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(57) ABSTRACT 

A semiconductor structure and a method for forming the 
same are provided. The semiconductor structure includes a 
Substrate, a stacked structure, a dielectric layer, a conductive 
structure, a dielectric structure and a conductive plug. The 
stacked structure includes dielectric films and conductive 
films arranged alternately. The dielectric layer is between the 
conductive structure and a sidewall of the stacked structure. 
The dielectric structure is on the stacked structure and defin 
ing a through via. The conductive plug fills the through via 
and physically contacts one of the conductive films exposed 
by the through via and adjoined with the dielectric layer. 

12 Claims, 8 Drawing Sheets 
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SEMCONDUCTOR STRUCTURE 
INCLUDING STACKED STRUCTURE AND 
METHOD FOR FORMING THE SAME 

BACKGROUND 

1. Technical Field 
The invention relates to a semiconductor structure and a 

method for forming the same and more specifically to a con 
tact pad structure and a method for forming the same. 

2. Description of the Related Art 
The demand of memory devices increases complying with 

a growth in market of the electronic products. There are 
several types of memory devices, such as Volatile and non 
volatile memory (NVM) devices. 
The dynamic random access memory (DRAM) and the 

cache memory are volatile memories. Although a read access 
Velocity of a Volatile memory is fast, a non-volatile memory 
can be used as a hard disk since data stored in non-volatile 
memories will exist even when the current pinch off. Accord 
ing to read/write characteristic differences of memory 
devices, the non-volatile memory can be separated into read 
only memory (ROM) and flash memory. Recently, flash 
memory has been widely used in a variety of filed, such as cell 
phone, digital camera and MP3. 

In order to increase a storage capacity of the memory in a 
limited memory volume, a three dimensional (3D) memory is 
developed. In a 3D memory, pitches between each of ele 
ments are Smaller and an element density in an unit area of the 
3D memory is larger. 

SUMMARY 

According to one embodiment, a semiconductor structure 
is provided. The semiconductor structure comprises a Sub 
strate, a stacked structure, a dielectric layer, a conductive 
structure, a dielectric structure and a conductive plug. The 
stacked structure comprises dielectric films and conductive 
films arranged alternately. The dielectric layer is between the 
conductive structure and a sidewall of the stacked structure. 
The dielectric structure is on the stacked structure and defin 
ing a through via. The conductive plug fills the through via 
and physically contacts one of the conductive films exposed 
by the through via and adjoined with the dielectric layer. 

According to another embodiment, a method for forming a 
semiconductor structure is provided. The method comprises 
following steps. A stacked structure comprising dielectric 
films and conductive films arranged alternately is formed on 
a substrate. A dielectric layer is formed on a sidewall of the 
stacked structure. A conductive structure is formed on the 
dielectric layer. A dielectric structure is formed on the stacked 
structure. A conductive plug is formed to pass through the 
dielectric structure and physically contact one portion of one 
of the conductive films having an electric conductivity higher 
than an electric conductivity of the other portion of the one of 
the conductive films. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-6C illustrate a method for forming a semicon 
ductor structure. 

DETAILED DESCRIPTION 

FIGS. 1A-6C illustrate a method for forming a semicon 
ductor structure. The figures marked with 'A' are top views, 
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2 
and the figures marked with “B” are cross-section views taken 
along BB line in the top views. 

Referring to FIGS. 1A and 1B, a stacked structure 102 is 
formed on a substrate 104. The stacked structure 102 com 
prises dielectric films 106 and a conductive film 108 compris 
ing conductive films 108A, 108B, 108C, 108D arranged alter 
nately. Amount of the dielectric film and the conductive film 
may be varied according to actual demands properly. 

In embodiments, the conductive films 108A, 108B, 108C, 
108D comprise an un-doped Si or an un-doped polysilicon. 
The dielectric film 106 may comprise an oxide, a nitride, an 
oxynitride, Such as silicon oxide, silicon nitride, silicon 
oxynitride, or other suitable materials. The conductive films 
108A, 108B, 108C, 108D are conductively insulated from 
each other by the dielectric films 106. As shown in FIG. 1A, 
the stacked structure 102 comprise a pad portion 110 in a pad 
region 112 and strip portions 114 in an array region 116. An 
amount of the strip portions 114 extended from a side all of 
the pad portion 110 may be varied according to actual 
demands. 

Referring to FIGS. 2A and 2B, a dielectric layer 118 is 
formed on an upper Surface and a sidewall of the stacked 
structure 102. The dielectric layer 118 may comprise a con 
formal material formed by a deposition method such as a 
CVD method or a PVD method, or other suitable methods. 
The dielectric layer 118 may comprise an oxide, a nitride, an 
oxynitride, Such as silicon oxide, silicon nitride, silicon 
oxynitride, or other Suitable materials. In one embodiment, 
the dielectric layer 118 has a multi-layer structure such as an 
ONO structure or an ONONO structure, but is not limited 
thereto, and may have a single-layer structure, or other Suit 
able structures. In one embodiment, the dielectric layer 118 is 
a multi-layer structure of tunneling layer/trapping layer/ 
blocking layer. 
A conductive structure 120 is formed on the dielectric layer 

118 in the pad region 112. A word line (WL) 122 is formed on 
the dielectric layer 118, not shown in FIG. 2A, in the array 
region 116. In one embodiment, the conductive structure 120 
and the word line 122 are formed at the same time. For 
example, the conductive structure 120 and the word line 122 
may beformed by a process comprising forming a conductive 
material and patterning the conductive material by the same 
photolithography process. The photolithography process for 
forming the conductive structure 120 and the word line 122 at 
the same time can reduce etch loading effect, compared to a 
photolithography for forming only the word line 122. There 
fore, an accuracy of feature of a product and a yield can be 
increased. 

Referring to FIGS. 3A and 3B, for example, upper portions 
of conductive structure 120, the dielectric layer 118 (not 
shown in FIG. 3A) and the stacked structure 102 are removed 
to form an opening 124 exposing the conductive film 108. In 
embodiments, the opening 124 in different regions exposes 
the conductive films 108A, 108B, 108C, 108D of different 
levels. According to one embodiment, for example, the semi 
conductor structure may have a stairplane structure as shown 
in a cross-section view of FIG. 3C taken from a line corre 
sponding a CC line in FIG. 3A. As shown in FIG. 3C, the 
opening 124 exposes the conductive film 108 of different 
levels. 

Referring to FIGS. 4A and 4B, the opening 124 is filled 
with a dielectric structure 126. The dielectric structure 126 
may comprise an oxide, a nitride, an oxynitride, such as 
silicon oxide, silicon nitride, silicon oxynitride, or other Suit 
able materials. The dielectric structure 126 may beformed by 
a deposition method such as CVD method or PVD method, or 
other suitable methods. A portion of the dielectric structure 
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126 is removed to define a through via 128 exposing the 
conductive film 108B, for example. Based on the similar 
concepts, through via 128 in other regions exposes other 
conductive film such as conductive films 108A, 108C, 108D, 
not described in detail herein for the sake of brevity. 

Referring to FIGS.5A and 5B, and FIG. 5C which shows 
only the conductive film 108B and the dielectric layer 118, a 
portion of the conductive film 108B exposed by the through 
via 128 is removed until an etching condition reaches the 
dielectric layer 118. In one embodiment, the conductive film 
108B is removed by an isotropic etching step having a high 
selectivity to the dielectric layer 118, i.e. mainly etching the 
conductive film 108B of un-doped Si or polysilicon. For 
example, the etching step comprises a wet etching of TMAH 
dip. In other embodiments, a chemical dry etching method 
may be used. 

Referring to FIGS. 6A and 6B, and FIG. 6C which shows 
only the conductive film 108B and the dielectric layer 118, the 
removed portion 130 (FIGS.5A-5C) of the conductive film 
108B and the through via 128 are filled with a conductive 
material to a (one) portion 132 of the conductive film 108B 
and a conductive plug 134 passing through the dielectric 
structure 126 and physically contacting the one portion 132 
the conductive film 108B. The conductive material may com 
prise a doped Si or a doped polysilicon, Such as a heavily 
doped (N+) polysilicon, or a metal containing material Such 
as TiN (barrier layer), W. Cu, metal silicides, etc. For 
example, the doped polysilicon may be formed by an in-situ 
deposition method. The conductive material may be formed 
by any suitable method. The one portion 132 of the conduc 
tive film 108B and the conductive plug 134 may have the 
same material or different materials. For example, the one 
portion 132 may have the doped polysilicon, and the conduc 
tive plug 134 may have a structure of TiN barrier layer and a 
W fill. A CMP process may be performed to form an upper 
planer Surface. 
The conductive plug 134 is separated or conductively insu 

lated from the other conductive films, for example conductive 
films 108A, 108C, by the dielectric structure 126 and the 
dielectric film 106. 

In embodiments, the conductive material for forming the 
one portion 132 of the conductive film 108B is different the 
conductive material for forming the other portion 136 of the 
conductive film 108B separated from the conductive plug 
134. In other words, the conductive film 108B has a material 
interface 138 of the different conductive materials. The mate 
rial interface 138 is adjoined with (or physically contacts) the 
dielectric layer 118 (not shown in FIGS. 1A, 2A, 3A, 4A, for 
the sake of brevity). 

In one embodiment, an electric conductivity of the one 
portion 132 is higher than an electric conductivity of the other 
portion 136 of the conductive film 108B comprising the mate 
rial illustrated in FIGS. 1A and 1B. For example, the conduc 
tive material for the one portion 132 comprises a doped poly 
silicon, Such as a heavily doped (N+) polysilicon, or a metal 
containing material Such as W. Cu, TiN, etc., and the conduc 
tive material for the other portion 136 comprises an un-doped 
polysilicon. 

The conductive films 108A, 108B, 108C, 108D (FIG. 1B) 
of the strip portions 114 of the stacked structure 102 in the 
array region 116 are functioned as bit lines (BL). In embodi 
ments, the bit lines are formed by an un-doped polysilicon, 
which usually has higher resistance than a doped polysilicon, 
Such as a heavily doped (N+) polysilicon, or a metal contain 
ing material such as W. Cu, TiN, etc., and therefore a normal 
state of the bit lines of a three-dimensional (3D) stacked 
NAND flash memory is in an “off state (normally OFF) and 
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4 
the bit lines can be easily controlled to turn “on” by applying 
a proper Voltage to a string select line (SSL) (not shown) 
between the pad region 112 and the array region 116. 
A proper voltage (such as 3.3V) may be applied to the 

conductive structure 120 functioned as an assistant gate to 
generate an inversion layer in a portion of the conductive 
films 108A, 108B, 108C, 108D (FIG. 1B) adjoined to the 
dielectric layer 118. Since the one portion 132 of the conduc 
tive film 108B functioned as a BL pad is also adjoined to the 
dielectric layer 118, the formed inversion layer overlaps (or 
physically connects) with the one portion 132 of the conduc 
tive film. The inversion layer and the one portion 132 of the 
conductive film 108B form a current path of low resistance so 
as to increase contact efficiency (or electrical conductivity) 
for a contact structure comprising the conductive film 108B 
and the conductive plug 134. 

While the invention has been described by way of example 
and in terms of the exemplary embodiment(s), it is to be 
understood that the invention is not limited thereto. On the 
contrary, it is intended to cover various modifications and 
similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest 
interpretation so as to encompass all such modifications and 
similar arrangements and procedures. 

What is claimed is: 
1. A semiconductor structure, comprising: 
a Substrate; 
a stacked structure comprising dielectric films and conduc 

tive films arranged alternately; 
a dielectric layer; 
a conductive structure, the dielectric layer being between 

the conductive structure and a sidewall of the stacked 
Structure: 

a dielectric structure on the stacked structure and defining 
a through via; and 

at least one conductive plug, wherein the conductive plug 
fills the through via and physically contacting a first 
portion of one of the conductive films exposed by the 
through via and adjoined with the dielectric layer. 

2. The semiconductor structure according to claim 1, 
wherein a material of the first portion of the one of the con 
ductive films physically contacting the conductive plug is 
different from a material of a second portion of the one of the 
conductive films separated from the conductive plug. 

3. The semiconductor structure according to claim 1, 
wherein an electric conductivity of the first portion of the one 
of the conductive films physically contacting the conductive 
plug is higher than an electric conductivity of a second por 
tion of the one of the conductive films separated from the 
conductive plug. 

4. The semiconductor structure according to claim 1, 
wherein a material of the first portion of the one of the con 
ductive films physically contacting the conductive plug com 
prises a doped poly silicon or a metal containing material, a 
material of a second portion of the one of the conductive films 
separated from the conductive plug comprises an un-doped 
polysilicon. 

5. The semiconductor structure according to claim 1, 
wherein the first portion of the one of the conductive films 
having a doped polysilicon material or a metal containing 
material physically contacts the dielectric layer. 

6. The semiconductor structure according to claim 1, 
wherein the conductive plug is separated from the other of the 
conductive films by the dielectric structure and the dielectric 
layer. 
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7. The semiconductor structure according to claim 1, 
wherein an upper portion of the stacked structure above the 
one of the conductive films defines an opening filled with the 
dielectric structure. 

8. The semiconductor structure according to claim 1, 5 
wherein the number of the at least one conductive plug is 
equal to or more than two, the conductive plugs respectively 
electrically connect the different conductive films. 

9. The semiconductor structure according to claim 8. 
wherein the first portion of each of the conductive films physi- 10 
cally contacts the corresponding one of the conductive plugs. 

10. The semiconductor structure according to claim 1, 
wherein each of the dielectric films has a material interface of 
different materials. 

11. The semiconductor structure according to claim 10, 15 
wherein the material interface physically contacts the dielec 
tric layer. 

12. The semiconductor structure according to claim 11, 
comprising an array region and a pad region, wherein the 
conductive plug is arranged in the pad region. 2O 

k k k k k 
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