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The invention disclosss 3 memory slemeant and a making methoed thereof. The memaory
glament comprises a first conductive sirip, g first slorage layer 3 first conductive
column, a first dislectric fayar, and g first conductive plug. The first conductive strip
extends along z first direction. The first storage layer exiends along a second dirsction,
i3 adiacant to the first conductive strip, and overlaps with the first conductive strip to
defing g first storags ares on the first siorage laver, The first conductive column
axtends along the second direction, and s adjacent 1o and overlaps with the first
storags area. The first dislectric layer extends along the sscond direction, and is
adigcent to the first conductive strip, the first siorage iayer and the first conductive
column, The first conductive plug extends along the second direction, at least partially
overiaps with the first conductive strip, and is slectrically isolated from the first
conductive strip, the first storage layer and the first conductive columm through the Hirst
diglectric layer.
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W30 A F T A7 G 3 A1 (R VA L1 50 s T B AR 48 20 A S BN 28 441581 70

[0067]  7E3D NANDAZf R F , SR I BN E T T E 7 W E A T AN, HE &
J2 2B ITT BL R 32)2  61)258 |l B )24 I A H0E 2 BRRE 4R S AR RCRE L 3B )= 1) A M
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R ERAER MEE E i LR SR R N TZ IR S B I &R A T 2k it At
PR B B £ Kl 22 5 H

[0068]  FEACK BSEHEMI, 5 XK 110, 5 =X I 12015 = X I 1302 748 (word
Line) 77 MRV HEAG (1), 26 F 28 7 ] X = A XU ALAT B — Ui L fl A (8 2 1LAT
AHTRV R H, 2R B0 9 M3 8 A BEAS ] o Horp, 85— X 3R L0 B8 = X 31 30 SR 46 45 38
16071 25 — X IR 1 2001 E 2 2 A E AW E 5 &8 2 I B ME 2 1t 1, 48 Z 0050 AW, 8404
E Bl Roxide, 55— X110 55 =X 3% 1 3042 F T 7 i s b 76 B 1 77 6 B 5 1) [X 3
HOHER 2RI A F T A it 2 R ) VA TE AL 150, IR ey iE AL 150, b o dk e v H oA H H
PR AL B AN/ BHAR Y TURER YA FL 150 BLEE AT B r A7 it E AN TE )2, 8 fr A7 Z 1)
WIATPAAO0x ide-Ni trid-Oxidef &5 44 , VI LA 1] LA R 2 dn ik

[0069]  HLR4EME1 701 BT IR 1602 SN HER 2P, 7T 47 6 X P9 it £R 42 B3 1700 77 1]
A 7287 Il 2 — EL A MR AR 170 B2 2% BIAF i HE B 2 AR SR B 3L I L, i 2% B 1 70849 0
BENRACYZ BRI R &, I aw, B IR A B X, G R b , MR EEKR 170
HTHSE T LR ZR ik, R T MR SRR 1 70— TS A X A £ ey
X FFAEE X, ¥ T AT B LY (common source) FIAEH 8 RS 1248 (X B h S 1
TR MR (Top Select Gtate Cut) 180, ¥4 A7t [X (KI5 2 08 M 20 B PR 845
T2 B D) 2@ i 10 A AL BEE B Z B ) 2 n] DUAS 28 I 485 38 A IR 11 X
I,

[0070]  ZLZ%3R 160 M HEE E B ZE SEWZRIHES , TR G i Bl 162
(X 3, BTl L1624/ Bl [ HER ), BB ihfL 162+ 15 53— HL A CMOSH B fy &5
Jr e 4, CMOSHE B85 1 ELALEG 1 3D NANDAF-fiti 8311 (1K) B 81505 1 T e 1 B 3866, 461 2401 DT A
(page buffer) JEIZET (decoder) BT (latches) BA A0 W #5845 , B imEefmFL 1624 0]
PAHITL/ TINAINAC I B o

(00711 [hFASE XK 120% BE T HZIF 160, Wit 45 2 I8 16045 TR W RIIR 4K HE & )2
B BT, 425 381 60 P RSB BRI RN EN S 2, 20301604, BLFR LR35 160401
H 12080 K 5K 110. 5B =X 130/ B EE VR M E R &R ZN S, 4 4%
160/ (ALY )2 M B )2 1 HES 5 T BLIE B i FL L6 2/ T Wl o 1T 48 % PR A0 B )= o )
&2 I8 R AR T A7 B 1) - 281 B 38 , 3% Pt ¥ 1) B B B2 Al L A9 T S AL A it 23 12 [ CMOS &5
R HERE, Ho T R I T AR AR 4 il 3 a8 2L I RE AN 38 I » 8 75 21 ol 4 e 3
B RAHZIR SR AL, AT T2 1 sz Bl R B ) R =

[0072] 34y 7 T4 M PR AR AR R W, LA K 45 o LR P S 45336 AT VE LI AR U IR o A T IR SR
o1l — 2 St ] DU W 5 DA —SERA7 i DR AT U B L B SR 2R 25 B 2 TR — AN R A7 X
TEHAF (i X A AT =R A7Gif (X, AT LLER AR IR R, , IRAR AR 61, AR BB AS W 1K v, il B2 R
A5 BT X

[0073]  sZjfafp)—

[0074] ¢ iZsLpigt , % E R, 8 X 1201% B AR (block) FE64 X, S Az i X
HH D2 2163 17 OTR eh T, A 24 K521 7O 77 1] - 2 J7 1) M R4 6 2 TA) AH AT, —Xeh Bl 2k
ZERR 1702 7] M A (Finger) F7f X o 75 B 2 Firm 19 B AR STl A o, AR 42 R0K — AN A2 it X
I3 R = A TR AR X AR AN R A B 175 5K TT LA 43 B A2 A Bl 2 AN B AR 1X
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[0075] 2[5 o, WHER AR 17050 2F 21 ME 5 2 (1 I, MHER 421601701 I AE K 5L ¥
MR &R B, R N SA 1B 25X MR SRR L 70— 5 T BS W R A2 661X, S —
J7 TR H YR (common source) MR H o 38 H 72 48 474k IX 1 b 38 3% 88 ThZ 38 Bl U 2%
(Top Select Gtate Cut) 180, ¥t ¥&A70& X (1 T0Z e 50 43 30 W 58 43, TR e Pemi 28
L80M@ AL LI Ak o

[0076]  FFiZszififp) o , AT 28— DX I 1 LOAN SR — X 451 30/ HE B 20 1 1A A1 4L 47 I A
EREERI 170, ¥ 5 M 2R 22 10 T LA 1 TR 440 PR 16011 i 7 % /0 i 4o 28— e A B P-4 T 1 At
EREEIT 1702 AN X3, 3K AE L 45238 16053 6 AH EL P AT MR 22161 1702 18] ) 55— X 42k
LLOANEE — X I 1300 HE 3 [ (17 Hh [ 4 J8 540 50 A BHLIBT , A0 02 U, 462538 L6O R NI KT 45 47 1
X o T o e A T il I 3 8 o e R T A 4 S S

(00771 gk, fiaZ Al o), 70 BT 28 — X L LOAN SR — X IR 1202 115 B A7 26 DY X 35
140, BL A AL BT 85 — X K1 2080 58 = [X 35130, [A] % B A 55 . X 3K 150, [T, Brik 85 D0 [X 15k
TAOFN AT FIX 31 50T M B JZ 1K) b W9 J2 8 08 2 A B &5 44, S — X110 DY IX 814014
SR =X 1305 L IX B 150 HE 2 J= v 1B 8 4 V- 2 U7 ) ZE 1 22 TR 4625 FR 16 01K —
AHEAPAT IR SERE 172, B2 U, LN , M 2R % R5 17 2908 f RN £ 28 304 , [F)INF , BT IR 35 DU [X 3k
140F0 58 HIX 15000 MES B ¥ F R &8 Z N B &5, 8 TE TRk il Iz 42
JEB R EE AL S ZB B2 AL AT LA S B IR, @ B T2 4 S T2 B0 B A5 AL 04 ik 4 2%
R TAT (AR S 00 22 W) 1 BT 38 55— DX IR 28 = X el 1) 1002 a3 M b 2 422, ) ) LA
FERN L EEAL | 5 B — 2k 2 2 T I S T A0 e TR A e S A ke

(00781 |vif &7 — X RN 55 = IX 45K, Fir ik 365 DU X 455 1 A0 A0 &5 0 X 355 1 5014 1t 2B 12 A H T [1A) o) I
BEAZERN G B IZ Bk 550 X 45 140 A0 58 T 1X 45K 1 500H) H B J2 1) JZ 407 8 — X A Ky S
e

(00791 friZacit b, 2 7AET T 2 AL AEE R, 7T 58 — X3 1 10FE T 5 DY [X 45k 1401
BSR4 V= X L0 538 L K IR 1 50 A0 238 73 I 2 2 b T2 I B Pyl ig ¥l 152, 559
DX 3 140058 o X 3R 1 501 e & 2 i Bl Dyt AL 154, P ACZE 2R 16071 28 — X 3 1 3%
B JEH AT oA DhiEE L1566 , X (VT FL152 . 154 156 1] LL 5 7% B A7 i B o i YA i fL
150 [, M J5 22 AR 1L L8 O vl 7L s 8 22 BB 2R b AT JF A T L IE 47
fit o

(0080l  ZsTiEpIH, W LA A R BRI 4B 4538, i T 2 sl 2 4eE ) Sadefn L, B
W LB L 2 42 8 2 B B 45 M S AR — X RN 5 = DI 1012 2 BRI e 4, DR o AR AR
GeTHII R 2, I RLAE— MR X D i — Al 2 A8 Xk

[0081]  sCjitidd

[0082]  7EiZ St , ¥ F R -5 St ) — AN TR [R50 20 M D38 2 K S B

[0083]  ZHEE2FR, BTk 5 — X451 LOFN 5 = [X 35 1 SO HE 2 2 v T2 Wi Al 28 41 2% 2R
16O AH FLFAT R — 0 M 28 22 5 172, 71 S5 MR 24 Bt 1 LAY 7 17 TR &4 25 3R 1601 3 7 28 /1>
JE AR B — %5 AH B PAT (FIMHERAEBR 1702 AT IX 3, XA, 468 2% P 1603 0 AH HLSFAT K Ml 2
ZEIE 1 722 IRNAR) S — X 1 1 OIS = [X 31 SOFKI 3 3 J2 (1 Fh 0 42 8 2 ke A BHL , thit 2 ik
28 25 I 1607 (I 45 77 it X op TR E S ARG v it 3 2 2 R B TR 4 s 2408

[0084]  FEiZaL i, ik s X 11005 = X IR 1300y AU A3 5 )2 B B b 1) (18]
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Ko ) 5 L T IAR HE B J2 1N 6 25 FA 0 T I8 £ 25 20 9 I 1 1A AT 1 MR 22 KR 2 10 1) ik 2
— X BRI 10FUEE =X 511 300 THJZ e 17 4t 34 b o R0 A 0, A DL FHSD NANDESF o AR B sk
[es] ) A 2 A A T 0 Ao 85 M, 122 S A9 HH T X-DEC (R R R RE) BT AZE 4 (z1gzag)
(R, IXRE A T R AL 0 — MK B B SE F mT LA T Fa 8 55— X IR 1 10 A0 55 = [X Uk
L3OF TO 2 R AN L T 42 o 3 TZ e Bt s, 76— M HAF X T LR B — 38 X bk

[o08s] gk Ab, W SLHEA—, R T T T AL AR K, tn) PR S5 — XL LOFA 5 — X
B LOFEUT 55 X 31 20/ 1B 4350 43 (1 M & S v B i i AL 152, DA B AL 3E 16041 K 85 —
DX 35k ) M B 2 vh R T A VA AL 156, IR e D P E AL AS IR R A7 B T

[0086]  SiZjit ) —

[0087] S [E|3Ff7R , TEAZSL i) o, MR 42 1 703 48 51 77 55— X 31 10 55 X {12070
B XIR130, 05 A 425 FR 160158 BT AH B TAT (1 MR AERR 1 702 ) ) 38 = X3 120+, 2
A2 BLAR IR 16035 6 58 4o B0 38— X IR IXFF , 485 IR 1602 AMFI 35 X 35 1 2001 HE & /2
(10 T2 45 J 4 51— DXl R 57— X3 g T 2 e e M Bt O, 468 25 01 6.0 199 A 28 — X el
B8 KB 012 18 PRI AS 2 e A4 25 TR BH I

[0088]  IX#f, ] LAERE D HRAFAEIX P DN EBIT, HLIC TR AN 45 44 ok 7 #1 BE W i
FRIEIRZM , AT ARG 1 1 (1 55 22, 76— DR X I e A7 fif b i 8 — e B A8 XU,
Beit R LR 1T

[0089] gk 4b, SR —, R T A F T E MR TS, tH n] PAE SR — X 110/ 58 = [X
B LOFE T 55 X 351 20/ 1 450 73 W ME B J= v B B OB AL 152, DA B AL ZR 3R 160 A1 1 88—
D IR HE B 2 B A VB L1156, IR A D AE LA I AT R T

[0090]  sizjite g9 Y

[0091]  ZEE4 R, [EZSLIEH P, Frik 4525 PR 16015 B T A0 P47 1 AT A8 ) M 2R 4% B
Z I, R R 4R 170 1725 5 85— X 3R 110 48 — X IR 120 M08 X 3130, L& /DH —%
MR AERR 17248 58 X 301204 BB AW X 171

[0092]  ZEiZACHA T, T A — DX 10 L5 X 41 2080 55 = X 8,1 30/ Al 2k 221 7T DA 2
e B B G IR = AN K I, AT DR 4 5 b 5 — X 41 LORH 88 X 8551 20 i 8 57 b 4 = X 4k
130FNER X4 1 20{HFE 55 X 4 1204 H A BT X 171, ZF AR, R tEagRi 170m]
PICATEGE T4\ ) — ARG R L T2 AT IRV 1K) B3 28 tmT DLy W S5 At 4 B 153 Sy A7 T 114
AR

[0093]  [A] Sl = , 2 2% 1 160V A 56 4 o 41 40 — DX 0, 3R , 825 501602 HMir) 4 — X 35
120F k5 2 1 (K T2 4 D 35— X IORD 38— X BRIV T 2 e P AR B ok , 6 2531 1 6074 ()
(1 58— DX BN SR — DX I ol J i B AN 2o i A8 2 PR EL K

[0094] X #f, 7E SRR I, WE4FTR , 0T LK He A7 fifs (X P9 (1 MR A R L 7240 B (3 1)
WK BT %, BRAT il X 2 18 1) M 2R G BT 1 7048 BTS20 BT %, 3 I AT X P9 1) W 2R A
L720F 3 1T DX 17 1V A AP A 2 i X ) P 2R RE R SR T o3 Pl 5 20 T8 T A4 1 285 A4yl T LA Sl
TOUZ I PRI DL B S i b, 45 R 1T o B 5 T, R T

[0095]  JkAb, R ST —, A T E A T AR AR B, tA] BLFE 28— X 1 102 = X
11050 55 — X IR 1 2000 1 258 7 B HE 2 S rh v B O AL 152, LA KRB 25 3R 16041 25—
DX 32 ) HE B ) e 5 P A VAT FL 156, IX S A I B FLIF AR TR e A7 BT o
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[0096] S5 .

[0097] b S5, £7 ik 8 fF 5 B TR 2 b izt R 2 D B S I E A, 7R —
Lo, B BT R, RS ATR100, 5 I 100T] B9t S A o e, ) AT A
NSiA G Ge I SiGe kK SOL (M4 Fiik,Silicon On Insulator) BRGOL (444544 F
#,Germanium On Insulator) =R JEALEW N W IEILEY)E S8,

[0098] 0T B EAF AR FIE IR B A7 g #5150 SE it 9], A0S B, w) LA SR — 41 100
TS TH B B BB S — 4100 H 5 SUm B FL 1620 B2 55— R A5 M190 14 58— HLERE
F190TT LAELFE— B 2 Bl AL & 82 , Wi 5 — 4TS i 5 — BB H 1904 51 B2 il
FL1627] Y, LAt — 7 5 CMOS L I 11 55— NS S i 7 2 .

[0099]  FEAAMY, 8O LANG AR S — 4 R 8 At EORE 75 L SR B IR T R 7R3
IR 2T T OMOSEFFHL 8% DL S BEA 2 Tl 58 4 i) B 6 J2 1) B8 — 4 IR ) IE
], A IR B 200 BT 28— 4 AN SR 4 ISR -

(01001 E—dth, R AT | S AL 2K, T DA T R A G DX
— It R T T T — HBR S MR et # o H T AR 55— A RS A7 X R A 7 1T R T A
ORI TR A IRt DI T At 88, T DLk 2B 487N B8R
I W il =TE 100

0101  SZiEHS

[0102]  7F 5 —2esipi i) , S5 6 o , Bt S 046 55 =4 300 A2 5 =4 k3002 |-
(4 EE AT G400, 55 =4 IEE300 T T B T CMOS 1 He 25 (P A 03 HH) LA K 55 — HLIREE5 #4302, fili
R B AL 16233 — 25 B ANE K EA00 4 55 = #HEE 3001 A 28 — BB A5 44302,

[0103] 7 AR 45 = AP N300 B2 LA 1 CMOS B8 420 H ik b B T IR 45 440, 1% 48 — T e g
LA BLFE L . — A 2 I L S S 7R S A Rz I e AR R 5 U A A
JEA00, SRR — 20 T IR A7 (BRI T A, 1 AMER R 1000] LA B BB S R 454,
el LA T 2 R R R S S RIE NS Z Gl U, T DL S IR I X I
o 7 ) 47 S Ao JE 1) DX 35 R 1 T 11402, PA(E -+ BHBEE ML 16251 3 42 55 — FLIREE #4302,
[0104] DL kA A BH St B1¥T 3D NANDAT il % AF 3EAT T PEANI IR , IR Ah , AR A WH AR $ 4t
1 R SRR i Tk

[0105]  HHEETHIR, /RSO, B4 B .

[0106]  7E—ULsiE o, BTk B AT LN S — 4+ 100, % 50K .

[0107] 7 5 —2eszj ) , 225 6 fin , TR LI ) LLUELEE 55 = 4+ JI 300 A1 55 =4 'R 300
A ER 400, 55 =4 R 300 T T AR T CMOS SR HE B LA B 38 — HURE5 #4302,

[0108]  S02, 7EFTiAJE I L BiME & 2 , ik i & 2 S A5 72 48 77 M AR CHEAR I 28— X
ta B8 KRN R — X, TR HE R A TR R HE S K R 2 R 2 (B AR ) .
[0109] Ay BASR A &I SE AT E R OO S E AL 2 R RS AR T e 2 HE B 2 I
JEHGNR 8 T2 7 I B T T R A i SR e AN HOR A e

(01101 SO3, £ ik 3k & 2 (K B A e & Z AR 454 (AR ) .

01111 Ay LASE A2 IR ZIRITT 7 vk, TE3E S 2 10 D0 TR RS B0 45 44 7 A6 45 A4 T 190 A6 1 25
e HEWE  Z B ETE G S P g v B oh &8 2 LT L et &R 2
(I B2
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(0112 7E—2sSTif il . 25 - s, Frid i & )2 0 G 5467+ Frid 20 — X 31 100 2 —
X 3551202 6] 1) 58 DY [X 3k 140, DL BAE T Bk 58 X 31 20 R 88 = [X 51302 [8] (1) 55 1. X 3%
150 , 7E T B 150 225 A4 (1 [0S, 451) L 7E B2 B M B 2 R R0 FRT A BB P [ I S B4 U R 20 3%
[0113] W4 55 PY X I 140 R 5 T X S 15000 3E B J= (1) W 2 A8 2 A 2 5 4
G — T RN B 45 44 -

(01141 S04, 73 B FE AT 55— DX 50 — X M 23 2 A A T L DA B2 A7 BT 20 — X 3
MBS JE T R BB A 2508

[0115]  Z2E |1 M5 F 7, AEAR AL A SE A ] LA LR AP SRR SN, «

[0116]  [AINFAE S — X110 55 = X 13001 HE 2 JZ 101 HH 2 A TE B FL LA B AE 55 — X 1
12004 8% J2 1010 T2 BB FLER DA JOEFLIR 2 AP 3 DI 3 48 i vb T i v e il AL ,
53 N BEAT VRTE G AL D TE I L ACE FLER I S L DA 23 5l G E FL 150 PV E i L 152
L56FILE LI 160 Horht , 48 IR (KA B AT LA A AT B, 1 el DA S AL B AL M sl A AT]
I 2H & o VA TE B L AN B 78 1 38 L AT LA RSB T2 5%, BT BAK IR o xi de—ni trid-oxi de i) A 74
sk BRI A E .

01171 IXFF, IT LAFEFE s VA8 TL AN M IR B 45 5 3R 160 , {8140 T 2025 38 M98, 72 HAth 52 e
ol v, BT LS FH A 5 i e T R 28 SR 160, 49 U7 TR Y T FL 22 i B 2 Ji oI T e 44
7,

[0118]  SO5, M2 /AR AERR 170, 1L b A 2R 4201 TOXG B4 8 2 A ME B J2 b 1 AL 4
EEBCAEEEL1012, FR, &R T ISR R, a2 T4 82 8 TZ &+
il

(01191 FEAN[E] 1) St opr , AR AN 9 1) 15 B 5 oK, 1 A e S B ) 45 A4 DL B 5 26 253 1K)
XA .

[0120]  7riz BB, BT 4R P41EH , 25 NS E P S EF A 2 2
ok A o, T SO A R 2 R L R IR A ST P I B A T S e LR R R R, ik L, B
L[ 45 I JZ 1T LA AW,

01211 FE—sesju il , 5 B 1R, ik S E I e R A T ik 5 — X 11015 —
X3 1202 R FA) 55 DY (X 3110, BA B Ar F Ak 55 X 3 1 20 F0 88 = [X 31 3022 [A] 1) 55 T [X 35
150, Ak 5 Y X 314080 55 1 [X 8 15011) HE B J2 A+ B A e 2 (1) A 2 & g = H T
W2 G B NTIE & R 2 B 454 55— X 3R L1055 DY [X % 1 400A A2 55 = X B% 130, 55 F[X
150 M B JZ 1 B W 2R 7 I ZE {8 28 TR 48 5 PRI — A B T AT MR S50 172, 1 5
I8 42 6 1T LA 7 1] T 406 2 0 1 6 O FF1 i 7 2 /0 G e 1) — S5t A B ST M R 2 R 17222 9p
A DX 35 o 3, 7E A L T i MR 22 B 1 72945 46 2 31160 .2 A1 3 B 2 P R ALY 2 i N &
JE&JZ )G, 7520 T DA 5 A IR BT 2 4 S8 JE I B 45 ) L e i BT iR T & J& 2 B B 5 4
Y P340 25 20 P A ) ST A7 P M 2 B8 B8 2 T %) T 3 25— DX el AR 55 = X3l ) T o 4% M L 32
o

[0122] ¢ F—tesipw i), 228 B 2fR, B — X100 K& 8 = X B 130/ #E& = T ik B
AR LR 1) ZE {1 42 BTk 2 2 A 1) — XS A L1 AT HINER 2 K6 172, V-5 4l 2 2% L 3 LT 7 1)
JITIA 248 25 PR 101 5 22 /0 G Aol 1) — 6k K TP AT B AR 2 2R 1 722 A1 X 3k s FITIR 35 — X 45110
FES = X I L300 A g 3E B )2 (W B Bh 2544 , I3 Tl T B )2 (1) B B 445 FA T ik 448 % 1 0
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) AT P M ZR I 2 T PR T 38 55— DX IBURI AT = X I T2 e 6 M bt 42

[0123]  7F 55— a5t , 2 B 3H S BT IR 40 08 B B T H0 BT 47 (1) A S 1 0 22 4 it
1702 [A] 9 55 X 38120 0, Fr i AH L SFEAT A SR M ER 4% 1 70IE S B 3 - [X 311058
X IF 1208055 =K 130,

[0124]  {F X —2usijgifah , 2% B4R TR A IR B B T F0 ELTAT (14 40 1 4 2% 28 Bt
1701722 [, BTl A0 G747 (0 AR 2 PRI 2R 8 B 2 0 51 — X301 10 35 — X1 20 R0 35 — [X 45
130, & /DA — MR 200 17246058 X 312040 LA TR IX 171,

[0125]  SO6, 7E48 2% 5 N 1600 HE B 2 102 i BTl B2 i1 162

[0126]  Z5Z53IR 160 NI HES B N AN E S BNV Z 0082, 7T LS 200k AR 2100 4
GIRNMMES L, B2 RS 2T X, R, AT 5 Jm AR S 7, 400 QW , SR T i B
WAL

[0127]  fE—wesiifilrh , 22 E6 s, T I8 i ARG 5 =4 I 300 AN 55 =4+ &S 300 L[] 41
FEHTJERA00, 5 24 25 30 P9 160K DX 0 2 Fr) A1 FiE 4 JEG 1) X 315 A TF 11402, TR 4029 JE 7S
A TR, =300 T A T CMOSE5414 Fi i DL J 58 — HIBA 5 #9302, T Rl B i B A 7L
(25 BRELHE « J 4 B 2 48 25 30 P9 A A i )2 DA B AN JE A JEG T I o FF) A S ) B A 3 =4 iR ok
(¥ B 544 30211 B BB A FL162.

[0128]  7E—MesTjg i, ZEE SR, Ak B E — 3R 100, i) A{LHE

(01291 MATIR 55— JE 1 OO 5 I A 1 S 55— 4l JES 100 HL 55 S 2 AL 1 607 B2 10 55—
HREE 190,

(01301  ghAb, Ak BHIRHEAE T —Fh3D NANDAERE B LE L5 M B 3 750, &% K 8-10F 7,
F045 :

0131 JR{tE 4R 100, 55— E 100 - JE plis b S i 4 7 AE— 3D NANDAY il 85 1F 5
[0132]  HRHEEE 31200, 85 12009 FERR T CMOS B FL BR DL S 28 45 J2 2205

[0133]  H AR S A 2004 & /2 22031 (7] 55— 4 K 100FY 1E [ , 18k piridk 8k & )2 05 it
R —H 1 00RIE 4 K200 4

[0134] b eh, 55— 3 BE 100 T4 45 492305 55 — 4 S B TR S5 4 210 75 A A b 1%
B BV P L.

[0135]  jjt— D Hh, i FLFS:

[0136] £ FTi 55— 41 JiS LOONK) 75 I T2 AR 5118 28 — 44 i< L00 HL 5 SHE F Al AL L6 27 1211 55—
A RY190.

(01371 AT LAAK VI ok i i 55— 4t SR 100  H N 58— e JBS 100 LA B 1 . BBk 445 A 25 21 BBkt
AT B ALY TS 4

[0138] g —2dth, ZEXF BT A7 i X R K) 55— 4 I I¥0 8 T 0 B0 50 — T &5 A 11 e 40 (P
Korth) o

[0139]  ERARACKR WL REE W b, (H A B WH - AERR 22 T b AT fo] A AN 51, 70 AN i A
R B A e RS 6] P 5 38 P PR 45 T B 548 24, DR Lk AR AT £ 5 9 o 7 214 LA AR 5K i
KR 7 1T 9 At o
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3D NAND memory device and manufacturing method therefor

Inventor(s): LYU ZHENYU:; SHI WENGUANG: WU GUANPING: WAN XIANJIN:
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HO1L27/115878 more
Application CN201710135329 20170308 Global Dossier

number:

Priority number CN201710135329 20170308
(s):

Also published CN106920794 (B)
as:

Absiract of CNI08320734 {4}

The invention provides a 30 NAND mamory device. The memory device cComprises a
substrate, a first mamaory region, & sub step ragion, run-through contact holes, and grid
Hne gaps, whersin the first mamory region is arranged on the subsatrate; the first
EMmory ragion comprisas a ward line stacking fayer and channe! holes in the word line
stacking aver, the side wall of the word ling stacking layer adopis a slep stryciure, the
st step region s arranged in the step structure; the sub stap region is a stacked layer
of an oxide layer and a nitride layer, the sub step region extends 1o the adge of the step
structurs in 2 word line direction; an insulating layer is arrangad on the side wall,
connected with the slep struciure, of the sub step regiory the run-through contadt holes
are formed 0 the sub step region; and the grid line gaps are formsd in the step
structurs cuiside the sub step region. By virtue of the run-through contact holes with
the siruclure, connaction betwaen the meamory device and & CMOS chip can be
realized conveniantly, and the memery device can be integrated with the exisling
process agsily; particularly, whan the thickness of the siacking layer is constantly
increased, a step of stehing metal stacking (o form the run-through contact holes i3 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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a source conductor layer (144), and a source contact (132). The alternating
conductor/dielectric stack (142) includes a pluralily of conductor/dielectric
pairs above the substrate (102). The NAND string (130) extends vertically
through the alternating conductor/dielectric stack (142). The source con-
ductor layer (144) is above the alternating conductor/dielectric stack (142)
and is in contact with an end of the NAND string (130). The source contact
(132) includes an end in contact with the source conductor layer (144). The
NAND string (130) is clectrically connceted to the source contact (132)
by the source conductor layer (144). The source conductor laver (144) in-
cludes one or more conduction regions each including one or more of a
melal, a melal alloy, and a melal silicide.
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SOURCE STRUCTURE OF THREE-DIMENSIONAL MEMORY DEVICE
AND METHOD FOR FORMING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No.
2017112369241 filed on November 30, 2017, which is incorporated herein by reference

in its entirety.

BACKGROUND

160021 Embadiments of the present disclosure relate to three-dimensional (3D} memory
devices and fabrication methods thereof

[0003] Planar memory cells are scaled to smaller sizes by improving process technology,
circuit design, programming 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.

[0004] A 3D memory architecture can address the density limitation in planar memory
cells. The 313 memory architecture includes a memory array and peripheral devices for

controlling signals to and from the memory array.

BRIEF SUMMARY

{0057 Embodiments of 3D memory architectures and fabrication methods thereof are
disclosed herein.

[0006] According to socme embodiments of the present disclosure, 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 laver is above the alternating conductor/dielectric stack and is in contact with a

first end of the NAND string. The source contact includes & first end in contact with the
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source conductor layer. The NAND string is electrically connected to the source contact
by the source conductor layer.

{0071 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. The
metal can include copper, cobalt, nickel, titanium, and/or tungsien. The metal alloy can
include an alloy of at least two of copper, cobalt, mickel, titanium, and tungsten. The
metal silicide can include copper silicide, cobalt silicide, nickel silicide, titanium silicide,
and/or tungsten silicide,

{6068] In some embodiments, the NAND memory device includes an epitaxial silicon
fayer between the NAND string and the source conductor layer. The NAND string can be
efectrically connected to the source conductor layer by the epitaxial silicon layer. The
source conductor layer can include a plurality of conduction regions and ong or more
isolation regions electrically isolating the plurality of conduction regions. The NAND
string can be electrically connected to the source contact by a first conduction region of
the plurality of conduction regions.

F0009] In some embodiments, the NAND memory 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
Fegions.

§0010] In some embodiments, the NAND 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 elecirically
comnected to the second contact by the second conduction region.

{60611] In some embodiments, the NAND memory device includes a peripheral device
between the substrate and the NAND string. The NAND 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 NAND memory device can further
include a third interconnect layer {e.g, an array interconnect layer) in contact with a

second end of the NAND string and a second cend of the source contact. The third

Micron Ex. 1002, p. 448
Micron v. YMTC
IPR2024-00909



WO 2019/104896 PCT/CN2018/077767
-3

interconnect layer can inchide one or more conductor layers in one or mare dielectric
fayers.

j0012] In some embodiments, the NAND memory device includes a bonding interface
between the second interconnect layer and the third interconnect layer. The peripheral
device can be electrically connected to the NANE string by the second interconnect layer
and the third interconnect layer.

[0013] According to some embodiments of the present disclosure, a method for forming a
NAND memory device s disclosed. An alternating conductor/dielectric stack is formed
on a first substrate. A NAND 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 laver, so that the source conductor laver is in contact
with a first end of the NAND string and a first end of the souirce contact, and the NAND
string is electrically 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.

[0014] In some embodiments, to replace the first subsirate with the source conductor
layer, the first substrate is removed, and the source conductor laver 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 reruoved.

f0015] In some embodiments, to replace the first subsirate with the source conductor
layer, a metal Jayer 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 laver. To
form the metal tayer, the first substrate can be thinned, and the metal layer can be formed
on the thinned first substrate. To form 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 laver after the first substrate has been
replaced with the source conductor layer.

60161 In 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 NAND 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 NAND
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 laver and the second interconnect fayer, 5o that the
peripheral device can be electrically connected to the NAND string by the first
mterconnect layer and the second intercomnect layer. The first interconnect layer can
mclude 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.

{60171 In some embodiments, to form the bonding interface between the first
interconnect layer and the second interconnect layer, chemical bonds are formed between
one of the diefectric 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 Jayers in the furst interconnect layer and one of the conductor lavers in the

second interconnect layer.

BRIEF DESCRIPTION GF 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.

[0089] FIG. 1 illustrates a cross-section of a 3D memory device, according to some
embodimenis.
{00201 FiGs. 2A-2D illustrate an exemplary fabrication process for forming a peripheral

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

0021} FiGs. 3A-3D illustrate an exemplary fabrication process for forming an array
device and an array interconnect layer, according to some embodiments.

{6022] FIG. 4 illustrates an exemplary fabrication process for joining an array device and
a peripheral device, according to some embodiments.

{06231 FiGs. 5A-5B illustrate an exemplary fabrication process for forming a source

conductor laver, according to some embodiments.
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10024} FiGs. 6A-6B illustrate another exemplary fabrication process for forming a
source conductor layer, according to some embodiments.

{6023} FIG. 7 illustrates an exemplary fabrication process for forming a BEOL
interconnect layer on a source conductor layer, according to some embodiments.

f026] FIG. 8 is a flowchart of an exemplary method for forming a peripheral device and
a peripheral interconnect layer, according to some cmbodiments.

[0627] FI1G. 9 is a flowchart of an exemplary method for forming an array device aud an
array interconnect layer, according to some embodiments.

{00281 FIG. 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.

{0029] FIG. 11 is a flowchart of an exemplary method for forming a source conductor
layer, according to some embodiments.

{0030] FIG. 12 is a flowchart of another exemplary method for forming a source
conductor layer, according to some embodiments.

[00313 Embodiments of the present disclosure will be described with reference to the

accompanying drawings.

DETAILED DESCRIPTION

{6032} Although specific configurations and arrangements are discussed, it should be
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 art thai the present disclosure can aiso be employed in a
varigty of other applications.

{60331 It is noted that references in the specification to “one embodiment,” “an

59

embodiment,” “an example embodiment” “some embodiments,” etc., indicate that the
embodiment described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases do not necessarily refer to the same embodiment.
Further, when a particular feature, structure or characteristic is described in connection

with an embodiment, it would be within the knowledge of a person skilled in the pertinent
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art to effect such feature, structure or characteristic in connection with other embodiments
whether or not explicitly described.

{6034} In general, terminology may be understood at feast in part from usage in context.
For example, the term “one or more” as used herein, depending at least in part upon
context, may be used to describe any feature, structure, or characteristic in a singular
sensc or may be used to describe combinations of features, structures or characteristics in
a plural sense. Sumilarly, terms, such as “a,” “an,” or “the,” again, may be understood to
convey a singular usage or to convey a plural usage, depending at least in part upon
context. In addition, the term “based on” may be understood as not necessarily intended
1o 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.

j0035] It should be readily understood that the meaning of “on,” “above,” and “over” in
the present disclosure should be interpreted in the hroadest manner such that “on” not

b2}

only means “directly on” something but also includes the meaning of “on” something
with an intermediate feature or a fayer therebetween, 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 intermediate feature or layer therebetween (i.e.,
directly on something).

» <

{3036] 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 likewise be interpreted accordingly.

00371 As used herein, the term “substrate” refers to a material onto which subsequent
material layers are added. The substrate itself can be patierned. Materials added on top of
the substrate can be patterned or can remain unpatterned. Furthermore, the substrate can
include a wide array of semiconductor materials, such as silicon, germanium, gallium
arsenide, indium phosphide, ectc. 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 exient less than the extent of an underlying or overlying
structure. Further, a laver can be a region of a homogeneous or inhomogeneous
contimious structure that has a thickaess less than the thickness of the continuous
structure. 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 contingous structure. A layer can
extend horizontally, vertically, and/or along a tapered surface. A substrate can be a layer,
can include one or more lavers 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 lavers.
{00397 As used herein, the ferm “nominal/nominally” refers to a desired, or target, value
of a characteristic or parameter for a component or a process operation, set during the
design phase of a product or a process, together with a range of values above and/or
below the desired value. The range of values can be due fo slight variations in

13

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 guantity that varies within, for example, 10-30%
of the value (e.g., £10%, £20%, or £30% of the value).

{04401 As used herein, the term “3D memory device” refers to a semiconductor device
with vertically oriented strings of memory cell transistors (referred to herein as “memory
strings,” such as NAND strings) on a laterally-oriented substrate so that the memory
strings extend in the vertical direction with respect to the substrate. As used herein, the
term “vertical/vertically” means nominally perpendicular to the lateral surface of a
substrate.

[0041] In some 3D memory devices, a source selective gate controls the on/off state of a
doped silicon channel formed in the substrate of the 31> 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

{6042 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 312 memory devices. By replacing silicon with conductive
materials {(¢.g., metal, metal alloy, and/or metal silicide) that form the source conductor
fayer 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 embeodiments, the conduction mechanism
for erase operation of the source selective gate can become driven by gate-induced drain
ieakage (GIDL).

[(043) Moreover, compared with silicon substrate, the source conducior layer disclosed
herein can be more easily patterned into any suitable layout {e.g , with different isclation
regions) for driving a single memory block, muitiple 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).

30441 FIG 1 illustrates a cross-section of an exemplary 3D memory device 100
according to some embodimenis of the present disclosure. 3D memory device 100 can
include a substrate 102, which can include silicon (e.g, single crystalline silicon}, silicon
germanium {8iGe), gallinvm arsenide (GaAs), germanium {Ge), sificon on insulator (SOI)
or any other suntable materials.

[0045] 3D memory device 100 can include a peripheral device on substrate 102. The
peripheral device can be formed “on” substrate 102, 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.

{60461 In some embodiments, the peripheral device can include any suitable digital,

analog, and/or mixed-signal peripheral circuits used for facilitating the operation of 3D
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memory device 100. For examiple, 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 current or voltage reference, or any active or passive components
of the circuits {e.g., transistors, diodes, resistors, or capacitors). In some embodiments, the
peripheral device is formed on substraie 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 106 to transfer electrical signals to and from transistors 106. Peripheral
interconnect layer 122 can include one or more contacts, such as a contact 107 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 broadiy include any suitable types of interconnects, such as
middle-end-of-line (MEQL) 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 lavers 116 and 120 in dielectric layers 112 and 118. The contact and
conductor fayers in peripheral intercormect layer 122 can include conductor materials
including, but not limited to, tungsten (W), cobait {Co), copper (Cu}, aluminum (Al),
silicides, or any combination thereof. The dielectric layers in peripheral interconnect layer
122 can include dislectric materials including, but not limited to, silicon oxide, silicon
nitride, silicon oxynitride, doped silicon oxide, or any combination thereof.

[3048] 31 memory device 100 can include a memory array device above the peripheral
device. Tt is noted that x and vy axes are added in FIG. 1 to further illustrate the spatial
relationship of the components in 3D memory device 100. Substrate 102 includes two
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 (¢.g., substrate 102} in

the y-direction {the vertical direction or thickness direction) when the substrate is
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positioned in the lowest 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, 31 memory device 100 is a NAND Flash memory device
in which memory cells are provided in the form of an array of NAND strings 130
extending vertically above substrate 102, The array device can include a plurality of
NAND strings 130 that extend through a plurality of conduactor layer 134 and dielectric
layer 136 pairs. The plurality of conductor/dielectric layer pairs are also referred to herein
as an “alternating conductor/dielectric stack” 142. Conductor layers 134 and dielectric
fayers 136 in alternating conductor/dielectric siack 142 altermate in the vertical direction,
In other words, except the ones at the top or bottom of alternating conductor/dielectric
stack 142, each conductor laver 134 can be adjoined by two dielectric lavers 136 on both
sides, and each dielectric layer 136 can be adjoined by two conductor layers 134 on both
sides. Conductor lavers 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 exampie, for a first plurality of conductor/dielectric pairs in
alternating conductor/dieleciric 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 wom). For a second plurality of conductor/dielectric pairs 1o alternating
conductor/dielectric stack 142, the thickness of each conductor layer 134 and dielectric
fayer 136 can be between about 10 nm and about 40 nm {e.g., between 10 run and 40 nm).
For a third plurality of conductor/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] Tn some embodiments, altemating conductor/dielectric stack 142 includes more
conductor layers or more dielectric layers with different materials and/or thicknesses than
the conductor/diclectric laver 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.

{00513 As shown in FIG. 1, each NAND string 130 can include a semiconductor channel

128 and a dielectric fayer 129 (also known as “memory film”). In some embodiments,
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semiconductor channel 128 inchides silicon, such as amorphous silicon, polysilicon, or
single crystalline silicon. In some embodiments, dielectric layer 129 15 a composite layer
including a tunneling layer, a storage fayer (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
the pillar in this order, 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, between 5 nm and 15 nm). The storage layer can include silicon
nitride, silicon oxynitride, silicon, or any combination thereof. The thickness of the
storage layer {(e.g., in the radial direction of Hach NAND siring 130) can be between
about 3 nm and about 15 nm {e.g, between 3 nm and 15 nm}. The blocking tayer 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., between 4 nm and 15 nm). In another example, the blocking layer
can include a high-k dielectric layer, such as an sluminum oxide (Al Os) layer with a
thickness between about 1 nm and about 5 nm (e.g,, between 1 nm and S nm).

[0052] In some embodimenis, NAND strings 130 include a plurality of conurol gates
(each being part of a word line) for NAND strings 130. Each conductor layer 134 in
alternating conductor/dietectric stack 142 can act as a control gate for each memory cell
of NAND 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 of NAND string 130. NAND 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} 1s the end further away from substrate 102 in the y-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 FIG. 1, for each NAND string 130, source selective gate 138 can
be above drain selective gate 140, In some embodiments, selective gate 138 and selective
gate 140 include conductor materials including, but not limited to, W, Co, Cu, Al doped

silicon, silicides, or any combination thereof.
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[0053] In 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 1s independent from source
selective gate 138 because conduction regions 158 and 160 include conductive materials.
Source conductor Jayer 144 thus can provide an electrical 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
fower 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.

[00341 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). In
some embodiments, conduction regions 158 and 160 each has an electrical conductivity
of at least about 1x10* S/m at about 20°C, such as at feast 1x10% S/m at 20°C. In some
embodiments, conduction regions 158 and 160 each bhas an electrical conductivity of
between about 1x10* §/m and about 1x10" S$/m at about 20°C, such as between 1x1¢°
$/m and 1210 8/m at 20°C {e.g., 1210" 8/m, 1%10° $/m, 5x10° S/m, 110" 8/m, 2x10°
Sim, 3<10% S/m, 4%10° 8/m, 510° $/m, 6x10° Sim, 7x10° S/m, 8x10° §/m, 9x10° S/m,

1x107 §/m, 2x107 8/m, 3x107 8/m, 42107 §/m, 5%107 S/m, 6x10" S/m, 7%10 S/m, 8x10’

S/m, 92107 S/m, 1x10° S/m, 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. In some embodiments, conduction regions 158 and 160 each includes
one or more metals, such as copper (Cu), cobalt (Co), nickel (Ni), titanium (T1), and
fungsten (W). The metals can also incltude 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 altoys, 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 alloy and TiW
alloy), or any other suitable metal alioys of, for example, Ag, Al, Au, Pt, iron (Fe},
chromium (Cr), etc. In some embodiments, conduction regions 158 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, alominum silicide, gold silicide, platinura
silicide, ete.

[6455] Source conductor layer 144 can be patterned to form any suitable layout with
different numbers of conduction regions and isolation regions in different arrangements.
The different ayouts of conduction regions and isolation regions in source conductor
fayer 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 130. In some embodiments, at least one conduction region (e.g.,
conduction region 160) 1n source conductor layer 144 is not in contact with NAND string
130 (e.g., being electrically 1solated from conduction region 158 by isolation region 146).
Conduction region 160 can be in contact with any suitable coniact in the array device to
provide elecirical 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 fayout to function as part of the BEOL. interconnects.

{0036] In some embodiments, isolation region 146 extends across the entire thickness of
source conductor layer 144 to electricaily 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 (eg.,
photolithography and dry/wet etch) can be used for patterning isolation region 146 in
source conductor layer 144. Isolation region 146 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 158 and 160) can be defined by
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the formation of the isolation regions (e.g., isolation region 146) in source conductor layer
144,

{6037] 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 {c.g., a silicon substrate). For example,
epitaxial layer 147 cav be a single crystalline silicon layer epiaxially grown from a
silicon substrate (e.g., prior to be removed and replaced with source conductor fayer 144
in 3D memory device 100). For each NAND siring 130, epitaxial layer 147 is referred to
herein as an “epitaxial plug.” Epitaxial plug 147 at the upper end of NAND 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 scurce conductor fayer
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 of NAND string 130 can be performed solely on epitaxial layer 147. In some
embodiments, the thickness of source selective gate 138 and the thickness of epitaxial
faver 147 can each be tuned. For example, the thickness of source selective gate 138 can
be between about 5 nm and about 100 nm (eg., between 5 nm and 100 nm}, and the
thickness of epitaxial layer 147 can be between about | nm and about 100 nm (e.g.,
between 1 nm and 100 nm}.

F0058] In some embodiments, the array device further includes a source contact 132 that
extends vertically through alternating conductor/diclectric stack 142, As shown in FIG. 1,
an upper end of source contact 132 can contact conduction region 138 of source
conductor layer 144 and can electrically connect to NAND string 130 by conduction
region 158 of source conductor [aver 144, In some embodiments, multiple NAND strings
{c.g.. an array of NAND sirings 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, ('u, Al silicides, or any combination
thereof. To electrically insulate source contact 132 from surrounding conductor layers
134 in alternating conductor/dictectric stack 142, a dielectric layer with any suitable
dielectric materials can  be between source comtact 132  and  alternating
conductor/dielectric stack 142.

[6459] In some embodiments, the array device further includes a through array contact
(TAC) 162 that extends vertically through altervating 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
carry 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 embodiments, a dieleciric
layer 164 is between TAC 162 and alternating conductor/dielectric stack 142 for electrical
insulation purposes. TAC 162 can include conductor matenals 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 conducior materials by ALD, CVD, PVD, electroplating, any
other suitable processes, or any combination thereof.

[00601 As shown in FIG. 1, 3D memory device 100 can include an array interconnect
fayer 123 above and in contact with peripheral interconnect layer 122, Array interconnect
fayer 123 can include bit line contacts 126, one or more conductor layers {(e.g, a
conductor layer 124), and one or more dielectric layers (e g, dielectric layers 121 and
123}, Each bit line contact 126 can contact the lower end of a corresponding NAND
string 130 to individually address corresponding NAND string 130, The conductor layers
can include conductor materials including, but not imited to, W, Co, Cu, Al, silicides, or
any combination thercof. The dielectric layers can include dielectric materials including,
but not limited to, silicon oxide, silicon nitride, low-k diclectrics, or any combination

thereof.
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[0061] A bonding interface 119 can be formed between dielectric layer 118 of peripheral
interconnect layer 122 and dielectric layer 121 of array interconnect layer 123, Bonding
interface 119 can also be formed between conductor laver 124 of array interconnect layer
123 and conductor fayer 120 of peripheral interconnect layer 122, Each of dielectric layer
118 and dielectric layer 121 can include silicon nitride or silicon oxide.

[0062] In some embodiments, a first semiconductor structure 170 is bonded to a sccond
semiconductor structure 172 at bonding interface 119, First semiconductor structure 170
can include substrate 102, one or more peripheral devices on substrate 102, and peripheral
interconnect layer 122. Second semiconductor structure 172 can include source conductor

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

a plurality of conductor/dielectric layer pairs, and NAND string 130. First semiconductor
structure 170 can include the elements shown below bonding interface 119 in FIG. 1,
while second semiconductor structure 172 can include the elements shown above bonding
interface 119 in FIG. 1. Peripheral interconnect layer 122 can include 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 119,
{00631 As shown in FIG. 1, 3D memory device 100 can further include a BEOL
interconnect layer 153 above source conductor layer 144. In some embodiments, BEOGL
interconnect layer 153 includes conductor layers 154 and 168, contact layers 148 and 166,
one or more dielectric layers (e.g., a dielectric layer 152), and one or roore pad layers (s.g.,
pad layer 156). BEOL interconnect layer 153 can transfer elecirical signals between 3D
memory device 100 and external circuits. The conductor layers, contact layers, and pad
fayers (eg., including bonding pads) in BEOL interconnect layer 153 can include

conductor materials including

D

but not limited to, W, Co, Cu, Al, silicides, or any
combination thereof. The dielectric layers in BEQL 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 BEQL interconuect 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
fower end of TAC 162 can contact a contact in array interconnect layer 123.

{0631 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 with contact layer 166, TAC 162, array interconnect layer 123 and peripheral
interconnect layer 122, can electrically conuvect 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 of BEOL interconnect laver 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.

{066} FiGs. 2A-2D illustrate an exemplary fabrication process for forming a peripheral
device and a peripheral interconnect layer. FIG. 8 is a flowchart of an exemplary method
800 for forming a peripheral device and a peripheral tnterconnect layer. An example of
the peripheral device and peripheral interconnect layer depicted in FIGs. 2A-2D and FIG.
8 is the peripheral device (e.g., transistors 106} and peripheral interconnect layer 122
depicted in FIG. 1. It should be understood that the operations shown in method 800 are
not exhaustive and that other operations can be performed as well before, afier, or
between any of the illustrated operations.

60671 Referring to FIG. 8, method 800 starts at operation 802, in which a peripheral
device is formed on a first substrate. The first subsirate can be a silicon substrate. As
illustrated in FIG. 2ZA, a peripheral device is formed on a first silicon substrate 202 The
peripheral device can include a plurality of tfransistors 204 formed on first silicon
substrate 202. Transistors 204 can be formed by a plurality of processing steps including,
but not lumited to, photolithography, dry/wet etch, thin film deposition, thermal growth,
implantation, chemical mechanical polishing (CMP), or any combination theresof. In some
embodiments, doped regions 208 are formed 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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10068} Method 800 proceeds to operation 804, as illustrated in FIG 8, in which ong 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 MEQGL 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 formed on first dielectric
layer 210, In some embodiments, second dieleciric layer 216 is a corbination of muitiple
layers formed in separate steps. For example, second dielectric layer 216 can include a
conductor layer 212 and a contact layer 214, The conductor lavers (e.g., conductor layer
212} and contact layers (e.g., 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, elecwroplating, eleciroless plating, or any combination thereof
Fabrication processes to form the conductor lavers and contact fayers can also include
photolithography, CMP, wet/dry eich, 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, PV, ALD, or
any combination thereof.

{60761 Method 800 proceeds to operation 806, as illustrated in FIG. 8, in which a top
dielectric layer and a top conductor layer of a peripheral interconnect layer are formed.
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 portion of the peripheral
interconnect layer that transfers electrical signals to and from the peripheral device. As
iflustrated in FIG. 2D, a third dielectric layer (the top dielectric layer) 218 is formed 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 formed. 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, PVYD, ALD, electroplating,
electroless plating, or any combination thereof. Fabrication processes to form the
conductor laver and contact layers can also include photolithography, CMP, wet/dry etch,

or any combination thereof. The diclectric 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.

{6071} FiGs. 3A-3D illustrate an exemplary tabrication process for forming an array
device and an array interconnect layer. FIG. 9 is a flowchart 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 1o FIG. 1. |t
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.

{00723 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 FIG. 3A. An array device can be formed on
second silicon substrate 302. In some embodiments, an tsolation region 304 is formed in
second silicon substrate 302. Isolation region 304 can be formed by thermal growth
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.

{60731 Method 900 proceeds to operation 904, as illustrated 1o FIG. 9, in which a

plurality of dielectric fayer pairs (also referred to herein as an “alternating dielectrie

stack”) are formed on the second substrate. As illustrated in FIG. 3B, a plurality of first
dielectric laver 308 and second dieleciric layer 310 pairs are formed on second silicon

substrate 302. The plurality of dielectric pairs can form an alternating dielectric stack 306.

Alternating dislectric stack 306 can include an alternating stack of a first dielectric layer

308 and a second dielectric layer 310 that is different from first dielectric layer 308. Tn

some embodiments, each dielectric layver pair includes a fayer of silicon nitride and a

layer of silicon oxide. In some embodiments, there are more layers than the dielectric

layer pairs made of different matenals and/or with difterent thicknesses in alternating
dielectric stack 306. In some embodiments, first diefectric layers 308 can each have the
same thickness or have different thicknesses. Similarly, second dielectric layers 310 can
cach have the same thickness or have different thicknesses. In one example, for a first
plurality of dielectric pairs in alternating dielectric stack 306, the thickness of each first

diefectric layer 308 and second dielectric laver 310 can be between about S 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 310 can be between about 10 nm and about 40 nm {e.g, between 10 nm
and 40 nm). For a third plurality of diclectric pairs in alternating dielectric stack 300, the
thickness of each first dielectric layer 308 can be between about 5 nm and about 40 nm
{c.g., between 5 nm and 40 nm), and the thickness of cach second diclectric layer 310 can
be between about 50 nm and about 200 am (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 imited to, CVD, PVD, ALD, or any combination thereof. In
some embodiments, alternating dielectric stack 306 can be replaced by a plurality of
conductor/dielectric layer pairs, 1.¢., an alternating stack of a conductor laver {e.g,
polysilicon} and a dielectric laver {e.g., silicon oxide).

[0074] Method 900 proceeds to operation 906, as illustrated in FIG. 9, in which a

plurality of NANID strings of the arrav device are formed on the second substrate. As
illustrated in FIG. 3C, NAND string 318 is formed on second silicon substrate 302. Each
first dielectric layer 308 of alternating diclectric stack 306 can be replaced by a conductor
fayer 316, thereby forming a plurality of conductor/diclectric layer pairs in an alternating
conductor/dielectric stack 314. The replacement of first dielectric lavers 308 with
conductor layers 316 can be performed by wet eiching first dielectric layers 308 selective
to second dielectric layers 310 and filling the structure with conductor ayers 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 nmj. Conductor layers 316 can include conductor materials
including, but not limited to, W, Co, Cu, Al, doped silicon, polysilicon, silicides, or any
combination thereof. Conductor fayers 316 can be filled by thin film deposition processes,
such as CVD, ALD, any other suitabie process, or any combination thereof.

[O075] In some embodiments, conductor layers 316 in alternating conductor/dielectric
stack 314 are used to form the selective gates and word lines for NAND siring 318, At
least some of conductor layers 316 in alternating dielectric stack 306 {e.g., except the top
and bottom conductor layers 316) can cach be used as a word line for NAND string 318,
As illustrated in F1G 3C, the top conductor fayer (the uppermost conductor layer) and the
bottom conductor layer (the lowermost conductor layer) in  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. In 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
fayer 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 1s patterned to form the drain selective gate for NAND string 318,

[6076] In some embodiments, fabrication processes to form NAND string 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/dietectric stack 314 Dielectric layer 322 can be a composite dielectric layer,
such as a combination 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 tunnel to a storage layer of NANI) 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 (eg,
between 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 therecf. The thickness of the storage layer {e.g., in the radial direction of
NAND string 318) can be between about 3 nm and about 15 nm (e.g, between 3 nro and
15 nm). The blocking laver can include dielectric materials including, but not limited to,
siticon oxide or a combination of silicon oxide/silicon nitride/silicon oxide (ONQO) with a
thickness between about 4 nm and about 15 nm (e.g., between 4 nm and 15 nm). The
blacking layer can further include a high-k dielectric layer, such as a ALO; layer with a
thickness between about 1 nm and about S nm {e.g., between 1 nm and 5 nm). Dielectric
fayer 322 can be formed by processes such as ALD, CVD, PVD, any other suitable

processes, or any combination thereof.
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(0078} In some embodiments, fabrication processes to form 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.

f0079] In some embodiments, operation 906 further includes forming one or more source
contacts {e.g., a common source coniact). As dlustrated 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 conlact with
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 turn off epitaxial
layer 326 ag 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 inchuding, 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.

F00801 Method 900 proceeds to operation 908, as illustrated in FIG. 9, in which an array
interconnect layer is formed above the plurality of NAND strings. The array interconnect
layer can transfer electrical signals between the NANID strings and other parts of the 3D
memory device, such as the peripheral device. As illustrated in FIG. 3D, an array
interconnect fayer 338 is formed above NAND siring 318. In some embodiments,
fabrication processes to form array interconnect layer 338 include forming a dielectric
fayer 334, followed by forming a bit line contact 335 in contact with NAND string 318 in
dielectric fayer 334. Dielectric layer 334 can inciude 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 formed 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 bit line contact 33
can be filled with conductor materials and dielectric materials by ALD, CVD, PVD, any
other suitable processes, or any combination thereof.

{0081} In 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 {¢.g., contact layer 344) in dielectric layer 334. Conductor
layer 340 and contact layer 344 can include conductor materials including, but not imited
to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof. Conductor layer
340 and conductor contact layer 344 capn be formed by any suitable known BEOL
methods.

{0082] In some embodiments, fabrication processes to form array interconnect layer 338
further include forming 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, silicides, or any combination thereof. Dielectric layer 336 can
include dielectric materials including, but not limited to, silicon oxide, silicon nitride,
silicon oxyniiride, or any combination thereof,

{0083} FIG. 4 illustrates an exemplary fabrication process for joining an array device and
a peripheral device. FIGs. 5A-5B and FIGs. ¢A-6B illusirate various exemplary
fabrication processes for forming a source conductor laver. FIG. 7 iflustrates an
exemplary fabrication process for forming a BEOL interconnect layer on a source
conductor layer. FIG. 10 is a flowchart for an exemplary method 1000 for forming a 3D
memory device with an array device and a peripheral device. An example of the 3D
memary device and the source conductor layer depicted in FlGs. 4-7 is 3D memory
device 100 and source conductor layer 144 depicted in FIG. 1. Tt 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.

[6084] Referring 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 down), 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 fayer 222, As a result, conductor laver 342 can contact conductor
fayer 220 when the array device is joined with the peripheral device.

{6085] Method 1000 proceeds to operation 1004, as illustrated in FIG. 10, in which the
array interconnect layer is joined with the peripheral interconneet laver. 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 (¢ g., forming bonding between surfaces
without using intermediate layers, such as solder or adhesives), which obtains metal-
metal bonding and dielectric-dielectric bonding simuitaneously. As llustrated in FIG. 4,
array interconnect layer 338 can be joined with peripheral interconnect layer 222, thereby
forming & bonding interface 403,

[0086] A treatment process can be used to enhance the bonding strength between array
interconnect layer 338 and peripheral interconnect layer 222 betore or during the joining
process of the two interconnect layers. In some embodiments, each of dielectric layer 336
and dielectric layer 218 includes silicon oxide or silicon nitride. To some embodiments,
the treatment process includes a plasma treaiment that treats the surfaces of array
interconnect layver 338 and peripheral interconnect layer 222 so that the surfaces of the
two interconnect fayers form chemical bonds between dielectric layer 336 and dielectric
fayer 218. In some embodiments, the treatment process includes a wet process that ireats
the surfaces of array interconnect layer 338 and peripheral interconnect layer 222 so that
the surfaces of the two interconnect layers form chemical bonds to enhance the bonding
strength 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°C to 600°C). The thermal process can cause inter-
diffusion between conductor layer 342 and conductor layer 220, As a result, conductor
fayer 342 can be inter-mixed with conductor layer 220 after the joining process.

Conductor layer 342 and conductor ayer 220 can each include Cu.
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[0087] Method 1000 proceeds to operation 1006, as iliustrated in FIG. 10, in which a
source conductor layer is formed above the NAND strings. The second substrate on
which the alternating conductor/dielectric stack (and the NAND 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 the second substrate (e.g, on the alternating
conductor/diefectric stack). In some embodiments, the source conductor layer can be
patterned to forro one or more isolation regions.

{00381 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 conductos/dielectric 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 fayer 405, The conductive materials in source conductor
fayer 405 can provide electrical connections between source contact 324 and NAND
string 318. The conductive matenals in source conductor layer 405 can include, but is not
limited to, metals, metal allovs, and metal silicides. In some embodiments, scurce
conductor laver 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, Tt, 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 403 includes one or more metal silicides, such
as copper silicide, cobalt silicide, nickel silicide, titanium silicide, tungsten silicide, or
any other suitable metal silicides.

{3089] In some embodiments, source conductor layer 405 has a thickness between about
20 nm and about 50 um, such as between 20 nm and 30 pum {e.g., 20 nm, 30 nm, 40 nm,
50 nm, 60 nm, 70 nm, 80 nm, 20 nm, 100 am, 110 nm, 120 rm, 130 nm, 140 nm, 150 nm,
160 rum, 170 nm, 180 nm, 190 nm, 200 nm, 500 om, 1 um, 5 umg, 10 pm, 15 pm, 20 pum,
25 wm, 30 pm, 35 pm, 40 pm, 45 um, 50 pm, 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 fayer 405 has a thickness between about 200 nm and
about S pm, such as between 200 nm and 5 um {e g, 200 nm, 300 nm, 400 nm, 500 nm,
600 nm, 700 nm, 800 nm, 900 nm, 1 um, 2 pm, 3 um, 4 um, 5 pm, any range bounded on
the lower end by any of these values, or in any range defined by any two 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 ALD.

(0690} FIG. 11 is a fiowchart 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 FIG. 11, 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. In 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 tsolation
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.

{60911 Method 1100 proceeds to operation 1104, as illustrated in FIG. 11, in which the
thinned second substrate is removed. The thinned second substrate can be removed by
grinding, wet/dry etching, CMP, or any combination thereof. It is understood that in some
embodiments, operation 1102 can be skipped, and the second subsirate {e.g., second
sificon substrate 302 in FIG. 4) can be removed in a single process without being thinned
first.

[092] Method 1100 proceeds to operation 1106, as illustrated in FIG. 11, in which a
source conductor layer is formed at the original location of the second substrate that has
been removed. As illustrated in FIG. 5A, source conductor fayer 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 diclectric 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,

[((393] Method 1300 proceeds to operation 1108, as illustrated in FIG. 11, in which the
source conductor layer i1s patterned. In some embodiments, the source conductor layer is

paiterned to form one or more isolation regions. The remaining conductive materials in
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the source conductor layer can become conduction regions electrically isolated by the
isolation regions. As illustrated in FIG. 5B, an isolation region 407 can be formed in
source conductor layer 405 Isolation region 407 can include dieleciric materials
including, but not limited to, silicon oxide, silicon nitride, silicon oxvnitride, doped
silicon oxide, any other suitable dielectric materials, or any combination thereof
Patterning process {e.g., photolithographv and dry/wet etch) can be used for patterning
1solation 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 paiterned to form any suitable layout
with different numbers of conduction regions and isolation regions in different
arrangements. The different fayouts 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 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). 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 electrical connections between the peripheral device and the BEOL
interconnects and between the array device and the BEOL interconnects.

{30941 FIG 12 is a flowchart of another exemplary method for forming the source
conductor layer. It should be undersiood that the operations shown in method 1200 are
not exhaustive and that other operations can be performed 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 FIG. 4) can be thinned to become a thinned second silicon substrate 417
(in FIG. 6A). In some embodiments, second silicon substrate 302 can be thinned from its
upper side {opposite to its bottomr 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 formed in second silicon substrate 302,
The second substrate can be thinned by grinding, wet/dry etching, CMP, or any
combination thereof

[6095] 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. 04, a metal
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fayer 419 can be formed on the upper side of thinned second silicon substrate 417 Metal
fayer 419 can include Co, Ni, Ti, W, any other suitable metal that can form 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. In some embodiments, the thickness of metal layer 419 is at least about 2 nm
{e.g, at lcast 2 nm), such as between about 2 nm and about 500 nm {e.g., between 2 nm
and 500 ruru). The thickness of metal {ayer 419 can be thick enough for the subsequent
silicidation process.

{B09a] Method 1200 proceeds to operation 1206, as illustrated in FIG. 12, in which a
metal silicide layer is formed. The metal silicide layer can be formed based on a reaction
of silicon in the thinned second substrate and metal in the metal layer. As iliustrated in
FIG. 6B, a source conductor layer 421 can be a metal silicide layer formed by the
siticidation 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, In some embodiments, the unreacted portion of metal layer
419 afier 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.

{30971 The metal silicide materials in source conductor layer 421 can depend on the
metal materials in metal fayer 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 clectrical
conductivity that is high enough so that the conduction of source conductor faver 421
cannot be affected by source selective gate 328, and source conductor layer 421 can
clectrically 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 1x10% §/m at about 20°C (e.g, at least Ix 10 $/m at 20°C), such as between

J
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about 110" §/m and about 1x10” §/m at about 20°C (e.g., between 1x10* &/m and 1210
S/m at 20°C).

{0981 As illustrated in FIG. 6B, isolation region 304 formed prior to the formation of
source conductor layer 421 can remain in source conductor fayer 421, while 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 $00). In some
embodiments, additional patterning is performed after the formation of the metal silicide
fayer (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 iltustrated in FIG. 12, in which the metal silicide layer is patterned to form isolation
regions and conduction regions electrically isolated by the isolation region Tt is
understood that in some embodiments, the isolation regions in the second substrate (e.g.,
isolatien region 304} may not be necessary, and the isolation regions in source conductor
fayer 421 can be formed by patterning source conductor layer 421 after the silicidation
process.

{6089] Patterning process (¢.g., photolithography and dry/wet etch) can be used for
patterning source conductor layer 421 after the formaticn of the metal silicide laver.
Isolation regions then can be formed by thermal growth and/or thin film deposiiion of
dielectric materials in the patterned region. Isolation regions can include dieleciric
matertals, 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 be defined after the formation of the isolation regions in source
conductor layer 421. The different layouts of conduction regions and isolation regions in
source conductor laver 421 can be used to drive the memory array in various
configurations, such as an array of NAND sirings in a single memory block, in multiple

memory blocks, or in a portion of a memory block (e.g., one or more memory fingers).

-y
The conduction regions formed in source conductor layer 421 can provide additional
clectrical connections besides beteveen NANIDY 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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f¢160] Referring back to FIG. 10, method 1000 proceeds to operation 1008, in which a
BEOL interconnect layer is formed above the source conductor layer. As illustrated in
FiG. 7, a BEOL interconnect laver 702 is formed above source conductor layer 405/421.
BEOL interconnect layer 702 can include a dielectric layer 409, one or more contact
fayers 411, one or more conductor fayers 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 counductor
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 laver 415 is electrically connected to
external  circuits or devices fo transfer elecirical signals between the joined
array/peripheral device and the external circuits or devices. Tn some embodiments, BEOL
interconnect layer 702 {(e.g, contact layer 411) is electrically connected to source
conductor laver 405/421 (e.g., in contact with the top surface of a conduction region of
source conductor layer 405/421).

[6161] It is to be understood that in some embodiments, the order of forming the array
device/array interconnect layer and forming the peripheral device/peripheral interconnect
fayer can be modified, or the fabrication of the array device/array interconnect aver and
the {abrication of the peripheral device/peripheral interconnect layer can be performed in
parallel. Also, the order of forming the source conductor laver on the alternating
conductor/dietectric stack and joining the array device and the peripheral device can be
madified, according to some embodiments. In some embodiments, the source conductor
fayer 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 1nterconnect layer can be formed. In another example,
after forming the NAND 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 1s not limited and
can oceur in any suitable timing during the fabrication process of the 3D memory device

{e.g.. 3D memory device 100} disclosed herein.
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6102} 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 (¢.g., metal, metal alloy, and/or metal sificide) that form the source conductor
layer disclosed herein, the resistance of the source side (e.g., between the common source
contact and the NMAND strings) of the 3D memory device can be reduced, thereby
increasing the device operation speed. In some embodiments, the conduction mechamsm
for erase operation of the source selective gate can become driven by gate-induced drain
leakage (GIDL).

{61031 Moreover, compared with silicon substrate, the source conductor laver 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
memary 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 patierned and used as an interconnect layer (e.g., part of the
BEOL interconnect).

[6164] In 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 subsirate. The NAND string exiends 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 with the source conductor layer. The
NAND string is electrically connected to the source contact by the scurce conductor layer,

{6163] In some embodiments, a 3D memory device includes a substrate, a peripheral
device on the substrate, a plurality of memory strings each extending vertically above the
peripheral device, and a source conductor laver 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.

jH166] ln some embodiments, a method for forming a NAND memory device is disclosed.
An alternating conductor/dielectric stack is formed on a first substrate. A NAND string

and a source contact both extending vertically through the aliernating conductor/dielectric
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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.

{6107] In some embodiments, a method for forming a 31 memory device is disclosed.
An alternating conductor/dielectric stack is formed on a first substrate. A plurality of
rmemory 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 i3 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.

{(4168] In some embodiments, a method for forming a 3D memory device is disclosed.
An alternating conductor/dielectric stack is formed on a first substrate. A plurality of
memory strings exiending vertically through the 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 metal layer is formed on the second side of the thinned first
substrate. A source conductor layer is formed based on a reaction between at least part of
the metal layer and the thinned first substrate.

{3109} 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. Tt 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 artisan in light of the teachings and guidance.

{0110} Embeodiments 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 boundanies of these functional building blocks have been

arbitrarily defined herein for the convenience of the description. Alternate boundaries can
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be defined so long as the specified functions and relationships thereof are appropriately
performed.

{6111} 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 Himit 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
the 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 15:

I A NAND memory device, comprising:

a substrate;

an alternating conductor/dielectric stack comprising 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 of the NAND string; and

a source contact comprising a first end in contact with the source conductor layer,
wherein the NAND string is electrically connected to the source contact by the source conductor

tayer.

2. The NAND memory device of claim 1, wherein the source conductor laver
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 NAND memory device of claim 2, wherein the metal alloy comprises an alloy
of at least two of copper, cobalt, nickel, titanium, and tungsten.
S. The NAND memory device of claim 2

wherein the metal silicide comprises one

>

or mare of copper silicide, cobalt silicide, nickel silicide, titanium silicide, and tungsten silicide.

G The NAND memory device of any one of claims 1-5, further comprising an
epitaxial silicon laver 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.

-~

The NAND memory device of any one of claims 1-6, wherein:
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the source conductor layer comprises a plurality of conduction regions and one or more
isolation regions electrically isolating the plurality of conduction regions; and
the NAND siring 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 &, further comprising a first interconnect
layer comprising a first confact, wherein the NAND string is elecirically 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, wherein the TAC is electrically connected to the second

contact by the second conduction region,

1. The NAND memory device of any one of claims 1-10, further comprising a

peripheral device between the substrate and the NAND string.

12, The NAND memory device of claim 11, further comprising a second interconnect
fayer above and in contact with the peripheral device, wherein the second interconnect layer

comprises one of more conductor fayers in one or more dieleciric layers.

i3. The NAND memory device of claim 12, further comprising a third interconnect
Jayer in contact with a second end of the NANE string and a second end of the source contact,
wherein the third interconnect layer comprises one or more conductor layers in one or more

dielectric layers.

4. 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/diclectric 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 NAND string and a first end of the source coutact, and

the NAND string is electrically connected to the source contact by the source conductor layer.

16. The method of claim 15, wherein the sousrce 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 subsirate 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.

19, The method of claim 15, wherein replacing the first substrate with a source
conductor layer comprises:

forming a metal layer on the first substrate; and

forming a metal silicide layer based on a reaction between silicon in the first substrate and

a metal in the metal laver.

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 conduetor/dielectric stack; and

thinning the first substrate from a second surface 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 NAND string and the peripheral device, so that the NAND siring 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;

forming a second interconnect layer in contact with the peripheral device; and

forming a bonding interface between the first interconnect laver and the second
interconnect layer, so that the peripheral device is electrically connected to the NANID string by

the first interconnect layer and the second interconnect layer.

25. The method of claim 24, wherein:

forming a first interconnect layer comprises forming one or more conductor tayers 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, whergin 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 laver, and (i) 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 fayer

27. A three~-dimensional (3D) 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

fayer.

28. The 3D memory device of claim 27, wherein the source conductor layer
. . . . . .o -\ gt ey
comprises a conduction region with an electrical conductivity of at least about 110" 5/m at

about 20°C.

29, The 3D memory device of claim 27, wherein the source conductor layer
comprises a conduction region comprising one or more of a mefal, 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.

31 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 ecach of the plurality of
memory strings comprises a selective gate configured to comtrol a conductance of a

corresponding epitaxial plug.
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33, The 3D memory device of claim 32, wherein 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 laver between the peripheral device and the alternating
conductor/dielectric stack.

36 The 3D memory device of claim 35, wherein the source conductor laver
comprises a first conduction region, a second conduction region, and an isolation region

electrically isolating the first conduction region and the second conduction region.

37.  The 3D memory device of claim 36, wherein cach 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 vertically through the alternating conductor/dielectric stack and in contact with the first

conduction region of the source conductor layer.

39, The 3D memory 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, turther comprising a third contact extending
vertically through the aliernating 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 (312) memory device, comprising:

forming an alternating conductor/diclectric stack on a first substrate;

forming a plurahity of memory stungs extending vertically through the alternating
conductor/dielectric stack, so that a first end of each of the plurality of memory sirings is in
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 tayer.

43, The method of clainy 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 peripheral device;

forming 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

i¢ above and in contact with the third interconnect layer.

46, A method for forming a three-dimensional (3D) memory device, comprising:
forming an alternating conductor/dieiectric stack on a first subsirate;
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

forming 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 region in the first substrate, wherein the isolation region remains 1 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 laver 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 memwory 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 subsirate,;
and

bonding the first substrate and the second substrate, so that the first interconnect layer is

abrove and in contact with the second interconnect layer.
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Bux No. [l Nop-establishment of opinion with regard to novelty, inventive step and indusixial applicability

Box Mo ¥ Reasoned staternent under Rule 435és 1aX1) with regard to novelty, inventive step or industrial

apphicability, extations and explanations supporting such statement
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under Rule 66.1his(b) that wiitten opinions of this Intermalional Searching Authority will niot be so considered.

If this opinion 15, as provided above, considered to be a written opinion of the IPEA, the applivant is invited to submit
to the [PLA a written reply together, where appropriate, with amendrments, before the expixation of 3 mosiths from the
daie of rathing of Form PCTISAS22G or before the expiration of 22 months from the priosity date, whichever expires
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Internaticrial application No

WRITTEN OPINION OF THE FOT/CN2018/085421

INTERNATIONAL SEARCHING AUTHORITY

Box Neo. ¥  Basis of the opinion

1. With regasd to the langmage, this opinion has been established on the basis of:

the intermational application in the language in which it was filed.

ﬂ a translation of the international applicattoninto___________ which is the language ot a translation furnished for
the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. [} This opinion has been established taking into account the rectification of an sbvious wistake authorized by or
notified to {has Authonity weder Rule 21(Rule 43bis. 1(b})

3.1 1 With regard 10 any nmclestide andfor amino acid sequence disclosed in the intemational application, this
opimon has bean established on the basis of 2 sequence histing:
2.} forming part of the international apphication as filed:
{1 m the form of an Anpex C/ST.25 text fle.
] on paper or in the form of an image file.
b} fumished together with the intmmational application under PCT Rule 13ter1(s) for the purpeses of
international search only in the form of an Amnex (/8T 23 text file.
¢.f] furnished subsequent fo the international filing date for the purposes of international search only:
[ in the form of an Annex C/8T.25 text file (Rule 13ter ¥ay)
{71 on paper or in the form of an image file (Rule 13ter i(b) and Administrative Instructions, Section
13).
risige has been filed or furnished, the

4, ﬂ In addition, in the cese that more than one version of copy of a sequence I
tequired statements that the information in the subsequent or additional coptes is identical to that forwing part of
the application as filed or does not go beyond the application as filed, ss appropriate, were furnished.

5. Additional comments:

£

Form PCTASA/23T {cover sheet) (January 2015)
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Internatioral application No.
WRITTEN OPINION OF THE FCT/CN018/ 085421
INTERNATIONAL SEARCHING AUTHORITY

Box Ne. V Ressoned statement under Rule 43bis. 1{a)(i) with regard to novelty, inventive step or industrial

applicabiiity; citations and explanations supporting such statement

T Statement:
Novelty (N} Claims 2, 11-27, 32 YES
Claims 1, 3-10, 28731 NO
Inventive step (18) Clatms 12-27 YES
Claims 1 11,28 32 NO
Industrial applicability (1A)  Claims 1-32 VES
Claims None NO
2. Citations and explanations
Docuswent
O ONI0BS10746 A 30 June 2017 (30.06.2017).

b Nwdty/ liwerdivestep
U o scd oses a 3Dnenwry dovi ceandamet hodfor formingthe devi ce (description,
peragrachs [0074]-10085, [0086-[01371, Fares 12 57, The device
corprising asemconductar substrate 400 wthanisolation structure 402, an
dlermating conductor 102 digdectric 1011 laver stack 101 o sposed on the
serkconcuct o substrate 400, addectricstructuwe (160, 102) ontheisol ation
regond2of thesubstratedi andextend ngverticaly through the stack 101,
werei nthestack 10l abutsasidevd | ssfaceof thediddectricstructus (160,
102 vhichisfondd adeesciricmterid; oneor nre TAS 162 exdending
vertica lyvthroughthed e ectricstructuwe (160, 102) andtheisdationreg on
402, arvd one or move chamel structures 1580 exdend ng vertically through the
stack 101,

Themethod, comrising fomngtheisd aionstructwedlZonthesubsirat e 400
{01); dsposinganaternatingd el ectriclayer stackonthesubsirate 400, the
diengingddectriclayer stackcomprisingpairsof afirst didectricliayer
andasecoidelectriciayer diferent frombefirst ddectriciayer (802);
forning a channel structure 170 edending verticaly in the aternating
d ol ectriclayer stack {04},

Caing i, 281ack novel ty andanirventivestepinthe sense of FCF 33(2) and I
33 3.

Gane 12, 21 dffer fronDlinthefeatwes of fonng TACrespectively., The
probd ens sof ved by the sbove feal ures re howicimrove integration of the 30
nerviry. The above feat res are nal ther commen net hod rer discl os ;

at. Qams 12227 are novel andinvd ve aninventive stepin
32 and AT 33 3).

Treaddtiong fegtwes of clans 3-10, 2531 are di sl osed

Form PCT/ISA/237 (cover sheet) (January 2015)
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Iiiif:n,mﬁic)niﬂi ap_plicat.ian No.
WRITTEN OPINION OF THE PCT/CN201E/085421
INTERNATIORAL SEARCHING AUTHORITY

paragraphs [0074]-{ 0085, Aguwes 56). Patid of theaddlional featwres of
clam2 Raed sclosedby U {descripti on, parag aphs [0074]-[ 0085}, A gres
56}, rest of themare coman practice for aparsonskifledin the art. The
addtiond feadtwesof clamaeconmnpracticefor apersonskifiedinthe
at.

CGaine 3 510, 29-31lack novel ty and ani nventi ve stepi nihe sense of RCT33(2)
and FCT 33(3). Gains 2 11, 32 rerovel inthe sense of FCT 33(2) tut do not
irval veaninventivestepinthesense of FOT33(3).

Gdmdl acksrovel ty ard ani rwerki vestepi nthesersedf FOT3X2) and POT33(3)
wencitingdamiacks novelty and aninvertive stepinthe sense of FUI 332
andd FCT33(3); CGaimdisnovel inthe sense of FCT 33(2) bt does not | vl ve any
inventivestepinthesenseof FCT3X(3) vhencitingol &l mi snovel inthesenseof
FCT33(2) bt does ot § rwol veani nvert i ve stepi nthe senseof RCT33(3).

Hii. industrial applicability

Gam-Raeindstrial applicableinthesenseof FOTI3(4).

Form FCTASA23T (cover sheet) (Yanuary 2015)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORY
{(PCT Article 18 and Rules 43 and 44)

. ) FOR FURTHER see Form PCTASA/220
Applicant’s or agent’s file reference
PROISTCAS0 ACTION as well a3, where applicable, iter 5 below.
International apphication Mo. mternational filing date (Earliest)Priority date
PCT/CN2OL8/085421 (Ray/monih/year} {day/monihtyear}
03 ¥ay 2018(03. 05. 2018)

Applicant

Yangize Memory Technologies Co., Lid

This international search report bas been preparad by this International Searching Authority and is transmitted to
the applicant according to Article 18 A copy is bemng transmutted to the Interational Bureau

This international search repott consiss of a total of 4 sheets.
[ 1t is niso secomponied by a copy of each prior at docement cited in this veport.

I, Basis of the report
a. With vegard to the language, the international search was carried out on the basis of:
the intemational application in the language in which it was filed
[} atransiation of the interpational application into _ which is the langpage of a
translation furnished for the puposes of intermationad search (Rules 12.5(a) aud 23.1(b))
b1 This international search report has been established taking into account the rectification of an
obvious mistake authorized by er notified to this Authority under Rule 91 (Rule 43.6bis(a)).
c.!:i With regard to any nuclestide and /or amine acid sequence disclosed in the internstional
application. sce Box No. L

2. {7} Certain daims were found unsearchable {see Box No. II)
3. [1 Uity of invention is facking (See Box No. [Il)

4. With regard o the ithe,
B thetextis approved as submitied by the applicant.
[T the text has been established by this Authority to read as follows:

n

With regard fo the abstracs,

B3 thetext is approved as submitted by the applicant.

™1 the text hus been established, according te Rule 38.2(b), by this Authority as it appears in Box IV,
The applicant may, within one month from the date of mailing of this international seach report, submit
copauments to this Authority.
6. Withregard to the drawings,

2. The figure of the drawings tc be published with the absiract is Figure No.13
as suggested by the applicant
as sehected by this Authority, because the applicant failed to suggest a figure
] as selected by this Authority, because this figure better characterizes the invention
b. []  none of the figures is to be published with the abstract

bz

Form PCTIS AR 1O(fest sheetX January 2035)
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International application No.
PCT/CNZ018/085421

INTERNATIONAL SEARCH REPORT

A. CLASSEFICATION OF SUBJECT MATTER
HOIL 27/11565(2017.01) 1
According to Tnternational Patent Classification (IPL}) or to both national classification and IPC

B. FIELDS SEARCHED

Mivdmaun docwrnentation searched (classification system followed by classification symbols)
BPC: HOIL

Documentation searched other than minimws decummentstion 1o the extent that such documents are inchided in
the fields searched

Electronic data base consulted dusing the intesnational search (nsme of data dase and, where practicabie, search
terms userd)

CNPAT, CNKI, ®¥PI: Yungtre Memory, CHANGIIANG MEMORY, TAC, through, array,
coptact+, connect+, three, dimemsion, 3D, memory, chamnel, slit, hole, trench,
opent, windowt, fill+, formt, deposit+, insulati, isolate!, dielectric, silicom,
oxide, nitride, step, staircase, conductr, metal, plug, etcht

. DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of docusnent, with indication, where appropriste, of the relevant Relevant to claim
* p No.
X CM 106910746 A (Y ANGTZE MEMORY TECHNOLOGIES CO., 1-1%,28-32

LTD.) 30 Jun 2017(30.06 2017) description, paragraphs
[0074]-{0085], [0096]-J0137], Figures 1-2, 5-7

X CN 106920794 A (YANGTZE MEMORY TECHNOLOGIES CO, | 1-11,28-32
LTD.) 04 Ful.2017(04.07.2017) description, parapraphs
{00773-]0112], Figures 5-7

A 15 824789582 (IBM CORPORATION) 21 Ang 2012(21.082012) | 1-32

the whote document

A CN 185826323 A (MACRONEX INT (O, LTD.) 03 1-32
Anp 2016(03.08.2016) the whole document

[ IFurther documents are listed in the continuation of Box C. B see patent family annex

Forim PCT/ASA /210 (2 sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT

nternaticral application Mo
POT/CNZ018/085421

* Spectal categories of cited documents:
“A”  document defining the general state of the art
which i not

considered to be of particular selevance
“E”  earher apphication or palent but published on
or after the

wtermational ikng date
“L” documnens wihieh may throw doubts on prionty
claim (8) or

which ts cited to establish the publication date
of another

citation or other special reason (as speciiied)
“0"  document referring 1o an oral disclosare, use,
exhibition or

other means
“P? document published prior to the intamational
filing date

but later than the priority date claimed

“T™  later document published after the intemational
filing date

ot priovity date and not i conflict with the
application but

cited to wnderstand the principle ox theoxy
undestying the

invention

corgr

document of particular relevance; the claim
invention
cannat be considesed noved ot cannet be considered
1o mvolve
an inventive step when the document is taken
elene
“Y*  document of particolar relevance; the clamed
invention
cannot be considered to tavolve an inventive
step when the
document is combined with one or more other
such
documents, such combination being ohvious to
& person
skilled in the art
“& "doctment member of the same patent family

Date of the actual completion of the intemational
sesrch
63 Jan. 2019(03. 01. 2019)

Date of mailing of the intarnational search report

30 Jan. 2013(30. 01. 2019)

Name and mailing address of the ISA/CN

National Intellectual Property Admimistration, PRC

6, Xitucherg Rd., Jimen Bridge, Haidian District,
Beijing 100088, China

Facsimile No.(86-10)62019451

Authorized officar
ZHOU, Zhongtang

Telephone No.o 86— (107 53961222

Formn PCT/ISA /210 (3 sheat) (January 2015)
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International application No.
INTERKATIONAL SEARCH REPORY P/ OO/ 08T
Patent Documents efered | ication Daie Patent Family Publication Diate
in the Repoxt
CNI06910746A 36.06.2017 TW201834221 A 16.09.2018
WO2018161859A1 33.09.2018
CN1069107468 19.06.2018
CN106920794 A 04.07 2017 CN106520794B 30.11 2018
W2018161836A1 i3.09 2018
US824789582 21.08.2012 US2016005686A1 07.01.2006
US10011098RB2 03.07.2018
US2011170266A1 14072011
UR2016027760A1 28 01.2016
JS2012128276A1 24052012
UR92359902B2 16.02.2616
CNIQSB26323A 03.08.2016 CNI10S826323B 09.11.2018

Form PCTISA2 0 patent family annex) (January 2015)
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Electronic Acknowledgement Receipt

EFS ID: 36564326
Application Number: 16047182
International Application Number:
Confirmation Number: 7800

Title of Invention:

THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY

DEVICES
First Named Inventor/Applicant Name: Qian TAO
Customer Number: 26111

Filer:

Donald J. Featherstone/Laney Flanagan

Filer Authorized By:

Donald J. Featherstone

Attorney Docket Number: 4123.0190001
Receipt Date: 12-JUL-2019
Filing Date: 27-JUL-2018
Time Stamp: 09:41:12

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)l Multll .Pages
Number Message Digest | Part/.zip| (ifappl.)
20934
1 Miscellaneous Incoming Letter 019_IDS_CoverlLetter.pdf no 1
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Information:

30231

2 Transmittal Letter 019_IDS_Pleading.pdf no 7

067e6c84999937bd5355f4477ab3a618f03

Warnings:

Information:

48091

Information Disclosure Statement (IDS)

Form (SB08) 019_SB08.pdf no 3

01dd70b96dc0188f03265253697764a1c89)

Warnings:

Information:

This is not an USPTO supplied IDS fillable form

843060

4 Foreign Reference FP1.pdf no 55

6a4fcoe4f008afbfoa4d902a2ce096050009
86e7

Warnings:

Information:

663603

5 Foreign Reference FP2.pdf no 54

9fbf575c0089e8a43676c44{50b0c64dB0b054]
oflb

Warnings:

Information:

764846

6 Foreign Reference FP3.pdf no 48

fb4ac7e67d26664f741db619334646cadbe|
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2917452

7 Foreign Reference FP4.pdf no 73

086035dc2f9b7f4067c99314a7afc4d314c9)|
6fbc

Warnings:

Information:

560617

8 Foreign Reference FP5.pdf no 20

2e7bSec3fbfe701df6c19ch710be7d7f5596|
1d4c
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Information:
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416773

Foreign Reference FP6.pdf no

5519136a4f33d11782702c468583443c3c1
68129

20

Warnings:

Information:

10

721786

Foreign Reference FP7.pdf no

44eble2del3ef2400a39370f42c73cbfb846|
as5c

19

Warnings:

Information:

11

913874

Foreign Reference FP8.pdf no
6bb80e132d52e5948a57367c45228dc3%e9

29

Warnings:

Information:

12

739165

Foreign Reference FP9.pdf no
a9f16e6f112f2aa067d05011790542e81b3d|

62

Warnings:

Information:

13

289598

Non Patent Literature NPL1.pdf no

29ed65cade20c25d543e49be9adfac8831c
2cbd7
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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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Sterne Kessler

STERNE KESSLER QOLDSTEIN & FOX

DONALD ]. FEATHERSTONE
DIRECTOR

(202) 772-8629
DONF@STERNEKESSLER.COM

July 12, 2019

Commissioner for Patents Confirmation No. 7800
PO Box 1450 Art Unit 2812
Alexandria, VA 22313-1450 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. Information Disclosure Statement;

2. Form PTO/SB/08a (2 sheets) listing 15 documents (US1-US8 and FP1-FP9);
3. Form PTO/SB/08Db (1 sheet) listing 1 document (NPL1); and

4. Copies of cited documents (FP1-FP9 and NPL1).

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.

Respectfully submitted,

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

/Donald J. Featherstone/

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

DIF/Y-G/lef

Enclosures

13414372 _1.docx
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: TAO et al. Confirmation No.: 7800
Applicant: Yangtze Memory Technologies Art Unit: 2812

Co., Ltd.

Application No.: 16/047,182 Examiner: CHOIL, CALVIN Y
Filing Date: July 27, 2018 Atty. Docket: 4123.0190001

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

Information Disclosure Statement

Mail Stop Amendment
Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

Commissioner:

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 Forms based on information
presently available to the undersigned. However, the listed publication dates should not be
construed as an admission that the information was actually published on the date indicated.

Applicant reserves the right to establish the patentability of the claimed invention over any
of the information provided herewith, and/or to prove that this information may not be prior art,

and/or to prove that this information may not be enabling for the teachings purportedly offered.
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2. TAO et al.
Application No. 16/047,182
This statement should not be construed as a representation that a search has been made, or
that information more material to the examination of the present patent application does not exist.

The Examiner is specifically requested not to rely solely on the material submitted herewith.
Applicant has checked the appropriate boxes below.

[]1. Statementunder 37 C.F.R. 1.704(d). Each item of information contained in this Information
Disclosure Statement: (i) was first cited in any communication from a patent office in a
Counterpartl 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(¢) more than thirty days prior to the filing of the information disclosure statement.

X 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

! The term counterpart foreign patent application means that a claim for priority has been made in
either the U.S. application or a foreign application based on the other, or that the disclosures of the
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the
European Patent Office claiming the same U.K. priority as claimed in the U.S. application).

Atty. Dkt. No. 4123.0190001
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-3- TAO et al.

Application No. 16/047,182

after the filing of a request for continued examination under 37 C.F.R. § 1.114. No statement
or fee is required.

[]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.

[ ]a. Statement under 37 C.F.R. § 1.97(e)(1). 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)(1).

[ ]b. 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).

[ lc. 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. § 1.17(p).

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

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

Atty. Dkt. No. 4123.0190001
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-4- TAO et al.
Application No. 16/047,182

Notice of Allowance, but on or before payment of the Issue 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:

[ ]a. Statement under 37 C.F.R. § 1.97(e)(1). 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.FR. § 1.97(e)(1).

[ 1b. 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(¢)
more than three months prior to the filing of this Information Disclosure Statement.
37 C.F.R. § 1.97(e)(2).

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 1.97(¢e)(1), 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).
The document(s) was/were cited in a search report by a foreign patent office in a counterpart
foreign application. Submission of an English language version of the search report that
indicates the degree of relevance found by the foreign office is provided in satisfaction of
the requirement for a concise explanation of relevance. MPEP 609.04(a)(11D).
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).
Document US4 (2019/0057974 A1) is submitted herewith as the English-langnuage
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 US8 (9,595,667 B2) is submitted herewith as the English-language counterpart of
document FP1 (TW 201419449 A).
Document FP9 (WO 2019/104896 A1) is submitted herewith as the English-language
counterpart of document FP8 (CN 107887395 A).
Copies of documents FP1-FP9 and NPL1 are submitted. However, in accordance with 37
C.F.R. § 1.98(a)2)(ii), no copies of the U.S. patent application publications and patents

cited as documents US1-US8 on the attached IDS Forms are submitted.
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[ ]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).
[ ] 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.

[] 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.
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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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Office Action Summary Examiner ArtUnit | AIA (FITF) Status
CALVIN Y CHOI 2812 Yes

-- The MAILING DATE 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) Responsive to communication(s) filed on 27 July 2018.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)[] This action is FINAL. 2b) [v] This action is non-final.

3)(J 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)(J 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 £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-20 is/are pending in the application.
5a) Of the above claim(s) ______is/are withdrawn from consideration.
6) [J Claim(s) ___is/are allowed.
7) Claim(s) 1,3-16 and 18-20 is/are rejected.
8) Claim(s) 2 and 17 is/are objected to.

9) [ 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)[J The specification is objected to by the Examiner.
11)(J The drawing(s) filed on is/are: a)(] accepted or b)[] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)0d All b)(J Some**  ¢)[J None of the:
1.0 Certified copies of the priority documents have been received.
2.(] 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.
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DETAILED ACTION

1. This Office Action is in response to the application filed on 27 July 2018.

Notice of Pre-AlA or AIA Status
2. The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.

Claim Rejections - 35 USC § 103
3. In the event the determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 (or as subject to pre-AlA 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 patentfora claimedinvention maynot be obtained, notwithstanding that the claimed inventionis
notidenticallydisclosed as set forth insection 102, if the differences between the claimed inve ntion
and thepriorartare suchthat the claimedinvention as a whole would have been obvious before the
effective filingdate ofthe claimed invention to a person having ordinary skillinthe art to which the
claimedinve ntion pertains. Patentability shall not be negated by the mannerin which the invention
was made.

5. Claim(s) 1, 3-16, and 18-20is/are rejected under 35 U.S.C. 103 as being unpatentable over
Nishikawa et al. (US 9,620,512 B1; hereinafter Nishikawa) in view of Lee et al. (US 2016/0056188 A1;

hereinafter Lee).

6. In regards to claim 1, Nishikawa teachesa three-dimensional (3D) memory device, comprising:
. a semiconductor substrate (9/10) (col. 6/Ins. 7-8);
. an alternating layer stack (32/46) disposed on the semiconductor substrate (col. 7/Ins.

11-55; col. 23/Ins. 55-62);
. a dielectric structure (64) (e.g. figs. 4-5) on an isolation region (120) (col. 6/Ins. 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 abuts a sidewall surface of the dielectric structure (e.g. at the left side of
(64)) and the dielectric structureis formed of a dielectric material; and
. one or more channel structures (11) extending vertically through the alternating layer
stack (col. 9/Ins. 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 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]).
8. In regards to claim 3, the combination of Nishikawa and Lee teachesthe 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 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]).
9. In regards to claim 4, the combination of Nishikawa and Lee teaches the device discussed above
in addressing claim 1. Nishikawa further teachesthe elements wherein the 3D memory device isa NAND
3D memory device (col. 1/Ins. 64-66).
10. In regards to claim 5, the combination of Nishikawa and Lee teachesthe device discussed above
in addressing claim 1. Nishikawa further teachesthe elements wherein the alternating layer stack
comprises alternating pairs of a dielectric (32) (col. 7/Ins. 11-55) and a conductor layer (46) (col. 23/Ins.

55-62).
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11. In regards to claim 6, the combination of Nishikawa and Lee teachesthe device discussed above
in addressing claim 1. Nishikawa further teachesthe elements wherein the dielectric materialis silicon
oxide (col. 17/Ins. 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 teachesthe elements wherein the dielectric structure
comprises an oxide (col. 17/Ins. 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 teachesthe 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 teachesthe device discussed above
in addressing claim 1. Lee further teaches the elements wherein the dielectric structure has a footprint
equal 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 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]).
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/Ins. 7-8) on a substrate (9/10) (col. 6/Ins. 7-

8);
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16.

. disposing analternating 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/Ins. 11-55);

. forming a channel structure (11) extending (e.g. partially) vertically in the alternating
dielectric layer stack (col. 9/Ins. 47-49); and

. forming an opening (179) in the alternating dielectric layer stack, wherein the opening
exposes the isolation structure (col. 19/Ins. 13-22).

Nishikawa appears to be silent as to, but does not preclude, the steps of filling the opening with

a dielectric layer to form a dielectric structure as a througharray contact (TAC) region of the 3D memory

device; removing portions of the dielectric structure and the isolation structure until the substrateis

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:

17.

. 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 s in contact with the substrate [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 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 teachesthe 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/Ins. 13-22) extending
vertically in the alternating dielectric layer stack, wherein the slit openings expose a doped region (61) of
the substrate (col. 19/Ins. 46-53); replacing the second dielectric layer (42) (col. 7/Ins. 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/Ins. 55-62); and filling the one or more slit
openings with a conductor (46L) to form one or more slit structures extending verticallyin the
alternating dielectric/conductor layer stack (col. 23/Ins. 55-62).

19. In regards to claim 12, the combination of Nishikawa and Lee teachesthe 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 astaircase structure in the alternating dielectric layer
stack (e.g. fig. 4).

20. In regards to claim 13, the combination of Nishikawa and Lee teachesthe 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-
enhanced chemical vapor deposition, or a physical vapor 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 teachesthe 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 teachesthe method discussed
above in addressing claim 10. Nishikawa further teaches the steps wherein the first dielectriclayer (32)

(col. 7/Ins. 17-29) comprises an oxide and the second dielectric layer (42) (col. 7/Ins. 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/Ins. 7-8) with an isolation structure (120) (col. 6/Ins. 7-8);
. an alternating conductor/dielectric layer (46/32) stack disposed on the substrate (col.

23/Ins. 55-62; col. 7/Ins. 11-55);
) a dielectric structure (64) (figs. 4-5) on the isolation structure (120) (col. 6/Ins. 7-8) 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 (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/Ins. 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 througharray contacts(TAC) (83) extending vertically through the dielectric and the
isolation structures [0067]. It would have been obvious toone having ordinary skill in the art at the time
the application at hand wasfiled to modify the device taught by Nishikawa withthe 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 teachesthe 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 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]).
26. In regards to claim 19, the combination of Nishikawa and Lee teachesthe 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 art at the time the application at hand was filed to modify the
device taught by Nishikawa withthe 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 teachesthe 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
allowable if rewrittenin independent form including all of the limitations of the base claimand any
intervening claims.

Conclusion

29. Any inquiry concerning this communication or earlier communications from the examiner
should be directedto CALVIN Y 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 are 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

oA T e
AQWRTATICs,

the USPTO Automated Interview Request (AIR) at hitp: /v, uspto. gon

31. If attemptsto reach the examiner by telephone are 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.

CALVINY. CHOI
Primary Examiner
Art Unit 2812

/CALVIN Y CHOI/
Primary Examiner, Art Unit 2812
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Xiaowang.in. or ZHOU-Yu-Ting.in. or
TANG-Zhao-Hui.in. or GUO-Mei-Lan.in. or
TANG-ZhiWu.in. or WEI-Qinxiang.in. or
XU-Qianbing.in. or LIU-Sha-Sha.in. or
SUN-Jian-Hua.in. or WANG-Enbo.in.

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

17:48

2019/08/13

52 187756

257/314.ccls. or
HO1L27/11524,11529,11582,11551-
11556,11565,1157.cpc. or
H01L21/76802,76831,76877.cpc. or
HO1L23/5226.cpc.

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

17:51

2019/08/13

S3 {306

S1 and $2

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
DERWENT,;
IBM_TDB

S1 and S2 and through$1array$1contact

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

17:51

2019/08/13

ADJ

ON

17:51

2019/08/13

S2 and through$1array$1contact

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
DERWENT,;
|BM_TDB

ADJ

ON

17:51

2019/08/13

through$1array$1contact

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

17:51

2019/08/13

S7 457

S3 and ((through$1via) or (through near2
contact))

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
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IBM_TDB
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17:52

2019/08/13

S8 {36

S3 and ((through$1via) or (through near2
contact)) and isolat$s

US-PGPUB;
USPAT;
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EPO; JPO;
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ON

18:17

2019/08/13
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S9 2 S3 and ((through$1via) or (through near2 §US-PGPUB; {ADJ ON 2019/08/13
contact)) and isolat$s with substrate with §USPAT,; 18:18
stack FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

S10 {200 S2 and ((through$1via) or (through near2 §US-PGPUB; {{ADJ ON 2019/08/13
contact)) and isolat$s with substrate with §USPAT; 18:31
stack FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

S11 {46 S2 and ((through$1via) or (through near2 §US-PGPUB; {ADJ ON 2019/08/13
contact)) and isolat$s with substrate with §USPAT,; 18:31
stack with channel FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

S13 {134 S2 and ((through$1via) or (through near2 §US-PGPUB; {{ADJ ON 2019/08/13
contact)) and isolat$s with substrate with §USPAT; 18:32
stack with channel with (vertical$4 or FPRS;

iperpendicular$4 or orthogonal$4) EPO; JPO;
DERWENT;

IBM_TDB ..

S15 {{3904 \through near2 array near2 (contact or US-PGPUB; {{ADJ ON 2019/08/15
electrode or plug) USPAT; 10:44

FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S16 {62 through near2 array near2 (contact or US-PGPUB; {{ADJ ON 2019/08/15
electrode or plug) same (sti or isolat$4) USPAT; 10:45

FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

S17 {14 through near2 array near2 (contact or US-PGPUB; {{ADJ ON 2019/08/15
electrode or plug) same (sti or isolat$4) USPAT; 10:45
same substrate FPRS;

EPO; JPO;
DERWENT;

S18 {29 through near2 array near2 (contact or US-PGPUB; {{ADJ ON 2019/08/15
electrode or plug) same2 (sti or isolat$4) HUSPAT,; 10:47
same substrate FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

S19 9 through near2 array near2 (contact or US-PGPUB; {{ADJ ON 2019/08/15
electrode or plug) same?2 (sti or isolat$4) HUSPAT; 10:49
same substrate and memory FPRS;

EPO; JPO;
DERWENT;

S20 {32 through near2 array near2 (contact or US-PGPUB; {{ADJ ON 2019/08/15
electrode or plug) same (sti or isolat$4) USPAT; 10:49
and memory FPRS;

EPO; JPO;
DERWENT,;
|IBM_TDB
E ¥ ‘ N
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through near2 array near2 (contact or
electrode or plug or via) same (sti or
isolat$4) and memory

US-PGPUB;
USPAT;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ
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2019/08/15
10:49
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PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
16/047,182 07/27/2018 Qian TAO 4123.0190001
CONFIRMATION NO. 7800
26111 PUBLICATION NOTICE

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

100 NEW YORK AVENUE. W )

WASHINGTON, DC 20005 4886

(I

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

Publication No.US-2019-0341399-A1
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 USPTQO'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. Confirmation No.: 7800

Applicant: Yangtze Memory Technologies Art Unit: 2812

Co., Ltd.

Application No.: 16/047,182 Examiner: CHOI, Calvin Y.

Filing Date: July 27, 2018 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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-2- TAO et al.
Application No. 16/047,182

Applicant has checked the appropriate boxes below.
Statement under 37 C.F.R. 1.704(d). Each item of information contained in this Information
Disclosure Statement: (i) was first cited in any communication from a patent office in a
countelrpalrt1 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.
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
after the filing of a request for continued examination under 37 C.F.R. § 1.114. No statement
or fee is required.
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

! The term counterpart foreign patent application means that a claim for priority has been made in
either the U.S. application or a foreign application based on the other, or that the disclosures of the
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the
European Patent Office claiming the same U.K. priority as claimed in the U.S. application).

Atty. Dkt. No. 4123.0190001
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-3- TAO et al.
Application No. 16/047,182

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.

[ ]a. Statement under 37 C.F.R. § 1.97(e)(1). 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.FR. § 1.97(e)(1).

[ ]b. 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.FR. § 1.97(e)(2).

Xl 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. § 1.17(p).

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

than three months after the U.S. filing date and after the 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. § 1.17(p); in addition:
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[ ]a. Statement under 37 C.F.R. § 1.97(e)(1). 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.FR. § 1.97(e)(1).

[ ]b. 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.FR. § 1.97(e)(2).

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 1.97(e)(1), 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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The document(s) was/were cited in a search report by a foreign patent office in a counterpart
foreign application. Submission of an English language version of the search report that
indicates the degree of relevance found by the foreign office is provided in satisfaction of
the requirement for a concise explanation of relevance. MPEP 609.04(a)(11D).
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).
In accordance with 37 C.F.R. § 1.98(a)(2)(ii), no copy of the U.S. patent application
publication cited as document US1 on the attached IDS Form is submitted.

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).

. 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.

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.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.
/Donald J. Featherstone/

Donald J. Featherstone

Attorney for Applicant

Registration No. 33,876
Date: December 3, 2019

1100 New York Avenue, N.W.
Washington, D.C. 20005-3934
(202) 371-2600

14176276_1
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December 3, 2019

Commissioner for Patents Confirmation No. 7800
PO Box 1450 Art Unit 2812
Alexandria, VA 22313-1450 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. Online Credit Card Payment Authorization in the amount of $240.00 in payment of
the fee under 37 C.F.R. § 1.17(p);

2. First Supplemental Information Disclosure Statement;
3. Form PTO/SB/08a (1 sheet) listing 1 document (US1);

In the event that extensions of time are necessary to prevent abandonment of this patent
application, then such extensions of time are hereby petitioned.

Fee payment is provided through online credit card payment. 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.

Respectfully submitted,
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.
/Donald J. Featherstone/

Donald J. Featherstone
Attorney for Applicant
Registration No. 33,876
DIJF/lef
Enclosures 14176284 1

~

Stewng, Kosaber, Goldstein & Fox RLLEL | 100 Mew York Avenue, MW | Washingtos, R0, 20008
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: TAQ ef ol Confirmation No.: 7800

Applicant: Yangtze Memory Techunologies Co., Lid. Art Unit: 2812

Application No.: 16/047,182 Examiner: CHOL, Calvin Y.

Filing Date: July 27, 2018 Atty. Docket: 4123.0190001

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

Amendment and Reply Under 37 C.ER. § 1111

Mail Stop Amendment
Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

Commissioner:

In reply to the Office Action dated August 22, 2019, Applicant submits the following
Amendment and Remarks,

It is not believed that extensions of time are required beyond those that may otherwise be
provided for in documents accompanying this paper. However, if additional extensions of time are
necessary to prevent abandonment of this application, then such extensions of time are hereby
pettioned under 37 CFR. § 1.136(a), and any additional fees required to continue prosecution or
appeal of this application (including issue fee, fees for net addition of claims or forwarding to

appeal} are hereby authorized to be charged to our Deposit Account No. 19-0036.
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Amendmenis to the Claims

This listing of claims will 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 structure on an isolation region of the substrate and extending vertically through
the alternating layer stack, wherein the alternating layer stack abuts a sidewall surface of the
dielectric structure and the dieleciric struciure 1s formed of a dielectric material;

one or more through array contacts {TACs) extending vertically through the dielectric
structure and the isolation region; {{and}}

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

an epitaxaal laver between the one or more channel structures and the semiconductor

subsirate:

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

a staircase siructure in the alternating laver,

siif structures extending vertically in the alternating laver stack: and

one or more contact lavers on the one or more TACs, the one or more chanoel structures

and the slit structures.

2. {Cancelled)

3. {Original} The 3B memory device of claim 1, wherein the dielectric structure abuts a

sidewall surface of the TACs.

4. {Previously Presented) The 3D memory device claim 1, wherein the 3D memory device is a

NAND 3D memory device.

S. {Original) The 3D memory device of claim 1, wherein the alternating layer stack comprises

alternating pairs of a dielectric and a conductor layer.
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6. (Previcusly Presented) The 3D memory device of claim 1, wherein 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}y The 3D memory device of claim 1, wherein the diglectric structure defines a

through array contact region within the 3D memory device.

9. {Original) The 3D memory device of claim 1, wherein the dielectric structure has a

footprint equal to or smaller than the isolation region.

10. {Currently Amended} A method for forming a 3D memory device, the method comprising:
forming an isolation structure on a subsirate;
disposing an alternating diclectric 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
diglectric layer;

disposing a staircase siructure in the alternating dielecinic laver stack, whersin the staitcase

structure comprises levels with each level having a conductor laver thereon;

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

disnosing a word Hne contact on the conductor laver of the each level of the staircase

structure:;

AR AR st

forming one or more shit structures extending verticallv in the alternating dielectric laver

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;
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removing porions of the dielectric structure and the solation structure until the substrate is
exposed to form a TAC opening that vertically extends through the dielectric structure and the
wsolation siructure; [{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 shit structures, and the

TAC structure.

1t {Currently Amended) The method of claim 10, wherein the forming one or more slit

o - . ~

struglures before-forming-the- TAC-epening-the-methed-turther comprises:

forming slit openings extending vertically in the alternating dielectric laver stack, wherein
the slit openings expose a doped region of the subsirate;

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 dielectnic/conductor

fayer stack; and

filling the one or more slit openings with a conductor

12, {Currently Amended) The method of claim 10, wherein

strusture the disposing the staircase structure comprises performing a trim-gtch process to-form-a

: in the alternating dielectric layer stack before forming the channel structure.

13, {Ongnal) The method of claim 10, wherein filling the opening with the dielectric layver
comprises depositing the dielectric layer with a chemical vapor deposition, a plasma-enhanced

chemical vapor deposition, or a physical vapor deposition process,

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

comprises forming an oxide.
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15, (Ongnal} The method of claim 10, wherein the first dislectric 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 subsirate;

a dielectric structure on the isolation structure and extending vertically through the
alternating conductor/diglectric 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 siatrcase struchure disposed in the alternating conductor/dieleciric laver stack, wherein the

staircase structure comprises levels with each level having a conductor laver thereon;

a word hne contact disposed on the conductor laver of the each level:

{ocal contacts disposed on the channel structures and the slit structures; and

through array contacts ({[TACTHTACs) extending vertically through the dielectric and the

isolation structures.

17, {Cancelled)

I8, {Currently Amended) The 3D memory device of claim 16, wherein the dielectric structure

abuts a sidewall of [[the]] each TAC of the TACs.

19, {Original} The 3D memory device of claim 16, wherein the dielectric structure comprises a

through array contact region of the 3D memory device.

20, {Currently Amended) The 3D memory device of claim 16, further comprising:

an eich stop plug interposed between each local contact of the local contacts and each

channel structure of the channel structures; and
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substrate.

21, {New} The 3D memory device of claim 16, wherein the dielectric material comprises

stlicon 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 amendroent, claims 1, 3-16, and 18-22 are pending tn the
application, with claims 1, 10, and 16 being the independent claims. Claims 1, 10-12, 16, 18, and 20
are sought to be amended. Claims 2 and 17 are sought to be cancelled without prejudice to or
disciaimer of the subject matter therein. New claims 21 and 22 are sought to be added. Exemplary
support for the amended claims can be found, inver afia, in 9 [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, Applicant respectfully requests that the Examiner
reconsider all outstanding rejections and that they be withdrawn. Throughout the arguments,
Applicant reroinds the Examiner that the claims are given their broadest reasonable meaning in
vigw 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 US.C, § 163

Claims 1, 3-16, and 18-20 are rejected under 35 U.S.C. § 103 as allegedly being
unpatentable over U.S. Patent No. 9,620,512 B1 to Nishikawa ef f. ("Nishikawa”) in view of U S,
Patent Application Publication No. 2016/0056188 Al to Lee ef of. ("Lee”). Applicant respectfully
traverses the rejections.

Claims 1, 3-9, 16, and 1828

Without acquiescing to the propriety of the rejection, independent claims 1 and 16 have been
amended o incorporaie the aliowable subject matter recited in claims 2 and 17, respectively.
Further, dependent claims 3-9 and 18-20 are also patentable at least because they recite all of the
features of independent claims 1 and 16 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 1, 3-9, 16, and 18-20 to
allowauce.

Claims 10-15

Without acquiescing to the propriety of the rejection, independent claim 10 has been
amended to recite features that further distinguish from Nishikawa and Lee. For example, claim 10

recites, infer alia,
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disposing a staircase structure o the alterpating
dielectric layer stack, wherein the staircase siructure
comprises levels with each fevel having a conductor layer
thereon. ..

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 o the alternating dielectric layer stack. .

disposing a local contact on the channel structure, the
one or more slit siructures, and the TAC struciures.

Nishikawa does not disclose these distinguishing features. For example, Nishikawa is completely
silent regarding at least “a local contact on the chavnel 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 respectiully requests the Examiner to reconsider and withdraw the rejections under 35

U.S.C. 8103 and to pass claims 10-15 to allowance.

Allowable Subject Matter
Applicant thanks the Examiner for indicating the allowability of claims 2 and 17 if they
were rewriften in independent form including all Himitations of the base claim 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

New clairas 21 and 22 have been added. Atleast based ou thetr dependencies from claim 16,
claims 21 and 22 are distinguishable over the applied reterence for the reasons above, as well as for
their own distinguishing features. Accordingly, Applicant respectfully requests that claims 21 and

22 be passed to allowance.
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0. TAD ef ol
Reply to Office Action of August 22, 2019 Application No. 16/047 182

Conclusion

All of the stated grounds of rejection have been properly traversed, accommodated, or
rendered moot. 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 ouistanding Office Action 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 1s tnvited to telephone the undersigoued at the number
provided.

Prompt and favorable consideration of this Arsendment and Reply is respectiully requested.
Respectfully submitted,

NTERNE, KESSLER, GOLDSTEIN & FOXPLL.C

/Donald §. Featherstone/

Donald J. Featherstone
Attorney for Applicant
Registration MNo. 33,876

) 12/23/19
Date:

1100 New York Avenue, NW.
Washington, B3.C. 20005-3934
(202) 371-2600

13800788 1.docx
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Commussioner {or Patents Confirmation No, 7868
PO Box 1450 Art Unis 2812
Alexandria, VA 22313-1450 Mail Stop Amendment

Re:  U.S Uulity Patent Application
Appl No. 16/047,182; Filing Date: July 27, 2018
Forr THROUGH ARRBAY CONTACT (TAC) FOR THREE-
DIMENSIONAL MEMORY DEVICES
Inventors: TAQG et al.
Our Ref 41230190001

Commissioner:
Transmiited herewith for appropriate action are the following docurents:

1. Online Credit Card Payment Authorization for $200.88 to cover extension
of time fee due;

2. Petition for Extension of Time Under 37 CF R § 1.136(g); and
3. Amendment and Reply Under 37CFR § 1111

The above-disted documenis are filed electronically.

Fee payment is provided through online credit card payment. The U.S. Patent and
Tradervark Office is hereby anthorized to charge any fee deficiency, or credit any overpayment,
to our Deposit Account No. 19-0036. If extensions of time under 37 CF.R. § 1,136 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 fees therefor are hereby
authorized to be charged to our Deposit Account No. 19-0036,

Respecifully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXPL.L.C.

/Donald J. Featherstone/

Dionald J. Featherstone
Attorney for Applicant
Registration No. 33,876
DIE/Y-Glems
Enclosure
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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 | EXAMINER |
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. CHOL CALVIN Y
1100 NEW YORK AVENUE, N.W.
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 | PREV. 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.
Page 1 of 3
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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 By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

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.
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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

26111 7590 01/13/2020 Certificate of Mailing or Transmission
STERNE, KESSLER. GOLDSTEIN & FOX P.LL.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ i States Postal Service with sufficient postage for first class mail in an envelope
1100 NEW YORK AVENUE, N.W. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
WASHINGTON, DC 20005 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

| 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 | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 04/13/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHOI, CALVIN Y 2812 257-314000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2

O W g " e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. 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 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

(98]

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

(] 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)

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 Date
Typed or printed name Registration No.
Page 2 of 3
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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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
16/047,182 07/27/2018 Qian TAO 4123.0190001 7800
26111 7590 01/13/2020 | EXAMINER |
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. CHOL CALVIN Y
1100 NEW YORK AVENUE, N.W.
WASHINGTON, DC 20005 | 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 1(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.
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OMB 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 OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB 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 OMB 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 OMB 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. Arecord 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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Application No. Applicant(s)
) » 16/047,182 TAO et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
CALVIN Y CHOI 2812 Yes

-- The MAILING DATE 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.
1.4} This communication is responsive to the Remarks and Amendments filed on 23 December 2019.
[0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J 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[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAll b) (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [ 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.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

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

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. ¥ Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0J Examiner's Comment Regarding Requirement for Deposit 7. J 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 Number:16/047,182 Page2
Art Unit:2812

DETAILED ACTION
1. This Office Action is in response to the Remarksand Amendments filed on 23 December 2019.
Notice of Pre-AlA or AIA Status
2. The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.
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 todisclose, alone or in combination,
the steps and the elements resulting from the steps of: forming an isolation structure on a substrate;
disposing analternating dielectriclayer stack on the substrate, the alternating dielectric layer stack
comprising pairs of a first dielectric layer and a second dielectric layer different from the first dielectric
layer; disposing a staircase structurein the alternating dielectric layer stack, wherein the staircase
structure comprises levels with each level having a conductor layer thereon; forming a channel structure
extending verticallyin 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 verticallyin 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 substrateis
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
fabrication technique that can more easily produce memory cells that have smaller individual sizesand 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 theissue fee and, to avoid processing delays, should preferably accompanythe issue fee. Such
submissions should be clearlylabeled “Comments on Statement of Reasons for Allowance.”

Conclusion
7. Any inquiry concerning this communication or earlier communications from the examiner
should be directedto CALVIN Y CHOI whose telephone number is (571)270-7882. The examinercan
normally be reached on M-F 9-5.
8. Examiner interviews are 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 hitp:/Awww. uspin.go

9. If attemptsto reach the examiner by telephone are 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.

CALVINY. CHOI
Primary Examiner
Art Unit 2812

/CALVIN Y CHOI/
Primary Examiner, Art Unit 2812
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Sterne Kessler

T STERNE KEOSLER GOLDATEIN & FOK
DONALD J. FEATHERSTONE

DIRECTOR
(202) 772-8629
DONF@STERNEKESSLER.COM

April 13,2020

Commissioner for Patents Confirmation No. 7800
PO Box 1450 Mail Stop Issue Fee
Alexandria, VA 22313-1450

Re:  Allowed U.S. Utility Patent Application
Appl. No. 16/047,182; Filed: July 27, 2018
For: THROUGH ARRAY CONTACT (TAC) FOR THREE-
DIMENSIONAL MEMORY DEVICES
Inventors: TAO et al.
Our Ref: 4123.0190001

Commissioner:
In response to the Notice of Allowance and Fee(s) Due dated January 13, 2020, the
following documents are transmitted for appropriate action by the U.S. Patent and Trademark

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
Trademark Office is hereby authorized to charge any fee deficiency, or credit any overpayment,
to our Deposit Account No. 19-0036.

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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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 By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

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.

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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

26111 7590 01/13/2020 Certificate of Mailing or Transmission
STERNE, KESSLER. GOLDSTEIN & FOX P.LL.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ i States Postal Service with sufficient postage for first class mail in an envelope
1100 NEW YORK AVENUE, N.W. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
WASHINGTON, DC 20005 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

[ appicationno. | FILING DATE | FIRST NAMED INVENTOR | arrorney pockerNo. [ conrrvaTIONNO. |
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 | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 04/13/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHOIL CALVIN Y 2812 257-314000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
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or agents OR, alternatively, 1.Sterne, Kessler, Goldstein &

M| Change of correspondence address (or Change of Correspondence
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Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. 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 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Wuhan, CHINA

(98]

Yangtze Memory Technologies Co., Ltd.

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual X1 Corporation or other private group entity [ Government

4a. Fees submitted: Xlissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

& Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)
The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. _19-0036

5. Change in Entity Status (from status indicated above)

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 /Donald J. Featherstone/ Date 4/13/2020
Typed or printed name __DONald J. Featherstone Registration No. 33,876
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: TAO et al. Confirmation No.: 7800
Applicant: Yangtze Memory Technologies Co., Ltd. Art Unit: 2812

Application No.: 16/047,182 Examiner: CHOI, Calvin Y.

Filing Date: July 27, 2018 Atty. Docket: 4123.0190001

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

Comments on Statement of Reasons for Allowance

Commissioner for Patents Mail Stop: Issue Fee
PO Box 1450
Alexandria, VA 22313-1450

Commissioner:

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.

Respectfully submitted,

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

/Donald J. Featherstone/

Donald J. Featherstone
Attorney for Applicant

Registration No. 33,876
Date: 4/13/2020

1100 New York Avenue, N.W.
Washington, D.C. 20005-3934

(202) 371-2600
14455723 _1.docx
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Electronic Patent Application Fee Transmittal

Application Number:

16047182

Filing Date:

27-Jul-2018

Title of Invention:

THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY

DEVICES

First Named Inventor/Applicant Name:

Qian TAO

Filer:

Donald J. Featherstone/Catherine Saunders

Attorney Docket Number:

4123.0190001

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Basic Filing:

Pages:

Claims:
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Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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1501
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Extension-of-Time:
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Electronic Acknowledgement Receipt

EFS ID: 39136499
Application Number: 16047182
International Application Number:
Confirmation Number: 7800
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THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY
DEVICES

First Named Inventor/Applicant Name:

Qian TAO

Customer Number:

26111

Filer:

Donald J. Featherstone/Catherine Saunders

Filer Authorized By:

Donald J. Featherstone

Attorney Docket Number: 4123.0190001
Receipt Date: 13-APR-2020
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Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1000

RAM confirmation Number E20204CG09506234

Deposit Account

Authorized User
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File Listing:
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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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 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;
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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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