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10 - FIELD
Embodiments described herein relate generally to a
semiconductor device and a method of manufacturing the
same.
BACKGROUND
15 Following miniaturization of semiconductor
devices, an interconnect pattern smaller than a limit
dimension 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
20 pattern.
The sidewall trénsfer technique can form a pattern
having a dimension smaller than the limit dimension
(line width or pitch) of the resolution of lithography.
A method i1s also proposed which forms a pattern
25 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.



The sidewal |l transfer technique can forma pattern having a di nension
smaller than the limt dinension (line wdth or pitch) of the resolution of
| it hography. A nethod is al so proposed which forns a pattern 25having a

di mrension which is the one fourth of the resolution limt of |ithography or
| ess by repeating the sidewall transfer process a plurality of times. 2
For exanple, a |ine-and-space pattern suclt2 as-a pattern of a nenory cel
array of a flash menory is forned by the sidewall transfer technique. In an
area for connecting peripheral circuits and the nenory cell 5array, a
contact pattern is Fetmesainplbe eonneet-echaMsidacan gatwergomesi gwatd ern
(line pattern) drawn fromthe nenory cell array. The di nension of the
contact patterpatsepnebér abingmgreater 1t hamatyhe fdiamgilsistn memdrhe is

i nterconnect pattern. 10Meanwhile, in a process which is common to a

manuf act uri ng provedsbrotiki shdehe ldi dewalsit err rshheri quechnilquer @rrefeor mi ng
the |ine-and-space pattern is applied, it is difficult to forma contact
pattern havi ngf&rdFPREEERENE RERSPHE TRroMitisa litisn@nsatthe Memsy \SIOaVERY

In general, according to one enbodi ment, a sem conductor device jncludes a
seni condeict or §EE§Vva?ecﬂﬁFéﬁtlﬁéFG&§§ 4 EEmEst oMt Bmestes dhdh
drawing 20 are

I t t | ement s whi ded
"t ho el nent <ol REBFGRT&PEY; B HEaFal 1y 20 e to S T B ond

fromthe el enent fgrn%ghgn ar ea to %heﬁgmen51 %jgndo iC h are
connected wit h"the demconduéfdr elenen Shand " a p ural /"0t cont act s

pattern 1s preferably greater than the dlmen51on of the
interconnect pattern.

10 Meanwhile, in a process which is common to a
manufacturing process to which the sidewall transfer
technique for forming the line-and-space pattern is
applied, it is difficult to form a contact pattern
having a different dimension from the line pattern.

15

SUMMARY
In general, according to one embodiment, a
semiconductor device includes a semiconductor substrate
which includes an element formation area and a drawing

20 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

25 which are provided in the drawing area and are
connected respectively with the plurality of

interconnects. The interconnects are formed based on a



25whi ch are provided in the drawing area and are connected respectively
with the plurality of interconnects. The interconnects are fornmed based on
a pattern of a (n+l) th second sidewall filmmatching a pattern of a nth
(where nis an integer of 1 or nore) first sidewall filmon a |ateral
surface of a sacrificial layer. A first dinmension matching an interconnect
wi dth of the interconnects and an interval3 between the interconnects

adj acent in the elenent fornation area is smaller than a limt dinension of
resolution of |ithography. The first dinmension is (k1/2")x(/NA) or less
when an exposupetwavel efghh (af118ans«exqos urieddeyi lcef i kn Xpatachimerd cal
aperture of a lens of the exposure device is NA and a process paraneter is
kl, and a secopdtdenensfoa chilrream it exrvalntegewent t heor mereonnect s
adjacent in the drawing area is greater than the first dinmension. 15As a
result, with thRerpreséeaevakbodimentn it liagepedsishird ace wievent a decrease
in the yield of manufacturing the sem conductor device caused by

m ni aturi zati oR2eF1fhelgénlegRducPol 1d6¥i famepgioReMatging & present
enbodi nent, it is gossi ble to form 20i nterconnects includjng different

di mensi ons (i ntBFEBRABEECH YEATHr Ofntéfc dmredCoREa Faldnard covitsEdh
connected to- these intg conn ct% vm'%h ut ddir(1e a.co | i cated nuf acturing
pr-ocess. Consegﬁiﬁ?ﬂ), ghetﬁ I%ng SR (?%r‘?dl?%tj&c Svitde de%%%{ﬁiacturl ng
method of the %ggkgggggcggéadﬁgi%%aller than a limit dimension of
resolution of lithography. The first dimension is
(k1/2")x (AN/NA) or less when an exposure wavelength of

10 an exposure device is A, a numerical aperture of a lens
of the exposure device is NA and a process parameter 1is
kl, and a second dimension matching an interval between
the interconnects adjacent in the drawing area is
greater than the first dimension.

15 As a result, with the present embodiment, it is
possible to prevent a decrease in the yield of
manufacturing the semiconductor device caused by
miniaturization of the semiconductor device. Further,
with the present embodiment, it is possible to form

20 interconnects including different dimensions
(interconnect width or interconnect interval) and
contacts connected to these interconnects without
adding a complicated manufacturing process.

Consequently, with the semiconductor device and

25 manufacturing method of the semiconductor device

according to the present embodiment, it is possible to

improve reliability of the semiconductor device



according to the present enbodinent, it is possible to inprove reliability
of the sem conductor. device 4 including a fine pattern w thout using the
conpl i cated manufacturing process. BRI EF DESCRI PTI ON OF THE DRAW NGS 5FI G 1
is a block diagramillustrating a configuration exanple of a sem conductor
devi ce; FIG2 is an equivalent circuit diagramillustrating a
configuration exanple of a sem conducter device; 10FIG 3 is a plan view
schematically illustrating a |l ayout of a nenory cell array and a draw ng
area; FIG4 is aplan viewillustrating a layout of interconnects in
a menory cell ancaydand a driaw pgtaeea; wibhbGS. A1 ngBtaed chtipdrieasect | onal
views illustrating structures of a nenory cell array and a drawi ng area;
FIG 6 is a planazuéacthlustr atrongsene process of a sem conduct or device
manuf act uri ng nmet hod according to 20the first enbodi nent; FI GS. 7A,
73 and 7C are sectional views illustrating one process of a sem conductor

devi ce manufacturing nethod according to the first enbodi nent;
BRIEF DESCRIPTION OF THE DRAWINGS

5 FIG.1 is a block diagram illustrating a
configuration example of a semiconductor device;

FIG.2 is an equivalent circuit diagram
illustrating a configuration example of a semiconductor
device;

10 _ FIG.3 is a plan view schematically illustrating a
layout of-a memory céll array and a drawing area;

FIG.4 is a plan view illustrating a layout of
interconnects in a memory cell array and a drawing
area;

15 FIGS.5A, 5B and 5C are sectional views
illustrating structures of a memory cell array and a
drawing area;

FIG.6 1s a plan view illustrating one process of a
semicoﬁductor device manufacturing method according to

20 the first embodiment;

FIGS.7A, 7B and 7C are sectional views
illustrating one process of a semiconductor device
manufacturing method according to the first embodiment;

FIG.S is a plan view illustrating one process of a

25 semiconductor device manufacturing method according to
the first embodiment;

FIGS.9A, 9B and 9C are sectional views



FIG8 is a plan view illustrating one process of a 25sem conductor device
manuf acturing nmet hod according to the first enbodi nent; FIGS. 9A, 93 and 9C
are sectional views illustrating one process of a sem conductor device
manuf act uri ng nmet hod according to the first enbodi nent; FIG10 is a
plan view illustrating one process of a sem conductor device manufacturing
net hod according 5to the first enbodi nment;5 - FI GS. 11A, 11B and 110 are
sectional views illustrating one process of a sem conductor device
manuf acturi ng nmet hod according to the first enbodinment; FIG 12 is a plan
view il lustrattingueneapiagesscoprbddassermifc endutiicondedtes mRifact uri ng
nmet hod according to the first enbodi nent; FI GS. 13A, 133 and 130 are
sectional vi ewmanhblfastoatnggmeneopr acessdinga toe mheorfducttorended ioeent ;
manuf acturing method according to the first enbodi nent; 15FIG 14 is a plan
view illustrating ofg®ridceéss aofplansermaronduldturrateVix eonrmmK aet $F | 1y
nmet hod according to the first enbodi nent; FIGS. 15A, 15B and 150 are
sectional viewg semiconductor device manufacturing method according
5 to the first embodiment;
FIGS.11A, 11B and 11C are sectional views
illustrating one process of a semiconductor device
manufacturing method according to the first embodiment;
FIG.12 is a plan view illustrating one process of
10 a semiconductor device manufacturing method according
. to the first embodiment;
FIGS.13A, 13B and 13C are sectional views
illustrating one process of a semiconductor device
manufacturing method according to the first embodiment;
15 FIG.14 is a plan view illustrating one process of
a semiconductor device manufacturing method according
to the first embodiment;
FIGS.15A, 15BR and 15C are sectional views
illustrating one process of a semiconductor device
20 manufacturing method according to the first embodiment;
FIG.16 is a plan view illustrating one process of
a semiconductor device manufacturing method according
to the first embodiment;
FIGS.17A, 17B and 17C are sectional views
25 illustrating one process of a semiconductor device

manufacturing method according to the first embodiment;

FIGS.18A, 18R and 18C are sectional views



illustrating one process of a sem conductor device 20manufacturing nethod
according to the first enbodi nent; FIG 16 is a plan view
illustrating one process of a sem conductor device nmanufacturing method
according to the first enbodi ment; FIGS.17A, 178 and 170 are secti onal
views 25illustrating one process of a sem conductor device manufacturing
nmet hod according to the first enbodi nent; &l GS. 18A, 18B and 180 are
sectional views illustrating one process of a sem conductor device

manuf acturing nethod according to the first enbodi ment; FIG19 is a
view for describilngtaasenyCconedupirokedlyiode anarfiachidudig rmelidwddeaccor di ng
to the second enbodi nent; FI GS. 20A and 203 are views illustrating one
process of a seanadaductangdmeitedramdafactiong rig rgtehdd ragc amdiarg ntem ti;he
second enbodi nent; FIGS. 21A and 21B are views illustrating one 10process
of a semiconductor d8E.G€ rMenaf actaw ity rssod kicupradi st ecndiectsacond
enbodi nent ; FIG22 is a plan view illustrating one process of a

semi conduct or deviice mapufactiriing meithed according @ tihe t3Rgand

enbodi ment; 15FI GS. 23A and 23B are sectional views illustrating one process
of a senPcondu&f®Pddd¢@réé nanufacturing nethod according to the third

enbodi ment ; FIGS.20A and 20B are views illustrating one

process of a semiconductor device manufacturing method
according to the second embodiment;

FIGS. 21A and 21B are views illustrating one

10 process of a semicondudtor devicé manufacturing method
according to the second embodiment;

FIG.22 is a plan view illustrating one process of
a semicoﬁductor device manufacturing method according
to the third embodiment;

15 FIGS.23A and 23B are sectional views illustrating
one process of a semiconductor device manufacturing

|
method according to the third embodiment;

FIG.24 is a plan view illustrating one process of
a semiconductor device manufacturing method according

20 to the third embodiment;

FIGS.25A and 25B are sectional views illustrating
one process of a semiconductor device manufacturing
method according to the third embodiment;

FIG.26 is a plan view illustrating one process of

25 a semiconductor device manufacturing method according

to the third embodiment;

FIGS.27A and 27B are sectional views illustrating



FIG24 is a plan view illustrating one process of a sem conductor device
manuf acturing nmet hod according 20to the third enbodi nent; FI GS. 25A
and 25B are sectional views illustrating one process of a sem conductor
devi ce manufacturing nethod according to the third enbodi nent;

FIG26 is a plan view illustrating one process of 25a sem conductor device
manuf act uri ng met hod according to the thirid enbodi ment; FIGS.27A and 273
are sectional views illustrating one process of a sem conductor device
manuf act uri ng nmet hod according to the third enbodi nent; FI G 28
is a plan viewohkl psbrassngfone spmacessiuatoa semicenductudra atemiicey

manuf acturing nmet hod according 5to the third enbodi nent; FI GS. 29A
and 29B are sewekbndl avcewsiingl gst taei nhiode epoockgsergf; a semnm conduct or
devi ce manufacturing nethod according to the third enbodi nent;

FIG 30 is a plan vi &WGi-RBugtsr & ipdghove epr dddsss tofatligmw sue domiitdrofdevi ce
manuf act uri ng net hod according to the third enbodi nent; Fl GS. 31A and
31B are secti ofaFePileREANCERSt FRVIIRG FREVSRCTETS G Metded SHTRFRAEY devi ce
manuf act uri ng nmet hod according to the.third enbodi nent; 15FI GS. 32A and 32B
are sectronal §Pe&§eiFP&§9r§P%ﬁ&l@ﬁ§tﬁrocess of a sem conductor device

il scturLng e oS ASEOul N0 S LoU SR TP LR 521
device manufactyri ng 208t Red ACCRn ARG L dM e d AW b ST TR LG
method according to the third embodiment;

FIG.30 is a plan view illustrating one process of

10 a semiconductor device manufacturing method according
to the third embodiment;

FIGS.31A and 31B are sectional views illustrating
one process of a semiconductor device manufacturing
method according to the. third embodiment;

15 FIGS.32A and 32B are sectional views illustrating
one process of a semiconductor device manufacturing
method according to the fourth embodiment;

FIGS.33A and 33B are sectional views illustrating
one process of a semiconductor device manufacturing

20 method according to the fourth embodiment; |

FIGS.34A and 34B are sectional views illustrating
one process of a semiconductor device manufacturing
method according to the fourth embodiment ;

FIG.35 is a view illustrating a layout example in

25 a drawing area of a semiconductor device according to

an embodiment;

FIG.36 i1s a view illustrating a layout example in



FI GS. 34A and 34B are sectional views illustrating one process of a
sem conduct or devi ce manufacturing nethod according to the fourth
enbodi nment ; FIG35is aviewillustrating a |layout exanple in
25a drawi ng area of a sem conductor device according to an enbodi nent;
FIG36 is a viewillustrating a |layout exanple in a drawing area of a
sem conduct or device according to an enrbod nent; FIG37 is a view
illustrating a | ayout exanple in a drawi ng area of a sem conductor device
according to 5an enbodi nent; FIG38 is aviewillustrating a |ayout
exanpl e in a desavragiagearet afseansenndddicuctdeyvides iaet a/adio @il ao
enbodinent; FIG 39 is a viewillustrating a |ayout exanple in 10a draw ng
area of a sem eondubbdimdeviice according to an enbodi nent; and FI G 40
is aviewillustrating a | ayout exanple in a drawing area of a '
seni conduct or devi c&€I&cEdr disng tvé ean idnhodinenitng 15 BEYIAIN EXEDESCRI PT1 ON
Hereinafter, enbodinents will be described in detail wth reference to the
drawi ngs. | n thedrawing area of a semiconductor device according to
5 an embodiment;
FIG.38 is a view illustrating a layout example in
a drawing area of a semiconductor device according to
an embodiment;
FIG.39 is a view illustrating a layout example in
10 a2 drawing area of a semiconductor device according to
an embodiment; and
FIG.40 is a view illustrating a layout example in
a drawing area of a semiconductor device according to
an embodiment.
15
DETAILED DESCRIPTION
Hereinafter, embodiments will be described in
detail with reference to the drawings. In the
following description, elements having the same
20 functions and configurations will be assigned the same
reference numerals, and overlapping explanation will be
made where necessary.
[Embodiment]
(1) First Embodiment
25 Hereinafter, a semiconductor device and a

manufacturing method of the semiconductor device

according to the first embodiment will be described



foll owi ng description, elenents having the sane 20functions and
configurations will be assigned the sane reference nunerals, and
over |l appi ng explanation will be nade where necessary: [Enbodinment] (1)
First Enbodi nent 25Herei nafter, a sem conductor device and a nmanufacturing
met hod of the sem conductor device according to the first enbodi nent wll
be described wth reference to FIGS. 140 48.-(a) Entire Configuration

Exanpl e An entire configuration exanple of the sem conductor
devi ce according to the first enbodinent 5will be described using FIGS. 1
and 2. FvEch resfarbheektdi ageamii ldoustsr.ating a main part of a

sem conduct or device according to the present enbodi nent.

The sem conduct or

devi ce accordi ng to (Bhe BorrdsentCot@drmboditient Exmfler exanple, a

sem conductor nenory. However, the present enbodinment is by no neans
limted to a seni coAduendri neemmmnyf,igantiioralesmmps icefd the a seni conduct or
devi ce which includes an interconnect pattern formed by repeating a

si dewal | transfenipppdass orsdsivderalbicdagidiatd 69 e &ss)sta PFadEinant of

tinmes. , _ ,
5 will be described using FIGS.1 and 2.

FIG.1 is a block diagram illustrating a main part

of a semiconductor device according to the present

embodiment.

The semiconductor device according to the present

10 embodiment is, for example, a semiconductor memory.

However, the present embodiment is by no means limited

to a semiconductor memory, and is also applied to a

semiconductor device which includes an interconnect

pattern formed by repeating a sidewall transfer process

15 (sidewall formation process) a plurality of times.

A memory cell array 100 has a plurality of memory

cells (memory elements) MC. The memory cell array 100

stores data from the outside.

A configuration of the memory cell array 100 will

20 be described with reference to FIG.2 using a NAND type

flash memory as an example. FIG.Z2 is an equivalent

circuit diagram of one block in the memory cell array.

One block BLK has a plurality of memory cell units

CU aligned in an x direction (first direction). In one
25 block BLK, for example, g memory cell units CU are
provided.

One memory cell unit CU includes a memory cell



A menory cell array 100 has a plurality of nmenmory cells (nenory el enents)
MC. The nmenory cell array 100 stores data fromthe outside. A configuration

of the menory cell array 100 will 20be described with reference to FIG 2
using a NAND type flash nmenory as an exanple. FIG 2 is an equival ent
circuit diagramof one block in the nenory cell array. One bl ock BLK

has a plurality of menory cell units CUJ al?gned in an x direction (first
direction). In one 25block BLK, for exanple, q nenory cell units CU are
provi ded. One nenory cell unit CU includes a nmenory cell - 10 - string
formed wth a pkutabi fyrntd( vathexappluealpk ymefor(focelexamdle,t @ )MCp, a
first select transistor STS (hereinafter, "source side select transistor")
connected to omememg ofliheM@énuooyMEel | astfriirsg, selcdcad Bsensidtoel &MS

transi stor STD (hereinafter, "drain side select transistor”) connected to
the other end dherrénaéfery Ceblurserisage BrlelE oy s¢en”)string, current
paths of the nenory cells MClL to MCp are connected i.n series along a columm
direction (sec6RAVEFEEEL tBNPRC1GAIS Qlir 68 PREOSY iC§ ldofiediéd B8 e end
(source gide) of the nmenory cell more specifically, to one end of

the current patfc6P RELEE r5§a§ﬁggkééfggp_ﬁpﬁﬁﬁ%ﬂﬁﬁig§78.qﬁﬁ%ﬂuﬁ{d%tbi;

7°5h L coMIgLed LaphheseLten endiClGaln sl del, of e ey Rl uni
memory cell string. In the memory cell string, current
paths of the memory cells MCl to MCp are connected in
series along a column direction (second direction).

10 A source line SL 1s 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,

15 that is, to one end of the current path of the drain
side select transistor STD.

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

20 four or more. Hereinafter, when the memory cells MC1
to MCp are not distinguished, these are represénted 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

25 transistors ST”.

The memory cell MC is a field-effect transistor

adopting a stack gate structure having a charge storage



si de sel ect transistor STD. In addition, the nunber of menory cells
formng one nenory cell unit CU only needs to be two or nore, and may be,
for exanple, sixteen, thirty two, sixty 20four or nore. Hereinafter, when
the nenory cells MCL to MCp are not distinguished, these are represented as
"menory cells MC'. Further, when the source side and drain side sel ect
transi stors STD and STS are not distingui 3hed;- these are represented as
"sel ect 25transistors ST". The nenory cell MCis a field-effect
transi stor adopting a stack gate structure having a charge storage |ayer
whi ch can hol ditherchange cher nexamphe, caafdgeatimg gatenmlecta ode or an
insulating filmincluding a trap level). The nenory cell changes a

t hreshol d of tHhéokrang ghae adeartdiong ta bmelmmmﬂutxﬁgcmﬂmgaduﬂuﬁﬁhglthe
charge storage layer. In the nmenory cell, data to be stored and a threshol d
vol t age are assotirapedevel). The menory cellls dfarapgsacenthigshdied cof um
direction are connected with a source/drain. By this neans, the current

pat hs of the nméRer frealsistve acecrgdaindst éd g pryaritent tdf@nasy fedkdhi ng t he
menory cell strin The drain of the source side select transistor
STS i s cénnect é& ?-Set FE33E6r && BT Iehe Arfor y IelihamEIETOMe Xoircel®i@ t he

source side selec% nsi st or STS is 1 cqﬂpected to the source I%Pe SL. The
source of the e ored and thres voitage are assoclate

Two memory cells MC adjacent in the column
direction are connected with a source/drain. By this
means, the current paths of the memory cells MC are

10 connected in series, thereby forming the memoryvcell
string.

The drain of the source side select transistor STS
is connected to the source of the memory cell MCl. The
source of the source side select transistor STS is

15 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 BLg. The number of bit lines BL1 to BLg is the

20 same as the number of memory cell units CU in the block
BLK.

The word lines W1l to Wlp extend in a fow
direction, and each of the word lines WL1 to WLp is
commonly connected to the gates of a plurality of

25 memory cells MC aligned along the row direction. 1In
‘one memory cell unit CU, the number of word lines 1is

the same as the number of (p) memory cells in one



drain side select transistor STD is connected to the drain of the menory
cell MCp. The drain of the drain side select transistor STD is connected to
bit lines BL1 to BLg. The nunber of bit lines BL1 to BLq is the 20sane as
t he nunber of menory cell units CUin the block BLK. The word lines W.1 to
W.p extend in a row direction, and each of the word lines W.1 to Wp is
commonly connected to the gates of a plurabity of 25 nenory cells MC
aligned along the row direction. In one nmenory cell unit CU the nunber of
word lines is the sane as the nunber of (p) nenory cells in one - 12 -
menory cell sthefgry cell EReidgai n side select gate |ine SGDL extends in
the row direction, and is commonly connected to the gates of a plurality of
drai n side. sel ect trarsidstadrs sSTEDsalliegitedyeedeorigi rihes@maw editteecds oin The
source side select gate line SGSL extends in the rowdirection, and is
commonl y connethedrbw theegaties,obnd plsurcgnimonlof ouregeesi de seiect
transi stors STS aligned along the row direction. 10Hereinafter, when each
of the word |igesepl it @ Wipried ifat odi stradguissivad, selifias itsrarepreseit ed as a
"word |ine W", and, when each of the bit lines BL1 to BLg is not.
di sti nguPshed, SR §liigneepreSdmt é8cad oy 'BiteIGHRR BL TR FHAMHETS SHih t he
source side and qrai n si de_15sel ect %ate IJ nes S%SL and SGDL are not
distinguished,se ect 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.
10 Hereinafter, when each of the word lines WLl to
WLp is not distinguished, this is represented as a
“word line WL”, and, when each of the bit lines BL1 to
BLg is not distinguished, this is represented as a “bit
line BL”. Further, when the source side and drain side
15 select gate lines SGSL and SGDL are not distinguished,
these are represented as "“select gate lines SGL”.
A row control circuit (for example, a word line
driver) 201 controls rows of the memory cell array 100.
The row contrel circuit 101 drives the word lines WL
20 based on an address signal from an address buffer 102
to access a selected memory cell.
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
25 line BL.

A sense amplifier 104 detects and amplifies

fluctuation of a potential of the bit line BL.



these are represented as "select gate lines SGE". A row control
circuit (for exanple, a word line driver) 101 controls rows of the nenory
cell array 100. The row control circuit 101 drives the word Iines W
20based on an address signal froman address buffer 102 to access a

sel ected nmenory cell. A col um decoder 103 selects a colum of the
menory cell array 100 based on the addresi3signal fromthe address buffer
102, and drives the selected bit 25line BL. A sense anplifier 104
detects and anplifies fluctuation of a potential of the bit line BL. - 13

- Further, thersenseranphef sehs:04nienFdrear illoy hehis rdatid ywhiclhid latead
fromthe nmenory cell array 100, and data which is witten in the nenory

cell array 100whAchelil/ $searcérbmnehpotremtaral cx=dnt reolragi ridi,t @b dedoent r ol s
the potential of a well region and the potentials of the source lines SL in
the nmenory cel Whachays10@itAepotientthal mpawervatdedd cnrman t1006 gener at es

vol tages to be applied to the word |ines W. when data 10is witten
(programmed), is r edd el ldsasgde Rumeharotential control circuit 105

5 controls the potential of a well region and the
potentials of the source lines SL in the memory cell
array 100.
A potential generating circuit 106 generates
voltages to be applied to the word lines WL when data
10 is written (programmed), is read or erased. Further,
the potential generating 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
15 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.
A data input/output buffer 107 functions as an
20 interface of inputting and outputting data. The data
input/output buffer 107 temporarily holds the data
input from the outside. The data input/output buffer
107 temporarily holds data output from the memory cell
array 1, and outputs the data which is held, to the
25 outside at a predetermined timing.
A command interface 108 decides whether or not

data input to the data input/output buffer 7 is command



the potential generating circuit 106 al so generates potentials to be
applied to, for exanple, the select gate line SG, source line SL and a
well region in the sem conductor substrate. The potential generated by

15t he potential generating circuit 106 is input to the row control circuit
101, and is applied to the selected word Iine and non-selected word [ine W
and select gate line SA, respectively- Aldata input/output buffer 107
functions as an 20interface of inputting and outputting data. The data

i nput/out put buffer 107 tenporarily holds the data input fromthe outside.
The data input devbputofibhar s1ghatlenpowaenl vatel dsplat a owhpuldaftzom t he
menory cell array 1, and outputs the data which is held, to the 25outside
at a predeterninpdtfontpgt Bucdemrand’i nhelfiaes HiSndecei desayhetler or not
data input to the data input/output buffer 7 is command - 14 - data
(command si gnakypmmghenidaea fiemputl OBo trhasdatrs iapuargltdara hef frdve 107

i ncl udes command data, the conmmand interface 108 transfers comand data to
the state machPheteomacBine s0&t-e machine 109 controls the operation of
each circuit inside the flash nmenory according to a request fromthe

outside.®(a) StructdP€ Araéfamicdise 4P matidshneding frsratoem of

each circuit inside the flash memory according to a
request from the outside.

(a) Structure

An example of an interconnect layout of a

10 semiconductor device (for example, flash memory)
according to the present embodiment will be described
using FIGS.3, 4, 5A, 5B and 5C.

FIG.3 is a view schematicaily illustrating a
positional relationship of the memory cell array 100,

15 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 BLKi
and BLK(i+1) for ease of description. 1In addition, the

20 number of blocks in the memory cell array 100 is not
limited to two.

A plurality of word lines WL are provided
respectively in blocks BLKi and BLK(i+l). The two
select gate lines SGL are arranged respectively at one

25 end and the other end in the column direction in each
of blocks BLKi and BLK(i+l) to sandwich the word lines

WL in each of blocks BLKi and BLK(i+1). In each of



10sem conduct or device (for exanple, flash nenory) according to the present
enbodi nent will be described using FIGS. 3, 4, 5A, 5B and 50. FIG 3
is a view schematically illustrating a positional relationship of the
menory cell array 100, 15row control circuit 101 and drawi ng area 150
arranged around the nmenory cell array 100. The nenory cell array 100 has a

plurality of blocks arranged in a colusn dbreetion. FIG 3 illustrates two
bl ocks BLKi and BLK(i+1) for ease of description. In addition, the 20nunber
of blocks in the nmenory cell array 100 is not limted to two. A

plurality of wbidcksnasKW aade BpKavirded oespedt ithel ywion skllecks Bl and
BLK(i+1). The two select gate |lines SA are arranged respectively at one
25end and the atthes 6ad is the cellemn diatectliior iSEleach tdfe Boocdese BLKI and
BLK(i +1) to sandwi ch the word lines W. in each of blocks BLKi and BLK(i+1). .
In each of - 15ne BlidekseBEKit amdnBLkktiorl) archéhef athen whesdlsedthgat e
lines SG is the select gate line SG of the source |ine side select
transi stor, an§ctBetotRéEF dAds SGhefsdihecifatldng mdds@sedeathe bit |ine

si de sel ect 5transistor.
5 transistor.

With the example illustrated in FIG. 3, the row
control circuit 101 is arranged at one end (one side)
of the memory cell array 100 in the row direction.

The interconnect width and interconnect pitch

10 (interconnect 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

15 area”) 150 for converting the interconnect width and
interconnect pitch is arranged between the memory cell
array 100 and row control circuit 101.

With the example illustrated in FIG.3, as a whole,
the word lines WL multiply surround the two select gate

20 lines SGL which are provided at the boundary side of
the two blocks BLKi and BLK(i+l). 1In 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 6f word lines WL are bent toward the boundary

25 side of blocks BLKi and BLK(i+1) (in the column
direction and downward or upward in FIG.3).

Hereinafter, this interconnect pattern will be referred



Wth the exanple illustrated in FIG 3, the row control circuit 101 is
arranged at one end (one side) of the nenory cell array 100 in the row
direction. The interconnect width and interconnect pitch 10(i nterconnect
interval) of the menory cell array 100 are different fromthe interconnect
wi dth and interconnect pitch of the peripheral circuits such as the row
control circuit 101. Hence, as illustratedein-FIG 3, a drawing area (al so
referred to as "hook-up l1l5area") 150 for converting the interconnect w dth
and interconnect pitch is arranged between the nenory cell array 100 and
row control cikeuigls 3@l L-shapeW.th the exanple illustrated in FIG 3, as a
whol e, the word lines W. nultiply surround the two sel ect gate 20lines SG.
whi ch are provi ded aturttheowrdaryl witdeatodd thre FV®. ) ocksl Bt iapdof
BLK(i+1). In the menory cell array 100, a plurality of word lines W. extend
in the row directicon.ines e adreawiarp aatead 150m tdecterndshexf at pthe adridy of
word lines W. are bent toward the boundary 25side of bl ocks BLKi and

BLK(i +1) (in tled ddleumenginyectsildn adiveh Wovithherl ior Wt tb W inFl &3 .

Her ei nafter this i nterconnect pattern will be referred - 16 - to_as an
"L- shape®. 15 0putRee L YaS QUG atfEtPRIN NG S, 0 fa IR &G it wfotor d
lines W. are se arated from each other at the end of the menory cell array
100 or in the :

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

10 and the front ends of the word lines WL. The contact
plugs are arranged on contacts provided in the drawing
area 150. The 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.

15 Hereinafter, the contact connected to the word
line (interconnect) will also be referred to as a
“fringe”

In addition, although an area (hereinafter “dummy
cell area”) including dummy cells which do not function

20 as memory cells is provided between the memory cell
array 100 and drawing area 150, the dummy celi area
will not be illustrated with the present embodiment.

FIG.4 is a plan view extracting the vicinity of
the boundary between the two blocks BLKi and BLK(i+1)

25 in FIG.3. FIG.5 is a view for describing a cross-
sectional structure of the memory cell array 100 and

drawing area 150. FIG.5A illustrates a cross-sectional



5150, thereby securing independence of a plurality of word |lines W.

In the drawi ng area 150, contact plugs (contact holes) are connected to the
word |ines W. between, for exanple, portions at which the word lines W. are
bent 10 and the front ends of the word lines W.. The contact. plugs are
arranged on contacts provided in the drawing area 150. The contacts are
connected to the word lines W. in the dralwng-area 150. The contact is made
of the same nenber (material) as the word Iine W.. 15Hereinafter, the
contact connected to the word line (interconnect) will also be referred to
as a "fringe". structurknaaddot lane ¥ktNWaudh &iGadea (EI&.&maft er "dummy
cell area") including dummy cells which do not function 20 as nenory cells
is provided between-tketieneiy stelictareay lo0@ dndedVawiving iar eAGLE0O, t he
dummy cell area will not be illustrated with the present enbodi nent.

FIG 4 is a pl aRl¢i.éWw éxilnacriangst ke oriogismisegtéfonede sfamedarse [Bdiomeen t he
two bl ocks BLKi and BLK(i+1) 25in FIG3. FIG5 is a view for describing a
cross- secti onafinst ¥gecVer énof IEhé -nenory cell array 100 and drawi ng area
150. FIG5A illustrates _a cross-sectional - 17 - structure along |ine
Va-Va i n°FI G 4. FI G*SBiild Us t@adsst decthildimal? &9 rrur i Iy i M Wb in
FIG4. FIG50 jllustrates d Cross-s ctio structure along line Vc-Vc in
FIG 4 As 111 ulbr&rea SeTeETGE T4 e0 B0 e Aifory ‘B9 NE 4T sel oct

LTSSt ors ST B ALAMBY AUARS SELAPIANGAALIS Ui ke, Sl ch Lhe
(not illustrated) is formed.
As illustrated in FIGS.5A and 5C, the memory cells

10 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

15 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

20 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”. 1In
addition, the charge storage layer 33 may be made of
the insulating film (for example, silicon nitride)

25 including the trap level with respect to the electron.

As illustrated in FIG. 5C, isolation insulating

films 31A of the STI structure are embedded in the



As illustrated in FIGS.5A and 5C, the nenory cells 10MC are arranged in the
menory cell array 100. Wth the present enbodi nent, the nenory cell MCis a
field- effect transistor adopting a stack gate structure having a charge
storage |l ayer. The gate of the menory cell MC includes charge storage

| ayers 33 fornmed on 15gate insulating filnms (for exanple, tunnel insulating
films) 32, insulators (referred to as “int&rgate insulating filns" or
"block insulating filns") 34 forned on the charge storage | ayers 33 and
control gate electrodes 35 fornmed on the insulators 34. The charge 20
storage | ayer 33misonadetot, shbetexasple, iaortkchiewdrsi ldeddn.arbae char ge
storage |l ayer 33 nade of silicon is referred to as a "floating gate

el ectrode 33".1DA.adHiyt tbhs trhenshargéiveorages &perard3 dedyines madehgf t he
insulating film(for exanple, silicon nitride) 25including the trap |evel
with respect teemheostectponsubstrateAgii.l| Fster @tcdd vien aEle@ 780 eXtsyldst i on
“insulating filns 31A of the STI structure are enbedded in the - 18 -

seni conduct or $0bsherafelsuni dirketaenor y Ac®iurardridy £70.f 1Bp 4% Gfddns,
active areas AA_are defined in the sem conductor substrate 30. The active
area AA ext end§lPRTERECEOPANALAPFEEL FonFRER A £4%SF O 1394t i ng gat e

5el ectrodes 33 alignﬁd in the rowdir?&t'ont re.sgﬁ?Qgted.per HDQ% cel

by the isol ati GAPPAEGFSL PRY FEMEY3ES Y THfe 1SS G hat B it 1Dde 35
extends in thefg M/dggection, and is commonly used for a plurality of

10menory cells™a Pﬁne in the row direction. The control

The control gate electrode 35 extends in the row

direction, and is commonly used for a plurality of
10 memory cells aligned in the row direction. The control
gate electrode 35 is used as the word line WL.

A gate 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

15 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

20 control gate electrodes 35 are formed. In.the select
transistor 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

25 electrode layers aligned in the row direction are
electrically separated by the isoclation insulating

films 31A similar to the floating gate electrodes 33.



gate electrode 35 is used as the word |ine W. A gate el ectrode 37 of
the select transistor ST adopts a structure simlar to the stack gate
structure of the nmenory cell MC. The gate el ectrode 37 of the 15sel ect
transistor includes a first electrode |ayer formed at the same tine when
the charge storage |ayers 33 are formed, an insulator forned at the sane
time when the intergate insulating filns aPe forned and a second el ectrode
| ayer forned at the sane tinme when the 20control gate el ectrodes 35 are
formed. In the select transistor ST, the first electrode | ayer and second
el ectrode | ayesimiéaconnethedcohtandh gart copdraaty ddersmsd, i nhehesdawsd at or .
The two connected el ectrode | ayers formthe select gate line SG. A
plurality of felett2bdkedtrede ekapeds dln dgied Hav tdieg aadvwodi r egtd dré ar e
electrically separated by the isolation insulating film 31A simlar to the
floating gate ePEEPRédess8E. for moplugiediitatr afo sHe dormedIS iFhtar %l ect rodes
35, the second el ectrode | ayer extends in the row direction, and is
commonl y used f&igBSH dRalthey reW sdlré&t itGransi stors aligned in the row

directiop. 5The nempry cells MC and sel ect trapsistors ST are r_exanpl e,
connect eg in series i (K& r}a PECtAh B T iU S et sgflO%&f'or med

in the sem cong%%t og{a%ulist r%t %n?é%' e‘léhe t\/voeraidésacienntt seelc%cltun'{ ransi stors ST
share a diffusion Faye 5B PoVRST |n1fbfhe_senicondhctor Substrate 30.

The diffusion %gg%j?‘_i%%b\g%n%iﬂ%ﬁros‘ Lr;% AS &f}ﬁsﬁﬁ%ge%e s3nd ydrai n of each

transi stor MC an urality o ry ce connected in series by

the diffusion Layetsnddtddr ma iy fe! | M tewd My fddasic Iddesdayer
insulating filmb51 is provided

transistors ST share a diffusion layer 40B formed in

10 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.

15 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

20 insulating f£film 51, a contact plug CPl is embedded.
Contact plug CP1l 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) MO on interlayer insulating film 51

25 through contact plug CP1.

A secoﬁd interlayer insulating fiim 52 is layered

on the first interlayer insulating film 51.



on the sem conductor substrate 30. Interlayer insulating film 31 covers
gate electrodes of the nenory cells MC and gate el ectrodes of the sel ect
transistors ST. In the contact hole forned in interlayer 20insulating film
51, a contact plug CPl is enbedded. Contact plug CPl is connected to the

- diffusion | ayer 40B shared by the select transistors ST. The diffusion

| ayer 40B is connected to a first intercoanect |ayer (netal |ayer) MO on

interlayer insulating film51 25through contact plug CPL. A second
interlayer insulating film52 is layered on the first interlayer insulating
filmb51. - 20 - WwhenWhere tdie fdidifdrsilan daysrs 408 disasharneg e t he drain

side select transistors STD, a second interconnect |ayer (netal |ayer) M
whi ch is the bidrainneiBe iseleatnectaed itsa drdre id,f usisacdrader . 40B t hrough 5a
via plug V1 in interlayer insulating filmb52, the first interconnect |ayer
MO and cont act ipltegc©PhecThe ayecondatatlerleayaectM] agreirchMI spiteh st t he bi t
line BL extends in the columm direction. Contact plug CPl1 connected to each
bit |ine BL isldnecBdi dal [opre@sdiest & tdperdifdmmiorcaldyami40Rliyreenhin t he
row direction. . I.n addition, when the diffusion |layer 405 is shared by
the sour€e sidé FeiPe®l UG disiidt 67 STRRYGThe BUrate 19 e 8L Tor W ch the

first interconnect layer MOis used is nected to the diffusjon |ayer
203, 15As |11 udtrdited 157 TGS E ity Ho M HEG Gt Clgct BB| Wit 1 oded 35

which are the ward,|jnes M. extend from the fnside of the rerpry cgll array

extends in the column direction. Contact plug CPl
connected to each bit line BL 1is electrically separated

10 per memory cell unit aligned in the row direction.

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 i1s used is connected to the diffusion layer 40B.

15 As illustrated in FIGS.5B and 5C, the control gate
electrodes 35 which afe 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

20 separated inside the drawing area 150. The portions at
which the word lines are separated are by no means
limited to the portions illustrated in FIG.4.

The word lines WL are connected to fringes 39 (F)
in the drawing area 150. A contact plug CPF is

25 provided on a fringe 39, thereby electrically
connecting the fringe 39 and contact plug CPF. To

connect the control gate electrodes (word lines) 35



of the drawi ng area 150. Further, to secure the independence of the word
lines W,, the word |lines are 20separated inside the drawi ng area 150. The
portions at which the word |ines are separated are by no neans limted to
the portions illustrated in FIG 4. The word lines W. are connected to
fringes 39(F) in the drawing area 150. A contact plug CPF is 25provi ded on
a fringe 39, thereby electrically connectibng the fringe 39 and contact plug
CPF. To connect the control gate electrodes (word lines) 35 - 21 - (W)
and row control circuit (for exanple, word line driver), for exanple, the

first interconnggl) layer MORRWAed i diie FAMNGHRA Lrl-d S yged.
I nt erconnect |ayer MO extending fromthe row control circuit 101 is

- 5connected to epntact) plidg SR haHd ingesB3%nddrasttiddomayr fug t her
using interconnect |ayer ML positioned at the sanme interconnect |evel as

the bit |ines BlroikRavard dHenesa36 djye e e atkdd. t entoveaamn ol
circuit 101. 10An area in which the fringe 39 is provided in the draw ng
area 150 is al dayeef 10 etkttemdashca f'onttEct mrveacd@A'rol circByt adjlustis ng
bendi ng positions of the word lines W. drawn in the drawi ng area 150, the
fringes 39 and ctBummitast tl ugsi1tERRE gt duww GRRReoradjhstemaoef3Hosi n ons

addition, by further using interconnect layer Ml
positioned at the same interconnect level as the bit
lines BL, the word lines 35 may be connected to the row
control circuit 101.

10 An area in which the fringe 39 1s provided in the
drawing area 150 is also referred to as a “contact area
CA”.

By adjusting bending positions of the word lines

WL drawn in the drawing afea 150, the fringes 39 and

15 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 direction). For example, a layout
of a plurality of contact plugs CPF can be shifted and

20 set in the row direction and column direction per word
line WL. Consequently, it is possible to simplify the
layout of the interconnect layers for connecting the
word lines WL and row control circuit 101.

Further, the gate electrodes 37 of select

25 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



and sizes thereof and pitches between fringes and between contact plugs
two-di nensionally (in the row direction and colum direction). For exanple,
a layout of a plurality of contact plugs CPF can be shifted and 20set in
the row direction and colum direction per word Iine W.. Consequently, it
is possible to sinplify the |layout of the interconnect |ayers for
connecting the word Iines W. and row contpel circuit 101. Further, the gate
el ectrodes 37 of select 25transistors which are the select gate lines SG
extend fromthe inside of the nenory cell array 100 to the inside of the

draw ng area 13@. cfbeskAkehiCoRRect iWedl Rorr 122 wifdy e sSeleet gate lines
SGL is wider than, for exanpl’e, an interconnect w dth WAV of the word |ines

W.. Hence, theesaehgtk,gahe ihitReSdnect RMAEOMEH N thyidhe iffdag,. and a
contact plug C92 is provided on the 5select gate SA inside the draw ng

area 150. HeAsel, | khst satledti raklkGlin@ SBL iisolait @dvnmsiteat iwigf i | m 313
is provided in, for exanple, the sem conductor substrate 30 inside the
drawi ng area 156e Thenigeol anidor icesutlaatti pd fg |IGR2B 1B igrdfvardeed dm ttHee entire
10drawi ng area 150. Inside the drawi ng area 150, the word lines W. and
fringes 39 aresphevicdedten SGhe linsgldat itdve idraiatd myefa [h0313. The
word Iines W. have a |ine-and-space pattern in the nenory cell array 100.
The |ine-and- space P&t tidrinsiBagedlimpdtiCer PGmn athikirlatione Haweaning or

exanple, a , . . . :
film 31B is provided in, for example, the semiconductor

substraté 30 inside the drawing area 150. The
isolation insulating film 31B is formed in the entire
10 drawing area 150. Inside the drawing area 150, the
word lines WL and fringes 39 are provided on the
isolation insulating film 31B.
The word lines WL have a line-and-space pattern in
the memory cell array 100. The line-and-space pattern
15 has g pattern in which a line pattern (for example, a
conductor pattern and, 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
20 the interconnect péttern extends. For example, a line
width WD.of the space pattern, that is, an interconnect
-interval WD between the interconnect lines, 1is
preferably nearly the same as the interconnect width WW
of the word lines WL. Meanwhile, it naturally follows
25 that the interconnect interval WD between the word
lines is different from the interconnect width WW of

the word lines.



conductor pattern and, here, a word |line pattern) and a space pattern (for
exanpl e, an insulator pattern) between line patterns are aligned at a
predeterm ned cycle in a direction crossing the direction in which 20t he

i nterconnect pattern extends. For exanple, a line width WD of the space
pattern, that is, an interconnect interval WD between the interconnect
lines, is preferably nearly the sanme as the interconnect width WV of the
word lines W.. Meanwhile, it naturally follows 25that the interconnect
interval WD between the word lines is different fromthe interconnect w dth

WV of the word |ineshe wo2d 1ines WLTRG M rlddess Wy alrRe fordmehusi ng the
sidewal | transfer technique (sidewall formation process), so that a pattern

i.s finer (a patkensrbBaviaghaigiel |(ehdéwaRnsifetnatthamn PWiwddgs)t, ddrensi on of
the resol ution 50of photolithography. Meanwhile, there are cases where the

i nt erconnect wktdth andatntencasnédheirnt(er yalt temt éracdmea guidlder of t he
word lines W. have the sane dinensions as the limt dinension of the

resol uti on of BimkogiaphythBor téradphét tdigesesliont ofattédd inses1SEidrOar e
formed using the photolithography technique. For exanpl e, when the
wavel engbh (expéspheteavéheagerhyef Hegngthllsourdensed s crag99s Lphy i s
"X", the nunerical aperture of the | ens of an exposure device is "NA'" and a
process paramet8f Epr&EESENesdi FLAtH AP iR USRABGRETFNE IS TAY | the 1imit
di mensi on of tEe resol ution of |ithography is %presenteqib fql | owi ng
equation (1). KERERFRARPRECT PELGRYi 6f Ppe word lines WL haVe the same

dimensions as the limit dimension of the resolution of
lithography. For example, the select gate iines SGL
10 are formed using the photolithography technique.

For exampie, when the wavelength (exposure
wavelength) 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

15 difficulty) in lithography is “k1”, the limit dimension
of the resolution of lithography is represented by
following equation (1).

klx (A/NA) ... (Equation 1)

In addition, with the present embodiment, an

20 immersion exposure technique or phase shift mask may be
used for patterning by photolithography.

Based on Equation (1), the dimension (for example,
the interconnect width WW of the word lines) of the
interconnects formed by performing the sidewall

25 formation process (sidewall transfer technique) a
plurality of times (n+l times where n is an integer of

1 or more) 1is roughly represented by Equation (2).



In addition, with the present enbodi nent, an 20i nmersi on exposure techni que
or phase shift mask may be used for patterning by photolithography.

Based on Equation (1), the dinension (for exanple, the interconnect wdth
WV of the word lines) of the interconnects forned by perform ng the
sidewal | 25formation process (sidewall transfer technique) a plurality of
times (n+l times where n is an integer-of24 or nore) is roughly represented
by Equation (2). - 24 - (k1/2')x(2/NA) ... (Equation 2) In the
contact area CAin the drawing area 150, an interconnect interval WC2

between the word |ines /Y&y, dipeasi ons VE&uapdoWCR) of the contact (fringe.)
39 5connected to the word line and interval W2 between the contact 39 and

interconnect in thergonhactoateatCAraze (¥ €al elhd Rvauihey iatteesr d@mecin Wi dth
WV of the word lines W.. Wien the fringe 39 has a rectangul ar pl anar shape,

di mensi on WC1 ohteheofinengeidfersatth@Cdi ensicem Ibef wdrel shords silde of the
fringe 39 and dinension WC1' of the fringe 39 is the dinension of the | ong
side of the frdngen82onkedfAnhiehe, Walen cttheHer iquge 833 s imasquar®e shape,
di rensi on WC1 and di mensi on WC1' have the sane size. 15For exanple, at
| east one of thAennhAcéedofireche word line and interval WC2 between the
contact 39 and interconnect.in the contact area CA are
greater than the interconnect width WW of the word
lines WL. When the fringe 39 has a rectangular planar
shape, dimension WC1l of the fringe 39 is the dimension
10 of the short side of the fringe 39 and dimension WC1'
of the fringe 39 is the dimension of the long side of
the fringe 39. Meanwhile, when the fringe 39 has a
square shape, dimension WC1l and dimension WC1l' have the
same size.
15 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 (A/NA) or less.
Interval WC2 between the word lines in the contact
20 area CA is set. to greater than (k1/2%)x(A/NA). For
example, dimensions WC1l and WCl' of the fringe 39 are
set to greater than (k1/2%)x(A/NA). Meanwhile,
dimensions WCl, WC1l' and WC2 in the contact area CA may
be the limit dimension of the resoclution of
25 photolithography or more.

Thus, with the flash memory according to the

present embodiment, interval WC2 which is greater than



wi dth WVof the word lines W. and i nterconnect interval WD of the word
lines W. is set to (set to less than) (k1/2n)x(A/NA) or less. Interval W2
between the word lines in the contact 20area CA is set to greater than
(k1/2n)x(2/ NA). For exanple, dinensions WC1 and WC1' of the fringe 39 are
set to greater than (k1/2n)x(X/ NA). Meanwhile, dinensions WC1, WC1' and WC2
in the contact area CA may be the limt dpgension of the resol ution of
25phot ol i t hography or nore. Thus, with the flash nenory according to the
present enbodi nent, interval WC2 which is greater than - 25 - the

I nterconnect pihghsfiBter6ABRECEH kBheNYak WBbnhathe nvRaRLY Ge)! iarray 100
is secured between the interconnects in the contact area CA For exanpl e,

when an ArF | asge jnéma§gdcé91 bLheadl hobt 1sodeee rber pexpeswr €net he exposure
wavel ength X is about 193 nm The nunerical aperture NA of the |lens of the

exposure devi centsrsehntersf oh exanpberaalodtred. @at.o 1.35. Further, the
process paraneter kl is set to, for exanple, 0.265. In addition, the
process paraneter 1Okt takepla,l ahge wal @i deserpriccesedffdrowhd fficul ty,
and a small value for a process of high difficulty.:
5 light source for exposure, the exposure wavelength A 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 parameter kl is set to,
for example, 0.265. 1In addition, the process parameter
10 k1l takes a large value for a process of low difficulty,
and a small value for a process of high difficulty.
The theoretical limit value éf the process parameter kl
is 0.25.
When, for example, a sidewall mask for forming
15 interconnects (here, word lines) is formed by
performing the sidewall formation process twice (=n+l
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) WCl of the short side of
20 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
dimension greater than 30 nm taking misalignment or
fluctuation of dose focus into account. In addition,
25 in this case, a sidewall film formed by the first

sidewall formation process is a sacrificial film for

forming the sidewall film (sidewall mask) formed by the



The theoretical limt value of the process paraneter kl is 0.25. Wen, for
exanpl e, a sidewall mask for form ng 15i nterconnects (here, word lines) is
formed by performng the sidewall formation process twi ce (=n+l and n=1),
line width WWof the interconnects W. (35) and interval WD between the
interconnects is 19 nmor less. Dinension (line width) WC1 of the short
side of 20the contact (fringe) 39 in the ggntact area CA or interval WC2
bet ween the interconnects (fringe connecting parts) in the contact area CA
is set to the dinension greater than 30 nmtaking m salignnment or

flluctuation of ;daggqf Q¢HSwhAL0 rRERAYALN F@o%%%' oL.1 0wy r29ieh L Ring case, a
sidewal | filmformed by the first sidewall formation procéss is a

sacrificial filbinkasibarBirngntheasi-dewaltl ridddmuys icthevaldc omes k) fearammd by
the - 26 - second sidewall formation process. Further, the dinension of

the pattern foraesl by themsacardtskedewal lfsfidtm icx ftcmren@ita;h tyierone fourth
of the pitch with respect to the dinension of the sacrificial |ayer for
5form ng the firespesitdevalthef idimension oFurthhkersaosien dikd Siadewalflormask for
-forming the interconnects is formed by perform ng the sidewall fornmation
process there frmedng=mht dndsn=2)dekiedd diidth WV of the interconnects W
(35) or interval WD 10between the interconnects is 9.5 nmor |ess. Further,
di mension (line w dERrtWer ofvhee tdigorsti dsivwe ofmastie funtframizw ithe he
contact area CA or the interconnect interval W2 between the interconnects
in the contact 12F8XCEANES et St & OrRE ddiPe RSITHP Frdwt & a waifewes lnm 15t aki ng

m sal i gnment Oro&%%%&%%tb%%é%gsd%%%rgo%%%ég“()n*l and n=2), line

width WW of the interconnects WL (35) or interval WD

10 between the interconnects is 9.5 nm or less. Further,
dimension {(line width) WC1l of the short side of the
contact 39 in the contact area CA or the interconnect
interval WC2 between the interconnects in the contact
area CA 1s set to the dimension greater than .15 nm

15 taking.misalignment or fluctuation of dose focus into
account. In addition, in this case, a sidewall film
formed by the first and second sidewali formation
processes 1s a sacrificial film for forming the
sidewall film (sidewall mask) formed by the third

20 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.

25 With the semiconductor device according to the
present embodiment, interconnects having a line-and-

space pattern is formed by performing the sidewall



account. In addition, in this case, a sidewall filmforned by the first and
second sidewall formation processes is a sacrificial filmfor formng the
sidewal | film(sidewall mask) formed by the third 20sidewal |l formation
process. Further, the dinmension of pattern formed by the third sidewal |
filmis formed at the one eighth of the pitch with respect to the dinension
of the sacrificial layer for formng the piprst sidewall film 25Wth the
sem conduct or device according to the present enbodi nent, interconnects
having a |ine-andspace pattern is formed by performng the sidewall - 27 -

transfer technigugsesrdewahh ; EOEMLEL GRWRANACESI R iRINULRIIdE Of 41 mes. For
exanple, the word lines W. having the |ine-and-space pattern are forned

using a mask fgnoedibyyr epeatiadky feoW REsidevalthe Wora (AHLs i mes

(where nis an integer of 1 or nore). The sidewall filmformed at the nth
time is a sacrhbtivenal thiel Miaeetadrepaice asttairdewald feaedd iwdialg fAa 1 ni') for
formng the (n+l) th sidewall film Further, the sidewall filmfornmed at

the (n+l) th tmaeki Soused dby aebermiekllfyorfdrarimong itdesvaddr o illimmees(n+The word
lines W. fornmed by performng the sidewall formation process a plurality of.
times (n?l tinméghesf dwhexanpl és haveéndguesdetferlniaredianstier cdiytect wi dth WV
and interconnect interval WD and are adj acent. 15This interconnect w dth WV
and i nt er conneé&i-demeddyailppformed at the n“> time is a sacrificial

film (referred to as “sidewall sacrificial film”) for
forming the (n+1)* sidewall film. Further, the

)™ time is used as a

 sidewall film formed at the (n+1
10 mask. for forming the word lines.
The word lines WL formed by performing the
sidewall formation process a plurality of times (n+l
times), for example, have a predetermined interconnect
width WW and interconnect interval WD and are adjacent.
15 This interconnect width WW and interconnect interval WD
are smaller than the limit dimension according to
pattern formation by lithography (exposure).
With the semiconductor device according to the
present embodiment including the interconnects formed
20 by performing the sidewall transfer techniéue (sidewall
formation process) (n+l) times, a mask is formed by
photolithography 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
25 2 sacrificial fiim.
By this means, a wider interval WCZ between the

interconnects adjacent in the contact area CA than the



are smaller than the limt dinension according to pattern formation by

| it hography (exposure). Wth the sem conductor device according to

t he present enbodi nent including the interconnects forned 20by perform ng
the sidewall transfer technique (sidewall formation process) (n+l) times, a
mask is fornmed by photolithography such that the nth sidewall filmin the
contact area is covered before the (n+L)thgsidewall film (sidewall mask) is
formed using the nth sidewall filmas 25a sacrificial film By this
means, a wi der interval WC2 between the interconnects adjacent in the
contact area CAntRapohRGct- wiBien W GheONRel Wndidh VMAND- it Gfcyinect

interval W5 of the interconnects fornmed by the sidewall formation process
(sidewal I transher iheehkBbaHektisS reeaidiedy W ReGeWdl 1t ey GRMtagt area CA

i nterval WC2 whi ch 5does not allow the mask for formng the fringe 39 to
step over a pl pralceky agkidalancorreelisTeW tarthnintey)vals We-uwddLh does not
allow the fringe 39 connected to each interconnect W. to contact (be
short-circuit edunthey,t he otkeromentoer @ race CFgcuma rvGngetuentiagh 10
short-circuiting of the interconnects W.,, fringes 39 and contact plugs CPF
is reducéd i n thescontaet lawed h€Amaklr theer fosmemy rithey Vit 1nAE2 IFettween t he
interconnects W. in the contact area CA is nade. 15 greater, it is possible
to increase di FEFS EVSITWE1PARdaNCEY off tifdemaoige 3 Ws ang egmiarval is
possi ble to increase the contact area of the fringe 39 and contact plug CPF
and reduce t he "ontadChr €St ate Mt di s H& Mgt IPHIRF &shteet pl ug

CPF. 20Cbnsequ%gkhy“ with the seq&conductor de%&%?short—circuited

interconnect WL to contact
with) the other members are secured. Consequently,
10 short-circuiting of the interconnects WL, fringes 39

and contact plugs CPF is reduced in the contact area
CA.

Further, when interval WC2 between the
interconnects WL in the contact area CA is made

15 greater, it is possible to increase dimensions WC1l and
WCl' 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.

20 Consequently, with the semiconductor device
according to the first embodiment; it is possible to
improve reliability of the semiconductor device having
a2 fine pattern without using a complicated
manufacturing process.

.25 (c) Manufacturing Method

A method of manufacturing a semiconductor device

(for example, flash memory) according to the first



according to the first enbodinent, it is possible to inprove reliability of
the sem conductor device having a fine pattern without using a conplicated

manuf act uri ng process. 25(c) Mnufacturing Method A et hod of

manuf acturing a sem conductor device (for exanple, flash nmenory) according
to the first - 29 - enbodinment will be described with reference to FIGS. 5A
to 180. One process of a manufacturppg nethod of a flash nenory

according to the present enbodiment will .be 5described using FIGS. 6, 7A, 7B
and 70. FIG6 is a plan view of the nenory cell array and drawing area in

one process of eﬁbH@DMEﬁEtHﬁimgb@‘?ﬁ@%@r@ﬁoetdh%lfﬂrﬁ%ﬂ@"‘i@{c)é RELHHNGA 0 the

present enbodi nent. 7B and 70 illustrate a cross-sectional
structure in Fk@.@gcloFlG.7A illustrates a sectional view along line Vila-
Vilain FIG6. FIG73 illustrates a sectional viewalong line VIIb-VIIb in

FIG 6. Further, FlGoRe blrbuslssalods aarsesifiaalr iewediosg di ne MldgsxVIIc in
FIG 6. 15As illustrated in FIGS.6, 7A, 7B and 70, in the nenory cell array
100, the insul atngyf abpo32ihbot cexarplpeessnt cotbaXintent Wil ikee f or med on
t he sem conductor substrate 30 in which the well region (not illustrated)
is forned. ThedbﬁsuﬂbﬁﬂngSﬁhQnESESi§ 20for ed dyd Tor exXdivd d,s teharlel

oxi dation processing with respect to the silicon substrate. The insulating
film32 is usedigy Phethat Bemesyl &cildg amnay @nshriElavyiixllagidandg ¥ 909 of the

menory cells and the gate insulating filmof the select transistors. A
first 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.

10 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.

15 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 30 in which the well region
(not illustrated) is formed. The insulating film 32 is

20 formed by, for example, thermal oxidation 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

25 conductive layer (for example, polysilicon) 33A is
formed on the insulating film 32 according to, for

example, the chemical vapor deposition (CVD) method.



25 conductive | ayer (for exanple, polysilicon) 33A is formed on the
insulating film 32 according to, for exanple, the chem cal vapor deposition
(CVD) method. - 30 - The conductive layer 33A on the insulating film32 is
used as the floating gate el ectrodes of the nmenory. cells and gate

el ectrodes of the select transistors. In addition, instead of polysilicon,
the insulating filmsuch as nitride silic including the trap level with
respect to the charge (electron) nay be formed on the insulating film 32.
Further, a nask Iayer (not illustrated) is formed on the conductive |ayer

33A. Then, Sﬁﬁﬁcwv%h?agzg q?%&’oﬁelt arpay,| %;Bg”f%rﬁe%zblthe

photollthograp y t echnr que or ffansfer tech ni gque is mask | ayer

I's processed sze&O e%agpk§oa£fﬂ reget \éqgc%oafeghb@gt&@ Rbmeyhod. By
this means, the mask | ayer (not Iustrate i ncluding the |1 ne-and-space

pattern 15extepding hAgt egt@%%et%a%%t qun the seneed erahbesegnpductive
| ayer 33A in the nenory Cell array 100. For exanple, the nmask | ayer is

removed by RIErhnatbetdean mgs@éga $50p0oBased ient he neaskshayernef this
| i ne- and- space 20pattern, the conductive layer 33A, insulating film32 and

sem condsict or subst sate 36 aterptiecessedoby,infdfndéxgmhe, trhe Riekeaiet hod.
By this means, in the menory cell array 100, isolation trenches extending
in the col um wWitbcteepeatetpbotiredchargie (Sdsictondictiey 28sdiosteat @30, The
conductive | ayer 33A and sem conductor area bel ow the conductive | ayer 33A
the insulating film 32.
Further, a mask layer (not illustrated) is formed
on the conductive layer 33A. Then, a mask layer in the
10 memory cell array is patterned by the photolithography
technique or sidewall transfer technigue. This mask
layer is processed by, for éxample, the reactive ion
etching (RIE) method. By this means, the mask layer
(not illustrated) including the line-and-space pattern
15 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.
Based on the mask layer of this line-and-space
20 pattern, the conductive layer 33A, insulating film 32
and semiconductor substrate 30 are processed by, for
example, the RIE method. By this means, in the memory
cell array 100, isolation trenches extending in the
column direction are formed in the semiconductor
25 substrate 30. The conductive layer.33A and

semiconductor area below the conductive layer 33A

extend in the co-umn direction. Further, in the



extend in the colum direction. Further, in the - 31 - draw ng area 150,
the conductive layer and insulating filmare renoved by the R E nethod, wet
etching or ashing, thereby form ng trenches. Further, in the nenory cel
array 100 and drawi ng 5area 150, the insulating filnms 31A and 313 are
formed on the sem conductor substrate 30 such that the trenches are buried.
By this neans, in the nenory cell array 1Q9, the isolation insulating filns
31A adopting an STl structure are enbedded in the isolation 10 trenches,
and el ement formation areas (active areas) in which the nenory cell units

CU are arr ang?%ﬁ@nxra%g' 1%I't Qe S lérofi‘lglglectliﬁé?rla%fert he, $ & Londugior

substrate 30 in nory cell array a ne-‘and- space pattern forned

with the isol atd;on a,88S 3Rl@byOR HNSWFALIG LBf idM8)e @nd: &) esent
formati on areas (sem conduCtor areas) are fornmed. Further, the trench in

t he draw ng arg%ham%,i&hgg@k@df@knhm%igygdﬁﬂéyl insulating film 313.
In addition, simlar to the nenory cell array 100, 20the isol ation

insulating filns andgeiixgnducttie afasrwicdle 41 ey anmb spaded pavieg n may
al so be forned in the drawi ng area 150. After the mask | ayer on the
conducti %e | ayerre33A S0 redvwen\iechultahte non sl lad=or3 1(A rdred gHtR ansufatmed fil m
2534 is fornmed on the conductive | ayer 33A by, for exanple, the CVD net hod
or chenical reautitdre (W id@nidoT yerocessi g tai it ividy Pracesst ng or radical
processing 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
10 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
15 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.
In addition, similar to the memory cell array 100,
20 the isolation insulating films and semiconductor areas
of the line-and-space pattern may also be formed in the
drawing area 150.
After the mask layer on the conductive layer 33A
is removed, the insulator (intergate insulating film)
25 34 is formed on the conductive layer 33A by, for

example, the CVD method or chemical reaction (coxidation

processing, nitriding processing or radical processing



- 32 - of these) with respect to the conductor. The insulator 34 is used
as, for exanple, the intergate insulating filmof the nmenory cells. In
addition, in the area to formthe select gate lines, openings (slits) are
formed 5in the insulator 34 such that the upper surface of the conductive

| ayer 33A is exposed. A second conductive layer 35A is forned on the
insulator 34. For the conductive |ayer_354, one of silicon (for exanple,
polysilicon), silicide and 10pol ycide (Il ayered nenber of polysilicon and
silicide) is used. Meanwhile, the conductive |ayer 35A may be netal (single

el ement net al Q %hEQX)'WIQﬁ ¢Qn %%%OEOSQ%ei%dﬁaﬁé CO@&EPHA¥HfE or
) of th l's MC éés

el ectrodes (word lines"W.) o nmenory cel and ‘gate electro

(sel ect gate 13ljings)sel the $eleekaldARSI SR Sntergat S ARSI BRM above,
menbers for formng the nmenory cells and select transistors are fornmed on

the sem conductranmsybsthat aedrylienlsan imsuawtidicod ayef B iasrdorged on
t he 20conductive |ayer 35A. The insulating film®60 is, for exanple, nitride

silicon. The p&bter nhkoserechy galte diidewsl loderdansfer (dleicty)i gie iHrmed
transferred to the insulating | ayer 60 on the conductive |ayer 35A. The
insul ati Ag | ayen GB@el sSnalusa toef edr ethdho tdsi ta theatupmrar 28trfarss erf |Eeer”. A
sacrificial layer (also referred to

conductive layer 33A is exposed.

A second conductive layer 35A is formed on the
insulator 34. For the conductive layer 35A, one of
silicon (for example, polysilicon), silicide and

10 polycide (layered member of polysilicon and silicide)
is used. Meanwhile, the conductive layer 35A may be
metal (single element metal or alloy). The conductor
35A 1is used as control gate electrodes (word lines WL)
of the memory cells MC and gate electrodes (select gate

15 lines) of the select transistors.

As described above, members for forming the memory
cells and select transistors are formed on the
semiconductor substrate 30.

Then, an insulating layer 60 is formed on the

20 conductive 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

25 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



as "core") 61 is deposited on the pattern transfer |ayer 60. The

~sacrificial layer 61 is processed to a - 33 - predeterm ned pattern by,
for exanple, the photolithography technique and RIE nethod. Wth the
exanple illustrated in FIGS.6 to 70, a planar pattern of the sacrificial

| ayer 61 has a line pattern 5extending in the row direction and a
projecting pattern (projecting part) 61Azgonnected to this |line pattern.
The projecting part 61A projects in the colum direction in the horizontal
direction with respect to the substrate surface. For exanple, the

projecting 10party6iA, %%E%Cb§tE%W%rQg{h%oQo%&%ﬂ&Mf§iQ%eOf the bl ocks. A
C

di nension (line w dth) of “the projééting part 61A in the horizontal

direction (col gaBtdnfeabiy@RbnY Ll cheskee! 4@ e sihsidat e wunf age is wider
than a line wwdth W of the sacrificial layer 61 in the nmenory 15cell array

100. Foexexgnpl e, 1astabekidali ndirfiibar.entc f man the Ipatdrergn ddanst er

| ayer 60 is used for the sacrificial layers 61 and 61A and the sacrificial
| ayers 61 and 6fAtaresamade fakialr asiyetr & pelsysi [liieen pEartearor phous
silicon). The 20sacrificial layers 61 and 61A and pattern transfer |ayer 60
are madedof di Bkérertngatier ithles roso dilraicta qpr edet er mnvgd wticty mpttern
selectivity is secured between the sacrificial layers 61 and 61A and
pattern transfdPrPageit16Q9. P2BEGr cdRapen@edted He rdvicy L idw [Palrtyan 100,
dimension (line width) WL of the line pattern of the sacrificial l|ayer 61
is preferably ggptggﬁé@céﬁ@g part 61lA projects in the column

direction in the horizontal direction with respect to
the substrate surface. For example, the projecting

10 part 61A projects toward the boundary side of the
blocks. A dimension (line width) W2 of the projecting
part 61lA in the horizontal direction (column direction)
with respeét to the substrate surface is wider than a
line width W1 of the sacrificial layer 61 in the memory

15 cell array 100.

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

20 sacrificial layers 61 and 61A and pattern transfer
layer 60 are made of different materials, so that a
predetermined etching selectivity 1s secured between
the sacrificial layers 61 and 61A and pattern transfer
layer 60.

25 For example, in the.memory cell array 100,
dimension (line width) W1l of the line pattern of the

sacrificial layer 61 is preferably patterned and



- 34 - proces

(word |ines)

sed to have a dinension (for exanple, about 40 nmto 80 nm
which is four tinmes the interconnect width WWof the interconnect pattern

to be formed. For exanple, an ArF laser is used for the

i ght

5source of exposure for photolithography. The exposure wavel ength A of the

ArF | aser is
aperture NA o
about 1.0 to

set to, for exanple, about 193 nm Further, the nuneri cal
f the lens of the exposure dgyice is set to, for exanple,
1. 35. The process paraneter kl is set to, 10for exanple,

0. 265. One process of a manufacturing nethod of a flash nenory

t ?oEEE eat +gmMhad 'Temé”hl Wels iR, (ﬁ% G idded sl ng L 3S. & 9

according to
and 90. FIG 8

sapan Vi ew O nmenory ce

about

array Fand raw ng area |n

one 15process @f ghe H{‘%m%@c%u“ n&o@%l hadhf dihe f@sh iy aeeaf dig to
nbodi nent . 9A, 9B and 90 illustrate a cross-sectiona

structure in Fb& BheFll@t%e«cbhh@&r a8 A rseGidenali nd AW ] oY #dAged Xa- | Xa
in FIG8. FIG9B illustrates a sectional view along 20line | Xb-1Xb in

r, Fl GFQ iddaugilregt es arsectdonaliyieyedl g dhieeliglec | Xc in

the present e

FI G 8. Furthe
FI G 8.

As illustrated in FIGS. 8, 9A, 9B and 90, the sacrifici al

| ayers abe sl i swedcenotfhexpesory deld dratal it0®arebidr.awiThieg aaeo<hbiE by,
et chi ng back 25the sacrificial layers. This slimmng reduces

for exanple,

t he di mensi onsvétveaeagthi AN cifalthleaparts lgu9er The sondiai dreofexammldack

(etching) for

10

15

20

25

slimmng is set such that a
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 parameter kl is set to,
for example, about 0.265.

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.S8.
FIG.9A illustrates a sectional 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 é
sectional view along line IXc-IXc in FIG.S8.

‘As illustrated in FIGS.8, SA, 9B and 9C, the
sacrificial layers are slimmed in the memory cell array
100 and drawing area 150 by, for example, etching back
the sacrificial layers. This sliimming reduces the
dimensions of a sacrificial layers 61X. The condition

of etch-back (etching) for slimming is set such that a



- 35 - line wdth WLX of the sacrificial layers 61X in the nenory cel
array 100 is, for exanple, about half line width WL upon patterning by

| i t hography. The di mrensions of the projecting parts 61A in the
drawi ng S5area 150 are reduced by etch-back. In addition, etch-back
for slimmng the sacrificial layers 61X may be the RIE nethod or wet
etching as long as the sacrificial |ayers3gélX-are selectively etched
conpared to the pattern transfer 10l ayer 60. After the sacrificial

| ayers 61X are slimred, the sidewall nenber (mask nmenber) having a

predeterm ned fihe thheknesg bs deposhted fhyibhe 16V ipthad isuehet hat the
pattern transfer |layer 60 and sacrificial |ayers 1561X are covered.

Further, etch-hagkrofcaipredeker nonedsgomdirt e@Ampbs egppiboed haltthe isiedewal |
menbers such that the sidewall nenbers are left on the |ateral surfaces
(side surfacesyidtht We sponi pecitakniageby6liahdgpeohgct i Mipepart 61A. A
first sidewall film®63 of a 20closed loop is fornmed by this first sidewall
formati on procesmepaivhe béat €hel psoriktatesgobatrhie $déy iifn ¢ihal drayémgslX and
projecting part 61A to surround the surrounding of the sacrificial |ayer
61X. TheSfirstaskpdendll arpl Kre3ces RYs&&CGHi@icHl- | ayer for forming the
25si dewal I mask for _processing the word | ines. Hereinafter, the sidewall

filme63 is also reféfr8dd§188 a otShehaskeifar SAEING f51%n 63". - 36 -

sacrificial layers 61X may be the RIE method or wet

etching as loﬁg as the sacrificial layers 61X are

selectively etched compared to the pattern transfer
10 layer 60.

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

15 61X are covered. Further, etch-back of a predetermined
condition is applied to the sidewall members such that
the sidewall members are left on the lateral surfaces
(side surfaces) of the sacrificial layer 61 and
projecting part 61A. A first sidewall Zilm 63 of a

20 closed loop is formed by this first sidewall formation
process on the lateral surfaces of the sacrificial
layer 61X and projecting part 6lA to surround the
surrounding of the sacrificial layer 61X. The first
sidewall film 63 is a sacrificial layer for forming the

25 sidewall mask for processing the word lines.
Hereinafter, the sidewall film 63 is also referred to

as a “sacrificial sidewall film 63”.



For exanple, in the drawi ng area 150, the planar pattern of the sidewall
film63 deforns dependi ng on the shape of the projecting part 61A provided
in the sacrificial layer 61X For exanple, the sidewall filmb563 in the
drawing area 150 is bent toward the boundary side of blocks BLKi and

BLK(i +1) . Aline width W81 of the sidewall film63 is |less than the
limt dinmension of the resolution of [+thagraphy. Line width W51 of the
sidewall film63 is 10line width WLX of the sacrificial |ayer 61 or |ess.
For exanple, line wdth W1 of the sidewall film®63 is preferably within a

range between the sam @& ieqn ias thien@iraiwdidy \Aeaf 1318 ivHerCiomeact
‘pattern (word lines) to be fornmed and the double line width WVof the word
15l i nes. palte efrinl Mt kihek zesiewall 1t e 18 dewald f arererepamd ietC lorback

condition are preferably set adequately such that Iine width WS1 of this
val ue i s acqui rtée. sheaewifl ehet perofetrering plort fedAmppviliedsiidewdld film
2063 and etch-back condition are adequately sel ected such that the sidewall
film(sidewal | smendériciiad delvect ill.y é&ochedkagwhsar édva o itdewadderfiiflinei al

| ayers 61X and insulating |ayer (pattern transfer |layer) 60. For exanple,
oxi de si Picon i d&edhrodnahd neareiall S250$ fand It rho P Eadideval |

filme63. Meanwhile, as long as the sidewal |l filns 63, sacrificial |ayers
61X and patt er i§ RaRst é’rlchiﬁermé@ &R SdUre he

A line width WS1l of the sidewall film 63 is less
than the limit dimension of the resclution of
lithography. Line width WS1 of the sidéwall film 63 is

10 line width W1X of the sacrificial layer 61 or less.
For example, line width WSl 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
15 lines. | .

The film thickness of the sidewall member and
etch-back condition are preferably set adequately such
that line width WS1l of this wvalue is acquired.
Meanwhile, the material for forming the.sidewall film

20 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

25 (sidewall memberf of the sidewall film 63. Meanwhile,
as long as the sidewall films 63, sacrificial layers

61X and pattern transfer layer 60 can secure the



- 37 - predetermned etching selectivity, a conbination of materials of the
sidewal | filnms 63, sacrificial layers 61X and pattern transfer layer 60 is
not limted to the above exanple. 5Thus, the sidewall film®63 (first
sidewall film is formed by the first sidewall formation process on the

| ateral surface of the sacrificial |layer 61X. Line width W51 of the
sidewall film63 is nearly half the line @i/dth of the pattern of the
sacrificial layer 61 10or less. The line widths of the sidewall film 63 and
sacrificial layer 61 formed by lithography for formng the sidewall film 63
have a rel ati opgsbdptetrmhiaktl thehpnticlelGat ipriagess aford imanuifactafr i ng

met hod of the flash 15nmenory according to the present enbodinment will be
descri bed usi npaEeGsals00fltAe (iBeaad 11¥C1lnfd G310 sx-ra fHlcam vilewexfs t he
menory cell array and drawing area in one process of a manufacturing nethod
of the flash méadr pndcpeitdieny toansdepr detr dtbod Mm@t 1imiCSd I8 2113
and 11C illustrate a cross-sectional structure in FIG 10. FI G 11A
illustrates a seeveor#P™piléw along line Xla-Xla in FIG 10. FIG 11B
illustrates a sectignal view along line XIb-XIb in FIG 10. Further, FIG 11C
i | lustrafes a secti dR&SvitélF SGRFalnd -4 o Bi5isk Figempll filmhg
illustrated in_ Fl 1A,t 1e1§. 110, after.the sacrificial layer is

renoved, resist> Qé%&kyar _l%% - Sflél}%]p%%%tdﬁq & tFdhst'er | ayer
S0, e bhot gl howLsaty daaiaue, an ALY Sl oyt he gl
i's not smaller LR@R §RE of the sidewall film 63 is nearly half the
line width of the pattern of the sacrificial layer 61
10 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.
One process of a manufacturing method of the flash
15 memory according to the present embodiment will be
described using FIGS. 10, 11A, 11B and 11C. FIG.10 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.11A,
20 11B and 11C illustrate a cross-sectional structure in
FIG.10. FIG.1l1A 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 Zllustrates a sectional view along line XIc—-XIc
25 in FIG.10.

As illustrated in FIGS.10, 11A, 11B and 11C, after

the sacrificial layer is removed, resist masks 65A are



5/ine width of the sidewall films 63. Further, the resist nmasks 65A may be
patterned using the i mersion exposure technique. The resist nask 65A is
formed to cover the sidewall film63. The resist masks 65A are forned in
the contact area in which ,a plurality of 10contacts (fringes) are arranged
in the drawi ng area 150. A dinension (line wdth) WB of the resist
mask 65A is wider than |ine width W81 of Bfie sidewall film 63. For exanple,
line width WB of the resist mask 65A is 15set to about the limt dinension
of the resolution of |ithography. Meanwhile, there are cases where |ine

wi dt h WB of théormsdsbnmabk 68Atesnsmakhefetrhdr yelre 6l0i oyt tdiemensi on of t he
resolution of lithography due to the influence of the proximty effect and
sl i mmi ng 20pr opbespngtbbgrhphyesieshnigsie. and etodiagpr odessidsiitgon,

manuf acturing method of the flash menory according to the present

enbodi ment wi | theergédefi Begkgsicrg FPRESPE2 sligmed 3BAndPE30.tI| GirB is a
pl an view of the nenory cell array and drawi ng area in _25one.process of a .

manuf act ur| ng h‘éfjﬁBdoéf thRe TREASK RERESY C2éc drdindd tsélatlﬂ@rprt&aéh the
gt A e o
01ente n gz, s 1s8 Ui e spertia e matine,
Sline Xiilc- XIE&%os@rEIQE%%nlque. 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
10 contacts (fringes) are arranged in the drawing area

150. |

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

15 set to about the limit dimension of the resolution of
lithography. Meanwhile, 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

20 processing of the resist mask.

OCne 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

25 one process of a manufacturing method oZ the flash
memory according to the present embodiment. FIGS. 13A,

13B and 13C illustrate a cross-sectional structure in



As illustrated in FIGS. 12, 13A, 13B and 130, a mask nenber which is the
under |l ayer of the sidewall filnms 63 and resist masks 65A is etched using
the sidewall films 63 and resist masks 65A as masks. By 10t his neans, the
pattern formed with the sidewall filns 63 and resist nasks 65A is
transferred to the mask nenber, and pattern transfer |ayers 60A and 60B are
formed on the conductive |ayer 35A. Here,3%he-portion 60A of the pattern
transfer 15l ayer patterned by the sidewall film63 has a |ine w dth which
depends on the dinmension of the sidewall film 63. The portion 60A is
referred to asFaG.3acri FiGL &aBAl ihéupatrbeen bapect6OAal Wiiee wildhlg W51 of
the sacrificial line pattern | ayer 60A is about the 20sane as |line width
WB1 of the sidéwnakl XELLarB3IIRoineXafplé, | FAE-Wildt i 1\WBbtafatielse asacri fi ci al
line pattern |layer 60A has a line width in a range between line wi dth WV of
the word |inesSe6tbengér He@vWandoaBodtneh&IdébokKe Ilnd nwifdGh WA-of the word:
lines. 25Further, the portion 60B_of the pattern transfer |ayer patterned
by the resist FHSKRBEA RaS- LPhe ldildERTRABCRI GefeCirar tHe VFG™ i231PTE0A
patterned by the sigd |1 _-_40.- tilm63. The portion 60B is referred to
as a "sagrific'éperéﬁfgﬁﬁﬁﬁﬁﬁcpéptgFﬁ'nger 60B". For exanple, line wdth

18 o1 e sacri TLeLgl tectaaular, B berdh Layen 08 i Brocosged based or
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

10 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.

Here, the portion 60A of the pattern transfer

15 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 WSl
of the sacrificial line pattern layer 60A is about the

20 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.

25 Further, the portion 60B oif the pattern transfer
layer patterned by the resist mask 65A has line width

W3 wider than the portion 60A patterned by the sidewall



of the resolution of |ithography or nore. Meanwhile, there are cases where,
due to slinmm ng processing of the mask 65A, line wdth WB of the
sacrificial rectangular pattern |ayer 60B is smaller than the limt

10di mensi on of the resolution of |ithography. Her ei nafter, when the
sacrificial line pattern | ayers 60A and sacrificial rectangular pattern

| ayers 60B are not distinguished, these até referred to as "sacrificial
pattern |l ayers 60A and 60B". 150ne process of a manufacturing nethod of the.
flash nenory according to the present enbodinment will be described using

FI GS. 14, 15A, I53mafAd.150heFpGridons c@Bplhan reifewrefd tthe azermory cell array
and drawi ng area in one process of a manufacturing nethod of the flash
20menory. accordepngifoctihe peesenguéntropiatmsetrn layer 6ORIBGS. 1%4r 153 and 150
illustrate a cross-sectional structure in FIG 14. FIG15A illustrates a
sectional viewcERBRgS)i AENRVA1IRVA e PEGEDS. sRCGIBR gL ysiotanestlar
sectional view along line XVhb-XVh in FIG 14. 25Further FIG 150 illustrates

a sectional vi BACAPRgIPVRE RVE- Ve PrRCEFGEts Pagmceon desitdéial ™3 %s and

resist sk for 41 - orntn t he sacrificial pat ern .layers 60A and 60B
are renoved, a85Pr | aBEr 5PEGS; ﬁ Bl &8’ 14°T15K3™F5 gd

d |1 nb i-d I f d h CVD hod
oh the pat ternch Sy8 SEATBTonobis” i hgratin 3ree|mao§réeﬁmsg%y arpfgs "The.
si dewal | nenbekﬁeareaggcgggegagﬁ re@e%%%ytngﬂt %g%%%K: g»%%éﬁtllns 67

ayer

on the lateral surtaces of sacrificial pattern

addi ti on, bef okget hessi deval b ibid W8 6H e JrorrRalsddie dsapr i fici al
pattern Iayers 60A and 605 may be slimed

rectangular pattern layer 6OB is smaller than the limit

10 dimension of the resolutioh of lithography;

Hereinafter, when the sacrificial line pattern
layers 60A and sacrificial rectangular pattern layers
60B are not distinguished, ﬁhese are referred to as
“sacrificial pattern layers 60A and 60B”.

15 One process of a manufactufing 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

20 memory'according to the present embodiment.

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 sectional view along line XVb-XVb in FIG.14.

25 Further, FIG.15C illustrates a sectional view along
line XVc—-XVc in FIG.14.

After the sidewall films and resist mask for



By this nmeans, the second sidewall film67 of a closed |loop is forned by
the second sidewall fornmation process on the |lateral surface of the
sacrificial line pattern |ayer 60A to surround the sacrificial |ine
15pattern | ayer 60A fornmed based on the first sacrificial sidewall film
The sidewall film67 having a line pattern is a mask for processing the

conductive layer 35A. Hereinafter, the-sidéwakl film67 will be referred to
as a "sidewall mask 67" for ease of 20description. A line wdth W52
of the sidewall mask 67 is line width W51 of the sacrificial line pattern

| ayer 60A or | éssmikgr teraspkeifliiicne Iwipdtth SRR lafyetrtse iddewrd [6daskeeb7 i s
formed wthin the range between about |ine wdth 25W51 of the sacrificial

line pattern | agervedA asdidbostrhakeld llimé Mt WEDBA,| A Sddind obCil i ne

wi dth WLX of the above slimmed sacrificial |ayer 61X is preferably - 42 -
wi der than thet8subeecarneasicyn léf mempeng diiP Wexas lithe Biidf8wal | mask 67
such that the two sidewall masks 67 between the two sacrificial sidewall

filnms do not cEAtAEPR)5RGEt hEFMerh bvhd g sWhdrehmed 5o, thand Gl | masks

67 f d t he | | f f the . i fici t |

pattern Payers (G815 fOPhe ot B BTt SRR SR AT bEPreor THED dewal |
ks 67 dwi i { t | tt 6 i th

The tnterval (FOF oyeiRalc ety e il | B e D eedn et Sl "

masks 67 in th ry. . | -arr. 00+ E he..] | ,pet ween
t he sidewal | rr%’ée @%gﬁgg&gégutﬂﬁﬁ#e%v& o?th %oﬁg t{eehreahr gsc%fagnagéu Sgro pattern
layer 60B. Intervali MBihetweercthe 1ayers 60A and 60B. In addition,

before the sidewall films 67 are formed, the
10 sacrificial pattern layers 60A and 60B may be slimmed.

By this means, the second.sidewall film 67 of a
closed loop is formed by the second sidewall formation
process on the lateral surface of the sacrificial line
pattern layer 60A to surround the sacrificial line

15 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 conductive layer
35A. Hereinafter, the sidewall film 67 will be
referred to as a “sidewall mask 67” for ease of

20 description.

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

25 WS1 of the sacrificial line pattern layer 60A and about
half line width WS1. In addition, line width WiX of

the above slimmed sacrificial layer 61X is preferably



15si dewal
area CA i

s, for exanple, preferably 30 nmor nore. In addition, interval
bet ween the sidewall masks 67 sandwi ching the sacrificial pattern 60B in
the contact area CA may be the limt dinension 200f the resolution of

nor e. Thus, the second sidewall film (sidewall mask)

| i t hography or

| masks 67 sandw ching the sacrificial

67 is forned by the second sidewall forma#Eon-process on the |ateral

surface of the pattern (sacrificial sidewall filmand sacrificial pattern

pattern 603 in the contact

VB

| ayer based on 25the sacrificial sidewall film based on the first sidewall
formati on procesiserTheasetbrddsiutbéwaldinmesd b7 dfs fioremed EhowWS 2t ket position
at which the word lines - 43 - (nenory cells) are forned. When |ine

wi dt h W52 of théesisdeeabll Inaslkek6® 7 suathouthatalthd itwe e ididwalBl nafs Kshe

sacrifici

al sidewall film line width W2 of the sacrificial nask 67 is

5about the onetflobethesh the Itwee swicdtilf icfialhe iskoelfli diialmy @eemdtor
formng the sacrificial sidewall film The sidewall mask 67 and the
al | ayéRtéftformed by |ithography to formthe sacrificial sidewall

sacrifici
film®o63

In addi tPon, although

10

15

20

25

ave,

f or exarg?tlmeeirh tlﬁ]e eegﬁ-ﬁwj_ng area 150, th

masks 67 are formed on the lateral surfaces of the

wal

sacrificial rectangular pattern layers 60B. In the
contact area, the interval between the sidewall masks
67 sandwiching the rectangular pattern layer 60B is
greatér 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, interval W3 between the
sidewall masks 67 sandwiching the sacrificial pattern
60B in the contact area CA may be the limit dimension
of the resolution of lithography or more.

Thus, the second sidewall film (sidewall mask) 67
is formed by the second sidewall formation process on
the lateral surface of the pattern (sacrificial
sidewall film and sacrificial 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

a relatiopship of 10the one féﬂg%&gcﬁ fhe pitch



enbodi nent, the sidewall masks 67 are forned on the |lateral surfaces of the
sacrificial pattern |ayers 60A and 60B, the sidewall nasks 67 may be forned
on the 15l ateral surfaces of the first sidewall film63 and resist nmasks
65A. Further, after the first sidewall filns 63 and resist masks 65A are
removed, the sacrificial pattern |ayer (hard mask | ayer) may be processed
using the sidewall nasks 67 as nmasks. +n 2Bt h+s case, the core, first
sidewal |l filns 63, resist masks 65A and sidewal |l nasks 67 nay be directly
formed on the conductive layer 35 without form ng the nmask nenber
(sacrificial |iinempayteendsfOAreootriedconductive |ayer 35. 250ne process
of a manufacturing nethod of the flash nenory according to the present
enbodi ment wi || be déscrilbed wsidid WSSSoI6 the HCewdlG Itisks @ plan view -
44 - of the menory cell array and drawing area in one process of a
manuf act uri ng ePEhedhef ft Rankel adkltie WSly odc couedismg nid tidi@ lpredsianall

enbodi ment. FIGS.17A, 17B and 17C illustrate a cross-sectional structure in
FI G 16. FI G 17A1lM, udtpgt @4 dahs 86 efalthei eRcalidigiaingadi 18X 4 in

FIG 16. FIG17B. illustrates a sectional view along lLine XVIIb-XVIIb in FIG
16. FI G 217C i BPOSFr 4FEs ORes OGP viteF ety "idte YA I’ SXviIc in FI G 16.
10As illustrated in FIGS.l?, 17A,. 17B and 17%, after it e.s%prLf'ciI
pattern | ayer F@Frﬁg?ﬁﬁﬁ& Ry di d&tallC Hadks &F iS¢ 5% st masks

69A are fornedeKtho%gkitq%gggﬁhyngg etching .at. ROsiti fﬁitf’fa dn fringes
' § the wo th ac

(contacts) to bé connected to rd linesin e con area CAin

e e o T YO B ORI 0 o iR ol 008 I aet
the resist maskiGR4a0an e eUGRE SMBd el dhan d hey lidide i fmngd o of the
10 the one fourth of the pitch.
In addition, although, with the present
embodimént, the sidewall masks 67 are formed on the
lateral surfaces of the sacrificial pattern layers 60A
and 60B, the sidewall masks 67 may be formed on the
15 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
20 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.
25 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



20resol ution of |ithography by slimmng the resist nask. An interva
Wb between the sidewall masks 67 covered by a resist nmask 69 in the contact
area CAis greater than interval W51l between the adjacent sidewall nmasks 67
in the menory cell array 100. For exanple, 25interval Wb between the
sidewal | masks 67 in the contact area CAis greater than (k1/2')x(2aNA)
Here, the wavel ength (exposure wavel engt hi4of -a |ight source - 45 - used
for lithography is "X', the nunerical aperture of the |ens of an exposure
device is "NA" and a process paraneter (process difficulty) in |ithography
is "kl", and tbhé vakuechasgdcenlt heraynaerd efrawines arekl)imoforihe 5si dewal |
formation process (sidewall transfer process) is "n". For exanple, wth the
present enbodi pepteswhed theanotfectariect meathoer o f{ idred flliasds menicsr f or med
by performng the sidewall formation process twice, interval Wb is
preferably 30 apcordibgetol0Benpegsent! prkiadimerngossitlGs t10/ sseclit® andrmr gi n
for formng the_resist masks 69 in the contact area, and prevent poor
patterni ng of érne FediusStrghsk a6 ropsppiasd ol tHeuainins dewdl1G resks 67 or
prevent the two _resist masks 69 from contacting each other. 15In the nenory

cell arrady 10051fnhé Pntelvaltredsace) sEeitweainlt e extjcdcdt Sitfewkildmmsks 67
i bout th i i.dt h f.th d i ficial sidi |
I CF st s, GUTaR 1 Paf Howeydl rifora Lo Rtess e o T it v

bet ween positi%E%n%t1@%gCQV%%%U§V&%&¥%91%Hkiaﬁﬁgsinﬁ;Oﬁyk?e sidewal | masks
67 1 . . .

illustrates a sectional view along line XVIIc-XVIIc in
FIG.16.

10 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 connected to the wo;d lines in

15 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

20 resolution of lithography by slimming the resist mask.

An interval W5 between the sidewall masks 67
covered 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,

25 interval W5 between the sidewall masks 67 in the
contact area CA is greater than (k1/2%)x(A/NA). Here,

the wavelength (exposure wavelength) of a light source



oppose to each other are different fromline width WS1 of the sacrificial
side wall film For exanple, at the sane tine when the resist masks
69A for formng fringes are forned, the resist 25masks 69B for formng

select gate lines (select transistors) are fornmed. FIGS.18A, 18B and 18B

illustrate a manufacturing - 46 - process subsequent to FIGS. 16 and 17,
nore specifically, the etched cross-seetiasgal -structure subsequent to
manuf acturing process illustrated in FIGS.16 to 170. FIG 18A is a sectional

view after 5 etching in FIG 17A. FIG 18B is a sectional view after etching
in FIG17B. Fl @st30foy aiseelrepaly visew)aft efhettihid¥g ddl Rlgedfize of A
processing target |ayer on the sem conductor substrate 30 is etched by, for
exanpl e, the RitBemgkhed cX0usi rgpidsersl dewdlde MBSKNB7 adl 4 estsdesmsks 69A
and 69B as masks. Wth the present enbodi nent, the processing target |ayer
i s the conduct peeamayers (35Acansd 3B¥A fardilimguliat drit3ddmymredi on* ke,

sem conduct or substrate 30. Meanwhile, wth the present enbodi nent, 15 the
processi ng tar ged [tigewvaguscdssed o tie siwewat |ofraskee § ofmel) basethon t he
sacrificial sidewall films may adopt a single |ayer structure of the
conducti ve |ayéﬂdﬁwaﬂﬁsQQ£NQquna§§FFESS sidewall transfer process)

ANy /4

is “n”. For example, with the present embodiment, when
the interconnect pattern (word lines). is formed by
performing the sidewall formation process twice,
interval W5 is preferably 30 nm or more.

10 Consequently, it is possible to secure a margin
for forming the resist masks 69 in the contact area,
and prevent 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.

15 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

20 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.

For example, at the same time when the resist
masks 69A for forming fringes are formed, the resist

25 masks 69B for forming select gate lines (select
transistors) are formed.

FIGS.18A, 18B and 18B illustrate a manufacturing



As illustrated in FIGS. 18A, 18B and 180, according 20to etching, the

i nterconnect pattern and gate pattern are formed on the sem conduct or _
substrate 30 based on the sidewall masks 67 and resist nasks 69A and 69B.
By this nmeans, the interconnects (word lines) W. in the |ine-and-space

pattern are fornmed in the nmenory cell 25array 100. In the nenory cell
array 100, the stack gate structure of -thééenenory cells is fornmed based on
the - 47 - sidewall nmasks 67. The stack gate structure of the nenory cells

includes the floating gate electrodes 33 on the gate insulating film 32,

i nt er gat e i nsulpaticeg sf ishibs eguesit! aoFS)cS34 comnidhd 7,| eatdeng gate el ectrodes
533 and control gate electrodes 35 on the intergate insulating filnms 34.
The control gateesglidditrddgs 3decare cheed ca stsheandricbrd nes- Mctullee wor d
lines W. extend fromthe inside of the menory cell array 100 to the inside
of the draw ngsabegarsot Tive maond aldtwe iWg POicses cont At gpfted elrect r ode of
the nmenory cell MC, and crosses the active area in the nenory cell array
100. The EA&d 16 1@ W/ Chas Ftlfve 1i8dt érc dnifeGt W@ith AR B8t er connect

width WALis substantially the same as line width W52 of the sidewall mask
(second Si dewalelt--"’%@‘rnigl My @fo'&%Apro dSEitTG tife T SIRFUCIINAL I'ay=Y .avﬁnert he

menory cell array,100, .interval, WD t.he _adj acent rd |lines has, for
exanpl e, substae%tclh(ﬁnlg;/ B teEPIsGeizrilng'i zg%taééﬁ%:bnésmadt Y onoVPt\ﬁleewsaac%?rl ci al

sidewal | film (efticrhS_Ltngsiiﬁile‘ﬁlGl.lf7ié.m for formng the sidewall mask.

A processing target layer on the semiconductor
substrate 30 is etched by, for example, the RIE method
10 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,
15 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.
As illustrated in FIGS.18A, 18B and 18C, according
20 to etching, the interéonnect pattern and gate pattern
are formed on the semicoﬂductor substrate 30 based on
the sidewall masks 67 and resist masks 69A and 69B. By
this means, the interconnects (word lines) WL in the
line-and-space pattern are formed in the memory cell
25 array 100.
In the memory cell array 100, the stack gate

structure of the memory cells is formed based on the



20l n addition, interval WD between the word lines is preferably
substantially the sane as the interconnect width WW Hence, the dinensions
of the sidewall mask for formng the word Iines W. and each sacrificial

| ayer are preferably designed adequately. At |east one 25of the

i nterconnect width WNand interconnect interval WD of the word lines WL is

formed to be less than or equal to (here,4n=1y (k1/2n)x(2/NA). - 48 -
In the drawi ng area 150, the interconnect pattern of a |oop which serves as
the word lines W. are fornmed to be bent at predeterm ned portions. In

the contact aread®Mailh tmhekdr &ii.ngTareatdb®, dgehe fatimvgesird9 ofFtheonnect ed
to the word lines W. are forned based on the resist nasks 69A. Hence, a

di mensi on WA nemphg shonts sndéudest hbef £ilpgd 139 igatwi ddieatirpdeshe 3
interconnect width WWof the word Iines W.. 10Wth the present enbodi nent,
at a position B EbEnfeke frisnget3ogi AlidRe Sdontladieradsd EASYIRTenfal W2
bet ween the adjacent word _lines W. is wider than interval WD between the

word lines W fAlPRe (ABRULFTOES) fr &F 106 HleatHd L Sttac e ladd ERS
i nt | W2 1 t th dli is, f | e, t th
e RS A oo asheehs Y AN Sl L han
formng the ‘A’O&ﬂtshheﬁin' s qried by perforyng it he s deel‘@erofcgerosﬂ%d on
Pprocess tw ce, a a rnge connecti ng pOI’tI on I n e cont act ar ea CA,

interval WC2 b%tr\é’eﬁgehh%fs""‘%ﬁ% Lies 1‘9%—;%5 Wil ef enably, .f eaters tizan 30 nm

taking m salignment and fluctuation o ose focus into account. Meanwhil e,
interval WC2 bekween themvend limeseWe rat: Hhendd Age-Lannastd na qordd on in

the contact area CA may be the 25limt dinension of the resolution of
| i thography or the inside of the drawing area 150. The word line WL

10 is a control gate electrode of the memory cell MC, and
crosses the active area in the memory cell array 100.

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

15 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.

20 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

25 of the interconnect 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(A/NA).



nore. - 49 - tinme when the word lines W. and fringes 39 are forned, the
gate electrodes of the select transistors and select gate |ines are forned.
In addition, the nmask for patterning the select gate fornmati on area may be
5formed at the sanme time when the sacrificial pattern is forned in process
illustrated in FIGS. 10 to 150 without being formed at the same tine when
the resist masks for formng the fringes @48e forned. Thus, in the nenory
cell array 100, the sidewall 10 nasks 67 having the |ine-and-space pattern
formed by performng the sidewall transfer process (n+l) tines are forned.
The interconnect patihethef drewdnhy atrke diddewdlhle masle rebnnastt Petdtiar@ w dt h
smaller than the limt dinmension of the resolution of |ithography.

15Furt her, in plieadiedPnygharbasesOest he diheemsiron lgnest ¥ ahren formedval WD
bet ween the interconnect patterns formed by the sidewall nmask 67 is secured
as interval WC2obeeweentt BE pPAcdetermésedpROrEiREsat the fringe connecting
portion. 20Consequently, in the contact area CA, interval W2 bhetween the

i nt erconnect patter Ag fFHEMEPHR NS rSEdERalH FESk FYirder d8Fan A%t erval VD

betveen e | MLgLcamec, pat{gL1s LI I el L LK IR e on
short - ci roul t1 g ReLieen thenadhace0L ;49 dldaesait and et ween adj acent
dimension WC4 of the short side of the fringe 39 is
wider than the interconnect width WW of the word lines
WL.

10 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
celllarray 100. In the contact area CA, interval WC2

15 between the word lines WL is, for example,.greater than
(here, n=1) (k1/2%)x(A/NA)}, 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

20 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

25 limit dimension of the resolution of lithography or
more. |

Further, in the memory cell array 100, at the same



- 50 - As illustrated in FIG5, after the nenory cells M, select
transistors ST, word lines W. and select gate lines SG are forned, ions
are inplanted using the forned gate el ectrodes as masks and the diffusion
5| ayers 40A and 403 are forned in the sem conductor substrate 30.

Then, by cutting the | oop of (etching) the interconnect pattern of the
closed | oop, the word lines 35 (W) are f&¢ned in a pattern to be
respectively 10i ndependent. Further, in the nmenory cell array 100 and
drawi ng area 150, interlayer insulating film51 is deposited on the

sem conduct or sifbst wate 8Bebyorfiol ieranpleantihé rCuBesetdi®od rieo foawmerd,t he
menory cells MC, select transistors 15ST, word lines W. and sel ect gate -
i nes SGA.. theAgatepeédetepadenediptbet sedecn tmeaslisyersi @ad ating film
51, contact holes are formed, and contact plugs CPl, CP2 and CPF are
enmbedded in théeéentasatholeses2err themeenor yRceébddigicay 0@ M@dit act pl ug
CPl is connected to the diffusion | ayer 40B shared by the sel ect

transi stors STI8dj RREREINANEhENBOFEARCHI FEEEI drrmation egrEad@YpP§y CPF i s
provi ded_on the fringe 39 in the drawi ng area 150. As descri bed above,

bet ween Phe 2558F§€Q%?tfFpﬁg§§m§9téﬁ8_ﬁ PERCERC RECd HtiTeS i RAHIE TEorttact
area GA i nteryal W2, i der Lhan; hhe . QLerconnet o duhy WY Ga i nterval WD
without being formed at the same time when the resist
masks for forming the fringes are formed.
Thus, in the memory cell array 100, the sidewall

10 masks 67 having the line-and-space pattern formed by
performing the sidewall transfer process (n+l) times
are formed. The interconnect.pattern formed by the
sidewall mask 67 has the line width smaller than the
limit dimension of the resolution of lithography.

15 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
connecting portion.

20 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

25 contact area CA, short-circuiting between the adjacent
word lines WL and between adjacent fringes is

prevented.



- 51 - lines) of the word lines W. in the nmenory cell array 100 is

provi ded. Consequently, short-circuiting of contact plugs CPF is prevented.
Further, dinensions WC1 and WC1' of the fringe 39 are greater than the

i nterconnect width WVof the word lines W.. Hence, a margin for

m sal i gnment of the contact plugs (contact holes) and fringes 39 increases.
Further, it is possible to increase the céaotaet area of the fringes 39 and
contact plugs CPF, thereby reducing 10t he contact resistance between the
fringes 39 and contact “pl ugs. Further, in the nenory cell array 100
and drawi ng area 15@;s alnefsalratayerid FREQSidRtk Oridtimeyercd msal ati ng
filmb51 by, for exanple, the spattering 15-nethod. In the nenory cell array
100, the depositedseital lapersiissqusocdssed rid ld ersedat ermd ned qaat t ern. By
this means, a plurality of first interconnect |layers ML are forned
respectivel y ogatentlacesplSGds aCrl fanthe@r2 iamd ianteerimplemtatsulstiqgte | m 51
to be connected to 20contact plugs CP1 and CP2. At the sane tine, in the
drawi ng area 1%@rmgdplaicgl iethy cafr ddetse raso MAEAS |adyfertd g dhidvii gl on

i nterconnects) MO extending fromthe row control circuit 101 are formed on
contact plugs CPESERd 40kt FcayéP iatsulfahmeg il s ISR ed to
25cont act pl ugs gPF. On interlayer insulating film51 and

i nterconnect | &y8S RS RE second interlayer insulating film52 is - 52 -

Then, by cutting the loop of (etching) the
interconnect pattern of the closed loop,'the word lines
35 (WL) are formed in a pattern to be respectively

10 independent.

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

15 ST, word lines WL and select gate lines SGL.

At a predetermined position in interlayer
insulating film 51, contact holes are formed, and
contact plugs CPl, CP2 and CPF are embedded in the
contact holes.

20 In the memory cell array 100, contact plug CPl is
connected to the diffusion layer 40B shared by the
select transistors ST adjacent in the column direction.

Contact plug CPF is provided on the fringe 39 in
the drawing area 150. As described above, between the

25 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



deposited by, for exanple, the CVD nethod. Further, in interlayer
insulating film52, the contact holes are fornmed, and the via plug V1 is
formed at a predeterm ned position in the nmenory cell array 100. 5Furt her,
in the nmenory cell array 100, the third interconnect |ayer ML which is the
bit lines BL is 'formed on interlayer insulating filmb52 to be connected to
the via plug Vi. The first and second tntekconnect |ayers MO and M are
patterned and processed using the 10photolithography techni que or sidewall
transfer technique. The first and second interconnect |ayers MO and ML may
be fornmed usi ngiaedamascehe wethHodinkr @dditi ahe tlegosgcard l Riretagonnect

| ayer ML and via plug V1 may be fornmed in the drawi ng area 150 15accordi ng
to the connectibfA tel prpuvadhidp bErneenauehs lwoer ¢hidines ivicudnd ndow s contro
circuit 101. According to the above process, the sem conductor

devi ce (for ex8APFBCtf PAYSHSTERSr yF REECYLHAILAE-t0 the present enbodinent is
formed. 20l n addition, although, with the manufacturing nethod of the flash
menory accordi ng t oFHRE 6FES€HF@@ﬁBB@FW@ﬁ@ %WQBWQReﬁE%ﬁﬁéttﬁﬁQQ%H%pof t he

| i ne-and pace attern is fo n th nennry 100 perf rmng
the side tgﬁﬁsgﬁFaﬁFECéb Rh eFﬁO ﬁ §ht bido ?%% s long

as the |ntercoQgggg Qﬂttep% |%éexe%gt b%tperf%%T|§$mg% Sg@%ﬁ@i' transfer
e

Pprocess twice OF more in nufac rlng rre

contact pluds (contact holes) and fringes 39 increases.
Further, 1t is possible to increase the contact area of
the fringes 39 and contact plugs CPF, thereby reducing

10 the contact resistance between the fringes 39 and
contact plugs.

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

15 ‘method. In the memory cell array 100, the deposited
metal layer i1s processed to a predetermined pattern.
By this means, a plurality of first interconnect layers
M1 are formed respectively on contact piugs CP1 and CP2
and interlayer insulating film 51 to be connected to

20 contact plugs CPl and CP2. At the same time, in the
drawing area 150, a plurality of interconnect layers
(drawing interconnects) MO extending from the row
control circuit 101 are formed on contact plugs CPF and
interlayer insulating film 51 to be connected to

25 contact plugs CPF.

Cn interlayer insulating film 51 and interconnect

layer M1, the second interlayer insulating film 52 is



nunber of tines of sidewall transfer processes is by no neans |imted.
When, for exanple, the interconnect pattern of the |ine-and-space pattern
is formed by performng the sidewall transfer process three tines, 5the

| i ne- and-space pattern of the one eighth of the pitch of the sacrificial

| ayer for formng the first sidewall filmis formed. As in the process
illustrated in FIGS. 10 to 11C, patterni ng2using the resist mask to secure
the interval between the adjacent interconnect 10patterns in the contact
area CA may be executed only between the first and second si dewal |
formation procespesioeddy ,becexexuded Hhettrerrrespatidae shgawadd, in
formati on processes according to a | ayout. When the interconnect pattern is
formed by 15pethearmilagetrhe nsudewahly tfridnsfsy, precessiddvteendlidesrd he

i nterconnect width WNVof the interconnect pattern (word lines) to be forned
is preferably 9o5medm end é¢$e. viimt erlval WACZ shetommert tadie aadj acent

i nterconnect patterns in the contact area CAis preferably greater than 15
20nm | n addit Pggdeits riiinedc @os 1 tiiiome i dite Wemsiryt lnelda@rdawildlO | ayer 61
for formng the first sidewall filmis preferably about eight tines the

i nt erconfect wi dth SREREI ntidr ot Part tenl 13- B fidthredhast ket r i bed

cbove, (o manyLactur g 1o og of, 2ebhe ash ey sceording Lo the

formation pr 0C&3If2a \évnt h1r1ttheerl%ryeesrenltnseu achiinrrgentli’anE '%ez to %4e ‘connected
to the via plug V1. The first and second interconnect
layers MO and M1 are patterned and processed using the

10 photolithography technique or sidewall transfef
technique. The first and second interconnect layers MO
and M1 may be formed using a damascene mefhod.

In addition, the second interconnect layer M1 and
via plug V1 may be formed in the drawing area 150

15 according to the connection relationship between the
word lines WL and row .control circuit 101.

According to the above process, the semiconductor
device (for example, flash memory) according to the
present embodiment is formed.

20 In addition, although, with the manufacturing
method'of the flash memory according to the present
embodiment, the interconnect pattern of the line-and-
space pattern is formed in the memory cell array 100 by
performing the sidewall transfer process twice, with

25 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



sidewall filmfornmed by the nth sidewall formation process is a sacrificial
pattern for the 'sidewall filmfornmed by the (n+l) th sidewall formation

- process. Further, using the sidewall filmfornmed by the (n+l)th 5sidewall
formati on process as a nmask, a processing target layer (word |ines and gate
el ectrodes of the transistors) is processed. Therefore, at |east one of the
i nterconnect wi dth WAV and interconnect -i neérval WD of the word lines W. is
| ess than or equal to 10(k1/2n)x( X/ NA). Wth the present enbodi nent,
before the (n+l)th sidewall filmis forned, resist nmasks are fornmed to
cover the nth siugeeal boff itlimeisn dfhe iceniaadt tarea feA igroddsided hes fuy nges are
provided. In the contact area 15CA, the (n+l) th sidewall filmis fornmed on
the | ateral surfeacss lamittlee .patthenrn Hasedxampllke rési Sintreasicnnect Hence,
intervals Wo and WC2 between the (n+l)th sidewall filmand interconnect
patterns fornmedantetine ofi déwvealllirfddamd-rsadre garittactn drsed Ghnet dygr eat er
than 20i nterval VWV between the interconnect patterns (here, word lines) in
the menory cel [Pegrfcayrin@0 .thro s igdeatap!le L Hantsdraralps OB ssind- hBE Beltgson t he

i nterconnect patterns in the contact area CA are greater than

(k1/2n) xPA/ NA) FhCors@GuéRtpPacs Hrd (eom &ft e 1A SIHEN & sth25mask for
formng {he f114es o1 e LoutEg Ulow, coverl g, 2 plural] ), of ot devel
sidewall film is formed. As in the process.illustrated
in FIGS. 10 to 11C, patterning using the resist mask to
secure the interval between the adjacent interconnect
10 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.
When the interconnect pattern is formed by

15 performing the sidewall transfer process three times,
the interconnect width WW of the interconnect pattern
(word lines) to be formed is preferably 9.5 nm or less.
Interval WCZ2 between the adjacent interconnect patterns
in the contact area CA is preferably greater than 15

20 nm. In addition, in this case, line width W1l 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.

As described above, the manufacturing method of

25 the flash memory according to the present embodiment

includes a plurality of times of (n+l) sidewall

formation processes. With the present embodiment, the



- 55 - it is possible to secure a margin of a layout for formng 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 5contact area. As a result, with the present
enbodinment, it is possible to prevent a decrease in the yield of

manuf acturi ng the sem conduct or devi ce-cabged-by m niaturization of the
sem conductor device. Further, 10with the present enbodinent, it is
possible to forminterconnects including different dinensions

(i nterconnect widihaon ifater gorneet biyntaeval) aidbwont acdsmeoiviected to
t hese interconnects w thout adding a conplicated manufacturing process.
15Consequent | y prwicels st he aeskeeidictian gevitee nafdimamsd adidawalg rretlod of
the sem conductor device according to the present enbodinent, it is
possi bl e to i mfcowedr elyi abiel i(hy 10f" tdielesvemi k ohwtued Dionleviceesscl udi ng a
fine pattern wi thout using the conplicated 20manufacturing process. (2)
Second Enmbodi néwtrther, ualmanthacsidewglietfidsh ¢formeskmiy diducirorl )dévi ce
according to the second enbodi nent will be described with reference to
FI GS. 19 go 213 5id¢vaddi fiogRa t2BNc BFPEHERt & Sarfd & Sanf FEARSSTGT8F ocess
whi ch are common in tHe sem conduct,or devi ce and nufacturiquHﬁghod of
[

the seni conduct'6r 9évitéd Sdcd¥Pdicng 1065t RS 98e electrodes o

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

10 {k1/2")x (A/NA) .

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. 1In the contact area

15 CA, the (n+1)™ sidewall film is formed on the lateral
surfaces of the pattern based on the resist masks.

Hence, intervals W5 and WC2 between the (n+1)®™
sidewall film and interconnect patterns formed by the
sidewall film in the contact area CA are greater than

20 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“)X(A/NA).

Consequently, in the contact area CA, one resist

25 mask for forming the fringes can be formed without
covering a plurality of sidewall masks.

Consequently, according to the present embodiment,



- 56 - enbodinent will be described where necessary. An exanpl e has been
described with the first enbodi nent where, in a contact area CA, pattern-
having a greater dinmension than a fine pattern processed by a 5si dewal |
mask using a resist mask. However, the pattern having a greater

di rension than the pattern processed by the sidewall mask nmay be forned
utilizing the difference produced in etchbthg bias depending on the space
width (interval or pitch) 10between adjacent patterns w thout using the
resist mask. FIG 19 is a graph illustrating an exanple of the relationship
bet ween the spateiw dbbshelweeb theuad] aceatrgimaslkfpat taypsiti Moan et chi ng
process and 15conversion difference (pattern line width fluctuation anmount)
of the fornmed pathéng. thherhoeiszonkak axi $hien ceihGaci9 airedi.catfestiespace

wi dt h DS between the mask patterns. The vertical axis in FIG 19 indicates
a conversion diff ésencesthlsotrepeeredtt shasteticivivig 120biwag'ch Codvetsween
di mensi ons of the nmask pattern and pattern to be forned. Wth the present
enbodi ment, thectvager snenfdiingesencatepopanmsss ehe santachs imditd& es t he
conversion difference (Wa-Wb) between a line width Wa of a pattern
processed undeFCRtpFEdEtERm ned 25etching condition and a line width Wb of

t he mask . . D
As a result, with the present embodiment, it is

possible to prevent a decrease in the yield of
manufacturing the semiconductor device caused by
miniaturization of the semiconductor device. Further,

10 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 complicated manufacturing process.

15 Consequently, with the semiconductor device and
manufacturing method of the semiconductor device
according to the present embodiment, it is possible to
improve reliability of the semiconductor device
including a fine pattern without using the complicated

20 manufacturing process.

(2) Second Embodiment

A manufacturing method of a semiconductor device
according to the second embodiment will be described
with reference to FIGS.19 to 21B. 1In addition,

25 components and a manufacturing process which are common
in the semiconductor device and manufacturing method of

the semiconductor device according to the first



pattern before etching in a state where the two mask patterns are adjacent.

- 57 - 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 fornmed is wider than line w dth Web 5of
the mask pattern. As illustrated in FIG 20A, 203, 21A, and 21B, wth

t he manuf acturing nethod of the sen condubtor -devi ce according to the
present enbodi nent, a pattern having a greater dinension than the sidewall
filmis formed 10utilizing the conversion difference between the mask
pattern and a pmboessieng wadldgebemdeercirdloepr odheoed nepers ddriys. et chi ng w t hout
using lithography (resist mask). One process of a manufacturing nethod
of the sem conduct oAndewiaoe Lef hash besmordgs acidord iwig It o fehef 159k esent

enbodi ment wi |l be described using FIGS. 20A and 20B. FI G 20A is a plan view
of the nenory €BPPdAFEay HRGTErawng &OFEIIT e pPoedRdFe MAIHTEEt uri ng
nmet hod of the flash nenory according to the present enbodi nent. FIG 203
illustrates a SefFtGr&Er FLERNSLORY t%(?I‘Ini fe DEXS: RAF ST TFIRE PEREsed PY &5 ni | ar
to the first enbodi t, as illustrated .n FIGS. 20A and 20B, nmenbers for
forming the tr&nSE¥e smﬁ‘ﬁ% WG9 PnéSSard f&Sted in a nenmory cell array

100 and draw ng aregI 150, A_F%%te:[ erncgransgaevr. | ayer 60 .is_ 2 Prgggg{éed on

these formation menbers. A’sacrificial | ayerlrhgl aofg%eapt_?eerde ernined shape is

formed on the pattern L ransker, LIl &0q B HE! o SAGFd T Ghlk | RYSSe
formed utilizing the difference produced in etching
bias depending on the space width (interval or pitch)
10 between adjacent patterns without using the resist
mask.

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

15 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 indicates a
conversion difference (also referred to as “etchiné

20 bias”) CD between dimensions of the mask pattern and
pattern to be formed. With the present embodiment, the
conversion difference CD between the patterns indicates
the conversion difference (Wea-Web) between a line
width Wea of a pattern processed under a predetermined

25 etching conditicn and a line width Web of the mask
pattern before etching in a state where the two mask

patterns are adjacent.



- 58 - 61X are slinmmed. A projecting part 61A included in the
sacrificial layer 61X has a dinension D . Further, the adjacent projecting
parts 61A have an interval D2. Wth the 5present enbodi nent, the size of
interval D2 between the projecting parts 61Ais forned to be greater than
dimension DI. Hereinafter, the pattern having a greater interval to another
adj acent pattern is also referred to as ah7"isol ated pattern”. 100ne
process of a manufacturing nethod of the flash menory according to the
present enbodi nent will be described using FIGS. 21A and 213. FIG21Ais a
pl an view of the nea®ryléelkk rarteay iand Idr.al ,ngvrasreacHen sgrecgprachss 0 a
manuf acturing nmethod of the flash nmenory 15according to the present

enbodi ment. FlI Gf 2h8 mbhblstratesna iseatcasral, whew crorg diiome XXl b- XXl b in
FI G 21A. A sidewal | film (sacrificial sidewall filnm) 63 is formed by
the first sidedafiferensat Conipcseessson tThet20isat driale surdftdcdisst athe

sacrificial layer 61X having the projecting part 61A The sidewall film 63
has |ine wi dt ht81PaAfesr tRebsadoirfied dis [Waaar Ry di9E ecidtleWer enoved,
the pattern transfer |ayer is processed by the 25 RIE nethod using the

formed sPdewal Pt {*Pf BIS&sPEATH&ELK - The etching condition is adjusted such
that the pattern conversion L&l anceRetNGen 148 Mol edldg ARrt, 840
the manufacturing method of the semiconductor device
according to the present embodiment, a pattern having a
greater dimension than the sidewall film is formed
10 utilizing the conversion difference between the mask
pattern and a processing target material produced upon
this etching without using lithography (resist mask).
One process of a manufacturing method of the
semiconductor device (flash memory) accordiﬁg to the
15 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
20 line XXb-XXb in FIG.20A.
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
25 deposifed on these formation members. A sacrificial
layer 61 of a predetermined shape is formed on the

pattern transfer layer 60. Further, sacrificial layers



- 59 - and sidewall mask 63 of the isolated pattern in the drawi ng area 150
is greater than the pattern conversion difference between the sacrificial

| ayer 61X and sidewall mask 63 in the nmenory cell array 100. 5As descri bed
above, the sidewall filns 63 which are adjacent across the boundaries of

bl ocks BLKi and BLK(i+1) have interval D2 at portions matching the
projecting parts 61A. Hence, a pattern-trabsfer |ayer 600 fornmed to natch
the projecting part 61A is 10processed to have a dinension WB' greater than
line width WE1 of the sidewall film®63 illustrated in FIG 19. Then,

simlar to the6pKoeesssilitmetirated in FIGS. 14 to 180 according to the first
enbodi nent, the 15sidewall film (sidewall mask) is fornmed by the second
sidewal | formati on Prpcegschnnoheardt érld iswlfuaess iof thee sacanidfiariggat t ern
| ayers 60 and 600. After the second sidewall filmis fornmed, the transfer
pattern | ayer iLsysel €&Ki rebyar dipeadiorubPtiher Fuatthe if,r ithge ag0RGETdt | on
position in the contact area, the resist mask is fqorned by .
photolithograpHVPJeCtlngAEaFFﬁu§ﬂﬁapéHeiﬁnFP@S?ZfﬁlaﬁH-21§}tﬁh§hﬁ?ansfer
pattern |ayer 600 in the contact area has a greater di sion than line

Wi dth VBT of t RECSPAEVATPORITANES S8F0r 1o Es TG TG Lrakeer Paitit n

e rence: BUEOIALL L ou e e ] i 26, o he
dimension Dl1. Hereinafter, the pattern having a
greater interval to another adjacent pattern is also
referred to as an “isolated pattern”.

10 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 of the memory cell array and drawing area in one
process of a manufacturing method of the flash memory

15 according to the present embodiment. FIG. 21B
illustrates a sectional view along line XXIb—XXIb in
FIG.21A.

A sidewall film (sacrificial sidewall film) 63 is
formed by the first sidewall formation process on the

20 lateral surface of the sacrificial layer 61X having the
projecting part 61A. The sidewall film 63 has line
widfh WS1.

Afﬁer the sacrificial layer 61X is selectively
removed, the pattern transfer layer is processed by the

25 RIE method using the ermed sidewall film 63 as a mask.
The étching condition is adjusted such that the pattern

conversion difference between the projecting part 61A



- 60 - than line width WE1, and are adjacent. Consequently, as a result of
securing the margin for formng the resist nmask, it is possible to formthe
resist mask for formng fringes in the contact area such that one the
5resi st mask does not cover a plurality of sidewall films. By this neans,

it is possible to forminterconnects extending fromthe nenory cell array
to the drawing area such that the intervab9between 10i nterconnects (for
exanple, word lines) in the contact area is greater than the interval
between the interconnects in the menory cell array. In addition, the

i nterval betweendt hedsiwdéwalkski b#B oifs tipeedts il tiehie phaurdar yinartése bet ween
bl ocks BLKi 15and BLK(i+1). Hence, to prevent fluctuation of the line wdth
of the patterndneaingherkeudddr ysapeaaierwedrnTéebpatksrna adurvar patt er n
or a mask pattern for formng select gate lines may be forned in the area
in which the seéiééergace besesear §heosmed i 20Acdordiyeg t0d% & hbove

process, the sem conductor device according to the present enbodinent is
f or med. sidewall mask 63 in the memory cell array 100

5 As described above, the sidewall films 63 which
are adjacent across the boundaries of biocks BLKi and
BLK(i+1l) have interval D2 at portions matching the
projecting parts 61lA. Hence, a pattern transfer layer
60C formed to match the projecting part 61A 1is

10 processed to have a dimension W3' greater than line
width WS1 of the sidewall film 63 illustrated in
FIG.19.

Then, similar to the process illustrated in

FIGS.14 to 18C according to the first embodiment, the

15 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 1s selectively removed. .Further, at a fringe

20 formation position in the contact area, the resist mask
is formed by photolithography.

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

25 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



Wth the manufacturing nethod of the sem conductor device according to the
present enbodi nent, when an underiayer is processed using the first
sidewal | film- 25it is possible to formthe pattern 60C of dinension W
greater than line width Ws1 of the sidewall film®63 utilizing the
difference in etching bias with respect - 61 - to a pattern interval

w thout formng the resist nask. By this geans, it is possible to reduce a
process of form ng the resist mask for increasing the interval between the
i nterconnects in the contact area such as 5photolithography and etching

with respect taHdhe 1ries stidresks1Corseuuer! las aeear di nde dhdargsent
enbodi nent, it is possible to sinplify the manufacturing process of the
sem conduct or devicceeand tr educe iR aths i @estfol A S tind he
manuf acturing nethod of the sem conductor device according to the second
enbodi nent, it desipdgssiaske tia iimprowss ikdld au |fidyn dfhd hee ssied corsducaar
device including the fine pattern simlar to the manufacturing nmethod of
t he 15seni condyemon rdeVirdeggsc andithg tapniteestf iarsta exdsddithait .oqe3)thkhi r d
Enbodi nent A sem conductor device and manufacturing nethod of the
senmi conddct or d@AIEE FSEK GRS O KOt rad resadi iehtofvi 9 ddasea escri bed
W th reference:gfiﬂg GS. 22 20to 31B.

By this means, it is possible to form
interconnects extending from the memory cell array to
the drawing area such that the interval between

10 interconnects (for example, word lines) in the contact
area is greater than the interval between the
interconnects in the memory cell array.

In addition, the interval between the sidewall
films is great in the boundary area between blocks BLKi

15 and BLK(i+1). Hence, to prevent fluctuation of the
liné 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.

20 According to the above process, the semiconductor
device according to the present embodiment is formed.

With the manufacturing method of the semiconductor
device according to the present embodiment, when an
underlayer is processed using the first sidewall film,

25 it 1s possible to form the pattern 60C of dimension W3’
greater than line width WSl of the sidewall film 63

utilizing the difference in etching bias with respect



The manuf acturing nmethod of the sem conductor device has been descri bed
with the first enbodi nent which processes interconnects using a sidewall
mask formed by performng a sidewall formation/transfer 25process a
plurality of tinmes. Meanwhile, with the present enbodi nent, an interconnect
pattern (line pattern) less than the - 62 - dinension of the resolution of
| ithography is forned by the sidewall #traf%fer technique, and, as |long as
the interconnect interval in area to formcontacts has the dinmension
greater than the fine pattern of the sidewall 5transfer technique, the
structure of amol at pacesract npatrtarnnwiis hby thdoredmns [4He treds i Fomaexanpl e,
simlar to the sem conductor device (for exanple, flash nenory) and
manuf act uri ng Bt hodsofebhe,sen dengdostsdb ldevioc e catse  Myrdaedshe Present

embodi ment illustrated in 10FIGS. 22 to 313, interconnects (word |ines) may
adopt a struct deeménbedded ries islte meske $oes ihomeed ing tthe sirdeasatdl t r ansf er
technique, that is, a damascene structure. Although an exanple will be

descri bed wi t hPER&CEBpaSe AN LEHSOANRSHE Vifflertd cofIo testht radleggatuctelastt r odes
are formed by ado tin% t he damascene structure, the entire stack gate

structure incIB&PEﬁlé ERFFGENSt GRay e tICRY-E ey & FhSREd 54 t1] HeE datfascene

structure. One process of, 3 manyfacturing et hod of, 4 flas

embodiment, it is possible to simplify the
manufacturing process of the semiconductor device and
reduce manufacturing cost.

10 Also with the manufacturing method of the
semiconductor 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

15 semiconductor device according to the first embodiment.

(3) Third Embodiment

A semiconductor device and manufacturing method of
the semiconductor device according to the third
embodiment will be described with reference to FIGS.22

20 to 31B.

The manufaéturing 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

25 process a plurality of times.

Meanwhile, with the present embodiment, an

interconnect pattern (line pattern) less than the



20menory according to the present enbodi nent will be described using

FI GS. 22, 23A and 23B. FIG 22 is a plan view of the nenory cell array and
drawing area in one process of a manufacturing nethod of the flash nenory
according to the present enbodi ment. FIGS.23A and 23B 25illustrate a
cross-sectional structure in FIG22. FIG23A illustrates a sectional view
along line XXIllaXXllla in FIG 22. FIG2382il lFustrates a sectional view -
63 - along line XXIllb-XXI'llb in FIG22. As illustrated in FIGS. 22, 23A and
233, floating gate electrodes 33 are forned on a sem conductor substrate 30
in a menory ceblimansaynlB® biie tesodexaopl of tlHerigdewdl itsr dosted by
techni que across gate insulating filnms 32 such that each nenory cell is

i ndependent. Theei nsdkatilhgtiehmfes tecimed cure,t lkend,| eat ilwgggatse téleect r ode
33. The insulating filmnmay be an intergate insulating filmor dunmy | ayer
(mask 10l ayer) intaraddnecsninigenathéngareasttroudianme agintaled smémsr yEheel |
adopts a structure (for exanple, MONOS structure or SONGCS structure) in

whi ch an i nsul 8iMAgSEPnneirReltedi f§anhéher &5 Nt farrusdd the sHe eelrlge
storage |ayer, the charge storage | ayer may not be 15separated per nenory
cel | . Further, téagﬁg%egﬁf:gﬁpﬁq& 7 f Ggreoﬁtlré*)\}étru%f%&n b Y SS9t t he

sem conduct or substrate i nterl ayer H%SLI ating

30. Fur.t her, i
filmsl is for BByt AE VD el 88 St & CoVeér t thncﬁ oati iy gate "™2oet'ect r odes

33. to the semiconductor device (for example, flash memory)
and manufacturing method of the semiconductor device
according to the present embodiment illustrated in

10 FIGS. 22 to 31B, interconnects (word lines) may adcpt a
structure embedded in the recesses formed by the
sidewall transfer technigque, that is, a damascene
"structure.

Although an example will be described with the

15 present embodiment where only coﬁtrol gate electrodes
are formed by adopting the damascene structure, the
entire stack gate structure including a charge storage
layer may be formed with.the damascene structure.

One process of a manufacturing method of a flash

20 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
process of a manufacturing method of the flash memory
according to the present embodiment. FIGS.23A and 23B

25 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



An insulating film70 which is the pattern transfer |ayer is deposited on
interlayer insulating film51 by, for exanple, the CVD nethod. Further,
simlar to the first enbodi nent, a 25sacrificial |ayer 71X having a
predeterm ned pattern is fornmed on the insulating film70. In the nmenory
cell array 100, the sacrificial layer 71X has line wwdth - 64 - WX Line
width WLX of the sacrificial l|ayer 71X-isé6dbout four tinmes the line width
of word lines W. to be fornmed. The sacrificial layer 71X may be slimred to
reduce the line wwdth, or may be forned at the limt 5dinmension of the
resol uti on of kibhggilapley XXItThouXXagiIrg isl irmERQ@.2. In a drawi ng area
150, a projecting part 71Ais forned in the sacrificial layer 71X The
short side of the phg ddtliusg redretd ADA KFGS .HE ,sat¥A farad &l 38 ,ayferoatldXg s
10patterned and processed to have a dinension (line wdth) greater than

i ne wi dt h WLXgeftet B esagodeiscidal aray drormed ian tethesamremnduwssldr array 100.
Further, a first sidewall film (sacrificial sidewall film 73 is forned by
the first sideR&@PSTISEEr P&t iion BpPEEEYY (G ldevidinayt réitsfst, frdcess) on the

| ateral surface of the sacrificial |ayer 71X. The sidewall film 73 has |ine
width W1 smal BEAYPREN i 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

10 ~ layer). 1In 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

15 separated per memory cell.- Further, a. source/drain
diffusion layer may not be formed in the semiconductor
substrate 30.

Further, an interlayer insulating film 51 is
formed by the CVD method to cover the floating gate

20 electrodes 33.

An insulating film 70 which is the pattern
transfer layer is deposited on interlayer insulating
film 51 by, for example, the CVD method.

Further, similar to the first embodiment, a

25 sacrificial layer 71X having a predetermined pattern is
formed on the insulating film 70. In the memory cell

array 100, the sacrificial layer 71X has line width



limt dinmension of the resolution of lithography. In the drawi ng area 150,
the interval between the 20 sidewall filns 73 opposing across the
projecting part 71A of the sacrificial layer 71X is greater than line w dth
WLX. One process of a manufacturing nethod of the flash nenory
according to the present enbodinment will be 25described using FIGS. 24, 25A
and 25B. FIG 24 is a plan view of the nenbdy eell array and drawing area in
one process of a manufacturing nmethod of the flash nenory - 65 - according
to the present enbodi nent. FIGS. 25A and 25B illustrate a cross-sectional
structure in FWGX4. IEh@ 25Athl Wast bt esea saectifardlalvileweal ang liisne
XXVaXXVa in FIG 24. FIG25B illustrates a sectional view 5along |ine

XXVb- XXVb i n FlaGou24 four timeAs thlel dsteatwedtihn ofl @8.r24,]1 24 and t26Be aft er
the sacrificial layer for forming the sidewall filns 73 is renoved, resist
masks 75 of a groadecer niThed spatrtidisiade leyered 1By maye ehetlamntasograaphy
technique in the drawing 10area 150. The resist mask 75 covers the sidewal |
film 73 in the *&SWCacithgr édnien WilKe bdr &% A Yabea IP3MeDiateridicond B tof t he
resi st sk 75 js greater than line width W51 of the sidewall mask 73. One
process df a néidﬂfe‘g]cgﬁ?r"i R§ FEENSEE SO UHET IP4s H LIHATRIRM Yadidhdfittg to the

present enbodi r}gaeqtngwslllim?need.

In a drawing area 150, a projecting part 71A is
formed in fhe sacrificial layer 71X. The short side of
the projecting part 71A of the sacrificial layer 71X is

10 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.

Further, a first sidewall film (sacrificial

sidewall film) 73 is formed by the first sidewall

15 formation process (sidewall transfer process) on the
-lateral surface of the sacrificial layer 71X. The
sidewall film 73 has line width WS1 smaller than the
limit dimension of the resolution of lithography.

In the drawing area 150, the interval between the

20 sidewall films 73 opposing across the projecting part
71A of the sacrificial layer 71X is greater than line
width W1X.

One process of a manufacturing method of the flash
memory according to the present embodiment will be

25 described using FIGS.24, 25A and 25B. FIG.24 is a plan
view of the memory cell array and drawing area in one

process of a manufacturing method of the flash memory



descri bed using FIGS. 26, 27A and 273. FIG 26 is a plan view of the nenory
cell array and drawi ng area in one process of a manufacturing nethod of the
flash nmenory according to the present enbodi nent. FIGS. 27A and 27B

20i I lustrate a cross-sectional structure in FIG26. FIG27A illustrates a
sectional view along line XXVIlaXXVlla in FIG 26. FIG27B illustrates a
sectional view along line XXVI1b-XXVIIb igsFl G 26. As illustrated in

FI GS. 26, 27A and 27B, after a 25pattern transfer |ayer 70A is processed
based on patterns of the sidewall filnms and resist nasks, the sidewall

films and resi stcooaskagare rerpyedsdry tdhefodimedb, - Brcs desmldnd idm
(sidewal | mask) 77 is fornmed by the second sidewall formation process on

the | ateral surflicetebtehe precessed tpairtLr nstredsies iayerc 70A. Line width
W52 of the sidewall film77 is smaller than 5the limt dinension of the
resol uti on of I[EltthgdgPaphiyusThetsscendsitdewasl fidwn Flong YorerexKed- a
position where the second sidewall film 77 does not overlap the floating
gate el ectrode X¢d@ dunmiG-afer) FI%.¢5R Hel lngiorateeld sectiverl ichw
direction, and the sidewall 10film 77 is arranged above, for exanple, the
sour ce/ drai n offORE tiafs ¥V XXVb in |EXGrhe24enory cel | array 100, the
line wdth of the p sacrificial line pattern |ayer)

t f |
70A is substantiall %}S‘E ﬁéqé’a{%n%see iﬁgyﬁ%%f?%lzi%o?n‘? heRi dellety the

sacrificial f”QQJ??fi%%%ﬁeﬁg§g%tgg% forming the sidewall films 73 is

removed, resist masks 75 of a predetermined pattern are
formed by the photolithography technique in the drawing
10 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 WS1l of the sidewall mask 73.
One process of a manufacturing method of the flash
15 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
process of a manufacturing method of the flash memory
according to the present embodiment. FIGS.27A and 27B
20 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.
As illustrated in FIGS.26, 27A and 27B, after a
25 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,



transfer layer 70A. In the contact area of the drawi ng area 100, di nension
(l'itne width) WB of a pattern transfer layer (sacrificial rectangular
pattern layer) 70B is substantially the sane as di nension WB of the

20resi st nmask for patterning the transfer |ayer 70B. In addition, in
the nenory cell array 100, preferably, the interval between sidewal |l masks
77 opposing w thout sandw ching the saerifbcial |ine pattern | ayer 70A is

substantially the same as line 25wi dth W52 of the sidewall mask 77 or line
wi dth WE1 of the sacrificial line pattern |ayer 70A. Further, in the
contact area ot shdedradWM figlar éaitt@altihenaskt)ervialis fooehed gt wen t he
sidewal | masks 77 opposing w thout sandw ching the sacrificial rectangul ar
pattern | ayer #6Bonhd sétlewalflhé odimaensmnomp poestseont dwe tllaeedmibl e |ine

wi dth W2 of the sidewall nask 77. 50ne process of a manufacturing nmethod
of the flash merwiEpcacedr hrgPrecelse ofr ESdrie raniiadingdstr Wiavehe Gescri bed
using FIGS. 28, 29A and 29E. FIG 28 is a plan view of the nenory cell array
and drawi ng ar @aPPnveAEplseesd G ea SigifiiRadt drilfy Metifo Mt tfe Thatsh
menory 1Qaccording. to .the present enbodi ment. FIGS. 29A and 29B illustrate a
Cross-se tionthgt}&EPGrQl%ﬁn§P€FZ§f = §Q§QHQHE%¥é¥e3¥$hﬂﬁﬁQRﬂ%ﬂ Vi ew
along line XXl XaXXl Xa in EL.G 28...FI.G.29Bil.lustrate sectional view al ong
i e I Xb- XX\ X051 REEPE25 PBAL T (HETt rak & T EIes B = 254 M 296, { he
sacrificial pabern layer e selactuely sampued such (hal,ddia 5 dayel
films 77 are left.” ATesist nmask is]Torned»to cover a |l oop portion of

the sidewal | fichhidy Bathe Aramngarea hlmy naddition, alihough not

20 illustrated, at the sane ti ne when the_resist mask 79 |s_forned, a
resist mask fomeh@iRi R@1UhErSQl eErtd@iR Idinestighl ednd ransi st 1 My be

f or med. _
10 film 77 is arranged above, for example, the
source/drain of the transistor.

In the memory cell arrayIIOO, the line width of
the pattern transfer layer (sacrificial line pattern
layer) 70A is substantially the same as line width WSl

15 of the sidewall sacrificial film for patterning the
transfer layer 70A. 1In the contact area of the drawing
area 100, dimension (line width) W3 of a pattern
transfer layer (sacrificial rectangular pattern layer)
70B 1s substantially the same as dimension W3 of the

20 resist mask for patterning the transfer layer 70B.

In addition, in the memory cell array 100,
preferably, the interval between sidewall masks 77
opposing without sandwiching the sacrificial line
pattern layer 70A is substantially the same as line

25 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



Further, an interlayer insulating filmb51A is etched using the sidewall
films 77 and resist 79 as 25 masks. By this neans, in the nenory cel

array 100, openings are nmade above the floating gate el ectrodes 33, and the
damascene recesses for enbedding the gate - 68 - electrodes are fornmed in
interlayer insulating film51A The wdth of the fornmed recess is snaller
than the limt dinension of the resol uti og7of -1ithography, and corresponds
to the interconnect width WWof the 5word lines. For exanple, the w dth of
the recesses in which the word lines are enbedded is equal to

(k1/ 2" ) x( X/ NA) peakeee. ther sexeamalla, radrxwm7dt hpfodiley neicesses (i nterconnect
wdth) WVis the wwdth of the first sidewall nask (sacrificial sidewall
film or 10l essanawdchimge tieefsarcalilfy,ciiesl had dt drivgn vd dtge ofe thel £ yarst

si dewal I mask or |ess. In the drawi ng area 150, the damascene
recesses (herei’f&f tier segf gor édet oliaen'siom asteatevedses? )thea ddilkeke cont act s
(fringes) are enbedded are forned in an 15interlayer insulating film51B by
et chi ng using tiR&eswWdelkdl WSEj o Theas idansid mesté dth WC of the contact
recesses fornmed in interlayer insulating film>513 is, for exanple, w der

than |in@ width WV&Na REFIESS s 3 MaR (aF t el Wb ree 179 <0 ar BN nblarted.

201 n addition, with i f.i l e, when th . i ich th d
[ nes and cont SEFELT GCerBEA hr o 1o AT By PIGIREIG. (He o1 toval |

formati on/transfer _process .tw . d cen es in, which the word
ﬁbed%gs&rngf%'r%%ﬁt.% ai@?an ffé; ﬁESLS(%h%B S a plan

lines are enbeéﬁé& are apl’'y 19 mmor 16€ss,” a amascene

recesses in whigh,thg ¢ ?r%tm% %&nio%ﬂpf%, s Y Iﬁ@'é’re@ M He

t
great er. Further, when t he danmascene recesses I n
process of a manufacturing method of the flash memory

10 accerding to the present embodiment. FIGS.29A and 29B
illustrate a cross-sectional structure in FIG.28.
FIG.29A illﬁstrates a sectional view along line XXIXa-
XXIXa in FIG.28. FIG.29B illustrates a sectional view
along line XXIXb-XXIXb in FIG.28.

15 As illustrated in FIGS.28, 29A and 29B, the
sacrificial pattern layer is selectively removed such
that the sidewall films 77 are left. A resist mask 79
is formed to cover a lodp portion.of the sidewall films
77 in the drawing area 150. 1In addition, although not

20 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.

Further, an interlayer insulating film 51A is
etched using the sidewall films 77 and resist 79 as

25 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



- 69 - the word lines and contacts are enbedded are formed by performng
the sidewall formation/transfer process three tines, the danascene recesses
in which the word |ines are enbedded are preferably 9.5 nmor |ess, and

5t he damascene recesses in which the contacts are enbedded are preferably
greater than 15 nm Further, the |l oop portion of the sidewall filns
77 in the drawing area 150 is covered by &he resist mask 79, so that the
damascene recesses formed in interlayer 10insulating filns 51A and 513 are
respectively i ndependent patterns. One process of a manufacturing

met hod of the &lasbroreesriraceotaiedginhoihherpagsenti nemhediimenttiwd | be
descri bed using FIGS. 30, 31A and 31B. FIG 30 is a plan 15view of the nenory
cell array and5dhaw Dgeawédthnodnehpr doesedofreacmmnufaacmarlileg nakihod of the
flash nenory according to the present enbodi nent. FIGS.31A and 31B
illustrate a ctbssisecti damknstioncodr éhien rElsGl8@.1 0 @ f31A tihidorsphates a
sectional view along line XXXla- 20XXXla in FIG 30. FIG 31B illustrates a
sectional vi ewaaPoAGTrFEARORKRI BOXXRED 1N eFlc@n@@ct widthadiW |dfudteat ed in

FI GS. 30. 31A and 31B, after the sidewall filns for form ng the damascene
recesses®are r8RbFedinE8nduérsr §*3F@1gepdsict ¥d IR iaft dheayscesses 1in

which the word lines are embedded is equal to
(k1/2")x (A/NA), above. For example, the width of the
recesses (interconnect width) WW is the width of the
first sidewall mask (sacrificial sidewall film) or

10 less, and, more preferably, is half the width of the
first sidewall mask or less.

In the drawing area 150, the damascene recesses
(hereinafter referred to as “contact recesses”) in
which contacts (fringes) are embedded are formed in an

15 interlayer insulating film 51B by etching using the
sidewall film 77 as a mask. A width WC of the contact
recesses formed in interlayer insulating film 51B 1is,
for example, wider than line width WW of the recesses
in which the word lines are embedded.

20 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 lines are embedded are

25 preferabiy 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



25insul ating filnms 51A and 513 such that the damascene recesses are buried.
The conductor is made of, for exanple, nmetal or conductive polysilicon. -
70 - Then, CMP processing and etch-back are applied to the conductor
using interlayer insulating filns 51A and 51B as stoppers such that the
conductor is left in the damascene recess in a self-aligning manner. 5By
this neans, in the menory cell array 100, 680ntrol gate el ectrodes 35
adopting the damascene gate structure are forned. The control gate

el ectrodes 35 function as the word lines W.,, and extend fromthe inside of
the menory cel khar waydl@@nke the chstdetefl allt bapdawdng rar €arikz0l by

In the drawi ng area 150, the word lines and contacts 39 adopting a
danmascene struectuferariegf aheedidenalhe foanbadionateanGie rdipmrernsis@en WC of t he
contact is wider than line width WVWof the word |ines W,, and has 15t he

di mensi ons mat ¢hireg thaesacitbki deakskgper rparseesed rbyhtilsd rtési stoneask or
lithography. In addition, in the contact area CA the contacts 39 are

adj acent sandwiléResg ae STsdcad Rgef Preg o5 BR Ivaii-fy he Tdilesssi emdhat chi ng
the line width of the sidewall mask. 20Further, simlar to the first

enbodi mefit, t h&henferearens FeGrRssrRg 1N MR CRott i Ict9§}t°ra§tt§d)arles deposi t ed
to cover the mnr% | ines and co tactbfl arts. Further positions neeting

the contacts 3§™ ggﬁﬁgcﬁrﬁofg§ aré FEFATTT FE A he! rpﬁyer i nsul ati ng
film In 25 this cont a condu tor |s g? l ‘Nqﬂp:@, contact
on the do act Of?é) pﬂ{e e & i ndu |t

plug CPF is forned ns ng film
and 'nterconnegk E%%eﬁraw1ng area 150 is covered by the resist mask
79, so that the damascene recesses formed in interlayer
10 insulating films 51A and 51B are respectively.
independent patterns.

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

15 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.31A and 31B
illustrate a cross-sectional structure in FIG.30.
FIG.31A illustrates a sectional view along line XXXIa-

20 XXXIa in FIG.30. FIG.31B illustrates a sectional view
along line XXXTb-XXXIb in FIG.30.

As illustrated in FIGS.30. 31A and 31B, after the
sidewall films for forming the damascene receéses are
removed, conductors are deposited on interlayer

25 insulating films 51A and 51B such that the damascene
recesses are buried. The conductor is made of, for

example, metal or conductive polysilicon.



- 71 - (netal layer) are sequentially |ayered. According to the above
manuf acturing process, the sem conductor device according to the present
enbodi nent is formed. 5As illustrated in FIGS. 22 to 31B, with the
manuf acturi ng nethod of the sem conductor device formed by performng the
sidewal | formation process (sidewall transfer process) a plurality of
tinmes, at a position at which a contact i80forned, a resist nmask is forned
10to cover the nth sidewall filmin order to formthe (n+l)th sidewall
film The conductor is enbedded in the recess in the interlayer insulating
filmfornmed by patt@hentr &8N®f prousssgnpghendnetrht-basikdewal lapidllirad By t hi s
nmeans, the interconnect patterns adopting the 15damascene structure, gate
el ectrodes of the tpadsistorssand coheadeyear enbodatdngCdndeguendt yndal so
with the present enbodinent, it is possible to form i nt erconnects
smal | er than tRéB| RAI BtaPRERSI BHCHf thRE tE&SolANCERter it Beditaphy t&sd
contacts greater than the 20i nterconnect width of the interconnects.
Wth the preseABMéfBEAPNERESSEhéNsPzECof ~EHe IBARTaFEEN8Y -can be set by
controllhng t he di nensions of the resi§} mask and s crifici%@ | ayer

re %2

patterned by |ithogfaphy.tScBRéEGuent ¥, SWHEM Yt Re SSont &¢t§Ya 5adj acent at

the interval of aQout the |ine %ﬁdth of, .t he sidewall mask, it is Q§sible
cpn rol gate ech ﬁodes 35 A optlng the damascene ga

to prevent short-circurrting of the contact pFugs “and i nterconnect fhord

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
10 the drawing area 150.
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
15 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.
20 Further, similar to the first embodiment, the
interlayer 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 insulating film. 1In
25 this contact hole, the conductor is embedded, and a
contact plug CPF is formed on the contact 39. Then,

the interlayer insulating film and interconnect layer



- 72 - lines) by controlling the sizes of the resist mask and sacrificial

| ayer to secure the margin for nisalignment of the contact plugs.

Further, with the present enbodi nent, the resist mask which covers the
(n+l) th sidewall film(sidewall mask) for patterning the contacts may not
be fornmed. Consequently, with the manufacturing nmethod described with the
present enbodinent, it is possible to reddce the manufacturing process (for
exanpl e, 10photolithography for patterning the .resist) of the

sem conduct or device, and reduce manufacturing cost of the sem conduct or

devi ce. ConsequeRritlayl, lwaiykh)t Aeesedgerductialy dexiegeand nanufacturing
nmet hod of the sem conductor device 15according to the third enbodi nent, it

is possible to proviredre sane effedbase ttndidctumint secorsk gt ment s,
and inprove reliability of the sem conductor device including a fine
pattern. (4) FoeericoBrthodiomeneviGh mamuf@cing itng tihet otk sefnta sem conduct or
device according to the fourth enbodinment will be described with reference
to FIGS.32A to dimengddist ifewmeche same conponents and manuf act uri ng
process as in the first to third enbodi nents will be described where

25necessary. Sismidldrstgaied I eSS, 2Dito 13bs YBittarteh e or med

rding to a pattern of a |line-and-space pattern - 73 -
acco 9 H%nufacturing megio of % e 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

10 to cover the n™ sidewall film in order to form the
(n+1) ™" sidewall film. The conductor is embedded in the
recess in the interlayer insulating film formed by
pattern transfer using the (n+1)™ sidewall film. By
this means, the interconnect patterns adopting the

15 damascene structure, gate electrodes of the transistors
and contacts are formed. Consequently, also with the
present embodiment, it is possible toc form
interconnects smaller than the limit dimension of the
resolution of lithography and contacts greater than the

20 interconnect width of the interconnects.

With the present embodiment, the size of the
contacts 39 can be set by controlling the dimensions of
the resist mask and sacrificial layer patterned by
lithography. Consequently, when the contacts are

25 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



which is finer than the imt dinmension of the resolution of |ithography.
The bit lines BL nay be fornmed to be enbedded i n damascene recesses forned
using the sidewall transfer technique described with 5the third enbodi nent.
Hereinafter, a nmethod of formng the bit |ines adopting the damascene
structure will be described using FIGS. 32A to 34B. One process of a

manuf acturing nmethod of a flash 10nmenory @agcording to the present

enbodi ment will be described using FIGS. 32A and 32B. FIGS. 32A and 32B are
sectional views illustrating one process of a manufacturing nmethod of the
flash nmenory addaedingyt cohheoplesgnt hendadiererit tFHeGr32A dts maskeeindnal
view of 15a nenory cell array 100 in the row direction, and FIG 323 is a
sectional viewsekrafdcaailngageeatb6Bepuoe déed adjmarientfdro ntitsa Ingmorentcel |
array in the colum direction. For exanple, the planar structure in a
manuf act uri ng prfocéss centtastr attegsi-n FI GS. 32A and 32B 20is sinmlar to

FIG 24. In addition, although an exanple is illustrated where an elenment is
not formed on a semf@EHAEET o EhbdtheatRE SFE Nt e HRRRthg Hred 6t n the
colum direction of the nenory cell array for ease of description, it
natural Iy fol | 8RSk WAL CBURRY SC8I Foe25ard )f i ef i0e¥ablt fHmnssseoral b

peri pheral circuidt be . provi.ded on the sem conductqr ,substrate 30. As
illustrated i nmléls(g. g%% RAG 521 1% &° (rdtac 4H-layrré}?3:r )Pecgqsqréneéﬁd wor d
lines W are f%roql%%q%%nttﬁ?/,s Tt%or*]t%ue(:tm%rnu%%bcs&lrraitneg 3n9éth%c1 i esstcrii%tee& | ayer
with the present embodiment, it is possible to reduce
the manufacturing process (for example,

10 photolithography for patterning the resist) of the
semiconductor device, and reduce manufacturing cost of
the semiconductor device.

Consequently, with the semiconductor device and
manufacturing method of the semiconductor device

15 according 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 pattern.

| (4) Fourth Embodiment

20 A manufacturing method of a semiconductor device
according to the fourth embodiment will be described
with reference to FIGS.32A to 34B. 1In addition, the
same components and manufacturing process as in the
first to third embodiments will be described where

25 necessary.

Similar to wora lines WL, bit lines BL are formed

according to a pattern of a line-and-space pattern



insulating film51 is forned on the sem conductor substrate 30 to cover the
menory cells and word lines W.. Further, in interlayer insulating film51,
contact plugs OP are enbedded and, on interlayer insulating film51, first
i nterconnect layers MO of a predeterm ned pattern are formed. On interl ayer
- insulating filmb51 and interconnect |ayer MO, a second 10i nterl ayer
insulating film52 is deposited. Further,78n the second interlayer
insulating film52, via plugs V1 are enbedded to be connected to the first
i nterconnect layer MO On the via plugs V1 and interlayer insulating filns
52, a third intettayes fhhasukatnnghki LE3A disnedeiesi togd thieur t her,
substantially simlar to the process illustrated in FIGS. 22 to 25, the
sacrificial |ayesolotiborpaifngithegsapewal | Thid miits fioresed@Lomaiyntoer | ayer
insulating film53A. Wth the present enbodi nent, a 20linear core for

form ng the bifokrnpdstpsbfoemdedtedeinedidgmasadne celaapsedi fegmesh in the
menory cell array 100, For exanple, simlar to the exanple illustrated in
FI G 22, the saBFfiPBcrBP Fageraild foersdatto treBemiug faske e #iiéction in
the drawing area 160, The 25dinension (line width and dinmension in the

col unm dPrecti 6AF bPLEReSBREALMEE T al | ayer in the drawing area 160 is

greater Lhan, e 9 R0 AR e MR A0 c el ndl RIS 30,10 rou,
lateral surfacgdBLtEHS %ﬂ%rhgkﬁg@en%a¥&&ud%ure will be described
using FIGS.32A to 34B.
One proceés of a manufacturing method of a flash
10 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
manuiacturing method of the flash memory according to
the present embodiment. FIG.32A is a sectional view of
15 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 illﬁstrated in FIGS.32A and 32B
20 is similar to FIG.24. 1In addition, although an example
is illustrated 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
25 and field-effect transistors of peripheral circuits may
be provided on the semiconductor substrate 30.

As illustrated in FIGS.32A and 32B, after the



sidewal | film (sacrificial sidewall filn) 83 of a Spredetermned line width
WEl is formed by the first sidewall formation process. As illustrated in

FI GS. 32A and 32B, after the sidewall filns 83 are fornmed, the sacrificial

| ayers are selectively renoved from above interlayer insulating filnms 83.
10Further, as illustrated in FIG 32B, in the drawing area 160, resi st
masks 85 are fornmed to cover the sidewal | 7&ilas 83. The resist nask 85 is
provided at a position to forma contact (fringe). Simlar to the above,

di mrension WB of the resist nask 85 is 1l5greater than Iine width W51 of the
sidewal | film 88mory cel@seapdogess Qfinasmufsaet doirmgdmenhatheof the flash
menory according to the present enbodinent will be described using FIGS. 33A
and 33B. FI GS. 838Aiandd38Boar eubecttricgral3Ovi ewds dirlsttustrtatrilagyeane process of a
20manuf act uring net hod of the flash nmenory according to the present

enbodi nent. FI Gn88Aaitgng dedt GRalsvifewnefd tove tiensiepiceinduatrcay 100 in t he
row direction, and FIG 33B is a sectional view of the drawi ng area 160

provi ded adj acéHPst&aftife 3feirdr FOXEN taer APMAF R kel 125 agsl wiar dilke@s on. For
exanpl e, the.planar structure in the _manufacturing process illustrated in

FIGS. 33A and $3B i §US{thS ar o 1PFEI26 YL 7P UL3AsTY st at’ed GHFRGS. 33A
and $95. o1 deugh Lokl LR L3 dnyml sk, O, 9 s dogpe Lo by, for
tsrge\?vgflrl fici alfiahd%%l lfifr'sltmi%%é%%%nreec i sltayr(raq:ssk M%S.oleane w dt h W82 of the
predetermined pattern are formed. On interlayer
insulating film 51 and interconnect layer MO, a second
10 interlayer insulating film 52 is deposited. Further,
| in the second interlayer insulating film 52, via plugs
V]l are embedded to be connected to the first
interconnect layer MO. On the via plugs V1 and
interiayer insulating films 52, a third interlayer
15 insulating film 53A is deposited.
| Further, substantially similar to the process
illustrated in FIGS.22 to 25, the sacrificial layer for
forming the sidewall film is formed on interlayer
insulating film 53A. With the present embodiment, a
20 linear core for forming the bit lines is formed to
extend in the column direction in the memcory cell array
100. For example, similar to the exampie illustrated
in FIG.22, the sacrificial layer is formed to be bent
in the row direction in the drawing area 160. The
25 dimension (line width and dimension in the coliumn
direction) of the sacrificial layer in the drawing area

160 is greater than the dimension (line width and



mask 87 is the Iimt dinension of the resolution of |ithography or |ess,
and is, for exanple, line width W1 of the sacrificial sidewall film 83 or
| ess. For exanple, line width W82 of the sidewall mask 87 is 1l0equal to
(k1/2n)x(X/ NA). For exanple, in the nenory cell array 100, a plurality of
sidewal | masks 87 may be adjacent in the row direction at nearly the sanme
~interval as line width W81 of the sacrifigpgal -sidewall film83. In
addition, the nmaterial of the sidewall 15mask 87 different fromthe
sacrificial sidewall film83 and resist nmask 85 is used to secure a

predeterm ned etigRindg cseliecting thpw directhwrhheyr dhe theGontac] area in
the draw ng area 160, the sidewall nasks 87 surrounding the resist masks 20
85 are adj acentlayera idi réet nedryy efedss ddeydivoect i on in which the
si dewal | . masks 87 extend, at an interval matching line width WB (or line
wi dth of the sacrifiti dlhd ayergraof dhefaesict ttesksBorifliatal slagdwe, a
sidewal I masks 87 in the drawing area 160 are adjacent 25at interval VB
greater than |isigleniadith W8I ofsadye fsiavia )f isdicelwadildeialn) f83 mB3 Thus, the
second sidewall filmis fornmed on the - 77 - lateral surface of the first
si dewal | > i | m REIHEMUNES lgessivbidEh §FSlerdsy £ e bt dde ofi%¥dr mi ng t he
sacrificial layer, and sinplify the manufacturing process. In addition,
simlar to the%%q%ﬂa %)ﬁg% ion 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.

10 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 1is

15 greater than line width WS1 of the sidewall film 83.

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

20 manufacturing method of the flash memory according to
the present embodiment. 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

25 column direction. For example, the planar structure in

the manufacturing process illustrated in FIGS. 33A and

33B is similar to FIG.26.



5enbodi ments, patterns of the sacrificial sidewall film83 and resist mask
85 are transferred to the transfer pattern layer on interlayer insulating
filmb53, and the sidewall nmask 87 may be fornmed on the lateral surface of
the transfer pattern |ayer. 100ne process of a manufacturing nethod of the
flash nmenory according to the present enbodinment will be described using
FI GS. 34A and 34B. FIGS. 34A and 34B are-setti onal views illustrating one
process of a manufacturing nmethod of the flash nenory according to 15t he
present enbodinent. FIG 34A is a sectional view of the nmenory cell array

100 in the row direelsi an,luand dtle@ 34B AR 3|Ctdronal 3p e dfwdiie ©raw ng
area 160 provided adjacent to the nenory cell array in the colum
direction. For (elarplké)l thekpl)adar oft rudiowpe are Xrmiud agt,urficyg process
illustrated in FIGS. 34A and 34B is simlar to FIGS. 28 and 30. As
illustrated ineRa@Bl84Atard sB@4Bndafsticewsld Jaomidftiicinalprsiakemldn filers and
resi st mask are selectively renoved, simlar to the process illustrated
25in FI G 28, tHateggilssurdskesnetf itheustEcatidd)ciissl fsordmrtlo TGdver83 he | oop
portion of the sidewall masks. Further, interlayer insulating film87 is

etched using AIPEreSigé EP@SWEN - mask BV IS af ik dddansds. By this
"mor] ayer | notPie g F1 REs LTt RS R GOt X 87 eE00: LFhe damascene

lithography or leés, and is, for example, line width
WS1l of the sacrificial sidewall film 83 or less. For
example, line width WS2 of the sidewall mask 87 is

10 equal to (kl/2%)x(A/NA). 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. 1In addition, the material of the sidewall

15 mask 87 different from the sacrificial sidewall film 83
and resist mask 85 is used to secure a predetermined
etching selectivity.

Further, in the contact area in the drawing area

160, the sidewall masks 87 surrounding the resist masks

20 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 mask 85. Tha* is, the
sidewall masks 87 in the drawing area 160 are adjacent

25 at interval W3 greater than line width WS1 of the
sacrificial sidewall film 83.

Thus, the second sidewall film is formed on the



5recesses are fornmed according to the interval between the adjacent
sidewal | masks. Further, the conductors (for exanple, netal) are enbedded
in the danascene recesses in a self-aligning manner, thereby form ng the
bit lines BL adopting the damascene structure. 10At the sane tinme when the
bit lines BL are forned, the contacts 39 (M) are forned in the damascene
recesses fornmed in the drawing area 160. 77 - The danmascene recesses in
the nenory cell array 100 have a line width less than the limt dinmension
of 15 the resolution of lithography. The line width of the bit lines BL is

det erm ned accoedier@ 1t guiriia cdi BENSheN rARtsehisigidug 1l imamy N tofad hie
damascene recesses. Further, the danascene recesses in the draw ng
area 160 have asl ppesdiodih tt remdiveendicom rafcddie shddrmd@gj deje gr eat er t han
t he danascene recesses in the nenory cell array 100, in other words, the
line width of shersifdewalll lewysk, abei g mgladtye rt Hehamamort saedued it
(k1/2")x(A/ NA). According to the above manufacturing process, with 25the
manuf act uri ng PECkRedsof tlve afddash omemeiynidecortdl nga ditnsd preesenitrd

enbodi ment, the bit |ines adopting the damascene structure having the line
wi dth smél | er EARRAImepgs, PR termist Oofi Fdresishis diiaind rdstavalont oim

| ithography is forned by perform the sidewall formation process a
plurality of ti%éngn&e&wﬁgH@éﬁaggeﬁé%@wfw%ete RECOTATR 30 the

process perforg%%t%&n layer on interlayer insulating film 53, and the

sidewall mask 87 may be formed on the lateral surface
of the transfer pattern layer.

10 One process of a manufacturing method of the flash
memory according to the present embodiment will be
described using FIGS.34A and 34B. FIGS.34A and 34B are
sectional views illustrating one process of a
manufacturing method of the flash memory according to

15 the present embodiment. FIG.34A is a sectional view of
the memory cell array lOO.in the row direction, and
FIG.34B is a sectional view of the drawing area 160
provided adjacent to the memory cell arfay in the
column direction. For example, the planar structure in

20 manufacturing process illustrated in FIGS. 34A and 34B
is similar to FIGS.28 and 30.

As illustrated in FIGS.34A and 34B, after the
sacrificial sidewall films and resist mask are
selectively removed, similar to the process illustrated

25 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



S5substantially the sane tinme when the bit lines are formed, the contacts
connected to the bit lines BL and having the di nension greater than |ine
width BL of the bit lines are forned. The manufacturing nmethod of the

sem conductor .10devi ce according to the present enbodi ment provides the
same effect as the first to third enbodi nents. - As descri bed above,

wi th the manufacturing nmethod of the sem @énductor device according to the
fourth enbodinment, it is possible to inprove reliability of 15the

sem conductor device including the fine pattern simlar to the first to

third enbodi nerhe. sG@ewbayottskxa8Mplaéid residiayRudk e . N Byhe Hirsaw ng
-area of the sem conductor device according to the present 20enbodi nent wll
be descri bed wirkhnsef er enceatldthl G3. i3ndperdlEnt damaddEs IeaErnba36
illustrate |ayout exanples different fromthe |ayout exanple illustrated in
FIG 4. Wth thereayoutneexanplieserllaystr dtreti liat iFIgGS 1350 dntk 36, 25a
plurality of fringes 39 are aligned on a single line in each of blocks BLK
and BLK(i+1). Thus, & tasg&emstryofcalie dr4aiyel) B9 Ghe thamalseaisg

S 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 adopﬁing the damascene structure.

10 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.

The daméscene recesses in the memory cell array
100 have a iine width less than the limit dimension of

15 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.

Further, the damascene recesses in the drawing
area 160 have a iine_width (the dimension of the short

20 side) greater than the damascene recesses in the memory
cell array 100, in pther words, the line width of the
sidewall mask, being greater than or equal to
(k1/2")x (A/NA) .

According to the above manufacturing process, with

25 the manufacturing method of the flash memory according
to the present embodiment, the bit lines adopting the

damascene structure having the line wid:th smaller than



- 80 - area 150 has a periodicity, thereby facilitating process of the
fringes 39. In addition, the portions to connect the fringes 39 to
the word lines W. may be front ends of the word 5lines W. as illustrated in
FI G 35, or may be the lateral surfaces of the word lines W. as illustrated
in FIG 36. As illustrated in FIG 37, the drawi ng areas 150 are
provi ded at one end and the other end of ¥he Aenory 10cell array 100
respectively. In this case, the word lines W. in the two adjacent bl ocks
BLKi and BLK(i+1) are drawn respectively in the drawi ng areas 150 on the
opposi te sidesthel G3m38, d3Beandoh@ lfl udier atesolayduwn exaniltésgrapbyt he
drawi ng area 150 when the word lines W. in each block are drawn to the
opposi te si desisl foadeidt bognpewfenming dhawisigeardds fh3Madriompravicgsd on t he
both sides of the nenory cell array, the layout in both of the draw ng
areas 150 is sabstamweilaltlyy ofhé ig@se an20Meicy, danesSc3d e ge4dad.| ustrate only
the layout in the draw ng area 150 on one end side of the nenory cell array
100. W t FUE&Sray GRCoskamsl &9 [Mhgs Iraced si Pemicrmsg! athe fringes 39
r rran j nt in the row
are a a5ged t%u %ggﬁgTé f& thé ;%mé)time when the bit lines are
formed, the contacts connected to the bit lines BL and
having the dimension greater than line width BL of the
bit lines are formed.
The manufacturing method of the semiconductor
10 device according to the present embodiment provides the
same effect as the first to third embodiménts.
As described above, with the manufacturing method
of the semiconductor device according to the fourth
embodiment, it is possible to improve reliability of
15 the semiconductor device including the fine pattern
.similar to the first to third embodiments.
(5) Layout Example
Layout examples in the drawing area of the
semiconductor device according to the present

20 embodiment will be described with reference to FIGS. 35
to 40.
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,
25 a plurality of fringes 39 are aligned on a single line
in each of blocks BLKi and BLK(i+1l).

Thus, arrangement of the fringes 39 in the drawing



25direction and columm direction. Wien the drawi ng areas 150 are arranged
at both ends of the nenory cell array 100, the word lines W. in bl ock BLKi
may be drawn from - 81 - the area adjacent to block BLKi side to the area
adj acent to block BLK(i+1) side across the boundary between bl ocks BLKi and
BLK(i +1). Consequently, when the drawi ng areas 150 are provided at both
ends of the 5nenory cell array 100, the d8@ree of freedom of the | ayout of
the word lines in each block increases. Consequently, in the drawi ng area
150, it is possible, to increase the interval between the adjacent word

| i nes and t he iamter v &0 bhebweepecaptact s vi, n thiee edontfacti 1iGarteag and furt her
i nprove the processing margin of the contacts. - Wth the | ayout

exanpl e il | ust pawoee sisn ol Gh89 friihgefri3fges 39 project to oppose to each
other. The sizes of the fringes 39 may vary per word |ine W.. 15Further,
with the |ayout exar @dditisivattdd PPIHIGNMD,tQ MOTIEGge BT TgrRTt ed
respectively to the adjacent. word lines W. are arranged to project toward
the opposite siddedd ANEhHOLE drmedi Mecion PeTHE Iy AISS 99 Jts ¥ F i n

esi st nisk w i eeHEoP S O TiHe SEPAEHNT. Il T GHOR A GEbed® Al S0 with
the layout exaq%k%%ahlg%%%%%%%qgfqthe word lines WL as illustrated in
FIG.36.
As illustrated in FIG.37, the drawing areas 150
are provided at one end and the other end of the memory
10 cell array 100 respectively. In this case, the word
lines WL in the two adjacent blocks BLKi and BLK(i+1)
are drawn respectively in the drawing areas 150 on the
opposite sides.
FIGS.38, 39 and 40 illustrate layocut examples in
15 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 substantially the same.
20 Hence, FIGS.38 to 40 illustrate only the layout in the
drawing area 150 on one end side of the memory cell
array 100.
With the layout example illustrated in FIG. 38,
the fringes 39 are arranged to be adjacent in the row
25 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



FIGS.35 to 40, at positions to formthe contacts in the 25contact area CA,
the interval between the word lines W. in the contact area is greater than
the interval between the word lines W. in the nmenory cell array 100. - 82
- Further, the dinmension of the contacts is forned to be greater than the
line width of the word lines by patterning using the resist mask by
lithography. Wen, for exanple, the word Igilnes are formed by 5perform ng
the sidewall formation process (sidewall transfer process) tw ce (n+1=2,
that is, n=1), the word lines are aligned in the nenory cell array at the

one fourth of tthe Ridech seErRRMRd too Bile iBmmsi KMot d hensacrkdd i cial | ayer
for formng the first sidewall film 10In this case, the line width

(m ni mum di nensico)cenft ttdee bMarak IBIKeE €r) tdiedd Herasd ded veemddwey wor d
lines is preferably set to less than 19 nm and the interconnect interval
bet ween t he worte tweres hHlrpdkise BIdMt aotd ailda(i-sl )pr efGrredd quesetly 0 wreat er
than 30 nm When, for 15exanple, the word lines are formed by performng
the sidewal | fd&heatdmavinoeesss lrde arqasrqnidedd, att Hath ssngs=2)f the word
lines are aligned in the nmenory cell array at the one eighth of the pitch
conpar ed >t o t h@SAIBhSIOR G dhe Hor iFheidorey af fores&®mi g the 20fir st

sidewall film In this case, the l.ine w dth of ,
ayout of the word lines in each block increases.

Consequently, 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

10 area, and further improve the processing margin of the
contacts.

With the layout example illustrated in FIG.39, the
fringes 39 project to oppose to each other. The sizes
of the fringes 39 may wvary per word line WL.

15 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.

The layouts illustrated in FIGS. 35 to 40 can be

20 formed by adequately setting a position to form the
resist mask with respect to the sidewall film in each
process.

Also with the layout examples illustrated in
FIGS.35 to 40, at positions to form the contacts in fhe

25 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.



the word lines or the interval between the word lines is preferably set to
|l ess than 9.5 nm and the interconnect interval between the word lines in
the contact area is preferably set to greater than 15 nm 25Also in the

structure illustrated with the present |ayout exanples in FIGS.35 to 40, it
is possible to provide the sane effect as in the first to fourth - 83 -
enbodi nents, and inprove reliability of tB2 sem conductor device. (6)
Modi fi ed Exanpl e Wth the first to fourth enbodi nents, a structure of

i nterconnects fornmed based on the (n+l) th sidewall mask of the sidewall
formation/transhethproceas andemsnvhactfuriheg corthed sofi st He rdtadiaidume have
been described using the flash nenory as an exanple. Meanwhile, the present
enbodi nent i s bgyeatemeahsnl@hieniltiee tadthe offl asle wemor \i,irsrsd dyhe above
enbodi mrents nay be applied to a volatile sem conductor menory such as DRAM
or SRAM Furt heettelsipgeyeangerbedinesrits tmng sthe bapgliitéd ararh v-esi st ance
change nenory such as nagnetoresistive RAM (MRAM, phase-change RAM ( PCRAM
150r resistive RAM (lReRAMEOkhicctlampdes 4 e wasitbryinsdsermet &ovrres@dnt whi ch
reversi bly changes resistance. For exanple, the present enbodi nent is used
for the Pnter cBRACCETERGr dPRi FeSeMiRt 1 iHredR tdrrra PEosSSsoi it detfory cel |

array included i, the resistange change 2qtype peory, and e gontact

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.

10 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
preferably set to greater than 30 nm. When, for

15 example, the word lines are formed by performing the
sidewall formation process 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

20 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.

25 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



i nt er connects. Further, the present enbodi nents are by no neans
limted to these nenories,, and, in the logic circuit forned by, for
exanple, a field-effect transistor (FET) 25or fin FET of the planar
structure, gate electrodes of FET, interconnects connected to FET or

contacts (fringes) connected to the gate electrodes and - 84 -
i nterconnects may be formed by the strdactgBe and nmanufacturing nethod
described with the enbodi nent. Also with these nodified exanples, it

is possible to apply the manufacturing nmethod described in the 5first to
fourth enbodi menbsdimadtpr, owinde itnpe okl eetl id@saritiedf ntHhe first to fourth
enbodi nents. [Qther] While certain enbodi nents have been described, these
enbodi mrent s hagembheendpréesentiediky .way of exanple 10only, and are not
intended to limt the scope of the inventions. Indeed, the novel nethods
and systens descri bdd)h&ogiuf irrgly Ex@mgriisodi ed in a variety of other forns;
furthernore, various om ssions, substitutions and changes in the form of

t he met hods and sys¥amd theedcdmisied ohcaint hegmkyed imaiet s tehcUtrWepEig i ng

fromthe , ch
5 of interconnects formed based on the (n+l) sidewall

mask of the sidewall formation/transfer process and
manufacturing method of the structure have been
described using the flash memory as an example.

Meanwhile, the present embodiment is by no means

10 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
magnetoresistive RAM (MRAM), phase-change RAM (PCRAM)

15 or resistive RAM (RéRAM) 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

20 type memory and the contacts connected to the
interconnects.

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)

25 or fin FET of the planar structure, gate electrodes of
FET, interconnects connected to FET or contacts

(fringes) connected to the gate electrodes and



spirit of the inventions. The acconpanying clains and their equivalents are
i ntended to cover such fornms or nodifications as would fall within the
scope and spirit of the inventions. 20 - 85 - WHAT IS CLAIMED IS: 1. A

sem conduct or devi ce conpri sing: a sem conductor substrate which

i ncludes an elenent formation area and a drawing area; 5a plurality of

'sem conduct or el ements which are providedsin the el ement formation area;

a plurality of interconnects which extend fromthe el enent fornmati on area
to the drawing area, and which are connected with the sem conduct or

el ements; and ifaepkuhakicty 6kyCBBt Folrmedhicgh talee sprevided and he draw ng
area and are connected respectively with the plurality of interconnects,

wherei n the i nhehcdaredirs nar ectdoaedelkasadcon wa thatther emdbdid@ntn+l) th
second sidewall filmmatching a pattern of a nth (where n is an integer of
1 or nore) first si@wal with these modified examples, it is possible
to apply the manufacturing method described in the
5 .first to fourth embodiments, and provide the effect
described in the first to fourth embodiments.
[Otheri
| While certain embodiments have been described,
these embodiments have been presented by way of example
10 only, and are not intended to limit the scope of the
inventions. 1Indeed, the novel methods and systems
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions
and changes in the form of the methods and systems
15 described herein may be made without departing from the
'spirit of the inventions. The accompanying claims and
their equivalents are irntended to cover such forms or
modifications as would fall within the scope and spirit
of the invéntions.

20



filmon a lateral surface of a sacrificial layer, a first dinmension

mat ching an interconnect width of the interconnects and an interval between
the 20i nterconnects adjacent in the elenent formation area is smaller than
alimt dinmension of resolution of Iithography, the first dinension
is (k1/21)x(2/ NA) or |ess when an exposure wavel ength of an exposure device
is X, 25nunerical aperture of a lens of tBe exposure device is NA and a
process paraneter is kl, and a second di nension matching an interval
between - 86 - the interconnects adjacent in the drawing area is greater
than the first dinension. WHAT 215 Tdven sem conduct or devi ce accordi ng

. to claim1, wherein a dinension of the contacts is greater than the 5first

di nensi on. 3.1.Thes samicendiciterr diw e acegihigighdo claim 1, wherein
an interval between the contacts connected to adjacent interconnects is
greater than the fi restsatiimensiuwrt.orl Ghb st semltiortductiarudkeyi@e accor di ng
to claim1, wherein the sem conductor elenent is a field-effect
element formation area and a drawing area;
5 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

10 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

15 a (n+l1)™ second sidewall film matching a pattern of a
nth (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

20 interconnects adjacent in the element formation area is
smaller than a limit dimension of resolution of
lithography,

the first dimensiorn is (k1/2%)x(A/NA) or less when
an exposure wavelength of an exposure device is A, a

25 numerical aperture of a lens of the exposure device 1is

NA and a process parameter is kl, and

a second dimension matching an interval between



transi stor including a charge storage | ayer and a control gate el ectrode.

5. The sem conductor device according to claim4, 15wherein t he

i nterconnects are word lines as the control gate electrode , and t he
i nterconnects are enbedded in recesses forned based on the pattern of the
(n+l)th second sidewall 20film ~ 6. The sem conductor device: '

according to claim1, wherein, in case-of 88=1- the first dinension is 19 nm

or less, and the second dinmension is greater than 30 nm 257. A method of

t he sem conduct or device conprising: formng a first sidewall film

including a finste int®fcodndta Maitacmal lier dHwamwawing taxidrensi on of

resolution of lithography by a nth (nis an integer of 1 or nore) sidewall
formati on processsat@r aHaat ertad SirdrackEnednsaigacrificial |ayer in an

el ement formation area and a 5drawi ng area of a semi conductor substrate;

formng a first mask i ncThali senicortoridt idevigetdcgrediey thanlabre Iirst

line width on the first sidewall filmin the drawing area by |ithography
after the sacriwWisydedn |aayimenss fahovied;hel (FUr ¢S al pl Irr ity Giazeewnd

sidewal | filns . ,

5 first dimension.

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

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

5. The semiconducﬁor device according to claim 4,

15 wherein

the interconnects are word lines as the control
gate electrode , and

‘the interconnects are embedded in recesses formed
based on the pattern of the (n+l)™ second sidewall

20 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 3C
nIrl-

25 7. A method of the semiconductor device

comprising:

forming a first sidewall film including a first



including a third line width which is the first line width or less, by a
(n+l1l) sidewall formation process on a lateral surface of a first pattern
based on the first sidewall filmand the first mask; and 15processing a
processing target |ayer on the sem conductor substrate using the second
sidewal | filmas a mask, and forming a plurality of interconnects which
conprise at |east one of a first intereonfgct-wdth and an first

i nterconnect interval including a 20first dinmension snmaller than a limt

di rensions of resolution of lithography in the elenent formation area, and
whi ch conpri selansecoadhi Birandenetian @t arivdlt idieddih g a S eyl i nsi on
greater than the first dinension in the drawing area. 258. The nethod of

t he seni conducbdr ldehioge aptigobgi By ntd ol aisman furtéder spnprosimgref or m ng
second masks including a fourth line width. - 88 - greater than the third
line width to codewraflie foeoertd ogi gewaldss,i lars a nlatheeradr aani mitg @ et by

| i thography after the first pattern is renoved; and processing the
processi ng tar gacridyer aln lghye relienem eflemedatt drerradal asatkomitthe second
sidewal | film and, sinultaneously, processing the processing target |ayer
in the dPawi ng &EP¥arFade@2or Tt Fe SSEEGP IO AP ITriA YRy contacts i ncl udi ng
a third di nension greater than_the firs% di nensj on and connected to the

10' i nterconnects.  TOTMING arHeIid AR ol nf RIMIRE Yl wtdor di ng

to claim8, wherein an.interval Jhetween the adj.acent .contacts i. r er
thanthefirst% AT adiSPt

SRenei Ghen rstoting gl FetHod of The
sem conduct or ice 1 C i ai %, 0 [.Si
processi ng the(%g\ri:r)ncgsnsi%%% %I%Je}%qt gay%ra a d,llsgw{]a%lh ou%%%ép%cessi ng a

first |ayer belQw.tihe JIracessidg tandgloJayer based on the second sidewall
filmand form ng a sem conductor el enent connected with

10 forming a plurality of second sidewall films
including a third line width which is the first line
width or less, by a (n+l) sidewall formation process on
a lateral surface of a first pattern based on the first
sidewall film and the first mask; and

15 processing a processing target layer on the
semiconductor substrate using the second sidewall film
as a mask, and forming a plurality of interconnécts
which comprise at least one of a first interconnect
width and an first interconnect interval including a

20 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.

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

forming second masks inciuding a fourth line width-



20t he i nterconnects. 11. The met hod of a sem conductor device
according to claim 10, wherein the sem conductor elenent is a
field-effect transistor including a charge storage |ayer and a 25contr ol
gate el ectrode, the interconnects-are word lines as the control gate,
and - 89 the processed first layer is the charge storage | ayer.

12. The method of a sem conductor deviee ggcording to claim?7, wherein

a plurality of recesses are formed in the processing target |ayer based on

the second sidewall film and the interconnects are enbedded in the
recess in a segfreakkegnihgnM@ABethird 1inel3iidHie vetdia ofc e segenduct or
devi ce according to claim 12, wherein recesses in which the

i nterconnect asédewhéddéd lase ihortied datawierd iz At dlitiPpRatss dfatareen

t he adjacent second sidewall filnms in the processing target |ayer, and
recesses in whittk daomsacpstaeenenisedesdvards fardred at portions matching the
first mask in the processing target |ayer. 14. The nmethod of a

sem conduct or devi ceracessding the dmicasiRinghsrejet layer tie trezesses of
respectively independent patterns are fornmed by processing the processing
target |adyer aPtémMeattAicraafdsor g eRobTE®brPord % e Tmd e dsstiond si dewal

films in the draﬁfng area Wi thout covering a portion matching the first
mask. 151 1¥he 2pEl hSaTo1! LANSASOd RAST SFevt T & e SIRASTE A ¢l ai m

12, wherein target layer in the drawing area based on the second
mask and forming contacts including a third dimension
greater than the first dimenéion and connected to the

10 interconnects.

9. The method of a semiconductor device according
to claim 8, wherein an interval between the adjacent )
contacts 1is greater than the first dimension.

10. The method of the semiconductor'device

15 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 semiconductor element connected with

20 the interconnects.

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

the semiconductoﬁ element is a field-effect
transistor including a charge storage layer and a

25 control gate electrode,
the interconnects are word lines as the control

gate, and



- 90 - each of the interconnects fornmed in recesses in the processing
target layer are word lines as a control gate electrode of a field-effect
transi stor including a charge storage |ayer. 516. The nethod of a

sem conduct or device according to claim 12, wherein i nt erconnects
formed in recesses in the processing target |layer are bit |ines connected
to a field-effect transistor including-a é8arge storage |ayer and a
10control gate electrode. 17. The nmethod of a sem conductor device

according to claim7, wherein when an exposure wavel ength of an
exposure device i s Ahed premdeal mipesd weyof s [ans afatde exposiy e
15device is NA and a process paraneter is ki, the first dinension is
| ess than or egaglert.o (k1/2n)x(X/ NA) and t he second dinension is

greater than (k1/2n)x(X/ NA). 2018. A nethod of a sem conductor device
conpri sing: form ngl1&.pl dite imgthofd adf acespnisamrdddivimlddayes s

according to cldim 7, wherein
5 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.
10 13. The method of a semiconductor device
according to claim 12, wherein
recesses 1n which the interconnect.are embedded
are formed at portions matching spaces between the
adjacent second sidewall films in the processing target
15 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
20 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
25 portion matching the first mask.
15. The method of a semiconductor device

according to claim 12, wherein



on a first processing target layer in an elenment fornmation area and a
drawi ng area of a sem conductor 25substrate, the sacrificial |ayers
conprising first line patterns including a first line width in the el enent
formation area and first projection patterns of a - 91 - second line width
greater than the first line wwdth in the drawing area, the first |line
patterns being adjacent at a first intervalp and the projecting patterns
bei ng adj acent at a second interval greater 5than the first interval;
formng first sidewall films including a third line width smaller than a

limt dinmension of r&asol Wi ohofididRagahys byo @ndd h f WAskEs S d SiAN

integer of 1 or nore) sidewall formation process, on |lateral surfaces 10of
the sacrificialtHayckessing tdFREESH RS the fijdsd pracessd ng daigell | ayer
using the first sidewall filmas a mask after the plurality of sacrificial
| ayers are renmests dlaraingiea df rstfipatd-erffdac|wcimgi dther tinddhdime avi dt h
in the elenent 15 formation area and form ng a second pattern including a
fourth line w ditexgeeattarradmniayerthird line width in the drawi ng area
based on a difference in etching bias between the first interval and the
second i Rterval; forking Thedeombdidewal serti¢ondwetarideviaceifth 20 |ine
width which is the third line wwdth or less, by a (n+l)th sidewall
formation procESERHTING &rulC R aldes BIeEH first pattern and the second
pattern; and processi ng a second processing target |ayer using the
second si dewal | fiIrﬁ%ﬁ?%F?&é%?%ﬁt%ﬁrW IR 1SR CEME 255 cOMY PERERT A5RAr e

removed, formlg%f%é¥lfg§é§)%fg bit lines connected to a field-effect

transistor including a charge storage layer and a
10 control gate electrode.
17. The method of a semiconductor device
according to claim 7, wherein
when an exposure wavelength of an exposure device
is A, a numerical aperture of a lens of the exposure
15 device is NA and a process parameter is k1,
the first dimension is less than or equal to
(k1/2")x (A/NA) and
the second dimension is greater than
(k1/2%) x (A/NA) . -
20 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
25 substrate, the sacrificial layers comprising first line
patterns including a first line width in the element

formation area and first projection patterns of a



i nterconnects which conprise at |east one of a first interconnect wdth and

an first

i nt er connect

than a limt dinensions of resolution of |ithography in the el enent
formati on area, and which conprise a second i nt erconnect interval
havi ng a second di nension greater 5than the first dinmension in the draw ng

ar ea.

18, further conprising:

width greater than the fifth [ine width to cover the second 10si dewal |
in the draw ngsaceadbdy ihict Ragi-apycaftedr thhe fdrests iRatit arihd Syifgmpvied;
processi ng the second processing target |layer in the elenent formation
based on the seecendrsiwdesvalarefad,l mhand.irsitmilitrangeusdann PprRciessi ng t he

second 15processing target |layer in the drawing area based on the first

mask and for m agjiarehnite adr awifrig sar eéate roarit aotd wWhechpriaydardesy a third
di nensi on greater than the first dinension and is connected to the

i nt er connect s. p202@rnEhéeneiched jefcearite aserm camiuct dmtdewiadle qaossdrati ng t o
claim19, wherein an interval between the adjacent contacts is
greater ®Hhan tk&@ah e diimsisiigrrerval;
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forming first sidewall films including a third
line width smaller than a limit dimension of resolution
of lithog:aphy by a n*™ (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 layers are removed, forming a first
pattern including the third line width in the element
formation area and forming 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 second sidewall film as a mask after the first and
second patterns are removed, forming a plurality of
interconnects which comprise at least one of a first

interconnect width and an first interconnect interval

interval - 92 - including a first dinension snaller

19. The nethod of the sem conductoer device according to claim
forming a first mask including a sixth |

ne
film
and
area
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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 having a second 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 iine 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 element 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 dimension 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.



