MEMORY CELL LAYOUT AND PROCESS FLOW Cross-Reference To Rel ated
Applications (0001] This application is related to U.S. Application
No. 111219,304, filed on even date herewith, entitled PERI PHERAL
GATE STACKS AND RECESSED ARRAY GATES [attorney docket No.

M CRON. 338A] and U.S. Application No. 11/219,303, filed on even date
herewith entitled SILICl DED RECESSED SI LI CON [attorney docket No.
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devi ces, SUcMIERQNHHEile random access menories (DRAMs), static
random access nenories (SRAMs), n&g %%%!h%pe Eb]? (FE) menories, etc. To
t ake one exanple, DRAM typi cal Iy*cvinTses—m i ons of identical
circuit el en‘enl{(ﬂ],O"}(nO\Mhlsﬁﬁlvﬁiﬁfﬂml‘Iyﬂa&S|g|eﬁcnal]}ntOQﬂEglamdpdltoﬁﬁtdeﬁlgm A, padre
of nmenory cells conprises three electri devi.ces:. two storage

capaci t or P& aEk 19 e dweut for Biygmizingareep, C RavTHE & e RgFaSsour ce
shared by the menory cells, tpRkgslRSdov&aiispnel s, and two drains.
The pair of nenory cells, ther_'f_()re has two addressable | ocations
that can each $tpe on'es blCDnS(GmIMﬁwfd@ftgwtfalct@fb, dabdingAddpiandg 41y ereased
witten to _ane t | ocations_t

read by séjﬁétplﬁatych(‘gfn&é 116%1 Pot“ﬁ‘é’ drea” cla}%arcl t?og%df rorh& t eﬁE 11131981c1c,m
el ectrode epdctiBuics, Q0L Bycxde@ﬁeaﬁiumgoﬁsheaesngmm@ﬂ n@@mst Il‘blfm’l]lftate these
el ectrical devices and the conductin es that access t

.the
sizes of tSHE WEWDIOPS: d8Gi $&8 $intsr Post ‘“r”ﬁ CHTHESeSUP ety ElF%tE‘C viggs and
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i ncreased y fitting nore nenory cells onto nmenory devices. [0006]
The conti ngaleaseeduction in feature size places ever greater denmands
on

{0004] The trend of decreasing feature size is most evident in memory circuits
ar devices, such as dyneimic random access memonies (DRAMS), static random access
memories (SRAMs), ferroelectric (FE) memories, etc. To take one example, DRAM
typically comprises millions of identical circuit elements, known as memory cells. In one
application, a pair of memory cells comprises three electrical devices: Iwo storage'
capacitors and an access field transistor having a single source shared by the memory
cells, two gates, two éhannels, and two drains, The pair of memory cells, therefore, has
two addressable locations that can each store one bit (binary digit) of data. A bit can be
writien to one of the cells’ locations through the transistor and read by sensihg charge on
the drain electrode from-the source electrode sité._, -

[0005] By decreasing the sizes of constituent elecirical devices and the
conducting lines that access them, the sizes of the memory devices incorporating these
features can be decreased. Storage capacities for a given chip area can thus be increased

by fitting more memory cells onto memory devices.



the techniques used to formthe features. One well-known technique is
phot ol i t hography, commonly used to pattern features, such as
conductive lines, on a substrate. The concept of pitch can be used
to describe the size of these features. For the repeating patterns
typi cal of msrmr?;ﬂarra pitch is defined as the di stance between an
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t heor et i cBie Wil of tersphesgarumadersil separasiag chat daaturg @rgmﬂ nqrghb@hngi&awm ngud s
one net hod f X ng.khe capab t raphi

t echni que{s% szl{lgﬁdtfﬁﬁg% rglﬁ(‘%hn?ls PGBQ Hntg[]l(g_]c%:hglﬁd IR 8 % ﬁ@o& RYaéssengPuan
2F. Two ppmcc;dnluﬁmylnihmgtetlemtu@s qije& amenmiuhusﬁtbiaaerse@eamd \diaslcrnbpducmiar
U S. Patent . 5,328, i ssued ta Lo et al and.in U S

Patent - ApBIALT R Rb oGRS S, T FIE O arf itger ThE BOURUEy bch s
Abat chev gimabnly rtRRcHISE) asMligse AkiMih Ghe 8H1E of REOLRANLAhE(cReRefchRY
reference in their entirety. Such t echni gues can successfully reduce

the pot entiral. Phistvetittinsgpaphredonsd ohs howeseiion 't hBie migpumnpidadt
the cost ol SAMLAGIY NG or EAONBL Anafigr, et hod for i mproving the

density pos usi ng conventl ona otol i thographi c techniques is
to change the |(aggut 6ficla dvebirgy me‘miecmetlmdofodeemérmlnfg tthe napabiliERD6Y

cells inthe s rea w.thout the itch. Using such. a
ot hod. | PHEo SR B S R ey a0 B b B ot PR o5 thas
exceedi ng»t herm rb'llEW Qﬂw%]h%htw}?ﬂ': Tques ddl@ﬁ]@ﬁbﬁﬁlte@)én@%k&ﬁ)'ed lih NI KathefsSNo.
Al ternativel e nmenory device may be conflggred to hold nore

Menory ceﬁ,ﬁ%g%@uwseem nvaenichy ané onSraftatest teplicationdw) 19R2EE7E wWiked
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used har mon ﬁ%ﬂl“selqg g%éc r%ﬂn‘?cl%‘v:'%Pzr%lﬁé]#ei&i?dé’&sg&ggggﬁ?%ra&:ﬁﬂﬁ%{; é}%{c?g(% elﬂﬁﬁﬁ
form ng nresrey dlewheﬁesmtrhtat iSavle tgelmadues opi tstihcdsgiie eadueer thal potential

el enents, even while ize of t msrmr devi ces ri nks or the
density o?hc{tﬁlé‘h%ﬁlﬂ’t‘?l’l VIS ﬁlberyégsé’égcr eagﬁ 1 cgst OEEWBP‘% “488%gn or

llayout is espegiogdly desmeaRb@od %ﬁﬁﬁbldﬂ}% t'h@'fleﬁMtSr oﬂﬂﬂ@hsmg conventional
mul tiplication, vvhenthe smal | pitch of the pitch-nmultiplied

el enent s Qlaﬁolgjb@ggmhua;qcymgmqsaﬁ o Elymge the layout of a memory device in order to fit

more memory cells in the same arca without changing the pitch. Using such a method,
the size of the memory device can be reduced without exceeding the minimum pitch, 2F,
dictated by optical limitations. Alternatively, the memory device may be configured to
hold mere memory cells, while maintaining a constant pitch.

[0009] These {wo methods, pitch doubling and meinory layout changes, have -
rarely been used harmoniously. Accordingly, there is a need for a method of forming
memory devices that have greater pitch between certain elements, even while the size of
the memory devices shrinks or the density of the memory devices increases. Such a
memory design or layout is especially desirable in conjunction with pitch multiplication,

when the small pitch of the pitch-multiplied elements can potentially strain the
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-2 capabilities of photolithographic techniques to adequately define
and separate other elenents of the nenory devices. Summary of the

I nvention [0010] According to one aspect of the invention, a nenory
device is disclosed. The nmenory device conprises a substantially

|l inear active area caonprising a source and at |east two drains

def i ni ng SPHPREES 4 RIOHEOCHIS JCePnipiTiel e Noderaie M spariing her
subst ant i alel¢nRarald Bémidyikésnes defined by a first pitch, at |east
a portion of a first word line |ocated between a first of the at

| east two drains and the sour cBummag oftthd lagention portion of a second

word line |oca et . 0 h | . rains | the
source. The ne“%ggpdeggggdgﬁfﬁﬁéggco e%ig%gﬁ%fgﬁﬁgg%mﬁm%eﬂfaﬁFgﬁlﬁé%
def i ned byisalos®lc ot mpinbghjevoneompritche sabsthealy lhwe «diig dred agsishe ng
coupled to the source and form a second,  axis. An gcute angle

bet ween ¢ R&THS PEC g SRAHE SRR Tt rERRSTorGaThe coroPiies sigesst
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and a half tines a mninumresolution (F) of ‘a photolithographic
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and second,pif,ch Q%e&flg B\ﬁj} ﬁﬁmﬂtg&i GYLeE §eéoﬁ§’ r%f glg %2%&%1%5/0 %ikmsana he-

m ni mum r esol ut1 on. ccording to anothe e present
i nvent i onpsowee. i Hteegeratwdlevice furthiet cdnspriseostilemtiwoldigit iintselpfiatdEldy chdcont t

conpri ses | east .t nory. cells conprising  at |east two drains
shari ng. aPLouPEas! Prar WP Ra is ot Ree PoPrLas 1 &b CROPISR Y TR pe & gecont
| ongi t udi Bak. axi scvexiRMEbAGehehWERR Al st@RABlaxeNR Wikhik M Ahed 6AET o ¥
drains and the source. The integrated circuit further conprises at

| east twodewgrst ant i PYhsalira) 08| secondeicbeyisngpaier thpmago iapd 8sBdimsgp
the at |east; A7 | .04 egr:at, ' j o
compri seet o TBIPLY GF b plOSihGRAE EErRLE S 1 Bl 2le msmony
and 3. 25 tl¢vies aad e mithen ot the dssland beavnnd Fjches ofthphetoly ddvogriajekd iban two
techniqueruge ta fornythF.integrated circuit, one of the at |east
two digi t "FFhes "HEITG" ESUPPEYE to the source and extending al ong a

second axis. pwefer ablctordingerofl ddofter aBskcs € AN pRAXES HA@HTR nAfikeeared
angl e between them _ and the word |ines are de%ined by an effective

pi tch bet GE@W 11 prsidefld The onearaadciy il CRTIATIFAG AT lepd $BP ey colpoapprising
ACCOT gi gguﬁrﬁ:abacn&-tohgfahﬁs Bﬁﬁh%oj s&uﬁl&, REEAE Mast BYE %e'n%[lly 1S YSh ia?‘ﬁrst
provi ded. e systempreferably conprises an active area conprising a
sour ce anthugitudnaianis carmidagworden bnleast onerelihbyt Bagbitte Hradtoudt! ithegsource.
techni ql'le’.l‘héjl Enlégerﬁgé cgmﬁ)to ﬁﬁﬁqgrnco%pri\é\gi a(% rI1east two substantially parallel, recessed word
lines intersecting the at least two memory cells. The integrated circuit further comprises
at least two digit lines defined by a pitch between 2.75 and 3.25 times a minimum
resolution (F) of a photolithographic technique used to form the integrated circuit, one of
the at least two digit lines being coupled to the source and extending along a second axis.
Preferably, the first and second axes form an acute angle between them, and the word
lines are defined by an effective pitch between 1.25 and 1.9 times the mim:mum
resolution,
[0012] According to ancther aspect of the present invention, a system is
provided. The system preferably comprises an active area comprising a source and a
drain, and a word line formed by a pitch-doubling technique, at least a portion of which

intersects the active area. The system further comprises at least two digit lines having a

pitch of greater than two and a half times a minimum resolution (F) of a photolithographic
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intersects the active area. The systemfurther conprises at |east two
digit lines having a pitch of greater than two and a half tinmes a
m ni mum resolution (F) of a photolithographic -3 technique used to
formthe system one of the at least two digit |ines being
el ectricall ..coup led to the source. 10013] Accordin o0 anot her
enbodi ment'*GHUHE cblr‘Q fare RH9SHS: RS 04 t}f‘?e?tHB%'ft ot di ﬁWﬁé’FWﬂl%t@’lﬂy
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subst ant i @rbh%uﬂﬁﬁ@biu@ibrﬂ@? sl 4 ?ﬁ&olﬁt%ﬁfhﬁlﬁo QechBRRBhsBX S fordh theBthiody
portion of a first word [ine [ocated between a first of the at |east

two drai nsl¢dfd the source, and at least a portion of a second word

line |ocated b%}f@en %L%gl% qo%ﬁotﬁé} ct 5?@1@&1%%\%1{(&?[@% dq’;%jnc% gge\tqcc

source. The ne devi ce rther rises I né cou
t he sour ces @andded orlm mgnarytdemrcd ccanpmes wbm:rsemmlhhielememmd al@n do:mbmmcg a

axes are general Iﬁ/bg) g/e C\dl culla}r,. ﬂ wher in an acute an | e bet ween
the first “GHEF PHiT FAENEQ NG ¢ Mt ¥4hg edinelli@"}’t ViSH MrgEpreeyises
100151 Acorah ngo bbsanohiRefarAsPOGld RicstitieniRE £5&Bha by enldem pcﬁ«n&%md
of formng a rrermry device is disclosed. A substrate is provided,

and at | edstt worklizclopared bwees 4 Brstieffthmeideas e draiphands i seureg, end et
active ar %@Pﬁgﬂw §é£9c1@vo§@ﬁ£&ﬁcﬁ&ﬁ&w@exdar &b oftlﬁlehzﬁl v%%uﬁﬁ‘sdmﬂtme

| east one drains form ng a e al ong irst axis
defined. séired edst xxmmmlpaiewlcefﬁmhnrctomne&s 4 digitl s cepleded the tstburcra mtte

bstrate, the r of rd ne nt t n t he a | east
th Isve ar é%{ néqﬁjzg) ﬁl 15 elm}eas%mn:qe@ﬁﬁ@ﬁ | epgetugﬁz lgﬁjellpég(gcur]ar, and

wherein an acute cmgle between the first and third axes is within the range of 40 to 50
degrees.

10013) According to another aspect of the present invention, a method of
forming a memory device is disclosed. A substrate is provided, and at least one active
area is defined within the substrate, said active area comprising a source and two drains,
the source and at least one of the drains forming a line along which a first axis is defined.
At least one pair of word lines is also defined within the substrate, the pair of word lines
interseciing the at least one active area and the pair of word lines having a pitch of less
than two times a minimum resolution (F) of a photolithographic technique used to form
the memory device. At least two digit lines are also defined above the substrate along a

second axis generally perpendicular to the at least one pair of word lines, at least a portion



than two times a mninmumresolution (F) of a photolithographic
techni que used to form the nenory device. At least two digit |ines
are al so defined above the substrate along a second axis generally
perpendicular to the at | east one pair of word lines, at |east a

portion A% ne of the at least two digit |ines ext endi ng above
the sour c&’ °3ng fﬂ‘ﬁét lggst e gteitigss grigiding ?h%@@ewawcwna thy atdppsptvo digit
bet ween 2.178s Biifhed: 224 bl BBS cLNE 75 SuBiEeS ek scription
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et | o Mgy VG Gl .sﬁgeﬁ)éﬁ%waiéﬂé{osﬁiﬁ)ﬂe?‘amﬁ’ ile] detcipfion

devi ce, | atifdh@q;tefmrbd cﬁ‘ﬁlﬁlﬁlﬁldaﬂﬁianw&dﬁln ah bpdeat ¢de draentad vt aefméhe o

i nvention., J 0018 % IS a ,schematic, cross-sectional side view
of the neﬁ%?vdﬁéGH @t F“ﬁ:bHW@“ﬁmtaken along lines 2-2, in
accordance w tipoa7prefrgfned grbodic-ARit poh $ibe of'ﬁ}ﬁ%ﬂltohpacw&ezoq"}lg]out in
Figures 3-7 are a series of cross-sectional views of a portron of a
senlcondu@@%ﬁ¢@eWWébﬁpﬁﬂ@U@ﬁmﬁwdngﬂmefmaunemnwf DRAM access

transi stors si t hose accor o] -
pref erred enboﬁjorlrg]lr’]t %fgtutr &' arSecs“enﬁ‘rtlt(r%r Ff\%i% Steda jial TB?)‘QBTV Oé ﬁgn‘@yaig‘”&e
schemat i ¢ of ¢49ss4 seledni glosd lmeﬁwzofin tb@rdiavd @ethoa‘ pEIfcg!chleen?bodaﬁé:ﬁrof the
recessing.silicon within the trench, and prior to deposition of netal
for silici%ti®%h, in accordance with one enbodiment of the present

i nvention. 1002l gw@m% 1.5 @eSLRQMRLIC ms.@rseafon%e%hfgr@' ébﬁ% ff &

t he devi ce of |gure 7 ~after planarizing silicon wthin hé&trench
and deposisehisgndvetoatievies; iisiriivigd@thgien dfDRAcorda roesisthis sinaitotid gwose
enbodlnent f sen ent| [0 F es 10A:11B are
nlcrograpthl cggﬁ&%ﬁﬁﬁd£9mﬁ gﬁﬁ?gﬁ o%pgnégﬂé%pmagcggcggp menory
access devi ces|mmbbler aigid 8 6 ﬂ&ﬂde@lﬂ[lamﬁlsedtﬁneﬂ@ﬁévﬁbmd devict bergdenite

of Figure 9. 100231 Figure 12 is a schematic cross-section show ng

the parti afFyefanps BliFtvitiarfie iReste 6t PiigvP EePsHtion;of ety tubadwon
after reC$r$§dc919atﬂ.@%@x‘*ﬁ’n&é'eﬂﬁoﬁﬂﬂf‘eﬂfHi*tl)é’pl%'sén't Ghigithy, gates within their
trenches. [00241 Figures 13-21 are a series of cross-sectional views
of a portion ofttal] seﬁl&l;lmw%iam srhenield, ceoss-sedtiasal vaaw pfthsidevice ahBigus: 7
formation, Réx BB]]dlBll“%r g}hcctmr NS HRE T%%Ehe and depositing metal for silicidation, in

accordance with another embodiment of the present invention.

[0022] Figures 10A-11B are micrographs illusirating fully silicided, recessed
gates for memory access devices after a silicidation anneal is performed on the device of
Figure 9. ’

[0023] Figure 12 is a schematic cross-section showing the partially fabricated
semconductor device of Figures 10A-11B after recessing and burying the fully silicided
gates within their wenches.

{6024} Figures 13-21 are a series of cross-sectional views of a portion of a
semiconductor device, illustrating simultaneous formation of peripheral transistor gate
stacks and recessed access devices (similar to those of Figures ! and 2) in the array,
according to another embodiment of the invention.

Detailed Description of the Preferred Embodiment

[10025] While the preferred embodiments of the present invention are

illustrated in combination with a pitch doubling technique, it should be understood that
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stacks and recessed access devices (simlar to those of Figures 1 and
2) in the array, according to another enbodi nent of the invention.
Detail ed Description of the Preferred Enbodi nent 10025] While the
preferred enbodi nents of the present invention are illustrated in
conbination with a pitch doubling technique, it should be understood
that -5 flisecieiif deig dékisgnrediairededpiatsarnel ispmberrise e appintdgeated

i ncor por ated;i [ | ' particul ar .t : be
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DRAM | aid out accordirng to one enbodi 0 esent invention,
is illustrated(bdolt heThé demgsandamdcticdewcofidnechanmrgrdeaten RIRASRI, llaid out
bel ow. [00271.Figure 1 .shows a.view of a portion.of ry. devic
10 “Thi 5 SCbhifu % Qe R thede PnBdn o8 elalhr e fles
and ot her dgenpengntatet bakil b@swm the nenory device 10. O course, nmany
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represent at i onl?0Afd  sbiECot SEAES @opBiim BosROWA 4 HemPHUPYIE H-e This
artifici aldymdiskinguaheds (HeQmigh 0 a8 biheP s that £
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typi cal | y'™ SO E84T SPRTPESRUOG LtPER0t B HEFPSTT Y BIos il Bt § ore
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conponent $'¢ PREPEY dfren Odp bRk htndnay ybstingist 1, adugh prphdsrlevesdeve ¢h
ref er encedcdiifab ORaieih henUedilE) SRS LA, MSEbSERM 1 Gpically
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ferred enbodi . th d Li 12 - were formed usi. i tch
foub i ng. PSLRRT LG it Bareren e “TRE e T o LS ot DRhllbE

pref er abl yorh@:eme, (- depfeddi@ekht Al benldst @eildingerssddvitive@iat & the top
detail with reference to Figures 3-9. Using such a technique, the

pi tch of tHECY @5lir Bybaele st iFp e iBEC Pess t han

{0028] Four elongate word lines 12a, 12b, 12¢, 12d are also shown in Figure |
extending along the memory device 10. In a preferred embodiment, these word lines 12
were formed using a pitch doubling technique. In particular, these word lines 12 are
preferably formed by a method that will be discussed in greater detail with reference to
Figures 3-9. Using such a technique, the pitch of the resulting features may be less than
the minimum pitch defined by the photolithographic technique, For example, in one
embodiment, the pitch of the resulting features may equal one half the minimum pitch
defined by the photolithographic technique.

[0029] In general, pitch doubling may be performed by the following sequence
of steps, as is well understood by those skilled in the art. First, photolithography may be
used 1o form a pattern of lines in a photoresist layer overlying a layer of an expendable

material und a substrate. This photolithographic technique achieves a piich between
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the m ninum pitch defined by the photolithographic technique. For
exanple, in one enbodinent, the pitch of the resulting features may
equal one half the mninmum pitch defined by the photolithographic
techni que. [0029] In general, pitch doubling naybe performed by the
fol | owi ng sequence of steps, as is well understood by those skilled

in the arﬁJmFPYéﬂkbﬁﬁbggi@fﬁﬁﬁﬂ%ﬁﬁym%ﬁ9 B@“ﬁu§eﬁlﬂ%1F6¥%§§¥pﬁ?t%ﬁﬁmbf
lines in @ha?@%r%ﬁ@ssblsﬁhdtﬁﬁ g[ﬁ)‘f]?rllﬂ' oAf e bb&ﬁﬁht%s% BX RENAAR & 60 1o

material and a substrate. phot ol 1 t hographi' c tec ni que achi eves a
pi tch bet hWeEnm. -Ef11adpla§9eﬁﬁyﬂl¢1hé<sr fte-2Ftheast phowilb@@habwmiqwaimh to

h I b f_.ph h
"n' one. eniebiergt et Pl Ropng  GRGHEieSabe B PoaBofhie i &

is typlCahmﬁmmbﬁﬁ@ﬁefﬁﬁmkh@m@ﬁﬁ%@@@v©hmlhOgraphIC teChanueS used to
define features. |n one photollthogﬂaph system
1

approxi mat el y 883%m WhE radihof cagh Sppded %i?‘s‘@eﬁli“"?ﬂg%ﬁ]él?l’é’ is typically also
appr oxi maigli¥d 48 ruLE woﬁﬂpﬁ)@‘)\/elﬂlﬁdéﬁt%dﬁ'bfpfhogéi%lléd nendef ned ﬂ%}fem tnay

photolithography is typically also defined as F, as would be wel
under st ood]ebyaet haséernsldi i enl etqhu@etelal(prefeméy paietenpir) nfaythe tinenr bleer of

transferr gx Lgcy 1b %1%6%'1 | Nt gefgmgﬁ Pcle}{s ap L% {Irefgp' O]])J foQet plgel OWR!

| ayer of e materi ormng place ders
mandr el s pmu@hemlmwen@hayﬁwhaﬁhppaphmﬂﬂme&nmhdbmeeeedaﬁm@hEMybehalm
increase

stripped, . and the pandrels ca i.sotropically etched to

t he di st aH’tee"tFeLPV\é@W“ﬁ%"ﬁﬁﬁ%‘r’?ﬁ‘é‘%ﬂﬁﬁd’?‘@?‘g@ Is. PP\?%%%‘%ISI%‘/@ diptpecdiebycspdes
bet ween t hgghiagh %lﬂ{?ﬁﬂ#eﬁgs RAGESI Forh § th @P/ﬁea@e@haﬁlw%ﬂ the 181 é’yFé qumnk” or
AIternatlve% e isotropic "shrink" or coul'd have been

per f or rred“faltn tcﬁ@il Pave haet beeheverfpgpash at the teyplf ﬁrﬂmlﬁeslsaye\r cq;ffou@b&wer of
mat er ' al Xu 111'15 nﬁﬁﬂ%ﬁ f?l%? 'bI) %gpci(g\{gcf 0\;61 %116”%9 { asuﬂl;mﬁger O?%?l%&ll% covers

material &ove i zont
mandr el s. Dﬁbaﬁﬁﬁﬁ)lall arg. vertiaal euniaks e§<ﬂ1enﬁhudgals f Epaves) dey\laﬂq’{eﬁabhtendmg

anot her materi are therefore formed on the sides of t

by o of o e G 6F eiLAG e B P o B CRehGF FRORE
surfaces phRi@@HaieGdhaiaihe PRI SRat@laf Proml DR mceﬁahtm 0GB G £lapc@fRal
t hen sel ectively renoved, |eaving behind only the spacers, which

t oget her myeradth. aSharamuening prenfralstaes ticn gelectivaly, rombesde leavigisrehingionbh,
2F, forme ned uded @ é?%%%{y”l A% ALAYePR&: Bﬁ AT a@r‘ﬂ NG ey
the same &#&1ﬁ’ﬁb& incrudes 5 %%atureg g & a% spg;éese %ineﬁﬁgﬁ
t he spaceQB10Aﬁaafmdsﬂhiapmhﬂadmhhhgsmeﬁﬁm&imﬂexsmpama@hmmmabﬁéhwbhh
a given pho olltho hi c technl e i.S ctlvel lecrea d]fl %
ret hod of B Eh o A5 g veCR Ry eDE B Gk B br Aoy AGr PedBHiTon
in the sizenef sizd heidvasleupiesa giveh !Jlnch@htﬂbg,&@p}ﬁ@%dluhﬁhe% eft@ivelaledichsed.
below with reference to Figures 3-9.
This method of piteh doubling, which may be repeated for further reduction in the size of
the features, will be discussed in greater detail below with reference to Figures 3-9.
[0031] Of course, as would be well known in the art, the extent of the
shriniv/trim etch and the thicknesses of the deposited spacers may be varied to achieve a
variety of feature and pitch sizes. In the illustrated embodiments, whereas the
photolithographic technique may resolve a pitch of 2F, the features, i.e. word lines 12 in
the instant example, have a pitch of F. The word lines 12 are defined by a width of about
F/2, and adjacent word lines 12a, 12b or 12¢, 124 are separated by the same width, /2.
Meanwhile, as a byproduct: of the pitch-doubling technique, the separation between the

spaced-apart word lines 12b, 12¢ is 3F/2. In a prefeired embodiment, an isolation trench



t0031] O course, as would be well known in the art, the extent of
the shrink trimetch and the thicknesses of the deposited spacers
may be varied to achieve a variety of feature and pitch sizes. In

the illustrated enbodi ments, whereas the photolithographic technique
may resolve pitch aof 2F, the f eat ures, e..word lines 12 in the
i nst ant eksaﬂ@?‘ evith 39 dnsylaton gKl bigs vBhoyies W@“PF Reveen these vt {inedl By

a width of; 9@@9%'&‘;@1 Bh %the@'@ﬁb@&ihﬁﬁ@ nﬁns‘mﬂzﬂioh lh'e (§l rile%@ not%@srentlzc 12d

are separated by the sane w dt yproduct of
t he pitch-doubl%0dy t echnivue; dlStEtmee g‘eﬂarthﬁrc elma ilwetwmémnbheﬂeldmg What may

spaced- apart.. lfl Wor. tol }gn%? ef}g,cl%l’ve p[‘l?lch WP SEE/ ZMO{eE%e%Flp eft%g&vgyg élgS B\Ae ]bﬁ;}

an isol ation
t hi s sepahatei amnefbetlweem:]i h@sreen/m pSF hivch&SF 1 23T, cowb@Cthe h}@;\t\iemef pitdhnused ker
enbodi nents, this i Qlatlon trench peed not bgogresent [ 0032] For

every di staEd o O5EINEHE Y RB ndp ¢ther FR Vie%"lbd‘ihﬁg"%éltlesriﬁw bipe

referred gpridscdby %fofee&)tnkf&@adﬂhit%am‘ﬁfue@:ﬁgpltMﬁ&tbQﬁ%ﬁé@l doY be bR \M)Bﬁ’e
lines preferably " have an effective pi'tch between and 1. 9F

course, tBaEbphmeltcddrapxapiniehtbyseedtlnes dedvi ersh thase wowdlth jofds ahds nowl @e
an exanpl Ge )abpcdﬁ%hlg:rﬁe @J‘I}ch' srgﬁ{etoﬁher%‘ gih\m[ %UJ& ﬁe? IGH’J%X(II]TI dtsf ﬁllte) rvlbogg tlllsj

by nore co v ent t échni ques, need nhot 4.
I n one enbiddwnbaﬂtmmi:(bnn ﬁa(lasrmihel, Hchlexmnllsld, 1hIOHESmB&MJTfEﬁI¢ bnifravie wardnigd h

of F and H? egﬁr%&g F, 2F, 3F or sone other width. In stil

ot her enb§ ﬁ@ﬁﬂ?ou BRSFEVT s  need not be formed in pairs

ei ther. For exmipije, Thc RGeS bR tvor O eY 1@n§nM/QzE§|blle hrﬂﬁiauﬁﬁegutpﬁﬁs
through each active area. 10033J The entire |ength of the word |ines

12 i s not avym¢abepiemeriagemecagh wed ling H2 ﬂameytsfn@amwﬁfnbwmm Bihmnds or
each wor dn’!zlh@ﬁs &%riﬁ’@ﬁto%t Q'?Qh cfgtgigf ﬁﬁé% fﬂﬁes fi;%g%agvgﬁ k%w? to L’tose ofs

of transistors. ges o

to those @fill issRieldr, ithe \hrbnet lares |1 2 tahetypioritly tleaigsalli Zoapled ty piledtd, yuch as a

eIectrlcaII couple to a device, such as a sQur ¢ t hat can
Y “gf e g

pl ace a ch? BriP USE Y SR REACGA IR g0 e Bropd ¢ BT sawces

for the wesghd dd183ind1 858 indigdell edubled GO PPEULAIRa FRFoHNERHSNea
menory controller. (0034] In one embodi ment, the word |ines 12

conprise a p-tiyp&] sefil corrluerrdimeiic hthas word | hions (W2opreanpwist ha bortire.
I'n ot her el}fﬂ&%ﬂ&l}t %uci eSlH?f[] dd )e@‘ﬁ?ﬁt b%?t)nUBIX ?1%%&'138&* AN YRS tines
tun of ‘ot her S|n1Pariy béhaV|ng

semi conductor, net al
mat eri al , lh&ldy&o\uﬁidbe Ianawryptemetdméucﬁxﬁx S‘le'ldl |siticidet Immgatreh 0r|d’0h€$0;ﬂ’ﬁildrly

embodi nen t he dlin 12 may, co var terlals
a1 ayor QiR s SHERT KB o O G L G gr B FURE erbothen 1
word lines 12 may comprise a variety of materials, in a layered, mixed or chemically
bonded configuration.
[0035] The horizonta! lines seen in Figure 1 are formed by digit lines 14a, 14b.
In one exemplary embodiment, the width of each of these digit lines, illustrated as DL in
Figure 1, 18 equal to . No pitch doubling has been used to form these exemplary digit
lines 14. Adjacent digit lines 14a, 14b are separated, in a preferred embodiment, by a
distance, illustrated as S in Figure I, equal to ZF. The pitch of the digit lines is preferably
greater than 2.5F, and preferably less than 4F. Without piich-doubling techniques, the
lower lunit is, of course, imposed by the photolithographic technique used to form the
‘ digit lines. On the other hand, near the upper end of this range, the photolithography is
less precise, and therefore less expensive, but the memory itself beging to grow too large.

In a more preferred embodiment, the pitch of the digit lines is between 2.75F and 3.25F.
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100351 The horizontal lines seen in Figure | are formed by digit

i nes 14a, 14b. 1In one exenplary enbodi nent, the width of each of
these digit lines, illustrated as DL in Figure 1, is equal to F. No
pitch doubling has been used to formthese exenplary digit [lines 14.

Adj acent drgrt | ines 14a, 14b are separated, in a preferred

embodi mentlhisgyrEs repspERcdesiiihle halprosthstyvoss U gape @ mameacturinapnd) thy gz
2F. The pigkeh aiflp the ﬂry Gty Ateaﬁeﬁbbaﬁmgﬁterh%nﬂgﬁ Yin 95%&@5 r{hfaﬁ' of32F of
and preferably l'ess than . W t |ng I ques, the

| ower I|nwvmﬁgln@hmcmdméemm#mﬁdﬁemtWWHHﬂaMﬂnﬁugmwp@@ﬂmphrc t echni que

of this range. RS praval It RBgrEAy e b geur iRt LR il Ere e

| ess expensi ueplehutiguhel, nRotliddiph siets 1409gbds di@nghowss Sany} fidliors. | & a
nor e preferred enbodinment, the pitch of the digit lines is betmeen

2. 75F and 'h§ 98 of thedigfiiges ihqe 1t Wpi kBNt & tﬁosriége iskigop dhpyant.dhe @igit lines
between the ., qean%ﬁc@ry c'i@?:ﬂibfwﬁﬁ?%{{ﬁl&gto%geﬁt@@rlsé ok hﬁ&& Haqr]&gwg El ﬂageh&

illustrated enbodi nent, the digit lines 14

course, i Noleheruremboftme powaiseirersdon thwdtﬂztrisleaﬂrﬁ a@pdm indireetlg coupled
possi bl e. 361+ 4 th rd |i entire length of the
digit li néésg)?flgiﬂéfgﬁ IM H& {3‘?%(%’\1%0@% ’)lgsna ?“éh‘%fépi’?mzﬁr&fﬂt\ﬁ pl&g‘d?efwﬁeflﬁ\}&
14 typi cakiigy lext end msfmsan]ﬁmrws ina@ABs kgkal Bthdtfiont bee adges, Qfaxinbeheir
digit lines 14, as LS wel | -known to those of skill in the art, the
digit |ind8nuiguins ilegpcesy Py dlegepsing A9 Jkellopt &f ewasitivee reidwgsef
anpllflergma@ﬂgmghggﬁgy to a power or voltage source. Oten, the
power sources for the digit lines 14 are also indirectly coupled to
a CPU t hrough @Uﬁﬁnnrylewh@mb®¢eWHtM@i@;ﬁé@@$ﬂ4ebmmhe:ﬂume@nehameﬁﬂ

pitch betyeen, ! nr?uwslg chplell nﬁ? dhifer, L rﬁ SEES & r][(JTc]lllm[entI;.i :]Sh T8, ogggrh%r aCEd

farther from one anot axi ng their —manu
and decreammm@umhemhmkehuhandsQﬁw@ﬂhﬁmmuamﬁﬁecﬁmmlhﬂge@m adjacent
digit signals the digit |ines 14 conprise

371_) n one_ enbodi nment,
a conducti ng njé)zjg% g{ﬁ%ﬁtﬂﬁ‘slei“ﬂ'rﬁé’ﬂsétﬂe ncfged, a‘%‘iheé‘i:tll‘{?e?easllﬁ PpHeed

enbodi m3ntv%hrnqtuhﬁlﬁneﬁpfégiéﬁél% SwvifEh fo%%rﬁ'xgsoﬂ@%%%r %Melgﬁfvéjt%ecﬁle RS H &
wel | -known to those of skill in the art. % he ot her features

visible i H}elrhlrgulrreqlibrse r@crﬁelgé@trmeseareécepei@egum ¢rustl} withid thevsublsiraic 11,
curviline wrf\f I t]ﬂr@tg ee%hl%o hg‘ﬁs t]?e[? | 388 les e trt,leleesg‘n gggﬂ%aﬁ gilng‘c \ésgmt 0

t he axes ese ang repr
regi on or nwelikls wiithii or tfven Smbﬁéma{y&leﬂa&e 10hﬁmviﬁ\itl,dtgl . oThekctive areas 16
enbodrnen& t hese rectangl es need not pr esent hy i cal structures

o mat or 11" %€ RPHOGH okl Moy ettty Gdvioeaiip R hied dpe apend tre
The acti vgpaneasirbinddaf mad E%Qﬁx%nl%%ﬂeh@gég,?fshﬂﬂa% RERRG 1AM (8L Oy
that contain field effect transistors and are
one preferred embodiment, these active arcas each comprise two drains 18 and one source
20. The source and dratns may be larger or smatler than illustrated in Figure 1, as is well
known to those of skill in the art. They may also be fabricated in any of 2 number of ways
well-known to those of skill in the art.

{0039 I another embodiment, the active areas may comprise one source and
one drain, wherein the source 1s formed near the digit line, and the drain is separated from
the source by a word line. In such an embodiment, the memory device may be configured
similarly to the memory device 10 in Figure 1, but there need only be one word line
passing through each active area. Of course, in another embodiment, an active area may

comprise one source and one drain, and the memeory device may further comprise two

word lines extending near the active area, configured similarly to the paired word lines

0.



typically surrounded by field isolation elenments (e.g., shallow
trench isolation (STI)). In one preferred enbodi nent, these active
areas each conprise two drains 18 and one source 20. The source and
dr ai ns may be Iarger or smaller than illustrated in Figure 1, as is

wel | kno pose %j sk&l&bin]the r%" Tagé afo be fab i cat ed
in any of H eV Wells 1 RASTR O tgep é“’8fW0§ ipgs Ry pH ePéfF’Ed.
[00391 | nbhanether serbogidnRith, anklpeo3ed iciehdaheR iRy HQfREsRE one
source and one drain, wherein the source is formed near the digit

line, and the H04Ph i $sslpsuiainded dgibhme § heusquesmabip, andordelablyaborm
such an eqRodi RN, odoiColfErsy wﬁéguﬁﬁl&ﬁ%u €0 .gﬁg{}ﬁxglé]egéﬁqgh S8lLY~d ©

the menory device 10 in Figure 1, bu re nee

line passi sgatidadolrgkitisachidadtony ets aydgaeniOfiragourS @y Wwordahodshe?. In one
enbodi ment, actlve ar e se ane source and aqne, drai n,
and the menBRYEE INECRoRES P BRT s EEeR b v i PGS e BB g
near the aemlemeﬂa:beaﬂgp@mmh ghéspHoBLThd @ftinont O It B@ePahbREMYAL dhé kMRS
-9 12c, 12d shown in Figure 1. In such an enbodi nent, the two wor d

lines may2%ath dewelﬁdﬂd)bet%eﬁ 2 TEYPS SefPCan BIET-dr dhy, manke fiteigiige from
redundant ,genh LRk al@f ast B NARHISD Wose (()le%l(ﬂ] inASe by J( | ys %%?;tﬁe? %m%edﬁ(g %la_r%:dh

line 14 runs proximal to, and preferably above see
source ZOthaﬂ5MFe§KHh@ﬁﬁ@can@ﬁbmﬁhmemwcmommUMEanmh|Ie each source

20 is separat 1.0 eithe ide fromits adjace drai

lines 12. In oﬁ@4henbgﬁ?&éﬁ%?nFﬁeogdﬁ?@%yz V&ﬁd?glélwga 3 @8 ?rgﬂgbn
n-type serdfeon@usiifige PBVEICh Shows & UeBs-aRtisdal veenodaped twé kdlive areas 16.
phosphorous or antinmony. In other enbodinments, the source 20 and

drains 18"WedEBrptipaEsian pt W&ésxge}ﬁneenaué%m%M&waww $datent No.
fabri cat ed 551 om, [ QLhPl JTh ek LR SnichS hidfill KU (AR, B effld)

inthe art. I'n fact, the Source drains’ 1
fabrlcate@bﬂﬁ@ﬁﬂﬂh@N@angemgnbmuhds 100411 The functlonlng of nenbry

device 10 is b ly discussed rence,to. Fi

shows a cross- Le?{t | ong S%P\é({/v 1Bflw% it oftF‘f ﬁeﬂl f § gi 5?% %96”133’ ﬁB‘Ppﬁse
further dpseussiono@finé RgathaBi Cat/Tafiee Gurifdte \WA inesubRANS 11 .UNE tohe Prefblred.
Patent No. 3,731,287, issued to Seely et al., which is incorporated
by ref er efieRodisFd; heisgurice 20ant idrany IS gy fabireied 15 RAMECCR Vil atsabsirate

detail. (00424 dlASmi%&px\Mhh'v@idzt'bgléﬁﬁqc%’oﬂﬂ@:%uwt msl e $R hsﬁh?c%%g

conprise protrusions fromthe relatively f upper surface of
substratem1$bbmw90neammmﬁemmeﬁmnmhbbdwnentandHQMS@uﬁuem@Qﬂanﬁndmaﬂns
1S are fappicated S §he- stra ai sed

11 d
ot Ty e R L RS RO R b B S RO RS Spears R RS, 2 e

waf er [0043] In one embodiment, at least a portion of digit line 14b is Jocated above
the upper surface of source 20. As illustrated in Figure 2, the source 20 is electrically
coupled to the digit line 14b by a digit line plug 22, which plug may be formed in multiple
stages or in a sigle stage, as shown. Meanwhile, the source 20 is separated from the two
drains 18 by word lines 12a, 12b. The word lines 12a, 12b are preferably embedded in the
substrate 11, extending downwards from the surface. Transistors of this design are often
referred to as recessed access devices or RADs. The drains 18 are, in turn, electrically
coupled to storage capacitors 24, and, in particular, to the lower electrode 26 of the
storage capacitors 24, by contact plugs 28. In a preferred embodiment, the storage
capacitors 24 comprise a lower electrode 26 separated from a reference electrode 30 bya
dielectric material 32. In this configuration, these stacked storage capacitors 24 function

in a manner well known to those of skill in the art. As illustrated, the storage capacitors
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or substrate; in another arrangenent, the source and drain
protrusions are fornmed by selective epitaxial deposition using
techni ques wel |l -known to those of skill in the art. (00431 In one
enbodi ment, at least a portion of digit line 14b is | ocated above

t he upper urfac f our e 20. As ill ted in Fi ure 2, the
sour o6 20 4 Srepe e B ROHPeaEeot T SrTte [ Ak aieh tyencpgies
l'ine plug cg2be Wl ehotRbUGraABYmd}es. forned in nultiple stages or in a
single stage, as shown. Meanwhile, the source 20 is separated from
the two dr al n&)048] by Tnond ambedisnen one w5, ofTeisrmolothek icrpasitanad faats a
are prefergply.e dshn x1 end down
fromthe surf %%égﬁgg%ﬁgl218%286?§QE§&T %gf n d?egd??””%n¥é? “Pddozm
as recesseshogeicessaidel§.c eBicovolfADses The 1db a[ilms]oi:aSasa&ﬁes i tHeUfiBld effect

electrically. led to stor acitor 4, and, in particular,

Lo the | oWTSSPactiade Bt Ve BEPGRIge b fuistvty s oprabip doredets
pl ugs 28. td @high thef:l%éthaﬂg&lmﬁl@ti TR Rs, th%%uﬂl@é'sqgﬁ 126 3P bI9Snied access
conprise a |lower electro 26 separated froma reference électrode 30

by a di el®ebepiorggaiecitars 2dzouplpd torfagh et iSghy alfevong ot revetise delcaghal
storage cap %Lén% a%o%lg‘:uﬂ%m% lenlﬁ ATRDIGH el gﬂmg‘ﬁ‘@bﬁo bl *11,8%132190 or

skill in th | ustr af d e storage C
pr ef er abl yeatl (fmt the Samgpecaphetom Zdnelhot, dabieo&&xbswm azt1;ec11cis 2akbtrecgh to an
10 I.nh one

trench capaC|tors d in othe rrangenent s 44

embodi menf > gAE Y al%f C%\/%‘?‘ % 08¢ Efﬁe f(r:%%é@ret ot Er(ggdc fOr ﬁ’é? i rbferl8rice
el ect I’Odelﬁ?a@}my/\/ﬂhh)e thbechewRitioelestd ade B hi GoRTUNE Gl e cauRtEdut 0 -
an associated drain 18. The word |lines 12a, 12b function as gates in

the fiel duerpeytdentibahepigrge saparity 2p iser from wligh dagtihpad bharigegptrepd-ne
14b f unct I ons g}%p]@‘les' %ﬂ{mé Qc{cﬁ Lll?él:ﬁ i§gi’gu?ee§ thd geb}'gﬂl%g g%(gm T oftlu: memory

electrically c e wor I nés 12a pre rab
control adc@ss“3mmwbhém@mﬁﬂagémﬁapdﬂmtthhQ%ueou@meﬂnddneadhbdnaéna

18, by all [ _preven |ng gnal representi | ogi

o oV ogt B0 LR BRENLE kSR O hese SHEP G Bl Bisnef Wiy e
read fromidngBudii0=RGEoRARAE Ele@ksts ZAmidd s meaReNdOficd e atdVe AARASES & S
24 connected to an associated drain 18 can contain one bit of data

(i.e., a Fogdemlyshgy Pegnaesdormyed hepveen vadewsechi qehgevieen ane ebpaigeton
of t he di g;'\h A &%‘)‘?eb@l'ﬂg tl\’t\ﬂ'bﬁi%lwdﬂﬁl Exl??gf é%’ﬁ@(% %%é g6L ?9?1813{}18 1%%@ gﬁgbf 20 of

identify the storage capactt to or fromwh ata s
witten oracheadve (604G preTaratly hgvebanlkstaxkt@ﬁyﬂmeﬁllgﬁamwsmp th&tenzdfdmtgeﬂ and

geonetry of devi c é? b ussed in f rther % é | .
I'n the I oag}““ é%}g’qo%ﬁﬁl eoF né§ 1S m%%qa 2‘ o alﬁ IHUIRBEFS OF L% &PsKA giy
been il ustraiatl et wiThesendexesdasLoogepahal thyd@tﬂsgraeﬂd\ebﬁlhe bt 8eed not form
| ongi tudi nal axes of circuit el enent s form ng the nmenory device 10,
and are i M gepigle girgight line, and indeed a substantial angle may be defined by these three
points. In some embodiments, therefore, the axis A may be defined by the two drains 18,
or by the source 20 and only one of the drains 18, or in a number of other ways that would
be clearly understood by those skilled in the art. In other embodiments, in which the
active area comprises a single drain and a single source, the axis A may be defined by a
line between the single drain and single source.
[0646] Axis B represents the longitudinal axis of digit line 14b. In the
illustrated embodiment, the digit line 14b forms a substantially straight line. Just as the
active areas 16 are preferably parallel, the digit lines 14a, 14b also preferably form

generally parallel axes. Thus, in a preferred embodiment, axis A of every active area 16
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nore clearly show the angles fornmed between various el ectrical

devi ces and conponents. Axis A represents the |ongitudinal axis of
active area 16. The drains 18 and source 20 of each active area 16
preferably have a substantially linear relationship that my be used
to define It longitudinal axis. As illustrated, all of the active
areas 16 &VEsg »ng'aﬁipt»@mb eYsay &t Biof theydigif fmesdd, direnst &t o segiosrof each
course, that,fhgndrains 18 and source 20 need not form an absolutely
straight line,” and indeed a substantial angle may be defined by these
three point s Iﬂlﬂﬂl’/'}sorrén enpoime pmbodivieer éfwireled ihdiguce $, & amye begle is

defined b AR dr .the source.2 only one of
t he dralné3 % U“m”dg nuﬁBgan?{o?%%?1@ﬁ§§g?ﬁ%?m 'ﬁFg ﬁﬁé%EFéggﬁy&
under st oodefyed bhiosen skis | &d dxix B.heazrt. I n other enbodi ments, in

whi ch the actjve are%‘conprlses a single drain and a single source,
the axis A may!%888ldef ThedeMsing off fhyeatsde viseat 1oneelaiivsgice thir digt Anes 14

si ngl e soWcaRaed:H0 ool il OIS assGelate
digit Ilneclﬁbtet nﬁ?L% (F&P§§§$§%g§§p%%g&§ﬁ%ht t%ﬁﬂ%?§%1§%kﬁs&k e

fornms a sﬂbgﬁaﬁmwammy9§tﬂhnghﬁmM1ﬂm&wUHQESé%eﬂhglﬁaumﬂweomﬁmﬁsebﬁﬂ&re
pref er abl ﬁmﬂ@ﬁ?l 1In he 59){‘5%1%99 eltnboéhzn%f%t ﬂ‘ﬁ?magé menb%la?%)g 16 eg%llgelﬁ‘}go%s

general ly | el erred

every act kivelideda llifﬁd}ol{ lihed Drcﬁthﬁ estbzﬁﬂ bar t}ﬂm@isebf\md d}aﬁyes YBﬁnﬁhrsm@ tif
the digit |jnes lﬁﬁ @t |.east in the region of each nenory c
e

10047] | n2dBriEFe S HbBRfenEhYeen 4 Pightlingtldgrndndiping | p anay b'faﬁd%%‘ﬁ]t@

angle is f'chﬁﬂ@@Ee@l%ﬁﬁ@%Bmﬂéﬁ' BetheAnde @H‘ﬁxﬁ zﬁrd dotdecBhiob | U3h rv@ﬁl%dthc di
enmbodi nent, this acute an 0, defined between axi's A and axl s

is 45. 100&%] lS’Phéf“éﬁ@MONg?@ﬁ aptheondgastsi thescarasdd of Grerseingtaicie dron tthe

digit lines 14 cil pcat i on, of the cont

ext endi ng bet Gojl'ﬁdraptrggB getﬂemgésgﬁﬁéf eqn¥8r%83m§%p§p Fg§gm5%1m
Si nce t hesexieont @epitgl oiyic 2BceicileRdicist O wiibetioplilsupbaes ©bnd Rskill in
drains 18 in th pref erred. enbodi (illustrated in Figure 2), the

engi neeri {§ #'s* ?@i%f“?ad?se‘aﬂ Eflelflﬁié‘g%?fljll’ftdlcﬁ ﬂ?@%"ei&a@iéc%ﬁ“é’itdéfﬁéi B

the tops ofibddngedlr @k Bﬁbié 89 1B eﬁ%ly Hégvvéen goe QJ?(F i %e@t‘é@@sln L8nork g?ei‘erred
di stance between a digit line d drains may be sel ecte

facilitat eneddasert ohe engond, a%:betbfe@w@é and He'. dnau s ragrd pederralcmiplingsy,

even whil g bstantially overlaps and contacts the
source Zoﬁbﬁhgﬁq}g&%QN%Eqﬁvéuﬁﬁga 16. ]0049] O course, the angle, O,

may have any o@oannunWQMngmwagme§3nb0@&nnﬂﬁodﬂﬁ&hﬁbﬂﬁ@&hepnut&mbmﬂ
[ wi ] | [ apparent to one of ski.l

t he electrlcqrhgg,L”_ readi|

in the arbil Wit fePbAE laﬁa?féélem Fo {rilveraliiih reaict IRt ABE IRE LAY

adj acent Qqf }M@124 RASiatd haPBR particular materials of the illustrated embodiment can be
replaced mdividually or in combination with other groups of materials. Figure 3
Hlustrates a semiconductor substrate 11 over which a thin, temporary layer 40, comprising
oxide in a preferred embodiment, has been formed according 1o conventional
semiconductor processing techniques. A hard mask layer 42, such as silicon nitride, is
then deposited over the substrate 11 and teroporary layer 40. The hard mask layer 42 may
be formed by any well-known deposition process, such as sputtering, chemical vapor
deposition (CVD) or low-temperature deposition, among others. Although the hard mask
layer 42 comprises silicon nitride in the preferred embodiment, it must be understood that
it may also be formed of silicon oxide, for example, or other materials suitable for the

selective etch steps described below.
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enbodi ment, the angle, 0, is preferably between 101 and 80 degrees.
In a nore preferred enbodinent, the angle, 0, is between 20 and 60.

In a still nore preferred enbodinent, the angle, 0, is between 40
and 50. 100501 Turning to Figures 3-10, one nmethod of fabricating the
pi tch-doubled word lines 12 of the nenory device 10 is illustrated

in greater det#051] Théleskiih p&tpatot ilbahiatedun the gt the apresidayr that
the parti ?)?:l(ltjp?: edﬁ%@%{dyﬂ%}?or?%stg%:f(!r)%alélﬁto%ll t%g ngo t]ﬁzgs% a rgg 45.8‘ r:1"11]%ephotoresist

repl aced 5| on"w roups o

mat er i al slayBi guy ee Battdrtddus tfoat esnak seini condutdmr pisiibishoatshid lechvgues,
which a thin, tenporary |layer 40, canprising oxide in a preferred
enbodi rrpnf“,“? HasB R R R Uhristhi B RaAlEESy
processi NGnge&Hni @UBSin A JhahthyHrd AYQ" cdnnsSHEBaRisd | eR-dhtidige.
is then deposited over the substrate | 1 and tenporary |ayer 40. The

hard mask (Safidnedi Dy Fagrre Be Widh swsachsy 46 mypaiging- Rerswepleepos iThe photoresist
rocess, N asqspyt tard Mot Oy SR o @l basc
p PE h APUBPHL LRI B0y ggﬁ&t&tﬁﬁi ﬁéa&?%e%,%gﬁxg byhugnﬁg gf}]é%egkbmd

| ow-t enper at ure deposition, anong ot hers.
| ayer 42 cobapnises silicon nitride in the preferred enbodi nent, it

must be understood that.. it may also be faorned of silicon oxide, for
exanpl e, or ot L(@P“ mat g\%lfhalletger U%F%El!gér&fsgl\” agﬁgﬁe E@?Cé‘fﬁ fié/ga‘?tbc?ﬁ‘_’ g)f‘é‘b‘Lm
descri bed ihela@WhasiI2yel 892 1donNexbl laydd oBspab@Pnddtal ikl U8 HERLRE bRotdehe
figures, the hard mask layer 42 is atterned using a photoresi st

| ayer for FRHC SVEre PhBeHaePTideYics by elfrelepblyTHie spinst Brakssiakean Heggleret vieky
be patter ped.d Qi QLRA ke ity A
techniques,guang tﬁg&hér ﬁﬁgﬁkﬂgéggﬁzgﬁéggﬁgﬁgﬁ quh%gggﬁgggﬁﬁFﬂ}
et ched t hrolgle fcheopat tageméd caplottobestlstivelp adicdiwitlargbent ab ithy siaker
hard mask col u 44 extendi ng i.n the y-di mensio as _defined by
Frour e 1) rdh o B eSS cBndieb ! B PRt s oeh g Rt slcs
| ayer maysgRan-erisenyed dyoseoventd anadibee Rpeues piideR, aschb, for
using an oxygen-based plasnma. {0052 Wth reference to Figure 5A,
after theStEnehed’ 2eraigel Waepeihedl'V)- t he hard mask |ayer 42, a
conformal | ayey sp J rd, @l L. HePQs) t o Tyl ;
entire surface(% Jthegﬁgﬂégﬁﬁ%ébgggg%%fgﬁ?gfégg ﬁ@?x@ﬁgﬁ@éﬁ%é&@ﬁmﬁﬂ
mat eri al eaficbeos éleertinvel yeviet theoh mitdropiespec tiay det tred substicangallll

andthe tenporary |l ayer 40,. and the substrate.11 .and.the t or ar
er 40" Bam Bt B, aittecel Bor, U Rt G bR e e pE RO g e SRR
mat eri al . Thi, thesgabdrusheadled rhaUineBlacet 18, $PaGRKerMPeRlchdhg from the
conprises polysilicon. The spacer material may be deposited usynq
any suit aEiF“éWftI5p}5§‘ﬂ19‘i116‘h1nﬁtreﬁéles-§§ ngqy@hmangurp O spacers 48 are formed within the

trench 46 and narrow it.

[0054] With reference to Figure 5B, a second hard mask layer 49 may then be
deposited over the entire surface of the memory device 10. This layer of hard mask 49,
also silicon nitride in a preferred embodiment, is preferably deposited to a thickness
sulficient to [ill the french 46. Of course, the hard mask material 49 may be depostied by
any of a number of suitable deposition processes, including CVD or PVD. After
deposition of a sufficient amount of hard mask material 49, the excess that may have
formed over the spacers 48 and over the other portions of previously deposited hard mask
42 may be removed by any of a number of processes well-known to those of skill in: the
arl. For example, the surface of the device 10 may be planarized to the level of the dotted

line of Figure 5B, such that the sidewalls of the remaining spacers 48 are nearly vertical.
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exanpl e, CVD or physical vapor deposition (PVD). 100531 After | aying
the spacer material over the vertical and horizontal surfaces of the
menory device 10, an anisotropic etch may be used to preferentially
renove the spacer material fromthe horizontal surfaces in a
directional spacer etch. Thus, the s acerlpaterial is formed into
spacers 480Yj s@lable plagpiizitiony ProAHtn Gy R cxamglsnathesicsd ZadRice!
material . A8, sARMNmLPLELQUr € 5, spacers 48 are formed within the
trench 46 and narrow it. [00541 Wth reference to Figure 5B, a second
hard mask | ayei03%) na?htmgnmbéﬁlm@pasmb@dMEW@tmﬂhEKEHMHh@H§Uh¢awwouf
t he menor \ 0. Thi f :

nitride |X\§“p?§f3? ﬂﬁge 1%% %QGQPBH% F%Bﬁﬁﬁﬁgﬁwg t%H}? ﬁuﬂn&ﬁ

t hi cknes SemB(t.lfnfnLtﬁxt eﬁbﬁod‘eﬁk by be tifed thitewiebivdd; stidhs SO B@Nn 1fchtevétaf liiemsk
mat eri al be de osited by _any of a nunber of SU|ta$ i -
deposi ti of¥ wfa des §’é9§“1° PR PRAS AP d&WSy Lot Sesgive Weledsh Mokt bhe Benches
suf fici enfor@BPUikredhe Q%LQSWQKV%&&rdt@Jed 4 rulihg RYGRES vl NakcdRYryNAYE
formed over the spacers 48 and over the other portions of previodusly
deposi t edthn‘ateéleuﬁﬁ@k cteios fhrayentuerarg ryvetd ywelhgs 6f sabstraisbidr Idfese trenches

pr Ocesses?r\é’%“) D d&g el t@a&eﬁ%@ﬁg% dn?gtlongl pr- thcfts{] ?u(‘thadr Lor ES almp?%f %%]ﬁlgﬁ%not% (E{S q

surface o e anari‘ze eve

| i ne of Fregtihe :al3chiagch that the si dewal | s of the remaining spacers
48 are nearly vert.i cal -13_Any suj t abl nari zati on process, such
as, for exanpl Ié)%’*%lhen{gga}e ﬁe?&lﬁ%th”teéa € IRy ngtlr %%Saﬁt P@ﬁeﬁﬁ%bg‘ﬂh%ﬂ“ng“ or

100551 TheSRACRI e 48 tatatleﬁerh@s 9@%@%&&5@91@ tHaR&hd %mwﬁ & ssibhe
menory device 10 nay be ship usin a nunber processes.

In the il o platield] m@mﬁmdieﬁ*@mueq alope ogﬁ@abw‘e“@‘@%@tw* " width at top
selectlveﬂdwg&{ggﬁbQ§|M§'%mcﬂﬁl f'%ﬁ'&%ﬁ%oasﬂ@%ﬁoﬁg§ Lgltggﬁfg%ﬁélm

exanple, I'n , a sel'ective wet
trenches nmﬂ@nnﬁomheRﬁhh@&szapeﬂsHﬂ&whammnheanbehmabdbaﬁ@ehum&hﬁmﬁ

deepened a secondary that selectively etches the tenporar
Pl St S RAY A AL IS et b e lo AL R

pr ef er abl ypfcQrimedcdi Sich@itfnthiah %@ﬁlema!;mﬂrcegﬁ@ﬁtm ﬁiﬁ&oﬁ-ﬁlo%faﬁlﬁlcf@%ﬁﬁfﬂb@
ion mlling or "reactive ion etchin 100561 Figure 6 | ustrates the

resul t of alpkeseqly %@b@ss@styplﬂﬂibftﬂ]&@ﬁ@ﬁ? ARy 8SPEPL Tatierreaerdban il dl drefieriplyf
trenches 0 se Sﬁ%tFthc}‘eaLe%S&eg}tPﬁﬂxﬁ ?es’ﬂvﬁh%}t’éﬁﬂ]ﬁt‘é%m @t?' @tSmﬁ‘av

photollthﬁgrap Ictec ues one refer trenc
width at toope bethheen a.adhewtpeﬁ& atrti @ind ty7in g wtﬂi a eobkanaterigki | | ed
artisan will aﬁ}B %CI at ett r]’ci?xj[ma‘don of these trenches 50, the hard mask layer 42 is
selectively stripped, by any of a number of methods well known to those of skill in the art.
In Figure 7, a gate diclectric layer 54 is blanket deposited or thermally grown over the
device, lining the inner surfaces of the trenches 50. The illusirated gate dielectric layer 54
comprises silicon oxide formed by thermal oxidation in a preferred embodiment, but can
algo be a deposited high K material in other embodiments. A layer of gate material 52,
which comprises polysilicon in the illustrated embodiment, may then also be blanket
deposited over the entire memory device 10. In one embodiment, the gate layer 52
completely fills the trenches 50 and forms a top surface of the device 10. In a preferred
embodiment, this polysilicon is undoped.

[0058] After a series of doping steps to define the drains and sowrces of

transistors, the undoped polysilicon in the trenches 50 is eiched back until the top of the

gate layer 52 resides beneath the top surface of the substrate 11, This stage of the process
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nunmer ous ot her techniques for pitch nultiplication my be used to
arrive at the stage shown in Figure 6. Many such techni ques w |
generally include a spacer process, by which physical deposition can
achieve a smaller pitch than photolithographic techniques alone. The
trenches 50 typically al so have an agpec tio greater than 1:1, and

pr ef er abl {* SGIEAT 189 hanThe reespicioabagEgn é%ﬁ? RigHesxd pANAEEY e Alel viyTl dines
vol une andy,d henee KRRIUShVhi ¥ hendQsd if 4 expense of
di fficul tynl n fE e| ng with Itell sgllngj?cee rr%terl (11 pgi%%gg%y%?tgder
formation of t H@ﬁ%] tr é’m@h@bb’S@Qwet\he theagade niastkoduajaerheztﬁays are formed of a
sel ectively s p

those of SRR MEPRRERgEYe M oy BRERSTn B0 R MGG e S b
i s bl ankethadéposi¢seel gited NE(sBIFgnrgr OWNE Dy & théie nadewi Ben el hpivg dahe
i nner surfaces of tqg trenches 50. The illustrated gate dielectric

| ayer 54 CEOHSE SELEE MAEBRISERIBESHS, Wetholy Ot ip @rvvelor biristrall valmierpt she
pref err ed QabdhdRnty, uﬁfﬂ%vﬁémtu@{l %sféhapﬁ’oﬁa@ﬁ&?%e’é@ gloné % n &d rﬁ?lgﬁer'hﬁlg
in other énbodi ments. | ayer of gate material 52, h conpri ses’
pol ysi | i céw tlnriOmﬁﬁiepqu/iﬂwpﬂétl*"e&ilr@Brb"@@lbﬁélﬂlrpldeqfraﬁmt Iheersslag @@ degositingnkei!
deposi t ed,aver .t ire 1

gate | ayerh %K “ ma 1 gbite N?a 1 |Sé¥c:,[1<ﬂe P ﬁ%‘ﬁ% ette’ @bmandh%s ?f‘g “Smiugbwpy of
surf ace oﬂolield@odet\hlccxeqﬂfl)denidnstaat@ﬂ efiebledbrk ﬁnﬂo@di ment, this

polysilicon is gdope%g 0058] After a series of doping steps to
define the drai®f8land Y60l Frdeensss o Figurs Peidors methe i‘]’f?él‘&‘fié%l“ Pramer than

pol ysi l'i cgang Reck3gd ttl’)@g&@ﬁﬁu&pﬂ 2 lﬁh%egd%@décxy bt {)llfmc{rﬁ%d HeR, of ¢ t%%%e

gat e | ayer r esi des eneat h the tO surface of he substrate
This st agé’\lé‘P Dﬂh@UWS@t@é@g the n(ﬁyallscoghmmn |t1w FergheseS Bwithipws ree@sves aldthis

pol ysili Cgrllgf grziﬂf o rf‘/gﬁfcrgg} %f%ﬁu[ g?igrly LG RE (iiren €S0 %nb%bjtgbt%d at €

el ect rodes sistors If approprlately
10059] Pr efieidatddy (seHodiener silididetiogpteactoh e titrade saveinot &wdﬁd’tfvayr&xt@he 56.

forned of a e highly conductjve rial thap traditiona

pol ysi | i cénmggf foger %?lls‘)é%u st b gt EEROSH?C a9 PihaTeac 8’ Y datR g
12 (see Fglgesﬂe%»hejﬁlmekcsz()ﬁ@ﬁ@mptvﬁeleaerrrt@é/vn{emrboinu@tstsmbﬁaéucg%%vel the
el ectrode. Metallic materials conpensate, in whole or in part, for

t he snal | Peiphire gfe tes Gatlesnp ﬁmﬁJh@m@ﬁtr, &g siligpeconptegall @reriats gligmal
propagat i 8{11 éx? @dmgll llﬂgldfshgu g%rs dfol’ e@% le -I{nr;tl%ten 1&31!,1[1’{'{1(3{8@81%1;111 tantalum,

polysilicon of Figure 8 can be silicl recess
deposi ti ngpbaibahicktlhey edweare andl astelaxetnomg; thé/eatoabs 18 éthi tait dees(lﬂnlehﬁ)‘drf.‘t
on and

better tha éo E s the c tivit dop pol ysi |

demonst r atBeid” st {51 BoGbE RO AE Gy b6 SR CHERE Breres egoeryles

9-12, in apel faslﬁm@m:@nﬂsﬁ?m& wofcamer than being recessed, the

ponS|I|con 52 is initially etched back or planarized down to the

gate 10061] Preferably, the gate layer 52 is fully silicided to maximize lateral
conduclivity.  Full reaction also assures silicide formation down to the bollom of the
trenches 50. In the illustrated recessed access devices (RADs), the channel extends across
not only the bottom of the gate, but also along the gate’s sidewalls. Accordingly,
incomplete silicidation would result in different work functions along the length of the
RAD channel. Furthermore, full silicidation ensures similar gate work functions across
the array, from array to array across a wafer, and from wafer to wafer. It has been found
difficult, however, to achieve full silicidation within the tight confines of the illustrated
frenches 50, with a single metal to form the conductive material 56. REither nickel or

cobalt, for example, tends to form voids in the high-aspect ratio {renches 50. Qther metals

have demonstrated similar difficuliies for full silicidation for recessed access devices.
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oxi de 54, thus isolating the polysilicon within the trenches 50

W thout recessing at this stage. The polysilicon of the gate |ayer
52 within the trenches 50 is subjected to a salicidation (self
aligned silicidation) reaction to forma |ayer of conductive materi al
56. A netal Iayer 55 (Figure 92 may be bl anket deposited and an
anneal st dpe fkifed grtisra mg PBTedE Enta@teﬁlilaﬁlhca@tielrucgmubé cmljenmgrfevemtmhle
nmetal con t

' one. e ment, TRe S S P on bR 5 (S MR MRl
or nore rréQi@msaGHsIlacm)a@tor frorchex aivpl e, tungsten, tltanl um rut hem um
tantalum cob or keI A sel e t| ve ves the
excess nmet al EH PoHoes "hotot eviRe ttch QF’?‘{T‘EV% gﬂ‘?h"é’ apreass) fodhegc
56 t her ebyafset Bpdidfusioh tmahd @B ediclday®y reidiah, ih REHBRASES: . thel iﬁ’h%&‘ik}nes
conduct|V| Ion the word line. 100611 Preferabl y, the gate ayer

52 is fri P diigh BRI RSP e STHRpR AHTUSC B ARV jipyeobgty fhyan Cabat
reaction ghsq @%ﬁ!&&ﬁs \SEd it

trenches 50. 1Iln the i fl uét rggggflg{élcr}g%dgggng%%sdgﬂa%\t}% égg&l%wngt Qﬁds
channel ext drdisengbesoss Iﬁmthemﬂly, 1 heghbistpeniuod phive tgaisﬁumhmm alred (o

woul d rostre e SR RGeS G PR PRt o QTG &Y sl i T indean

channel . Hiifikézensmnendill uwhtb sﬂicbh @afdl 3tHeON IGRTHD 8SclSi M R 21 @M 6 aWRIdKney
functions across . the array, fromarray to array across _a wafer, and

f rom waf el FHIGATE e HEhgeai PRIFAY S FRIEUR nthibReber phise
achieve full sjhigi daWCQé}dl yh'tl'ﬂe ke tl:ﬂ)gptSJ fl@lfch%?ys Ot %&? a m ture, of

illustrated trenches 50, a single neta orm fhe conductive
mat eri al B@talsEivbprent lkpgkep oéthe ngagBalnt the ﬂmrtum%avmd)@p%mlg dd&istvilics oglmive

voids in g S | C

denonst ra%oeS lJsz)lﬂmqldal Q&"‘%%i? |d§}é fattlagayFl ﬁ?%lclmné’flffi Hn(lj‘élf”i ﬂs?%ﬁﬁ?@c‘@%éd
access dewicheba: the dibeclibes skdiffudoh ant it aalawke|chclappeesidabrithRathd skl of
silicidati Qalécan He chal se gi ngﬂf or material ., within other t tloes of

recesses, YSOCR HsEoReaRte pRrefFably coanprisesiiersdfan o flalnelrihe mises

for capacifRfss, Sapagt }n%fersmﬁ%hﬁ%tm@&&npn%&o&%ht W b@qw% W?%d nRut p-be
bound by theory, t he voi di ng” appears to caused usi on

during t hé0 sh|%cidatSush a saxwicon, nickel cfmﬁrmoh@lt ihah begdnt tpllulﬂécrtm(ghtreadlly
confi nes t enche di ffuse
readily i fﬁ\,%é%xtnll lﬂbxh@‘slgtboq of % deté llye% g\f}s IO]J g%ﬁmgp\glggrl&mﬁ%ﬁ:yg snggq
silicon teodsation Epegdiﬁailenglum\ngdthhe heegitiaane phe@Vsingdvaing sulyisilicideg
trenches 50. L Fur t her nor a high tenperature phase transfornmation
anneal t oVOROHFEAEE PHONLY 0BT BRIHTIBIR B Ssor Bilk Hs egioasisiealny ek dassition

Ni ckel , oRothe ol oipdehanndl THUSERIIRESWIERL Héﬂnéuﬁh@te%'cltélCEQHSI§tQﬂ9
silicon does into nlckel and so al so has a tendency
from device to device across an array, from array to array, or wafer to wafer, since partial

siicidation will tend to leave inconsistent compositions depending upon local temperature
variations, etc.

00064 In one exalllp}e, a sputtering target comprising 80% Ni and 20% Co is
sputiered over the polysilicon 52 to produce the metal layer 55. The substrate is then
subjected to a silicidation anneal. While a high temperature (e.g., 800°C) anneal is
possible for a shorter time, preferably the anneal is conducted at lower temperatures for a
longer time. For example, the substrate is annealed at 400-600°C for 25-35 minutes. In
experiments, the silicidation. anmeal was conducted in a batch fumace under an N

environment at 500°C for 30 minutes.
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to create voids during the reaction in which NNSi is converted into
the N Si 2 phase. 10063] Accordingly, the netal |ayer 55 preferably
conprises a mxture of netals, where at |east two of the netals in
the m xture have opposing diffusivities relative to silicon. For
exanpl e, the netal er 55 can conprise a mxture of nickel and
cobalt, such t44# t hiﬂ dicreed the Wisclopurgibefeirs it skikaldartiernbesnancblyealsht
ot her and A LS ex t
or of er abl 5 Sorarr S shRPb ¥ el f ARGl btk BEE B oF 20
nor e pr ef érabliinse merquexdilyrie sdwnpnlhzmaﬁimbdués il 0k A 0neadl.inSadd Nard agbout
10- 30 at e.of ni.ckel and coba as been found
tommrﬁw%m§%%qﬁ#ﬁm%%WMWW%Wt &me ses in
wi t hout veilidinigelnbihds, Tined @asi ng si gnal propagatlon speeds along t he
word line. In contrast to partial silicidation, fully silicided word
lines are not BRPY noFigvessndidet 1§ are migroaerls slioving neassed.chlyi slicdd
wor k functy en sial Qg fha xj«lﬂpxgg@m?xfthdgﬁelﬁ:ﬂ@%m%ld‘w F%hcoﬁ'okldﬁ' dal QoA
will also denbnstrate better consistency rom'd iTe

acr oss andlair riay, blfomomoas rsaguan@ arasaythe ovidthaberiwto meaftes, asinae alifferent
parti al eave incansi osj tions
Fependi ng ipuie b Pl 1 AGHT 418 A7 SRt RE00E Jobe Spher e e
exanpl e, aegfitd UEde’l@ffeﬁ:l’lgﬁf&lgfﬁﬁEmfoh§| Mee 8L hA0d AW £ané &p of about
sputtered over the p ¥8I|ICOH 52 to produce the nmetal |ayer 55. The

SUbst r at e57 BPUHA ol 8eqH Aot Bmassh 1% iaaeheshrebnREdese whiches veashbel
tenperatugg (£. gglmﬁhsglqg)lma&ﬁgﬁbhbg is 95%%1%'6@ | 81L0%: RagNOLKEL pdikiBB of the
preferably the anneal is con Wer té erature R

| onger t|ﬁgﬂmﬁ%ﬂwémameémgthénghbgﬂmmmé p§ Fagmeall &d 2atafid0) GlepROTef O

conduct ea’t i bar STERE hake bl ko bR PD AR Feekher s oo

mnutes. sifcf 0Q6Es idomting e Dlicohhaiieh e lesiheewhes@istesddte skill ed
arti san can readll select other suitable m xtures of netals for
full si]icidati/8#] w. t RPRTIESEh 65 Pl frp| B8 sgridegtlayess 5S¢ sar bdiredesssd

nor e readiiiniife §blldh§so'£hdt ’H@ﬁleﬁ'clo{/& V\ﬁﬂb:@ﬁ%éco nf its0ak n Ef@lj 55! @8&] %esﬂN n

Pt and Cu. Exanples of netal |con ses nore rea
than the m@tcb,l laxe$efmsé@tmgriayesa 158 m@m b defastdel ©d, thélh etelnad oT@hn@ﬁﬁﬁGJFhe

R e D A e I e e SR

oxi de. Fi Lg;wcesml ar@Ahe aod 14Q4 326 fDWar@&Qﬁaﬁat&B@@ﬂl@ﬂ&)tﬁ’&rpﬂ&ﬁt ¢1B@ens B the OF
twin trenches, at two different nagnlflcatlons Figures 11A and 11B

show cr os$ 88t 181s af-onges e Moskghhwelt vestsestesrd iphigose of skill in the arl, the

word lines 12 have been pitch-multiplied, and have a pitch roughly one half of that
possible simply using photolithographic techniques. Note, however, that certain aspects
of the disclosure herein provide advantages whether or not the word lines are pitch-
multiplied.

{0068} Of course, in other embodiments, the pitch-multiplication may take
place by any of a variety of processes well-known to those skilled in the art.

[06069] The silicided layers 56 of the illustrated embodiment thus fill lower
portions of the trenches 50, preferably filling greater than 50% of the trench heights, more
preferably filling greater than 75% of the trench height. In the illustrated embodiment,
about 70-90 at % of metal in the metal silicide 56 is nickel and about 10-30 at % of metal

in the metal silicide is cobalt.
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trenches, at two different magnifications. The trenches have a width
at the top of about 50 run and a depth of about 150 rim such that
the aspect ratio of these trenches was about 3:1. A snooth, uniform
conposition is observed, filling at |east a | ower portion of the
trenches without voiding. In the exanple of Figures 11-12, after
deposi ting thelCOBR ysiisi edhh B2 qpricgiared Py, thehekifod yatibancon eamrddered

et ched ba tQ.t L ri. .surface. 5 t hus .
i sol ati ng&itg?léemlgl&lui’ glgr%g%?\nc ?Iﬂ? 1% p’? ]ll%@leﬁ? }esrﬁclz 8113519&5%1 @:{Jaf]e?uesgeéég i”‘%‘gf“ T%@ﬁf
Ref er r i ngthaaiz teostdris gur @mblted, thereby makingekhl: dhay e1agind Grozass thee EHRESS el
wi thin the Lr n_c@es .,and are t?%cg.ver ed by a second insulating |ayer
58, such Z&“ST{ SR EPT Bt SEOP {EaF It g represed wogd Ryererably
deposi t edsipndatddesny ateheghtObcRlABALIZ etk subbate GANRUEIM VS 1IRE £5:k &) 1R6
thereby fornms the word I1nes 12a, 12b of the conpleted nenory device

10, and tPREPWSPd 1ines 12a, 12b are separated fromthe other circuit
el ements by thgg-{insukakl e $801 Thu F d .
@ ] ? SL‘#}%IJO' Eibrps ’mt SOIQ%r h %rgoghéf%lnh]g\c/hén%ﬁéen

under st ood by those o in“the art’
pi t ch- nul diffptenedyorlntinttame adpidsshvitowghle estebihadd faf thdhatmulposskbl e

sinply using photolithographic techniques Note, however, _that .
certarn aggera b B EE) Be aFe Ref LRnioptoteie” qamPUERE unk Fer
or not theuvere lehBesnRhe tRikstis acinatddl B ieRingl QW]{A@C tiefihes anro.hé'h a
ot her enbodi nents, the pitch-nultiplication may take place by any of
a vari et yPOrsiipopdessedigeioriasii hosahsadk sRis sy the art. [0069]
The silicided | rs 1.0 i e i h fikl | r
portions of t higg?@encﬁglsh %53&&3? é(% E?I%H 3%‘"??‘??%@%?5%&? %ﬁ'éjﬁ’ 4?89%1%}@6
t he tr encévehdieghubsiaterbl priopp dberiabiby tfentlesnFhgpelaticon lhan (05% bF fihe

trench height. .In the.illustrated embodi ment, . about 70-90 at 9% of
metal i n ARG s e B GG TG e eReY g CakRe THosPstar o Gr be
netal i mpdbe.coedial 4 pldicdsbelet snERRA Hshowd)! st POEQhat AR sMbkd WhE respect o
appreciated by the skilled artisan, in gu(gr eferred enbodiment, the
| ogi ¢ i n tiH@perpphéryetils sigp s abll s siseubimagtedshy itettiated deralgodiment
certaln Olom:fAR0NA05189% ANESORRl SR ner eby making the

chi p- maki ng proc‘?ess nore efficient. ‘In particular, the silicon and
nmet al deposi ti0n738t ep¥ithorettedricaer Fepes $edthaaredciics i@sarpreethed dbbygh the

Pl ancousl k. SR011S ARL R, S SEAB0SR keky e ot s for L e, QU0S

accor dancgbwidid | anPhdiglle geloeit TBRtan theh hé RAABd VR like diBEH iBRARBIMABHhe

resistivi stu st?zgen l'llj,esuglf gsa 11)3}[ zjfigaet%nfoofrthg ’Prglcﬁlurrgfllsjt %rtgotg ?llleypre-existing etch stop
layer G1, no significant further oxide grows over the top surface of the polysilicon 60, as
shown.

j0074) Subsequenily, as shown in Figure 15, a metallic material 62 can be
deposited over the polysilicon 60 and inio the trenches 50. As described with respect to
Figures 9-12, the trenches 50 are preferably filled with material more conductive than
polysilicon. In the illustrated embodiment, the metallic material 62 comprises titanium
nitride (TiN).

[0075] With reference to Figure 16, the metallic material 62 is preferably
etched back or planarized to leave isolated lines of the conductive material 62 in the
trenches 50, stopping on the oxide etch stop layer 61 (see Figure 15). Following etch
back, the eich stop layer 61 overlying the polysilicon layer 60 is removed (e.g., using an

HI dip for the preferred oxide material of the etch stop layer 61), while the dielectric layer
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processed gate el ectrodes in the array and the logic regions in the
periphery. In the illustrated enbodinent, this is facilitated by
etching array RAD trenches through a polysilicon |ayer, which forns
part of the gate stack in the periphery. [00721 Wth reference to
Figure 13, a polysilicon |layer 60 can be deposited over the

subst r at e >fb WiBKR dhe t§nehss Pon WAECES éWc‘Piésmetfﬁllié BEryai 2. c Subieaytlys0
can be 1 btanidepasicheds o dheligedd i

oxi de). e asﬁ(gs? rgtéré1 %anl%%g%tt%{gb%gat t gelr ned a&ﬁrﬁéa aAs[e;‘ingtczllzle %Jgg e%’aﬁ)p
mask ( not bl ar tssuu hhagrst H@tecmieéwen @@dtlwmmﬂmpww 0o and:ﬁhg oredying
3-6. An etch stop 6l is ust.r

rbodt mentCLbnaors o bagduettBet oo RSP et b b et alirde A1t b
Wth refeigacerd G:pbligdria bdth, refibes dfriapehgs He 1r®hﬁ>rj£&ﬁhﬁ;ﬂie Ethu gaigias
overlying etch stop |ayer 61, the polysilicon |ayer

under | yi n§"di'et e Py sepionshd Pohsilicar5at pawanably 'F‘HE‘“*dgEﬂ @t@ﬂlé} actepired
54b can t h@ﬂfbm@@ &&kﬂ%@m@ﬂ%cﬁ het £ARAS ﬁﬁteﬁ@lr&eﬁ39§§orpfa11& Hiﬁfereﬁ %as&nfpl g

11, such as by oxidation of the trench wall e pre-e
etch stop um leryiged 1defime g@ﬁeg foir boday OSang Hféffo%m d@l\@fowswdv gihe vhalyingp

surrace o e ,n?c P,%gly%b 'V% to lr%ijtlo‘% PY\Q%Z pISOé'J gisoﬁqsg)e%ced o]\/%?m?she

shown in E a net I|c eria

pol ysi l i comtﬁﬁlu@nﬂhelgmtaa blecdmefehespsith (W3 udel%ﬂ]ubl&detv\blhbochﬁsmeCl“het o
Figures 9-12, the trepches 50 are preferably filled with materi al

more condEETENE HEFRIIHGPYRST 14 E8h enjure PhEIGH |4idt Petda SRBBaitRt (¢ She
netal lic matenhab a@%ncfgﬁﬂfah%%ﬁch&%@ Ui Jlmcwré G@m(eéﬂ Nk poﬂ;@ﬂzoﬁl 1Y tdd

reference to Figure 16, the netalliCc materi al pr éf erabl y
et ched baekd de oytayiag metdia layd davandiis Gleathettrated weéaoémnmh@rmnn%@mm@

T er il QRN Bord LENGHES A0 AAORPLAG:R (e oXi de et ch stop

| ayer see ack, the etch stop |ayer
61 over|y|ng th@7@p|y3kf¢ﬂ@@uﬂa¥ﬁﬂrSQthSghﬁﬁﬁ%ﬁdﬁﬁﬁu@hmewskﬁglﬁﬁlGHF
dip for the preferred o material of the etch stop |ayer 61),

whi | e t heldmst eepen 111&%1%“1 e H ik R e PR HOE VB “seﬂches 50,

pr ot ect ed shyy tAg tﬁ@ﬁl@‘am&mﬁ@ﬁﬁ et Ot &Q%&g%fay Yeglolm @{1 thé GuilsBMET S
64, 66 are deposited over the silicon |ayer

appr eci at éte b§te stakles okt Péd 68r 64, Sarind OB exteng serogh @ﬂe&teramyllmﬂ%m
the Polyshld son.d 8800y Nubhe0y 95 o M0euIBLal 1 rbBXglsndd. 08

can serve as th ack he per’i
| ayers ar eold%pﬁﬁllfbe]ﬁhtﬂeﬂmbg)ﬁdnsfsﬁ)ggﬂ&&noﬁe],bdilﬂpﬁfl@gﬂ (| n the mam)ry
exanple, in bothagerl phery menpry arra i ons)

can be vari abl w \oed Ptsoghégffléﬁﬁf%‘he 5, cfb%el"_‘le%gf efcly steps etches 11%/‘[ tlhxough the

cap layer 68, including a metal etch to remove the metallic layer(s) 64, 66. Chlorine-
based reactive ion etch (RIE), for example, can selectively remove typical metallic
materialg, such as the illustrated fungsten strapping layer 66 and intervening metal nitride
layer 64, while stopping on the underlying polysilicon layer 60. A high degree of
selectivity enables continuing the metal etch atter exposure of the polysilicon 60 until the
metallic material 62 is recessed in the trenches 50, as shown.

[0078] Referring now to Figure 19, the etch chemistry can be switched
following recessing of the metallic gate material 62 in the array trenches, and the silicon
60 can be palterned using the same mask 76, completing patterning of the gate stacks 80
for the periphery 72.

[3079] Referring now to Figure 20, following removals of the mask, a spacer

layer 84 is deposited over the substrate, coating the gate stacks 80 conformally but filling
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transi stor work function, such that a single material deposition, and
di fferent doping steps, can be used to define gates for both NMOS
and PMOS of a CMOS circuit. The overlying netallic |ayer 66 can
serve to inprove lateral signal propagation speeds along |ines
controlllng the gates, and conprises tungsten (W in the illustrated
embodi menthe Fhesesishthertvieaf Hg amey akndhes Sy lartheilusEricdagbedimphy e eacer

and el ect 1],gaky COMRALL DELLE Yl B L bkl ngadeakon @nd Dagel o

functlons) t'ure he pol ysilicon“tayer
overlylngdﬂﬁiaﬁhmchhagemmﬁﬁ&camﬁemmdthe illustrated enbodinent

conpri ses tltanl m nitride, nor e par icularly net |ch
nitride. 10076]" g@f er Enopd B g’@l'”@ A7 a f"ﬁféeqﬁa'f‘ Spé“feécq{c Wcﬁl ”ftl%{%)s
a cap | ayedav88sidedMr gﬁ@m@fsasatbﬂgcgﬁlewun% rdedRe bdte bhed ko Lmarvﬁ{gemf aligned
enbodi ment. Figure 17 shows the trenches 50, tilled ‘with the

metal lic ﬁamlez: OREOLGES drain agedsi rlstihorrayeip g wayer difcausgitensipowreqepss ot
substrate, l’he JDSr 9gY& \,nﬁﬁe%%é i l%%\%{ﬂ? J%%?ﬁce@@agc Oénh, d(S(@)$ F %g%i 'gﬁ 6t %@g etch

acr oss bot € array region ery or | ogi ¢
regi on 72uaafclt hehsubs spatemalriphationmethe stran® Reavbig e ingdaiiniggup eger &8

patterning transistor ai in the peri ry 72. [00771 As shown in
Fi gure 18%uﬁm§%$?§E65W” ﬁﬁzgggﬂg E@ﬁgg@girst through the cap |ayer

68, including aoget al @E%EIII%@&!‘@&DMQIH&@@CM@H VaGiol1 V@S SdteBdor 66L0S
Chl ori ne- based reactive ion etch é for exanple, can selectively

renove typiteaiiomeialuding squngedirpigl shan@tl cqwhascefelﬁ@ Pl detratedighingsreh
t 6 |
strapping dl”ﬁ‘l}[ ﬁé\)@nl ﬁﬁ";hc.' 4y Jﬁ‘fﬁb%@' H]gth{ﬁqh ""Eﬁ}e cﬂ:h pggﬁ hﬁ%ﬁ%@{}sn@éhm@ﬂg' e

st oppi ng on't icon [ayer of
selectivity enghides cdmblmmbm@nmmeoﬁeﬁgmeetbhzhﬁher1hmbmsﬂrﬂwmﬂmnm&

polysilicon 60 until the taI[ic teri. 6 ecessed .th

P ehehes Sconu it s aam e wey ard TRt 30 kel et ppe
cheni stry 63 18 Skl LHetkosst®lab@bl AEiERARITINGvRFredshBe @‘Bﬁpﬂeldl Ga@atae
material 62 1n the array trenches, and the silicon 60 can

pat t er ned fursiedgbetreths ankstieskd BeoncBipIad Platey it risings- ofY ¥1ﬁ§eﬁé{>%ﬂ
stacks 80, in fhc%rcogl St of 8(% h@pl%ﬁlx 4081919(,7 91]1}! B{eglg é{reh@%rjﬁ%% 1'slg}llgd HES #

foll owi ng renoval's o a spacer deposited over
t he subst natie;izicandtithe pbll’ﬂlﬂlegﬂttEIDSlBtaISk@n8ﬁ1\6C¢01h¢1’0ﬁOHH$ I ykdbarthgcptslly,ng the

-19 the regesse he t array tr

illustraté 1“8%@&? %?Bh’tme“‘i htg %Etlg? hyfﬂai} éﬁg@gﬁﬁfﬂ?ege%m q‘elm%e(%??d at the
nitride, huhetbe Skialib@theant! :p§1@f§hewl khte 3RS Chathemidiat he paiibar sidéwail
different insulating materials can be used. [0080] As shown in Figure

21, a subsewuenire spadencaibhiorard stbi Gharsulstipgyap on the RAD gates or word

tines.

[0083] Although not shown, it will be understood that conventional DRAM
fabrication technigues may be used to create the other circuit elements shown in Figure 2.
For example, different levels of doping may be used to form the drains 18 and source 20
of Figure 2, and the stacked storage capacitors 24 may be formed according lo a plurality
of deposition and masking steps.

[0084] As a result of the device layout and its method of manufacture, the
completed memory device 10 shown in Figures 1 and 2 possesses a number of advantages
in comparison to conventional DRAM. For example, the size of each memory cel! and
the overall size of the memory device 10 may be substantially reduced without a
corresponding, substantial reduction in the distance between adjacent sense amplifiers.

Morcover, the word lines 12 and digit lines 14 may have substantially different pitches,
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| eaves sidewal | spacers 86 along sidewalls of the gate stacks 80,

al lowi ng self-aligned doping of source/drain areas. In the array 72,
however, because the shallow recesses at the top of the trenches are
filled with the spacer |ayer 84 (see Figure 20), the spacer etch
nmerely etches the spacer material back in the arraly | eavi ng an

i nsul at i ng"edppigehe ggit g y i ighewdagaeaensanatioalt f@zhwv‘pm lineg . For
trenches %911111@9%1110 IB&n@&bﬁnb@&ﬂ%ﬁ% RAD Iwéénlas ?mrv%% of \Q%ICK%HBFS
dopi ng steps transi stors, i'ncl i ng source al n annel”’
enhancenenthilegatdgielist! ok, havg g Ipttt}yonénl adddrie, ﬁue(sLdprora”nnkqlhgtlm digit

The. enboal En o eyl S 15 3 R Ta 5l Fedpedre ibaalga G

processi ngegfally@nshsit@asioione th@hal whle @NkiddWaRedvRREEY platifg tHQictive
illustrated enbodinent, the array transistors are recessed access
devi ces (RAES}0 MgRaPELL e f&“é?l?%e?lw wyatias i therpspipaer apbrrameare
substrat e gl lo@Se GO ERtiKe MRl 1@&@%%&@&&{&3%@ A &re i g&cgq%ﬁ{gr]@ed
in the context of ‘conventional CMOS circuitry in the periphery,

skill ed artlugdnswict belwappﬁ’letgﬁm? end Hetsotes geiipheft atthvansdas (orsadan
take other, for lvani.a d_enbodi ment, the
netallic Iedmgé’g% mt[é 9%&?%2}3: fé]gm?: nﬁﬁlge%%%%%m ai‘%lﬂf’ﬁ‘e“%ane tine

as patterning t(hl)eslperinhWrﬁ;blegatﬁzsﬁtoa&KﬁnxnbeﬁlhetﬁlHHﬁ@lltatebﬁﬂp@ﬂhbﬂahﬁma|
sidewal | spacers are sinmultaneously formed with the insul ati n? cap

on the RAP! gt &dicap Rsicd Watluﬂﬁegencﬂlebéﬁ] WJ&P‘M&B@HMHBW slkew#ion; pf wP1ds-
be under stsod ¢t @I, a %V%Hh&%b JQB'BM%E%@J&' ﬁ@ﬁﬂeoﬂéhh@a?@h%%hﬁ%/ WQI%
used to createf“ er circuit elements shown in Figure 2.

exanpl e, dhfferent |evels of dopi ng may be used to formthe dr al ns 18
and source 20 F| guhe nd t a st.orage c or y
be forned acco dc?flggg tg\ q}ile eﬁfr%a Y %gdn “tgeogg%l? tlli“gﬁgg Sd?%as}f(eeﬁg&g%rﬁ)ﬁga
[ 0084] Asilasd aﬁbﬂchma’fts hhe lﬂavp&eeﬂt@yiguwa)amicl:mm@lemm}h@ﬁﬂ @fe not intended to

manuf act ure t he nPI eted nmenpory device 10 shown in Figures 1 and 2
possesses i, Bhb‘é’ﬁje i ]éd\]/‘éﬁ‘?fl%eglde?% thegipyerpebefstagd @SﬁﬁnTGF%Wéfl hesRiM
For exanplgy, Btheclﬁio%lﬁ‘:doﬁn eaaQJanE'E‘;WBf Yotle®! tor@Bd fiifn@¥enalibusS ichfsstns,

t he nenory devi ce may be subStantially reduced w thout a

corres ponémhﬁgllnlgwbwahmg&i; iy thel ot @frih¢ methpds wil Steepesalchretbad sercmdpadent
f}:c:esﬁ‘ggl Iad m%ml L%?% m?%on %]ig'?s )i{l\% Qﬂ gent ?Cﬁﬂgq ‘!D%é’§“¥lh§€%}“éﬁ4%“%ay
lines 14 'tiﬁ:uf‘k’ﬁ{\/iﬁfdfeaifs agd Eadnded Sﬁmﬁkuohrfoxﬁaﬂam héeimongs id wesid 121 witain

example, in [h referre? enbodi ment, the word |ines 12 have an
ef fecti ve“’ﬁl St"éiﬁ’ {9f! spiriset the invention,



while the digit lines 14 may have a pitch of 3F. In addition, the

steps for formng the digit Ilines 1zl and word lines 12 are
sinplified by making them substantially linear and generally

per pendi cul ar to one another, while realizing space-savi ngs by

pl acing the active areas 16 at an angle to these el enents. The word
lines 12 in the preferred enbodi ment are also recessed, and, unlike

t he | ayout @] vent| onal DRAM there is no spacer using up

val uabl e spa e {Tten the gates and the sources or drains of the
active areas (as rray be easily seen in Figure 2). Thus, the nenory
device 10 may be made nore dense. [0055] Furthernore, the use of a

m xture of t al’s MIAVOrY (Avese RFPMPSiSINgi dati on  of the silicon

buri ed withi A 4si8AES!IB0INGaTMBEY Ve RECAGITAII S Ras? BitoRNYoRdipast two
Accor di Atpips definigs 2datigkivity can be achieved for the relatively
smal | vol unealvsrabt ey bsfoussly wairdkelcworailmesndetinadns aofirgtheitch, at
i nvent i Bestmwperbeancidedost veard linbdseatarbbditwennsa Hage ofdba at least two
present ethiby avay tbe exams, eamalaf, least sapertimt dfrd exededd evorti lnd |dbated
scope obetweenraveatood.ofl thdeed|e dtawnos edingetib tise andirdeviands

descri bed heaelgustnayo bitginihoss etkfimed byasi sdoomd patdherod®rdtsthe at least
i urt henhves @light dine@USe Ty 86LPNRSI to S Soiut é iz01ts farsinghar@es nidna kike
formof the watheis aandcdeyirie dgstiddedhBEfifitNa ABYs 8o n B Vi RewKin
departi fie fra@fet Be SPitbi BOOHehhSed NYARL mreﬁm%r@%wwrgg fl P ond
and thﬁ!téh@Q%V@fle%%F tRAR { ed?ﬂ?% haIfcOM&s 8Ue |rr95r‘}‘13ré§o!utlon (F) of a
modi ficghy, ﬁh@%ﬂ‘ﬁ’f’ﬁ’lcdtécc%l Iql{ﬁt él:i t6 rnCRE g'cré lcé) ahBethe other

t
ISE\lgg?alnfpth lerﬁbﬂ,]e Io%éolar ea COITpI’ Ielébﬁ?org(:8gpfccee aanS { Eim tWO t[EmES

dr ai ns I ni ng a axis; at |east two substantial ly paral I eI

wor d Ilnes defi firs \Eltch et?é est a ort{on of a ir.?t .
word |ine at e @ Vs 99 i Myt ! heyrSE 4 hnlit¢hels
sour ce, b%tr‘ﬂﬂle%’i‘ 4-é34n ?ttirB‘ﬁS ea{“%%ﬁa r\% I"?’he | ocated between

a second of the _at |east two drains and t he source; and at |east two

digit |ines def il BEOedicei PENC e Df WiHTeAR [henstecand Ritef tis

|ines bePREPEBIRIERMeELA] He tRie Haemine SHRMY Tar8eRIGA@Naxi s;  wherein

an acute angle between the first and second axes is within t he range

of 10 to 80 4legrides mamd rwedca enelam tlheviiérdn thedaseisoadgle between
the first and second axes is within the range of 20 to 60 degrees.

5. The memory device of Claim 4, wherein the acute angle between
the first and second axes is within the range of 40 to 50 degrees.

6. The memory device of Claim 5, wherein the acute angle between
the first and second axes is about 45 degrees.

7. The memory device of Claim 1, wherein the first pitch is less than
two times the minimum resolution.

8. The memory device of Claim 1, wherein the word lines are defined
by a width that is less than the minimum resolution.

9. The memory device of Claim 8, wherein the width of the word
lines is less than 60nm.

10. The memory device of Claim 1, wherein at least one of the word
lines has a width equal to approximately one half of the minimum resolution.
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pitches is greater than two and a half tinmes a mninumresolution (F)
of a photolithographic technique used to formthe nenory device, and
the other of the first and second pitches of the nenory device is

| ess than two times the mnimumresolution. 2. The nmenory device of
Claim1, wherein the second pitch is between 2.75 and 3.25 tines the
m ni mumresolution. 3. The menory device of Caim2, wherein the

second pltch proxmat to t re tines, the
resol ut i on FEEQ o‘g‘?/%egq%?& ! rjn:]5 V\?{é’r“éltﬁet‘ﬁ%c‘lﬁ%n%ﬁ&lté’”e
bet ween® 1”?1%"\“?" NGRS &Wﬁ@”a%@@u 0@1%PH #e range of 20 to 60
degrees. 5. The menory device of Claim4, wherein the acute angle

bet ween thel®i r5ie AnamesydiRriageaf ¢Laim f hivharré thageo ot lingstasesiprmed
degr eesby@ pitRe-feubliyode¢hBBIUsF. Caim 5, wherein the acute angle
between the first and second axes is about 45 degrees. 7. The nenory
devi ce of d aBmThewnhereny thgidd oftCleiimch, ivehéress thieamwortdwines res fully
t he m nigaesgsssol ution. 8. The nenory device of aim1, wherein the
word lines are defined by a width that is |l ess than the m ni num .
resol ution. 94. Thee meamroyy dimice off Cldiai n3 Swhalerrekntobhef widdWoraflirtdieis
word | icesetdspdlessattbanoBiirsolifse ahe toRaosthEeyt fea af twid araink,
wherein at | east one of the word lines has a width equal to

appr oxi mat el ys ongn haddgrated f&ﬁcmlmld@h%ﬁgﬁ]@l ution. 22 11. The nmenory
device of O g md& tWoehelmotPedih rléltngI %@Slbagf‘ wPldrk ‘%Wa ing
lines ig;hRidveeRs @ P‘“’—)a%@ ﬁv@ & HG ISl t‘?¥t‘ 98 P r?dlmams

1, wher glp ddifg ddes desi he é(t R Rk b 6’ \f
13. Th
recessgg??e]n;j, ty | % é’%tl ﬁv m _eLéQ V\%@I‘Vg%n a salF]gc—f\ S%CCHEZ the

word lines’ 1s 0 S. e.and t of t af.

| east two dri H%as ﬁp&@%ﬁﬁeﬂ tWc@ ?urbﬁ VEST g% Sha' 99 5%imes
a minimum resolu a photollthographic tec nigue used to form the
integrated circuit, one of the at least two digit lines being coupled to the
source and extending along a second axis;

wherein the first and second axes form an acute angle between them

and wherein the word lines are defined by an effective pitch between 1.25
and 1.9 times the minimum resoclution.

16. The integrated circuit of Claim 15, wherein the acute angle is
between 20 and 60 degrees.

17. The integrated circuit of Claim 16, wherein the acute angle is
between 40 and 50 degrees.

18. The integrated circuit of Claim 17, wherein the acute angle is
about 45 degrees.

19. The integrated circuit of Claim 15, wherein the pitch of the digit
lines is approximately three times the minimum resolution.
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at least two nenory cells conprising at | east two drains sharing a
source, the at least two nenory cells defining a first |ongitudina
axis extending between at |east one of the at |east two drains and
the source; at |east two substantially parallel, recessed word |ines
intersecting the at least two nenory cells; and at least two digit

|l ines defined by a pitch between 2.75 and 3.25 tines a m nimum

resol ution ( b of ayphotollthogrﬁphlc techni que used to formthe
integrated cfrcuit SY§he Mot YHB™5t"Y-east two |g|t I|nes bei ng coupl ed

to the sourtl 3SRl %gﬁﬂ%}pﬁ?ﬁﬁqaé‘%@@ Wherein the first
and second aXe¥CioHREAlRT EYardliEsee @Hgttﬁ@ “‘%‘H\%i %é@%%tnatﬂfé’t'on of
wor d I|Wé‘éc%r”éte(ﬁé?F%W%?Cﬁﬁeérﬁé‘cﬁ% pitch between 1.25 and

tines the mifl At B¥8| diibblinesehaving Ankideh Rfedraatet dinanotwel %1“%31513”
wher ei ntiffs & i@ iAngh ergsP!ubenwden 0f0a aplioBiitiiegradyc texchrinee used to
i nt egr af@en éhe cuistest. a@@apinthe, atwieaséityot tigitaliue e beigy eelestridsdtmeenpled
40 and BOtlyegreese. 18. The integrated circuit of Claim17, wherein

the acute angle is about 45 degrees. 19. The integrated circuit of

Cl ai m 15, wh2teiThe heyspetclofol|dime 20i, givherdinngse ipStchps @dott tHrge times
three timesninhaum mesumties¢Futdfome BBoldlithAgsyshienedopuesisgd tarform
active gfecgys@mrising a source and a drain; a word line formed by a
pi tch-doubling technique, at least a portion of which intersects the
active area;zand i Jyadsin bwacdigi ol wr@éré}avmw a%ul%télfbéﬁdgfr?@é%r first
than twey@angugsfidifaliyt by & ﬂh@'é&’t@‘n"d lgdtive’ n( fe %ou"?‘ce and the drain,
phot ol | {0 r%omfftﬁee%hgc:ede%‘éff %ﬂ "FP‘E’%%@%Q‘%%Y r and
The sysmefﬁr b@@geo \ﬁer ern % 'léctgl t ch |§Habo%? R%r ee |ér:lretgeetw

m ni mum r éso F) of the photolithographic technique used to

form the syzsgen?he system of Claim 22, wherein the acute angle is between 20
and 60 degrees.

24. The system of Claim 23, wherein the acute angle is between 40
and 50 degrees.

25. The system of Claim 24, wherein the acute angle is about 45
degrees.

26. The system of Claim 20, wherein the word line is fully recessed.

27. The system of Claim 20, wherein the word line forms an angle of
about 90 degrees with the at least two digit lines.

28. The system of Claim 20, wherein no spacer separates the word
line and the drain.
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22. The system of C aim 20, wherein the active area defines a first
axi s substantially along a |ine extendi ng between the source and the
drain, the one of the at least two digit |lines extends along a
second axis, and wherein an acute angle between the first and second
axes is between 10 and 80 degrees. 23. The systemof O aim 22,
wherein the acute angle is between 20 and 60 degrees. 24. The system

of daim 23,5, é%f” @gg4 ﬁgbetmeen 40 and 50 degrees.

25. Th t I b 4

degr eeg fé% jﬁg{:ﬁ“ ar h?ltsﬂrﬁ;g\ﬁgs?%&rcae gH ?Lﬁa\s)} two
recessea ﬁfj line forns

angle of_ gbbh 3,%;&&%%%@3 legﬁ ' S ETInG prasoorsh B
sYstemée( BRI gﬂ harieh Yoy o BaE dPcalsh Patueer Tut @1 INeral st o
the draflffN542%9 t iode SaEb APPEY Piy:0T SEEONEhVicAF | §ne il aezted
active Q?B’ée%%r?p?%%a u?t:leeaaﬂdwadr%%tartwe@roal.rﬁ@ d8fiining a
first axis; adigéddre £QpPashse dne isqurge parchitraringod dhIrir@@gsf or ning a
second axi s, WAEreinefie e ¢uid it dhird akestarsogeneraky | pe@entipetane and
a firstwhEreteaatadel#sangifo bedwsiensthndirshengolvick axesdsavithémsbeaange
portionobfladosetolegraesd |ine | ocated between a second of the at

| east two drains and the source; and a digit line coupled to the
source and f®®mTige andrhioryg dediise ofh@laémn2 $ hehseciontheand utdiand)l @tegween
are gengreafityt ped peindiaxdails appdoxivietiedy) B 5ate @@dse angl e between the
first and third axes is within the range of 40 to 50 degrees. 30.

The nmenory device of Caim?29, wherein the acute angle between the
first and third axes is approxi mately 45 degrees. 25
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