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ABSTRACT 

A semiconductor structure includes a memory-level assem­
bly located over a substrate and including at least one 
alternating stack and memory stack structures vertically 
extending through the at least one alternating stack. Each of 
the at least one an alternating stack includes alternating 
layers of respective insulating layers and respective electri­
cally conductive layers, and each of the electrically conduc­
tive layers in the at least one alternating stack includes a 
respective opening such that a periphery of a respective 
spacer dielectric portion located in the opening contacts a 
sidewall of the respective electrically conductive layers. At 
least one through-memory-level via structure vertically 
extends through each of the spacer dielectric portions and 
the insulating layers. 

YMTC
Exhibit 2020 
Micron v. YMTC 
IPR2025-00191
Ex. 2020-001



Patent Application Publication 

0 
0 
T""" 

0 
0 
LO 

0 
0 
T""" 

Dec. 14, 2017 Sheet 1 of 36 US 2017/0358593 Al 

T""" 

(9 
LL 

Ex. 2020-002



Patent Application Publication Dec. 14, 2017 Sheet 2 of 36 US 2017/0358593 Al 

r-------------
r---------------fl'""f.f"f.fl!ff.ff.fl!ff.f'ff""f.1'!11ffiffii'fi,---,c::::~TITITI7 
I 
I 
I 
I 
I 
I 
I 
I 

§I 
I 
I 
I 
I 
I L ______________ _ 

r-------

~I 
I 
I 
I 
I 
I 
I 
I 
I 

r---------------
1 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 
L---------------

-.-

I' 
0 
CX) 
-.- N N 

s:::t C') 

-.-
C') 

t~:nn 
M,.,..T" ..... -.R".'t~~nn 

:::: l'--t O: 
:N\ ~: 

LO:::: l-..:-.::::: :~:t~t: 
i,;;:::;;;:;..;;.ir-,,~ (0 :::: t ~ t : 

t~::::tttt 

;;;;1m 

~n=,c-,~~m!

1

III 
n.~=~"'tJ:::::::::::: o~:::::::: 

ttt R~il uu~~u 

<( 
C\J 

CJ 
LL 

Ex. 2020-003



Patent Application Publication Dec. 14, 2017 Sheet 3 of 36 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'--------- ______ _,,) 
'v 

T""" 

0 
T""" 

US 2017/0358593 Al 

T""" 

CV) 

0 
0 
LO 

co 
N 

(9 
LL 

Ex. 2020-004



r----100---------, 
I -- I 
I I 
I I 
I I 
I I 

r--------500-------------- 7 r-----100---------~ 
I -- I I -- I 
I I I I 
I I I I 
I I I I 
I _,.'70,------~ I I I 

J :-:-:-:-:·:·:~·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:::::·:·:·:·:·:·:·:·:·:·:·:·:·:·.-.-.-....... -.-.-,-,-.-.-.-. 

42,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., 

.•:•:•:•;;;;:;:;:::;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:. ;:;:;:*::,t:::;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;;;;;a;a;a;a 

,,,,,,,,,,,,, .. ,,,,,,,,,,,,,,,,,,,,.,.232,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

_ 180----::;:=' 0 

::::::::r:::::::::=- ➔132:::::::::::::::::::::::::::::::::::::::::::, 

'/////////////////////////////////. 

~;:;;;;;700:;;~~;;;;;;;:n,-,.,.,-,.,.,.~,.,.,,;;;;;;;:;;.:.;;:~;;;;;;;;;~;;;:~;;;;;::ZZ~;;:~;;;;;.;;;:;:;;;;;;;;;;;;;:;;.:;;;;~,.,.,,,.,.. .... ""_...,..:;;.;;~~;;;: 
:;;;;;;;;~~~~~~~;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;~g,;;;;;;;;;;;;;;;;;;;;;;;;;;:750;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;: 
............................. ...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-.1_...-_..-_..-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-...-. 

FIG. 3 

""O 
~ ..... 
('D = ..... 

t 
"e -... . (') 

~ ..... .... 
0 = 
""O = O" -.... (') 

~ ..... .... 
0 = 
c 
('D 

~ .... 
~ ... 
N 
0 .... 
-....J 

rJJ 
=­('D 
('D ..... ... 
0 .... 
~ 
O'I 

c 
rJJ 
N 
0 .... 
~ 
0 
~ 
Ul 
QO 
Ul 
1,0 
~ 

> .... 

Ex. 2020-005



"Tl 
G) 

+:=,,. 
)> 

uuuu 
~ t ~1~ t t t 
\.\."-.Q\.\.\.p ~ 
:::: :::: ~ ~-...:::::::: ::::...: ....... , . 

m11m 
>-:::::::: l 

Ill : ~ l n~ 
_l~ t;;; 
~~~!nn 
~ t ~ i 
nt~nn 
~1~ ::::~l 
~tt ~~ 
............ -....J .... 

t\;, 01; 
~-....J I\)~ 

~~ ~1 
~((lt~t~r.-.~..-"11'1' 
:::: :::: :::: ) :::: ::,. ::,. .... 

~tt~::::~: • 
~\;~\CO~ 

0 OJ 

I 

il-....J i I\) 

---t!t-t"l·-t.'tttt.lt- -I -
i-
i 
i 

' ! 
! 
! 
i 
i 
i 
! 
! 

cr, 
CJ1 

I o 
I ,-----A---, 
CJ1 CJ1 CJ1 

~ 
,1 
'I 

icr,@.i:,.. ...... 

, I I\) 

/ I cr, 'cr, 
, I o o 

I ,' I\) __._ 
i,' '----y---J 

, I cr, 

, 118 0 

I\) 

00 
0 

-....J 
0 

I 
I 
I 
I 
I 
I 
I 
I 

I§ 

___ _J 

---, 
I 
I 
I 
I 
I 

I§ 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1::--::,. ::--1::,.::,.::,.::,. r:==: R1 -----~)»)IU·q...yyyyyyyy...J..LW-,QIDU..Y.EJ;J.W.Y..L L----J 
I I 

OJ Q 

IV £6S8S£0/ l IOZ Sil 9£ JO S J.l.lQS l IOZ 'M "J.lO U0!JRJ!{qlld UO!JRJ!{ddy JU.lJRd 

Ex. 2020-006



Patent Application Publication Dec. 14, 2017 Sheet 6 of 36 

0 
0 
T""" 

T""" 

LL 
,---->---.. 

T""" C\J 
(J) (J) 

,---->---.. 

C\J 
LL 

,---->---.. 
CV) s:::I" 
(J) (J) 

,---->---.. ,---->---.. 

\.....________ _ ______ _.,) 
V 

T""" 

0 
T""" 

US 2017/0358593 Al 

LO 
LO 

0 
0 
LO 

T""" 

"O 
.c 

C\J 
"O 
.c 

co 
-.;:j-

. 
(9 
LL 

Ex. 2020-007



Patent Application Publication Dec. 14, 2017 Sheet 7 of 36 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'---------- ______ _,,) 
'v 

T""" 

0 
T""" 

US 2017/0358593 Al 

LO 
LO 

0 
0 
LO 

C\J 
"O 
.c 

T""" 

"O 
.c 

. 
(9 
LL 

Ex. 2020-008



Patent Application Publication Dec. 14, 2017 Sheet 8 of 36 US 2017/0358593 Al 

co o 
I I 

r-------·-----f-------------
1 
I 
I 
I 
I 
I 

I ~I 
~I 

I 
I 
I 
I 
I 
L-------~-----. ------------

~I 
I 
I 
I 
I 
I 
I 
I 
I 

r----

1 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 

0 
00 
N 

co [II 0 

r-------------

<( 
LC) 

CJ 
LL 

Ex. 2020-009



Patent Application Publication Dec. 14, 2017 Sheet 9 of 36 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'---------- ______ / 
V 

T""" 

0 
T""" 

US 2017/0358593 Al 

LO 
LO 

0 
0 
LO 

T""" 

"O 
.c 

C\J 
"O 
.c 

co 
L() 

. 
(9 
LL 

Ex. 2020-010



Patent Application Publication Dec. 14, 2017 Sheet 10 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

V 
T""" 

0 
T""" 

LO 
LO 

0 
0 
LO 

C\J 
"O 
.c 

T""" 

"O 
.c 

0 
L() 

. 
(9 
LL 

Ex. 2020-011



Patent Application Publication Dec. 14, 2017 Sheet 11 of 36 US 2017/0358593 Al 

CJ (.) 
I I r-------------r------- · -----r _____________ ,_...,,."""',-------.,,,,..---..-,,-=-,,-!s-77'= 

I 
I 
I 
I 
I 
I 

I ~I 
~I 

I 
I 
I 
I 
I 
L _______ L ______ ------------
r--- ---1 -----,-------------fl,l.lllll.lU 

I 

0 
C\JII 
t---1 

t---
C\J ..-· 

§I ~ 
I 0 
I C\J 

CX) 

I 0 s:::I" 
I CX) 

I C\J ---~--
I .. 

I C\J 
I CV) CV) 

C\J s:::I" 

r----
I 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 

CD co 0 

. n~ 
o, 
LO~ 
t---' • t t t 

Jill 
........ ,C') 

1111111 :::: o~:::::::: 
t R ~ 1 t 

<( 
c.o 
(9 
LL 

Ex. 2020-012



Patent Application Publication Dec. 14, 2017 Sheet 12 of 36 US 2017/0358593 Al 

0 
0 
T""" 

'-------- _____ / 
V 

T""" 

0 
T""" 

LO 
LO 

0 
0 
LO 

T""" 

"O 
.c 

C\J 
"O 
.c 

co 
c.o . 
(9 
LL 

Ex. 2020-013



Patent Application Publication Dec. 14, 2017 Sheet 13 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

0 
T""" 

LO 
LO 

0 
0 
LO 

T""" 

"O 
.c 

C\J 
"O 
.c 

0 
c.o . 
(9 
LL 

Ex. 2020-014



Patent Application Publication Dec. 14, 2017 Sheet 14 of 36 US 2017/0358593 Al 

ca o 
I I r-------------r-------·-----t-------------·~~ffi------,;ii---==::7"T7"T7TI"1 

i ,-1:'ih=="'IIIIIIII 
I 

I RI 
§I 

I 
I 
I 
I 
I 
L-------~-----. ---------------~ 
r--- ---,-----r------------~-~-

I 

0 
(\JI! r---1 

r---
C\J r-

~I I' 
I 0 
I 00 
I 

r-
0 

I 00 
I C\J 
I 
I 
I 

r----
I 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 
L ___ 

(0 cc () 

~~:nn 
lt'l:"-.TS<""<cl!f<--... -.:: -.:: :::: t :::: :::: :::: 
l'"J;!i,>o="""'A# t ;,; t t s s ~ 

:::: r--,.....~ 0 ~ 
:N~ ;!2~ 

LO:::: l-..:-..: \ 
l~~l~t~ 
'C.O::::t~t~ 
t;!2::::lt~t 

;;;;im 

~n,..... ..... ~imlllll 
:::::::: :::: 0~ :::::::: 

1~~ R~~~ uu~~u 

<( 
r-,.... 

CJ 
LL 

Ex. 2020-015



Patent Application Publication Dec. 14, 2017 Sheet 15 of 36 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

~~ ,-----,"----.. ,-----,"----.. 

/", 

V, 

~ 

N 

fV 

~ 

\.... 

C\J 
s:::I" 
O') 

O') 
r---. 

k 
J< 

<.( 

i< I ':, 

I 
,, I 

Q v •E lX> . D / ~ V +-~ ,:.H 
"'' 'V " " v f (, 
NJ< ~ Wv~ /:.0 }~ ; 
>;«V ,, (0 f"/vlf(,-'~ IA/A 

i< ,,,v, ,, s:::t- txx~ >lf;f, 
NJ< ~ C\J • ""'c'1 si:z., /.0 
>;«V ,,,v s:::I" ,;---~ IA/A 

~ x'.:00 X, r---. •• ,, 

>; C\J ~ ~ ~ :; 
' ~? ~ T"""~ 

N'A' -«F-/-, ~ w a, 
'7--/ ~ ~ V, "' 

" h9) ½0 ~ x%i-' /2'";!; 
:;< YAX v, '.)< 'x ~ 0 

z., 

~ 
C\J 
r--. O') 

r---. 
<.( 

" " 

"' 
1111 

V 
T""" 

0 
T""" 

"" 

if 

" 

./ 

O') 
r---. 

US 2017/0358593 Al 

0 
r-- 0 

LO 

T""" 

"O 
..c 

C\J 
"O 
..c 

co 
r--.... 

(9 
LL 

Ex. 2020-016



Patent Application Publication Dec. 14, 2017 Sheet 16 of 36 US 2017/0358593 Al 

0 
0 
T""" 

O') 
r---. 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 
~~ 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'-------- ____ / 
V 

T""" 

0 
T""" 

LO 
LO 

0 
0 
LO 

T""" 

"O 
.c 

C\J 
"O 
.c 

0 
r--.... . 
(9 
LL 

Ex. 2020-017



Patent Application Publication 

r---
1 
I 
I 
I 
I 
I 
I 
I 

§I 

~I 
I 
I 
I 
I 
I 
I 
I 
I 

----
I 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 
L---

I 

0 
NII 
I"-- I 

I"-- I 
C\J ,- . 

I' 
0 
00 

0 
00 
C\J 

(0 CJ 0 

Dec. 14, 2017 Sheet 17 of 36 US 2017/0358593 Al 

,-
(0 

:'.~ 

.. 

................ t .... \. .... 

[;"./j:',!!-~....,.....,··,· 1111!111 
r/,.1~..r✓./ISil 

~~:~Ht 
hi~~.-...-B~ .... -.:: -.:: :::: l :::: :::: :::: 
"J:l~='"-"AI 1 i 1 t;; 1 

:::: r------t O l 
-... -..:: -..:: -... LO -... ::::N:::: ('-....:::: 

LO:::: l-..:-..::::: 
t~ttttt 
-...(0::::t:tt 
~~::::tttt 
\Hqni 

mii!U 

~'A._..~V..,Al'"tc~,...,.~~11111

1

111 
r,.1'A!o:¾-"'-' .... ....,r1:::::::::::: o ~:::::::: 

t~t R~~t 
::::::::::::-..:a.:-.:::::::::: 

........... :::: :::: :::: :::: t:::::::::::: 

~ ~~ ~ t~ ~~ 

<( 
CX) 

C} 
LL 

Ex. 2020-018



Patent Application Publication Dec. 14, 2017 Sheet 18 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'---------- _______ / 
V 

T""" 

0 
T""" 

(0 
r---. 

s:::I" 
r---. 

C\J 
"O 
.c 

T""" 

"O 
.c 

co 
co . 
(9 
LL 

Ex. 2020-019



Patent Application Publication Dec. 14, 2017 Sheet 19 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 
~~ 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'----------- ________ / 
V 

T""" 

0 
T""" 

(0 
r---. 

C\J 
"O 
.c 

T""" 

"O 
.c 

0 
co . 
(9 
LL 

Ex. 2020-020



Patent Application Publication 

r---
1 
I 

I 

I 

I 

I 
I 
I 

§I 

§I 
I 
I 
I 
I 
I 
I 
I 
I 

r---

I 
I 
I 
I 
I 
I 
I 
I 

§I 
I 
I 
I 
I 
L---

0 
CX) 
N 

(D Ill 0 

Dec. 14, 2017 Sheet 20 of 36 

T""" 

(0 

US 2017/0358593 Al 

'.A,,¼-'U.-3.-'',J Ii\! I I I I 

i~:nn 
,f,il~ .... -d!r:'-.-.::-.::::::t:::::::::::: 
:R~"""""f'lltittt~t 

t~t ~ t 
::::~tt~l 
t~ttttt 
"(O::::tttt 
l~::::tttt ~~~qn; 

mill!! 

~~T'.,,i~m~!

1

III 
-..,._,..,.~::::::::::::a~:::::::: 

tllR~lt 

IIIHIII 

<( 
en 
(9 
LL 

Ex. 2020-021



Patent Application Publication Dec. 14, 2017 Sheet 21 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 
~ 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'----------- _______ / 
V 

T""" 

0 
T""" 

(0 
r---. 

C\J 
"O 
.c 

T""" 

"O 
.c 

co 
0) 

. 
(9 
LL 

Ex. 2020-022



Patent Application Publication Dec. 14, 2017 Sheet 22 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 
~~ 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'----------- _______ / 
V 

T""" 

0 
T""" 

(0 
r---. 

T""" 

"O 
.c 

0 
0) 

. 
(9 
LL 

Ex. 2020-023



() OJ CJ) 

u~~uu ---, 
I 
I 
I t t ~1~ t t t I 

\\~O \\\ I§ 
11111111 

I 
I 
I 
I 
I 
I 
I 
I 
I ___ .J 

----

mi 11 @ ~ h<n Mri B m @ ~ 1 
I 
I 
I 

---1 ,) 1 :::1 
·.-. 11 I I"' •• , ·:::i· 1:· 

r,:j"" I -:- I 
fcb-.~~~~~ (X) (X) I 1

11 :::: 
··.:.i·· -'-

J __ ij [:[ :: 
(X) I 

1111rn1 
CJ) 

~: 
I .. w .i::,.. .i::,.. q 0 I 

!r I II }V, I\) I\) 
.... ·:. I 

o,s 
.,· ' I 

"I 

' I§ tnhnt -.....J ~~ >--)-.._).._ -.....J -~ '-. 
(X) ~)-.. m. '-. 

l
tt~~\~1 0 1 "Tl 0 ,c'{ 

\\\ -...0) El I I \\\~\:--:--\ I I 
G) tf~1t~\ I I -'- ij: ::: ::: :: ii~ \-.....J \(\)\ I I .... ... .... . . .. . 01 ff: ::: ::: :: I \ 0, ::,. :--. :--. :,.. I I .. .. .. .. :- :-:- :-: ,,., .. ....a.. ~o 
0 ~ $ ~ 
)> tt~~~~: 

~~~~l .... 01~ 

iJi1iiilitlJ===J 
\\\ \CO\ 

1111:::; 
I 
I 
I 
I 
I 

I~ 
I 
I 
I 
I 
I 
I 
I 
I 

___ J 

CJ) 
-'-

IV £6S8S£0/ l IOZ Sil 9£ JO £Z J.l.lQS l IOZ 'M "J.lO UO!JRJ!{qlld UO!JRJ!{ddy JU.lJRd 

Ex. 2020-024



Patent Application Publication Dec. 14, 2017 Sheet 24 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" C\J 
LL LL 

,-----,"----.. C\J ,-----,"----.. 
T""" C\J ~ M ~ 
Cl) Cl) Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'------I_-~~-----_-_-_-_-_-___ ./ 
"V 

T""" 

0 
T""" 

(0 
r---. 

C\J 
"O 
.c 

T""" 

"O 
.c 

co 
0 

. 
(9 
LL 

Ex. 2020-025



Patent Application Publication Dec. 14, 2017 Sheet 25 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'-------- _____ / 
V 

T""" 

0 
T""" 

LO 
LO 

(0 
r---. 

s:::I" 
r---. 

0 
0 
LO 

C\J 
"O 
.c 

T""" 

"O 
.c 

0 
0 
~ 

. 
(9 
LL 

Ex. 2020-026



Patent Application Publication 

I 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 
I 
I 

~I 
I 

I 
I 
I 
I 
I 
I 
I 
L-

I-­

I 
I 

ICVJ 
lo 
IT""" 

I 
I 
I 

~I 
I 

T""" 

<01 a.. 
II 

Dec. 14, 2017 Sheet 26 of 36 

T""" 

US 2017/0358593 Al 

<( 
T""" 
T""" 

(9 
LL 

Ex. 2020-027



Patent Application Publication Dec. 14, 2017 Sheet 27 of 36 US 2017/0358593 Al 

C\J 
(V) (0 

r--
I 
I 
I (V) 

010 o..-
T""" 

I 

I 
I 
I 

(0 
0 
T""" 

i~:nn (D -.. -.:: -.:: :::: l:::::::::::: 

tittSSt 'T"'"" 

t~t ~t 'T"'"" 

::::~ltt-:t 
CJ t~ttttt 

"(O::::(ttt 
t~::::lltt LL 
t~~t~n~ 

mil!U 

~I 

111111111 :::::::::::: o~:::::::: 
ttt R~tt 

IIU~ill 
T""" 

Ex. 2020-028



Patent Application Publication Dec. 14, 2017 Sheet 28 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'----------- _______ / 
V 

T""" 

0 
T""" 

LO 
LO 

(0 
r---. 

s:::I" 
r---. 

C\J 
"O 
.c 

T""" 

"O 
.c 

N 
~ 

. 
(9 
LL 

Ex. 2020-029



Patent Application Publication 

ca 
I 

Dec. 14, 2017 Sheet 29 of 36 US 2017/0358593 Al 

r-------------
r - - - - - -FFnl"'R"'F-f"l!Ff.'f"F-fff''f'!;f"F"F-f"F-n';r'f.'lf"F-l"'f.'f"f.;r"F-f""f.".!"IR'~<ffii"fy,----m;:r-----::=:if""':--;:;--::'"7":l;-..,,-:c7 

I 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 
I 
L __ _ 

§I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

@I 
I 
I 
I 
I 
I 
I 
I __ 

L!) 
I'-
N 

C\J 
-.::I" 

n 
C\J 

co 

0 
I'--
T""" 

I' 
0 
00 

N T""" C\J C\J 
(") -.::I" (") 
N T""" T""" 

, ~ n 
0~ 

-..: LO:::: 
I'-- ~ 

tt~ 
,.; :::::::::::: 

JIii ........ . m 

111111! :::: o~:::::::: 
1 R ~ ~ 1 

,J~~IU 

<( 
CV) 
'T""" 

C) 
LL 

Ex. 2020-030



Patent Application Publication Dec. 14, 2017 Sheet 30 of 36 

0 
0 

T""" 

LL 
,---->-----.. 

..- N 
Cf) Cf) 

,---->-----.. ,---->-----.. 

US 2017/0358593 Al 

0 
0 
L!) 

T""" 

"O 
.c:: 

N 
"O 
.c:: 

co 
CY') 
,--

CJ 
LL 

Ex. 2020-031



6 

B 

C 
D 

,-----100---------, 
I -- I 
I I 
I I 

'/////////////////////////////////, 

r--------500--------------,,------10~---------
I - II - I 
I I I I 
I I I I 

270 280 
·-·-·-·-·-·-·-ll§_·-·-·-·-· 

·-·-·-·-·-·-·-·-·-·-·-
·.!±!-···42·,·:•: ..... :•: ..... :::...,..:•: ..... :-:: .... ::i-:-t-t 

-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: 

............... ·-·-·-·-·-·-·•:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: 

180-----:::;=" .. 9,,,,,,,,,,,, 
:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: 

:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: 

zx+;::: 142 • ,,,,,. 
······-:-:-:-:-:-: ==~= 

32':':':':':':':':':':':':':':':':':':':':':':':': 

;;;;;;;~7 o o;;;~;;;;;;;;;;:~~~ ~ "";;;;;.;;:;;.~~;;;;;;;;;~1;;;:;;;.~mm;;;;;::S;C:.;;;~m ,;;,;;;;;.m;;.;;;;;;;;;;;;;;:;;.;;;.~ ~"" "".,..."".,...,.;;;.;;;;~;;;;;;: 
:;;;;;;;;:::::::;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;~

9
~;;;;;;;;;;;;;;;;;;;;;;;;;;: 7 so:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;: 

'/////////////////////////////////////////////////////////////////.--'////////////////////////////////////////////////////////////////////////////////////////////////////////////, 

FIG. 14A 

""O 
~ ..... 
('D = ..... 
> "e 

"e -.... (') 

~ ..... .... 
0 = 
""O = O" -.... (') 

~ ..... .... 
0 = 
c 
('D 

~ .... 
~ ... 
N 
0 .... 
-....J 

'61 rJ'1 
=-('D 
('D ..... 
~ .... 
0 .... 
~ 
O'I 

c 
rJ'1 
N 
0 .... 
-....J 

---0 
~ 
Ul 
QO 
Ul 
1,0 
~ 

> .... 

Ex. 2020-032



Patent Application Publication Dec. 14, 2017 Sheet 32 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

T""" 

0 
T""" 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

(0 
r---. 

s:::I" 
r---. 

C\J 
"O 
.c 

T""" 

"O 
.c 

co 
""'" ~ . 
(9 
LL 

Ex. 2020-033



Patent Application Publication Dec. 14, 2017 Sheet 33 of 36 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 
~~ 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'-------- _____ / 
V 

T""" 

0 
T""" 

US 2017/0358593 Al 

(0 
r---. 

T""" 

"O 
.c 

(9 
LL 

Ex. 2020-034



Patent Application Publication Dec. 14, 2017 Sheet 34 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" 

LL 
,-----,"----.. 

T""" C\J 
Cl) Cl) 

C\J 
LL 

,-----,"----.. 
CV) s:::I" 
Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'---------- _______ / 
V 

T""" 

0 
T""" 

(0 
r---. 

s:::I" 
r---. 

0 
0 
LO 

C\J 
"O 
.c 

T""" 

"O 
.c 

0 

""'" ~ . 
(9 
LL 

Ex. 2020-035



Patent Application Publication 

r 
I 
I 
I 
I 
I 
I 
I 
I 

~I 

L 

=I ~I ~--
1 
I 
I 
I 
I 
I 
I 
I 

r 
I 
I 
I 
I 
I 
I 
I 
I 

~I 
I 
I 
I 
I 
L 

~I 

co I 0.... 
II 

Dec. 14, 2017 Sheet 35 of 36 

T""" 

(0 

US 2017/0358593 Al 

<( 
LO 
T""" 

CJ 
LL 

~I 
I 

I 
I 
I -------------

Ex. 2020-036



Patent Application Publication Dec. 14, 2017 Sheet 36 of 36 US 2017/0358593 Al 

0 
0 
T""" 

T""" C\J 
LL LL 

,-----,"----.. ,-----,"----.. 
T""" C\J M ~ 
Cl) Cl) Cl) Cl) 

,-----,"----.. ,-----,"----.. 

'-------- _____ / 
V 

T""" 

0 
T""" 

LO 
LO 

(0 
r---. 

0 
0 
LO 

C\J 
"O 
.c 

T""" 

"O 
.c 

co 
L() 

. 
(9 
LL 

Ex. 2020-037



US 2017/0358593 Al 

WITHIN-ARRAY 
THROUGH-MEMORY-LEVEL VIA 

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, such as vertical NAND 
strings and other three-dimensional devices, 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 dielectric 
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 device area for peripheral 
devices can take up a significant portion of the total chip 
area. Thus, a method of providing various peripheral 
devices, such as word line driver circuits, without signifi­
cantly increasing the total chip size is desired. Further, an 
efficient power distribution network in the array of memory 
stack structures can increase performance of three-dimen­
sional memory devices. A method of enhancing power 
distribution without excessively increasing the footprint of a 
semiconductor chip is also desired. 

SUMMARY 

[0004] According to an aspect of the present disclosure, a 
semiconductor structure is provided, which comprises: a 
memory-level assembly located over a substrate and includ­
ing at least one alternating stack and memory stack struc­
tures vertically extending through the at least one alternating 
stack, wherein each of the at least one an alternating stack 
includes alternating layers of respective insulating layers 
and respective electrically conductive layers, and each of the 
electrically conductive layers in the at least one alternating 
stack includes a respective opening such that a periphery of 
a respective spacer dielectric portion located in the opening 
contacts a sidewall of the respective electrically conductive 
layers, and at least one through-memory-level via structure 
that vertically extends through each of the spacer dielectric 
portions and the insulating layers. 
[0005] According to another aspect of the present disclo­
sure, a method of forming a semiconductor structure is 
provided. At least one alternating stack and memory stack 
structures vertically extending through the at least one 
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alternating stack are formed over a substrate. Each of the at 
least one an alternating stack includes alternating layers of 
respective insulating layers and respective sacrificial mate­
rial layers including a dielectric material having a different 
composition than the respective insulating layers. Lateral 
recesses are formed by laterally removing portions of the 
sacrificial material layers selective to the insulating layers. 
Remaining portions of the sacrificial material layers within 
the at least one alternating stack constitute spacer dielectric 
portions. At least one through-memory-level via structure is 
formed through each of the spacer dielectric portions and 
each of the insulating layers within the at least one alter­
nating stack. In one embodiment, the at least one through­
memory-level via structure vertically extends at least from a 
first horizontal plane including a topmost surface of the 
memory-level assembly to a second horizontal plane includ­
ing a bottommost surface of the memory-level assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a vertical cross-sectional view of an 
exemplary structure after formation of semiconductor 
devices, at least one lower level dielectric layer, and lower 
level metal interconnect structures on a semiconductor sub­
strate according to an embodiment of the present disclosure. 
[0007] FIG. 2A is a vertical cross-sectional view of the 
exemplary structure after formation of a planar semiconduc­
tor material layer, a first-tier alternating stack of first insult­
ing layers and first spacer dielectric layers, first-tier memory 
openings and first-tier support openings, and first-tier sac­
rificial opening fill portions according to an embodiment of 
the present disclosure. 
[0008] FIG. 2B is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane B-B' in FIG. 
2A. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. 2A. 
[0009] FIG. 3 is a vertical cross-sectional view of the 
exemplary structure after formation of a second-tier alter­
nating stack of second insulating layers and second spacer 
dielectric layers, second-tier memory openings and second­
tier support openings, and removal of the first-tier sacrificial 
opening fill portions according to an embodiment of the 
present disclosure. 
[0010] FIG. 4A is a vertical cross-sectional view of the 
exemplary structure after formation of memory stack struc­
tures, support pillar structures, and a contact level dielectric 
layer according to an embodiment of the present disclosure. 
[0011] FIG. 4B is a horizontal cross-sectional view of the 
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. 
[0012] FIG. 4C is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane C-C' 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. SA is a vertical cross-sectional view of the 
exemplary structure after formation of contact trenches 
according to an embodiment of the present disclosure. 
[0014] FIG. SB is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane B-B' in FIG. 
SA. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. SA. 
[0015] FIG. SC is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane C-C' in FIG. 
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SA. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. SA. 
[0016] FIG. 6A is a vertical cross-sectional view of the 
exemplary structure after formation of lateral recesses by 
removal of the spacer dielectric layers according to an 
embodiment of the present disclosure. 
[0017] FIG. 6B is a horizontal cross-sectional view of the 
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. 
[0018] FIG. 6C is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane C-C' in FIG. 
6A. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. 6A. 
[0019] FIG. 7A is a vertical cross-sectional view of the 
exemplary structure after formation of electrically conduc­
tive layers in the baskside recesses according to an embodi­
ment of the present disclosure. 
[0020] FIG. 7B is a horizontal cross-sectional view of the 
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. 7 A. 
[0021] FIG. 7C is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane C-C' in FIG. 
7A. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. 7 A. 
[0022] FIG. SA is a vertical cross-sectional view of the 
exemplary structure after formation of insulating spacers 
and backside contact structures according to an embodiment 
of the present disclosure. 
[0023] FIG. 8B is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane B-B' in FIG. 
SA. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. SA. 

[0024] FIG. SC is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane C-C' in FIG. 
SA. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. SA. 

[0025] FIG. 9A is a vertical cross-sectional view of the 
exemplary structure after formation of a through-memory­
level via cavity according to an embodiment of the present 
disclosure. 

[0026] FIG. 9B is a horizontal cross-sectional view of the 
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. 
[0027] FIG. 9C is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane C-C' in FIG. 
9A. The zig-zag vertical plane A-A' corresponds to the plane 
of the vertical cross-sectional view of FIG. 9A. 
[0028] FIG. l0A is a vertical cross-sectional view of the 
exemplary structure after formation of a through-memory­
level via structure according to an embodiment of the 
present disclosure. 
[0029] FIG. 10B is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane B-B' in FIG. 
l0A. The zig-zag vertical plane A-A' corresponds to the 
plane of the vertical cross-sectional view of FIG. lOA. 
[0030] FIG. l0C is a horizontal cross-sectional view of the 
exemplary structure along the horizontal plane C-C' in FIG. 
l0A. The zig-zag vertical plane A-A' corresponds to the 
plane of the vertical cross-sectional view of FIG. lOA. 
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[0031] FIG. llA is a vertical cross-sectional view of the 
exemplary structure after formation of upper level line 
structures according to an embodiment of the present dis­
closure. 
[0032] FIG. 11B is a vertical cross-sectional view of 
another region of the exemplary structure of FIG. llA. 
[0033] FIG. 12 is a horizontal cross-sectional view of an 
alternate embodiment of the exemplary structure employing 
a plurality of through-memory-level via structures within a 
single through-memory-level via region. 
[0034] FIG. 13A is a vertical cross-sectional view of a 
modification of the exemplary structure according to an 
embodiment of the present disclosure. 
[0035] FIG. 13B is a horizontal cross-sectional view of the 
modification of the 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. 
[0036] FIG. 14A is a vertical cross-sectional view of the 
modification of the exemplary structure after formation of 
laterally-extending contact via structures according to an 
embodiment of the present disclosure. 
[0037] FIG. 14B is a horizontal cross-sectional view of the 
modification of the exemplary structure along the horizontal 
plane B-B' in FIG. 14A. The zig-zag vertical plane A-A' 
corresponds to the plane of the vertical cross-sectional view 
of FIG. 14A. 
[0038] FIG. 14C is a horizontal cross-sectional view of the 
modification of the exemplary structure along the horizontal 
plane C-C' in FIG. 14A. The zig-zag vertical plane A-A' 
corresponds to the plane of the vertical cross-sectional view 
of FIG. 14A. 
[0039] FIG. 14D is a horizontal cross-sectional view of the 
modification of the exemplary structure along the horizontal 
plane D-D' in FIG. 14A. The zig-zag vertical plane A-A' 
corresponds to the plane of the vertical cross-sectional view 
of FIG. 14A. 
[0040] FIG. 15A is a vertical cross-sectional view of the 
modification of the modification of the exemplary structure 
after formation of drain select interconnect structures 
according to an embodiment of the present disclosure. 
[0041] FIG. 15B is a see-through plan view of the modi­
fication of the exemplary structure of FIG. 15A. The zig-zag 
vertical plane A-A' corresponds to the plane of the vertical 
cross-sectional view of FIG. 15A. 

DETAILED DESCRIPTION 

[0042] As discussed above, the present disclosure is 
directed to three-dimensional non-volatile memory devices, 
such as vertical NAND strings and other three-dimensional 
devices, 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. 
[0043] 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 
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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. 

[0044] 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. 

[0045] 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., a plane parallel 
to the top surface of the substrate) including topmost sur­
faces of an array of memory elements and a second hori­
zontal plane including bottommost surfaces of the array of 
memory elements. As used herein, a "through-memory­
level" element refers to an element that vertically extends 
through a memory level. 

[0046] As used herein, a "semiconductor material" refers 
to a material having electrical conductivity in the range from 
1.0xl0-6 Siem to 1.0xl05 Siem, and is capable of producing 
a doped material having electrical conductivity in a range 
from 1.0 Siem to 1.0xl05 Siem 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 1.0xl05 Siem. As 
used herein, an "insulating material" or a "dielectric mate­
rial" refers to a material having electrical conductivity less 
than 1.0xl0-6 Siem. All measurements for electrical con­
ductivities are made at the standard condition. 

[0047] 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 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 
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memory arrays. The substrate may include integrated cir­
cuits fabricated thereon, such as driver circuits for a memory 
device 

[0048] 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 is located in a 
monolithic, three dimensional array of NAND strings 
located over the 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 dimensional array ofNAND strings. 

[0049] Referring to FIG. 1, an exemplary structure accord­
ing to an embodiment of the present disclosure is illustrated. 
The exemplary structure includes a semiconductor substrate 
9, and semiconductor devices 710 formed thereupon. Shal­
low trench isolation structures 720 can be formed in an 
upper portion of the semiconductor substrate 9 to provide 
electrical isolation among the semiconductor devices 710. 
The semiconductor devices 710 can include, for example, 
field effect transistors including respective source regions 
742, drain regions 744, channel regions 746 and gate struc­
tures 750. The field effect transistors may be arranged in a 
CMOS configuration. 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 cir­
cuitry to support operation of a memory structure to be 
subsequently formed, which is typically referred to as driver 
circuitry, which is also known as peripheral 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/distribution circuitry, data buffer 
and/or latch, or any other semiconductor circuitry that can be 
implemented outside a 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-dimensional memory structures to be subse­
quently formed. 

[0050] At least one dielectric layer is formed over the 
semiconductor devices, which is herein referred to as at least 
one lower level dielectric layer 760. The at least one lower 
level dielectric 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 level metal interconnect structures 780 
that provide electrical wiring among the various nodes of the 
semiconductor devices and landing pads for through­
memory-level via structures to be subsequently formed. The 
lower level metal interconnect structures 780 can include 
various device contact via structures 782 ( e.g., source and 
drain electrodes which contact the respective source and 
drain nodes of the device or gate electrode contacts), 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 
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structures to be subsequently formed. The region of the 
semiconductor devices and the combination of the at least 
one lower level dielectric layer 760 and the lower level metal 
interconnect structures 780 is herein referred to an under­
lying peripheral device region 700, which is located under­
neath a memory-level assembly to be subsequently formed 
and includes peripheral devices for the memory-level assem­
bly. The lower level metal interconnect structures 780 are 
embedded in the at least one lower level dielectric layer 760. 
In one embodiment, the topmost surfaces of the lower level 
topmost metal structures 788 may be located at or below a 
horizontal plane including the topmost surface of the at least 
one lower level dielectric layer 760. 
[0051] The lower level metal interconnect structures 780 
can be electrically shorted to nodes (e.g., source 742, drain 
744 or gate electrodes 750) of the semiconductor devices 
710 (e.g., CMOS devices), and are located at the level of the 
at least one lower level dielectric layer 760. The through­
memory-level via structures (not shown in FIG. 1) can be 
subsequently formed directly on the lower level metal 
interconnect structures 780. In one embodiment, the pattern 
of the lower level metal interconnect structures 780 can be 
selected such that the lower level topmost metal structures 
788, which are a subset of the lower level metal interconnect 
structures 780 located at the topmost portion of the lower 
level metal interconnect structures 780, can provide landing 
pad structures within a through-memory-level via region 
500. The through-memory-level via region 500 is a region in 
which through-memory-level via structures that extend ver­
tically through a memory-level assembly are subsequently 
formed. 
[0052] In one embodiment, the through-memory-level via 
region 500 can be entirely surrounded by a memory array 
region 100 in which memory stack structures (not shown) 
are subsequently formed). A word line contact via region 
(not shown) can be located adjacent to the through-memory­
level via region 500 and the memory array region 100. In 
one embodiment, the through-memory-level via region 500 
can be located within a group (which is referred to as a 
"block") of memory stack structures that share a same set of 
electrically conductive layers as word lines. 
[0053] 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. 
[0054] Referring to FIGS. 2A and 2B, an optional planar 
conductive material layer 6 and a planar semiconductor 
material layer 10 can be formed over the underlying periph­
eral device region 700. In one embodiment, an upper portion 
of the at least one lower level dielectric layer 760 may be 
recessed in the memory array region 100, and the optional 
planar conductive material layer 6 and the planar semicon­
ductor material layer 10 may be formed in the recessed 
region of the at least one lower level dielectric layer 760. In 
another embodiment, the optional planar conductive mate­
rial layer 6 and the planar semiconductor material layer 10 
may be deposited as planar material layers over the at least 
one lower level dielectric layer 760, and the portion of the 
optional planar conductive material layer 6 and the planar 
semiconductor material layer 10 may be removed from the 
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through-memory-level via region 500. The opening in the 
optional planar conductive material layer 6 and the planar 
semiconductor material layer 10 within the area of the 
through-memory-level via region 500 can be filled with a 
dielectric material (such as undoped silicate glass or doped 
silicate glass), which can be added to, and incorporated into, 
the at least one lower level dielectric layer 760. 

[0055] The optional planar conductive material layer 6 
includes a conductive material such as a metal, a metal­
semiconductor alloy (such as a metal silicide), or a heavily 
doped semiconductor material. The optional planar conduc­
tive 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 thicknesses can also be 
employed. A metal nitride layer (not shown) may be pro­
vided as a diffusion barrier layer on top of the planar 
conductive material layer 6. Layer 6 may function as a 
special source line in the completed device. Alternatively, 
layer 6 may comprise an etch stop layer and may comprise 
any suitable conductive, semiconductor or insulating layer. 

[0056] The planar semiconductor material layer 10 can be 
formed over the at least one lower level dielectric layer 760. 
The planar semiconductor material layer 10 includes a 
semiconductor material, which can include at least one 
elemental semiconductor material, at least one III-V com­
pound semiconductor material, at least one II-VI compound 
semiconductor material, at least one organic semiconductor 
material, and/or other semiconductor materials known in the 
art. In one embodiment, the planar semiconductor material 
layer 10 can include a polycrystalline semiconductor mate­
rial (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 planar semi­
conductor material layer 10 can be formed directly above a 
subset of the semiconductor devices on the semiconductor 
substrate 9 (e.g., 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 (i.e., along a vertical plane or 
direction perpendicular to the top surface of the substrate 9). 
In one embodiment, the planar semiconductor material layer 
10 or portions thereof can be doped with electrical dopants, 
which may be p-type dopants or n-type dopants. The con­
ductivity type of the dopants in the planar semiconductor 
material layer 10 is herein referred to as a first conductivity 
type. A dielectric pad layer 52 can be formed on the top 
surface of the planar semiconductor material layer 10. 

[0057] 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. 
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[0058] The first-tier alternating stack can include first 
insulting layers 132 as the first material layers, and first 
spacer dielectric layers as the second material layers. In one 
embodiment, the first spacer dielectric layers can be sacri­
ficial material layers that are subsequently replaced with 
electrically conductive layers. In one embodiment, the first 
sacrificial material layers can include a dielectric material 
having a different composition than the first insulating layers 
132. For example, the first insulating layers 132 can include 
silicon oxide, and the first sacrificial material layers can 
include silicon nitride. 
[0059] In one 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 planar semi­
conductor material layer 10. As used herein, a "sacrificial 
material" refers to a material that is removed during a 
subsequent processing step. 
[0060] 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 
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. 
[0061] 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. 
[0062] 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 
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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. 
[0063] 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. 
[0064] 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). 
[0065] 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
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. 
[0066] A first insulating cap layer 170 is subsequently 
formed over the stack (132, 142). The first insulating cap 
layer 170 includes a dielectric material, which can be any 
dielectric material that can be employed for the first insu­
lating layers 132. In one embodiment, the first insulating cap 
layer 170 includes the same dielectric material as the first 
insulating layers 132. The thickness of the insulating cap 
layer 170 can be in a range from 20 nm to 300 nm, although 
lesser and greater thicknesses can also be employed. 
[0067] In one embodiment, an opening can be formed 
through the first insulating cap layer 170 within a staircase 
region, which is a region in which stepped terraces are 
subsequently formed. Within the staircase region, the first­
tier alternating stack (132, 142) can be patterned to form first 
stepped surfaces in each word line contact via region (not 
shown). Each word line contact via regions can include a 
respective first stepped area in which the first stepped 
surfaces are formed, and a second stepped area 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. The first 
stepped surfaces can be formed, for example, by forming a 
mask layer with an opening therein within the area of the 
opening through the first insulating cap layer 170, etching a 
cavity through a topmost first sacrificial material layer and 
a topmost insulating layer by transferring the pattern of the 
opening in the mask layer, and iteratively expanding the 
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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 (not shown). 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 collectively constitute a first tier 
structure, which is an in-process structure that is subse­
quently modified. 

[0068] Optionally, an inter-tier dielectric layer 180 may be 
deposited over the first tier structure (132, 142, 170). The 
inter-tier dielectric layer 180 includes a dielectric material 
such as silicon oxide. The thickness of the inter-tier dielec­
tric layer 180 can be in a range from 30 nm to 300 nm, 
although lesser and greater thicknesses can also be 
employed. 

[0069] Openings can be formed through the optional inter­
tier dielectric layer 180 and the first tier structure (132, 142, 
170). The openings can include first-tier memory openings 
that are formed in the memory array region 100, and first-tier 
support openings that are formed in the through-memory­
level via region 500. The first-tier memory openings extend 
to a top surface of the planar semiconductor material layer 
10. The first-tier support openings can extend onto, and 
optionally into, the at least one lower level dielectric layer 
760. 

[0070] The first-tier memory openings can be formed in 
the memory array region 100 at locations at which memory 
stack structures including vertical stacks of memory ele­
ments are to be subsequently formed, and the first-tier 
support openings can be formed in the through-memory­
stack via region 500. For example, a lithographic material 
stack (not shown) including at least a photoresist layer can 
be formed over the inter-tier dielectric layer 180, and can be 
lithographically patterned to form openings within the litho­
graphic material stack. The pattern in the lithographic mate­
rial stack can be transferred through the inter-tier dielectric 
layer 180, 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 litho­
graphic material stack as an etch mask. Portions of the 
inter-tier dielectric layer 180, 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 memory openings and the 
first-tier support 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 memory openings and 
the first-tier support openings. 

[0071] 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 memory openings can be substan-
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tially vertical, or can be tapered. Subsequently, the patterned 
lithographic material stack can be subsequently removed, 
for example, by ashing. 

[0072] Optionally, the portions of the first-tier memory 
openings at the level of the inter-tier dielectric layer 180 can 
be laterally expanded by an isotropic etch. For example, if 
the inter-tier dielectric layer 180 comprises a dielectric 
material (such as borosilicate glass) having a greater etch 
rate than the first insulating layers 132 (that can include 
undoped silicate glass), an isotropic etch (such as a wet etch 
employing HF) can be employed to expand the lateral 
dimensions of the first-tier memory openings at the level of 
the inter-tier dielectric layer 180. In this case, the widened 
portions of the first-tier memory openings and the first-tier 
support openings at the level of the inter-tier dielectric layer 
180 may be employed to provide a larger landing pad for 
second-tier memory openings and second via openings to be 
subsequently formed through a second-tier alternating stack 
(which is formed over the inter-tier dielectric layer prior to 
formation of the second-tier memory openings). 

[0073] A sacrificial fill material can be deposited in each 
of the first-tier memory openings and the first-tier support 
openings. The sacrificial fill material layer includes a sac­
rificial material which can be subsequently removed selec­
tive to the materials of the first insulator 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., a-Si or polysilicon), a silicon­
germanium alloy, germanium, a III-V compound semicon­
ductor material, or a combination thereof. Optionally, a thin 
etch stop layer (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. 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 amorphous silicon or a carbon-containing material 
(such as amorphous carbon or diamond-like carbon) that can 
be subsequently removed by ashing. Portions of the depos­
ited sacrificial material can be removed from above the 
inter-tier dielectric layer 180. For example, the sacrificial fill 
material layer can be recessed to a top surface of the 
inter-tier dielectric layer 180 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 inter-tier dielectric layer 180 
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 memory 
opening fill portion 31. Each remaining portion of the 
sacrificial material in a first-tier support opening constitutes 
a sacrificial via fill portion 131. The top surfaces of the 
sacrificial memory opening fill portions 31 and the sacrificial 
via fill portions 131 can be coplanar with the top surface of 
the inter-tier dielectric layer 180. The sacrificial memory 
opening fill portion 31 and/or the sacrificial via fill portions 
131 may, or may not, include cavities therein. 

[0074] As will be described in more detail below, FIG. 2B 
illustrates a memory block 101 which includes a first finger 
Fl and a second finger F2 that extend along the first 
horizontal direction and adjacent to each other along a 
second horizontal direction that is perpendicular to the first 
horizontal direction. Each finger (Fl, F2) can be divided into 
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a pair of strips, such as a pair of a first strip Sl and a second 
strip S2, or a pair of a third strip S3 and a fourth strip S4. 
[0075] Referring to FIG. 3, a second tier structure can be 
formed over the first tier structure (132, 142, 170, 31, 131). 
The second tier structure can include an additional alternat­
ing stack of insulating layers and spacer dielectric 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 alternat­
ing 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. 
[0076] In one embodiment, the third material layers can be 
second insulating layers 232 and the fourth material layers 
can be second spacer dielectric 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 second sacrificial material layers 242 
can include a dielectric material having a different compo­
sition than the second insulating layers 232. 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 semicon­
ductor material, or a conductive material. The fourth mate­
rial of the second sacrificial material layers 242 can be 
subsequently replaced with electrically conductive elec­
trodes which can function, for example, as control gate 
electrodes of a vertical NAND device. 
[0077] 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). 
[0078] 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 
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. 
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[0079] 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. 

[0080] Second stepped surfaces (not shown) in the second 
stepped area can be formed in the through-memory-level via 
regions and the word line contact via regions employing a 
same set of processing steps as the processing steps 
employed to form the first stepped surfaces in the first 
stepped area with suitable adjustment to the pattern of at 
least one masking layer. A second-tier retro-stepped dielec­
tric material portion (not shown) can be formed over the 
second stepped surfaces in the through-memory-level via 
regions 500 and the word line contact via regions. 

[0081] 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. 

[0082] Generally speaking, at least one alternating stack of 
insulating layers (132, 232) and spacer dielectric layers 
(such as sacrificial material layers (142, 242)) can be formed 
over the planar semiconductor material layer 10, and at least 
one retro-stepped dielectric material portion (165, 265 as 
shown in FIG. 11B) can be formed over the staircase regions 
on the at least one alternating stack (132, 142, 232, 242). 

[0083] Second-tier memory openings and second-tier sup­
port openings can be formed through the second tier struc­
ture (232, 242, 270). The second-tier memory openings are 
formed in areas overlying the sacrificial memory opening fill 
portions 31. The second-tier support openings are formed in 
areas overlying the sacrificial via fill portions 131. For 
example, a photoresist layer (not shown) can be applied over 
the second tier structure (232, 242, 270), and can be litho­
graphically patterned to form a same pattern as the pattern 
of the sacrificial memory opening fill portions 31 (i.e., the 
pattern of the first-tier memory openings) and the pattern of 
the sacrificial via fill portions 131 (i.e., the pattern of the 
first-tier support openings). The lithographic mask 
employed to pattern the first-tier memory openings and the 
first-tier support openings can be employed to pattern the 
second-tier memory openings and the second-tier support 
openings. An anisotropic etch can be performed to transfer 
the pattern of the lithographically patterned photoresist layer 
through the second tier structure (232, 242, 270). 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 alternat­
ing stack (232, 242). The anisotropic etch can be, for 
example, a series of reactive ion etches. The patterned 
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lithographic material stack can be removed, for example, by 
ashing after the anisotropic etch process. 
[0084] A top surface of an underlying sacrificial memory 
opening fill portion 31 can be physically exposed at the 
bottom of each second-tier memory opening. A top surface 
of an underlying sacrificial via fill portion 131 can be 
physically exposed at the bottom of each second-tier support 
opening. After the top surfaces of the sacrificial memory 
opening fill portions 31 and the sacrificial via fill portions 
131 are physically exposed, an etch process can be per­
formed, which removes the sacrificial material of the sacri­
ficial memory opening fill portions 31 and the sacrificial via 
fill portions 131 selective to the materials of the second-tier 
alternating stack (232, 242) and the first-tier alternating 
stack (132, 142). 
[0085] Upon removal of the sacrificial memory opening 
fill portions 31 and the sacrificial via fill portions 131, each 
vertically adjoining pair of a second-tier memory opening 
and a first-tier memory opening forms an inter-tier memory 
opening 49, and each vertically adjoining pair of a second­
tier support opening and a first-tier support opening forms an 
inter-tier support opening 149. Each inter-tier memory open­
ing 49 is a memory opening that includes a continuous 
cavity that extends through the first-tier alternating stack 
(132, 142) and the second-tier alternating stack (232, 242) in 
the memory array region 100. Each inter-tier support open­
ing 149 is a via cavity that includes a continuous cavity that 
extends through the first-tier alternating stack (132, 142) and 
the second-tier alternating stack (232, 242) in the through­
memory-level via region 500. A top surface of the planar 
semiconductor material layer 10 can be physically exposed 
at the bottom of each inter-tier memory opening 49 and at 
the bottom of each inter-tier support opening 149. 
[0086] Referring to FIGS. 4A-4C, pedestal channel por­
tions 11 can be optionally formed at the bottom of each 
memory opening 49 by a selective semiconductor deposition 
process. The selective semiconductor deposition grows a 
semiconductor material only from semiconductor surfaces, 
i.e., the physically exposed surfaces of the planar semicon­
ductor material layer 10, and suppresses growth of the 
semiconductor material from insulator surfaces. During a 
selective semiconductor deposition process, a reactant (such 
as silane, dichlorosilane, trichlorosilane, disilane, etc.) can 
be flowed into a deposition chamber simultaneously with, or 
alternately with, an etchant (such as hydrogen chloride). 
Because a semiconductor material is deposited at a greater 
deposition rate on semiconductor surfaces than on insulator 
surfaces, a selective growth can be achieved by setting the 
etch rate between the deposition rate of the semiconductor 
material on semiconductor surfaces and the deposition rate 
of the semiconductor material on insulator surfaces. In one 
embodiment, the top surfaces of the pedestal channel por­
tions 11 can extend across the levels of the source select 
levels in which source-select-level electrically conductive 
layers can be subsequently formed. 
[0087] Memory stack structures 55 and support pillar 
structures 155 can be simultaneously, i.e., concurrently, 
formed in remaining volumes of the inter-tier memory 
openings 49 and in the inter-tier support openings 149, 
respectively. The memory stack structures 55 are formed in 
the memory array region 100, and the support pillar struc­
tures 155 can be formed in the through-memory-level via 
region 500. Each of the memory stack structures 55 and the 
support pillar structures 155 comprises a set of material 
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layers including a memory film 50 and a vertical semicon­
ductor layer 60. In an illustrative example, each memory 
stack structure 55 and each support pillar structure 155 can 
include a memory film 50, a vertical semiconductor layer 60, 
and an optional dielectric core 62. In one embodiment, each 
memory film 50 can include a blocking dielectric layer 51, 
a memory material layer 54, and a tunneling dielectric layer 
56 as illustrated in the inset. In one embodiment, each 
vertical semiconductor layer 60 can include a first semicon­
ductor channel 601 and a second semiconductor channel 
602. 
[0088] The blocking dielectric layer 51 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 51 may 
be omitted during this processing step and instead be formed 
through lateral recesses as will be described in more detail 
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. 

[0089] 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. Each portion of the 
memory material layer 54 located at the levels of the spacer 
material layers, which can be the levels of the sacrificial 
material layers (142, 242). 
[0090] 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 
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silicon oxide layer, which is connnonly 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. 
[0091] A first semiconductor channel layer can be depos­
ited over the memory films 50 by a conformal deposition 
method such as low pressure chemical vapor deposition 
(LPCVD). The thickness of the first semiconductor channel 
layer can be in a range from 2 nm to 10 nm, although lesser 
and greater thicknesses can also be employed. The first 
semiconductor channel layer and the memory films 50 can 
be anisotropically etched to remove horizontal portions 
thereof. A horizontal bottom portion of each memory film 50 
can be removed from the bottom of each memory opening. 
Each remaining portion of the first semiconductor channel 
layer constitutes a first semiconductor channel 601. The first 
semiconductor channels can include a semiconductor mate­
rial such as at least one elemental semiconductor material, at 
least one III-V compound semiconductor material, at least 
one II-VI compound semiconductor material, at least one 
organic semiconductor material, or other semiconductor 
materials known in the art. In one embodiment, the first 
semiconductor channels 601 can include amorphous silicon 
or polysilicon. 
[0092] A second semiconductor channel layer can be 
deposited on the first semiconductor channels 601 (i.e., the 
remaining vertical portions of the first semiconductor chan­
nel layer) and on top surface of the epitaxial channel 
portions 11 (or of the substrate semiconductor layer 10 in 
case the epitaxial channel portions 11 are not present). The 
second semiconductor channel layer includes a semiconduc­
tor material, which can be any semiconductor material that 
can be employed for the first semiconductor channel layer. 
The first and second semiconductor channel layers can have 
a doping of the first conductivity type (i.e., the same 
conductivity type as the substrate semiconductor layer 10) or 
can be substantially intrinsic, i.e., having a dopant concen­
tration that does not exceed 1.0xl017/cm3

. In one embodi­
ment, the second semiconductor channel layer can include 
amorphous silicon or polysilicon. The thickness of the 
second semiconductor channel layer can be in a range from 
2 nm to 10 nm, although lesser and greater thicknesses can 
also be employed. 
[0093] A dielectric material can be deposited in cavities 
surrounded by the second semiconductor channel layer, and 
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 within recessed regions 
over the dielectric cores 62. Each portion of the deposited 
doped semiconductor material in an upper portion of the 
inter-tier memory opening constitutes a drain region 63. 
Each portion of the deposited doped semiconductor material 
portion in an upper portion of the inter-tier support openings 
constitutes a dunnny drain region 463. 
[0094] The doped semiconductor material of the drain 
regions 63 and the dunnny drain regions 463 can be, for 
example, doped polysilicon. Excess portions of the depos­
ited semiconductor material can be removed from above the 
top surface of the second insulating tier cap layer 270, for 
example, by chemical mechanical planarization (CMP) or a 
recess etch to form the drain region 63. Each remaining 
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portion of the second semiconductor channel layer consti­
tutes a second semiconductor channel 602. A combination of 
a first semiconductor channel 601 and a second semicon­
ductor channel 602 inside a memory opening constitutes a 
vertical semiconductor layer (e.g., a vertical semiconductor 
channel) 60. 
[0095] Each of the memory stack structures 55 comprises 
a memory film 50 and a vertical semiconductor layer 60 that 
is adjoined to a respective horizontal channel within the 
planar semiconductor material layer 10. Each memory film 
50 in the memory stack structures 55 can include a blocking 
dielectric layer 51 contacting a sidewall of the inter-tier 
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 51, and a 
tunneling dielectric layer 56 located inside the plurality of 
charge storage regions. 
[0096] The first tier structure (132, 142, 170), the second 
tier structure (232, 242, 270), the inter-tier dielectric layer 
180, the memory stack structures 55, and the support pillar 
structures 155 collectively constitute a memory-level assem­
bly. The memory-level assembly is formed over the planar 
semiconductor material layer 10 such that the planar semi­
conductor material layer 10 includes horizontal semicon­
ductor channels electrically connected to vertical semicon­
ductor channels 60 within the memory stack structures 55. 
[0097] Optionally, drain-select-level shallow trench isola­
tion structures 72 can be formed through a subset of layers 
in an upper portion of the second-tier alternating stack (232, 
242). The drain-select-level shallow trench isolation struc­
tures 72 extend along the first lengthwise direction hdl 
through a subset of layers in an upper portion of the at least 
one alternating stack (132, 142, 232, 242). The second 
sacrificial material layers 242 that are cut by the select­
drain-level shallow trench isolation structures 72 correspond 
to the levels in which drain-select-level electrically conduc­
tive layers (e.g., drain select gate electrodes) are subse­
quently formed. The drain-select-level shallow trench iso­
lation structures 72 divide blocks of memory stack structures 
55 into multiple sub-blocks along the first horizontal direc­
tion hdl. The drain-select-level shallow trench isolation 
structures 72 include a dielectric material such as silicon 
oxide. 
[0098] In one embodiment, the exemplary structure can 
include multiple blocks 101 such that each block 101 
includes a memory array region 100 that encloses one or 
more through-memory-level via regions 500. The memory 
stack structures 55 and the support pillar structures 155 can 
be arranged such that the memory stack structures 55 are 
located in a memory array region 100 and the support pillar 
structures 155 are located in the one or more through­
memory-level via regions 500. Each block 101 includes a 
first finger Fl and a second finger F2 that extend along the 
first horizontal direction and adjacent to each other along a 
second horizontal direction hd2 that is perpendicular to the 
first horizontal direction hdl. Each finger (Fl, F2) can 
include a drain-select-level shallow trench isolation struc­
ture 72 that laterally extends along the first horizontal 
direction hdl and divides the respective finger (Fl or F2) 
into a pair of strips, such as a pair of a first strip Sl and a 
second strip S2, or a pair of a third strip S3 and a fourth strip 
S4. In one embodiment, a through-memory-stack via region 
500 can be laterally bound by a pair of drain-select-level 
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shallow trench isolation structures 72 along the second 
horizontal direction hd2, and can be located between two 
groups of memory stack structures 55 laterally spaced apart 
along the first horizontal direction hdl by the through­
memory-level via region 500. Another drain-select-level 
shallow trench isolation structure 72 divides region 500 
along the first horizontal direction hdl, as shown in FIG. 4B. 
[0099] A contact level dielectric layer 280 can be formed 
over the memory-level assembly. The contact level dielectric 
layer 280 is formed at a contact level through which various 
contact via structures are subsequently formed to the drain 
regions 63 and the various electrically conductive layers that 
replaces the sacrificial material layers (142, 242) in subse­
quent processing steps. 
[0100] Referring to FIGS. SA-SC, contact trenches 79 are 
subsequently formed through the contact level dielectric 
layer 280 and the memory-level assembly. Each contact 
trench 79 is a contact trench in which a contact via structure 
is subsequently formed. Each contact trench 79 provides an 
opening through the at least one alternating stack (132, 142, 
232, 242) at a "backside" of the memory stack structures 55, 
i.e., at locations that are laterally offset from the locations of 
the memory stack structures 55. The contact trenches 79 
extend along the first horizontal direction hdl. For example, 
the length of each contact trench 79 along the first horizontal 
direction hdl can be greater than the width of the corre­
sponding contact trench 79 along the second horizontal 
direction hd2 by a factor greater than 10. 
[0101] For example, a photoresist layer can be applied and 
lithographically patterned over the contact level dielectric 
layer 280 to form elongated openings that extend along the 
first horizontal direction hdl. A first subset of the openings 
in the patterned photoresist layer fall on the boundaries 
between blocks ( corresponding to the areas of the contact 
trenches 79 that border the first strip Sl and the fourth strip 
S4). A second subset of the openings in the patterned 
photoresist layer can adjoin sides of each through-memory­
level via region 500 that extend along the second horizontal 
direction hd2. In one embodiment, each through-memory­
level via region 500 can be located between a pair of 
openings in the photoresist layer ( corresponding to the areas 
of the contact trenches 79 that adjoin the illustrated through­
memory-level via region 500). No openings are formed in 
the photoresist layer in region 500. An anisotropic etch is 
performed to transfer the pattern in the patterned photoresist 
layer through the contact level dielectric layer 280 and the 
memory-level assembly to a top surface of the planar 
semiconductor material layer 10. The photoresist layer can 
be subsequently removed, for example, by ashing. 
[0102] The contact trenches 79 extend along the first 
horizontal direction hdl, and thus, are elongated along the 
first horizontal direction hdl. The contact trenches 79 are 
formed through the memory-level assembly, laterally 
extends along the first horizontal direction hdl, and laterally 
divides the memory-level assembly (which generally 
includes at least one alternating stack (132, 142, 232, 242) 
into a plurality of laterally spaced-apart blocks 101 that are 
repeated along the second horizontal direction hd2. 
[0103] Each block 101 includes a respective portion of the 
memory array region between a neighboring pair of contact 
trenches 79 among a first subset of the contact trenches 79, 
which are formed within the area of the first subset of the 
openings in the photoresist layer. Each block 101, each 
finger (Fl, F2), and each strip (Sl, S2, S3, S4) can extend 
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along a lengthwise direction, which is the first horizontal 
direction hdl. Each block can include the respective portion 
of the memory array region 100, a staircase region (not 
shown) located on one lengthwise end of the respective 
portion of the memory array region 100 and including a 
word line contact via region, and another staircase region 
located on another lengthwise end of the respective portion 
of the memory array region 100. Region 100 includes a 
through-memory-level via region 500. In one embodiment, 
the placement of the word line contact via regions along 
consecutive blocks can alternate between two opposite 
sides. 
[0104] A second subset of contact trenches 79 may be 
provided within each block 101. The second subset of 
contact trenches 79 is formed within the area of the second 
subset of the openings in the photoresist layer. The second 
subset of contact trenches 79 can extend along the first 
horizontal direction hdl, and can be positioned to suitably 
divide each block into a plurality of sub-blocks, i.e., fingers 
(Fl, F2), and can adjoin a respective drain-select-level 
shallow trench isolation structure 72 in region 500. In other 
words, second subset of contact trenches 79 does not extend 
through region 500 and the portions of a contract trench 79 
from the second set are connected in the first horizontal 
direction hdl in region 500 by a drain-select-level shallow 
trench isolation structure 72, as shown in FIG. 5B. If the 
drain-select-level shallow trench isolation structures 72 are 
employed, the drain-select-level shallow trench isolation 
structures 72 can extend along the first horizontal direction 
hdl to divide a subset of layers in an upper portion of the 
second-tier alternating stack (232, 242) within region 500, 
within each sub-block (i.e., finger) or within each block. 
Various design optimizations can be employed to divide a 
block into sub-blocks or subordinate units. 
[0105] Referring to FIGS. 6A-6C, lateral recesses (143, 
243) are formed by providing an etchant that etches mate­
rials of the sacrificial material layers (142, 242) selective to 
materials of the insulating layers (132, 232) through the 
contact trenches 79. Specifically, 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 contact trenches 79, for example, employing an 
isotropic etch process. The duration of the etch process is 
limited so that removal of the sacrificial material layers (142, 
242) is limited to a predetermined lateral distance from 
sidewalls of the contact trenches 79. 
[0106] First lateral recesses 143 are formed in volumes 
from which the first sacrificial material layers 142 are 
removed. Second lateral recesses 243 are formed in volumes 
from which 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 
materials 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 
semiconductor 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. 
[0107] The isotropic etch process can be a wet etch 
process employing a wet etch solution, or can be a gas phase 
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(dry) etch process in which the etchant is introduced in a 
vapor phase into the contact 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 HCl) may be employed. 

[0108] Each of the first and second lateral recesses (143, 
243) 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 
first and second lateral recesses (143, 243) can be greater 
than the height of the respective lateral recess (143, 243). A 
plurality of first lateral recesses 143 can be formed in the 
volumes from which the material of the first sacrificial 
material layers 142 is removed. A plurality of second lateral 
recesses 243 can be formed in the volumes from which the 
material of the second sacrificial material layers 242 is 
removed. Each of the first and second lateral recesses (143, 
243) can extend substantially parallel to the top surface of 
the substrate 10. A lateral recess (143, 243) 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 first and 
second lateral recesses (143, 243) can have a uniform height 
throughout. 

[0109] Portions of the sacrificial material layers (142, 242) 
are removed selective to the insulating layers (132, 232) 
within the lateral etch distance from sidewalls of the contact 
trenches 79 to form the first and second lateral recesses (143, 
243). Remaining portions of the sacrificial material layers 
(142, 242) within the at least one alternating stack (e.g., in 
region 500 which lacks trenches 79) constitute spacer dielec­
tric portions (142', 242'). The spacer dielectric portions 
(142', 242') include first spacer dielectric portions 142' that 
are remaining portions of the first sacrificial material layers 
142, and second spacer dielectric portions 242' that are 
remaining portions of the second sacrificial material layers 
242. 

[0110] In one embodiment, each of the spacer dielectric 
portions (142', 242') may have a pair of concave sidewalls 
742 that are substantially equidistant from a most proximal 
sidewall of a first pair of contact trenches 79 that adjoins a 
respective through-memory-stack via region 500 (such as 
the contact trenches dividing the second strip S2 and the 
third strip S3). As used herein, first elements are "substan­
tially equidistant from" second elements if variations among 
the distances between the first elements and the second 
elements are within 5%. The variations among the lateral 
distance between sidewalls of the spacer dielectric portions 
(142', 242') and the respective most proximal sidewalls of 
the contact trenches 79 can be due to the presence of the 
support pillar structures 155, which prevent etching of the 
sacrificial material layers (142, 242) along straight lines 
intersected by the support pillar structures 155. The average 
distance between the concave sidewalls 742 and the respec­
tive most proximal sidewalls of the contact trenches 79 is 
herein referred to as a first etch distance EDl. 
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[0111] A first subset of the spacer dielectric portions (142', 
242') is located at levels other than the levels of the drain­
select-level shallow trench isolation structures 72, as shown 
in FIG. 6C. A second subset of the spacer dielectric portions, 
which is a subset of the second spacer dielectric portions 
242', is located at levels of the drain-select-level shallow 
trench isolation structures 72, as shown in FIG. 6B. 

[0112] The first subset of spacer dielectric portions (142', 
242') has respective pairs of substantially parallel straight 
sidewalls 842 that are substantially equidistant from a most 
proximal sidewall of a second pair of contact trenches 79 
that are laterally spaced from the through-memory-stack via 
region 500 (such as the contact trenches 79 adjoining the 
first strip Sl or the fourth strip S4). Thus, at levels in which 
the drain-select-level shallow trench isolation structures 72 
are not present, all sidewalls of the spacer dielectric portions 
(142', 242') can be substantially equidistant from a most 
proximal sidewall of the contact trenches 79 by a second 
etch distance ED2, which is substantially the same as the 
first etch distance EDl, as shown in FIG. 6C. As used herein, 
a second distance is substantially the same a first distance if 
the second distance does not differ from the first distance by 
more than 5%. 

[0113] At levels of the drain-select-level shallow trench 
isolation structures 72, the lateral extent of the second lateral 
recesses 243 is bounded by, and does not proceed farther 
than, a sidewall of the drain-select-level shallow trench 
isolation structures 72. The second subset of spacer dielec­
tric portions 242' can have respective pairs of parallel 
straight sidewalls 942 that contact sidewalls of the drain­
select-level shallow trench isolation structures 72 that 
extend along the first horizontal direction hdl, as shown in 
FIG. 6B. In this case, at levels in which the drain-select-level 
shallow trench isolation structures 72 are present, the par­
allel straight sidewalls 942 can be laterally spaced from 
respective most proximal sidewalls of the contact trenches 
79 by a lesser distance than the second etch distance ED2. 

[0114] In one embodiment, a sidewall surface of each 
pedestal channel portion 11 can be physically exposed at 
each bottommost first lateral recess 143 after removal of 
portions of the first and second sacrificial material layers 
(142, 242). Further, a top surface of the planar semiconduc­
tor material layer 10 can be physically exposed at the bottom 
of each contact trench 79. An annular dielectric spacer (not 
shown) can be formed around each pedestal channel portion 
11 by oxidation of a physically exposed peripheral portion of 
the pedestal channel portions 11. Further, a semiconductor 
oxide portion (not shown) can be formed from each physi­
cally exposed surface portion of the planar semiconductor 
material layer 10 concurrently with formation of the annular 
dielectric spacers. 

[0115] Referring to FIGS. 7A-7C, a backside blocking 
dielectric layer (not shown) can be optionally deposited in 
the lateral recesses (143, 243) and the contact trenches 79 
and over the contact level dielectric layer 280. The backside 
blocking dielectric layer can be deposited on the physically 
exposed portions of the outer surfaces of the memory stack 
structures 55. 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 deposi­
tion or chemical vapor deposition. The thickness of the 
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backside blocking dielectric layer can be in a range from 1 
mn to 60 mn, although lesser and greater thicknesses can 
also be employed. 
[0116] At least one conductive material can be deposited 
in the plurality of lateral recesses (143, 243), on the side­
walls of the contact trench 79, and over the contact level 
dielectric layer 280. 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 ele­
ment. 
[0117] A plurality of first electrically conductive layers 
146 can be formed in the plurality of first lateral recesses 
143, a plurality of second electrically conductive layers 246 
can be formed in the plurality of second lateral recesses 243, 
and a continuous metallic material layer (not shown) can be 
formed on the sidewalls of each contact trench 79 and over 
the contact level dielectric layer 280. Thus, portions of the 
first and second sacrificial material layers (142, 242) can be 
replaced with the first and second conductive material layers 
(146, 246), respectively. Specifically, each removed portion 
of the first sacrificial material layers 142 can be replaced 
with a portion of the backside blocking dielectric layer and 
a first electrically conductive layer 146, and each removed 
portion of the second sacrificial material layers 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 contact 
trench 79 that is not filled with the continuous metallic 
material layer 46L. 
[0118] 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 lateral recesses (143, 243) 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 lateral recesses (143, 243) 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. 
[0119] Residual conductive material can be removed from 
inside the contact trenches 79. Specifically, the deposited 
metallic material of the continuous metallic material layer 
can be etched back from the sidewalls of each contact trench 
79 and from above the contact level dielectric layer 280, for 
example, by an isotropic etch. Each remaining portion of the 
deposited metallic material in the first lateral recesses 143 
constitutes a first electrically conductive layer 146. Each 
remaining portion of the deposited metallic material in the 
second lateral recesses 243 constitutes a second electrically 
conductive layer 246. Each electrically conductive layer 
(146, 246) can be a conductive line structure. 
[0120] A subset of the second electrically conductive 
layers 246 located at the levels of the drain-select-level 
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shallow trench isolation structures 72 constitutes drain select 
gate electrodes. A subset of one or more bottom most first 
electrically conductive layers 146 ( e.g., located at each level 
of the optional pedestal channel portion 11 or annular 
dielectric spacers) constitutes source select gate electrodes. 
A subset of the electrically conductive layer (146, 246) 
located between the drain select gate electrodes and the 
source select gate electrodes can function as combinations of 
a control gate and a word line located at the same level. The 
control gate electrodes within each electrically conductive 
layer (146, 246) are the control gate electrodes for a vertical 
memory device including the memory stack structure 55. 

[0121] The electrically conductive layers (146, 246) are 
formed in the lateral recesses (143, 242) by depositing the 
electrically conductive material. At least one modified alter­
nating stack (132, 146, 232, 246) including alternating 
layers of the insulating layers (132, 232) of the at least one 
initial alternating stack (132, 142, 232, 242) and respective 
electrically conductive layers (146, 246) is formed around 
the spacer dielectric portions (142', 242'). The spacer dielec­
tric portions (142', 242') are formed within the through­
memory-level via region 500 that is laterally surrounded by 
the memory stack structures 55. 

[0122] Each of the memory stack structures 55 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. In one embodiment, the 
semiconductor devices in the underlying peripheral device 
region 700 can comprise word line switch devices config­
ured to control a bias voltage to respective word lines. The 
memory-level assembly is located over the semiconductor 
substrate 9. The memory-level assembly includes at least 
one alternating stack (132, 146, 232, 246) and memory stack 
structures 55 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) can 
comprise 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 (e.g., as shown in FIG. 11B to be 
described below). 

[0123] Referring to FIGS. SA-SC, dopants of a second 
conductivity type, which is the opposite of the first conduc­
tivity type of the planar semiconductor material layer 10, can 
be implanted into a surface portion of the substrate semi­
conductor layer 10 to form a source region 61 underneath the 
bottom surface of each contact trench 79. 

[0124] An insulating spacer 7 4 including a dielectric mate­
rial can be formed at the periphery of each contact trench 79. 
A conformal insulating material layer can be deposited in the 
contact trenches 79, and can be anisotropically etched to 
form insulating spacers 74. The insulating spacers 74 
include an insulating material such as silicon oxide, silicon 
nitride, and/or a dielectric metal oxide. A cavity laterally 
extending along the first horizontal direction hdl is present 
within each insulating spacer 74. The contact level dielectric 
layer 280 may be thinned due to a collateral etch during the 
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anisotropic etch that removes the vertical portions of hori­
zontal portions of the deposited conformal insulating mate­
rial. 
[0125] A backside contact via structure can be formed in 
the remaining volume of each contact trench 79, for 
example, by deposition of at least one conductive material 
and removal of excess portions of the deposited at least one 
conductive material from above a horizontal plane including 
the top surface of the contact level dielectric layer 280 by a 
planarization process such as chemical mechanical pla­
narization or a recess etch. The backside contact via struc­
tures are electrically insulated in all lateral directions, and is 
laterally elongated along the first horizontal direction hdl. 
As such, the backside contact via structures are herein 
referred to as laterally-elongated contact via structures 76. 
As used herein, a structure is "laterally elongated" if the 
maximum lateral dimension of the structure along a first 
horizontal direction is greater than the maximum lateral 
dimension of the structure along a second horizontal direc­
tion that is perpendicular to the first horizontal direction at 
least by a factor of 5. 
[0126] Optionally, each laterally-elongated contact via 
structure 76 may include multiple backside contact via 
portions such as a lower backside contact via portion and an 
upper backside contact via portion. In an illustrative 
example, the lower backside contact via portion can include 
a doped semiconductor material (such as doped polysilicon), 
and can be formed by depositing the doped semiconductor 
material layer to fill the contact trenches 79 and removing 
the deposited doped semiconductor material from upper 
portions of the contact trenches 79. The upper backside 
contact via portion can include at least one metallic material 
( such as a combination of a TiN liner and a W fill material), 
and can be formed by depositing the at least one metallic 
material above the lower backside contact via portions, and 
removing an excess portion of the at least one metallic 
material from above the horizontal plane including the top 
surface of the contact level dielectric layer 280. The contact 
level dielectric layer 280 can be thinned and removed during 
a latter part of the planarization process, which may employ 
chemical mechanical planarization (CMP), a recess etch, or 
a combination thereof. Each laterally-elongated contact via 
structure 76 (e.g., a source electrode or local interconnect) 
can be formed through the memory-level assembly and on a 
respective source region 61. The top surface of each later­
ally-elongated contact via structure 76 can located above a 
horizontal plane including the top surfaces of the memory 
stack structures 55. 
[0127] Referring to FIGS. 9A-9C, at least one through­
memory-level via cavity 579 can be formed in each through­
memory-level via region 500 through an alternating stack of 
the spacer dielectric portions (142', 242') and the insulating 
layers (132, 232). The through-memory-level via cavities 
579 can be formed, for example, by applying a photoresist 
layer (not shown) over the contact level dielectric layer 280, 
lithographically patterning the photoresist layer to form at 
least one opening over each through-memory-level via 
region 500, and anisotropically etching the portions of the 
contact level dielectric layers 280 and the memory-level 
assembly that underlie the openings in the photoresist layer. 
[0128] The through-memory-level via cavities 579 can 
extend through the entirety of the memory-level assembly, 
opening(s) in the planar semiconductor material layer 10 and 
the optional planar conductive material layer 6, and into the 
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at least one lower level dielectric material layer 760. In one 
embodiment, a topmost surface of the lower level metal 
interconnect structures 780 may be physically exposed in the 
through-memory-level via cavities 579. In one embodiment, 
the through-memory-level via cavities 579 can comprise 
substantially vertical sidewalls that extend through the 
memory-level assembly and an upper portion of the at least 
one lower level dielectric material layer 760. As used herein, 
a sidewall is "substantially vertical" if the sidewall is 
vertical or deviates from a vertical plane by an angle less 
than 5 degrees. 

[0129] Referring to FIGS. l0A-l0C, at least one conduc­
tive material is deposited in each through-memory-level via 
cavities 579, and excess portions of the at least one con­
ductive material is removed from above the top surface of 
the contact level dielectric layer 280. The remaining portions 
of the at least one conductive material constitutes at least one 
through-memory-level via structure 576 that contacts an 
underlying lower level metal interconnect structure 780 
(such as a lower level topmost metal structures 788). Each 
of the at least one through-memory-level via structure 576 
can be formed through each of the spacer dielectric portions 
(142', 242') and each of the insulating layers (132, 232) 
within the at least one alternating stack (132, 142', 232, 242') 
in the through-memory-level via region 500. Each of the at 
least one through-memory-level via structure 576 vertically 
extends at least from a first horizontal plane including a 
topmost surface of the memory-level assembly to a second 
horizontal plane including a bottommost surface of the 
memory-level assembly. Each sidewall of the at least one 
through-memory-level via structure 576 can be laterally 
spaced from the electrically conductive layers (146, 246) by 
a region of the spacer dielectric portions (142', 242'). Thus, 
structure 576 does not electrically short the electrically 
conductive layers (146, 246) because structure 576 is sur­
rounded by dielectric (i.e., electrically insulating) layers 
(132, 142', 232, 242'). 
[0130] While the present disclosure describes an embodi­
ment in which the through-memory-level via structures 576 
and the laterally-elongated contact via structures 76 are 
sequentially formed, embodiments are expressly contem­
plated herein in which the through-memory-level via struc­
tures 576 and the laterally-elongated contact via structures 
76 are simultaneously formed, for example, by patterning 
the through-memory-level via cavities 579 employing a 
combination oflithographic methods and an anisotropic etch 
prior to depositing the conductive material(s) of the through­
memory-level via structures 576 and the laterally-elongated 
contact via structures 76. 
[0131] Referring to FIGS. llA and 11B, various contact 
via structures can be formed through the contact level 
dielectric layer 280 and underlying dielectric materials on 
various nodes of the memory device in the memory-level 
assembly and on the lower level metal interconnect struc­
tures 780. For example, word line contact via structures 86 
can be formed through the contact level dielectric layer 280 
and at least one retro-stepped dielectric material portion 
(165, 265), as shown in FIG. 11B. A subset of the word line 
contact via structures 86 contacting the second electrically 
conductive layers 246 extends through the second-tier retro­
stepped dielectric material portion 265, and does not extend 
through the first-tier retro-stepped dielectric material portion 
165. Another subset of the word line contact via structures 
86 contacting the first electrically conductive layers 146 
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extends through the second-tier retro-stepped dielectric 
material portion 265 and through the first-tier retro-stepped 
dielectric material portion 165. Drain contact via structures 
88 contacting the drain regions 63 can extend through the 
contact level dielectric layer 280 and the second insulating 
cap layer 270. Each via structure (576, 86, 88) may be 
formed employing a respective set of patterning processes 
and fill processes. Alternatively, two or more types of via 
structures (576, 86, 88) may be formed employing a com­
mon 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. In one embodiment, 
the word line contact via structures 86 can be formed 
through the at least one retro-stepped dielectric material 
portion (165, 265) in each staircase region. 

[0132] A line level dielectric layer 110 can be formed over 
the contact level dielectric layer 280. Various metal inter­
connect structures (103, 106, 107, 108) can be formed in the 
line level dielectric layer 110. The metal interconnect struc­
tures (103, 106, 107, 108) can include upper level metal line 
structures 108 that are formed on respective through­
memory-level via structures 576, bit lines 103 that extend 
along the second horizontal direction hd2 and perpendicular 
to the first horizontal direction hdl, word line connection 
lines 106 that contact word line contact via structures 86, 
and source line structures 107 that extend in the second 
horizontal direction hd2 and which provide electrically 
conductive paths for biasing the source regions 61 through 
the laterally-elongated contact via structures 76. In one 
embodiment, the upper level metal interconnect structures 
108 may comprise a source shunt line or a power strap that 
contact the through-memory-level via structure 576. A 
source shunt line may be a shunt line which extends parallel 
to and between the bit lines 103. A power strap may be any 
conductive line which connects the driver circuits to an 
external power source. 
[0133] Referring to FIG. 12, an alternate embodiment of 
the exemplary structure is shown in a horizontal cross­
sectional view at the level of the horizontal cross-sectional 
view of FIG. lOC. In this embodiment, instead of a single 
structure 576, a plurality of through-memory-level via struc­
tures 576 can be formed within a single alternating stack of 
spacer dielectric portions (142', 242') and electrically insu­
lating layers (132, 232). 
[0134] FIGS. 13A and 13B illustrate another alternative 
embodiment of the exemplary structure. The structure illus­
trated in FIGS. 13A and 13B can be derived from the 
exemplary structure of FIGS. 2A and 2B by performing the 
processing steps of FIG. 3 for forming the second-tier 
alternating stack (232, 242), and by forming stepped sur­
faces within the through-memory-level via region 500 at a 
processing step after formation of drain-select-level dielec­
tric material portion 275. The number of vertical steps (STl, 
ST2) can be one less than the total number of drain select 
gate electrodes to be subsequently formed. The location of 
a first vertical step STl is illustrated in FIG. 13B as a dotted 
shape. While the present disclosure is described employing 
an embodiment in which a subsequently formed vertical step 
(such as a second vertical step ST2) is nested within a 
pre-existing vertical step (such as a first vertical step STl), 
any configuration of the vertical steps can be employed 
provided that each of the sacrificial material layers 242 at the 
levels of the drain select gate electrode is provided with 

14 
Dec. 14, 2017 

stepped surfaces on both peripheral regions of the through­
memory-level via region 500 that are laterally spaced apart 
along the first horizontal direction hdl. The steps do not 
extend to the word lines (146, 246) and source select gate 
electrodes (146) which underlie the drain select gate elec­
trodes. 
[0135] While the present disclosure is described for an 
embodiment in which multiple levels of drain select gate 
electrodes and at least one vertical step (STl, ST2) is 
employed, embodiments are expressly contemplated herein 
in which only a single level is employed for drain select gate 
electrodes. In this case, the drain-select-level shallow trench 
isolation structure 72 can extend only through a topmost 
layer among the second electrically conductive layers 246, 
and formation of at least one vertical step (STl, ST2) is not 
needed. In addition, while the present disclosure is described 
employing an embodiment in which more than one tier 
structure is employed, embodiments are expressly contem­
plated herein in which only a single tier structure is 
employed. 
[0136] Referring to FIGS. 14A-14D, the remaining pro­
cessing steps of FIG. 3 and additional processing steps 
FIGS. 4A to SC can be performed to form the insulating 
spacers 74 and the laterally-extending contact via structures 
76. At least one of the support pillar structures 155 can be 
formed through the drain-select-level dielectric material 
portion 275. At this processing step, the electrically conduc­
tive layers (i.e., a subset of the second electrically conduc­
tive layers 246) that are located at the levels of the drain­
select-level shallow trench isolation structures 72 can be 
structurally divided into multiple physically disjoined por­
tions in the first horizontal direction hdl due to the presence 
of the second spacer dielectric portions 242', the drain­
select-level shallow trench isolation structures 72, and the 
drain-select-level dielectric material portion 275 within, or 
around, the through-memory-level via region 500. 
[0137] In one embodiment, the placement of the stepped 
word line contact via regions 200 shown in FIG. 11B along 
consecutive blocks 101 in the second horizontal direction 
hd2 can alternate between two opposite sides (e.g., left and 
right sides shown in the Figures) of region 100. In this 
embodiment, the drain-select-level shallow trench isolation 
structures 72 and the drain-select-level dielectric material 
portion 275 in region 500 interrupt the electrical continuity 
of the drain select gate electrodes 246 between portions of 
the memory array region 100 located within the same strip 
and separated by the through-memory-level via region 500, 
resulting in laterally disjoined portions of the drain select 
gate electrodes. Therefore, electrical connection between 
laterally disjoined portions of each second electrically con­
ductive layer 246 located at the levels of the drain select gate 
electrodes can be restored by providing metal interconnect 
structures that electrically connect the respective physically 
dis joined portions of the second electrically conductive layer 
246 located at the same level. Such metal interconnect 
structures are herein referred to as drain select interconnect 
structures. 
[0138] Referring to FIGS. 15A and 15B, an example of 
drain select interconnect structures (92, 102, 112, 122) is 
illustrated. The various components of the drain select 
interconnect structures (92, 102, 112, 122) (such as drain 
select level contact via structures 92 and drain select first 
line structures 102) may be formed concurrently with for­
mation of various contact via structures (88, 86) and/or 

Ex. 2020-051



US 2017/0358593 Al 

formation of the metal interconnect structures (108, 103, 
106, 107) in the line level dielectric layer 110 and in 
structure 275. Additional components (112, 122) of the drain 
select interconnect structures (92, 102, 112, 122), such as 
first-via-level via structures 112 and second-line-level line 
structures 122, can be formed above the level of the bit lines 
103, and can be embedded in respective interlayer dielectric 
(ILD) layers such as a first via level dielectric layer 120 and 
a second line level dielectric layer 130. In an alternative 
embodiment, interconnect structures 108 may be located in 
the first via level dielectric layer 120 and/or in the second 
line level dielectric layer 130, while the second-line-level 
line structures 122 can be formed in line level dielectric 
layer 110 and/or in the structure 275 below the interconnect 
structures 108. 
[0139] The exemplary structures of the embodiments of 
the present disclosure include a semiconductor structure that 
comprises: a memory-level assembly located over a sub­
strate 9 and including at least one alternating stack (132, 
146, 232, 246) and memory stack structures 55 vertically 
extending through the at least one alternating stack (132, 
146, 232, 246), wherein each of the at least one an alter­
nating stack (132, 146, 232, 246) includes alternating layers 
of respective insulating layers (132 or 232) and respective 
electrically conductive layers (146 or 246), and each of the 
electrically conductive layers (146, 246) in the at least one 
alternating stack (132, 146, 232, 246) includes a respective 
opening such that a periphery of a respective spacer dielec­
tric portion (142' or 242') located in the opening contacts a 
sidewall of the respective electrically conductive layers (146 
or 246). The semiconductor structure further comprises at 
least one through-memory-level via structure 576 that ver­
tically extends through each of the spacer dielectric portions 
(142', 242') and the insulating layers (132, 232) and at least 
from a first horizontal plane HPl (See FIGS. llA and 11B) 
including a topmost surface of the memory-level assembly 
to a second horizontal plane HP2 (See FIGS. llA and 11B) 
including a bottommost surface of the memory-level assem­
bly. 
[0140] In one embodiment, each of the memory stack 
structures 55 passes through electrically conductive layers 
(146, 246), and does not pass through any of the spacer 
dielectric portions (142', 242'). In one embodiment, the at 
least one through-memory-level via structure 576 extends 
through at least one alternating stack of the respective 
insulating layers (132, 232) and the spacer dielectric por­
tions (142', 242'). 
[0141] In one embodiment, the memory stack structures 
55 are laterally spaced from the at least one through­
memory-level via structure 576 by a support pillar region 
(i.e., the area of the through-memory-level via region 500 
that includes the support pillar structures 155) that laterally 
surrounds the spacer dielectric portions (142', 242') and 
including a plurality of support pillar structures 155. In one 
embodiment, each of the support pillar structures 155 and 
each of the memory stack structures 55 comprise a set of 
material layers including a memory film 50 and a vertical 
semiconductor layer 60. 
[0142] In one embodiment, the semiconductor structure 
can further comprise a plurality of laterally-elongated con­
tact via structures 76 ( e.g., the plurality of laterally-elon­
gated contact via structures 76 adjoining the first strip 51 and 
the fourth strip S4) that vertically extend through the 
memory-level assembly, laterally extend along a first hori-
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zontal direction hdl, and laterally divide the at least one 
alternating stack into a plurality of laterally spaced-apart 
blocks. The spacer dielectric portions (142', 242') can be 
located between a pair of laterally-elongated contact via 
structures 76. In one embodiment, the memory stack struc­
tures 55 comprises a first subset 551 of memory stack 
structures and a second subset 552 (see FIG. 10B) of 
memory stack structures that are located between the pair of 
laterally-elongated contact via structures 76 and spaced 
apart from each other along the first horizontal direction hdl. 
The spacer dielectric portions (142', 242') can be located 
between the first subset 551 of memory stack structures and 
the second subset 552 of memory stack structures. 
[0143] A pair of drain-select-level shallow trench isolation 
structures 72 can extend along the first lengthwise direction 
hdl, and along with the stack of electrically insulating (i.e., 
dielectric) layers (232, 242') can divide a drain-select-level 
electrically conductive layers 246 into three physically dis­
joined portions. A spacer dielectric portion 242' located at a 
same level as the pair of drain-select-level shallow trench 
isolation structures 72 can contact sidewalls of the pair of 
drain-select-level shallow trench isolation structures 72. In 
one embodiment, additional spacer dielectric portions (142', 
242') that underlie the spacer dielectric portion 242' can have 
a lesser lateral extent along a second horizontal direction 
hd2 that is perpendicular to the first horizontal direction hdl 
than the spacer dielectric portion 242' located at the same 
level as the pair of drain-select-level shallow trench isolation 
structures 72. 
[0144] In one embodiment, each of the spacer dielectric 
portions (142', 242') can have a pair of concave sidewalls 
742 and a pair of substantially parallel straight sidewalls 
(842 or 942). The pair of concave sidewalls 742 can face the 
first horizontal direction hdl. The pair of substantially 
parallel straight sidewalls (842 or 942) can be parallel to the 
first horizontal direction hdl. As used herein, a sidewall 
faces a horizontal direction if all surface normals of the 
sidewall are at angles less than 45 degrees with respect to the 
horizontal direction. 
[0145] In one embodiment, a pair of contact trenches 79 
(such as the contact trenches dividing the second strip S2 
from the third strip S3) can include a pair of laterally­
elongated contact via structures 76, vertically extend 
through the memory-level assembly, laterally extend along 
a first horizontal direction hdl, and are substantially co­
linear with each other along the first horizontal direction 
hdl. The spacer dielectric portions (142', 242') are located 
between the pair oflaterally-elongated contact via structures 
76 located in the respective trenches 79. In one embodiment, 
each of the spacer dielectric portions (142', 242') can have a 
pair of concave sidewalls 742 that are substantially equidis­
tant from a most proximal sidewall of the pair of contact 
trenches 79 along the first horizontal direction hdl. 
[0146] In one embodiment, the lower level metal inter­
connect structure electrically contacts at least one node of 
the semiconductor devices of the driver circuit located at 
least partially below the memory-level assembly. The at 
least one through-memory-level via structure 576 contacts a 
top surface of the lower level metal interconnect structure 
780 underlying the memory-level assembly and a bottom 
surface of an upper level metal interconnect structure 108 
overlying the memory-level assembly. 
[0147] In one embodiment, two or more topmost layers 
246 among the electrically conductive layers (146, 246) are 
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drain select gate electrodes, and each of the drain select gate 
electrodes is physically divided into multiple portions by the 
dielectric material portion 275 (and optionally by the spacer 
dielectric portions 242' depending on the extent of portion 
275) around the at least one through-memory-level via 
structure 576. A stepped region containing the steps STl, 
ST2 is located under the dielectric material portion 275. In 
the stepped region, an underlying drain select electrode 246 
extends closer to the at least one through-memory-level via 
structure than an overlying drain select electrode 246 located 
above the underlying drain select electrode, as shown in 
FIG. 15A. The semiconductor structure further comprises 
drain select interconnect structures (92, 102, 112, 122) 
which electrically contact the drain select gate electrodes 
246 in the stepped region (i.e., which electrically contact the 
electrodes 246 exposed at the steps STl and ST2) and which 
electrically connect portions of the drain select gate elec­
trodes 246 at respective levels that are separated by the 
dielectric material portion 275. 

[0148] Each of the exemplary structures and modifications 
thereof can include a three-dimensional memory structure. 
The memory stack structures 55 can comprise memory 
elements of a vertical NAND device. The electrically con­
ductive layers (146, 246) can comprise, or can be electrically 
connected to, a respective word line of the vertical NAND 
device. The semiconductor substrate 9 can comprises a 
silicon substrate. The vertical NAND device can comprise 
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-dimen­
sional NAND strings. The silicon substrate can contain an 
integrated circuit comprising at least one of a word line 
driver circuit and a bit line driver circuit for the vertical 
NAND device. The array of monolithic three-dimensional 
NAND strings can comprise a plurality of semiconductor 
channels, wherein at least one end portion (such as a vertical 
semiconductor layer 60) of each of the plurality of semi­
conductor channels (11, 60) extends substantially perpen­
dicular to a top surface of the semiconductor substrate 9, a 
plurality of charge storage elements (as embodied as por­
tions of the memory material layer 54 located at each word 
line level), each charge storage element located adjacent to 
a respective one of the plurality of semiconductor channels 
(11, 60), and a plurality of control gate electrodes (as 
embodied as a subset of the electrically conductive layers 
(146, 246) having a strip shape extending substantially 
parallel to the top surface of the semiconductor substrate 9 
( e.g., along the first horizontal direction hdl), 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. 

[0149] 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-
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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 semiconductor structure comprising: 
a memory-level assembly located over a substrate and 

including at least one alternating stack and memory 
stack structures vertically extending through the at least 
one alternating stack, wherein each of the at least one 
an alternating stack includes alternating layers of 
respective insulating layers and respective electrically 
conductive layers, and each of the electrically conduc­
tive layers in the at least one alternating stack includes 
a respective opening such that a periphery of a respec­
tive spacer dielectric portion located in the opening 
contacts a sidewall of the respective electrically con­
ductive layers; and 

at least one through-memory-level via structure that ver­
tically extends through each of the spacer dielectric 
portions and the insulating layers, 

wherein the at least one through-memory-level via struc­
ture extends below bottommost surfaces of the memory 
stack structures. 

2. The semiconductor structure of claim 1, wherein: 
each of the memory stack structures passes through 

electrically conductive layers, and does not pass 
through any of the spacer dielectric portions; and 

the at least one through-memory-level via structure ver­
tically extends at least from a first horizontal plane 
including a topmost surface of the memory-level 
assembly to a second horizontal plane including a 
bottommost surface of the memory-level assembly. 

3. The semiconductor structure of claim 1, wherein the at 
least one through-memory-level via structure extends 
through at least one alternating stack of the respective 
insulating layers and the spacer dielectric portions. 

4. The semiconductor structure of claim 1, wherein the 
memory stack structures are laterally spaced from the at 
least one through-memory-level via structure by a support 
pillar region that laterally surrounds the spacer dielectric 
portions and including a plurality of support pillar struc­
tures. 

5. The semiconductor structure of claim 4, wherein: 
each of the support pillar structures and each of the 

memory stack structures comprise a set of the same 
material layers including a memory film and a vertical 
semiconductor layer; 

at least one topmost electrically conductive layer com­
prises a drain select gate electrode; 
at least one bottommost electrically conductive layer 

comprises a source select gate electrode; and 
the electrically conductive layers located between the at 

least one top most electrically conductive layer and the 
at least one bottommost electrically conductive layer 
comprise control gate electrodes for a three-dimen­
sional NAND memory device. 

6. The semiconductor structure of claim 1, further com­
prising a plurality of laterally-elongated contact via struc­
tures that vertically extend through the memory-level assem­
bly, laterally extend along a first horizontal direction, and 
laterally divide the at least one alternating stack into a 
plurality oflaterally spaced-apart blocks, wherein the spacer 
dielectric portions are located between a pair of laterally­
elongated contact via structures. 

Ex. 2020-053



US 2017/0358593 Al 

7. The semiconductor structure of claim 6, wherein the 
memory stack structures comprises a first subset of memory 
stack structures and a second subset of memory stack 
structures that are located between the pair of laterally­
elongated contact via structures and spaced apart from each 
other along the first horizontal direction, wherein the spacer 
dielectric portions are located between the first subset of 
memory stack structures and the second subset of memory 
stack structures. 

8. The semiconductor structure of claim 6, further com­
prising a pair of drain-select-level shallow trench isolation 
structures that extend along the first lengthwise direction and 
along with at least one alternating stack of the respective 
insulating layers and the spacer dielectric portions divide a 
drain-select-level electrically conductive layer into three 
physically disjoined portions, wherein a spacer dielectric 
portion located at a same level as the pair of drain-select­
level shallow trench isolation structures contacts sidewalls 
of the pair of drain-select-level shallow trench isolation 
structures. 

9. The semiconductor structure of claim 8, wherein addi­
tional spacer dielectric portions that underlie the spacer 
dielectric portion have a lesser lateral extent along a second 
horizontal direction that is perpendicular to the first hori­
zontal direction than the spacer dielectric portion. 

10. The semiconductor structure of claim 1, wherein: 
each of the spacer dielectric portions has a pair of concave 

sidewalls and a pair of substantially parallel straight 
sidewalls; 

the pair of concave sidewalls face a first horizontal 
direction; and 

the pair of substantially parallel straight sidewalls is 
parallel to the first horizontal direction. 

11. The semiconductor structure of claim 1, further com­
prising a pair of contact trenches including a pair of later­
ally-elongated contact via structures, wherein the pair of 
contact trenches vertically extend through the memory-level 
assembly, laterally extend along a first horizontal direction, 
and are substantially co-linear with each other along the first 
horizontal direction, wherein the spacer dielectric portions 
are located between the pair of laterally-elongated contact 
via structures in the contact trenches along the first horizon­
tal direction. 

12. The semiconductor structure of claim 11, wherein: 

each of the spacer dielectric portions has a pair of concave 
sidewalls that are substantially equidistant from a most 
proximal sidewall of the pair of contact trenches. 

13. The semiconductor structure of claim 1, wherein: 
semiconductor devices of a driver circuit for the memory 

level assembly is located at least partially below the 
memory level assembly; 

a lower level metal interconnect structure electrically 
contacts at least one node of the semiconductor 
devices; and 

the at least one through-memory-level via structure con­
tacts a top surface of the lower level metal interconnect 
structure underlying the memory-level assembly and a 
bottom surface of an upper level metal interconnect 
structure overlying the memory-level assembly. 

14. The semiconductor structure of claim 1, wherein: 
two or more topmost layers among the electrically con­

ductive layers comprise drain select gate electrodes; 
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each of the drain select gate electrodes is physically 
divided into multiple portions by a dielectric material 
portion around the at least one through-memory-level 
via structure; and 

a stepped region in which a first drain select electrode 
extends closer to the at least one through-memory-level 
via structure than a second drain select electrode 
located above the first drain select electrode. 

15. The semiconductor structure of claim 14, further 
comprising drain select interconnect structures that electri­
cally contact the drain select gate electrodes in the stepped 
region and which electrically connect portions of the drain 
select gate electrodes at respective levels that are separated 
by the dielectric material portion. 

16. The semiconductor structure of claim 1, wherein: 
the memory stack structures comprises memory elements 

of a vertical NAND device; 
the electrically conductive layers comprise, or are elec­

trically connected to, a respective word line of the 
vertical NAND device; 

the substrate comprises a silicon substrate; 
the vertical NAND device comprises an array of mono­

lithic 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; 

the silicon substrate contains an integrated circuit com­
prising at least one of a word line driver circuit and a 
bit line driver circuit for the vertical NAND device; 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; 

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

a plurality of control gate electrodes having a strip 
shape extending substantially parallel to the top 
surface of the semiconductor 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. 

17.-27. (canceled) 
28. The semiconductor structure of claim 1, further com­

prising at least one lower level metal structure located 
between the substrate and the memory level assembly and 
directly contacting a bottom surface of a respective one of 
the at least one at least one through-memory-level via 
structure. 

29. The semiconductor structure of claim 28, further 
comprising a planar semiconductor layer comprising hori­
zontal channel and located above a horizontal plane includ­
ing a topmost surface of the at least one lower level metal 
structure, wherein a bottommost surface of each of the 
memory level structures contacts a respective surface of the 
planar semiconductor layer. 

30. The semiconductor structure of claim 29, further 
comprising at least one lower level dielectric layer located 
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between the substrate and the planar semiconductor layer, 
wherein the at least one lower level metal structure is 
embedded within the at least one lower level dielectric layer. 

31. The semiconductor structure of claim 30, wherein a 
bottom surface of the planar semiconductor layer contacts a 
surface of the at least one lower level dielectric layer. 

32. The semiconductor structure of claim 1, wherein: 
the at least one through-memory-level via structure com­

prises a plurality of through-memory-level via struc­
tures; and 

each of the plurality of through-memory-level via struc­
tures directly contacts each of the spacer dielectric 
portions. 

33. The semiconductor structure of claim 1, wherein the 
at least one through-memory-level via structure continu­
ously extends vertically above topmost surfaces of the 
memory stack structures, through an entire height range of 
the memory stack structures, and below the bottommost 
surfaces of the memory stack structures. 

34. The semiconductor structure of claim 1, wherein: 
the spacer dielectric portions laterally surround support 

pillar structures that are laterally spaced apart at one or 
more levels of the electrically conductive layers; and 

each of the memory stack structures and the support pillar 
structures comprises a memory film and a vertical 
semiconductor layer. 
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35. The semiconductor structure of claim 1 further com­
prising drain-select-level shallow trench isolation structures 
contacting one or more of the electrically conductive layers, 
one or more of the spacer dielectric portions, and the at least 
one through-memory-level via structure. 

36. The semiconductor structure of claim 1, wherein: 
each the spacer dielectric portions has a maximum verti­

cal extent between a respective top surface thereof and 
a respective bottom surface thereof; and 

the maximum vertical extent is the same as a vertical 
separation distance between a respective vertically 
neighboring pair of the insulating layers. 

37. The semiconductor structure of claim 1, wherein: 
the spacer dielectric portions are vertically spaced from 

each other the insulating layers. 
each of the spacer dielectric portions overlies or underlies 

one another with an areal overlap thereamongst in a 
plan view along a direction perpendicular to a top 
surface of the substrate; and 

a total number of the spacer dielectric portions is the same 
as a total number of the insulating layers within the 
alternating stack. 

38. The semiconductor structure of claim 1, wherein the 
at least one through-memory-level via structure that verti­
cally extends through an alternating stack of the spacer 
dielectric portions and the insulating layers. 

* * * * * 

Ex. 2020-055




