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(57) ABSTRACT

The invention provides a memory device. The memory
device includes a substrate, a plurality of first wires, a
plurality of etch-stop layers, a dielectric layer, and a plurality
of vias. The substrate has a plurality of first regions and a
plurality of second regions arranged in a staggered manner
along a first direction. The first wires are embedded in the
substrate and extended along the first direction. The first
wires include a conductive layer and a cap layer located on
the conductive layer, and the upper surface of the cap layer
has a groove. The etch-stop layers are located on the cap
layer and filled in the groove. The dielectric layer is located
on the substrate and has a plurality of via openings in the first
regions. The via openings expose the substrate and the
etch-stop layer. The vias are filled in the via openings and
electrically connected to the substrate. The invention further
provides a manufacturing method of a memory device.

4 Claims, 44 Drawing Sheets

.}Z 1500

1000

|

L AT
Y
g

1
LA
T

100




US 10,020,253 B2

Sheet 1 of 44

Jul. 10, 2018

U.S. Patent

230

230




U.S. Patent Jul. 10, 2018 Sheet 2 of 44

US 10,020,253 B2

YRVARY

/

S

N

(]

\..,._..__Y_......J
o
(e ]
(]

{
-+
——
<O

—+—100

FIG. 1C




US 10,020,253 B2

Sheet 3 of 44

Jul. 10, 2018

U.S. Patent




U.S. Patent Jul. 10, 2018 Sheet 4 of 44 US 10,020,253 B2

3-500

o o ] 1420
S0 B R }400

i::i:ji:i :::i::::: ::::::i:: j::r::::: —410

{

.................................. \,,400

FIG. 2D



US 10,020,253 B2

Sheet 5 of 44

Jul. 10, 2018

U.S. Patent

420
410

400{

230

- —1100

FIG. 3B



U.S. Patent

Jul. 10, 2018 Sheet 6 of 44

US 10,020,253 B2

—420
}400

—410

—100

R1
R2
R1
R2
R1
R2
R1

2 Befumii e
Rl Atoommme e e

C
FIG. 3D




U.S. Patent Jul. 10, 2018 Sheet 7 of 44 US 10,020,253 B2

602

,,,,,,,,,,, UU»/%OO

602

_______ ooV




U.S. Patent Jul. 10, 2018 Sheet 8 of 44

R1
R2
R1
R2
R1
R2
R1
R2 B
R1 A

{

{

70 600 2201220 6000 220

T

US 10,020,253 B2

—420
}400

R I B A



U.S. Patent Jul. 10, 2018 Sheet 9 of 44 US 10,020,253 B2

FIG. 5A



U.S. Patent Jul. 10, 2018 Sheet 10 of 44 US 10,020,253 B2




U.S. Patent Jul. 10, 2018 Sheet 11 of 44 US 10,020,253 B2

920

L 4o

—I1
.................... /‘\600

e el
0 I B }400

.................... 410

[

FIG. 5C




U.S. Patent Jul. 10, 2018 Sheet 12 of 44 US 10,020,253 B2

920

v
c

FIG. 3D



U.S. Patent Jul. 10, 2018 Sheet 13 of 44 US 10,020,253 B2

,,,,,, v\/\/%OO




U.S. Patent

Jul. 10, 2018 Sheet 14 of 44

US 10,020,253 B2

—100




U.S. Patent Jul. 10, 2018 Sheet 15 of 44 US 10,020,253 B2

902

»900

91 30}9100,
=" 912

/fgﬂa

RS I e s
R N N O %w

S R R B Y




U.S. Patent Jul. 10, 2018 Sheet 16 of 44 US 10,020,253 B2

D1

¢ 4720 LDZ

220 6(800 220?220) 6(30& 220
R ; L )

R2

R1

R2 9200(900)
R | T <902

920a(900)




U.S. Patent Jul. 10, 2018 Sheet 17 of 44 US 10,020,253 B2

—~1000

YU,




U.S. Patent Jul. 10, 2018 Sheet 18 of 44 US 10,020,253 B2

Yy J L




U.S. Patent Jul. 10, 2018 Sheet 19 of 44 US 10,020,253 B2

—920a)
604 |

1000 900

L—914q
91 30} 910q.
_912q
—911a

~+—420
400

—410

[

—+—100

FIG. 7C



U.S. Patent Jul. 10, 2018 Sheet 20 of 44 US 10,020,253 B2

R1
R2
R1
R2
R1
R2
R1
R2 B
R1 A




U.S. Patent Jul. 10, 2018 Sheet 21 of 44 US 10,020,253 B2

\\\~1300

——1200

—11000

—100




U.S. Patent

Jul. 10, 2018

Sheet 22 of 44

US 10,020,253 B2

\




U.S. Patent Jul. 10, 2018 Sheet 23 of 44 US 10,020,253 B2

—1300
—1200

920q)

r900

—914q

91 30}91 Oa’
- 912a

—911a

=420
400

-+—410

—+—100

FIG. 8C



o~
a
ML

111111111
RRRRRRRRR

FIG. 8D



U.S. Patent Jul. 10, 2018 Sheet 25 of 44 US 10,020,253 B2

1100

-——1300a
-—1200a

| Wz

+-—1000

—100




U.S. Patent Jul. 10, 2018 Sheet 26 of 44 US 10,020,253 B2




U.S. Patent Jul. 10, 2018 Sheet 27 of 44 US 10,020,253 B2

—1300a
—1200q

——920q)

604

1000— 900

—014q
01 30}91%
_912q
—911a

400

+—410

FIG. 9C



US 10,020,253 B2

Sheet 28 of 44

Jul. 10, 2018

U.S. Patent

o
O
N -

\\\&&N&N\\\&\%\\\\

111111111
RRRRRRRRR



U.S. Patent Jul. 10, 2018 Sheet 29 of 44 US 10,020,253 B2

0
& ................ e — 1400

\
% ——1300a

—1200a

+—1000

320
: }300

310

—100

FIG. 10A



U.S. Patent Jul. 10, 2018 Sheet 30 of 44 US 10,020,253 B2

FIG. 10B



U.S. Patent Jul. 10, 2018 Sheet 31 of 44 US 10,020,253 B2

920a)

900

[
uir
O
\.'..“Y_‘.—'J
e
[
O

VARVARVIRVARV

——100

FIG. 10C



U.S. Patent Jul. 10, 2018 Sheet 32 of 44 US 10,020,253 B2

D1

1400 D2

> O

)

v
C

FIG. 10D



U.S. Patent Jul. 10, 2018 Sheet 33 of 44 US 10,020,253 B2

1100

| 1400
| 19000

% é —1200a

% % +—1000

e
Ll oo

~310

20
2101y

200{

420

o
" 410

100

16, 11A



U.S. Patent Jul. 10, 2018 Sheet 34 of 44 US 10,020,253 B2

FIG. 11B



U.S. Patent Jul. 10, 2018 Sheet 35 of 44 US 10,020,253 B2

—1300a
—1200q

——920q)
604
1000—

+900

| /~9140}
9139100
=1 912q
—911a

—420
400

~+—410

VARVARVERVERY

FIG. 11C

{




FIG. 11D



US 10,020,253 B2

Sheet 37 of 44

Jul. 10,2018

U.S. Patent

—1500
14000

OllOUOTOrOrRIEE

1100a




U.S. Patent Jul. 10, 2018 Sheet 38 of 44 US 10,020,253 B2

FIG. 12B



U.S. Patent Jul. 10, 2018 Sheet 39 of 44 US 10,020,253 B2

——920a)

604
1000~

900

VARVARVERVARY

—+—100

FIG. 12C



U.S. Patent

R1
R2
R1
R2
R1
R2
R1
R2 B=
R1 A<

Jul. 10, 2018 Sheet 40 of 44 US 10,020,253 B2
D1
: L
, 1?00

>R’
7 % >A

¢
FIG. 12D



US 10,020,253 B2

Sheet 41 of 44

Jul. 10, 2018

U.S. Patent

1500a
1400q
~+——1200a
——1000




U.S. Patent Jul. 10, 2018 Sheet 42 of 44 US 10,020,253 B2

,,,,,,, oL

FIG. 13B




U.S. Patent Jul. 10, 2018 Sheet 43 of 44 US 10,020,253 B2

—1—1200a

——920q)

»900

——914a
91 30}91 0a.
-—912q
—911a

420
400

-+—410

JU U U

——100

FIG. 13C



US 10,020,253 B2

Sheet 44 of 44

Jul. 10, 2018

U.S. Patent

ggggggggggé

¢

3

15000 1200a

C)

FIG. 13D



US 10,020,253 B2

1
MANUFACTURING METHOD OF MEMORY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of China
application serial no. 201610903212.X, filed on Oct. 17,
2016. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a semiconductor device and a
manufacturing method thereof, and more particularly, to a
memory device and a manufacturing method thereof

Description of Related Art

In a memory device, to achieve the objects of increasing
the channel length of the transistor, sufficiently utilizing
substrate space, and increasing the distance between the
wires in different layers, embedded wires are often formed
in the substrate. To protect the embedded wires from being
affected in a subsequent process, a cap layer is generally
disposed above the embedded wires to protect the embedded
wires. However, voids often appear in the cap layer, and
therefore the protective function of the cap layer is signifi-
cantly reduced.

SUMMARY OF THE INVENTION

The invention provides a memory device increasing the
protection of embedded wires.

The memory device of the invention includes a substrate,
a plurality of first wires, an etch-stop layer, a dielectric layer,
and a plurality of vias. The substrate has a plurality of first
regions and a plurality of second regions, and the first
regions and the second regions are arranged in a staggered
manner along a first direction. The first wires are embedded
in the substrate and extended along the first direction. The
first wires include a conductive layer and a cap layer located
on the conductive layer, and the upper surface of the cap
layer has a groove. The etch-stop layer is located on the
substrate and the cap layer and filled in the groove. The
dielectric layer is located on the substrate and has a plurality
of via openings in the first regions. The via openings expose
the substrate and the etch-stop layer. The vias are filled in the
via openings and cover the top corner of the groove and are
electrically connected to the substrate.

The memory device of the invention includes a plurality
of first wires, a dielectric layer, an etch-stop layer, and a
plurality of vias. The first wires act as a plurality of word
lines respectively extended along the first direction and
embedded in the substrate, and the first wires include a
conductive layer and a cap layer located on the conductive
layer. The dielectric layer is located on the substrate. The
etch-stop layer is located between the cap layer and the
dielectric layer and between the dielectric layer and the
substrate. The vias pass through the dielectric layer and the
etch-stop layer. The vias are electrically connected to the
upper surface of the substrate and the sidewall of the
substrate exposed by the cap layer. Moreover, the etch-stop
layer is in contact with the lower sidewall of the vias.

The manufacturing method of the memory device of the
invention includes: providing a substrate having a plurality
of first regions and a plurality of second regions, wherein the
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first regions and the second regions are arranged in a
staggered manner along a first direction. A plurality of first
wires extended along the first direction is formed in the
substrate. The first wires include a conductive layer and a
cap layer located on the conductive layer. A portion of the
cap layer is removed to form a groove on the upper surface
of the cap layer. An etch-stop layer is formed, and the
etch-stop layer at least covers the cap layer and is filled in
the groove. A dielectric layer is formed, and the dielectric
layer in the first regions covers the first wires and the
substrate. A plurality of openings is formed in the dielectric
layer in the first regions, and the openings expose the upper
surface of the etch-stop layer. The openings are etched to
form a plurality of via openings, and the via openings expose
the upper surface of the substrate and the groove. A plurality
of vias is formed, and the vias are filled in the via openings
and electrically connected to the substrate.

In some embodiments of the invention, a first etch-stop
layer is formed on the cap layer of the first wires, wherein
the material of the first etch-stop layer is different from the
material of the cap layer. Therefore, an etch selectivity exists
between the first etch-stop layer and the cap layer, and the
cap layer and the conductive layer below can be protected
when the via openings are formed.

In some embodiments of the invention, a protective layer
covering the bottom and the sidewall of the openings is
formed in the openings. By disposing the protective layer,
the dielectric layer, the cap layer, and the conductive layer
can further be protected when the via openings are formed,
and therefore process margin is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A to FIG. 13A are cross-sectional schematic dia-
grams of line A-A' in FIG. 1D to FIG. 13D.

FIG. 1B to FIG. 13B are cross-sectional schematic dia-
grams of line B-B' in FIG. 1D to FIG. 13D.

FIG. 1C to FIG. 13C are cross-sectional schematic dia-
grams of line C-C' in FIG. 1D to FIG. 13D.

FIG. 1D to FIG. 13D are top views of various stages of the
manufacturing process of a memory device according to
some embodiments of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

Regarding the embodiments of the manufacturing method
of the memory device of the invention, please refer first to
FIG. 1D, in which a substrate 100 is provided. The substrate
100 has a plurality of first regions R1 and a plurality of
second regions R2. The first regions R1 and the second
regions R2 are arranged in a staggered manner along a first
direction D1. In some embodiments, the substrate 100 is a
semiconductor material, such as silicon or other suitable
materials. In some embodiments, the substrate 100 is a
silicon-on-insulating layer substrate. In some embodiments,
the substrate 100 can be a suitable compound semiconduc-
tor, such as gallium nitride, gallium arsenide, or indium
phosphide. In some embodiments, the substrate 100 can be
a suitable alloy semiconductor, such as silicon germanium,
silicon tin, aluminum gallium arsenide, or gallium arsenide
phosphide.

Referring to FIG. 1 A to FIG. 1D, a plurality of first
isolation structures 300 and a plurality of second isolation
structures 400 are formed in the substrate 100. The first
isolation structures 300 are embedded in the substrate 100
and extended along the first direction D1. The second
isolation structures 400 are embedded in the substrate 100 of
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the first regions R1 between two adjacent first isolation
structures 300. The first isolation structures 300 and the
second isolation structures 400 can respectively be single
layers, bilayers, or multi-layers. In an embodiment in which
the first isolation structures 300 and the second isolation
structures 400 are bilayers or multi-layers, the first isolation
structures 300 and the second isolation structures 400 can be
formed using the same or different methods as needed, such
that each layer of the isolation structure aimed has the
desired characteristics. In some embodiments, the first iso-
lation structures 300 include an oxide layer 310 and a
high-density oxide layer 320 located on the oxide layer 310;
and the second isolation structures 400 can include an oxide
layer 410 and a high-density oxide layer 420 located on the
oxide layer 410. The material of the oxide layers 310 and
410 and the high-density oxide layers 320 and 420 is, for
instance, silicon oxide. In some embodiments, the first
isolation structures 300 and the second isolation structures
400 can be formed by shallow trench isolation. More spe-
cifically, a trench can be first formed in the substrate 100,
and then an oxide layer and a high-density oxide layer are
filled in the trench. In some embodiments, the method of
forming the oxide layers 310 and 410 includes, for instance,
filling an oxide layer in a trench using plasma-enhanced
chemical vapor deposition; and the method of forming the
high-density oxide layers 320 and 420 includes, for instance,
forming a high-density oxide layer on the oxide layers 310
and 410 using high-density plasma chemical vapor deposi-
tion.

Next, an etch-stop material layer 500 is formed on the
substrate 100. In some embodiments, the etch-stop material
layer 500 is a strip extended along the first direction D1 and
covering the first isolation structures 300 and the surface of
a portion of the substrate 100 at two sides thereof and
covering a portion of the second isolation structures 400
between two adjacent first isolation structures 300 and the
surface of a portion of the substrate 100. The material of the
etch-stop material layer 500 is, for instance, silicon oxide,
the forming method thereof includes, for instance, chemical
vapor deposition, and the thickness thereof is, for instance,
between 14 nm and 24 nm.

A conductive layer 210 is formed in each of the substrates
100 not covered by the etch-stop material layer 500, and
each of the conductive layers 210 is located at two sides of
the first isolation structures 300 and extended along the first
direction D1 and pass through the second isolation structures
400. The forming method of the conductive layer 210
includes, for instance, forming a trench (not shown)
extended along the first direction D1 in the substrate 100 and
then forming a conductive material layer in the trench. The
conductive material layer covers the surface of the substrate
100 and is filled in the trench. The material of the conductive
material layer includes metal, metal silicide, or a combina-
tion thereof. The material of the conductive material layer is,
for instance, tungsten or other suitable materials. Next,
chemical mechanical polishing and/or etch-back is per-
formed to remove a portion of the conductive material layer
on the substrate 100 and a portion of the conductive material
layer in the trench to form the conductive layer 210 in the
trench. The upper surface of the conductive layer 210 is
lower than the surface of the substrate 100.

Next, a cap material layer 2204 is formed on the substrate
100. The cap material layer 220a covers the etch-stop
material layer 500 and covers the conductive layer 210. The
material of the cap material layer 220q includes a dielectric
material.

10

15

20

25

30

35

40

45

50

55

60

65

4

The material of the cap material layer 220q is different
from the material of the first isolation structures 300 and
different from the material of the second isolation structures
400. In the embodiment in which the material of the first
isolation structures 300 is silicon oxide, the material of the
cap material layer 220a is, for instance, silicon nitride,
silicon oxynitride, or other suitable materials. The forming
method of the cap material layer 220q includes, for instance,
chemical vapor deposition.

Referring further to FIG. 2A to FIG. 2D, a portion of the
cap material layer 220qa is removed to leave the cap layer
220 in the trench. The upper surface of the cap layer 220 is
lower than the surface of the substrate 100 to form a groove
230. A depth dp1 (height difference of the upper surface of
the substrate 100 and the upper surface of the cap layer 220)
of'the groove 230 is, for instance, between 5 nm and 15 nm.
In some embodiments, the method of removing a portion of
the cap material layer 220a includes, for instance, perform-
ing a chemical mechanical polishing process first by using
the etch-stop material layer 500 as a stop layer, and then
performing an etch-back process to remove the cap material
layer 220a. In some other embodiments, the method of
removing a portion of the cap material layer 2204 includes,
for instance, performing an etch-back process by using the
etch-stop material layer 500 as the stop layer to remove the
cap material layer 220a.

At this point, the first wires 200 are complete. The first
wires 200 include a conductive layer 210 and a cap layer 220
located above the conductive layer 210. The first wires 200
are respectively located at two sides of the first isolation
structures 300 and extended along the first direction D1 and
pass through the second isolation structures 400. In some
embodiments, the first wires 200 act as, for instance, word
lines.

Referring to FIG. 3A to FIG. 3D, another etch-stop
material layer is formed on the substrate 100, and the
etch-stop material layer forms an etch-stop material layer
600 with the etch-stop material layer 500. The material of
the other etch-stop material layer can be the same as or
different from the material of the etch-stop material layer
500, but is different from the material of the cap layer 220.
The &Inning method of the other etch-stop material layer
includes, for instance, performing a chemical vapor depo-
sition process by using tetraethyl orthosilicate as the gas
source. The material of the etch-stop layer 600 is, for
instance, silicon oxide or other suitable materials, or a
combination thereof The etch-stop material layer 600 is
filled in the groove 230 and covers the substrate 100, the first
wires 200, the first isolation structures 300, and the second
isolation structures 400. The thickness of the etch-stop
material layer 600 in the groove 230 is, for instance, between
5 nm and 15 nm, and the thickness thereof on the substrate
100 is, for instance, between 11 nm and 21 nm.

Referring to FIG. 4A to FIG. 4D, next, the etch-stop
material layer 600 is patterned to form a first etch-stop layer
600a. The first etch-stop layer 600a is extended along the
first direction D1. A gap 602 between two adjacent first
etch-stop layers 600a exposes the high-density oxide layer
420 (the second isolation structures 400) between adjacent
first wires 200 and the substrate 100. The method of pat-
terning the etch-stop material layer 600 includes, for
instance, a lithography and etching process. The etching
process can adopt anisotropic etching, such as plasma etch-
ing. When a portion of the etch-stop material layer 600 is
removed, a portion of the cap layer 220, the substrate 100,
and the second isolation structures 400 may also be removed
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at the same time, and therefore the gap 602 also exposes a
portion of the cap layer 220 (the first isolation structures
200).

Referring to FIG. 5A to FIG. 5D, a conductive layer 910
is formed on the substrate 100 and a cap layer 920 covering
the conductive layer 910 is formed. The conductive layer
910 covers the high-density oxide layer 420 (the second
isolation structures 400), the cap layer 220 (the first isolation
structures 200), and the substrate 100 exposed by the gap
602. The conductive layer 910 can be formed by a single
conductive material layer; or the conductive layer 910 can
be formed by a plurality of conductive material layers. In the
present embodiment, the conductive layer 910 can be inte-
grated with the processes of the transistors of other regions.
For instance, the conductive layer 910 can be formed by a
conductive layer 911, a conductive layer 912, a conductive
layer 913, and a conductive layer 914, wherein the material
of the conductive layer 911 is titanium, the material of the
conductive layer 912 is titanium nitride, the material of the
conductive layer 913 is tungsten silicide, and the material of
the conductive layer 914 is tungsten, but the invention is not
limited thereto, and other suitable conductive materials can
also be used. The conductive layer 910 can be formed by
physical vapor deposition or chemical vapor deposition. In
some embodiments, the material of the cap layer 920 is
different from the material of the stop material layer 600.
The material of the cap layer 920 is, for instance, silicon
nitride or silicon oxynitride, and the forming method
includes, for instance, chemical vapor deposition.

Referring to FIG. 6 A to FIG. 6D, the cap layer 920 and the
conductive layer 910 are patterned to form a plurality of
second wires 900. In some embodiments, the second wires
900 are, for instance, bit lines. The second wires 900 are
extended along a second direction D2 and cover the first
etch-stop layer 600a on the second regions R2, the cap layer
220 (the first isolation structures 200), and the substrate 100,
wherein the second direction D2 is different from the first
direction D1. In some embodiments, the second direction D2
and the first direction D1 are perpendicular to each other. A
gap 902 between two adjacent second wires 900 exposes the
first etch-stop layer 600a on the first regions R1, the high-
density oxide layer 420 (the second isolation structures 400),
the cap layer 220, and the substrate 100. The patterning of
the cap layer 920 and the conductive layer 910 can be
performed by a lithography and etching process. The etching
process is, for instance, an anisotropic etching process. In
some embodiments, the second wires 900 include a cap layer
920a and a conductive layer 910a,wherein the conductive
layer 910a includes a conductive layer 911a,a conductive
layer 912a,a conductive layer 913a,and a conductive layer
914a. In some other embodiments, when the cap layer 920
and the conductive layer 910 are patterned, and in addition
to forming the second wires 900, a gate structure (not
shown) is formed in another region of the substrate 100 at
the same time. The gate structure includes a gate and a cap
layer. The gate of the gate structure is formed by patterning
the conductive layer 911, the conductive layer 912, the
conductive layer 913, and the conductive layer 914. The cap
layer of the gate structure is located on the gate and formed
by patterning the cap layer 920.

Referring to FIG. 7A to FIG. 7D, a second etch-stop layer
604 is formed on the substrate 100, the cap layer 220, the
high-density oxide layer 420 (the second isolation structures
400), the cap layer 920a,and the first etch-stop layer 600a.
The second etch-stop layer 604 further covers the sidewall
of the second wires 900. Next, a dielectric layer 1000 is
formed on the etch-stop layer 604. The dielectric layer 1000
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covers the first regions R1 and is filled in the gaps 902
between the second wires 900. The material of the second
etch-stop layer 604 is different from the material of the
dielectric layer 1000 and different from the material of the
first etch-stop layer 600a. The material of the second etch-
stop layer 604 is, for instance, silicon nitride or silicon
oxynitride, and the forming method includes, for instance,
chemical vapor deposition. The material of the dielectric
layer 1000 is, for instance, silicon oxide, spin-on-glass, other
suitable materials, or a combination thereof The method of
forming the dielectric layer 1000 includes, for instance,
chemical vapor deposition or spin coating. After the dielec-
tric layer 1000 is formed, a chemical-mechanical polishing
process can further be performed by using the second
etch-stop layer 604 as a stop layer such that the dielectric
layer 100 has a flat surface. In some embodiments, the upper
surface of the dielectric layer 1000 and the upper surface of
the second etch-stop layer 604 on the second wires 900 are
coplanar, but the invention is not limited thereto.

Referring to FIG. 8A to FIG. 8D, an intermediate layer
1200 and a hard mask layer 1300 are formed on the
dielectric layer 1000. In some embodiments, the material of
the intermediate layer 1200 is different from the material of
the dielectric layer 1000. For instance, the material of the
intermediate layer 1200 is silicon oxide or other suitable
materials, and the forming method includes, for instance,
chemical vapor deposition. The material of the hard mask
layer 1300 is, for instance, polysilicon or other suitable
materials, and the forming method includes, for instance,
chemical vapor deposition.

Referring to FIG. 9A to FIG. 9D, the hard mask layer
1300 and the intermediate layer 1200 are patterned to form
a patterned hard mask layer 1300a and a patterned interme-
diate layer 1200a. The patterned hard mask layer 1300a and
the patterned intermediate layer 1200q are, for instance,
strips extended along the first direction D1. Next, anisotro-
pic etching is performed on the dielectric layer 1000 by
using the patterned intermediate layer 1200a and the pat-
terned hard mask layer 1300a as a mask to form a plurality
of openings 1100. In the first regions R1, the bottom of the
openings 1100 exposes the first etch-stop layer 600a. More-
over, in some embodiments, since the gap between two
adjacent patterned hard mask layers 13004« is, for instance,
extended along the first direction D1 and disposed across the
trench of the first regions R1 and the second regions R2, in
the second regions R2, the bottom of the openings 1100
exposes the cap layer 920a.

The anisotropic etching process performed on the dielec-
tric layer 1000 can be a multi-stage etching process. In some
embodiments, the first stage of the etching process is per-
formed, the second etch-stop layer 604 is used as an etch-
stop layer, and an etchant having good etch selectivity
between the dielectric layer 1000 and the second etch-stop
layer 604 and high etch selectivity between the dielectric
layer 1000 and the cap layer 920« is selected to remove the
dielectric layer 1000 exposed by the patterned hard mask
layer 1300a. A second stage of the etching process is
performed to remove the second etch-stop layer 604 exposed
by the patterned hard mask layer 1300a so as to form the
openings 1100. When the second stage of the etching
process is performed, in the first regions R1, the material of
the first etch-stop layer 600q¢ is different from the material of
the second etch-stop layer 604, and an etchant having high
etch selectivity between the second etch-stop layer 604 and
the first etch-stop layer 600q is selected, and therefore the
first etch-stop layer 600a can be used as an etch-stop layer
when the second etch-stop layer 604 is etched to prevent the



US 10,020,253 B2

7

cap layer 220 below from being etched or etched through. In
other words, after the second stage of the etching process is
performed, in the first regions R1, the bottom of the open-
ings 1100 exposes the first etch-stop layer 600a and does not
expose the cap layer 220 or the conductive layer 210 below
the cap layer 220. Moreover, in some embodiments, when
the second stage of the etching process is performed, when
the selected etchant does not have sufficient etch selectivity
between the second etch-stop layer 604 and the cap layer
920a,the portion of the cap layer 920a not covered by the
patterned hard mask layer 13004 in the second regions R2 is
also etched. Since the thickness of the second etch-stop layer
604 etched is relatively small and is much smaller than that
of the cap layer 920qa,0nly a little of the cap layer 920a of
the second regions R2 is etched and the cap layer 920a is not
etched through, and therefore the depth of the openings 1100
of the first regions R1 is greater; and the depth of the
openings 1100 of the second regions R2 is less.

Referring to FIG. 10A to FIG. 10D, a protective layer
1400 is formed above the substrate 100. The protective layer
1400 covers the bottom and the sidewall of the openings
1100 and the patterned hard mask layer 1300a. The material
of the protective layer 1400 is different from the material of
the dielectric layer 1000 and different from the material of
the first etch-stop layer 600a. The material of the protective
layer 1400 is, for instance, silicon nitride, silicon oxynitride,
or other suitable materials. The method of forming the
protective layer 1400 includes, for instance, chemical vapor
deposition. The thickness of the protective layer 1400 is, for
instance, between 3 nm and 10 nm.

Referring to FIG. 11A to FIG. 11D, an anisotropic etching
process is performed on the protective layer 1400 to form a
protective layer 14004 on the sidewall of the openings 1100.
If the position of the openings 1100 formed is shifted or the
size of the openings 1100 is too large, then when the material
of the material layer (such as the high-density oxide layer
420) exposed by the bottom or the sidewall of the openings
1100 is the same as the material of the first etch-stop layer
600a to be subsequently removed or the etch characteristics
of the two are similar, the protective layer 1400a can cover
the sidewall of the openings 1100 and a portion of the
bottom surface of the openings 1100 to provide sufficient
protection in a subsequent etching process.

Referring to FIG. 11A to FIG. 11D and FIG. 12A to FIG.
12D, the first etch-stop layer 600a exposed by the bottom of
the openings 1100 is removed to form a plurality of via
openings 1100a. The via openings 1100a expose the upper
surface of the substrate 100 and the substrate 100 exposed by
the sidewall of a portion of the groove 230. The method of
removing the first etch-stop layer 600a exposed by the
bottom of the openings 1100 includes, for instance, perform-
ing a selective etching process. In the invention, since the
material of the first etch-stop layer 600q is different from the
material of the cap layer 220, sufficient etch selectivity exists
between the first etch-stop layer 600a and the cap layer 220,
and therefore the first etch-stop layer 600a can protect the
cap layer 220 and the conductive layer 210 below when the
via openings 1100a are formed.

Referring further to FIG. 12A to FIG. 12D, a conductive
layer 1500 is formed on the patterned hard mask layer 1300a
and in the via openings 11004. The material of the conduc-
tive layer 1500 is, for instance, doped polysilicon or metal,
and the forming method includes, for instance, chemical
vapor deposition or physical vapor deposition.

Referring further to FIG. 13A to FIG. 13D, a chemical-
mechanical polishing process is pedal’ red by using the
patterned intermediate layer 1200a as a stop layer to remove
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the patterned hard mask layer 1300a and the conductive
layer 1500 above the patterned hard mask layer 1300q so as
to form a plurality of vias 15004 in the via openings 1100a.
The vias 1500qa are electrically connected to the substrate
100. After the vias 1500a are formed, a process such as
forming a capacitor connected to the vias 1500a is further
included, which is not described here.

In the invention, referring to FIG. 2A to FIG. 2D and FIG.
11A to FIG. 11D, a groove 230 is formed on the cap layer
220 of the first wires 200, and then a first etch-stop layer
600q is formed in the groove 230. Since the material of the
first etch-stop layer 6004 is different from the material of the
cap layer 220, when the via openings 1100a are subse-
quently formed, sufficient etch selectivity exists between the
first etch-stop layer 600a and the cap layer 220 to protect the
cap layer 220 below from being etched. As a result, even if
voids exist in the cap layer, the conductive layer 210 can still
be prevented from being exposed via the manufacturing
method of the invention, and therefore short circuit to the
subsequently formed vias 1500a and the conductive layer
210 can be reduced or prevented.

Moreover, in the invention, referring to FIG. 10A to FIG.
10D and FIG. 11A to FIG. 11D, in the invention, before the
first etch-stop layer 600a is removed, a protective layer
14004 covering the bottom and the sidewall of the openings
1100 is first formed. By disposing the protective layer
1400a,the dielectric layer 1000, the cap layer 220, and the
conductive layer 210 can further be protected when the via
openings 1100q are formed, and therefore process margin is
increased.

Referring to FIG. 13A to FIG. 13D, the vias 15004 of the
memory device of the invention pass through the dielectric
layer 1000 and the etch-stop layer 604. The vias 1500a cover
a top corner 230a of the groove 230 and is electrically
connected to the substrate 100. In other words, the vias
15004 are electrically connected to the upper surface of the
substrate 100 and the sidewall of the substrate 100 exposed
by the cap layer 220. The vias 1500a have two bottom
surfaces having different heights. More specifically, the
height of a bottom surface of the vias 1500q in contact with
the cap layer 220 is less; and the height of another bottom
surface of the vias 1500¢ in contact with the upper surface
of the substrate 100 is greater. In an embodiment, the height
difference of the two bottom surfaces is 5 nm to 15 nm.

It should be mentioned that, in some embodiments, the
upper section and the middle section of the sidewall of the
vias 1500q are surrounded by the protective layer 1400a,and
at least a portion of the lower section of the sidewall of the
vias 1500a is covered by the etch-stop layer 600a. More-
over, in some other embodiments, the upper section and the
middle section of the sidewall of the vias 15004 are directly
surrounded by the dielectric layer 1000, and at least a
portion of the lower section of the sidewall of the vias 1500«
is directly covered by the etch-stop layer 600a.

Based on the above, in the invention, the cap layer on the
first wires is made thinner to form the first etch-stop layer,
such that when the via openings are formed, the cap layer
and the conductive layer below can be protected. Moreover,
before the via openings are formed, a protective layer
covering the bottom and the sidewall of the openings is first
formed in the openings, and therefore the dielectric layer, the
cap layer, and the conductive layer can be further protected
to increase process margin.

Although the invention has been described with reference
to the above embodiments, it will be apparent to one of
ordinary skill in the art that modifications to the described
embodiments may be made without departing from the spirit
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of the invention. Accordingly, the scope of the invention is
defined by the attached claims not by the above detailed
descriptions.

What is claimed is:
1. A manufacturing method of a memory device, com-
prising:

providing a substrate, wherein the substrate has a plurality
of first regions and a plurality of second regions, and
the first regions and the second regions are arranged in
a staggered manner along a first direction;

forming a plurality of first wires in the substrate, wherein
the first wires are extended along the first direction, and
the first wires comprise a conductive layer and a cap
layer located on the conductive layer;

removing a portion of the cap layer to form a groove in an
upper surface of the cap layer, such that a portion of a
sidewall of the substrate is exposed by the groove;

forming an etch-stop layer, wherein the etch-stop layer at
least covers the cap layer and is filled in the groove;

forming a dielectric layer, wherein the dielectric layer in
the first regions covers the first wires and the substrate;

forming a plurality of openings in the dielectric layer in
the first regions, wherein the openings expose an upper
surface of the etch-stop layer;

etching the openings to form a plurality of via openings,
wherein the via openings expose an upper surface of
the substrate and the groove; and

forming a plurality of vias, wherein the vias are filled in
the via openings and each of the vias is electrically
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contacted with the portion of the sidewall of the sub-
strate exposed by the groove.

2. The manufacturing method of the memory device of
claim 1, wherein a method of forming the etch-stop layer
comprises:

forming a first etch-stop layer, wherein the first etch-stop

layer at least covers the cap layer and is filled in the
groove; and

forming a second etch-stop layer, wherein the second

etch-stop layer at least covers the first etch-stop layer
and the cap layer.

3. The manufacturing method of the memory device of
claim 1, further comprising:

forming a plurality of first isolation structures in the

substrate before a portion of the cap layer is removed,
wherein the first wires are respectively located at two
sides of the first isolation structures; and

forming a plurality of second isolation structures in the

substrate before a portion of the cap layer is removed,
wherein the second isolation structures are respectively
located in the substrate of the first regions between two
adjacent first isolation structures.

4. The manufacturing method of the memory device of
claim 1, further comprising forming a plurality of second
wires in the second regions after the etch-stop layer is
formed, wherein the second wires are extended along a
second direction and cover the etch-stop layer and the
substrate, and the first direction is different from the second
direction.



