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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 cells, 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.



the techni ques used to formthe features. One
wel | - known techni que is photolithography, commonly
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to adequately define and separate other
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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el ements of the nenory devices. Summary of the
I nvention [0010] According to one aspect of the

WO poogfosidan, a nenory device is disclosed. The PENDR3006/033420
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[0012] According to another 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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coupled to the source. [0013] According to another
enbodi nent of the present invention, a nethod of
worenwahastari ng a menory device is disclosed. ARCDUS:006033420
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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



Brief Description of the Drawings [0016] The invention

W Il be better understood fromthe detail ed
wale@cspté on of the preferred enbodi ments and PEDIS100€033420
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f FiBBRPI ¥n@ 8 CRES ddMb G8ste Rk bmBodilch oLt bRR Iﬁrimlt hS
¢ 1per orrrlred on tﬁg\&de\?ge of rlgl aure 9. 0823e Fi gurlg 12
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ofer PRGHing SUCRL TR o TP 170 A6 6 ey ap g apisdation,
in ackbicd wiltedde doftashEs of RORMentingbiiRh. 13- 21 are a
series of cross-sectional views of a portion of a

seff02bindudigmre 8avi CSGJ;leméﬁiO,J stosgbéotignali view é ﬁmlce of Figure 7

rmat i on i pher.al nsi st at e st al
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accoﬁﬁgcez\)nﬂ'l Bndthe eﬁ{%ﬁﬁnelﬁ%?ﬁ{ecﬁr@é}n{ Rvankher e”b0d' nment '
of the invention. Detail ed Description of the

Pr EQD@Z]r ed Figviped1 vk 1 B[ 40 28ikrogtvphe ifuserapng fidhyr gticided, recessed
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preferred enbodi nents maybe incorporated into any
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n I i farm an in n
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[0024] 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 1 and 2) in the array,
according to another embodiment of the invention.

Detailed Description of the Preferred Embodiment

[0025] 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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array of electrical devices, including logic or gate
arrays and volatile or non-volatile nenory devi ces,

WG @/ 0as4ORAME, RAMs, or flash nenory. The i ntPQrasm®d6/033420
circuits forned by the nmet hods described herei n can be
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onents ,in. rder to highlight their functionality.
dc“”%ﬁgp f dﬁ@@ &8%10 i's built on and in a substrate

1[{002*#]' cthg%m dHaes! PWRSE ofQVebrieh oYeiThiealt Gedice 10. This

erital in which electrical devices are forned. The
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als (

th t abl t
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onponents, their depth or height may be npst easi

artlﬁuaﬂye Kis?tlogidslwdtftpm etler enoponents reordeptoshighbghy their tﬁmtionality-

substr een.in Flqure, 2. .[.0028] FEpu
The BFBRbATE golkisITAben 194 in £ 28BS £ 1atich Fiha B8 el of
semlédhdﬁbtgﬂﬁﬁteﬁa%tvﬁﬁ% B cRcaIEE IS 2FEORAY, BN sﬁl%stlepce 1h RyScally
preferred enbodi ment, these word lines 12 were forne

comprisengiligopi OF modnsemthcrgsmfebhnncf@eals (egpather gudvar II1-Vhdergents)

may R Peeihns b it i e o8] e i AR SRGHbEE N omer
comﬂ:dn%’tﬁ Bficiddehth H?hélghﬁﬁ&ﬁb@@@@&@ﬂﬂﬂﬁder&m With sdfeRhed @Qhe top

resulting features may be | ess than the m ni num pitch
surfade 61 the dulbisyraterid, bﬁms@munﬁmgna@hlc t echni que. For

FePERIcs iy e el B2 E o 2 Ao A et tpdddure 1
extergi%ﬁ%% f16n d@ﬁf@rﬁ&h@)@%ﬁ)@hﬂ(ﬁ e pREGRE. en{‘tQ)Qﬁl%ntl Re@eRNBF@Blines 12

oubling fmay be perforimed by the fol |l ow ng
weresbquerh cuangfa pntcépéoubémgltschmque ubdgarsicded tbgset\hmslehnes 12 are

|IIed the rt. Fir hot ol i t ho .De
prefeiabty gt pia SeBiat bt if b PRGLSHh i ShGE arad M fefyrgpoe to
Figuid¥ 8Ld.Y UB8 ¢ BudipY ¥chBiquBthepRen da kS cfRt Y faturéfafbe less than
substrate. This photollthographlc techni que achieves a

the Iplmmhrnbpltd\e@fmdji dyethe Ibhom(dsthograﬁlﬁc tedhngjusc | Bweckaaipdeeln one
|ch

embegmito B ity BTG T e SrABEh B G Coera g g pitch
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[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 to form a pattern of lines in a photoresist layer overlying a layer of an expendable

material and a substrate. This photolithographic technique achieves a pitch between
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100 nm This range is typical for state-of-the-art
phot ol i t hographi ¢ techni ques used to define features.

WO pooaao3péot ol i t hography system F equal s apprPXI/Ie1006/§33420
86 nm while, in another system F equals

. approXx| y 78 0030] T, .
ad;acagtg Ifl gs n%; bh &sofhs %e[é:lr %ﬁ \%/e ngﬁltcﬁ" glgca I I%P Q’P% ptical
chara@fénEblcsaéf J)ldh@@aly]@l | InUdS}dseérﬁb@ﬁﬂlebu R i@Qﬁﬂnﬁ Khé h&@eldﬂ" 60 to

the art. The pattern may then be transferred
100 @tlc hithg rangsps (t mléfﬂ efplabﬂa{ﬁ @rﬁfh@*@firﬁm‘t@)thwam@ tfr%mrles used to
deﬁne ?‘ga%u ﬁ% If Id]g eeprﬁg)%l?ﬂhol%‘ S rs'ys%em ﬁ%&{iaﬁ% rg{lmaygy ZI?L?] nm, while, in

ace

anotﬂéh@}s%ﬁsﬂ équalslappﬁxﬁamelyhmube stripped, and t he
mandrel’s can be i sotropically etched to increase the

di [:9933‘Hce Béeviedih nféﬁ«g:ﬂ:blmei aAgfinedriv ehejolithpgrmphals typicele also

definl) 34 FL6E sREIY 5 WehNG RSt RIR! 18k TBALLE el . S FARA may
then ®k trarfsfdﬂedebyz ﬁncﬁéﬂlﬁi% @aape(ﬂ@@f@fabge hhiebtddc)ato tHeeldwayahyer of

of the resist. A confornmal |ayer of spacer materi al
expepgaple mtﬁ:nbb tblf@fj@sfon@mgdv)wehp rSereh dteafixels mHhe 1¢‘&‘§Ie1|a}’f€§f The

photogFm%et léneﬁ'aﬁar %ri bg Oé’gw&) do Hlt allnalhggdlé\/%éltﬂecg | té(ﬁ)dc EL' é/ C&ithed to
increhdeQe GiseR08 béisvetd n@BRE IR rﬁzﬂid@élb abref@tifly!the apt@ce€between the
formed on the sides of tﬁe mandrel s by preferentially

neighborhg mgandﬁ‘és @pweasedwﬁpmlf & 3F/2 oy temativelyi theagogopic “shrink™ or

«...surface n a,direc a e [enmm

i o 6 3 PR SR, BRSEFE 8 B8 res e SRR lper of

spac&rihyteﬁmnépaféﬁrb% dephdieh dves ﬁ{ehﬁandfau Atis RgerfofimstériAlsovers
patterning. Thus, where a given pitch, 2F, fornerly

both jhetzerdeldans perticad rswrfaessiofithe nmérqisaaﬁm@r%ma awaerig) spxéending

now.incl udes t f eat ur a
from Ssb(gegveag 8&;1{19@&1’ w’te{lﬁl alée ggreef ed on, els cﬂas oﬁ\{\ﬁ)e mandrels by
prefe?éﬁ'a ?%ttc}ﬁ@gﬂ\mér ﬁ)aﬁérzﬁat%ﬁm ﬁ’éﬁlb{}ﬁ MériZongl gin\fﬁﬁs in a directional
hot ol i t hographic technique is effectively decreased.
SPacfirmtcsh nmehé mna;mnmma:ﬁr@]wm thﬁlg selﬂmvc:}y wagﬁvyé lp@p@&b@lund only
urt her ductio f eat,ur

the syffr> Bbicl GetiBEahn R gp A2tk QbPRiPhinkr SERIEET ven pite,

2F, fbﬁﬁ&[ﬁﬁ@ﬁd&@ afpaflétheRfidin: orle0@ahdk &dd GRUSEs, RS sativilith now
well known in the art, the extent of t he

mcluéﬁsr ik features end v spaceh defirddchon deswpgcess. tﬁkﬁea tksplis theegnallest

featugéj 82% F(ﬁ]&«ﬁv% gxgg}\l/%rgﬁveet%rﬁéxotqq% | evjﬁlce&ec@wﬂ e 15 rfggef:éveefy YE&eased.
This WHEHRRSE Fikf (ﬁlﬂ'@l‘iﬂéf mﬁ@gﬁlaﬁbe gepegieh lfd)ﬂﬁhﬁh&&ﬁédﬁ@i%ﬁhﬂ €hedsize of
pitch of 2F, th eatures, i.e. word lines 12 in the

the feateres mﬂlémhqymsed kragreatar @@tw&: helew wAth mierenqsrie Figuaess3-22

ar fin a width abo F/2, an ent rd
" (036, 0Ot S b Oul pE R0t Ko Bolenih e e Ot the
shnnWtﬂH‘etchéﬂd tHERRMIELS ofthe Acpyded dpsderOhat BE vaned to achieve a
pi t ch-doubling technique, the separation between the
variegyp af eatpear andwpiteh | sizess 112bthelzléust@te@FﬁmbOdlmeats whereas the
ferr.ed. enbodi nent n |s nchis fil
pho R SARISF KRS oot BT R APt S50 gt gt tines 121
the iRR@ANMRRAMPIBERS e WSifth|of e SI}ink?ordllﬁfés 1D aye¥Sined b a@¥iBAI of about
enbodi ments, thi's isolation trench need not be

F/2, pmdes@ment p@@@hpeﬂ:b?a é¥le oy 12¢,s%drare sefar@ed by e saneer width, F/2.
Mean\x\l?ﬂe as a llayllp?gcﬁict %}‘ (fahe plpc% (Mﬁ% 1ng?.é/chmque the separation between the

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



be referred to as an effective pitch of 3F/ 2. Mre

generally, the word lines preferably have an effective
w@Raocl3ies ween 1. 25F and 1.9F. O course, the PCT/US2006/033420

particular pitch used to define the word lines is only

s ] TR0, 0 SRR S b0 120,

12c; Rbw&Rr,d8 ber BALDERENROthiPRolEEE tretdh 18E nBNBSHesERNT |
for exanple, the word |ines may each have a wdth of F

an@03dy b&osepuy sisancpp! BF, there IE top veerddingshaeldingdrat may

be re:f%;e tti8| elrsnz?ntpgﬁécéuevg?@ﬁ%ﬁ%% i\&%ﬁrvﬁw@eégrailk,nt %evsrf]oergqin%(s)tpre@eerably

have @RRERCHRNDitctOBEWeON € 26PI6d 1.9 DEROuRESHe paFfRMER phdl Rsed to
active area. [0033] The entire length of the word

defingjthrewondblines if only s pxaveple.n iFpider embodimgnts, the veordlisies aay be
N ementation,..ea rd linge. .exten r QSs

fuorg R RO S B RRE e 1t RN ERERE SRRt ome

embRAHAESR, Fr Eh@nMIB) thel WORSlidek mA§ daSh IRIVE -KRGIA OFtAHASRay be
of skill in the art, the word lines 12 are typically

separated duvr ¢4, 13) etotaprettheowidte i s@ll othes tlpmbodingntsadie word lines

SQUf C that _can .pl ace a current across.the word |ine.,,.
necd $3tb&fnmcd B nERT oMl Eafip RIS off BB MDY a' Wg tine
need ipBghi th@@kh ¥achodtBvedreh0 @ CPU through a nenory ,

controller. [0034] In one enbodinment, the word |ines .

12{083Fpr i e gnpret lppeth o thecvorddores i 2 isnetivisiblesh Figoa 1, but, in

doped W th boron., Il n qther,. enmbodi ts, the rd lines
a iR flp RS hctish o e LERRS ShiFaR (BosS HEpdRas thoud&Ras or
millish &ff hsistdrfgtaRe QlgRtdTehe ok liaéd ¥2,kRNAWdNKknown to those of
material, as is well-known to those of skill in the

skill &r the arf throwerdehirsdl Zramattepicallyecl eudrichllyi qompled 2o @edevice, such as a
conprise a variety of terials, in a.la ed,, m xed

pow AR PR PG e Bree bR r .S biogh inf 83 EeEhthe Pole sources

for G drd Wbl 2 hicNB&ir&B9RobpledioHCPUhARLEh b iRty Rynteii Rt t
lines 14a, 14b. hi one ‘exenpl ary enbodi ment, the wi dth
of [083dh ofin t hee e eohbgdiment,ndbe iMokdistinest et asorfprisen a p-type

Figure 1, iis equal to F.. itch doubling. ha en .
semiGraBlE, e i e SRREIBPOR i e ke B B fimes
12 nffyddidmpriseem ddfe ddhicadRicRBPALAl Qdicidd) tBnRi&f 6f b@Er similarly

enbodinment, by a distance, illustrated as S in Figure
behating eptralal tas igwellknewpite ttosopf skl infthgiart. |Insemejembodiments, the

pr. ef er.abl reater than 2.5F, and .preferahly.less than
wordfufes 7 gt RTEISR AbIY A R RS e ot on {ipeally
bonded corffgugiense, 1 nmposed by the photolithographic

technique used to formthe digit lines. On the other

half835IneaiThe heringrparlinen seenfin Figuge t aregformedhipy digit lines 14a, 14b.

in o S bRilepe St ermenb T ity BF Pyt S it B AbireEE o DL in
Figulelf 86 ol (4 FTONE PR UBAIEA ISR1HRN TBA 1 foB8 (RikChoRblary digit

e digit lines i's between 2. 75F and 3. 25F. This range
linesrldpr Adrnerd dagit diwies did, el dbadrascmrised, weenpefi@redagebaliment, by a

.. manyfacturing.and the siz f the chip..In.the .
cisafgy, {5EFEP " Sibathie b SHoEHe 2y g 1o GE (el Paesis preferably
greatB Tl 208F 3nd (hrcbMy RRs hdh At NEViteIR QHUCARBESling techniques, the
different wi dths and spaci ng are possi bl e.
lower limit 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 begins 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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[0036] As with the word Iines 12, the entire |length of
the digit lines 14 is also not visible in Figure 1,
wae@7obs4ei git [ines 14 typically extend acr oSBCTHRA3006/033420
transistors ﬁu t he edges of the digit lines 14, as is
known to

i s 2 e O B R Rt bt oSl bl s e sze

of the&hfE &MBld ﬂruerra?ted WfbokihenEbihe tdeid LIRSS HiKe \é%fto’hg@f 3F. Of
source. O ten, ower sources for the ng i nes
egh

courmnmtber@rrﬁ)@dtm@rtr,éle ryntwdﬁts@ad SRACENACPEIPDS a

o EShoot aserith R g e TAct et iRt i GBI b oo

not \rmmeb@Ffﬁgw@edantiahé bRt 1tﬂe@nu@§ﬁcaa@cht&e,acf@h HenGrahbiSlofs. At
manuf act uri ng t ol erances, and decreasing t he

the efdpgsetfithodigitdines dpaed ltsazrﬂllek:muptm thgseofff Skd} m:télﬂtartdﬂgr dlglt lines
14 oS R ey ShulRe R RER ST e i ety 0 Bover o

voltag@BHREte. Oftesithy Bbwer Sduled €6y tREBRGH ITRB Y S ardh18& indirectly coupled
conductors or semi conductors may be used, as is

to a GBU|thionginva memaryiggriraters isla resuit efithe more rqlmgat]ltclThetween the
. .Qther features vi.sible in Fi
digitdngi i 16 S bl RS Paircit Fofertidn,oof aBf oy reaing thei
mantwaétﬁﬁn% QIRIALES AMdl Badreai ARONREiHRBHAbT CepdcRahdie cauifting of
e digit lines. These rectangles represent a
a@ﬁ@mp@aﬂse@&bn or well within the substrate 11; however,

rrb di t | d
B’%Zﬁ Iﬁ’iorg: r‘]’dirf‘? t}cg’t? 3 ?rﬁt :‘?‘%“gﬁgevﬁn?‘?ﬂ%%?g metal,
cachUB0 rtuﬁé%?enm’d%%ét ARV kifer 10 Iﬁnéi‘théﬂl Refbotrfentsl - offbe BRINGs or

areas 16 define those portions of the menory device 10
semlmatuctomnay be fised) ab iefifedleitnommetn dhast of skil ni theerast.

nggg]l ﬁr s :}%aﬁ%rﬁ? ¥1§f I eI :ggr?:lé?%rlf %re z}ec]lt]t%gﬁgas 16, illustrated

w1thf?1r&1frﬁflﬁ§a‘fl &SRR Rich folis %ﬁesaﬁtthé’rear@&?ﬁ& R QH T 1,88 B of
two drains 18 -and one source . The source and drains

the dagiy lifes. Ha]eg&arectanglsmprment zhécpperdlrbgren oatet withifitlgusubsttate 11;

as i.s o.t hose, of. ski n the art..The
howiy 1 ol pEbPB Rl e els® Srednd deserenDpisighh Suctures or
mateals! winaWe dp@nttﬁ@%?etﬁgry%‘vict: toNanldh@ib&kdte 1100BRY adifve areas 16
anot her enbodi nent, the active areas nay conprise one
defiredboseeoatinhs @i ehedmamnry dhvecee] hthaheonsau fick] ¢ffect tramsdddors and are
. hear the d and, the drain ar,at e
typiciig rwiriieed By Tild BP PR slemeps dorh o € A0 MefiondRED)- Tn
one prefthied eﬁﬁﬁﬂﬁ?enﬁ&ﬂes@ QcGANbSUaBH cShplidcaloyarhids I E@md one source
menory devi ce in Figure 1, but there need only be
20. Thesovwweaardi drelnpawrbegatgar mutgtalbadmnaﬁustmeedanéﬁgm@‘l as is well
cour n, anot her odrne actr Y& are
knongb iRt ok Bots e TRS: ToREay b FoiSirad By b amber of ways
weu%tswﬁ%o fRYe HIAIDRT QAP | Se two word |ines extending
near the active area, configured simlarly to the
pa[(wéﬂ] wold ahmthssdrﬁqulmznit ﬁhacamtwe arel$ gy e€otprike oselsdurce and
%_ odi nent, the rd |i I may Bg h . extend f
one fain, BBAEIHEC SRS iarmedpear the i iBP-GRe de trat ds gepprated from

the SBQIQE B9| Wird e i ﬁﬂﬁ'a%teﬁ{bod{ng)&ﬁ' Qhe ﬁ%rﬂolrif/ H@\Ilé@rtn%j be onfigured

digit”line 14 runs proxinmal and preferably above
similarly to the memory device 10 in Flgure 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 memory device may further comprise two

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

0.



(see Figure 2), each source 20 that lies in the digit
line's row. Meanwhil e, each source 20 is separated to
WE@Ra0ms0336 de fromits adjacent drains 18 by wordI/UB29686033420
12. In one enbodi nent, the source 20 and drains 18
ty .C g rd,aly;
12¢, ?? Con ??%tg' e 17 ?ﬁ ST A ﬂ@%@%@r tHgﬁ{NIS nv%c%‘h lln?éjﬁlgy%%[h extend

betweeffbtﬁd koeed snd drhig, mmadaeemdaldroanm of8herma/ns£s®dfpr i se
a ﬁ@;&pe sen1conductor or they may be fabricated from
ot

mat dysi Hpsirateds 4 digiidine: 1&16%% Rrexipebse i mrferably gbove
(see %igglf'e ;eaccg'tsg Cf%§ ?(()) rt}]gatkl] ﬁlgg gluﬁr}% | c%pln%néjﬁ)% %%ﬁ\%?ﬂé}%gg’l Babee 20

is sepbhaeddi €mleﬂﬂeroiidﬁﬁ’f@ﬁyltsdadjaeﬁqtl@[ain‘s 18 igf Wyrdlilmesisied In one
with reference to Figure 2, which shows a
embagdinyens, shectourieall oaddrasts bheowprishan adyps eemicendiictigg material,

such 5%/5\1\}% ‘t:x én%]f&ntg 'p%&%)ﬁl%tﬁ{geo%{an %nga%%})ggg&%?g%laeg] ltl’lﬁé']source

20 aritR@layhsel8 @by combiisha bSypd SmiipoiducR, &ythéﬁfrﬁilywﬁbncated from
herein in its entirety, discusses DRAMs I n greater

othergagtgripls, 250 42q1l-lkeoven gwkhose, ofpkjliria the agthdn dacii s spgrogry and
romthe relatively
drmn?% (8 S s R R R BB 0T 1T e
E A1) ed TREbAMCHBAg dthenesiy C@evZ® a0disdbaky difBsdd with
ricated as one-piece with the substrate 11, and are
refewrmeé@ Figuse 3t MhichtshorRe gorstseshonsd vieve of s of eeactive pigas 16.

For a ftz‘ﬁr scus%rx?nqo theh%%}c\é\rglgrg%e % r alm??%k%{ﬁ%ﬂn@tﬁ”ﬁ gef’atent No.

3 731‘ ,@smﬁu&v toSSdeBELEtl A1 waikdH RXh&rpsieRa %Ertrbféfbnkié h8@in in its entirety,
t'echni ques welT-known to those of skill in the art.

dlSCl{S%@AMﬁlnﬁ@a@n’d@t@ﬂrrent at |east a portion of di glt

b is l,ocated_.abov u sur,f ace of .sour
pol00R D) 1R AT FRRRY o e SHERE 18 Sl @Fesd20 384 ESmprise
protraélslqst frbadhk Yela@Vdl €t ipplh Surlicidf thé BgbskdRe DY # Bh&bfeferred
l'ine plug 22, which pIu may be formed in multiple

embcsilmg@ts ﬂm souFcea2ls iamb d@l@t Hyerte fabriestesiws ong=pinothitd, the jyebstrate

T R N R R

or sd¥hedded ah&héxh&rﬁi-g@m%ﬁﬁttﬁe Tdurceehe Nihingprdawaivead die for@ by
the surface. Transistors of this desi gn are often

Selectléf« epitaxihl depasiionasgdechnagies wlld@mﬁ@ég thpse RASK 11 i e art.

B3k " ApEs pPadislyhe aflsiSia poilin FLGRYMnE4b Byocatca above

the dp@@ﬁﬁurﬂc@%‘f 586l8e 26. Ohs tNRtal@ A TRFERAR %&62’20 1§9<¥lectr1cally
contact plugs 28. hi_ a preferred enbodi ment, th

coupkydde epedigigpae il tobga Q@Umlug 82, avhidnplug emaeydqerfodmdz@ multiple
sou BT R FREL R 5P 55 SHRR BB SHRr S0 NieBecfwa e oo

drain§ 18W8FLra liAEADR, ¢PAThHS Qbﬁi 1&fesfrunchbake bx@fe@a‘tﬂ? BMBEdded in the
wel | "known to those of skill in the art.

substirate Ud1 exdensling dovenwards figm hapufhceorBansistors qﬁ itlaik elesiph yre often
at ed above the

referi G o TeAR0 1°6rS CaReh e’ BANE | THORHER D F e, Qocirically
coupgeggtgdg%t?fgr@e gﬂgﬁacgtrﬂﬁngg‘ﬂ B, »in QRS QI HE t@ftheeWeY SERHoRED6 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 30bya
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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reference el ectrode 30, while the |ower el ectrode 26
is electrically coupled to an associated drain 18. The
wowrd/oBismes 12a, 12b function as gates in the PCEUS2006/033420

effect transistors they pass through, while the digit

line-1 unchi_on [ ces, t .
24 angy Gty |4REh B0 B2 PR Ry lRiale S, SRHBERS iR cppgiors
can bkZ2Red i2hih& Rfas@hénts.control access to the storage
Cﬁgacitors 24 coupled to each drain 18, by allow ng or
pri®0édlt i ndntone esbgpdithenty ey sidle il vgyastorge ccaparitop24gforms a

| ogig "1" reihed an fhe digit sl .14 0.be witten
refsgif ferchody i B, b gt 15 i€ ‘Dol Sl an
assodted Raih WDB.C AP wlopd indé 100NNEW tiekktiod &N gASS aRithé EXkld effect
drain 18 can contain one bit of data (i.e | ogi c

., a

transisgors gieylpags throuph) whilethe dsibng 14k fungtionsas el den the gources
of, t.he diait.line and,wor ine:th selected ca

to wifth S e Pn ot amiR i s R e R AR i ocess

to thaVtofdge dap-Rit5ROM GupRd W6 ddh&aiar1 8! BRdlow 045 breluhtiiglie signal
back then to Figure 1, the design and geonetry of the

(repressping adesic C8” D0 ardegic b )tasiiedk e the digftdineHdp tgdearritten to or

n the |ower riaght ng, cor ner Figure nunber,

read fipmt B8 St L opadi PRLLRIS R ofthe SbO Sl 24 HRERed t0 an

asso@2BEddih Y1 ki) Beetaind dfe bibef| RRY(iteldh Nedic @B Drabgic “17). In a
circuit elements formng the nenory device 10, and are

mempfy ggey,athe dcondingsioe «f bardigit dingwanch v oath dine shetopngesglected can

unialiy YRERHEE Qe SHFRUS 2050 iR SR A GPRENR e qrgeac
16p004bE drEirfisg b8ciadhen SPPIER th@aesegp&hda%ebhié&y JF @ thbmory

preferably have a substantially linear re atlonshiB.
devigehldt mambe discussediin fyrtherfdetral. dnlt%m@weu dighblhangdydomer p§Figure 1, a
il lustrated |1 of the .active areas 16 ar . .
nomngr 8 2 57, Bt Alvnears W4y A6 Trcideigby aigped with he
longi®&#if @xed HRirduit @l dhit orhthgaRe nfefibi§ Gevdbe NEQAd AR ilLSFATRd to
an absolutely straight Iine, and indeed a substantia

morexgiefrly shey the adgles fuothed petnen oatiprsed e pal dgvicenamgioepenponents.

i BRGE G I Bngatys orfa Xt 6 e RSl §Eimdes20 of
cachaB@vdlir@h 16 ptéferably Hale @ sUbIRRINQflinedhelativadsp tHatapdehded to

be clearly understood by those skilled in the art. In _
defingt hdengifdnal amist s AsiiHusitsitesh allhef thet aefveaareas Ioatsr subsigntially

i.ngl.e dr ai i ngl [ b
paralfi? 1P DRI RRE sR eilrER Erane Pt S S Gy B form
an asOUNtE19 strhidff fihe, ARt Snddel QP UBSIERAA ah?l% thNBé Hehdidhy MtSthree

of digit I'ine 14b. I'n the illustrafed enmbodi ment,” the

poinigi di somg gmbodiments; thereforsutbstazind ardyybestofinedhy the thwe, drains 18,

Just as e active argeas, 16 e_preferabl ralle
or b g Sqite o0 ind B s S FRraRs B v B E PP JF PR b€ ot wouta
be cREMERAldYoBANH thete AAB&H inltHeéSart.i Mn etk &hfoliBeents, in which the
enbodi nent, axis A of every active area l6forns a

~ activgjapgal eampaisgs e sitiglchdraineand asinglemonfces the agisgh tmayi bredefingd by a

i a% Iegﬁt inltﬁﬁ.reﬁ%onlof %gch menory cell. [0047] In

ine BEtypdly BP Sl BB AT FSElC SOP Gst rated in Figure 1, an
acpior6pngl ik 8 (R ERAIPALVRERIAhA AxiaNSt 8%itS1iRe 148) In the
the illustrated enbodi nent, this acute angle, q,

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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defined between axis A and axis B, is 45. [0048] The
angling of the active areas 16 relative to the digit

WO 2owe®3B46 faci litates the | ocation of the contBCT/URLNNEB33420
28 extendi ng between drains IS and assom ated storage

capacitaors 24.. Since_thes u t end
form§ Sl n s e Y b TS SR 1 e R e 3Plop gfieach
mem8fjRdi nent (| Ilustrated in Figure 2), the engineering
is sinmplified if the digit lines 14 do not extend over
t HO04Tps & at prefedredi amebotignery ilggated dn tihgurgds ian eacatiee@gle is

t he di st nce bet 4 and dral
formif ety B o, 3% e i e, Milshrct o iim BN AL BURE el o,
deﬁne@bm@enhmmlﬁimssnmgont act plugs, even while the
digit line 14 subst antial | y overlaps and contacts the

solliP¢d 20Tde etglingant thetactiee aress 1ﬁ6r81{1t®0’49(} tge digit lines 14

facii € oG RE s Sharrftas JRE i o Sor RR 8 B asociated
storag@\é!qﬁl@ﬁorséa Veinke figest %@ﬂb&tYplﬁ@sOZH gftbnd FroanehOfopSdakthte of the

I'n the art, different angles will yield different
draingil chie $heh prefored amjl]ﬁmdemnta@khﬂst'l@tedr gndligum Zmn@he engmeermg is

simp RGeS 17T R el B URR R e ARTTRG gl e

activélarda§ 18E1HCERiaA6: BB BR a diBitdinetial ﬁnd@faﬁlspl%eflﬁgl rtfédselected to
enbodi ment, the angle, q, I's between 40 and 50. [0050]

facilitaie ﬁlm‘gomg deintpgt betvwaen Ohe dragnsrastdhemhtast phagss ievet whie tthee digit

) i tch-do d d f ot devi 1Q i

tine P b P ARG St Pty Purdeld BT i faeg 1o, °
W JobgdjeadidcodRR! gl n%l% 6 haty tdhe aagrotfla%wer BRLA6ES D sen to
of the illustrated enbodi’nent can be repl aced

maximnzi the giteh bﬁﬂfmrelecqmml) db\rmt iAorwill ltEhre@tﬂllneappger@ prsoreef of skill in

i als tes sem conduct
the off e nalss LT PR PR PBOTRBrRy H e agas. In one
emb&ﬁﬂ@ﬁt' ﬁfe%gI%XB de pk&e@b@%ﬁ%eﬁ%" ﬁﬂ@%h H@g?ées hag nkee Preferred
fornmed accord i'ng'to conventional sem conductor

embqﬂlmclﬁsmeraglgiee Ehisibgtieesn 28° hed 0tralska $talymorelprefested emdbodiment,

n|tr| t hen deposited over the substrate
theali%le %Wﬁ?i‘r‘g(%frﬂdjﬁg)m 40. The hard mask |ayer 42 may

be 0&9@ med ThyniAB Yo ‘F%dreskﬁ‘w“or@elﬂ%bﬁ P TaRE QGBS She Fitddoubled
as sputterl ng, chenm cal vapor deposition ( or

word lows tlémfehamemeryldposd 10 Brilludratdgneréatersietal. t Hougdlladetisan

... har k I 42 [ il trid
will GG aeiefibes e mabepar st o alisthi enbedipent can be
replaEr&y ifdi S By f&rﬁegorﬁf)m%éﬂ GAth Qe Carofif o€XAMRLASs. OFigure 3
her materials suitable for the selective etch steps

ﬂlustwew $ehradombllcm${lmfém] 11Nevet which agthst, égmprotryilhyen 40y @ngutising

dnthefl f"f har d rragaléla%/er 32|s atterned !
ox1dg siing ¥ ’SF r %‘? ofimenl ohas RERRGLoAWET PHETHAR §iGfOR Ventiona
semﬂxﬁﬁﬂﬁ&toﬂ%roc&b%§tk@ﬁﬁﬁ§c%‘ SA HaRY §lasitiBdyep ﬂzﬁﬁ!&%&@ﬂc&%mde is

forma mmask using conventional photolithographic
then tigmisitedjores thasubstrite 1hand temziarydyyer 442 Tilragnaztdhaasktieyer 42 may

ani tr ica etc edthrouhthe atter
be £ b b IR BN FPORGD ARty U6 Hreavir s gmiihaapor
depofifiof )@3?@‘}' lo? %vb@erﬁﬁ@a%reddeﬁ%ﬂﬁbﬂ imong 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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(as defined by Figure 1), with trenches 46 separating
t hose colums. The photoresist |ayer may then be
WO e0vowad4by conventi onal techni ques, such as bRCT/EB2006/033420
an oxygen-based plasma. [0052] Wth reference to
Fi 5A,.after the tr.en 46, have been.forned |n .
O o ek 1 e o IR tp e SR g R e 42 5
pattelfRH&Isingl a PRYoreSstdapasfohfe beer 6RY Blird th@kaRydr42. STHd gitRoresist
of the nmenory device 10. Preferably, the spacer )
layerrmaebé pattesad todfonplagpaskviesing eanyheiepnyl photplthgearephicdeetmiques,

and QR B i e bHE DETBE A Al dneiabilf gopattemed

phot&r@digCbi obdiy agileRBE, ¥ hdrd eERQGIunk® 4ExtSRBRLNN the y-dimension
material. In the illustrated enbodi nent, the spacer

(as defined bulFigwedpi weh tpoches 46 eenaratimgethegsacdpmpgt efliegphotoresist

ma e deposit usi ng..any .sui t abl e deposi ti.on
tayen i B B RRRGBy PP DIt Rl B BB L g besea
plasfgposi tion (PVD). [0053] After laying the spacer
mat eri al over the vertical and horizontal surfaces of

t hi0AEor Widevdferencedio Faguradids efterdpe rertheh 4hdpvpbeansferined in

t referentially renpve the spacer. nateri fromthe
the B RSP 22 vomlb T o b PacP GG B s Bogp S R16 Over e
entird Bt$ace b heSRAREMy dBRicRMi0alPréfrabB MRAph&dr 3038 @A bé Selectively
i.e., material éxtending fromthe sidewalls of anot her

etchadawish irespect Ae tachonhirate I gy e semppatydeger4), and thosyhsttate 11

ithin the.trench 46 a narrow,it. 054] Wth

and Mgt @Dt 1yt e e SEHR Y L astrd R h el toyhe spacer

matcfBY Ihh@8 eHdRA MM IR & ehetsPiced MatdrRil SHIbASR Rflydili®n. The
menory device 10. This layer of hard mask 49, also

spacersinpieviainmay threi depasitedh upingf asiyr sdtablebdsposiion prpgess, such as, for
r ef bly, deppsited to.a thi ness sufficient to fill

exa“ﬁ#e Cﬁ%@ﬁgﬁh}ggﬁf)@po& Eﬁ‘?gfo“t(ﬂgﬁﬁard mask material 49
Meppss depghi-t BGnBY RNYpREr FnditiHesvepf the WdrBBd1€and horizontal

deposition processes, including CVD or PVD. After _
surfadesp 0§ ithel myemofy dewgiaé f1i0¢ jae renisatropast etdf iy be magrk to preferentially

BB Bl b8 B RE TR AR 3 TRl o
Thusd RO Shdc8d mrkidl IRRdenrtd IHRY sfierk &Y ed MteANlYex@éndng from the
nunber of processes well-known to those of skill in

sidewdlls afranothep magatialplAs, sholva inUrigere e, shacetreddlene temed withyn the

; g% pl gnarized to the level of the dotted |line of
rencRiig Ard DBEOWdlich that the sidewal ls of the remaining

SPARSIEP 48Vl fefBRAkd % Methilki stk sAbhdHakd AlALI€1ayer 49 may then be
pl anar’i zati on process, such as, for exanple, cheni cal

deposiesherer ¢l enpirasenfaceatfitbe memprpdedset). [[BB55yerifehard mask 49,

aso SRRSFuReS ok el RipSHBREL s AbelBul ARl 35 %, Bkaess
suffiieAe 10he RIRGESE €81 chiksd, e hdrll Wodsk 182U sty Repoited by

process may be used that selectively strips
any pﬁlaysumbcronf seitzblé \depootian Iprenesseni includeng €D exra Ry, After

depo%iﬁggpq?&]eglﬁgglje&e Ql’}’lbul’?'[ 0S }lla?g tnila}/sﬁ n\é\gtteria tlg? tﬂg%xgeess l%ﬁa%dlhay 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 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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formed where the spacers 48 have been etched are

further deepened by a secondary etch that selectively
wer@hnmessthe tenporary |ayer 40 as well as the BCbhEB2086/¢33420

11. These trenches are al so preferably formed using a

v A G0 PSR Ao s SIS, T it

planatiB@idrBsby be @edt hese processes, W t h openi ngs or
recesses in the form of trenches 50 separated by | ess
t HAP53lhe whaspasemspist that 336 SeP@osesi aighe top surface of the memory

dovieP R, St BREAARH Cusbr BB, U0 pRRE o FELSLAO Yo THE itustratea

embo@ﬁﬂerﬁ5a HRdcesd maPYE w6ed thab kélédtﬁﬂélyaitﬁp§p<ﬁly§id1b¢n relative to silicon
ciate that numerous other techniques for pitch

mtndnu %r . pwmd@,u ip nnmbwbmgte @ Seleclaye Wittty mev e g%@ég dhe trenches
form?cﬂgmﬂr& etﬂs S % Glba}vw%régn %&Egd flﬁzci%ﬁhgrufe gﬂefl balgaegk%ﬁﬁélzlr% etch

cess

that SeRIHPEINIRHEs ﬁlef‘cél’ﬂbd)r@fy lﬁyéreﬂ@ dshadll @sht(htc: thitﬁ&g[ Bpmh@se trenches
t echni ques al one. The trenches 50 typlcally al so. have

are algg peefprably formddosiizeadisactiond pracess, sedpspfasfgpleyion milling or

tsfeatqy than 2:1. Increased depth nmaxim zes avail abl e

reac SFﬂhﬁcgﬁﬁ t hence conductivity for the word lines, at
heossy penw%@é aditfulsirgied e rékufti bf tege Eﬁéd&ss’és swmha&;le@mgs or

rraterl al 057] After formation of these trenches 50,
recessmnhféaﬁcfom;@lf tlteag?@s S@zselpgrase@ll toclasy dhap the rﬁllppé‘éfn mgsahmw&ble
wing S TS S bl AP RSREy Bt ok o
betwé&naaif&k L RAS b ®F508mt h@lfrﬁa)hks\é @r S0 Y@isak hﬁlld@ﬁré‘c@ate that

lining the i nner surfaces of the trenches 50. The

numerpysy stheatt@hmgacsefmhmtcbanulutl@hp%t;o@r may beorspd ite @smsq plj therstage

oy b EE R L B R 0l oL AL proces, b

whlcﬂ%%lbaﬁ'degasﬁ&ﬂ"'@efn SERediang@MiRr pAch s phefol@idigeaphic techniques
terial whi ch conprises polysilicon in the
alonq | Thestrercheri>@tybisdilyelse havma}n adpeet ratie grepist maarikbtand preferably

deposifed.over i r.e.menor
L o e e
for tHePRANESs, 20 RN pERE 0 dAGEAR ia HIERERitRh stltgldmaterl. 10.
I'n a preferred enmbodi ment, this polysilicon is

Un[ﬂ'@ﬁéh [PCf%8ﬂ0rrAﬁmcer of tl;eqq trenadies dhi thg hardpsaskolayer 42 is

seleclSlRipog Py T aRreT Hent peeneLRRYT o bbs dRibinghe ar

In Fi ¥, 4 &etc@&e&ﬁc 18r 924 blad & depdsifedsSdrdd bintd\Rr the
op surface of the substrate 11. This st e of the

deviqsy bnmgshs;lrmhmmfam qflﬂgmtrr@lcses ﬁmeTh%ﬁl@stS@ gﬁib iglqctréolayer 54

compgieR SR PF AR, HETHARGIFORBM * PRRETS PBpRdint but can
also ﬁ@ﬁﬂﬁ:@&é&ﬁ%@l gopedrial ﬁQﬁﬂ&r é?ﬁlﬁfd@rhéﬂ!; Y A DgueyRgate d€erial 52,

gate electrodes in the arrays are formed of a nore
whichi @mgnsc@ rpdlystlncme imdhe ilhuwmtrated sambadimenti ol then also be blanket

sili at es [ uetothef
depoffed Bu e Temattdencgtbe 1 AT Ao bE layer 52
compl&felyPH1d ﬁﬁﬁréa@ﬁestmlﬁa{*orrﬁﬁﬁ Gfo;? k@gickQdehe MRE& 10.CIn a preferred
mat €ri al s conpensate, in whol'e or in part, for the
embahmieht, #os pelgsibéont in@ndoped.
[0058] After a series of doping steps to define the drains and sources of
transistors, 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 11. This stage of the process
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gates in the array, inproving |ateral signa
propagati on speed along the word |ines. Thus, the
waie@apsd4gol ysilicon of Figure 8 can be sui ci dedr/af1006/033420
recessi ng by depositing netal thereover and reacting.
. i ¢4 d n . . i h .
o oG8 T o PR Bo SRS L 0Pl BRI e o e
and theélpAtablettrv@dsiof 1B alendity cdlDOAR] st ithaphafRiati €oped.
Figures 9-12, in another arrangenent, rather than
beﬁ%H§9]r ec &sefertblyy hewpatryhie|gateopiegodes i e dredys prefamed of a
more 5 R Bl R ARSI R AP 5, P BOHE o e
that tMetiBedsbed 8RES 3D MebeMighles 3 Hida)Care TherePRIwSi thal QRe Bfpical gate
the gate layer 52 within the trenches 50 is subjected
elecwea%@faalilé ingpagriadincoepensate |ip ghele wiipipertdgr tenymaleedeme f the
t. orma.laver qgf, condugt i erial 56. net al.
sotes 8 AP B g o R A iR sl stPieatie BRbPtipes. s
the uaBoRaAl pdyERcIBYf Fighie) BeAUbLtitleids@haerl RlceRmg(By @positihg metal
wherever the metal contacts silicon, such as over the
therepyryasid| ieaesingg dvletal sifieids cap haymbeies tharbHitimsathe edpductivity of

uicided material . conpri.ses. siJdikcon and one or nore
dopef gl o FR TuSp R BRUE P BRGReEN, (1ot um
r ufopeoy UMmwitBnemldioe 16 ®halés oronie kabthePas@hRaichY Gather than
nmetal etch renoves the excess netal but does not

being wepssed.t the pelyisilicpel 62 36initiAly etelied| baskiior iptimaBsedt drerretsythe gate

. f a.sel f-aligned..] ayer..that increases the | ateral .
oxiad, S T ek OB S Rl rAEHEE ] SubBRLIER R t e
stagel NThe odydilaoar oSthel gatd Wykd 53 U Rhidelle tifendBes! 5O 3€ subjected to a

| at eral conductivity. Full reaction also assures

salicidptiore (sgH-alignedi silicidaiderineaction fie fiyon & davieo of corductiengiatesial 56.
50, .1 n illustrated.recessed access devices (RADs)

A migL e P et 2 B AEECR IRRSTES S0 oA Ed & e orm o

silicid@tnfaterlt SR ISQurd| 1) Ovn&ef A& nfetf | AWREY Slicon, such as over the
Accordlngly, I nconplete silicidation would result in

polysiigoegaserdaysoy k2.f imend enbodienly thehsiliridadmpterfal chmpRee silicon
d'channelkzF%%ﬁheraPre, full §i|icigati§§,ensuQ§s. tantal
and Qi6p% WOTGRCRIHSPRY PRt PRI Paiery f{laniyip,pitheyyp, tantalum,
cobaR b Akt ALEBMIVRGHAE S tch b O&s thaBLdss AiaBidock Qot remove the
wafer. It has been found difficult, however, to

silicige BpevEhe pietal silicids Yatheorbyviormns n seHealigngthdayep tat reseases the
tthe ill.ustrated trenches 50, with a single netal to
later"flézpﬂshcltll ﬁxsﬁ’&é ?\V%rlaﬁﬁlte'eri al 56. Either nickel or
copabl] f PrerdiplBe gh@NHhget 82fRr MIYOdiHSAED té NBaximize lateral
hi gh-aspect ratio trenches 50. Qther netals have

conddetiotyst Fall adaction dlser asgivfes isdigide Esmptien fdgin to the bottom of the

wencfirs $ELTh Afoslfon BEFSRL S0l FF0R (PR E e aic S cross
not 6413l then@iidth LOrthdBhRl bal alWot bl W @htety BRSWAMs.  Accordingly,
recesses, such as contact openings or vias, stacked

incorppleteasiheidatatrn pesld ispult apdidierant svork dpaations alangehe hength of the

t.c. [.0062]. Wt hout, wanting to be boynd hy t . th
rRac{iifinby Ethetiberty S, SRR AR SByRS PRE i sl Rictiph Soross
the afray, e thia?mo hRAChIrOR a Wiet QAR kaferh tRdrhat hdsB¥en found

confines of the 'high aspect ratio trenches 50. Silicon
diffiqultf hogweserntyr achievedull ysiliqiﬂa@igb ayithin e tightbepinfines of the illustrated

trenches 50, with a single metal to form the conductive material 56. FEither nickel or
cobalt, for example, tends to form voids in the high-aspect ratio trenches 50. Other metals

have demonstrated similar difficulties for full silicidation for recessed access devices.
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does into silicon. Accordingly, silicon tends to
mgrate during the reaction, leaving voids in the
wWo e@nobisgs 50. Furthernore, a high tenperature PEEES2006/033420
transformati on anneal to convert the suicide from CoS
st . ' i :
rho bAURL SRR SR BBLERE P s lagol
withinrdtRernysds &If rédedses Osuah 39 chrtsct dptBAGEBICYias, GtaekeBEhtMBérkhapes
during the reaction in which NNSi is converted into
for canqeitpgs Siapagitpadenciesdd] Accordingly, the nmetal |ayer

55 fer onprises a M xture al s...where at

I _e'zg\)ﬁi flt WO p*‘tﬂ(flﬁew rpéin Itg }lwng]f]ﬁn_ecfJ h?')%ﬁ%orrgeﬁlaev\édlglﬁlﬁoaé’?) ﬁads to be
causél Byf disfuvioh idsing eledilici@ution r&dctibg,ah comBinag¥AMAthahe HH® confines

nmetal |ayer 55 can conprise a m xture of nickel and
of the diigh aspedietio tisachas HO. diikiean didtsesomor fepdidy sncehalidhampcobalt

| apce each r d minimze the risk of voiding. .

docs R En oI, 0n B B E b PR s QS R v
in thehi@éhch€s 80. ParHerinbe, i Mgl te@balatud® phaged trifermation anneal to

preferabky the m xture conprises about 70-90 at. % Ni

€1

convgih dheysdigtde lomzGodi to theaporesstable LaRixt UN¥igkelf onithk ether hand,

. | 1. N en found to.nore readily.acc Lis
s R e e e S
to crédidiSoillHEraRSths feastiGn A wHERNESIAs tovenpe s 11 10139, jHase.

word line. In contrast to partial silicidation, folly

sulf8p3led Werardinglasthbgrieetabiayen|Sy prefesatdy rmgmprisesea mixture of

I'so wl ensur onsj st.e wor k f.unction. al .t he )
metaft, R’ at feaf 8/t P BRlar Gt WDl HAE PiRCYR ks retative
to sileID M leRhiBpRE tHeQh eta R $drH5edaa eohdpPiRe deNixbifte bP nkRYI £ cobalt,

across an array, from array to array, or wafer to

suchthgtdhe disediions padiffusionstiend ¢4 balenasreagh lother end| minintieaithe risk of

..dnconsi.-stent .c Qs tion endi n on | acal |, .
voidp e BRI Rl E R BRI R LR btirs 1S B Lo ggmined
metab PSItan@rhéYg prefe@Bly 10 Maktufd aenHA% Mo nd-000%0 €ONT shd about 10-

sputtered over the polysilicon 52 to produce the netal

30 af. dlpero55Suchhe mivbge raftmickel andeqobslidjasdieed foundito more readily

oS TSN ARTSEL el e by SIPBELHLE el s
prop@fafbekpddY aldhg tBORead 1ihé EOEHuaed RAttidl @WRidation, fully silicided
tenperatures tor a longer tinme. For exanple, the

wordshiipstaranet prly anersadoaductive 400-BR0owdCepre 26a3Bentiwark dgnction

I ri ppnt t hesilicidation. anneal C ct ed
ton SR8 TR Pl AL B 2P PSR B by
from3evick Ro &S ecd S265] anl Airayl YN Qkral A afthys Gk @RErQ0 RRIG! 8ince partial

the skilled artisan can readily select other suitable

silicifigtionyyidisterd tonleae igcgnsistentibempashtiasis dgpéndinginonilacal temperature
variakh&nghes. Exanpl es of netals that diffuse nore readily
'A% ™% con than silicon does in-that netal include Ni,

Pt %owq Cuin Eﬁ@eﬂnggﬁe,oi sﬁm&&@h%imkget mingh_siﬁ'glsb%m and 20% Co is
diffuses nore readily than the netal diffuses in
sputterietl j aqyen therpdlysikcados2 To penddcd the MeRbHyeFbGurBes substrite [iBthen

T Y e
possible 18l a Whérer Sinhd, $osTe@KlydRe afiledMisR9ndédfed at lower temperatures for a

longer time. For example, the substrate is annealed at 400-600°C for 25-35 minutes. In

n'%%gc?{aﬁ%n{%&% gocéj’smaterial

experiments, the silicidation. anneal was conducted in a batch furnace under an N,

environment at 500°C for 30 minutes.
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and 10B show cross sections across the width of twin
trenches, at two different magnifications. Figures HA

wa@pa7MBB46how cross sections al ong the | ength PET/ORMO@H33420
t he trenches at two different nagnifications The

CORIRES R R ook Rokp o aRRL % ) AR5 st

othett Su@taile nfiLMERST nv@gs BRI sdicldatibn SR fendhBd.f BXdhples of metals
conmposition is observed, filling at |east a | ower

that ¢j§iusg merefeadibiein sibershiben vilicero dt)eSvmltb@tngetall inckude Ni, Pt and Cu.

e f. Fi s 11- after de

Examplgg yS| ek, 1%%“]6% l%cgn ﬁfﬁlsteﬁén%&ryg/%qs Vi @8& t%%.ﬂ?“ts"é diffuses in
mhmﬁhﬁaadeaacmzmahw,to the gate dielectric top surface

54, thus isolatin the silicon within the trenches

W| 10860l r Eimaesi ey 1[1806175‘] miRep greplisn shavang trecebagh rfally 3ilicided

n be, r

N o S BB AR am oS SR SRR i oh S Tigyres 104
and 1168BeEhowB crésd CdecASnsS koSO Ahd ivkifiihd8f theSRenkcRSU! At w0 different

| ayers 58 may be deposited and then etched of
magipfieatigns. zEthIGSHéAC@tﬁU(ﬂ fhaw amsesdctipns@ons dredbyzth of ose of the

rd.,l ne 12a 12b of. . the c ete dev
trenchfl o RAS AR e RGeS T By P Eh s i fheciip o Goout
50 m@taea depthCdfiabo@! 1ISURMS, Subly tHah%e'a@ﬁéé't Ationd tha¥ %reﬁcl% was about
Thus, as woul d be wel’l  under st ood by those of skill in

3:1. temapth, upHernwepnipdsities isighshared, hidien apidasha hawdri ttml@dqf the

nd ve a pj.tch royghly one half of t possi hl e ..
trencg?wlg‘oﬂts VR Mhot {ﬂ %%h PR %l f Fré%‘i‘tﬁ? qlﬂ?iz i%?egepommg the
polydTRWRVEN (Fidub@t), BRIPTodsliRaRER bs eRhed Uzﬁ:k%nﬁqoocﬁé‘ E&te RRI&QKHL top
provi de advantages whet her or not the word lines are
Surfap¢ o4 s lsctlfzﬂm&the siligow 8/ith@f the trenches wiithowt ieegssing.
t.he |tch mul t cat.lo

R kg Bl B LoD R APl BB
w1th1¥1kthé h@ﬁcﬁe@ ahd'8redhén cbRP&PDy 1 @@co%ﬂ'lﬁéu‘ljfﬁﬂlghgbye@ 158, 5&h0k silicon

the illustrated enbodlnent thus fill lower portions of
nitrideh elhepeinshleBnShiyens i58feaabe derfosited ayl drer gtobed phplang(ssad. The

o e TR FECRBISHSTT0 b EoBoET Sr
devi@NDOghd e Wor@ﬁﬁ’é&t 1260t A arabepirtéd ﬁ@l‘h@he bihet B?cuﬂ%tléhents by the

suicide 56 is nickel and about 10-30 at % of netal
1nsul@'qt@ h}zqra|585|”ﬂhu@,| Fewigld dmbmlt Widestodd by thwisk lof Iskill in the art the
ted by th ariisan, ferre
wordCRESEFH BT brePt e i B, Tep A o Bt of thr
poss@ld'@ﬂnb@ﬂ%‘i&?ﬂ;%t&ﬁﬁbglﬁﬁhl@$edhﬁfqh@é nNefe, hB@e@&oﬁﬁt SLERS aspects
are conpl eted, thereby making the chi p-maki ng process

of theptieclesufd berei providepadvantagesawhethie os inbt ¢lom wandl limes ate pitch-
mult ﬁngltlon steps to define recessed word |ines
IB erably sinultaneously define gate el ectrodes over

t h@ossibst It Rube! i BEeEMIB kAt She rp?&h@milhﬁhcaﬂon may take
periphery. [0071] Referring to Figures -

placedhycmy 9d a veriety ohpretshewelkiboun tethose skﬂﬂefdanem antvor k

f [.ons.and..re tivit est apl i d for t

o1 6 0iane STE Fyheies ot b il e i pbeefeniotas ) fower
porti GBS ERAESS T, PodfaBly Al1ihg BreBRF HRANSYs of e tlfich 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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illustrated enbodinent, this is facilitated by etching
array RAD trenches through a polysilicon |ayer, which

wo orom®3(East of the gate stack in the peripheryPCT/082084/033420
Wth reference to Figure 13, a polysilicon | ayer 60

P L LB Bl B,

emboldih&it, dlen@gibﬁxeﬂleq)éﬁph@ytm pféf&b‘ﬂly%ﬁhﬁlltzﬁle&fs@y @éfir®d as certain of
grown gate oxi d@%}ﬂ@g e substrate can then be patterned
| ©

the abwehst@s @ret QOmPdes hyegRkips dhe @kmm;cmgm@q@swowa”ﬁmem In
part1<1‘ ?_co\f/mm ¢ glnge%ﬁ?i%ﬁésl%gn L:t nlgst’lﬂ egef% cielssepgzt&ocra 17kS Breferably

mmul@dﬂé@ﬂilﬁ‘d@ﬁn@ BAP kleShrodbs aket! fheléﬁgst?eﬁé) f@ﬁr tBE CMOS transistors in the
TECS- deposi ted oxide. [0073] Wth reference to Figure

periphery. t he trenches 50 are etched through the overl y| ng

et top e the SI|ICO Ia er. 60

orBTL PP ReRtSe B FiethE LRAY o 40 Rp@ Fltp SRt Sippodiment,
differ@at Qvdtk ehRelidiisC aldt Befigivityhem g fegtmsmle@vm thBesimultaneously

exposed portions of the substrate 11, such as by

procees@ddaatﬁ @lectpdeshin theearey awsl the. lopiscragions Ha the @cuRhgyi nlg the

sy SF PRt i . SRR 6 ik, Rt W Brno RS «

polysﬁl%ﬁ%y@%ﬁ@lﬂﬂﬁﬁ% ot oBEheSABMIadkin theptrphds. a nmetallic
mat eri'al 62 can be deposited over the polysilicon 60

arl@07Ht o With refenendecty BigureAss, obep@lwslbe@l Liyeh69 eepbetdeposited

i 9-12.. t bly filled
over [jeibRGaen | Briok B e BreeheEn THR GG URPR Last 50 it g fvst
depoditddUsier atiRel BABQHEL FRAe.gl lgeovm% @ckaldxfdegah%lsatst&%’e can then be

conprlsestltamummtrlde Ti N) .
pattemed evidne itclodeutded madis(not hhom)t, au¢h as fdnat dascrmbedowith gespect to

riguf{ CE Am HED CORIUDES 01 Fabien) GIED P tn b FUHL e oment

comp?@mgsib@ﬁpl(ﬂ')gzmbh?E@’S'—&%oﬁiéﬂfbedeOp layer 6 1 (see
Figure 15). Followi ng etch back, the etch stop layer 6

1 [@0%3]I yi With h@erpocteym Fl@mlﬂ,a@rertrmhq:ssw ermetehbd through the

v Lo oL oS R ey S e

subst¥td 0 NTHE gatE rd?él‘é‘cl&?@&ﬁpcdnsthg{ Bt &ftrRd oY thé @xﬁﬂ%&@gbﬂtféns of the

material 62. Subsequently, netallic |ayers 64, 66 are
substoépdsi sush a@\berOXtdaems iof theomerichyweallss DueAl the pre-grgsting etch stop

precnat b heS|IIedartsn the first .
tayer HEDE Sl Temoipb e BBl R Pk st fesydrimolysigen 60, as
showhhe overlying netallic |ayers 64, 66 can serve as the
) transi stor gate stack in the periphery. Al these
| dpe74 ar Subkegusitlyeds shovbotin Figge dis aohetahicemetstial( b2 can be

Aepo}iig Y8 1o T PP DGR B FEAFRAR0y SbSAnp Vith replet o

Flgm%§ bapl 1188 tRndReIs0eHe tp‘?@f@l%b%‘ ﬁfled’\@\ﬁt*ﬁ xﬁlﬁt@ﬁﬁl' SBre Sdictive than
hat & single material deposition, and different

polysmloq@nn ginsthe pldystrated dodbodmeeht thedpétaltie matesd ocorymides titanium
t.%and PMOS of a CMOS circuit. The overlying
it }ic layer 66 can serve to inprove lateral signal

Priopesyat i Qits PEBRACA P Medrl NS 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 etch stop layer 61 overlying the polysilicon layer 60 is removed (e.g., using an

HF dip for the preferred oxide material of the etch stop layer 61), while the dielectric layer
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controlling the gates, and conprises tungsten (W in

the illustrated enbodi nent. The intervening netallic
wo 2008103346 can ensure physical and el ectrical PCT/US2006/033420
conpatibility (e.g., fulfilling adhesion and barrier
functi-.on t the. | e he VS|
>4b P’Vét@énr t}éeo%r)gﬁcjwts hgeb bsjvglllr&%cl%ﬁgbﬁg%al flg?:ﬁlparf}gt?h 6%5i'a;sgﬁls%quenﬂy’

and nore particularly metal -rich netal nitride. [0076]
the skifled ertisan, the fit diglestriclayqripdagihe @oksiicrn dysooq, safl theeaveglying

ap,.l a farmed Ltride i e
mersfiP R 0, B8 o STRutn e Bt bR ik by, a1 these
layerb@re ddpbbied iniboth fepRnsref Rkdrest (MBthe feddorP &xanhple dnbbthSgeriphery

or menory array region 70 of the substrate. The gate
and BIEBEKS aftay spgosa, PApilien, casbevarigdy eopeth o getpllish a desired
th t array region .7 -he [ )
s R SR 0D PERAE sH pBRSLF Dt e
can H¥BBKd ¥PddfeGatth fFGHoadNMOS pad PRIOS BPa UMOS icEt@f. Dt ®&rlying
in the periphery 72. [0077] As shown in Figure 18, a
metaligr Jager 66 eancterea &pémproyhdateral rsignal repagatiathepeedyp along lines

| r.68. .including.a netal e . [ i he. ..
contgfi] 8 sy G0 Syl dB Btar 197 IS BV Bl tpcimmgne. The
inter@drGily (RtElic Ifa?ér 6x AR | @sueaphyredal Ginldv eletric@MBdtEpatibility (e.g.,

typical metallic materials, such as the illustrated
fulfilling gdbesiprsandabasiiergfupetioas) @gha fnciuie betvesh tp prysalicon layer 60

itride | ayer..6 Il e, st h N the underl yin .
and i pfipe BEC byl o B BRTRER oGl epbppips trantum
nitri®) aid @SreeiibilaiygetaPAcileal nRtigh after exposure of

the polysilicon 60 until the netallic material 62 is

r el¥9d6kd iReferhiagtte drigiesl 75ahe gatestianknals¢ @grrgies a cap layer 68,

o PP PR i By SPRET] F EeRies s,

filledWitB thénetRid Matchial 61, 1Y firktediGh@soryadithytrBgos 7010 e fbstrate.
can be patterned using the same mask 76, conpleting

The paie stacks layewsf>4ank, §4t ed sk §x80d keross hethpleg ptyeiegion /0 and

007 Referring, now to FiLgu 20 ol | oy _ng, renpval .
the S5E e R e, L JaRoresay L SE i Qs K RSB HRR 76 i
confipURA oA RAterGA trbiiktéRtddh theSletipksry8Q. confornal |y but

illingthe recesses at the top of the array trenches

50[007Al t heAd showat mnalligeredB edierien of etichstepp gtabes firsy diroggh the |

i1 itrid but . th illed | S .
cop (7TE% pirudrarChBRLELY fTomdl® a1 febfis LB i, AT Gyorine-
basedBb@itivel SnCath QRIMS &6 kARPR] A% s‘éfé@m?el%r] Nefb@! fthidal , métallic

subsequent spacer ‘etch (directional etc | eaves

matesiplesierh| as shadlsisateb tiaesen sisinpingalayer ff andHstegeenimganeigkeitride

8 al L.owi ng.sel f-aligned .dopi ng.,0of sourceldrain
tayerapa, $hiP MObiE pp B HIERGHE el Rufion UG e & lep e of
selecki®f§ ShIePlontiiing Ak Dbtal &Eh bt Sur o€ tel JolRAidah 60 until the
t he spacer |ayer 84 (see Figure 20), the spacer etch

metaftinahigrish @hie seaebred dpthedrenehies S0i ad showok in the array
72 Vi n i nsul ati cap.l ayer, 88 bur.yi ng the .
Gl TREY ertfeiias "5 M PENE Roo B Gichiog ettty dah e switehed

following recessing of the metallic gate material 62 in the array trenches, and the silicon

metallftclaldrk 63} 6@brRAicpriiRdi oventheiiigoni lags (0. t ANivibE iaf:p’ris@i&ted by

60 can be patterned using the same mask 76, completing patterning of the gate stacks 80
for the periphery 72.
[0079] 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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[0081] The skilled artisan will appreciate that
various doping steps for CMOS transistors, including

W@ o o803dé ai n, channel enhancenent, gate el ectPOTES2006/033420
lightly doped drain (LDD) and hal o doping, are omtted

in the descri i on herei,n far .sinplici 0821 The
the e AT P PIOGRFaieg 20t A i prBSflns 8 spacer
Iayei@#(?i{rﬁ@é@@ WFichk AERES ORI skilTeanstisaharill dpprdchie Raf @fumber of

periphery. I'n the illustrated enbodi ment, the
diffesent arpulatisgsiaterielssanbe usedcessed access devi ces (RADs),

why h i pher al forned abave the. .
SUOFTE: o 151 MRl gt i ? ahar PSP ERod, L LG pignal etch)
leav%wi&e%va@le%kéﬁﬁ h1Bnt RRIRAIM 6¥§heoﬁal;£_§ @ﬁ%ﬁ@%b,oﬂwwi@@f-aligned

circuirtry in the periphery, the skilled artisan w |
dopiagppf swiret/draivhaeas hin fhe rimph 2 ahowevensheseenesthe ghalloakeecesses at

ot h forns. Advant ageousl int i} 1l ustrated
the (GRS erERETes e Tigt e e pids Py PhiserRE S 2 Mesrasgs e
merdAP el RGARS SphcRE nlalBiaP BAR ihithBaRdy PAUSLINY ADinki8ting cap layer 88
peri pheral” gate stacks. Furthernore, the peripheral

burysigdemgdtt nepEaeb 63 vwathe e tnahdhenéously forned with the
i nsul ating_cap. t he ates or word li.nes. [0083
v B " b e ST PP e Gty dPRgE sebs oF CMOS
trans?s@&g,eﬂltchﬂ ; sCAREVh AR dheel Q:Hlﬂérf%@i'ﬁ@htg e oedrdde, BB, doped

0 create the other circuit elenents shown in Figure
drai2(LTHD)Y andmipd @pingliafd @nittad in thealescriptiod bpiengfomaynidisityis ed

to formthe drains. 18 an ource 20 of Figure 2 and
t hEP08Lh ¢ k eldes CBR ’én%’ép%lfcjir‘gwgs olp- ytth% %8*1\%%8 simultaneous
réi ik OrS ' | UinGRe ARGARS KinB&iment, th
pmcgst%gn%sd.}L t%%’%%@fﬂﬁghg51?@5%*5%?%% evi ce | a§ out 1and 1]imte]g ©
arrayrehingdoref arermenehsedt ancess deveces RPIDs),evthereanthe pheipherel g@es are

fonnzg\%gg‘feg@@glugﬁgag% a§a Egtgﬁntg%lsai gﬁsmg?gﬁ%{t&{% Wyjje described
in th‘%?‘c%ﬂ&le of LB entiafal Qfdug@s%cé}réﬁﬁfspﬁyth‘égleh : %He_esklﬂ?e%rﬁiian will

size of the nenory vice 10 'may b sgbs anti a '
apprecistachat thi tpedpheral tansistspcaditaky, otberbfrant i Advantgemislypm the
. in the _distance betwen adj.acen nse lifjers.
illusiyed GEOTRTR (05T P 8 T InE RA: Forehfogim e Fggssed at the

abaRd AelperighdfrgR0tiagist dpdethbehiRNRBbES Al H€ewall

Sam%?%‘?taéﬂ}lanelgml% teo‘%ﬁgver féar g?egter sgpar at | on%t anat heW
space@r e Isimasantdusly dornedawith ehe insulatieg papfoar the dRAD gates or word
. enbodinent, the word Iines 12 have an effective pitch
linessf 1. 5F, while the digit lines 14 may have a pitch of

3F add 'cﬂi%h &h&HEPR Wil'bd REdB-AGd Nt SbBlehtibdal ERAM

14[(gjr§§]\/\or%ﬁl?| esﬁdfz ar € si r%pl i fied by naking tehém
fabrisatiat @didiquds ymdyi eased am dregte i athbrycipaitpéenaéntusimmntip Figure 2.

For grEb el LAY 56 09GP Do & FAESBarBtht B Fijeee 20
of FIRES: | dndGRe %gcﬁerd SE&E%@&%aﬁ%&er§§4 aERadi BRALd AcBrdS® a }K}lurality

ecesse a unl i ayout n conventional DRA
of dégeeitieniagd naskipgsps.usi ng up val uabl e space between the
gates and the sources or drajns of the active.are

(ad003d) pereasicrylt eedie frvies Gurw oyl ttymedhod R aRGryre the
comgﬁYéd‘iﬁelﬁerWicgq ORI TP FRuf8NSHd 2 possesses a number of advantages

in comparison 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 digit lines 14 may have substantially different pitches,
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[0085] Furthernore, the use of a m xture of netals
facilitates full silicidation of the silicon buried

WowRaioso3ss enches 50 wi t hout the harnful formatPORUS$006/033420
voi ds. Accordingly, a hlgh conduct|V|ty can be

for, th t | i
whicH R £ 1B 4 Bkt B rslE stmt R D et 18 12. For
exantpR €n ﬂﬁ%}eféﬁé& B8 dimdnfaBe woRD BRSBTS e R @b pitch of 1.5F,

presented by way of exanple only, and are not intended

while theldigit inasté masopeafpitchef BRy émdd@ﬁtpn thregéend for feemingthe digit
d d h b
imes T A9 P12 5t SSRETACES RARAD AP S54fTBRY o nc

geneﬁ'ﬂ&%‘éiﬁéﬁ&cuﬁﬂ%&iﬂetaﬁbih@f‘ wiaRGe cd-$hvin} bly Ptk the active
nmet hods and devi ces descri be erei n maybe ma

areasvﬁ & at@utangﬁe mﬂtefsmglemp@tm flhe wopd hings 1@fin tthmprpfwredtembﬁdlment are

oo fetEsfh L i, B TRy Set Pl DEAN Bk Do 2bas yrige v
valudbd bpadk bBinRed IR HEQRRMJIANE sGiRtdsi dr ddind bEtheR¥ER hels MEmay be
CLA'M 1. A systemconprising an integrated circuit,

easily eeniin Fegyreadled husrthainenwaydevied Hymanhe made woradense.
and a.drain

olBBR: 2ey SRS 0GBt Ak b S Rgrea e, P igeion

of tR lIRSA KR Wi BSheR B0 NWARYT '88 RN fdrfmatiBh F voids.
phot ol i t hographi ¢ techni que used to formthe

Accardinglyr athegh conduoiitify ednebeiachieted| fonshe whasively sthdl welvdhe word
I Ilnes intersects the active area; and at |east two
MeHigit 1ines having a second pitch of greater than two
anfboes]h al fyhil dTeSrtdiR Corfi JHi AT 'AS@L Uhi@iohSdhavdVbeEeidBscribed,
| east one of the digit lines is electrically
thesa:@nlpn(hldemt@ heveebeso mrmnteﬁ by efyexampcodnll aaid rrd pot intended to
e active npr | | east two .drain .
tmmic e g of e BntioB. Tadoan BB R ERe Bponsildavis®S dfePLRRberein
may 8be | SR RRTA I %eﬁf G fotHe‘%t fo‘HﬁEd ﬂlﬂtﬁh‘i"mbﬁe | 638 d omissions,
between the source and a first of the at | éast two

subsdﬁuapmqndaahanm i gwsform of retrinethodst and dewicondesaobal hdreia may be

at ed between the .so cond of the
madg SRS RPR e B SHREOL B geR o IR Ao P bims and
thelr%ﬁﬂzraleﬁis%e %htéﬂdéﬂ% 'cbyerOJucﬁ%ﬂxﬁ‘seoﬁhgﬁﬁcéthﬁ‘Js a8 QFBRA $81 Rithin
source and drain. 5. The systemof Caim1, wherein

the stdyee and splirit Dﬁévs lla\reetlf)ul I y recessed.
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6. The systemof Caimb5, wherein the first pitch is
between 1.25 and 1.9 tinmes the mninumresolution (F).

W@ 200Tl0a0336/st em of Claim 1, wherein the second PCT/TR2006033420
about three tinmes the mnimumresolution (F). 8. The
systemof Claim1l, wherein: the active area defines a
first axis substantially along a |line extending

WE CLAIRE:ween the source and the drain; the at |east one of
the digit lines extends al.o a second. axjs;.and an, . .
Tacut & 2G1eM DECTBERNGhET | IPEDraled SUeHiba ths elntprated cirouit
comprisifef ween 10 and 80 degrees. 9. The system of C aim 8,
erein the acute angle is between 20 and 60
degr eesactie afée copprisingod sGlixierars] awaingi n t he acute

9 e e RSP sl B S ek RS WS IR ot ress
tHeh tWBetiméésteermiﬁfmlgﬂna'ré@oluticyWSF)éiom 4 photoMthowraphici fikbinique

each forman angle of about 90 degrees with the at i
usedste Wi Bie imegraied cinckitewherain ahleasy shenpbtheowgrd lines
. i £ eparates the word [ine and the
"ﬁ?%\s:@r%g%fnaﬁﬁﬁe%?n%%yé%gvi ce, conprising: a

substandasalivy diginkess havingea aceand piteh of gregater taw twe and a

and at | east two drains defini a first axis;

hed dipes the ibuahtesalyte Dalhereinat (east be %féh?ﬁ?é%if Bges is
efec,ftliiéaﬁg CEJU?% todhelBRste @ portion of a first word line
e

ocat e ween the source and a first of the.at | east
2t wo dihei systerarad Glainh dasthesieimothiei antivefaraa seountsesmtideast two

drai H ne Itocat ed between the source and a second of the at
rains sPaHEg WG SOWCEi ns: and at |east two digit |ines defined

3oy aRcaReEmidk ThainPPewhérdife digit |ines being

coupl ed to the source and form ng a second axis;

wher éit feagh aapartien i @ irsbworg dinetis dogated belwrprs Bievseurce and
i 1.t bl g f 10 to 80 degrees, and

a\?\fﬁgfgﬁﬁe‘%g&%&?txélﬁgir%fﬂrgsﬁn(gnd second pitches is greater

t han dt\easirzdpartibal 3f 4 seesnd wardilimeris nesatbd thetweéir thefsource

a phot ol ithotgraphi C tecgwiﬁge used to formthe nenory
298\a seconshef tr&t ;Rast fWBMdrainNg. first and second pitches

207 U RGTBIREN JeTism 1S lRss EOAPrising 4 IPI&BIIBNSE active areas
that comprise a source and a drain.
5. The system of Claim 1, wherein the word lines are fully recessed.
6. The system of Claim 5, wherein the first pitch is between 1.25 and 1.9
times the minimum resolution (F).
7. The system of Claim 1, wherein the second pitch is about three times
the minimum resolution (F).
8. - The system of Claim 1, wherein:
the active area defines a first axis substantially along a line extending
between the source and the drain;
the at least one of the digit lines extends along a second axis; and

an acute angle between the first and second axes is between 10 and

80 degrees.
9. The system of Claim 8, wherein the acute angle is between 20 and 60
degrees.
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m ni mum resol ution (F). 15. The nenory device of Caim
14, wherein the second pitch is between 2.75 and 3. 25

W0 200883@3e m ni num resolution (F). 16. The nmen®CT/US2006/033420
device of O aim 15, wherein the second pitch is

B2 TS B 0, S ] o 40 anc 50

degreegtherein the first pitch is less than two times the
m ni mum resolution (F). 18. The nenory device of é:l aim
114, \ihersyistemins Glainy 9| Whesa e gerienin!e s abaldthdedraes-

iS | t 1 Qi t4] . ‘

Wororyeeiren SrCg TgreRthiveold fndead (o an angle
of about@0 debiawswitls the aslebbaon®6f tha digd lindse menory device

. of CLaim 14, wherein at | east one of the rglineal. d

Ras dha sisiedRidrlaig Ta NRA BPICYRENFERES Jpe ypEd line an
the draigj nimumresolution (F).2 1. The nmenory device of Caim

0, wherein the width of at |east one of the word

14i. neA merbetywdsicalvomprBhgind 50 nm 22. The nenory

device of G ai 4, wherein th i.n f.0

by o SEeHaEBD P ana e copiptitng = Rk SpicTRst two
RhinS difiMinkta findten@:n a top of the word lines is

| ocated bel ow a top of the source and togs of th

> at .
| eastattiassidivel Aubstantially prrefielawerd faekidgifes Py gfs% pitch, at
MENor i , i : i di i
BB Vol 5 PR e S 50PRE R U BBttt of e
dthieastbwdr @isins, tdied attiesst arpartibavoing secwour ewrdrihealocated

drain that forma |line along whjich first axi i's
ketveradhe gepraa #Rf aseread of afﬂ&??taw A Afles

Wi t hi i | by BAQieindnsitche ehBi fuBe digit li
vxhere#n'%ﬁe%? 'tg \?Dbdr/ecgﬁ]leigntge%ahas QU][kiSltr st pitch gf o fines
bedsg cobpledttadhé ispascesamd formimg assebodiaxis; (F) of a

phot ol i t hographi ¢ techni que used fo TRV
DRt SRR SRR B 6, A P BR bt te
faRge DR {A8E dedtedcanltl wharelrt bAB oPfthe fissteindt sexotidgiitches is
't hes extendi ng above the source along a second axi

guestari thanetwe Redsta thall diges @i MeimETE ®SeBRIGAd ® of a

DS R e e BR800 W e o

st Al wiesnd piehes of dnel memodr dévise is less than two times the

minimum resolution (F).

15.  The memory device of Claim 14, wherein the second pitch is between
2.75 and 3.25 times the minimum resolution (F).

16. The memory device of Claim 15, wherein the second pitch is
approximately equal to three times the minimum resolution (F).

17.  The memory device of Claim 14, wherein the first pitch is less than two
times the minimum resolution (F).

18.  The memory device of Claim 14, wherein the word lines are defined by
a width that is less than the minimum resolution (F).

19.  The memory device of Claim 18, wherein the width of the word lines is
less than 60 nm.

20. The memory device of Claim 14, wherein at least one of the word lines

has a width equal to approximately one half of the minimum resolution (F).
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26. The nethod of Caim 24, wherein at |east one of

the word lines is defined by a wwdth that is |ess than
wo b@7/803érum resol ution (F). 27. The net hod of PC/aB2006/033420

24, wherein the at least two digit |ines have a pitch

20 O nd SR 3] 255 TGP WP

the wordines fsdyetwean amulteoemxgi@mh t he second axi s. 29

The thod of Clajm 28, wherein the cute le is
241 t hil ReUREMIORkGEVise dIcCIeln dd. ireshesuorciies aergmed by

a |tch(95ub@h It }%ﬁ ydherein the acute angle is W|th|n t he
P ang eao?&40 to 50 degrees. 31. The nmethod of O aim 24,

2®her dhe oheimaryndevite ofd®ldini teswieneimer tappepithe eord lines is

essin e word |] str te 32. The

located hEBRTR a7 ol ke AfidPes A et iefi Bl dlis °2r vora
24i neq fefHdEST r‘ﬁ@ﬁﬁfdcﬁ@ﬁhg&@ nerigryadé\aéd, &hd néthbt tesnprising:

a photoresist |ayer ot ol |thography, etching the

pat t ®FeViding|g ﬁ'é@s’(fai?ough t he photoresist |layer onto a
hard glgfllﬁﬁgl Y %rast %Hé' Q&fv@galleg%mﬂttﬂée&bssttréé@yﬂe active area

depo nat er |

hawvitlgyl angotiiae amﬂa elranmihatrfoah d ingpalehgrvenith aJ firgt a;asm/defmed
t he sp?cer material from horizontal surfaces;

depoSFiining & lraskpna Pl Weshiiigss withimibensibstrate py a pitch-
dobfifg tééhrn cﬂfé' %héhrﬁﬁ\ PRALHF of RORS l'in'?és h&s éqm sttchl &aéés than

one pailr trenc etching into the substrate to
t\deémms arremmuheaasolamm (ai of afphotdithhdgraphienigchnique used to

aII f|| i ng .t at | east one pair of trenches
h‘ 4‘9&1‘% l?é‘fejerl al. 33. The method of Caim
32, ‘d@ﬁh fgrbttlésstsﬁr@dlgft lilepapbié e snbstret aPRAst a portion of
material further conprises: depositing pol ysilicon to
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25. The method of Claim 24, wherein the active area includes a source and
two drains.

26. The method of Claim 24, wherein at least one of the word lines is
defined by a width that is less than the minimum resolution (F).

' 27.  The method of Claim 24, wherein the at least two digit lines have a

pitch of between 2.75 and 3.25 times the minimum resolution (F).

28. The method of Claim 24, wherein the first axis forms an acute angle
with the second axis.

29. The method of Claim 28, wherein the acute angle is within the range of
10 to 80 degrees.

30. The method of Claim 28, wherein the acute angle is within the range of
40 to 50 degrees.

31. The method of Claim 24, wherein defining the word lines further
comprises recessing the word lines into the substrate.

32. The method of Claim 24, wherein defining the pair of word lines further

comprises:
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sui ciding the polysilicon by an annealing step. 34.

The nmethod of C aim 33, wherein etching back conpri ses
WO e@e®3i3mg t he pol ysilicon within the trenchesP@r/is1006/a33420

depositing the netal layer. 35. The nmethod of C aim
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and etthss m@ patternref dihks chroaigér thel phototdwistt lngec et a hard
36, The nethod of Caim24, wherein defining the pair
MASKABYES | i nes conpri ses si mul t aneous| y defining logic

gat e§mdb @‘Wotb?&léma%r, the nmenory devi ce.

depositing spacer material over the memory device;

etching the spacer material to preferentially remove the spacer material
from horizontal surfaces;

depositing a material that comprises the hard mask layer;

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

etching into the substrate to deepen the at least one pair of trenches;
and

partially filling the at least one pair of trenches with an electrode
material.

33. The method of Claim 32, wherein the step of depositing an electrode
material further comprises:

- depositing polysilicon to fill the at least one pair of trenches;
etching back the polysilicon within the at least one pair of trenches;
depositing a metal layer to substantially cover the etched back
polysilicon; and
siliciding the polysilicon by an annealing step. V

34. The method of Claim 33, wherein etching back comprises recessing
the polysilicon within the trenches prior to depositing the metal layer.

35. The method of Claim 32, wherein partially filling comprises filling the at
least one pair of trenches with a metallic material and recessing the metallic material
in the trenches.

36. The method of Claim 24, wherein defining the pair of word lines
comprises simultaneously defining logic gates in another region of the memory

device.
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