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(57) ABSTRACT

An alternating stack of insulating layers and sacrificial
material layers is formed over a horizontal layer, which can
be formed over a lower-interconnect-level dielectric mate-
rial layer overlying a substrate. Structural integrity of insu-
lating layers vertically spaced from one another by backside
recesses during replacement of sacrificial material layers
with electrically conductive layers can be enhanced by
forming electrically inactive laterally-insulated support
structures concurrently with formation of laterally-insulated
conductive via structures that vertically extend through each
layer in the alternating stack and through the horizontal layer
and to lower-interconnect-level metal interconnect struc-
tures. Alternatively or additionally, the structural integrity of
insulating layers during the replacement process can be
enhanced by MxN array of semiconductor-containing sup-
port structures that extend through staircase region and
having same materials as memory stack structures.

T T

MR

TS MERERYR

EaRiEIR R L T
S

] srerpepes e et ey = ‘B’

.
Gy
(&3]

NNNRRER §§§

-7880

&@Iﬁl&@@

756 e
P =780

Micron Ex. 1020, p. 1
Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

Oct. 18,2018 Sheet 1 of 32

Patent Application Publication

o e e e e e o ———

l 'Old

.anRnR\R\k\kRnR«&\Qk\k\k\h\k«kRmn.nﬁQ&kﬁﬁ%ﬁR\n.n\k\k&mﬁw\w\k&k\&\k\k\.&R&n\R\k\kﬁR«&«&\R\Rak\k&nJ

0CL [rnsirss: LBOLYSLTSLSL Vi 0zZ !

281 !

1

29/ vg _

m o@m*wmm ass. 0/ g8, !

y N T NININNININNININININ NN NN N e |

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| J
00¥ 002 00}

Micron Ex. 1020, p. 2

Micron v. YMTC

IPR2025-00191



US 2018/0301374 A1

Oct. 18,2018 Sheet 2 of 32

Patent Application Publication

¢ Old

0o

1

e

N1

....... 0G .

[rdcicdisdniriss, R\R\R\hﬂ\l&&.\k\ﬂh\k\k\h\hﬂk«&«h\k\k\k\k\kﬁn\“ﬁ UL LLLLALL L L I\NB\R\_R\.R\.R\._“\R\R\ R\.R\ £ \\.R\.NNR\R\P\\\\.R\NNR\R\ OO [ 224742

0c.
29/

092 mmm

N38 89/

ree,

< 8GL:YSL:2S b.omhu

WSOl 0ss00qlrecenssterryreeds

asss

-----m

\\\\\\\

0¢L ¢

l________..______

Micron Ex. 1020, p. 3

Micron v. YMTC

IPR2025-00191



US 2018/0301374 A1

Oct. 18,2018 Sheet 3 of 32

Patent Application Publication

Ve Old

_|\k\k\k.kk\R\\I\\k\RR&RR«R\R\Qkku\k\x\\h\k\k\k\kﬁsrctm.mk\h\k\kﬁkﬁ\R\R\kMN\MM\“MM\“QR\RREk«P\R_\R\k\kR\I\\DO Jueiid
[z 0el BSLYSLTSLOSL 0z
| g 2 / :
I
| [4:74
|
c9/ v
m oo%mmm ass. omﬂ/ 561
S R S s

/// NN \

] (L4
o e — o —

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 4



Patent Application Publication  Oct. 18, 2018 Sheet 4 of 32 US 2018/0301374 A1

S
N
:"<!E . 2
:::::i':f_-E"" O <
i S .Ef%
[ |<
o
4P
O
= i EEmNENE L.
\
SN S S
"?S \
N o

Micron Ex. 1020, p. 5
Micron v. YMTC
IPR2025-00191



US 2018/0301374 A1

Oct. 18,2018 Sheet 5 of 32

Patent Application Publication

08.=—gg,

78

V¥ Ol
/06 L, 2B e
LLALLALLLLL L LA L Ll ALL Ll L et Ll i iEFﬁ“\iﬂ Ll L (L2422 OO\N\k\k\h:
02z 8BS LYSLTSL9S L 02z
, 28/

cel
(A4}

(74"

LA

292
oomﬁwpmw . A Omw.\,ﬂ
NN NN NN e
0l
! :
iligis zizigiz
gor m SEEE
_ sl =
1 vt e
— — — — — w— A5 — T4 W Wy & - — l— =
]
]
“ ~ ' 7 Y
“ VS Zvs
e 00Z-———~

s e e e wd

Micron Ex. 1020, p. 6

Micron v. YMTC

IPR2025-00191



US 2018/0301374 A1

Oct. 18,2018 Sheet 6 of 32

Patent Application Publication

IETETEpeT e

© 60 0 0 CC ¢ 0 OO of
O 60 & 0 80 O & SO O
¢ €0 6 G €€ 0 G ©C O

!
I

6 00 0 0 €0 ¢ 2 ¢0

|
oo

6 00 € 0 00 © 0 60 O
© 00 € 6 06 C 0 00 O

<q L L 4 - © o © ° o L] L L] © o o L] “
4 o o < o L o -] o L] o © L]
-4 o ° o o -] 1] o ° o L] DGQOQ‘OUGOQOQBDGO'GOC..O "
© ° o ° o < ° o 3] ® < L] —
€ - -] o L] o e o ] © ] © 9 o m
G © o © a o e o -] ° @ o °
-3 L] OAO o -] ° © o L L] OQBQQOGQOGCOOOGOQGDOOQGO “
© 6 © © © © © ¢ © @ © o _
3 -3 ] o < e ® o o o © o _
L] L o o o e o ° -] © @ 0
o e ° -] o © L] ° o e © e o L] ° L] ° L " © Y L P ® o o ° ° ° > ° ° ° o 9 MWOOOMOOOOGOOO&OO 5, “
S92 5 o 0 o 9 o O ¢ 9 o o o 0. 06 0 O 0 0 0 !P!.!I«llel.&e QURCCRCICTIcTS I
=16 66 o6 o]o o[p G|s ©|5 0[c of0 656 66 60 66 56 6668666 oﬂ...o..el.m..mlelolw.dl&v ooo“a oa.oeacoooooeoo 00000 %| |
ofe oooaoeeccuegooaeoocoooooooooooneocooooeooooo ,,,,,,, X ,c.e..c.....uu ......... -
3 o © ° © o o o
© ©o ©6 © © © © 6 © o © o o Aﬂoocooo co ooooooo
0 olo ojo oje «io ol¢ €j0o oo QCJUDDQO OO0 KO 0 0O V6 V0O CLL OO 00 VO °~v0¢°°° 0900000
° o o of° o c.:.(é lo. 0-0-8-0- -8 . 9080 0-0- ?oloorz.o.If?..o.‘r.n,m« ......
hd o olo oo olo we ooonwo_oe_anneoooooeoooooeoooooaoa‘ auoncnoo
o ojo afo ofc ofo mlo_o 00 0000060000 000000000%000 ooooonorono eoooaoooo

L] OTB

o
[
]
L
o
o
o

fo ©

]
o
]
©
a
L
C

4

o o ® u °
¢ o o fp °
© DO OO0 20/0,0 O o0

© %0 @0 © O—QB LR

© -] o o o
e L] ] °

oeaaoeooooooe_v X
90 00 0000 0000 QO

D T o

o
A e

SR

Q@ —®

Ol

&

142

llllll —— o . . . . s s s s s v s o Wi SN, e, s s ll‘oo—.t‘||

LEL

CRVEARE

®9% e

G5

@

Micron Ex. 1020, p. 7

Micron v. YMTC

IPR2025-00191



US 2018/0301374 A1

Oct. 18,2018 Sheet 7 of 32

Patent Application Publication

NN

Micron Ex. 1020, p. 8

Micron v. YMTC

IPR2025-00191



Patent Application Publication

SA1
A

Oct. 18, 2018 Sheet 8 of 32

165

VNN V5 N
" TRASSEEMERY
W W4 SRR ISR MY
3 &
<

TR
6y

3 3 R e SR NEaED
S R T AP PO S B AT Y ST
N6 08 VN o A AR 2 %
§i«a‘“ “g“im'
S B SRR & YO
RS AR
£ ok
Ry

e T R R T R e et e e s o e et et o S, . . e e S0 . o o e ot ot o, o s ot B0 o o

S

perng,

P ILSHIE SIS LS LS T SIS T

o o

788D

N
‘4 .

ST

780 Sy

\EEEMZ%EEE NSNS SN

s

G I O P e

786

N--788

700

GUIS LL S G L 1A 5L L 1L BRSPS
SIS LA T LSS ST L FL PRI EL S

e Lk

T AT IE L LSS AL L LE L2 PELL

750

LR L

L L

e e o h kL e e

FIG. 6A

HEPEIRL

4,

<3 o oy 0™y
= * B wO v .
o o T e X A

US 2018/0301374 Al

Micron Ex. 1020, p. 9

Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

Oct. 18,2018 Sheet 9 of 32

Patent Application Publication

eMNeooouoNe%wcaooeﬂaooecoe

El.ﬂvlncnwﬂ
RRERER

06 OOOOO L

_v oooeoom.oaoo D000 Mc.-wo.‘eaao

0000000000000

< L4 L ° © 14 o © °© ° (-] L] o o L o o o o Q o (-3 o o o < L 0 g

o e e o e e e o e ey

oooaooooooocwooocvoaoooooeoeno.%‘i
G w%oou..ooo% 9
[§ S S Mg N JUE A, L Jp. 0 S SR S T 2. S TR SR JUNY. N S I oooouo AL
j.w.m...wlaolo;..lll oooo.uiooooool_om..w#oaooocaoﬁooo.ﬂolo o6 6]o 6]o 6]6 0%
o olo ofo of ¢, ¢, ¢, |0 ofe of oo efo olo olo oo oo ofe oo ojo ofo oo ofe oo ojo oje ole % .4
I{e ofo ofo o 59
o oo oo © KUL N
“oooooe oeoocoocooooooo\moo“oooooocceoeeeoooono 008
e elolotetoadole ol of olalee lo -9 . cofo-o o~ ofe

¢ oje ofo o jo © o caccavoooNooe?ooocoooeoooocoooeo g oco.&ooaeeoeoeco ocua
“occa ° ||—oe ole ojo ole ojo ofe oomlm._ouoooooewlmoeoooeoooooooooowo-rocoo eooe onmanooona
ileele el e \ 1 Josodooc ueo oouounoncooéo
ileeleclesofofofo

o oo olo o bo olo olo ofo oo olo glo ofo ofo T3
"oooooe bo oo olo oo oo o|ofolo o]o ofe

1

lllllllllll TTTV00eTT /T

6l

6

oz 6v 000
0] @) O/av 2.-JO 00
e
o

© ©0O0 O

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 10



US 2018/0301374 Al

Oct. 18,2018 Sheet 10 of 32

Patent Application Publication

V. Old

.
/85

LLLLLrLLy k\h&kﬁﬁ\ LY L L

05/

;O

s,
44277778

L

196 12SL9G L

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 11



US 2018/0301374 Al

Oct. 18,2018 Sheet 11 of 32

Patent Application Publication

, 1

I9 L < [ < L L L 9 1

" slefolololololoTedo olofololofooeloJoJolelodoTo{ e odofof Iﬁwﬂil.lllll ]

| . ¢ .ooeooc ocoeaeococococooooo.m-oooc “

| < ¢ ¢ 9 < < < ¢ 080800805 | |

“o cJofojofofolofololelolololololofololoolodeTolodo]o] o e s .”. o |
xw °

] f oocoooooooooeoocoooocooec OITN

| 4 oeoaunocoo

Pofofolololololelole sJofololofolo)fefofoelofoloYolo)o ol ogsposessassnsnocosane

| euoeouoa

.2 ¢ ¢ o 9 o o o b ¢ o O o o 9 2 P 0. oooaaocoo

_Amlcolmale.-l 3 “l6-%fe :leﬁm.uo eolww.mﬁolmvdudwlﬁoo ol6

e olo olo o o ofo ole olo ofo ofo oo olo olo oo ofo ofe o]o

"oeo oleoj®de g

o oo ol © 3 -

“°°° ol¢ o 0 €0 ojo oje =|o ofv ejo Q’&‘ °~° olo ojo ojo

o ojo o0 o 0 oo oo als - e L o -

~°°Q oo © ° © b4 @ o ojo © Qon‘“ oj|e ojo © o0 Qr o|v o8 00

~°.° oo © 6 ojo o o0 Glo vi¢ ojo @ @0 owo cjo G0 oo

“oee of¢ o \ : r

o ol® oo o P — 22

[lo ofo @lo o 2524 °3° kb oo ofo ofo ofe oo ¢lo ofo ofo glo ofv oo ofo neeeé 698

"oeaooo o olo olo ofe ofo ¢jo/olo ojo olo $|e oje oo o xooaowoocooe na%oo

— 00 —@

®
=)
N

Qlwi
:*
N

~TTV00¢

114

Micron Ex. 1020, p. 12
Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

Oct. 18,2018 Sheet 12 of 32

Patent Application Publication

V8 Old

h LI S r CECLETECELELCS LT L L o 5 5 5P

GELLILIEPEILISIT L AP EPLLLIELELRIE IR S EPEILAILN, AALREFERLPETELLFEPE P3PS P mw (Rl

FLILLLLELELE IS L LLGILL TS EPIE L PEPE LA RELL «\.\QmN,\\\\\\\,\.\\\\\\\\\\\\\\ R
/ ¢,

NRNNSNNRNNNNNEEN

% 1 FRURITIP S SENSEERICRPROPU IR B/ . SRR §

it

T e S e e T et S TiTX
OZgzi8ct OZgz87L Ologi8Zlgs S5 92 8T og

o - — AN

‘J.x\q
00v G0 41933

Micron Ex. 1020, p. 13
Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

Oct. 18,2018 Sheet 13 of 32

Patent Application Publication

@0 @0 ©-0
20 &
&2 @0 ©o

20 00 6©
00 00 00
@6 60 &0
©© 06 ©©
0 0 ©©
00 &0 O
&0 €@ 60
06 @0 O

@r

@-
@® &0 @@
@@ e

3
6050060,
@ CHREENS
® 91S[® o .
&) QG &)
%ﬂnooluuhnelv 6 ofc ofe efe © .ell.ooewv..oolco.doﬂ.olﬂ,wloeo
ile e efe e 32o olo ole olo o o ols" olo olo oly slo ol , ©
o ofe slo o 5 A g
ifo ofo ofo o (S)ENEIAD SIS EHE OSSN
“eeooee o ofe ofc ojo @ e olo ole elo ofo ols olo ofo slo o
o ojo 0|0 © ¢ ol0 o6 oje o ¢ ole vjo olo oo ojo ojo oj¢ ojo o
_006000 ° © o0 oju © 9 © - oje ofo ole ©|o oo oje o
_Qcﬂﬂﬂe e © o0 o) ojo o Qjo o0 © o0 ©j° o0 O 00 ©
e oo ot e SI®I®I®)] QRIS SIISSISN)
jle ofe oo © e
o ofe slo o ofo olo oo ofe elo o olo/elo o[ ofe olo olo oo ofc o
"ooauco oje ¢jo ¢ojc ¢jo ojo/elo oj0 OO o O o0 © eje ¢ja Olo ojo Clo 0

0¢

8cl 692~

-

o
~
® ® © ©o

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 14



Patent Application Publication  Oct. 18, 2018 Sheet 14 of 32

US 2018/0301374 Al

400
A

Cﬂ
o
N
Rm |
@ .
&N B syl SRECE .~
& ¢ 323 % ? m
; El
2. I l
&N
& ] §l§]
& ! Mmiﬁ L SRR §l
'l \. S5 30 0 R
o BE ””"“"m%"z"-%‘é‘i'ﬁmm ;“;.;:;g!
é‘l&wy«”w I e LE
- § 1 3 DY
ol
Py ¥
© i THE
- I3 2 0% R S
‘ o Tl oL *5;
& 2 a'mmm:mm -m
\\ R 5 mmmm«mmm_
b FE MR mERER A RA L ;
0 5
e

S O 3T 00 SO CLN X 9€ 0 M £ M08 €O 108 ;
v N e e S o d S(..

RA

LAl
:«é’wf{t‘!&” TS ‘ TR IAIR TR "'ele:.;:
ST e imiy ‘“”ifu
Ho TR %‘sﬁ%nam, et «\::m«
@ ; ‘i»:, —Wm.wwm'
i
M

100
B

O Qlﬂ»‘ln“‘“ﬁlﬁ‘n-‘l"ﬂ&!w'“‘ﬂ R 1 2 Y O 3

R e NREENR R SRR SEE e

e rdnessanan SRERSS e
g

i 8
i

A T

FIG. 9A

I
N
RN
S
N NN
3313
NN
SIRAY
S NN
NS
NN
TSR
3 NN
LERE
RS NN N
YIRINY
R
SIRINY
TIN AR
}

Micron Ex. 1020, p. 15
Micron v. YMTC
IPR2025-00191



Patent Application Publication

hd1

»
L

Oct. 18, 2018 Sheet 15 of 32

- 0 ©
N™. o~
e S ga.g

w0y

©

N

J

0 80 gjjlc O GOQBU@“@

0 oo olle 0o ojijo oo o

0 60 o][0 60 ojjo 00 O y
Do

o o0 _ojle o cooco

6 69 ojlc a0 0|c 00

o 00 o ooceoec@o@

o
o ©
o

-200A—~

/.

|

0 olo olo o ajo o

o o ofo

79
L\____._ ——

o _olo o]0 oo © oo o 0jo o ojofajo oja © -] o olo o oje oo o|o

1 e s 2 s o s s

i

i

I fleSoS

| A

< Bose
o‘ﬂ
g |2

g

I

Ioicieleielelolelsitisleelsslelelsiel®

@

T | [@@le®

o o
0@000

@

@@
@@

@-@|@-®

US 2018/0301374 A1

@-@||e-®)|

ec o
e o 9
¢o o
oo o
a0 o
6o o
ao o
a0 o
© 0o o
0 0o o
0 o o
00 o
o

L
&l

ole ojs o afo
L

o _ojo

olo ole oo 0‘00
sl oo ofo

@-9|@e
@. Jore
Q. Je®
@. @O

<, J&-@
@ .| @0
@ .i|@®
@/ le®
@0 J©@

©-0/e-®
23

@ 0@

. J@®

)14 @®
K| [O2C)
of

@-@
@
@@
@@
@@
@

R

oo _ofs &la ofo ofs™
e sls

@@

@0 @@

©0|6-0
©0)|[0®
©6)|[6-0
©0|[0-®
©6)[e-®

@0@0—-&0—0
@@

REIEIED

©-©0| 20| @0
. J©°0|@8|@0
. 4@®)@®| @@
3 @[ @@
2 & % $°°
:£ O, °§o

°3: 20!
oogo:ogo 3‘:: oo
Sonloocd Essafosed Bessleced Beco

<@ @ &

111
FIG. 9B

| IS

Micron Ex. 1020, p. 16

Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

Oct. 18, 2018 Sheet 16 of 32

Patent Application Publication

0l Old
srperertintsonss 0S/: G: o
_I \R\hn\.R\RN\k\R\R\R\RRnR«R\R\R\R\NN\Rn\KNRNRAR\R\R.\k\kAR 2A WL CLALL 2 LUl el Ly (4 0 O )% 't
“ 2 SBSLVSLEALSL 021 “
I ST, e i f i [
| : i |
! 28/ |
| I
_ 29/ 8 !
! oon%mmm ass. omww:omm "
gL QK SICININ |
N B8 LV NINNINNINININININSININNNY 88. i
Darfmr s s - —————_— —_— o —— oy T o o — — o oo tuons ot s §NI| oo [N s noms s smne wmne o § [l (s s st ot s e NGRS Sotr et ot Seaw Gam s cmes mses seenf e s e sse S Voev ) d
!
0l m
|1 rZel
— | = ev
| = Lev
|
i 0/}
! ,gmw H08}
“ i
JU— | I
592 " = +zee
| ey
|
1] il
T A e A S e A [( L )1

0Cgg18cl 0lggy8cl 02gzi8Clgg 9465 6§

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 17



Ll "Old

\\\\\\\\\\\\\\\\\\\\\\\\\\.m

0S/

US 2018/0301374 Al

o~

Oct. 18,2018 Sheet 17 of 32

0P s eseoglrrrenrelerigreels

c9.

79/
L —
NG go.  NSNRJNNNNN

A

)>)
>
>

Q&N\R\hﬂ\h\\h\nﬂ\ﬂ.ﬂ\k\hﬁ\h&\h&ﬁ LY LA LLLLALL UL L L L LAl Ll R\R\R\k\h\\l\\k\ﬁk\ﬂh\k\\h\.&ﬁn\\h\oo h«\.&\k«?
‘ T : 2

"8G ) YGL TG L9G 1

0¢L

N
I~

1ol
N

QLK

Patent Application Publication

0021

Ocgc182t Ocgg8cl

4

_Nm_‘

ovl

)

HovlL

0/l
_ow_‘

+262

ore
I

=Sy —f-———f--001"0.2

02gz18¢lgg 916G GG

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 18



US 2018/0301374 Al

Oct. 18, 2018 Sheet 18 of 32

Patent Application Publication

V¢l ‘Old

wR\manw&R\R&Q&k&«k«&&k\nﬁk\k\kﬁﬁmﬁu\&k\k&«b\m hk&kﬁﬁﬁk«&&xkxk“ﬁk«k«&R\Qkﬁﬁﬁﬁﬁk\kﬁﬁﬁwdlﬁnﬁ\k\k._
o ncrierzrecs o |
: : feal
28/ “
|
9L 78 I
oo%mmm ass. ow\ﬁ;{ 98. |
TN AR AN RSN e |
D ooy
0l "
r. I
] | _ el
— | vl
g9l I I
! = el
“ vl
s 0Ll
“ I~ 08l
| “
J— I
§9¢ | -z
1
] ove
e e h o N NI LI . . - Hi g
00z-f-1—Y——f- 7y ——f-71" ——f————f—--001"0.2

0Zgz18cl 0Cgg18¢L 0lgg|8clgg 9465 66

Micron Ex. 1020, p. 19

Micron v. YMTC

IPR2025-00191



Patent Application Publication  Oct. 18,2018 Sheet 19 of 32  US 2018/0301374 A1

hd1

©-0 ©
N~a.& N
&+ gt

Qo -
y © — | [Golo0|e-e

o
L4
o
o
£
kd
o
i3
o
L4
o

265

~-200A—

ofa /a]e ¢jo oo ofe ojoc

e ©
® @

SlSI8IOI0ISISIE
A

20
f

@ o]é ©

0_0le &fo olo ojo ofa ajo ofo o ojo/a{d aja o 9 oo ofa o eje ofo ¢f{o ofe ofo

FIG. 12B

2l ?o‘boeo °

RQIEE

© ofo ofs o ofo

76
S\____._ —

o oo

QISISICIeISSEIRtICIe®
@

(T

i

o) 00

So0s

S
% D‘D
AT
R0
o
R,

T
%
QO
7
R

-100.
oo
X s aa et °n°°a° "a’

e e Re e e ael

Cl
5

._._._....._._............._._!L--..._............._..........._.__..__.__._..._..__ZOOB__._...._......____.__.._______._._._...

Micron Ex. 1020, p. 20
Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

Oct. 18, 2018 Sheet 20 of 32

Patent Application Publication

——— —— ot 2t e e b St S

vel 9Old
. 06/ 00 %
\R\.R\h«\h\mn\mn\nn\h\uh.\\kﬁk«ﬂw&&k\\\ﬁk«&h\k\k\k\k\h«\k«y ..Q.R»._RRA\\ 4 P&QR\R\R\N«R&R«R«.R\R\R Ly { —O \ |
0eZ mmmmm?vmbmm\.\@mh“ 027 |
\\\\\\ ot ar o vrgetslogessvatle —
i |
28. !
|
29/ 08/ ¥ [
om%mmm ass. ~~98. "
S g . N [N LN N —
N 88 89/ NINININININISNNSNNNNNR] 88NN |
e “
r i
| Nm_‘
— ! oE
GOl ] |
[ el
! ovl
_ 0Ll
! 08l
I
I |
— ! |
§9¢ i -zee
m ovz
. . P, i - g LN 5 . it i m
002~ -....T;..i?s - ————{—-001"\0.C
Z8 ¥8 029¢18¢198029¢1 82198029718 Em 9l &S

Micron Ex. 1020, p. 21

Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

Oct. 18, 2018 Sheet 21 of 32

Patent Application Publication

QM@WM .mm%mwm@ MWW @m@ .@W@WWW@ ()i oooe.o%%ou%o%”””ow

@ omo.nw (X5 X onoMOMooeoaoooa S

e
e

0@
@@
230)

8920
&0)|[e®

)
HEEREERRERRERRRD: - &
SIS

©

e8| &0

1232

©-©)
29|

® ®

I 1
“ ® !
“ i "
OIS S “
016 Slelo1e |
|

SN EA A EH A @W@@@@@@@WMW@QJ SEaResane s |
1 5 )8 519 S © e ls Q 2 &8 000606000 G 1
“mm@@@@@@@@@ OIOIOISISIOOISISIBIS® Sl |
““0““.0”000@@©@c®c Ooeaeocnenmﬁ.uo o.Ooe@oncc oerMoc@oo@eu@ecur@n%e.@ee@e@ e ana a0 a0s ”
1[2is <] OIS OISV IDIOISIO]OSIICIOIOIISIDIOICIOIOI R MR R . 1
“”0“ MQM “0”@ @@@eao o@a ZoloPs e@M ”0” ”0“0 cMOo 0” Dol B0 [o8 [0Bs B0 o@n M@M “0” HQM 218 auio G i e“
o | 11N oot ocFocfos oo boddteded et et oo i e i e |
T olEolocReRelPoPeRRoleePRPPeI T |
R R R S S P S RS R R R ]

it
Dy At e L e e R T S Voorf -1
9.

GG~
Cl~

1S TAN

Le~_

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 22



Patent Application Publication  Oct. 18,2018 Sheet 22 of 32 US 2018/0301374 A1

- E
|
|
|
i &L |l L.
[ <L
S S
S =9
i
|
!
|
( 1 S RSN i
I' ____________ -1 O
| } ™
a ! T
|
|
o < I ! 9
8 : : EENEEEN LL
! I
' |
' |
1 N IS K
ONITE
NS

Micron Ex. 1020, p. 23
Micron v. YMTC
IPR2025-00191



Patent Application Publication  Oct. 18,2018 Sheet 23 of 32 US 2018/0301374 A1

'e"é' 60' unu;‘ “u
aea0lloead [6980]Ge3
3

)

O~ O O,
0. [95951/059!
0~ 0 |5050{/~0.
O~ [l0.- 0] [CA0, oog
6269|969 [696°

© d |90 2d
o o9 |02 7 o
o°° o9 [o2 (@) o9

FIG. 13D

Micron Ex. 1020, p. 24
Micron v. YMTC
IPR2025-00191



Patent Application Publication  Oct. 18,2018 Sheet 24 of 32 US 2018/0301374 A1

TSRS O s
s

AR F T AT ST £ T ETRF X,

=
R

o w&gw SR :

e ‘&“{'l’g 8

S r

et w1

© LR L HHRRHRIE
Ot e et R | FRIROB IR RN .
N e R e

¥ MESNRERSHARRANE NS :% SRT TR EE CT

N D A S T a0 £ R

A0 R i 353 SRR NI MU R

towy. R R T SRees

[ : g for}

} N

{ P~

{

’ N
o T
oi o« R

w N

i R R R RS

1 ESTSRS I 0
e i e

S to

Y

] : SRR s

F-Bm:

l £ pﬁlfﬁ SRR T B0 T 0 I nlwu‘u:"::;::p:l“x,&mzl

x === e

| QORI v+~ R oy S

I~
™3

FIG. 14

Micron Ex. 1020, p. 25

Micron v. YMTC
IPR2025-00191



Patent Application Publication  Oct. 18,2018

Sheet 25 of 32

US 2018/0301374 Al

»,', O S NSRS
R R R

A R R s s}g}l}uﬁ R PRI EE nr

PR LAY,

w0 6:{-&'5.'{ RO EREETE
o

% R R e oM AN NSNS GNSNEN

& %\\\'Wm&“g
_H i i

RS R
R e SRR txw»awa—mm@«_ 7. o

-—mm‘
A T ST AL T AL f(’(!{fa‘

\‘{\‘& S

G-
R RN ORI
H i‘-a'
©

N

piny

o0

b o

A

t
}
i
i
l“l *nnuwn-m—-. L L {d
| © TR
} SRR SRR SN
« ...“.‘...._“‘..:«....-.........:::w.ww SoaeieieEes
R ;"';,;;'"““;‘:,.___w_%-“:m*'vz«
CZ:E §~. TR AN 3
bl ) \“«" {Nﬁ%ﬁﬂﬂ#&f!&_{ SR Jf!(g{aga R P T T
SRR i%
= e P oo 1 CECENESENER AN DY ;‘3 SeNEHINEN
{ % 2 i G w.».‘
@& % S e
Il 5 __m e
V S 5 e
i h'i‘ﬁﬁ‘é"hm\v-»mscn-u- X ﬂm R
i «n\m LI lll.ll.lm *scmuaaamuwn
} e R Ty
~.. 5 e R e or)
{ e *‘*‘“:”"::..N.‘.,..._-.A”--...,..,M.w SRR
wwwww pess Dy et RIS Nantiost ooy
- © 4 Do 0 & N
~ S o 0~ *:ﬂ"? =+ ™
by O S A1 R T ek B

i SRS % e
SR

SEN 3
v;f:/xx;rrx.rzxﬁme’r SRR txsg?‘?}'};lvxf&}?}?}?ﬁ?f@x&»‘?\ g
M IRRE! " W‘ i@ﬁ‘fﬁﬁm ] &‘ii‘g"ﬁg ;

2 )il

~

786

N\

P P B T I DD R S S

FIG. 15

N e e by

§
NN
(AR
el

o
e o s L e T

LD LT A ELELE P L SIS 51 5 Lonporek’

A A S SR B R I

LI GIA IS LI ST LRSS SL IS,

SELLLLLS L RH LS L ELE L8,

s,
O Y

S,

Micron Ex. 1020, p. 26
Micron v. YMTC
IPR2025-00191



US 2018/0301374 A1

Oct. 18, 2018 Sheet 26 of 32

Patent Application Publication

_m----u-@mmmwmw eteerecae
-----———.-—-—--—uuuuu

”m-u-—-—----—-m”WM@@@

i%g\n
000000 Oﬂ 0 . o
_080066000 000000090 000000 00 00 CO (4L] 06 0000 00 00 o 00000000000 OO
—0‘06@0000 co GO 00 QO 00 QG 00 00
_BGBOGO ﬂ° 00 BG DO 00 00 OQ OQ
ii
00
0@0 00 Go
0,010 010 _0Oj¢ 00 ¢
Slole|o!s

OO CER
“xmwo@o@

05 .e °°
ne oo oe
oe oo oo
“eraeeo oe 2% , 0
_eeaeoe oo oo oo o .. Q
naoooouoaeooo o A o olo ol o
_eOe a@o e@n _Oo oOo 20 1625 10% ]2 a@oo () Sate2, u., oo oo_@

[Z2N

IXAN|

51BN

Micron Ex. 1020, p. 27

Micron v. YMTC

IPR2025-00191



US 2018/0301374 Al

Oct. 18,2018 Sheet 27 of 32

Patent Application Publication

V.1 Old

©IEEIEEE) @H@H@”@%@% @ .WMM .MMM Wtﬁ% WWMWWMWMM .M
o mm N X I I X 1A A I I [ E (A A I A S A R (A
e sl et s Gl Dl ol Do ol
(-]
%@M@M@M@% MHMMW%MWM%H%%@% sisiololoioioelon i
D) @” ® .oao .oOe .aoo 4oao.u0. ..0‘ A.Qo ,40.. .aOo.,.oe .,.eo ‘oso.ooe ..oo‘ooo __o R : ”oa.uooooooo a”uooe !
SIS0 E8E RIS it e e L)

Micron v. YMTC
IPR2025-00191

Micron Ex. 1020, p. 28



Patent Application Publication

-t St ———— ———

Oct. 18,2018 Sheet 28 of 32

e; e
e@je-®

@ =16

et [0 M

@-0)

@ o.|@-®

2
@ o,
2
KX |[220)
L2

@@L,

@0 @

0o,

@@L, @

@-©)|le;

@-@)|(e:

©-0)@-@

@ @@ @-@

@-@|e; @[3 0

PR T T - Y o

I
|
|
|
|
|
l
1
]
|
|
|
ks
|
|
|
|
|
1
I
|
|
|
|

——

_—______________ZOOA'"_—"___,______—________"_\’Y

76

US 2018/0301374 Al

FIG. 17B

Micron Ex. 1020, p. 29

Micron v. YMTC
IPR2025-00191



Patent Application Publication

©00\0 00/,

{ ©
N o
; o0 ® e e\
llojeeo 60 Y
:
|
!
I

Oct. 18, 2018 Sheet 29 of 32

PR |

{ 3

] B 2o 288222
o000l sijs00 ceo

i O SCTTEL o

! :0; .07 [:05 celless s28

560 000
000 €00
ose 000
000 €00|
! oo aoe
o ©
5000066

OO0 00cli000 G6C
€0 00
(1]

—-200A———

oeloeo)
H

o

23
8slesa

006 800l

N EEEE
boo 606
000 000

000
ofeo
{0
ed
03
o

00
o

-

o

S5 oPo0R B[00
050 6R
i )

o o
CAKGA

o
o

-4
o

L) o
A

o6 olo 6o ook oble
a_olo o{o_o[o0oo oo oloo e
DOOI0O GOS0 C
0, 0l0o_olo _oiddaiodsirosionn
00 0RVSOG00I
oen Do« 0e0-0°000'¢a~00

00K
- ook

e 0lo oo
Eii
() o_o|

X X

R
E
0.0 0
AR

2al5aslean

o o

o 0oa

0, 9
'osa
° oo 6o
oloae
olo o olo

°
o 0.G ©
% 20,

0 06
ﬁ
a_ol
KA
LI

oaveopoa

S 010,56 _6]a,0

CR N RC-)

o ole"ole ol
ojposlaacinasciocs
oeloagldoslosaloga

oG
e

P
°
oaloo

090
60 al0 6ol

66 0060
Q0O 00O
660 8860
000 000
000 000
a0 oo

T 000

US 2018/0301374 A1

o900

ollose o
000 ©
G50 800

GO0 ©00

000 200!

009 600

000 000

000 99sl

00O COC| 0

poeo go¢l oo ooclloce 000
ol{58¢ aool P60 cool (S5 oo
000 ool boo ool 000 000

5l Pon 2|23 Soloss 0s|Bs sos| (a5 sae
: o oo o
ool {0 € 0™ 0] .< ollooo qgeollooo soelloco cog
o 6.6 6,.0,{000 0, 0}{000 00 olfpec 000l 866 0oo)
() oeo uooec 000 006
0 20| 552 -0.l5 $55| Bos o5l s 32
¥4 o o o
: l0%0 0 e]loco 6 elloen 9ol Beo oool lova coo
T 000 00 000 aoo] 000 000
] ,,_
{ SIS :oog o €00 066{ /00D 000,
"? oo 000 000|000 coc]j0ce ovol
' 0 °@° ...3»» 00O 9ol 000 gooli000 09
6 0 09GHo 00 0000 0 _oHOBL GOV OB CO &0
H 009 ose @ floon asojp
008 000 00 coai P 0co 000!
euaq eeﬂoeu GQQOQC 000 Q0O 00 600} 000 000
000 eoo 800 000 000 0609
ecbeooeco o goclioen 0090
0 000116 G 0_ol|900 0ol
sool coe @ lioo
oo O olie o
906 o Gl 00
ooc 0

VU R R

11—
FIG. 18

Micron Ex. 1020, p. 30
Micron v. YMTC
IPR2025-00191



Patent Application Publication

©
N o

Oct. 18,2018 Sheet 30 of 32

L o
eeed oo
000 000
©00'\©00/

-~
SN

| [P 50 0][0.6 60 [on6 58]
i o“o X 8o s oee X
| {j°o e, 0]lo_ec olfo _oe
i @0 6Po] 6P 0P0] |oPo 0P
| |[Cm® O] [6® 00 [0 00
i s o2 B0 B} 6P oo
660 (06006 0006|1680 00O
000 000|000 000][000 000]
1 eee ooe vee
©0 000] [606 600] (000 0O
| }jowo coolloco ooeiioco oo
| 8 S 080
o 00 (33
| |looo obg|jeoa ooal 000 c00
o0 086 oee!
0]
00 000; {000 000
] coellooo ool
0600|006
i eoo }94 oo g9° oee oeo
9 60 016660, 0{000 0,
<(’ o8, Bl jeea o&o|Joce &,
< ) co ° Sool 1°0° X
o % 8o 9, ool KA o®,
N lile_e @ I LT
ooc 000
; o9, ce ooc oS °°®°
oo o ©0000|lo oo
° o
: 80 S o 9,222 KA o2y
6. 00 9o ofld0c o
1 |e®e ol 532 85| [222 o8,
o _¢ 000 [
1 |[eec s2kes 3251 e 2o
e
| 0000|550 9°| 985S,
°0¢°®° 9 os
00! )
X oasc Q:ooa]"@: °®°
] 800
00,0 (5 (D)
oo 00
! ®°°0° X
0\ ©60llg "0 90C| o 0 0o
eoc| oo
{ 0V% o 9, ooo o2
o o, G R 'S o o
o0 33
} AKX X
) 9| CE-33 ¢ Q. O
o8 20019, 853 aec nse
6,6 0,0 o_o|[0000_0
! K :@ So8 oBo|[258 oeo
80
cooolle oC
I 1'®. ooe| '@’ 00ol|’0° ‘@
1 {jele 0 0 oo 0o
0.0 0 0]P0C o _0}i00C o 0
o
|l 0P oPo)232 @0} 1292 2!
0_08390]i0 0 000]l0_00_ b
0
-Jf ooogoe 00"” oee oeo
6 6 0_o|[§0Ga_o][6G0 o6_0
o0
! DQG 009 ot OQQ b¥9 Doo
¢ 000)lo-6 000]le_o o
o
1% 838 9»:32 KX
I {om® o0 o, 0|[ec6 0
o0 o
| neo oea oeooo c',O
©0%ila_0900]|0 o€
| 9°uou © 000 )
{ o L)
DO o
| |lecledgesel cesie)
L]
S 59
i (o g: O,
0!
s
oild0 &
2 oS olfCo!
' A Eeece b
0!
T 1egoeleedd leeocliensd keselies
0302020l [So8el0020] Eodo
! o3 20! gg 28 °8
O |1e8e8ieSed] [eo0So3e: 20
S0%lleS0l lo2eSia200) bSaliiol0
o 09]l6209) o0 90
| |[Besofcedd Bed &
. oad] logosticacel BesellSo!
1050/200d] BoSelSe! 0
i S5 o o
° © ()
o o

0000 860|900 60
00 000}]000 gocljooo go
ey 0o
G0C 500l [C06 000} {600 00
006 coollooo poclicos co
500 o0 000
S 000][606 D00 (33
000 oooilooc eociioco co
s00 secllese anclives oo
ERR 000|600 o
000 60olleoo cacllono so
© 00 000 o
L ELLI
60 000] 506 000l loao coa
se aoelbos coslicee sesl
0 600] PO 6004 [0CC 60
¢ 000] boo gool coo oo
as 00
60 000| P66 600|006 000
00000/ 000 00| j0oc 0G0
o0 o6
000 00 0000
©0 000 b0 000 jooo 000
o o0 6o
©0 000 00 £3
00 goof oo cooflooe cool
50 o
00 0 a00
00 000{ PGS 900] 000 000
L] Do
[l T ooo|[o0s oaal
00 000/ 00 060|[006 ace
o 0
00 009) 000] [000 608
oc ooolPoc ooe] jovo ceol
9 00 00
13 o 600] [§60 a0
93 990|1099 000} jasa aec
o
L3 CER ooo
9¢ 909{l000 000} jooo oo
660 600 $00}[000 cao)
00 600[j000 ¢00}loco oo
o
IR 000 000
©0 0ocl oo coollcoe ooo!
oo o 8o
0 000] [000 600
oo ooc]po0 000} joco 000
o oo
6 600] B0 Goo] [060 000
00 060l jpoo coe}laco 0ol
o0 060 a0
G0 000]|600 600! 060 000
00000/ 00 000 loo0 000
09 (-I-] 200
(31 000 oo
00 vo6| oo voelloos ool
09 ©9 ]
500 ©o) ©00)
00 00e] oo soajlone vaol
.13 (1] 80
o9 oceo 906 60
00 6aallo00 coolloce oo
o0 o 900
ccco00] looa coul 606 0o
00 ool 0o avcljeoo eo
° 20 000
@00) 00| (600 0
©0 0040} 000 009|000 000
000 000]k000 aoellose oo
660 ©00 60
oo acelwoe coclloco oo
S0 000l laoo 660 60
(33 000} (666 60
00 006} B0G 600] {500 GO
co. o0 000
©0 600 ovojjooo 0O
co ccolRoa coolines go
[-1-] 20 00
Go0) 000 666 000
oo pool oo ceollooo coo
seoceiloo oo,
ofooo 00 00
coipeolpesipac|locolooc
oolbaaljpoo oolcoo
%0} &
259 oedaiieecd foed $
oSd 20!
0508505 950 0
o5 0910024 [0,
094160, 02{ioZ0f
021080 oS0 20,
0, ZRIRD oelSo,
ol 69051109891 02001605
0, O Oog O, Ca01a0,
052 2% 09
0310308} (23031090
0, 969 [02031i0%0!
200110969 10952109
2051309 [8503io20 foJ02|ieS0
oZ0] 024 B020!Ca:
00¢ Si502d] [SaSe]
9 S P2 od B &
ok® (@) o

US 2018/0301374 Al

200B-—~—~—=~====-=====—————

FIG. 19

. o o " - o 1 o il St ol S . . . o S S S o i S S . S i o e e S W S P S o W s

Micron Ex. 1020, p. 31
Micron v. YMTC
IPR2025-00191



Patent Application Publication  Oct. 18,2018 Sheet 31 of 32  US 2018/0301374 A1

T e —————————————
] 6000][00 6,6[]000 o, 1
000 000]|006 coollono aod] @ cooll & 000 &
| ||e32 ase|lass 20 o 2 o 090 298 o l
06 000 e o0 33 CLIE IO 0.9
! oa ool (000 ooollove codl @ ocell @ @ llsoo O |
| 00 cool[esc ceelloos o socslle o ollagas al |
600 3 % 00 50 0 0]
1 11333 335|000 oaal laoo sadl @, ooe| | @ @:|[ces @I |
| |jees acolloce 800 o 00 o ° 1
i @06 000|006 000} |00C 08 co0n 00, ollcoan
008 000{000 aeel|000 oo @ ovoll B @ |lcoe @ I |
| |lgcocovijoog 800 °°°° :: L) g222 4
666 o) 60 ) o
i 00 000l l00s ool loce ool ® 000l @ @ |lceo © 1
i o6 acelloce. 000 80 ] X S
(3 £J ooon oo _cjiocoo o ]
| |[oeo 0oc]{ovo doellono soaf B oooll @ '@ [foooc &
1 e 000 °°n° co o °°°° 1
© ° 6 0.0 o ol |
oo 200 ooo
: 299 02 © 000} [eco oo 00 eg °@° oeo 1
006 0od [000 600|606 00 c666llo o6 ol |[000s ol
000 00dj|ocs 0ocloce o 000 000 |
I |lece 90 2a:®, 22311 o& X 1
| 60 00 ©000llo_G 6ol [0006 0|
000 coel]oce cadjloco o a0o o00
<] {{ono cedilos 255 50 ooo ooc X 22 ooo :
© 00 0 00 oa 00000 _0 0 0 )
8 992 9ogees aag Joso 0o @, 299 L@, 09,220 B, !ﬂ
66666 00 LT S 008]1000 0] [o06s
C\! 000 aoel[006 0ooljoeo sect| D cooll ® @ |icoe B Q)
| |igee 000 600 © 000 80 o s O
666 000} [066 000l [000 00 Socal 5o of [eeadral| I
| |ioso sodl|oca ovoi|o0o coctl @, vosll @ @ |lece ©
9cc oadloce coo ©ocoffe _© 070 o of |
! 506 059|050 609 1200 }34 G°3:° 2° °0° oa=°0° !
I }lsas o008 000 o (. X-TTY (-X:) )
U L3 | S R | °e°l[355 °® :
| F44 o 89 G000 ) a” ol ]
| s ooollc_oo, _ol[oooo 000 600|006 060|600 000 <
| @, oo .8, oBotloee @ 292 a0¢cllpog oaafjone ago ;
@ 00O LELIL) Q00 O
I |Pe’ o3¢ °0° %@l [oas oo ooolboo oocllooo aeol
' oeo 090 oo .@ TR (1) oe ‘ N
EIL I DCIFD 6 600] 066 oo0} [666 vo0]| |
I |.@, 299]].@, ©llooe @ floes coolipoc sosliooc ceel| ; .
i o o%0 0 ° oo co 00 000 |
o0 00o|[c_8a_el[0ocoo 00 Goo] 000 ov o] [606 o0 (D
I ® 000ol| @ @ [loco @ [looc coolvac aoollo0o oeol
0% o 0 o9 so o | o
| lfosooellc 00 ol lococ 000|630 000} [066 00
I 118, 229 eﬂo °0° 000 nﬂo 8 a3¢| 20 009 29300 : LL
] %0 222l Pal a0l 1585 Catib s oel Bog oes 00 i
1 11695229 |c®0 oo} j222 B tl2e ooofpoe ogs]joas age i
6 o400l (600, 0|locod_dlfeac 000 500 ©
: .9, 000l | B, @ lloco @ | 28 983|239 Sag| 000 090 i
66 000 ©o|[veo o oljeca o o| 656 ¢ i
1 9, 20910, @ |lace @) 98 290l jogo ooollooc gool| |
: o 229 Pa? %50 128 gllicos oo ooo| [6eocool| |
! 5 256169, B [292 B, )lo22 220]lege 000| [0a0 s00 :
6 000}[0-6 0 ¢|[00005.5)[00G 000 000 000
ooell @ 000 00 000} lnoo csollooo coo)
Jf @, o 0P 2 e 80 0o0ljooe i
© °° 009 noc 90 000 5 _o){50c ooa) 000][600 00 ]
~ : o 2251109, o8| looe °0° 28 209|299 000 [000 900 i
o 000]j6_o0o_ 6000, 060|886 000 60
| 0° 000 °0° °O° T °0° :: 06a :: o600 :g: ool |
o | | e [ e
~ N © t o 0%0 0Vo ©ollooc 000l leoe 599 250 |
N O | I3 | DD 006 o0 0 600
000 o 00 090 oo voo] [090 000l
/ T jﬂ 1 N aoo oce ooo sollososa. oo ;
ool fo_dlo_of joods ol 0] 0]
| lieoc] © solboo|poolbec] [cesiace)
O@ @@ @@ %] . Bolboslje K o olpsalpooloos]lo oo _!
[&] S 59 pasTiecy! o2 5 1
0! o
o|| 0%269||c®6°|¢) | e bR e e |
o3 |
'\l P~ allPod &
@OQO ®®©® 1 2 o3 991 Bod 0! o0 |
O all"aYn T TEgse/s3 3 o !
O,
0!
c‘i 2 3 !
S| B :: 2 o 20916969 [o26 I
et 5% o 08] 16505112909 jo%0Sl 00! !
. %) o |
03¢ 0! o
i 0 50%e®08) (090 0% jofo 5 |
o o @) 2 @l i

Sy g RS e R

Micron Ex. 1020, p. 32
Micron v. YMTC
IPR2025-00191



Patent Application Publication

6o
o0
oo
Q
(-]

o
3
-
o
=3

508 000
000 000

00

(]
o
[
-3
00
CX:

ool [68
o0 |oo
56| [65
000

565 666 (68
000 o0

[
o
[-)
of

0
3
o

0 O}
0O

580 600
600 oc0Q

ojo a olo &
o olo o
o ol o
-] oloo
0 Ojo ©

| 5 -

| o [e2es

| ols3ea fe

| ofi2620| |2

| o B

| o|ceed] oo

| leseq] [

I 9 : :

| % o [0

I : 9 2
oeds
codivoe] [oo
ﬁaoﬁﬂ 00

800 0060|006 00

.
[]

000 060
O -]

o
o
a
o
o
(-]
[
o
o
oo
00

Xl
oo
o0
90
@0
0o
00
00
o0
Ll
@0

000 c00] jocoO
9¢ ooo{feco o
5 [66% 0.
000 00
pooflese o
ol [oco o0
ooo

S
00 o
cooloo
o 0oloo
o -]
s00oloo
0 00]00
coclao
coolae
o0oloo
o noloo
Gooloooloo
cadsealoa
@ooloocloo
cooleoeioe
0o ojoooloo

L
slooo
olooo

00 0
00 o]0
00 O]
-1
©g
(-]
o6

(-)
a0
06
o6
()
()

-3
Q0
-]

()
(-3
-d
10
Q
[-)
()

o
o 0o

5]6 _0]6 O]0 O
eeoeoooooe
00|00 610 00{00 600
aN0ARO QO NOO O C
0 010 0 5{0 3 6j0 0 3j6 0 0|0

0 6000

-3

()
°a°|%

© @|o oo of0

ﬁ

©_o
E

2|2|6

o
c o000

o ojo
eoo
0000
dooocleoo
a olaao

o
a_olo_olo o

|
)

Qo _ole_o|o_ojo_s|o_o

()
oo
AN

()

o[6_o
()

& _Qalo
oeo o
o ]
o o
o J
A
K-)
OeO
9]

AP Y S
olo o oeo )

(-)

Oct. 18, 2018

59 ol 098006990,
o 9‘ pRcececdedodoadocda
ﬂg :g::gj P .eo oqo -'::... X~ \

Q0
E
300 o
oo a

Oeo
0 0lo
o000
0
0

o

o
[ -]

0_© 00¢,

o
L)

g
©
o

°

[
o
{-]

206 ¢
cod
)
)

o _Scoojjo 0 oloco o

&

Sheet 32 of 32

-°.'.

R3R%%

SRR

e ?o?o?o"oﬂooo

ofo_o
(X

OOROORS8e 0000000

B

ittty [ 1] S

X XX CXCX- ()

76

000
o ooaG|ie

o

eo
o000
09000

FIG. 20B

___—‘_"___—__—__ZOOA'____——_"_____"_"—___—__"\\

US 2018/0301374 Al

Micron Ex. 1020, p. 33
Micron v. YMTC
IPR2025-00191



US 2018/0301374 Al

THREE-DIMENSIONAL MEMORY DEVICE
HAVING CONDUCTIVE SUPPORT
STRUCTURES AND METHOD OF MAKING
THEREOF

FIELD

[0001] The present disclosure relates generally to the field
of semiconductor devices and specifically to three-dimen-
sional non-volatile memory devices employing support
structures for replacement of sacrificial material layers and
methods of making the same.

BACKGROUND

[0002] Recently, ultra high density storage devices have
been proposed using a three-dimensional (3D) stacked
memory stack structure sometimes referred to as Bit Cost
Scalable (BiCS) architecture. For example, a 3D NAND
stacked memory device can be formed from an array of an
alternating stack of insulating materials and spacer material
layers that are formed as electrically conductive layer or
replaced with electrically conductive layers. Memory open-
ings are formed through the alternating stack, and are filled
with memory stack structures, each of which includes a
vertical stack of memory elements and a vertical semicon-
ductor channel. A memory-level assembly including the
alternating stack and the memory stack structures is formed
over a substrate. The electrically conductive layers can
function as word lines of a 3D NAND stacked memory
device, and bit lines overlying an array of memory stack
structures can be connected to drain-side ends of the vertical
semiconductor channels.

[0003] As three-dimensional memory devices scale to
smaller device dimensions, the dimensions of various layers
shrink, thereby decreasing structural stability of layers
between backside recesses formed by removal of sacrificial
material layers that are provided between insulating layers.
Thus, a method of enhancing structural support during
replacement of the sacrificial material layers with electri-
cally conductive layers is desired.

SUMMARY

[0004] According to an aspect of the present disclosure, a
three-dimensional memory device is provided, which com-
prises: a lower-interconnect-level dielectric material layer
located over a substrate and embedding lower-interconnect-
level metal interconnect structures; a horizontal layer over-
lying the lower-interconnect-level dielectric material layer;
an alternating stack of insulating layers and electrically
conductive layers located over the horizontal layer; an array
of memory stack structures extending through the alternat-
ing stack; laterally-insulated conductive via structures that
vertically extend through each layer in the alternating stack
and through the horizontal layer, wherein each of the later-
ally-insulated conductive via structures comprises a respec-
tive first conductive core that is electrically shorted to a
respective one of the lower-interconnect-level metal inter-
connect structures, and a respective first cylindrical dielec-
tric spacer that laterally surrounds the respective first con-
ductive core; and laterally-insulated support structures that
vertically extend through a subset of layers in the alternating
stack, wherein each of the laterally-insulated support struc-
tures comprises a respective second conductive core having
a same composition as the first conductive core, and a
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respective second cylindrical dielectric spacer that laterally
surrounds the respective second conductive core, and
wherein an entirety of a top planar surface of each second
conductive core contacts a respective bottom surface of an
overlying upper-interconnect-level dielectric material layer.

[0005] According to another aspect of the present disclo-
sure, a three-dimensional memory device is provided, which
comprises: a lower-interconnect-level dielectric material
layer located over a substrate and embedding lower-inter-
connect-level metal interconnect structures; a horizontal
layer overlying the lower-interconnect-level dielectric mate-
rial layer; an alternating stack of insulating layers and
electrically conductive layers located over the horizontal
layer, wherein the alternating stack includes a staircase
region in which each electrically conductive layer except a
topmost electrically conductive layer laterally extends far-
ther than any overlying electrically conductive layer to
provide multiple sets of stepped surfaces, wherein each set
of stepped surfaces continuously extend from a bottommost
layer of the alternating stack to a topmost layer of the
alternating stack; and a retro-stepped dielectric material
portion overlies the multiple sets of stepped surfaces; an
array of memory stack structures extending through the
alternating stack; semiconductor-containing support struc-
tures extending through the multiple sets of stepped sur-
faces. Each semiconductor-containing support structure and
each memory stack structure comprises a respective instance
of a memory film and a respective instance of a vertical
semiconductor channel that is laterally surrounded by the
respective instance of the memory film and contacts a
bottom surface of a respective instance of a drain region.
Fach horizontal surface within the multiple sets of stepped
surfaces includes an MxN array of openings, wherein M is
an integer greater than 2 and N is an integer greater than 1.
The three-dimensional memory device further comprises an
instance of an MxN array of semiconductor-containing
support structures that is a subset of the semiconductor-
containing support structures extends vertically through
each opening in the MxN array of openings.

[0006] According to yet another aspect of the present
disclosure, a method of forming a three-dimensional
memory device is provided. A lower-interconnect-level
dielectric material layer embedding lower-interconnect-
level metal interconnect structures is formed over a sub-
strate. A horizontal layer is formed over the lower-intercon-
nect-level dielectric material layer. An alternating stack of
insulating layers and sacrificial material layers is formed
over the horizontal layer. A staircase region is formed, in
which each sacrificial material layer except a topmost sac-
rificial material layer laterally extends farther than any
overlying sacrificial material layer to provide multiple sets
of stepped surfaces, wherein each set of stepped surfaces
continuously extend from a bottommost layer of the alter-
nating stack to a topmost layer of the alternating stack. An
array of memory stack structures extending through the
alternating stack is formed. Laterally-insulated conductive
via structures are formed, which vertically extend through
each layer in the alternating stack and through the horizontal
layer. Laterally-insulated support structures are formed,
which vertically extend through a subset of layers in the
staircase region of the alternating stack, wherein the later-
ally-insulated support structures vertically extend through a
respective portion of the multiple sets of stepped surfaces.
The sacrificial material layers within the alternating stack
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are replaced with electrically conductive layers while the
laterally-insulated support structures provide structural sup-
port to the insulating layers during removal of the spacer
material layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a vertical cross-sectional view of a first
exemplary structure after formation of semiconductor
devices, at least one lower-interconnect-level dielectric
material layer, and lower-interconnect-level metal intercon-
nect structures on a semiconductor substrate according to a
first embodiment of the present disclosure. The first exem-
plary structure can include additional regions not expressly
illustrated in FIG. 1.

[0008] FIG. 2 is a vertical cross-sectional view of the first
exemplary structure after formation of a semiconductor
material layer and a first-tier alternating stack of first insult-
ing layers and first spacer material layers according to the
first embodiment of the present disclosure.

[0009] FIG. 3A is a vertical cross-sectional view of the
first exemplary structure after patterning first-tier staircase
regions on the first-tier alternating stack and forming a
first-tier retro-stepped dielectric material portion according
to the first embodiment of the present disclosure.

[0010] FIG. 3B is an overall plan view of the first exem-
plary structure of FIG. 3 that illustrates additional regions
not expressly illustrated in FIG. 3A.

[0011] FIG. 4A is a vertical cross-sectional view of the
first exemplary structure after formation of first-tier open-
ings and sacrificial opening fill structures therein according
to the first embodiment of the present disclosure.

[0012] FIG. 4B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
FIG. 4A. The zig-zag vertical plane A-A' corresponds to the
plane of the vertical cross-sectional view of FIG. 4A.
[0013] FIG. 5 is a vertical cross-sectional view of the first
exemplary structure after formation of a second-tier alter-
nating stack of second insulating layers and second spacer
material layers, a second-tier retro-stepped dielectric mate-
rial portion, and an insulating cap layer according to the first
embodiment of the present disclosure.

[0014] FIG. 6A is a vertical cross-sectional view of the
first exemplary structure after formation of memory open-
ings and support openings according to the first embodiment
of the present disclosure.

[0015] FIG. 6B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
FIG. 6A. The zig-zag vertical plane A-A' corresponds to the
plane of the vertical cross-sectional view of FIG. 6A.
[0016] FIG. 7A is a vertical cross-sectional view of the
first exemplary structure after formation of memory stack
structures and semiconductor-containing support structures
according to the first embodiment of the present disclosure.
[0017] FIG. 7B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
FIG. 7A. The zig-zag vertical plane A-A' corresponds to the
plane of the vertical cross-sectional view of FIG. 7A.
[0018] FIG. 8A is a vertical cross-sectional view of the
first exemplary structure after formation of laterally-insu-
lated conductive via structures and laterally-insulated sup-
port structures according to the first embodiment of the
present disclosure.

[0019] FIG. 8B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
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FIG. 8A. The zig-zag vertical plane A-A' corresponds to the
plane of the vertical cross-sectional view of FIG. 8A.
[0020] FIG. 9A is a vertical cross-sectional view of the
first exemplary structure after formation of backside contact
trenches according to the first embodiment of the present
disclosure.

[0021] FIG. 9B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
FIG. 9A. The zig-zag vertical plane A-A' corresponds to the
plane of the vertical cross-sectional view of FIG. 9A.
[0022] FIG. 10 is a vertical cross-sectional view of the first
exemplary structure after formation of backside recesses by
removal of the spacer material layers according to the first
embodiment of the present disclosure.

[0023] FIG. 11 is a vertical cross-sectional view of the first
exemplary structure after formation of electrically conduc-
tive layers in the backside recesses according to the first
embodiment of the present disclosure.

[0024] FIG. 12A is a vertical cross-sectional view of the
first exemplary structure after formation of insulating wall
structures according to the first embodiment of the present
disclosure.

[0025] FIG. 12B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
FIG. 12A. The zig-zag vertical plane A-A' corresponds to
the plane of the vertical cross-sectional view of FIG. 12A.
[0026] FIG. 13A is a vertical cross-sectional view of the
first exemplary structure after formation of various contact
via structures according to the first embodiment of the
present disclosure.

[0027] FIG. 13B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
FIG. 13A. The zig-zag vertical plane A-A' corresponds to
the plane of the vertical cross-sectional view of FIG. 13A.
[0028] FIG. 13C is an overall plan view of the first
exemplary structure of FIGS. 13A and 13B that illustrates
additional regions not expressly illustrated in FIGS. 13A and
13B. Regions B and D correspond to the views of FIGS. 13B
and 13D, respectively.

[0029] FIG. 13D is a plan view of region D of the first
exemplary structure of FIG. 13C.

[0030] FIG. 14 is a vertical cross-sectional view of the first
exemplary structure after formation of an upper-intercon-
nect-level dielectric material layer and upper-interconnect-
level metal interconnect structures according to the first
embodiment of the present disclosure.

[0031] FIG. 15 is a vertical cross-sectional view of a first
alternate embodiment of the first exemplary structure
according to the first embodiment of the present disclosure.
[0032] FIG. 16 is a horizontal cross-sectional view of a
second alternate embodiment of the first exemplary structure
according to the first embodiment of the present disclosure.
[0033] FIG. 17A is a horizontal cross-sectional view of a
first region of a third alternate embodiment of the first
exemplary structure according to the first embodiment of the
present disclosure.

[0034] FIG. 17B is a horizontal cross-sectional view of a
second region of a third alternate embodiment of the first
exemplary structure according to the first embodiment of the
present disclosure.

[0035] FIG. 18 is a horizontal cross-sectional view of a
second exemplary structure according to a second embodi-
ment of the present disclosure.
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[0036] FIG. 19 is a horizontal cross-sectional view of a
first alternate embodiment of the second exemplary structure
according to a second embodiment of the present disclosure.
[0037] FIG. 20A is a horizontal cross-sectional view of a
first region of a second alternate embodiment of the second
exemplary structure according to the second embodiment of
the present disclosure.

[0038] FIG. 20B is a horizontal cross-sectional view of a
second region of a second alternate embodiment of the
second exemplary structure according to the second embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0039] As discussed above, the present disclosure is
directed to three-dimensional non-volatile memory devices
employing support structures for replacement of sacrificial
material layers and methods of making the same, the various
aspects of which are described below. The embodiments of
the disclosure can be employed to form various semicon-
ductor devices such as three-dimensional monolithic
memory array devices comprising a plurality of NAND
memory strings. The drawings are not drawn to scale.
Multiple instances of an element may be duplicated where a
single instance of the element is illustrated, unless absence
of duplication of elements is expressly described or clearly
indicated otherwise.

[0040] Ordinals such as “first,” “second,” and “third” are
employed merely to identify similar elements, and different
ordinals may be employed across the specification and the
claims of the instant disclosure. As used herein, a first
element located “on” a second element can be located on the
exterior side of a surface of the second element or on the
interior side of the second element. As used herein, a first
element is located “directly on” a second element if there
exist a physical contact between a surface of the first element
and a surface of the second element. As used herein, an
“in-process” structure or a “transient” structure refers to a
structure that is subsequently modified.

[0041] As used herein, a “layer” refers to a material
portion including a region having a thickness. A layer may
extend over the entirety of an underlying or overlying
structure, or may have an extent less than the extent of an
underlying or overlying structure. Further, a layer may be a
region of a homogeneous or inhomogeneous continuous
structure that has a thickness less than the thickness of the
continuous structure. For example, a layer may be located
between any pair of horizontal planes between, or at, a top
surface and a bottom surface of the continuous structure. A
layer may extend horizontally, vertically, and/or along a
tapered surface. A substrate may be a layer, may include one
or more layers therein, and/or may have one or more layer
thereupon, thereabove, and/or therebelow.

[0042] As used herein, a “memory level” or a “memory
array level” refers to the level corresponding to a general
region between a first horizontal plane (i.e., plane parallel to
the top surface of the substrate) including topmost surfaces
of an array of memory elements and a second horizontal
plane including bottommost surfaces of the array of memory
elements. As used herein, a “through-memory-level” ele-
ment refers to an element that vertically extends through a
memory level.

[0043] As used herein, a “semiconductor material” refers
to a material having electrical conductivity in the range from
1.0x107% S/cm to 1.0x10° S/cm, and is capable of producing

2 <
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a doped material having electrical conductivity in a range
from 1.0 S/cm to 1.0x10° S/cm upon suitable doping with an
electrical dopant. As used herein, an “electrical dopant”
refers to a p-type dopant that adds a hole to a valence band
within a band structure, or an n-type dopant that adds an
electron to a conduction band within a band structure. As
used herein, a “conductive material” refers to a material
having electrical conductivity greater than 1.0x10° S/cm. As
used herein, an “insulating material” or a “dielectric mate-
rial” refers to a material having electrical conductivity less
than 1.0x107% S/cm. All measurements for electrical con-
ductivities are made at the standard condition.

[0044] A monolithic three dimensional memory array is
one in which multiple memory levels are formed above a
single substrate, such as a semiconductor wafer, with no
intervening substrates. The term “monolithic” means that
layers of each level of the array are directly deposited on the
layers of each underlying level of the array. In contrast, two
dimensional arrays may be formed separately and then
packaged together to form a non-monolithic memory device.
For example, non-monolithic stacked memories have been
constructed by forming memory levels on separate sub-
strates and vertically stacking the memory levels, as
described in U.S. Pat. No. 5,915,167 titled “Three Dimen-
sional Structure Memory.” The semiconductor substrates
may be thinned or removed from the memory levels before
bonding, but as the memory levels are initially formed over
separate substrates, such memories are not true monolithic
three dimensional memory arrays. The semiconductor sub-
strate may include integrated circuits fabricated thereon,
such as driver circuits for a memory device

[0045] The various three dimensional memory devices of
the present disclosure include a monolithic three-dimen-
sional NAND string memory device, and can be fabricated
employing the various embodiments described herein. The
monolithic three dimensional NAND string memory device
can be located in a monolithic, three dimensional array of
NAND strings located over the semiconductor substrate. At
least one memory cell in the first device level of the three
dimensional array of NAND strings is located over another
memory cell in the second device level of the three dimen-
sional array of NAND strings.

[0046] Referring to FIG. 1, a first exemplary structure
according to a first embodiment of the present disclosure is
illustrated. The first exemplary structure includes a semi-
conductor substrate 9, and semiconductor devices formed
thereupon. The semiconductor devices can include, for
example, field effect transistors including respective source
regions, drain regions, channel regions, and gate structures
750. Shallow trench isolation structures 720 can be formed
in an upper portion of the semiconductor substrate 9 to
provide electrical isolation among the semiconductor
devices. Each gate structure 750 can include, for example, a
gate dielectric 752, a gate electrode 754, a gate cap dielectric
758, and a dielectric gate spacer 756. The semiconductor
devices can include any semiconductor circuitry to support
operation of a memory structure to be subsequently formed,
which is typically referred to as a peripheral circuitry (also
called driver circuitry). As used herein, a peripheral circuitry
refers to any, each, or all, of word line decoder circuitry,
word line switching circuitry, bit line decoder circuitry, bit
line sensing and/or switching circuitry, power supply/distri-
bution circuitry, data buffer and/or latch, or any other
semiconductor circuitry that can be implemented outside a
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memory array structure for a memory device. For example,
the semiconductor devices can include word line switching
devices for electrically biasing word lines of three-dimen-
sional memory structures to be subsequently formed.
[0047] At least one dielectric layer is formed over the
semiconductor devices, which is herein referred to as at least
one lower-interconnect-level dielectric material layer 760.
The at least one lower-interconnect-level dielectric material
layer 760 can include, for example, an optional dielectric
liner 762 such as a silicon nitride liner that blocks diffusion
of mobile ions and/or apply appropriate stress to underlying
structures, a planarization dielectric layer 764 that is
employed to provide a planar surface that is coplanar with
the topmost surface of the dielectric liner 762 or the topmost
surfaces of the gate structures 750, an optional planar liner
766, and at least one lower level interconnect dielectric layer
768 that collectively functions as a matrix for lower-inter-
connect-level metal interconnect structures 780 that provide
electrical wiring among the various nodes of the semicon-
ductor devices and landing pads for through-memory-level
via structures to be subsequently formed. The lower-inter-
connect-level metal interconnect structures 780 can include
various device contact via structures 782, lower level metal
lines 784, lower level via structures 786, and lower level
topmost metal structures 788 that are configured to function
as landing pads for through-memory-level via structures to
be subsequently formed. The region of the semiconductor
devices and the combination of the at least one lower-
interconnect-level dielectric material layer 760 and the
lower-interconnect-level metal interconnect structures 780
is herein referred to an underlying peripheral device region
700, which is located underneath a memory-level assembly
to be subsequently formed and includes peripheral devices
for the memory-level assembly. The lower-interconnect-
level metal interconnect structures 780 are embedded in the
at least one lower-interconnect-level dielectric material layer
760. In one embodiment, the topmost surfaces of the lower
level topmost metal structures 788 may be located below a
horizontal plane including the topmost surface of the at least
one lower-interconnect-level dielectric material layer 760.

[0048] The lower-interconnect-level metal interconnect
structures 780 can be electrically shorted to nodes of the
semiconductor devices, and is located at the level of the at
least one lower-interconnect-level dielectric material layer
760. The through-memory-level via structures (not shown in
FIG. 1) can be subsequently formed directly on the lower-
interconnect-level metal interconnect structures 780. In one
embodiment, the pattern of the lower-interconnect-level
metal interconnect structures 780 can be selected such that
the lower level topmost metal structures 788, which are a
subset of the lower-interconnect-level metal interconnect
structures 780 located at the topmost portion of the lower-
interconnect-level metal interconnect structures 780, can
provide landing pad structures within a through-memory-
level via region 400. The through-memory-level via region
400 is a region in which through-memory-level via struc-
tures that extend vertically through a memory-level assem-
bly is subsequently formed.

[0049] The semiconductor devices formed on the top
surface of the semiconductor substrate 9 can include a driver
circuit for the array of memory stack structures to be
subsequently formed. A first subset of the lower-intercon-
nect-level metal interconnect structure 788 can be electri-
cally connected to devices of the driver circuit, and a second
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subset of the lower-interconnect-level metal interconnect
structures (such as dummy lower-interconnect-level metal
interconnect structures 788D) can be electrically isolated
from any device located underneath a horizontal plane
including a bottommost surface of the second subset of the
lower-interconnect-level metal interconnect structures
788D. As used herein, a first element is “electrically con-
nected” to a second element if there exists a continuous path
between the first element and the second element that
consists of at least one conductive material, at least one
semiconducting materials, or a combination of at least one
conductive material and at least one semiconducting mate-
rial. As used herein, a first element is “electrically isolated”
from a second element if no continuous path consisting of at
least one conductive material, at least one semiconducting
materials, or a combination of at least one conductive
material and at least one semiconducting material is present
between the first element and the second element.

[0050] The through-memory-level via region 400 can be
located adjacent to a memory array region 100 in which an
array of memory devices are subsequently formed. A word
line contact via region 200 can be located adjacent to the
through-memory-level via region 400 and the memory array
region 100. In one embodiment, the through-memory-level
via region 400 and the word line contact via region 200 can
be located at a peripheral edge of the memory array region
100.

[0051] While a particular pattern for the lower level top-
most metal structures 788 is illustrated herein, it is under-
stood that the pattern for the lower level topmost metal
structures 788 may be altered to optimize wiring in the
underlying peripheral device region 700 as long as the lower
level topmost metal structures 788 provide suitable landing
pad areas for the through-memory-level via structures to be
subsequently formed.

[0052] Referring to FIG. 2, an optional planar conductive
material layer 6 and a horizontal layer 10 (such as a
semiconductor material layer which can be a sacrificial
material layer or a permanent layer which is part of a
horizontal channel) can be formed over the underlying
peripheral device region 700. The optional planar conduc-
tive material layer 6 includes a conductive material such as
a metal or a heavily doped semiconductor material having
electrical conductivity greater than 1.0x10° S/cm). The
optional planar conductive material layer 6, for example,
may include a tungsten layer having a thickness in a range
from 3 nm to 100 nm, although lesser and greater thick-
nesses can also be employed. A metal nitride layer (not
shown) may be provided as a diffusion barrier layer on top
of the planar conductive material layer 6.

[0053] The semiconductor material layer 10 can be formed
over the at least one lower-interconnect-level dielectric
material layer 760. The semiconductor material layer 10
includes a semiconductor material, which can include at
least one elemental semiconductor material, at least one
I11-V compound semiconductor material, at least one 1I-VI
compound semiconductor material, at least one organic
semiconductor material, and/or other semiconductor mate-
rials known in the art. In one embodiment, the semiconduc-
tor material layer 10 can include a polycrystalline semicon-
ductor material (such as polysilicon), or an amorphous
semiconductor material (such as amorphous silicon) that is
converted into a polycrystalline semiconductor material in a
subsequent processing step (such as an anneal step). The
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semiconductor material layer 10 can be formed directly
above a subset of the semiconductor devices on the semi-
conductor substrate 9, such as a silicon wafer. As used
herein, a first element is located “directly above” a second
element if the first element is located above a horizontal
plane including a topmost surface of the second element and
an area of the first element and an area of the second element
has an areal overlap in a plan view. In one embodiment, the
semiconductor material layer 10 or portions thereof can be
doped with electrical dopants, which may be p-type dopants
or n-type dopants. The conductivity type of the dopants in
the semiconductor material layer 10 is herein referred to as
a first conductivity type. A dielectric pad layer 152 can be
formed on the top surface of the semiconductor material
layer 10.

[0054] An alternating stack of first material layers and
second material layers is subsequently formed. Each first
material layer can include a first material, and each second
material layer can include a second material that is different
from the first material. In case at least another alternating
stack of material layers is subsequently formed over the
alternating stack of the first material layers and the second
material layers, the alternating stack is herein referred to as
a first-tier alternating stack. The level of the first-tier alter-
nating stack is herein referred to as a first-tier level, and the
level of the alternating stack to be subsequently formed
immediately above the first-tier level is herein referred to as
a second-tier level, etc.

[0055] The first-tier alternating stack can include first
insulting layers 132 as the first material layers, and first
spacer material layers as the second material layers. In one
embodiment, the first spacer material layers can be sacrifi-
cial material layers that are subsequently replaced with
electrically conductive layers. In another embodiment, the
first spacer material layers can be electrically conductive
layers that are not subsequently replaced with other layers.
While the present disclosure is described employing
embodiments in which sacrificial material layers are
replaced with electrically conductive layers, embodiments in
which the spacer material layers are formed as electrically
conductive layers (thereby obviating the need to perform
replacement processes) are expressly contemplated herein.
[0056] Inone embodiment, the first material layers and the
second material layers can be first insulating layers 132 and
first sacrificial material layers 142, respectively. In one
embodiment, each first insulating layer 132 can include a
first insulating material, and each first sacrificial material
layer 142 can include a first sacrificial material. An alter-
nating plurality of first insulating layers 132 and first sac-
rificial material layers 142 is formed over the semiconductor
material layer 10. As used herein, a “sacrificial material”
refers to a material that is removed during a subsequent
processing step.

[0057] As used herein, an alternating stack of first ele-
ments and second elements refers to a structure in which
instances of the first elements and instances of the second
elements alternate. Each instance of the first elements that is
not an end element of the alternating plurality is adjoined by
two instances of the second elements on both sides, and each
instance of the second elements that is not an end element of
the alternating plurality is adjoined by two instances of the
first elements on both ends. The first elements may have the
same thickness thereamongst, or may have different thick-
nesses. The second elements may have the same thickness
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thereamongst, or may have different thicknesses. The alter-
nating plurality of first material layers and second material
layers may begin with an instance of the first material layers
or with an instance of the second material layers, and may
end with an instance of the first material layers or with an
instance of the second material layers. In one embodiment,
an instance of the first elements and an instance of the
second elements may form a unit that is repeated with
periodicity within the alternating plurality.

[0058] The first-tier alternating stack (132, 142) can
include first insulating layers 132 composed of the first
material, and first sacrificial material layers 142 composed
of the second material, which is different from the first
material. The first material of the first insulating layers 132
can be at least one insulating material. Insulating materials
that can be employed for the first insulating layers 132
include, but are not limited to silicon oxide (including doped
or undoped silicate glass), silicon nitride, silicon oxynitride,
organosilicate glass (OSG), spin-on dielectric materials,
dielectric metal oxides that are commonly known as high
dielectric constant (high-k) dielectric oxides (e.g., aluminum
oxide, hafnium oxide, etc.) and silicates thereof, dielectric
metal oxynitrides and silicates thereof, and organic insulat-
ing materials. In one embodiment, the first material of the
first insulating layers 132 can be silicon oxide.

[0059] The second material of the first sacrificial material
layers 142 is a sacrificial material that can be removed
selective to the first material of the first insulating layers
132. As used herein, a removal of a first material is “selec-
tive to” a second material if the removal process removes the
first material at a rate that is at least twice the rate of removal
of'the second material. The ratio of the rate of removal of the
first material to the rate of removal of the second material is
herein referred to as a “selectivity” of the removal process
for the first material with respect to the second material.
[0060] The first sacrificial material layers 142 may com-
prise an insulating material, a semiconductor material, or a
conductive material. The second material of the first sacri-
ficial material layers 142 can be subsequently replaced with
electrically conductive electrodes which can function, for
example, as control gate electrodes of a vertical NAND
device. In one embodiment, the first sacrificial material
layers 142 can be material layers that comprise silicon
nitride.

[0061] In one embodiment, the first insulating layers 132
can include silicon oxide, and sacrificial material layers can
include silicon nitride sacrificial material layers. The first
material of the first insulating layers 132 can be deposited,
for example, by chemical vapor deposition (CVD). For
example, if silicon oxide is employed for the first insulating
layers 132, tetraethylorthosilicate (TEOS) can be employed
as the precursor material for the CVD process. The second
material of the first sacrificial material layers 142 can be
formed, for example, CVD or atomic layer deposition
(ALD).

[0062] The thicknesses of the first insulating layers 132
and the first sacrificial material layers 142 can be in a range
from 20 nm to 50 nm, although lesser and greater thick-
nesses can be employed for each first insulating layer 132
and for each first sacrificial material layer 142. The number
of repetitions of the pairs of a first insulating layer 132 and
a first sacrificial material layer 142 can be in a range from
2 to 1,024, and typically from 8 to 256, although a greater
number of repetitions can also be employed. In one embodi-
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ment, each first sacrificial material layer 142 in the first-tier
alternating stack (132, 142) can have a uniform thickness
that is substantially invariant within each respective first
sacrificial material layer 142.

[0063] A first insulating cap layer 170 is subsequently
formed. The first insulating cap layer 170 includes a dielec-
tric material, which can be any dielectric material that can be
employed for the first insulating layers 132. In one embodi-
ment, the first insulating cap layer 170 includes the same
dielectric material as the first insulating layers 132. The
thickness of the first insulating cap layer 170 can be in a
range from 20 nm to 300 nm, although lesser and greater
thicknesses can also be employed.

[0064] Referring to FIGS. 3A and 3B, the first insulating
cap layer 170 and the first-tier alternating stack (132, 142)
can be patterned to form first stepped surfaces in each
through-memory-level via region 400 and each word line
contact via region 200. The word line contact via regions
200 can include first-type word line contact via regions
200A having a first layout and second-type word line contact
via regions 200B having a second layout. The first-type and
second-type word line contact via regions (200A, 200B) can
be alternately arranged along a pair of parallel edges of the
memory array regions 100 as illustrated in FIG. 3B.

[0065] Each of the word line contact via regions 200 can
include a respective first stepped area SA1 in which the first
stepped surfaces are formed, and a second stepped area SA2
in which additional stepped surfaces are to be subsequently
formed in a second tier structure (to be subsequently formed
over a first tier structure) and/or additional tier structures.
Each neighboring pair of a first stepped area SA1 and a
second stepped area is herein referred to as a staircase
region.

[0066] The first stepped surfaces can be formed, for
example, by forming a mask layer with an opening therein,
etching a cavity within the levels of the first insulating cap
layer 170, and iteratively expanding the etched area and
vertically recessing the cavity by etching each pair of a first
insulating layer 132 and a first sacrificial material layer 142
located directly underneath the bottom surface of the etched
cavity within the etched area. A dielectric material can be
deposited to fill the first stepped cavity to form a first-tier
retro-stepped dielectric material portion 165. As used herein,
a “retro-stepped” element refers to an element that has
stepped surfaces and a horizontal cross-sectional area that
increases monotonically as a function of a vertical distance
from a top surface of a substrate on which the element is
present. The first-tier alternating stack (132, 142) and the
first-tier retro-stepped dielectric material portion 165 col-
lectively constitute a first tier structure, which is an in-
process structure that is subsequently modified.

[0067] Referring to FIGS. 4A and 4B, first-tier openings
extending to a top surface of the semiconductor material
layer 10 are formed through the first-tier alternating stack
(132, 142). A first subset of the first-tier openings can be
formed in the memory array region 100 at locations at which
memory stack structures including vertical stacks of
memory elements are to be subsequently formed. The first
subset of the first-tier openings is herein referred to as
first-tier memory openings. A second subset of the first-tier
openings can be formed in the word line contact via regions
200 at locations at which semiconductor-containing support
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structures are to be subsequently formed. The second subset
of the first-tier openings is herein referred to as first-tier
support openings.

[0068] For example, a lithographic material stack (not
shown) including at least a photoresist layer can be formed
over the first insulating cap layer 170, and can be litho-
graphically patterned to form openings within the litho-
graphic material stack. The pattern in the lithographic mate-
rial stack can be transferred through the first insulating cap
layer 170 and through the entirety of the first-tier alternating
stack (132, 142) by at least one anisotropic etch that employs
the patterned lithographic material stack as an etch mask.
Portions of the first insulating cap layer 170 and the first-tier
alternating stack (132, 142) underlying the openings in the
patterned lithographic material stack are etched to form the
first-tier openings. In other words, the transfer of the pattern
in the patterned lithographic material stack through the first
insulating cap layer 170 and the first-tier alternating stack
(132, 142) forms the first-tier openings.

[0069] In one embodiment, the chemistry of the anisotro-
pic etch process employed to etch through the materials of
the first-tier alternating stack (132, 142) can alternate to
optimize etching of the first and second materials in the
first-tier alternating stack (132, 142). The anisotropic etch
can be, for example, a series of reactive ion etches. The
sidewalls of the first-tier openings can be substantially
vertical, or can be tapered. Subsequently, the patterned
lithographic material stack can be subsequently removed,
for example, by ashing.

[0070] Sacrificial opening fill structures 131 can be
formed in the first-tier openings. For example, a sacrificial
fill material layer is deposited in the first-tier memory
openings. In one embodiment, the sacrificial fill material
layer can include a sacrificial material which can be subse-
quently removed selective to the materials of the first
insulating layers 132 and the first sacrificial material layers
142. In one embodiment, the sacrificial fill material layer can
include a semiconductor material such as silicon (e.g., poly
silicon or amorphous silicon), a silicon-germanium alloy,
germanium, a [1I-V compound semiconductor material, or a
combination thereof. The sacrificial fill material layer may
be formed by a non-conformal deposition or a conformal
deposition method. In one embodiment, the sacrificial fill
material layer can include a carbon-containing material
(such as amorphous carbon or diamond-like carbon) that can
be subsequently removed by ashing. Optionally, a thin etch
stop layer 121 (such as a silicon oxide layer having a
thickness in a range from 1 nm to 3 nm) may be employed
prior to depositing the sacrificial fill material layer. In this
case, the material of the sacrificial fill material layer can be
selected from materials that can be removed selective to the
material of the etch stop layer 121.

[0071] Portions of the deposited sacrificial material can be
removed from above the first insulating cap layer 170. For
example, the sacrificial fill material layer can be recessed to
a top surface of the first insulating cap layer 170 employing
a planarization process. The planarization process can
include a recess etch, chemical mechanical planarization
(CMP), or a combination thereof. The top surface of the first
insulating layer 170 can be employed as an etch stop layer
or a planarization stop layer. Each remaining portion of the
sacrificial material in a first-tier memory opening constitutes
a sacrificial opening fill structure 131. The sacrificial open-
ing fill structure 131 may, or may not, include cavities
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therein. A first subset of the sacrificial opening fill structures
131 located in the memory array region 100 constitutes
sacrificial memory opening fill structures, and a second
subset of the sacrificial opening fill structures 131 located in
the word line contact via regions 200 constitute sacrificial
support opening fill structures.

[0072] Referring to FIG. 5, an inter-tier dielectric layer
180 may be optionally deposited over the first tier structure
(132, 142, 165, 131). The inter-tier dielectric layer 180
includes a dielectric material such as silicon oxide. The
thickness of the inter-tier dielectric layer 180 can be in a
range from 30 nm to 300 nm, although lesser and greater
thicknesses can also be employed.

[0073] A second tier structure can be formed over the first
tier structure (132, 142, 170, 131). The second tier structure
can include an additional alternating stack of insulating
layers and spacer material layers, which can be sacrificial
material layers. For example, a second alternating stack
(232, 242) of material layers can be subsequently formed on
the top surface of the first alternating stack (132, 142). The
second stack (232, 242) includes an alternating plurality of
third material layers and fourth material layers. Each third
material layer can include a third material, and each fourth
material layer can include a fourth material that is different
from the third material. In one embodiment, the third
material can be the same as the first material of the first
insulating layer 132, and the fourth material can be the same
as the second material of the first sacrificial material layers
142.

[0074] Inone embodiment, the third material layers can be
second insulating layers 232 and the fourth material layers
can be second spacer material layers that provide vertical
spacing between each vertically neighboring pair of the
second insulating layers 232. In one embodiment, the third
material layers and the fourth material layers can be second
insulating layers 232 and second sacrificial material layers
242, respectively. The third material of the second insulating
layers 232 may be at least one insulating material. The fourth
material of the second sacrificial material layers 242 may be
a sacrificial material that can be removed selective to the
third material of the second insulating layers 232. The
second sacrificial material layers 242 may comprise an
insulating material, a semiconductor material, or a conduc-
tive material. The fourth material of the second sacrificial
material layers 242 can be subsequently replaced with
electrically conductive electrodes which can function, for
example, as control gate electrodes of a vertical NAND
device.

[0075] In one embodiment, each second insulating layer
232 can include a second insulating material, and each
second sacrificial material layer 242 can include a second
sacrificial material. In this case, the second stack (232, 242)
can include an alternating plurality of second insulating
layers 232 and second sacrificial material layers 242. The
third material of the second insulating layers 232 can be
deposited, for example, by chemical vapor deposition
(CVD). The fourth material of the second sacrificial material
layers 242 can be formed, for example, CVD or atomic layer
deposition (ALD).

[0076] The third material of the second insulating layers
232 can be at least one insulating material. Insulating
materials that can be employed for the second insulating
layers 232 can be any material that can be employed for the
first insulating layers 132. The fourth material of the second
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sacrificial material layers 242 is a sacrificial material that
can be removed selective to the third material of the second
insulating layers 232. Sacrificial materials that can be
employed for the second sacrificial material layers 242 can
be any material that can be employed for the first sacrificial
material layers 142. In one embodiment, the second insu-
lating material can be the same as the first insulating
material, and the second sacrificial material can be the same
as the first sacrificial material.

[0077] The thicknesses of the second insulating layers 232
and the second sacrificial material layers 242 can be in a
range from 20 nm to 50 nm, although lesser and greater
thicknesses can be employed for each second insulating
layer 232 and for each second sacrificial material layer 242.
The number of repetitions of the pairs of a second insulating
layer 232 and a second sacrificial material layer 242 can be
in a range from 2 to 1,024, and typically from 8 to 256,
although a greater number of repetitions can also be
employed. In one embodiment, each second sacrificial mate-
rial layer 242 in the second stack (232, 242) can have a
uniform thickness that is substantially invariant within each
respective second sacrificial material layer 242.

[0078] Second stepped surfaces in the second stepped area
SA2 can be formed in the through-memory-level via regions
400 and the word line contact via regions 200 employing a
same set of processing steps as the processing steps
employed to form the first stepped surfaces in the first
stepped area SA1 with suitable adjustment to the pattern of
at least one masking layer. A second-tier retro-stepped
dielectric material portion 265 can be formed over the
second stepped surfaces in the through-memory-level via
regions 400 and the word line contact via regions 200.
[0079] A second insulating cap layer 270 can be subse-
quently formed over the second alternating stack (232, 242).
The second insulating cap layer 270 includes a dielectric
material that is different from the material of the second
sacrificial material layers 242. In one embodiment, the
second insulating cap layer 270 can include silicon oxide. In
one embodiment, the first and second sacrificial material
layers (142, 242) can comprise silicon nitride.

[0080] Generally speaking, at least one alternating stack of
insulating layers (132, 232) and spacer material layers (such
as sacrificial material layers (142, 242)) can be formed over
the semiconductor material layer 10, and at least one retro-
stepped dielectric material portion (165, 265) can be formed
over the staircase regions on the at least one alternating stack
(132, 142, 232, 242).

[0081] Each of the word line contact via region (200A,
200B) includes a staircase region in which each sacrificial
material layer (142, 242) except a topmost sacrificial mate-
rial layer 242 laterally extends farther than any overlying
sacrificial material layer (142, 242) to provide a set of
stepped surfaces. The set of stepped surfaces continuously
extend from a bottommost layer of the first alternating stack
(132, 142) to a topmost layer of the second alternating stack
(232, 242).

[0082] Referring to FIGS. 6A and 6B, drain-select-level
shallow trench isolation structures 72 can be optionally
formed through one or more topmost second sacrificial
material layers 242 by forming line trenches and filling the
line trenches with a dielectric material. Second-tier openings
extending through the second tier structure (232, 242, 265)
are formed in areas overlying the sacrificial opening fill
structures 131. A photoresist layer can be applied over the
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second tier structure (232, 242, 265), and can be lithographi-
cally patterned to form a same pattern as the pattern of the
sacrificial opening fill structure 131, i.e., the pattern of the
first-tier openings. The lithographic mask employed to pat-
tern the first-tier openings can be employed to pattern the
second-tier openings. An anisotropic etch can be performed
to transfer the pattern of the lithographically patterned
photoresist layer through the second tier structure (232, 242,
265). In one embodiment, the chemistry of the anisotropic
etch process employed to etch through the materials of the
second-tier alternating stack (232, 242) can alternate to
optimize etching of the alternating material layers in the
second-tier alternating stack (232, 242). The anisotropic etch
can be, for example, a series of reactive ion etches. The
patterned lithographic material stack can be removed, for
example, by ashing after the anisotropic etch process.
[0083] A top surface of an underlying sacrificial opening
fill structure 131 can be physically exposed at the bottom of
each second-tier opening. After the top surfaces of the
sacrificial opening fill structures 131 are physically exposed,
a subsequent etch process can be performed, which removes
the sacrificial material of the sacrificial opening fill struc-
tures 131 selective to the materials of the second-tier alter-
nating stack (232, 242) and the first-tier alternating stack
(132, 142). If any etch stop layer 121 is present, the etch stop
layer 121 can be subsequently removed.

[0084] Upon removal of the sacrificial opening fill struc-
tures 131 and the optional etch stop layer 121, each verti-
cally adjoining pair of a second-tier opening and a first-tier
opening forms a continuous cavity that extends through the
first-tier alternating stack (132, 142) and the second-tier
alternating stack (232, 242). A first subset of the continuous
cavities located in the memory array regions 100 is herein
referred to as memory openings 49. A top surface of the
semiconductor material layer 10 can be physically exposed
at the bottom of each memory opening 49. A second subset
of the continuous cavities located in the word line contact
via regions 200 is herein referred to as support openings 19.
[0085] Referring to FIGS. 7A and 7B, memory opening fill
structures 55 can be formed in the memory openings 49, and
semiconductor-containing support structures 20 can be
formed in the support openings 19. The memory opening fill
structures 55 and the semiconductor-containing support
structures 20 can be formed simultaneously employing a
same set of processing steps. In an illustrative example, each
memory opening fill structure 55 and each semiconductor-
containing support structure 20 can include a memory film
50, a vertical semiconductor channel 60, an optional dielec-
tric core 62, and a drain region 63. The drain region 63 in
each semiconductor-containing support structure 20 is a
dummy drain region because it is not electrically connected
to a bit line. In one embodiment, each memory film 50 can
include a blocking dielectric layer 52, a memory material
layer 54, and a tunneling dielectric layer 56 as illustrated in
the inset. In one embodiment, each vertical semiconductor
channel 60 can include a single vertical semiconductor
channel layer or a plurality of vertical semiconductor chan-
nel layers.

[0086] The blocking dielectric layer 52 includes a block-
ing dielectric layer material such as silicon oxide, a dielec-
tric metal oxide (such as aluminum oxide), or a combination
thereof. Alternatively, the blocking dielectric layer 52 may
be omitted during this processing step and instead be formed
through backside recesses as will be described in more detail
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below. In one embodiment, the memory material layer 54
can be a charge trapping material including a dielectric
charge trapping material, which can be, for example, silicon
nitride.

[0087] The memory material layer 54 can be formed as a
single memory material layer of homogeneous composition,
or can include a stack of multiple memory material layers.
The multiple memory material layers, if employed, can
comprise a plurality of spaced-apart floating gate material
layers that contain conductive materials (e.g., metal such as
tungsten, molybdenum, tantalum, titanium, platinum, ruthe-
nium, and alloys thereof, or a metal silicide such as tungsten
silicide, molybdenum silicide, tantalum silicide, titanium
silicide, nickel silicide, cobalt silicide, or a combination
thereof) and/or semiconductor materials (e.g., polycrystal-
line or amorphous semiconductor material including at least
one elemental semiconductor element or at least one com-
pound semiconductor material). Alternatively or addition-
ally, the memory material layer 54 may comprise an insu-
lating charge trapping material, such as one or more silicon
nitride segments. Alternatively, the memory material layer
54 may comprise conductive nanoparticles such as metal
nanoparticles, which can be, for example, ruthenium nano-
particles. The memory material layer 54 can be formed, for
example, by chemical vapor deposition (CVD), atomic layer
deposition (ALD), physical vapor deposition (PVD), or any
suitable deposition technique for storing electrical charges
therein. The thickness of the memory material layer 54 can
be in a range from 2 nm to 20 nm, although lesser and greater
thicknesses can also be employed.

[0088] The tunneling dielectric layer 56 includes a dielec-
tric material through which charge tunneling can be per-
formed under suitable electrical bias conditions. The charge
tunneling may be performed through hot-carrier injection or
by Fowler-Nordheim tunneling induced charge transfer
depending on the mode of operation of the monolithic
three-dimensional NAND string memory device to be
formed. The tunneling dielectric layer 56 can include silicon
oxide, silicon nitride, silicon oxynitride, dielectric metal
oxides (such as aluminum oxide and hafnium oxide), dielec-
tric metal oxynitride, dielectric metal silicates, alloys
thereof, and/or combinations thereof. In one embodiment,
the tunneling dielectric layer 56 can include a stack of a first
silicon oxide layer, a silicon oxynitride layer, and a second
silicon oxide layer, which is commonly known as an ONO
stack. The thickness of the tunneling dielectric layer 56 can
be in a range from 2 nm to 20 nm, although lesser and greater
thicknesses can also be employed.

[0089] In one embodiment, the horizontal portions of the
memory films 50 can be removed by an anisotropic etch
process to physically expose semiconductor surfaces of the
semiconductor material layer 10 from underneath each
memory opening 49 and from underneath each support
opening 19. In this case, a cover material layer (not shown)
may be employed prior to the anisotropic etch process by a
conformal deposition process. The cover material layer may
be a permanent material layer such as an outer vertical
semiconductor channel layer, or may be a sacrificial material
layer that is removed after the anisotropic etch process.
Alternatively, the anisotropic etch process may be omitted
and the memory films may remain intact at this processing
step.

[0090] A vertical semiconductor channel 60 can be depos-
ited over the memory films 50 by a conformal deposition
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method such as low pressure chemical vapor deposition
(LPCVD). The thickness of the vertical semiconductor
channel 60 can be in a range from 2 nm to 30 nm, although
lesser and greater thicknesses can also be employed. If
semiconductor surfaces of the semiconductor material layer
10 are physically exposed from underneath each memory
opening 49 and from underneath each support opening 19 by
the anisotropic etch, the vertical semiconductor channel 60
can contact portions of the semiconductor material layer 10,
of which upper surface portions function as horizontal
semiconductor channels. If the anisotropic etch is not per-
formed, electrical contact to a bottom portion of each
vertical semiconductor channel 60 can be provided in a
subsequent processing step to form a buried source line.
[0091] A dielectric material can be deposited in cavities
surrounded by the vertical semiconductor channels 60, and
can be subsequently recessed below the top surface of the
second insulating cap layer 270. Each remaining portion of
the dielectric material in the memory openings constitutes a
dielectric core 62. A doped semiconductor material having a
second conductivity type (which is the opposite of the first
conductivity type) can be deposited over the dielectric cores
62 and within the cavities in the memory openings 49 and
the support openings 19 to form drain regions 63. The doped
semiconductor material can be, for example, doped poly-
silicon. Excess portions of the deposited semiconductor
material can be removed from above the top surface of the
second insulating tier cap layer 270, for example, by chemi-
cal mechanical planarization (CMP) or a recess etch to form
the drain region 63.

[0092] If the anisotropic etch is not performed between
formation of the memory film 50 and formation of the
vertical semiconductor channels 60, electrical contact to a
bottom portion of each vertical semiconductor channel 60
can be provided by forming a buried source line (not
expressly shown) in place of the semiconductor material
layer 10. In this embodiment, the semiconductor material
layer 10 can be removed by an etch process to form line
cavities to physically expose portions of the memory films
50. The exposed portions of the memory films 50 can be
removed from around the line cavities to expose a bottom
portion of the vertical semiconductor channels 60 (e.g., the
sidewalls of the bottom portions of the semiconductor
channels). The line cavities can be filled with a conductive
material (e.g., heavily doped polysilicon, metal, metal
nitride and/or metal silicide) contacting the exposed bottom
portions of the vertical semiconductor channels 60 to pro-
vide buried source lines (not expressly shown).

[0093] Each of the memory stack structures (50, 60)
comprises a memory film 50 and a vertical semiconductor
channel 60 that is adjoined to a respective horizontal channel
within the semiconductor material layer 10. Each memory
film 50 can include a blocking dielectric layer 52 contacting
a sidewall of the memory opening, a plurality of charge
storage regions (embodied as portions of a memory material
layer 54 at each level of the sacrificial material layers (142,
242)) located on an inner sidewall of the blocking dielectric
layer 52, and a tunneling dielectric layer 56 located inside
the plurality of charge storage regions.

[0094] Each combination of a memory stack structure (50,
60), an optional dielectric core, and a drain region 63 within
a memory opening 49 constitutes a memory opening fill
structure 55. Each combination of a memory stack structure
(50, 60), an optional dielectric core, and a dummy drain
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region 63 within a support opening 19 constitutes a semi-
conductor-containing support structure 20 that includes a
vertical semiconductor channel 60 as a semiconductor-
containing portion. Generally speaking, any methods known
in the art for forming memory opening fill structures that
include memory stack structures can be employed in lieu of
the specific method for forming the memory opening fill
structures 55 of the present disclosure.

[0095] The first tier structure (132, 142, 170, 165), the
second tier structure (232, 242, 270, 265), the memory
opening fill structures 55, and the semiconductor-containing
support structures 20 collectively constitute a memory-level
assembly. The memory-level assembly is formed over the
semiconductor material layer 10 such that the semiconductor
material layer 10 includes horizontal semiconductor chan-
nels electrically connected to vertical semiconductor chan-
nels 60 within the memory stack structures (50, 60).
[0096] Referring to FIGS. 8A and 8B, laterally-insulated
conductive via structures (26, 28) and laterally-insulated
support structures (126, 128) can be formed through each
layer in the alternating stacks {(132, 142), (232, 242)}. The
laterally-insulated conductive via structures (26, 28) are
formed through the semiconductor material layer 10, the
optional planar conductive material layer 6, and an upper
portion of the at least one lower-interconnect-level dielectric
material layer 760, and to a top surface of a respective one
of a first subset of lower-interconnect-level metal intercon-
nect structures 780 (such as top surfaces of lower level
topmost metal structures 788). In one embodiment, the
laterally-insulated support structures (126, 128) can be
formed concurrently with the laterally-insulated conductive
via structures (26, 28) and can have the same structure. In
this case, the laterally-insulated support structures (126,
128) are formed through the semiconductor material layer
10, the optional planar conductive material layer 6, and an
upper portion of the at least one lower-interconnect-level
dielectric material layer 760, and to a top surface of a
respective one of a second subset of the lower-interconnect-
level metal interconnect structures 780 (such as top surfaces
of dummy lower-interconnect-level metal interconnect
structures 788D).

[0097] In one embodiment, the laterally-insulated conduc-
tive via structures (26, 28) and laterally-insulated support
structures (126, 128) can be formed by applying and litho-
graphically patterning a photoresist layer to form openings
in the memory array regions 100 and in the word line contact
via regions 200, and by performing an anisotropic etch
process to form via cavities that vertically extend through
the alternating stacks {(132, 142), (232, 242)}, the semi-
conductor material layer 10, and an upper portion of the at
least one lower-interconnect-level dielectric material layer
760 to a respective top surface of the lower-interconnect-
level metal interconnect structures 780. Each via cavity in
the memory array regions 100 is herein referred to as a
memory via cavity, and each via cavity in the word line
contact via regions 200 is herein referred to as a support via
cavity.

[0098] In one embodiment, a top surface of a first subset
of the lower-interconnect-level metal interconnect structures
780 that are electrically connected to the semiconductor
devices in the underlying peripheral device region 700 can
be physically exposed at the bottom of one or more of the
memory via cavities. A top surface of a second subset of the
lower-interconnect-level metal interconnect structures 780
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that are electrically isolated from the semiconductor devices
in the underlying peripheral device region 700 can be
physically exposed at the bottom of each of the support via
cavities. A predominant portion, or all, of the support via
cavities can vertically extend through a subset, but not all, of
the layers of the alternating stacks {(132, 142), (232, 242)
}and the overlying first and/or second retro-stepped dielec-
tric material portion(s) (165, 265) in each staircase region of
the alternating stacks {(132, 142), (232, 242)}. The support
via cavities can vertically extend through a respective por-
tion of each set of stepped surfaces in each staircase region.
The chemistry of the anisotropic etch process can be
changed during various stages of the anisotropic etch pro-
cess to etch the various materials of the alternating stacks
{(132, 142), (232, 242)}, the semiconductor material layer
10, and an upper portion of the at least one lower-intercon-
nect-level dielectric material layer 760. The lower-intercon-
nect-level metal interconnect structures 780 can be
employed as etch stop structures. The photoresist layer can
be subsequently removed, for example, by ashing.

[0099] A conformal dielectric material layer can be depos-
ited in the memory via cavities and the support via cavities,
for example, by low pressure chemical vapor deposition
(LPCVD) or atomic layer deposition (ALD). The conformal
dielectric material layer includes a dielectric material such
as silicon oxide and/or silicon nitride. The thickness of the
conformal dielectric material layer can be in a range from 5
nm to 50 nm, although lesser and greater thicknesses can
also be employed. Each remaining portion of the conformal
dielectric material layer within a memory via cavity consti-
tutes a first cylindrical dielectric spacer 26. Each remaining
portion of the conformal dielectric material layer within a
support via cavity constitutes a second cylindrical dielectric
spacer 126. Thus, the first and second cylindrical dielectric
spacers (26, 126) can be formed by conformal deposition
and an isotropic etch of a same dielectric material. Each of
the first and second cylindrical dielectric spacers (26, 126)
may contact a top surface of a respective lower-intercon-
nect-level metal interconnect structure 780.

[0100] As used herein, a “cylindrical” element refers to
any element having an inner sidewall, an outer sidewall, an
annular top surface, and an annular bottom surface such that
a lateral distance between the inner sidewall and the outer
sidewall is substantially the same. As used herein, an “annu-
lar” element refers to an element having an inner periphery
and an outer periphery that does not meet the inner periphery
and encircles the inner periphery. As used herein, a dimen-
sion is “substantially the same” if the variation of the
dimension does not exceed 10% of the average of the
dimension.

[0101] A conductive material can be deposited in each
remaining volume of the memory via cavities and the
support via cavities by a conformal deposition process. The
conductive material can include a metallic material (such as
a metal, a layer stack of at least two metals, an alloy of at
least two metals, a conductive metal nitride, and/or a con-
ductive metal carbide) or a conductive semiconductor mate-
rial (such as heavily doped polysilicon). Excess portion of
the conductive material can be removed from above the top
surface of the second insulating cap layer 270 by a pla-
narization process, which can include a recess etch and/or
chemical mechanical planarization. Each remaining portion
of the conductive material within a memory via cavity
constitutes a first conductive core 28. Each remaining por-
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tion of the conductive material within a support via cavity
constitutes a second conductive core 128. Thus, the first and
second conductive cores (28, 128) can be formed by depo-
sition of a same conductive material within the first and
second cylindrical dielectric spacers (26, 126), respectively.
Each of the first and second conductive cores (28, 128) may
contact a top surface of a respective lower-interconnect-
level metal interconnect structure 780.

[0102] Each first conductive core 28 is laterally sur-
rounded by a first cylindrical dielectric spacer 26. Each
adjoined pair of a first conductive core 28 and a first
cylindrical dielectric spacer 26 constitutes a laterally-insu-
lated conductive via structure (26, 28), which is located in a
memory array region 100. Each second conductive core 128
is laterally surrounded by a second cylindrical dielectric
spacer 126. Each adjoined pair of a second conductive core
128 and a second cylindrical dielectric spacer 126 consti-
tutes a laterally-insulated support structure (126, 128).
[0103] In one embodiment, each of the laterally-insulated
conductive via structures (26, 28) can comprise a respective
first conductive core 28 that is electrically shorted to a
respective one of the lower-interconnect-level metal inter-
connect structures 780, and a respective first cylindrical
dielectric spacer 26 that laterally surrounds the respective
first conductive core 28. Likewise, each of the laterally-
insulated support structures (126, 128) can comprise a
respective second conductive core 128 having a same com-
position as the first conductive core 28, and a respective
second cylindrical dielectric spacer 126 that laterally sur-
rounds the respective second conductive core 28.

[0104] If a driver circuit for the array of memory stack
structures (50, 60) is formed on a top surface of the
semiconductor substrate 9, a first subset of the lower-
interconnect-level metal interconnect structure 780 can be
electrically connected to devices of the driver circuit, and a
second subset of the lower-interconnect-level metal inter-
connect structures 780 can be electrically isolated from any
device located underneath a horizontal plane including a
bottommost surface of the second subset of the lower-
interconnect-level metal interconnect structures 780.
[0105] In the processing steps of FIGS. 8A and 8B, first
openings (i.e., the memory via cavities) can be formed
through the alternating stacks {(132, 142), (232, 242)} and
the semiconductor material layer 10 to physically expose a
respective top surface of the first subset of the lower-
interconnect-level metal interconnect structures 780 at a
bottom of each of the first openings. The laterally-insulated
conductive via structures (26, 28) are formed in the first
openings, and thus, in the memory array regions 100.
Second openings (i.e., the support via cavities) can be
formed through the alternating stacks {(132, 142), (232,
242)} and the semiconductor material layer 10 to physically
expose a respective top surface of the second subset of the
lower-interconnect-level metal interconnect structures 780.
The laterally-insulated support structures (126, 128) can be
formed in the second openings.

[0106] Referring to FIGS. 9A and 9B, backside trenches
79 are subsequently formed through the memory-level
assembly. For example, a photoresist layer can be applied an
lithographically patterned over the second insulating cap
layer 270 to form elongated openings that extend along the
first horizontal direction hd1 that is perpendicular to vertical
surfaces of each staircase region. An anisotropic etch is
performed to transfer the pattern in the patterned photoresist
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layer through the memory-level assembly to a top surface of
the semiconductor material layer 10. The photoresist layer
can be subsequently removed, for example, by ashing.
[0107] The backside trenches 79 extend along the first
horizontal direction hdl (e.g., word line direction), and thus,
are elongated along the first horizontal direction hdl. The
backside trenches 79 can laterally extend through a respec-
tive memory array region 100 and adjoining word line
contact via regions 200. The backside trenches 79 can
laterally divide the memory-level assembly into multiple
“fingers,” each containing a plurality of memory stack
structures (50, 60) and at least one laterally-insulated con-
ductive via structures (26, 28). Further, the backside
trenches 79 can laterally divide each staircase region into a
set of multiple staircase regions. Each staircase region can
be laterally bounded by a neighboring pair of backside
trenches 79.

[0108] Each of the word line contact via region (200A,
200B) includes a plurality of staircase regions. In each
staircase region, each sacrificial material layer (142, 242)
except a topmost sacrificial material layer 242 laterally
extends farther than any overlying sacrificial material layer
(142, 242) to provide multiple sets of stepped surfaces. Each
set of stepped surfaces continuously extend from a bottom-
most layer of the alternating stacks {(132, 142), (232, 242)}
to a topmost layer of the alternating stacks {(132, 142), (232,
242)}.

[0109] In one embodiment, one or more of the staircase
regions can be configured such that each horizontal surface
of the stepped surfaces in each staircase region includes at
least one opening through which a respective laterally-
insulated support structure (126, 128) vertically extends. In
one embodiment, one or more of the staircase regions can be
configured such that one or more horizontal surfaces of the
stepped surfaces in each staircase region include a pair of
openings through which a respective pair of laterally-insu-
lated support structures (126, 128) vertically extends. In one
embodiment, one or more of the staircase regions can be
configured such that one or more horizontal surfaces of the
stepped surfaces in each staircase region include only a
single opening through which a respective laterally-insu-
lated support structure (126, 128) vertically extends. Each
horizontal surface of each staircase region may include
additional openings through which a respective semicon-
ductor-containing support structure 20 vertically extends.
[0110] Referring to FIG. 10, an etchant that selectively
etches the materials of the first and second sacrificial mate-
rial layers (142, 242) with respect to the materials of the first
and second insulating layers (132, 232), the first and second
insulating cap layers (170, 270), and the material of the
outermost layer of the memory films 50 can be introduced
into the backside trenches 79, for example, employing an
isotropic etch process. Backside recesses 43 are formed in
volumes from which the first sacrificial material layers 142
and the second sacrificial material layers 242 are removed.
In one embodiment, the first and second sacrificial material
layers (142, 242) can include silicon nitride, and the mate-
rials of the first and second insulating layers (132, 232), can
be silicon oxide. In another embodiment, the first and second
sacrificial material layers (142, 242) can include a semicon-
ductor material such as germanium or a silicon-germanium
alloy, and the materials of the first and second insulating
layers (132, 232) can be selected from silicon oxide and
silicon nitride.
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[0111] The isotropic etch process can be a wet etch process
employing a wet etch solution, or can be a gas phase (dry)
etch process in which the etchant is introduced in a vapor
phase into the backside trench 79. For example, if the first
and second sacrificial material layers (142, 242) include
silicon nitride, the etch process can be a wet etch process in
which the exemplary structure is immersed within a wet etch
tank including phosphoric acid, which etches silicon nitride
selective to silicon oxide, silicon, and various other mate-
rials employed in the art. In case the sacrificial material
layers (142, 242) comprise a semiconductor material, a wet
etch process (which may employ a wet etchant such as a
KOH solution) or a dry etch process (which may include gas
phase HCI) may be employed.

[0112] Each of the backside recesses 43 can be a laterally
extending cavity having a lateral dimension that is greater
than the vertical extent of the cavity. In other words, the
lateral dimension of each of the backside recesses 43 can be
greater than the height of the respective backside recess 43.
Each of the backside recesses 43 can extend substantially
parallel to the top surface of the semiconductor material
layer 10. A backside recess 43 can be vertically bounded by
a top surface of an underlying insulating layer (132 or 232)
and a bottom surface of an overlying insulating layer (132 or
232). In one embodiment, each of the backside recesses 43
can have a uniform height throughout.

[0113] The laterally-insulated support structures (126,
128), in addition to the memory opening fill structures 55
and the semiconductor-containing support structures 20,
provide structural support to the insulating layers (132, 232)
during removal of the sacrificial material layers (142, 242)
which are spacer material layers.

[0114] Referring to FIG. 11, a backside blocking dielectric
layer (not shown) can be optionally deposited in the back-
side recesses 43 and the backside trenches 79 and over the
second insulating cap layer 270. The backside blocking
dielectric layer can be deposited on the physically exposed
portions of the outer surfaces of the memory stack structures
(50, 60). The backside blocking dielectric layer includes a
dielectric material such as a dielectric metal oxide, silicon
oxide, or a combination thereof. If employed, the backside
blocking dielectric layer can be formed by a conformal
deposition process such as atomic layer deposition or chemi-
cal vapor deposition. The thickness of the backside blocking
dielectric layer can be in a range from 1 nm to 60 nm,
although lesser and greater thicknesses can also be
employed.

[0115] At least one conductive material can be deposited
in the plurality of backside recesses 43, on the sidewalls of
the backside trench 79, and over the second insulating cap
layer 270. The at least one conductive material can include
at least one metallic material, i.e., an electrically conductive
material that includes at least one metallic element.

[0116] A plurality of first electrically conductive layers
146 can be formed in a first subset of the backside recesses
43 located in the first tier, i.e., located between the first
insulating layers 132. A plurality of second electrically
conductive layers 246 can be formed in a second subset of
the backside recesses 43 located in the second tier, i.e.,
located between the second insulating layers 232. A con-
tinuous metallic material layer (not shown) can be formed
on the sidewalls of each backside trench 79 and over the
second insulating cap layer 270. Thus, the first and second
sacrificial material layers (142, 242) can be replaced with the
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first and second conductive material layers (146, 246),
respectively. Specifically, each first sacrificial material layer
142 can be replaced with a portion of the backside blocking
dielectric layer and a first electrically conductive layer 146,
and each second sacrificial material layer 242 can be
replaced with a portion of the backside blocking dielectric
layer and a second electrically conductive layer 246. A
backside cavity is present in the portion of each backside
trench 79 that is not filled with the continuous metallic
material layer.

[0117] The metallic material can be deposited by a con-
formal deposition method, which can be, for example,
chemical vapor deposition (CVD), atomic layer deposition
(ALD), electroless plating, electroplating, or a combination
thereof. The metallic material can be an elemental metal, an
intermetallic alloy of at least two elemental metals, a con-
ductive nitride of at least one elemental metal, a conductive
metal oxide, a conductive doped semiconductor material, a
conductive metal-semiconductor alloy such as a metal sili-
cide, alloys thereof, and combinations or stacks thereof.
Non-limiting exemplary metallic materials that can be
deposited in the backside recesses 43 include tungsten,
tungsten nitride, titanium, titanium nitride, tantalum, tanta-
lum nitride, cobalt, and ruthenium. In one embodiment, the
metallic material can comprise a metal such as tungsten
and/or metal nitride. In one embodiment, the metallic mate-
rial for filling the backside recesses 43 can be a combination
of titanium nitride layer and a tungsten fill material. In one
embodiment, the metallic material can be deposited by
chemical vapor deposition or atomic layer deposition.

[0118] Residual conductive material can be removed from
inside the backside trenches 79. Specifically, the deposited
metallic material of the continuous metallic material layer
can be etched back from the sidewalls of each backside
trench 79 and from above the second insulating cap layer
270, for example, by an isotropic etch. Each remaining
portion of the deposited metallic material in the first back-
side recesses 143 constitutes a first electrically conductive
layer 146. Each remaining portion of the deposited metallic
material in the second backside recesses 243 constitutes a
second electrically conductive layer 246. Each electrically
conductive layer (146, 246) can be a conductive line struc-
ture.

[0119] A subset of the second electrically conductive
layers 246 located at the levels of the drain-select-level
shallow trench isolation structures 72 constitutes drain select
gate electrodes. A bottom subset of the second electrically
conductive layers 146 constitutes source select gate elec-
trodes. A middle subset of the electrically conductive layer
(146, 246) located between the drain select gate electrodes
and the source select gate electrodes can function as com-
binations of a control gate and a word line located at the
same level. The control gate electrodes within each electri-
cally conductive layer (146, 246) are the control gate elec-
trodes for a vertical memory device including the memory
stack structures (50, 60).

[0120] Each of the memory stack structures (50, 60)
comprises a vertical stack of memory elements located at
each level of the electrically conductive layers (146, 246). A
subset of the electrically conductive layers (146, 246) can
comprise word lines for the memory elements. The semi-
conductor devices in the underlying peripheral device region
700 can comprise word line switch devices configured to
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control a bias voltage to respective word lines. The memory-
level assembly is located over the semiconductor substrate
9.

[0121] While the present disclosure is described employ-
ing a stack of two tier structures, embodiments are expressly
contemplated herein in which only a single tier structure or
more than two tier structures are employed to form memory
stack structures (50, 60). The memory-level assembly
includes at least one alternating stack (132, 146, 232, 246)
and memory stack structures (50, 60) vertically extending
through the at least one alternating stack (132, 146, 232,
246). Each of the at least one an alternating stack (132, 146,
232, 246) includes alternating layers of respective insulating
layers (132 or 232) and respective electrically conductive
layers (146 or 246). The at least one alternating stack (132,
146, 232, 246) comprises staircase regions that include
terraces in which each underlying electrically conductive
layer (146, 246) extends farther along the first horizontal
direction hdl than any overlying electrically conductive
layer (146, 246) in the memory-level assembly.

[0122] The laterally-insulated support structures (126,
128), in addition to the memory opening fill structures 55
and the semiconductor-containing support structures 20,
provide structural support to the insulating layers (132, 232)
during replacement of the sacrificial material layers (142,
242) with the electrically conductive layers (146, 246).
[0123] Referring to FIGS. 12A and 12B, in case the
semiconductor material layer 10 includes buried source lines
that are electrically connected to bottom portions of the
vertical semiconductor channels 60, an insulating material
can be deposited in the backside trenches 79 by a conformal
deposition process (such as low pressure chemical vapor
deposition) or by a non-conformal deposition process (such
as spin coating). The horizontal portion of the deposited
insulating material overlying the second insulating cap layer
270 may, or may not, be removed by a planarization process
(such as a recess etch and/or chemical mechanical planariza-
tion). Each remaining portion of the deposited insulating
material in the backside trenches 79 constitutes an insulating
wall structure 76. Each insulating wall structure 76 laterally
extends along the first horizontal direction hd1 and vertically
extends through all layers within the at least one alternating
sack (132, 146, 232, 246).

[0124] Alternatively, if buried source lines are not pro-
vided within the semiconductor material layer 10, a source
region (not shown) can be formed by implantation of
dopants of the second conductivity type (that is the opposite
of the first conductivity type) by ion implantation. Surface
portions of the semiconductor material layer 10 located
between the source regions and the vertical semiconductor
channels 60 constitute horizontal semiconductor channels.
Subsequently, an insulating spacer (not shown) can be
formed around the periphery of each backside trench 79 by
deposition and anisotropic etch of a conformal dielectric
material layer. A conductive material can be deposited in
each remaining volume of the backside trenches to form a
source contact via structure that contacts a respective under-
lying source region.

[0125] FIG. 12A is a vertical cross-sectional view of the
first exemplary structure after formation of insulating wall
structures according to the first embodiment of the present
disclosure.

[0126] FIG. 12B is a horizontal cross-sectional view of the
first exemplary structure along the horizontal plane B-B' in
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FIG. 12A. The zig-zag vertical plane A-A' corresponds to
the plane of the vertical cross-sectional view of FIG. 12A.
[0127] Referring to FIGS. 13A-13D, various contact via
structures (82, 84, 86) can be formed through the second
insulating cap layer 270 and the first and second retro-
stepped dielectric material portions (165, 265). Specifically,
word line contact via structures 86 can be formed through
the second insulating cap layer 270 and the second and/or
first retro-stepped dielectric material portions (265, 165)
onto a respective one of the electrically conductive layers
(146, 246), which function as word lines for the memory
stack structures (50, 60) within the memory opening fill
structures 55. Each word line contact via structure 86 can be
formed through an opening in a respective horizontal surface
within the staircase regions. A semiconductor material layer
contact via structure 84 (e.g., buried source line contact via
structure) can be formed directly on the semiconductor
material layer 10. At least one through-memory-level via
structure 82 can be formed in region 400 through the second
insulating cap layer 270, the first and second retro-stepped
dielectric material portions (165, 265), and an upper portion
of the at least one lower-contact-level dielectric material
layer 760 and directly onto a subset of the lower-intercon-
nect-level metal interconnect structures 780, which can be
electrically shorted to the semiconductor devices in the
underlying peripheral device region 700.

[0128] Each contact via structure (82, 84, 86) may be
formed employing a respective set of patterning processes
and fill processes. Alternatively, two or more types of
contact via structures (82, 84, 86) may be formed employing
a common set of patterning processes and fill processes
provided that the anisotropic etch process therein can control
vertical extent of cavities at target height levels for each type
of cavities that are simultaneously formed.

[0129] Referring to FIG. 14, at least one upper-intercon-
nect-level dielectric material layer 90 and upper-intercon-
nect-level metal interconnect structures (92, 94, 96, 98, 95)
can be formed over the second insulating cap layer 270. The
upper-interconnect-level metal interconnect structures (92,
94, 96, 98, 95) can include conductive line structures and/or
conductive via structures. For example, the upper intercon-
nect-level metal interconnect structures (92, 94, 96, 98, 95)
can include drain-side connection structures 95, which can
include drain contact via structures that contacts drain
regions 63 of the memory opening fill structures 55 and bit
lines that contact the drain side contact via structures.
Further, the upper interconnect-level metal interconnect
structures (92, 94, 96, 98, 95) can include word line con-
nection structures 96, which can be electrically shorted to a
respective word line contact via structure 86 and can include
metal lines and optionally metal via structures. In addition,
the upper interconnect-level metal interconnect structure
(92, 94, 96, 98, 95) can include source-side connection
structures 94 that can be electrically shorted to the semi-
conductor material layer contact via structure 84, and upper
level interconnection structures that are electrically shorted
to the through-memory-level via structure 82.

[0130] The upper interconnect-level metal interconnect
structures (92, 94, 96, 98, 95) can include over-array-region
metal interconnect structures 98 that can be electrically
shorted to, and may physically contact, a respective one of
the first conductive cores 28 of the laterally-insulated con-
ductive via structures (26, 28). Thus, each of the first
conductive cores 28 can physically contact a bottom surface
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of a respective one 98 of the upper-interconnect-level metal
interconnect structures (92, 94, 96, 98, 95). The first con-
ductive cores 28 can be employed as a vertical path for
providing electrical power and/or signals. For example, the
first conductive cores 28 may be employed as components of
a power distribution network, or can be employed to provide
control signals to and from the driver circuitry (e.g., signals
to the various components within the memory array region
100).

[0131] Each laterally-insulated support structure (126,
128) is an electrically inactive component. The second
conductive cores 128 of the laterally-insulated support struc-
tures (126, 128) are not connected to any electrically active
conductive component within the at least one upper-inter-
connect-level dielectric material layer 90. In one embodi-
ment, the entirety of the top planar surface of each second
conductive core 128 can contact a respective bottom surface
of an overlying upper-interconnect-level dielectric material
layer 90 after formation of the upper-interconnect-level
metal interconnect structures (92, 94, 96, 98, 95). Likewise,
each semiconductor-containing support structure 20 is an
electrically inactive component. Thus, the drain regions 63
of the semiconductor-containing support structures 20 are
not connected to any electrically active conductive compo-
nent within the at least one upper-interconnect-level dielec-
tric material layer 90. In one embodiment, the entirety of the
top planar surface of each drain region 63 of the semicon-
ductor-containing support structures 20 can contact a respec-
tive bottom surface of an overlying upper-interconnect-level
dielectric material layer 90 after formation of the upper-
interconnect-level metal interconnect structures (92, 94, 96,
98, 95). As used herein, an element is “electrically inactive”
if the element is not capable of altering the state of any other
device.

[0132] Referring to FIG. 15, a first alternate embodiment
of the first exemplary structure according to the first embodi-
ment of the present disclosure is illustrated. The first alter-
nate embodiment of the first exemplary structure can be
derived from the first exemplary structure by modifying the
structures of the laterally-insulated support structures (126,
128). Specifically, the memory via cavities and the support
via cavities can be formed only into the semiconductor
material layer 10 without etching through the semiconductor
material layer 10 at the processing steps of FIGS. 8A and 8B.
The anisotropic etch is terminated while surfaces of the
semiconductor material layer 10 are physically exposed at
the bottom of the each of the memory via cavities and the
support via cavities.

[0133] A photoresist layer can be applied over the first
exemplary structure, and can be lithographically patterned to
cover the word line contact via regions 200 and do not cover
the memory array regions 100. Another anisotropic etch
process is performed to extend the depth of each memory via
cavity into an upper portion of the at least one lower-
interconnect-level dielectric material layer 760 and to physi-
cally expose top surfaces of the first subset of the lower-
interconnect-level metal interconnect structures 780 at the
bottom of the memory via cavities. Subsequently, the pho-
toresist layer can be removed, for example, by ashing.
Subsequently, the remaining processing steps of FIGS. 8A
and 8B can be performed to form laterally-insulated con-
ductive via structures (26, 28) in the memory via cavities
and to form the laterally-insulated support structures (126,
128) in the support via cavities.
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[0134] In this case, first openings (i.e., the memory via
cavities) can be formed through each alternating stack
{(132, 142), (232, 242)} and the semiconductor material
layer 10 to physically expose a respective top surface of the
lower-interconnect-level metal interconnect structures 780
at a bottom of each of the first openings. Second openings
(i.e., the support via openings) can be formed through each
alternating stack {(132, 142), (232, 242)} to physically
expose a recessed surface of the semiconductor material
layer 10. The laterally-insulated conductive via structures
(26, 28) are formed in the first openings. The laterally-
insulated support structures (126, 128) are formed in the
second openings and directly on the vertically recessed
surfaces of the semiconductor material layer 10, which are
the bottom surfaces of the support via openings.

[0135] Ineach of the first exemplary structure and the first
alternate embodiment thereof, various layouts can be
employed for the laterally-insulated support structures (126,
128), the word line contact via structures 86, and the
semiconductor-containing support structures 20 in the stair-
case regions in the word line contact via regions 200, which
include first-type word line contact via regions 200A and
second-type word line contact via regions 200B. Alterna-
tively, some laterally-insulated support structures (126, 128)
can contact the semiconductor material layer (e.g., buried
source line) while others can contact metal interconnect
structures 780. In other words, each row extending in the
first horizontal direction (e.g., word line direction hd1) can
have alternating laterally-insulated conductive via structures
(26, 28) and laterally-insulated support structures (126, 128)
instead of each row containing only one type of these
structures.

[0136] Referring to FIG. 16, a horizontal cross-sectional
view of a first alternate embodiment of the first exemplary
structure according to the first embodiment of the present
disclosure is illustrated, which shows an alternative layout
of the laterally-insulated support structures (126, 128), the
word line contact via structures 86, and the semiconductor-
containing support structures 20 in the staircase regions in a
word line contact via regions 200. Specifically, horizontal
surfaces of a staircase region can include a pair of openings
for a laterally-insulated support structure (126, 128) and an
opening for a word line contact via structure 86 that contacts
an underlying electrically conductive layer (146, 246) per
horizontal surface. Within a staircase region (such as the
second-from-the-top staircase region of FIG. 16), lateral
displacement of openings along a second horizontal direc-
tion hd2 (e.g., bit line direction which is perpendicular to the
first (i.e., word line) direction hd1) for the laterally-insulated
support structures (126, 128) can alternate along the first
horizontal direction hd1. In addition, lateral displacement of
openings along the second horizontal direction hd2 for the
word line contact via structures 86 can alternate in an
opposite pattern along the first horizontal direction hdl.
Thus, two different patterns for pairs of opening for a
laterally-insulated support structure (126, 128) and an open-
ing for a word line contact via structure 86 can alternate
along the first horizontal direction hdl. Such patterns can
more uniformly distribute the laterally-insulated support
structures (126, 128) to improve structural integrity of the
first exemplary structure while backside recesses 43 are
present within the first exemplary structure. Specifically,
each finger can be provided with balanced structural support
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by staggering the pattern of the laterally-insulated support
structures (126, 128) that are arranged generally along the
first horizontal direction hd1.

[0137] Referring to FIGS. 17A and 17B, a first region and
a second region of a second alternate embodiment of the first
exemplary structure according to the first embodiment of the
present disclosure are illustrated, respectively. In this case,
the laterally-insulated support structures (126, 128) can be
distributed in substantially equal numbers for each finger
(i.e., each portion of the alternating stacks that are laterally
bounded by a pair of neighboring backside trenches 79 and
all structures embedded within the portion of the alternating
stacks) of the first exemplary structure to provide more
uniform structural support. In addition, each finger within
the first-type contact via region 200A and the second-type
contact via region 200B can be employed to provide word
line contact via structures 86, thereby distributing the later-
ally-insulated support structures (126, 128) more uniformly.
In one embodiment, the first-type contact via region 200A
and the second-type contact via region 200B can have a
two-fold rotational symmetry around a vertical axis, i.e., of
a same design except for a rotation by 180 degrees around
a vertical direction.

[0138] The first exemplary structure and the various alter-
nate embodiments thereof can include a three-dimensional
memory device. The three-dimensional memory device can
comprise: a lower-interconnect-level dielectric material
layer 760 located over a semiconductor substrate 9 and
embedding lower-interconnect-level metal interconnect
structures 780; a semiconductor material layer 10 overlying
the lower-interconnect-level dielectric material layer 760; an
alternating stack {(132, 146) and/or (232, 246)} of insulat-
ing layers (132 and/or 232) and electrically conductive
layers (146 and/or 246) located over the semiconductor
material layer 10; an array of memory stack structures (50,
60) extending through the alternating stack {(132, 146)
and/or (232, 246)}; laterally-insulated conductive via struc-
tures (26, 28) that vertically extend through each layer in the
alternating stack {(132, 146) and/or (232, 246)} and through
the semiconductor material layer 10, wherein each of the
laterally-insulated conductive via structures (26, 28) com-
prises a respective first conductive core 28 that is electrically
shorted to a respective one of the lower-interconnect-level
metal interconnect structures 780, and a respective first
cylindrical dielectric spacer 26 that laterally surrounds the
respective first conductive core 28; and laterally-insulated
support structures (126, 128) that vertically extend through
a subset of layers in the alternating stack {(132, 146) and/or
(232, 246)}, wherein each of the laterally-insulated support
structures (126, 128) comprises a respective second conduc-
tive core 128 having a same composition as the first con-
ductive core 28, and a respective second cylindrical dielec-
tric spacer 126 that laterally surrounds the respective second
conductive core 128, and wherein an entirety of a top planar
surface of each second conductive core 128 contacts a
respective bottom surface of an overlying upper-intercon-
nect-level dielectric material layer 90.

[0139] In one embodiment, each first conductive core 28
contacts a bottom surface of a respective one 98 of upper-
interconnect-level metal interconnect structures (92, 94, 95,
96, 98) that are embedded within the overlying upper-
interconnect-level dielectric material layer 90. In some
embodiments, such as the first alternate embodiment or the
second and third alternate embodiments based on the first
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alternate embodiment, a bottommost surface of each second
conductive core 128 can be located between a first horizon-
tal plane including a bottommost surface of the semicon-
ductor material layer 10 and a second horizontal plane
including a topmost surface of the semiconductor material
layer 10.

[0140] In one embodiment, a bottommost surface of each
second conductive core 128 contacts a respective metallic
material portion (such as dummy lower-interconnect-level
metal interconnect structures 788D) embedded within the
lower-interconnect-level dielectric material layer, and each
second conductive core 128 is electrically isolated from any
conductive or semiconducting material within the semicon-
ductor substrate 9, the semiconductor material layer 10, the
alternating stack {(132, 146) and/or (232, 246)}, or upper-
interconnect-level metal interconnect structures (92, 94, 95,
96, 98) located over the alternating stack {(132, 146) and/or
(232, 246)}.

[0141] In one embodiment, the alternating stack {(132,
146) and/or (232, 246)} includes a staircase region in which
each electrically conductive layer (146, 246) except a top-
most electrically conductive layer 246 laterally extends
farther than any overlying electrically conductive layer (146,
246) to provide multiple sets of stepped surfaces, wherein
each set of stepped surfaces continuously extend from a
bottommost layer of the alternating stack {(132, 146) and/or
(232, 246)} to a topmost layer of the alternating stack {(132,
146) and/or (232, 246)}. A retro-stepped dielectric material
portion 265 overlies the multiple sets of stepped surfaces.
The laterally-insulated support structures (126, 128) verti-
cally extend through a respective portion of the multiple sets
of stepped surfaces and the retro-stepped dielectric material
portion 265.

[0142] The three-dimensional memory device can further
comprise contact via structures 86 vertically extending from
a top surface of the retro-stepped dielectric material portion
265 to a respective region of the multiple sets of stepped
surfaces and contacting a respective one of the electrically
conductive layers (146, 246). A subset of horizontal surfaces
within one set among the multiple sets of stepped surfaces
includes a respective horizontal surface including a first
opening through which a respective one of the contact via
structures 86 extends vertically and a second opening
through which a respective one of the laterally-insulated
support structures (126, 128) extends vertically (as illus-
trated in insets A in FIG. 13B and 16).

[0143] The three-dimensional memory device can further
comprise backside trenches 79 laterally extending along a
horizontal direction hdl and vertically extending through an
entirety of the alternating stack {(132, 146) and/or (232,
246)}. Bach set of stepped surfaces is laterally bounded by
a neighboring pair of the backside trenches 79. In one
embodiment, a complementary subset of horizontal surfaces
within the one set among the multiple sets of stepped
surfaces includes openings through which a respective one
of the laterally-insulated support structures (126, 128)
extend vertically, and does not contact any of the contact via
structures 86 (as illustrated in insets B in FIG. 13B and 16).
In one embodiment, the complementary subset of horizontal
surfaces and the set of horizontal surfaces collectively
comprise all horizontal surfaces of the one set among the
multiple sets of stepped surfaces (as illustrated in the top-
most and the third-from-the-top finger in FIG. 13B and in
the second-from-the-top finger in FIG. 16).
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[0144] Inone embodiment, the three-dimensional memory
device can further comprise semiconductor-containing sup-
port structures 20 extending through the multiple sets of
stepped surfaces. Each semiconductor-containing support
structure 20 and each memory stack structure (50, 60)
comprises a respective instance of a memory film 50 and a
respective instance of a vertical semiconductor channel 60
that is laterally surrounded by the respective instance of the
memory film 50 and contacts a bottom surface of a respec-
tive instance of a drain region 63. Each horizontal surface
within the multiple sets of stepped surfaces includes at least
one opening through which a respective one of the semi-
conductor-containing support structures 20 extends verti-
cally.

[0145] In one embodiment, each memory stack structure
(50, 60) within the array includes a vertical semiconductor
channel 60 electrically connected to the semiconductor
material layer 10, and a driver circuit for the array of
memory stack structures (50, 60) is located on a top surface
of the semiconductor substrate 9, and is electrically con-
nected to at least one of the electrically conductive layers
(146, 246) in the alternating stack {(132, 146) and/or (232,
246)} and drain regions 63 overlying vertical semiconductor
channels 60 within the memory stack structures (50, 60)
through a subset of the lower-interconnect-level metal inter-
connect structures 780. In other words, the driver circuit can
be electrically connected to the word lines and/or the bit
lines of the array of memory stack structures (50, 60).
[0146] Inone embodiment, the three-dimensional memory
device can comprise a monolithic three-dimensional NAND
memory device; the electrically conductive layers (146, 246)
can comprise, or can be electrically connected to, a respec-
tive word line of the monolithic three-dimensional NAND
memory device; the semiconductor substrate 9 can comprise
a silicon substrate; the monolithic three-dimensional NAND
memory device comprises an array of monolithic three-
dimensional NAND strings over the silicon substrate; and at
least one memory cell in a first device level of the array of
monolithic three-dimensional NAND strings is located over
another memory cell in a second device level of the array of
monolithic three-dimensional NAND strings. The silicon
substrate can contain an integrated circuit comprising a
driver circuit for the memory device located thereon; the
electrically conductive layers (146, 246) can comprise a
plurality of control gate electrodes having a strip shape
extending substantially parallel to the top surface of the
semiconductor substrate 10; and the plurality of control gate
electrodes comprise at least a first control gate electrode
located in the first device level and a second control gate
electrode located in the second device level. The array of
monolithic three-dimensional NAND strings can comprise:
a plurality of semiconductor channels (the vertical semicon-
ductor channels 60 and optionally horizontal semiconductor
channels that are surface portions of the semiconductor
material layer 10), wherein at least one end portion of each
of the plurality of semiconductor channels extends substan-
tially perpendicular to a top surface of the semiconductor
substrate 9, and a plurality of charge storage elements (as
embodied as portions of the memory material layer 54
located at levels of the electrically conductive layers (146,
246), each charge storage element located adjacent to a
respective one of the plurality of semiconductor channels.
[0147] According to another aspect of the present disclo-
sure, additional semiconductor-containing support struc-
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tures 20 can be formed in lieu of laterally-insulated support
structures (126, 128) of the first exemplary structure. In this
case, an instance of an MxN array of semiconductor-
containing support structures 20 can replace each instance of
a laterally-insulated support structure (126, 128) illustrated
in FIGS. 13A-13D, FIG. 14, or FIG. 15. M is an integer
greater than 2 (such as 3, 4, 5, 6, etc.), and N is an integer
greater than 1 (such as 2, 3, 4, 5, 6, etc.)

[0148] FIG. 18 illustrates a layout of a second exemplary
structure according to a second embodiment of the present
disclosure, which is derived from the first exemplary struc-
ture of FIG. 14 or FIG. 15 by replacing each instance of a
laterally-insulated support structure (126, 128) with an
instance of an MxN array of semiconductor-containing
support structures 20.

[0149] FIG. 19 illustrates a layout of a first alternate
embodiment of the second exemplary structure according to
a second embodiment of the present disclosure, which is
derived from the second alternate embodiment of the first
exemplary structure of FIG. 16 by replacing each instance of
a laterally-insulated support structure (126, 128) with an
instance of an MxN array of semiconductor-containing
support structures 20.

[0150] FIGS. 20A and 20B illustrate a layout of a second
alternate embodiment of the second exemplary structure
according to the second embodiment of the present disclo-
sure, which is derived from the third alternate embodiment
of the first exemplary structure of FIGS. 17A and 17B by
replacing each instance of a laterally-insulated support struc-
ture (126, 128) with an instance of an MxN array of
semiconductor-containing support structures 20.

[0151] In each of the second exemplary structure and the
alternate embodiments thereof, the MxN arrays of semicon-
ductor-containing support structures 20 can provide struc-
tural support to the second exemplary structure during
replacement of the first and second sacrificial material layers
(142, 242) with first and second electrically conductive
layers (146, 246), i.e., while the backside recesses 43 are
present between vertically neighboring pairs of insulating
layers (132, 232).

[0152] In addition, interstitial semiconductor-containing
support structures (not expressly shown) can be formed
within each MxN array of semiconductor-containing sup-
port structures 20. For example, if M is 3 and N is 2, a pair
of semiconductor-containing support structures 20 can be
inserted between the two rows of three semiconductor-
containing support structures 20 at interstitial positions.
Generally speaking, additional semiconductor-containing
support structures 20 may be formed within each instance of
an MxN array of semiconductor-containing support struc-
tures 20 to provide additional structural support during
replacement of the first and second sacrificial material layers
(142, 242) with first and second electrically conductive
layers (146, 246).

[0153] Each of the second exemplary structure and the
alternate embodiments thereof can include a three-dimen-
sional memory device, which can be a derivative structure of
the second exemplary structure or alternate embodiments
thereof, and thus, includes all features of the corresponding
first exemplary structure except features relating to the
additional semiconductor-containing support structures 20
and the laterally-insulated support structures (126, 128).
[0154] In addition, hybrid structures can be derived from
the first and second exemplary structures by not replacing a
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first subset of the laterally-insulated support structures (126,
128) in the first exemplary structure and by replacing a
second subset of the laterally-insulated support structures
(126, 128) with respective MxN arrays of semiconductor-
containing support structures 20.

[0155] The three-dimensional memory device is in the
second exemplary structure or the alternate embodiments
thereof can comprise: a lower-interconnect-level dielectric
material layer 760 located over a semiconductor substrate 9
and embedding lower-interconnect-level metal interconnect
structures 780; a semiconductor material layer 10 overlying
the lower-interconnect-level dielectric material layer 760;
{(132, 146) and/or (232, 246)} of insulating layers (132
and/or 232) and electrically conductive layers (146 and/or
246) located over the semiconductor material layer 10,
wherein the alternating stack {(132, 146) and/or (232, 246)}
includes a staircase region in which each electrically con-
ductive layer (146, 246) except a topmost electrically con-
ductive layer 246 laterally extends farther than any overly-
ing electrically conductive layer (146, 246) to provide
multiple sets of stepped surfaces, wherein each set of
stepped surfaces continuously extend from a bottommost
layer of the alternating stack {(132, 146) and/or (232, 246)}
to a topmost layer of the alternating stack {(132, 146) and/or
(232, 246)}; a retro-stepped dielectric material portion 265
overlying the multiple sets of stepped surfaces; an array of
memory stack structures (55, 60) extending through the
alternating stack {(132, 146) and/or (232, 246)}; and semi-
conductor-containing support structures 20 extending
through the multiple sets of stepped surfaces. Each semi-
conductor-containing support structure 20 and each memory
stack structure (50, 60) comprises a respective instance of a
memory film 50 and a respective instance of a vertical
semiconductor channel 60 that is laterally surrounded by the
respective instance of the memory film 50 and contacts a
bottom surface of a respective instance of a drain region 63.
Each horizontal surface within the multiple sets of stepped
surfaces includes an MxN array of openings, wherein M is
an integer greater than 2 and N is an integer greater than 1.
An instance of an MxN array of semiconductor-containing
support structures 20 that is a subset of the semiconductor-
containing support structures 20 extends vertically through
each opening in the MxN array of openings.

[0156] In one embodiment, each instance of the vertical
semiconductor channel 60 in the memory stack structures
(50, 60) is electrically shorted to a respective one 95 of the
upper-interconnect-level metal interconnect structures (92,
94, 95, 96, 98) in an upper-interconnect-level metal inter-
connect layer 90, and an entirety of a top planar surface of
each semiconductor-containing support structure 20 con-
tacts a respective bottom surface of the upper-interconnect-
level dielectric material layer 90.

[0157] Inone embodiment, the three-dimensional memory
device can further comprise contact via structures 86 verti-
cally extending from a top surface of the retro-stepped
dielectric material portion 265 to a respective region of the
multiple sets of stepped surfaces and contacting a respective
one of the electrically conductive layers (146, 246). A subset
of horizontal surfaces within one set among the multiple sets
of stepped surfaces includes a respective horizontal surface
including a first opening through which a respective one of
the contact via structures 86 extends vertically and a respec-
tive MxN array of openings (which are second openings) as
illustrated in insets A in FIGS. 18 and 19. In one embodi-
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ment, each instance of the MxN array of semiconductor-
containing support structures 20 can be located in a con-
tinuous volume V (shown in insets A and B of FIGS. 18 and
19), which may be a cylindrical volume, that does not
include any of the contact via structures 86 and is homeo-
morphic to a sphere. As used herein, an element is “homeo-
morphic” to a shape if the element can be continuously
deformed without creating an additional opening or destroy-
ing any pre-existing opening to the shape. Thus, a cylindrical
volume is homeomorphic to a sphere.

[0158] As in the first exemplary structures, laterally-insu-
lated conductive via structures (26, 28) can be provided,
which vertically extend through each layer in the alternating
stack {(132, 146) and/or (232, 246)} and through the semi-
conductor material layer 10, wherein each of the laterally-
insulated conductive via structures (26, 28) comprises a
respective first conductive core 28 that is electrically shorted
to a respective one of the lower-interconnect-level metal
interconnect structures 780, and a respective first cylindrical
dielectric spacer 26 that laterally surrounds the respective
first conductive core 28. In one embodiment, each first
conductive core 28 contacts a bottom surface of a respective
one 98 of upper-interconnect-level metal interconnect struc-
tures (92, 94, 95, 96, 98) that are embedded within the
overlying upper-interconnect-level dielectric material layer
90. In some embodiments, a bottommost surface of each
second conductive core 128 can be located between a first
horizontal plane including a bottommost surface of the
semiconductor material layer 10 and a second horizontal
plane including a topmost surface of the semiconductor
material layer 10. The three-dimensional memory device
can further comprise backside trenches 79 laterally extend-
ing along a horizontal direction hd1 and vertically extending
through an entirety of the alternating stack {(132, 146)
and/or (232, 246)}. Each set of stepped surfaces is laterally
bounded by a neighboring pair of the backside trenches 79.

[0159] In one embodiment, each memory stack structure
(50, 60) within the array includes a vertical semiconductor
channel 60 electrically connected to the semiconductor
material layer 10, and a driver circuit for the array of
memory stack structures (50, 60) is located on a top surface
of the semiconductor substrate 9, and is electrically con-
nected to at least one of the electrically conductive layers
(146, 246) in the alternating stack {(132, 146) and/or (232,
246)} and drain regions 63 overlying vertical semiconductor
channels 60 within the memory stack structures (50, 60)
through a subset of the lower-interconnect-level metal inter-
connect structures 780. In other words, the driver circuit can
be electrically connected to the word lines and/or the bit
lines of the array of memory stack structures (50, 60).

[0160] Inone embodiment, the three-dimensional memory
device can comprise a monolithic three-dimensional NAND
memory device; the electrically conductive layers (146, 246)
can comprise, or can be electrically connected to, a respec-
tive word line of the monolithic three-dimensional NAND
memory device; the semiconductor substrate 9 can comprise
a silicon substrate; the monolithic three-dimensional NAND
memory device comprises an array of monolithic three-
dimensional NAND strings over the silicon substrate; and at
least one memory cell in a first device level of the array of
monolithic three-dimensional NAND strings is located over
another memory cell in a second device level of the array of
monolithic three-dimensional NAND strings. The silicon
substrate can contain an integrated circuit comprising a
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driver circuit for the memory device located thereon; the
electrically conductive layers (146, 246) can comprise a
plurality of control gate electrodes having a strip shape
extending substantially parallel to the top surface of the
semiconductor substrate 10; and the plurality of control gate
electrodes comprise at least a first control gate electrode
located in the first device level and a second control gate
electrode located in the second device level. The array of
monolithic three-dimensional NAND strings can comprise:
a plurality of semiconductor channels (the vertical semicon-
ductor channels 60 and optionally horizontal semiconductor
channels that are surface portions of the semiconductor
material layer 10), wherein at least one end portion of each
of the plurality of semiconductor channels extends substan-
tially perpendicular to a top surface of the semiconductor
substrate 9, and a plurality of charge storage elements (as
embodied as portions of the memory material layer 54
located at levels of the electrically conductive layers (146,
246), each charge storage element located adjacent to a
respective one of the plurality of semiconductor channels.

[0161] Although the foregoing refers to particular embodi-
ments, it will be understood that the disclosure is not so
limited. It will occur to those of ordinary skill in the art that
various modifications may be made to the disclosed embodi-
ments and that such modifications are intended to be within
the scope of the disclosure. Where an embodiment employ-
ing a particular structure and/or configuration is illustrated in
the present disclosure, it is understood that the present
disclosure may be practiced with any other compatible
structures and/or configurations that are functionally equiva-
lent provided that such substitutions are not explicitly for-
bidden or otherwise known to be impossible to one of
ordinary skill in the art. All of the publications, patent
applications and patents cited herein are incorporated herein
by reference in their entirety.

1. A three-dimensional memory device comprising:

a lower-interconnect-level dielectric material layer
located over a substrate and embedding lower-inter-
connect-level metal interconnect structures;

a horizontal layer overlying the lower-interconnect-level
dielectric material layer;

an alternating stack of insulating layers and electrically
conductive layers located over the horizontal layer;

an array of memory stack structures extending through the
alternating stack;

laterally-insulated conductive via structures that vertically
extend through each layer in the alternating stack and
through the horizontal layer, wherein each of the lat-
erally-insulated conductive via structures comprises a
respective first conductive core that is electrically
shorted to a respective one of the lower-interconnect-
level metal interconnect structures, and a respective
first cylindrical dielectric spacer that laterally sur-
rounds the respective first conductive core; and

laterally-insulated support structures that vertically
extend through a subset of layers in the alternating
stack, wherein each of the laterally-insulated support
structures comprises a respective second conductive
core having a same composition as the first conductive
core, and a respective second cylindrical dielectric
spacer that laterally surrounds the respective second
conductive core, and wherein an entirety of a top planar
surface of each second conductive core contacts a
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respective bottom surface of an overlying upper-inter-
connect-level dielectric material layer

wherein:

the alternating stack includes a staircase region in which
each electrically conductive layer except a topmost
electrically conductive layer laterally extends farther
than any overlying electrically conductive layer to
provide multiple sets of stepped surfaces, wherein each
set of stepped surfaces continuously extend from a
bottommost layer of the alternating stack to a topmost
layer of the alternating stack;

a retro-stepped dielectric material portion overlies the
multiple sets of stepped surfaces; and the laterally-
insulated support structures vertically extend through a
respective portion of the multiple sets of stepped sur-
faces and the retro-stepped dielectric material portion.

2. The three-dimensional memory device of claim 1,
wherein each first conductive core contacts a bottom surface
of a respective one of upper-interconnect-level metal inter-
connect structures that are embedded within the overlying
upper-interconnect-level dielectric material layer.

3. The three-dimensional memory device of claim 1,
wherein a bottommost surface of each second conductive
core is located between a first horizontal plane including a
bottommost surface of the horizontal layer and a second
horizontal plane including a topmost surface of the horizon-
tal layer.

4. The three-dimensional memory device of claim 1,
wherein:

a bottommost surface of each second conductive core
contacts a respective metallic material portion embed-
ded within the lower-interconnect-level dielectric
material layer; and

each second conductive core is electrically isolated from
any conductive or semiconducting material within the
substrate, the horizontal layer, the alternating stack, or
upper-interconnect-level metal interconnect structures
located over the alternating stack.

5. (canceled)

6. The three-dimensional memory device of claim 1,

further comprising:

contact via structures vertically extending from a top
surface of the retro-stepped dielectric material portion
to a respective region of the multiple sets of stepped
surfaces and contacting a respective one of the electri-
cally conductive layers, wherein a subset of horizontal
surfaces within one set among the multiple sets of
stepped surfaces includes a respective horizontal sur-
face including a first opening through which a respec-
tive one of the contact via structures extends vertically
and a second opening through which a respective one
of the laterally-insulated support structures extends
vertically; and

backside trenches laterally extending along a horizontal
direction and vertically extending through an entirety
of the alternating stack, wherein each set of stepped
surfaces is laterally bounded by a neighboring pair of
the backside trenches.

7. The three-dimensional memory device of claim 6,
wherein a complementary subset of horizontal surfaces
within the one set among the multiple sets of stepped
surfaces includes openings through which a respective one
of the laterally-insulated support structures extend vertically,
and does not contact any of the contact via structures,
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wherein the complementary subset of horizontal surfaces
and the set of horizontal surfaces collectively comprise all
horizontal surfaces of the one set among the multiple sets of
stepped surfaces.

8. The three-dimensional memory device of claim 6,
further comprising semiconductor-containing support struc-
tures extending through the multiple sets of stepped sur-
faces, wherein:

each semiconductor-containing support structure and

each memory stack structure comprises a respective
instance of a memory film and a respective instance of
a vertical semiconductor channel that is laterally sur-
rounded by the respective instance of the memory film
and contacts a bottom surface of a respective instance
of a drain region; and

each horizontal surface within the multiple sets of stepped

surfaces includes at least one opening through which a
respective one of the semiconductor-containing support
structures extends vertically.

9. The three-dimensional memory device of claim 6,
wherein:

electrically conductive layers comprise word lines

extending in a word line direction; and

each row extending in the word line direction contains

alternating laterally-insulated conductive via structures
and laterally-insulated support structures.

10. The three-dimensional memory device of claim 6,
wherein the contact via structures vertically extend in a
first-type contact via region and a second-type contact via
region having a two-fold rotational symmetry around a
vertical axis.

11. The three-dimensional memory device of claim 1,
wherein:

the substrate comprises a semiconductor substrate;

the horizontal layer comprises an electrically conductive

buried source line;

each memory stack structure within the array includes a

vertical semiconductor channel electrically connected
to the horizontal layer; and

a driver circuit for the array of memory stack structures is

located on a top surface of the semiconductor substrate
and is electrically connected to at least one of the
electrically conductive layers in the alternating stack
and drain regions overlying vertical semiconductor
channels within the memory stack structures through a
subset of the lower-interconnect-level metal intercon-
nect structures.

12. The three-dimensional memory device of claim 1,
wherein:

the three-dimensional memory device comprises a mono-

lithic three-dimensional NAND memory device;

the electrically conductive layers comprise, or are elec-

trically connected to, a respective word line of the
monolithic three-dimensional NAND memory device;
the substrate comprises a silicon substrate;
the monolithic three-dimensional NAND memory device
comprises an array of monolithic three-dimensional
NAND strings over the silicon substrate;

at least one memory cell in a first device level of the array
of monolithic three-dimensional NAND strings is
located over another memory cell in a second device
level of the array of monolithic three-dimensional
NAND strings;
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the silicon substrate contains an integrated circuit com-
prising a driver circuit for the memory device located
thereon;

the electrically conductive layers comprise a plurality of
control gate electrodes having a strip shape extending
substantially parallel to the top surface of the semicon-
ductor substrate, the plurality of control gate electrodes
comprise at least a first control gate electrode located in
the first device level and a second control gate electrode
located in the second device level; and

the array of monolithic three-dimensional NAND strings
comprises:

a plurality of semiconductor channels, wherein at least
one end portion of each of the plurality of semicon-
ductor channels extends substantially perpendicular to
a top surface of the semiconductor substrate, and

aplurality of charge storage elements, each charge storage
element located adjacent to a respective one of the
plurality of semiconductor channels.

13-22 (canceled)
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