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SEMICONDUCTOR MEMORY DEVICE AND METHOD FOR 
MANUFACTURING SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the benefit of 

priority from the prior Japanese Patent Application 
No.2011-062754, filed on March 22, 2011; the entire contents 
of which are incorporated herein by reference. 

10 FIELD 
Embodiments described herein relate generally to a 

semiconductor memory device and a method for manufacturing 
the same. 

15 BACKGROUND 
In a NAND type semiconductor memory device, with the 

increase in the integration density of memory cells, a problem 
arises with the interference between adjacent memory cells. 
Thus, to suppress the interference between memory cells, a 

20 technique for forming a void (air gap) between memory cells 
has been proposed. However, the void may weaken the electric 
field from the neighboring memory cell to the channel of the 
selected cell and degrade the cell current. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1A to 1C illustrate a semiconductor memory device 

according to a first embodiment; 
FIGS. 2A to 17C are process views illustrating a method 

for manufacturing a semiconductor memory device according to 
30 a second embodiment; and 

FIGS. 18A to 19C are process views illustrating a method 
for manufacturing a semiconductor memory device according to 
a third embodiment. 

35 DETAILED DESCRIPTION 
In general, according to one embodiment, a 
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semiconductor memory device includes a semiconductor 
substrate, a plurality of element isolations, a plurality of first 
stacked bodies, a second stacked body, and an interlayer 
insulating film. The plurality of element isolations are formed 

5 in an upper portion of the semiconductor substrate and partition 
the upper portion into a plurality of active areas extending in a 
first direction. The plurality of first stacked bodies are provided 
on the semiconductor substrate and extend in a second 
direction crossing the first direction. The second stacked body 

10 is provided on the semiconductor substrate, is located outside a 
region populated with the plurality of first stacked bodies, and 
extends in the second direction. The interlayer insulating film 
covers the first stacked bodies and the second stacked body. 
Each of the first stacked bodies includes a first electrode 

15 provided above each of the active areas, an insulating film 
provided on the first electrode, and a second electrode provided 
on the insulating film and extending in the second direction. 
Distance between each of the first stacked bodies and the 
second stacked body is longer than distance between adjacent 

20 ones of the first stacked bodies. A first void is formed in the 
interlayer insulating film between the first stacked bodies. A 
second void is formed in the interlayer insulating film between 
one of the first stacked bodies and the second stacked body. 
And, a lower end of the second void is located above a lower 

25 end of the first void. 
According to one embodiment, a method for 

manufacturing a semiconductor memory device, includes 
forming trenches extending in a first direction in an upper 
portion of a semiconductor substrate. The method includes 

30 partitioning the upper portion into a plurality of active areas by 
burying an insulating material in the trenches. The method 
includes forming a plurality of first stacked bodies and a second 
stacked body on the semiconductor substrate so that distance 
between the second stacked body and the neighboring one of 

35 the first stacked bodies is longer than that between adjacent 
ones of the first stacked bodies. The first stacked body 
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extends in a second direction crossing the first direction. The 
first stacked body is formed by stacking a first electrode located 
above each of the active areas, an insulating film provided on 
the first electrode, and a second electrode provided on the 

5 insulating film and extending in the second direction. The 
second stacked body is located outside a region populated with 
the plurality of first stacked bodies. The second stacked body 
extends in the second direction. The method includes forming 
an interlayer insulating film so as to cover the first stacked 

10 bodies and the second stacked body, simultaneously forming a 
first void in the interlayer insulating film between the first 
stacked bodies and forming a second void in the interlayer 
insulating film between one of the first stacked bodies and the 
second stacked body, and locating a lower end of the second 

15 void above a lower end of the first void. 
According to one embodiment, a method for 

manufacturing a semiconductor memory device, includes 
forming trenches extending in a first direction in an upper 
portion of a semiconductor substrate. The method includes 

20 partitioning the upper portion into a plurality of active areas by 
burying an insulating material in the trenches. The method 
includes forming a plurality of first stacked bodies and a second 
stacked body on the semiconductor substrate so that distance 
between each of the first stacked bodies and the second stacked 

25 body is longer than distance between adjacent ones of the first 
stacked bodies. The first stacked body extends in a second 
direction crossing the first direction. The first stacked body is 
formed by stacking a first electrode located above each of the 
active areas, an insulating film provided on the first electrode, 

30 and a second electrode provided on the insulating film and 
extending in the second direction. The second stacked body is 
located outside a region populated with the plurality of first 
stacked bodies. The second stacked body extends in the 
second direction. The method includes a first deposition step 

35 which is configured to form an interlayer insulating film so as to 
cover the first stacked bodies and the second stacked body, 
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simultaneously form a first void in the interlayer insulating film 
between the first stacked bodies and form a second void in the 
interlayer insulating film between one of the first stacked bodies 
and the second stacked body, and seal an upper end of the first 

5 void with an upper end of the second void left open. The 
method includes a second deposition which is configured to fill a 
lower portion of the second void and seal the upper end of the 
second void by depositing an insulating material. 

Embodiments of the invention will now be described with 
10 reference to the drawings. 

First, a first embodiment is described. 
FIGS. 1A to 1C illustrate a semiconductor memory device 

according to the embodiment. More specifically, FIG. 1A is a 
plan view. FIG. IB is a sectional view taken along line A-A' 

15 shown in FIG. 1A. FIG. 1C is a sectional view taken along line 
B-B' shown in FIG. 1A. 

The semiconductor memory device according to the 
embodiment is a NAND flash memory. 

As shown in FIGS. 1A to 1C, the semiconductor memory 
20 device 1 according to the embodiment includes a silicon 

substrate 11. In an upper portion of the silicon substrate 11, a 
plurality of STIs (element isolations) 12 extending in one 
direction are formed. These STIs 12 partition the upper 
portion of the silicon substrate 11 into a plurality of active areas 

25 AA. The upper surface of the STI 12 is located above the upper 
surface of the active area AA. 

In the following, for convenience of description, an XYZ 
orthogonal coordinate system is herein adopted. Among the 
directions parallel to the upper surface of the silicon substrate 

30 11, the extending direction of the STI 12 and the active area AA 
is defined as Y direction, and the arranging direction of the STIs 
12 and the active areas AA is defined as X direction. The 
direction perpendicular to the upper surface of the silicon 
substrate 11 is defined as Z direction. 

35 On the silicon substrate 11, a plurality of stacked bodies 
SI extending in the X direction are provided and equally spaced 
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from each other. Outside the region populated with the 
plurality of stacked bodies SI, stacked bodies S2 are provided 
on both Y-direction sides of the region, one on each side. The 
length of the stacked body S2 in the Y direction is longer than 

5 the length of the stacked body SI. The distance between the 
stacked body S2 and the neighboring stacked body SI in the Y 
direction is longer than the distance between adjacent stacked 
bodies SI. It is noted that the term "distance" used herein 
refers to the minimum distance. 

10 In each stacked body SI, immediately above each active 
area AA, a tunnel insulating film 14 made of e.g. silicon oxide or 
silicon oxynitride is provided. Further thereon, for each active 
area AA, a floating gate electrode FG made of a conductive 
material such as polysilicon doped with impurity is provided. 

15 That is, as viewed in the Z direction, the tunnel insulating films 
14 and the floating gate electrodes FG are arranged in a matrix 
configuration along the X and Y directions. The entirety of the 
tunnel insulating film 14 and the lower portion of the floating 
gate electrode FG are located between the STIs 12. The upper 

20 portion of the floating gate electrode FG is projected upward 
from the upper surface of the STI 12. 

Furthermore, in the stacked body SI, an insulating film 
15 is provided so as to cover the floating gate electrode FG. 
The insulating film 15 is made of an insulating material such as 

25 silicon oxide, silicon oxynitride, silicon nitride, or metal oxide, 
and has a monolayer or stacked structure. The insulating film 
15 is provided immediately above the plurality of active areas 
AA. As a whole, the insulating film 15 extends in the X 
direction. However, reflecting the shape of the upper portion of 

30 the floating gate electrode FG projected from the upper surface 
of the STI 12, the insulating film 15 meanders in the XZ plane. 
On the insulating film 15, a control gate electrode CG extending 
in the X direction is provided. For instance, the lower portion 
16 of the control gate electrode CG is formed from polysilicon 

35 doped with impurity. The upper portion 17 of the control gate 
electrode CG is formed from silicide such as nickel silicide, 
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cobalt silicide, or tungsten silicide. Here, the upper portion 17 
may be formed from a metal material such as tungsten or 
tungsten nitride. The meandering of the insulating film 15 is 
substantially absorbed by the lower portion 16 of the control 

5 gate electrode CG, and the upper surface of the lower portion 
16 is generally flat. 

In each stacked body S2, immediately above each active 
area AA, a tunnel insulating film 14 is provided. Further 
thereon, a select gate electrode SG extending in the X direction 

10 is provided. In the select gate electrode SG, a conductive 
portion 21, an insulating film 22, a conductive portion 23, and a 
conductive portion 24 are stacked in this order. The conductive 
portion 21 is provided immediately above each active area AA 
on the same level as the floating gate electrode FG of the 

15 stacked body SI. The insulating film 22 is provided 
immediately above each active area AA on the same level as the 
insulating film 15 of the stacked body SI. The conductive 
portion 23 is provided on the same level as the lower portion 16 
of the control gate electrode CG of the stacked body SI and 

20 extends in the X direction. The conductive portion 24 is 
provided on the same level as the upper portion 17 of the 
control gate electrode CG of the stacked body SI and extends in 
the X direction. In the insulating film 22, an opening 22a is 
formed. In the opening 22a, a connecting member 25 is 

25 provided. The conductive portion 21 is formed from the same 
material as the floating gate electrode FG. The conductive 
portion 23 and the connecting member 25 are formed from the 
same material as the lower portion 16 of the control gate 
electrode CG. The conductive portion 24 is formed from the 

30 same material as the upper portion 17 of the control gate 
electrode CG. 

Immediately below the region between adjacent ones of 
the stacked bodies SI and S2 in the upper portion of the active 
area AA, a source/drain region 26 is formed. The portion 

35 sandwiched between the source/drain regions 26 in the upper 
portion of the active area AA constitutes a channel region 27. 
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A spacer insulating film 28 is provided on the side 
surface of the stacked body SI except the upper part of the 
upper portion 17 of the control gate electrode CG, on the side 
surface of the stacked body S2 except the upper part of the 

5 conductive portion 24, and on the region of the upper surface of 
the active area AA and the STI 12 not covered with the stacked 
bodies SI and S2. Furthermore, an interlayer insulating film 
30 is provided on the silicon substrate 11 so as to cover the 
stacked bodies SI and S2 and the spacer insulating film 28. In 

10 FIG. 1A, for clarity of illustration, the spacer insulating film 28 
and the interlayer insulating film 30 are not shown. 

In the interlayer insulating film 30, a void 31 is formed in 
the portion between the stacked bodies SI, and a void 32 is 
formed in the portion between the stacked body SI and the 

15 stacked body S2. The voids 31 and 32 are shaped like strips 
extending in the X direction. The voids 31 and 32 are enclosed 
with the interlayer insulating film 30. The spacer insulating 
film 28 does not reach the voids 31 and 32. In the Z direction, 
the position of the lower end 32a of the void 32 is higher than 

20 the position of the lower end 31a of the void 31. For instance, 
the position of the lower end 31a of the void 31 is lower than 
the upper surface of the floating gate electrode FG. In contrast, 
the position of the lower end 32a of the void 32 is e.g. higher 
than the upper surface of the floating gate electrode FG and 

25 lower than the lower surface of the control gate electrode CG. 
The position of the upper end 31b of the void 31 and the upper 
end 32b of the void 32 is higher than the upper surface of the 
control gate electrode CG. 

On the interlayer insulating film 30, a bit line (not 
30 shown) extending in the Y direction immediately above the 

active area AA is provided. In the interlayer insulating film 30, 
a bit line contact (not shown) for connecting the bit line to the 
active area AA is provided. Furthermore, in the interlayer 
insulating film 30, a source line (not shown) extending in the X 

35 direction and commonly connected to the active areas AA is 
provided. Thus, in the semiconductor memory device 1, a 
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memory cell MS is formed for each intersection of the active 
area AA and the stacked body SI. 

Next, the operation and effect of the embodiment are 
described. 

5 In the semiconductor memory device 1 according to the 
embodiment, a void 31 is formed in the portion of the interlayer 
insulating film 30 between the stacked bodies SI. The void 31 
is an air gap, and has a lower dielectric constant than the 
interlayer insulating film 30. This can suppress the influence 

10 which the voltage of the control gate electrode CG or the 
charges in the floating gated electrode belonging to one stacked 
body SI exerts on the potential of the channel region 27 located 
immediately below the neighboring stacked bodies SI. That is, 
the interference between adjacent memory cells can be 

15 suppressed. Furthermore, the presence of the void 31 can 
increase the breakdown voltage between the control gate 
electrodes CG belonging to adjacent stacked bodies SI. This 
can reliably prevent short circuit between the control gate 
electrodes CG. 

20 Furthermore, in the semiconductor memory device 1, a 
void 32 is formed in the portion of the interlayer insulating film 
30 between the stacked body SI and the stacked body S2. 
This can increase the breakdown voltage between the select 
gate electrode SG of the stacked body S2 and the control gate 

25 electrode CG belonging to the neighboring stacked body SI 
(hereinafter also referred to as stacked body Sla). Thus, short 
circuit can be reliably prevented. 

Typically, the driving voltage of the memory cell is 
determined by also taking into consideration the influence of 

30 the control gate electrode CG belonging to the neighboring 
stacked body SI of a channel region 27, i.e., the electric field 
assisted effect. However, in the group (NAND string) of a 
plurality of stacked bodies SI, the outermost stacked body Sla 
has a longer distance to the neighboring stacked body, i.e., the 

35 stacked body S2. Hence, the outermost stacked body Sla 
experiences a smaller electric field assisted effect from the 



9 

select gate electrode SG of the stacked body S2. Thus, when 
all the memory cells are driven by the same driving voltage, the 
cell current is made smaller only in the memory cell formed in 
the stacked body Sla. Hence, the channel current of the 

5 overall NAND string is limited by the cell current of the stacked 
body Sla. This phenomenon significantly occurs when, after 
the write/erase cycle of data, charge is accumulated in the 
interlayer insulating film 30 near the stacked body Sla on the 
stacked body S2 side. To avoid this, the driving voltage needs 

10 to be sufficiently increased. However, increasing the driving 
voltage requires higher breakdown voltage in each portion of 
the semiconductor memory device 1. This hampers downsizing 
of the semiconductor memory device 1. 

Thus, in the embodiment, the lower end 32a of the void 
15 32 is located above the lower end 31 of the void 31. 

Accordingly, the effect of the void 32 for suppressing the 
interference between memory cells is made smaller than the 
effect of the void 31 for suppressing the interference between 
memory cells. More specifically, the effect of the void 32 for 

20 suppressing the influence which the select gate electrode SG of 
the stacked body S2 exerts on the channel region 27 formed 
immediately below the neighboring stacked body Sla is smaller 
than the effect of the void 31 for suppressing the influence 
which the control gate electrode CG of one stacked body SI 

25 exerts on the channel region 27 formed immediately below the 
neighboring stacked body SI. Thus, the channel region 27 
formed immediately below the stacked body Sla can also 
experience an appropriate electric field assisted effect from the 
select gate electrode SG of the stacked body S2. This can 

30 suppress the phenomenon in which the cell current of the 
overall NAND string is limited by the channel current of the 
stacked body Sla. 

In particular, the upper end 32b of the void 32 is located 
above the upper surface of the control gate electrode CG and 

35 the upper surface of the select gate electrode SG. Furthermore, 
the lower end 32a is located below the lower surface of the 
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control gate electrode CG and the lower surface of the 
conductive portion 23. Thus, the void 32 is interposed in the 
entire region between the control gate electrode CG of the 
stacked body Sla and the conductive portions 23 and 24 of the 

5 select gate electrode SG of the stacked body S2. This can 
increase the breakdown voltage between the control gate 
electrode CG and the select gate electrode SG. Thus, short 
circuit can be prevented more reliably. Accordingly, sufficient 
breakdown voltage can be ensured when a high voltage is 

10 applied between the select gate electrode SG and the 
neighboring control gate electrode CG, such as at the time of 
erasing data. 

Furthermore, the lower end 32a of the void 32 is located 
above the upper surface of the floating gate electrode FG and 

15 the upper surface of the conductive portion 21. Thus, the void 
32 is not interposed between the channel region 27 formed 
immediately below the stacked body Sla and the conductive 
portion 21 of the select gate electrode SG. This can ensure the 
electric field assisted effect of the select gate electrode SG 

20 exerted on the channel region 27 formed immediately below the 
stacked body Sla. 

Thus, according to the embodiment, the breakdown 
voltage between the control gate electrodes CG and between 
the control gate electrode CG and the select gate electrode SG 

25 can be increased. Furthermore, while suppressing the 
interference between memory cells, an appropriate electric field 
assisted effect can be realized in the memory cell of the 
outermost stacked body Sla. Hence, the cell current can be 
made uniform among memory cells. As a result, the 

30 integration density of memory cells can be increased. 
Here, it is also possible to omit application of program 

voltage to the control gate electrode CG provided in the stacked 
body Sla. Accordingly, the memory cell formed next to the 
select gate electrode SG serves as a dummy cell in which no 

35 data is stored. 
Next, a second embodiment is described. 
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The embodiment relates to a method for manufacturing 
the semiconductor memory device according to the above first 
embodiment. 

FIGS. 2A to 17C are process views illustrating the 
5 method for manufacturing a semiconductor memory device 

according to the embodiment. The figures labeled with "A" are 
process plan views. The figures labeled with "B" are process 
sectional views taken along line A-A' shown in the corresponding 
figures labeled with "A". The figures labeled with "C" are 

10 process sectional views taken along line B-B' shown in the 
corresponding figures labeled with "A". 

First, as shown in FIGS. 2A to 2C, a silicon substrate 11 
is prepared. Next, on the entire surface of the silicon substrate 
11, a tunnel insulating film 14 made of an insulating material 

15 such as silicon oxide and silicon oxynitride is formed. Next, 
silicon containing impurity is deposited on the entire surface to 
form a polysilicon film 41. Next, a mask material 42 is formed 
on the entire surface. 

Next, as shown in FIGS. 3A to 3C, the mask material 42 
20 is selectively etched and divided into a plurality of line-shaped 

portions extending in the Y direction. Next, the mask material 
42 is used as a mask to perform etching. Thus, the polysilicon 
film 41 and the tunnel insulating film 14 are selectively etched, 
and an upper portion of the silicon substrate 11 is selectively 

25 etched. Accordingly, the polysilicon film 41 and the tunnel 
insulating film 14 are divided into a plurality of line-shaped 
portions extending in the Y direction, and a plurality of trenches 
43 extending in the Y direction are formed in the upper portion 
of the silicon substrate 11. 

30 Next, as shown in FIGS. 4A to 4C, silicon oxide, for 
instance, is deposited on the entire surface to form an 
insulating film 44. The insulating film 44 is formed so as to 
cover the inner surface of the trench 43, and the outer surface 
of the divided tunnel insulating film 14, polysilicon film 41, and 

35 mask material 42. 
Next, as shown in FIGS. 5A to 5C, etch back is performed 
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to remove the mask material 42 (see FIGS. 4A to 4C). At this 
time, the portion of the insulating film 44 formed on the upper 
surface of the mask material 42 and the portion formed on the 
bottom surface of the trench 43 are also removed. 

5 Next, as shown in FIGS. 6A to 6C, an insulating material 
such as silicon oxide, silicon oxynitride, silicon nitride, or metal 
oxide is deposited on the entire surface in a single layer or a 
plurality of layers. This insulating material is buried in the 
trench 43 and deposited on the polysilicon film 41. Next, etch 

10 back is performed. Thus, the portion of the deposited 
insulating material and the insulating film 44 located above the 
upper surface of the polysilicon film 41 and the portion located 
between the upper portions of the polysilicon film 41 are 
removed. As a result, an STI 12 is formed from the remaining 

15 portion of the insulating film 44 and the deposited insulating 
material. In the following, it is assumed that the STI 12 
includes the insulating film 44. The position of the upper 
surface of the STI 12 is higher than the lower surface of the 
polysilicon film 41 and lower than its upper surface. By 

20 burying the STI 12 in the trench 43, the upper portion of the 
silicon substrate 11 is partitioned into a plurality of active areas 
AA extending in the Y direction. 

Next, as shown in FIGS. 7A to 7C, an insulating material 
such as silicon oxide is deposited on the entire surface. Thus, 

25 an insulating film 45 is formed so as to cover the STI 12 and 
the polysilicon film 41. Next, a strip-shaped opening 22a 
extending in the X direction is formed in the portion of the 
insulating film 45 where the stacked body S2 is to be formed. 

Next, as shown in FIGS. 8A to 8C, silicon doped with 
30 impurity, for instance, is deposited on the entire surface to form 

a polysilicon film 46. The polysilicon film 46 also enters into 
the opening 22a and is brought into contact with the polysilicon 
film 41. Next, a mask material 47 is deposited on the entire 
surface. 

35 Next, as shown in FIGS. 9A to 9C, the mask material 47 
is processed into a plurality of line-shaped portions extending in 
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the X direction. Next, this mask material 47 is used as a mask 
to perform etching such as RIE (reactive ion etching). Thus, 
the polysilicon film 46, the insulating film 45, the polysilicon 
film 41, and the tunnel insulating film 14 are selectively etched 

5 and divided into a plurality of line-shaped portions extending in 
the X direction. Accordingly, a plurality of stacked bodies SI, 
and stacked bodies S2 located on both sides of the region 
populated with these stacked bodies SI, one stacked body S2 
on each side, are formed. The stacked bodies SI are equally 

10 spaced. The distance between the stacked body SI and the 
stacked body S2 is made longer than the distance between 
adjacent stacked bodies SI. Between adjacent ones of the 
stacked bodies SI and S2, the active area AA and the STI 12 
are exposed. 

15 Here, the tunnel insulating film 14 and the polysilicon 
film 41 have already been divided into line-shaped portions 
extending in the Y direction in the step shown in FIGS. 3A to 3C. 
Hence, by being divided in this step, they are divided along 
both the X and Y directions and partitioned into a plurality of 

20 portions arranged in a matrix configuration. The portion of the 
polysilicon film 41 located in the stacked body SI constitutes a 
floating gate electrode FG, and the portion located in the 
stacked body S2 constitutes a conductive portion 21. The 
portion of the insulating film 45 located in the stacked body SI 

25 constitutes an insulating film 15, and the portion located in the 
stacked body S2 constitutes an insulating film 22. The portion 
of the polysilicon film 46 located in the stacked body SI 
constitutes the lower portion 16 of a control gate electrode CG, 
and the portion located in the stacked body S2 constitutes a 

30 conductive portion 23. The portion of the polysilicon film 46 
buried in the opening 22a constitutes a connecting member 25. 

Next, as shown in FIGS. 10A to 10C, silicon oxide, for 
instance, is deposited on the entire surface to form a spacer 
insulating film 28. The spacer insulating film 28 is formed so 

35 as to cover the active area AA, the STI 12, and the stacked 
bodies SI and S2. However, the spacer insulating film 28 is 
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thinly formed so that its portions formed on the side surface of 
the adjacent stacked bodies SI and S2 are not brought into 
contact with each other. Next, the stacked bodies SI and S2 
and the spacer insulating film 28 are used as a mask to perform 

5 ion implantation of impurity. Thus, a source/drain region 26 is 
formed in the portion of the active area AA except immediately 
below the stacked bodies SI and S2 and the spacer insulating 
film 28. The portion of the active area AA between the 
source/drain regions 26 constitutes a channel region 27. 

10 Next, as shown in FIGS. 11A to 11C, a sacrificial film 48 
is deposited on the entire surface. The sacrificial film 48 is 
buried between adjacent ones of the stacked bodies SI and S2 
and deposited also above the stacked bodies SI and S2. Next, 
the spacer insulating film 28 is used as a stopper to perform 

15 RIE. Thus, the portion of the sacrificial film 48 located on the 
upper surface of the stacked bodies SI and S2 is removed. 
Accordingly, the sacrificial film 48 remains only between 
adjacent ones of the stacked bodies SI and S2. 

Next, as shown in FIGS. 12A to 12C, etch back is 
20 performed to remove the mask material 47 from the upper 

portion of the stacked body SI and the upper portion of the 
stacked body S2. At this time, the portion of the sacrificial film 
48 located between the mask materials 47 is also removed. 
Furthermore, the portion of the spacer insulating film 28 located 

25 on the upper surface and side surface of the mask material 47 
is also removed. 

Next, as shown in FIGS. 13A to 13C, the sacrificial film 
48 (see FIGS. 12A to 12C) is removed. 

Next, as shown in FIGS. 14A to 14C, a metal such as 
30 nickel, cobalt, or tungsten is deposited on the entire surface to 

form a metal film 49. 
Next, as shown in FIGS. 15A to 15C, heat treatment is 

performed to cause reaction between silicon of the polysilicon 
film 46 and the metal of the metal film 49. Thus, the metal is 

35 silicidized. Accordingly, the upper portion 17 of the control 
gate electrode CG is formed in the upper portion of the stacked 
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body SI, and a conductive portion 24 is formed in the upper 
portion of the stacked body S2. The conductive portions 21, 23, 
24 and the connecting member 25 constitute a select gate 
electrode SG. 

5 Next, as shown in FIGS. 16A to 16C, the unreacted metal 
film 49 (see FIGS. 15A to 15C) is removed by e.g. wet etching. 

Next, as shown in FIGS. 17A to 17C, an insulating 
material such as silicon oxide is deposited to form an interlayer 
insulating film 30. This deposition is performed by a method 

10 with relatively low buriability, such as the CVD (chemical vapor 
deposition) method. Thus, the insulating material is first 
deposited in a layered configuration on the side surface and 
upper surface of the stacked bodies SI and S2 and on the upper 
surface of the active area AA and the STI 12. At this time, a 

15 void 31 opened upward is formed between the stacked bodies 
SI. Furthermore, a void 32 opened upward is formed between 
the stacked body SI and the stacked body S2. 

Subsequently, by continuing the deposition, the portions 
of the insulating material deposited on the side surfaces of the 

20 upper portions of the stacked bodies SI are brought into 
contact with each other. Thus, the upper end 31b of the void 
31 is sealed. The position of the lower end 31a of the void 31 
at this stage is lower than the upper surface of the floating gate 
electrode FG. Furthermore, the position of the upper end 31b 

25 of the void 31 is higher than the upper surface of the control 
gate electrode CG. On the other hand, the distance between 
the stacked body SI and the stacked body S2 is longer than the 
distance between adjacent stacked bodies SI. Hence, at this 
stage, the upper end 32b of the void 32 is not sealed. 

30 Subsequently, by further continuing the deposition, the 
insulating material penetrates into the void 32. This raises the 
position of the lower end 32a of the void 32. On the other 
hand, because the void 31 has already been sealed, the 
insulating material does not newly penetrate therein. As a 

35 result, the position of the lower end 32a of the void 32 is made 
higher than the position of the lower end 31a of the void 31. 
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Subsequently, as shown in FIGS. 1A to 1C, by further 
continuing the deposition, the upper end 32b of the void 32 is 
also sealed. Although the deposition of the insulating material 
is further continued, the insulating material does not penetrate 

5 into the voids 31 and 32. At this stage, the position of the 
lower end of the void 32 is higher than the upper surface of the 
floating gate electrode FG, e.g. higher than the lower surface of 
the control gate electrode CG. Furthermore, the position of the 
upper end of the void 32 is higher than the upper surface of the 

10 control gate electrode CG, e.g. nearly as high as the position of 
the upper end of the void 31. 

Thus, by depositing the insulating material with 
controlled buriability, an interlayer insulating film 30 is formed 
so as to cover the stacked bodies SI and S2. Simultaneously, 

15 in the interlayer insulating film 30, a void 31 can be formed 
between the stacked bodies SI, and a void 32 can be formed 
between the stacked body SI and the stacked body S2. 
Furthermore, the position of the lower end of the void 32 can be 
located above the position of the lower end of the void 31. 

20 The buriability of the interlayer insulating film 30 can be 
controlled by e.g. adjusting the film formation condition. For 
instance, the buriability can be controlled by adjusting the film 
formation rate of the interlayer insulating film 30. Lower film 
formation rate results in higher buriability. Higher film 

25 formation rate results in lower buriability. The film formation 
rate can be decreased by e.g. decreasing the gas flow rate, 
decreasing the plasma power, or decreasing the pressure. 

Furthermore, the buriability can be controlled by 
adjusting the directivity of film forming species. If the 

30 directivity of film forming species is high, the insulating material 
is deposited preferentially on the bottom surface of the void. 
The directivity of film forming species can be increased by e.g. 
intensifying the electric field or decreasing the pressure. 

Furthermore, the buriability can be controlled by 
35 adjusting the impingement velocity of film forming species. If 

the impingement velocity of film forming species is high, the 
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sidewall is etched, and the buriability is decreased. Conversely, 
if the impingement velocity of film forming species is low, the 
buriability is enhanced. The impingement velocity of film 
forming species can be increased by e.g. intensifying the 

5 electric field. 
Furthermore, the buriability can be controlled also by 

selecting the shape of the stacked bodies and the distance 
therebetween. For instance, if the YZ cross section of the 
stacked body is shaped like a trapezoid with the lower side 

10 longer than the upper side, the lower portion of the void is filled 
more easily. Furthermore, as described above, a longer 
distance between the stacked bodies results in delaying the 
timing of sealing the upper end, and the void is filled more 
easily. 

15 After forming the interlayer insulating film 30, a contact 
hole (not shown) reaching the active area AA is formed in the 
interlayer insulating film 30. A conductive material is buried in 
the contact hole to form a bit line contact (not shown). Next, a 
bit line (not shown) extending in the Y direction is formed on 

20 the interlayer insulating film 30 immediately above the active 
area AA so as to be connected to the bit line contact. Thus, 
the semiconductor memory device 1 according to the above first 
embodiment is manufactured. 

According to the embodiment, the distance between the 
25 stacked body SI and the stacked body S2 is made longer than 

the distance between the stacked bodies SI. Furthermore, the 
buriability of the insulating material is controlled when the 
interlayer insulating film 30 is formed. Thus, a void 31 can be 
formed between adjacent stacked bodies SI, and a void 32 can 

30 be formed between the stacked body SI and the stacked body 
S2. The position of the lower end of the void 32 can be made 
higher than the position of the lower end of the void 31. Thus, 
the semiconductor memory device according to the above first 
embodiment can be manufactured. 

35 Next, a third embodiment is described. 
The embodiment also relates to a method for 
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manufacturing the semiconductor memory device according to 
the above first embodiment. 

FIGS. 18A to 19C are process views illustrating the 
method for manufacturing a semiconductor memory device 

5 according to the embodiment. The figures labeled with "A" are 
process plan views. The figures labeled with "B" are process 
sectional views taken along line A-A' shown in the corresponding 
figures labeled with "A". The figures labeled with "C" are 
process sectional views taken along line B-B' shown in the 

10 corresponding figures labeled with "A". 
First, the process shown in FIGS. 2A to 16C is performed. 

Thus, the structure shown in FIGS. 16A to 16C is fabricated. 
Next, as shown in FIGS. 18A to 18C, an insulating 

material such as silicon oxide is deposited. This deposition is 
15 performed by a method with relatively low buriability, such as 

the CVD method. Thus, an interlayer insulating film 30a 
covering the stacked bodies SI and S2 is formed on the silicon 
substrate 11. Simultaneously, in the interlayer insulating film 
30a, a void 31 is formed between the stacked bodies SI, and a 

20 void 32 is formed between the stacked body SI and the stacked 
body S2. Then, with the upper end of the void 32 left open, 
the upper end of the void 31 is sealed. 

Next, as shown in FIGS. 19A to 19C, an insulating 
material such as silicon oxide is further deposited. This 

25 deposition is performed by a method such as the ALD (atomic 
layer deposition) method, which has higher buriability than the 
aforementioned deposition of the insulating material shown in 
FIGS. 18A to 18C. Thus, an interlayer insulating film 30b is 
stacked on the interlayer insulating film 30a. Simultaneously, 

30 the insulating material penetrates into the void 32 and fills the 
lower portion of the void 32. As a result, the position of the 
lower end 32a of the void 32 is made higher than the position of 
the lower end 31a of the void 31. Subsequently, the upper end 
32b of the void 32 is sealed with the interlayer insulating film 

35 30b. The interlayer insulating films 30a and 30b constitute the 
interlayer insulating film 30 shown in FIGS. 1A to 1C. The 
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subsequent process is similar to that of the above second 
embodiment. 

The embodiment can also manufacture the 
semiconductor memory device 1 according to the above first 

5 embodiment. According to the embodiment, the deposition of 
the insulating material is performed in two steps. The 
buriability is made relatively lower in the first deposition, and 
relatively higher in the second deposition. Hence, the timing of 
sealing the upper end 31b of the void 31 and the timing of 

10 sealing the upper end 32b of the void 32 can be controlled more 
accurately. As a result, the position of the lower end 31a of 
the void 31 and the position of the lower end 32a of the void 32 
can be controlled more accurately. The manufacturing method 
and the operation and effect of the embodiment other than the 

15 foregoing are similar to those of the above second embodiment. 
The embodiments described above can realize a 

semiconductor memory device and a method for manufacturing 
the same capable of increasing the integration density of 
memory cells. 

20 While certain embodiments have been described, these 
embodiments have been presented by way of example only, and 
are not intended to limit the scope of the inventions. Indeed, 
the novel embodiments described herein may be embodied in a 
variety of other forms; furthermore, various omissions, 

25 substitutions and changes in the form of the embodiments 
described herein may be made without departing from the spirit 
of the inventions. The accompanying claims and their 
equivalents are intended to cover such forms or modifications 
as would fall within the scope and spirit of the invention. 

30 Additionally, the embodiments described above can be 
combined mutually. 
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What is claimed is: 

1. A semiconductor memory device comprising: 

a semiconductor substrate; 

5 a plurality of element isolations formed in an upper portion of the 

semiconductor substrate and partitioning the upper portion into a plurality of 

active areas extending in a first direction; 

a plurality of first stacked bodies provided on the semiconductor 

substrate and extending in a second direction crossing the first direction; 

10 a second stacked body provided on the semiconductor substrate, located 

outside a region populated with the plurality of first stacked bodies, and 

extending in the second direction; and 

an interlayer insulating film covering the first stacked bodies and the 

second stacked body, 

15 each of the first stacked bodies including: 

a first electrode provided above each of the active areas; 

an insulating film provided on the first electrode; and 

a second electrode provided on the insulating film and extending 

in the second direction, 

20 distance between each of the first stacked bodies and the second 

stacked body being longer than distance between adjacent ones of the first 

stacked bodies, 

a first void being formed in the interlayer insulating film between the first 

stacked bodies, 
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a second void being formed in the interlayer insulating film between one 

of the first stacked bodies and the second stacked body, and 

a lower end of the second void being located above a lower end of the 

first void, wherein the lower end of the first void is located below an upper 

5 surface of the first electrode. 

2. The device according to claim 1, wherein the lower end of the second 

void is located above an upper surface of the first electrode. 

10 3. The device according to claim 1, wherein the lower end of the second 

void is located below a lower surface of the second electrode. 

4. The device according to claim 1, wherein upper ends of the first and 

second voids are located above an upper surface of the second electrode. 

15 

5. The device according to claim 1, wherein 

the second stacked body includes: 

a first conductive portion provided on same level as the first 

electrode; 

20 a second conductive portion provided on same level as the 

second electrode; 

another insulating film provided on same level as the insulating 

film and including an opening; and 
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a connecting member provided in the opening and connecting the 

second conductive portion to the first conductive portion. 

6. The device according to claim 1, wherein no program voltage is applied 

5 to the second electrode of one of the plurality of first stacked bodies, the one of 

the plurality of first stacked bodies is located next to the second stacked body. 


