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(57) ABSTRACT 

According to one embodiment, a semiconductor device 
includes interconnects extending from a element formation 
area to the drawing area, and connected with semiconductor 
elements in the element formation area and connected with 
contacts in the drawing area. The interconnects are formed 
based on a pattern of a (n+1)" second sidewall film matching 
a pattern of a n" (where n is an integer of 1 or more) first 
sidewall film on a lateral surface of a sacrificial layer. A first 
dimension matching an interconnect width of the intercon 
nects and an interconnects interval in the element formation 
area is (k1/2")x(WNA) or less when an exposure wavelength 
of an exposure device is W., a numerical aperture of a lens of 
the exposure device is NA and a process parameter is k1. A 
second dimension matching an interconnect interval in the 
drawing area is greater than the first dimension. 
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SEMCONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from prior Japanese Patent Application No. 
2011-066181, filed Mar. 24, 2011, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 Embodiments described herein relate generally to a 
semiconductor device and a method of manufacturing the 
SaC. 

BACKGROUND 

0003. Following miniaturization of semiconductor 
devices, an interconnect pattern Smaller than a limit dimen 
sion of the resolution of lithography is demanded to be 
formed. A sidewall transfer technique is known as one of 
techniques of forming a fine interconnect pattern. 
0004. The sidewall transfer technique can form a pattern 
having a dimension Smaller than the limit dimension (line 
width or pitch) of the resolution of lithography. 
0005. A method is also proposed which forms a pattern 
having a dimension which is the one fourth of the resolution 
limit of lithography or less by repeating the sidewall transfer 
process a plurality of times. 
0006 For example, a line-and-space pattern such as a pat 
tern of a memory cell array of a flash memory is formed by the 
sidewall transfer technique. In an area for connecting periph 
eral circuits and the memory cell array, a contact pattern is 
formed to be connected with an interconnect pattern (line 
pattern) drawn from the memory cell array. The dimension of 
the contact pattern is preferably greater than the dimension of 
the interconnect pattern. 
0007 Meanwhile, in a process which is common to a 
manufacturing process to which the sidewall transfer tech 
nique for forming the line-and-space pattern is applied, it is 
difficult to form a contact pattern having a different dimen 
sion from the line pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a block diagram illustrating a configuration 
example of a semiconductor device; 
0009 FIG. 2 is an equivalent circuit diagram illustrating a 
configuration example of a semiconductor device; 
0010 FIG. 3 is a plan view schematically illustrating a 
layout of a memory cell array and a drawing area; 
0011 FIG. 4 is a plan view illustrating a layout of inter 
connects in a memory cell array and a drawing area; 
0012 FIGS.5A,5B and 5Care sectional views illustrating 
structures of a memory cell array and a drawing area; 
0013 FIG. 6 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the first embodiment; 
0014 FIGS. 7A,7B and 7Care sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the first embodiment; 
0015 FIG. 8 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the first embodiment; 
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(0016 FIGS.9A,9B and 9C are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the first embodiment; 
0017 FIG. 10 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the first embodiment; 
0018 FIGS. 11A, 11B and 11C are sectional views illus 
trating one process of a semiconductor device manufacturing 
method according to the first embodiment; 
0019 FIG. 12 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the first embodiment; 
0020 FIGS. 13A, 13B and 13C are sectional views illus 
trating one process of a semiconductor device manufacturing 
method according to the first embodiment; 
0021 FIG. 14 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the first embodiment; 
0022 FIGS. 15A, 15B and 15C are sectional views illus 
trating one process of a semiconductor device manufacturing 
method according to the first embodiment; 
0023 FIG. 16 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the first embodiment; 
0024 FIGS. 17A, 17B and 17C are sectional views illus 
trating one process of a semiconductor device manufacturing 
method according to the first embodiment; 
0025 FIGS. 18A, 18B and 18C are sectional views illus 
trating one process of a semiconductor device manufacturing 
method according to the first embodiment; 
0026 FIG. 19 is a view for describing a semiconductor 
device manufacturing method according to the second 
embodiment; 
(0027 FIGS. 20A and 20B are views illustrating one pro 
cess of a semiconductor device manufacturing method 
according to the second embodiment; 
0028 FIGS. 21A and 21B are views illustrating one pro 
cess of a semiconductor device manufacturing method 
according to the second embodiment; 
0029 FIG. 22 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the third embodiment; 
0030 FIGS. 23A and 23B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the third embodiment; 
0031 FIG. 24 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the third embodiment; 
0032 FIGS. 25A and 25B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the third embodiment; 
0033 FIG. 26 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the third embodiment; 
0034 FIGS. 27A and 27B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the third embodiment; 
0035 FIG. 28 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the third embodiment; 
0036 FIGS. 29A and 29B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the third embodiment; 
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0037 FIG. 30 is a plan view illustrating one process of a 
semiconductor device manufacturing method according to 
the third embodiment; 
0038 FIGS. 31A and 31B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the third embodiment; 
0039 FIGS. 32A and 32B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the fourth embodiment; 
0040 FIGS. 33A and 33B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the fourth embodiment; 
0041 FIGS. 34A and 34B are sectional views illustrating 
one process of a semiconductor device manufacturing 
method according to the fourth embodiment; 
0042 FIG. 35 is a view illustrating a layout example in a 
drawing area of a semiconductor device according to an 
embodiment; 
0043 FIG. 36 is a view illustrating a layout example in a 
drawing area of a semiconductor device according to an 
embodiment; 
0044 FIG. 37 is a view illustrating a layout example in a 
drawing area of a semiconductor device according to an 
embodiment; 
0045 FIG. 38 is a view illustrating a layout example in a 
drawing area of a semiconductor device according to an 
embodiment; 
0046 FIG. 39 is a view illustrating a layout example in a 
drawing area of a semiconductor device according to an 
embodiment; and 
0047 FIG. 40 is a view illustrating a layout example in a 
drawing area of a semiconductor device according to an 
embodiment. 

DETAILED DESCRIPTION 

0.048. Hereinafter, embodiments will be described in 
detail with reference to the drawings. In the following 
description, elements having the same functions and configu 
rations will be assigned the same reference numerals, and 
overlapping explanation will be made where necessary. 
0049. In general, according to one embodiment, a semi 
conductor device includes a semiconductor Substrate which 
includes an element formation area and a drawing area; a 
plurality of semiconductor elements which are provided in 
the element formation area; a plurality of interconnects which 
extend from the element formation area to the drawing area, 
and which are connected with the semiconductor elements; 
and a plurality of contacts which are provided in the drawing 
area and are connected respectively with the plurality of inter 
connects. The interconnects are formed based on a pattern of 
a (n+1)" second sidewall film matching a pattern of a n” 
(where n is an integer of 1 or more) first sidewall film on a 
lateral Surface of a sacrificial layer. A first dimension match 
ing an interconnect width of the interconnects and an interval 
between the interconnects adjacent in the element formation 
area is Smaller than a limit dimension of resolution of lithog 
raphy. The first dimension is (k1/2")xO/NA) or less when an 
exposure wavelength of an exposure device is W., a numerical 
aperture of a lens of the exposure device is NA and a process 
parameterisk1, and a second dimension matching an interval 
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between the interconnects adjacent in the drawing area is 
greater than the first dimension. 

EMBODIMENT 

(1) First Embodiment 

0050 Hereinafter, a semiconductor device and a manufac 
turing method of the semiconductor device according to the 
first embodiment will be described with reference to FIGS. 1 
to 18. 

0051 (a) Entire Configuration Example 
0.052 An entire configuration example of the semiconduc 
tor device according to the first embodiment will be described 
using FIGS. 1 and 2. 
0053 FIG. 1 is a block diagram illustrating a main part of 
a semiconductor device according to the present embodi 
ment. 

0054 The semiconductor device according to the present 
embodimentis, for example, a semiconductor memory. How 
ever, the present embodiment is by no means limited to a 
semiconductor memory, and is also applied to a semiconduc 
tor device which includes an interconnect pattern formed by 
repeating a sidewall transfer process (sidewall formation pro 
cess) a plurality of times. 
0055. A memory cell array 100 has a plurality of memory 
cells (memory elements) MC. The memory cell array 100 
stores data from the outside. 

0056. A configuration of the memory cell array 100 will be 
described with reference to FIG. 2 using a NAND type flash 
memory as an example. FIG. 2 is an equivalent circuit dia 
gram of one block in the memory cell array. 
0057. One block BLK has a plurality of memory cell units 
CU aligned in an X direction (first direction). In one block 
BLK, for example, q memory cell units CU are provided. 
0058. One memory cell unit CU includes a memory cell 
string formed with a plurality of (for example, p) memory 
cells MC1 to MCp, a first select transistor STS (hereinafter, 
“source side select transistor') connected to one end of the 
memory cell String, and a second select transistor STD (here 
inafter, "drain side select transistor') connected to the other 
end of the memory cell String. In the memory cell String, 
current paths of the memory cells MC1 to MCp are connected 
in series along a column direction (second direction). 
0059 A source line SL is connected to one end (source 
side) of the memory cell unit CU, more specifically, to one 
end of the current path of the source side select transistor STS. 
Further, a bit line BL is connected to the other end (drain side) 
of the memory cell unit MU, that is, to one end of the current 
path of the drain side select transistor STD. 
0060. In addition, the number of memory cells forming 
one memory cell unit CU only needs to be two or more, and 
may be, for example, sixteen, thirty two, sixty four or more. 
Hereinafter, when the memory cells MC1 to MCp are not 
distinguished, these are represented as “memory cells MC'. 
Further, when the source side and drain side select transistors 
STD and STS are not distinguished, these are represented as 
“select transistors ST. 

0061 The memory cell MC is a field-effect transistor 
adopting a stack gate structure having a charge storage layer 
which can hold the charge (for example, a floating gate elec 
trode or an insulating film including a trap level). The 
memory cell changes a threshold of the transistor according 
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to the amount of charge held in the charge storage layer. In the 
memory cell, data to be stored and a threshold Voltage are 
associated. 
0062 Two memory cells MC adjacent in the column direc 
tion are connected with a source/drain. By this means, the 
current paths of the memory cells MC are connected in series, 
thereby forming the memory cell String. 
0063. The drain of the source side select transistor STS is 
connected to the source of the memory cell MC1. The source 
of the source side select transistor STS is connected to the 
source line SL. The source of the drain side select transistor 
STD is connected to the drain of the memory cell MCp. The 
drain of the drain side select transistor STD is connected to bit 
lines BL1 to BLq. The number of bit lines BL1 to BLq is the 
same as the number of memory cell units CU in the block 
BLK. 

0064. The word lines WL1 to WLp extend in a row direc 
tion, and each of the word lines WL1 to WLp is commonly 
connected to the gates of a plurality of memory cells MC 
aligned along the row direction. In one memory cell unit CU, 
the number of word lines is the same as the number of (p) 
memory cells in one memory cell string. 
0065. The drain side select gate line SGDL extends in the 
row direction, and is commonly connected to the gates of a 
plurality of drain side select transistors STDaligned along the 
row direction. The source side select gate line SGSL extends 
in the row direction, and is commonly connected to the gates 
of a plurality of source side select transistors STS aligned 
along the row direction. 
0066. Hereinafter, when each of the word lines WL1 to 
WLp is not distinguished, this is represented as a “word line 
WL, and, when each of the bit lines BL1 to BLq is not 
distinguished, this is represented as a “bit line BL’. Further, 
when the source side and drain side select gate lines SGSL 
and SGDL are not distinguished, these are represented as 
“select gate lines SGL. 
0067. A row control circuit (for example, a word line 
driver) 101 controls rows of the memory cell array 100. The 
row control circuit 101 drives the word lines WL based on an 
address signal from an address buffer 102 to access a selected 
memory cell. 
0068 A column decoder 103 selects a column of the 
memory cell array 100 based on the address signal from the 
address buffer 102, and drives the selected bit line BL. 
0069. A sense amplifier 104 detects and amplifies fluctua 
tion of a potential of the bit line BL. Further, the sense ampli 
fier 104 temporarily holds data which is read from the 
memory cell array 100, and data which is written in the 
memory cell array 100. 
0070 A well/source line potential control circuit 105 con 

trols the potential of a well region and the potentials of the 
source lines SL in the memory cell array 100. 
0071. A potential generating circuit 106 generates volt 
ages to be applied to the word lines WL when data is written 
(programmed), is read or erased. Further, the potential gen 
erating circuit 106 also generates potentials to be applied to, 
for example, the select gate line SGL, source line SL and a 
well region in the semiconductor substrate. The potential 
generated by the potential generating circuit 106 is input to 
the row control circuit 101, and is applied to the selected word 
line and non-selected word line WL and select gate line SGL, 
respectively. 
0072 A data input/output buffer 107 functions as an inter 
face of inputting and outputting data. The data input/output 
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buffer 107 temporarily holds the data input from the outside. 
The data input/output buffer 107 temporarily holds data out 
put from the memory cell array 1, and outputs the data which 
is held, to the outside at a predetermined timing. 
0073. A command interface 108 decides whether or not 
data input to the data input/output buffer 7 is command data 
(command signal). When data input to the data input/output 
buffer 107 includes command data, the command interface 
108 transfers command data to the state machine 109. 
0074 The state machine 109 controls the operation of 
each circuit inside the flash memory according to a request 
from the outside. 
(0075 (a) Structure 
0076 An example of an interconnect layout of a semicon 
ductor device (for example, flash memory) according to the 
present embodiment will be described using FIGS. 3, 4, 5A, 
5B and 5C. 
0077 FIG. 3 is a view schematically illustrating a posi 
tional relationship of the memory cell array 100, row control 
circuit 101 and drawing area 150 arranged around the 
memory cell array 100. The memory cell array 100 has a 
plurality of blocks arranged in a column direction. FIG. 3 
illustrates two blocks BLKiand BLKGi+1) for ease of descrip 
tion. In addition, the number of blocks in the memory cell 
array 100 is not limited to two. 
0078. A plurality of word lines WL are provided respec 
tively in blocks BLKiand BLKGi+1). The two select gate lines 
SGL are arranged respectively at one end and the other end in 
the column direction in each of blocks BLKiand BLKOi+1) to 
sandwich the word lines WL in each of blocks BLKi and 
BLKGi+1). In each of blocks BLKi and BLKGi+1), one of the 
two select gate lines SGL is the select gate line SGL of the 
Source line side select transistor, and the other one is the select 
gate line SGL of the bit line side select transistor. 
(0079. With the example illustrated in FIG. 3, the row con 
trol circuit 101 is arranged at one end (one side) of the 
memory cell array 100 in the row direction. 
0080. The interconnect width and interconnect pitch (in 
terconnect interval) of the memory cell array 100 are different 
from the interconnect width and interconnect pitch of the 
peripheral circuits such as the row control circuit 101. Hence, 
as illustrated in FIG. 3, a drawing area (also referred to as 
“hook-up area') 150 for converting the interconnect width 
and interconnect pitch is arranged between the memory cell 
array 100 and row control circuit 101. 
I0081. With the example illustrated in FIG. 3, as a whole, 
the word lines WL multiply surround the two select gate lines 
SGL which are provided at the boundary side of the two 
blocks BLKi and BLKGi+1). In the memory cell array 100, a 
plurality of word lines WL extend in the row direction. In the 
drawing area 150, the ends of a plurality of word lines WL are 
bent toward the boundary side of blocks BLKiand BLKGi+1) 
(in the column direction and downward or upward in FIG. 3). 
Hereinafter, this interconnect pattern will be referred to as an 
“L-shape'. 
I0082. Further, as illustrated in FIG. 3, a plurality of word 
lines WL are separated from each other at the end of the 
memory cell array 100 or in the drawing area 150, thereby 
securing independence of a plurality of word lines WL. 
I0083. In the drawing area 150, contact plugs (contact 
holes) are connected to the word lines WL between, for 
example, portions at which the word lines WL are bent and 
the front ends of the word lines WL. The contact plugs are 
arranged on contacts provided in the drawing area 150. The 
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contacts are connected to the word lines WL in the drawing 
area 150. The contact is made of the same member (material) 
as the word line WL. 
0084. Hereinafter, the contact connected to the word line 
(interconnect) will also be referred to as a “fringe'. 
0085. In addition, although an area (hereinafter “dummy 
cell area') including dummy cells which do not function as 
memory cells is provided between the memory cell array 100 
and drawing area 150, the dummy cell area will not be illus 
trated with the present embodiment. 
I0086 FIG. 4 is a plan view extracting the vicinity of the 
boundary between the two blocks BLKi and BLKGi+1) in 
FIG. 3. FIGS. 5A, 5B and 5C are views for describing a 
cross-sectional structure of the memory cell array 100 and 
drawing area 150. FIG. 5A illustrates a cross-sectional struc 
ture along line Va-Va in FIG. 4. FIG. 5B is a cross-sectional 
structure along line Vb-Vb in FIG. 4. FIG. 5C illustrates a 
cross-sectional structure along line Vc-Vc in FIG. 4. 
I0087. As illustrated in FIGS. 4 to 5C, the memory cells 
MC and select transistors ST are arranged on the semicon 
ductor substrate 30 in which the well region (not illustrated) 
is formed. 

I0088. As illustrated in FIGS.5A and 5C, the memory cells 
MC are arranged in the memory cell array 100. With the 
present embodiment, the memory cell MC is a field-effect 
transistor adopting a stack gate structure having a charge 
storage layer. The gate of the memory cell MC includes 
charge storage layers 33 formed on gate insulating films (for 
example, tunnel insulating films) 32, insulators (referred to as 
“intergate insulating films’ or “block insulating films’) 34 
formed on the charge storage layers 33 and control gate 
electrodes 35 formed on the insulators 34. The charge storage 
layer 33 is made of, for example, conductive silicon. The 
charge storage layer 33 made of silicon is referred to as a 
“floating gate electrode 33”. In addition, the charge storage 
layer 33 may be made of the insulating film (for example, 
silicon nitride) including the trap level with respect to the 
electron. 
0089. As illustrated in FIG. 5C, isolation insulating films 
31A of the STI structure are embedded in the semiconductor 
substrate 30 in the memory cell array 100. By this means, 
active areas AA are defined in the semiconductor substrate 30. 
The active area AA extends in the column direction. A plu 
rality of floating gate electrodes 33 aligned in the row direc 
tion are separated per memory cell by the isolation insulating 
films 31. 

0090. The control gate electrode 35 extends in the row 
direction, and is commonly used for a plurality of memory 
cells aligned in the row direction. The control gate electrode 
35 is used as the word line WL. 
0091 Agate electrode 37 of the select transistor ST adopts 
a structure similar to the stack gate structure of the memory 
cell MC. The gate electrode 37 of the select transistor includes 
a first electrode layer formed at the same time when the 
charge storage layers 33 are formed, an insulator formed at 
the same time when the intergate insulating films are formed 
and a second electrode layer formed at the same time when 
the control gate electrodes 35 are formed. In the select tran 
sistor ST, the first electrode layer and second electrode layer 
are connected through an opening formed in the insulator. 
The two connected electrode layers form the select gate line 
SGL. A plurality of first electrode layers aligned in the row 
direction are electrically separated by the isolation insulating 
films 31A similar to the floating gate electrodes 33. Similar to 
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the control gate electrodes 35, the second electrode layer 
extends in the row direction, and is commonly used for a 
plurality of select transistors aligned in the row direction. 
0092. The memory cells MC and select transistors ST are, 
for example, connected in series in the column direction by 
diffusion layers 40A formed in the semiconductor substrate 
30. The two adjacent select transistors ST share a diffusion 
layer 40B formed in the semiconductor substrate 30. The 
diffusion layers 40A and 40B are used as the source and drain 
of each transistor MC and ST. A plurality of memory cells MC 
connected in series by the diffusion layers 40A form a 
memory cell unit. 
0093. A first interlayer insulating film 51 is provided on 
the semiconductor substrate 30. Interlayer insulating film 51 
covers gate electrodes of the memory cells MC and gate 
electrodes of the select transistors ST. In the contact hole 
formed in interlayer insulating film 51, a contact plug CP1 is 
embedded. Contact plug CP1 is connected to the diffusion 
layer 40B shared by the select transistors ST. The diffusion 
layer 40B is connected to a first interconnect layer (metal 
layer) M0 on interlayer insulating film 51 through contact 
plug CP1. 
0094. A second interlayer insulating film 52 is layered on 
the first interlayer insulating film 51. 
(0095. When the diffusion layer 40B is shared by the drain 
side select transistors STD, a second interconnect layer 
(metal layer) M1 which is the bit line BL is connected to the 
diffusion layer 40B through a via plug V1 in interlayer insu 
lating film 52, the first interconnect layer M0 and contact plug 
CP1. The second interconnect layer M1 which is the bit line 
BL extends in the column direction. Contact plug CP1 con 
nected to each bit line BL is electrically separated per 
memory cell unit aligned in the row direction. 
0096. In addition, when the diffusion layer 40B is shared 
by the source side select transistors STS, the source line SL 
for which the first interconnect layer MO is used is connected 
to the diffusion layer 40B. 
(0097. As illustrated in FIGS. 5B and 5C, the control gate 
electrodes 35 which are the word lines WL extend from the 
inside of the memory cell array 100 to the inside of the 
drawing area 150. Further, to secure the independence of the 
word lines WL, the word lines are separated inside the draw 
ing area 150. The portions at which the word lines are sepa 
rated are by no means limited to the portions illustrated in 
FIG. 4. 

(0098. The word lines WL are connected to fringes 39(F) in 
the drawing area 150. A contact plug CPF is provided on a 
fringe 39, thereby electrically connecting the fringe 39 and 
contact plug CPF. To connect the control gate electrodes 
(word lines) 35 (WL) and row control circuit (for example, 
word line driver), for example, the first interconnect layer M0 
provided in the drawing area 150 is used. Interconnect layer 
MO extending from the row control circuit 101 is connected to 
contact plug CPF on the fringe 39. In addition, by further 
using interconnect layer M1 positioned at the same intercon 
nect level as the bit lines BL, the word lines 35 may be 
connected to the row control circuit 101. 
(0099. An area in which the fringe 39 is provided in the 
drawing area 150 is also referred to as a “contact area CA'. 
0100. By adjusting bending positions of the word lines 
WL drawn in the drawing area 150, the fringes 39 and contact 
plugs CPF allow free adjustment of positions and sizes 
thereof and pitches between fringes and between contact 
plugs two-dimensionally (in the row direction and column 
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direction). For example, a layout of a plurality of contact 
plugs CPF can be shifted and set in the row direction and 
column direction per word line WL. Consequently, it is pos 
sible to simplify the layout of the interconnect layers for 
connecting the word lines WL and row control circuit 101. 
0101. Further, the gate electrodes 37 of select transistors 
which are the select gate lines SGL extend from the inside of 
the memory cell array 100 to the inside of the drawing area 
150. The interconnect width of the select gate lines SGL is 
wider than, for example, an interconnect width WW of the 
word lines WL. Hence, the select gate line SGL is not con 
nected with the fringe, and a contact plug CP2 is provided on 
the select gate SGL inside the drawing area 150. 
0102. As illustrated in FIG.5C, an isolation insulating film 
31B is provided in, for example, the semiconductor substrate 
30 inside the drawing area 150. The isolation insulating film 
31B is formed in the entire drawing area 150. Inside the 
drawing area 150, the word lines WL and fringes 39 are 
provided on the isolation insulating film 31B. 
0103) The word lines WL have a line-and-space pattern in 
the memory cell array 100. The line-and-space pattern has a 
pattern in which a line pattern (for example, a conductor 
patternand, here, a word line pattern) and a space pattern (for 
example, an insulator pattern) between line patterns are 
aligned at a predetermined cycle in a direction crossing the 
direction in which the interconnect pattern extends. For 
example, a line width WD of the space pattern, that is, an 
interconnect interval WD between the interconnect lines, is 
preferably nearly the same as the interconnect width WW of 
the word lines WL. Meanwhile, it naturally follows that the 
interconnect interval WD between the word lines is different 
from the interconnect width WW of the word lines. 
0104. The word lines WL are formed using the sidewall 
transfer technique (sidewall formation process), so that a 
pattern is finer (a pattern having a smaller dimension) than the 
limit dimension of the resolution of photolithography. Mean 
while, there are cases where the interconnect width and inter 
connect interval (interconnect pitch) of the word lines WL 
have the same dimensions as the limit dimension of the reso 
lution of lithography. For example, the select gate lines SGL 
are formed using the photolithography technique. 
0105 For example, when the wavelength (exposure wave 
length) of a light source used for lithography is “a”, the 
numerical aperture of the lens of an exposure device is “NA’ 
and a process parameter (process difficulty) in lithography is 
“k1, the limit dimension of the resolution of lithography is 
represented by following equation (1). 

0106. In addition, with the present embodiment, an 
immersion exposure technique or phase shift mask may be 
used for patterning by photolithography. 
0107 Based on Equation (1), the dimension (for example, 
the interconnect width WW of the word lines) of the inter 
connects formed by performing the sidewall formation pro 
cess (sidewall transfer technique) a plurality of times (n+1 
times where n is an integer of 1 or more) is roughly repre 
sented by Equation (2). 

(Equation 1) 

0108. In the contact area CA in the drawing area 150, an 
interconnect interval WC2 between the word lines WL, 
dimensions WC1 and WC1' of the contact (fringe) 39 con 
nected to the word line and interval WC2 between the contact 
39 and interconnect in the contact area CA are greater than the 

(Equation 2) 
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interconnect width WW of the word lines WL. When the 
fringe 39 has a rectangular planar shape, dimension WC1 of 
the fringe 39 is the dimension of the short side of the fringe 39 
and dimension WC1' of the fringe 39 is the dimension of the 
longside of the fringe 39. Meanwhile, when the fringe 39 has 
a square shape, dimension WC1 and dimension WC1' have 
the same size. 
0109 For example, at least one of the interconnect width 
WW of the word lines WL and interconnect interval WD of 
the word lines WL is set to (set to less than) (k1/2")x(WNA) 
or less. 

0110 Interval WC2 between the word lines in the contact 
area CA is set to greater than (k1/2")x(WNA). For example, 
dimensions WC1 and WC1' of the fringe 39 are set to greater 
than (k1/2")x(WNA). Meanwhile, dimensions WC1, WC1' 
and WC2 in the contact area CA may be the limit dimension 
of the resolution of photolithography or more. 
0111. Thus, with the flash memory according to the 
present embodiment, interval WC2 which is greater than the 
interconnect pitch (interconnect interval WD) in the memory 
cell array 100 is secured between the interconnects in the 
contact area CA. 

0112 For example, when an ArFlaser is used for the light 
source for exposure, the exposure wavelength w is about 193 
nm. The numerical aperture NA of the lens of the exposure 
device is set to, for example, about 1.0 to 1.35. Further, the 
process parameterkl is setto, for example, 0.265. In addition, 
the process parameter k1 takes a large value for a process of 
low difficulty, and a small value for a process of high diffi 
culty. The theoretical limit value of the process parameter k1 
is 0.25. 
0113. When, for example, a sidewall mask for forming 
interconnects (here, word lines) is formed by performing the 
sidewall formation process twice (n+1 and n=1), line width 
WW of the interconnects WL (35) and interval WD between 
the interconnects is 19 nm or less. Dimension (line width) 
WC1 of the short side of the contact (fringe) 39 in the contact 
area CA or interval WC2 between the interconnects (fringe 
connecting parts) in the contact area CA is set to the dimen 
sion greater than 30 nm taking misalignment or fluctuation of 
dose focus into account. In addition, in this case, a sidewall 
film formed by the first sidewall formation process is a sac 
rificial film for forming the sidewall film (sidewall mask) 
formed by the second sidewall formation process. Further, the 
dimension of the pattern formed by the second sidewall film 
is formed at the one fourth of the pitch with respect to the 
dimension of the sacrificial layer for forming the first sidewall 
film. 
0114. Further, when the sidewall mask for forming the 
interconnects is formed by performing the sidewall formation 
process there times (n+1 and n=2), line width WW of the 
interconnects WL (35) or interval WD between the intercon 
nects is 9.5 nm or less. Further, dimension (line width) WC1 
of the short side of the contact39 in the contact area CA or the 
interconnect interval WC2 between the interconnects in the 
contact area CA is set to the dimension greater than 15 nm 
taking misalignmentor fluctuation of dose focus into account. 
In addition, in this case, a sidewall film formed by the first and 
second sidewall formation processes is a sacrificial film for 
forming the sidewall film (sidewall mask) formed by the third 
sidewall formation process. Further, the dimension of pattern 
formed by the third sidewall film is formed at the one eighth 
of the pitch with respect to the dimension of the sacrificial 
layer for forming the first sidewall film. 
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0115 With the semiconductor device according to the 
present embodiment, interconnects having a line-and-space 
pattern is formed by performing the sidewall transfer tech 
nique (sidewall formation process) a plurality of times. For 
example, the word lines WL having the line-and-space pat 
tern are formed using a mask formed by repeatedly forming 
sidewall films (n+1) times (where n is an integer of 1 or more). 
The sidewall film formed at the n" time is a sacrificial film 
(referred to as “sidewall sacrificial film’) for forming the 
(n+1)" sidewall film. Further, the sidewall film formed at the 
(n+1)" time is used as a mask for forming the word lines. 
0116. The word lines WL formed by performing the side 
wall formation process a plurality of times (n+1 times), for 
example, have a predetermined interconnect width WW and 
interconnect interval WD and are adjacent. This interconnect 
width WW and interconnect interval WDare smaller than the 
limit dimension according to pattern formation by lithogra 
phy (exposure). 
0117. With the semiconductor device according to the 
present embodiment including the interconnects formed by 
performing the sidewall transfer technique (sidewall forma 
tion process) (n+1) times, a mask is formed by photolithog 
raphy such that the n' sidewall film in the contact area is 
covered before the (n+1)" sidewall film (sidewall mask) is 
formed using the n' sidewall film as a sacrificial film. 
0118. By this means, a wider interval WC2 between the 
interconnects adjacent in the contact area CA than the inter 
connect width WW and interconnect interval WS of the inter 
connects formed by the sidewall formation process (sidewall 
transfer technique) is secured. Further, in the contact area CA, 
interval WC2 which does not allow the mask for forming the 
fringe 39 to step over a plurality of interconnects WL and 
interval WC2 which does not allow the fringe 39 connected to 
each interconnect WL to contact (be short-circuited with) the 
other members are secured. Consequently, short-circuiting of 
the interconnects WL, fringes 39 and contact plugs CPF is 
reduced in the contact area CA. 
0119 Further, when interval WC2 between the intercon 
nects WL in the contact area CA is made greater, it is possible 
to increase dimensions WC1 and WC1' of the fringe 39. As a 
result, it is possible to increase the contact area of the fringe 
39 and contact plug CPF and reduce the contact resistance 
between the fringe 39 and contact plug CPF. 
0120 Consequently, with the semiconductor device 
according to the first embodiment, it is possible to improve 
reliability of the semiconductor device having a fine pattern 
without using a complicated manufacturing process. 
0121 (c) Manufacturing Method 
0122. A method of manufacturing a semiconductor device 
(for example, flash memory) according to the first embodi 
ment will be described with reference to FIGS 5A to 18C. 
0123. One process of a manufacturing method of a flash 
memory according to the present embodiment will be 
described using FIGS. 6, 7A,7B and 7C. FIG. 6 is a plan view 
of the memory cell array and drawing area in one process of 
a manufacturing method of the flash memory according to the 
present embodiment. FIGS. 7A, 7B and 7C illustrate a cross 
sectional structure in FIG. 6. FIG. 7A illustrates a sectional 
view along line VIIa-VIIa in FIG. 6. FIG. 7B illustrates a 
sectional view along line VIIb-VIIb in FIG. 6. Further, FIG. 
7C illustrates a sectional view along line VIIc-VIIc in FIG. 6. 
0.124. As illustrated in FIGS. 6, 7A, 7B and 7C, in the 
memory cell array 100, the insulating film 32 (for example, 
silicon oxide film) is formed on the semiconductor substrate 
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30 in which the well region (not illustrated) is formed. The 
insulating film 32 is formed by, for example, thermal oxida 
tion processing with respect to the silicon Substrate. The 
insulating film 32 is used as the gate insulating film (tunnel 
insulating film) of the memory cells and the gate insulating 
film of the select transistors. A first conductive layer (for 
example, polysilicon)33A is formed on the insulating film 32 
according to, for example, the chemical vapor deposition 
(CVD) method. The conductive layer 33A on the insulating 
film 32 is used as the floating gate electrodes of the memory 
cells and gate electrodes of the select transistors. In addition, 
instead of polysilicon, the insulating film Such as nitride 
silicon including the trap level with respect to the charge 
(electron) may be formed on the insulating film 32. 
0.125 Further, a mask layer (not illustrated) is formed on 
the conductive layer 33A. Then, a mask layer in the memory 
cell array is patterned by the photolithography technique or 
sidewall transfer technique. This mask layer is processed by, 
for example, the reactive ion etching (RIE) method. By this 
means, the mask layer (not illustrated) including the line-and 
space pattern extending in the column direction is formed on 
the conductive layer 33A in the memory cell array 100. For 
example, the mask layer is removed by RIE in the drawing 
area 150. 
0.126 Based on the mask layer of this line-and-space pat 
tern, the conductive layer 33A, insulating film 32 and semi 
conductor substrate 30 are processed by, for example, the RIE 
method. By this means, in the memory cell array 100, isola 
tion trenches extending in the column direction are formed in 
the semiconductor substrate 30. The conductive layer 33A 
and semiconductor area below the conductive layer 33A 
extend in the column direction. Further, in the drawing area 
150, the conductive layer and insulating film are removed by 
the RIE method, wet etching or ashing, thereby forming 
trenches. 
I0127. Further, in the memory cell array 100 and drawing 
area 150, the insulating films 31A and 31B are formed on the 
semiconductor substrate 30 such that the trenches are buried. 
By this means, in the memory cell array 100, the isolation 
insulating films 31A adopting an STI structure are embedded 
in the isolation trenches, and element formation areas (active 
areas) in which the memory cell units CU are arranged are 
formed. On the surface layer of the semiconductor substrate 
30 in the memory cell array 100, a line-and-space pattern 
formed with the isolation areas (isolation insulating films) 
and element formation areas (semiconductor areas) are 
formed. Further, the trench in the drawing area 150 is buried 
by the isolation insulating film 31B. 
I0128. In addition, similar to the memory cell array100, the 
isolation insulating films and semiconductor areas of the line 
and-space pattern may also be formed in the drawing area 
150. 

I0129. After the mask layer on the conductive layer 33A is 
removed, the insulator (intergate insulating film)34 is formed 
on the conductive layer 33A by, for example, the CVD 
method or chemical reaction (oxidation processing, nitriding 
processing or radical processing of these) with respect to the 
conductor. The insulator 34 is used as, for example, the inter 
gate insulating film of the memory cells. In addition, in the 
area to form the select gate lines, openings (slits) are formed 
in the insulator 34 such that the upper surface of the conduc 
tive layer 33A is exposed. 
0.130. A second conductive layer 35A is formed on the 
insulator 34. For the conductive layer 35A, one of silicon (for 



US 2012/0241834 A1 

example, polysilicon), silicide and polycide (layered member 
of polysilicon and silicide) is used. Meanwhile, the conduc 
tive layer 35A may be metal (single element metal or alloy). 
The conductor 35A is used as control gate electrodes (word 
lines WL) of the memory cells MC and gate electrodes (select 
gate lines) of the select transistors. 
0131. As described above, members for forming the 
memory cells and select transistors are formed on the semi 
conductor substrate 30. 
0132) Then, an insulating layer 60 is formed on the con 
ductive layer 35A. The insulating film 60 is, for example, 
nitride silicon. The pattern formed by the sidewall transfer 
technique is transferred to the insulating layer 60 on the 
conductive layer 35A. The insulating layer 60 is also referred 
to as a “pattern transfer layer. A sacrificial layer (also 
referred to as “core) 61 is deposited on the pattern transfer 
layer 60. The sacrificial layer 61 is processed to a predeter 
mined pattern by, for example, the photolithography tech 
nique and RIE method. With the example illustrated in FIGS. 
6 to 7C, a planar pattern of the sacrificial layer 61 has a line 
pattern extending in the row direction and a projecting pattern 
(projecting part) 61A connected to this line pattern. The pro 
jecting part 61A projects in the column direction in the hori 
Zontal direction with respect to the substrate surface. For 
example, the projecting part 61A projects toward the bound 
ary side of the blocks. A dimension (line width) W2 of the 
projecting part 61A in the horizontal direction (column direc 
tion) with respect to the substrate surface is wider than a line 
width W1 of the sacrificial layer 61 in the memory cell array 
1OO. 

0.133 For example, a material different from the pattern 
transfer layer 60 is used for the sacrificial layers 61 and 61A, 
and the sacrificial layers 61 and 61A are made of a resist or 
polysilicon (or amorphous silicon). The sacrificial layers 61 
and 61A and pattern transfer layer 60 are made of different 
materials, so that a predetermined etching selectivity is 
secured between the sacrificial layers 61 and 61A and pattern 
transfer layer 60. 
0134) For example, in the memory cell array 100, dimen 
sion (line width) W1 of the line pattern of the sacrificial layer 
61 is preferably patterned and processed to have a dimension 
(for example, about 40 nm to 80 nm) which is four times the 
interconnect width WW of the interconnect pattern (word 
lines) to be formed. 
0135 For example, an ArE laser is used for the light source 
of exposure for photolithography. The exposure wavelengthw 
of the ArFlaser is setto, for example, about 193 nm. Further, 
the numerical aperture NA of the lens of the exposure device 
is set to, for example, about 1.0 to 1.35. The process param 
eter k1 is set to, for example, about 0.265. 
0136. One process of a manufacturing method of a flash 
memory according to the present embodiment will be 
described using FIGS. 8,9A,9B and 9C. FIG.8 is a plan view 
of the memory cell array and drawing area in one process of 
the manufacturing method of the flash memory according to 
the present embodiment. FIGS. 9A, 9B and 9C illustrate a 
cross-sectional structure in FIG.8. FIG. 9A illustrates a sec 
tional view along line IXa-IXa in FIG.8. FIG.9B illustrates 
a sectional view along line IXb-IXb in FIG.8. Further, FIG. 
9C illustrates a sectional view along line IXc-IXc in FIG. 8. 
0.137 As illustrated in FIGS. 8, 9A, 9B and 9C, the sacri 

ficial layers are slimmed in the memory cell array 100 and 
drawing area 150 by, for example, etching back the sacrificial 
layers. This slimming reduces the dimensions of a sacrificial 
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layers 61X. The condition of etch-back (etching) for slim 
ming is set such that a line width W1X of the sacrificial layers 
61X in the memory cell array 100 is, for example, about half 
line width W1 upon patterning by lithography. The dimen 
sions of the projecting parts 61A in the drawing area 150 are 
reduced by etch-back. 
0.138. In addition, etch-back for slimming the sacrificial 
layers 61X may be the RIE method or wet etching as long as 
the sacrificial layers 61X are selectively etched compared to 
the pattern transfer layer 60. 
0.139. After the sacrificial layers 61X are slimmed, the 
sidewall member (mask member) having a predetermined 
film thickness is deposited by the CVD method such that the 
pattern transfer layer 60 and sacrificial layers 61X are cov 
ered. Further, etch-back of a predetermined condition is 
applied to the sidewall members such that the sidewall mem 
bers are left on the lateral surfaces (side surfaces) of the 
sacrificial layer 61 and projecting part 61A. A first sidewall 
film 63 of a closed loop is formed by this first sidewall 
formation process on the lateral Surfaces of the sacrificial 
layer 61X and projecting part 61A to surround the surround 
ing of the sacrificial layer 61X. The first sidewall film 63 is a 
sacrificial layer for forming the sidewall mask for processing 
the word lines. Hereinafter, the sidewall film 63 is also 
referred to as a “sacrificial sidewall film 63”. 
0140 For example, in the drawing area 150, the planar 
pattern of the sidewall film 63 deforms depending on the 
shape of the projecting part 61A provided in the sacrificial 
layer 61X. For example, the sidewall film 63 in the drawing 
area 150 is bent toward the boundary side of blocks BLKiand 
BLKGi+1). 
0.141. A line width WS1 of the sidewall film 63 is less than 
the limit dimension of the resolution of lithography. Line 
width WS1 of the sidewall film 63 is line width W1X of the 
sacrificial layer 61 or less. For example, line width WS1 of the 
sidewall film 63 is preferably within a range between the 
same dimension as line width WW of the interconnect pattern 
(word lines) to be formed and the double line width WW of 
the word lines. 

0142. The film thickness of the sidewall member and etch 
back condition are preferably set adequately Such that line 
width WS1 of this value is acquired. Meanwhile, the material 
for forming the sidewall film 63 and etch-back condition are 
adequately selected such that the sidewall film (sidewall 
member) is selectively etched compared to the sacrificial 
layers 61X and insulating layer (pattern transfer layer) 60. For 
example, oxide silicon is used for the material (sidewall mem 
ber) of the sidewall film 63. Meanwhile, as long as the side 
wall films 63, sacrificial layers 61X and pattern transfer layer 
60 can secure the predetermined etching selectivity, a com 
bination of materials of the sidewall films 63, sacrificial layers 
61X and pattern transfer layer 60 is not limited to the above 
example. 
0143. Thus, the sidewall film 63 (first sidewall film) is 
formed by the first sidewall formation process on the lateral 
surface of the sacrificial layer 61X. Line width WS1 of the 
sidewall film 63 is nearly half the line width of the pattern of 
the sacrificial layer 61 or less. The line widths of the sidewall 
film 63 and sacrificial layer 61 formed by lithography for 
forming the sidewall film 63 have a relationship of half the 
pitch. 
0144 One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 10, 11A, 11B and 11C. FIG. 10 is a 
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plan view of the memory cell array and drawing area in one 
process of a manufacturing method of the flash memory 
according to the present embodiment. FIGS. 11A, 11B and 
11C illustrate a cross-sectional structure in FIG.10. FIG. 11A 
illustrates a sectional view along line XIa-XIa in FIG. 10. 
FIG. 11B illustrates a sectional view along line XIb-XIb in 
FIG. 10. Further, FIG. 11C illustrates a sectional view along 
line XIc-XIc in FIG. 10. 
(0145 As illustrated in FIGS. 10, 11A, 11B and 11C, after 
the sacrificial layer is removed, resist masks 65A are formed 
on the pattern transfer layer 60 by the photolithography tech 
nique and etching. In addition, the resist masks 65A may be 
slimmed such that the line width of the resist masks 65A is not 
smaller than the line width of the sidewall films 63. Further, 
the resist masks 65A may be patterned using the immersion 
exposure technique. The resist mask 65A is formed to cover 
the sidewall film 63. The resist masks 65A are formed in the 
contact area in which a plurality of contacts (fringes) are 
arranged in the drawing area 150. 
0146 A dimension (line width) W3 of the resist mask 65A 

is wider than line width WS1 of the sidewall film 63. For 
example, line width W3 of the resist mask 65A is set to about 
the limit dimension of the resolution of lithography. Mean 
while, there are cases where line width W3 of the resist mask 
65A is smaller than the limit dimension of the resolution of 
lithography due to the influence of the proximity effect and 
slimming processing of the resist mask. 
0147 One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 12, 13A, 13B and 13C. FIG. 12 is a 
plan view of the memory cell array and drawing area in one 
process of a manufacturing method of the flash memory 
according to the present embodiment. FIGS. 13A, 13B and 
13C illustrate a cross-sectional structure in FIG.12. FIG. 13A 
illustrates a sectional view along line XIIIa-XIIIa in FIG. 12. 
FIG. 13B illustrates a sectional view along line XIIIb-XIIIb in 
FIG. 12. Further, FIG. 13C illustrates a sectional view along 
line XIIIc-XIIIc in FIG. 12. 

0.148. As illustrated in FIGS. 12, 13A, 13B and 13C, a 
mask member which is the underlayer of the sidewall films 63 
and resist masks 65A is etched using the sidewall films 63 and 
resist masks 65A as masks. By this means, the pattern formed 
with the sidewall films 63 and resist masks 65A is transferred 
to the mask member, and pattern transfer layers 60A and 60B 
are formed on the conductive layer 35A. 
0149 Here, the portion 60A of the pattern transfer layer 
patterned by the sidewall film 63 has a line width which 
depends on the dimension of the sidewall film 63. The portion 
60A is referred to as a “sacrificial line pattern layer 60A'. 
Line width WS1 of the sacrificial line pattern layer 60A is 
about the same as line width WS1 of the sidewall film 63. For 
example, line width WS1 of the sacrificial line pattern layer 
60A has a line width in a range between line width WW of the 
word lines to be formed and about the double line width WW 
of the word lines. 
0150. Further, the portion 60B of the pattern transfer layer 
patterned by the resist mask 65A has line width W3 wider 
than the portion 60A patterned by the sidewall film 63. The 
portion 60B is referred to as a “sacrificial rectangular pattern 
layer 60B'. For example, line width W3 of the sacrificial 
rectangular pattern layer 60B is processed based on the resist 
mask 65A, and therefore is, for example, the limit dimension 
of the resolution of lithography or more. Meanwhile, there are 
cases where, due to slimming processing of the mask 65A, 
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line width W3 of the sacrificial rectangular pattern layer 60B 
is smaller than the limit dimension of the resolution of lithog 
raphy. 
0151. Hereinafter, when the sacrificial line pattern layers 
60A and sacrificial rectangular pattern layers 60B are not 
distinguished, these are referred to as “sacrificial pattern lay 
ers 60A and 60B. 
0152 One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 14, 15A, 15B and 15C. FIG. 14 is a 
plan view of the memory cell array and drawing area in one 
process of a manufacturing method of the flash memory 
according to the present embodiment. 
0153 FIGS. 15A, 15B and 15C illustrate a cross-sectional 
structure in FIG. 14. FIG. 15A illustrates a sectional view 
along line XVa-XVa in FIG. 14. FIG. 15B illustrates a sec 
tional view along line XVb-XVb in FIG. 14. Further, FIG. 
15C illustrates a sectional view along line XVc-XVc in FIG. 
14. 
0154 After the sidewall films and resist mask for forming 
the sacrificial pattern layers 60A and 60B are removed, as 
illustrated in FIGS. 14, 15A, 15B and 15C, the second side 
wall members (for example, oxide silicon) are formed by the 
CVD method on the pattern layers 60A and 60B and conduc 
tive layer 35A. Further, the sidewall members are etched 
back, thereby forming second sidewall films 67 on the lateral 
surfaces of sacrificial pattern layers 60A and 60B. In addition, 
before the sidewall films 67 are formed, the sacrificial pattern 
layers 60A and 60B may be slimmed. 
(O155 By this means, the second sidewall film 67 of a 
closed loop is formed by the second sidewall formation pro 
cess on the lateral surface of the sacrificial line pattern layer 
60A to surround the sacrificial line pattern layer 60A formed 
based on the first sacrificial sidewall film. The sidewall film 
67 having a line pattern is a mask for processing the conduc 
tive layer 35A. Hereinafter, the sidewall film 67 will be 
referred to as a “sidewall mask 67 for ease of description. 
0156. A line width WS2 of the sidewall mask 67 is line 
width WS1 of the sacrificial line pattern layer 60A or less. For 
example, line width WS2 of the sidewall mask 67 is formed 
within the range between about line width WS1 of the sacri 
ficial line pattern layer 60A and about halfline width WS1. In 
addition, line width W1X of the above slimmed sacrificial 
layer 61X is preferably wider than the double dimension of 
line width WS2 of the sidewall mask 67 such that the two 
sidewall masks 67 between the two sacrificial sidewall films 
do not contact. 
0157. Further, in the drawing area 150, the sidewall masks 
67 are formed on the lateral surfaces of the sacrificial rectan 
gular pattern layers 60B. In the contact area, the interval 
between the sidewall masks 67 sandwiching the rectangular 
pattern layer 60B is greater than the interval (for example, 
interval WS1) between the adjacent sidewall masks 67 in the 
memory cell array 100. For example, the interval between the 
sidewall masks 67 has about line width W3 of the rectangular 
pattern layer 60B. Interval W3 between the sidewall masks 67 
sandwiching the sacrificial pattern 60B in the contact area CA 
is, for example, preferably 30 nm or more. In addition, inter 
val W3 between the sidewall masks 67 sandwiching the sac 
rificial pattern 60B in the contact area CA may be the limit 
dimension of the resolution of lithography or more. 
0158 Thus, the second sidewall film (sidewall mask) 67 is 
formed by the second sidewall formation process on the lat 
eral surface of the pattern (sacrificial sidewall film and sacri 
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ficial pattern layer based on the sacrificial sidewall film) 
based on the first sidewall formation process. The second 
sidewall mask 67 is formed above the position at which the 
word lines (memory cells) are formed. 
0159. When line width WS2 of the sidewall mask 67 is 
about halfline width WS1 of the sacrificial sidewall film, line 
width WS2 of the sacrificial mask 67 is about the one fourth 
of the line width of the sacrificial layer for forming the sac 
rificial sidewall film. The sidewall mask 67 and the sacrificial 
layer 61 formed by lithography to form the sacrificial sidewall 
film 63 have, for example, a relationship of the one fourth of 
the pitch. 
0160. In addition, although, with the present embodiment, 
the sidewall masks 67 are formed on the lateral surfaces of the 
sacrificial pattern layers 60A and 60B, the sidewall masks 67 
may beformed on the lateral surfaces of the first sidewall film 
63 and resist masks 65A. Further, after the first sidewall films 
63 and resist masks 65A are removed, the sacrificial pattern 
layer (hard mask layer) may be processed using the sidewall 
masks 67 as masks. In this case, the core, first sidewall films 
63, resist masks 65A and sidewall masks 67 may be directly 
formed on the conductive layer 35 without forming the mask 
member (sacrificial line patterns 60A) on the conductive layer 
35. 

0161. One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 16 to 18C, FIG.16 is a plan view of the 
memory cell array and drawing area in one process of a 
manufacturing method of the flash memory according to the 
present embodiment. FIGS. 17A, 17B and 17C illustrate a 
cross-sectional structure in FIG. 16. FIG. 17A illustrates a 
sectional view along line XVIIa-XVIIa in FIG. 16. FIG. 17B 
illustrates a sectional view along line XVIIb-XVIIb in FIG. 
16. FIG. 17C illustrates a sectional view along line XVIIc 
XVIIc in FIG. 16. 

(0162. As illustrated in FIGS. 16, 17A, 17B and 17C, after 
the sacrificial pattern layer for forming the sidewall masks 67 
is removed, resist masks 69A are formed by photolithography 
and etching at positions to form fringes (contacts) to be con 
nected to the word lines in the contact area CA in the drawing 
area 150. Dimensions W4 and W4' of the resist mask 69A is 
set to line width WS2 of the sidewall mask 67 or more. 
Dimensions W4 and W4' of the resist mask 69A can be 
reduced smaller than the limit dimension of the resolution of 
lithography by slimming the resist mask. 
(0163 An interval W5 between the sidewall masks 67 cov 
ered by a resist mask 69 in the contact area CA is greater than 
interval WS1 between the adjacent sidewall masks 67 in the 
memory cell array 100. For example, interval W5 between the 
sidewall masks 67 in the contact area CA is greater than 
(k1/2")x(WNA). Here, the wavelength (exposure wave 
length) of a light source used for lithography is “a”, the 
numerical aperture of the lens of an exposure device is “NA’ 
and a process parameter (process difficulty) in lithography is 
“k1, and the value based on the number of times (n+1) of the 
sidewall formation process (sidewall transfer process) is “n”. 
For example, with the present embodiment, when the inter 
connect pattern (word lines) is formed by performing the 
sidewall formation process twice, interval W5 is preferably 
30 nm or more. 

0164 Consequently, it is possible to secure a margin for 
forming the resist masks 69 in the contact area, and prevent 
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poor patterning of one resist mask 69 Stepping over the two 
sidewall masks 67 or prevent the two resist masks 69 from 
contacting each other. 
0.165. In the memory cell array 100, the interval (space) 
between the adjacent sidewall masks 67 is about the same as 
line width WS1 of the removed sacrificial sidewall film (first 
sidewall film). However, there are cases where the interval 
between positions at which the curved surface sides of the 
sidewall masks 67 oppose to each other are different from line 
width WS1 of the sacrificial side wall film. 

0166 For example, at the same time when the resist masks 
69A for forming fringes are formed, the resist masks 69B for 
forming select gate lines (select transistors) are formed. 
(0167 FIGS. 18A, 18B and 18B illustrate a manufacturing 
process subsequent to FIGS. 16, 17A, 17B, and 17C, more 
specifically, the etched cross-sectional structure Subsequent 
to manufacturing process illustrated in FIGS. 16 to 17C. FIG. 
18A is a sectional view after etching in FIG.17A. FIG. 18B is 
a sectional view after etching in FIG. 17B. FIG. 18C is a 
sectional view after etching in FIG. 17C. 
0168 A processing target layer on the semiconductor Sub 
strate 30 is etched by, for example, the RIE method using the 
sidewall masks 67 and resist masks 69A and 69B as masks. 
With the present embodiment, the processing target layer is 
the conductive layers 35A and 33A and insulator 34 layered 
on the semiconductor substrate 30. Meanwhile, with the 
present embodiment, the processing target layer processed by 
the sidewall masks formed based on the sacrificial sidewall 
films may adopt a single layer structure of the conductive 
layer or insulating layer. 
(0169. As illustrated in FIGS. 18A, 18B and 18C, accord 
ing to etching, the interconnect pattern and gate pattern are 
formed on the semiconductor substrate 30 based on the side 
wall masks 67 and resist masks 69A and 69B. By this means, 
the interconnects (word lines) WL in the line-and-space pat 
tern are formed in the memory cell array 100. 
0170 In the memory cell array 100, the stack gate struc 
ture of the memory cells is formed based on the sidewall 
masks 67. The stack gate structure of the memory cells 
includes the floating gate electrodes 33 on the gate insulating 
film 32, intergate insulating films (insulators) 34 on the float 
ing gate electrodes 33 and control gate electrodes 35 on the 
intergate insulating films 34. The control gate electrodes 34 
are used as the word lines WL. The word lines WL extend 
from the inside of the memory cell array 100 to the inside of 
the drawing area 150. The word line WL is a control gate 
electrode of the memory cell MC, and crosses the active area 
in the memory cell array 100. 
(0171 The word line WL has the interconnect width WW. 
The interconnect width WW is substantially the same as line 
width WS2 of the sidewall mask (second sidewall film) 67 for 
processing the conductive layer. In the memory cell array 
100, interval WD between the adjacent word lines has, for 
example, substantially the same size as line width WS1 of the 
sacrificial sidewall film (first sidewall film) for forming the 
sidewall mask. In addition, interval WD between the word 
lines is preferably Substantially the same as the interconnect 
width WW. Hence, the dimensions of the sidewall mask for 
forming the word lines WL and each sacrificial layer are 
preferably designed adequately. At least one of the intercon 
nect width WW and interconnect interval WD of the word 
lines WL is formed to be less than or equal to (here, n=1) 
(k1/2")x(WNA). 
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0172. In the drawing area 150, the interconnect pattern of 
a loop which serves as the word lines WL are formed to be 
bent at predetermined portions. 
0173. In the contact area CA in the drawing area 150, the 
fringes 39 (F) connected to the word lines WL are formed 
based on the resist masks 69A. Hence, a dimension WC4 of 
the short side of the fringe 39 is wider than the interconnect 
width WW of the word lines WL. 
0.174 With the present embodiment, at a position to form 
the fringe 39 in the contact area CA, interval WC2 between 
the adjacent word lines WL is wider than interval WD 
between the word lines WL in the memory cell array 100. In 
the contact area CA, interval WC2 between the word lines 
WL is, for example, greater than (here, n=1) (k1/2")x(WNA), 
above. When the interconnect pattern for forming the word 
lines is formed by performing the sidewall formation process 
twice, at a fringe connecting portion in the contact area CA, 
interval WC2 between the word lines WL is preferably 
greater than 30 nm taking misalignment and fluctuation of 
dose focus into account. Meanwhile, interval WC2 between 
the word lines WL at the fringe connecting portion in the 
contact area CA may be the limit dimension of the resolution 
of lithography or more. 
0.175. Further, in the memory cell array 100, at the same 
time when the word lines WL and fringes 39 are formed, the 
gate electrodes of the select transistors and select gate lines 
are formed. In addition, the mask for patterning the select gate 
formation area may be formed at the same time when the 
sacrificial pattern is formed in process illustrated in FIGS. 10 
to 15C without being formed at the same time when the resist 
masks for forming the fringes are formed. 
0176 Thus, in the memory cell array 100, the sidewall 
masks 67 having the line-and-space pattern formed by per 
forming the sidewall transfer process (n+1) times are formed. 
The interconnect pattern formed by the sidewall mask 67 has 
the line width smaller than the limit dimension of the resolu 
tion of lithography. Further, in the drawing area 150, the 
dimension greater than interval WD between the interconnect 
patterns formed by the sidewall mask 67 is secured as interval 
WC2 between the interconnect patterns at the fringe connect 
ing portion. 
0177 Consequently, in the contact area CA, interval WC2 
between the interconnect patterns formed by the sidewall 
mask is wider than interval WD between the interconnect 
patterns in the memory cell array 100. Consequently, at the 
fringe connecting portion in the contact area CA, short-cir 
cuiting between the adjacent word lines WL and between 
adjacent fringes is prevented. 
(0178. As illustrated in FIG.5, after the memory cells MC, 
select transistors ST, word lines WL and select gate lines SGL 
are formed, ions are implanted using the formed gate elec 
trodes as masks and the diffusion layers 40A and 40B are 
formed in the semiconductor substrate 30. 
0179 Then, by cutting the loop of (etching) the intercon 
nect pattern of the closed loop, the word lines 35 (WL) are 
formed in a pattern to be respectively independent. 
0180 Further, in the memory cell array 100 and drawing 
area 150, interlayer insulating film 51 is deposited on the 
semiconductor substrate 30 by, for example, the CVD method 
to cover the memory cells MC, select transistors ST, word 
lines WL and select gate lines SGL. 
0181 At a predetermined position in interlayer insulating 
film 51, contact holes are formed, and contact plugs CP1, CP2 
and CPF are embedded in the contact holes. 
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0182. In the memory cell array 100, contact plug CP1 is 
connected to the diffusion layer 40B shared by the select 
transistors ST adjacent in the column direction. 
0183 Contact plug CPF is provided on the fringe 39 in the 
drawing area 150. As described above, between the adjacent 
fringes 39 and adjacent word lines in the contact area CA, 
interval WC2 wider than the interconnect width WW (or 
interval WD between the word lines) of the word lines WL in 
the memory cell array 100 is provided. Consequently, short 
circuiting of contact plugs CPF is prevented. 
(0.184 Further, dimensions WC1 and WC1' of the fringe39 
are greater than the interconnect width WW of the word lines 
WL. Hence, a margin for misalignment of the contact plugs 
(contact holes) and fringes 39 increases. Further, it is possible 
to increase the contact area of the fringes 39 and contact plugs 
CPF, thereby reducing the contact resistance between the 
fringes 39 and contact plugs. 
0185. Further, in the memory cell array 100 and drawing 
area 150, a metal layer is deposited on interlayer insulating 
film 51 by, for example, the spattering method. In the memory 
cell array 100, the deposited metal layer is processed to a 
predetermined pattern. By this means, a plurality of first 
interconnect layers M1 are formed respectively on contact 
plugs CP1 and CP2 and interlayer insulating film 51 to be 
connected to contact plugs CP1 and CP2. At the same time, in 
the drawing area 150, a plurality of interconnect layers (draw 
ing interconnects) M0 extending from the row control circuit 
101 are formed on contact plugs CPF and interlayer insulat 
ing film 51 to be connected to contact plugs CPF. 
0186. On interlayer insulating film 51 and interconnect 
layer M1, the second interlayer insulating film 52 is deposited 
by, for example, the CVD method. Further, in interlayer insu 
lating film 52, the contact holes are formed, and the via plug 
V1 is formed at a predetermined position in the memory cell 
array 100. 
0187 Further, in the memory cell array 100, the third 
interconnect layer M1 which is the bit lines BL is formed on 
interlayer insulating film 52 to be connected to the via plug 
V1. The first and second interconnect layers M0 and M1 are 
patterned and processed using the photolithography tech 
nique or sidewall transfer technique. The first and second 
interconnect layers M0 and M1 may be formed using a dama 
scene method. 

0188 In addition, the second interconnect layer M1 and 
via plug V1 may beformed in the drawing area 150 according 
to the connection relationship between the word lines WL and 
row control circuit 101. 
0189 According to the above process, the semiconductor 
device (for example, flash memory) according to the present 
embodiment is formed. 
0190. In addition, although, with the manufacturing 
method of the flash memory according to the present embodi 
ment, the interconnect pattern of the line-and-space pattern is 
formed in the memory cell array 100 by performing the side 
wall transfer process twice, with the present embodiment, as 
long as the interconnect pattern is executed by performing the 
sidewall transfer process twice or more in the manufacturing 
method, the number of times of sidewall transfer processes is 
by no means limited. When, for example, the interconnect 
pattern of the line-and-space pattern is formed by performing 
the sidewall transfer process three times, the line-and-space 
pattern of the one eighth of the pitch of the sacrificial layer for 
forming the first sidewall film is formed. As in the process 
illustrated in FIGS. 10 to 11C, patterning using the resist 
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mask to secure the interval between the adjacent interconnect 
patterns in the contact area CA may be executed only between 
the first and second sidewall formation processes or may be 
executed between respective sidewall formation processes 
according to a layout. 
0191) When the interconnect pattern is formed by per 
forming the sidewall transfer process three times, the inter 
connect width WW of the interconnect pattern (word lines) to 
beformed is preferably 9.5 nm or less. Interval WC2 between 
the adjacent interconnect patterns in the contact area CA is 
preferably greater than 15 nm. In addition, in this case, line 
width W1 of the sacrificial layer 61 for forming the first 
sidewall film is preferably about eight times the interconnect 
width of the interconnect pattern to be formed. 
0.192 As described above, the manufacturing method of 
the flash memory according to the present embodiment 
includes a plurality of times of (n+1) sidewall formation 
processes. With the present embodiment, the sidewall film 
formed by the n' sidewall formation process is a sacrificial 
pattern for the sidewall film formed by the (n+1)" sidewall 
formation process. Further, using the sidewall film formed by 
the (n+1)" sidewall formation process as a mask, a processing 
target layer (word lines and gate electrodes of the transistors) 
is processed. Therefore, at least one of the interconnect width 
WW and interconnect interval WD of the word lines WL is 
less than or equal to (k1/2")x(WNA). 
(0193 With the present embodiment, before the (n+1)" 
sidewall film is formed, resist masks are formed to cover the 
n" sidewall film in the contact area CA in which the fringes 
are provided. In the contact area CA, the (n+1)" sidewall film 
is formed on the lateral surfaces of the pattern based on the 
resist masks. 
(0194 Hence, intervals W5 and WC2 between the (n+1)" 
sidewall film and interconnect patterns formed by the side 
wall film in the contact area CA are greater than interval WW 
between the interconnect patterns (here, word lines) in the 
memory cell array 100. For example, intervals W5 and WC2 
between the interconnect patterns in the contact area CA are 
greater than (k1/2")xO/NA). 
0.195 Consequently, in the contact area CA, one resist 
mask for forming the fringes can be formed without covering 
a plurality of sidewall masks. 
0196. Consequently, according to the present embodi 
ment, it is possible to secure a margin of a layout for forming 
the resist mask in the contact area. Further, it is possible to 
prevent short-circuiting which occurs between the fringes, 
interconnects and contacts in the contact area. 
0.197 As a result, with the present embodiment, it is pos 
sible to prevent a decrease in the yield of manufacturing the 
semiconductor device caused by miniaturization of the semi 
conductor device. Further, with the present embodiment, it is 
possible to form interconnects including different dimensions 
(interconnect width or interconnect interval) and contacts 
connected to these interconnects without adding a compli 
cated manufacturing process. 
0198 Consequently, with the semiconductor device and 
manufacturing method of the semiconductor device accord 
ing to the present embodiment, it is possible to improve 
reliability of the semiconductor device including a fine pat 
tern without using the complicated manufacturing process. 

(2) Second Embodiment 
0199. A manufacturing method of a semiconductor device 
according to the second embodiment will be described with 
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reference to FIGS. 19 to 21B. In addition, components and a 
manufacturing process which are common in the semicon 
ductor device and manufacturing method of the semiconduc 
tor device according to the first embodiment will be described 
where necessary. 
0200. An example has been described with the first 
embodiment where, in a contact area CA, pattern having a 
greater dimension than a fine pattern processed by a sidewall 
mask using a resist mask. 
0201 However, the pattern having a greater dimension 
than the pattern processed by the sidewall mask may be 
formed utilizing the difference produced in etching bias 
depending on the space width (interval or pitch) between 
adjacent patterns without using the resist mask. 
0202 FIG. 19 is a graph illustrating an example of the 
relationship between the space width between the adjacent 
mask patterns in an etching process and conversion difference 
(pattern line width fluctuation amount) of the formed pattern. 
The horizontal axis in FIG. 19 indicates a space width DS 
between the mask patterns. The vertical axis in FIG. 19 indi 
cates a conversion difference (also referred to as “etching 
bias”) CD between dimensions of the mask pattern and pat 
tern to be formed. With the present embodiment, the conver 
sion difference CD between the patterns indicates the conver 
sion difference (Wea-Web) between a line width Wea of a 
pattern processed under a predetermined etching condition 
and a line width Web of the mask pattern before etching in a 
state where the two mask patterns are adjacent. 
0203 As illustrated in FIG. 19, when the space width DS 
of the mask pattern increases, the conversion difference CD 
increases. That is, line width Wea of the pattern to be formed 
is wider than line width Web of the mask pattern. 
0204 As illustrated in FIGS. 20A, 20B, 21A, and 21B, 
with the manufacturing method of the semiconductor device 
according to the present embodiment, a pattern having a 
greater dimension than the sidewall film is formed utilizing 
the conversion difference between the mask pattern and a 
processing target material produced upon this etching with 
out using lithography (resist mask). 
0205 One process of a manufacturing method of the semi 
conductor device (flash memory) according to the present 
embodiment will be described using FIGS. 20A and 20B. 
FIG. 20A is a plan view of the memory cell array and drawing 
area in one process of a manufacturing method of the flash 
memory according to the present embodiment. FIG. 20B 
illustrates a sectional view along line XXb-XXb in FIG. 20A. 
0206 Similar to the first embodiment, as illustrated in 
FIGS. 20A and 20B, members for forming the transistors and 
word lines are formed in a memory cell array 100 and drawing 
area 150. A pattern transfer layer 60 is deposited on these 
formation members. A sacrificial layer 61 of a predetermined 
shape is formed on the pattern transfer layer 60. Further, 
sacrificial layers 61X are slimmed. 
0207. A projecting part 61A included in the sacrificial 
layer 61X has a dimension D1. Further, the adjacent project 
ing parts 61A have an interval D2. With the present embodi 
ment, the size of interval D2 between the projecting parts 61A 
is formed to be greater than dimension D1. Hereinafter, the 
pattern having a greater interval to another adjacent pattern is 
also referred to as an "isolated pattern”. 
0208. One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 21A and 21B. FIG. 21A is a plan view 
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of the memory cell array and drawing area in one process of 
a manufacturing method of the flash memory according to the 
present embodiment. 
FIG. 21B illustrates a sectional view along line XXIb-XXIb 
in FIG. 21A. 
0209. A sidewall film (sacrificial sidewall film) 63 is 
formed by the first sidewall formation process on the lateral 
Surface of the sacrificial layer 61X having the projecting part 
61A. The sidewall film 63 has line width WS1. 
0210. After the sacrificial layer 61X is selectively 
removed, the pattern transfer layer is processed by the RIE 
method using the formed sidewall film 63 as a mask. The 
etching condition is adjusted Such that the pattern conversion 
difference between the projecting part 61A and sidewall mask 
63 of the isolated pattern in the drawing area 150 is greater 
than the pattern conversion difference between the sacrificial 
layer 61X and sidewall mask 63 in the memory cell array 100. 
0211. As described above, the sidewall films 63 which are 
adjacent across the boundaries of blocks BLKiand BLKGi+1) 
have interval D2 at portions matching the projecting parts 
61A. Hence, a pattern transfer layer 60C formed to match the 
projecting part 61A is processed to have a dimension W3 
greater than line width WS1 of the sidewall film 63 illustrated 
in FIG. 19. 
0212. Then, similar to the process illustrated in FIGS. 14 

to 18C according to the first embodiment, the sidewall film 
(sidewall mask) is formed by the second sidewall formation 
process on the lateral surfaces of the transfer pattern layers 60 
and 60C. After the second sidewall film is formed, the transfer 
pattern layer is selectively removed. Further, at a fringe for 
mation position in the contact area, the resist mask is formed 
by photolithography. 
0213. As illustrated in FIGS. 21A and 21B, the transfer 
pattern layer 60C in the contact area has a greater dimension 
than line width WS1 of the sidewall film 63 for processing the 
transfer pattern layer. Hence, the sidewall films formed on the 
lateral surfaces of the transfer pattern layers 60C have a 
greater interval than line width WS1, and are adjacent. Con 
sequently, as a result of securing the margin for forming the 
resist mask, it is possible to form the resist mask for forming 
fringes in the contact area Such that one the resist mask does 
not cover a plurality of sidewall films. 
0214. By this means, it is possible to form interconnects 
extending from the memory cell array to the drawing area 
such that the interval between interconnects (for example, 
word lines) in the contact area is greater than the interval 
between the interconnects in the memory cell array. 
0215. In addition, the interval betweenthesidewall films is 
great in the boundary area between blocks BLKi and BLKGi+ 
1). Hence, to prevent fluctuation of the line width of the 
pattern near the boundary area between the blocks, a dummy 
pattern or a mask pattern for forming select gate lines may be 
formed in the area in which the select gate lines are formed. 
0216. According to the above process, the semiconductor 
device according to the present embodiment is formed. 
0217. With the manufacturing method of the semiconduc 
tor device according to the present embodiment, when an 
underlayer is processed using the first sidewall film, it is 
possible to form the pattern 60C of dimension W3' greater 
than line width WS1 of the sidewall film 63 utilizing the 
difference in etching bias with respect to a pattern interval 
without forming the resist mask. By this means, it is possible 
to reduce a process of forming the resist mask for increasing 
the interval between the interconnects in the contact area such 
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as photolithography and etching with respect to the resist 
mask. Consequently, according to the present embodiment, it 
is possible to simplify the manufacturing process of the semi 
conductor device and reduce manufacturing cost. 
0218. Also with the manufacturing method of the semi 
conductor device according to the second embodiment, it is 
possible to improve reliability of the semiconductor device 
including the fine pattern similar to the manufacturing 
method of the semiconductor device according to the first 
embodiment. 

(3) Third Embodiment 
0219. A semiconductor device and manufacturing method 
of the semiconductor device according to the third embodi 
ment will be described with reference to FIGS. 22 to 31B. 
0220. The manufacturing method of the semiconductor 
device has been described with the first embodiment which 
processes interconnects using a sidewall mask formed by 
performing a sidewall formation/transfer process a plurality 
of times. 
0221 Meanwhile, with the present embodiment, an inter 
connect pattern (line pattern) less than the dimension of the 
resolution of lithography is formed by the sidewall transfer 
technique, and, as long as the interconnect interval in area to 
form contacts has the dimension greater than the fine pattern 
of the sidewall transfer technique, the structure of an inter 
connect pattern is by no means limited. For example, similar 
to the semiconductor device (for example, flash memory) and 
manufacturing method of the semiconductor device accord 
ing to the present embodiment illustrated in FIGS. 22 to 31B, 
interconnects (word lines) may adopt a structure embedded in 
the recesses formed by the sidewall transfer technique, that is, 
a damascene structure. 
0222 Although an example will be described with the 
present embodiment where only control gate electrodes are 
formed by adopting the damascene structure, the entire stack 
gate structure including a charge storage layer may beformed 
with the damascene structure. 
0223) One process of a manufacturing method of a flash 
memory according to the present embodiment will be 
described using FIGS. 22, 23A and 23B. FIG. 22 is a plan 
view of the memory cell array and drawing area in one pro 
cess of a manufacturing method of the flash memory accord 
ing to the present embodiment. FIGS. 23A and 23B illustrate 
a cross-sectional structure in FIG. 22. FIG. 23A illustrates a 
sectional view along line XXIIIa-XXIIIa in FIG. 22. FIG. 
23B illustrates a sectional view along line XXIIIb-XXIIIb in 
FIG 22. 
0224. As illustrated in FIGS. 22, 23A and 23B, floating 
gate electrodes 33 are formed on a semiconductor substrate 
30 in a memory cell array 100 by, for example, the sidewall 
transfer technique across gate insulating films 32 Such that 
each memory cell is independent. The insulating film is 
formed on the floating gate electrode 33. The insulating film 
may be an intergate insulating film or dummy layer (mask 
layer). In addition, when the gate structure of the memory cell 
adopts a structure (for example, MONOS structure or 
SONOS structure) in which an insulating film including the 
trap level is used in the charge storage layer, the charge 
storage layer may not be separated per memory cell. Further, 
a source/drain diffusion layer may not be formed in the semi 
conductor substrate 30. 
0225. Further, an interlayer insulating film 51 is formed by 
the CVD method to cover the floating gate electrodes 33. 
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0226. An insulating film 70 which is the pattern transfer 
layer is deposited on interlayer insulating film 51 by, for 
example, the CVD method. 
0227 Further, similar to the first embodiment, a sacrificial 
layer 71X having a predetermined pattern is formed on the 
insulating film 70. In the memory cell array 100, the sacrifi 
cial layer 71X has line width W1X. Line width W1X of the 
sacrificial layer 71X is about four times the line width of word 
lines WL to be formed. The sacrificial layer 71X may be 
slimmed to reduce the line width, or may be formed at the 
limit dimension of the resolution of lithography without 
being slimmed. 
0228. In a drawing area 150, a projecting part 71A is 
formed in the sacrificial layer 71X. The short side of the 
projecting part 71A of the sacrificial layer 71X is patterned 
and processed to have a dimension (line width) greater than 
line width W1X of the sacrificial layer 71X in the memory cell 
array 100. 
0229. Further, a first sidewall film (sacrificial sidewall 
film) 73 is formed by the first sidewall formation process 
(sidewall transfer process) on the lateral surface of the sacri 
ficial layer 71X. The sidewall film 73 has line width WS1 
smaller than the limit dimension of the resolution of lithog 
raphy. 
0230. In the drawing area 150, the interval between the 
sidewall films 73 opposing across the projecting part 71A of 
the sacrificial layer 71X is greater than line width W1X. 
0231. One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 24, 25A and 25B. FIG. 24 is a plan 
view of the memory cell array and drawing area in one pro 
cess of a manufacturing method of the flash memory accord 
ing to the present embodiment. FIGS. 25A and 25B illustrate 
a cross-sectional structure in FIG. 24. FIG. 25A illustrates a 
sectional view along line XXVa-XXVa in FIG. 24. FIG. 25B 
illustrates a sectional view along line XXVb-XXVb in FIG. 
24. 

0232. As illustrated in FIGS. 24, 25A and 25B, after the 
sacrificial layer for forming the sidewall films 73 is removed, 
resist masks 75 of a predetermined pattern are formed by the 
photolithography technique in the drawing area 150. The 
resist mask 75 covers the sidewall film 73 in the contact area 
in the drawing area 150. Dimension W3 of the resist mask 75 
is greater than line width WS1 of the sidewall mask 73. 
0233. One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 26, 27A and 27B. FIG. 26 is a plan 
view of the memory cell array and drawing area in one pro 
cess of a manufacturing method of the flash memory accord 
ing to the present embodiment. FIGS. 27A and 27B illustrate 
a cross-sectional structure in FIG. 26. FIG. 27A illustrates a 
sectional view along line XXVIIa-XXVIIa in FIG. 26. FIG. 
27B illustrates a sectional view along line XXVIIb-XXVIIb 
in FIG. 26. 

0234. As illustrated in FIGS. 26, 27A and 27B, after a 
pattern transfer layer 70A is processed based on patterns of 
the sidewall films and resist masks, the sidewall films and 
resist masks are removed. Further, a sidewall film (sidewall 
mask). 77 is formed by the second sidewall formation process 
on the lateral surface of the processed pattern transfer layer 
70A. Line width WS2 of the sidewall film 77 is Smaller than 
the limit dimension of the resolution of lithography. The 
second sidewall film 77 is formed at a position where the 
second sidewall film 77 does not overlap the floating gate 
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electrode (or dummy layer)33 of the memory cell in a vertical 
direction, and the sidewall film 77 is arranged above, for 
example, the source/drain of the transistor. 
0235. In the memory cell array 100, the line width of the 
pattern transfer layer (sacrificial line pattern layer) 70A is 
substantially the same as line width WS1 of the sidewall 
sacrificial film for patterning the transfer layer 70A. In the 
contact area of the drawing area 100, dimension (line width) 
W3 of a pattern transfer layer (sacrificial rectangular pattern 
layer) 70B is substantially the same as dimension W3 of the 
resist mask for patterning the transfer layer 70B. 
0236. In addition, in the memory cell array 100, prefer 
ably, the interval between sidewall masks 77 opposing with 
out sandwiching the sacrificial line pattern layer 70A is sub 
stantially the same as line width WS2 of the sidewall mask 77 
or line width WS1 of the sacrificial line pattern layer 70A. 
Further, in the contact area of the drawing area 150, the 
interval between the sidewall masks 77 opposing without 
sandwiching the sacrificial rectangular pattern layer 70B is 
set to the dimension greater than the double line width WS2 of 
the Sidewall mask 77. 
0237. One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 28, 29A and 29B. FIG. 28 is a plan 
view of the memory cell array and drawing area in one pro 
cess of a manufacturing method of the flash memory accord 
ing to the present embodiment. FIGS. 29A and 29B illustrate 
a cross-sectional structure in FIG. 28. FIG. 29A illustrates a 
sectional view along line XXIXa-XXIXa in FIG. 28. FIG. 
29B illustrates a sectional view along line XXIXb-XXIXb in 
FIG. 28. 

0238. As illustrated in FIGS. 28, 29A and 29B, the sacri 
ficial pattern layer is selectively removed such that the side 
wall films 77 are left. A resist mask 79 is formed to cover a 
loop portion of the sidewall films 77 in the drawing area 150. 
In addition, although not illustrated, at the same time when 
the resist mask 79 is formed, a resist mask for forming the 
select gate lines (select transistors) may be formed. 
0239 Further, an interlayer insulating film 51A is etched 
using the sidewall films 77 and resist 79 as masks. By this 
means, in the memory cell array 100, openings are made 
above the floating gate electrodes 33, and the damascene 
recesses for embedding the gate electrodes are formed in 
interlayer insulating film 51A. The width of the formed recess 
is smaller than the limit dimension of the resolution of lithog 
raphy, and corresponds to the interconnect width WW of the 
word lines. For example, the width of the recesses in which 
the word lines are embedded is equal to (k1/2")x(WNA), 
above. For example, the width of the recesses (interconnect 
width) WW is the width of the first sidewall mask (sacrificial 
sidewall film) or less, and, more preferably, is half the width 
of the first sidewall mask or less. 
0240. In the drawing area 150, the damascene recesses 
(hereinafter referred to as “contact recesses') in which con 
tacts (fringes) are embedded are formed in an interlayer insu 
lating film 51B by etching using the sidewall film 77 as a 
mask. A width WC of the contact recesses formed in inter 
layer insulating film 51B is, for example, wider than line 
width WW of the recesses in which the word lines are embed 
ded. 
0241. In addition, with a specific example, when the 
recesses in which the word lines and contacts are embedded 
are formed by performing the sidewall formation/transfer 
process twice, the damascene recesses in which the word 
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lines are embedded are preferably 19 nm or less, and the 
damascene recesses in which the contacts are embedded are 
preferably 30 nm or greater. Further, when the damascene 
recesses in which the word lines and contacts are embedded 
are formed by performing the sidewall formation/transfer 
process three times, the damascene recesses in which the 
word lines are embedded are preferably 9.5 nm or less, and 
the damascene recesses in which the contacts are embedded 
are preferably greater than 15 nm. 
0242 Further, the loop portion of the sidewall films 77 in 
the drawing area 150 is covered by the resist mask 79, so that 
the damascene recesses formed in interlayer insulating films 
51A and 51B are respectively independent patterns. 
0243 One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 30, 31A and 31B. FIG. 30 is a plan 
view of the memory cell array and drawing area in one pro 
cess of a manufacturing method of the flash memory accord 
ing to the present embodiment. FIGS. 31A and 31B illustrate 
a cross-sectional structure in FIG. 30. FIG. 31A illustrates a 
sectional view along line XXXIa-XXXIa in FIG. 30. FIG. 
31B illustrates a sectional view along line XXXIb-XXXIb in 
FIG. 30. 

0244. As illustrated in FIGS. 30.31A and 31B, after the 
sidewall films for forming the damascene recesses are 
removed, conductors are deposited on interlayer insulating 
films 51A and 51B such that the damascene recesses are 
buried. The conductor is made of, for example, metal or 
conductive polysilicon. 
0245. Then, CMP processing and etch-back are applied to 
the conductor using interlayer insulating films 51A and 51B 
as stopperS Such that the conductor is left in the damascene 
recess in a self-aligning manner. 
0246 By this means, in the memory cell array 100, control 
gate electrodes 35 adopting the damascene gate structure are 
formed. The control gate electrodes 35 function as the word 
lines WL, and extend from the inside of the memory cell array 
100 to the inside of the drawing area 150. 
0247. In the drawing area 150, the word lines and contacts 
39 adopting a damascene structure are formed. In the contact 
area CA, dimension WC of the contact is wider than line 
width WW of the word lines WL, and has the dimensions 
matching the sacrificial layer patterned by the resist mask or 
lithography. In addition, in the contact area CA, the contacts 
39 are adjacent sandwiching the insulating films 51B having 
the dimension matching the line width of the sidewall mask. 
0248. Further, similar to the first embodiment, the inter 
layer insulating film (not illustrated) is deposited to cover the 
word lines and contact parts. Further, at positions meeting the 
contacts 39, contact holes are formed in the interlayer insu 
lating film. In this contact hole, the conductor is embedded, 
and a contact plug CPF is formed on the contact39. Then, the 
interlayer insulating film and interconnect layer (metal layer) 
are sequentially layered. 
0249 According to the above manufacturing process, the 
semiconductor device according to the present embodiment 
is formed. 
(0250. As illustrated in FIGS. 22 to 31B, with the manu 
facturing method of the semiconductor device formed by 
performing the sidewall formation process (sidewall transfer 
process) a plurality of times, at a position at which a contact 
is formed, a resist mask is formed to coverthen" sidewall film 
in order to form the (n+1)" sidewall film. The conductor is 
embedded in the recess in the interlayer insulating film 
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formed by pattern transfer using the (n+1)" sidewall film. By 
this means, the interconnect patterns adopting the damascene 
structure, gate electrodes of the transistors and contacts are 
formed. Consequently, also with the present embodiment, it is 
possible to form interconnects smaller than the limit dimen 
sion of the resolution of lithography and contacts greater than 
the interconnect width of the interconnects. 

0251 With the present embodiment, the size of the con 
tacts 39 can be set by controlling the dimensions of the resist 
mask and sacrificial layer patterned by lithography. Conse 
quently, when the contacts are adjacent at the interval of about 
the line width of the sidewall mask, it is possible to prevent 
short-circuiting of the contact plugs and interconnects (word 
lines) by controlling the sizes of the resist mask and sacrificial 
layer to secure the margin for misalignment of the contact 
plugs. 
0252 Further, with the present embodiment, the resist 
mask which covers the (n+1)" sidewall film (sidewall mask) 
for patterning the contacts may not be formed. Consequently, 
with the manufacturing method described with the present 
embodiment, it is possible to reduce the manufacturing pro 
cess (for example, photolithography for patterning the resist) 
of the semiconductor device, and reduce manufacturing cost 
of the semiconductor device. 
0253 Consequently, with the semiconductor device and 
manufacturing method of the semiconductor device accord 
ing to the third embodiment, it is possible to provide the same 
effect as the first and second embodiments, and improve 
reliability of the semiconductor device including a fine pat 
tern. 

(4) Fourth Embodiment 

0254. A manufacturing method of a semiconductor device 
according to the fourth embodiment will be described with 
reference to FIGS. 32A to 34B. In addition, the same com 
ponents and manufacturing process as in the first to third 
embodiments will be described where necessary. 
0255. Similar to word lines WL, bit lines BL are formed 
according to a pattern of a line-and-space pattern which is 
finer than the limit dimension of the resolution of lithography. 
The bit lines BL may beformed to be embedded in damascene 
recesses formed using the sidewall transfer technique 
described with the third embodiment. 

0256 Hereinafter, a method of forming the bit lines adopt 
ing the damascene structure will be described using FIGS. 
32A to 34B. 

0257. One process of a manufacturing method of a flash 
memory according to the present embodiment will be 
described using FIGS. 32A and 32B. FIGS. 32A and 32B are 
sectional views illustrating one process of a manufacturing 
method of the flash memory according to the present embodi 
ment. FIG.32A is a sectional view of a memory cell array 100 
in the row direction, and FIG. 32B is a sectional view of a 
drawing area 160 provided adjacent to the memory cell array 
in the column direction. For example, the planar structure in 
a manufacturing process illustrated in FIGS. 32A and 32B is 
similar to FIG. 24. In addition, although an example is illus 
trated where an element is not formed on a semiconductor 
substrate 30 in the drawing area 160 in the column direction 
of the memory cell array for ease of description, it naturally 
follows that dummy cells and field-effect transistors of 
peripheral circuits may be provided on the semiconductor 
Substrate 30. 
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0258 As illustrated in FIGS. 32A and 32B, after the 
memory cells and word lines WL are formed on the semicon 
ductor substrate 30, a first interlayer insulating film 51 is 
formed on the semiconductor substrate 30 to cover the 
memory cells and word lines WL. Further, in interlayer insu 
lating film 51, contact plugs CP are embedded and, on inter 
layer insulating film 51, first interconnect layers M0 of a 
predetermined pattern are formed. On interlayer insulating 
film 51 and interconnect layer M0, a second interlayer insu 
lating film 52 is deposited. Further, in the second interlayer 
insulating film 52, via plugs V1 are embedded to be connected 
to the first interconnect layer M0. On the via plugs V1 and 
interlayer insulating films 52, a third interlayer insulating film 
53A is deposited. 
0259 Further, substantially similar to the process illus 
trated in FIGS. 22 to 25B, the sacrificial layer for forming the 
sidewall film is formed on interlayer insulating film 53A. 
With the present embodiment, a linear core for forming the bit 
lines is formed to extend in the column direction in the 
memory cell array 100. For example, similar to the example 
illustrated in FIG.22, the sacrificial layer is formed to be bent 
in the row direction in the drawing area 160. The dimension 
(line width and dimension in the column direction) of the 
sacrificial layer in the drawing area 160 is greater than the 
dimension (line width and dimension in the row direction) of 
the sacrificial layer in the memory cell array 100. 
0260 On the lateral surface of the sacrificial layer, a side 
wall film (sacrificial sidewall film) 83 of a predetermined line 
width WS1 is formed by the first sidewall formation process. 
As illustrated in FIGS. 32A and 32B, after the sidewall films 
83 are formed, the sacrificial layers are selectively removed 
from above interlayer insulating films 83. 
0261) Further, as illustrated in FIG. 32B, in the drawing 
area 160, resist masks 85 are formed to cover the sidewall 
films 83. The resist mask 85 is provided at a position to form 
a contact (fringe). Similar to the above, dimension W3 of the 
resist mask 85 is greater than line width WS1 of the sidewall 
film 83. 
0262 One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 33A and 33B. FIGS. 33A and 33B are 
sectional views illustrating one process of a manufacturing 
method of the flash memory according to the present embodi 
ment. FIG. 33A is a sectional view of the memory cell array 
100 in the row direction, and FIG. 33B is a sectional view of 
the drawing area 160 provided adjacent to the memory cell 
array in the column direction. For example, the planar struc 
ture in the manufacturing process illustrated in FIGS. 33A 
and 33B is similar to FIG. 26. 

0263. As illustrated in FIGS. 33A and 33B, sidewall films 
(sidewall masks) 87 of a loop are formed by, for example, the 
second sidewall formation process on the lateral Surfaces of 
the sacrificial sidewall film 83 and resist mask 85. Line width 
WS2 of the sidewall mask 87 is the limit dimension of the 
resolution of lithography or less, and is, for example, line 
width WS1 of the sacrificial sidewall film 83 or less. For 
example, line width WS2 of the sidewall mask 87 is equal to 
(k1/2")x(WNA). For example, in the memory cell array 100, 
a plurality of sidewall masks 87 may be adjacent in the row 
direction at nearly the same interval as line width WS1 of the 
sacrificial sidewall film 83. In addition, the material of the 
sidewall mask 87 different from the sacrificial sidewall film 
83 and resist mask 85 is used to secure a predetermined 
etching selectivity. 
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0264. Further, in the contact area in the drawing area 160, 
the sidewall masks 87 surrounding the resist masks 85 are 
adjacent in a direction to cross the direction in which the 
sidewall masks 87 extend, at an interval matching line width 
W3 (or line width of the sacrificial layer) of the resist mask85. 
That is, the sidewall masks 87 in the drawing area 160 are 
adjacent at interval W3 greater than line width WS1 of the 
sacrificial sidewall film 83. 

0265 Thus, the second sidewall film is formed on the 
lateral surface of the first sidewall film, so that it is possible to 
remove the process of forming the sacrificial layer and sim 
plify the manufacturing process. In addition, similar to the 
first to third embodiments, patterns of the sacrificial sidewall 
film 83 and resist mask 85 are transferred to the transfer 
pattern layer on interlayer insulating film 53, and the sidewall 
mask 87 may be formed on the lateral surface of the transfer 
pattern layer. 
0266 One process of a manufacturing method of the flash 
memory according to the present embodiment will be 
described using FIGS. 34A and 34.B. FIGS. 34A and 34B are 
sectional views illustrating one process of a manufacturing 
method of the flash memory according to the present embodi 
ment. FIG. 34A is a sectional view of the memory cell array 
100 in the row direction, and FIG. 34B is a sectional view of 
the drawing area 160 provided adjacent to the memory cell 
array in the column direction. For example, the planar struc 
ture in manufacturing process illustrated in FIGS. 34A and 
34B is similar to FIGS. 28 and 30. 

0267 As illustrated in FIGS. 34A and 34B, after the sac 
rificial sidewall films and resist mask are selectively removed, 
similar to the process illustrated in FIG. 28, the resist mask 
(not illustrated) is formed to cover the loop portion of the 
sidewall masks. Further, interlayer insulating film 87 is 
etched using the sidewall mask 87 and resist mask as masks. 
By this means, a plurality of independent damascene recesses 
are formed in interlayer insulating film 53. 
0268. In the memory cell array 100, the damascene 
recesses are formed according to the interval between the 
adjacent sidewall masks. Further, the conductors (for 
example, metal) are embedded in the damascene recesses in a 
self-aligning manner, thereby forming the bit lines BL adopt 
ing the damascene structure. 
0269. At the same time when the bit lines BL are formed, 
the contacts 39 (M2) are formed in the damascene recesses 
formed in the drawing area 160. 
0270. The damascene recesses in the memory cell array 
100 have a line width less than the limit dimension of the 
resolution of lithography. The line width of the bit lines BL is 
determined according to the dimension matching the line 
width of the damascene recesses. 

0271 Further, the damascene recesses in the drawing area 
160 have a line width (the dimension of the short side) greater 
than the damascene recesses in the memory cell array 100, in 
other words, the line width of the sidewall mask, being greater 
than or equal to (k1/2")xO/NA). 
0272 According to the above manufacturing process, with 
the manufacturing method of the flash memory according to 
the present embodiment, the bit lines adopting the damascene 
structure having the line width smaller than the limit dimen 
sions of the resolution of lithography is formed by performing 
the sidewall formation process a plurality of times and using 
damascene method. Further, according to the process per 
formed at substantially the same time when the bit lines are 
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formed, the contacts connected to the bit lines BL and having 
the dimension greater than line width BL of the bit lines are 
formed. 
0273. The manufacturing method of the semiconductor 
device according to the present embodiment provides the 
same effect as the first to third embodiments. 

0274 As described above, with the manufacturing method 
of the semiconductor device according to the fourth embodi 
ment, it is possible to improve reliability of the semiconduc 
tor device including the fine pattern similar to the first to third 
embodiments. 

(5) Layout Example 

0275 Layout examples in the drawing area of the semi 
conductor device according to the present embodiment will 
be described with reference to FIGS. 35 to 40. 

(0276 FIGS. 35 and 36 illustrate layout examples different 
from the layout example illustrated in FIG. 4. With the layout 
examples illustrated in FIGS. 35 and 36, a plurality of fringes 
39 are aligned on a single line in each of blocks BLKi and 
BLKGi+1). 
0277 Thus, arrangement of the fringes 39 in the drawing 
area 150 has a periodicity, thereby facilitating process of the 
fringes 39. 
0278. In addition, the portions to connect the fringes 39 to 
the word lines WL may be front ends of the word lines WL as 
illustrated in FIG. 35, or may be the lateral surfaces of the 
word lines WL as illustrated in FIG. 36. 

(0279. As illustrated in FIG. 37, the drawing areas 150 are 
provided at one end and the other end of the memory cell array 
100 respectively. In this case, the word lines WL in the two 
adjacent blocks BLKi and BLKGi+1) are drawn respectively 
in the drawing areas 150 on the opposite sides. 
0280 FIGS. 38.39 and 40 illustrate layout examples in the 
drawing area 150 when the word lines WL in each block are 
drawn to the opposite sides. In addition, when the drawing 
areas 150 are provided on the both sides of the memory cell 
array, the layout in both of the drawing areas 150 is substan 
tially the same. Hence, FIGS. 38 to 40 illustrate only the 
layout in the drawing area 150 on one end side of the memory 
cell array 100. 
(0281. With the layout example illustrated in FIG. 38, the 
fringes 39 are arranged to be adjacent in the row direction and 
column direction. When the drawing areas 150 are arranged at 
both ends of the memory cell array 100, the word lines WL in 
block BLKi may be drawn from the area adjacent to block 
BLKi side to the area adjacent to block BLKGi+1) side across 
the boundary between blocks BLKi and BLKGi+1). Conse 
quently, when the drawing areas 150 are provided at both ends 
of the memory cell array 100, the degree of freedom of the 
layout of the word lines in each block increases. Conse 
quently, in the drawing area 150, it is possible to increase the 
interval between the adjacent word lines and the interval 
between contacts in the contact area, and further improve the 
processing margin of the contacts. 
0282. With the layout example illustrated in FIG. 39, the 
fringes 39 project to oppose to each other. The sizes of the 
fringes 39 may vary per word line WL. 
0283. Further, with the layout example illustrated in FIG. 
40, the fringes 39 connected respectively to the adjacent word 
lines WL are arranged to project toward the opposite sides in 
the column direction. 
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(0284. The layouts illustrated in FIGS. 35 to 40 can be 
formed by adequately setting a position to form the resist 
mask with respect to the sidewall film in each process. 
0285 Also with the layout examples illustrated in FIGS. 
35 to 40, at positions to form the contacts in the contact area 
CA, the interval between the word lines WL in the contact 
area is greater than the interval between the word lines WL in 
the memory cell array 100. Further, the dimension of the 
contacts is formed to be greater than the line width of the word 
lines by patterning using the resist mask by lithography. 
0286. When, for example, the word lines are formed by 
performing the sidewall formation process (sidewall transfer 
process) twice (n+1=2, that is, n=1), the word lines are 
aligned in the memory cell array at the one fourth of the pitch 
compared to the dimension of the sacrificial layer for forming 
the first sidewall film. In this case, the line width (minimum 
dimension) of the word lines or the interval between the word 
lines is preferably set to less than 19 nm, and the interconnect 
interval between the word lines in the contact area is prefer 
ably set to greater than 30 nm. When, for example, the word 
lines are formed by performing the sidewall formation pro 
cess three times (n+1=3, that is, n=2), the word lines are 
aligned in the memory cell array at the one eighth of the pitch 
compared to the dimension of the sacrificial layer for forming 
the first sidewall film. In this case, the line width of the word 
lines or the interval between the word lines is preferably set to 
less than 9.5 nm, and the interconnect interval between the 
word lines in the contact area is preferably set to greater than 
15 nm. 
0287 Also in the structure illustrated with the present 
layout examples in FIGS.35 to 40, it is possible to provide the 
same effect as in the first to fourth embodiments, and improve 
reliability of the semiconductor device. 

(6) Modified Example 
0288 With the first to fourth embodiments, a structure of 
interconnects formed based on the (n+1)" sidewall mask of 
the sidewall formation/transfer process and manufacturing 
method of the structure have been described using the flash 
memory as an example. 
0289 Meanwhile, the present embodiment is by no means 
limited to the flash memory, and the above embodiments may 
be applied to a Volatile semiconductor memory Such as 
DRAM or SRAM. Further, the present embodiment may be 
applied to a resistance change memory Such as magnetore 
sistive RAM (MRAM), phase-change RAM (PCRAM) or 
resistive RAM (ReRAM) which uses as a memory element an 
element which reversibly changes resistance. For example, 
the present embodiment is used for the interconnect (word 
lines/bit lines) of a crosspoint memory cell array included in 
the resistance change type memory and the contacts con 
nected to the interconnects. 
0290 Further, the present embodiments are by no means 
limited to these memories, and, in the logic circuit formed by, 
for example, a field-effect transistor (FET) including a gate 
electrode of the planar structure or fin FET, interconnects 
connected to FET or contacts (fringes) connected to the gate 
electrodes and interconnects may be formed by the structure 
and manufacturing method described with the embodiment. 
0291. Also with these modified examples, it is possible to 
apply the manufacturing method described in the first to 
fourth embodiments, and provide the effect described in the 
first to fourth embodiments. 

Other 
0292 While certain embodiments have been described, 
these embodiments have been presented by way of example 
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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, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing 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 inventions. 
What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor Substrate which includes an element for 

mation area and a drawing area; 
a plurality of semiconductor elements which are provided 

in the element formation area; 
a plurality of interconnects which extend from the element 

formation area to the drawing area, and which are con 
nected with the semiconductor elements; and 

a plurality of contacts which are provided in the drawing 
area and are connected respectively with the plurality of 
interconnects, 

wherein 
the interconnects are formed based on a pattern of a (n+1)" 

second sidewall film matching a patternofan" (where n 
is an integer of 1 or more) first sidewall film on a lateral 
Surface of a sacrificial layer, 

a first dimension matching an interconnect width of the 
interconnects and an interval between the interconnects 
adjacent in the element formation area is smaller than a 
limit dimension of resolution of lithography, 

the first dimension is (k1/2")x(WNA) or less when an expo 
Sure wavelength of an exposure device is W., a numerical 
aperture of a lens of the exposure device is NA and a 
process parameter is kl, and 

a second dimension matching an interval between the inter 
connects adjacent in the drawing area is greater than the 
first dimension. 

2. The semiconductor device according to claim 1, wherein 
a dimension of the contacts is greater than the first dimension. 

3. The semiconductor device according to claim 1, wherein 
an interval between the contacts connected to adjacent inter 
connects is greater than the first dimension. 

4. The semiconductor device according to claim 1, wherein 
the semiconductor element is a field-effect transistor includ 
ing a charge storage layer and a control gate electrode. 

5. The semiconductor device according to claim 4, wherein 
the interconnects are word lines as the control gate elec 

trode, and 
the interconnects are embedded in recesses formed based 

on the pattern of the (n+1)" second sidewall film. 
6. The semiconductor device according to claim 1, 

wherein, in case of n=1, the first dimension is 19 nm or less, 
and the second dimension is greater than 30 nm. 

7. A method of the semiconductor device comprising: 
forming a first sidewall film including a first line width 

Smaller than a limit dimension of resolution of lithogra 
phy by a n" (n is an integer of 1 or more) sidewall 
formation process, on a lateral Surface of a sacrificial 
layer in an element formation area and a drawing area of 
a semiconductor Substrate; 

forming a first mask including a second line width greater 
than the first line width on the first sidewall film in the 
drawing area by lithography after the sacrificial layer is 
removed; 
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forming a plurality of second sidewall films including a 
third line width which is the first line width or less, by a 
(n+1) sidewall formation process on a lateral Surface of 
a first pattern based on the first sidewall film and the first 
mask; and 

processing a processing target layer on the semiconductor 
Substrate using the second sidewall film as a mask, and 
forming a plurality of interconnects which comprise at 
least one of a first interconnect width and an first inter 
connect interval including a first dimension Smaller than 
a limit dimensions of resolution of lithography in the 
element formation area, and which comprise a second 
interconnect interval including a second dimension 
greater than the first dimension in the drawing area. 

8. The method of the semiconductor device according to 
claim 7, further comprising: 

forming second masks including a fourth line width greater 
than the third line width to cover the second sidewall 
films in the drawing area by lithography after the first 
pattern is removed; and 

processing the processing target layer in the element for 
mation area based on the second sidewall film, and, 
simultaneously, processing the processing target layer in 
the drawing area based on the second mask and forming 
contacts including a third dimension greater than the 
first dimension and connected to the interconnects. 

9. The method of a semiconductor device according to 
claim 8, wherein an interval between the adjacent contacts is 
greater than the first dimension. 

10. The method of the semiconductor device according to 
claim 7, further comprising 

processing the processing target layer and, simultaneously, 
processing a first layer below the processing target layer 
based on the second sidewall film and forming a semi 
conductor element connected with the interconnects. 

11. The method of a semiconductor device according to 
claim 10, wherein 

the semiconductor element is a field-effect transistor 
including a charge storage layer and a control gate elec 
trode, 

the interconnects are word lines as the control gate, and 
the processed first layer is the charge storage layer. 
12. The method of a semiconductor device according to 

claim 7, wherein 
a plurality of recesses are formed in the processing target 

layer based on the second sidewall film, and 
the interconnects are embedded in the recess in a self 

aligning manner. 
13. The method of a semiconductor device according to 

claim 12, wherein 
recesses in which the interconnect are embedded are 

formed at portions matching spaces between the adja 
cent second sidewall films in the processing target layer, 
and 

recesses in which contacts are embedded are formed at 
portions matching the first mask in the processing target 
layer. 

14. The method of a semiconductor device according to 
claim 12, wherein 

the recesses of respectively independent patterns are 
formed by processing the processing target layer after a 
third mask is formed on one end of the second sidewall 
films in the drawing area without covering a portion 
matching the first mask. 
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15. The method of a semiconductor device according to 
claim 12, wherein 

each of the interconnects formed in recesses in the process 
ing target layer are word lines as a control gate electrode 
of a field-effect transistor including a charge storage 
layer. 

16. The method of a semiconductor device according to 
claim 12, wherein 

interconnects formed in recesses in the processing target 
layer are bit lines connected to a field-effect transistor 
including a charge storage layer and a control gate elec 
trode. 

17. The method of a semiconductor device according to 
claim 7, wherein 
when an exposure wavelength of an exposure device is W., a 

numerical aperture of a lens of the exposure device is NA 
and a process parameter is k1. 

the first dimension is less than or equal to (k1/2")x(WNA) 
and 

the second dimension is greater than (k1/2")x(WNA). 
18. A method of a semiconductor device comprising: 
forming a plurality of adjacent sacrificial layers on a first 

processing target layer in an element formation area and 
a drawing area of a semiconductor Substrate, the sacri 
ficial layers comprising first line patterns including a 
first line width in the element formation area and first 
projection patterns of a second line width greater than 
the first line width in the drawing area, the first line 
patterns being adjacent at a first interval and the project 
ing patterns being adjacent at a second interval greater 
than the first interval; 

forming first sidewall films including a third line width 
Smaller than a limit dimension of resolution of lithogra 
phy by an' (where n is an integer of 1 or more) sidewall 
formation process, on lateral Surfaces of the sacrificial 
layers; 

processing the first processing target layer using the first 
sidewall film as a mask after the plurality of sacrificial 
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layers are removed, forming a first pattern including the 
third line width in the element formation area and form 
ing a second pattern including a fourth line width greater 
than the third line width in the drawing area based on a 
difference in etching bias between the first interval and 
the second interval; 

forming a second sidewall film including a fifth line width 
which is the third line width or less, by a (n+1)" sidewall 
formation process on lateral Surfaces of the first pattern 
and the second pattern; and 

processing a second processing target layer using the sec 
ond sidewall film as a mask after the first and second 
patterns are removed, forming a plurality of intercon 
nects which comprise at least one of a first interconnect 
width and an first interconnect interval including a first 
dimension Smaller than a limit dimensions of resolution 
of lithography in the element formation area, and which 
comprise a second interconnect interval including a sec 
ond dimension greater than the first dimension in the 
drawing area. 

19. The method of the semiconductor device according to 
claim 18, further comprising: 

forming a first mask including a sixth line width greater 
than the fifth line width to cover the second sidewall film 
in the drawing area by lithography after the first pattern 
is removed; and 

processing the second processing target layer in the ele 
ment formation area based on the second sidewall film 
and, simultaneously, processing the second processing 
target layer in the drawing area based on the first mask 
and forming in the drawing area a contact which 
includes a third dimension greater than the first dimen 
sion and is connected to the interconnects. 

20. The method of the semiconductor device according to 
claim 19, wherein 

an interval between the adjacent contacts is greater than the 
first dimension. 


