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In some embndiments, a semiconductor device uicludes tint
bii lines connected to respective first contact~. Spacers are
dispiisvd sm aid *walls nl'ihe first bit liiws. A second bit hne is
self-aliimedly disposed between adjacent pacers. and a sec-
ond contact is self alibied ivith mid connected to the secnnd
bit linc
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S I IVI N:()VD(1(,'TOR D I".Yl( 'I', S IN(1 (IDIN(,'IRST

AND SECOND Bll'LNES

CLAIM Ol'RIORITY

[00011 The present application is a divisional ofand claims
priority from U S patent npplication S r Vo 11/62k26&i,
filed!an. I S. 2007, wluch claims the benefit ofKorean Patent
Applica&ionNo 10-200(u0101967,liledloume& 1'&,2006,tho
disclosures of whicli are hereby uicorporated by reference
hermn ui tlieir entireties.

HACK(IROI INI )

[00021 Exeiuplary embodiments di closed herein generally
rclatc to fonna&ion of lines aud, morc pa&ticularfy. &o fi&m&a-

tion nl bi& lmec in a sam&con&lunar device. Iixeniplary
embodiments ilicclosed herein also relate to bit lines in a

semiconductor device such ns a non-volatile memory dence
and a method for for&ning the same.
[0001[ As cerrucui«luc&ur devices become uicreusingly
integrat&xf, the widths of patterus and the intervals between
adjacvnt patter&i! d&xrcase. Couvciiiionallv, iinc p«tie&us are
R&rmed by performing various photolithography pmcesses
Ilowever. as the demve to &vhich senuconductor devices are
integrated mcreaces, a m& cali ~&nent marm m such phiito1 i

thography processes decrcascw Accordingly. fine patterns
[e.g.. contact& 1 are often misaligned u ith respect to underly-
mg cnnductive region during photolirhography processes
For exmnple. &shen e& en a slight degree of a misaligmuent
occuis during, a phoioli&lio &uphv procc c for fern&ing a bii
line, misalignment bcnvcen bit linc& and bit linc contacts
occurs, thereby bridging one bit line to an adjacent bit line.
Moreover, due to the reduction of a photo lithogrnpby process
margin, adjacent bit linc& cat& bccomc clcctncally cm&micctcd

to intel& utlier

SIIMfvLARY

[00041 Exmnplaiy embodimcnmdcscribcJhercinprovidcn
conductive hne strucnire and a method for forming the same
L'xemplary embodin&ants described herein also provide a

n«n-volatile memory device inc ludmg o bit I me and a metlx&d

for forniing thc sdme. Exemplary embodiruents described
herein also provide a ineiuory card inch«ling ihe non-volatile
men&o&y device lixemplary embodimentc de. cubed herein
also pr.& ide a steel ed meniory device including a imn-& ola-
tile mem&iry device.

[00051 One a&nb&«li&nent cwemplunly described her i&i cun
bc char&inlet&zcil Is a Inc&hod Ior torming a conducuvc lum
that includes tonuin an insulation layer on a substrate, the
subs&rate mclu&hng a pluriiliiy of lira& regu nc i&ad ii plur&li&y

of second regions. each of tire second remon being disposed
between adjacent first region~, I'orming a plurahty of first
conductive lines ou ihc insulat&on layer. thc tirst conductive
lines being electrically connected to respective fi&st regions
Ihron fi& re«pew&ive lirs& conIuc&s Ihrough Ihe in«of &&ion I iyen
fonmng a plurality of spacer! on side&vallc of the f&rst lines;
for nung a plurality ofcontact lio les between the adjacent first
conracts by removing thc insulatiou layer bcnvccn thc adja-
cent ones of the plurality ot'spacers, the coiuact holes expos-
iug respective scmoud regions, i«id funning u pluralit) of
second contacts filling respective contact holes and forming a

plurality of second conducive lines electrically connected to
rcspcctivc second contacts

[0006[ A&mtherembod&mani exemplanl) descnl ed barmn
cmi b characterized as a method of funning a non-volatile
memory device that iiicludes forniing a strut select liiie, a
pro&&&&&1 sel 'c'I litle. &&l«la pili&'dii) ol'ivor&1 hn s bcnvw n lhe
string select line and the gmund select line on a substmte
having a plurahty of ac4ive reg&ons, the struig and gmund
sclcct lines and thc plumliry of unrd liucs crossing over thc
aciivc regions, fomiing an insulation layer coveting thc

roun I select lme. ihe sump selec& hne. md Ihe plurality of
word lines; patterning the insulation layer to forui a plurality
of first contact holes, forming a plurality of first contams
w itinn respective first contact hol cw and fomnng a plurality of
first bn lines clcvtricdlly conncc&cd io respcwiive fir«i con-
i ic&s: Inmungu pluruli&y of cp &cere on c«le«allan& Ihe lire& bi&

lines;fomun asecondcontactholebetv eenadjacentonesof
the plurality of lint coutact lioles by renioving the uisulatiun
layer bciv een the adjacent ones of ihc pluraliiy ol'pacers:
and forming a second contact within the second contact holes
and a second bit line elecrrically connected to the second
con&acu

[0007[ Still another embodiment exemplarily described
he&eh& cat& bc &'hardmerir&xf ds a stackeil i&i&'&i&em'evic e thai
includes a pluraliiy ol substraies havuig ai leust two snicked
subsnates: aud a iuemoiy device disposed on at least one of
ihe substrata& ln uch un cinbodimen&. Ihe memury device
can be formed according to tire method disclosed in the iimnc-
di&tely precediii paragrapli.
[0008[ S&ill another embodiment excmplarily described
herein can be chamcterized c a iuemory card tint includes a

microprocessor, and a n&e&no&7 device coupled to the uiicm-
pnmcccor I ~ such mi embodiment, the men«&ry de& ico cun be

fern«xi according to ihc method disclosed in the immmliaiely
pivcedin * paragmph.
[0009J Yet another embodiment exe&uplarily described
herein. ccn be chrmcterized as a semiconduc&nr de&ice that
includes a plurality of first bit lines and a plurality of'irst
contacts connecteil to r cpecti&m Iirst bit lmeg a spac r
fern««I on a & id(«vali of each of Ibc first bi& lines, and a sixm&J
bit line self-alfg&edly disposed bet&veen the adjacent spacers
und ii second con&uc& cellcahyned with and conneciedl In Ihe
second bit linc.

[0010J Afurtheren&bodunentexemplarilydescribedherein
c:in be ch&ivacierize&l iic u non-vela&ile men«&ry device Ihi&I

includes a substrate includnia a plurality of active regions
defineJ by a davis" isolation reg&on; a stung select lme. a

ground scient lmc, and a plumlity of &vord lines disposcJ
bet&veen the string select line and the ground select liue. the
siring, &m&1 gro&m&l salve& lines and Ihe pluruliiy of word lines
crossing over the active regi&ms: an insulation layer covering
the s&rin select line. the ground select lmc, the plurahty of
&vord liens, and thc activ- rcg&ons first contacts through thc
insulation layei and electrically corn&ected to odd active
n K&& ius, first bil 1&nes elec&ricallv cunnec &ed Io respec tive lirsi
contacic, a spacer fi&m&ed on a sidewall of tlm firs& bit lines:
and a second bit line self-afignedly disposed benveen the
adjacent spaccrs mid a cccond conmct selt&aligned with and
co&un«ted to the second bit lme.

[0011[ Yet another mnbodiment exennplarily descnbeJ
hcrcin can bc charactcrizcd as a n&cthod nf fomiing a semi-
conductor device that includes fonuing a first insulatiou layer
on a substra&e: I'oririing a lira& rruisk on ihe fic I uisuhi&iuri

layer, ihe first mask defining an opening, ti&miing a first
groove u'ithin the first msulation layer usmg the firct mask:
forming a second insulation layer on th- first niask and on a

Petitioner Micron Ex-1008, 0035
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si&le af'the lirsi gr&uive i&i detine u ecnnJ nmve, ibe sec&md

groove having a sniafier ividth than the first gmove; fonnir 5
a second mask filling ihc second groove: forming a plumlity
af'ilnrdgnxives far bii Imes by rernawn ibe &(mmxlmsula-

tion layer, each tlurd gmove bein between the first and
second nmsks farming a third mask hai ing an apcmng
cxpasmg ilm ihird &names: liirirnnv a plim&biy al'ontact
holes disposed bet(veen the adjacent first and second masks
and self-aligned with resp(mt to ihc third grooves by paticm-
ing the fi&st uisulating layer usuig the third. seconcl and first
ntasl's as a&1 etcl'ii&lg nlask; fiirmilig a conductive material iili
th" first and ace and masks to fill thc thud grooves md rcspcc-
tive

urn&act

holes, and for&ning a plurality of con&!acti& e lmes
and a plurality of contacts by performing an etching process
on th- conductive material, thc contacts being clf-aligned
with respective canductii e Imes.

[00121 Still another embodimmit exemplarily described
herein can bc characterized as a metliod of fanning a linc that
includes liirmuig &i lirsi irmulaiiou liiyeron &i subsiniie, form

ing a first mask on ihc lirst iiisulation layer. thc lirst mask
defining a first groove therein, fonuing a second mask divid-

ing thc first groove, the &mond mask disposed within(lie first
gniave and defimng a plurality at'hird gr&iaves between the
first and second masks: fanning a tlfird umsk. the third mask
hav i ng an apem na c ra as mg as erat least one of the plurality «f
third grooves: forming a pluralin of contact hole& self-
ahgiwd with third grooves by pancming thc first insulation
layer u ing the third mask, &lie second mnsk, nnd the hrst mask
as an etching mask: and forming a plmality of conductive
Imes and u pl uruhty of cantucts sall'-uhgi«xl vnib rum pact i& i

corresponding canduciivc lines by lilling the contact holes
aud the third f9 ooi es v ith a conductive material and etching
the conductive material

[0013J Another embodiment exemplarily described hereili
c m be char icteareJ &is &i method I'ar I'among i& semic&nuluc-

tor device tlmt includes formuiu a first insulation layer on a

substiatc, fornuu a pluraliiy of first contacts iluonJ& ihc first
m&ulation layer, liirtning a second contact through tlm first
insulation laver bet&veen adjacent oues of the pl umility of first
c&mu&cis: Iiirming an msulaiian mruciure an ibe first msula
tion layer, the msulation stnicturc defining a groove. wherein
ai feast a portiim of ihe first uisulatiim layer defincu a kiwer
surtncc of thc groove; tormuig a plurnliry of first conductive
lines on the first msulation layer. the plurality of first conduc-
tive lmcs ef ciricullv connected(a corresp&xidinyanes ofilm
plurality of first contacts; and forming a second conductive
line iv itlun the groove, the second conductive ime electrically
canncc&cd to thc second cauract. ivhcrcin rhc iusulu&ion stmc-
ture is formed on s&dewalls ofadjacent ones of'the plumlity of
first c(&&iJuciive litic's.

[00141 Yet another embodiment exemplarily described
lmrelll can be climacterized as a seimconducior device tint
mcludcs a first insulatain layer an a substrate, a plurahty of
first contacts tin ough the first insulation layer. a secaud con-
Uict through ibe lira( in&uk&(ion layer imd betivcwn;xli;s:mit
ones ol the p lumlity ofcontacts; an insulation .'true ture on ihe
first msulaiian layer, the insulation sinicnire defiuin ~ a

groove, whcrcin at feast a portion of thc fir t insulation layer
defines a loiver surface of the groove: a plurality of first
car«luctive ines on ihe first msuluuuu luver. tire plund&ty af
first sonductii e lines electrically connected to corresponding
ones of the plurality of firsx contacts, and a second conductive
linc witlun the sgoovc, th- second conductive linc clsusr&cally

can&unfed to I be, econ&i cant ici. u harem ibe mmd &(am siruc-
nu c is f'omicd ou aid ms alla of a dj aemit ones of thc plurality of
flirt & ailductlve lilies.
[tltl15[ Lastlyfmmather embuditncnt exerripl irilv dc&&xi(c'4

herein can be characterired as a method ol'omiing a semi-
canductai device that &ncludes for&uing a first uxsulation layer
ou a substmtc; forming a phu ality of'first bit lines ou thc first
iusulation layci. fiirming au insulation strucnirc on tftc first
msul it&an liver; m(l liimung a second bii hne an the lirsi

iusulation layer benveen the plurality of tirst bit lines.
wherein the secood bit line is self-afi~ed is ith respect to the
insulation stniciure.

IIRII:Ii DI;5( RIP'I 10bf OI'ill& FI(ilIRI!S

[0016[ Thc accompanying figures arc included to provide a

fiirther understandiua ofthe exemp1 my embodiments, and are
iucorpomted iu aud coustini tea part ot this specitication The
drawiugs illustrate exemplary embodiments of the present
ii&veil(i&i&1 aod, ti!getliei'lill tlic iloscriptuia, &en i: ti) axe&i&-

plurify explain principle af the present invention In the
figures:
[00171 FIG I is an equivalent circuit diagram of one
embodiment of a non-volaiilc memory device,
[Iltl101 FI(i. 2 as an equivalent circuit diagram of another
embodiment of a non-volatile meniory device;
[tlt3191 FIG. 3 is a plan view exeniplarils illustratuig con
nec&ions betiveen bit lmes and corresponding bit linc coniacts
in a non-volatile memory device according to one embodi-
&Ilc&in

[00201 FIG. 4 is a crass-sectional viesv of the non-volatile
incnmry dovico shown in FIG. 3. taken along linc I-l'hcrcol;
[0021[ FICI 3 is a cross-sectiarml vieu ot the uon-volntile
iuemoiy device shown io FIGi, 3. taken alon lines 11-11'nd
111 III'hereat'.
[tlt322[ FIGS. 6-14 arc cross-scctiar&al view(s illustrating an
exemplary enibadinient of a method for fiirming a non-vala-
nle rneiuory device;
[00231 I'ICi. 15 is across-sectional vier ofanotherenibodi-
mcnt af'u aan-volatile mom&ay deviom

[00241 I'ICIS 16-18 are cmss-sectional views illustrating
another exemplary embodiment of a method for fanning a

non volntile memory device:
[00251 FIGS. 19-26 sre cross-sectional views illustrating
yet anaih r xemplary embadi&nent of a metliad fiir fiinn&ng

a non-volatile memory dcvicm
[00261 FIGi. 27 is a cross-sectional view illustrating still
another exemplary embodiment of a method for fomung a
noii-volatile memory device:
[III327J FI(ig 20-35 sre cmss-scctuiaal views illustrating
yct another cxcmplary embodiment of a mctliod tor fi&miing

a non-volatile memory device,
[UU20[ HG 36 is a cross-seciiunul view al an exeruplary
embodiment of a stacked memory Jevice including a non-
volatile memory ilevice,
[00291 FIG. 37 is a block diagram ofancxcmplary cnibodi-
ment of a sy, tem includuig a non-volatile memory device,
(&&id

[0030J I&ICi.3gisablockdiagramofanexemplaryembodi-
tuent of a meiuory card iucorpoiating a non-volatile inemory
dcvicc.

DIITAlfllD Dl&S('RIPTI(yis

[UU31J L'xemplary mubodiments &vill be described below in
morc detail i& ith rcfbrcncc to thc accompanying draivings
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'I'hase emho&bments may, h&n&ever, he reahred m &hflereni

forms m&d should not bc constructed as limited to thc mubodi-
mcnts set forth herein. Rather, these embodiments atc pro-
viJixl w& tluit &)us disclosure will be thon&ugh ind corriplete,
and &vill fully convey the scope of the present invention to
those skilled in the art.

[00321 In thc figuivs. thc dimensions of layers and regions
areex iggerited Inrci inly olillu&&ruunn. I&&&&II &ilso heioider-
stood that when a layer ior film) is referred to as being *on'nother

layor or sub st tate, it can be dire:ily on the other layer
or substrate. or inicrvenit&g layers may alan be present I'ur-
ther, it u ill be understnnd that when a layer is referred to as
beiu 'under'nother li&yer, ii csin be duectly under.:&n I onc
or more intervening layers may also be present. In addition, it
will also be undmsiood thai when a layer is referred to as
bemg 'between'wo layers, n cim be ihe &inly layer between
the two layers, or one or more intemeniu layers may also be
present
[00331 A 'semiconductor substrate'r a 'substrate'en-
ii i med in Ihe exemplary embo&hmeu is nr iy refer In a s&rue& ure
based on an arbitrary seruiconductor. The structure based on
lite so&niconductor niay include a silicon-o»-iusulaior (SOI)
having sihcon on an insulation layer, sihcon-on-sapphire
(SOS) having silicon on sapplfire. silicon-germanium, doped
or uisluped silicon. Cu epiiuxial hirer funnel by an opiuixui I

groivth techoology. and another semiconductor simcture.
Additionafly, a 'semicundumorsuhsxrate'ora'substrate'may
be a semicm&ducror substrate ore substrate where an nrbirrary
scm&conductor device, e.g,, a men&oiy device, is already
fiirnxsk

[00341 Tfic t rin. '&)JJ bi& lin 'nisi 'ev n bit i&lie,

as&la '0

herein below. are relativu. Iyhen onc bii line is called an *odd

bit line', a bit line adjacent to tl&e one bit line is called an 'even
bit line'onversely. when oue bit line is called an 'even bit
line', a bit line adjacent to the one bit line is called an 'odd bit
line'. For exainpl, &shen conmdcring &xllacvnt tao bit lincm

when one bit line is an 'odd bit line', the other one is an 'even
bit line', aud vice versa.

100351 Exemplaiy euibodiments described herein relate to
u method ol'brming lmes und Ihe hne structure resuhm
therefrom Thc exemplary cmbodirncnis also &elate to fonna-
tinn nf bit lilies 1&i a sciiiic&llldiic&ol device siicii as a 11&ciil&iry

dm ic- Thc cxcmplary embodiments may also rclatc to b&t

lii&es of a non-volatile memory device m&d to a method for
formui

the&urn

. Hcrcinaflor, vun &u Iypes ol lmes willi'xemplarydescribed bIoreover, a bii line of a non-v&ilatile

memon devwe &&ill be descnhed,is an example.

[0036J FIG. I is an equivalent circuit d&agrmn of one
cmbodimcnt of a non-volatile memory device such as a

NAND flash memory device.

[0032) Reibrru&g to I'IG. 1, a stung select line SSL aud a

gniund seleci line CISI. ure disposed in a n&iv dirac&i&a& (e.g,
an x-axis direction). and ivord lines )v1.0 to vkT,m-) arc
disposed bet&veen the ctriug select line SSL and the grouud
salve& line (iSL Bii lines BL0 io BLn-1 arc disposed in u

column direction (e.g, a y-axis direction) to cross oi sr ihe
nnrd Imes 301,0 ui ipi m-l.

[00381 A plurality ofmemory cells are coupled to encl& of
thc word lines W1.0 to &aim-1 such that a plumlity nf
meu&ory cells IvK0 to 0 10m-1 armnged u& the colunm direc-
tion ur cormccied in series to loriu u uiui NANO s&rmg. A
string select transistor S ST and a pound select transistor C)ST

are disposed on both sides of each unit NARD stung. (iates nf
th- string sclcct transistors SST arranged in a rois direction

are cnnnecied in each niher io iiimi ihe iong select Ime SSI

and gates of thc grmuid sclcct transistom CiST armngcd in n

&o&v diiectioi& aie corn&ected to each othei to foun a ground
acket linc GSL A bil linc is connected io raapcclii c ~iring
select transistor SST (e.g . via a cmin region) of each NANIV

string. Source regions ofthe p oiu&d select trai&st&aors 0 ST are
col&1&cc tol to *i colm&no&& soiilcc lil&c CSL.
[t&t&39[ I l(i 2 && 'im equivalent camuii &b.'igrum ol one
embo&i iment of a non-volarile memory device such ac a NOR
flash memory device.
[0040[ Refening to FIC). 2, and unlil e the NANO flash
tuemory device of FIG. 1, a bit line BL and a souice lu&e S&L

arc conncctcd to cack m mori cell That is, thc memory cells
arranged in a co 1umi& direction arc separated from cack o Iher,

[0041[ Thc types and fonna of menioiy cells that mav be
comhme I in a nord Ime miy he mimerou I&or eximple.
memory cells can include a tiuu&cling insulation layer, a

iuemory laser (oi a chai e stoiage layer). Cud a control insu-
lation Eyer (&ir an inter-gate dielectric layer) v;hich nre
sequentially stacked on a semiconductor substrate. The
meinory layermayincIndea matenal capableof&tonngelec-
tric charges that are in! ected from the substrate tluough the
iuuuclmg msulaiion layer. For cxamplc. a memory layer can
include an insulator muierial capable &it'mpping electric
charges ivith a high trap density. Such an insulator material
can include, tiir exiinple. O&&ride, aluminum oxide IAI 0,),
hafruum oxide (HIO!, hafnium aluminum oxide (HfAIO),
hafi&ium silicon oxide 01&SIO) or combine&iona thereof.
Addinonally. poly ihcon nano-parucles. meml nano-par-
ticles, fullerenes, or the like. can be used as, or incorporated
wiilnn, a meinoD layor. A fl&iating gute such as polvsilicon
also can bc used ai a memory layer.
[t)t)42[ In thc BAND flash memory dcvic ol FIG. 1, drain
ivgions of the string select transistors SS'I anunged in a

column directionare couuected to the respecnve lu&es BL0 to
BLC-1. In the NOR flashmemnD device of I'IG. 2, the bit
hnes BI 0 tn 13I,~ -I an: connected to ach men&Cry cell.
Accordingly, to Iorm a rcliablc highly-in&cgratrdi tlash
&uen&o&3 device. &he bit line is coimected to the conesponding
siring seleci Iransimor SS I in ihe NANO flush mmm&ry

dcvicc, and is corliicctcd xi thc rcspccttvc luelrl&ipy cell MC in
rhe NOR flash memory device

[0043[ According to the cnibodiinents describcxI heren&, the
bit linc ot rhc NANO flash memory dcvicc is coiillccicd to n

dmin region of a string select transistor SST tlu oug& a bit line
coniuci und ilia Ni linc ol' NOR flush mvrnnrv de&we is
cormected to a source.'drain region of the memory cell ln one
embodiment, bit lines may be provided as either a Iirct bit live
ore second bit linc, wherein second bir lines cnn bc disposed
bet&veen ad!scent first bit lines. Accordingly, odd bit lines
rn iy he referreJ in us first hii Imca anJ even bu lines iruiy I e

referred tn as second bit lines. Iiach bir line is electrically
connected to a respective bit line contact. In one embodiment.
thc first bit linc and thc second 1st linc can have diffcrcnt
structures and. there l'ore, can be fomied according to difierent
meihmis. I he bii Imes will he &lescnhed wiih reference In

FIGS. 3 throned&

[0044J FIC). 3 is a plan view bowing connections to odd bit
lines BL 0 and even bit lines BL E and respective odd bit
brie coiiiuc&s D(' iuid even bii lirie cou&acts I)(' iu u

NAND I)ash mcmnvy device. according io one embodiment
[0045[ Refening io I&IC!. 3, the odd bit lines BI. 0 are
connected to the respective odd bit line contacts DG 0, and
thc cvcn bit lu&cs BL E arc conucctcd to thc rcspcctivc cvcn

Petitioner Micron Ex-1008, 0037



US 20[ ['0032763 AJ Feb. 10, 2011

bi( bue coniucis f)('L In one emhi itimeub Ibe even I iI lmes
BI EandtlmoddbitlincsBL Omaylmvcthcsamcstructurc
iii lliai'ieve thfferent structures The even bit lines BL E, aud
Ih oild bit line~ BL () may be stnicuirally dificreni when, li!r

example, the even bit lines 131, Ii and odd bit lines 131, 0 are
formed according to rhfferent methot( . For exaiuple, the odd
bit lines BL 0 can bc formed using a photolithograplty pro-
cess while thc oven bit lines BL F cat be liimied bcui ecn the
ixld lut ltnes 131. () in a sell-dlignal manner. kforeover, fhe
even bit line contact DC L'an be fonued on the respective
even bit lines BL E in a self afigned uimuier.

[00461 Because the even bit line contacts DC E and corre
spouding cvcn bit lines BL E can bc formed in a self-altgtt d
mimncr, an overlapping mvd bc(ween the odd bit lines BL 0
;md Ibe respective oilil bit hne contacts I)(') am, in one
embodiment, be less than or substantially equal ro an over-

lapping arm betwieu tire even bit lute BL E aixf ihe respec-
tive odd bit linc coif(act DC li. In one cmbodimcnt. a distance
between the odd bit line contact DC 0 ands string select line
SSL (or a string «elect ate) muy be ififierenI from or sub

stunt i ally equal to a distance between the even bit line contact
DC F, atnl tlie string select hne (or a stritig select ydtcj.
[0047[ Rcfcrring to FIG. 3. a distance D I bcuvecn an odd
bit lute contact DC C) anil a first stung select line SSL 1 (or
a first struig select gate) nmy be greater than a distance 03
between the even bit line contact D(' and the first stoa
select line SSL, I for the first string select gate) A distance
D2 Ibctw ecn the odd bit linc contact DC. 0 and a scvond suing
select line SSI. 2 (or n second srring . elect gate) may be
shorter than a distance D4 between the even bit lute contact
I)C.'dadtli~ samxfstringscloctfineSSI 2(oribcsecond
string select gate!. As dcscfiibcd above, the stnictural diffcr-
euce nmy be result fiom that the odd bit line and the even bit
line are formed by difibrenr niethods.

[0048J I'ICr. 4 is a cross sectional vtesv of the non-volatile
memory device shown ui I'IG. 3. taken along line I-IC

[00491 Refemng to FIG, 4, an active region 30 may be
defined in a substrme 10 by a device isolation region 20
Adfaceut active regious 30 niay be electrically insulated from
cacti other by a der ice. isolatioii rc, iim 2(). 4 bii linc is cleiie

Irica fly conncc ted to thc resp ective active rcypon 20 tluuugh a

bit line contact. For example, bit line contacts 71 and 76 are
Iiirmed Ihrougb iin msuhuxm layer 50 io elecincall) amhict
the active reaions. In one embodiment, au odd bit live and an
even bit Ime can lieve ihe sane or different structures (e.g,
diffcrcnt width~, ditlcrcnt heights or ilittcrcnt v idihs and
heidi(a). For exaiuple, the het&t of the eveu bit line 86 may
be less Ihdn Ihe her+I of Ihe oikl bit line 81 )rloreover. tlm

width v i of the odd bit Ime coiitact 71 aud the v idthv, i of the
odd bit line 81 can be substantially thc same. Furiher, the
width ivs ot rhc cvcn bit linc conract 76 may bc less thnn thc
width wd of the even bit line 86 md the ividth ws of the odd bit
line cont ici 81 iiuiy be less firm ihe wiiltli wd of the cion bit
line 86 The even bit line contaci 76 is self-aligned with
respect to a respixtive even bit lute 86. Flowever, ivhen the
odd bit linc 81 is finned by a photofithoc~aphy pmccss, thc
odd bit line 81 may be mis aligned vt ith respect to a respective
odd bit litic conuici 71 ivithiii iui tice ptable unige

[0050J PK). 5 is a cross-sectional vicsv of thc non-volatile
meuiory device shown in I'IG. 3, taken along lines II-II'ud
Speiificiilli, u I ii-illusiriiieil poruou of I'Ki 5 is a cross-
sectional vieiv of the non-volatile memory device shoivn in
IrKI. 3, taken along line II-II'id shov's a cross-sectional
vimv of odd bit lines ivhilc a left illustrated porrion of I'Ki 5

is;i eros -sectional view of Ibe non-volatile memory ilevice
shoivn in FIG 3, ml cn along linc lll-IIP and shoiv s a cross-
sectional view of even bit liiies.
[0051[ Refening generally to FICi. 5, each bit line 81 and 86
is electrically connectetl to au active region outside a stiing
scient lin for a string scient gat ). i c.. s drain region 39.

Specifically, Ihe bit lines 81 and 86 arc clccttically ainncctcd
io the ilrmn regiim 39 between Ihe limi Iong select Ime
SSL 1 and the second string select line SSL 2 via bit line
contacts 71 and 76, respecuvely.
[0052[ FKIS 6-14 are views illustrating an exemplary
embodiment of a method for funning a non-volatile memory
dcvicc. Specifically, PIGS. 6, 8-10 and 12-14 arc cross-sec-
tional vicivs taken along liiie I-I't FKi. 3: and FICiS. 7 dlld 11

:irephm viewscorreipimihng(o I'I&if 6;mdlfi,respectively
[0053[ Releinn Io I

'fig 6;iml 7,:i ilevice i o latino region
20 is tbnned on a substrate IU to define a plurality of active
togions 30. A string select line 41. a ground select line tiiot
shown) and a phiniliiy ofword lures 43 b tween till: stllllg ailld

ground select lines are also formed according to welll nim n
methods, tberetiire, a rletailed discussioa of their tiirmatam
will be omitted for concisenes . Briefiy however, after form-
iua tuuucling insulation layer 33, a rimilloiy ld)'i:l 35, d

control inmilauim layer 3'7 and a conilnctive layer (noi
shov n I, foreword lines and select lines, the conductive layer is
patterned to form a stung select line 41, wuril Imes 43 and tire

ground select lute (not shoivn), all of u hich cross over the
active regions 30 and the device isolation regions 20 Tbe
conducuve layer. the nmnelmg insulation layer tt. the
memory layer 35 and the control insulation layer 37 can be
patterned ciiucunentl) during;i pattcrnmg pmcms tiir tire

conductive layer. By performing an ion imp Imitation process.
the drain region 39 is formed on the active regiou outside the
striug select line 41. a sirmrce region (nor shown) is fbmmd on
the actii e region outside the ground select line, and a source/
drain region (mit shmvnj is fiirined on the acute region
between the word lines 43.

[0054[ An insulation la)mr 30 is tiirmcd on thc substrate 10
to coi er the strirlg select line 41. the gmund select line (not
slxiwn), nnd Ibe ivord lmes 43. In one embodmienu ibe insu-
lation layer 50 may include a matenal such as au oxide. In
another embodmieat, tlie insulatxm layer 50 may mclude a
nniltilaycr stnicnirc of an oxide and a nitride A first mask 60

having a plumlin of fh&t openuigs 65 defining odd bit line
coniucis is limned on fiic insuluiion layer 5(l. I ho Iirst open-
ings 65 of the ti rat mask 60 are disposed over the drain regions
termed on odd active regmus 30 () outside the stair select
lines 41 Thar is. draiu rcvions tbrmcd on odd active rcvions
30 0 oumside tlie striiig select lines 41 are disposal wiifnu the
first opvinngs 65 of ihe lirst mask 60. As e«emplanly illus-
trated, the first openings 65 may overlap ivith odd active
regions 30 0 ii.e., odd draui regions).
[0055[ Refemng to I'IG. 8, the first mask 60 maybe used as
an ctclung. mask to etch thc insulation layer 50, thc control
insulation layer 37, the memory layer 35 and the tunneling
msuluiioit I iyer 33. Ihereby Iiirmmg odd corn ici holes 53 Ih ii

expose the drain regions 39 in the odd active regions 30 0
[0056J Rcfcrring to IdIG. 9. ihc first mask 60 is rcmovcd.
odd contacts 71 are I'orated v ithin the odd contact holes 53
iui I udil bii lures 81 are eleciriaillv aiimecied iu respccuve
odif contacts 71 The odd contacts 71 and odd bit lines 81 cmt
be fiirmed accorduig to any ofvarious exemplary inethods.

[UU57J ln one exemplaiy niethod. odd bit lines 81 can be
formed aficr fonuing tlm odd contacrs 71 Tiiat is. after a
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muierial bamng;i no&i step coverige (eg, silic&m) is lormed
on thc iusulation layer 50 to fill dic &x!d coumct holes 53, a

pfanm&rat&on pio« ss (&'., client&ca) inecllalllcal pollslllllg
(('Mp), ctch-b;s:I or ilia lik&.') is perfiinned ic funn Ih«'dd
contacts 71 in the odd contact bole~ 53. Next, afier forming a

conductive matenal for a bit line on the odd contact~ 71 and
thc iimulation layer 50 a patterning process is pcrfomicd on
thc conductive material to form odd bit firms 81 ilia( are
elecinmill) c&mnecie&1 io respecine ones of Ihe Cd&I contacts
71. I)ere, a capping layer 90 including a material such ac a

nitnde can be formed on the odd bit lmes 81. The conductive
material from v, hich thc bii lines 81 arc fi&rmcxi may include
a mdienal such ds a metal, a metal alloy, a silicide, d conduc-
tivememlmtn&lerii con&lucnvemehil oxide. &i)mon, oribe bl e

or combinations tliereof

[U05$ [ In &mother exemplary met(iud. the od&f com;mls 71
aud corresponding odd bit lines $1 can be formed concur-
rently. Thai is. a conductive niateiial may be fonued on th&'nsulationlayer 50 io fill the odd contact holes 53, and then a

patterning pro cess may be per fomt ed to

fern&

tire odd contacts
71 and the oil&i bit Imes $1. 'fbe con&hictive &nutcoal nmy
include a material sucli as a metal. a metal alloy, a silicide, a

conductive metal nitridm a ccnducfivc mctal oxide, silicon, or
ihe hke &ir combinaiions thereof In &me exemplary embodi-
meut, if a bit line is to formed as a multilayer structure. a tirst
concluct&ve &Catena) (e.g., silicon) may be formed on the
insulation layer 50 to fill ilia odd contact holes 53 and a

second condumivc material (e g., a metal hai ing d kiw elec-
trical res i su nce) may be tormed on the tirsr conductive mate-
rial. Then, a patternin process can be peifonned to pattern
ib second conductive rnuicrial or thc seconl and first con-
ductive materials

[00591 Ref& rruig to FIGS. 10 and 11, spacers 93 drc foimod
on s&dcxvalfs ol ihc o&ld bit linc& 81. Thc spaccrs 93 niay
include a ruaterial having a suitable etching selectivity with
re peer io Ibe insuli&tion fryer 50 When ibe msuldiion layer
50 is fornied in a multilayer, the spacers 93 may include a

material having an etching sclcctiviiy with rcspici Io tho
uppcnnost insulation layer of ihc nuilt&laycr insulatmn layer
50. For example, the spacers 93 uiay. include a nitride (e.g.,
sihcon nur«le),;ai nude (e g, i&lumimim oxxle) or n nitride
oxide (c g., silicon oxytiitndc). Since thc spaccrs 93 al'c

for &ncxf on sidewalla ofadjacent the odd bit lines 81, ad) scent
spaccrs 93 term lmc-type grooves 100 In onc cmboduucnt,
these line-type grooves 100 can be used to define v here even
bii lines ure io be subsequently formed. I~ another embodi-
ment, adjacem ones of the even and odd bit lines can be
msulated from each other by a spacer 93 pmvided therebe-
t&CCC&l

[00601 Next, and as illustrated in I ICi. 11, a second mask
11U is for&Cad Iu &Ieline mkl bii I me conIacis 'I'be second m isk

110 uicludes a second opening 115 that exposes regions
ivll&'re the cvcll bii line Contacts are to be subsequently
tormcd. I&or example. thc second opcnuig 115 overlaps at
least one draiu regiou 39 tbrmed on the even active regiou
3U I.'n one mubodimeni, Ihe secorxl opening 115 ol'lm
second mask 110 may be disposed between adjacent suing
select lines 41, mid extend ui a djrcxt&on of the string seliect

linc 41 to overlap at )cast nvo cvmi active rcc iona! 0 Ii and thc
odd active regions 30 0 therebet&veen. Accordin ly, the sec-
oud opening 115 iruiy be bar- or line-simpml mich ilaiith'econd

opening 115 exposes at least nvo adjacent line-type
gmoves 10II and exposes the odd bit lines 81 therebetween.
Ttm second mask 110 and thc spaccrc 93 formed cm bc

collecuvely used ns an etch m:isk io Iiinu even bii. Ime am-
&acts 76 bctivccn string select )inca 41. Acccrdiugly th- cvcn
bit hne contacts 76 can be confined berivemi the spdcers 93
und be sell-alig&ned &viih respect io linc-l)7&c ysooves 1UU

ivhere even bit lines 86 we to be subsequently formed.

[0061[ Refening toll().11by using tlmsecondmask110
and the spacers 93 as an etclring mask. the exposed uisulation
layer 50, thc control insulation layer 37, thc memory layer 35
and the tran&cling insulation layer 33 are etched to foriu iwen
contact holes 56 between idi ieeni odd contacts 71 Because
the spacer 93 has an etching selectivity with respect to the
insulation layer 50. it serves as an etclung ruask. During the
etching process. a portion of thc spaccrs 93 may b ctchcd. In
ibis cmbodimcni, even contact holes 56 may be complctcly
selfish ned with respect In correspon&bng luie-I&pe grmives
100 where even bit lines 86 are us be subsequently tinned.
Moreover. utisaligrunent biriwemt tire live-type 8m&uses 100
and cvcii contact h&ilcs 36 docs noi occur. During thc ciclfing
process. &vhen a portion of a spacer 93 is etched, the width of
u subsequenilv Iiinue&l even bii line $ 6may begre iier ibm the
width ofthe odd bit line 81 On the other lmnd, the width of the
hiii-Ivpc groo'v '00 cd&i Ii&'il)i&stud liv vdivllig tire w idtli of
the spacers 93. Tlnis, the wulih of subs&xi&tently tormed even
bit lines 86 can be appropriately adjusted, as &vali as the ratio
between ihe wxi Ilia c I'he even und odd bit lines 71 ural 76, by
conirolling the v idth of tlic spacer 93.

[0063[ The even contacts 76 and eimn bit lines 86 can bc
form&x) according to miy of various cxemplaiy meiliods. For
example. and with reterence to Fl(i 13. even bir line coniacrs
76maybeformedbyfillin thee&encontactholes56andthe
luii-type groove 100 betweu~ .pacer 93 with a conduciwc
material mxl subsequently performing an etch-back pr&iccss.

Before performing the etch-back pm cess, a Clvlp process can
be perfbnned A conductii e nmterial for bit lines 86 may rien
be fonnml on the even bit line contacts 76 to fill the line-type
groove f00 between tb space&a 93.

[0063[ Refemng to FR( 14, even bit lines 86 are Iiirinedm
a scil-aligned manner bc&ween spaccrs 93 and are clccinca fly

ecru&ected to respective one& of even bit line contacts 76 by
etching Ihe conductne mi&ieriul liir ilm bii )mes $6. Nir
example. a CMP process may bc perl'onned until the top
surface of the odd bit Imes 81 is exlvised. therebv f&irmmg tlie
cvcn b&t lute& $6 Thc conductive matcnal from wluch thc bit

lines 86 are fomied may include a nmtenal such as a metal, a
metal alloy, u silicide. a co n&hmiiiv rnctul mindc, a conducin e.

metal oxide, silicon. or tbe like or corubinations thereof.

[0064[ In anorlier exemplary meth&xi, the even bit lines and
even bit line contacts can be fern&ed concurrently. Tliat is. a

conductive material may bc finned to fill thc even contact
holes 56 and the line-type grooves 100 between spacers 93
aiiil a pldllilrivaixm process muy then be perf&irmed io f&irrn

rhe even bit lines 86 and respective even bit line contacts 76.

[0065[ According to the illusrrauxicmbodimcnt, misafifut-
inent benveen the even bit lines and respective bit line con-
mcis does noi occur Additional)i, becuuse men bii )mes;ire
fornied between ihe odd bit lines in a self-aligned manner
afier Ibe odd bii lmes ure liirmed. a distance betiveen Ibe
adjacent bit lines can bc dccrcascd beyond the resolution of a

photolithography process (i.e.. beyond a desimt nde). More-
over. Su elccinmil co&mac&ion bciweeu adjuceni bit linus c;m
be prevented.

[0066[ 'fhe conductive material mav be subjected to vari-
ous etches to form the b&t lute& 86. I'or exauiple, ivhen an
ctclfing mnount is adjusmd thc is& en bit )inca can bc fonncd in
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vanoux x&ruclurex. For exumple. & I a plunanrah&m proces 's
performed until the capp&ng layer 90 on the odd b&t linc is
exposed after forming thc conductive material for n bit linc 86
fe.g.. ux sh&mn in I )G. (3), &hen. ux exemplanly tllus&mied m
k'IG. 15, the top of the even bit lines 86 may be lfigher than the
top ot th" odd bit )inca 81 I)y f&uthcr pcrfonning nn ctclfing
pn&c 'xs on (h&'xuniucfive &&&an:ra&i Iur b« lines 86, &he &op of
the e& en bit lines 86 may be made low er than the top s&uface

of capping lnycr 90. or may bc lov.cr than or subsumtially
equal to the top of the odd bst lmes 81. Moreover. the capp tug
laym 90 can be formed on the even bit line 86.

[00671 Although the odd bit lines are fonned by performing
a panurmng process m &lte above c&ubudunon«, lmy can be
formed accordin to a damascene proces~. In this case. mis-

ahgnntcn& between the ex co bii lines and thc even bit line
c&n&a cia dues no& occur und nusa kg&un u& between iho o&ld bi&

lines and respective odd bit line contact& does not occur. Such
a damascene process v ill be described in greater detml with
reibrence &o k l(i&1 16-18

[00681 Referring to FIG. 16, adevice &so)at&onregiou20, an
active reguut 30, a string select line SSI, a v, ord lute. &md

ground select linc (&SL may be fonncd on. the substrate IU iu

the saute or si mila r manner as de seabed above with respect to
FIG 6 and &hen an iusulauon layer 50 may bc formed. Thc
insula&nut layer 5U utay &nclude a angle lave& ota matenal
sue)& as oxide or n&ay ioclude multi)aver strucnu'e of&catena)a

such as oxide and uttr&de. A mold layer 120 may then be
loaned on rhe &nsularion layer 50 'IT&e ntold layer 120 nmy
u&clude a u&aterial havutg an «tclnng sel ctivi&y v. ith respect
to the iusulatiou layer 5U. I'or example, when tire insulation
layer 50 includes an oxide layer, the mold layer 120 may
include a tuaterial such as a tutride. As slto&vu in FIG. 16, a

panerning pro cess is performed on the mold layer 120 to form
odd lme-type opetungs 125 and odd centum )soles 53. E«ch
odd lineaype opening 125 defines an odd bit line &vhile each
odd contact bole 53 is self-aligrned with the odd line-type
opctuug 125 nnd dclincs an odd bit line contact In the illus-
trated mnboduncnt, thc width of thc odd linc-type opening
125 may be voder than or sub&tant&ally eqnal to the width of
thc odd contact hol 53

[00691 Referring to Fl(r. 17. oJJ bi& lite contacts 71 mtd
odd bit lines 81 arc tenued by til1mg each odd contact hole 51

and eaclt odd line-type opening 125 &vith conductive material.
For c&.a&nple., uf&vr a mmd&m&i& e mu(vnal is &'onned on ilm

mold layer 120 to fill the odd contact holes 53 and the odd
fine-t) pe opeuin s IZ5, a plauanzation process is performed
&uttil rhc mold layer 120 is expo&&xi, rhcrcby tinning odd bit
lines 81 and odd bit lute contacts 71. In one en&bodiment, tire
odd bn ltnes 8( &nay p &rosily Iili &he odd hne-type opemngs
125 and an insulation layer including a material such as
n&tnde may be used to fill the reutaming portion of the line-
typ" opcmuvs 125, thcrcby t'orming a capping layer 130 In
one entbodiment, the top surface ol'he capping layer 130
muy be made lnwer &bun the &op s&n 0&ce oi'(be mold layer (20
by performing an additional etch-back process on the odd bit
line 81. In one embodintent, the capping layer 130 &nay

include an oxide [c.g., aiumi&uun &ox&dc, silicon oxnic, c(c.).

(00701 Referring to lqCn I&, afierremo& ing the mold layer
12U, xp a:em 93;&re formed) o&» iden alla ol (he u&kl bu linc& 81
in a si&nilar tnanneras Jiscussed with respect to I'l(i. 10. In a
aim& )sr manner as described &v&th respect to I I(i. 11, a second
masl having a second opening may bc formed to dcf&nc an

evmt c&m&act hole. Smce sub eqnen(processes are ide&uic 0 &o

those of the prev&ous emboduuents, descripuon will be ontit-
tc(l for conciscncss

[0071[ As de&cube&I abuve &vnh re&pen« u Ffiig 16-18. «

misaligtunent bet&veen the even bit line and the even bit line
contact and between the odd bit line and rhe odd bit line
con«&c& does &lo& occur

[Itl)72[ Refemng to I'IC&S. 19-26. a method for form&ega bit
lute accord&ng to another embodirnmtt will be described.
FikiS 19, 21-23. 25 and 26:&re en&as-sects&rud views «0 en

along a line perpendicular to a b&t lined&rection. VI(iS. 20 and
24 are plan vtews corresponding to FIGS. 19 and 23 respec-
nvely

[0073[ Rcfcning&o FlfiS. 19and20, a first insulatiou layer
25U &x &am&ed &m «xnhs&r«e 210 I he iirst mad &nn I &yer25&)

may include a ntaterial such as an oxide. The substrate 210
&ncludes a plurality of active regions 230 tltat are defined by a

dev&ce isolat&nn region 220. Adptc nt activ reg&ons 230 are
ehxtrically isolated by the device isolation region 220. That
«. the act&vs reg&nn 230 &s def&nml bet&veen the adjacent
device isolatton remons 2ZU such that the device isolation
rug)&at t&ttd Ihe active region arc alien&a(cly disposed on &hc

substmle 210. A lira( mask lantern Z61 is Ionued m cover ml&l

device isolation regions. The first mask pattern 261 extends in
a colu&nn d&rect&on [e g . a y-nx&s d&rect&on) to cover the arid
dev&cc &sol ation rcaions. Becmrse thc first tuask pattern 261 & s

form&xi on the lira& insulation layer 250 to cover the odd
dev&ce isolation reg&ons, a plurality of first grooves265 are
defined &vithiu ponious of the first &usulatiou layer 250
cxp &. cd by &hc first m«. k pu&( rn 261. Thc tirst m«sk p;&tt rn

261 ntay bc formed such that each of thc ftrs& grooves 265
overlaps for exposes) the even device isolation regions 220
and dte scrive reopens 230 on the both sides of the exposed
even dm&ce isolation regions 220. The first groove 265
extends &n the colnmn dirccn&ut The f&rst nmxk pattern 261

includes a material (e.g.. a nitride) )saving an etching xelec-

tiv&ty &vith respect to the firs insulatiou )aye& 250. I&or

exmnplc. after tinning a silicnn &ritrtdc layer on thc first
iusula&ion la)mr 250. thc first tuask pattern 261 may bc I'ormcd

by performing a photo hthngrapby process to pattern the s& I&-

conn

nitride layer Ar this point, a portion of thc first in ulation
layer 250 between the first mask patterns 261 ntay be etched.

[0074[ Rctcrnng to I'IG. 21. a second &nsulation layer 29(t

hav&ng an etching select&vity v 1th respect to the fi&vt mask
pa«em 261 &x formed. Fur exan&ple, the xemnxl msulu&ion

lover 290 may include an oxide ('e.g„silicon oxide). In one
embodiment, the second insulat&on layer 290 may i&ave a

subsrantially unifbrut thickness aud b formed unite side and

top surfaces of the first mask pattern 261 and witlrin the

plural»y « I'lirst groovex 265 def&ned wi tin n &he f&rs& tnxul & uon
layer 250. Accordingly. the second insulariou layer 290
defines a plurality of second grooves 295 overlappmg (or
exposing) cvcn dc&ice isolation regions 220. Thc second
grooves 295 extend in &he column direction to overlap!or
ex)arse) &be a& en device &solabon reg«mx 220.

[0075[ Referring to I'ICr 22. a second mask pattern 266 &s

for&a&xi by ftllin the secoud groove 295 with a nmtenal (e 8 .

silicon nitride) )laving an etching sclccrivity with rcspccr to
the first insulation layer 250 and the second iusulation layer
29U. I-'or ex&m&ple, uf&er for&nu&g «sihcon nitride i&)or on &he

second insulation layer 290 to fill the second groove 295, the
second mask pattern Z66 &s formed by removmg portions of
thc silicon mtndc layer outside rhc second grooves 295 & ia on
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eich-bach pr&icecs A u re ul& of'he eich-back pr&mec., ihe
second mask pattens 266 covers the eveu device isolation
regions 220

[0076[ Relemng Io I l(i 23. iin a&clung pnm&cs ic per-
formed on tlm second insulation layer 290 to remove portions
o& Ihe second mcnlu&xm li&yer 29U on Ihe first &wish pu&tem

261 and portions of the second insulation layer 290 bemeen
the first &unsk p&ittem 261 nud tho second mask pattern 266.
thereby coiicurrcn&ly I'orming diird c move& 257 and 258. In
the illuctrated embodiment, the third gmoves 257 can be used
Io deiiue where a subsequently Iiirmixl o I I b&I luce will be
for&nevi and (he tlfird gmovcc 258 can be used to define where
a subsequcutly firm ied ei cn bi& linc will be foruiod.

[0077J In the illustrated embodiment, the secnnd mask pat-
tcrti 266 is fiirmcd betwceuadjacmn& sidccvalls ol'lie first
masl paiiem Z61 thr&mgh a selt'-aligned method using the
second insulation layer 290. linis, the third grooves 257 and
256 are defined between the first mask pattern 261 and the
nmghboring second mash pattern 266 in a self-signed
method.

[00781 Refbrringnow ro FIGS 23 and 24, u thud masl 300
ic I'ormcd to have an opening 305 defining a bit linc contact
h&ile The opemng 305 of the tlnrd &nasl 300 may be bar- or
line-shaped and extend in a row &hrection [e c., in an x-axis
directiou) to Jcfme a plumlity of bit fino con&net holes cori

currently. For example, thc opening 305 ot'tlic tliird mask 300
concurrently exposes the third grooves 257 and the third
gmovec 258 ti& define where even I it hne contact holes and
odd bit liue contact holes &vill be concurrently formed.

(00791 Refernngto FR& 25, usuig the tlnrd mash 300, the
sccnnd mask pattern 266 and ihc first mask paricrn 261 as an
ctclfing mask, thc first iiisulation layer 250 is pattemcd to
form orld bit hne cnnnici holes 253, self aligned with respect
to the third grooves 257, and even bit line conract holes 254,
self aligned isith respect tu the tlnrd grooves 258 The third
nmsk 300 is then rcmovcd

(00801 Refening to FIC&. 26, a conductive material fora bit
line contact and a bit line is tli u pro& ided to fill thc contact
holes 253 and 254 and thc third grooves 257 anJ 258. A
pin&&a&'irn&1&11&pntcecs&s pe&fit&1&ted&1&i tlie c&tnducn&e mnteiwi
until th first mask pattern 261 mid thc second mask pattern
266 ate exposed, theteby forming bit lines 81 and 86 and bit
line co&iuicts 71 and 81. In the illusirat&xlcmbodunen&, even
bit lines and odd bit lines are fon»ed concurrently. Ivloreover,
&lllsahg&1&1&ellt bet&veen the even bit hnes and correspond&fig
cvcn bit linc contacts docs not occur and misalignmc&tt
bet&veau the odd bit lines and conesponduig odd bit line
c&'I&&ac&& doc's &1&1& &iccllr, Accord&no Io tlus etnbodunen&, the
even bit lines and the odd bit lines may have the substantially
tbesamestnictuie.Forexainple.thehei htsund&iidthsofthe
cvcn and odd bit lines may bc subsrantially thc same and tlic
top surfaces of the even and oil bit lines nvay be sub smntia fly
coplimar,

[0081[ Referring to I'IGS. 19-26, a remaining poruon 290r
&1& Illa scc&iliil i&is&ii«&1&in luyer muy rem:&m below the seumd
masl pattern 266. That is. altliough rhe firsr insulation layer
250 is disposed between an even device isolation region aud
Ih first it&ask pa&tcm 261, &bc rcniinning portion 290r may
remain between the odd de& ice isolation region and the sec-
ond &neck pa& iem 266.

[00821 The bit line contacts 71 and 81 and the bit lines 81
aud 86, formed according to the process exeniplarily
dcccribcd above ivith rcspcct to I'IC&S 19-26, can bc formed

m & munner similar Io ihe pane&sec exempl inly &lecw&heJ

above w Itll i&upon& to PIC&S 6-15.

[Ill)83[ Reli:rrtny io l&IG, 27, ihe second mculu&«m lu&er
290 can. in another embodimeni. be formed on the sidewall of
the first mask patter& 261 [e.g., &vithin guoves of the first
mask pattern 261) as a spaccr 297 instead ofbcuig form d by
filling &lie first groove 265 as slmwn in I'IG 21. In such an
embmhmen&. Ihe ufi&remen&uined fir I grooves 265 &&re no&

defined
tv

i&bi the firct insulation layer 250 and. after foruiing
the secoild iiisulatioii layer 290. an etch-back process is per-
fiirmcd to t'orm spec rs 297 on aid&unveils of thc tirst musl
pattens 261. 1)ue to the to&mation of spacers 297, the ccecond

rui&ck pa&&en& 266 &I&rue&I& c&iumcIs Ihe lire& i&wula&iou hoer
250. The proce s for fomiing the bit line contacts und bit lines
iuay then priwecd as described with re&pen& to FIG 23.
[0084[ lathe embodimeut of FIGS. 19 tluougli 26, after the
thud umsk 300 w formed. portions of tll&'ecolld msulatiun
layer 290 bctivccn &hc first mask pancm and Ihc second mask
pattens can be removed to define the third grieves 257 and
258 llui& is, iii&er iorming ihe odd and even bii line conmct
holes. the second insulation layer 290 between the adjacent
first &ua»h and second tuask is iv&ummd «i feria Ihc tliirJ
grooves 25'I and 258 lor an odd an I evmi bii line

[0085[ FICIS. 19-26 illustrate processes to form n uu&duc-
&ive linc on« cell region. According «i another embodiment
exemplarily illustrated in FI(i S. 28-35, a conductive line can
also be formed on a peripheaacl c&rcmt region of the substmte,
concurrently with the fomiation of the bit lines over the cell

fog&1& ill.
[0086[ Referring to FIG, 28, the aforeute&tuoned first nmsk
pattern 261 iuuy bo To& u«cf over a cell roy&on uml over a

peripheral circuit region concurrenily &vi&h the procc,s
described &vith respect to 11GS. 19 and 20. In the illustrated
embodiment. the first mme sf pat tern may fi &rther include fourth
grooves 267 ivhere conducti& e lines are to be for&ued.

[0087[ Referring to I1GS. 29 and 30, the aforementioned
second msulat«m layer 290 a&xi c cond mask 266 may l.c
lorn««I over thc cell region mid thc pcriphcml circui& region

concurrently ivith the pro case described ivith respect to l&ICi S.
21 und 22.

[0&lbg( Rel'crony, Io FIGS 31-32, after li&rming Ihe s&xond

mask pattern 266 and bcl'orc I'orming thc aforementioned
tlurd mmcl'00, an etch process ic perfonnedl to rmnove the
portion of second mask pattern 266 and cccond ui elation
layer 290 witlfin the fourth groove 267 over the peripheml
circuii reyio ~ while. &:Iuininy, the finirtl& yrooiv. 267 defined
by the first &uask pattens 261 iu &he peripheral circuit region.
For example, after forming the second mask pattern 266 and
&hc accord iusula&ion layer 290 on thc cell and peripheral
circuit regions, a protective mask (not shown) &nay be formed
«i cover Ihe cell region. Titan. tlx. &ecoiul nu&ck p &tern 266&&

removed in a peripheral circuit region where is not covered by
the protective mack.

[0089[ Referring again to l&ICI, 32, whenremoving the sec-
ond insulu&iun1 iyer29Uunundbeiween ihelirs&nuislcpai&er&i

261 and the second nmsk pat&em 266 over the cell region, the
purl&on &il'Ihe cec&ind msulai«in hiyer Z90 wi&lmi ihe Iii«r&li

gmovc 267 over thc pcriphcral region is also rcmovcd also
(c.g., ui thc manner as descnbed with iespect to the embodi-
iuen& shuwu in FR&. 23), &o expose Ihe fourth groove 267.

[UU9UJ l&i anotlier embodi&nen&. Ihc seers«l mask pai&erri

and the cecond insulation layer can be selectively font&ed only
on the cell region instead ofform iug second mask patt un and
second insulatiou layer on thc cell and pcriphcml rccdons and
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Iben sdec&ively remnvmgpor&nm«i& Ihesecondmnskpa&tem
and thc second insulation layer ov r thc pcriphcral circuit
region. Iu such an embodiuicnt, a process for removing thl'ix&&ad

insul iuou layer and &h sceeond oui&i luver uver the

pe& ipheral circuit region will be o&uined.

[00911 Rcfcmng to FIG. 33. when tbrnung thc aforcmcn-
&ioncd &bird mask 300 having the third opvnin305 as
de&cubed wi&b respect In I l(TS 23 slid 24 &l&L &hli'4 alii&'k30tl

may also be formed on the first mask 261 and the first insu-
lation layer 250 ui tho cell and peiipheial circuit regions aud
fiirthcr include on opening 3U7 exposing &hc t'our&h groove
267 over the peripheral circuit region.
[00921 Referring to FIG. 34. when fornung thc aformncn-
ti oned contact ho)ca as described abo& e with mspect to FICi.

25«, he lirm msula&ain hiyer 250 &miy be paiieme I ln liimi a

conract hole 258. As shown, the contact hole 258 is celf-

ahgncd with respect to the fourth gv&&vo 267.
[0093J Referring to I ICi. 35, when the aforementioned con-
ductive ma tens) is pl ananzecl by. for ex an&pie, etching to form
bit hoes and bi& )itis contacts as sho&vn in FIG. 26, a conduc-
&ive luce 88 and a cini(ac& 78 Ior a conductive line niay be
similarly fomied m rhe penphera I circmt region

[00941 The method liir fiimiing bi& line& iu the above
embixhmen&s can be applied to variiuis fields I'or example,
the methods can be applied to form a conductive line tlmt is
elecdncafly coiuiecte&I to uirrespondm conductive region
bclov ihe conducuve hne through a contact plug. Addition-
ally, &hc methods can be applied &o fomi a ciuss-poin&
meniory device having a memory layer defined at a crnss-
point of top and bottom electrodes fi.e.. at a regna where the
kip anl bintom clcxumCcs cnxss oacli other) Thuw when tbo

top electrode and the bottotn e lectmde are co nnecied through
a contact plug in the cross point memory device, the methods
exemplarily described in the above embodiments can be
applied
[00951 A method for forming a semiconductor device and/
or a metlxxl tiir fiirimng a nrm-volatile memory Ccvice
according io th" cmboC&nmnr& o I rhc present invcmion can bc

applied to a stacked meuiory device or a three dimensional
memorv device In one embixhmen&, ihe stacked memoD
device mdy include stacked subs&ratcs. Ai less& one &Ub»rate
&if the plnrahty of stacked snbstiates may inclnde a memory
dm ic- or a mmnory chip. and nt least one memory dcv ice may
include a non-1 olatile inemory device fabricated accorC&ng to
&b embodunenis excrnplari)) dcsvn bed above.

[00961 Fl(T. 36 1S a 'f&)ss-Si & (1(alai T ILU &ll (lllc Lliib(id&IT&&'Ill

ofa Stacks J memory device including a non-volatile memory
dew&ca.

[0097J I?efening to FIG. 36, the stacked memory device
may, I'or cxarupl-, include a first lcvcl substmrc 410, a second
level substrate 510. and a third level substrate 610. The sec-
oix) level »ibsiiu& 51&) drul &he &lnrd level subs&ni&e 510
include memory dci ic ca 550 and 650. Sub)&rates can bc insu-
lated from each other via iusulation layers 430 and 530.
Ho&vcver. Ihe memory devices 55U &inc 650 one;ich subsiru&e

niay be or niay not be ehwtrically &onnected to each other.

[00981 The memory device in the sub&&rates may be con-
Iigurcd the same or differently. For exa&nple, tlie memory
dmic- 55U in the 1 cond lcvcl substrate 510 may bc a flash
meuiory device and the memory de& ice 650 in the tlurd level
substrate 61U m;iy be u vulatilo meiuory ilevicL. Or vice versa.

Additionally, th- memory dei ice in d spec ilic ILwel sub st&ate

may include different types ofmemoD devices. For exmuple,
th- memory dcvicc 550 of thc second Icvcl substrate 510 may

mclu&le u vol&nile memory Jewce, a (em&elec&rica &nein&Try. a
rcsistancc mcniory, a phase-change memory a &nam&ctic

memory or combinations thereof in ad&it ion to a uon-volatile
ill&'Iili/1"1'ev&LV; lllC ill '&Uor) JC&&CL Illilv be d Illcllioiy

capel)le of storing one bit or more tlmn two bits of a multi bit.
[t)t)99[ FIG 37 is a block diagram ofasystcm900 including
a non-volatile memory dcx icc according &o an cmbodimcntol'hepresen&mvennon 'I be svs&em900cdn ben ed ma ii&re-

les c conuu&uuc ation device such as a ITDA. a laptop con&pater.
a portable computer, a web tablet, d wireless phot&a. a mobile
phone, u digital rmisic playor, or afl d vices transinining
and,'or receiviim intiimiation via a wireless envinmment.
[1)11)0[ Thc systcni 900 may include a controller 910. an
iuput/output dcvicc 920 such as a keypad. a kcybod&XI dlld s

di&plii), ii memon 930,;md 1& w&rele«m&erliice 940 com-
biued each other tluough a bus 950. The &untro)ler 91U iuay
include more tluin one nucroprocessor. a dig&ed) signal pro-
cessor, a micro winirollcr, or any devi ccs similim 1&1 ihos&e Thc
memory 930 can be used to store commands executed bv the
con&roflcr 91(l I'he meruory 93U inclu&les ii fliwh memory
according to the embodiruents of the present invention The
tueniorv 930 iimluCcs six&the& type of a inmiioiy. d volatile
memorv where arbitrary a&cess is possible, or van&ius &vpes

of nmill or& .

[0101[ Thc system 900 tnav USL s wireless in&crfacc 940
transmitting data into a &circles& communication network or
receiving data )rom the networl For example the wireless
intertbce 940 includes an antenna and a wueless transceiver.
[0102[ The system 900 can be used in a conunurucation
iuterthce protocol of a third generation communication sys-
iein such as ('BMA, (TS'vf, NTAI 8 *, F,- TDM A, W( Y)AM, nod
CD'.TIA2000.

[0103[ The semicrinductiir device a&&C'&Tr the ixm volatile
memory cxcmplarily diwi&c dcscnbcd hcrcin can bc applied
to a meuiory card. I'l(i. 38 is a block dia ram of a inemory
card 1000 appbcd wirh a non-volatile memory dcvicc 1)UU

according to an exemplary enibodiment.
[0104[ Rclcmng io FIG 38, thc memory card 1000 may
iuclude an encryption circuit for encoding, a lo ic cinmiit
1()20, a digital sign&i) processor il)SP).:md u mmn processor
1040. AdC&tio nally, the rnvmory card ays1cm 1000 includes a

flash inemory device 1100 and other vanons kinCs of menu&-

rica such as SIAM 105U, DRAM 1060. and I?OM IU7U. Thc
iuemory card system 1000 includes RF [hip& ficquenccy!mi-
crowave) cimuil )080uixld~ inpul/ouipu& circuii )090. I'unc-
tion blocks 1010 in the memory card 1000 are connectcx) to
each other throngb a vxtem bus

[t)1&)5[ The mvmory card 1000 operates according to a con-
trol of the external host [n&&t shown). Und the non-volatile
memory device 1100 store data or output thc stored data
according to a contiol ot'ire host.
[0106J According to the enibodiments exemplarily
described above, misahg&uuent bet&veen the bit liue and the
bit linc contact can bc prcvcntcd

[UIU7[ Acccirding io &he embodimenls exednpliirily
described above, a tnore highly intvgrd ted memory device c ui

he oh&umed

[0108[ Accordingly; one embo&hment can be exemplarily
clmiracrcrizcd as a method for forming a conducrivc linc that
i&le)Udcs fotniillg all lrlsU)at&oil la&'cr oil ai sUI)stl'Ttc, fllc sUIT-

»m&e including a plunili&y ol f&rsi regions rind a plur;ihiv ol
second regi&ms, eacli of the second regions being disposeJ
between adiacent first regions. A plurality of first lines are
formed on the insulation layer, th- first lines being c)ccrri cally
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connecie&l ui respecuve Iir. I re iona Ihrough respective lirsl
conracts pcuctraiing thc iusularion layer Spaccrs arc formed
on a side of the first lines A plurality of contact holes aro
for&ncd belw&:eri Ihe uJjaccni lira& coulucls by tvmuving the
in&elation layer betv can tl&e adjacent spacerb the contact
holes exposing respect&ve second regions. A plurahty of sec-
ond contacts arc formed to fill thc corresponding contact
holes and a plurality of second lu&es are formed to be clectri-
cully cunnccieil In respecitve seconil con& icis.

[01091 Other embodiments cau be exemplarily characrer-
ized as a method of founing a non-& olatile memory dovico
may include t'orming a strtng select hnc. a ground select lu&c,

and a plurality ofword lines bet&veen the string select line and
the yuund select line oo a substrate having a plurality of
active regions, the string and ground select lines and the
plurality of word lines crossmg o& er thc acti~a o:g&onw Au
m&ulauon lever is f&rmed Io cover the youn&l select lu&e, the
string select line, and the pluralit& oi'v ord lines. The insula-
tion layer is patterned to for&n a plurality offirst contact holes.
A plurality of first contacts arc formed Io fill rc&pecuve first
contact holes and a plumlity of first bii lines a&in li&nncd Io be
electrtcally connected to respect&ve tlr I conractc 6 &pacer is
formed on a side ofeach of the tirst bit lines. A second contact
lx&le is formed between thc adiaceni first contact holes by
rmnov ing thc insulation layer between the adjacent spaours. A
second contact is fern&ed to fill the second contact holes and
a second b&t lme &s inrmed to be electrtcally connected ro the
seoul&rl coi&f'&cI.

[01101 Still other embodiments can be exemplarily charac-
tertzed as a sem&conductor dev&ce &nclurhng a plnralny of tii st
bit lines and a plurality of first contacts coute&ed to respec-
tive lirst bii lines. A spucer is pm& idcd on a side oi'each of tho
lirst b&i 1&ncs. A s con&1 bii lit&c is self-al&y&cdly d&&posed

betweau the adjacent spec era A second contact is self aliyied
aud connected to the second b&t lme

[01111 St&ll, other cmboduncnis can bc oxen&plurtly char-
acterized as a non-volatile memory device including a sub-
strare including a phn&liry oi act&ve regions detined by a

device isolation region. A string select line. a ground select
lmc, end a plurahty ol'wurd l&nes bcn& cn ihc siruig scient
linc ntni thc gmund scl&vt huc uc prov&defi Io cross over tlm

active regions. An insulation layer covers the string select
hue, Ihe gro&mil select line, Ihe plur il&iy o I u or&i boos.:md Ibe

active regions. A first contact pane&rates the insulation layer to
clectrtcally o&nnect In odd active rcgu&ns, anJ a fnt line is
clcctrtcally conncctcd Io respect&vc iir&t contacts A spaccr is

provided on a side ot'ach of the first bit lines. A second bit
line is provxleil sell'-,ihgneilly beIwecn Ibe uilj;wenI spacem
A second contact is self-aligimd and connected to the second
bit line.

[0112[ Yei other ambo&liment cin be exemphinly chiirac-
tertz&xi as a ruethod of forming a semiconductor device tl&at

includes fo&ming a first insulation layer on a substrate. A
plurality ot spaced apart tirst mask~ arc tormcd on rhc iirst
insulation layer. A plurality of first yiooves are defined
boi&vtwn ailjacvn& le I musl s A &econ&i inniluiiun Liyer is
fortned on a side ofeach of the lirst masks Io del'ine a plumlity
of scen&md grooves. the second groove l&aving a s&nailer v, idth
than thc first grooves A phuality of second masl s arc formed
to 011 respective second grooves. A plurality of second masks
ur li&ru»l Io fill respecnve ecuud v~vovcs A plun&lrty of
third grooves fora bii line ar- fi&m&ed by removing the second
msulation layer. each of the tlurd grooves being disposed
bcrv ccnndjaccnt hrst and second n&asks A third mask is

fornuxl. Ihe Ib&rd musk h ivmg;m openuig exp&wm ibe ihirJ
groov- A plurality of contact holes arc foro&cd bctwccn thc

adjacent iii st and second &us sks aud self-aligned &vith i espec-
I&vc Iiuril grooves by putter&iing ih '&rsl u&sulu&ion layer using
the third mas!t the second mask. and the first mask as an
etclii&g &nask. A conducive matenal is formed on the first
masks and the second mask re till&bc thud groove aud rcspcc-
iivc coutaci hole. A plural iiy ofconductive lines and a phu al-
iiy of contacts ure formeil by periiinnmg m etch&n process
on the conductive material, the contacts beiug self-aligned
w&th respective lines.
[0113[ A further embodiment can be exemplarily cju&mc-

ienzeil as a meihoil uiTonnin &i cimducuve line Ih:&I &ncl&ales

farming a first insrmilation lever on a substrate A plurality of
spaced fiisi masks are formed on the frsi insulation layer A
phmil&ty of second ma&its are li&rmed ui Ibvide a lirsi gmove
defined between the adjaceui first masks. each of the second
&&&asks bell&0 disposed between the ad&scent bint n&asks. &&

thud mask is formed. the tlurd mask haviog opening crossing
over at least one ot a plurality of tlurd rooves. tbe third
groove being deiinedby the a&ljacent first maxi &nd the sec-
ond mask. A contact hole self-aliyied with respective third
groove is fonncd by patterniny the iirst insulation layer u. iog
Ihc third maslt thc second mask. aud tl&e first mail as an
etchin mack. A plurality of conductive lines and a plurality
ot cont&cts selt-al&y&erl with re&peer&ve cnuductive lines are
formal by fil lii&g Ihe contact holes and tire thud yooves w&tli

a 'unilucii ' material and ctclung &lie filled c&)n due&i ve rnai '-

rial.
[0114[ Some embodiments can bc exemplarily character-
ized ac a stacked memory doric including a plurality of
substrates. A memory dev&ce &s disposed on the at least one
subsrmte 11&e memory de& ice n&ay include the non volatile
memory device formed by cxcmplary cn&bodimcnis.

[0115[ Other mnbodimcnts can bc cxcrnplarily character-
ized as a memory cari includin a n&icroprocnssor and a

memory dcvic" coupled Io Ihe rn&croproccssor. 1he memory
device may include Ibe non-volatile memory device formeJ
by exeinpiarv einbodmieuts
[0116[ Thc above-disclosed subject rnatter is to bc consid-
ered as illustrative, and oot resmct&ve, and the appeoderl
claims arc imcndcd ro cnvcr all such modifications, cnhancc-
iuents, anil other embodiments, which fall within the true
spirit and scope of the present invention. Thus, lo ihe ruaxi-
mum extent allo~ ed by la&v, the scope ofthe present im en&ion

is to be deteruuued bythe broadest perm&ssible &oterpretutum
of ihc follov iug claims anil rhcir cquivalm&ts, m&d slmll not bc
iestricted or limited by the foregou&g detailed description.

Thai which is cluimed is

I. A semiconductor device comprising:
a plurality of hrst bit lines and a plumlity of first contacts

ciumected to respective ones of the first bit liney
a plurality of spacers on sidewalls of the tliut bit linen mid

a second b&t line self-alignedly disposed betv'een adjacent
& nes oi Ihe spacerb mid a sec&&nd con&&el sell-aligne I

with and connected to the second b&it line.

2. Thc semiconductor dcvicc of claim 1, whcrcin au ovcr-

lappiiig area between one of the first bit liow and the one of
Ihe lirsi con& v:Is cunuocieil Ihereiu is lurgcr tl&un u&i overlup-

ping area bet» een Ibe second bit line and the scccond contact
3. The semiconductor device of claim 1, wherein a height

of one of the first bit liues &s difierent frou& a height of the
second bit linc
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4."I be»emicon&luctnrdeviceniclum 1,wherem&iivi&libof
oiw ofthe lirsr bit lines is diffcrcur from a w id&it of thc second
bit luis.

5. '11&a senuconductor dei ice ofclaim 1, fiuther comprising
a»umg select brie, a groiinJ» lect line;md a pl i&rub ty ol'u ord
lines beta een the string select line and the gmund select line,
the first coiutacts and the second contact being electncilly
conncctcd to rcspcctivc drain region out idc thc stnng sclcct
line.

6. Thcsemiconductordciiceofclaiiu5,whereinadistancc
between the stun ~ »elect line mid &me of the lirsi con met» is
ditferent from a distance between the string elect line andre
secoltd coll&'ict.

7. A non-volatile uimnoiy device comprising.
a substrate iucludiu a plurality of active regions defined

by a device isoluliuu remen;
u strin select lirie,;i y~ und seh:ct lure,:aul;i plurulity of

word lines disposed between Ihe string select line aud
the gmund select line, tbe stung and gr&mnd select lines
and the phnuliiy of word lines crossing over the active
regions,

an itisul&itioii laser covering tire stnng select liuc, the
ground select hne, Ihe pluralitv ol word line», and the
active regons:

fir»I contaci Ibnn& h Ibe &nash&lion I &ter and elecincully
o inane le&1 Io mkl-mimbered one» of the active rw ion»i

I'irst bit lmcs clcctncallv conncctcd to rcspcctivc lirst con-
tacts:

a plurahty of spacers on sidev alla of the first bit hoes; mid
a second bit line self-alignedly disposed beuveeu adjacent

one» ol Ihe»puci.r», und u»cwnnd contact »ell-aligned
with and connccu:d Io Ihe»wound bit linc.

g. The non-volaule iuemory device of claim 7. ivherein an

overlapping area between oue ot the first contacts mid rbe cne
of the first bit hoes connected tliereto is larger than an over-
l&ipping «re&i betwswn Ihe sewmd cont«ct and Ihe sam&m&l Int

line.
9. The non-volatile uiemoiy device of claun 7, wherein a

dhstaucc bet&veen the struig select line and one ot'he first
contacts is diftcrem from a distance between Ihc suring scient
hne and the second c&1&ltact.

1U. 'I'he non-volatile iuemory device of claim 7. &»herein a

height ofoue of the fiist bit lines is diifeieut froiu a height of
the sec&uid bit linc

11. The non-volatile menuiry device of claini 7. &therein a
width of iine of the tirst bit bnes is different fro&n n v.&dth of
the second bit line.
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