
4
0

0
 

1
0

0
 

6
0

0
 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 5
4
0

f 8
2
 

.f
f
/
;
;
;
/
/
,
'
,
f
/
/
r
 

心
夕
心
心
刃

，1 元
7
/f
加
加

'\
\
心
心
为
了
心

'.'
~
~
'
.
歹
夕
”
“

=
-
-

=
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 55 of 107



Patent Application Publication Dec. 15, 2016 Sheet 55 of 82 US 2016/0365351 Al 

.,... 

皂 IIlI I:I t l I:,_ l t l t l I: l I I I: :I t l I :I I: ：一＇，
I t---

l ... l 1_. ----- -I L ------l I_ _ _i _ _ _l I_ 

l 』
泛I

~ 

配 I I 
勹J:IIIII:II/:IIII[II/[II/I[9

· . • . · . • .·.·.•.·.·.·.·.l 

... ...: 
... 

::::::::::: :; 
·.·.·.·.·.·.·.·1. 

. • . ·.·.·.·.·.·.. 

•••• I 

•.•.•.•.•.•.•.•·. 

.·.·.·.·.·.·.·.r 
•: •:-:-:·... ; 

Ll]I:·; .. 0|. I. 

•. •. - ] · 

江］令—-

符
。_ 
LL. 

YMTC EXHIBIT 1019 
Page 56 of 107



7
0

0
 

1
0

0
 

B t 
; 

Q
 

7Q
 

埜

四
1尘

左
i
-

互

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 5
6
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 57 of 107



Patent Application Publication Dec. 15, 2016 Sheet 57 of 82 US 2016/0365351 Al 

u 

OOL 

OOL g 
ggg 

, 
, 

` 
".:,'···:.:,',····:.:,',····:,',;··:.:,',····:,',····:·:,',····:三．灶'···:.:,',····:,',····:.:,',····:,',····:·:,',····:,',····:.:,',····:.:,'···:.. .,:···:.:,'···:.:,'·····:.:,'···:·:,',·.:·:,'···:.:,','...:.:,'···:.:,',····:.:,'···:.:,',····:.:,',····:,',····:·:,',····:,',····:.:,',····:,',. 

| 

创

罔

卜一

.

.. 
99 

6}4@1

gg 

卜
......、

<(十—}

罔

1
·
1
1
·
I
I
I
I
I
I
I
I
I
·
I
I
I
I
}

Q 

g@g@[ 

。

YMTC EXHIBIT 1019 
Page 58 of 107



7
0

0
 

1
0

0
 

. 

B t 
一·
一

·一
·一
·一
．

I一
．一
·-

叶＇
·一

．一
·一

·一
．一

互
芷

笙

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 5
8
0
f 

8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

鸟
\ 

勹
勹

1 

F
IG

. 
2

9
 

YMTC EXHIBIT 1019 
Page 59 of 107



Patent Application Publication Dec. 15, 2016 Sheet 59 of 82 US 2016/0365351 Al 

OOL 

0
0卜

. 
<+-(.)十一1

` ' 

` \ . 

` I 

\ 
, I 
I. . \ 

I • 
. I , 

■ \ 
l 

卧
I 

寻！\ \ 
\ \ 
\ \ . 
'\ 

§ §'`: ,,~. " 
,H I " ',., 
\ \ ~ I I\ ,,~. " ,,~ . " 
\ \ l, 
'\., 
' , \. 
', I \. \,., 

,H i " ' '". " ,d I " '\., 
泛§,泛
''" . " H i I I, 
\ \ · \. 
' , I \. 
'\ \ . 
\,.\. 
\, I \. 

' '" : " 、,. \. 
\, I \. 
\, ·, ' '". " \ \ I \. ',. \ . 

"l I " ''". " n i I " ''" . " nl I !< 
' '". " \, I' \, \. 

''". " \, I \. 
＇，七

9| ；，翠j、、一、、、, \ ·,、,

,H, 1n, 
＇，．，、＼n ::J I i<'t< 
',., --.,、
,H I l< H 
\, . \ \, 
，＼， ， 、 ，

' '". "''' ',. , ` ' 
', I'`' ','\, ,H i i<':i, , \ .,', 
、、,、、,, \. , 、 ,n ::i ; 1n , 
', . ,`' 

, H I "勺、' '" . "'、n1, 1n, ',. , \~' 
', I'、,\ \ \ \ \. \ \ · '`' \, I,“`· ' , ' , \ . H~ i l ,H ~n : 1n~ ',.,', 
; §, ;、:

''". " ' ' "~ I !<~ <: \,., \ \ . 
\ \ '`· 

<(+- (.)十

YMTC EXHIBIT 1019 
Page 60 of 107



7
0

0
 

1
0

0
 

B t 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 6
0
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 61 of 107



Patent Application Publication Dec. 15, 2016 Sheet 61 of 82 US 2016/0365351 Al 

。

OOL 

0
0卜

叭6
L

二

吩等 $ 。
, ~I I : I I I 

卷 岊
----了

卜 卜 卜

l g , l I 

@.. . .. 3: l 

飞
• I I 

i见@ 
, g l l 

. , ! 

'.g .,',..'. ,. ' . 吵~忌\~ 吵 ~~雀 吵 : 
.@ .. '.. .,'.. . . ' . . l 

I l 
t .. . 

• I 

I 

．句. .. ... . . . . 

. ' , g .' . ' . ' • .@ '' .,' ..' . , l 

, 

. . I .. 

句
I 

句
.@ ... 

' 

aoe.9-LL 

工：十一J

YMTC EXHIBIT 1019 
Page 62 of 107



7
0

0
 

46
巨

B t Q
 

Q
 

7
Q

 埜

ZQ
 

四

1
0

0
 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 6
2
 

o f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 63 of 107



Patent Application Publication Dec. 15, 2016 Sheet 63 of 82 US 2016/0365351 Al 

oo
t 

ooz 

, 
I 

,I 
` 

\

` 

6L 

卜一

@ 

ggg 

d
卜

创

j
g
4

怠
忑
5
,g
)
句

1
4
)

创

g 
@g@

· 
卜 卜

......,f 

<(千—』

。

YMTC EXHIBIT 1019 
Page 64 of 107



7
0

0
 

1
0

0
 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 6
4
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

二
二
三
；
；
；
二
二
二
＼
＼
勹
勹
三
」
王
三
气
霆
言
晷
如

二
了
名
二

z驾
笃驾

；；
；二

F
IG

. 
3

2
 

YMTC EXHIBIT 1019 
Page 65 of 107



Patent Application Publication Dec. 15, 2016 Sheet 65 of 82 US 2016/0365351 Al 

OOL 

OOL 

卜·

g 
因

@g@ 

卜

J
g

'
c
3祠
＠
：
句
＇
，
1

寸
8

句

@@·@[ 

9ze.9-LL 

卜 ，．． ＼卜，

<(+-i 

O` 

YMTC EXHIBIT 1019 
Page 66 of 107



7
0

0
 

1
0

0
 

B t 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 6
6
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

宁

,
”
“
＼
夕
，
凡

1;
;1
2
笃
砂
应
炉
吵
加
加
心
心

＼t
,
加
心
加
加
砂
吵
办
懿
篮
怼
示
霹
尺
几
六
氏
a
n
勹

'.c
n
1

YMTC EXHIBIT 1019 
Page 67 of 107



7
0

0
 

1
0

0
 

A t 
畴

f|
 

8
R

 
吵
麟
畛

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 6
7
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 68 of 107



7
0

0
 

1
0

0
 

B t 

笙

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 6
8
0
f 

8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

”
“
心
”
“
”
“
心

I
I·心
心
心
刃
加
应
心
心
夕
，
心
心
心
心

｀
｀`
＝
～
心
心

I
、
心
巳

夕'
^
^
~
户
^
1

YMTC EXHIBIT 1019 
Page 69 of 107



Patent Application Publication Dec. 15, 2016 Sheet 69 of 82 US 2016/0365351 Al 

寸
Z
.

OOL 

` ` 
悉
壶I
I

L-

嚼

OOL 

Q+ 
I 

停
I 

I 

嚼

9
卜

88 

爸
麟
雪
雪
雪
雪
雪
气8

器
－

V

菇
酶
雪
雪
雪
雪
雪

卧
，
．I．1
·
1·1
·
1·1
·
1
·
1
.
I

江
8

YMTC EXHIBIT 1019 
Page 70 of 107



7
0

0
 

1
0

0
 

B t 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
0
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

三
三
三
三
三
王
三
五
王
三
气
心
，
石
王
三
三
五
王
加
三
三
三
王
;
;
准
置
詈

61
荨
尸
严
宁

；刀
I 1 

YMTC EXHIBIT 1019 
Page 71 of 107



7
0

0
 

1
0

0
 

r 
, 

仁A t 

8
R

 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
1
 

o f 8
2
 

F
IG

. 
3

4
B

 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 72 of 107



7
0

0
 

1
0

0
 

7C
 

B t 
记

6 
7

C
 

7
C

 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 72
 

o f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

王
三
三
三
三
三
三
三
气
壳
痄
三
三
位
；
；
笃
驾
雾

＼＼笠
笃
驾
笃
笃
笃
森
酶
酶

61
器浏

？年
平

；了:
11

1 

YMTC EXHIBIT 1019 
Page 73 of 107



7
0

0
 

1
0

0
 

,.,
-7

4 

`
”
“
8

R
\
\
 

I冒
I奇

34勹
荨
荨
／

厂
荨
勹

1:
8R豁

冒冒
冒｀
｀｀
帅畴
售
8R
/」

冒
］
管

34
:,

”“
冒冒

冒冒
冒冒

冒3
46\\

I冒
I命

F
IG

. 
3

4
0

 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
3
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 74 of 107



7
0

0
 

1
0

0
 

B t 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
4
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

.f
J
/
r
.
 

e
12
夕
心
心
也

矿，少
心
心
心
心

II．
加
吵
加
心
／
吵
叩
凇
怼
姆
忘
盒
汜

n
，一只
知
心
心

•a
n1

YMTC EXHIBIT 1019 
Page 75 of 107



7
0

0
 

1
0

0
 

7
R

 

R
 -

-
-

-
-

-
-

-
-

-
-

-
-

-
-

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

7
R

 

8
R

 

7
R

 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
5
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 76 of 107



7
0

0
 

1
0

0
 

B t 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
6
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

加
加
砂
勿
砂
吩
砂
如
办
勿
砂
”
“
气
笠
衾
笠
骂
雾
雾

1 ;
;1
2
骂
雾
笃
，
？
如
加
歹
心

＼＼
及
加
心
心
心
心
心
夕
／
加
懿
嫘
怼
示
怼
勾
沁

C
公
n
勹

,a
n
1

YMTC EXHIBIT 1019 
Page 77 of 107



Patent Application Publication Dec. 15, 2016 Sheet 77 of 82 US 2016/0365351 Al 

寸
卜OOL 

` 
氧

OOL 

` 
母

9
卜

m,+0+ 

` ̀  
8
卜

眨

菇
酶
雪
雪
雪
雪
雪

三
言
雪
雪
雪
言
雪
『

三
詈
詈
雪
雪
气

罚
＜

三
言
雪
雪
荨
荨
荨
霍
酶
气

l:::1
8 江

8
江
卜

YMTC EXHIBIT 1019 
Page 78 of 107



P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
8
0
f 

8
2
 

F
IG

. 
3

6
A

 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 79 of 107



7
0

0
 

1
0

0
 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 7
9
0

f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 80 of 107



B t 6 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 8
0
0
f 

8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

/
f

r
J 

,"
f'
夕
夕
夕
”
“
”
“
”
“
夕
夕
心

1 ;
;1
2
笃
雾
笃
位
驾
笃
吵

4
＼心
动
心
砂
砂
砬
砬
心
硃
怼
姆
篮
念
心

n
'邸

，公
八
勹

,.a
n
1

YMTC EXHIBIT 1019 
Page 81 of 107



7
0

0
 

1
0

0
 

｀［
盲盲

盲售
售冒

｀｀
｀冒

842-
昙
售
冒
冒
盲
冒
黯
畴
麟

~I,
置冒
售售
”“
.[
2

II莘
t
畴

1售
售
冒
盲
冒
帅
畴
售8

41

｀
｀
｀
屾
畴
畴
畴

9
6

 

, ,
 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 8
1
 

o f 8
2
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 82 of 107



50
01

 
6

0
0

 

7
0

0
 

5
0

0
/ 

6
0

0
 

7
R

 
8

R
 

50
1 

7
R

 
4

0
6

 4
0

4
 4

02
:::

:::
:::

::'
40

0
/ 

3
0

0
 

3
0

4
 

6
0

0
 7

0
0

 

P
a

t en t A p
p
li

ca ti on
 

P
ub

li ca ti on
 

D
ec

. 

1
5
, 

2
0
1
6
 

S
he

e

t 8
2
 

o f 8
2
 

3
0

2
 

F
IG

. 
3

7
 

U
S

 

2
0
1
6
/0

3
6
5
3
5
1
 

A
l 

YMTC EXHIBIT 1019 
Page 83 of 107



US 2016/0365351 Al Dec. 15, 2016 
l 

PASSIVE DEVICES FOR INTEGRATION 
WITH THREE-DIMENSIONAL MEMORY 

DEVICES 

FIELD 

[0001] The present disclosure relates generally to the field 
of semiconductor devices and specifically to passive devices 
that are compatible with tl订ee-dimensional memory devices 
and methods of making thereof. 

BACKGROUND 

[0002] Passive devices refer to devices that provide an 
output with, or without, a phase change in linear proportion 
to a sinusoidal electrical input. Passive devices do not have 
the ability to switch on, or off, the output. Passive devices 
include, for example, resistors, capacitors, and inductors 
Semiconductor circuits routinely employ passive devices in 
addition to active devices such as transistors 

SUMMARY 

1.00031.. Acc_ordi~g to a且 aspect ofthe presem dlsclosure a 
three dimensional memory device is provided, comprising a 
memory device region containing a phrrality of non-volatile 
memory devices, a peripheral device region containing 
active driver circuit devices, 皿d a first stepped surface 
region between the peripheral device region and the memory 
device region containing a plurality of passive driver circuit 
devices. According to another aspect of the present disclo­
sure, a device comprising a set of capacitors is provided, the 
device comprising a stack of alternating layers includi且g
electrically insulating layers and electrically conductive 
layers located over a substrate, wherein each underlying 
electrically conductive layer that is located within the stack 
and has at least one overlying electrically conductive layer 
that laterally extends farther than the underlying electrically 
conductive layer to form a stepped surface region on a side 
of the stack, and a dielectric material portion located over 
the stepped surface region of the stack, wherein an interface 
between the dielectric material portion and the stack 
includes a contiguous set of horizontal surfaces a叫 vertical

surfaces to provide the stepped surface region. The device 
further comprises a set of dielectric fill material portions 
located within trenches that vertically extend through the 
stack of alternating layers and laterally contact sidewalls of 
the stack of alternating layers in the stepped surface region 
and a plurality of contact via structures in contact with 
respective electrically conductive layers within the stack of 
alternating layers. The electrically conductive layers consti一

tute conductive components of a set of capacitors and a 
subset of the electrically insulating layers constitutes node 
dielectrics of the set of capacitors, Each capacitor in the set 
comprises a first node that includes an underlying electri­
ca)ly co~ductive lay_er of a respect!ve vertically ?eighbori°:g 
pair 叩d a respective contact via structure that extends 
upward from the underlying electrically conductive layer 
and through the dielectric material portion, and a second 
node that includes an overlying electrically conductive layer 
of the respective vertically且口ghboring pair a且d a respective 
contact via structure that extends upward from the overlying 
electrically conductive layer and through the dielectric mate­
rial portion. 
[0004] According to another aspect of the present disclo­
sure a method of forming a memory device comprises 

forming a plurality of memory devices in a memory device 
region; forming a plurality of passive devices outside the 
memory device region, and forming a conductive layer in 
O且e depositio且 step such that a first portio且 of the co且ductive

layer comprises a portion of at least one of the passive 
device and a second portion of the conductive layer forms a 
portion of at least one memory device 
[0005] According to yet another aspect of the present 
邮closure, a semiconductor device is provided, comprising 
an alternating stack of first material layers and second 
material layers located over a substrate, at least one pillar 
structure extending from a first horizontal plane including a 
top surface of the alternating stack through at least a portion 
of the alternating stack, a laterally-extending semiconductor 
or conductive structure contacting a bottom surface of the at 
least one pillar structure, and a contact via structure con­
tacting a top surface of the laterally-extending semiconduc­
tor or conductive structure and laterally spaced from the at 
least one pillar structure. Each of the at least one pillar 
struc ture comprises at least one doped semiconductor mate­
rial portion therein, and each semiconductor material portion 
withi且the at least o且e pillar structure has a dopi且g of a s三
second conductivity type 
[0006] Acco咄ng to still another aspect of the present 
disclosure a method of forming at least one resistor structure 
comprises forming an alternating stack of first material 
layers and second material layers over a substrate, and 
forming at least one vertically-extending cavity from a first 
horizontal plane including a top surface of the alternating 
stack to a laterally-extending semiconductor or conductive 
structure. A physically exposed portion of a top surface of 
the laterally-extendi且g semico且ductor or co且ductive struc­
ture is present within a second horizontal plane located in the 
alternating stack below the first horizontal plane. The 
method further comprises forming a resistor comprising a 
pillar structure within each of the at least one vertically­
extending cavity, wherein each pillar structure comprises at 
least one doped semiconductor material portion, and 
wherein each semiconductor material within the pillar struc­
ture has a doping of a s皿e second conductivity type, and 
forming a contact via structure contacting another portion of 
the top surface of the laterally-extending semiconductor or 
conductive structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a vertical cross-sectional view of a first 
exemplary structure after formation of a stack of an alter­
nating plurality of first material layers and second material 
layers according to a first embodiment of the present dis­
closure 
[0008] FIG. 2 is a vertical cross-sectional view of the first 
exemplary structure after formation of memory stack struc­
tures and an insulating cap layer according to the first 
embodiment of the present disclosure. 
[0009] FIG. 3 is a vertical cross-sectional view of the first 
exemplary struc ture after formation of an optional dielectric 
material portion according to the first embodiment of the 
present disclosure 
[0010] FIG. 4 is a vertical cross-sectional view of the first 
exemplary structure during formation of stepped surfaces 
according to the first embodiment of the present disclosure. 
[0011] FIG. SA is a vertical cross-sectional view of the 
first exemplary structure after formation of stepped surfaces 
according to the first embodiment of the present disclosure 
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[0012] FIG. SB is a top-down view of the first exemplary 
structure of FIG. SA 
[0013] FIG. 6A is a vertical cross-sectional view of the 
first exemplary structure after formatio且 of a retro-stepped 
如lectric material portion and dielectric pillar structures 
according to the first embodiment of the present disclosure. 
[0014] FIG. 6B is a horizontal cross-sectional view of the 
first exemplary structure of FIG. 6A along the horizontal 
plane B-B'. 
[0015] FIG. 7A is a vertical cross-sectional view of the 
first exemplary struc ture after formation of a backside 
contact trench according to the first embodiment of the 
present disclosure 
[0016] FIG. 7B is a horizontal cross-sectional view of the 
first exemplary structure of FIG. 7A along the plane B-B'. 
The vertical plane. A-A' is the plane of vertical cross­
sectional view of FIG. 7A 
[0017] FIG. 7C is a vertical cross-sectional view of the 
first exemplary struc ture of FIG. 8B along the vertical plane 
C-C' 
[0018] FIG. 7D is a top-down view of the first exemplary 
structure of FIGS. 7 A-7C. 
[0019] FIG. 8A is a vertical cross-sectional view of the 
first exemplary structure after formation of lateral recesses 
according to the first embodiment of the present disclosure 
[0020] FIG. 8B is a horizo且tal cross-sectio且al view of the 
first exemplary structure of FIG. 8A along the plane B-B'. 
The vertical plane. A-A' is the plane of vertical cross­
sectional view of FIG. 8A. 
[0021] FIG. SC is a vertical cross-sectional view of the 
first exemplary struc ture of FIG. 7B along the vertical plane 
C-C' 
[0022] FIG. 9A is a vertical cross-sectional view of the 
first exemplary structure after formation of electrically con­
ductive layers according to the first embodiment of the 
present disclosure 
[0023] FIG. 9B is a horizontal cross-sectional view of the 
first exemplary structure of FIG. 9A along the plane B-B'. 
The vertical pla且e. A-A' is the pla且e of vertical cross­
sectional view of FIG. 9A 
[0024] FIG. lOA is a vertical cross-sectional view of the 
first exemplary structure after removal of a metallic material 
from trenches according to the first embodiment of the 
present disclosure 
[0025] FIG.10B is a horizontal cross-sectional view of the 
first exemplary structure of FIG. lOA along the plane B-B'. 
The vertical plane. A-A' is the plane of vertical cross­
sectional view of FIG. lOA. 
[0026] FIG. llA is a vertical cross-sectional view of the 
first exemplary structure after formation of dielectric fill 
material portions and a backside contact via structure 
according to the first embodiment of the present disclosure. 
[0027] FIG. 118 is a horizontal cross-sectional view of the 
first exemplary structure of FIG. llA along the plane B-B'. 
The vertical plane. A-A' is the plane of vertical cross­
sectional view of FIG. llA 
[0028] FIG. 12A is a vertical cross-sectio且al view of the 
first exemplary structure after formation of capacitor plate 
contact via structures and drain contact via structures 
according to the first embodiment of the present disclosure. 
[0029] FIG. 12B is a horizontal cross-sectional view of the 
first exemplary structure of FIG. 12A along the plane B-B'. 
The vertical plane. A-A' is the plane of vertical cross­
sectional view of FIG. 12A 

[0030] FIG. 12C is a vertical cross-sectional view of the 
first exemplary structure of FIG. 12B along the vertical 
plane C-C' 

[0031] FIG. 12D is a top-down view of the first exemplary 
structure of FIGS. 12A-12C. 

[0032] FIG. 13A is a top-down view of the first exemplary 
structure after formation of a line level dielectric material 
layer 叩d interc01mect line structures according to the first 
embodiment of the present disclosure 

[0033] FIG. 13B is a vertical cross-sectional view of the 
first exemplary structure of FIG. 13A along the vertical 
pla且e B-B' 

[0034] FIG. 13C is a vertical cross-sectional view of the 
first exemplary structure of FIG. 13A along the vertical 
plane C-C'. 

[0035] FIG. 13D is a vertical cross-sectional view of the 
first exemplary struc ture of FIG. 13A along the vertical 
plane D-D' 

[0036] FIG. 13E is a vertical cross-sectional view of the 
first exemplary structure of FIG. 13A along the vertical 
pla且e E-E' 

[0037] FIGS. 14A and 14X are schematic top down views 
of devices of embodiments of the invention. FIGS. 14B, 
14E, 14H, 14K, 14N, 14Q and 14T are top-down views of 
the alternative exemplary structures during fabrication steps 
of the device of FIG. 14X. FIGS. 14C, 14F, 141, 14L, 140, 
14R and 14U are vertical cross-sectional views along 
respective lines C-C', F-F', I-I', L-L', 0-0', R-R' 畔 U-U'in

FIGS. 14B, 14E, 14H, 14K, 14N, 14Q and 14T, respectively 
FIGS. 14D, 14G, 14J, 14M, 14P, 14S a叫 14V are vertical 
cross-sectional views along respective lines D-D', G-G', J-J', 
M-M', P-P', S-S'and V-V'in FIGS. 14B, 14E, 14H, 14K, 
14N, 14Q and 14T, respectively 
[0038] FIGS. 14Y 皿d 14Z are schematic top down views 
of capacitor interco皿ection schemes of embodiments of the 
invention. 

[0039] FIG. 15A is a vertical cross-sectional view of a 
second exemplary structure after formation of a doped 
semico且ductor well a且d a且 optio且al doped contact regio且
according to a second embodiment of the present disclosure. 

[0040] FIG. 15B is a vertical cross-sectional view of the 
second exemplary structure after formation of皿 alternating

stack of first material layers and second material layers 
according to the second embodiment of the present disclo­
sure 

[0041] FIG. 16 is a vertical cross-sectional view of the 
second exemplary structure after formation of memory 
openings and vertically-extending cavities according to the 
second embodiment of the present disclosure. 

[0042] FIG. 17 is a vertical cross-sectional view of the 
second exemp!a0'..~tructure after formati.~n of me~ory stac~ 
structures 叩d p仆lar structures according to the second 
embodiment of the present disclosure 

[0043] FIG. 18 is a vertical cross-sectional view of the 
second exemplary structure after implantation of dopants of 
a second conductivity type into the pillar structures accord­
ing to the second embodiment of the present disclosure. 

[0044] FIG. 19 is a vertical cross-sectional view of the 
second exemplary structure after formation of an optional 
insulating cap layer according to the second embodiment of 
the present disclosure 
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[0045] FIG. 20 is a vertical cross-sectional view of the 
second exemplary structure after formation of a resistor 
contact trench according to the second embodiment of the 
present disclosure 
[0046] FIG. 21 is a vertical cross-sectional view of the 
second exemplary structure after formation of an insulating 
spacer and a substrate contact via structure according to the 
second embodiment of the present disclosure 
[0047] FIG. 22 is a vertical cross-sectional view of the 
s~cond exempl叩 structure a~er formation of.~rain contact 
via struc tures, pillar contact via structures, and interconnect 
line structures according to the second embodiment of the 
present disclosure 
[0048] FIG. 23 is a vertical cross-sectional view of an 
alternate embodiment of the second exemplary structure 
according to the second embodiment of the present disclo­
sure 
[0049] FIG. 24 is a vertical cross-sectional view of a third 
exemplary structure after replacement of first portions of 
seco且d material layers with electrically co且ductive layers 
while maintaining second portions of the second material 
layers intact acco咄ng to a third embodiment of the present 
disclosure. 
[0050] FIG. 25 is a vertical cross-sectional view of the 
third exemplary struc ture after formation of drain contact via 
struc tures and a pillar contact line structure according to the 
third embodiment of the present disclosure 
[0051] FIG. 26 is a vertical cross-sectional view of the 
third exemplary structure after formation of a resistor con­
tact trench according to the third embodiment of the present 
disclosure 
[0052] FIG. 27 is a vertical cross-sectional view of the 
third exemplary structure after formation of a substrate 
contact via structure according to the third embodiment of 
the present disclosure. 
[0053] FIG. 28 is a vertical cross-sectional view of a 
fourth exemplary struc ture after formation of a dielectric 
material layer according to a fourth embodiment of the 
present disclosure 
[0054] FIG. 29A is a vertical cross-sectional view of the 
fourth exemplary structure after formation of a backside 
contact trench according to the fourth embodiment of the 
present disclosure 
[0055] FIG. 29B is a horizontal cross-sectional view of the 
fourth exemplary structure along the horizontal plane B-B' 
of FIG. 29A. The vertical plane. A-A' is the pla且e of vertical 
cross-sectional view of FIG. 29A. 
[0056] FIG. 29C is a vertical cross-sectional view of the 
first exemplary structure of FIG. 29B along the vertical 
plane C-C' 
[0057] FIG. 29D is a top-down view of the first exemplary 
structure of FIGS. 29A-29C. 
[0058] FIG. 30A is a vertical cross-sectional view of the 
fourth exemplary structure after formation of electrically 
conductive layers according to the fourth embodiment of the 
present disclosure 
[0059] FIG. 30B is a horizo且tal cross-sectio且al view of the 
fourth exemplary structure of FIG. 30A along the plane 
B-B'. The vertical plane. A-A' is the plane of vertical 
cross-sectional view of FIG. 30A. 
[0060] FIG. 31A is a vertical cross-sectional view of the 
fourth exemplary struc ture after removal of a metallic mate­
rial from trenches according to the fourth embodiment of the 
present disclosure 

[0061] FIG. 318 is a horizontal cross-sectional view of the 
fourth exemplary structure of FIG. 31A along the plane 
B-B'. The vertical plane. A-A' is the plane of vertical 
cross-sectio且al view of FIG. 31A 
[0062] FIG. 32A is a vertical cross-sectional view of the 
fourth exemplary structure after formation of a backside 
insulating spacer and a backside contact via structure 
according to the fourth embodiment of the present disclo­
sure 
[0063] FIG. 32B is a horizontal cross-sectional view of the 
fourth exemplary structure of FIG. 32A along the plane 
B-B'. The vertical plane. A-A' is the plane of vertical 
cross-sectional view of FIG. 32A 
[0064] FIG. 33A is a vertical cross-sectional view of the 
fourth exemplary structure after formation of substrate con­
tact via structures and drain contact via structures according 
to the fourth embodiment of the present disclosure 
[0065] FIG. 33B is a horizontal cross-sectional view of the 
fourth exemplary structure of FIG. 33A along the plane 
B-B'. The vertical plane. A-A' is the plane of vertical 
cross-sectional view of FIG. 33A 
[0066] FIG. 33C is a vertical cross-sectio且al view of the 
fourth exemplary structure of FIG. 33B along the vertical 
plane C-C'. 
[0067] FIG. 33D is a top-down view of the fourth exem­
plary struc ture of FIGS. 33A-33C 
[0068] FIG. 34A is a vertical cross-sectional view of the 
fourth exemplary structure after formatio且 of vertically­
extending cavities according to the fourth embodiment of 
the present disclosure. 
[0069] FIG. 34B is a horizontal cross-sectional view of the 
fourth exemplary structure of FIG. 34A along the plane 
B-B'. The vertical plane. A-A' is the plane of vertical 
cross-sectional view of FIG. 34A 
[0070] FIG. 34C is a vertical cross-sectional view of the 
fourth exemplary structure of FIG. 34B along the vertical 
plane C-C' 
[0071] FIG. 34D is a top-down view of the fourth exem­
plary structure of FIGS. 34A-34C 
[0072] FIG. 35A is a vertical cross-sectional view of the 
fourth exemplary structure after formation of resistor pillar 
structures according to the fourth embodiment of the present 
disclosure. 
[0073] FIG. 35B is a horizontal cross-sectional view of the 
fourth exemplary structure of FIG. 35A along the plane 
B-B'. The vertical plane. A-A' is the plane of vertical 
cross-sectional view of FIG. 35A. 
[0074] FIG. 35C is a vertical cross-sectional view of the 
fourth exemplary structure of FIG. 35B along the vertical 
plane C-C' 
[0075] FIG. 35D is a top-down view of the fourth exem­
plary structure of FIGS. 35A-35C. 
[0076] FIG. 36A is a vertical cross-sectional view of the 
fourth exemplary structure after formation of interconnect 
line structures according to the fourth embodiment of the 
present disclosure 
[0077] FIG. 36B is a horizontal cross-sectio且al view of the 
fourth exemplary structure of FIG. 36A along the plane 
B-B'. The vertical plane. A-A' is the plane of vertical 
cross-sectional view of FIG. 36A. 
[0078] FIG. 36C is a vertical cross-sectional view of the 
fourth exemplary structure of FIG. 36B along the vertical 
plane C-C'. FIG. 36D is a top-down view of the fourth 
exemplary structure of FIGS. 36A-36C 
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(0079] FIG. 37 is a schematic top down view of devices of 
embodiments of the invention. 

DETAILED DESCRIPTION 

(0080] As discussed above, the present disclosure 1s 
directed to passive devices that are compatible with three­
dimensional memory devices and methods of making 
thereof, the various aspects of wl订ch are described below 
The embodiments of the disclosure can be employed to form 
various structures including a device structure, a non-limit­
ing example of which includes capacitors and/or resistors 
that can be formed o且 a same substrate as additio且al semi­
CO且ductor devices such as three-dimensio且al mo且olithic

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 othe面se. Ordinals such as "first," "second," and 
如rd" are employed merely to identify s皿ilar elements, 
and different ordinals may be employed across the specifi­
catio且 and the claims of the instant disclosure. As used 
herein, a first element located "on" a second element can be 
located on the exterior side of a surface of the second 
element or on the interior side of the second element. As 
used herein, a first element is located "directly on" a second 
element if there exist a physical contact between a surface of 
the first element and a surface of the second element 
(00~1] _A~ ~~ed herei且， a”layer”refers to a rnaterial 
portion including a region having a substantially uniform 
thickness. A layer may extend over the entirety of an 
underlying or overlying structl.1re, or may have an extent less 
~an. the e~tent of an . underlyi~g or~ ov~rlying structure 
Further, a layer may be a region of a homogeneous or 
咖mogeneous contiguous struc ture that has a thickness 
less than the thickness of the contiguous struc ture. For 
example, a layer may be located between any pair of 
horizontal planes between, or at, a top surface and a bo甘om
surface of the co且tiguous structure. A plane is horizo且tal

when it is parallel to a flat portion of the top surface of the 
substrate. However, it should be understood that the sub­
strate may be positioned at any angle with respect to the 
direction of gravity and that the term "horizontal" does not 
imply that a horizontal direction must be perpendicular to 
the direction of gravity. 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 ther­
ebelow. 
(0082] A monolithic three dimensional memory array is 
one in wl订ch multiple memory levels are formed above a 
~ingle s~bstrat.e, such a~. a semiconduct~r. :Y~fer, with.no 
intervening substrates. The term "monolithic" means that 
layers of each level of the array are directly deposited on the 
layers of each u且derlying level of the array. I且 CO且trast, 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 in山ally formed over separate substrates, 

such memories are not true monolithic three dimensional 
memory arrays. The various three dimensional memory 
devices of the present disclosure include a monolithic three­
dimensio且al NAND stri且g memory device, a且d ca且 be

fabricated employing the various embodiments described 
herein. 
[0083] Referring to FIG. 1, a first exemplary structure 
according to a first embodiment of the present disclosure is 
illustrated, which can be employed, for example, to fabricate 
a device structure containing vertical NAND memory 
devices. The first exemplary structure includes a substrate, 
which can be a semiconductor substrate. The substrate can 
include a semiconductor material layer 10. The semicon­
ductor material layer 10 can include at least one elemental 
semiconductor material, at least one III-V compound semi­
conductor material, at least one II-VI compound semicon­
ductor material, at least one organic semiconductor material, 
or other semico且ductor materials know且in the art. The 
substrate can have a major surface 7, which can be, for 
example, a topmost surface of the semiconductor material 
layer 10. The major surface 7 can be a semiconductor 
surface. In one embodiment, the major surface 7 can be a 
single crystalline semiconductor surface 
[0084] As used herei且， a "semico且ductor material" refers 
to a material having electrical conductivity in the range from 
l.Oxl0-6 S/cm to l.Oxl05 S/cm, and is capable of producing 
a doped material having electrical resistivity in a range from 
1.0 S/cm to l.Oxl05 S/cm upon suitable doping with an 
electrical dopant. As used herein, an "electrical dop皿＂
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 l.Ox 105 S/cm. As 
used herein, a旷insulator material" or a "dielectric material" 
refers to a material having electrical conductivity less than 
l.Oxl0-6 S/cm. All measurements for electrical conductivi­
ties are made at the st皿dard condition. Optionally, at least 
one doped well (not expressly shown) can be formed within 
the semiconductor material layer 10 
[0085] At least one semiconductor device (not shown) for 
a peripheral circuitry can be formed on a portion of the 
semiconductor material layer 10. The region in which the at 
least one semiconductor device for the peripheral circuitry is 
herein referred to as a peripheral device region. The at least 
one semiconductor device can include, for example, field 
effect transistors. The least one semiconductor device for the 
peripheral circuitry ca且 CO且tain a driver circuit for memory 
devices to be subsequently formed, which ca且include at 
least one NAND device. 

[0086] Optionally, a dielectric pad layer 12 can be formed 
above the semiconductor material layer 10. The dielectric 
pad layer 12 ca且 be, for exillllple, silicon oxide layer. The 
thickness of the dielectric pad layer 12 can be in a range 
from 3 nm to 30 nm, although lesser and greater thicknesses 
C皿 also be employed. A dielectric cap layer 31 can be 
optionally fonned. The dielectric cap layer 31 includes a 
dielectric material such as silicon oxide, a dielectric metal 
oxide, and silicon nitride (in case the material of second 
material layers to be subsequently formed is not silicon 
且itride)

[0087] A stack of an alternating plurality of first material 
layers (which can be insulating layers 32) and second 
material layers (which can be sacrificial material layer 42) is 
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formed over the top surface of the substrate, which can be, 
for example, on the top surface of the dielectric cap layer 31 
As used herein, an alternating plurality of first elements and 
seco且d eleme且ts refers to a structure in which i且stances 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 
S皿e 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. 
(0088] Each first material layer includes a first material, 
and each second material layer includes a second material 
that is different from the first material. In one embodiment, 
each first material layer ca且 be a且i且sulator layer 32, and 
each second material layer ca且 be a sacrificial material layer 
42. In this case, the stack can include an alternating plurality 
of insulator layers 32 and sacrificial material layers 42. 

(0089] The stack of the alternating plurality is herein 
referred to as an alternating stack (32, 42). I且 one embodi­
ment, the alternating stack (32, 42) can include insulator 
layers 32 composed of the first material, and sacrificial 
material layers 42 composed of a second material different 
from that of insulator layers 32. The first material of the 
insulator layers 32 can be at least one electrically insulating 
material. As such, each insulator layer 32 can be an electri­
cally insulating material layer. Electrically insulating mate­
rials that ca且 be employed for the insulator layers 32 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 
i且sulator layers 32 ca且 be silico且 oxide

(0090] The second material of the sacrificial material 
layers 42 is a sacrificial material that can be removed 
selective to the first material of the insulator layers 32. As 
used herein, a removal of a first material is "selective to" a 
second material if the removal process removes the first 
material at a rate that is at least twice the rate of removal of 
the second material. The ratio of the rate of removal of the 
first material to the rate of removal of the second material is 
herein referred to as a "selectivity" of the removal process 
for the first material with respect to the second material 

(0091] The sacrificial material layers 42 may comprise an 
electrically insulating material, a semiconductor material, or 
a conductive material. The second material of the sacrificial 
material layers 42 can be subsequently replaced with elec­
trically conductive electrodes which can function, for 
example, as control gate electrodes of a vertical NAND 

device. Non-limiting examples of the second material 
include silicon nitride, an 砌orphous semiconductor mate­
rial (such as rnnorphous silicon), and a polycrystalline 
semico且ductor material (such as polysi lico且）． l且 O且e

embodiment, the sacrificial material layers 42 can be mate­
rial layers that comprise silicon nitride or a semiconductor 
material including at least one of silicon and germanium 

[0092] In one embodlment, the msulator layers 32 can 
include silicon oxide, and sacrificial material layers can 
include silicon nitride sacrificial material layers. The first 
material of the insulator layers 32 can be deposited, for 
example, by chemical vapor deposition (CVD). For 
example, if silicon oxide is employed for the insulator layers 
32, tetraethyl orthosilicate (TEOS) can be employed as the 
precursor material for the CVD process. The second material 
of the sacrificial material layers 42 can be formed, for 
example, CVD or atomic layer deposition (ALD) 

[0093] The sacrificial material layers 42 can be suitably 
patterned so that conductive material portions to be subse­
que且tly formed by replacement of the sacrificial material 
layers 42 can function as electrically conductive electrodes, 
such as the control gate electrodes of the monolithic three­
dimensional NAND string memory devices to be subse­
quently formed. The sacrificial material layers 42 may 
comprise a portion having a strip shape extending substan­
tially parallel to the major surface 7 of the substrate 

[0094] The thicknesses of the insulator layers 32 and the 
sacrificial material layers 42 can be in a range from 20 mn 
to 50 mn, although lesser and greater thickt1esses c叩 be

employed for each insulator layer 32 and for each sacrificial 
material layer 42. The number of repetitions of the pairs of 
an insulator layer 32 and a sacrificial material layer (e.g., a 
CO且trol gate electrode or a sacrificial material layer) 42 ca且
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. The top and bottom gate electrodes in the stack 
may function as the select gate electrodes. In one embodi­
ment, each sacrificial material layer 42 in the alternating 
stack (32, 42) can have a uniform thickness that is substan­
tially invariant within each respective sacrificial material 
layer 42. The first exemplary structure may include a 
memory device regi叩 100 in which an array of memory 
devices ca且 be subsequently formed, and a capacitor regio且
400 in which at least one passive device can be subsequently 
formed. 

[0095] Referring to FIG. 2, a lithographic material stack 
(not shown) including at least a photoresist layer can be 
formed over the alternating stack (32, 42), and can be 
lithographically patterned to form openings therein. The 
pattern in the lithographic material stack can be trans ferred 
加ough the entirety of the alternating stack (32, 42) by at 
least one anisotropic etch that employs the patterned litho­
graphic material stack as an etch mask. Portions of the 
alternating stack (32, 42) underlying the openings in the 
patterned lithographic material stack are etched to form 
memory openings. In other words, the transfer of the pattern 
in the patterned lithographic material stack through the 
alternating stack (32, 42) forms the memory openings that 
extend through the alternating stack (32, 42). The chemistry 
of the anisotropic etch process employed to etch through the 
materials of the alternating stack (32, 42) can alternate to 
optimize etching of the first and second materials in the 
alternating stack (32, 42). The anisotropic etch can be, for 
example, a series of reactive ion etches. Optionally, the 
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dielectric cap layer 31 may be used as an etch stop layer 
between the alternating stack (32, 42) and the substrate. The 
sidewalls of the memory openings can be substantially 
vertical, or ca且 be tapered. The patterned lithographic mate­
rial stack can be subsequently removed, for exrnnple, by 
ashing. The memory openings can be formed in the memory 
device region 100 

[0096] The memory openings are formed through the 
dielectric cap layer 31 and the dielectric pad layer 12 so that 
the memory openings extend from the top surface of the 
alternating stack (32, 42) to the top surface of the semicon­
ductor material layer 10. In one embodiment, an overetch 
into the semiconductor material layer 10 may be optionally 
performed after the top surface of the semiconductor mate­
rial layer 10 is physically exposed at a bottom of each 
memory openings. The overetch may be performed prior to, 
or after, removal of the lithographic material stack. In other 
words, the recessed surfaces of the semiconductor material 
layer 10 may be vertically offset from the tmdressed top 
surfaces of the semiconductor material layer 10 by a recess 
depth. The recess depth can be, for example, in a range from 
1 run to 50 run, although lesser and greater recess depths can 
also be employed. The overetch is optional, and may be 
omitted. If the overetch is not performed, the bottom surface 
of each memory openings can be coplanar with the topmost 
surface of the semico且ductor material layer 10. Each of the 
memory openings can include a sidewall (or a plurality of 
sidewalls) that extends substantially perpendicular to the 
topmost surface of the substrate. The region in which the 
array of memory openings is formed is herein referred to as 
a device region 

[0097] A memory stack strnctl.ire 55 can be formed within 
each memory opening through the alternating stack (32, 42). 
The memory stack structures 55 can be fonned, for ex扣nple ,

by forming an optional epitaxial cha血el portion 66 at a 
bottom portion of each memory opening by selectively 
depositing a semiconductor material that is intrinsic or has 
a doping of a same conductivity type as the semiconductor 
material layer 10. Alternatively, portio且 66 may be omitted 
or replaced by a trench in layer 10. A memory film layer is 
deposited in the memory openings over the alternating stack 
(32, 42) by a series of conformal deposition processes. The 
memory film layer can be a stack of contiguous material 
layers that overlie the entirety of the alternating stack (31, 
42,). The memory film layer contacts all sidewall surface(s) 
and all bottom surface(s) of the memory openings. The 
memory film layer is a contiguous film stack that provides 
the fu且ctionality of charge storage in the abse且ce of an 
external electrical bias voltage, while enabling charge trans­
fer in the presence of a suitable external electrical bias 
voltage. 

[0098] In one embodiment, the memory film layer can be 
a stack, in the order of formation, of a blocking dielectric 
layer, a charge storage layer, and a t1.1nnel dielectric layer. In 
one embodiment, a plurality of floating gates or a charge 
storage dielectric can be located between the tu1meling 
dielectric layer and the blocking dielectric layer 

[0099] The blocking dielectric layer contacts the sidewalls 
of the memory openings. Specifically, the blocking dielectric 
layer can contact the sidewalls of the sacrificial layers 42 
The blocking dielectric layer may include one or more 
dielectric material layers that can function as the control gate 
dielectrics for control gate electrodes to be subsequently 
formed. The blocking dielectric layer can include silicon 

oxi de, a dielectric metal oxide, a dielectric metal oxynitride, 
or a combination thereof. In one embodiment, the blocking 
dielectric layer can include a stack of at least one silicon 
oxide layer a且d at least o且e dielectric metal oxide layer. The 
blocking dielectric layer can be formed by a conformal 
deposition process such as chemical vapor deposition 
(CVD) and/or atomic layer deposition (ALD), and/or by 
deposition of a conformal material layer (such as an rnnor­
phous silicon layer) and subsequent conversion of the con­
formal material layer into a dielectric material layer (such as 
a silicon oxide layer). The thickness of the blocking dielec­
tric layer can be in a range from 6 mn to 24 mn, although 
lesser and greater thicknesses can also be employed. Alter­
natively, the blocking dielectric layer may be omitted from 
the memory opening, and instead be formed through the 
backside contact trench in recesses formed by removal of the 
sacrificial layers 42 prior to forming the metal control gate 
electrodes through a backside contact trench. 

[0100] The charge storage layer includes a dielectric 
charge trapping material, which ca且 be, for example, silico且
nitride, or a conductive material such as doped polysilicon 
or a metallic material. In one embodiment, the charge 
storage layer includes silicon nitride. The charge storage 
layer can be formed as a single charge storage layer of 
homogeneous composition, or can include a stack of mul­
tiple charge storage material layers. The multiple charge 
storage material layers, if employed, can comprise a plural­
ity of spaced-apart floating gate material layers that contain 
conductive materials (e.g., metal such as tungsten, molyb­
denum, tantalum, titanium, platinum, ruthenium, and alloys 
thereof, or a metal silicide such as tungsten silicide, molyb­
denum silicide, tantahtm silicide, titanium silicide, nickel 
silicide, cobalt silicide, or a combination thereof) and/or 
semiconductor materials (e.g., polycrystalline or amorphous 
semiconductor material including at least one elemental 
semiconductor element or at least one compound semicon­
ductor material). Alternatively or additionally, the charge 
storage layer may comprise an insulating charge trapping 
material, such as o且e or more silico且且itride segments 
Alternatively, the charge storage layer may comprise con­
ductive nanoparticles such as metal nanoparticles, which can 
be, for example, ruthenium nanoparticles. The charge stor­
age layer can be formed, for exrnnple, by chemical vapor 
deposition (CVD), atomic layer deposition (ALD), physical 
vapor deposition (PVD), or any suitable deposition tech­
nique for the selected material(s) for the charge storage 
layer. The thickness of the charge storage layer can be in a 
ra且ge from 2 mn to 20 mn, although lesser a且d greater 
thicknesses can also be employed 

[0101] The tunnel dielectric layer includes a dielectric 
material tl订ougl1 which charge tu1meling c叩 be performed 
under suitable electrical bias conditions. The charge tunnel­
ing may be performed through hot-carrier injection or by 
Fowler-Nordheim tunneling induced charge trans fer 
dependi且g 0且the mode of operatio且 of the mo且olithic
three-dimensional NAND string memory device to be 
formed. The tunneling dielectric layer 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 can include a stack of a first 
silicon oxide layer, a s山con oxynitride layer, and a second 
silicon oxide layer, which is connnonly know且 as an ONO 
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stack. In one embodiment, the tunneling dielectric layer can 
include a silicon oxide layer that is substantially free of 
carbon or a silicon oxynitride layer that is substantially free 
of carbo且． The thickness of the tunnel dielectric layer ca且 be

in a range from 2 nm to 20 皿， although lesser and greater 
thicknesses can also be employed. 

[0102] Optionally, a permanent channel material layer 
(such as a polysilicon layer) and/or a sacrificial layer (such 
as a dielectric material layer) may be formed on the memory 
film layer. The memory film layer (and any additional layer 
such as a permanent channel material layer or a sacrificial 
layer) can be anisotropically etched so that horizontal por­
tions of the memory film layer (and any additional layer) are 
removed from above the top surface of the alternating stack 
(32, 42) and at the bottom of each memory opening. Each 
remaining vertical portion of the memory film layer that 
remains within a memory opening after the anisotropic etch 
constitutes a memory film 50. Each memory film 50 can be 
homeomorphic to a torus . As used herein, an element is 
homeomorphic to a geometrical shape if the shape of the 
element can be mapped to the geometrical shape by con­
tinuous deformation without creation or destruction of any 
hole. If an electrode underlies the memory openings, a top 
surface of the electrode can be physically exposed within the 
cavity defined by the i皿er sidewalls of an overlying 
memory film 50 

[0103] In one embodiment, a first semiconductor channel 
layer can be deposited directly on the surfaces of the tunnel 
如lectric layer as a permanent cha皿el material layer by a 
conformal deposition method such as chemical vapor depo­
sition (CVD). The first semiconductor channel layer and the 
memory films can be anisotropically etched to form an 
opening at a bottom portion of each memory opening. A top 
surface of the substrate semiconductor layer 10 is physically 
exposed at the bo甘om of each memory opening. Each 
remaining portion of the first semiconductor channel layer 
within a memory opening constitutes a first semiconductor 
channel portion 601 

[0104] After formation of a memory film 50 and a first 
semiconductor channel portion 601 within each memory 
opening, a second semiconductor channel layer can be 
deposited on the sidewalls of the first semiconductor cha且nel
portio且s 601, physically exposed surfaces of the substrate 
semiconductor layer 10 within the memory openings, and 
over the alternating stack (32, 42). The semiconductor 
material of the second semiconductor channel layer can 
include a doped polycrystalline semiconductor material 
(such as doped polysilicon), or can include a doped amor­
phous semiconductor material (such as amorphous silicon) 
that can be subsequently converted into a doped polycrys­
talline semiconductor material after a suitable anneal at an 
elevated temperature 
[0105] Optionally, a dielectric core 62 can be formed 
within a cavity inside each semiconductor channel 60, for 
example, by depositio且 of a dielectric material such as 
silicon oxide, and subsequent planarization of the dielectric 
material. The planarization of the dielectric material 
removes the portion of the deposited dielectric material from 
above the top surface of the horizontal plane including the 
top surface of the topmost layer of the alternating stack (32, 
42), which can be, for example, the top surface of the 
topmost insulator layer 32. The planarization of the dielec­
tric material can be performed, for example, by chemical 
mechanical planarization. Each remaining portion of the 

dielectric material inside a memory opening constitutes a 
dielectric core 62. The dielectric core 62 is an optional 
component, and a combination of a memory film 50 and a 
semico且ductor channel 60 may completely fill a memory 
opemng 
[0106] The horizontal portion of the second semiconduc­
tor channel layer above the top surface of the topmost layer 
of the alternating stack (32, 42) can be removed, for 
example, by a recess etch. Each remaining portion of the 
second semiconductor chilllllel layer constitutes a second 
semiconductor cha皿el 602. Each adjoined pair of a first 
semiconductor channel 601 and a second semiconductor 
channel 602 vertically extend through the alternating stack 
(32, 42), and optional pillar collectively constitutes a portion 
of a semiconductor cha血el 60 for a memory stack structure 
55. A set of a memory film 50 and a semiconductor channel 
60 within a same memory opening constitutes a memory 
stack structure 55 
[0107] Drain regions 63 can be formed by recessing a top 
portion of each dielectric core and depositing a dop叫
semiconductor material. The doped semiconductor material 
can be, for exillllple, doped polysilicon. The drain regions 63 
can have a doping of a second conductivity type, which is 
the opposite of the first co且ductivity type (that is the 
conductivity type of the semiconductor material layer 10). 
Excess portions of the deposited semiconductor material can 
be removed from above the top surface of the alternating 
stack (32, 42), for example, by chemical mechanical pla­
narization (CMP) or a recess etch. 
[0108] Optionally, an insulating cap layer 71 can be 
formed over the alternating stack (32, 42) and the array of 
memory stack strnc t1.1res 55. The insulating cap layer 71 can 
include a dielectric material such as silicon oxide, a dielec­
tric metal oxide, 扣1d/or a nitrogen-doped organosilicate 
glass. The thickness of the insulating cap layer 71 can be in 
a range from 5 mn to 100 mn, although lesser and greater 
thicknesses can also be employed. 

[0109] Referring to FIG. 3, a portion of the alternating 
stack (32, 42) can be removed, for example, by applying and 
patterning a photoresist layer (not shown), and by trans fer­
ring the pattern of the photoresist layer through the alter­
nating stack (32, 42) employi且g an etch such as an aniso­
tropic etch. A tre且ch extendi且g through the e且tire thickness 
of the alternating stack (32, 42) can be formed. Subse­
quently, the trench can be filled with an optional dielectric 
material such as silicon oxide to form a dielectric material 
portion 64. Excess portions of the dielectric material can be 
removed from above the top surface of the insulating cap 
layer 71 by a planarization process such as chemical 
mechanical planarization and/or a recess etch. The top 
surfaces of the insulating cap layer 71 can be employed as 
a stopping surface during the planarization. A top surface of 
the dielectric material portion 64 can be coplanar with a top 
surface of the insulating cap layer 71. 

[0110] Referri且g to FIG. 4, a trimming material layer 67 1s 
formed and patterned over the insulating cap layer 71. The 
trimming material layer 67 comprises a material that can be 
continu~lly trimm_ed, i ._e., a_ ma:erial that . ~an b~ g~~dually 
removed over a time duration from outside to inside at a 
controlled removal rate. For exillllple, the trimming material 
layer 67 can be selected from a photoresist material, an 
organic polymer material, and an inorganic polymer mate­
rial. Organic polymer materials that can be employed for the 
trimming material layer 67 can be an organic material made 
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of cross-linked carbon-containing monomers, and can be 
carbon-based self-p lanarizing material known in the art 
Inorganic polymer material that can be employed for the 
trimming material layer 67 include si lico且－based polymer 
materials such as silicon-based antireflective coating mate­
rials as known in the art. A portion of the trimming material 
layer 67 remains after repeated trimming that shifts an outer 
sidewall of the trimming material layer 67 to a periphery of 
the capacitor region 400 adjoining the memory device 
region 100 
[0111] Portions of the insulating cap layer 71 and a top­
most insulator layer 32 within the area of an opening in the 
trimming material layer 67 can be removed by an anisotro­
pic etch. The last step of the anisotropic etch can be selective 
to the material of the sacrificial material layer 42 to mini­
mize an overetch into the topmost sacrificial material layer 
42. A recess cavity is fom记d at the levels of the insulating 
cap layer 71 a且d the topmost insulator layer 32 wit皿the
area of the opening in the trimming material layer 67 
[0112] Subsequently, a set of process steps is repeatedly 
performed to form stepped surfaces m the capac1tor reg1on 
400. Each set of processing steps can include a first pro­
cessing step of trimming the trimming material layer 67 to 
wide且the ope且ing in the trimming material layer 67, a 
second processing step of anisotropically etching the mate­
rial of the sacrificial material layers 42 (with or without 
collateral etching of the material of the insulating cap layer 
71) within the opening in the trimming material layer 67, a 
third step of扣1isotropically etching叩y remaining portion 
of the insulating cap layer 71 and the material of the 
insulator layers 32 within the opening in the trimming 
material layer 67. In one embodiment, an anisotropic etch 
process employed in the second processing step can be 
selective to the material of the insulator layers 32, and the 
anisotropic etch employed in the third processing step can be 
selective to the material of the sacrificial material layers 42 . 
[0113] Referring to FIGS. SA and 5B, the set of processing 
steps is repeated performed until the bottommost sacrificial 
material layer 42 is patterned. Optio且ally, the dielectric cap 
layer 31 and the dielectric pad layer 12 may be patterned 
with the same pattern as the bottommost sacrificial material 
layer 42. The trimming material layer 67 can be subse­
quently removed, for example, by ashing 
[0114] A stepped surface region is formed in the capacitor 
region 400. As used herein, a "stepped surface region" refers 
to a region in which stepped surfaces are present. As used 
herein, "stepped surfaces" refer to a set of surfaces that 
include at least two horizontal surfaces and at least two 
vertical surfaces such that each horizontal surface is 
adjoined to a first vertical surface that extends upward from 
a first edge of the horizontal surface, and is adjoined to a 
second vertical surface that extends downward from a 
second edge of the horizontal surface. 

[0115] The cavity overlying the steppes surfaces 1s a 
stepped cavity. As used herein, a "stepped cavity" refers to 
a cavity having stepped surfaces. The stepped cavity 69 can 
straddle a remaining portion of the dielectric material por­
tion 64 (not shown) and a remaining patterned portion of the 
alternating stack (32 , 42). Within the stepped surface region, 
each underlying second material layer (such as a sacrificial 
material layer 42) laterally extends farther than any overly­
ing second material layer, and each underlying first material 
layer (such as an insulator layer 32) laterally extends farther 
than any overlying first material layer. A vertically adjoining 

pair of a first material layer (such as an insulator layer 32) 
and a second material layer (such as a sacrificial material 
layer 42) can have vertically coincident sidewalls. As used 
herei且， a first surface a且d a second surface are vertically 
coincident with each other if there exists a vertical plane 
including both the first surface and the second surface. 

[0116] Referring to FIGS. 6A and 6B, a dielectric material 
portion (i .e., insulating fill material portion) can be formed 
in the stepped cavity 69 by deposition of a dielectric material 
such as silicon oxide. Excess portions of the deposited 
dielectric material can be removed from above the top 
surface of the insulating cap layer 71, for example, by 
chemical mechanical planarization (CMP). The remaining 
portion of the deposited dielectric material filling the 
stepped cavity 69 constitutes the dielectric material portion 

[0117] The dielectric material portion is retro-stepped, a叫
is herein refen令ed to as a retro-stepped dielectric material 
portion 65. 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 func­
tion of a vertical distance from a top surface of a substrate 
on which the element is present. The retro-stepped dielectric 
material portion 65 is formed over the stepped struc ture of 
the alternating stack (32, 42), and can have a planar top 
surface. If silicon oxide is employed for the retro-stepped 
dielectric material portion 65, the silicon oxide of the 
retro-stepped dielectric material portion 65 may, or may not, 
be doped with dopants such as B, P, and/or F. The horizontal 
cross-sectional area of the retro-stepped dielectric material 
portion 65 at a horizontal plai1e is not less thai1 the horizontal 
cross-sectional area of the retro-stepped dielectric material 
portion 65 at any horizontal plane that is more proximal to 
the substrate (i .e., the semiconductor material layer 10) 

[0118] At least one dielectric pillar structure 7P may be 
optionally fom记d through the retro-stepped dielectric mate­
rial portion 65 and/or through the alternating stack (32, 42) 
Further, dielectric support pillar structures 7Q may be 
formed in the contact region, which provide support for the 
insulator layers 32 in subsequent processing steps, and 
especially, during replacement of sacrificial material layers 
with conductive material layers. The at least one dielectric 
pillar struc ture 7P and the dielectric support pillar structures 
7Q can be formed, for ex扣nple , by forming openings 
extending through the retro-stepped dielectric material por­
tion 65 and/or through the alternating stack (32, 42) and at 
least to the top surface of the substrate 10, and by filling the 
openings with a dielectric fill material that is resistant to the 
etch chemistry to be employed to remove the sacrificial 
material layers 42. In one embodiment, the at least one 
dielectric pillar structure can include silicon oxide and/or a 
dielectric metal oxide such as aluminum oxide. In one 
embodiment, the portion of the dielectric material that is 
deposited over the insulating cap layer 71 concurrently with 
deposition of the at least one dielectric pillar structure 7P 
a且d the dielectric support pillar structures 7Q ca且 be present 
over insulating cap layer 71 as a dielectric material layer 73 
The dielectric material layer 73 and the at least one dielectric 
pillar structure 7P and the dielectric support pillar structures 
7Q can be formed as a single contiguous structure of integral 
construction, i .e., without any material interface therebe­
tween. In another embodiment, the portion of the dielectric 
material that is deposited over insulating cap layer 71 
concurrently with deposition of the at least one dielectric 
pillar structure 7P and the dielectric support pillar structures 
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7Q can be removed, for example, by chemical mechanical 
planarization or a recess etch. In t怕s case, the dielectric 
material layer 73 is not present, and the top surface of 
insulating cap layer 71 ca且 be physically exposed 

[0119] In t怕s embodiment, the shape of the at least one 
dielectric pillar structure 7P can be such that the at least one 
如lectric pillar structure 7P physically isolates a first portion 
of the alternating stack (32, 42) located within the memory 
device region 100 from a second portion of the alternating 
stack (32, 42) located within the capacitor region 400. In one 
embodiment, a dielectric pillar structure 7P can be formed at 
a boundary between the memory device region 100 and the 
capacitor region 400. However, other pillar 7P shapes, such 
as cylindrical pillar shapes may be used as described below 
with respect to FIG. 14A of the alternative embodiment. The 
dielectric support pillar structures 7Q can be formed as an 
array of discrete dielectric support pillar structures so as to 
provide mechanical support to the structures in the contact 
region during subsequent processing steps. 

[0120] FIGS. 7A-7D, a photoresist layer （且ot show且） ca且

be applied over the alternating stack (32, 42) and the 
retro-stepped dielectric material portion 65 and the optional 
dielectric material layer 73, and lithographically patterned to 
form openings therein. The pattern of the openings includes 
an opening in the memory device region 100 叩d a plurality 
of openings in the capacitor region 400. The pa甘em of the 
opening in the memory device region 100 is selected such 
that a lateral distance from the opening in the memory 
device region 100 to a group of memory stack structures 55 
does not exceed a predefined distance, which is the distance 
of a lateral etch to be subsequently employed to form lateral 
recesses . The pattern of the openings in the capacitor region 
400 is selected such that trenches to be subsequently formed 
within the area of the openings within the capacitor region 
400 can divide the second portion of the alternating stack 
(32, 42) located w咖n the capacitor region 400 into a 
plurality of physically disjoined alternating stacks (32, 42) 

[0121] An anisotropic etch can be performed to etch 
through portions of the optional dielectric material layer 73 , 
the optional insulating cap layer 71 , the retro-stepped dielec­
tric material portion 65, and the alternating stack (32, 42) 
that underlie the ope且ings within the photoresist layer. A 
backside contact tre且ch 79 is formed directly u且demeath the 
opening in the photoresist layer within the memory device 
region 100. A lateral separation trench 89 is formed directly 
underneath each opening in the photoresist layer within the 
capacitor region 400. The backside contact trench 79 and the 
lateral separation trenches 89 can extend from the top 
surface of the dielectric material layer 73 (or the material 
layer contacting the bottom surface of the photoresist layer 
in case a dielectric material layer 73 is not employed) at least 
to the top surface of the semiconductor material layer 10 in 
the substrate. The lateral separation trenches 89 divides the 
second portion of the alternating stack (32, 42) in the 
capacitor region 400 into a plurality of physically dis joined 
alternating stacks (32, 42) that are laterally spaced apart by 
the lateral separation trenches 89 

[0122] Each of the backside contact trench 79 and the 
lateral separation trenches 89 can be a line trench, i .e., a 
trench having a uniform width and extending along a 
lengthwise direction. The sidewalls of the backside contact 
trench 79 and the lateral separation trenches 89 may be 
vertical, or may be tapered. In one embodiment, the backside 
contact trench 79 may have a first trench width twl, and the 

lateral separation trenches 89 may have a second trench 
width tw2 that is less than the first trench width twl. In one 
embodiment, the first trench width twl can be in a range 
from 30 mn to 1,000 皿， a且d the seco且d tre且ch width w2 can 
be in a range from 20 mn to 500 mn, although lesser and 
greater trench widths can be employed for each of the 
backside contact trench 79 and the lateral separation 
trenches 89 

[0123] In one embodiment, a dielectric pillar structure 7P 
can extend along a first horizontal direction hdl, and the 
backside contact trench 79 can extend along the first hori­
zontal direction hdl. The lateral separation trenches 89 can 
adjoin the dielectric pillar structure 7P such that a sidewall 
of each lateral separation trench 89 is a sidewall of the 
dielectric pillar structure 7P. The lateral separation trenches 
89 can extend along a horizontal direction that is different 
from the first horizontal direction hdl, which is herein 
referred to as a second horizontal direction hd2. In one 
embodiment, the second horizontal direction hd2 can be 
perpendicular to the first horizontal direction hdl. In one 
embodiment, the lateral separation trenches 89 can laterally 
extend along a lateral direction that is perpendicular to the 
stepped surfaces within the stepped surface region. As used 
herein, a lateral directio且that is perpe且山cular to the stepped 
surfaces refers to the lateral direction that is perpendicular to 
vertical surfaces within the stepped surfaces . In other words, 
the second horizontal direction hd2 can be perpendicular to 
the vertical surfaces (i .e., the sidewalls of the insulator layers 
32 and the sacrificial material layers 42) of the stepped 
surfaces 

[0124] Each lateral separation trench 89 extends tl1rougl1 

the stack of alternating layers (32, 42) as embodied in 
multiple physically disjoined portions. Sidewalls of pat­
terned portions of the stack of alternating layers (32, 42) are 
physically exposed within each lateral separatio且tre且ch89
The photoresist layer can be removed, for example, by 
ashing. 
[0125] Referring to FIGS. 8A-8C, an etchant that selec­
tively etches the second material of the sacrificial material 
layers 42 with respect to the first material of the insulator 
layers 32 can be introduced into the backside contact trench 
79 and the lateral separation trenches 89, for example, 
employing an isotropic etch process. Backside recesses (43 , 
143) are formed in volumes from which the sacrificial 
material layers 42 are removed. The removal of the second 
material of the sacrificial material layers 42 can be selective 
to the first material of the insulator layers 32, the material of 
the at least one dielectric support pillar 7P, the material of the 
retro-stepped dielectric material portion 65, the semicon­
ductor material of the semiconductor material layer 10, and 
the material of the outennost layer of the memory films 50 
In one embodiment, the sacrificial material layers 42 can 
include silicon nitride, and the materials of the insulator 
layers 32, the at least one dielectric support pillar 7P, and the 
retro-stepped dielectric material portio且 65 can be selected 
from silicon oxide and dielectric metal oxides. In another 
embodiment, the sacrificial material layers 42 can include a 
semiconductor material such as polysilicon, and the mate­
rials of the insulator layers 32, the at least one dielectric 
support pillar 7P, and the retro-stepped dielectric material 
portion 65 can be selected from silicon oxide, silicon nitride, 
and dielectric metal oxides. In this case, the depth of the 
backside contact trench 79 can be modified so that the 
bottommost surface of the backside contact trench 79 is 
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located within the dielectric pad layer 12, i .e. , to avoid 
physical exposure of the top surface of the semiconductor 
substrate layer 10 
[0126] The etch process that removes the second material 
selective to the first material and the outermost layer of the 
memory films 50 can be a wet etch process employing a wet 
etch solution, or can be a gas phase (dry) etch process in 
which the etchant is introduced in a vapor phase into the 
backside contact trench 79. For example, if the sacrificial 
material layers 42 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 materials employed in the art. The 
at least one dielectric support pillar 7P, the retro-stepped 
邮lectric material portion 65, and the memory stack struc­
tures 55 provide structural support while the backside 
recesses (43, 143) are prese且t within volumes previously 
occupied by the sacrificial material layers 42 
[0127] Each backside recess (43 , 143) 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 backside recess (43, 143) can be 
greater tha且the height of the backside recess (43, 143). A 
plurality of backside recesses (43, 143) can be formed in the 
volumes from which the second material of the sacrificial 
material layers 42 is removed. The plurality of backside 
recesses (43 , 143) include first backside recesses 43 that are 
formed within the memory device region 100 by introduc­
tion of the etchant through the backside contact trench 79, 
and second backside recesses that are formed within the 
capacitor region 400 by introduction of the etchant through 
the lateral separation trenches 89 
[0128] Each of the plurality offirst backside recesses (43 , 
143) can extend substantially parallel to the top surface of 
the substrate 10. A backside recess (43 , 143) can be verti­
cally bounded by a top surface of an underlying insulator 
layer 32 and a bottom surface of an overlying insulator layer 
32. I且 O且e embodiment, each backside recess (43, 143) ca且
have a uniform height throughout 
[0129] The memory openings in which the memory stack 
structures 55 are formed are herein referred to as front side 
recesses or front side cavities i且 CO且trast with the first 
backside recesses 43. In one embodiment, the memory 
device region 100 comprises an array of monolithic three­
dimensional NAND strings having a plurality of device 
levels disposed above the substrate 10. In this case, each first 
backside recess 43 can define a space for receiving a 
respective word line of the array of monolithic three­
dimensional NAND strings 

[0130] The second lateral recesses 143 can be formed at 
each level of the sacrificial material layers 42 in the capaci­
tor region 400. Each second lateral recess 143 can be 
adjoined to at least one of the lateral separation trenches 89 
At least o且e set of seco且d lateral recesses 143 ca且 be

laterally adjoined to a neighboring pair of lateral separation 
trenches 89. Thus, a stacked cavity structure is formed 
between each neighboring pair of lateral separation trenches 
89 such that a set of second backside recesses 143 is 
interlaced with a set of insulator layers 32. In one embodi­
ment, the lateral separation trenches 89 can be formed with 
a periodicity p. The lateral distance between neighboring 
pairs of the lateral separation trenches 89 can be uniform. In 
this case, the second backside recesses 143 within a stacked 
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cavity structure (143 , 32) between a neighboring pair of 
lateral separation trenches 89 can have the s础e lateral 
extent along the first horizontal direction hdl, and can have 
different lateral extents alo且gthe seco且d horizontal directio且

hd2. 

[0131] Physically exposed surface portions of epitaxial 
cha皿el portions 66 and the semiconductor material layer 10 
can be converted into dielectric material portions by thermal 
conversion and/or plasma conversion of the semiconductor 
materials into dielectric materials. For example, thermal 
conversion and/or plasma conversion can be employed to 
convert a surface portion of each epitaxial channel portion 
66 into a dielectric spacer 116, and to convert a surface 
portion of the semiconductor material layer 10 underneath 
each backside contact trench 79 and trenches 89 into a 
sacrificial dielectric portion 616. In one embodiment, each 
如lectric spacer 116 can be topologically homeomorphic to 
a torus, i .e., generally ring-shaped. As used herein, an 
element is topologically homeomorphic to a torus if the 
shape of the element can be continuously stretched without 
destroying a hole or forming a new hole into the shape of a 
torus 

[0132] The dielectric spacers 116 include a dielectric 
material that includes the same semiconductor element as 
the epitaxial channel portions 66 and additionally includes at 
least one non-metallic element such as oxygen and/or nitro­
gen such that the material of the dielectric spacers 116 is a 
dielectric material. In one embodiment, the dielectric spac­
ers 116 can include a dielectric oxide, a dielectric nitride, or 
a dielectric oxynitride of the semiconductor material of the 
epitaxial chaimel portions 66. Likewise, each sacrificial 
dielectric portion 616 includes a dielectric material that 
includes the same semiconductor element as the semicon­
ductor material layer 10 and additionally includes at least 
O且e 且0且－metallic element such as oxygen and/or nitroge且
such that the material of the sacrificial dielectric portions 
616 is a dielectric material. In one embodiment, the sacri­
ficial dielectric portions 616 can include a dielectric oxide, 
a dielectric nitride, or a dielectric oxynitride of the semi­
conductor material of the semiconductor material layer 10 

[0133] Referring to FIGS. 9Aand 9B, a backside blocking 
dielectric layer (not shown) including a dielectric material 
(such as aluminum oxide) can be formed in the backside 
recesses (43, 143) by a conformal deposition. At least one 
conductive material can be deposited in the plurality of 
backside recesses (43, 143), on the sidewalls of the backside 
contact trench 79 and trenches 89, and over the topmost 
layer of the first exemplary strnctl.ire. The conductive mate­
rial can be deposited by a conformal deposition method, 
which can be, for example, chemical vapor deposition 
(CVD), atomic layer deposition (ALD), electroless plating, 
electroplating, or a combination thereof. The conductive 
material can be an elemental metal , an intermetallic alloy of 
at least two elemental metals, a conductive nitride of at least 
O且e eleme且tal metal, a co且ductive metal oxide, a co且ductive

doped semiconductor material, a conductive metal-semicon­
ductor alloy such as a metal silicide, alloys thereof, and 
combinations or stacks thereof. Non-limiting exemplary 
conductive materials that can be deposited in the plurality of 
backside recesses (43, 143) include tungsten, tungsten 
nitride, titanium, titanium nitride, tantalum, and tantalum 
nitride. In one embodiment, the conductive material can 
comprise a metal such as tungsten and/or metal nitride. In 
one embodiment, the conductive material for filling the 
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plurality of backside recesses (43 , 143) can be a combination 
of titanium nitride and tungsten. In one embodiment, the 
conductive material c扣1 be deposited by chemical vapor 
depositio且 The seco且d material layers 42 are replaced with 
conductive material portions. 
[0134] A plurality offirst electrically conductive layers 46 
Cilll be formed in the plurality of first backside recesses 43 
in the memory device region. A plurality of second electri­
cally conductive layers 146 can be formed in the plurality of 
second backside recesses 143. A contiguous conductive 
material layer 46L can be formed on the sidewalls of the 
backside contact trench 79 and over the topmost layer of the 
first exemplary structure. Thus, each sacrificial material 
layer 42 can be replaced with a first electrically conductive 
layer 46 in the memory device region 100 and a second 
electrically conductive layer 146 in the capacitor region 400 
A backside cavity 79' is present in the portion of each 
backside contact tre且ch 79 that i s 且ot filled with the co且－
tiguous conductive material layer 46L. A lateral separation 
cavity 89' is present in the portion of each lateral separation 
trench 89 that is not filled with the contiguous conductive 
material layer 46L. 
[0135] In one embodiment, the thickness of the deposited 
CO且ductive material Cilll be selected that the lateral separa­
tion trenches 89 皿d the backside contact trench 79 are not 
completely filled with the contiguous conductive material 
layer 46L. In this case, a cavity (79', 89') is present within 
each of the lateral separation trenches 89 illld the backside 
contact trench 79 after deposition of the conductive material 
The contiguous conductive material layer 46L, the first 
electrically conductive layers 46, and the second electrically 
conductive layers 146 are formed as a single contiguous 
structure 
[0136] Referring to FIGS. lOA 皿d 10B, the deposited 
conductive material of the contiguous conductive material 
layer 46L is etched back from the sidewalls of each backside 
contact trench 79, from the sidewalls of each lateral sepa­
ration trench 89, and from the dielectric material layer 73, 
for example, by a且isotropic etch. Each remaining portio且 of
the deposited conductive material in the first backside 
recesses 43 constiti.1tes a first electrically conductive layer 
46. Each remaining portion of the deposited conductive 
material in the second backside recesses 143 constitutes a 
second electrically conductive layer 146. Each electrically 
conductive layer (46, 146) Cilll be a conductive line struc­
ture 

[0137] Each first electrically conductive layer 46 can 
function as a combination of a plurality of control gate 
electrodes and a word line electrically connecting, i .e., 
electrically shorting, the plurality of control gate electrodes 
The plurality of control gate electrodes within each first 
electrically conductive layer 46 Cilll include control gate 
electrodes located at the same level for the vertical memory 
devices including the memory stack strnctures 55. In other 
words, each first electrically conductive layer 46 can be a 
word line that functions as a c01runon control gate electrode 
for the plurality of vertical memory devices 

[0138] A patterned stack comprising an alternating plural­
ity of the first material layers (i .e. , the insulator layers 32) 
and second electrically conductive layers 146 is formed in 
the capacitor region 400. The second electrically conductive 
layers 146 in the patten记d stack (32, 146) are formed at each 
level of the second material layers (i .e., the sacrificial 
material layers 42) 
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[0139] Referring to FIGS. llA-11B, a dielectric material 
can be conformally deposited within the backside contact 
trench 79 and the lateral separation trenches 89. The dielec­
tric material ca且i且elude, for example, silico且 oxide, silico且

nitride, a dielectric metal oxide, or a combination thereof. In 
one embodiment, the dielectric material can comprise sili­
con oxide. 
[0140] In one embodiment, the lateral separation trenches 
89 can be completely filled with the dielectric material to 
form trench fill dielectric material portions 84, while the 
backside contact trench 79 is not completely filled with the 
dielectric material. In other words, a backside cavity can be 
present within the portions of the deposited dielectric mate­
rial within the backside contact trench 79 
[0141] An a且isotropic etch can be performed to remove 
horizontal portions of the deposited dielectric material from 
above the dielectric material layer 73 . A contiguous remain­
ing vertical portion of the deposited dielectric material 
within the backside contact trench 79 constitutes an insu­
lating spacer 74. The insulating spacer 74 comprises the 
sanJe dielectric material as the form trench fill dielectric 
material portions 84. In one embodiment, the trench fill 
dielectric material portions 84 can have a s扣ne width 
throughout, a且d the insulating spacer 74 has a lateral thick­
ness, as measured on the sidewalls of the backside contact 
trench 79, that is greater than one half of the width of the 
trench fill dielectric material portions 84. A remaining annu­
lar portion of the sacrificial dielectric portions 616 can be 
incorporated into a bottom portion of the insulating spacer 
74 
[0142] Electrical dopants (p-type dopants or n-type dop­
ants) can be implanted into portions of the semiconductor 
material layer 10 that underlies the backside cavity within 
the backside contact trench 79. In one embodiment, the 
conductivity type of the implanted dopants can be the 
opposite of the conductivity type of the semiconductor 
material layer 10. The implanted portion of the semicon­
ductor material layer 10 can function as a source region 61 
for the memory stack structures 55, a且d a surface portio且 of
the semiconductor material layer 10 between the source 
region 61 and the epitaxial channel portions 66 can be a 
horizontal channel portion. In one embodiment, the semi­
conductor material layer 10 can have a doping of a first 
conductivity type, and the source region 61 can have a 
doping of a second conductivity type that is the opposite of 
the first conductivity type 

[0143] The backside cavity surrounded by an insulating 
spacer 74 can be filled with a conductive material to form a 
backside contact via structure 76. The backside contact via 
struc ture 76 can be electrically shorted to a portion of the 
substrate (10, 61), which can be the source region 61. The 
backside contact via strcuture 76 extends through, and is 
laterally surrounded by, the insulating spacer 74. 
[0144] The patterned stack comprising an alternating plu­
rality of the first material layers (i.e., the insulator layers 32) 
and second electrically conductive layers 146 in the capaci­
tor region 400 is laterally contacted by dielectric material fill 
portions on all sides. Specifically, the patterned stack (32, 
146) is laterally contacted by a set of dielectric fill material 
portions (7P, 84, 65) formed within trenches. In one embodi­
ment, each trench laterally surrounding an alternating stack 
of insulator layers 32 and the second electrically conductive 
layers 146 can be filled with a dielectric fill material. The 
trench including a dielectric pillar structure 7P and contact-
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mg a sidewall of the alternating stack (32, 146) can be filled 
with a first dielectric fill material. Two lateral separation 
trenches 89 including the trench fill dielectric material 
portio且s 84 and contacting a pair of sidewalls of the alter­
nating stack (32, 146) can be filled with a second dielectric 
material. The pair of sidewalls of the alternating stack (32, 
146) can be substantially parallel to each other. The retro­
stepped cavity including the retro-stepped dielectric material 
portion 65 and contacting stepped surfaces of the alternating 
stack (32, 146) includes another dielectric fill material 

[0145] Referring to FIGS. 12A-12D, a photoresist layer 
(not shown) is applied over the dielectric material layer 73 , 
and is lithographically patterned to form openings in regions 
in which formation of additional contact via struc tures is 
desired. The pa甘em in the photoresist layer is transferred 
through the dielectric material layer 73, the insulating cap 
layer 71, illld the retro-stepped dielectric material portion 65 
to form various vertically-extending cavities . The anisotro­
pic etch can be selective to the materials of the electrically 
conductive layers (46, 146) and the drain region 63, and 
optionally to additional materials within the memory stack 
struc tures 55. A first subset of the vertically-extending 
cavities (not shown) can extend to stepped surfaces (not 
shown) of the first electrically conductive layers 46 adjacent 
to the memory device region 100. A second subset of the 
vertically-extending cavities (subseque且tly filled with 
capacitor contact via structures SC) can extend to stepped 
surfaces of the second electrically conductive layers 146 in 
the capacitor region 400. Another subset of the vertically­
extending cavities (subsequently filled with drain contact via 
structures 88) c扣1 extend to top surfaces of the drain regions 
63. The photoresist layer can be removed, for exainple, by 
ashing 
[0146] At least one conductive material is deposited in the 
vertically-extending cavities to fill each of the vertically­
extending cavities. Excess portions of the at least one 
conductive material can be removed from above a horizontal 
plane including a top surface of the dielectric material layer 
73, for example, by chemical mechanical pla且arizatio且
(CMP). Each remai且ing portion of the at least one conduc­
tive material constiti.1tes a contact via structure (8C, 88), 
which include capacitor contact via structures 8C formed in 
the capacitor region 400, drain contact via structures 88 
formed in the memory device region 100, and control gate 
contact via structures (not shown) that are formed in a 
stepped surface region (not shown) adjacent to the memory 
device region 100 

[0147] A plurality of contact via struc tures (i .e. , the 
capacitor contact via structures 8C) is fom记d on the second 
electrically conductive layers 146 in the capacitor region 
400. An additional plurality of contact via structures (i .e., the 
control gate contact via structures) is formed on the first 
electrically conductive layers 46 adjacent to the memory 
device region 100, as will be described below with respect 
to FIG. 14X. 

[0148] In one embodiment, the capacitor contact via struc­
tures 8C can be arranged to facilitate pairwise connection 
between upper second electrically conductive layers 146 
(i .e., second electrically conductive layers 146 located 
within an upper half of the alternating stack (32, 146)) and 
lower second electrically conductive layers 146 (i.e., second 
electrically conductive layers 146 located within a lower 
half of the alternating stack (32, 146)) through line level 
interco血ect structures to be subseque且tly formed over the 

12 
Dec. 15, 2016 

dielectric material layer 73. For example, capacitor contact 
via structures SC to be electrically shorted by overlying 
interco血ect line structures (such as metal line structures) 
ca且 be formed alo且g the seco且d horizontal directio且 hd2,

which is parallel to the lengthwise direction of the trench fill 
dielectric material portions 84. 

[0149] As shown in FIGS. 13A-13E, a line level dielectric 
material layer 92 including a dielectric material can be 
formed over the top surface of the dielectric material layer 
73. The dielectric material of the line level dielectric mate­
rial layer 92 can be, for example, silicon oxide, silicon 
nitride, organosilicate glass, or a combination thereof. Inter­
connect line structures can be formed in the line level 
dielectric material layer 92, for example, by forming line 
trenches in the line level dielectric material layer 92 and 
filling the line trenches with at least one conductive material 
Excess portions of the at least one conductive material can 
be removed from above the top surface of the line level 
dielectric material layer 92, for example, by chemical 
mechanical planarization. 

[0150] Node-tying metal lines (821, 822, 823, 831, 832, 
833), source metal line 96, and bit lines 98 (only portions of 
the word lines are shown for clarity) can be formed in the 
line level dielectric material layer 92. The node-tying metal 
lines (821, 822, 823, 831, 832, 833) tie, i .e. , electrically 
short, the same node of capacitor structures. The node-tying 
metal lines (821, 822, 823, 831, 832, 833) can include first 
node-tying metal lines (821, 822, 823) that tie the first node 
of a respective capacitor, and second node-tying metal lines 
(831, 832, 833) that tie the second node of a respective 
capacitor. The source metal line 96 provides electrical 
connection to the backside contact via structure 76 and the 
source region 61. The bit lines 98 provide electrical con­
nection to the drain contact via structures 88 and the drain 
regions 63 

[0151] The second electrically conductive layers 146 con­
stitute capacitor electrodes (e.g., plates) of a set of capaci­
tors. Each capacitor plate is a conductive component of the 
set of capacitors. A subset of the electrically insulating layers 
32 within the capacitor region 400 constitutes node dielec­
trics of the set of capacitors. Each capacitor in the set 
comprises a first且ode that includes an underlying seco叫
electrically co且ductive layer (146Ul or 146U2) (which is 
one of the second electrically conductive layers 146) of a 
respective vertically neighboring pair and a respective con­
tact via strucmre (8CU1 or 8CU2) that extends upward from 
the underlymg second electncally conductwe layer (146Ul 
or 146U2) and t缸ough the retro-stepped dielectric material 
portion 65. Each capacitor in the set further comprises a 
second node that includes an overlying second electrically 
conductive layer (14601 or 14602) (which is one of the 
second electrically conductive layers 146) of the respective 
vertically neighboring pair and a respective contact via 
structl.1re (8C01 or 8C02) that extends upward from the 
overlying electrically conductive layer (14601 or 14602) 
and tl订ougl1 the retro-stepped dielectric material portion 65 

[0_152] _In one embodi~ent, each c_apac~tor':i~~n the_ s_et 
of capacitors can comprises two pairs of vertically neigh­
boring electrically conductive layers (146Ul , 14601) and 
(146U2, 14602) such that the first node of the capacitor 
includes an underlying electrically conductive layer 146Ul 
of a first vertically neighboring pair (146Ul, 14601) and an 
electrically conductive layer 146U2 of a second vertically 
neighboring pair (146U2, 14602); and the second node of 
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the capacitor includes an overlying electrically conductive 
layer 14601 of the vertically neighboring pair (146Ul , 
14601) and another electrically conductive layer 14602 of 
the seco叫 vertically且eighbori且g pair (146U2, 14602) 

(0153] In case the horizontal steps (i .e., the horizontal 
surface portions) of the stepped surfaces of the alternating 
stack (32, 146) has a uniform width, upper vertically neigh­
boring pairs of second electrically conductive layers 146 
(located in the upper halfofthe alternating stack (32, 146)) 
and lower vertically neighboring pairs (located in the lower 
half of the alternating stack (32, 146)) of second electrically 
conductive layers 146 can be matches such that each set of 
an upper vertically neighboring pair of second electrically 
conductive layers 146 and a lower vertically neighboring 
pair of the second electrically conductive layers 146 has a 
S皿e total overlap area between neighboring pairs of second 
electrically conductive layers 146. If the insulator layers 32 
have the same thickness throughout, the capacitance of each 
capacitor can be the same. If the alternating stack (32, 146) 
in the capacitor region includes a total of N second electri­
cally conductive layers 146, the total number of capacitors 
including an upper vertically neighboring pair of second 
electrically conductive layers 146 and a lower vertically 
且eighbori且g pair of the seco且d electrically co且ductive layers 
146 can be a positive integer that does not exceed N/4. 

(O154] Altematwely, tymg of the nodes of two paIrs of 
vertically neighboring second electrically conductive layers 
146 can be omitted. In this case, each capacitor can consist 
of a single vertically neighboring pair of second electrically 
conductive layers 146 

(0155]_. The first e:i_:empl叩 stru.:,~ure can ~nclude _a device 
comprising a set of capacitors. The set of capacitors can 
comprise: a stack of alternating layers (32, 146) including 
electrically insulating layers 32 and electrically conductive 
layers 146 and located over a substrate 10. Each electrically 
conductive layer 146 that is located within the stack (32, 
146), a且d has at least o且e overlying electrically co且ductive

layer 146 wh1chlaterally extends farther than any overlymg 
electrically conductive layer 146. The set of capacitors 
includes a dielectric material portion 65 located over the 
stepped surface region of the stack (32, 146). At1 interface 
between the dielectric material portion 65 and the stack (32, 
146) includes a contiguous set of horizontal surfaces and 
vertical surfaces to provide the stepped surface region. The 
device comprises a set of dielectric fill material portions (84, 
7P) are located within trenches that vertically extend 
through the stack (32, 146) of alternating layers and laterally 
contacts sidewalls of the stack (32, 146) of alternating 
layers. The device comprises a plurality of capacitor contact 
via structures SC in contact with respective electrically 
conductive layers 146 within the stack (32, 146) of alter­
nating layers. The electrically conductive layers 146 consti一

tute conductive components of a set of capacitors and a 
subset of the electrically insulating layers 32 constitutes 
且ode dielectrics of the set of capacitors. 0且ly the electrically 
insulating layers 32 located between a first node and a 
second node of a capacitor constitutes the node dielectrics . 
Each capacitor in the set comprises: a first node that includes 
an underlying electrically conductive layer 146Ul (or alter­
natively 146U2) of a respective vertically neighboring pair 
and a respective capacitor contact via structure 8CU1 (or 
alternatively 8CU2) that extends upward from the underly­
ing electrically conductive layer 146Ul and through the 
dielectric material portion 65; and a second node that 
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mcludes an overlying electrically conductive layer 14601 
(or alternatively 14602) of the respective vertically neigh­
boring pair and a respective capacitor contact via structure 
8C01 (or alternatively 8C02) that exte且ds upward from the 
overlying electrically conductive layer 14601 and through 
the dielectric material portion 65. 
[0156] In one embodiment, each of the trenches (i .e., the 
lateral separation trenches 89 and optionally the trench in 
which the dielectric pillar structure 7P is present, or trenches 
89A, 89B described below with respect to FIGS. 14A-14X) 
can be entirely filled with a dielectric material of a respective 
dielectric fill material portion (84, and optionally 7P). In one 
embodiment, all sidewall surfaces of the electrically con­
ductive layers 146 within the stack of alternating layers (32, 
146) can be in contact with a surface selected from sidewall 
surfaces of the set of dielectric fill material portions (84, and 
optionally 7P) and sidewall surfaces of the dielectric mate­
rial portio且 65

[0157] In one embodiment, the entire interface between an 
electrically conductive layer 146 within the stack (32, 146) 
of alternating layers and the set of dielectric fill material 
portions (84, and optionally 7P) can be a contiguous inter­
face, and can be vertical or tapered. In one embodiment, the 
CO且tiguous interface ca且 be substantially vertical throughout 
an entirety thereof. As used herein, a surface is substantially 
vertical if the surface is vertical or a taper angle of the 
surface with respect to a vertical direction does not exceed 
3 degrees. In one embodiment, the interface between the 
electrically conductive layer 146 and the set of dielectric fill 
material portions (84, and optionally 7P) adjoins an interface 
between the electrically conductive layer 146 and the dielec­
tric material portion 65 (which is located within a subset of 
the stepped surfaces in the stepped surface region). In one 
embodiment, the combination of the interface between the 
electrically conductive layer 146 and the set of dielectric fill 
material portions (84, and optionally 7P) and the interface 
between the electrically conductive layer 146 and the dielec­
tric material portion 65 includes all sidewall surfaces of the 
electrically conductive layer 146 
[0158] In one embodiment, the set of dielectric fill mate­
rial portions (84, and optionally 7P) can be a contigt1ous 
(i .e., physically adjoined) set of material portions and con­
tact the dielectric material portion 65. In one embodiment, 
the dielectric material portion 65 can be a retro-stepped 
dielectric material portion in which a horizontal cross­
sectional area of the dielectric material portion 65 at a 
horizontal plane is not less than a horizontal cross-sectional 
area of the dielectric material portio且 at any horizontal pla胆

that is more proximal to the substrate 10 
[0159] In one embodiment, each capacitor within the set 
of capacitors comprises two pairs of vertically neighboring 
electrically conductive layers (146Ul, 14601) and (146U2, 
14602). The first node of the capacitor includes an under­
lying electrically conductive layer 146Ul of a first vertically 
neighboring pair (146Ul, 14601) and an electrically con­
ductive layer (146U2 or 14602) of a second vertically 
neigl1boring pair (146U2, 14602). The second node of the 
capacitor includes an overlying electrically conductive layer 
14601 of the first vertically neighboring pair (146Ul , 
14601) and another electrically conductive layer (146U2 or 
14602) of the seco叫 vertically且eighbori且g pair (146U2, 
14602) 

[0160] In one embodiment, the underlying electrically 
conductive layer 146Ul of the first vertically neighboring 
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pair (146Ul, 14601) and the electrically conductive layer 
(146U2 or 14602) of the second vertically neighboring pair 
(146U2, 14602) are electrically shorted through two contact 
via structures (for example, 8CU1 a且d 8CU2) a且d a first 
conductive line structure (for example, 833). The overlying 
electrically conductive layer 14601 of the first vertically 
neighboring pair (146Ul , 14601) and the other electrically 
conductive layer of the second vertically neighboring pair 
(146U2, 14602) are electrically shorted througl1 two addi­
tional contact via structures (for example, 8C01 and 8C02) 
and a second conductive line structure (for example, 823) 

[0161] In one embodiment, the set of capacitors comprise 
at least a first capacitor and a second capacitor. In this case, 
the first capacitor can comprise a first upper pair of vertically 
neighboring electrically conductive layers (e.g., 146U2 and 
14602) and a first lower pair of vertically neighboring 
electrically conductive layers (e.g., 146Ul and 14601). The 
second capacitor can comprise a second upper pair of 
vertically neighboring electrically conductive layers (lo­
cated within an upper half of the alternating stack and at 
different levels than the first upper pair of vertically neigh­
boring electrically conductive layers) and a second lower 
pair of vertically neighboring electrically conductive layers 
(located withi且 a lower half of the alter且ati且g stack and at 
different levels than the first lower pair of vertically neigh­
boring electrically conductive layers) . In one embodiment, 
the second upper pair of vertically neighboring electrically 
conductive layers 146 overlies the first upper pair of verti­
cally neighboring electrically conductive layers 146; the first 
upper pair of vertically neighboring electrically conductive 
layers 146 overlies the first lower pair of vertically neigh­
boring electrically conductive layers 146; and the first lower 
pair of vertically neighboring electrically conductive layers 
146 overlies the second lower pair of vertically neighboring 
electrically conductive layers 146. 

[0162] In one embodiment, the capacitors can be config­
ured to provide the same capacitance for each capacitor. 
Such a configuration can be obtained by forming pairs of 
vertically neighboring electrically conductive layers 146, 
and providing parallel co血ection for a pair of component 
capacitors. The first component capacitor is formed by a 
node dielectric employing an insulator layer 32 within the 
lower half of the alternating stack (32, 146) and two neigh­
boring electrically conductive layers 146. The second com­
ponent capacitor is formed by a node dielectric employing 
an insulator layer within the upper half of the alternating 
stack (32, 146) and two neighboring electrically conductive 
layers 146. The two component capacitors are co皿ected in 
parallel such that the total capacitance is the same as the 
target capacitance for the capacitor formed by the parallel 
connection of the two component capacitors. By selecting 
the pairs of component capacitors for parallel connection, 
multiple capacitors having the same total capacitance can be 
formed 

[0163] I且 O且e embodiment, the thickness of the insulator 
layers 32 can be the same throughout, and the sum of an 
upper overlap area between the vertically neighboring elec­
trically conductive layers (146U2, 14602) within the first 
upper pair (of a first capacitor) and a lower overlap area 
between the vertically neighboring electrically conductive 
layers (146Ul , 14602) within the first lower pair (of the first 
capacitor) can be substantially the same as the sum of an 
upper overlap area between the vertically neighboring elec­
trically conductive layers within the second upper pair (of 
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the second capacitor) and a lower overlap area between the 
vertically neighboring electrically conductive layers within 
the second lower pair (of the second capacitor). In this case, 
the first capacitor a且d the seco且d capacitor can have the 
S皿e total capacitance. In one embodiment, each capacitor 
within the set of capacitors can have a substantially s皿e

total overlap area between vertically neighboring electri­
cally conductive layers contained therein. 

[0164] In one embodiment, the device can further com­
prise a monolithic three-dimensional memory device located 
on the substrate 10 and in the memory device region 100 
The monolithic three-dimensional memory device can com­
prise a memory opening 49 extending through the stack (32, 
46); a memory film 55 located within the memory opening 
49; and a semiconductor cha皿el (601, 602 and optionally 
66) located within the memory film 55. 

[0165] In one embodiment, the set of capacitors can be a 
component of a peripheral device of the monolithic three­
dimensional memory device; the monolithic three-dimen­
sional memory device can be a vertical NAND memory 
device; the electrically conductive layers 46 comprise, or are 
electrically connected to, a respective word line of the 
vertical NAND memory device; and the substrate comprises 
a silicon substrate. In one embodiment, the vertical NAND 
memory device can comprise an array of monolithic three­
dimensional NAND strings over the silicon substrate; at 
least one memory cell in the first device level of the 
three-dimensional array of NAND strings can be located 
over another memory cell in the second device level of the 
加ee-dimensional array of NAND strings; and the silicon 
substrate can contain an integrated circuit comprising a 
driver circuit for the memory device located thereon. The 
three-dimensional array of NAND strings can comprise: a 
plurality of semiconductor channels (601, 602, and option­
ally 66, a且d portio且s of lO), wherein at least o且e end portio且
of each of the plurality of semiconductor channels extends 
substantially perpendicular to a top surface of the silicon 
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 sub­
stantially parallel to the top surface of the silicon 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. 
[0166] FIG. 14A illustrates a schematic top down view of 
a device of embodiments of the invention. As shown in FIG. 
14A, the capacitor region 400 is located in the stepped 
surface region of the stack between the sense amplifiers 402 
and other bit line peripheral devices 404 (e.g., devices of the 
driver circuit, such as charge pump circuit devices, reference 
voltage and current circuit, and/pr power-on circuit, etc.) and 
the memory device region 100 (also referred to as the cell 
array) in directio且 hd2 (i .e., the b仆 line directio且） The
capacitor region 400 is also referred to as a dummy staircase 
region because it includes the stepped surface without word 
line contact vias (i .e., control gate interconnects) . The 
dummy staircase region is formed at the sanie time during 
the sanie etching steps as the word line stepped surface 
regions 300 (labeled WLHU staircase) in which the word 
line contact vias (i .e., control gate interconnects) will be 
formed during a subsequent step. In other words, the stepped 
surface regions are formed on plural (e.g., all) sides of the 
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