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[ 00011 Thi swapphi/saion is related to U. S. Application NeCT/US2006/033420
11/ 219,304, filed on even date herewith, entitled PER PHERAL GATE
STACKS AN RAY GATES [attorney docket No. M CRON. 338 .
and U. S DVI |cat§‘|%g}1fﬁﬁo. 11/ 219,303, filed on even date herew tﬁLTENT
entitled SI LI Cl DED RERCESSHDY SIELICOM Y@UTNBWPRIOCKSE FIN®W

M CRON. 339A]. Field of the Invention 10002] This invention rel ates
generally to integrated citrcuit desi ) ticularly, to a
layout for minimzing ar eac-r = s AR0Een B i ze. Background

of the Inventi qﬂmhtPOO3114114\5;3@10@@15@%1@6@&) 0. K@ﬁ]ycaﬁaﬁt\‘@r $1/21 904y dic0@n
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circuits, ar constantly being decreased. [00041 The trend of
decr easi ngﬁf’g\gﬁb?@s’g ‘is nost evident in menory circuits or

devi ces, such as dynam c random agtEsSShdmpdiices (DRAME), static
random access menories (SRAMs), ferroelectric (FE) nmenpries, etc. To
take one exanpl IBOUDRANT 1S yipiceaPt JeldengsnPaly Grtegr e CoFil drsranaagy more
circuit el @{}F{meﬁgoW%Lﬁ?@f%%%]ngedéaﬁvhﬂ %ﬂﬂﬁi?ll@%&tha‘é%?’eon a pair

of nenory mprises three el &ctrical deviceS: two storage

capacitors and an access fl el dﬁﬂgkammpﬁh_bmmm a single source
shared by the
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that can eg&hnaker @01@151@111? f)m(&l NaEdos Giphdity0f andat@ergA dfﬁ&lei‘:c@znmbmodmn
witten to one of the ce | ocations through the transist

read by sehl§i—in@1Céh\&%@@@t@rﬁncvﬁ%al&rtaﬂwn@}l%P?laaéedﬂlfswﬂt%ﬂ s%%&l@mtc these
el ectrode gi, &t?\,dulsf?&@SlgmB% e c&gsuh!ast HaABS cgtmmglseﬁé&l%%maevm and
el ectrical "devices an conducting l'ines that access them the

si zes of t heernemestylidewides thac&rpothat fegratddesiecuitf.earcurles C@@Wlﬂﬁé being
decr eased. St orage capacities for a given chip area can thus be

i ncreased © E‘EI”‘fa“gtl ng nore nmenory cells onto nenory devices. W
2007/ 030346 PCT(OU@ZZ]OOG/Iﬁ@%ér?cQOf decreasing feature size is most evident in memory circuits

or devices, such as dynamic random access metmories (DRAMS), static random access

memoties (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: two storage
capacitors and an access field transistor having a single source shared by the memory
cells, two gates, two channels, and two drains. The pair of memory celis, therefore, has
two addressable locations that can each store one bit (binary digit) of data. A bit can be
written to one of the cells’ locations through the transistor and read by sensing charge on
the drain electrode from the source electrode site.

[0005] By decreasing the sizes of constituent electrical 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.



[ 00061 The continual reduction in feature size places ever greater

dermands on the techniques used to formthe features. One wel |l -known
t echni que | ¥Ophoticbist hogr aphy, commonly used to patt er redeadzuressszo
such as conductive lines, on a substrate. The concept of pitch can
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such as | BR&Y| PW%‘PTYO%WMH‘ECPHbHFﬁTE’Pfl BrSdE‘F distenre Welvetresyidentical point in
phot ol i t hagy %m&l he ek auesy; E@M@fe'%ﬂ:‘s wypi'«cnlm%ﬁm%h @Wag\mt& {4t &uch as
particul ar photolithographi c t echni que cannot™ rel 1 abl orm

f eat ures. ’lﬂl'h‘qi»@ldm nisere pespit.tieteh can b@:‘pﬁﬁﬁhdﬁyﬂw afrepf bd widh lgf,?tha feeinic ahd ef
variabl o TR0 Frbidt PR Rl el TSR Rl e

2F, pl aces @thdﬂeq}ro&m; cabchl il tenonlifn@adidise asd Zigpht eUGhdigion [vﬂﬁ@ [Ehath,
Pi tch doubl i is gne nethod for extending the capabilities of
phot ol i t hB@‘i‘%‘HP%‘ R hIFIGUEES b BYGn I IHEIR  HARSTUREIM CRDICRC R 8vliRYara

pitch of l)l?tﬁ&zﬁlgﬁ thl(? Eech;[\@fae pdakﬁcn gﬁh@g' e tRehAL U%ﬁw%ﬁnhﬁlhu ﬁﬁéip‘gsed

and described in Pat ent 510, issued to Lowey et
and in U. Sxmpanlyntet equbItq bman@nalNI@ defiong3ae 1T, of fdnel mwlmmmle:hb@r feztmc

2004 by 3 ey, et al th sur es of
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successf ul)]ciyasrcﬂdhm‘etuhhlanmﬁhéeﬂiturabme Eﬁ‘dl(ltminl t hogr aphi c pitch; however,
they also i ncreage the. c of manufacturing. [0008] Anot her nmet hod
for inproving tH 7]den§)i“t‘1§/ “t%igléri’%)ll% WS H&th(f’gn\f)“én‘?)ftﬁ‘ﬁ pg the capabilities of

phot ol i t hggsapfi a Elﬁ@ Q@hlg&j‘&% YeSorddomEPangg D gitdnayautvigf ﬁxtéwml% 1h'zn
device in order fit nore nmenory cells in the sane area w t hout

changi ng the pie cmiﬁh Ls@uﬁglostsﬁehﬂauwrﬁ@ﬂubhdteﬁémd|Cté‘éCJ“dﬁfEdtlhéJ e doteyt No.
devi ce cag, 9§s 5"%‘ @fio"‘t%\ﬂ%? ?ﬁci‘ﬁ% s tﬁ‘a‘?en]'{“A Ip{ir%xg]o 10/)%5 TSl

di ctated by op ternat
be confi gﬂe;aelmbﬂ 2 bctbakjbymusz&cirmmbﬁly, tlmaedhlseosuvdalolfafhmim ﬁilbdil‘pﬁ@teﬂ hei ein by

constant pitch. 009 These t wo. net hods, tch do I|n an nMenor )
ayout  chiigesse Hwée“] FAVERy BEh GYBERArTBATBEST B iedsta -1ﬁgweml¥ﬁ

there is f}hdﬂ@ﬁﬂo n@ﬁhl@-piﬁt@lt H@Qe&f t}flé?,'r di@oﬂgcreﬁﬁﬁmdbsﬂ%&ﬁﬁwﬁﬁﬁé have
greater pitch befween certain el effents, even while the size of the

menory devi ces [@1{18 I nkg\ngiher msthdd g ItTgpl@ffmg e dresityppssaldy Heiag conventional
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pi t ch- mul hicpd l}ﬁdzoeyl' edig it $hﬂ3ﬁ1ﬂ1e&@éaeﬂrith@it|c§ﬂ’u@1ﬁ@iha pﬁth]e Usﬁlg 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 more memory cells, while maintaining a constant pitch.

[0009] These two methods, pitch doubling and memory layout changes, have
rarely been used harmoniously. Accordingly, there is a need for a method of forming
memory devices that have greater piich 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 piich multiplication,

when (he small pitch of the pitch-multiplied elements can potentially strain the

N



WD 2007/ 030346 PC17US2006/ 033420 capabilities of photolithographic
techni ques to adequately define and separate other elenents of the
menory devi e@s2iBumyary of the Invention [0010] Accordi ng:1/0820@33420
aspect of the invention, a nenory device is disclosed. The nenory

devi ce Comgdtvﬁﬁéb aefstﬂm&lgr s LﬁJhkCy téchtﬂﬁ@fﬁ» &C %&eﬁﬁat@léeé’efﬁﬁq_ﬁ{d' ﬁéé)qgte other

source and at | east defining a first
further colprnsed imtmeeaytdevitsso substantially parallel word I|nes

defined by a first pitch, at Igas a E%rﬁlon of a first word line
rgg 1

| ocated between a first of the P8i ns and t he source,

and at |east ajomporti oreeflid $€coBdaspeidof A ih@gateda DREWSEN d&vice is
second of the at |east two drains and the source. The nenory device

father cofpricses Bie PEReEY daiise gPGPESSE ArebstaRpiindgcasyrchvswsd panPIEch,
one of theydte hRA%1cakWRodirghd défilnﬂ‘ﬁfsdm % CALNL& ﬂo&?uﬁﬂ?caﬂlﬁ{eﬁ?utq& f

form ng a second axis. An acute angl e between t
axes i s wiwhispbsidng Abapgelidfva@ lines @lincdegreEs! pichdadnast efpetthm ffiar Btst

and secon ches reater. th t

resol uti Ogvoﬂi:§11n, focau,g bgltwefm ?H%ﬁ z’n]he '%%aé ﬁ»ﬁl aaglsdgébhct &.(S)mrc,& gmdtalf.'éeast a
menory  dewitoa,of al’i;écdnh&vcﬁﬂ hes Io@ﬁteﬂ Berwketd 5tecdnd of 8o ANa R Hyve RIRsnsodndtihe
menory device is less than two_ tinmes the m ninmumresol ution, 100%@}

Accor di ng PECanothHermgy Lt oftheherprssetiteashendiBb hnesaleling gt #c
circuit ?I B, QYL de e T NGt tQB %%ﬁ;lﬁgb&hé E'('J{lpt]edctg M L3eS Al c!n%?c]: 56}%@1}(

menory cells conprising | east drai'ns sharing a source,

| east tmoaN@nUhyd%e#h@J@b@Mﬁ@h@eéhﬁrméwemt@ngﬁiuﬂwﬂahtbmumg@&ﬁéhdn&g
bet ween at,_ | ne. of .th

|ntegratey %??bﬁ? °1e°f erﬁé%ﬁ%%$§%%1%¥gﬁ 5;@e%mbp%% g?&ﬁ? AWﬁJ”m* a
paral | el , riricesseeonwniod (F)idfes phatb ehsgeplingedibRuatusk@as tiotval 1erfﬁm3foyy

cells. The i ntegrated CIrCUIt further conprises at least two digit
lines def i(TREES-BYY HentheE BT BEdRaRd secprd aﬁﬁweﬂz@eﬁmy devagerif shiban two

resol uti om{cE)ncQhindnRROtBLikbRogr aphi ¢ technique used to formthe
integrated circuit, one of the at least two digit |ines being

coupl ed to thel@H@Pcer%wdw@x1emmuﬁgnakmw90§tEEpcndnaxvemOnFmeﬂE%@mﬂy,

he fi h d th
wrd 11 nsts SRR TR T PR b e B AT VB B S s Rt e

ti mes the umil ,mum dr&ss)lsluﬁmgm sQR0: 2pe ACG:@Etdt\ﬂg nﬁdbncajﬂ%hﬁrdeﬁhﬁ@g@t fief
t he present in tion, a systemis provided. The system preferably

conpri ses 'Y 1t“ ‘é“sa‘rxé%ld&?@d;ﬁwf@llﬁbleéSt§BﬁPE@eéhlfa§ mfarda«”fnﬁ and {bE PG d

l'ine formadeByiedadh tcﬁbmgﬁﬁ’tl%ﬂ ('f!ﬂzﬁ%@"&ﬂ']%?tw@&lbgﬁﬁtﬂllﬂac}p@lﬁ IrQRss8d word
which intersects the active area. The systemfurthér conprises at

| east two lidpgintericofes thisaviag tao npimah cofs. grleatiesratddan cringirehed camjirases
times a mdplic, LIRS ﬁogl fn'lc%nde(hn)sd %Er pi?(ﬁ EQN’S&P 9%6‘8{21' §25 times a minimum
resolution (F) of a photolithographic technique used to form the integrated circuit, one of
the af 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 minimum
resolution.
16012} According to another aspect of the present invention, a system is
provided. The system preferably comprises an aclive area comprising a sowce and a
drain, and a word line formed by a pitch-doubling technique, at least a portion of which
interseets 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 (I) of a photolithographic



-3 WO 21107/ 030346 PCT/ US2006/ 033420 technique used to formthe
system one of the at least two digit lines being electrically

coupl ed to tHeigguwee. (00131 According to anot her enbodraensuofuitie
present invention, a nmethod of manufacturing a nmenory device is

di scl osed. .:ARGRE Q1'=,&9tot f?nﬁthh@ sIBLhode & tﬁé’%lteﬁs@tt\?ro'ﬁmt ﬁﬂeq\ﬂegt%dclec%ng]@t
| east one active area is defihed within the substrate, sal

area conprisleht the source and two drains, the source and at | east one
of the drains f ng flr t axis .is defined. At
| east one pair [&iﬁ]’ dL%f(’oh({é g “E’Iq%b eﬂl@??ﬁ@at OWIFH}H‘?“ELHEV@HB‘%? gelogy
a pitch- daubhcmngmtuera@errmrﬁoxy/e;tmb@astscto\éw dhgdodibi Retih@nsehi s0edrae is
above the substrate as well, at least a _portion of one of the at

| east two JPYFES [2pshes leagh paenaiivg Aol slofife Sidiine dieambisteres ispifl rigtize area

second ax'c%xﬁ]ﬁ@ﬁagj 5 QL IRe 3Rd %QHQJ%};?S”%@SO‘MCEW]H heieatd d to§q‘l>1(é F mg'}(% tnt;'g? a
at least two digit lines having a pitch of between 3 5

tinmes a NS v \r’leslﬂ)mﬁlﬁfoam‘( B detihedn fihb?tﬂdl driehegr dphitd Itneg il quéetuséd
to formt r v Acc ng ect he
present i Q\‘e%}ﬂ?% &lemd(?e ‘r%g %evr égelmg ‘g 16%%\‘7: d@g‘eastﬁ‘éomg déev??:ré ed

conpri ses @osubst amtmzade |lay xbetlneﬁrlecactillml(ar B8R oGOMPrhS bNGad tweoUiEReRAd
at least two drains defining a first axis. The nenory device further
conpri ses “HPNNE at Ve fip SQUBsRieliamey seenogiams hildpany arreslergeikivvg: e
second axiigs Als, LeRsk af1RQrvb i Of 116@hawh%%%ﬂ@@ﬁ’bét%@&’}953%?{!3517??1}11\@@?”
afirst of the at |east two drains and e source, and east
portion ofmaimeegathlwiond(H)i vea IRbotmtiddebebineedagsenon doofort Hee abemory

| east two r,al ns and the source. The nenory device further conprises
a digit i e coupl ed to the source and forming a third axis, wherein

t he second and {ﬂ}[hkt[d axesrdnStogNDREAdhYct RE HRAENeGUhadntiocAN0meWBST R ide
an acute ang ween the first and third axes i.s wwthin the range
of 40 to 358! mdég it MEHHDEICVIRECOP BT o8O UG e Hnes pebe 26T cpmensig a

present i n¥eRL L@Nat 18asBIN@E iR T1eifiRf MHRG afis MEAP LY RV G el iy tl% %%gﬁseeg
A substrate is provided, and at | east one active drea iIs define

Wit hin theﬂté«i@tig-t’rpatlésm@allﬁp@'@ﬂ@\)@f@ttle@s bmxpgrwwrgldamgourrlcz@t andtipwof a

drains, ﬂ?r \§t]8 Hrl;ﬁ% io%nuq,c %Etmlegt?gkrs? nlethg IEFS(? W ta?nss a];tg ltl}e soﬁws\ﬁlpg a C%Sés

al ong wh axis’rs one
is also det ponésh oilatsheandtvined $inb Sichial BetheEIEa @Eﬁ:bﬁd of tlw\l@tl’ldast twedains and the
intersectrnﬁ%the at | east . one actrve area and the pair of word |ines

havi ng a pPIEH of BEEOY ayire: W e e Sehd Sgtl e é%‘&ﬂl‘i?‘t foothe (pyresfang

phot ol i t hagraRhL:Ghit@ &Rl Wh@eH S8 sdebnd Bldnhirh Qﬁesr@g@&yelﬂgfvﬁ&ﬁem Alilal el§§t
two digit lines are also defined above the substrate al'ong a second

axi s generd@hdyn gerpdpdnelaltaivacs ttlchélsa@nd dash axghes palin e rapge ¢ B e )
at | east adeBQ[t.' on

[0015] 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 1s defined within the substrate, said active area comprising a source and {wo 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
intersecting the at least one active area and the pair of word lines having a pitch of less
than two limes a minimum resolution (F) of a photolithographic techmique used to lorm
the memory device. At least two digil 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



-4 WD 2017/ 030306 PCT/ US2006/ 033320 of one of the at least two digit
| i nes extending above the source, and the at least two digit |ines

havi ng a pi péghnofopeeween 2. 75 and 3.25 tines the m ni nurrT/es0bBoN.
Brief Description of the Drawi ngs 10016) The invention will be better

under st 0odrfoLeRY & A&k &ld @{jntqﬁ%g E{tgﬁdxﬁ’é‘abo% V}LG HﬂBE eherned Jeast two digit

embodi nents and fromthe appended draw hgs, are meant
i |1 ust rat érghtiviiat a pishiof hetveeth2 75 avehes omes m@mﬁ’muﬁl geoletibn. i s a

schematic plan view of a nenpr evi ¢ eF @ g out accordance with
a preferred enbodi nent of th@é—%‘l#%%} % gure 21is a

schematic, cr osmﬂsaect 0B ahvetide wil &y witet HRleARIB M eV Efailcaldeki @b e
1 taken al g ﬁrl%es 2-2, in accordance with a preferred enbodi nent of
the inverffiBh Praomfoimpdmeus agd Zrofp dhe aprenpe drgpvings o sdudhearei ppral 1

views of aip@nld Q0 «ofdmiS@etKeRguct or device, illustrating formation
of DRAM access transistors simlar to those ‘of Figures | and 2,

accordi ng to alPpHéf er regrentbedi rertmabé pﬂmewpwes‘e“ntnumv_‘,edewocn laif GOR 01

Figure 8 i | t|c cr.os vi ew of the device of Figure
7 after r%ccoggsgﬁg“ Iljlefoﬁedvﬁll%s% m?“r%gp??é’hvgﬁm and prior to deposition

of metal for smb{msq datnlgimw id Nschevid]aneesdvtibhil aneviewhgdiaBahofdctibe
present in entl on. [00211 Figure 9 is a schematic, cross-sectional
view of t K& [d8F detabtn pppgliacsy2-2app @Pc%qlqé}ﬁ%tw—”thl%@*e@%ﬂcﬁﬁbwﬂﬂﬁﬂrﬂfﬂh@
trench and,@dgpgsiting netal for silicidation, in accordance with
anot her enbodi nent of the present invention. 100221 Fi gures 10A-11B
are mcrogr aphﬁﬂﬂil‘)l ustii@teng7f picl 4 yerdis| dfcirdsehectiozcessed ofgatpesiohowf a
nMenory acg, af t 1l at i erfor t he
ot ce of TRl G PR B MG RigH khSHOR & U AU E e BB SR e e
showi ng t he Fpairdsilalnti P, fcadiingab agresed @aduadons deyicsat alveiiglr es

| OA-11B after recessing and burying the fully silicided gates wthin
their trenchesl! (&‘(%24]{9 Iprgtred sdwrpiicressaedivniledewp! drecksics ot Fisival

views of apROfLiQR:fiicsn wHEM t‘BQ%@H@H QM B 6 8epdstil JAS n%tlll ISHILI ation,
si mul t aneous formafl on of peripheral nsistor gate stacks an

recessed a@@@@sﬁﬂd@?—v\l\kﬂegﬂe(@mbwﬁlamﬁDﬁﬂmm@eﬁ@tﬁveﬁucgures 1 and 2) in the

array, accor d'[iﬂ% 0 Luc S }c agg, 0S Qf el he;ail nven;t deyic 2#\ 7

Description of LtHe Pref rred E odient Q[So?ﬁ‘%)i VATY & 1 Eﬁ sf°er e

enbodi ment:gieofpidnbe-ips e3R6A WiIMB NIk Ofer@k &nd depositing metal for silicidation, in
accordance with another embodiment of the present invenlion.

10022 Figures 10A-11B are micrographs itlustrating fully silicided, recessed
gates for memory access devices after a silicidation anneal is performed on the device of
Figure 9, ‘_

[0023] Figure 12 15 a schematic cross-section showing the partially fabricated
semiconductor device of Figures 10A-11B after recessing and burying the fully silicided
gates within their trenches.

(00241 Figures 13-21 are a series of cross-sectional views of a portion of &
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 Descrintion of the Preferred Embodiment

10025 While the preferred embodiments of the present imvention are

Hustruted in combination with a pitch doubling technique, it should be undersiood that

5.



illustrated in conbination with a pitch doubling technique, it should
be understood that -5 WD 21)07/030346 PCT/ US2006/ 033420 the circuit
desi gn of thessipveferred enbodi nents maybe i ncor por at ed’dmgo@my3420
integrated circuit. In particular, they may be advantageously
applied t@Tef QL ABY e ABVAGE M A% AR dinRdnfBf ey iﬁ&ﬁ‘ﬁ&rﬁieﬁ%t dey g &Sated
including logic or gate ar}ays and vol atile or nontvolatife menory
devi ces, suchi. as [DRANKET, (RAMsLY 0¢ afiVaasizeomslyopyliedTvefoimtaegdatiedhaving an
circuits forned by the nmethods described herein can he.incorporated
T any of “Lh Rt FeGe PRy EEREC UeR ASHRofRorduir 6E T Baelif
or | apt opneenputierisss, i isabreansrasMsper siefhadnemdhgi trak iassh et aitcsits
or any of a nunber of devices for which nenory is useful. 0026} The
desi gn an®PUERSY MNP HEOBdcsHPCHBREHY Caai @R tpRAM Y| oA adugiher of larger
accor di Ng st QAN &NROHLABMbAE, ddRoR R IBNp EAMRRES OMpitdiSealdlel US b& oG
in the fié%}ég; ;nd Hesc%[%ed in O?é%tgﬁ}aethﬁ1lbe%&L f&ﬁéﬁiﬁﬁsghre
1 shows adidilelwspfiogs,porty ot minker pedoiges tevilee OnoThi ssefidchemat i ¢

| ayout illustr , the, vari.ous e ectriggL devi ces and ot Iy ,
conponent s thaﬂ%§§ m eSfh%%ﬁhﬂgv?%%a%ﬁvwéyw%%aﬁggyaﬁgﬁ§A8$lwﬂ@gg
conponent scwauhgidend aab@kihaguirshableeent iifveatiunelpusitiis@ial the [gures, and
representation, and sone of the conponents shown in Figure 1 are
artifici alF§iBrSTLhg €08l ¢ P¥m ot her conponents in order to

hi ghl'i ght thei fyghupct i-QRal i tyows The FEHDS }501@1%}{'0?% 1171%1140%( Buk:Ld 1on aRd
in a substrate 11.” which forns the | owest | evel of sem conduct or

mat eri al sehewhiic hyetiedtstiealthedewiouesleerienl fdoyipednd Ther soubsticatsgha fam
0P Y OB SERs N 6P Bl PR et AP s LAl
wel | - knowi gk sesusikichlesghtdiion) hel adhe oWiRNcHigRaEAtD iRy he FRlubel are
conponents, their depth ar. height may be nost easjly . understood wth
reference“PHkFWé‘?%Bgm'ﬁﬂﬁgﬁ%o‘FYPWE?%WB§F¥QFQF%1@3%%§¥ﬂ§@éwﬁﬁﬁmﬁﬁy

Fi gur € 2. 'lzlﬂgg?&%]oz!f: QWicel (p'_@%h?oﬂ\@'icginld ﬂ%§tra]c‘g§-l, \J{ga‘i fohn§ T]léﬂ%@@ﬁﬁ@\/@@b@o
shown in Figure 1' extending along the nenory device 10. In a

pr ef er r ed sentouurisnnatarinbigeviugr dedtiipr deviges apeloemédr Redsubgiang ! htypichlsh
doubling technjque.. In rticular, e word lin 12 are.. ‘
or of er abl yoTBIad By hapiied Rk lFY Rl (ks Bt BBy gramens
detai | w tlmyrsghercaner at & wdi-urvasto3h&e skidietith Svah. aviiealeksibiuethe bhver
pitch of the resul.ing?features may be less th n%%%ﬂginininun1gitch

defined by PR BHot'GF FEHBET BPHI I DEEHRIY By Barer trelgrpcgie the top
enbodi menty,, 1 Matsehufe 1t NGest @3KEL FRGrfeat ures may equal one hal f
the mnimumpitch defined by the photolithographic technique. ]0029]
I n general, pii@BSdoubbingoraaie werdpeecs biamdeb, Byc.tiRe afegilicoshiony is Eguenkte
of st eps, cgéillr!liﬁ&* Yl\%lnla ﬂ%nnqg{}gztyocggzcg >f(}t ql?gepre%léjrgdl eenqaoldﬂnénr{],ethgJeRﬁorﬁ'l&%é 12
phot ol i t hography nay be
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 detajl with reference to
Figures 3-9. Using such a technique, the pitch of the resulting {ealures may be less than
the minimum pitch defined by the photolithographic technique. For example, in one
cmbodiment, the pitch of the resulting features may equal one half the minimum pitch
delined by the photolithographic technique.
14029 In general, pitch doubling may be performed by the following sequence
of steps, as is well understood by those skilled in the arf. First, photolithography may be
used (v form a paltem of lines in a phoioresist layer overlying a layer of an expendable

material and a substrate. This photolithographic technique achieves a pitch between

-6-



used to forma pattern of lines in a photoresist |ayer overlying a

| ayer of an expendable material and a substrate. This

phot ol i t hographistachni que achi eves a pitch between - 6MAIS2006/033420
2007/ 130346 PC1/11S2006/ 033420 adjacent lines of 2F, as disclosed
above, whigh.pitehsi s lkm.te h t r.act c

photol it hc;gﬁ(écgﬁ y[%hr n§fong etrgrbglé?br{%% ﬁ}oggl gﬁ\?\%h ?tlr;:[?t gel Iggér?s tbg’ ﬁ ' Bptfc‘ll
100 nt. Thkhzagiartes b6 photplitbadrafhor Istoabenxbbdmﬂm% dt ts pitioh o:ita mhg@baﬁmnta:

t echni que sed to. defin S n ot I i t yst
Fequal's a80TSK lides TR ot e s Be Pagit G e
appr oxi matiefiye [Z8&urds Min Q0301 Heraphd Jhte@f Tﬁﬁl‘ﬁmslz ]ﬂ@’(lgﬁtﬁﬂ}n&ﬁnlgy\ﬂlﬂe in

phot ol i t hography is typically also fined , as woul d be well
understoodn‘Pﬁ?“tbhﬂglé Ek‘il‘lap ’@Ptoﬁ“t‘ﬁ‘éyaﬂm The pattern may then be
transferred by ;@Roet ching,SHeRr {Rf §he'RBhY

| ayer of expendabfe ma]t e?[]l a} ther]elbyd%? ‘ Bﬂsﬁ&ﬁﬁtﬂ%&%’[@& tﬁ@al A
mandr el s |dnhrte|delSI10er<:lua§/b¢ weTrhmdexfsth@ct by émsstslulledtestheart t]l’ierpalﬁ:em may
stri pped, opi.cally etc i ncrease
The o ot aid el TRTRRe Py An T Mamapr S Buabef iy PRdoneiShcer
bet ween t hepenngilghagdiia) ghdreydoshis g ipfactREdLASL thdnkin IIE o103k Zayer, The
Alternatively, the isotropic "shrink" or "trim etch could have been

per f or med PREOERE RfPefandhen e stieged fand Ahe gyandelvetan |bsyaqtropically sided to
material nRY.then e, deposi-t ek aelind &%1]5@ﬂdﬁ’%f§m¥l hhéchs?l)ﬁ%b&@ccn the

material covers both horizontalf and vertical sur ces
mandr el s. n@[&h‘@emg méigndests l‘inm@M:ChtlOIeftteﬁHf?ngAiteﬁnE(tmb; tewalrbgic §fhrink” or

anot her er| t here on t i des of, the mandrels.
by prefer em f]ll‘ (,8‘111? hlwenéee[n £ foB%%({ert%dﬂ t‘e"FrSﬁ“ ﬁ‘ﬁr ToH Hséc‘?{@?’i“}agﬂ?y&f of
surfaces ispacar dttul’eﬁ@lt inandlen bspREGLc@bER. thel RRnHRRAI T NG yFRITAERE:5a] A €ers
then selectively repnved | eavi ng bghlnd only the spacers, which

t oget her MA aukonal andnaficel spriscss P& g mppdr q*ﬁuép’wx‘fawef &> Baripb A igpding,

2F, forneroy, Lncldded sfoBat hekRa gt i 8- OREndeat He&i@ndr 91@%1&%%?(9?&)
the same W dth now includes two features and two spaces defi ned by

t he SpacelPSGJCI}Atsméb’rfé‘éulhg thet $pacas rredtbre tironf dlag hfmezost‘tt @ul&@m gvablieciith
a given ph }LQII %?E@nmm gc l%x}aéy‘ %ﬁl@%fsfeﬁgitwe dy ]f D\’?(_ . % ﬁ!g}gdbuh d} Lfl]?)(l)n

nmet hod of e repea

in the si zl&, @fmbi‘t ha&uéleat,uhﬁsmmct hs bemagh Eﬁl;bﬁﬁcﬁdtngﬂ TgtLathere dgtad bitch,
bel owvmtq“refer nce to Fi ures ? 9. 100311 O course, as would be
vel | knowt!'s PPPRSY Hefuded g %%&‘x sinigg opg, Ealish anch Rpg AR, dtecRmenyidiheew

t hi cknessegsofes the té’f@tﬂ@§ bltxdagvc?‘ Rae&r (%fﬁﬁ@fy b?%hé/ ?1’5’1'0&9 tQ ALRIEVIfe 8maliest
variety of feature an sizes. In the illustrated enmbodi ments,

i
wher eas t Heturphige @Plilt:%g? \al;ﬂhﬂ eiveecheiphiectanlyic tesbolveisa it ehy dfcr @ped.
the featurgs, | t.he. JF .
thod
e oty PR LGS, 4 IS MO T N
and adj acetmatitmnred, \lrz‘tinﬁshgbﬂﬁ;,d 2ot dbdd bel]nﬂ\dwah ectfaepanaFaurdp-4.he
same wdth, F/ 2, . o
jB031] Of course, as would be well known in the art, the extent of the
shrinkstrim etch and the thicknesses of the deposited spacers may be varied to achieve a
variety ol 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 nstant 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, F/2.
Meanwhile, as a byproduct- of the pitch-doubling technique, the separaiion between the

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



Meanwhi | e, as a byproduct- of the pitch-doubling technique, the
separation between the spaced-apart word lines 12b, 12c is 3F/ 2. In
a preferredienpodviment, an isolation trench -7 N 0 211)PZha308463342¢
PCT/ U S2006/ 033420 is filled with an insulator and lies within this
separ at i on; RRIMRRR oh heseyord itd Qﬁﬁuﬁl-a)ls) se }dlllg&"l LEANEY Blese LrOf lrb‘ngZb
enbodi rrents this isolation trench need 6 be present. (f 5

every di st aridewerer3p OIIIbhéméothn@th,vt@Smiﬁon el neyd Jed)tdnerpgesvmmt may be
referred to as effecti i of F I en raI

lines prefer ab[(ﬁg hav g&ahyel E sl TS O{f%?t &R Bt \Age“%’ Egﬁfyéﬂfﬁnﬁwgéqn@

course, the rgar ctcl eudsaan piitdctike tpse}d of @F/’)de\fdbﬂaebehdﬂ@llmw word @8esl FeRh
an exanpl other embodi ments, the word |lines nay be fabricate

L
by nore cgﬁ‘():e%t %%ﬁéﬂ‘“ P %?ﬁtﬁﬁeésl 2%ntndo] Peh Cdsawrs. rTB REEE potitchases .

I'n one egbodi BN fids 1@%@%11%\;&15&% WR G ehet | lc‘:lﬂ@&in@i@ﬂib SRE N AAN S Gt D
of F and may be separated or sonme other width. I'n still
ot her enb&dirspd &Yy mph@%ﬁlﬁiolnﬂ rté@mcmé%dnhpﬁclﬁ@ubbmmdmt paityed. n one
ei t her. I d ne.word.lin

t hr ough e% Hgg%?ﬁ vgma!r'{ellgﬁﬁgotggg%lil'ﬁ%%en Pr e lll Rt R BRIy ﬁé%\/\/%]?(g Iy ﬂjees
12 i s not sapasidol ey FreiFidgurnresoe doldr ,witth. 18 stily [@ll&ﬁkmbﬁi}hlr&ﬂﬁﬂﬂﬁt\f\ic@@,lmus
each word I|ne %2 may .ext end .across hundreds, thousands or mllions
of transi SEEHE! PALOTRG IR BB (e SRRlc i Rag erpbodiment enlyare Wbl
to those @fed [ﬁkd{h}m%mtdnem\néwt he word lines 12 are typically

el ectrically cou to a device, such as a power source, that can
pl ace a curr eni”ﬂé%lr osdhe Retingded ¢iibe vord lgres éd js mdie'iqﬂdmf gourlces!, in
for t gecgﬁpgg h 26RieEaalgh. 0L LRR L COUBLRG R (BrpSPhdd B BB Anas o
conpri se mmﬂhy@ietmﬁamm:oﬂdﬂmt @Tg,;;b sfumb vasd ahdasl ns ﬁtowehtkmmqh t&@ﬂu@nof

I n ot her odlnents t he wor nes 2 nprise an n-ty

sem condu(‘,l{rgr‘“ et lch"PlldcllulfFéqztaU?ﬁ@B’tC@:]iy ﬂPCt‘d‘f Hilé‘ rCOBJFlhi? [4f F?‘”C%é‘i‘fé\flsrﬂg
material, pascd SuMel thatkdR\Whct @ hiROs 8 cRks SKivdrd life tNE0REL - thd Porw@Burces
embodi nents, the word lines 12 may conprise a variety of materials,
inal ayeﬁ‘éd]f fifideten 2 ehericaly souplsd e 8P Bohongur asheny cor0oB81 The
hori zontal |in eenyin g r b it ]ines. l1l4a,

in one exenpl aﬁ@ %rrbodd OIEAI H{[ﬁ&na{’thﬁlgf Q@%E:h%%% ?’h?esée0 “ge t rpnél

i Il ustr at egniasndbLiol, mucEanmheonldopled; v\emllﬁ)lonﬁ dnl%theﬁxl@nmbﬂmh:ndotﬂalwmg linas
been used Lo formthese exenpl ary 9& =1. Adj acent dlq t
lines 14a,'* 14% a%‘@“&&ﬁ:%h‘éé%’& SRR T é“r"‘faé(f 0 H“f%é?‘?tl TRy stilarly
di stance, bétal u@@@@@l #@%s Well- MndilOWBoskof SEYA 1 Qri2fn sd@ebddeieaf, dche
digit lines is pre erably greater than 2.SF, and preferably |ess
than 4F. Werhwts bl oen-cdowbbs Agatiey i puiedals tihg layoubrmixedior chepicaty
course, | r;plp&ggmp[ygum%nphot ol i t hographi ¢ techni que used to formthe

[0035] The horizontal lines seen m 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
Flgure 1. is equal to F. No pitch doubling has been used to form these exemplary digit
lines 4. Adjacent digit lines 14a, 14b are separated, in a preferred embodiment, by a
distance, illustrated as S in Figure I, equal to 2F. The pitch of the digit lines is preferably
greater than 2.5F, and preferably less than 4F. Without pitch-doubling techniques, the
lower limit is, ol course, imposed by the photolithographic technique used to form the
digit lines. On the olher hand, near the upper end of this range, the photelithegraphy is
less precise, and therefore less expensive, but the memory itself begins to grow too large.

n a more preferred emabodiment, the pitch of the digit lines is betwean 2.75F and 3.25F.
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digit lines. On the other hand, near the upper end of this range, the
photolithography is |ess precise, and therefore | ess expensive, but
the nmenory Woselfusbegins to grow too large. to a nore prafiensmwasizo
enbodi ment, the pitch of the digit lines is between 2.75F and 3. 25F.
-8 WO 2007I/1 31Q‘?‘ﬁ§<,|gg%ljs t%?cgﬁﬁjllgg%%%% be&hsleﬁ ]ﬂ{eaélgc?oir rgglliu?’? ﬂ%ﬁ’ fhd thc i
desirabl e bal ante between the ease of manufacturing of
the chip. of nwt tep.i Il st Miast&decembbuﬂlmemt thet digit dingd 114 Ihnwes pligh r@a\m aof
pitch of different w dths and

U,
spaci ng ar‘“gulf’foéi ?{gT] C”%f%]i%l nge\l/ﬁ”tt H’lﬁfﬁﬁnﬂg\%%?lﬂ% F\%BOSEQ’E ‘the entire

| ength of the divgst | |A!’Q&€11hll4|ie iveor@lis& 12NeHe et 10l 8h bR Bned 148850
the digit Ilnes 14 typically extend across nany transistors. At the

edges of tREViEPYilt K f&urreb apg thexdieit dingiel 4 tyripalied e@dﬂﬁ@gemaw gigisistors. nAt
the art, til@ugkkgéftthé Haﬁshnes:,l-flﬁr aarbqs {w¥1ﬁ)'kﬁ&{ul ¥% tﬁ!)s%cc}f kﬁlal 3 tM 919 qﬂé g%lith?les
current sense anplifiérs, and thereby to a power or t age source
Often, thé4ﬁ®wew0@buﬂ@egﬂﬂmpomﬂ@iMMgnanwmmesﬁmhhasewdHe@cbm@rnﬁmmtw
coupled esult of th
Ml S o i R A R R R bt A
may be spagedrfantighk dﬁﬂe@mqaseu@melt hey a reki@l @¢hagrotd@ldked PrdhaCHMEnNEe
tol erances, .and decreasing the |likelihood of capacitance coupling of

adj acent Al Pesil Griay sense goRivhcts maybe Seveb T e om Che ARt el meshea

conprise ,6QRdUGhHL NG ARER! ana S t C I n
ot her enboalnen%s] othgﬁ %08336#%$§9§%{H§2§$@gﬁ%d%fgﬁguﬁgyﬁgé‘%?%u?f

as is wel ldknowdistisigniiese of skill in the art. [ 00381 The other
features visib j ure active ar eas 16, illustra

i thin ourvi | AEarTe e ShEelBE g lein Bl Tatpiie s il Ped el
relative toclt he @x@&aP oppert he divel.t Ini p@er ckibesigndhectangl esmductors or
represent a doped region or well wthin the substrate 11; however,
in ot her ERBEHIHEIFSTLY Mewsdrasdt NAYKB Thedbrsasf siildpt Beaft physi cal

structures or RLEri gl oWt maﬂm%rwya@m ERSEIRLY dav %slf% ﬁﬂgtlated
substrate 11. The active areas define"those portions of e

menory devﬁdQIQQWﬁhemLemn@hﬁnWhmbwdne$¢eéU1MFamem$mbm§maﬂda@ﬁexusBof
typically , .
trench i SOIIS a(tllé”tglil{ni S?.l‘%e%’u 1eftdné:lcésnl B})IGF% gplo%edl re Ig\r/gIrl]g\ 1‘ihﬁ1‘hne sub) va.l%cl 11

ar eas eaCthGJ@fﬁth&)G}et wab@thmems L!;&ea&dang&e nswmeepza@nt ﬂi’j@mﬁl&ﬂﬁ@t&re@ﬂd
drai ns nmay be Iarg smal | er than |IIustrated in Flgyre 1, as
vel | knowrled!s Hosa %fupewlpq meophgevaser 0 ey OrRfe dils lﬁé%‘é%ﬁﬁcéhl%d

in any of d@hﬂuﬂpfer Jt}?tﬁon‘é’%}@he NELbAKROWD 15 Qiat BRS8N BE1dSdeiekd (A RistRea Rl dre
(0039( In anot her e odi nent, thé active areas may conprise one

source andypiowe sdrainded Wh&eli isolpife @@m@rde(e@, fholiore drepdrisolehen dildt In
line, and t ele(fja,rua Il utnltbsdn E«'\:P?rﬂe}stsee dcuvc%mas 6‘10 81%§}r1§3e[\&8yd1c%ag\ﬁ) E§ (?ncf 611%%%:59

1C
such an em6
20. lhe source and dr’uns zmy be lalger or smallez than illustrated in Figure 1, as is well

known to those of skill in the art. They may also be fabricated in any of a number of ways
well-known o those of skill in the art.

UG39 [n another embodiment, the active aveas may comprise one source and
one drain, wherein the source is 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 o the memory device 10 in Figure 1, but there need only be one word line
passing through ench active area. Of course, in another embodiment, an active area may
comprise one source and one drain, and the memory device may further comprise two

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

0.



simlarly to the nmenory device 10 in Figure 1, but there need only be
one word line passing through each active area. O course, in

anot her enb&di Went3+an active area may conprise one sourCrUSNG/CHEY
drain, and the nmenory device may further conprise two word |ines
ext endi ng |nearqtshewast F%@leqr QR su UM dutidtRkns il Wl ¥atiQel Be g@t'h re&nd
word lines -9 tA: 0 2007/ 030346 PClYIJ82006/033420 12c, 12 shown
in Fi gure bebwaen mwuann%%@dmr@n@wd@ freupdgot gomid! 9fj 1h<eB'drrm;yorbot h

ext end betmeen r ovi de_r dun ant.c

of the transi st o(%ﬂ? 0?1%333%&1 ﬁu@%’r af]ggq 1ghs Pm“tmﬁlef 4}”?’{%%& e
pr oxi mal ﬂ&ﬁl@mdupre&mnabhyzahﬂwees@sﬁe&@n@uﬁeza& N&&&Wn&@ﬂ&ﬁ&oﬁﬁu90
t hat Iies.inﬂpheﬁg ﬁ r ow. ile, each source 20_is
separ at ed 't 0Bl {'Her éWH@ PR TR &S gﬁﬁﬁ@h@“ﬂWﬁﬂ%§ng®B¥lﬁﬁﬁdgl|Hé§“°
12. I n onemwahaed: fBOteurtden §1QPH}Q1§1:;21Q§ anchrie ah nsiyd8 %&ﬁ%(duéﬁn@ﬂmlcm
n-type senlconductl material, such as silicon doped wt

phosphor ousclofs &ah%anﬁgmyc [ Wil P sRbpTONASB ARtiraNItYS [N tobfesr §@1¢rpdfelel‘a@0lhanduzte
drains 18 (o] 1 = A

fabricat ed@?%(gmf?ngt §ﬁltz%?zél %l% Sﬁq@c s:%ﬂ%% ?Jt?(h& thtt{]n%tyrEB [dbuﬁated l“ﬁ’
in the artothdr mlzﬂacits at hewalblmoe RO0thasedof dilaimise b8, Nedaetnok sbarce 20 and

fabrlcated)froug samne. congg nds 100411 The functioni ng of menory
devi ce 10 “14"bri &t QO eSRDILRIed T the S8 SYERUBIY o Fi gure 2, which

shows a cross- $@eti| onameV i@ @finone Rkmbhe degtd M@ ar 888n ] BliscubH @vlt
further discussion of the basi ¢ manner in which DRAMs function, U S

Pat ent No.'efeBngRIFiggy 2, Mdidliediows 2 Seebyedtiond| view whpehof ejsndor persatted
by reference herh lid s, IE%FEM& X“uP]}c;'xdhl &M&?gﬁ@%?’h i 9F € ggém No.

detail . 10042 As shomn In e drain Solrce

conpri se JphﬂthﬂsmnmStdﬁeﬂyemﬂ mekaUsuebymfﬁ@imymﬁpﬁkeﬁaﬁﬁ&@&m@hnmne

substrate . quq refeg g enbodi nent, the source 20 and drains

18 are fab %ﬁhtéﬁ 3 31%Ee2hi th the substrate 11, and are raised

relative to theysyrface aioutm suhst patie ddinbY sedehidigecr | idrblir&e
wafer O substrate; in another arrangenent the source and drain

protru5|oﬁémabémﬁdWﬁwabPh“§%Yé@tﬂWéﬁéwﬂﬁﬁkphwedé%ﬁ§ﬁtTbnhUQWhQENNEG
Lechrl ques, #elhsdnad shfod NP8 Qi sl dre 1fbrohify A be-(IOA R k. OB imuce
e igit I'rn ocat ed above

enbodi nment east a portion o

t he upper ‘S umfdac'eh@a‘e{lseiummao 2 suAlgcd bl ths twbatrad 1 roy Iétugianga Bondlhide water
source 20 is electrically coupled to the dl%&# |ine 14b bX afdlg%%
line plug “22 " MAfeH" prad fnﬁ’;%m TESE STt [eProgt s “i5r OFRYG By
singl e st agecii@SpshoxnicpdeamiinggechhR@esouN- ﬁ@av@ﬁol@s@%paanti@mcfaftom
the two dralns 18 by word |ines 12a, 12b. The word lines 12a, 12b
are preferabl y |6hBedddd opp enhedimenibatieast a ppripn ek figidingd +a énkesripdiabove

fromthe sy tﬁ%‘? surfh %%'5%51%5 %}%kbs%% ﬂ&ﬁ ﬁ@]re%8%et Sy Cer’/%c gr rl@c@nudﬂy

as recessed access devices or he dral are, intu
el ectri caldoypled to tse digit line 14b by a digit line plug 22, which plug may be formcd in muitzple

stages or 1y o single stage, as shown. Meanwhile, the source 20 is separated from the two
drains |8 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 arc often
referred (o as recessed access devices or RADs. The drains 18 are, in turn, electrically
coupled 1o siorage 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 by a
dieleciric material 32, In this configuration, these stacked storage capacitors 24 function

m a maenner well known to those of skill in the art. As illustrated, the storage capacilors
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coupl ed to storage capacitors 24, and, in particular, to the | ower

el ectrode 26 of the storage capacitors 24, by contact plugs 28. In a
preferred ewbadi7memty the storage capacitors 24 conpri seETahoaessizo
el ectrode 26 separated froma reference electrode 30 by a dielectric
material 32.,.J f.kOpg, GRAEL L OB é&‘ﬁ% FhsBGHKE : LR
24 function uh%bé n%%ne?:agﬁﬁgkﬁo anto t Ssé g%]gkﬁﬁﬁﬁ%ﬁ??ﬁ%pgﬁ??gki
i |l ustrat ed bdived §t ohageracgpamist ors -10 WO 20117/ 030346
PCT/C52006/0334 24 are preferably |oc t above the ane_of the
substrate 11, éﬁqﬁbugﬁntwgﬁ?ﬁ @QﬁﬁbeSF %@Hé“BEéGLIEWBWh%Eﬁ“mSJ
ar r angenendisrendc00ddtoden 30 nenah0d 1RO elc@RRicSIE8s QlccBURTY SUPERUE an
capacitor 24 forns a reference el ectrode 30, while the |ower

el ect r ode *g6Cii§d &l dgt Hi-calliey wenlupred! 2o !dh ﬁl&@@ﬁc?sag?é@ﬁ dr #ienfiald. ffrkie
word i nes,12a.s hgh HuNGELQN @5198L 83t { h§

transi storg thgfl pg S thrc?ﬁ’ h\%%mﬁ@ e%‘tthleegi ﬁmﬁéﬂ% £, ihfrﬁ)f:i}edgﬁgicgqs
a signal MDWlkhalsdumuegmemthiéhmgﬂmwsn@hmﬁﬂﬁud&b@wﬂﬁa&pkaﬂmﬁﬁhmss

t he word I| efera trol ss_to the st

capaci t or & D BHBIca L AR AR Al o By aPT S0 Rge b B SVBAHIRGS the
si-gnal  (neplesang knggia “0ogi & 1040 “10Y carib®@gh Cre' digk 1@aNED &8l LOMBE to or
digit line 14b to be witten to or read fromthe storage capacitors
24. Thus, "S4ddibihetsHE g PEAETI 4 &@S@Adt%th@é\tf%aana@ﬂaﬁ 24 gggEeicd e
drain 18 can.GeAt&kn 1%9531@5(%11(9& oggtbﬂ 4 dfa ié - «0’0" dgid 0F ac In a
"I"). In a nenory array, e conbi nation é |ﬁé and word
| i ne that ranevselrestidd warbinatm epmeﬂzeydlgﬁema ﬁlyd t&hed Qn@rtlafgeu@aqﬂa@ed om

24 to or from ~data shoul |tten o urnin
back t hen TOREF girPastRt SpeEHRRT 2000 b Py eR b MR B 0P
10 may be di scugsed i murdhd bk m@l@iFigurd N thbest OVRE Jebgbly BANE neoibRer
of Figure 1, a nunber of' axes have been illustrated. These axes arc
general | y* dgyiegHeda bt Hiseweed pdngicr deirihaln g osvesfizkt pgcermel ditese | @

formng t hﬁm“fﬁ”@{ ngae‘{lwﬁ L& iBRMaRd € T kcf's&'sﬁéé’“a?ed g%lelalggﬁﬁgn%lex@ﬁlho

show the angl es forned between various el ectrical s and
conponent songitAking afey elpcrue:gé riesienlydoiromgyibt udinmay demes! bindaotiiherare &

16. The drains each actiyve ar 16 preferabl
nave o subCeaREr 1% TRdaA% Bl walRiy-Rak At Qe l8nf 5 Bt
a |l ongi t udinah raxi:SntsAse loln!gmﬁliﬂaataﬁﬂ of @dtﬂve afeatlbe The v 1&rR@SodGe a0 er
substantially parallel. 1t wll be understood, of course, that the
drai ns 18 “afid-s5uree o0 Feahlyhare § ssegilvaney) iGleEpyEhiy thaj 1t LY 356 to

and i ndeed.A,SYOs ankial ds%nglgs MY Red daf bred pafw%h#@e 1tshfr@%ubs%mﬁys-
In some embodi ment’s, therefore, the axis A may be defined by the two

drains 18, ﬂm@rl Uthlhéc sudsrieod20f awd%eothhyth@mlemml&m WrwEe RS N8l n@rioimn
an urber m aﬁsolt‘ﬁdexvg?){zﬁh [] c ’IV\Q d%tad P su ) axa?gll%%ﬁnnqerﬁ%gwch% llhcsﬁ%nce

skilled in here b Actrve area
conpri ses pairsd. Nglsemdeabbdiangtsathsieftge, eh@@m LepaytthelefixedbyAheayo denins 18,
def i ned b)(n %\f fte source 20 and only one of the drains 18, or in a number of other ways that would
be clearly undersicod by those skilled in the art. In other embodiments, in which the
active area compnses a single drain and a single source, the axis A may be defined by a

line between the single drain and single source.
{0046 Axis B represents the longitudinal axis of digit line 14b. In the
Hustrated embodiment, the digil Hine 14b forms a substantially straight line. Just as the
active arcas 16 are preferably parallel, the digit lines 14a, 14b also preferably form

gencrally parallel axes. Thus, in a preferred embodiment, axis A of every active area 16
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| i ne between the single drain and single source. (0046] Axis B
represents the longitudinal axis of digit line |4b. In the

il lustratedwembodisment, the digit |ine 14b forns a substEmtusahdenssszo
straight line. Just as the active areas 16 are preferably parallel,
the digit : , e .
axes. Thus T a A B G  BRNER TROLAL I PR By o
11 WO 200Wn08084D PCT/ 11 S2006/ 033420 forms a sinil ar angle with

memory cel | 1064 |7 Bt g u b BNt i1 ST L 80 oT e Rgare

1, an acutenaﬂgkew@ axhs0K igd dlaetzeweenﬂ@)qusstAreandnraﬂIﬁc@ tksNadubang)e, 6,
i I |l ustrated_enbodi ment, this acute angle, 0, defined bet ween axis A

and axis I§“j‘“i“él b&“?ﬂ“ﬁ@éﬁ@ia‘%%%gﬁ fhg of the active areas 16 rel ative
to the digit ‘](ﬂ}ﬁg] 14 ik agrﬁglﬁit:a&iegaet D&k 0GRl @D QhtidN 6o qut(ﬁrﬁ li?neyg@

28 extendi ng between drains 18 and associ ated storage capac
Si nce t heseigons é.l@tiothgrgsf 28 cexthamtich 9 mt'cxhteng logwserr dhame 19find meociated
drains IS i n_Fi gure

oot me ot kP SRR *G 8RS By ks PR SLBLG Yan™ e T bl uls

t he tops afaifishe dr ahnﬂ%nd:fe@ad BynbanigchNgillifieated@d | MEuangathe LongidddBng is
di stance between a digit line 14 and drains 18 rrag be selected to
facilitateldtidet by ¢ sédr%%é‘i dppptigind pra ey tapnal ndapsitaby apelingghe

even whi |l e.the, disgist nd hRGnddraubst Mgfaiu Y10V LARs %nHaQ(BntsQ]%Ft@d the

source 20 of the sanme active area 16 1 O course, the angle, O,
may have émym@mcémhumbemn@ttbeh@esﬂwhbeemam®cmﬁmxnﬁm@eewmewbktehcb@t

he el | £ oskill
in the art S TR ERD SRTrE PR g R e RETURT i et Bt foen

adj acent acti veiapeas.Ofl dduacthe aﬂé]@d}l Rl havd &6 ARGHubePof ¥aues chosen to
preferably between 10 and 80 degrees. In a _nore preferred
enbodi nent' g ébhgﬂl &l of the; edeciphdriten oA ! Boreatlily appsten| to gugogskill in

preferred @L”DPQ'M@?QL ofts \cPa i Sic Dl 005
Tur ni ng tcl) Fi gures l-lﬁ?f), bglrlﬁel?%ect hlé)fgpemflﬁ%‘g rlly‘\%\gﬁﬁng tﬁﬁﬁe1 ag?\f]ec?{ %ou%lme%

Word.||negnmzmgﬁntH@;mghnﬂysdev@¢@YQ@“@@1HPEméﬁﬁ%@%mﬁfnhg*eanemt&“ed
detail . Ei\}bo{fimurp%cal{at IlLf ﬁérs bV\%WCGI[‘l ¢ @‘a |6¥) appl & at I tIC@BI[C(tl I{;mb )dlm s

particul ar &rital at 8d “enbodi msnfnO
i ndi vi dualthyar@le, d.n0s bawhensdeion s5o8.t h ot her groups of mat err aI S. Fr gure
3 illustrates a sem conduct or. substrate 11 over_ which

a
temporary | ayet/U88l corppipgihgisuERiia ioRe @eﬁpéf@rfq@§“§%8m iﬁ%htdoulﬁé‘é

been for rre\dm@q:,ggr Id)l fN9nt %eﬁ%?}’@é%ueoz@% 11]@@%&&“&%5{%@?@f Oﬁml[ﬁg a[irsan
techni ques. A hard mask |ayer 42, such as silicon nitride, iIs

deposrted\eUepuMMe3@@@9@namehiﬂmanddmeﬁ@nﬂapﬁﬂwayeﬂumﬁlmmheuhendﬂméek
layer 42 1‘6;}[ laced Iudividually or in combinaifon with other groups of materials. Figure 3
Hlustrates o semiconductor substrate i1 over which a thin, temporary layer 40, comprising
oxide m a preferred embodiment, has been formed according to conveniional
semiconductor processing techniques. A hard mask layer 42, such as silicon nitvide, is
then deposited over the substrate 11 and temporary layer 40. The hard mask layer 42 may
be formed by any well-known deposition process, such as spultering, chemical vapor
depasition (CVD) or low-temperature deposition, among others. Although the hard mask
laver 42 comprises sificon 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

seleciive etch steps described below.
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be turned by any well-known deposition process, such as sputtering,

chem cal vapor deposition (CVD) or |owtenperature deposition, anong
ot hers. Al thougtishgehard mask | ayer 42 conprises sil i aanvimztusioda2d n
the preferred enbodinment, it nust be understood that it mav al so be

formed of siI| Xi L - t for
the selective et cﬁ ssl\g%ts uggss@sa@ggﬁgu %%vgl Jﬂgélgg%%ﬁ%g#dg%ﬁ%gb%
S2006/ 033@2@1010%@“1 Ne:x@ esijtayer Strepdnotr the Ihausitmz&ﬂ\édycu A2t I‘iéefphgmfeem

t he hard Js n1 g t IS, tterne usgng a_p L éeshg B@Y ar ned
over the hard'ia kp"‘é%/%ﬁ A7 TR B SPBE SBEPUO AP O RSB D St
to form aanmske Ugiingastameeni analkhphet Miictbegfapbicked 8EMMULOUSE StierBRd
the hard nask | ayer 42 may then be anisotropically etcheé’through t he

pat t er ned PIPREEIST Bsgépn f‘dﬂ%]t“é(ﬂf hrpmataraehnott pepripmykthe ot disssiay
ext endi ng (4 uh@d ¥y dii W@Q%b O&Quh @%ﬁcﬁ%@fﬂ’) NEohs R gHl ;hQéH 8)11.:\"1‘}1115 \MTBQ ;)Egét%&gllgte S

46 separating those col unfis. The photoresist -

r enoved b)l"IY@bﬁ'IVE Hen dpadmaved hn D@}u@stml@htcbiuwenwdsmm Lasmg,omng.egmﬁmsm
pl asma. 9?§§L Wth reference to Figure 5A, after the trenches 46
have been'torned in the hard mask |layer 42, a conformal |ayer of

spacer naterialosry bevidepssiicedo l"%uﬁd)y}eralt%ﬂ‘ﬂu ueRdhet 86 sehReS rehet he
menory deV| ce 10. Preferably, the spacer material can be selectively

et ched wi t [FeSpattiays 4¢. eEoblisnt 4ve of Poggianaite ﬂ@wﬁéﬁlwgm%s@épm@he
and the sup@tnam ot e @&goﬁyfa@wtc@ﬁr@OﬁI%reyabh}aws 4 ,%&15%{; ﬁ%esh ectively

selectively etched with respect to the spacer nmateri
i |1 ustrat etthehbodireeatt,io tﬂtfeSL@ptatﬁ@ril rmql éri t@hp@'owplnyse@ pol fsishboan: 11

The spacer t 0S| te si.ng,. a abl e osition
process, S&d Eiau Elﬂ]‘.‘»}{)] Lu)m-flﬁéf arrpl 1‘1) e Orse p(ﬁvgllycg%/hej Wl l'i; 1%5883 1Bt1f1%ﬁpdcel

(PVD) . 10068:rAf t r ik ayisagtet I&ﬁnbﬁ@;&feel’ ﬁma@edssra[hdt@mebmmesevqabtysma&n anigk
hori zontal surfaces of th rrermr device 10, an anisotropic etch may
be used t 8PPt At ey NV We”%lf%a‘%%fé@”n%@?‘ff%ﬂ PFYCSTHH tHEh as, for

hori zont al.xsHpit aces ok Ph)élcgﬂxra%ﬂiéléj}eﬁ 101§mr etch. Plus, the spacer
material is formed into spacers ., materi al ext endi ng fromthe

si dewal | s of amndther mﬁteerlﬂm“ the %}hfewmmltm”m @wreihﬁ vesat emd  Ugizantel

formed within the . tr , 46, narrow it. Wth.refe

Fi gure 51:3Llli ae “gélhed %I%Q Le“ Iq%’yer mﬂ&’“ﬁﬁ” %toh maB’ebe 8%380%). 1918%1%\)%1}

t he entir euﬁdu\l’bf aeepafer h)ﬁtﬂ?elrﬁérfﬁmy tlke Ubeenk0 suffi’tb§ inh ay{ﬁfebﬁfmﬂa{)ﬁheﬂa&lﬁ.
al so. ?I|ICOn nitride in preferred enbodi nent, is eferably

dep03| t ed ‘% a"t APRhBeLrtals i § ffe%ﬁtm SBREHS| 45, e Rteind g dingg trorn the

course, thgechand olnﬁl%ﬁ}efrﬁltlﬁﬁﬂa?—l ASSLERY 11pﬁggl%m3§l)$c%g hy axe%ﬂn&lf wﬁhm thu
nunber of swlt?ble] deposi tion processes, 'i ncluding CVD or D. Afte
trench 40 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 siheon nitride in a preferred embodiment, is preferably depostted to a thickness
sutficient to {ill the trench 46. Of course, the hard mask material 49 may be deposited 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
art. For exammple, the surface of the device 10 may be planarized to the level of the dolted

line o1 Figure 5B, such that the sidewalls of the remaining spacers 48 are nearly vertical.
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deposition of a sufficient amount of hard mask material 49, the
excess that may have forned over the spacers 48 and over the other
portions of wpreviwgusby deposited hard mask 42 may be rarmnvedody:any
of a nunber of processes well-known to those of skill in the art.
For exanpl, urf ; t Vi An > elH
Level of {RE g&c}ﬁtbgd plﬂ%ﬁzéﬁg %%?%Suﬁfé&si“%nw QﬁmL A Té@‘gu o ‘P 2
of the renghmimgospagésssed8 are nearly vertical. -13 wU 2007/030346

xampl o. _chen B Trec HAKPEAH I EIAR BAF ot ay e eut o OoseTeThE

spacers 48ctihatoang ﬁ’b@th?ﬁﬁé@ Sefhgadnyt HeatopiekfFaseccedest e MRMINYrated
device 10 nay be stripped .using ang of a nunber of processes. In the

i |1 ust r at EGPOUMSBR AEPRESS WP P nitey cpidalis BaDy a%lb’s%@ne@tail%wm icon
strips polysgid '1%9 th{lﬁ]g atih ¥&e &19{70%'1&&9 Oﬂ;elé&hbé {theetc 1Fgr1y l?c),(\}?'sgﬁ)l She lithHOE

enbodi nent, a selective wet etch be used he trenc forme

wher e theHsﬂaéeﬁ@H¢BChamasb@ény@b@heﬁdadeufﬂMhhahﬂd@eﬁémadcbyMwyahh
secondary orar 40 as
oot 1o 7 HE! bRt Be i FhECRSe PG b TR b B e v SR
using a dhzl’cetﬁ‘cihljﬁﬂaﬁcﬂ)@r@ﬁ@ﬁl%sn@lﬂiheaﬁmalﬁﬁbce@é@&ﬁ@i 8, fol @fbnml&,lidnn@nmﬁg or
reactive ion _etchin 100501 Figure 6 illustrates the result of these
processes“ﬂﬁﬁcﬁoﬁbﬁﬁWHgs or recesses in the formof trenches 50

separated by | ggsst hamg;fhe ¢m m piLteh Pessid MSLENG i
photolithograpﬁ%cbiechﬁ%hugslg%gﬁé Pfg Efg %cgéﬁg)?rgﬂgﬁgéugmnh%ve a

wi dt h at t@pbsubbet e dnmalod tten@Ss 6 reanded’ By ﬂasmihﬂihcmumselm aitgk pbdsente

| h f
mul 1l Ao R ) B Tub PR Ve SETrRay st SRl i Bl o

Many suchhbt e,@bnnlhlquﬁszs/wlhql agenemal.l YO aalrsede &isRnatikaPhete$srcclae that
whi ch physi cal P05|t|on can achieve a smaller pitch than
phot ol i t h8gP&HE &k dhigtstor @H&lhém“:wawewehé@ used 13/ Birival At yhaplass

have an aspg@f if @R'm% 8 82487 subN AR ndigdes x@ﬂdgé?lﬁazelfl?r@c%c}é a IhRaL flacdsany
2:1. Increased depth maxi mzes avail'abl e vol ume” and t hence

conduct i vr\\thyb » iflosictlhepwoia ¢amn~elslcw @t smhléer exiple tise 1ﬂif3t0diﬂfofgr9@mottyclmmues

filling w ter 100571 Afte for
trenches 5 J]Lt HEL vncles Ddﬂm C'lﬁ ea|1,l§04 1\e 3.11 as Ft m{m éiu Itrgaétdn péla& pl%ﬁi‘] clbrPy

of a nunb@ﬁ, a0f mthodsm&isbd Iz(mivvmamm&ésoaaﬂmﬂc Sflﬂulﬂe drid {hélﬁteabhducidfﬂty
Figure 7, ate dielectric | ayer i s, bl anket deposited or
t hermal |y “gr o oMV EES o e ealé%%%i diff'icmtw flHee MR asudinig Beledalof t he

trenches 50. Tpﬁml ! U-ime?tﬁ%laﬁaheoiduﬁk@%tehmesIﬁy%e%d 919@19%?&547 is
silicon oxide tfornmed by thermal oxidation in a preferred enbodi nent,

but can atlsoivbl Stlupmépin'sﬂnbfeﬂ'! hungherléi metherls wkil iknovot tehoservib oeliime Aiegit. A
! ayer of 2 ”euuncaz,l uah, (Pcr%r&tn(%/\ﬁz er% :s {)1'1 g? é)%ﬁl 0‘;(18(51 ‘zlglglallly %ié\«hne over the

|IIustrat
device, lining the inner surfaces of the Uenchc,s 50. The illusirated gate dielectric layer 54

comprises silicon oxide fonmned by thermal oxidation in a preferred embodiment, but can
also be u 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 prelerred
embodiment. this polysilicon i1s undoped.

{0058} After a series of doping steps to deling the drains and sources of
ransistors, the undoped polysilicon in the trenches 50 is etched back until the top of the

gate layer 52 resides beneath the top surface of the substrate [ 1. This stage of the process
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deposited over the entire nenory device 10. In one enbodi nent, the
gate layer 52 conpletely fills the trenches 50 and fornms a top
surface of ¥heudevige 10. In a preferred enbodinent, thicg/uszonenszszo
polysilicon is undoped. 100581 Ailer a series of doping steps to
define the grahns ranek SOURERSM polysRish S5 QF F;

pol ysi | i conb i'n 1t he trenches es'Qézspoe)ysc hed bac lgﬂ%{?TaHQ%gB?gm ¥m%l aes
gate | ayerHl(‘é@ur’etmbd@smth@detathmtnhezytogb guiftors & cmpzcmhetesumsw ate 11.
This stage of e,pro ’ 107/ 030346, PCT/t 252006/ 033420 .
shown 1 n Fi gur 808P TR b Bl S H IR D e Gie B et
as the WOhdnJc j}i@ES coadllﬁtixtfhelagﬂhlah@l ﬁﬁhﬂi@ﬁepol_f/@]iccﬁl@tege MAlsyis 6@ ko the fact
transistors EI’I at eI doped (0059) Preferably, however, the
gate el ecﬂ“bdéfslcf‘ﬁ‘s‘E{ gy | h{sse Aok AebZbRregnomgrEcti Pledd?idﬂc&"ie\/e
material tRamdr agidie r\?ﬂ'tmﬁgl cﬁﬁb!ﬂﬂsﬁt@nﬂa%{o‘?@m B, ['0§ G lsHan L8IhG oy
that the recessed gates 12 (see Figures é are nore narrow t

t he typi catiegatibe He%e@t%pi@delg Imnlaﬁh@abpmignmabzseeéo]uspgﬁseatce;l ings. Wﬁmb,e
IO;rp:‘ (r;VIp?l‘:::]E v L[lﬂu]akld ;)016 011 o 11(a§| blil_]%% 61 Jélglagla %g;e{,%émgélyd%fg?%@g; mietal
Thus, t hduwaadapeﬂ qamityﬁl Imadmmﬁdd:mguraee Beteaahdnel (stithbLihd @dn@feti @y of

recessi ng %/ P ‘il ting netal thereover and reacting. Metal silicide
can have BEHSDERGAN § '(?f] 15 RRssU g SHBRE Tk Wacionf  doped pol ysil i con

and denonstrat gogysui tyalh SepRAk galep@ wl%%gamw L%r%g S’ﬁt,el:h?l%rgf?an

Figures 9-12, 1n another arrang erren r at hér bel recessed,

t he pol ysﬁ’f’llléﬂ)‘?‘rc@Qd,I t5e ppalysiliadr y’l stivhelty baok \mcl\ p1 phasrizze dodown titeqzatche
gate oxide trenches. 50
Wit hout r evé%lgé»in&ms mol}s_'ungat e %}giésépcofhgﬂ}/%ltg/ ﬁn}cg sng(p]wldlﬂlg 16%69%31$ g&@i}s
52 wit hi nstipe tlmenﬁﬂl}&ﬁxcﬁﬁ dLSthSlgb!]cel@fzeECmt @itAin ®althe@bid8t IR subjected w0 a
(self-ali g ed silicidatio reaction to forma |layer of conductive
mat eri al 5B %Whé*tehrdﬂ E?—ﬂl%ﬂl@# 1 FarEendy ey o b ehphrediciiepudsie o

and an anr\el%la,laﬂ &P FRYF{Qf)Bnashd bahee d@ﬁds@ful ahd 36 a0Fd-9 @feﬁ n:l-%) form a
wherever the nmetal contacts ‘silicon, such as over the polysilicon

gate | ayepridichp malpigme éﬁmndl1ﬁiaﬂ’ﬂ1€16t’¢iethslﬂllql@|(d)edlcmlemmasmﬂﬂowm\lesé@
S! i con %plg'fﬂ&% g{te nBIcl% 4 t l%l She SILB’E%F']{I%%I ﬂfzé) El}(}gﬁgtp%zfeh ({] nscs S] 1Lcrn

titani um antal'um I've ne
et ch r enpuss ohher exeesstue talh Jautm d:@ﬁﬁplloﬁungﬁm)\ﬂ&mhhﬁ ru@iehivgl, dent:B6x,
The net al SI|ICId 56 tgereb rms a self-aligned | ayer that

i ncr eases “tHE Oy “élr at SEBHYaEERY F'P?/ e&?%’ﬁb”‘?ﬁé"%‘?ﬂ‘al Ii’%éioegl'ﬁﬁé?t‘im’“ the

Pref er abl yijickibecgatg: LavekiRAeis3 fhtkhy f&fnLlacge@kedlglw B 1 mzﬁd l.adeenid
conductivity. Full reaction also assures silicide formation down to

t he bott omgf! whdctvHEAGRBSeIEId [ipe.t he i |1 ustrat ed recessed access

f'ﬁ‘e” nge,( Rﬁl?ts) gqo%hFafgﬁ&“ﬁhg% egﬂé 1%%&25%; P]‘ﬂ& Asglg&éfelt he 19191%%; LTS o
conductivity.  Full reaciion also assures sihicide fDIl"ﬂclllOll down to lhc boilom of the
trenches 3¢ 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 siticidation would result in different work functions along the length of the
RAL clinnel. Furthermore, full silicidation ensures similar gate work funclions across
the array. from array to array across a wafer, and from wafer to wafer. It has been found
dillicull, however, to achieve full silicidation within the tight confines of the illustrated
wrenches 50, with a single metal fo form the conductive material 56, Either nickel or
cobalt, Tor cxample, tends to form voids in the high-agpect ratio trenches 50. Other metals

have demonstrated similar difficulties for full silicidation for recessed access devices.
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inconplete silicidation would result in different work functions
along the length of the RAD channel. Furthernore, full silicidation
ensures si nMamugatEowor k functions across the array, Fromismi@apifo
array across a wafer, and fromwafer to wafer. It has been found

di 11 cul t,7IOWRK ariidef e HY@iddllihe & LG4SRl 0% el (
confines of tshe |I7IG§t rVate thencJﬁ d ' & E an\gﬂlena aﬂeléfga o glll}i]lrhf“a]
t he conductilve vivgt episad! 18@sseE] sukkeps mn(t:dcebpanmg,b @obmhts;tacﬂmcr caaanglseqpes
tends to f 0 h- spect rati o trenches 50. O her

net al s ha{\g{eL Wécrlr{lg)ns ILI)‘EFJHCH%W%%I& “difficulties for full silicidation
for recessed ageegs devities.warihd i Nae%c%ﬁ@ﬂ!y%@&%tl%@ozéhla appears to be
52006/ 033420 léhe skilled artisan will appreciate that F

si lici dat i BRA & bréuslﬂ’?é\“fjéﬁﬁleﬁgl‘GF‘B‘POW"‘@W&}“ coRjbiHitign O‘tlﬁléhf-‘ ighpeantges
recesses, §Uehnaf (GRRE AGH (RAGRSNRYS BhcoNaRrR! AOKEGOPLALAGE o

for capacitors, l%ca?o;lam tor trenches, ectoc 11(13062 Wtqag}ﬁt V\C/g)nttltmat%%ﬁ
bound by tth@biﬂy' sitigpal. igicdidirg! )ap}i@ar @ndﬁebmorammse@tbguedctkmukzn@nmmds
during th L i, Cj iQn ction

confi nes %Sthf “Ll“h Ehs(aas glgl%umgltci 8 bt} fe (’é]H)eé‘%gﬁ pq’éfﬁ 518]&5%0181 ‘fl?]g%%‘“a}rﬁ? e
readi ly i nocobalie :ﬁllftﬂf.ﬁt ﬁﬁbﬁtbbl @l esndérdtsibi Cosion. NAGEOBAINILYier hand,
silicon te{gI to mgﬂ@ﬁe during the reaction, |eavi ng voids in the
trenches SOTUEUFPHFADNE o EogHhanesiicop gk Biphasd *nd analsohiret icodpncy
anneal to @QﬂNQ’E)MSHhﬁH‘-‘SﬂIEII&I'LG'&? fr RGeSk IQth}'l\t’Ch@(l IRk €St lp%’lsgo Si,

Ni ckel, on the other hand, diffuses nore readily into silicon than
silicon does i m®3hi ckisdcortm:! wothalng@alhlagerasd erdenidy cobpriseseatngxinod ds
during the.r acthonl i SI_. onverted into the h
100633 Accararntg i Rt et bl BB R RIS e o Bt Do B RARRG:
of netas,w \M‘hle{ne Ektu d\eﬁ@te theanahl lthe spetat@nirte theix-¥ bpaRkhave cohalt
opposi ng dlffﬁ ities rel to silicon. For exanple, the netal

layer 55 cHA EohiiFidgecipngiokd flf%@o&ftelﬁfi erbslangmench sHEr end nepigHze hatisk RE

di recti ons.@fidi lfnfLM§ izQfing1eNde E@Jap%ﬁﬂﬁﬁy%@lﬁszn% heg tl@ﬂcg()rgl N, e &8 LRE
risk of wvoiding; I'n this exanpl the cobalt preferably conprises

| ess t han '802latd, avh J@f)letlh@fewbk’et e ﬂmtnaICOEIETIS@muOWID@(bJLe%éﬁJ&mHy\bolhd 0-
m xture Canpril' s/e%uab%E& Z mlg ¢ Int{& S@gob%ﬂoh ‘%FGP %%:?i Imé)ée a)}lly

Such a ni xture of hi ¢ een” foun
acconpl i shctahishi bilemdadirumn (ﬂf thE h@tegaigle varen wﬁﬁguﬂmyonmﬁgg $ifas
i ncreasing si naI rop on speeds al ong the word

R T dht

cont r ast t%”‘b‘aﬂ“i“a‘l" G ey IpyPoRlr St (9 st S\)\'ﬁft‘?f“ﬂl}e@] wrigcidet

only nore .¢andued ket Uy fﬁbx%Q:oYMlLuw@ RUhBo Q&Qﬂ%ﬁzﬁx@@%né@@&ﬁ WHOG A0
alone the length of the channel. Full silicidation will also

denonst r atiéisdby Encibendiestiensy Full slgatpawBaltoglcduvisieude hetteosensistency
array, fr qmn"f‘r \ﬁyc l‘i)%b%r Qé/ Pssoarn & Leﬂontl 911 foeumbsc;l N %r\x}ftf%ésmue d)al tial

1%
silicidation vv|I eave | nconsis oSl tions
upon | ocalsiltcarpen atiutead ialﬂn‘lreaﬁwcﬂmmenleiomposmons depending upon local temper ature

variations, elce.

[GU64] 1 one example, a sputfering target comprising 80% Ni and 20% Co 1s
sputtered 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
pussible fur o shorter time, preferably the anneal is conducted at lower temperatures {or a
longer tune. For example, the substrale i1s annealed at 400-600°C for 25-35 minutes. In
experiments, the silicidation anneal was conducted in a baich furnace under an N»

environment af 300°C for 30 minutes.
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100641 In one exanple, a sputtering target conprising 80% N and 20%
Co is sputtered over the polysilicon 52 to produce the netal |ayer
55. The substirati@liige t hen subjected to a silicidation amnaahuickbiikie
a high tenperature (e.g., 300C) anneal is passible fur a, shorter
time, preferab he | t enperature

| onger time. ng(z&an%}QEﬁ ﬂgﬁg& s%%%%ggfglé%nggﬁmfar]mﬁﬁﬁféﬁ® e?
25-35 nlnut@sﬂthEHewp&maﬁmﬁﬂﬁ&ﬂhﬂlshmﬂmmdahMananﬂeﬁHJMﬁ@kEQHGMQkﬁd
in a batcg,fq gace und y @thrountent a 500C for 30 ninutes.
L6 wo 20647 BAG3HE PRI S ttep SR 8ATEON o508, e el pisoR: (hand C.

di scl osur @xhepet Bj nidi@s skihiddsiRédnl &a0sE aRorcaaglilyynsehRCHeQt RBTuses in
suitable m xtures of netals for full silicidation within trenches.
Exanpl es &ficherigiide Coi biand dps fuse more readily in silicon than
silicon does ipgkhat cl d e f S
in which S|I|con @,ffﬁ%%%%négélgg:ﬁ,F“mgﬁaﬁ% QQWHDE%%Sg Té%h mﬁga%
silicon i AedCleghs. Gos mTieriginditfa S0 mﬁ)ﬂﬁzﬁﬁnﬁwgmmmdwmsmxﬁnaammemn:gu@gnaahs

showi ng reces, L cide ate materia

nm wi de tr%ﬁc%gngWhélss %?P%¥|¥%%%h%§uﬁﬁﬁlﬁf%ﬁ#@@LPdﬁﬁ d%ﬁﬂo % Qﬁm
show crossiagectipns Bpness | hhedwi gtshowkrdswhdiibienNedese 1@t Wone of the
different magnifications. Figures | IAand | IB show cross sections

al ong the“F%%lgt it Bro gifie et megaficatioanc kb trenghes iy edi ¥idgr einhe top of about
magni fi cakp Qﬂﬁcmﬂih%{aﬁ}f& AEHRS J@‘rfh‘ﬁ st %ﬂ{ﬂﬁtqﬁé@& o o?ﬂ;egé tr 9*%9\% visat ft%out

and a depth of abou runt, suc aspect ratio o
trenches wds abdwpm BmﬁmnﬁﬂsmmmﬁMp1mnhﬁomd;ﬁmngaskmmanMMslpmﬁenwedw
filling a ower,. bor t renche voi di. ng.

t he exaoném% g NgﬁPes 11{1’12]‘n &Fe?ﬂﬁg ogﬁtﬂﬁ@eﬁﬁémh' 'VEﬁFP%WH’ ﬂ“
(Fi gure 7polytihesnpol (Fspiuld DOMe palysificortdagbedichackacarhy th ehd fie @ak&ric top
dielectric top_ surface 54 thus isalating the silicon within the

trenches Wikt hedeudinghe sposrilRatieticndys nolivsigerpgute 12, the
si licided |ayeypsh6 caelehﬁlg 9&@%&%1%&]1{11@ Itb?d&m?&m% c’aﬂ%ea] &esgéae“

covered by a second insul ating layer 58, such as si11con nit
These |nsuh@ﬂ1hghkay@$mnsacMum«mgudépﬁnga@dam@kﬁMgmm@¢6&emcmnsslmon
pl anari zed. he .wor

12a, 12b o’r““tT‘he““"“'1 %idg ﬁé%%@maéié’\%d@éosqﬁé Kt&w’f ﬁm;?ki) ‘d’lfl?“h‘é% 1 %f

12b are Se@aruaiﬁ\&dnitu@m%hﬁex@lbyhﬁiimgItlfeC\Udn‘El 1Bke MBNtSh BY tch@mpldisiihaibiRg
| ayers 58. Thus, as woul d _be under st ood by those of skill in the
art, the "qarall pibés vordbves IBééab prceried HPp) heatherguiralrecats by thsh

roughl y one.Aahf 1:9%s 5BatrhupOSSIdhELS LR MalShAg b?h%&@'ol Emgﬁ ARNLE (he
t echni ques. Not'e, "however, that certain aspects - of di sclosure

herein pr Wicaén%sd%rhtvaﬁgé@n\m@@hwlhnlnedn@nd thinee mntsrhlmn@éy ane lplit ghthat

mul tipli edOb\lbk simply using photolithographic techniques. Note, however, that certain aspects

ol the disclosure herein provide advantages whether or not the word lines are pitch-
muitiplied.

[0S Of course, in other embodiments, the pitch-multiplication may 1ake
place by any of a variety of processes well-known to those skilled in the art.

Uy The silicided layers 56 of the illustrated embodimeni thus fill lower
portions of the trenches 50, preferably filling greater than 50% of the trench heights, more
preferably fitling greater than 75% of the trench height. In the iflustrated 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 15 cobalf.
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100681 O course, in other enbodinents, the pitch-multiplication may
take place by any of a variety of processes well-known to those
skilled in Weevartu4400691 The silicided | ayers 56 of thald:ustosated
enbodi ment thus fill lower portions of the trenches 50, preferably
filling greateryfhpn Q% 0ff bhe bR Nel Rt SkinPr Sish efenahl
filling greateg thgn 75% of thémPrench hgrgﬁ ]Iﬁpt usl I&str§€%QMd
enbodi menepibediyeut, l176009@Hatwwoﬂﬂmtsairﬁfﬁmbtyrsenuﬂemadmqsr ddfmedes SBtairsof
ni ckel angd about 10-30 a | icide

Cobal t. -1 g ot B Pt bl NestsebS5aTo Reotrn AL i fenhelo

appr eci at gahibylait e skdohla@d natd dsgRitionRieps pf &fiekredseabadi meat preftRBly
l ogic in the perip hery is preferably sjnultanequsly defined as
8%

certain of”““t“h*é‘“"&b'éhi‘é &s darttod&%ﬁtscrrétl%aibstrﬁfér@ﬁpe AP P drapsigors in the
chi p- snakp&gpiprocess nore efficient. In particular, the silicon and
met al deposition steps to define recessed word lines preferably

si mul t aneousl yltdéti ne Rg‘é@tre"@toe‘agrr@ﬂég 20y ey acchelasagbsitk at@hfronnlidden@VOS

Lransi st ozl t0& RELhANCLY (JONTH} Belerrlng 4o, FLouhes I8 2l

accordance w enbo |nent

resistivipyceaal @aeeﬂ&(.ﬂbdidb&'ﬂeld{, f‘lﬁf]y tahe t5d Mgid apeeESh Yhe @E@;ﬂes}seda gﬁet e
eIectrodeg in tge array and the logic regions in the%ferl herr
the illukbPate ‘éh’ﬁﬂﬁ?“ﬁ‘en‘tns Ehfreilifaded Geigishing: agarnits drrrwi&%magh RAD

trenches phrauah 1avetnontq§fotlhgs€mtmegdtemu@httar h&@rt of the gate
stack in the periphery Wth reference to Figure 13, a

pol ysi licon Iay@7750 &éﬁlb@ﬂd@pdeﬁtguc16Mem0Uhec®ub$@r@1enﬂm:ﬁqkemxno

f t
dg[ng]S:’]tQEdh\O\}eiﬁt btﬁ)‘wh%{i 1-1rp11 lpt(é))tf?( n%m%ii et eétc & ﬁ?é\%ﬁ’“&é&’% aé/Xr %]eﬁjdi] b.rht&st

subst r at edganitdchenr baltmﬁtaélécﬁtﬁcn@d;l wid, hgtawﬁlgh&rbxﬁt@[)lb flﬁéi stiRSKie(dABtthen be
shown), such as that descrr%ﬂ Wth respect to Figure, 3-6. An etch
stop | ayePilEtqls Vil 8 9 FSAMDET ikt (et rhr)rrergtsr%tt edlhétn%ertrrénrﬂh respect to

conpri si ng;,3RQUE-5100:200, ARl TECLSs deposiot &fhexi dee 1@95?13116(1\%1%90(]1;1161]{

reference to Figure 14, the trenches 50 are etched through
overIyrngﬂeﬁ@hMSt@@UIH@éwoéiofﬂﬁ@rﬁawysﬁd@m@m | ayer 60, the

under | yi ng di eL)e,?té'{ ¢ le%g}? Lhe p1 we te‘u%}%hes o?met“% étathlt{a&()?lgl% rércc

54b can then b 'Over T the exp port sub

| 1, such aserbyngoxi dﬁblb ml}ichﬁﬂ thi 901tyﬁtﬁﬂﬁﬂay\ﬂ|6b$the Duieer ity g tdh@edarn €5 avdng ﬁ]lel’lg
etch stop . layer &@- ?nlflcant further oxi de 8roms over the to
¢ B i

surface ofubﬁHé“-ﬁdr BHic 48 car Hsube lamts? 9rerdlip sagsehpgronsgd e

shown in Riguke 11:5&:8@ B %Hdl'tﬁ’()l{r@it ®e 'tl%hclﬁ%ai?@rbt@to tqgﬁféséxttﬁﬂg%%rst&phe
polysilicon 60 and into the trenches . described wth respect to
layer 01, no significant further oxide gtows ovct the top surface of the polysiticen 60, as

showi,

[06G74] Subsequently, as shown in Figure 15, a meiallic material 62 can be
depusited vver the polysilicon 60 and into the trenches 50. As described with respect to
Figures 9-12, the trenches 50 are preferably filled with material more conductive than
polysilicon. [n the illustrated embodiment, the metallic matertal 62 comprises titanium
nitride (TIN).

ju0754 With reference to Figure 16, the metallic material 62 is preferably
etched back or planarized to leave isolated lines of the conductive material 02 in the
trenches 50, stopping on the oxide etch stop layer 61 (see Figure 15). Following etch
bacly, the eich stop layer 61 overlying the polysilicon layer 60 is removed (e.g., using an

- HFE dip for the preferred oxide material of the etch stop fayer 61), while the dielectric layer
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Figures 9-12, the trenches 50 are preferably filled with materi al
nore conductive than polysilicon. In the illustrated enbodi nent, the
nmetal |i c matériglvigs conprises titanium nitride (TiN). {QORSpecNELR
reference to Figure 16, the netallic nmaterial 62 is preferably

etched backy ofiip) aRakkzeds 59 i g@-&%mb@ %w}@qnémmssmﬁé d"‘t gﬂﬂ%@téﬂﬁ?
material 62 in the trenches stopping on the oxide etc

| ayer 61 (HeRliE| 1@]@5@4i@§ IIBIZ?@MS@WJ m}l é}nﬁbﬁhf«@al@kel &Ohe%sewﬂhbc-stp@aciaaﬂyiérry
61 overlyi S F
Gip for tHS SR Rt e PRI aR sl ne BB oL Bl qoaal PRgthing
whi | e t he uhit: ﬂzﬂnetzltyhb ®4l ay efm seiﬁcBaNﬂa@ t%ﬁﬂﬁbﬂ@ﬂ@‘éﬁclpmlhc%abﬂ@ﬁ1@\.313%3&
54b within the trenches %O is protected by the netallic material 62.
Subsequent S THgPaiTEddn Pald F@O@Pf “@Gm%{r(@ TB%EB&W%H\EB\P& i prgh gerfheen

| ayer 60. A8 wWinldey BB APRSGE). at]’%@m@i)énn E'Kheb§ Kf‘uhjtb%d d I(r)j& %a&mbh%ea fdeinda
dielectric layer 54a,” the polysilicon ayer 0, t he overlying
metal | i ¢ Fayiédye wak feBligarrugetves wesle eterip aiq:sosstum algh@z@”es:na@hmnmtcmh,e
periphery, | ] ions. .

i nt er est (dIALL thapﬁ?&hne%}{t%g Por %51% I\qﬁgg %l]%g/leé)él-' ﬁcl ?R/Idse B KI‘ oveéllyP}
regi ons) . nRolilysidyk:ic 66 cmarbebe Maﬂh‘lpadi)JeyladﬂpadgdaD pﬁﬁia@hiohlsﬂ;e&lsdﬂ@lor ﬁﬁics
transi stor mnrk f@nctlon such that a SIW%|G mat eri al deposition, and
di f f er ent “HUBIY SESFES “ebrPHaISEs BEeH 6! ﬂ%&%g&@égﬂ%h?mb@%%emmmib
and PMOS gfie@eGMOS@iili€ Ubfer GENGu0¥RNY IbRgicalMBhal &iLGridaY®inp’ifRN(e 2.,
serve to |nProve | ateral 'signal propagation speeds along I'i nes”
control | i Ayiit!ine agbsins, andriwrress dprerigiss at @ﬁg@n«émb Py epmtbe tpelysilicars layattéd
gggog: rerg?f‘ul’ltcg{]%\ oy ‘frfltl ?E 'ﬁ\p J‘lgyég%ﬁ a’ln( ng: hca}%ﬁs{u a&AI L%l%nh mcqn{'l (Eom 10 Hé{anutanm%l
functlonsﬁnam.vmempunﬁﬂmn@ubemmﬂemhmheﬂpah¢5|Ilcon Iayer 60 and the
overlying netathC | ayer. 66, aﬂd in }h illust ated enbodi ment
conprises tita ARk niETERE (it e BarteEckls mstARS piceh lavet 45
nitride. k@061 B‘ﬂftcﬁ{ hikite ih OnchlGFed bhbolignd ab@ust B3Gho Rt 8R tichalcydes
a cap layer 68, forned of silicon nitride in the illustrated

enbodi rrentnllultwglﬁribv metadifongiet 2t menidles Bemorytariay eegian Tthok thesubstrate.
metallic gl 20 fdor r [ Q9

subst rat e':fw: LI\. %l 15165 hg%rg 8%’; 6:0333}4&6;3 qgg%%%%n@ é%é’s lléo%g 118&@@9 ugéon ﬂ)eand
acr oss boﬂhd&h@uhﬂfﬂyqﬁ&gﬁﬂdoﬁﬁlwpdl7?h@tﬁ£®@ﬂdﬂ®rfD@h¢@h@$Wm@ﬁ'ﬂDgIC

region 72 of.th € substrate. Photore i st ZG is configured for
patternlngﬁ?ﬁﬁﬁ'ﬂﬁi%?mﬁﬁﬁe%mﬁﬁ(¥ﬁ§&ﬁ8 °ﬁﬁ%¥§@¥i 100771 As shown in

Figure 18, a sauies omseﬂzennsﬁ@pbﬁu@t@hle@uu Bls&tclla @fe?y%hsshﬁst BRRh Fwer
68, |nclud|ng a netal etch to renove the netal ayer (s %
Hagey

Chl ori ne- o Pedeeidias jagnetal eiph [oRIEBYOYE fllgy mésaar?pllay(s&éﬁ @fel Bblorived y
renove tyfa LAl f é@hh wﬂ@&ﬁgl f,S exafl féh i sEf%gm'fejl)L Yshovt §ichiupgshe

st rappi ng ayer ni Ng
mialerials, such as the illustrated lunmﬁem su '1ppmg layer 66 and intervening metal nitride

S

ayer 04, 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 matenal 62 is recessed in the trenches 50, as shown.,

[H078] 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 cun be palterned using the same mask 76, completing patterning of the gate stacks 80
{or the periphery 72.

| HG79] Referring now (o Figure 20, following removals of the mask, a spacer

layer 84 s deposited over the substrate, coating the gate stacks 80 conformally but filling
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| ayer 64. while stopping on the underlying polysilicon |ayer 60. A
hi gh degree of selectivity enables continuing the netal etch after
exposur e ofwtihevpdbysi | i con 60 until the netallic materialuBRicingsizo
recessed in the trenches 50, as shown. 100781 Referring now to Figure
19, the ettiﬁ‘hx ucﬁﬁmﬁ lr(“:le]ggplllgelli'§w{'éf%ﬂngSO fﬂ'thﬁ%@t%t&?&ﬁﬁ%ﬂuﬁ&t lfhcgr!i%
netallic gate materi al array trenc and 11 'Cor"Bo
c:at be patkesnednusknglitdrenisaiveburaskskilbgd amwplveﬂmpg[epatettﬁmmmlzglberf of
the gate % cks 80 for the p er%yhe y 72. 160791 Referring nowto

Fi gure 20 PHEHY SR AG" s BHETAS 9% Tﬁé mask, a spacer layer Sd is
deposi ted over ;itole; subst sk, inCPatuleNd hhﬁm gafuenSIpacdt Se1d0 (BBl RhIMakhy
but filling -19 mD 2007/ 1130346 PCT/ US2006/033-420 the recesses at
the top ofeit'tresidyralysnaeehchedomosidevrills v thy paig sieglsedl. ewbbiiznishtalizede
spacer _Laygh, 8f sGRIPELELS:S! LhGaM BT doweRiilodlg, 3hd L6, fedLzon
w |l appreciate that a nunber of - di Trefent insulat ting materials can
be used. [l{<)0B0] itAgr \ﬁlh]mwnlm Al gijlln éaez;j)acea cs/cab&“rb@ﬂtehtgusapm)ahc eqt'uch etch

(directional eaves Sj acers a on he
gate stack?%““éb““% LBWW@“ ‘Ef“f'“é\,ﬁ@lhé 1° g 7ﬂg r‘E%ﬁH‘r“éu‘“ﬁP éﬁy‘éa

In the armayinkdhe ROVWBMESal BeeAksendgcislabl ow recesses at  the top of
the trenches are filled with the spacer |ayer 84 (see Figure 20), the

spacer etch nel8ily etldrekiliphartsyaydl anpecetq Gt Waekrs fopiphecngripayMED,
| eaving a yl.a ap.. | 1,88, VAN gat.e i ,
i 0ot hePPEHen e Bp R Gk Fliny Ehoo il Fh AR08, A RIS 18P Bop
t hat vari dusn dd mDhgwsmEpknﬁmgaﬁﬁﬂﬂﬁmﬂnnawshsnmmsuhmnmuudmmgun@

arai o (LDD) and Al o d5Bi AGCORPE o TGS T N BLisch RrlSr RaRgAS

for sinplipedd-¥inslQ0834isiThan enedi B ﬁﬁﬂﬂae?fzz ifHeg @ SheliBuddatddisbodiment, the
faC|I|tates S|nultaneous processing of transistors in the arra ‘and

the peri pHERY DuRisReud Feogaed REEE npodi (Fns). vhweasghe yriphean 08t ¢res
are reces%%efe}%@& EQ%MLBS%% (RARShventBH ‘[?;%q} @@%:13&%5 aly 1 9RLERiBEEL
fornmed above the substrate 1 as conventional planar

transi st oris theWainke | désarichgehal Chvi@heiroving extheqfenphnw,etht: isoad aiCMDSwill

circuitry in the e skilled rt| et
Che per | pHEPEI Er B EPor g A SRR B Macn AP RS e
the illustiated dam@@dhmn[he rhdrgtieretyal I tcheImy;ertrdnahetshﬁn%ae&ersmcﬂese

can be recessed at the sane tinme as patterning the perlpheral ate
st acks. Fur“ﬂhé‘ﬂhv"r“é‘d“?‘ﬁé‘ﬂpté? PpRREE sdp defs | Fudsacypsthgperipheral sidewall

si mul t aneqysl.y, B Qb Rit R0 Sk ARL kR Q7 bhenfAR [9aLes oP fvord
wor d Ilneg FO gSF%AIthou§L not shown, 1t % %e under st 6od t
convent i onaks.

[40D83) Although not shown, it will be understood that conventional DRAM
fabrication technigues may be used o 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 (o a plurality
ol deposition and masking steps.

(U084 As a result of the device layout and its method of manufacture, the
completed memory device 10 shown in Figures [ and 2 possesses a number of advantages
in comparisen to conventional DRAM. For example, the size of each memory cell 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.

Moreover, the word lines 12 and digii lines 14 may have substantially different pitches,
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fabrication techniques may be used to create the other circuit

el ements shown in Figure 2. For exanple, different |evels of doping
may be usedWtio!figBra‘t he drai ns 18 and source 20 of Fi gur@/2:u@mesitthe
stacked storage capacitors 24 may be forned according to a plurality
of deposi Lirath aRdTASkiNAiRS eR% nhAARALAS Gk fEHIdaUho bR ARYIE o

| ayout and its nethod 6? manuf act ure, conp ed menory device 10
shown in thu@eeﬂWKHHQEQC®Q@§@§§@siéwnuwﬁéme®f7@dvanmﬁ@esWIHMhoflvF
Cgr})aralnzon‘”{l.ﬂ% {l?(, (ﬂyl? Squ% H)J:Pﬁe{ylhé)]ta{ rmr y %VC}H ﬁﬁss:]{)ég f((B)féQEnn]o [hrre]l‘;:][
subst ant i ainky | neducednmthOUIaassﬁ@mmﬁep@nﬂhmggL&ﬁ@&haﬂ&hal Eﬁmcmkpn
in the dlstanc bet adj acent sense anplifiers. Nbreover

word | i nedS 1% heagne f{ﬁ’“i 088 1% heray IeRrRl R R e HIgh Y B &flflefieﬁewe
pi tches, 201V 2000k 403451 RETAL IHRAAGA O3S 130 manhl £hep BRI ES bR
digit lines 14 to have far greater separation than the word |ines

For exanwbé!uﬁﬁ*ﬂh@dpwéﬁéﬁﬁ%bweﬁb@dmﬁ@nwnmtﬁ@ﬁmbﬂhmtnme@S&@@h&velan
effective | |

of 3F. In \E)]élél £ OI"I"L %L%%F&[}S%h\ggs! ?a%}!ﬂ "l(_g)%l{)nglﬁgs (% dnanas al tu, a«?llnﬁﬂewéeaizas nﬁcacbe
wor d I|ne314Q»aeen§hnminfHEdsmMAmmhbnn@vmhe@hﬁybehﬁmim@hh%mklnear and
general ly perp%gg%culir to one anoth whi |l e real i zing space-savi ngs

by- pl aci ng t he &t ve ugfheimgre; ghegyse adﬁ@P%ePbmFH§§é“EP8ﬁéﬂ¥é”mTﬂém

word |'inegsld.imidhenpref @nriady %@@Q'Dﬁeﬁhuﬁﬁ Ciire &l201f COERRRE oANG:ds.
unli ke the layout in conventional DRAM there is no spacer using up
val uabl e syageinsbt idesh eevgatiescaarks achieveiofer dessrebtively aimd wlonheord
active aregs (as may be easily secs in Figure 2). Thus, the nenory
device 10 may be made nore dense. 100851 Furt hernore, the use of a
m xture of net@hsoef aciWiiteat@mif hibodidehgi dfathe Afvenabnd heveSbdanCORcribed,
buri ed mthln th ches 50 wi t hout %Ee harnful formation of voids.
AccordlngFV”‘éV*fgﬁ“ébhﬂﬁéf?h???uﬁ bwapehiaualy 906r spharrer atinged (p
smal | vol ug® Wokthpelof ARSnvdn@3d 8QHWidhensmar hahtsemodi Bt fedthgin
i nventions have been described, these enbodi ments have been

present ed "By Wwaycrotodisdanpl e yariPly, ohrdharr éormet iiteandisd taoiouy jomissicie
scope Of t I%L}‘Lpl%ﬁ jiﬂ (,nl m ng l%g’10lhpgfipgl\{l%ﬁloﬁgetnh%g%c&n Sg'ﬁ d(l:'lglbll] maybc,
descri bed herein & &b for

f urt her nomed. vaﬂmou&memmggmmnﬁmspﬂﬁbﬁthimbmmms amdachamge&ngmhhhemu
form of tq net hods and. de%lees descr bed her ei % na@ $n ut
depart i ng“F oTﬁ“f\hlé‘”?pi‘ ¥ IEengEd FhECCh e PBRS ORI EEU SR ARYPRYE BY & “Hﬁ"‘
and the|mkeguhyahepmﬁoameuh@h@gﬂed to cover such fornms or

nodi fications as would fall within the scope and spirit of the

i nvention. -21
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W claim1 A nethod of manufacturing a nenory device, the method
conprising: providing a substrate; defining at | east one active area
within the substrate, said active area conprising a source and two
drains, the source and at |east one of the drains formng a line
along which a first axis is defined; defining at |east one pair of
word lines within the substrate by a pitch- doubling technique, the
word |ines ofvd bh&sipair being parallel one another over the active
area along a word line axis; and defining at least two digit |ines
above the substrat epetiitod east rarRGatidmg Oh oRerddryt hgedikel €a8E tMBthod
digit |icoesprexthgndi ng above the source and defining a second axi s
that forns apragutfy andlwsiphieh the first axis, the second axis

runni ng perpgphaH ak (£9s B eV‘Qét‘#vé 'a'?@a%l'tﬁm M@ s@bsteAst bW diiGhtsreq

|

eyt g Qei S L,
| f fefi rn ;I 8 IW foh-
5 "The ?‘é@ﬁ G ”Ht % t%‘rv\%‘?[ﬂ'gl Pﬁ‘é%'%?'urof“ﬁe?"‘o her

Gjt 5| st | ayer
phot ol i t hogr eJ Qt['ﬂré?%a@lo"le St“ PHER: £ éeastya portion
phot or e8f & e| 1° 8h §'9idie s eiending Ehsyen 6t ReUptdEsedplning
| ayer: BePoitd Agispagkfomas & élcu@ﬁléﬂgﬂﬁéf\’%ﬁrtﬂenﬁr Pdyethe aagnnsgaxis
t he spa€éiniigt @relfaﬁnﬂtﬂﬁéhﬁ@e“ﬁ%eW@pﬁéc'é‘ﬂe naxisr i e fatolmatiokweodtal lines
surf ace@%f”@t ReP ikt @f repdweledy 8r7 Tnaa df D2d Epwses snomnsirdasabl stiof (F} é a
hard maskolayieprgraepesiadahmidac maest tafobetheanetieyspadees and whi ch
is different conposition fromthe spacers; stripping the spacer
material to Pornitat rhedtsad arfeCpainn ©f whreeaoheksfiniet cthiengvomt dnkBefurther
subst r atentoideepareddiegancl wasd lioee ipa thofsutrsertbes; and partially

conpri s&s¥’ s Crﬁr%eaﬁ"ge%%% Ja?

filling the at | east one pair of trenches with an el ectrode
3. The method of Claim 1, wherein defining the word lines further
COMPrises:

forming a pattern of lines in a photoresist layer by photolithography;

etching the pattern of lines through the photoresist layer onto a hard
mask layer;

siripping the photoresist layer;

depositing spacer material over the hard mask layer;

etching the spacer material to remove the spacer material from
horizontal surfaces of the hard mask layer and form spacers on sidewalls of
the hard mask layer;

depositing a material between the spacers and which is different
composition from the spacers;

stripping the spacer material to form at least one pair of trenches;

efching into the subsirate to deepen the at least one pair of trenches;
and

partially filling the at least one pair of trenches with an electrode
material.
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material. 22 4. The nmethod of Caim3, wherein the step of depositing
an electrode material further conprises: depositing polysilicon to
fill the at |east one pair of trenches; etching back the polysilicon
within the at |east one pair of trenches; depositing a netal |ayer
to substantially cover the etched back polysilicon: and siliciding
the polysilicon by an annealing step. 5 The nethod of Caim 3,
wherei n partital | yhéi hiéthgdcarfprGlsés f3,1 Mitregein heheat slegastf arep@aiingofan
t renchesladitdvia nmeteald lifartmetrerdrapriand: recessing the netallic
material in tbeotitenches,sibcdiheo met thadapfeddtadme baimbeteinenhdef i ni ng
the word |inesiipgwdSete pomdilieneuisd iy Wef dnjagt! 0w padad€EehBhes:
anot her regi eppotittte Aemst| dRMicGe o BubAtdmidInd Ofvd or iFeNde R HEBMY kK
devi ce, phheineihoghgonprising: ‘providing a substrate; defining at
| east one acgan&e%iﬁ@%e%&@'sﬂié&}?bgtm%h%%ﬁngaét% active area
conprising a sourcé and two drains, the source ar[?d at | east one of
the drains formng doldde fl eng o clypd Lin st Axhs o 8o deLd A8 %sex filin
defi ni “ﬂné”“atFS%z?E N Bl Bf?{en"&re[%h s l\élmeégftig: %@Eg%uﬁgtnif%c e t@g
pair of me"@h [ geﬁaL fer Sect| r]gfle at 71 &% n thv £a-and"en
pair of wWo i'es év”ﬁ% a'}ﬁ ¢h of less than two tines a m ni num
resolution (F) a hot ol i t hographi ¢ techni que used to formthe
menory devi ce, H o@? 94 Héﬂaﬁﬁlﬁféh%ﬁfﬁ TRihgopdiearia 1B sRGPses
over th&ALHRUROEFWaTRIIBIY LU IPFHR anaihs! raR e ithe nge oy skstice.
two digit |ines above the substrate along a second axis generally
per pendi cul af t &® thethad peieimiggea pag ooy deoriee | thtesethrd easpriging:
portion of on&‘fincha wtbdteaiet two digit |ines extending above the
source and definimiongt dedsit oherectivg srabovighinhtheseubstraté heald fclivaearea
axi s runpinpgisiper pevdiioid @nd dwioheraorsd fhiensocaxts, antieattieheasinet wh the
digit | dresshavinmgg a pnéechongfwbetwedinsRa¥s endeBn@8:tinmes t he
m ni mum r esotiafinony a8leddteo netpud odfw diidaiine g ,winhi@r giesapsaats etanghe of
bet weenwlohe ifridsstntepascines one saxessi snvi 4dtive thgs e ©bakOot @ o8 lines
degreeshafinglhe grthodr Ofes6l ahah8iwhheihed ) & heniathti g arGloduieh WeeN of a
the fi r8hotclithographic technique used to form the memory device, the word lines
of the pair being parallel one another over the active area along a word line
axis, and
defining at feast two digit lines above the substrate along a second
axis generally perpendicular to the at least one pair of word lines, at least a
portion of one of the at least two digit lines exiending above the source and
defining a bit line axis above the source, the bit line axis running
perpendicular to the word line axis, the at least two digit lines having a pitch
of between 2.75 and 3.25 times the minimum resoclution,

8. The method of Claim 7, wherein an acute angle between the first
and second axes is within the range of 10 to 80 degrees.

9. The method of Claim 8, wherein the acute angle between the first
and second axes is within the range of 40 to 50 degrees.

10. The method of Claim 9, wherein the acute angle between the first
and second axes is about 45 degrees.

11. The method of Claim 7, wherein the word lines are defined by a
width that is less than the minimum resolution.

12. The method of Claim 7, wherein the word lines are fully recessed.
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_.-é.nd second axes is within the range of 40 to 50 degrees. 10. The

" nmethod of daim9, wherein the acute angle between the first and

second axes is about 45 degrees. 11. The nethod of Caim7, wherein
the word lines are defined by a width that is |l ess than the m ni num
resolution. 12. The nethod of Cdaim?7, wherein the word |ines are
fully recessed. 23 13. The nethod of Caim?7, wherein the step of
defining the at least one pair of word lines further conprises:
defining the at | east one pair of word lines according to a pitch-
doubl i ng techadi qliee rhétifodretthOthiaf 7mamiug agh Uthiengteh @Wf&’mﬁ%ﬂlﬁﬂat least
conpr i siomg: papraivdingnassubsitdgrai@npeetbsni ng at | east two rows of
active areasdwiihiq thee ssuksidtab@e $aid ofaﬁrfo'rMelnﬁé§a§cb8ﬂimgd%’@'éypnch-
conpri side@ bdingoc@iging, two drains, the source and drains

i ndi vidual active areas formng a line al ong which a first axis is

def d, th t.h
the Tirst eﬁ‘;j@}ﬁé‘fﬁfﬂ A L B Fﬁeéfﬂgv%’s 3 CpoarPﬁr ?Qf@ one

another . def bl TRELTR paiy 3 ot ward Lines, gﬂ e
: Rt Sor ooy asawrate saic
Subst ot ?S'Y*Idﬁ% AN R PR S e sepigs ane

ext endi qgfal oﬁ '\é\ﬁw' qI’altl’?ll ﬁ@”%@% fomHlﬁ iddney wnighnar fiyt #xe is
two pair He’X O%t"% agp oy Hriagj %%@f‘lbce'd?r”et%tf‘ﬁb fendirst
of acti \?éeﬁr‘féié% ” %ﬂtf‘ %{%0 reystbeing %ﬁ@l”te' Cingednabiié t he
substrate, at®[BH aé' %?tt ‘%ﬁ PIfs Ghevofd tines avithsaste tuwd stiaget the mesrd
ext endi HBEaDBIRIT ﬁéCEd?ﬂf'ééJeaﬂ@I RReRilgl 9ge anetwonaloaxi 8 whet liher asisamne
acut e afglleevittchpaHe ¢f worddiias extrndingl @@ dwe ofdifg twhbi mess hdwaiye
a pi t cha64a het MREIE 120 78 et 03 285 toif reesraaline mi eviten dires @llat § am GE)jaafntaof
phot ol i thogwaphives péealhivgueeasedirtdo formthe nmenory device. 24
defining at least two digit lines above the substrate, at least a portion
of one of the at least two digit lines extending above the source and defining
a second axis that forms an acute angle with the first axis, the at least two
digit lines having a pitch of between 2.75 and 3.25 times a minimum

resolution (F) of a photolithographic technique used to form the memory
device.
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