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(57) ABSTRACT 

Disclosure is semiconductor device of a selective gate region, 
comprising a semiconductor layer, a first insulating film 
formed on the semiconductor layer, a first electrode layer 
formed on the first insulating layer, an element isolating 
region comprising an element isolating insulating film 
formed to extend through the first electrode layer and the first 
insulating film to reach an inner region of the semiconductor 
layer, the element isolating region isolating a element region 
and being self-aligned with the first electrode layer, a second 
insulating film formed on the first electrode layer and the 
element isolating region, an open portion exposing a surface 
of the first electrode layer being formed in the second insu 
lating film, and a second electrode layerformed on the second 
insulating film and the exposed surface of the first electrode 
layer, the second electrode layer being electronically con 
nected to the first electrode layer via the open portion. 
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NONVOLATILESEMCONDUCTOR 
MEMORY DEVICE HAVINGELEMENT 
SOLATING REGION OF TRENCHTYPE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/421,248, filed Mar. 15, 2012, which is a 
continuation of U.S. Ser. No. 13/085,884 filed Apr. 13, 2011, 
which is a continuation of U.S. Ser. No. 12/435,842 filed May 
5, 2009, which is a continuation of U.S. Ser. No. 1 1/556,299 
filed Nov. 3, 2006, which is a division of U.S. Ser. No. 1 1/399, 
657 filed Apr. 7, 2006, which is a division of U.S. Ser. No. 
1 1/168,410 filed Jun. 29, 2005, which is a division of U.S. Pat. 
No. 6,927.449, issued Aug. 9, 2005, which is a division of 
U.S. Pat. No. 6,835,978, issued Dec. 28, 2004, and is based 
upon and claims the benefit of priority from the prior Japanese 
Patent Applications No. 2000-291910, filed Sep. 26, 2000, 
and No. 2001-272224, filed Sep. 7, 2001, the entire contents 
of each of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a nonvolatile semi 
conductor memory device and a method of manufacturing the 
same, particularly, to a gate structure of a semiconductor 
device having a nonvolatile memory transistor including a 
floating gate and a control gage, a selective transistor 
arranged close to said memory transistor, and a peripheral 
circuit mounted on the same chip. 
0004 2. Description of the Related Art 
0005 Known is a flash memory having a memory transis 
tor including a floating gate and a control gate, a selective 
transistor arranged close to the memory transistor, and a 
peripheral circuit for driving the memory transistor and the 
selective transistor mounted to the same chip. A typical flash 
memory is called a NAND type flash memory. The NAND 
type flash memory includes a plurality of memory transistors 
connected in series, a selective transistor arranged close to the 
both edge portions of the memory transistor, and a peripheral 
circuit transistor for driving the memory transistor and the 
selective transistor. The region in which are arranged the 
memory transistors is called a memory cell array region, the 
region in which is arranged the selective transistor is called a 
selective gate region, and the region in which is arranged the 
peripheral circuit transistor is called a peripheral circuit 
region. 
0006. The method of preparing the flash memory of this 
type includes, for example, the steps of forming a gate insu 
lating film on a semiconductor layer, depositing a polycrys 
talline silicon (polysilicon) film providing the floating gate of 
the memory transistor on the gate insulating film, and forming 
an element isolating region. In this case, a gate electrode of a 
two layer structure consisting of a floating gate and a control 
gate is present in at least a portion of the selective gate region 
and the peripheral circuit region as in the memory cell array 
region. It should be noted that it is necessary for the transistor 
in the selective gate region and the peripheral circuit region to 
be electrically connected to an upper wiring by withdrawing 
the floating gate. A conventional semiconductor device of this 
type will now be described. 
0007 FIG. 46A is a plan view showing the memory cell 
array region and the selective gate region of the semiconduc 
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tor device according to the first prior art. FIG. 46B is a plan 
view showing the peripheral circuit region of the semicon 
ductor device according to the first prior art. FIG. 47A is cross 
sectional view of the semiconductor device along the line 
XXXXVIIA-XXXXVIIA shown in FIGS. 46A and 46B. 
FIG. 47B is cross sectional view of the semiconductor device 
along the line XXXXVIIB-XXXXVIIB shown in FIG. 46A. 
The first a prior art is disclosed in Japanese Patent Disclosure 
(Kokai) No. 11-163304. 
0008. As shown in FIGS. 46A, 46B, 47A and 47B, a first 
insulating film 12 is formed on a semiconductor layer 11, and 
a first floating gate electrode layer 13a is formed on the first 
insulating film 12. Then, an element isolating groove is 
formed and the element isolating groove thus formed is filled 
with an insulating film. The insulating film if planarized until 
the first floating gate electrode layer 13a is exposed to the 
outside So as to form an element isolating region 15. Then, a 
second floating gate layer 13b consisting of polysilicon is 
formed on the first floating gate layer 13a and the element 
isolating region 15, followed by patterning the second float 
ing gate electrode layer 13b by a lithography and an etching. 
Consequently, an open portion 50 is formed on the element 
isolating region 15 of the memory sell array region and the 
open portion 50 isolated the second floating gate electrode 
layer 13b. Further, a second insulating film 16 is formed on 
the second floating gate electrode layer 13b and the element 
isolating region 15, followed by forming a control gate elec 
trode layer 18 on the second insulating film 16. After the 
control gate electrode layer 18, the second insulating film 16 
and the first and second floating gate electrode layers 13a and 
13b are patterned, a third insulating film 19 is formed on the 
entire surface of the semiconductor layer 11. Further, after a 
contact hole is formed in the third insulating film 19, a wiring 
21 connected to the contact hole 20 is formed. As a result, the 
wiring 21 is connected to the control gate electrode layer 18 
via the contact hole 20 in the memory cell array region, and 
the wiring 21 is connected to the first and second floating gate 
electrode layers 13a, 13b via the contact hole 20 in the selec 
tive gate region and the peripheral circuit region. 
0009. The semiconductor device according to the first 
prior art described above comprises a floating gate of the 
double layer structure consisting of the first and second float 
ing gate electrode layers 13a and 13b. In the floating gate of 
the particular construction, the first floating gate electrode 
layer 13a is self-aligned with the element isolating region 15, 
and the second floating gate electrode layer 13b is pulled up 
onto the element isolating region 15. However, the first prior 
art described above gives rise to problems. 
0010 First of all, in the memory cell array region, it was 
necessary to set the width P of the open portion 50 such that 
the open portion 50 is not buried with the second insulating 
film 16. It was also necessary to ensure an aligning allowance 
Q between the open portion 50 and the element region 10 in 
the lithography. However, it was difficult to finely adjust the 
open portion 50 because of the limit in the resolution of the 
photoresist in patterning the open portion 50. As a result, it 
was difficult to achieve the fineness beyond a certain level, 
with the result that it was difficult to make the memory cell 
finer. 
0011. On the other hand, in the peripheral circuit region, 
the contact hole 20 is formed on the element isolating region 
15, making it possible to avoid the damage done to the ele 
ment region. However, the element region is formed a long 
distance away from the connecting portion 25 between the 
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second floating gate electrode layer 13b and the contact hole 
20. Therefore, since the second floating gate electrode layer 
13.b is formed of in general an electrode material having a 
high resistivity Such as polysilicon, the delay caused by the 
resistance is increased so as to lower the performance of the 
element. It should also be noted that, if the second floating 
gate electrode layer 13b is allowed to extend over the element 
isolating region 15, a capacitance coupling is formed between 
the semiconductor layer 11 and the floating gate with the 
insulating film of the element isolating region 15 interposed 
therebetween, leading to an increased RC delay. 
0012 Particularly, when it comes to the selective transis 
tor of the NAND type flash memory, the increase in the RC 
delay described above is a serious problem to be solved. The 
contact to the second floating gate electrode layer 13b is 
formed as required for several cells within the memory cell 
array. The contact portion requires an area so as to increase 
the area of the memory cell array. Also, since the contact hole 
20 can be formed in only a part of the memory cell array, the 
contact hole 20 is connected to the transistor via the second 
floating gate electrode layer 13b formed of polysilicon having 
a high resistivity. It follows that the problem of the RC delay 
time to the transistor positioned remote from the contact hole 
20 is rendered serious. It should be noted that the increase in 
the delay time of the selective transistor adversely affects the 
reading speed of the memory cell. 
0013 FIG. 48A is a plan view showing the memory cell 
array region and the selective gate region of the semiconduc 
tor device according to the second prior art. FIG. 48B is a plan 
view showing the peripheral circuit region of the semicon 
ductor device according to the second prior art. FIG. 49A is 
cross sectional view of the semiconductor device along the 
line XXXXIXA-XXXXIXA shown in FIGS. 48A and 48B. 
FIG. 49B is cross sectional view of the semiconductor device 
along the line XXXXIXB-XXXXIXB shown in FIG. 48A. 
The second prior art is intended to avoid the problem inherent 
in the first prior art that it is difficult to make the memory cell 
portion finer. 
0014. As shown in the drawing, a first insulating film 12 is 
formed on a semiconductor layer 11, and a floating gate 
electrode layer 13 is formed on the first insulating film 12. 
Then, an element isolating groove is formed, followed by 
filling the element isolating groove with an insulating film. 
An element isolating region 15 is formed by planarizing the 
insulating film until the Surface of the floating gate electrode 
layer 13 is exposed to the outside. Then, an upper portion of 
the element isolating region 15 in the memory cell array 
region and the selective gate region is removed so as to allow 
the upper surface of the element isolating region 15 in the 
memory cell array region and the selective gate region to be 
positioned lower than the upper Surface of the floating gate 
electrode 13. Further, a second insulating film 16 is formed on 
the floating gate electrode layer 13 and the element isolating 
region 15, followed by removing the second insulating film 
16 in the peripheral circuit region and the selective gate 
region. In the nest step, a control gate electrode layer 18 is 
formed on the second insulating film 16, the floating gate 
electrode layer 13 and the element isolating region 15, fol 
lowed by patterning the control gate electrode layer 18, the 
second insulating film 16 and the floating gate electrode layer 
13. After the patterning step, a third insulating film 19 is 
formed on the entire surface of the semiconductor layer 11, 

Aug. 27, 2015 

followed by forming a contact hold 20 in the third insulating 
film 19. In the nest step, a wiring 21 connected to the contact 
hole 20 is formed. 
0015. In the semiconductor device according to the second 
prior art described above, it is unnecessary to ensure an align 
ing allowance Q in the lithography, which is required in the 
first prior art, so as to make it possible to miniaturize the 
memory cell. Also, since the control gate electrode layer 18 is 
deposited after removal of the selective gate region and the 
second insulating film 16 of the peripheral circuit region, the 
limitation in the position of the contact hole 20 can be elimi 
nated even if the circuit is separated Such that the floating gate 
is left unremoved in only the element region 10. However, the 
second prior art gives rise to the problem as described below. 
0016 First, the second insulating film 16 is interposed 
between the floating gate electrode 13 and the control gate 
electrode layer 18 in the gate in the memory cell array region. 
However, the second insulating film 16 is not interposed 
between the floating gate electrode 13 and the control gate 
electrode layer 18 in the gate in the peripheral circuit region 
and the selective gate region. In other words, the memory cell 
array region, the peripheral circuit region and the selective 
gate region differ from each other in the laminate structure of 
the gate. As a result, informing the gate, it is necessary for the 
memory cell array region, the peripheral circuit region and the 
selective gate region to be different from each other in the 
etching conditions, giving rise to the problem that it is impos 
sible to form simultaneously the gates in the memory cell 
array region, peripheral circuit region and the selective gate 
region. 
0017. It should also be noted that, if it is impossible to 
form simultaneously the gates in the memory cell array 
region, the peripheral circuit region and the selective gate 
region, the electrode layer is left unremoved in the boundary 
portion between the memory cell array region, the peripheral 
circuit region and the selective gate region. Also, it is neces 
sary to ensure a sufficientallowance region in order to prevent 
the semiconductor layer from being dug by the etching treat 
ment performed twice. In order to process accurately both the 
memory cell array region, the peripheral circuit region and the 
selective gate region differing from each other in the laminate 
structure, it is necessary to ensure various allowances in the 
boundary portion, leading to an increase in the chip area. 
Particularly, in the construction of the NAND type flash 
memory, it is necessary to diminish the distance D between 
the memory cell and the selective transistor as much as pos 
sible in order to increase the degree of integration of the 
memory cell array, as shown in FIG. 48A. What should be 
noted is that, if an allowance is provided in the boundary 
portion, the degree of integration is markedly lowered. 
0018. As described above it was very difficult to avoid the 
resistance delay in the peripheral circuit region and the selec 
tive gate region while miniaturizing the memory cell array 
region and to form simultaneously the gates in the memory 
cell array region, the peripheral circuit region and the selec 
tive gate region in the semiconductor device according to 
each of the first and second prior arts. 

BRIEF SUMMARY OF THE INVENTION 

0019. According to a first aspect of the present invention, 
there is provided a semiconductor device, comprising a semi 
conductor layer, a first insulating film formed on the semi 
conductor layer; a first electrode layer formed on the first 
insulating layer, an element isolating region comprising an 
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element isolating insulating film formed to extend through 
the first electrode layer and the first insulating film to reach an 
inner region of the semiconductor layer, the element isolating 
region isolating an element region and being self-aligned with 
the first electrode layer; a second insulating film formed on 
the first electrode layer and the element isolating region, an 
open portion exposing a Surface of the first electrode layer 
being formed in the second insulating film; and a second 
electrode layer formed on the second insulating film and the 
exposed surface of the first electrode layer, the second elec 
trode layer being electrically connected to the first electrode 
layer via the open portion. 
0020. According to a second aspect of the present inven 

tion, there is provided a semiconductor device, comprising a 
semiconductor layer, a first insulating film formed on the 
semiconductor layer; a first electrode layer firmed on the first 
insulating layer; an element isolating region comprising an 
element isolating insulating film formed to extend through 
the first electrode layer and the first insulating film to reach an 
inner region of the semiconductor layer, the element isolating 
region isolating an element region and being self-aligned with 
the first electrode layer; a second insulating film formed on 
the first electrode layer and the element isolating region, an 
open portion exposing a Surface of the first electrode layer 
being formed in the second insulating film; a second electrode 
layer formed an the second insulating film; and a third elec 
trode layer formed on the second electrode layer and the 
exposed surface of the first electrode layer, the third electrode 
layer being electrically connected to the first electrode layer 
via the open portion. 
0021. According to a third aspect of the present invention, 
there is provided a method of manufacturing a semiconductor 
device in a selective gate region provided a selective gate 
transistor formed adjacent to a memory cell array region, 
comprising: forming a first insulating film on a semiconduc 
tor layer, forming a first electrode layer on the first insulating 
film; forming an element isolating region comprising an ele 
mentisolating insulating film extending through the first elec 
trode layer and the first insulating film to reach an inner region 
of the semiconductor layer, the element isolating region iso 
lating an element region; forming a second insulating film on 
the element isolating region and the first electrode layer, 
forming an open portion within the second insulating film to 
expose a surface of the first electrode layer, forming a second 
electrode layer on the second insulating film and the exposed 
surface of the first electrode layer; and selectively removing 
the first electrode layer, the second insulating film and the 
second electrode layer to form a gate electrode. 
0022. According to a fourth aspect of the present inven 

tion, there is provided a method of manufacturing a semicon 
ductor device in a selective gate region provided a selective 
gate transistor formed adjacent to a memory cell array region, 
comprising: forming a first insulating film on a semiconduc 
tor layer, forming a first electrode layer on the first insulating 
film; forming an element isolating region comprising an ele 
mentisolating insulating film extending through the first elec 
trode layer and the first insulating film to reach an inner region 
of the semiconductor layer, the element isolating region iso 
lating an element region; forming a second insulating film on 
the element isolating region and the first electrode layer, 
forming a second electrode layer on the second insulating 
film; forming an open portion within the second insulating 
film to expose a surface of the first electrode layer; forming a 
third electrode layer on the second electrode layer and the 
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exposed surface of the first electrode layer; and selectively 
removing the first electrode layer, the second insulating film, 
the second electrode layer and the third electrode layer to 
form a gate electrode. 
0023. According to a fifth aspect of the present invention, 
there is provided a method of manufacturing a semiconductor 
device in a selective gate region provided a selective gate 
transistor formed adjacent to a memory cell array region, 
comprising: forming a first insulating film on a semiconduc 
tor layer; forming a first electrode layer on the first insulating 
film; forming an element isolating region comprising an ele 
ment isolating insulating film extending through the first elec 
trode layer and the first insulating film to reachaninner region 
of the semiconductor layer, the element isolating region iso 
lating an element region; forming a second insulating film on 
the element isolating region and the first electrode layer; 
forming a second electrode layer on the second insulating 
film; forming a first mask layer on the second electrode layer; 
forming a groove comprising a pair of mutually facing side 
Surfaces in the first mask layer, the groove being formed to 
expose partly a surface of the second electrode layer; forming 
a side wall comprising a second mask layer on the exposed 
side Surface of the groove; selectively removing the second 
electrode layer and the second insulating film by using the 
first and second mask layers to forman open portion exposing 
a surface of the first electrode layer; removing the first and 
second mask layers; forming a third electrode layer on the 
second electrode layer and the exposed surface of the first 
electrode layer; and selectively removing the first electrode 
layer, the second insulating film, the second electrode layer 
and the third electrode layer to form a gate electrode. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0024 FIG. 1 is a plan view showing the memory cell array 
region and the selective gate region of a semiconductor device 
according to a first embodiment of the present invention; 
0025 FIG. 2 is a cross sectional view of the semiconductor 
device along the line II-II shown in FIG. 1; 
0026 FIG. 3A is a cross sectional view of the semicon 
ductor device along the line IIIA-IIIA shown in FIG. 1; 
0027 FIG. 3B is a cross sectional view of the semicon 
ductor device along the line IIIB-IIIB shown in FIG. 1; 
0028 FIGS. 4, 5, 6, 7, 8 and 9 are cross sectional views 
collectively showing the manufacturing process of the semi 
conductor device according to the first embodiment of the 
present invention; 
0029 FIG. 10 is a cross sectional view showing the 
memory cell array region and the selective gate region of the 
semiconductor device according to a second embodiment of 
the present invention; 
0030 FIGS. 11, 12, 13 and 14 are cross sectional views 
collectively showing the manufacturing process of the semi 
conductor device according to the second embodiment of the 
present invention; 
0031 FIGS. 15, 16, 17 and 18 are cross sectional views 
collectively showing the manufacturing process of the semi 
conductor device according to a third embodiment of the 
present invention; 
0032 FIG. 19 is a plan view showing the peripheral circuit 
region of a semiconductor device according to a fourth 
embodiment of the present invention; 
0033 FIG.20 is cross sectional view of the semiconductor 
device along the line XX-XX shown in FIG. 19: 
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0034 FIG.21 is a cross sectional view showing the periph 
eral circuit region and the memory cell array region of the 
semiconductor device according to the fourth embodiment of 
the present invention; 
0035 FIG.22 is a cross sectional view showing the periph 
eral circuit region and the memory cell array region of a 
semiconductor device according to a fifth embodiment of the 
present invention; 
0036 FIG.23 is a plan view showing the peripheral circuit 
region of a semiconductor device according to a sixth 
embodiment of the present invention; 
0037 FIG.24 is a cross sectional view of the semiconduc 
tor device along the line XXIV-XXIV shown in FIG. 23; 
0038 FIG.25 is a cross sectional view showing the periph 
eral circuit region and the memory cell array region of the 
semiconductor device according to the sixth embodiment of 
the present invention; 
0039 FIG. 26A is a plan view showing a semiconductor 
device according to the prior art; 
0040 FIG. 26B is a plan view showing the semiconductor 
device according to the sixth embodiment of the present 
invention; 
0041 FIGS. 27 and 28 are cross sectional views collec 
tively showing a semiconductor device according to the prior 
art; 
0042 FIG. 29A is a plan view showing a semiconductor 
device according to the prior art; 
0043 FIG. 29B is a plan view showing the semiconductor 
device according to the sixth embodiment of the present 
invention; 
0044 FIG.30A is a cross sectional view showing a semi 
conductor device according to the prior art; 
0045 FIG. 30B is a cross sectional view showing the 
semiconductor device according to the sixth embodiment of 
the present invention; 
0046 FIG. 31 is a plan view showing a semiconductor 
device according to a seventh embodiment of the present 
invention; 
0047 FIG.32 is a cross sectional view of the semiconduc 
tor device along the line XXXII-XXXII shown in FIG.31; 
0048 FIG. 33 is a plan view showing a semiconductor 
device according to an eighth embodiment of the present 
invention; 
0049 FIG.34 is a cross sectional view of the semiconduc 
tor device along the line XXXIV-XXXIV shown in FIG.35: 
0050 FIG. 35 is a plan view showing the other semicon 
ductor device according to the eighth embodiment of the 
present invention; 
0051 FIG. 36 is a plan view showing a semiconductor 
device according to a ninth embodiment of the present inven 
tion; 
0.052 FIG.37 is a cross sectional view of the semiconduc 
tor device along the line XXXVII-XXXVII shown in FIG.36: 
0053 FIG.38 is a cross sectional view showing the semi 
conductor device according to the ninth embodiment of the 
present invention; 
0054 FIG. 39A is a plan view showing a memory transis 
tor and a selective gate transistor of the semiconductor device 
according to the ninth embodiment of the present invention; 
0055 FIG. 39B is a plan view showing the peripheral 
circuit transistor of the semiconductor device according to the 
ninth embodiment of the present invention; 
0056 FIG. 40A is a plan view showing a semiconductor 
device according to the prior art; 
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0057 FIGS. 40B and 40C are plan views collectively 
showing a semiconductor device according to a tenth embodi 
ment of the present invention; 
0058 FIGS. 41A and 41B are cross sectional views col 
lectively showing a semiconductor device according to a 
eleventh embodiment of the present invention; 
0059 FIGS. 42A, 42B, 42C, 43A and 43B are cross sec 
tional views collectively showing a conventional semicon 
ductor device; 
0060 FIGS. 44A and 44B are cross sectional views col 
lectively showing the manufacturing process of the semicon 
ductor device according to a twelfth embodiment of the 
present invention; 
0061 FIG. 45 is a cross sectional view showing the other 
semiconductor device according to the each embodiment of 
the present invention; 
0062 FIG. 46A is a plan view showing the memory cell 
array region and the selective gate region of the semiconduc 
tor device according to the first prior art; 
0063 FIG. 46B is a plan view showing the peripheral 
circuit region of the semiconductor device according to the 
first prior art; 
0064 FIG. 47A is a cross sectional view of the semicon 
ductor device along the line XXXXVIIA-XXXXVIIA shown 
in FIGS. 46A and 46B; 
0065 FIG. 47B is a cross sectional view of the semicon 
ductor device along the line XXXXVIIB-XXXXVIIB shown 
in FIG. 46A: 
0066 FIG. 48A is a plan view showing the memory cell 
array region and the selective gate region of the semiconduc 
tor device according to the second prior art; 
0067 FIG. 48B is a plan view showing the peripheral 
circuit region of the semiconductor device according to the 
second prior art; 
0068 FIG. 49A is a cross sectional view of the semicon 
ductor device along the line XXXXIXA-XXXXIXA shown 
in FIGS. 48A and 48B; and 
0069 FIG. 49B is a cross sectional view of the semicon 
ductor device along the line XXXXIXB-XXXXIXB shown 
in FIG. 48A. 

DETAILED DESCRIPTION OF THE INVENTION 

0070 The present invention is directed to the gate struc 
ture of a semiconductor device having a nonvolatile memory 
transistor including a floating gate, a selective transistor 
arranged close to the memory cell, and a transistor of a periph 
eral circuit for driving the memory cell array mounted to the 
same chip. The present invention is applied to, for example, a 
NAND type flash memory. 
0071. Some embodiments of the present invention will 
now be described with reference to the accompanying draw 
ings. In the following description, the commonportions of the 
semiconductor device are denoted by the common reference 
numerals. Incidentally, in the drawings, the memory cell 
array region denotes the region in which a memory transistor 
is arranged, the selective gate region denotes the region in 
which the selective transistor is arranged, and the peripheral 
circuit region denotes the region in which the peripheral 
circuit transistor is arranged. 

First Embodiment 

0072 A first embodiment is directed to the constructions 
of the memory transistor and the selective transistor. In this 
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case, an open portion is formed in a part of the insulating film 
between the first and second electrodes constituting a selec 
tive transistor. 
0073 FIG. 1 is a plan view showing the memory cell array 
region and the selective gate region of a semiconductor device 
according to a first embodiment of the present invention. FIG. 
2 is a cross sectional view of the semiconductor device along 
the line II-II shown in FIG. 1. FIG. 3A is a cross sectional 
view of the semiconductor device along the line IIIA-IIIA 
shown in FIG. 1. FIG. 3B is a cross sectional view of the 
semiconductor device along the line IIIB-IIIB shown in FIG. 
1 

0074 As shown in FIG. 1, a plurality of memory transis 
tors are connected in series in the memory cell array region, 
and a selective transistor is arranged close to the memory 
transistors at both edge portions of the memory cell array 
region. The selective transistor comprises a first electrode 
layer, a second electrode layer, and an insulating film formed 
between the first electrode layer and the second electrode 
layer. The insulating film is formed in only the edge portions 
of the first electrode layer and the second electrode layer, and 
an open portion 17 is formed in the central portion between 
the first electrode layer and the second electrode layer. The 
open portion 17 is in the shape of a long stripe crossing the 
first electrode layer of a plurality of cells and the element 
isolating region. The gate length L of the selective transistor 
is longer than the gate length of the memory transistor. Also, 
the distance D between the memory cell and the selective 
transistor is about the minimum processing size. 
0075. As shown in FIG. 2, the semiconductor device of the 
memory cell array region comprises the semiconductor layer 
11, the element isolating region 15 formed on the semicon 
ductor layer 11 of a trench type for isolating the element 
region 10, the first electrode layer 13 formed in the element 
region 10 with the first insulating film 12 interposed therebe 
tween, the second insulating film 16 formed on the first elec 
trode layer 13 and the element isolating region 15, and the 
second electrode layer 18 formed on the second insulating 
film 16. Also, the first electrode layer 13 is formed above the 
element region 10 and self-aligned with the element isolating 
region15. The first electrode layer 13 is not pulled up onto the 
element isolating region 15. Such as the first prior art. 
It should be noted that the surface of the element isolating 
region 15 is positioned lower than the surface of the first 
electrode layer 13. In the memory cell array region, the first 
electrode 13 performs the function of a floating gate, and the 
second electrode layer 18 performs the function of a control 
gate. 
0076. As shown in FIG. 3A, the semiconductor device in 
the selective gate region comprises a first electrode layer 13 
formed in the element region 10 with the first insulating film 
12 interposed therebetween, a second insulating film 16 
formed on the first electrode layer 13 and the element sepa 
rating region 15, and a second electrode layer 18 formed on 
the second insulating film 16. In the selective transistor of the 
particular construction, an open portion 17 is formed partially 
in the second insulating film 16 So as to permit the second 
electrode layer to be electrically connected to the first elec 
trode layer via the open portion 17. 
0077. Incidentally, the pattern of the open portion 17 
extends over the element separating region 15 in the selective 
gate region as shown in FIG. 3B, with the result that the 
bottom surface of the groove 17" is positioned higher than the 
element region 10. 
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(0078. It should be noted that the second electrode layer 18 
has a resistivity lower than that of the first electrode layer 13. 
Therefore, it is desirable for the second electrode layer 18 to 
beformed of, for example, a metal layer having a high melting 
point or a lamination layer film comprising a metal silicide 
layer having a high melting point and a polysilicon layer. 
Also, it is desirable for the second insulating film 16 to be 
formed of a composite insulating film comprising a silicon 
nitride film such as an ONO (Oxide Nitride Oxide) film. The 
silicon nitride film effectively prevents the etching damage in 
the formation of the contact hole 20 and also prevents effec 
tively the layer for the metal wiring formed within the contact 
hole from adversely affecting the gate insulating film 12. 
007.9 FIGS. 4, 5, 6, 7, 8 and 9 are cross sectional views 
collectively showing the manufacturing process of the semi 
conductor device according to the first embodiment of the 
present invention. FIGS. 4 and 5 are cross sectional views of 
the semiconductor device along the line II-II shown in FIG. 1, 
FIGS. 6-9 are cross sectional views of the semiconductor 
device along the line IIIA-IIIA shown in FIG.1. Described in 
the following is the method of manufacturing the semicon 
ductor device according to the first embodiment of the present 
invention. 
0080 First of all, as shown in FIG. 4, the first insulating 
film 12 is formed on the semiconductor layer 11. The first 
insulating film 12 performs the function of a tunneling Oxide 
film and has a thickness of, for example, 8 to 10 nm. In the 
next step, the first electrode layer 13, for example, a polysili 
con film of doping phosphorus, is formed on the first insulat 
ing film 12. Then, an element isolating groove 14 is formed, 
followed by filling the element isolating groove 14 with an 
insulating film. Further, the insulating film filling the element 
isolating groove 14 is planarized until the Surface of the first 
electrode layer 13 is exposed to the outside so as to form the 
element isolating region 15 of STI (Shallow Trench Isolation) 
Structure. 

I0081. In the next step, as shown in FIG. 5, an upper portion 
of the element isolating region 15 in the memory cell region 
is removed so as to allow the Surface of the element isolating 
region 15 in the memory cell region to be positioned lower 
than the surface of the first electrode layer 13. Then, the 
second insulating film 16, e.g., an ONO film, is formed on the 
entire surface of the semiconductor layer 11. 
I0082 In the next step, as shown in FIG. 6, a mask layer 
(photoresist) 22 is deposited on the second insulating film 16. 
followed by patterning the mask layer 22. 
I0083. In the next step, as shown in FIG. 7, the second 
insulating film 16 above the element region 10 in the selective 
gate region is partly removed by lithography and etching, as a 
mask of the patterned mask layer 22. As a result, the Surface 
of the first electrode layer 13 is partly exposed to the outside 
so as to form the open portion 17. 
I0084. In the next step, as shown in FIG. 8, the second 
electrode layer 18, e.g., a metal layer having a high melting 
point or a lamination layer film comprising a metal silicide 
layer having a high melting point and a polysilicon layer, is 
formed on the entire surface of the semiconductor layer 11. 
As a result, the second electrode layer 18 is electrically con 
nected to the first electrode layer 13 in the selective gate 
region. 
I0085. In the next step, as shown in FIG. 9, the second 
electrode layer 18, the second insulating film 16 and the first 
electrode layer 13 are formed to the gate pattern. Concretely, 
first of all, the gate pattern is formed, followed by patterning 
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the second electrode layer 18 as a stopper of the second 
insulating film 16. Further, the second insulating film 16 is 
patterned as a stopper of the first electrode layer 13. Finally, 
the first electrode layer 13 is patterned as a stopper of the first 
insulating film 12. This process is self-aligned with formation 
the gate electrode of a two-layer structure in the memory cell 
region and the selective gate region. 
I0086. In the next step, as shown in FIG. 2, the third insu 
lating film 19 is formed on the entire surface of the semicon 
ductor layer 11, followed by forming the contact hole 20 in 
the third insulating film 19, the contact hole 20 being posi 
tioned above the elementisolating region15. Also, forming of 
the contact hole 20 in the memory cell region, the contact hole 
is formed above the element region formed Source and drain 
region of the peripheral transistor. Further, the wiring 21 
connected to the contact hole 20 is formed. 

0087. According to the first embodiment described above, 
the first electrode layer 13 is self-aligned with formation of 
the element isolating region 15, with the result that the fine 
processing of the first electrode layer 13 can be performed 
easily, compared with the 20 first prior art referred to previ 
ously It follows that it is possible to miniaturize the memory 
cell array region. 
0088 Also, in the selective gate region, the electrical con 
nection between the wiring 21 for Supplying signals to the 
first electrode layer 13 and the first electrode layer 13 is 
achieved via the second electrode layer 18 extended over the 
element isolating region 15. 
In other words, it is unnecessary to draw the first electrode 
layer 13 having a high resistively onto the element isolating 
region 15, making it possible to avoid the problem of the 
delay caused by the resistance of the first electrode layer 13 
and to avoid the problem of the RC delay caused by the 
capacitive coupling between the semiconductor layer 11 and 
the first electrode layer 13. In addition, since the second 
electrode layer 18 is formed of a metal layer having a high 
melting point or a low resistance layer including a metal 
silicide layer having a high melting point, it is possible to 
avoid the problem of the resistance delay, making it possible 
to obtain an operating speed Substantially equal to that of the 
transistor formed of a gate electrode layer of a single layer 
structure having a low resistivity. It follows that it is possible 
to avoid the problem that the reading speed of the memory cell 
is adversely affected by the increase in the delay time. 
0089 Concerning the gate of the selective gate region, the 
open portion 18 is formed in the center of the second electrode 
layer 18. Therefore, the gate is of a two-layer structure con 
sisting of the first electrode layer 13 and the second electrode 
layer 18. However, the gate is of a three-layer structure, 
consisting of the first electrode layer 13, the second electrode 
layer 18, and the second insulating film 16 interposed 
between the first electrode layer 13 and the second electrode 
layer 18 in the edge portion of the second electrode layer 18 
in which the gate is formed. 
It follows that, concerning the region in which the gate is 
formed, the memory cell array region and the selective gate 
region are equal to each other in the laminate structure of the 
gate. As a result, it is possible to form simultaneously the 
gates in the memory cell array region and the selective gate 
region. 
In addition, since a special structure is not required between 
the selective gate region and the memory cell array region, it 
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is possible to set the distance D between the memory cell and 
the selective transistorat, for example, the minimum process 
ing size. 
0090 Also, in the openportion 17 of the insulating film 16, 
the length of the open portion 17 in a direction perpendicular 
to the direction of the gate length L is large, though the width 
of the open portion 17 in the direction of the gate length L is 
Small. As a result, the resolution is facilitated in the lithogra 
phy process in patterning the open portion 10. It follows that 
it is possible to form a fine open portion 17 even in the case 
where the gate length L of the selective transistor is rendered 
long in accordance with miniaturization of the selective tran 
sistor. 
0091. As described above, the first embodiment of the 
present invention makes it possible to decrease the memory 
cell size and to improve the degree of integration including 
the selective transistor. Particularly, it is possible to decrease 
the size of the memory cell array of the NAND type flash 
memory. 

Second Embodiment 

0092. A second embodiment is featured in that the control 
gate is formed of a plurality of electrode layers in order to 
prevent the deterioration in the reliability of the second insu 
lating film in the memory cell array region informing an open 
portion. 
0093 FIG. 10 is a cross sectional view showing the 
memory cell array region and the selective gate region of the 
semiconductor device according to a second embodiment of 
the present invention. FIG. 10 is a cross sectional view of the 
semiconductor device along the line II-II shown in FIG.1. As 
shown in FIG. 10, the semiconductor device according to the 
second embodiment of the present invention comprises a 
control gate of a laminate structure consisting of the second 
and third electrode layers 18a and 18b. 
0094 FIGS. 11, 12, 13 and 14 are cross sectional views 
collectively showing the manufacturing process of the semi 
conductor device according to the second embodiment of the 
present invention. FIGS. 11, 12, 13 and 14 are cross sectional 
views of the semiconductor device along the line IIIA-IIIA 
shown in FIG.1. Described in the following is the method of 
manufacturing the semiconductor device according to the 
second embodiment of the present invention. A description of 
process common to the first embodiment will be omitted, and 
only different process will be described. 
In the first step, as shown in FIG. 5, the second insulating film 
16 is formed on the first electrode layer 13, such as the first 
embodiment. 
0095. In the next step, as shown in FIG. 11, the second 
electrode layer 18a is formed on the second insulating film 
16, before forming the open portion 17. 
0096. In the next step, as shown in FIG. 12, the second 
electrode layer 18a and the second insulating film 16 above 
the element region 10 in the selective gate region is partly 
removed by lithography and etching. As a result, the Surface 
of the first electrode layer 13 is partly exposed to the outside 
so as to form the open portion 17. 
(0097. In the next step, as shown in FIG. 13, the third 
electrode layer 18b is formed on the entire surface of the 
semiconductor layer 11. As a result, the second electrode 
layer 18a is electrically connected to the third electrode layer 
18b in the selective gate region. 
(0098. In the next step, as shown in FIG. 14, the third 
electrode layer 18b, the second electrode layer 18a, the sec 
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ond insulating film 16 and the first electrode layer 13 are 
formed to the gate pattern. Then the semiconductor device 
according to the second embodiment of the present invention 
is formed by the process similar to that in the first embodi 
ment. 

0099. The second embodiment, which produces the effect 
similar to that obtained in the first embodiment, further pro 
duces an additional effect as follows. 
0100. In the first embodiment, a resist forming the mask 22 

is formed on the second insulating film 16 in the memory cell 
array region in the lithography process, i.e., the step shown in 
FIG. 6, for forming the open portion 17. As a result, the resist 
is brought into contact with the second insulating film 16 in 
some cases so as to deteriorate the reliability of the second 
insulating film. For example, the impurity contaminant is 
migrated from the resist into the second insulating film 16. 
Also, the insulating properties of the second insulating film 
are lowered in various stages of the lithography process. 
Under the circumstances, the second electrode layer 18a is 
formed in the second embodiment on the second insulating 
film 16 before formation of the open portion 17. What should 
be noted is that the second electrode layer 18a performs the 
function of a protective film in the lithography process So as 
to eliminate the problem in respect of the adverse effect given 
to the second insulating film 16. 

Third Embodiment 

0101. A third embodiment is directed to a method that is 
effective in the case where it is desired to decrease the width 
of the open portion referred to previously in conjunction with 
the first embodiment. For example, the miniaturization has 
proceeded to the stage that the gate length of the selective 
transistor has been decreased to about 0.2 um in the NAND 
type flash memory. If an open portion is to be formed in only 
the central portion of the gate, it is necessary to form a pattern 
having a width of for example, 0.1 um. The third embodiment 
is effective for Such a case. Incidentally, the semiconductor 
device according to the third embodiment of the present 
invention is Substantially equal to the semiconductor device 
according to the second embodiment and, thus, description of 
semiconductor device according to the third embodiment is 
omitted. 
01.02 FIGS. 15, 16, 17 and 18 are cross sectional views 
collectively showing the manufacturing process of the semi 
conductor device according to a third embodiment of the 
present invention. FIGS. 15, 16, 17 and 18 are cross sectional 
views of the semiconductor device along the line IIIA-IIIA 
shown in FIG.1. Described in the following is the method of 
manufacturing the semiconductor device according to the 
third embodiment of the present invention. A description of 
process common to the first and second embodiment will be 
omitted, and only different process will be described. 
0103) In the first step, as shown in FIG. 11, the second 
electrode layer 18a is formed on the second insulating film 
16. Such as the second embodiment. 
0104. In the next step, as shown in FIG. 15, a first mask 
layer (oxide film) 22 is deposited on the second electrode 
layer 18a by a CVD (Chemical Vapor Deposition) method, 
followed by patterning the first mask layer 22 by lithography 
So as to form a groove exposing partly the Surface of the 
second electrode layer 18a above the element region 10. 
0105. Then, as shown in FIG. 16, a second mask layer 23 
(oxide film) is deposited on the first mask layer 22 and the 
second electrode layer 18a, followed by selectively removing 
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by etch back the second mask layer 23 from the first mask 
layer 22 and the second electrode layer 18a. As a result, side 
walls each consisting of the remaining second mask layer 23 
are formed on the side Surfaces of the groove. 
0106. In the next step, the electrode layer 18a and the 
second insulating film 16 are selectively removed by using the 
first and second mask layers 22, 23 as a mask so as to form the 
open portion 17 above the element region 10, as shown in 
FIG. 17. Then, the first and second mask layers 22 and 23 are 
removed. 
0107 Further, the third electrode layer 18b is formed on 
the second electrode layer 18a and the first electrode layer 13, 
as shown in FIG. 18 so as to allow the first electrode layer 13 
to be connected to the third electrode layer 18b. 
0108. The third embodiment permits producing the effects 
similar to those obtained in the first and second embodiments. 
0109. It should also be noted that the second electrode 
layer 18a constituting a part of the controlgate and the second 
insulating film 16 are self-aligned with the open portion 17. 
As a result, it is possible to form the open portion 17 with a 
width smaller than the size that can be achieved by the lithog 
raphy, making it possible to achieve the connection between 
the first electrode layer 13 and the third electrode layer 18b 
with a space smaller than that in the first embodiment. It 
follows that It is possible to further miniaturize a gate length 
of the selective transistor, compared with the first embodi 
ment. 

0110. As described above, the third embodiment is highly 
effective in the cases where the gate length of the selective 
transistoris Small so as to make it impossible to form the open 
portion in the center of the gate with a size. 
0111 Incidentally, the method utilizing formation of the 
side wall described above permits forming the open portion 
17 with a width smaller than that in the case of using the 
lithography. Alternatively, it is also possible to employ the 
method of, for example, swelling the photoresist by the heat 
treatment after the lithography process So as to form the open 
portion of a smaller space. As a result, it is possible to form the 
open portion having the width smaller than the width of the 
groove formed by the lithography process. 

Fourth Embodiment 

0.112. In each of the first to third embodiments of the 
present invention, the technical idea of the present invention 
is applied to the memory cell array region and the selective 
gate region. On the other hand, a fourth embodiment of the 
present invention is featured in that the structure similar to 
that of the selective gate region is also applied to the periph 
eral circuit region. 
0113 FIG. 19 is a plan view showing the peripheral circuit 
region of a semiconductor device according to a fourth 
embodiment of the present invention. FIG. 20 is cross sec 
tional view of the semiconductor device along the line XX 
XX shown in FIG. 19. 
0114. As shown in FIGS. 19 and 20, the semiconductor 
device in the peripheral circuit region comprises a semicon 
ductor substrate 11, an element isolating region 15 for isolat 
ing an element region 10 of the semiconductor layer 11, a first 
electrode layer 13 formed on the element isolating region 10 
with the first insulating film 12 interposed therebetween and 
self-aligned with the element isolating region 15, a second 
insulating film 16 having an open portion 17 partly exposing 
the surface of the first electrode layer 13 to the outside, and a 
second electrode layer 18 formed on the second insulating 
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film 16 and within the open portion 17. The first electrode 13 
is connected to the second electrode layer 18 via the open 
portion 17. 
0115 FIG.21 is a plan view showing the peripheral circuit 
region and the memory cell array region of the semiconductor 
device according to the fourth embodiment of the present 
invention. As apparent from FIG. 21, the construction of the 
memory cell array region and the selective gate region is 
equal to that in the first embodiment. Therefore, the descrip 
tion is omitted in respect of the constructions of the memory 
cell array region and the selective gate region. 
0116. As shown in FIG. 21, the contact hole 20 in the 
fourth embodiment is connected to the second electrode layer 
18 above the element isolating region 15. Also, the electrical 
connection between the first electrode layer 13 and a wiring 
21 for supplying signals to the first electrode layer 13 is 
achieved via the second electrode layer 18 extending over the 
element isolating region 15. 
0117 The fourth embodiment, which produces the effect 
similar to that obtained in the first embodiment, further pro 
duces an additional effect as follows. 
0118 First of all, in the fourth embodiment of the present 
invention, the first electrode layer 13 having a low resistivity 
is connected to the second electrode layer 18 having a low 
resistivity right above the element region 10. As a result, it is 
possible to shorten the RC delay time of the peripheral circuit, 
compared with the prior art, as in the selective transistor. 
0119) Also, the open portion 17 is not present in the edge 
portions of the first electrode layer and the second electrode 
layer above the element region 10. Therefore, in the process 
step of the gate, it is possible to process simultaneously the 
peripheral circuit region in addition to the memory cell array 
region and the selective gate region. Where the gates of all the 
elements can be processed simultaneously, the aligning 
allowance in the lithography process requiring the contact 
hole and the gate electrode can be decreased in the Subsequent 
step of forming the contact hole. 

Fifth Embodiment 

0120. A fifth embodiment is a modification of the fourth 
embodiment and is featured in that the second insulating film 
in the peripheral circuit region is removed completely. 
0121 FIG. 22 is a cross sectional view showing the 
memory cell array region and the peripheral circuit region of 
a semiconductor device according to the fifth embodiment of 
the present invention. Only that construction of the fifth 
embodiment which differs from that of the fourth embodi 
ment will now be described. 
0122 Depending on the performance and the operating 
Voltage required for the peripheral circuit, the gate of the 
transistor constituting the peripheral circuit must be made 
very short in Some cases. In this case, it is necessary to make 
small the open portion 17 of the second insulating film 17. 
However, if the size of the opening is very small, it is very 
difficult to form the open portion 17 if using the third embodi 
ment. 

0123. Such being the situation, the second insulating film 
16 is completely removed in the transistor of the peripheral 
circuit region, as shown in FIG. 22. The memory cell region 
and the selective gate region are same structure the first 
embodiment. 
0.124. In other words, the peripheral circuit region of the 
semiconductor device according to the fifth embodiment of 
the present invention comprises the semiconductor layer 11, 
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the semiconductor isolating region 15 isolating the element 
region 10 of the semiconductor layer 11, the first electrode 
layer 13 formed above the element region 10 with the first 
insulating film 12 interposed therebetween and self-aligned 
with the element isolating region 15, and the second electrode 
layer 18 formed on the first electrode layer 13 and the element 
isolating region 15. 
0.125. The fifth embodiment of the present invention pro 
duces the effects similar to those produced by the fourth 
embodiment. 
0.126 Further, the fifth embodiment is effective in the case 
where the gate length of the transistor is very short. It should 
be noted, however, that, since the peripheral circuit transistor 
differs from the memory transistor and the selective transistor 
in the gate structure, it is necessary to apply the gate process 
ing separately to the memory cell array region, the selective 
gate region and the peripheral circuit region, leading to an 
increase in the number of manufacturing steps. However, 
since the memory transistor and the selective transistor are 
equal to each other in the construction of the gate edge por 
tion, the memory cell array region and the selective gate 
region can be processed simultaneously so as to make it 
unnecessary to provide processing boundary. It follows that 
the fifth embodiment produces a prominent effect in decreas 
ing the total area of the memory cell array like the other 
embodiments described previously. 
I0127. Incidentally, the selective transistor is generally 
designed somewhat longer than the minimum possible size of 
the lithography because the selective transistor is required to 
withstanda high Voltage required for driving the memory cell. 
It follows that it is sufficiently possible to form the fine open 
portion 17 by, for example, the method described previously 
in conjunction with the third embodiment of the present 
invention. 

Sixth Embodiment 

0128. A sixth embodiment is featured in that a contact hole 
is formed above the element region in which the second 
insulating film is present so as to decrease the area of the 
peripheral transistor. 
I0129 FIG. 23 is a plan view showing the peripheral circuit 
region of a semiconductor device according to a sixth 
embodiment of the present invention. FIG. 24 is cross sec 
tional view of the semiconductor device along the line XXIV 
XXIV shown in FIG. 23. FIG. 25 is a plan view showing the 
peripheral circuit region and the memory cell array region of 
the semiconductor device according to the sixth embodiment 
of the present invention. In the sixth embodiment, the con 
struction of the memory cell array region and the selective 
gate region is equal to that in the first embodiment. Therefore, 
the description is omitted in respect of the constructions of the 
memory cell array region and the selective gate region. 
0.130. As shown in FIGS. 23, 24 and 25, the semiconductor 
device In the peripheral circuit region comprises a semicon 
ductor layer 11, an element isolating region 15 for isolating an 
element region 10 of the semiconductor layer 10, a first elec 
trode layer 13 formed above the element region with a first 
insulating film 12 interposed therebetween and self-aligned 
with the element isolating region 15, a second insulating film 
16 having an open portion 17 exposing partly the Surface of 
the first electrode layer 13, a second electrode layer 18 formed 
on the second insulating film 16 and within the open portion 
17, and a contact hole 20 formed above the element region 10 
and connected to the second electrode layer 18. It should be 
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noted that the first electrode layer 13 and the second electrode 
layer 18 are connected to each other via the open portion 17. 
0131 The sixth embodiment produces effects similar to 
those produced by the fourth embodiment and additional 
effects as described below. 

0.132. In general a barrier metal film (Ti/TiN), an Al Cu 
film, etc. are formed in the contact hole 20 by a sputtering 
method for connection of the contact hole 20 to the gate. What 
should be noted is that Ti in the barrier metal film reacts with 
polysilicon forming the second electrode layer 18 so as to 
form a TiSilayer. Therefore, where the second insulating film 
16 is not formed, the TiSilayer is formed to extend from the 
interface between the contact hole 20 and the second elec 
trode layer 18 to reach a region near the first insulating film 
12, making it possible to destroy the first insulating film 12. 
Such being the situation, the contact hole 20 connected to the 
gate is not formed in general above the element region 10. 
0133. In the sixth embodiment, however, the second insu 
lating film 16 is interposed between the first electrode layer 13 
and the second electrode layer 18. What should be noted is 
that the second insulating film 16 thus formed acts as a pro 
tective film so as to avoid the problem described above. Par 
ticularly, where a composite film including a silicon nitride 
film is used as the second insulating film 16, the nitride film is 
highly effective for avoiding the influences given to the metal 
of the upper layer having a high melting point and to the 
underlying polysilicon film of the silicide layer. 
0134. As described above, according to the sixth embodi 
ment of the present invention, the second insulating film 16 is 
left unremoved so as to make it possible to form the contact 
hole 20 above the element region 10. It follows that it is 
possible to obtain prominent effects similar to those obtained 
in each of the first to third embodiments described previously, 
as described below. 

0135 First of all, the sixth embodiment of the present 
invention shown in FIG. 26B, in which the contact hole 20 is 
formed above the element region 10, permits decreasing the 
area of the peripheral circuit, compared with the conventional 
structure shown in FIG. 26A, in which the contact hole 20 is 
formed above the element separating region. 
0136. What should also be noted is that the sixth embodi 
ment of the present invention makes it possible to increase the 
inversion Voltage of the element separating region 15 without 
increasing the peripheral circuit region. To be more specific, 
in a semiconductor device using a high Voltage Such as a 
NAND type flash memory, it is necessary to increase the 
inversion Voltage of the element separating region 15 below 
the gate. In this case, it was necessary to take measures. For 
example, it was necessary to increase the impurity concen 
tration in the impurity diffusion layer 11 of the semiconduc 
tor layer 11 below the element separating region 15, as shown 
in FIG. 27. Alternatively, it was necessary to increase the 
thickness of the element separating region 15, as shown in 
FIG. 28. However, these measures are not desirable because 
the processing is rendered difficult or the withstand Voltage of 
the bonding is lowered. Another method is shown in FIG.29A 
and FIG.30A. In this case, the gate electrode is divided on the 
element isolating region 15, and the gate electrode is con 
nected to the upper wiring 21 via a contact hole 20 in place of 
connecting the adjacent transistors by the gate electrode. In 
this method, however, a region for forming the contact hole 20 
above the element separating region 15 is required, resulting 
in an increase in the peripheral circuit region. The sixth 
embodiment of the present invention permits overcoming the 
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particular problem. Specifically, in the sixth embodiment of 
the present invention, the inversion Voltage of the element 
separating region 15 can be increased without increasing the 
peripheral circuit region by forming the insulating film 16 in 
a part of the region between the first and second electrode 
layers 13, 18 and by forming the contact hole 20 above the 
element region 15. 
0.137 Incidentally, the sixth embodiment of the present 
invention can also be applied to the case where the control 
gate of the memory cell is of a two-layer structure consisting 
of the second electrode layer 18a and the third electrode layer 
18b as in the second and third embodiments described previ 
ously. 

Seventh Embodiment 

0.138 A seventh embodiment of the present invention is 
featured in that the widths of the open portions of the insu 
lating films are made equal to each other in a plurality of 
peripheral circuit transistors. 
0.139 FIG. 31 is a plan view showing a semiconductor 
device according to the seventh embodiment of the present 
invention, and FIG. 32 is a cross sectional view of the semi 
conductor device along the lines XXXII-XXXII shown in 
FIG. 31. The characterizing part alone of the seventh embodi 
ment will now be described. 

0140. As shown in FIGS. 31 and 32, in a plurality of 
transistors arranged on the chip, each of the second insulating 
film 16 formed on the first electrode layer 13 and the second 
electrode layer 18a has an openportion 17 exposing partly the 
surface of the first electrode layer 13. A third electrode layer 
18b is formed within the open portion 17 and on the second 
insulating film 16, and a fourth electrode layer 18c is formed 
on the third electrode layer 18. In the transistor having a gate 
electrode consisting of the first to fourth electrode layers 13, 
18a, 18b and 18c, the widths cofall the open portions 17 are 
made equal to each other. 
0.141. The seventh embodiment produces effects similar to 
those produced by the fourth embodiment and additional 
effects as described below. 

0142. The widths c of the open portions 17 in all the gate 
electrodes on the chip are made equal to each other. As a 
result, where the open portions 17 are filled with the third 
electrode layer 18b, it is possible to suppress to the minimum 
level the nonuniformity in the stepping of the third electrode 
layer 18h. It follows that the seventh embodiment is adapted 
for depositing flat the third electrode layer 18b. 
0143. It should also be noted that If the widths c of the 
open portions 17 are made equal to each other, the patterning 
by the lithography can be controlled easily in forming the 
open portions 17. 
0144. Further, the seventh embodiment of the present 
invention makes it possible to Suppress the dimensional non 
uniformity of the widths c of the open portions 17. 

Eighth Embodiment 

0145 An eighth embodiment is featured in that a plurality 
of open portions are formed in the same gate electrode and the 
widths of these open portions are made equal to each other. 
0146 FIG. 33 is a plan view showing a semiconductor 
device according to the eighth embodiment of the present 
invention, and FIG. 34 is a cross sectional view of the semi 
conductor device along the line XXXIV-XXXIV shown in 
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FIG. 33. The characterizing portion alone of the eighth 
embodiment will now be described. 
0147 As shown in FIGS. 33 and 34, in the gate electrode 
of the transistor, a plurality of open portions 17 each exposing 
a part of the surface of the first electrode layer 13 are formed 
in each of a second insulating film 16 and a second gate 
electrode 18a formed on the first electrode layer 13. A third 
electrode layer 18b is formed within these open portions 17 
and on the second insulating film 16. Further, a fourth elec 
trode layer 18c is formed on the third electrode layer 18b. It 
should be noted that the widths c of the plural open portions 
17 in the same gate electrode are equal to each other. 
0148. According to the eighth embodiment of the present 
invention, since the widths c of the open portions 17 are equal 
to each other, it is possible to obtain the effects similar to those 
produced by the seventh embodiment. 
0149 Further, a plurality of open portions 17 are formed in 
the same gate electrode so as to increase the connection area 
between the first electrode layer 13 and the third electrode 
layer 18b. As a result, it is possible to decrease the contact 
resistance between the first electrode layer 13 and the third 
electrode layer 18b. 
0150. Incidentally, in forming a plurality of open portions 
within the same gate electrode, it is possible to form the open 
portions 17 in the cross (+) shape as shown in FIG. 35. By 
forming the open portions 17 in the cross shape, more open 
portions 17 can beformed in the same gate electrode, making 
it possible to further increase the connection area and to 
further decrease the contact resistance. 

Ninth Embodiment 

0151. An ninth embodiment is featured in that, informing 
a plurality of open portions in the same gate electrode as in the 
eighth embodiment distances between the adjacent open por 
tions 17 are made uniform. 
FIG. 36 is a plan view showing a semiconductor device 
according to the ninth embodiment of the present invention 
and FIG. 37 is a cross sectional view of the semiconductor 
device along the line XXXVII-XXXVII shown in FIG. 36. 
The characterizing portion alone of the ninth embodiment 
will now be described. 
0152. As shown in FIGS. 36 and 37, a plurality of open 
portions 17 each exposing partly the surface of the first elec 
trode layer 13 are formed in each of the second insulating film 
16 formed on the first electrode layer 13 and the second 
electrode layer 18a formed on the second insulating film 16 in 
the gate electrode of the transistor. Further, a third electrode 
layer 18b is formed within the open portions 17 and on the 
second insulating film 16, and a fourth electrode layer 18c is 
formed on the third electrode layer 18b. It should be noted that 
the widths c of the plural open portions in the same gate 
electrode are equal to each other. Also, the distances d 
between the adjacent open portions 17 are equal to each other. 
0153. According to the ninth embodiment of the present 
invention, since a plurality of open portions 17 are formed and 
the widths c of these open portions are equal to each other, it 
is possible to obtain the effects similar to those obtained in the 
seventh and eighth embodiments described previously. 
0154 Further, the distances d between the adjacent open 
portions 17 formed in the gate electrode are equal to each 
other. It should be noted that, in order to form the open 
portions 17 at a uniform interval, it is necessary to form the 
light exposure portions at the same width in the lithography 
step for forming the open portions 17, as shown in FIG.38. It 
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follows that it is possible to suppress to the minimum level the 
processing nonuniformity of a resist 22' caused by the light 
proximity effect at the adjacent light exposure portion. 
0.155. It is possible to apply the ninth embodiment of the 
present invention to a NAND type flash memory. 
0156. In the NAND type flash memory, the selective tran 
sistor and the peripheral circuit transistor, which differ from 
each other in the gate length, are formed in same chip, as 
shown in FIGS. 39A and 39B. In this case, the distance e1 
between the adjacent open portions 17 formed in each of a 
plurality of selective gate transistors is made equal to the 
distance e2 between the adjacent open portions 17 formed in 
the same gate electrode of the peripheral circuit transistor. As 
a result, it is possible to suppress to the minimum level the 
processing nonuniformity of the resist 22 shown in FIG. 38 
within the same chip. 
0157. In general the size of the selective transistor is 
smaller than that of the peripheral circuit transistor. There 
fore, in order to miniaturize the element, it is advisable to 
determine the distances e1 and e2 noted above such that the 
distance e2 between the adjacent open portions in the periph 
eral circuit transistor is determined in accordance with the 
distance e1 between the open portions 17 in the selective 
transistor on the basis of the distance e1 noted above. 

Tenth Embodiment 

0158. A tenth embodiment is featured in that the open 
portion is allowed to extend from above the element region 
onto the element isolating region in the direction of the chan 
nel width. 

0159 FIG. 40A is a cross sectional view showing the 
semiconductor device according to the fourth embodiment of 
the present invention. FIGS. 40B and 40C are cross sectional 
views collectively showing a semiconductor device accord 
ing to the tenth embodiment of the present invention. The 
characterizing portion of the tenth embodiment will now be 
described. 

0160. In the fourth embodiment, etc. described previously, 
the open portion 17 is formed within the element region 10 as 
shown in FIG. 40A. In the tenth embodiment however, the 
open portion 17 is formed to extend from within the element 
region 10 to reach the edge portion of the element region 10, 
as shown in FIG. 40B. Also, the open portion 17 is formed to 
extend from Within the element region 10 onto the element 
isolating region 15, as shown in FIG. 40C. The open portion 
17 extends in the direction of the channel width f of the gate 
electrode. 

0.161 According to the ninth embodiment of the present 
invention, which produces the effect similar to that obtained 
in the fourth embodiment. 

0162. Further, the open portion 17 is allowed to extend 
from above the element region 10 onto the element isolating 
region 15 in the direction of the channel width f. As a result, 
the open portion 17 can beformed without being restricted by 
the limit of the processing of the lithography even in the case 
of a transistor having a small channel width f. 

Eleventh Embodiment 

(0163 An eleventh embodiment is featured in that defined 
is the relationship between the width of the open portion and 
the thickness of the electrode layer deposited in a manner to 
fill the open portion. 
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0164 FIGS. 41A and 41B are cross sectional views col 
lectively showing a semiconductor device according to the 
eleventh embodiment of the present invention. The charac 
terizing portion of the eleventh embodiment will now be 
described. 
0.165. As shown In FIGS. 41A and 41B, an open portion 17 

is formed in each of a second insulating film 16 formed on the 
first insulating layer 13 and a second electrode layer 18a 
formed on the second insulating film 16 in each of a plurality 
of transistors arranged on the chip. Also, a third electrode 
layer 18b is formed within the open portion 17 and on the 
second insulating film 16. It should be noted that the widths c 
of the open portions formed in these transistors are equal to 
each other. Also, in this case, the thickness of the third elec 
trode layer 18b when deposited is at least half the width c of 
the open portion 17. It is possible to decrease the width c of 
the open portion 17 by employing the method described pre 
viously in conjunction with the third embodiment of the 
present invention. 
0166 According to the eleventh embodiment of the 
present invention, which produces the effect similar to that 
obtained in the fourth embodiment. 
0167 Further, the widths c of the open portions of the 

transistors are made equal to each other, and the thickness of 
the third electrode layer 18b when deposited is set at a value 
not smaller than c/2. 
As a result, the open portion 17 is filled completely with the 
third electrode layer 18b without fail, and the third electrode 
layer 18c can be deposited in manner to have a smooth upper 
Surface. 
0168 It should also be noted that, since the width c of the 
open portion 17 is made small, it is possible to decrease the 
thickness of the third electrode layer 18b required for allow 
ing the surface of the third electrode layer 18b to be smooth. 
It follows that it is possible to decrease the total height of the 
gate electrode. As a result, the aspect ratio of the spaceS of the 
gate electrode of the memory cell array region is diminished 
So as to make it possible to bury easily a third insulating film 
19 for insulating the upper wiring (not shown) and the gate 
electrode in the spaces of the gate electrode, as shown in FIG. 
41B. 
0169. Since the eleventh embodiment produces the par 

ticular effects described above, it is possible to avoid the 
problems described below. 
(0170 The first problem is that, where the width of the open 
portion 17 is at least twice the deposition thickness a of the 
third electrode layer 18b, a stepped portion is formed on the 
surface of the third electrode layer 18b on the open portion 17, 
if the third electrode layer 18b is deposited within the open 
portion 17, as shown in FIG. 42A. 
0171 The second problem is that a fourth electrode layer 
18c, e.g., a WSilayer, is formed on the third electrode layer 
18b, followed by forming a resist 22 on the fourth electrode 
layer 18c, as shown in FIG. 42B. When the resist 22' is 
patterned by the lithography technology for forming the gate 
electrode, a stepped portion is formed in the third electrode 
layer 18b. What should be noted is that a focus deviation is 
brought about by the stepped portion, resulting in failure to 
form the resist 22' in a desired shape. It follows that the 
finished shape after processing of the gate electrode is ren 
dered partially different in size. 
0172. The third problem is that, where a fourth electrode 
layer 18c is deposited on the third electrode layer 18b as 
shown in FIG. 42C, the stepped portion generated when the 
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third electrode layer 18b is deposited tends to cause a region 
30 that does not fill the stepped portion to be formed on the 
third electrode layer 18b on the open portion 17. 
0173 The fourth problem is that, in order to deposit the 
third electrode layer 18b in a manner to have a flat surface in 
all the transistors differing from each other in the gate length, 
it is necessary for the deposition thickness of the third elec 
trode layer 18b to be at least half the maximum width of the 
open portion so as to fill the open portion having the maxi 
mum width of the open portion as shown in FIG.43A, if the 
widths of the open portions of the transistors are nonuniform. 
As a result, the deposition thickness of the third electrode 
layer 18bis increased so as to make it difficult to process the 
gate electrode. 
0.174. The fifth problem is that, if the deposition thickness 
of the third electrode layer 18bis increased as pointed out in 
conjunction with the fourth problem, the spaces between the 
adjacent gate electrodes is formed in the memory cell array 
region in a manner to have a high aspect ratio as shown in FIG. 
43B. 
As a result, it is rendered difficult to fill sufficiently the space 
S with an interlayer insulating film 19 for insulating the upper 
wiring (not shown) and the element region 10, giving rise to 
generation of a void 31. 

Twelfth Embodiment 

(0175. A twelfth embodiment is featured in that the rela 
tionship between the width of the open portion and the thick 
ness of the electrode layer filling the open portion is defined 
and a treatment to planarize the surface of the electrode layer 
is applied. 
(0176 FIGS. 44A and 44B are cross sectional views col 
lectively showing a semiconductor device according to the 
twelfth embodiment of the present invention. The character 
izing portion of the twelfth embodiment will now be 
described. 
(0177. As shown in FIG. 44A, the width c of the open 
portion 17 is set constant, and the third electrode layer 18bis 
deposited in a thickness not smaller than half the width c of 
the open portion as in the eleventh embodiment. Then, as 
shown in FIG. 44B, the surface of the third electrode 18b is 
planarized by CDE (Chemical Dry Etching) or CMP 25 
(Chemical Mechanical Polish). 
0.178 According to the twelfth embodiment of the present 
invention, which produces the effect similar to that obtained 
in the eleventh embodiment. 
(0179. Further, the thickness of the third electrode layer 
18b can be made smaller than the thickness in the step of 
depositing the third electrode layer by planarizing the Surface 
of the third electrode layer 18b by CDE or CMP. In other 
words, since the total thickness of the gate electrode can be 
decreased, the clearance between the adjacent gate electrodes 
can be filled more easily with the third insulating film 19 than 
in the eleventh embodiment. 
0180 Incidentally, in each of the first to twelfth embodi 
ments of the present invention described above, the first elec 
trode layer 13 is of a single layer structure for the sake of 
brevity. However, it is possible to modify the first electrode 
layer 13 in various fashions. For example, it is possible for the 
first electrode layer to be of a two-layer structure consisting of 
electrode layers 13a and 13b. It is also possible for the first 
electrode layer to have a two dimensional convex-concave 
portion. Also, in each of the first to twelfth embodiments 
described above, the first electrode layer 13 is self-aligned 
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with the element region10. However, it is possible for the first 
electrode layer 13 to protrude in a self-aligned fashion from 
the element region 10 toward the element separating region 
15. 
0181 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the specific details 
and representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 

1-19. (canceled) 
20. A semiconductor device comprising: 
a semiconductor layer; 
a memory transistor, and 
a peripheral circuit transistor; 
wherein the memory transistor comprises: 

a first insulating film formed on the semiconductor layer 
in a memory cell region; 

a first electrode layer formed on the first insulating film; 
a first element isolating insulator formed to extend 

through the first electrode layer and the first insulating 
film to reach an inner region of the semiconductor 
layer, a top face of the first element isolating insulator 
being lower thana top face of the first electrode layer; 

a second insulating film formed on the first electrode 
layer and the first element isolating insulator; 

a second electrode layerformed on the second insulating 
film; and 

the peripheral circuit transistor comprises: 
a third insulating film formed on the semiconductor 

layer in a peripheral circuit region; 
a third electrode layer formed on the third insulating 

film; 
a second element isolating insulator formed to extend 

through the third electrode layer and the third insulat 
ing film to reach an inner region of the semiconductor 
layer, 

a fourth insulating film formed on the third electrode 
layer, the fourth insulating film including a first open 
portion exposing a surface of the third electrode layer; 

a fourth electrode layer formed on the fourth insulating 
film and electrically connecting to the third electrode 
layer through the first open portion; 

a fifth insulating film formed above the fourth electrode: 
a contact hole extending through the fifth insulating 

film; and 
a contact formed in the contact hole to electrically con 

nect to the fourth electrode layer, and the contact 
arranged above the third electrode layer and the fourth 
insulating film. 

21. The semiconductor device according to claim 20, 
wherein the first open portion and the contact are arranged in 
a gate width direction of the peripheral circuit transistor. 

22. The semiconductor device according to claim 20, 
wherein a width of the first open portion is longer thana width 
of the contact in a gate width direction of the peripheral circuit 
transistor. 

23. The semiconductor device according to claim 20, 
wherein the contact includes a barrier metal film including Ti. 

24. The semiconductor device according to claim 20, 
wherein the fourth insulating film is a complex insulating film 
including a silicon nitride film. 
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25. The semiconductor device according to claim 20, 
wherein the fourth insulating film presents at an end portion 
of the fourth electrode layer. 

26. The semiconductor device according to claim 20, 
wherein a stack of the fourth insulating film and the fourth 
electrode layer extends from the third electrode layer to the 
second element isolating insulator. 

27. The semiconductor device according to claim 20, 
wherein a thickness of the first element isolating insulator is 
thinner than a thickness of the second element isolating insu 
lator. 

28. The semiconductor device according to claim 20, 
wherein a thickness of the first insulating film is substantially 
same as a thickness of the third insulating film. 

29. A semiconductor device comprising: 
a semiconductor layer; 
a memory transistor, and 
a first peripheral circuit transistor, 
wherein the memory transistor comprises: 

a first insulating film formed on the semiconductor layer 
in a memory cell region; 

a first electrode layer formed on the first insulating film; 
a first element isolating insulator formed to extend 

through the first electrode layer and the first insulating 
film to reach an inner region of the semiconductor 
layer, a top face of the first element isolating insulator 
being lower than a top face of the first electrode layer; 

a second insulating film formed on the first electrode 
layer and the first element isolating insulator; 

a second electrode layerformed on the second insulating 
film; 

a third insulating film formed above the second elec 
trode: 

a first contact hole extending through the third insulating 
film; 

a first contact formed in the contact hole to electrically 
connect to the second electrode layer, and 

a first wiring electrically connected to the second elec 
trode layer via the first contact; and 

the first peripheral circuit transistor comprises: 
a fourth insulating film formed on the semiconductor 

layer in a peripheral circuit region; 
a third electrode layer formed on the fourth insulating 

film; 
a second element isolating insulator formed to extend 

through the third electrode layer and the fourth insu 
lating film to reach an inner region of the semicon 
ductor layer; 

a fifth insulating film formed on the third electrode layer, 
the fifth insulating film including a first open portion 
exposing a surface of the third electrode layer, 

a fourth electrode layer formed on the fifth insulating 
film and electrically connecting to the third electrode 
layer through the first open portion; 

a sixth insulating film formed above the fourth electrode: 
a second contact hole extending through the sixth insu 

lating film; and 
a second contact formed in the contact hole to electri 

cally connect to the fourth electrode layer, and the 
second contact arranged above the third electrode 
layer and the fifth insulating film; and 

a second wiring electrically connected to the fourth elec 
trode layer via the second contact. 
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30. The semiconductor device according to claim 29, 
wherein the first wiring and the second wiring are arranged in 
a same wiring layer. 

31. The semiconductor device according to claim 29, fur 
ther comprising a second peripheral circuit transistor, 

the second peripheral circuit transistor comprises: 
a seventh insulating film formed on the semiconductor 

layer in the peripheral circuit region; 
a fifth electrode layer formed on the seventh insulating 

film; 
a third element isolating insulator formed to extend 

through the fifth electrode layer and the seventh insu 
lating film to reach an inner region of the semicon 
ductor layer, 

an eighth insulating film formed on the fifth electrode 
layer, the eighth insulating film including a third open 
portion exposing a surface of the fifth electrode layer; 

a sixth electrode layer formed on the eighth insulating 
film and electrically connecting to the fifth electrode 
layer through the third open portion; 

a ninth insulating film formed above the sixth electrode: 
a third contact hole extending through the ninth insulat 

ing film; and 
a third contact formed in the third contact hole to elec 

trically connect to the sixth electrode layer. 
32. The semiconductor device according to claim 29, 

wherein the first peripheral circuit transistor is adjacent to the 
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second peripheral circuit transistor in a gate width direction, 
and the third contact arranged above the fifth electrode layer 
and the eighth insulating film. 

33. The semiconductor device according to claim 29, 
wherein the third contact is arranged above the third element 
isolating insulator. 

34. The semiconductor device according to claim 29, 
wherein the first open portion and the second contact are 
arranged in a gate width direction of the first peripheral circuit 
transistor. 

35. The semiconductor device according to claim 29, 
wherein a width of the first open portion is longer thana width 
of the second contact in a gate width direction of the first 
peripheral circuit transistor. 

36. The semiconductor device according to claim 29, 
wherein the second contact includes a barrier metal film 
including Ti. 

37. The semiconductor device according to claim 29, 
wherein the fifth insulating film is a complex insulating film 
including a silicon nitride film. 

38. The semiconductor device according to claim 29, 
wherein the fifth insulating film presents at an end portion of 
the fourth electrode layer. 

39. The semiconductor device according to claim 29, 
wherein a stack of the fifth insulating film and the fourth 
electrode layer extends from the third electrode layer to the 
second element isolating insulator. 
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