili'.l[Ff' -t±!.ffJt~i3l.' ill pJ lj n;JT;):J_x,~JLl~{tf:;,fO~ JU!L~Q' -fl} )T;):J_x.Jr Iii ~{tf:;fOJr Iii ![~Q O lit 
*·:rr~~FA$~_t%n\Gwll~-B'EEI.FAITTW9:;f-k~ti:~*~~~#®*ll~#~~n\G, 
{hpJIJ-~%n\G~~ff#~~~!f.~m~~@Go~-@~J1ffi~~cp,~ffi=fil~*l:.%n\G~ 
'1'-~~~#1¥J~~*m,~~*ffi=a~*i¥1~~*JJ½~~-B'~FA,~m~ft$'1'-m~* 
_e%n\Gr¼:JLlTTJt~FAoft~l~3l=if'JiiJJ~ cp, ft'ffi=tii~*_e%n\G~'l'-r¼:JLlff{tf:ITTNA1D~, ~'),,& 

t[$,i"·NAND,$ _e%JJx.~ JU!L~)iJ§, -fl}tEJ**'ffi--.U~1JzB''.J1.v..'s'.%hx:¥Jffi}i/ii#~Ji, ?tJ§-1±} 
~aifpt- :VLl ffftJ:,foJr~ ~{4olltJr, ill PT ~Jft~{mif~ITT~t{~%n\Gwllfti/ii-B' Et!m, ~J3l=fftlj¾wl!m!ll 
,1~;fONi\KD$ 8<J Et!tU!fl< o £5 Jltt-§xt@ttl!, _tj£]T;n\G~!ii/il-B' EEi.~ 8<J h1tilig7'J~1JiJtl:8<J, ill PT 
~*ffl1t~*~i¥11JttmIBZwll~-B'EEI.FAo 
[0107] *~00 ffl r%'r EE!. -B':f ITTt~!Liru-B' EE!.FA{ttltii~;t}z_tITT~~TuJfilffi, ~lftlj¾~~9l,8£5NAND 
$ B<Jiiti, t)}Rfjj1f;~fl .R ff,J~~*Lltii/4/r M~ITTJffil1;fi, {!:f~xttii/4/r M~B<J~*Ll:;ffl+~3rnxtwR 
~~m1E~~1E~tt,*~fil-t11m~B#1E~*~~!j2z*11B#~#M~1Ewll~1E~ 
'i9Jf!~jJ 0 

[01osJ IJ,_eJ=ifrit, f>l79*Jit'!J=Jt111B<J J:l1i3l=J1ffi1JJ:t, 1l::!*/lt'!J=J ITT f*¥1ffi 11*:;f J/D~~ r Jlt, 
ff~AA~*a*~~ITTtt*A~~*~OOfflEITTtt*mm~.PT~~m~ITT~tt~~~. 
m@M~ft*R~i¥JU¥1mllz~ 0 ~J.lt.*R~i¥JU¥1mll@IJ,MIB~~~*l¥JU¥1m 
~79;,tL 
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SOURCE STRUCTURE OF THREE-Dll\fENSIONAL JVIEJVIORY DEVICE 
AND l\IETHOD FOR FORMING THE SAME 

[0001] 

rooo21 

[0003] 

[0004] 

!0005l 

f0006l 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to Chinese Patent Application No. 

20 l 711236924. l filed on November 30, 20 t 7, which is incorporated herein by reference 

in its entirety. 

BACKGROlJND 

Embodiments of the present disclosure relate to three-dimensional (3D) memory 

devices and fabrication methods thereof 

Planar memory cells are scaled to smaller sizes by improving process technology, 

circuit design, programrning algorithm, and fabrication process However, as feature sizes 

of the memory cells approach a lower limit, planar process and fabrication techniques 

become challenging and costly. As a result, memory density for planar memory cells 

approaches an upper limit 

A 3D memmy architecture can address the density limitation in planar memory 

cells. The 3D memory architecture includes a memory array and peripheral devices for 

controlling signals to and from the memory array. 

BRIEF SUrvllv1ARY 

Embodiments of 3D memory architectures and fabrication methods thereof are 

disclosed herein. 

According to some embodiments of the present disclosure, a NAND memory 

device includes a substrate, an alternating conductoridielectric stack, a NAND string, a 

source conductor layer, and a source contact. The alternating conductor/dielectric stack 

includes a plurality of conductor/dielectric pairs above the substrate. The NAND string 

extends vertically through the alternating conductor/dielectric stack. The source 

conductor layer is above the alternating conductor/dielectric stack and is in contact with a 

first end of the NAND string. The source contact includes a first end in contact ,vith the 
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source conductor layer The NANO string is electrically connected to the source contact 

by the source conductor layer. 

[0007] In some embodiments, the source conductor layer includes one or more 

fl}OOSI 

[0009] 

conduction regions each including a metal, a metal alloy, and/or a metal silicide. The 

metal can include copper, cobalt, nickel, titanium, and/or tungsten. The metal alloy can 

include an alloy of at least two of copper, cobalt, nickel, titanium, and tungsten. The 

metal silicide can include copper silicide, cobalt silicide, nickel silicide, titanium silicide, 

and/or tungsten silicide. 

In some embodiments, the NAND memory device includes an epitaxial silicon 

layer between the NANO string and the source conductor layer. The NAND string can be 

electrically connected to the source conductor layer by the epitaxial silicon layer. The 

source conductor layer can include a plurality of conduction regions and one or more 

isolation regions electrically isolating the plurality of conduction regions. The NANO 

string can be electrically connected to the source contact by a first conduction region of 

the plurality of conduction regions. 

In some embodiments, the NAND rnemory device includes a through array 

contact (TAC) extending vertically through the alternating conductor/dielectric stack. The 

TAC can be in contact with a second conduction region of the plurality of conduction 

regions. 

[0010] In some embodiments, the NAJ\TI memory device includes a first interconnect 

layer (e.g., a back-end-of-line (BEOL) interconnect layer). The first interconnect layer 

can include a first contact and a second contact. The NAND string can be electrically 

connected to the first contact by the first conduction region The TAC can be electrically 

connected to the second contact by the second conduction region 

[OOH] fn some embodiments, the NAND memory device includes a peripheral device 

between the substrate and the NAND string. The NANO memory device can also include 

a second interconnect layer (e.g., a peripheral interconnect layer) above and in contact 

with the peripheral device. The second interconnect layer can include one or more 

conductor layers in one or more dielectric layers. The NA.ND memory device can further 

include a third interconnect layer (e.g., an array interconnect layer) in contact with a 

second end of the NAl\iTI string and a second end of the source contact. The third 
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interconnect layer can include one or more conductor layers in one or more dielectric 

layers. 

[0012] In some embodiments, the NAND memory device includes a bonding interface 

[0013] 

[0014] 

[0015] 

between the second interconnect layer and the third interconnect layer The peripheral 

device can be electrically connected to the NAND string by the second interconnect layer 

and the third interconnect layer. 

According to some embodiments of the present disclosure, a method for fom1ing a 

NAND memory device is disclosed. An alternating conductor/dielectric stack is formed 

on a first substrate. A NA.NlJ string and a source contact both extending vertically 

through the alternating conductor/dielectric stack are formed. The first substrate is 

replaced with a source conductor layer, so that the source conductor layer is in contact 

with a first end of the NANJ) string and a first end of the source contact, and the NAND 

string is electricaily connected to the source contact by the source conductor layer. In 

some embodiments, the source conductor layer includes one or more conduction regions 

each including a metal, a metal alloy, and/or a metal silicide. 

In some embodiments, to replace the first substrate with the source conductor 

layer, the first substrate is removed, and the source conductor layer is formed at the 

original location of the first substrate. To remove the first substrate, the first substrate can 

be thinned, and the thinned first substrate can be removed. 

In some embodiments, to replace the first substrate \vith the source conductor 

layer, a metal layer is formed on the first substrate, and a metal silicide layer is formed 

based on a reaction between silicon in the first substrate and a metal in the metal layer. To 

fom1 the metal layer, the first substrate can be thinned, and the metal layer can be fonned 

on the thinned first substrate To fonn the metal layer, an isolation region can be formed 

at a first surface of the first substrate that is in contact with the alternating 

conductor/dielectric stack, and the first substrate can be thinned from a second surface of 

the first substrate to expose the isolation region. in some embodiments, one or more 

isolation regions are formed in the source conductor layer after the first substrate has been 

replaced with the source conductor layer 

[0016] ln some embodiments, a peripheral device can be formed on a second substrate. 

The NAND string and the peripheral device can be joined, so that the NAJ\,T) string is 

between the first substrate and the peripheral device To join the NAND string and the 
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peripheral device, a first interconnect layer in contact with a second end of the NANO 

string and a second end of the source contact can be formed, a second interconnect layer 

in contact with the peripheral device can be formed, and a bonding interface can be 

formed between the first interconnect layer and the second interconnect layer, so that the 

peripheral device can be electrically connected to the NAND string by the first 

interconnect layer and the second interconnect layer. The first interconnect layer can 

include one or more conductor layers in one or more dielectric layers. The second 

interconnect layer can include one or more conductor layers in one or more dielectric 

layers. 

roo171 In some embodiments, to form the bonding interface betvveen the first 

interconnect layer and the second interconnect layer, chemical bonds are formed between 

one of the dielectric layers in the first interconnect layer and one of the dielectric layers in 

the second interconnect layer, and/or physical inter-diffusion is caused between one of the 

conductor layers in the first interconnect layer and one of the conductor layers in the 

second interconnect layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

specification, illustrate embodiments of the present disclosure and, together with the 

description, further 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] FIG. 1 illustrates a cross-section of a 3D memory device, according to some 

ernbodimen!s. 

f00201 FIGs. 2A--2D illustrate an exemplary fabrication process for forming a peripheral 

device and a peripheral interconnect layer, according to some embodiments. 

[0021] FrGs. 3A---3D illustrate an exemplary fabrication process for forming an array 

device and an array interconnect layer, according to some embodiments 

[0022] FIG. 4 illustrates an exemplary fabrication process for joining an array device and 

[0023] 

a peripheral device, according to some embodiments. 

FlGs. 5A---5B illustrate an exemplary fabrication process for forming a source 

conductor layer, according to some embodiments. 
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[0024] FrGs. 6A---6B illustrate another exemplary fabrication process for forming a 

source conductor layer, according lo sorne embodirnents. 

[0025] FIG. 7 illustrates an exemplary fabrication process for forming a BEOL 

interconnect layer on a source conductor layer, according to some embodiments. 

[0026] HG. 8 is a flowchart of an exemp!aty method for forming a peripheral device and 

a peripheral interconnect layer, according to some embodiments. 

[0027] FIG. 9 is a flowchart of an exemplary method for forming an array device and an 

array interconnect layer, according to some embodiments. 

fl}028] HG 10 is a flowchart of an exemplary method for forming a 3D memory device 

with an array device and a peripheral device, according to some embodiments 

f00291 FIG. 11 is a flowchait of an exemplary method for forming a source conductor 

layer, according to some embodiments. 

[0030] HG. 12 is a flowchart of another exemplary method for forming a source 

conductor layer, according to some embodiments. 

[0031] Embodiments of the present disclosure will be described ,vith reference to the 

accompanying drawings. 

DETAILED DESCRIPTION 

[0032] Although specific configurations and arrangements are discussed, it should be 

f0033] 

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

pertinent 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 pertinent an that the present disclosure can also be employed in a 

variety of ot11er applications 

It is noted that references m the specification to "one embodiment," "an 

embodiment,'' "an example embodiment," "some embodiments," etc, indicate that the 

embodiment described may include a pa1iicular 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, when a particular feature, structure or characteristic is described in connection 

with an embodiment, it ,vouid be within the knowledge of a person skilled in the pertinent 
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art to effect such feature, stmcture or characteristic in connection vvith other embodiments 

whether or not explicitly described. 

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

.For example, the term "one or more" as used herein, depending at least in paii 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, sucb 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. Jn addition, the term "based on" may be understood as not necessarily intended 

to convey an exclusive set of factors and may, instead, allow for existence of additional 

factors not necessarily expressly described, again, depending at least in part on context. 

[0035] lt should be readily understood that the meaning of "on," "above,'' and "over" in 

[0036] 

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

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

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

means the meaning of "above" or "over'' something but can also include the meaning it is 

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

directly on something). 

Further, spatially relative terms, such as '·beneath," "·below," "lower," "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 orientation depicted in the figures. The apparatus 

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

relative descriptors used herein may likm,vise be interpreted. accordingly. 

[0037] As used herein, the term "substrate'' refers to a material onto which subsequent 

material layers are added. The substrate itself can be patterned. Materials added on lop of 

the substrate can be patterned or can remain unpatterned. _Furthermore, the substrate can 

include a wide a1Tay 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. 
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[0038] 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 

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

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

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

stmcture. For example, a layer can be located between any pair of horizontal planes 

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

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

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

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

interconnect layer can include one or more conductor and contact layers (in which 

contacts, interconnect lines, and/or vias are formed) and one or more dielectric layers. 

[0039] As used herein, the term "nominal/nominally" refers to a desired, or target, value 

[00401 

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 

below the desired value. The 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 technology node, the term 

"about" can indicate a value of a given quantity that varies within. for example, 1030';,S 

of the value (e.g., :t:10%, ,_no%, or ±30% of the value). 

As used herein, the term "3D memory device" refers to a semiconductor device 

with venically oriented strings of memory cell transistors {referred to herein as "'memory 

strings," such as N AND 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 "venical/vertical!y" means nominally perpendicular to the lateral surface of a 

substrate. 

[0041] In some 3D memory devices, a source selective gate controls the on/off state of a 

doped silicon channel fom1ed in the substrate of the 3D memory device. The operation 

speed of the source selective gate depends on the conductance of the silicon channel, 

which can be limited as silicon is a semiconductor material. Further, as the entire block of 
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memory cells can share a single source selective gate, the load to drive the array common 

source of the memory block can be challenging for the peripheral device. 

Various embodiments in accordance with the present disclosure provide a 3D 

memory device with a source conductor layer in place of the silicon channel in the 

substrate used by other 3D memory devices. By replacing silicon with conductive 

materials (e.g., metal, metal alloy, and/or metal silicide) that fom1 the source conductor 

layer disclosed herein, the resistance of the source side (e.g., between the common source 

contact and the NAND strings) of the 3D memory device can be reduced, thereby 

increasing the device operation speed. In some embodiments, the conduction mechanism 

for erase operation of the source selective gate can become driven by gate-induced drain 

leakage (GIDL). 

Moreover., compared with silicon substrate, the source conductor layer disclosed 

herein can be more easily patterned into any suitable layout (e.g., with different isolation 

regions) for driving a single memory block, multiple memory blocks, or a portion of a 

memory block as desired, which can enhance the driving capability of the peripheral 

device for the memory array. Due to its conductive nature, the source conductor layer 

disclosed herein can be patterned and used as an interconnect layer (e.g., part of the 

BEOL interconnect). 

HG. 1 illustrates a cross-section of an exemplary 3D memory device 100 

according to some embodiments of the present disclosure. 3D memory device 100 can 

include a substrate 102, which can include silicon (e.g., single crystalline silicon\ silicon 

germanium (SiGe), gallium arsenide (GaAs), germanium (Ge), silicon on insulator (SOI) 

or any other suitable materials. 

3D memory device l 00 can include a peripheral device on substrate l 02. The 

peripheral device can be formed "on" substrate l 02, in which the entirety or part of the 

peripheral device is formed in substrate 102 (e.g., below the top surface of substrate 102) 

and/or directly on substrate 102. The peripheral device can include a plurality of 

transistors 106 formed on substrate 102. An isolation region 104 and a doped region 108 

(e.g., a source region or a drain region of transistor 106) can be formed in substrate 102 as 

well. 

In some embodiments, the peripheral device can include any suitable digital, 

analog, and/or mixed-signal peripherai circuits used for facilitating the operation of 3D 
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memory device 100 For exam pie, the peripheral device can include one or more of a 

page buffer, a decoder (e.g., a row decoder and a column decoder), a sense amplifier, a 

driver, a charge pump, a cu1Tent or voltage reference, or any active or passive components 

of the circuits ( e.g., transistors, diodes, resistors, or capacitors). ln some embodiments, the 

peripheral device is formed on substrate 102 using complementary metal-oxide­

semiconductor (CMOS) technology (also known as a "CMOS chip"). 

[0047] 3D memory device 100 can include a peripheral interconnect layer 122 above 

transistors l 06 to transfer electrical signals to and from transistors l 06. Peripheral 

interconnect layer 122 can include one or more contacts, such as a contact l 07 and a 

contact 114, and one or more conductor layers, such as a conductor layer 116 and a 

conductor layer 120, each including one or more interconnect lines and/or vias. As used 

herein, the term "contact" can broadly include any suitable types of interconnects, such as 

middle-end-of-line (lVfEOL) interconnects and BEOL interconnects, including vertical 

interconnect accesses (e.g., vias) and lateral lines (e.g., interconnect lines) Peripheral 

interconnect layer 122 can further include one or more interlayer dielectric (ILD) layers, 

such as dielectric layers 110, 112, and 118. That is, peripheral interconnect layer 122 can 

include conductor layers l l 6 and 120 in dielectric layers 112 and 118. The contact and 

conductor layers in peripheral interconnect layer 122 can include conductor materials 

including, but not limited to, tungsten (W), cobalt (Co), copper (Cu), aluminum (Al), 

silicides, or any combination thereof The dielectric layers in peripheral inlercormect layer 

l 22 can include dielectric materials including, but not limited to, silicon oxide, silicon 

nitride, silicon oxynitride, doped silicon oxide, or any combination thereof. 

[0048] 3D memory device 100 can include a memory array device above the peripheral 

device. It is noted that x and y axes are added in FIG. l to further illustrate the spatial 

relationship of the components in 3D memory device 100 Substrate 102 includes t\vo 

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

direction (the lateral direction or width direction). As used herein, whether one 

component (e.g., a 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 memory device 100) is 

determined relative to the substrate of the semiconductor device (e.g., substrate 102) in 

the y-direction (the vertical direction or thickness direction) when the substrate is 
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positioned in the lmvest plane of the semiconductor device in the y-direction. The same 

notion for describing spatial relationship is applied throughout the present disclosure. 

[0049] In some embodiments, 3D memory device 100 is a NAND Flash memory device 

m which memory cells are provided in the form of an array of NAND strings 130 

extending vertically above substrate l 02. The array device can indude a plurality of 

NAND strings 130 that extend through a plurality of conductor layer 134 and dielectric 

layer 136 pairs. The plurality of conductor/dieiectric layer pairs are also referred to herein 

as an '·alternating conductor/dielectric stack" l42. Conductor layers 134 and dielectric 

layers 136 in alternating conductor/dielectric stack 142 alternate in the vertical direction. 

In other ,vords, except the ones at the top or bottom of alternating conductor/dielectric 

stack 142, each conductor layer 134 can be adjoined by two dielectric layers 136 on both 

sides, and each dielectric layer 136 can be adjoined by two conductor layers 134 on both 

sides. Conductor layers 134 can each have the same thickness or have different 

thicknesses. Similarly, dielectric layers 136 can each have the same thickness or have 

different thicknesses. For example, for a first plurality of conductor/dielectric pairs in 

alternating conductor/dielectric stack 142, the thickness of each conductor layer 134 and 

dielectric layer 136 can be between about 5 nm and about 40 nm (e.g., between 5 nm and 

40 nm). For a second plurality of conductor/dielectric pairs in alternating 

conductor/dielectric stack 142, the thickness of each conductor layer 134 and dielectric 

layer 136 can be bet ween abom l O nm and about 40 nm (e.g., bet ween l O nm and 40 nm). 

For a third plurality of conductm-/dielectric pairs in alternating conductor/dielectric stack 

142, the thickness of each conductor layer 134 can be between about 5 nm and about 40 

nm (e.g., between 5 nm and 40 nm), and the thickness of each dielectric layer 136 can be 

between about 50 nm and about 200 nm (e.g., between 50 nm and 200 nm) 

[0050] fn some embodiments, alternating conductor/dielectric stack 142 includes more 

conductor layers or more dielectric layers ,vith diiTerent materials and/or thicknesses than 

the conductor/dielectric layer pair. Conductor layers 134 can include conductor materials 

including, but not limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination 

thereof Dielectric layers 136 can include dielectric materials including, but not limited to, 

silicon oxide, silicon nitride, silicon oxynitride, or any combination thereof. 

[0051] As shown in FIG. l, each NAND string 130 can include a semiconductor channel 

128 and a dielectric layer 129 (also known as "memory film"). In some embodiments, 
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semiconductor channel 128 includes silicon, such as amorphous silicon, polysilicon, or 

single crystalline silicon In some embodiments, dielectric layer 129 is a composite layer 

including a tunneling layer, a storage layer (also known as "charge trap/storage layer"), 

and a blocking layer. Each NAND string 130 can have a cylinder shape (e g., a pillar 

shape). Semiconductor channel 128, the tunneling layer, the storage layer, and the 

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

tbe pillar in this ordeL according to some embodiments The tunneling layer can include 

silicon oxide, silicon nitride, or any combination thereof. The thickness of the tunneling 

layer (e.g., in the radial direction of Each NAND string 130) can be between about 5 nm 

and about 15 nm (e.g, bet\veen 5 nm and 15 nm). The storage layer can include silicon 

nitride, silicon oxynitride, silicon, or any combination thereof The thickness of the 

storage !ayer (e.g., in the radial direction of Each NAND string 130) can be between 

about 3 nm and about 15 nm (e.g, between 3 nm and 15 nm) The blocking layer can 

include silicon oxide, silicon nitride, high dielectric constant (high-k) dielectrics, or any 

combination thereof In one example, the blocking layer can include a composite layer of 

silicon oxide/silicon nitride/silicon oxide (ONO) with a thickness between about 4 nm 

and about 15 nm (e.g., behveen 4 nm and 15 nm). In another example, the blocking layer 

can include a high-k dielectric layer, such as an aluminum oxide (AbO 3) layer with a 

thickness between about 1 nm and about 5 nm (e g., between 1 nm and 5 nm). 

[0052] In some embodiments, NAND strings 130 include a plurality of control gates 

(each being part of a word line) for NAND strings 130. Each conductor layer 134 in 

alternating conductor/dielectric stack 142 can act as a control gate for each memory cell 

of NA ND string 130. As shown in FIG. 1., NAND string 130 can include a selective gate 

138 (e.g, a source selective gate) at an upper end ofNAND string 130. NANl) string 130 

can include another selective gate 140 (e.g., a drain selective gate) at a lower end of 

NAND string 130. As used herein, the ''·upper end'' of a component (e.g., NAND string 

130) is the end further away from substrate 102 in they-direction, and the "lower end" of 

the component (e.g., NAND string 130) is the end closer to substrate 102 in the y­

direction. As shown in FlG. l, for each NAND string 130, source selective gate 138 can 

be above drain selective gate 140. In some embodiments, selective gate 1.38 and selective 

gate 140 include conductor materials including, but not limited to, W, Co, Cu, Al, doped 

si !icon, silicides, or any combination thereof. 
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1n some embodiments, 3D memory device 100 includes a source conductor layer 

144 above alternating conductor/dielectric stack 142. The bottom surface of source 

conductor layer 144 can contact an upper end of NAND string 130. Source conductor 

layer 144 can include one or more conduction regions ( e.g., conduction regions 158 and 

160) and one or more isolation regions (e.g., isolation region 146) that electrically isolate 

the conduction regions Different from a semiconductor layer (e.g., a doped silicon 

channel), the conductance of conduction regions 158 and 160 is independent from source 

selective gate 138 because conduction regions 158 and 160 include conductive materials. 

Source conductor layer 144 thus can provide an eleclrical connection between one or 

more NAND strings 130 and a source contact 132 (e.g, acting as the common source 

contact of all NAND strings 130 in a memory block of 3D memory device 100) with 

lower resistance compared with other 3D memory devices in which a semiconductor 

channel is used for electrically connecting the NAND strings and the common source 

contact. 

Conduction regions 158 and 160 can include conductive materials that have a 

higher electrical conductivity than a semiconductor material, such as silicon ( e.g., 

amorphous silicon, single crystalline silicon, or polysilicon---···either doped or undoped). Jn 

some embodiments, conduction regions 158 and 160 each has an electrical conductivity 

of at least about 1 x 104 S/m at about 20°C, such as at least 1 x 104 Sim at 20°C In some 

embodiments, conduction regions 158 and 160 each has an electrical conductivity of 

between about 1 ,, 104 S/m and about 1x108 S/m at about 20°C, such as betv1een l x l 04 

S/m and lxl08 Sim at 20°C (e.g., l>'.104 Sim, l>'.105 S/m, 5xl05 S/m, lxl06 S/m, 2xl06 

Sim, 3,,1oc, S/m, 4x106 S/m, 5 106 S/m, 6xl()6 S/m, 7x]06 Sim, 8xl06 S/m, 9x106 S/m, 

1xJ07 S/m, 2xJ07 S/rn, 3x]07 Sim, 4x1Q
7 

Sim, Sx107 S/m, 6x107 S/m, 7x!(/ Sim, 8x!07 

S/m, 9>'. 107 S/m, 1 x 108 Sim, any range bounded on the lower end by any of these values, 

or in any range defined by any two of these values, at 20°C) The conductive materials in 

conduction regions 158 and 160 can include, but are not limited to, metals, metal alloys, 

and metal silicides. 1n some embodiments, conduction regions 158 and 160 each includes 

one or more metals, such as copper (Cu), cobalt (Co), nickel (Ni), titanium (Ti), and 

tungsten (W). The metals can also include any other suitable metals, such as silver (Ag), 

aluminum (Al), gold (Au), platinum (Pt), etc. In some embodiments, conduction regions 

158 and 160 each includes one or more metal alloys, each of which is an alloy of at least 
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two of Cu, Co, Ni, Ti, and W (e.g., TiNi alloy or a combination of TiNi al1oy and TiW 

alloy), or any other suitable metal al1oys of, for example, Ag, Al, Au, Pt, iron (Fe), 

chromium (Cr), etc. In some embodiments, conduction regions i 58 and 160 each includes 

one or more metal silicides, such as copper silicide, cobalt silicide, nickel silicide, 

titanium silicide, and tungsten silicide. The metal silicides can also include any other 

suitable metal silicides, such as silver silicide, aluminum silicide, gold silicide, platinum 

silicide, etc 

Source conductor layer 144 can be patterned to fomi any suitable layout with 

different numbers of conduction regions and isolation regions in different arrangements. 

The different layouts of conduction regions and isolation regions in source conductor 

layer 144 can be used to drive the memory array in various configurations, such as an 

array of NAND strings in a single memory block, in multiple memory blocks, or in a 

portion of a memory block (e.g., one or more memory fingers) To accommodate the 

various configurations of the memory array to be driven by source conductor layer 144, in 

some embodiments, source conductor layer 144 is in a trench shape or in a plate shape in 

a plan view, so that the conduction regions (e.g., conduction region 158) can contact an 

array of NAND strings l 30. ln some embodiments, at least one conduction region ( e.g., 

conduction region 160) in source conductor layer 144 is not in contact with NAND string 

130 (e g., being electrically isolated from conduction region 158 by isolation region 146). 

Conduction region 160 can be in contact with any suitable contact in the array device to 

provide electrical connections between the array device and/or peripheral device to the 

upper level interconnects (e.g., BEOL interconnects). That is, source conductor layer 144 

can be patterned to form any suitable layout to function as part of the BEOL interconnects. 

[0056] Tn some embodiments, isolation region 146 extends across the entire thickness of 

source conductor layer 144 to electrically isolate conduction region 158 and conduction 

region 160. Isolation region 146 can include dielectric materials including, but not limited 

to, silicon oxide, silicon nitride, silicon oxynitride, doped silicon oxide, any other suitable 

dielectric materials, or any combination thereof Patterning process (e.g., 

photolithography and dry/wet etch) can be used for patterning isolation region 146 in 

source conductor layer 144. Isolation region ]46 then can be formed by thermal growth 

and/or thin film deposition of the dielectric materials in the patterned region The layout 

of multiple conduction regions (e.g., conduction regions l 58 and 160) can be defined by 
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the fom1ation of the isolation regions (e.g, isolation region 146) in source conductor layer 

144. 

In some embodiments, NAND string 130 further includes an epitaxial layer 147 

on an upper end of semiconductor channel 128 of NAND string 130. Epitaxial layer 147 

can include a semiconductor material, such as silicon. Epitaxial layer 147 can be 

epitaxially grown from a semiconductor layer (e.g., a silicon substrate). For example, 

epitaxial layer 147 can be a single crystalline silicon layer epitaxially grown from a 

silicon substrate (e.g., prior to be removed and replaced with source conductor layer 144 

in 3D memory device 100). For each NAND string 130, epitaxial layer 147 is referred to 

herein as an "epitaxial plug." Epitaxial plug 147 at the upper end ofNAND string 130 can 

contact both conduction region 158 of source conductor layer 144 and semiconductor 

channel 128 of NAND string 130, thereby providing electrical connections between 

NAND string 130 and source conductor layer 144. Epitaxial plug 147 can extend 

vertically through the partial or entire thickness of source selective gate 138 and can 

function as the channel that can be controlled by source selective gate 138 at the upper 

end of NAND string 130. Source selective gate 138 can control the conductance of 

epitaxial plug 147. On the other hand, as conduction region 158 of source conductor layer 

144 above source selective gate 138 includes conductive materials, source selective gate 

138 cannot control the conductance of conduction region 158. Thus, the control of the 

source side ofNAND string 130 can be perfonned solely on epitaxial layer 147. ln some 

embodiments, the thickness of source selective gate 138 and the thickness of epitaxial 

layer 147 can each be tuned. For example, the thickness of source selective gate 138 can 

be between about 5 nm and about 100 nm (e.g., between 5 nm and 100 nm), and the 

thickness of epitaxial layer 147 can be between about I nm and about 100 nm (e.g, 

between 1 nm and 100 mn). 

[0058] In some embodiments, the array device further includes a source contact 132 that 

extends vertically through alternating conductor/dielectric stack 142. As shown in FIG. 1, 

an upper end of source contact 132 can contact conduction region 158 of source 

conductor layer 144 and can electrically connect to NAl'-lD string 130 by conduction 

region 158 of source conductor layer 144. In some embodiments, multiple N AND strings 

(e.g., an array ofNAND strings of a single memory block, multiple memory blocks, or a 

portion of a memory block) can be electrically connected to source contact 132 by source 
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conductor layer 144. Source contact 132 can thus be referred to as a "common source 

contact" of the multiple NAND strings. Source contact 132 can include conductor 

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

thereof. To electrically insulate source contact 132 from surrounding conductor layers 

134 in alternating conductor/dielectric stack l 42, a dielectric layer with any suitable 

dielectric materials can be between source contact 132 and alternating 

conductor/dielectric stack 142. 

[0059] In some embodiments, the array device fwther includes a through array contact 

(TAC) l 62 that extends vertically through alternating conductor/dielectric stack 142. 

TAC 162 can extend through the entire thickness of alternating conductor/dielectric stack 

142, ( e.g., all the conductor/dielectric pairs in the vertical direction). An upper end of 

TAC 162 can contact conduction region 160 in source conductor layer 144. TAC 162 can 

cany· electrical signals from the peripheral device to a BEOL contact layer 166, a BEOL 

conductor layer 168, and a pad layer 156 by conduction region 160. TAC 162 can include 

a vertical opening through alternating conductor/dielectric stack 142 (e.g., formed by 

dry/wet etch process) filled with conductor materials. In some ernbodiments, a dielectric 

layer l 64 is bet\'Veen TAC 162 and alternating conductor/dielectric stack 142 for electrical 

insulation purposes. TAC 162 can include conductor materials including, but not limited 

to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof. The opening of 

TAC 162 can be filled with conductor materials by AID, CVD, PVD, electroplating, any 

other suitable processes, or any combination thereof. 

[00601 As shown in FIG. l, 3D memory device 100 can include an array interconnect 

layer 12] above and in contact with peripheral interconnect layer 122. Array interconnect 

layer 123 can include bit line contacts 126, one or more conductor layers ( e.g, a 

conductor layer 124), and one or more dielectric layers (eg, dielectric layers 121 and 

125) Each bit line contact 126 can contact the lmver end of a corresponding NAND 

string 130 to individually address corresponding NANTI string 130. The conductor layers 

can include conductor materials including, but not limited to, W, Co, Cu, Al, silicides, or 

any combination thereof. The dielectric layers can include dielectric materials including, 

but not limited to, silicon oxide, silicon nitride, low-k dielectrics, or any combination 

thereof. 
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A bonding interface 119 can be formed between dielectric layer 118 of peripheral 

interconnect layer 122 and dielectric layer l 21 of array interconnect layer 123. Bonding 

interface 119 can also be formed between conductor layer l 24 of array interconnect layer 

123 and conductor layer 120 of peripheral interconnect layer 122. Each of dielectric layer 

118 and dielectric layer 121 can indude silicon nitride or silicon oxide. 

In some embodiments, a first semiconductor structure 170 is bonded to a second 

semiconductor structure 172 at bonding interface 119. First semiconductor structure 170 

can include substrate l 02, one or more peripheral devices on substrate l 02, and peripheral 

interconnect layer 122. Second semiconductor structure 172 can include source conductor 

layer 144, array interconnect layer 123, alternating conductor/dielectric stack 142 having 

a plurality of conductor/dielectric layer pairs, and NANTI string 130. First semiconductor 

structure 170 can include the elements shown below bonding interface 119 in FIG. 1, 

"vhile second semiconductor stmcture 172 can include the elements shown above bonding 

interface 119 in HG. 1. Peripheral interconnect layer 122 can indude conductor layer 120, 

which contacts conductor layer 124 of array interconnect layer 123 at bonding interface 

119. Peripheral interconnect layer 122 can also include dielectric layer 118, which 

contacts dielectric layer 121 of array interconnect layer 123 at bonding interface l l 9. 

f0063] As shown in FIG. 1, 3D memory device 100 can further include a BEOL 

interconnect layer 153 above source conductor layer 144. [n some ernbodirnents, BEOL 

interconnect layer 153 includes conductor layers l 54 and 168, contact layers 148 and 166, 

one or more dielectric layers (e.g., a dielectric layer 152), and one or more pad layers (e.g., 

pad layer 156). BEOL interconnect layer 153 can transfer electrical signals between 3D 

memory device l 00 and external circuits. The conductor layers., contact layers, and pad 

layers (e g., including bonding pads) in BEOL interconnect layer 153 can include 

conductor materials including, but not limited to, W, Co, Cu, Al, silicides, or any 

combination thereof The dielectric layers in BEOL interconnect layer 153 can include 

dielectric materials including, but not limited to, silicon oxide, silicon nitride, low-k 

dielectrics, or any combination thereof. 

[0064] BEOL interconnect layer 153 can be electrically connected to the peripheral 

device. Specifically, contact layer 166 of BEOL interconnect layer 153 can contact 

conduction region 160 of source conductor layer 144 at the top surface of source 

conductor layer 144. The upper end of TAC 162 can contact conduction region 160 of 
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source conductor layer 144 at the bottom surface of source conductor layer 144. The 

lower end of TAC 162 can contact a contact in array interconnect layer 123. 

In some embodiments, BEOL interconnect layer 153 includes source conductor 

layer 144 as well. For example, conduction region 158 of source conductor layer 144, in 

conjunction with contact layer 148, can electrically connect the array device (e.g., NAND 

string 130 and source contact 132) with other circuits (e.g., BEOL conductor layer 154 

and pad layer 156). Similarly, conduction region 160 of source conductor layer 144, in 

conjunction \Vith contact layer 166, TAC 162, array interconnect layer 123 and peripheral 

interconnect layer l 22, can electrically connect the peripheral device (e.g., transistors 106) 

with other circuits (e.g., BEOL conductor layer 168 and pad layer 156). In some 

embodiments, as part ofBEOL interconnect layer 153, source conductor layer 144 can be 

patterned to form any suitable layout for the conduction regions based on the desired 

interconnect configuration of the array device and peripheral device. 

[0066] FlGs. 2A-2D illustrate an exemplary fabrication process for forming a peripheral 

[00671 

device and a peripheral interconnect iayer. :FIG. 8 is a flmvchart of an exemplary method 

800 for forming a peripheral device and a peripheral interconnect layer. An example of 

the peripheral device and peripheral interconnect iayer depicted in FIGs. 2A-2D and FJG. 

8 is the peripheral device (e.g., transistors 106) and peripheral interconnect layer 122 

depicted in FIG. l. It should be understood that the operations shown in method 800 are 

not exhaustive and that other operations can be performed as well before, after, or 

between any of the illustrated operations. 

Referring to FIG. 8, method 800 starts at operation 802, in which a peripheral 

device is formed 011 a first substrate. The first substrate can be a silicon substrate. As 

illustrated in FIG. 2A, a peripheral device is formed on a first silicon substrate 202 The 

peripheral device can include a plurality of transistors 204 formed on first silicon 

substrate 202. Transistors 204 can be fom1ed by a plurality of processing steps including, 

but not limited to, photolithography, dry/wet etch, thin film deposition, thermal gmwth, 

implantation, chemical mechanical polishing (CMP), or any combination thereof. In some 

embodiments, doped regions 208 are fanned in first silicon substrate 202, which function, 

for example, as source regions and/or drain regions of transistors 204. In some 

embodiments, an isolation region 206 is also formed in first silicon substrate 202. 
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Ivlethod 800 proceeds to operation 804, as illustrated in FTG 8, in which one or 

more dielectric layers and conductor layers are formed above the peripheral device. As 

illustrated in FIG. 2B, a first dielectric layer 210 can be formed on first silicon substrate 

202. first dielectric layer 210 can include a contact layer 209, including MEOL contacts, 

to make electrical connections with the peripheral device (e.g., transistors 204). 

[0069] As illustrated in FIG. 2C, a second dielectric layer 216 is fomm1 on first dielectric 

layer 210. In some embodiments, second dielectric layer 216 is a combination of multiple 

layers formed in separate steps. For example, second dielectric layer 216 can include a 

conductor layer 212 and a contact layer 214. The conductor layers (e.g., conductor layer 

212) and contact layers (eg., contact layers 209 and 214) can include conductor materials 

deposited by one or more thin film deposition processes including, but not limited to, 

CVD, PVD., ALD, electroplating, electroless plating, or any combination thereof 

Fabrication processes to fom1 the conductor layers and contact layers can also include 

photolithography, CMP, wetidry etch, or any combination thereof. The dielectric layers 

(e.g., dielectric layers 210 and 216) can include dielectric materials deposited by one or 

more thin film deposition processes including, but not limited to, CVD, PVD, ALD, or 

any combination thereof. 

f0070] Method 800 proceeds to operation 806, as illustrated in FIG. 8, in which a lop 

dielectric layer and a top conductor layer of a peripheral interconnect layer are forrned. 

The dielectric layers and conductor layers formed at operations 804 and 806 can be 

collectively referred to as an "'interconnect layer'' (e.g., the peripheral interconnect layer). 

Each of the dielectric layers and conductor layers can be a pmtion of the peripheral 

interconnect layer that transfers electrical signals to and from the peripheral device. As 

illustrated in FIG. 2D, a third dielectric layer (the top dielectric layer) 2 l 8 is fomrnd on 

second dielectric layer 216, and a top conductor layer 220 is formed in third dielectric 

layer 218. As a result, a peripheral interconnect layer 222 is fom1ed. The conductor layers 

(e g., conductor layer 220) can include conductor materials deposited by one or more thin 

film deposition processes including, but not limited to, CVD, PVD, ALD, electroplating, 

electroless plating, or any combination thereof. Fabrication processes to fom1 the 

conductor layer and contact layers can also include photolithography, CMP, wet/dry etch, 

or any combination thereof. The dielectric layers (e.g., dielectric layer 218) can include 
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dielectric materials deposited by one or more thin film deposition processes including, but 

not limited to, CVD, PVD, ALD, or any combination thereof 

FIGs. 3A-3D illustrate an exemplary fabrication process for forming an array 

device and an array interconnect layer HG. 9 is a flovvchart of an exemplary method 900 

for forming an array device and an array interconnect layer. An example of the array 

device and array interconnect layer depicted in FIGs. 3A-3D and FIG. 9 is the array 

device (e.g., NAND string 130) and array interconnect layer 123 depicted in FIG. 1. It 

should be understood that the operations shown in method 900 are not exhaustive and that 

other operations can be performed as well before, after, or between any of the illustrated 

operations. 

Referring to FIG. 9, method 900 starts at operation 902, in which an isolation 

region is formed in a second substrate. The second substrate can be a silicon substrate, 

such as a second silicon substrate 302 in FTG. 3A. An array device can he forrned on 

second silicon substrate 302. In some embodiments, an isolation region 304 is formed in 

second silicon substrate 302. Isolation region 304 can be formed by thermal grov.th 

and/or thin film deposition. Patterning process (e.g., photolithography and dry/wet etch) 

can be used for patterning isolation region 304 in second silicon substrate 302. 

f0073] Method 900 proceeds to operation 904, as illustrated in FIG. 9, in which a 

plurality of dielectric layer pairs (also referred to herein as an "alternating dielectric 

stack") are formed on the second substrate. As illustrated in FIG. 3B, a plurality of first 

dielectric layer 308 and second dielectric layer 310 pairs are formed on second silicon 

substrate 302. The plurality of dielectric pairs can form an alternating dielectric stack 306. 

Alternating dielectric stack 306 can include an alternating stack of a first dielectric layer 

308 and a second dielectric layer 3 l 0 that is different from first dielectric layer 308. Tn 

some embodiments, each dielectric layer pair includes a layer of silicon nitride and a 

layer of silicon oxide. In some embodiments, there are more layers than the dielectric 

layer pairs made of different materials and/or with different thicknesses in alternating 

dielectric stack 306. In some embodiments, first dielectric layers 308 can each have the 

same thickness or have different thicknesses. Similarly, second dielectric layers 310 can 

each have the same thickness or have different thicknesses. In one exarnple, for a first 

plurality of dielectric pairs in alternating dielectric stack 306, the thickness of each first 

dielectric layer 308 and second dielectric layer 310 can be between about 5 nm and about 
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40 nm (e.g., between 5 nm and 40 nm). For a second plurality of dielectric pairs in 

alternating dielectric stack 306., the thickness of each first dielectric layer 308 and second 

dielectric layer '.ll 0 can be between about 10 nm and about 40 nm (e.g., between 10 nm 

and 40 nm). For a third plurality of dielectric pairs in alternating dielectric stack 306, the 

thickness of each first dielectric layer 308 can be between about 5 nm and about 40 nm 

( e.g., between 5 nm and 40 nm), and the thickness of each second dielectric layer 310 can 

be between about 50 nm and about 200 nm (e.g., between 50 nm and 200 nm). 

Alternating dielectric stack 306 can be formed by one or more thin film deposition 

processes including, but not limited lo, CVD, PvTI, ALD, or any combination thereof In 

some embodiments, alternating dielectric stack 306 can he replaced by a plurality of 

conductor/dielectric layer pairs, i.e., an alternating stack of a conductor layer ( e.g., 

polysilicon) and a dielectric layer (e.g., silicon oxide) 

[0074] Method 900 proceeds to operation 906, as i11ustrated in FIG. 9, in which a 

plurality of NANI) strings of the array device are formed on the second substrate. As 

illustrated in FJG. 3C, NAND string 3 l 8 is formed on second silicon substrate 302. Each 

first dielectric layer 308 of alternating dielectric stack 306 can be replaced by a conductor 

layer 316, thereby forming a plurality of conductor/dielectric layer pairs in an alternating 

conductor/dielectric stack 314. The replacement of first dielectric layers 308 \Vith 

conductor layers 316 can be perfonned by wet etching first dielectric layers 308 selective 

to second dielectric layers 3 lO and filling lhe structure with conductor layers 316. The 

thickness of each conductor layer 316 can be between about 5 nm and about 40 nm (e.g., 

between 5 nm and 40 nm). Conductor layers 316 can include conductor materials 

including, but not limited to, \V, Co, Cu, Al, doped silicon, polysilicon, silicides., or any 

combination thereof Conductor layers 316 can be filled by thin film deposition processes, 

such as CVD, ALD, any other suitable process, or any combination thereof 

[0075] In some embodiments, conductor layers 316 in alternating conductor/dielectric 

stack 314 are used to form the selective gates and word lines for NAND string 318. At 

least some of conductor layers 316 in alternating dielectric stack 306 (e.g., except the top 

and bottom conductor layers 316) can each be used as a word line for NAND string 318. 

As illustrated in FIG-. 3C, the top conductor layer (the uppermost conductor layer) and the 

bottom conductor layer (the lowermost conductor layer) m alternating 

conductor/dielectric stack 314 can each be patterned to form a drain selective gate 330 
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and a source selective gate 328, respectively, for NAND string 318. ln some 

embodiments, one or more pairs of first dielectric layer 308 and second dielectric layer 

310 at the upper end of alternating dielectric stack 306 are patterned, and first dielectric 

layer 308 in the top patterned dielectric layer pairs can be replaced with a corresponding 

conductor layer 316, thereby forming drain selective gate 330. In some embodiments, an 

additional conductor layer is formed on top of alternating conductor/dielectric stack 314 

and is patterned to form the drain selective gate for NAND string 318. 

[0076] In some embodiments, fabrication processes to form NA.ND strjng 318 further 

include forming a semiconductor channel 320 that extends vertically through alternating 

conductor/dielectric stack 314 In some embodiments, fabrication processes to form 

NAND string 318 further include forming a dielectric layer 322 between semiconductor 

channel 320 and the plurality of conductor/dielectric layer pairs in alternating 

conductor/dielectric stack 314 Dielectric layer 322 can be a composite dielectric layer, 

such as a combinaiion of multiple dielectric layers including, but not limited to, a 

tunneling layer, a storage layer, and a blocking layer. 

[0077] The tunneling layer can include dielectric materials including, but not limited to, 

silicon oxide, silicon nitride, silicon oxynitride, or any combination thereof Electrons or 

holes from the semiconductor channel can turmei to a storage layer of NAl'\Jl) string 318 

through the tunneling layer. The thickness of the tunneling layer (e.g., in the radial 

direction of NAND string 318) can be between about 5 nm and about 15 nm (e.g., 

behveen 5 nm and 15 nm) The storage layer can include materials for storing charge for 

memory operation. The storage layer materials include, but are not limited to, silicon 

nitride, silicon oxynitride, a combination of silicon oxide and silicon nitride, or any 

combination thereof The thickness of the storage layer (e.g., in the radial direction of 

NAND string 318) can be between about 3 nm and about l 5 nm (e.g., behveen 3 nm and 

15 nm). The blocking layer can include dielectric materials including, but not limited to, 

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

thickness between about 4 nm and about l 5 nm (e.g., between 4 nm and 15 nm). The 

blocking layer can further include a high-k dielectric layer, such as a AhO, layer ,vith a 

thickness between about 1 nm and about 5 nm (e.g., between 1 nm and 5 nm). Dielectric 

layer 322 can be formed by processes such as ALD, CVD, Pv'D, any other suitable 

processes, or any combination thereof 
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[0078] 1n some embodiments, fabrication processes to fom1 NAND string 318 further 

include forming an epitaxial layer 326 at an end of NAND string 318. As illustrated in 

FIG. 3C, epitaxial layer 326 can be formed at a lower end of NAND string 318 as an 

epitaxial plug. Epitaxial layer 326 can be a silicon layer in contact with and epitaxially 

grown from second silicon substrate 302 and can be implanted to a desired doping level. 

[0079] In some embodiments, operation 906 further includes fom1ing one or more source 

contacts (e.g., a common source contact) As illustrated in FIG. 3C, a source contact 324 

that extends vertically through alternating conductor/dielectric stack 314 can be formed 

on second silicon substrate 302. Source contact 324 can have an end in contact \vith 

second silicon substrate 302. In some embodiments, source contact 324 can be electrically 

connected to multiple NAND strings 318 by second silicon substrate 302. Selective gate 

328 can be formed at the lower end of NAND string 318 to turn on and tum off epitaxial 

layer 326 as a switch In some embodiments, epitaxial layer 326 extends vertically 

through the partial or entire thickness of selective gate 328. Source contact 324 can 

include conductor materials including, but not limited to, W, Co, Cu, Al, doped silicon, 

silicides, or any combination thereof Source contact 324 can be formed by a dry/wet etch 

process to form a vertical opening through alternating conductor/dielectric stack 314, 

followed by a fill process to fill the opening with conductor materials and other materials 

(e.g., dielectric materials.) The opening can be filled by ALD, CVD, PVD, electroplating, 

any other suitable processes, or any combination thereof 

[0080] Method 900 proceeds to operation 908, as illustrated in FIG. 9, in which an array 

interconnect layer is formed above the plurality ofNAND strings. The array interconnect 

layer can transfer electrical signals between the NAND strings and other parts of the 3D 

memory device, such as the peripheral device As illustrated in FTG. 3D, an array 

interconnect layer 338 is fonned above NAND string 3 l 8. In some embodirnents, 

fabrication processes to form array interconnect layer 338 include fom1ing a dielectric 

layer 334, followed by forming a bit line contact 335 in contact with NAND string 318 in 

dielectric layer 334. Dielectric layer 334 can include one or more layers of dielectric 

materials such as silicon oxide, silicon nitride, silicon oxynitride, or any combination 

thereof Bit line contact 335 can be fom1ed by forming an opening in dielectric layer 334, 

followed by filling the opening with conductor materials and dielectric materials. Bit line 

contact 335 can include conductor materials including, but not limited to, W, Co, Cu, AL 
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doped silicon, silicides, or any combination thereof. The opening of hit line contact 335 

can be filled with conductor materials and dielectric materials by AI,D, CvTI, PvTI, any 

other suitable processes, or any combination thereof 

[0081] ln some embodiments, fabrication processes to form array interconnect layer 338 

further include forming one or more conductor layers (e.g., a conductor layer 340) and 

one or more contact layers (e.g., contact layer 344) in dielectric layer 334. Conductor 

layer 340 and contact layer 344 can include conductor materials inclLJding, but not limited 

to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof. Conductor layer 

340 and conductor contact layer 344 can be formed by any suitable kno,vn BEOL 

methods. 

f00821 In some embodiments, fabrication processes to form array interconnect layer 338 

[0083] 

[0084] 

further include fom1ing a top conductor layer 342 and a top dielectric layer 336 Top 

conductor layer 342 can include conductor materials including, but not limited to, W, Co, 

Cu, Al, doped silicon, si1icides, or any combination thereof Dielectric layer 336 can 

include dielectric materials including, but not limited to, silicon oxide, silicon nitride, 

silicon oxynitride, or any combination thereof 

FIG. 4 illustrates an exemplary fabrication process for joining an array device and 

a peripheral device. FIGs. 5A-5B and FIGs. 6A-6B illustrate various ex:emplmy 

fabrication processes for forming a source conductor layer. FlG. 7 illustrates an 

exemplary fabricalion process for forming a BEOL interconnect layer on a source 

conductor layer FIG. lO is a flowchart for an exemplary method 1000 for fonning a 3D 

memory device with an array device and a peripheral device. An example of the 3D 

memory device and the source conductor layer depicted in FIGs. 4---7 is JD memory 

device I 00 and source conductor layer 144 depicted in FIG. 1. it should be understood 

that the operations shown in method 1000 are not exhaustive and that other operations can 

be performed as well before, after, or between any of the illustrated operations. 

Refening to FIG. 10, method 1000 starts at operation 1002, in which the array 

device (and the array interconnect layer) is positioned below- the second substrate (e.g., by 

flipping the second substrate upside dovm), and the array interconnect layer is aligned 

with the peripheral interconnect layer. As illustrated in FIG. 4, array interconnect layer 

338 can be placed below second silicon substrate 302. In some embodiments, aligning 

array interconnect layer 338 with peripheral interconnect layer 222 is performed by 
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aligning conductor layer 342 of array interconnect layer 338 with conductor layer 220 of 

peripheral interconnect ]ayer 222. As a result, conductor layer 342 can contact conductor 

layer 220 when the array device is joined with the peripheral device. 

[0085] Method 1000 proceeds to operation 1004, as illustrated in FIG. 10, in which the 

[0086] 

array interconnect layer is joined with the peripheral interconnect layer. The array 

interconnect layer can be joined with the peripheral interconnect layer by flip-chip 

bonding the first and second substrates. In some embodiments, the array interconnect 

layer and the peripheral interconnect layer are joined by hybrid bonding of the first 

substrate and the second substrate in a face-to-face manner, such that the array 

interconnect layer is above and in contact with the peripheral interconnect layer in the 

resulting 3D memory device. Hybrid bonding (also known as "metal/dielectric hybrid 

bonding") can be a direct bonding technology (e g., forming bonding between surfaces 

without using intennediate layers, such as solder or adhesives), which obtains metal­

metal bonding and dielectric-dielectric bonding simultaneously. As illustrated in FIG. 4, 

array interconnect layer 338 can be joined ,vith peripheral interconnect layer 222, thereby 

forming a bonding interface 403. 

A treatment process can be used to enhance the bonding strength between array 

interconnect layer 338 and peripheral interconnect layer 222 before or during the joining 

process of tbe two interconnect layers. [n some embodiments, each of dielectric layer 336 

and dielectric layer 218 includes silicon oxide or silicon nitride. ln some embodiments, 

the treatment process includes a plasma treatment that treats the surfaces of array 

interconnect layer 338 and peripheral interconnect layer 222 so that the surfaces of the 

two interconnect layers form chernica! bonds between dielectric layer 336 and dielectric 

layer 218. In some embodiments, the treatment process includes a wet process that treats 

the surfaces of array interconnect layer 338 and peripheral interconnect layer 222 so that 

the surraces of the two interconnect layers form chemical bonds to enhance the bonding 

strenf,>th between two dielectric layers 336 and 218. In some embodiments, the treatment 

process includes a thermal process that can be performed at a temperature from about 

250°C to about 600°C (e.g., from 250'JC to 600°C). The thennal process can cause inter­

diffusion between conductor layer 342 and conductor layer 220. As a result, conductor 

layer 342 can be inter-mixed with conductor layer 220 after the Jommg process. 

Conductor layer 342 and conductor layer 220 can each include Cu. 
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[0087] Ivlethod 1000 proceeds to operation 1006, as illustrated in FIG. !O, in ,vhich a 

source conductor layer is formed above the NAND strings. The second substrate on 

which the alternating conductor/dielectric stack. (and the NA.ND strings therein) is formed 

can be removed after the joining process, and the source conductor layer can be formed 

on the alternating conductor/dielectric stack (and the NAND strings therein). That is, the 

source conductor layer can replace the second substrate after the joining process by being 

formed at the original location of tbe second substrate (e.g., on the alternating 

conductor/dielectric stack). In some embodiments, the source conductor layer can be 

patterned to form one or more isolation regions. 

roo881 As illustrated in FIG. 5A, in some embodiments, second silicon substrate 302 (as 

shown in FIG. 4) has been removed, and a source conductor layer 405 is formed on 

alternating conductoridielectric stack. 314. In other words, source conductor layer 405 can 

replace second silicon substrate 302 at the original location of second silicon substrate 

302. Source conductor layer 405 can include conductive materials, so that the 

conductance of source conductor layer 405 cannot be affected by source selective gate 

328 below source conductor layer 405. The conductive materials in source conductor 

layer 405 can provide electrical connections bet,veen source contact 324 and NA.ND 

string 318. The conductive materials in source conductor layer 405 can include, but is not 

limited to, metals, metal alloys, and metal silicides. In some embodiments, source 

conductor layer 405 includes one or more metals, such as Cu, Co, Ni, Ti, W, or any other 

suitable metals. In some embodiments, source conductor layer 405 includes one or more 

metal alloys, each of which is an alloy of at least two of Cu, Co, Ni, Ti, W (e.g., TiNi 

alloy or a combination of TiNi alloy and TiW alloy), or any other suitable metal alloys. In 

some embodiments, source conductor layer 405 includes one or more metal silicides, such 

as copper silicide, cobalt silicide, nickel silicide, titaniurn silicide, tungsten silicide, or 

any other suitable metal silicides. 

f0089] In some embodiments, source conductor layer 405 has a thickness bet1Neen about 

20 nm and about 50 µm, such as between 20 nm and 50 µm (e.g., 20 nm, 30 nm, 40 nm, 

50 nm, 60 nm, 70 nm, 80 nm, 90 nm, 100 nm, 110 nm, 120 nm, 130 nm, 140 nm, 150 nm, 

160 nm, 170 nm, 180 nm, 190 nm, 200 nm, 500 nm, l iun, 5 p.m, 10 µ rn, 15 µm, 20 11m, 

25 ~un, 30 µm, 35 ~tm, 40 µm, 45 ~tm, 50 µm, any range bounded on the lower end by any 

of these values, or in any range defined by any two of these values) In some 
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embodiments, source conductor layer 405 has a thickness bet,veen about 200 nm and 

about 5 11m, such as between 200 nm and 5 p.m (e g, 200 nm, 300 nm, 400 nm, 500 nm, 

600 nm, 700 nm, 800 nm, 900 nm, 1 µm, 2 11m, 3 µm, 4 µm, 5 111n, any range bounded on 

the lower end by any of these values, or in any range defined by any tvvo of these values). 

Source conductor layer 405 can be formed by one or more thin film deposition processes 

including, but not limited to, CVD, PVD, and ALI) 

[0090] FIG. 11 is a flowchart of an exemplary method for forming the source conductor 

layer. It should be understood that the operations shown in method 1100 are not 

exhaustive and that other operations can be performed as well as before, after, or between 

any of the illustrated operations. Referring to FJG. l l, method 1100 starts at operation 

1102, in which the second substrate is thinned. For example, second silicon substrate 302 

(in FIG. 4) can be thinned to become a thinned silicon substrate. rn some embodiments, 

second silicon substrate 302 can be thinned from the top surface (opposite to the bottom 

surface that is in contact with alternating conductor/dielectric stack 314) until isolation 

region 304 is exposed. That is, the thickness of the thinned second substrate can be the 

same as that of the isolation region formed in the second substrate. 

[0091] Method 1100 proceeds to operation 1104, as illustrated in FIG. 11, in which the 

[0092] 

thinned second substrate is removed. The thinned second substrate can be removed by 

grinding, ,vet/dry etching, ClV1P, or any combination thereof. It is understood that in some 

embodiments, operation 1102 can be skipped, and the second substrate (e,g., second 

silicon substrate 302 in FIG. 4) can be removed in a single process without being thinned 

first 

Ivlethod 1100 proceeds to operation 1106, as illustrated in FJG-. 11, in which a 

source conductor layer is fonned at the original location of the second substrate that has 

been removed. As illustrated in flG. SA, source conductor 1ayer 405 can be formed on 

alternating conductor/dielectric stack 314, so that the bottom surface of source conductor 

layer 405 can be in contact with the top dielectric layer of alternating conductor/dielectric 

stack 314 as well as the upper end of NAND string 318 (e.g., epitaxial layer 326) and the 

upper end of source contact 324. 

[0093] Method 1100 proceeds to operation 1108, as illustrated in FIG. 11, in which the 

source conductor layer is patterned. In some embodiments, the source conductor layer is 

patterned to form one or more isolation regions. The remaining conductive materials in 
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the source conductor layer can becon1e conduction regions electrically isolated by the 

isolation regions. As illustrated in FIG. 5B, an isolation region 407 can be fi)rmed in 

source conductor layer 405. Isolation region 407 can include dielectric materials 

including, but not limited to, silicon oxide, silicon nitride, silicon oxynitride, doped 

silicon oxide, any other suitable dielectric materials, or any combination thereof 

Patterning process (e.g., photolithography and dry/wet etch) can be used for patterning 

isolation region 407 in source conductor layer 405. Isolation region 407 can then be 

formed by thermal growth and/or thin film deposition of dielectric materials in the 

patterned region Source conductor layer 405 can be patterned to fonn any suitable layout 

with different numbers of conduction regions and isolation regions in different 

arrangements. The difforent layouts of conduction regions and isolation regions in source 

conductor layer 405 can be used to drive the memory array in various configurations, 

such as an array ofNAND strings in a single memory block, in multiple memory blocks, 

or in a portion of a memory block (e.g., one or more memory fingers). The conduction 

regions formed in source conductor layer 405 can provide additional electrical 

connections-besides electrical connections between NAND string 318 and source 

contact 324-----such as elect1ical connections between the peripheral device and the BEOL 

interconnects and between the array device and the BEOL interconnects. 

HG. 12 is a flowchart of another exemplary method for forming the source 

conductor layer. It should be understood that the operations shown in method 1200 are 

not exhaustive and that other operations can be perfonned as well as before, after, or 

between any of the illustrated operations. Referring to FIG. 12, method 1200 starts at 

operation 1202, in which the second substrate is thinned. For example, second silicon 

substrate 302 (in FTG. 4) can be thinned to become a thinned second silicon substrate 417 

(in FTG. 6A). In some embodiments, second silicon substrate 302 can be thinned from its 

upper side (opposite to its bottom side on which NAND string 318 is formed) until 

isolation region 304 is exposed. That is, the thickness of thinned second silicon substrate 

417 can be the same as that of isolation region 304 fom1ed in second silicon substrate 302. 

The second substrate can be thinned by grinding, wet/dry etching, ClvlP, or any 

combination thereof 

[0095] Method 1200 proceeds to operation 1204, as illustrated in FIG. 12, in which a 

metal layer is formed on the thinned second substrate. As illustrated in FIG. 6A, a metal 
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layer 419 can he formed on the upper side of thinned second silicon substrate 417. ]\/fetal 

layer 419 can include Co, Ni, Ti, W, any other suitable metal that can fr)rm metal silicides, 

or any combination thereof. Metal layer 419 can be formed by one or more thin film 

deposition processes including, but not limited to, CVD, PVD, ALD, or any combination 

thereof ln some embodiments, the thickness of metal layer 419 is at least about 2 nm 

(e.g., at least 2 nm), such as between about 2 nm and about 500 nm (e.g., between 2 nm 

and 500 nm). The thickness of metal layer 419 can be thick enough for the subsequent 

silicidation process. 

Method 1200 proceeds to operation 1206, as illustrated in FIG-. 12, in which a 

metal silicide layer is formed The metal silicide layer can he formed based on a reaction 

of silicon in the thinned second substrate and metal in the metal layer. As illustrated in 

FIG. 6B, a source conductor layer 421 can be a metal silicide layer formed by the 

silicidation process based on the reaction of thinned second silicon substrate 417 and 

metal layer 419. The metal silicide layer can be formed by a thermal treatment (e.g., 

annealing, sintering, or any other suitable process), resulting in the formation of metal­

silicon alloy (silicide). The annealing process can include, for example, rapid thermal 

annealing (RTA.) and laser annealing. The dielectric materials in isolation region 304 

cannot react with metal in metal layer 419. Thus, isolation region 304 can remain in 

source conductor layer 421. rn some embodiments, the unreacted portion of metal layer 

419 after the silicidation process can be removed from source conductor layer 421. The 

removal of the unreacted portion of metal layer 419 can be performed by a wet etch 

process, a dry etch process, or any other suitable process. 

The metal silicide materials in source conductor layer 421 can depend on the 

metal materials in metal layer 419 For example, if metal layer 419 includes Co, Ni, Ti, or 

W, then source conductor layer 421 includes cobalt silicide, nickel silicide, titanium 

silicide, or tungsten silicide, respectively. In some embodiments, the metal silicide 

materials in source conductor layer 421 are conductive materials with an electrical 

conductivity that is high enough so that the conduction of source conductor layer 42 i 

cannot be affected by source selective gate 328, and source conductor layer 421 can 

electrically connect NAND string 318 and source contact 324. In some embodiments, the 

electrical conductivity of the metal silicide materials in source conductor layer 421 is at 

least about l x l 04 S/m at about 20°C ( e g, at least l x l 04 S/m at 20°C), such as between 
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about 1 >< 10-1 S/m and about 1 x 1 o·i S/m at about 20°C ( e g , bet,veen l x 104 S/m and 1 )< l 0 7 

S/m at 20°C). 

[0098] As illustrated in FrG. 6B, isolation region 304 fom1ed prior to the formation of 

source conductor layer 421 can remain in source conductor layer 421, v,,hile the 

conduction regions electrically isolated by isolation region 304 include the metal silicides 

formed by the silicidation process. That is, in some embodiments, the conduction regions 

and isolation regions in source conductor layer 421 can be patterned prior to the 

formation of the metal silicide layer (e.g., operation 902 in method 900). In some 

embodiments, additional patterning is performed after the formation of the metal silicide 

layer (i.e., by patterning source conductor layer 421 directly) to form additional isolation 

regions (not shown in FIG. 6B). For example, method 1200 proceeds to operation 1208, 

as illustrated in FIG. J 2, in which the metal silicide layer is patterned to form isolation 

regions and conduction regions electrically isolated by the isolation region It is 

understood that in some embodiments, the isolation regions in the second substrate (e.g., 

isolation region 304) may not be necessary, and the isolation regions in source conductor 

layer 421 can be formed by patterning source conductor layer 421 after the siiicidation 

process. 

f0099] Patterning process (e.g., photolithogrnphy and dry/wet etch) can be used for 

patterning source conductor layer 421 after the formation of the rnetal silicide layer 

Isolation regions then can be formed by thermal growth and/or thin film deposition of 

dielectric materials in the patterned region. Isolation regions can include dielectric 

materials, such as silicon oxide, silicon nitride, silicon oxynitride, doped silicon oxide, 

any other suitable dielectric materials, or any combination thereof The layout of multiple 

conduction regions can he defined after the fonnation of the isolation regions in source 

conductor layer 42i. The different layouts of conduction regions and isolation regions in 

source conductor layer 421 can be used to drive the memory array in various 

configurations, such as an array of NAND strings in a single memory block, in rnultiple 

memory blocks, or in a portion of a memory block (e.g., one or more memory fingers). 

The conduction regions formed in source conductor layer 421 can provide additional 

electrical connections besides between NAND string 318 and source contact 324, such as 

between the peripheral device and the BEOL interconnects and between the array device 

and the BEOL interconnects. 
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Referring back to FIG l 0, method lO00 proceeds to operation 1008, in which a 

BEOL interconnect layer is formed above the source conductor layer. As il1uslrnted in 

FIG. 7, a BEOL interconnect layer 702 is formed above source conductor layer 405/421. 

BEOL interconnect layer 702 can include a dielectric layer 409, one or more contact 

layers 411, one or more conductor layers 413, and a pad layer 415. Dielectric layer 409 

can be a combination of multiple dielectric layers formed at separate process steps. 

Contact layer 411, conductor layer 413, and pad layer 415 can include conductor 

materials including, but not limited to, W, Co, Cu, Al, doped silicon, silicides, or any 

combination thereof. Dielectric layer 409 can include dielectric materials including, but 

not limited to, silicon oxide, silicon nitride, silicon oxynitride, low-k dielectrics, or any 

combination thereof. In some embodiments, pad layer 415 is electrically connected to 

external circuits or devices to transfer electrical signals between the joined 

array/peripheral device and the external circuits or devices. In some embodiments, BEOL 

interconnect layer 702 (e.g., coniact layer 41 l) is electrically connected io source 

conductor layer 405/421 (e.g., in contact with the top surface of a conduction region of 

source conductor layer 405/421). 

lt is to be understood that in some embodiments, the order of forming the array 

device/army interconnect layer and forming the peripheral device/peripheral interconnect 

layer can be modified, or the fabrication of the array device/array interconnect layer and 

the fabrication of the peripheral device/peripheral interconnect layer can be performed in 

parallel. Also, the order of forming the source conductor layer on the alternating 

conductor/dielectric stack and joining the array device and the peripheral device can be 

modified, according to some embodiments. In some embodiments, the source conductor 

layer is formed on the alternating conductor/dielectric stack prior to the joining of the 

array device and the peripheral device In one example, after forming the NAND strings 

on the second substrate, the source conductor layer can be first formed to replace the 

second substrate, and then the array interconnect layer can be formed. In another example, 

after forming the NANO strings on the second substrate, the array interconnect layer can 

be formed first, and then the source conductor layer can be formed to replace the second 

substrate. In general, the timing of forming the source conductor layer is not limited and 

can occur in any suitable timing during the fabrication process of the 3D memory device 

(e.g .. 30 memory device l 00) disclosed herein. 
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[0102] Va1ious embodiments in accordance with the present disclosure provide a 3D 

memory device with a source conductor ]ayer in place of the silicon channel in the 

substrate used by other 3D memory devices. By replacing silicon with conductive 

materials ( e g., metal, metal alloy, and/or metal silicide) that form the source conductor 

layer disclosed herein, the resistance of the source side (e.g., between the common source 

contact and the NAND strings) of the 3D memory device can be reduced, thereby 

increasing the device operation speed. In some embodiments, the conduction mechanism 

for erase operation of the source selective gate can become driven by gate-induced drain 

leakage (GlDL). 

ro1031 Ivforeover, compared with silicon substrate, the source conductor layer disclosed 

[0104] 

herein can be more easily patterned into any suitable layout (e.g., with different isolation 

regions) for driving a single memory block, multiple memory blocks, or a portion of a 

memory block as desired, which can enhance the driving capability of the peripheral 

device for the memory array. Due to its conductive nature, the source conductor layer 

disclosed herein can be patterned and used as an interconnect layer (e.g., part of the 

BEOL interconnect). 

ln some embodiments, a NAND memory device includes a substrate, an 

alternating conductor/dielectric stack, a NAND string, a source conductor layer, and a 

source contact The alternating conductor/dielectric stack includes a plurality of 

conductor/dielectric pairs above the substrate. The NAND string extends vertically 

through the alternating conductor/dielectric stack. The source conductor layer is above the 

alternating conductor/dielect1ic stack and is in contact with a first end of the NAND string. 

The source contact includes a first end in contact with the source conductor layer. The 

N AND string is electricallv connected to the source contact by the source conductor layer. 

[0105] fn some embodiments, a 3D memory device includes a substrate, a peripheral 

[0106] 

device on the substrate, a plurality of memory strings each extending vertically above the 

peripheral device, and a source conductor layer above the plurality of memory strings An 

upper end of each of the plurality of memory strings is in contact with a first surface of 

the source conductor layer. 

ln some embodiments, a method for forming a NAND memory device is disclosed. 

An alternating conductor/dielectric stack is fanned on a first substrate. A NAJ\.1) string 

and a source contact both extending vertically through the alternating conductor/dielectric 
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[0109] 

[0110] 

stack are formed. The first substrate is replaced with a source conductor layer, so that the 

source conductor layer is in contact with a first end of the NAND string and a first end of 

the source contact, and the NAND string is electrically connected to the source contact by 

the source conductor layer. 

ln some embodiments, a method for forming a 3D memory device is disclosed. 

An alternating conductor/dielectric stack is fonned on a first substrate. A plurality of 

memory strings extending vertically through the alternating conductor/dielectric stack are 

formed, so that a first end of each of the plurality of memory strings is in contact with a 

first surface of the first substrate. The first substrate is removed. A source conductor layer 

is formed, so that the first end of each of the plurality of memory strings is in contact with 

a first surface of the source conductor layer. 

ln some embodiments, a method for forming a 3D memory device is disclosed. 

An alternating conductor/dielectric stack is fom1ed on a first substrate A plurality of 

memory strings extending vertically through ihe alternating conductor/dielectric stack are 

formed on a first side of the first substrate. The first substrate is thinned from a second 

side of the first substrate. A meta] layer is formed on the second side of the thinned first 

substrate. A source conductor layer is formed based on a reaction betw-een at least part of 

the metal layer and the thinned first substrate. 

The 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 It is to be understood that the 

phraseology or terminology herein is for the purpose of description and not of limitation, 

such that the terminology or phraseology of the present specification is to be interpreted 

by the skilled a1iisan in light of the teachings and guidance. 

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 boundaries of these functional building blocks have been 

arbitrarily defined herein for the convenience of the description. Alternate boundaries can 

Micron Ex. 1002, p. 478 
Micron v. YMTC 
IPR2024-00909



WO 2019/104896 PCT/CN2018/077767 

- 33 -

be defined so long as the specified functions and relationships thereof are appropriately 

perfonned. 

[{il 11] 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 and the appended claims in any way. 

[0112] The breadth and scope of the present disclosure should not be limited by any of 

tbe above-described exemplary embodiments, but should be defined only in accordance 

with the following claims and their equivalents. 
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WHAT IS CLAIMED IS: 

1. ANAND memory device, comprising: 

a substrate; 

an alternating conductor/dielectric stack compnsrng a plurality of conductor/dielectric 

pairs above the substrate; 

a NAND string extending vertically through the alternating conductor/dielectric stack; 

a source conductor layer above the alternating conductor/dielectric stack and in contact 

with a first end oftbe NAND string; and 

a source contact comprising a first end in contact ,vith the source conductor layer, 

wherein the NAND string is electrically connected to tbe source contact by the source conductor 

layer. 

2. The NAND memory device of claim 1, wherein tbe source conductor layer 

comprises one or more conduction regions each comprising one or more of a metal, a metal alloy, 

and a metal silicide. 

3. The NAND memory device of claim 2, wherein the metal comprises one or more 

of copper, cobalt, nickel, titanium, and tungsten. 

4. The NA.ND mernory device of claim 2, wherein the rnetal alloy comprises an alloy 

of at least two of copper, cobalt, nickel, titanium, and tungsten. 

5. The NAND memory device of claim 2, wherein the metal silicide comprises one 

or more of copper silicide, cobalt silicide, nickel silicide, titanium silicide, and tungsten silicide. 

6. The NAND memory device of any one of claims 1-5, fo11her compnstng an 

epitaxial silicon layer between the NAND string and the source conductor layer, wherein the 

NAND string is electrically connected to the source conductor layer by the epitaxial silicon layer. 

7. The NAND memory device of any one of claims l-6, wherein: 
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the source conductor layer comprises a plurality of conduction regions and one or more 

isolation regions eiectrically isolating the plurality of conduction regions; and 

the NAND string is electrically connected to the source contact by a first conduction 

region of the plurality of conduction regions. 

8. The NAND memory device of claim 7, further comprising a through array contact 

(TAC) extending vertically through the alternating conductor/dielectric stack, wherein the TAC 

is in contact with a second conduction region of the plurality of conduction regions. 

9. The NAND memory device of claim 7 or 8, further comprising a first interconnect 

layer comprising a first contact, w·herein the NANl) string is electrically connected to the first 

contact by the first conduction region. 

10. The NAND memory device of claim 8, further comprising a first interconnect 

layer comprising a second contact, vvherein the TA.C is electrically connected to the second 

contact by the second conduction region. 

11. The NANl) memory device of any one of claims 1-10, further compnsmg a 

peripheral device between the substrate and the NAND string. 

12. The NAND memory device of claim l l, further comprising a second interconnect 

layer above and in contact with the peripheral device, wherein the second interconnect layer 

comprises one or more conductor layers in one or more dielectric layers. 

U. The NAND memory device of claim 12, further cornprising a third interconnect 

layer in contact with a second end of the NAND string and a second end of the source contact, 

wherein the third interconnect layer comprises one or more conductor layers in one or nwre 

dielectric layers. 

14. The NAND memory device of claim 13, further comprising a bonding interface 

between the second interconnect layer and the third interconnect layer, wherein the peripheral 
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device is electrically connected to the NAND string by the second interconnect layer and the 

third interconnect layer. 

15. A method for forming a NAND memory device, comprising: 

forming an alternating conductor/dielectric stack on a first substrate; 

forming a NAND string and a source contact both extending vertically through the 

alternating conductor/dielectric stack; and 

replacing the first substrate with a source conductor layer, so that the source conductor 

layer is in contact with a first end of the N AND stTing and a first end of the source contact, and 

the NAND string is electrically connected to the source contact by the source conductor layer. 

16. The method of claim 15, wherein the sow·ce conductor layer comprises one or 

more conduction regions each comprising one or more of a metal, a metal alloy, and a metal 

silicide. 

17. The method of clam 15 or 16, wherein replacing the first substrate with a source 

conductor layer comprises: 

removing the first substrate; and 

forming the source conductor layer at an original location of the first substrate. 

18. The method of claim 17, wherein removing the first substrate comprises 

thinning the first substrate; and 

removing the thinned first substrate. 

l 9. The method of claim l 5, wherein replacing the first substrate ,vith a source 

conductor layer comprises: 

forming a metal layer on the first substrate; and 

fom1ing a metal silicide layer based on a reaction between silicon in the first substrate and 

a metal in the metal layer. 

20. The method of claim 19, wherein forming a metal layer comprises: 

thinning the first substrate; and 
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forming the metal layer on the thinned first substrate. 

21. The method of claim 20, wherein forming a metal layer further comprises: 

forming an isolation region at a first surface of the first substrate that is in contact with 

the alternating conductor/dielectric stack; and 

thinning the first substrate from a second surl'ace of the first substrate to expose the 

isolation region. 

22. The method of any one of claims 15-21, further comprising forming one or more 

isolation regions in the source conductor layer. 

23. The method of any one of claims 15-22, further comprising: 

forming a peripheral device on a second substrate; and 

joining the NANI) string and the peripheral device, so that the NANI) string is between 

the first substrate and the peripheral device. 

24. The method of claim 23, wherein joining the NAND string and the peripheral 

device comprises: 

forming a first interconnect layer in contact with a second end of the NAND string and a 

second end of the source contact; 

fonning a second interconnect layer in contact with the peripheral device; and 

forming a bonding interface between the first interconnect layer and the second 

interconnect layer, so that the peripheral device is electTically connected to the NAND string by 

the first interconnect layer and the second interconnect layer. 

25. The method of claim 24, wherein: 

forming a first interconnect layer comprises fonning one or more conductor layers in one 

or more dielectric layers; and 

forming a second interconnect layer comprises forming one or more conductor layers in 

one or more dielectric layers. 
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26. The method of claim 25, wherein forming a bonding interface comprises one or 

more of (i) forming chemical bonds between one of the dielectric layers in the first interconnect 

layer and one of the dielectric layers in the second interconnect layer, and (ii) causing physical 

inter-diffusion between one of the conductor layers in the first interconnect layer and one of the 

conductor layers in the second interconnect layer 

27. A three-dimensional (JD) memory device, comprising: 

a substrate; 

a peripheral device on the substrate; 

a plurality of memory strings each extending vertically above the peripheral device; and 

a source conductor layer above the plurality of memory strings, wherein an upper end of 

each of the plurality of memory strings is in contact with a first surface of the source conductor 

layer. 

28. The 3D memory device of claim 27, wherein the source conductor layer 

comprises a conduction region with an electrical conductivity of at least about 1 x Hi S/rn at 

about 20°c. 

29. The 3D mernory device of claim 27, wherein the source conductor layer 

comprises a conduction region comprising one or more of a rnelal, a metal alloy, and a metal 

silicide. 

30. The 3D memory device of any one of claims 27-29, wherein each of the plurality 

of memory strings comprises an epitaxial plug at the upper end of the memory string. 

3 l. The 3D memory device of claim 30, wherein the epitaxial plug comprises a single 

crystalline silicon. 

32. The 3D memory device of claim 30 or 31, wherein each of the plurality of 

rnernory strings comprises a selective gate configured to control a conductance of a 

corresponding epitaxial plug. 
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33. The 3D memory device of claim 32, ,vherein a conductance of the source 

conductor layer is independent from the selective gate. 

34. The 3D memory device of any one of claims 27-33, further comprising a first 

interconnect layer on a second surface of the source conductor layer. 

35. The 3D memory device of claim 34, further comprising: 

an alternating conductor/dielectric stack above the peripheral device, wherein each of the 

plurality of memory strings extends vertically through the alternating conductor/dielectric stack; 

and 

a second interconnect layer between the peripheral device and the alternating 

conductor/dielectric stack. 

36. The 3D memory device of claim 35, wherein the source conductor layer 

cornpnses a first conduction region, a second conduction region, and an isolation reg10n 

electrically isolating the first conduction region and the second conduction region 

37. The JD memory device of claim 36, wherein each of the plurality of memory 

strings is in contact with the first conduction region of the source conductor layer. 

38. The 3D memory device of claim 36 or 37, further comprising a first contact 

extending ve1tically through the alternating conductor/dielectric stack and in contact with the first 

conduction region of the source conductor layer 

39. The 3D mernory device of any one of claims 36-38, wherein the first interconnect 

layer comprises a second contact in contact with the second conduction region of the source 

conductor layer. 

40. The 3D memory device of claim 39, further comprising a third contact extending 

vertically through the alternating conductor/dielectric stack and in contact with the second 

conduction region and the second interconnect layer at a respective end, so that the first 

interconnect layer is electrically connected to the second interconnect layer. 
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41. The 3D memory device of any one of claims 27-40, wherein the source conductor 

layer is in a trench shape or a plate shape in a plan view. 

42. A method for forming a three-dimensional (3D) memory device, comprising: 

forming an alternating conductor/dieleciric stack on a first substrate; 

forming a plurality of memory strings extending vertically through the alternating 

conductor/dielectric stack, so that a first end of each of the plurality of memory strings is m 

contact with a first surface of the first substrate; 

removing the first substrate; and 

forming a source conductor layer, so that the first end of each of the plurality of memory 

strings is in contact with a first surface of the source conductor layer 

43. The method of claim 42, further comprising forming a first interconnect layer on a 

second surface of the source conductor layer 

44. The method of claim 42 or 43, further comprising patterning the source conductor 

layer to form an isolation region in the source conductor layer 

45. The method of any one of claims 42-44. further comprising: 

forming a second interconnect layer above the plurality of memory strings on the first 

substrate; 

forming, on a second substrate, a peripheraJ device; 

fonning a third interconnect layer above the peripheral device on the second substrate; 

and 

bonding the first substrate and the second substrate, so that the second interconnect layer 

is above and in contact with the third interconnect layer. 

46. A method for forming a three-dimensional (3D) memory device, comprising: 

fonning an alternating conductor/dielectric stack on a first substrate; 

forming, on a first side of the first substrate, a plurality of memory strings extending 

vertically through the alternating conductor/dielectric stack; 
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thinning the first substrate from a second side of the first substrate; 

forming, on the second side of the thinned first substrate, a metal layer:, and 

fonning a source conductor layer based on a reaction between at least part of the metal 

layer and the thinned first substrate. 

47. The method of claim 46, further comprising patterning the first substrate to form 

an isolation reg10n in the first substrate, wherein the isolation region remains in the source 

conductor layer. 

48. The method of claim 46, further comprising patterning the source conductor layer 

to form an isolation region in the source conductor layer. 

49. The method of any one of claims 46-48, wherein the first substrate comprises 

silicon, and the source conductor layer comprises a metal silicide. 

50. The method of any one of claims 46-49, further comprising: 

forming a first interconnect layer above the plurality of memory strings on the first 

substrate; 

forming, on a second substrate, a peripheral device; 

forming a second interconnect layer above the peripheral device, on the second substrate,, 

and 

bonding the first substrate and the second substrate, so that the first interconnect layer is 

above and in contact with the second interconnect layer. 
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0 nn decision has be,,i1 made ye! on the prnlest; tJ,e appli,,an1 "'ill be noti_lied as soon as a decision is made. 

4. Reminders 

The appliClillt may submit comments <m iu, iilformal l,,,.i, on the ,nitten opii!ioll of the Jntemational Sea,-..:ilillg Authority lo the 
International Bur.-..au. These comments will be made available to the public ailer international publication. The International 
Bureau -..,jJi Send a copy of such mmments to ail de:sign,;ted Officts unle:ss m1 intematiomu preliminmy exam.i.mtion report has 1:,e,.,, 
or io lo be established. 

Shortly after the expiration of 18 months fmm the priority date, the international application will be publi,hed by the 
Int,,inational Fil!Jean If the appLicanl wi.~hes to avoid or postpone pnblicalion, a noJjce of withrlrnwal of 1he international 
application, or of the priority claim, must mach the hlterna!mnal Bureau before the completion of the technical preparntfons for 
:1nernatio11al pnhlirnlion {Rules 90bis. l and 90his. 3) 

Within 19 moiith, from the _Priority date, hut only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if tie applicant wishes lo postpone the ent, imo the national phase until 30 months from !he pnority date 
(in some Offices even later); other.vise, the applicant must, within 20 mrmth, from the priority date, perfo1111 the prescribed ac,s for 
ermy into the RH1.tiom1i phase bt1t..1rn thos., designated omces. In respect of other d~ilignaled Offices. llie time limit of 30 months 
( or later) will apply even if ll0 demand is filed within J 9 monlfis. For details about the applicable ume limits, Office by Office, see 
"'ww. w;p,o.mt/pc,v-,n!texWtime_hm1ts.h1ml and the PCT Appln,ant's Gmde, National Chapters. 

Within 22 months from the priurlty date, th~ applicant may requ~st tl111t a 51lppJ,;mentacy international se11rcll be c-,m'ied out 
by a r.lifforml Inter&lional &,arching Authority that otfors iliis servic,, (R,tle 45bis. J ). The prncednre for requesting suppl,,inmimy 
uuernatmuaJ search is des-:iribed in the PCT Applicant's Guide, International Plllise, paragraphs 8.006-8.032. 

National lntellectual Property Admini,1:ration, PRC(ISAiCN) Authorized officer 

6, Xitncheng Rd, 11mm Bridge, Haidian District, Beijing 100088 lJ-JOU,ZhongLllng 
FacsimileNo. (S610) 62019451 Telephone No.: 86-i !0)-53961222 

Form PCT/TSA/220 (July 2017) 
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PATENT COOPERATION TREATY 
From the INTERNATIONAL SEARCHiNG A\HHORHY 
To 

100013 

PCT 
10th floor, Tm•er C, Beijing Global Trade CenLe:r, 

36 North Third Ring Rooo East, Dongcheug 

District, Beijing, Chfoa 
WRITIEN OPlNJON on1rn 

INTERNATIONAL SEARCHING AUTHORITY 

Nm UNPiATION 1N'ir1..LEC11JAL PROPERTY AGENCY LID. 

(PCT Rule 43 bis. I) 
Date cf mailing(daylmonth!yeor) 

~-----------------+-----30 Jan. 2019(30. 01. 2019) 
Applic;mt's or agr::n( 's fik reference FOR FURTIIERACTION 

P2018TC490 
See paragraph 2 below 

Jnternatiorn1l application No. 

PCfiCN20lll/085421 

lntcmati01ml Ii.ling date<_dayvmonthyear) Priority date (day/monrJJ1).,ear) 

03, May. 201B (03, 05. 2018) 

lrrtematiornil Paten( Class1!ication (lPC) m- both nationul classification and IPC 

llOlL 27 /J l56fi (20J'f. 01) i 

Applicant 

Yangtze Memory Tedmologies Co., Ltd. 

1. This opinion contains indications relating to the following items: 

~ Box No. r Basisofilieopinicn 

D Box No.H Priority 

D fa,., No. m Non--e,tablishment of opi11ion v.-ith rq;;ard to novelty, inventive St"']} and industlia1 applicability 

0 Box.No. IV Lackohmityof:inventfon 

~ Box No. V Reasoned s1'ilemen1 under Rule 41!Jis l(aXi) with regard to no1ielty, inventive r,t,,p or industrial 

apphcal,iJJ1y, c1tJ.tions and explanations supporting such swtement 

D 
D 
D 

Box No.\/I C-.:rtain ducumcnts cited 

Box No. VTI Certain defects in ilie international application 

Box No.Vlil CeJtain observations on the international application 
2. FURTHER ACilON 

1f a demand for international prelimmrny exammation is made, this opinion will be considl..°i'ed to be a written opi:nion 
of the Jntcmationw Prelimi:nary Examining Aulhority (""IPEA'') except ilia! this does not •"PPlY where the applicilllt 
chooses a,, Aufuority oth,,r than this one to b,e !he IPEA and the chos,,n !PEA has notified fue International Bu.-cat, 
imdcr Rule 66. lbis(b) that writien opinions of tllis \nternational Searching Authority will not be w considered. 

If this opinion is, as prov1ded above, consi<l-=red to be, a wtit1en opinion or the lPEA, the appli~rn1t is :invited w submit 
to the !PEA a v.rittrn reply togellicr. wh-,'l'.e appropriate, with amendments, before fae expiration of 3 months from the 
t!ar.c of mailmg of Form PCT!ISN22D or befort: the expiration of 22 m'-'n!bs from the priority date, whichever expires 
inter. 

For farilicr options,= Form PCT!ISIV.!20. 
3. For fmtherdetruls, ,-ee notes !o Form PCT/ISA/220. 

'Date of complt:tion of this Authorized officer 
rune a:nd mm.ling addn,ss of t."i.e ISiVCN , , 

National l:ntdiectual Pmperty AdminiScration, PRC opmwn ZHOIJ,Zh<mgtang 

6, X1tw::heng Rd., Jim"u Bridge, Haidian rii,mct, 24. Jan. 2019 [24. 01. 2019) 
&.1Jmg W0088, China 

Facsimile No. (86---1!)) 6Wl945l 

Form PCT/ISN237 ( cover sl=t) (Jil!luary 2015) 

lelephone N 
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WRITTEN 01'.h'UON OFTIIB 
INTERNATIONAi, SEARCHING AUIBORITY 

flox No. I B:!!si§ of the opinion 

International application No 
f'CT/CN2011l/08G42l 

1. With regard to 1h,~ l;mg1111ge, this opinion has been established on the basis ,,f: 
!RI the in1t'ma1ions1 appliration in !he iang1111.ge in which il was filt--d. 

D a tran.slation of the intematioml application into _____________________ which i;; the language of a rrnmlation furnished for 
the purpose, of interrmtfonal &=ch (Rules 12J(a) and 23.l(b)) 

2. D This opinion has bren established taking mto account the recti:iication of il>n ,ibvimis mistak" aU'Jior'.zed by or 
notified to tllisAuthority under Rule 9l(Rule 43bis.l(b)) 

3. D Wi!h regard to any nucl;;otide an!lfor amino acid sequence disclosed in the international application, this 
opinion Jim; l=n established on the basi.~ of a ;;equc:nce listing: 

a.0 forming part of the internr,tional application as filed: 
0 m the form of an Annex C/ST.25 text file. 
0 on paper or in the fonn of an iw.age file. 

b.O fumished together wii11 !lie international application illlder PCT Rule 13ter. l(a) for the purp<>ses of 
imemational sea:rch only in the form ofanArmex C/ST25 text file. 

c. D furnished subsequent to the inte.'1.1ational fiimg data for the purpo,es of international search only: 
0 in the fmrn ofanArmexC/8T25 teJtt file(Rnle 13ter.l(a)) 
D on pap,;:i· or in the fom1 of an image file (Rule Bter. l (h) and Administrative Instrudions, Section 

713). 

4. D In addition, in the case that more L'mn one version or copy of a sequence !isr.ing has been filed or furnished, the 
required staternents tliat the infomiation in the subsequent or additional copic, is ickntical to that forming part of 
the application a., filed or does not go beyond the application,,, filed, as appropriate, "'""' furnished. 

5. Additional corn.."'l\en1s: 

Fom1 PCT,1SA/237 (cover sheet)(Jamwy 2015) 
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WRITTEN OPINION OF HU: 
INTERNATIONAI,SRARCHJNGAUTHORITY 

International application No. 
f'CT/CN~018/08b42 l 

Box No. Y Rea~or,ed ~tatement ,moor R<Jle 43bk l(a)(i) with n,gaird to novelty, inventive step or indu§triai 

applicabili1y; citations and exphmliHon, s<Jp!)Or'lil'li; such ;;tatement 

t Staiemcnt: 

Novei1y(N) 

Inventive step (lS) 

Claimg2, ll-27, 32 

Claims l. 3-10 28-31 

Claims 12·-27 

Clai.rrts l _ _l J,..28 _ _32 

h1<luslrial applicability (IA) Claims 1--32 

Clai.n15 None 

2. Citations and explanations 

~= 
Dl: CNI06910746A 
L Nlvei t y I I nvent i vest ep 

30 June 2017 (30.06.2017). 

YES 

NO 

YES 

NO 

YES 

NO 

Dl d sci oses a 3Dr111l!111lr y devi ce and a rm hod f or f or nil ng t he devi ce ( descr i ~ i on, 
par ag-aphs [ 0074] - [ 0005! , [ 00961 -[ 0137] , Fi Q1S es. 1-2. 5- 7) . 1he oovi ce, 
COl'lJ)r i si ng: a sem cordK::t or subst rat e 400 w t h an i sol at i on st r uct ur e 402; an1 
alternating condl.£tor 1012/die!ectric 1011 layer stock 101 dsp:)Sed oo the 
sern conduct or substrate 400; ad e! ect r i c st r oct IX e ( 160, 102) ant he i sd at i a 
r egi on 402 ct t he subst rat e 4L--O and ext errl ng ver t i cai I y i hr oug, t he st ack 101, 
wierei n t hesl ack 101 a:)l.lt s a si dew:ll I suf ace of the di el eel r i c structure ( 160, 
102) W1i ch i s for nro of a di el eel: ri c rmt er i a ; one or rmr e T.PQ; 162 ext Eni ng 
ven i cal I y t !Tough the d electric st roct ure { 160, 102) and the i sol at i m raj oo 
402; and one or mire chc"YM st r uct ur es 150 ext errl ng ver t l cal I y t hr ough t he 
stack 101. 
1he met hod, C0'1'P)r i si ng: f or nil ng t he i sol at i on st r ut.i Lr e 402 on t h:J subst r at e 400 
( 001) ; di sposi ng an al t Elf nat i ng di el ect r i c I ayer st ack on t he subst rat e 400, t oo 
al t er nat i rg (i el ect r i c I ayer st ack corrpr i si ng pai r s of a fi r st di el ect r i c I ayer 
and a second di ei eel: r i c I ayer di ff Elf ent fr omt he f i rst di el ect r i c I ayer ( ffi2) ; 
forrnng a channel structure 170 exterdng verticaly in the alternati 
di el ectri cl ayer stack(ffi4). 
O ai m; 1, 28 I ack rtOVei t y and an i nvent i ve st ep i n the se1Se of FIT 33( 2) and 
33(3). 
Oam; 12, 21 dffer frornDl inthefeaturesof fornilngTK.::respective!y. The 
pr d) er'!$ sol ved by t rn above f eat ures a- e howt o i np:ir ove i nt egr at i on of t he 3 
ntl!mlr y. 1he above feat t.r es are oo t her c0!11ll1l!1 oot hod na- ci sci os t ~ 1 

art . O ai fl$ 12-27 are novel and i nvd ve an i nvent i ve st ep i n ¥'cl, 
33( 2) and FCf 33{3) . 
The addl t i onal f eat ur es of cl a m; 3- 10, 29- 31 are di sd osed 

form PCT/lSAi237 ( cover sheet) (January 2015) 

-~ ----
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\"l!'lUTTEJ\l OPINION m· THE 
INTE,R.NATJONAL SEARCHING AUTHORITY 

Interr1'ltion«l application No. 
PCT/CN2018/085421 l 

paragr aj'.tls ! 0074] -[ 0085] , Fi gur es 5-6). Part i al ci the addi ti ma! features of 
cl ai rn; 2, 32 a e di sci osed by D1 ( descr i pt i on, par agr aptis [ 0074] - I OCl85] , Fi g.r es 
5- 6), r est of t hem are COl"IIIU) p- act i ce for a per son ski I I ed i n t he art. The 
add ti anal f eat ur es of cl ai rn 11 are conmm pr acti ce f or a per son ski I I ed i n t he 
art. 
0 ai rn; 3, 5- 10, 29- 31 I ack novel t y and an i nvent i vest ep i n the sense of Fer 33( 2) 
and R-;f 3..1( 3) . O ai m. 2, 11, 32 are novel i n t he sense d Fer 33( 2) but do mt 
i nvd ve an i nvent i vest ep i n t he sensed Fa 33( 3) . 
a ai m4 I acks novel t y ard an i nvent i vest ep i n t he sense of Fa 33( 2) and fU 33( 3) 
\"f1€11 ci t i ng cl ai ml ocks novel t y and an i nvent i ve st ep i n t i,e sense of R:...1 33( 2) 
and FCT 33( 3) ; 0 ai m4 i s novel i n t he sense of Fer 33( 2) but does rut i nvol ve an, 
i nvent i vest ep i n t he sense of Fer 33( 3) wien ci t i ng c! ai ni s novel i n t he sense of 
Fa 33( 2) but does not i nvol ve an i nvent i ve step i n t he sense of FCT 33( 3) . 
II i. I nwst rial appl i cahi l ity 
O ai rn; 1-32arei ndustri al ai:.p i cab! ei nt he sense of FCr33( 4). 

Fonn J'CT/lSAf237 (co,·er sheet) (fam.:arf 2015) 
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PATENT COOPERATION TREATY 

PC1' 
rnTERi~ATIONAL SEARCH REPORT 

PCT Article 18 and Rules 43 and 44 

Awlicant's or agent's file reference 

P2018TC490 

lntomatwnal apphcatmn No. 

PCT/CN2018/0854.21 

FOR l<l.J.RllJJ!'.R see Foilll PCTt1S!V220 

ACTION as \\ell as. wnere applicable, item 5 below. 

lntemaiiorml Ming date (Earliest)J'riority date 

(drI3-imon/h/_year) (da;,moNtNyear) 

03 ~,ay 2018(03.05.2018) 
!--------------~------------~--------------------------------------

Applicant 

Yangtze Memory Teclmologies Co., Ltd. 
--------------------------------

Tlns international search report !ms b<::<.'11 prepared by this International Searching Authority and is transmitted to 
the~ applicar.t according to Article 18. A copy is berng trmmmtted to the lnternatioml FJmeau. 

TIils inu·,marfonal search r,,x11t com,'ists of a toml of 1 sheets. 
D It is also accompanit-'<l by a ,.opy of each pnor mt document cited u1 this report. 

I. Basi§ of th;; report 
a. With regard to the language, the international seard, WilS carried out on tl-,e ba,is of: 

0 the international applicatwn in t'le language in ,vhich it was filed 
0 a trnnsiation of the irltemationai application into _____ , w'tich is lhe language of a 

translation fw-ni,hed for 1.h,; plllJiOSc.";; of ir,knrulioml search (Rules 12.J(a) aad 23.l(b)) 
b, 0 This introiationaJ search report has been established taking into aocoUllt the rectifie!ltioi:i of am 

obvious mi$fake authorize.d by or notified to this Authority under Rule 9 l (Rule 43.6his(a)). 
e.O With regard to any nndeo!ide and /or amino acid sequence disclosed in lhe international 

application, ,ce Box No. I. 

2. D c~rtain dahm were found uni,eard1abll' (see Box No. U) 

3. 0 Unity of invention is laddng (st-e Box No. Hr) 

4. With reg,ml lo the litle, 
tg] the text is approved as submitted by the applirnnl. 
0 !he text has boen established by thi, Authority to read as follows: 

5. With regard to the abstrnct, 
0 the text is approvffl as submitted by the applicant 
D the text hlis bc:cn c~tabli,hc<l, acmrd.ing to Rule 38 2(b), by thisAuth01ity m; it apj.1"'U-S in Box IV. 

The applicoot IIlliY, wiihin one month from the <.late of mailir.g of this intcmalio1ml search report, submit 
comments to this Aulhority. 
6. With reg,m:! to the drawing~, 

a 'Ille figme of the drawing~ to be published ,vith the abstract is Figure No,13 
12g as suggested by !he applicant 
D a~ selected by this Authority, because ilie applicam faikd to suggc:,i a figure 
D m selected by t.'i.is Authority, because this figure better characterizes the inventi@ 

b. 0 none of 1l1e flgures is to be published vvith the abstract 

form PCT/ISA/2 IO(fn-st shee!X January 2015) 

- -= -iiiiiiiiiiiiiii 
~ == !!!!!!!!!!!!!!! 
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Jntemational application No. 
FCT/CN2018/085421 

INTERNATIONAL SEARCH REPORT 

A. CLASSU<lCATlON OF SUBJECT l'\'IATTER 

HOlL 27/11565(2017.0l)i 
According to International Patent Cla;;sificatlon (IPC) or to beth national classification and IPC liiiiiiiiiiiiii 

. 
B.FJELDSSEARCHED ... 

Mixrimurn docurnentmion searched (chs.'liflcation system folicwed by classification symbols) 

IPC: HOJL 

Documentation ,eard1ed other tllan mi1timum documentation to ihe extent that ;mch documents are induded in 

the fields searched 

Electronic data b-1 consult.'ld durn1g the intemalionai search (name of ruita base and, where practicable, search 

terms used) 
CNPAT, CNKI, IEEE, WPI: Y,mgh.e Memory, CHA\GJIANG MEMORY, TAC, through, array, 
contact+, connect+, three. dimension, w, memory, channel, slit, hole, trench, 
open+, window+~ fjJl+, form+, <leposit+, insu]ati, isolate:, dielectric, silicon, 
oxide, nitride, step, .staircase, conduct..,., metat plug, etch+· 

C. IX)CUJ-JENTS CONSIDERED TO BE RELEVANT 

Category Ciw.tion of document, will1 indication, wllere apprnpliate, of th,~ relevant Relevant to claim 

• passages No. 

X CN 1069l0746A (Ylv"iGTZE MEMORY TECHNOLOGIES CO., 1-ll, 28-32 

LTD.) 30 Jm20l7O0.06 2017) descrip1ion, para1;,aphs 

[0074]-[0085!, [0096H0137], Figures 1--2, 5-7 

X CN 106920794A (YANGTZE W-iEMORY TECHNOLOGIES CO, 1-1 i, 28-32 

LTD.) 04 Jul.2017(04.07.2017) description, paragraphs 

---- --------------
_ [0077J-[0112j, Figures 5-7 

A OS 8247895B2 (IBM CORPORATION} 21 Aug.20l2(2L0&.20l2) 1-32 

the whole document 

A CN l05826323A (MACRON IX Ii"iT CO., LTD.) 03 l-32 

Aug.2016(03.08.2016) the whole document 
: 

[__QFurther docun1ent;; are li;;ted in ll-ie continuation of Box C. ~ St~e patc.,-111 fami1y arrnex 

Form PCTIISA /210 (2 shet'1:) (January 2015) 
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INYF.Rc"fATIONAL SEARCH REPORT 

Special categories of cited documents: 

" document defining the general stale of the art 
wl1ich is not 

considered lo be of particular relev!lnce 

"E" earlier application or pak':ftl but pubiished on 
or after the 

imematiomtl filing date 

'T," documem v.tnch may it..row doubts Oil priority 
da1m(S) or 

which is cited to establish the publication date 
of another 

citation or other special reas.oi1 (as specified) 

·'O" document refening to an oral disdo,un; ust\ 
exhibition or 

other means 

"P" document pubhshed prior to tbe international 
filiJ1g date 

but later than the priority ua(e claimcl 

Dale of the actual compktion of tlie iiitematiom,! 
SCIJJ'Ch 

03 Jan. 2019 (03, OL 2019) 
Name and mailing address of u'le ISNCN 
Naiionai lntellectool Property Admi,:;istralion, PRC 
6, Xitucheng Rd., Jimen Bridge, Haidian Di5trict, 
Beijing 100088, China 
Facsimile No.(86-10)62019451 

Foon PCT/ISA 12 IO (3 sheet)(Jmmary 2015} 

lntemational application !fa. 
PC1'/CN2018/08ii421 

'·'T" later document published atl:,,r tht, isiterriational 
filing dale 

m priority dare and not in confl tel w;th the 
application but 

cited to understund the principle or theory 
underlying the 

invention 

«x" da:ument of pastimlar relevance; the clain,erl 
invention 

cannot bt, consirb·erl novel or cannot be considered 
tninvolve 

an inv~ntive step \Vben the dr.)cument is ta.ten 
alone 

''\"' documc:nt of'partirnlar relevance; tho daimod 
frivcntion 

cannot be considered to involve an inventive 
step when the 

document is combined with one or more oilier 
such 

documents, Such combination being obvious to 
a person 

- skilled in tl,e rut 
" & "'document member of ili;; same wtent familv 
D,1te of mailing of the international search report 

30 Jan. 2019(30. 01. 2019) 

Authorized officer 

ZHOU, Zhong tan;; 

Telephone No.· 86-(10) 53961222 
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INTERNATIONAL SEARCH REPORT 

Patent Docu111ents ref=ed 
Publication Date 

iJ1 tho: Report 
-----------

CN106910746A 30 062017 

CN l 06920794 A 04 07 2017 

US8247895B2 21.08.2012 

--------------

CNl05826323A 03.08.20[6 

Form PCT!ISA/2IO(patent family annex) (January 2015) 

PCT/CN20t8/0RG42 t 
Imernational applicatio~No. 

Patent Family Publication Date 

----

TWWJ 834221 A 16 092018 

WO20i8161859Al 13092018 

CN106910746B 19.06.2018 

CNl 06920794B 30.112018 

WO20l816l836Al 13092018 

US2016005686Al 07.01.2016 
---------

US 1001 l098B2 03.07.2018 

US2011170266A 1 14 07.201 l 

US2016027760A i 28 Oi .2016 

US2012129276A l 24.05.2012 
--- ----------------------------

US9259902B2 16.02.2016 

CN105826323B 0911.2018 
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Information: 
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9 Foreign Reference FP6.pdf no 20 
5519136a4f33d11782702c468583443c3c1 

681a9 

Warnings: 

Information: 

721786 

10 Foreign Reference FP7.pdf no 19 
44eb 1 e2de1 3ef2400a39370f42c73cbfb846 

aSSc 

Warnings: 

Information: 

913874 

11 Foreign Reference FP8.pdf no 29 
6bb80e1 32d52e5948a57367c45228dc39e 

8563f 

Warnings: 

Information: 

739165 

12 Foreign Reference FP9.pdf no 62 
a9f16e6f112f2aa067d05011790542e81 b3d 

7282 

Warnings: 

Information: 

289598 

13 Non Patent Literature NPLl .pdf no 9 
2 9ed 6Scade 20c25 d 54 3 e4 9be9a9fac8831 c 

2cbd7 

Warnings: 

Information: 

Total Files Size (in bytes) 8930030 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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DONALD J. FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

July 12, 2019 

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

t\) Sterne Kessler 
\...w·•: :. 

·:c. STERtH, KESSLER GOLDSTEIN & FOX 

Confirmation No. 7800 
Art Unit 2812 

Attn: Mail Stop Amendment 

Re: U.S. Utility Patent Application 
Application 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 are the following documents: 

1. Infom1ation Disclosure Statement; 

2. Form PTO/SB/08a (2 sheets) listing 15 documents (USl-USS and FP1-FP9); 

3. Form PTO/SB/08b (1 sheet) listing 1 document (NPLl); and 

4. Copies of cited documents (FP1-FP9 and NPLl). 

In the event that extensions of time are necessary to prevent abandonment of this patent 
application, then such extensions of time are hereby petitioned. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, 
or credit any overpayment, to our Deposit Account No. 19-0036. 

DJF/Y-G/lef 
Enclosures 

13414372_1.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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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: 2812 

Examiner: CHOI, CALVIN Y 

Atty. Docket: 4123.0190001 

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

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

Commissioner: 

Information Disclosure Statement 

Mail Stop Amendment 

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

documents that may be considered material to the patentability of this application as defined in 37 

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

1.98. 

Applicant has listed publication dates on the attached IDS Fom1s based on information 

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

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

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

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

and/or to prove that this information may not be enabling for the teachings purp01iedly offered. 
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This statement should not he construed as a representation that a search has heen made, or 

that infom1ation more material to the examination of the present patent application does not exist. 

The Examiner is specifically requested not to rely solely on the material suhmitted herewith. 

Applicant has checked the appropriate boxes below. 

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

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

counterpart 1 foreign or international application or from the Office; and this communication 

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

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

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

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

1.56(c) more than thirty days prior to the filing of the information disclosure statement. 

lZ] 2. Filing under 37 C.F.R. § 1.97(b). This Information Disclosure Statement is being filed 

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

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

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

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

1 The term counterpaii foreign patent application means that a claim for priority has been made in 
either the U.S. application or a foreign application based on the other, or that the disclosures of the 
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the 
European Patent Office claiming the same U.K. priority as claimed in the U.S. application). 

Atty. Dkt. No. 4123.0190001 
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after the filing of a request for continued examination under 37 C.F.R. § 1.114. No statement 

or fee is required. 

D 3. Filing under 37 C.F.R. § 1.97(c). This Information Disclosure Statement is being filed more 

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

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

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

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

contained in this Information Disclosure Statement was first cited in any 

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

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

37 C.F.R. § 1.97(e)(l). 

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

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

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

reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c) 

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

37 C.F.R. § 1.97(e)(2). 

D c. Attached is our PTO-2038 Credit Card Payment Form in the amount of $240.00 in 

payment of the fee under 37 C.F.R. § 1.l 7(p). 

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

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

Atty. Dkt. No. 4123.0190001 
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Notice of Allowance, but on or before payment of the Tssue Fee. Enclosed find our PTO-

2038 Credit Card Payment Form in the amount of $240.00 in payment of the fee under 37 

C.F.R. § 1.17(p); in addition: 

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

contained in this Information Disclosure Statement was first cited in any 

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

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

37 C.F.R. § 1.97(e)(l). 

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

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

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

reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c) 

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

37 C.F.R. § 1.97(e)(2). 

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

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

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

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

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

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

SB/08A form. For the purposes of a statement under 37 CFR 1.97(e)(l), the United States or 

Atty. Dkt. No. 4123.0190001 
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other English language patent or published application are to be construed as being cited by 

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

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

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

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

the requirement for a concise explanation ofrelevance. MPEP 609.04(a)(III). 

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

below in accordance with 37 C.F.R. § l.98(a)(3). 

Document US4 (2019/0057974 Al) is submitted herewith as the English-language 

counterpart of document FP6 (CN 106910746 A). 

Document US6 (9,530,789 B2) is submitted herewith as the English-language counterpart of 

document FP4 (CN 105047668 A). 

Document US7 (9,595,531 B2) is submitted herewith as the English-language counterpart of 

document FP2 (TW 201606388 A). 

Document USS (9,595,667 B2) is submitted herewith as the English-language counterpart of 

document FPl (TW 201419449 A). 

Document FP9 (WO 2019/104896 Al) is submitted herewith as the English-language 

counterpart of document FPS (CN 107887395 A). 

ISi 8. Copies of documents FP1-FP9 and NPLl are submitted. However, in accordance with 37 

C.F.R. § l.98(a)(2)(ii), no copies of the U.S. patent application publications and patents 

cited as documents US1-US8 on the attached IDS Fonns are submitted. 

Atty. Dkt. No. 4123.0190001 
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D 9. Copies of the __________ documents were cited by or submitted to the Office 

in an TDS that complies with 37 C.F.R. § 1.98(a)-(c) in Application No. ____ , filed 

______ , which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, 

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

D 10. It is expected that the examiner will review the prosecution and cited art in the parent 

Application No(s). _________ , in accordance with MPEP 2001.06(b), and 

indicate in the next communication from the office that the art cited in the earlier 

prosecution history has been reviewed in connection with the present application. 

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

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

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

documents ____ to ____ _ The identification of these Office Actions is not to 

be construed as a waiver of secrecy as to those applications now or upon issuance of the 

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

applications and the art cited therein during examination. 

It is respectfully requested that the Examiner initial and return a copy of the enclosed IDS 

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

been considered. 

Atty. Dkt. No. 4123.0190001 
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The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, or 

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

Date: July 12, 2019 

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 

13414604_1.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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WASHINGTON, DC 20005 

Qian TAO 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 
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www.uspto.gov 

ATTORNEY DOCKET NO. 
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Please find below and/or attached an Office communication concerning this application or proceeding. 
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Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

e-office@stemekessler.com 
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Office Action Summary 

Application No. 
16/047,182 

Examiner 
CALVIN Y CHOI 

Applicant(s) 
TAO etal. 

Art Unit 
2812 

AIA (FITF) Status 
Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING -DATE OF THIS COMMUNICATION. 
Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on 27 July 2018. 
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on . 

2a)O This action is FINAL. 2b) 0 This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims* 
5) 0 Claim(s) 1-20 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6) O Claim(s) __ is/are allowed. 

7) 0 Claim(s) 1,3-16 and 18-20 is/are rejected. 

8) 0 Claim(s) 2 and 17 is/are objected to. 

9) O Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

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

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)O All b)O Some** c)O None of the: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

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

Attachment{s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) O Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) O Other: __ . 

Part of Paper No./Mail Date 20190819 
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DETAILED ACTION 

1. This Office Action is in response to the application filed on 27 July 2018. 

Notice of Pre-A/A or AJA Status 

Page 2 

2. The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Claim Rejections - 35 USC§ 103 

3. In the eventthe determination of the status of the application as subject to AIA35 U.S.C. 102 

and 103 (or as subject to pre-Al A 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory 

basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and 

the rationale supporting the rejection, would be the same under either status. 

4. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections 

set forth in this Office action: 

A pa tent for a claimed invention may not be obtained, notwithstanding that the claimed invention is 
not identically dis closed as set forth ins ectio n 102, if the differences between the claimed invention 

and the prior a rt are such that the claimed invention as a whole would have been obvious before the 

effective filing date of the claimed invention to a person having ordinary skill in the art to which the 
claimed invention pertains. Pa tentability shall not be negated by the manner in which the invention 

was made. 

5. Claim{s) 1, 3-16, and 18-20 is/are rejected under 35 U.S.C.103 as being unpatentable over 

Nishikawa et al. {US 9,620,512 Bl; hereinafter Nishikawa) in view of Lee et al. {US 2016/0056188Al; 

hereinafter Lee). 

6. In regards to claim 1, Nishikawa teaches a three-dimensional (3D) memory device, comprising: 

• a semiconductor substrate (9/10) (col. 6/lns. 7-8); 

• an alternating layer stack (32/46) disposed on the semiconductor substrate (col. 7/lns. 

11-55; col. 23/lns. 55-62); 

• a dielectric structure (64) (e.g. figs. 4-5) on an isolation region (120) (col. 6/lns. 7-8) of 

the substrate and extending vertically through the alternating layer stack (figs. 4-5), wherein the 
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alternating layer stack a buts a sidewa II surface of the dielectric structure (e.g. atthe left side of 

(64)) and the dielectric structure is formed of a dielectric material; and 

• one or more channel structures (11) extending vertically through the alternating layer 

stack (col. 9/lns. 47-49). 

7. Nishikawa appears to be silent as to, but does not preclude, the elements of one or more 

through array contacts (TACs) extending vertically through the dielectric structure and the isolation 

region. Lee teaches the elements of: one or more through array contacts (TACs) (83) extending vertically 

through the dielectric structure and the isolation region [0067]. It would have been obvious to one 

having ordinary skill in the a rt at the time the application at hand was filed to modify the device taught 

by Nishikawa with the aforementioned elements taught by Lee to have an image sensor having a higher 

resolution (Lee [0005]). 

8. In regards to claim 3, the combination of Nishikawa and Lee teaches the device discussed above 

in addressing claim 1. Lee further teaches the elements wherein the dielectric structure (83B) abuts a 

sidewall surface of the TACs (83) [0067]. It would have been obvious to one having ordinary skill in the 

art atthe time the application at hand was filed to modify the device taught by Nishikawa with the 

aforementioned elements taught by Lee to have an image sensor having a higher resolution (Lee 

[0005]). 

9. In regards to claim 4, the combination of Nishikawa and Lee teaches the device discussed above 

in addressing claim 1. Nishikawa further teaches the elements wherein the 3D memory device is a NAND 

3D memory device (col. 1/lns. 64-66). 

10. In regards to claim 5, the combination of Nishikawa and Lee teaches the device discussed above 

in addressing claim 1. Nishikawa further teaches the elements wherein the alternating layer stack 

comprises alternating pairs of a dielectric (32) (col. 7/lns. 11-55) and a conductor layer (46) (col. 23/lns. 

55-62). 
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11. In regards to claim 6, the combination of Nishikawa and Lee teaches the device discussed above 

in addressing claim 1. Nishikawa further teaches the elements wherein the dielectric material is silicon 

oxide (col. 17/lns. 30-39). 

12. In regards to claim 7, the combination of Nishikawa and Lee teaches the device discussed above 

in addressing claim 1. Nishikawa further teaches the elements wherein the dielectric structure 

comprises an oxide (col. 17/lns. 30-39). 

13. In regards to claim 8, the combination of Nishikawa and Lee teaches the device discussed above 

in addressing claim 1. Lee further teaches the elements wherein the dielectric structure defines a 

through array contact region (83) within the 3D memory device [0067]. It would have been obvious to 

one having ordinary skill in the art at the time the application at hand was filed to modify the device 

taught by Nishikawa with the aforementioned elements taught by Lee to have an image sensor having a 

higher resolution (Lee [0005]). 

14. In regards to claim 9, the combination of Nishikawa and Lee teaches the device discussed above 

in addressing claim 1. Lee further teaches the elements wherein the dielectric structure has a footprint 

equa I to or smaller than the isolation region (fig. 7B: e.g. (53) is thinner than (50) and is part of (53)). It 

would have been obvious to one having ordinary skill in the art atthe time the application at hand was 

filed to modify the device taught by Nishikawa with the aforementioned elements taught by Lee to have 

an image sensor having a higher resolution (Lee [0005]). 

15. In regards to claim 10, Nishikawa teaches a method for forming a 3D memory device, the 

method comprising: 

• forming an isolation structure (120) (col. 6/lns. 7-8) on a substrate (9/10) (col. 6/lns. 7-

8); 
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• disposing an alternating dielectric layer stack (32/42) on the substrate, the alternating 

dielectric layer stack comprising pairs of a first dielectric layer (32) and a second dielectric layer 

(42) different from the first dielectric layer (col. 7/lns. 11-55); 

• forming a channel structure (11) extending (e.g. partially) vertically in the alternating 

dielectric layer stack (col. 9/lns. 47-49); and 

• forming an opening (179) in the alternating dielectric layer stack, wherein the opening 

exposes the isolation structure (col. 19/lns. 13-22). 

16. Nishikawa appears to be silent as to, but does not preclude, the steps offilling the opening with 

a dielectric layer to form a dielectric structure as a through array cont act (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. Lee teaches the steps of: 

• filling the opening (85T/50T) [0084] with a dielectric layer (851/51) [0085-0086] to form 

a dielectric structure as a through array contact (TAC) region of the 3D memory device (figs. 8); 

• removing portions (81H/52T) [0086] of the dielectric structure and the isolation 

structure until the substrate (35) [0033] is exposed to form a TAC opening that vertically extends 

through the dielectric structure and the isolation structure (fig. 8D); and 

• filling the TAC opening with a conductor to form a TAC structure (83) in the TAC region, 

wherein the TAC structure is in contact with the substrate [0067]. 

17. It would have been obvious to one having ordinary skill in the art at the time the application at 

hand was filed to modify the method taught by Nishikawa with the aforementioned steps taught by Lee 

to have an image sensor having a higher resolution (Lee [0005]). 
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18. In regards to claim 11, the combination of Nishikawa and Lee teaches the method discussed 

above in addressing claim 10. Nishikawa further teaches the steps wherein before forming the TAC 

opening the method further comprises: forming slit openings (479) (col. 19/lns. 13-22) extending 

vertically in the alternating dielectric layer stack, wherein the slit openings expose a doped region (61) of 

the substrate (col.19/lns. 46-53); replacing the second dielectric layer (42) (col. 7/lns. 11-55) through 

the one or more slit openings with a conductor layer (46) to convert the alternating dielectric layer stack 

to an alternating dielectric/conductor layer stack (col. 23/lns. 55-62); and filling the one or more slit 

openings with a conductor (46L) to form one or more slit structures extending vertically in the 

alternating dielectric/conductor layer stack (col. 23/lns. 55-62). 

19. In regards to claim 12, the combination of Nishikawa and Lee teaches the method discussed 

above in addressing claim 10. Nishikawa further teaches the steps wherein before forming the channel 

structure performing a trim-etch process to form a staircase structure in the alternating dielectric layer 

stack (e.g. fig. 4). 

20. In regards to claim 13, the combination of Nishikawa and Lee teaches the method discussed 

above in addressing claim 10. Lee further teaches the steps wherein filling the opening with the 

dielectric layer (51) comprises depositing the dielectric layer with a chemical vapor deposition, a plasma­

enha need chemica I va par deposition, or a physica I va par deposition process ([0059]; fig. 8). It would 

have been obvious to one having ordinary skill in the art at the time the application at hand was filed to 

modify the method taught by Nishikawa with the aforementioned steps taught by Lee to have an image 

sensor having a higher resolution (Lee [0005]). 

21. In regards to claim 14, the combination of Nishikawa and Lee teaches the method discussed 

above in addressing claim 10. Lee further teaches the steps wherein filling the opening with the 

dielectric layer (51) comprises forming an oxide ([0039]; fig. 8). It would have been obvious to one 

having ordinary skill in the art at the time the application at hand was filed to modify the method taught 
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by Nishikawa with the aforementioned steps taught by Lee to have an image sensor having a higher 

resolution (Lee [0005]). 

22. In regards to claim 15, the combination of Nishikawa and Lee teaches the method discussed 

above in addressing claim 10. Nishikawa further teaches the steps wherein the first dielectric layer (32) 

(col. 7/lns. 17-29) comprises an oxide and the second dielectric layer (42) (col. 7/lns. 52-55) comprises a 

nitride. 

23. In regards to claim 16, Nishikawa teaches a three-dimensional (3D) memory device, comprising: 

• a substrate (9/10) (col. 6/lns. 7-8) with an isolation structure (120) (col. 6/lns. 7-8); 

• an alternating conductor/dielectric layer (46/32) stack disposed on the substrate (col. 

23/lns. 55-62; col. 7/lns. 11-55); 

• a dielectric structure (64) (figs. 4-5) on the isolation structure (120) (col. 6/lns. 7-8) and 

extending verticallythrough 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 (figs. 4-5: e.g. at the left side of 

(64)); and 

• channel structures (11) extending (e.g. partially) vertically through the alternating 

conductor/dielectric layer stack (col. 9/lns. 47-49). 

24. Nishikawa appears to be silent as to, but does not preclude, the elements of through array 

contacts (TAC) extending vertically through the dielectric and the isolation structures. Lee teaches the 

elements of through array contacts (TAC) (83) extending vertically through the dielectric and the 

isolation structures [0067]. It would have been obvious to one having ordinary skill in the art at the time 

the application at hand was filed to modify the device taught by Nishikawa with the aforementioned 

elements taught by Lee to have an image sensor having a higher resolution (Lee [0005]). 
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25. In regards to claim 18, the combination of Nishikawa and Lee teaches the device discussed 

above in addressing claim 16. Lee further teaches the elements wherein the dielectric structure (83B) 

abuts a sidewall surface of the TACs (83) [0067]. It would have been obvious to one having ordinary skill 

in the a rt at the time the application at hand was filed to modify the device taught by Nishikawa with 

the aforementioned elements taught by Lee to have an image sensor having a higher resolution (Lee 

[0005]). 

26. In regards to claim 19, the combination of Nishikawa and Lee teaches the device discussed 

above in addressing claim 16. Lee further teaches the elements wherein the dielectric structure 

comprises a through array contact region (83) of the 3D memory device [0067]. It would have been 

obvious to one having ordinary skill in the a rt at the time the application at hand was filed to modify the 

device taught by Nishikawa with the aforementioned elements taught by Lee to have an image sensor 

having a higher resolution (Lee [0005]). 

27. In regards to claim 20, the combination of Nishikawa and Lee teaches the device discussed 

above in addressing claim 16. Nishikawa further teaches the elements further comprising: an etch stop 

plug (62) interposed between each local contact (63) and each channel structure (602/11); and an 

epitaxial layer disposed between each channel structure and the substrate (figs. 2). 

Allowable Subject Matter 

28. Claims 2 and 17 are objected to as being dependent upon a rejected base claim, but would be 

a I Iowa ble if rewritten in independent form including a II of the limitations of the base claim and any 

intervening claims. 

Conclusion 

29. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to CALVIN V CHOI whose telephone number is (571)270-7882. The examiner can 

normally be reached on M-F 9-5. 
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30. Examiner interviews a re available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

31. If attempts to reach the examiner by telephone a re unsuccessful, the examiner's supervisor, 

Charles Garber can be reached on (571) 272-2194. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

32. Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained 

from either Private PAIR or Public PAIR. Status information for unpublished applications is available 

through Private PAIR only. For more information about the PAIR system, see http://pair-

direct. uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer 

Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR 

CANADA) or 571-272-1000. 

/CALVIN V CH 01/ 
Primary Examiner, Art Unit 2812 

CALVINY. CHOI 

Primary Examiner 

Art Unit 2812 
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PO Box 1450 
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PUBLICATION NOTICE 
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Title:THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES 

Publication No.US-2019-0341399-A 1 
Publication Date:11/07/2019 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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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: 2812 

Examiner: CHOI, Calvin Y. 

Atty. Docket: 4123.0190001 

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

First Supplemental Information Disclosure Statement 

Mail Stop Amendment 
Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Listed on accompanying IDS Form PTO/SB/08a equivalent is a document that may be 

considered material to the patentability of this application as defined in 37 C.F.R. § 1.56, and in 

compliance with the duty of disclosure requirements of 37 C.F.R. §§ 1.97 and 1.98. 

Applicant has listed the publication date on the attached IDS Form based on information 

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

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

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

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

and/or to prove that this information may not be enabling for the teachings purportedly offered. 

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

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

The Examiner is specifically requested not to rely solely on the material submitted herewith. 
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Applicant has checked the appropriate boxes below. 

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

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

counterpart 1 foreign or international application or from the Office; and this communication 

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

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

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

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

1.56( c) more than thirty days prior to the filing of the information disclosure statement. 

D 2. Filing under 37 C.F.R. § l.97(b). This Information Disclosure Statement is being filed 

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

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

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

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

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

or fee is required. 

t8J 3. Filing under 37 C.F.R. § l.97(c). This Information Disclosure Statement is being filed more 

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

1 The term counterpart foreign patent application means that a claim for priority has been made in 
either the U.S. application or a foreign application based on the other, or that the disclosures of the 
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the 
European Patent Office claiming the same U.K. priority as claimed in the U.S. application). 
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Action on the merits, but before the mailing date of a Final Rejection, or Notice of 

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

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

contained in this Information Disclosure Statement was first cited in any 

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

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

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

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

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

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

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

37 C.F.R. § l.97(e)(2). 

t8J c. The required fee is provided through online credit card payment authorization in the 

amount of $240.00 in payment of the fee under 37 C.F.R. § 1. l 7(p ). 

D 4. Filing under 37 C.F.R. § l.97(d) This Information Disclosure Statement is being filed more 

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

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

provided through online credit card payment authorization in the amount of $240.00 in 

payment of the fee under 37 C.F.R. § l. l 7(p ); in addition: 
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D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

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

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

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

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

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

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

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

37 C.F.R. § l.97(e)(2). 

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

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

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

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

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

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

SB/08A form. For the purposes of a statement under 37 CFR l.97(e)(l), the United States or 

other English language patent or published application are to be construed as being cited by 

the foreign patent office. MPEP 609.04(b)(V). 
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D 6. The document(s) was/were cited in a search report by a foreign patent office in a counterpart 

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

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

the requirement for a concise explanation ofrelevance. MPEP 609.04(a)(III). 

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

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

t8J 8. In accordance with 37 C.F.R. § 1.98(a)(2)(ii), no copy of the U.S. patent application 

publication cited as document USl on the attached IDS Form is submitted. 

D 9. Copies of the __________ documents were cited by or submitted to the Office 

in an IDS that complies with 37 C.F.R. § 1.98(a)-(c) in Application No. ____ , filed 

______ , which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, 

copies of these documents are not attached. 37 C.F.R. § 1.98(d). 

D 10. It is expected that the examiner will review the prosecution and cited art in the parent 

Application No(s). __________ in accordance with MPEP 2001.06(b), and 

indicate in the next communication from the office that the art cited in the earlier 

prosecution history has been reviewed in connection with the present application. 

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

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

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

documents ____ to ____ _ The identification of these Office Actions is not to 

be construed as a waiver of secrecy as to those applications now or upon issuance of the 
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present application as a patent. The Examiner is respectfully requested to consider the cited 

applications and the art cited therein during examination. 

It is respectfully requested that the Examiner initial and return a copy of the enclosed IDS 

Form, and indicate in the official file wrapper of this patent application that the document has been 

considered. 

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

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

Date: December 3, 2019 

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 

14176276_1 

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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,.., 
- L, - TAO et al. 

Reply to Office Action of August 22, 2019 Application No. 16/047,182 

Amendments to the Claims 

This listing of claims ,vill replace all prior versions, and listings, of claims in the application. 

1. (Currently Amended) A three-dimensional (3D) memory device, comprising: 

a semiconductor substrate; 

an alternating layer stack disposed on the semiconductor substrate; 

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

the alternating layer stack, ,vherein the alternating layer stack abuts a sidev;1all 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]l 

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

an epitaxial laver between the one or more channel structures and the semiconductor 

substrate: 

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

a staircase structure in the alternating layer; 

slit structures extending vertically in the alternating layer stack; and 

one or more contact layers on the one or more TACs, the one or more channel strnctures, 

and the slit structures. 

2. (Cancelled) 

3. (Original) The 3D mernory device of claim i, \.vherein the dielectric structure abuts a 

sidewall smface of the TACs. 

4. (Previously Presented) The 3D memory device claim 1, wherein the 3D memory device is a 

NAND 3D memory device. 

5. (Original) The 3D memory device of claim l, wherein the alternating layer stack comprises 

alternating pairs of a dielectric and a conductor layer. 
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- 3 - TAO et al. 
Reply to Office Action of August 22, 2019 Application No. 16/047,182 

6. (Previously Presented) The 3D memory device of claim l, ,vherein the dielectric material is 

silicon oxide. 

7. (Previously Presented) The 3D memory device of claim 1, wherein the dielectric structure 

comprises an oxide. 

8. (Original) The 3D memory device of clairn 1, \Vherein the dielectric stmcture defines a 

through array contact region ,vithin the 3D memory device. 

9. (Original) The 3D memory device of claim l, ,vherein the dielectric structure has a 

footprint equal to or smaller than the isolation region. 

10. (Currently Amended) A method for forming a 3D memory device, the method comprising: 

fo.nning 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 fro1n the first 

dielectric layer; 

disposing a staircase structure in the alternating dielectric ]aver stack, wherein the staircase 

structure comprises levels with each level having a conductor layer thereon: 

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

disposing a word line contact on the conductor laver of the each level of the staircase 

structure; 

fonning one or more slit stmctures extending verticailv in the alternating dielectric laver 

stack; 

forming an opening in the alternating dielectric layer stack, \.vherein 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; 
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- 4 - TAO et al. 
Reply to Office Action of August 22, 2019 Application No. 16/047,182 

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

exposed to form a TA.C 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: and 

disposing a local contact on the channel structure, the one or more slit structures, and the 

TAC structure. 

11. (Currently Amended) The method of claim 10, wherein the forming one or more slit 

structures before forming the TAC opening the method further comprises: 

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

the slit openings expose a doped region of the substrate; 

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

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

layer stack; and 

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

extending vertically in the alternating dielectric/conductor layer stack. 

12. (Currently Amended) The method of claim l 0, vvherein before forming the channel 

sH=i.:wturn the disposing the staircase structure comprises performing a trim-etch process tH--foFrn--a 

staircase stracture in the alternating dielectric layer stack before forming the channel structure. 

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 plas1na-enhanced 

chemical vapor deposition, or a physical vapor deposition process. 

14. (Original) The method of claim 10, wherein filling the opening ,vith the dielectric layer 

comprises forming an oxide. 
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- 5 - TAO et al. 
Reply to Office Action of August 22, 2019 Application No. 16/047,182 

15. (Original) The method of claim l 0, wherein the first dielectric layer comprises an oxide and 

the second dielectric layer comprises a nitride. 

16. (Currently Amended) 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 stmcture 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 and slit structures extending vertically through the alternating 

conductor/dielectric layer stack: 

a staircase structure disposed in the alternating conductor/dielectric layer stack, \.vherein the 

staircase structure comprises levels with each level having a conductor laver thereon: 

a word line contact disposed on the conductor layer of the each level: 

local contacts disposed on the channel structures and the slit stmctures; and 

through array contacts ([[Ti\C]]TACs) extending vertically through the dielectric and the 

isolation structures. 

17. (Cancelled) 

18. (Currently Amended) The 3D memory device of claim 16, wherein the dielectric stmcture 

abuts a sidewall of [[the]] each TAC of the TACs. 

19. (Original) The 3D memory device of claim 16, wherein the dielectric stmcture comprises a 

through array contact region of the 3D memory device. 

20. (Currently Amended) The 3D memory device of claim 16, further comprising: 

an etch stop plug interposed between each local contact of the local contacts and each 

channel structure of the channel structures; and 
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an epitaxial layer disposed between [[each]] tcb_~ channel structure structures and the 

substrate. 

21. (New) The 3D memory device of claim 16, wherein the dielectric material comprises 

silicon oxide. 

22. (New) The 3D memory device of claim 16, wherein the TACs comprise a conductive 

material. 
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Remarks 

Upon entry of the foregoing amendment, claims 1, 3-16, and 18-22 are pending in the 

application, with claims 1, 10, and 16 being the independent claims. Claims 1, l0-12, 16, l 8, and 20 

are sought to be amended. Claims 2 and 17 are sought to be cancelled without prejudice to or 

disclaimer of the subject matter therein. New claims 21 and 22 are sought to be added. Exemplary 

support for the amended claims can be found, inter a!ia, in ~i1 [0039] and [0061] and Fig. 2 of the 

originally-filed application. These changes are believed to introduce no new matter, and their entry 

is respectfully requested. 

Based on the following remarks, i\pplicant respectfully requests that the Examiner 

reconsider all outstanding rejections and that they be withdrawn. Throughout the arguments, 

Applicant reminds the Examiner that the claims are given their broadest reasonable meaning in 

view of the specification, and any paraphrasing of the claim features is not to be interpreted as 

reading any features into, or characterizing of: the claims. 

Rejections under 35 lJ.S.C § 103 

Claims 1, 3-16, and 18-20 are rejected under 351.JS.C. § l03 as allegedly being 

unpatentable over U.S. Patent No. 9,620,512 Bl to Nishikawa et al. ("Nishikm.va") in view of U.S. 

Patent Application Publication No. 2016/0056188 A. l to Lee et al. ("Lee"). Applicant respectfully 

traverses the rejections. 

Oairns 1, 3-9. 16, and 18-20 

\,Vithout acquiescing to the propriety of the rejection, independent claims l and 16 have been 

amended to incorporate the allowable subject matter recited in claims 2 and 17, respectively. 

Further, dependent claims 3-9 and l 8-20 are also patentable at least because they recite all of the 

foatures of independent claims 1 and 16 from which they depend, as well as for their additional 

distinguishing features. Accordingly, A.pplicant respectfully requests the Examiner to reconsider 

and vvithdraw the rejections under 35 U.S.C. §103 and to pass claims l, 3-9, 16, and 18-20 to 

allmvance. 

Claims 10-15 

Without acquiescing to the propriety of the rejection, independent claiJn lO has been 

amended to recite features that further distinguish from Nishikawa and Lee. For example, claim 10 

recites, inter a!ia, 
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disposing a staircase structure in the alternating 
dielectric layer stack, wherein the staircase structure 
comprises levels ,.vith each level having a conductor layer 
thereon ... 

disposing a word line contact on the conductor layer of 
the each level of the staircase structure; 

fonning one or more slit structures extending 
vertically in the alternating dielectric layer stack. 

disposing a local contact on the channel structure, the 
one or 1nore slit structures, and the TAC structures. 

Nishikawa does not disclose these distinguishing features. For example, Nishika,va is completely 

silent regarding at least "a local contact on the channel structure, the one or more slit structures, and 

the TAC structures." Lee does not cure the deficiencies of Nishikawa. Further, dependent claims 

11-15 are also patentable at least because they recite all of the features of independent claim 10 

from which they depend, as well as for their additional distinguishing features. Accordingly, 

Applicant respectfully requests the Examiner to reconsider and withdraw the rejections under 35 

U S.C. § 103 and to pass claims 10- l S to allowance. 

Allowable Subject I\latter 

Applicant thanks the Examiner for indicating the allowability of claims 2 and 17 if they 

\Vere rewritten in independent form including all limitations of the base daiJn and any intervening 

claims. Applicant has amended claims 1 and 16 to respectively recite features of claims 2 and 17. 

New· Claims 21 and 22 

Nev,' claims 21 and 22 have been added. At least based on their dependencies from claim 16, 

claims 21 and 22 are distinguishable over the applied reference for the reasons above, as well as for 

their own distinguishing features. Accordingly, Applicant respectfully requests that claims 21 and 

22 be passed to allcnvance. 
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Conclusion 

All of the stated grounds of rejection have been properly traversed, accommodated, or 

rendered rnoot. Applicant therefore respectfully requests that the Examiner reconsider all presently 

outstanding rejections and that they be withdrawn. Applicant believes that a full and complete reply 

has been made to the outstanding Office i\ction and, as such, 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. 

Prompt and favorable consideration of this Amendment and Reply is respectfully requested. 

12/23/19 
Date: ------------
1100 New York Avenue, N.W. 
\.Vashington, D.C. 20005-3934 
(202) 371-2600 

13800788 l.docx 

Respectfully submitted, 

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

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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December 23, 2019 

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

Re: U.S. Utility Patent Application 
Appl. No. 16/047, 182; Filing Date: July 27, 2018 

Sterne Kessler 
SH:RNF. KESSLER GQLDSTF.iN & FOX 

Con[innation No. 78{){) 
Art Unit 2812 

1l1ail Stop Amendment 

For: THROUGH ARR\Y CONTACT (TAC) FOR THREE­
D[MENSIONAL MEMORY DEVICES 

Inventors: 
Our Ref: 

Commissioner: 

TAO et al. 
4123.0190001 

Transmitted here,.vith for appropriate action are the following documents: 

1. Online Credit Card Payrnent .Authorization for $200.00 to cover extension 
of time foe due; 

2. Petition for Extension of Time Under 37 C.F.R. § l .136(a); and 

3. Amendment and Reply Under 37 CF.R. § 1.111. 

The above-listed documents are filed electronical(v. 

Fee payment is provided through online credit card payrnent. The U.S. Patent and 
Trademark Office is hereby authorized to charge any foe deficiency, or credit any overpayment, 
to our Deposit Account No. 19-0036. If extensions of time under 3 7 C.F.R. § l .136 other than 
those otherwise provided for herewith are required to prevent abandonment of the present patent 
application, then such extensions of time are hereby petitioned, and any foes therefor are hereby 
authorized to be charged to our Deposit Account No. 19-0036. 

DJF/Y-G/cms 
Enclosure 

Respectfully submitted, 

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

!Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

26111 7590 01/13/2020 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK A VENUE, N.W. 

EXAMINER 

CHOI, CAL VIN Y 

WASHINGTON, DC 20005 ART UNIT PAPER NUMBER 

2812 

DATE MAILED: 01/13/2020 

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

16/047,182 07/27/2018 Qian TAO 4123.0190001 7800 

TITLE OF INVENTION: THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 04/13/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

26111 7590 01/13/2020 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

1100 NEW YORK A VENUE, N.W. 
WASHINGTON, DC 20005 

APPLICATION NO. FILING DATE 

16/047,182 07/27/2018 

FIRST NAMED INVENTOR 

Qian TAO 

(Typed or printed name) 

(Signature) 

(Date) 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

4123.0190001 7800 

TITLE OF INVENTION: THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

CHOI, CAL VIN Y 2812 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-314000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 04/13/2020 

2 ______________ _ 

3 ______________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
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0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

16/047,182 07/27/2018 

26111 7590 01/13/2020 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK A VENUE, N.W. 
WASHINGTON, DC 20005 

Qian TAO 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

4123.0190001 7800 

EXAMINER 

CHOI, CAL VIN Y 

ART UNIT PAPER NUMBER 

2812 

DATE MAILED: 01/13/2020 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 

PTOL-85 (Rev. 02/11) 

Micron Ex. 1002, p. 581 
Micron v. YMTC 
IPR2024-00909



0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
16/047, 182 
Examiner 
CALVIN Y CHOI 

Applicant(s) 
TAO etal. 
Art Unit 
2812 I AIA (FITF) Status 

Yes 

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

1.~ This communication is responsive to the Remarks and Amendments filed on 23 December 2019. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1,3-16 and 18-22 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

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

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

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

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.~ Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/CALVIN Y CHOI/ 
Primary Examiner, Art Unit 2812 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200102 
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Application/Control Num ber:16/047,182 
Art Unit:2812 

DETAILED ACTION 

Page2 

1. This Office Action is in response to the Remarks and Amendments filed on 23 December 2019. 

Notice of Pre-A/A or AJA Status 

2. The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Allowable Subject Matter 

3. Claims 1, 3-16, and 18-22 are allowed. 

4. The following is an examiner's statement of reasons for allowance: independent claims 1, 10, 

and 16 are allowable because the closest prior art does not appear to disclose, alone or in combination, 

the steps and the elements resulting from the steps of: 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 die I ectric 

layer; disposing a staircase structure in the alternating dielectric layer stack, wherein the staircase 

structure comprises levels with each level having a conductor layer thereon; forming a channel structure 

extending vertically in the alternating dielectric layer stack; disposing a word line contact on the 

conductor layer of the each level of the staircase structure; forming one or more slit structures 

extending vertically in the alternating dielectric layer stack; 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; and disposing a local contact on the channel 

structure, the one or more slit structures, and the TAC structure. Specifically, the aforementioned 
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limitations appear to be material to the inventive concept of the application at hand to have a 

Page3 

fabrication technique that can more easily produce memory cells that have smaller individual sizes and a 

higher density of features at a lower cost. 

5. The dependent claims of the application at hand are allowable because they respectively 

depend, directly or indirectly, from the allowable independent claims of the application at hand. 

Therefore, the dependent claims incorporate the allowable limitations of the independent claims. 

6. Any comments considered necessary by applicant must be submitted no later than the payment 

of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such 

submissions should be clearly labeled "Comments on Statement of Reasons for Allowance." 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to CALVIN V CHOI whose telephone number is (571)270-7882. The examiner can 

normally be reached on M-F 9-5. 

8. Examiner interviews a re available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the USPTO Automated Interview Request (AIR) at http://v,,1w\,VJJsptcu?;ov/fnte(viewp!'act1ce. 
-~~~~~~~ ... ~~~~~~ ,.. 

9. If attempts to reach the examiner by telephone a re unsuccessful, the examiner's supervisor, 

Charles Garber can be reached on (571) 272-2194. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

10. Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained 

from either Private PAIR or Public PAIR. Status information for unpublished applications is available 

through Private PAIR only. For more information about the PAIR system, see http://pair-

direct. uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic 
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Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer 

Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR 

CANADA) or 571-272-1000. 

/CALVIN V CH 01/ 
Primary Examiner, Art Unit 2812 

CALVINY. CHOI 

Primary Examiner 

Art Unit 2812 
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INTERNATIONAL CLASSIFICATION 
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Office: 

1. Online Credit Card Payment Authorization for $1,000.00 to cover Issue 
Fee due; 

2. Issue Fee Transmittal (Form PTOL-85); and 

3. Comments on Statement of Reasons for Allowance. 

The above-listed documents are filed electronically. 

Fee payment is provided through online credit card payment. The U.S. Patent and 
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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 

Confirmation No.: 7800 

Art Unit: 2812 

Examiner: CHOI, Calvin Y. 

Atty. Docket: 4123.0190001 Filing Date: July 27, 2018 

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

Comments on Statement of Reasons for Allowance 

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

Commissioner: 

Mail Stop: Issue Fee 

Applicant thanks the Examiner for indicating the allowability of claims 1, 3-16, and 18-22 in 

the Notice of Allowance dated January 13, 2020. 

Applicant notes the Examiner's Statement of Reasons for Allowance presented on page 2 of 

the Notice of Allowance. Applicant reserves the right to demonstrate claims 1, 3-16, and 18-22 are 

allowable over the art made of record for further reasons related to any of their recited features. 

Applicant further contends that reservation of this right does not give rise to any implication 

regarding whether the Applicant agrees with or acquiesces in the reasoning provided by the 

Examiner. 

Date: 4/13/2020 
-----------

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 
14455723_1.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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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/047,182 05/19/2020 

26111 7590 04/29/2020 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK A VENUE, N.W. 
WASHINGTON, DC 20005 

PATENT NO. 

10658378 

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

ATTORNEY DOCKET NO. 

4123.0190001 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

7800 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Qian TAO, Wuhan, CHINA; 
Yangtze Memory Technologies Co., Ltd., 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; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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