SI LI CI DED RECESSED SILICON Field of the Invention [0001] This
invention relates generally to silicidation reactions and the
products thereof, and nore particularly to the full silicidation of
silicon in a recess. Background of the Invention [00021 |ntegrated
circuit designs are continually being scaled down in efforts to
reduce power consunption and increase speed. Wth each passing

generation, devices tend sely packed,
raising a variety of probléﬁé%ﬁﬁ%Qékﬁ%&%&@ of the probl ens
for integration is the small vol unes provided for conductive

el enments. In order to achieve acceptable circuit speeds, it is

inmportant that such elenents ar @iy efthdReetichh very hi gh
conductivity. [0003] Qther problens relate to di fflgul ties in lini nge

or filling hi gh08&ect Thigt inyentionerltfes esrergiadd Pirdabiennfspgions and th
el ongat ed ]igxroﬁﬁtqg"ﬁéreéf 46k ﬂa?tﬁcu‘i‘aﬁlfﬁé aR1e0 MRbRkYdZ@ R0 in a iseeés@t ed

hol es or vias are use for fformng vertical contacts; stacked

trenches above the substrate and deep trenches within the substrate

are used for rrermry cel | capa&@&iﬁi&lﬂm c. Depositing within

such vi as beco r St téd3 Q%L{qtgde gﬁpfut% @H&ﬁuagﬁl%%g 385195 E&%n‘m Et?orts
ren

each passing g |on ords can e orm osit1on or
subsequent topedee ipswegconbﬁaphmgaﬂdond:rem rSpedzdv iVéith ydck Ipdsmg‘gﬂmngn, @kvitdse

| nventi on 04 cco dance with ect of, t ventio

et hod |5 (PO 8PS BRA oSy ReTt. sepEe aaet of BieblfG o bigrtion
i nt egr at edpgi rFUnt -prdtflEmiEbN QdebBGdi e the BRAY Wdiuies 3prb BAES FoVedritub v
partially fabri cated integrated circuit. Silicon is deposited into

the recesselements.xingrderdp aphieve ascensabdepituitspepdaibis impertans das suchripments
contact w h W m xture of netals includes at

| east two }ir%epaqv(?deﬁ}blhn‘ge%ﬁﬁg?%@caﬂﬁ?f usivities relative to silicon.
The m xture of weoxl s @ﬂﬁkrpf&lﬁiéﬂehm"toaffﬁculemadlﬂgmrtﬁﬂimghigcapacttrrnio
forma netal |I|C|de thin th 10005 cordance w.th
anot her asp&PeHI” e | \%ﬁ??lﬁneelo tFFSBhEiS§re %ﬁ‘%&?r Y effbﬁtﬁ%&%
recessed aggRE3 ]ﬁ?éé'cﬁe/ﬂs%e atked 0t SRl LebrEéal Chhthots; BRRLEEHBRMHes above the
i ncludes etching a trench in a sem conduct or structure. The trench is
| i ned wit hsubsiddte|aadtdepr teaghes widlha the subsirisdare ruspd Hoy sregrory gglk (capacitor
partially t t

trench and¥%11%£t§%h;é€§cﬁb e&H %&§ﬂ§1§|8 c‘(’?)ﬂrjlS ﬂe?%rgéss?l 1;%00 gﬁﬁﬁ%ﬁﬁ%ﬁgt@?{ neé}]dgb%dt
ful ly reactsids iwitla ea¢H ipassthat gereratact iVehdswednh eddily  foetatiudiggy deposition or

subsequent processing, leading to lower device yields.

Summary of the Invention

[0004]} In accordance with one aspect of the invention, a method is provided
for forming a metal silicide structure in an integrated circuit. The method includes
providing a recess within a partially fabricated integrated circuit. Silicon is deposited into
the recess. A mixture of metals is deposited over the recess and in contact with the
silicon, where the mixture of metals includes at Jeast two metals having opposing
diffusivities relative to silicon. The mixture of metals and the silicon are reacted in the
recess to form a metal silicide within the recess.

[0005] In accordance with anothér aspect of the invention, a method is
provided for forming a recessed access device for an integrated circuit. The method

includes etching a trench in a semiconductor structure. The trench is lined with a



[ 0006] In accordance with another aspect of the invention, an
integrated circuit is provided, including a netal silicide
structure. A netal silicide fills at least a |lower portion of a
recess w thout voids. The netal silicide includes a m xture of at

| east a first metal havrﬂwg %reater di ffusivi té_]a/ in silicon than
si|icon hasdiplctripdayes, ead theeingfl trenuleisiableast pagially éilled wathsdiconc Aumets! layer

SeoOne Docah IR0 otk oS BETonAliH bilalobubil chlcGON T Akesh b B0-RRDis

in the sec n accordance w th anot her “asp el
i nventi on, fallyesmiey 11d:esrhc:éatmsr rezmnonmdmdheﬂihral ldgari ce incl udes a

recessed access ﬂﬁ%ﬁ arr |nclggrqg1a, recess wthin,
a seni conduct or | tr é‘cccg Qi‘raé'f’ 1 35peet PLIE fiYeption, g fiteerstad gt
and a net ak psédiddd dRnddidd i &rgataatsﬂkc@&e%n@tdr@mr R biliofde Alist M Qedst 86 Her
wi t hout voids. Brief Description of the Draw ngs 0015] The

i nventi on vr?qr'rwlbef pReeese v itipteroddse othefesah &ﬂrrédede@lar[irseornu@erg of ebleps i st
th f
N e o R e e R R R R

i s a schenedliddgpdlsmineiudes Dfecandrmeial Jadeya tsser Hefudivitytin sificornibien sitiasCleas

with a preferred e qr ment of the invention. [0010] Figure 2 is a
schemati c, |ﬂ?)ss§ c,rf'??)]nal side view of the nenory device of Figure

1 taken al ong | i[06%7) 2- 2ln dcforadied WIRNE St dsPedd oPIRSIhB6h, AR RB O
the invention. %0011 Figures 3-7 are_a series of cross-sectional

views of a peyidednTet devicesiapgesritreesed aropsscieyvice i ageqmeary meyar-onsading A
of DRAM accgsss Witk h%&gfcﬁn o F @bstlaR tahtﬁﬁledlelgétng'lg"éf %ﬁl tﬁ@qec%aso fa(}

according to a preferre Iment o resent "I nventi on
Fi gure 8 i snetalsulivedeafliivg a&ieaskslcsmnpomoalof ﬂleemmﬂfwiﬂttmtdmds ce of Figure
7 after recessing silicon within the trench, and prior to deposition

of netal for silicidation, i§Q. enbodi nent of the
present invention. [0013] Fi B rcil X eﬂ)} T Scross sect i onal
view of the devijoeospf Hogisle 7Thafdventil #ilRbé bbvg '\ idbis®08 Hint MienddidiRd
trench and deposi trogg[hrret al for silicidati %n in accor dance wth

011

anot her entfSaFTHRERE Bfihe REtpTedsemitodimeEh pib from. Beappandpd prajvipgss which are

10A-11B ar enggngfoqg{lﬁﬂ&smulnbyt%tlfrﬁg {H39ndddliby silicided, recessed gates
for menory access devices after a silicidation anneal is performed on

the device of HPYIe Higure 1 is a schematic plan view of a memory device, laid out in
accordance with a preferred embodiment of the invention.

[0010] Figure 2 is a schematic, cross-sectional side view of the memory device
of Figure 1 taken along lines 2-2, in accordance with a preferred embodiment of the
invention.

[0011] Figures 3-7 are a series of cross-sectional views of a portion of a
semiconductor device, illustrating formation of DRAM access transistors similar to those
of Figures 1 and 2, according to a preferred embodiment of the present invention.

[0012] Figure 8 is a schematic, cross-sectional view of the device of Figure 7 -
after recessing silicon within the trench, and prior to deposition of metal for silicidation,
in accordance with one embodiment of the present invention.

[0013] Figure 9 is a schematic, cross-sectional view of the device of Figure 7
after planarizing silicon within the trench and depositing metal for silicidation, in

~ accordance with another embodiment of the present invention.



[0015] Figure 12 is a schematic cross-section showing the partially
fabricated sem conductor device of Figures 10A-11B after recessing
and burying the fully silicided gates within their trenches. [0016]
Figures 13-21 are a series of cross-sectional views of a portion of a
sem conductor device, illustrating sinultaneous fornati

peripheral tr arl8Pllor Hapes 1Q{’ia]cllg's arg TRICIOSEARES HisHptpgly 1¥ﬂé\}‘i°@§§’ recessed
(simlar e;%at%:?%lsﬁle&f PF é{ir%&’srs%%vﬂzes‘aﬁ%r %)sﬂicﬂiaﬁpxg aftehii¥ erf&‘ﬁfé‘artﬂl' he ﬁéﬁca of

anot her i ment e i'nvention. Detalled Descrl ption of
Preferred Eghedi msnt [0017] VWi le the preferred enbodi nents of t he

present inventi illustrate combi n
doubl i ng t echni @E A tFjng’E‘? SieC ﬁ?ﬁaglrcsctr%sgcfe gtSHO‘?"ﬁlg% ?%h?lfyflé%?aaeﬁi
of these pipfieindadocadad JTambaed"BYA-DEB iafteOfepatiak @td bityingahy fully silicided

integrated circuit. In particular, they may be advantageously
appl i ed t osAesrHiEtamihcEdEmeeShavi ng an array of el ectrical .devi ces,

i ncluding |ogic gat a i '
ot uding | 291 CoB{a10at figlfck %1200 &/ QUL lob S s BABsA Ul b pBRIRIY o

menory. The I ntegrated
circuits dearicandudiypr ﬂﬂecmllmﬁ@a’sngiemﬂab@ms Hemeitinn @émebphﬂrﬁcmtsﬁm%tﬁ

or Taptop tRRITRrEHIGTar dexier Gl Chad ol Bg 4 A W B0

or any of gchtiab afbthetaxitoaiindn0of B iRntE@Iory is useful [(0018] The
desi gn and functioning of one nenory deV| ce, a DRAM laid out

according to one enbodi t he. i s illustrated
in the figures, and d 2 £8 it

. . = — [0019] Figure
1 shows a view @b PORRHIRN tlQef p@ef@i@éﬁ)r&‘{nﬂé@ﬂﬁ&% 19. thEhbfeser® CheBmIdNC are
| ayout illustra es the various el ectrical devices and ot her

conponent sillubizated by pambipasionewt ¢ piely dewbling techpiqe f 51@‘11%%911@% steqdetbat
conponent s,,woul

fepresent a mrcnglt 9%1%;”0%1%%1? B%#g&?%%bgﬁlglne?ts% Veﬁh%’on a%{?tggrnéo any mtegrated
artificial bfycu(ii‘l Shipagicukh ableyf m@yrbeammntagmmbr@phai forfoon dey déxdce havmg an
hi ghl i ght t hei r functlo ality

1 ilt
in a subst P& Sectifpl Hevics?- n’é?dfla gIIB%‘-ErmsqrI yga fs\é‘%rgygfan s‘écﬁ?ug% GRS {Ql or fillf

material i Hle%bp Ber3tRC kidhCAl DRHAWIS AR Eof BbIEfhemdiRe THOSHtE@BRA Llreuits
typically onprises silicon. O course, other suitable materials

(e.g., ot h@rrmgql by F}wm:pth&;lseie@qfﬁ)ﬁﬂ Syreinggy bg|1@¢@rgyéat@f§@cpnyé)§ ajngmber of larger
a8, b A 5, A S A Bl
reference ﬂ@tﬁlh@sxitmﬂs, csun)f a@amfﬁbet hédeyides faraﬂmchjrmemdzres& usédn in.
Figure 2 [06018] The design and functioning of one memory device, a DRAM, laid out
according to one embodiment of the present invention, is illustrated in the figures, and
described in greater detail below.

[0019] Figure 1 shows a view of a pdrtion of a memory device 10. This
schematic layout illustrates the various electriéal devices and other components that form
the:memory device 10. Of course, many of these components would be indistinguishable
in a purely visual representation, and some of the components shown in Figure 1 are
artificially distingnished from other components in order to highlight their functionality.
The memory device 10 is built on and in a substrate 11, which forms the lowest level of
semiconductor material in which electrical devices are formed. The substrate 11 typically
comprises silicon. Of course, other suitable materials (e.g., other group III-V elements)

may also be used, as is well-known to those skilled in the art. When describing the other
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[ 0020] Four elongate word lines 12a, 12b, 12c, 12d are also shown in
Figure 1 extending along the nenory device 10. In a preferred

enbodi nent, these word lines 12 were forned using a pitch doubling
technique. In particular, these word lines 12 are preferably forned
by a nethod that will be discussed in greater detail with reference
to Fi gur esoBp@entsisheigdepic br beigle aimyibguest ¢asidy widestoadf withwsfargwalta the ¢op
features ma ss .than,.the m ni num pi,tch defined by the

phot ol i t ho gﬁﬁPtt §@ﬁﬁ%ﬁ&é Eﬁb¥mﬁygﬁﬁwg?'in one enbodi ment, the
pitch of the remgbé) NgFbaadioigRte Wa ligesBla, DIHe 12QI1Dd bike:ssi showh th Bigne!t
defined by the photolithographic technique. [Q021] .In general itch
doubl i ng nayelbﬂéuao@p%ﬂweaewtdwcﬁ &9 Sup ﬁ@f%@ﬂﬁgﬁ’@élm"é‘ thgsgyeord Egesl K

vel | under SEROL s L8, st s diRad tin Blatifler, G ahoed HEGH 3P e

may be use orma-pattern o ines'In a photoresist |ayer
overlyi ng arefaytdy fofnedbyexmetbdditha willde aiscadseditermateniBeleil atith reffrenge to

R N AR ki

characteri gt infiSm@h fhat @ﬂn&@%@r@@fibMotohﬂlo@ﬁﬂnEMﬁiqﬁEﬂtFor E’:Xaxﬁp]!&j trhoie
the range of 60 to 100 nm_This ran% is typic
st at e- of - t REbedimephFieopifdnigha serukng deHbicY 1y ea%%&n@&alf&a? PHgimum pitch

features. %ﬁﬁ {dlf-t Ry R¥REE™M F equal s approxi mately 86
nm while, hlgﬁlr%%ﬁ er syster}r{ill F Cequal s approximately 78 rim [0022]

The wi dth of eafl21j ne hdgéner@,d)lby dpihding niaty e geiprimediby the/follewing\seglicaes
defined as

o2 B B Tl S SHEH e B35 S o

(pr ef er abl YisclNo S0ink @ PatidrtoT lHnle i @Wteﬂe&ytelﬁye@fove@ﬁﬁg Bd@b& of amtgienddble
t hereby form ng pl acehol ders, or pmandrels in t | ayer

phot or esi statgraband arsubpiEaie-h e 14t Phyplbosardc t4 lﬁﬁ?]&FIEF‘éeScaaﬁﬁ‘B’eEetween
Imi(r)lél: gf’[sca é?egq’s g][h%g 510ﬁF' ST 82865k NEboIE, S LANGE phed WeSimfied Bhbael Btical

| stance between the neighboring nmandrels
i s increasebbriceisifs obpi3Fslthoghntoy riatqnv@hﬂbodmetn?smmdpn ¢he' eRge ako0 &y

"trim' etc ouId ave bee er,f t

conf or mal qQ@ Sgﬁ%ﬁ?elts rffjlé eo(?h} e plf)()%&gl%%sp h%upga ﬁe% lﬁeﬁto
mandrel s. TFbfife ﬂeﬁ)ﬁﬂé of omﬁrdimoge@m mtenbcatdqum apmonmtehasmmnewhﬂa; al
surfaces of the mandrel s. Spacers, i , material extending from

si dewal | s @hothefSyHER, Erﬁ‘i‘@?ﬁaé’ﬂ’foxépﬁelﬂ’ﬂéﬂ%’l‘ ore formed on the sides of
the mandrels by (ﬁﬁlef ergrtLakl ¥r @écﬁhhﬁgie?ﬂ@d W?ﬁ@cﬁhﬁﬁb@ﬁlﬁ}als d/panst o

hori zontal surfaces in a directional spacer e hé remai ni ng
mandr el s ardefitddess B el evduld be wellamdusod by dvise gkiBedimthel. yThe ppstern may

Zpgic\? ;ﬁ pi t q(z:ilhbé[ ?rgr?stfgr%d g?yanagtchmg sfaep %reifergbny ag%gﬁ"gﬁlgb' N9 the TRYR: lé%le bf
expendable material, thereby forming placeholders, or mandrels in the lower layer. The
photoresist lines can then be stripped, and the mandrels can be isotropically etched to
increase the distance between neighboring mandrels. Preferably, the distance between the
neighboring mandrels is increased from F to 3F/2. Alternatively, the isotropic “shrink” or
“trim” etch could have been performed at the level of the resist. A conformal layer of
spacer material may then be deposited over the mandrels. This layer of material covers
both horizontal and vertical sucfaces of the mandrels. Spacers, ie., material extending
from sidewalls of another material, are therefore formed on the sides of the mandrels by
preferentially etching the spacer material from the horizontal surfaces in a directional

spacer etch. The remaining mandrels are then selectively removed, leaving behind only

the spacers, which together may act as a mask for patterning. Thus, where a given pitch,

4



2F, fornerly included a pattern defining one feature and one space,
the sane width now includes two features and two spaces defined by
the spacers. As a result, the smallest feature size achievable with
a given photolithographic technique is effectively decreased. This
met hod of p&%(f:fh doub] i ng whi ch f\l( be regeat ed for further reduction
in the size*bromgly neyded epaticrp dpingag apes a@%@duwe@pm&es@mmlﬂm now
bel ow w t h pefQL I ST €, .aS

wel I known |nu?hﬁﬁ§fféaﬁ{é§eﬁfgx@n%agﬁ‘s ﬁﬂ r| n trslsmAg'i%l cl e%ﬁéget %mallest
t hi cknessesfegfurg giee @Pélgmrsbh‘: edihspgiver shotelythdmaplm iectthique meffbtﬂixfelyalecreased.

vari ety of [ S|ze he illustrated e odlne
wher eas t he%ﬁghté?he%ldﬁ?%ggi# g% = ‘gﬁlﬁ}ﬁ tf"gﬁ% Ifk‘fiheér Ueen ’Bf f??ize of
t he feat ur ethe féanges, wili be Ehsms«adhﬂ gteﬁuter'ﬁlsl@ﬂ bélS\'w&Hﬂl  refetdtiol & FiBAYE3D.
pitch of F. The W& lines 12 are defjned % a wdth of about F/2,
and adj acent world%43nesC12qursepps grouihbe wdllkagwn dephe artedhyxtenfeo! the
same w dth, i

sHeEmB/rim Me@nai the ﬂné&e?sepﬁpfhg%g%sggcf (ﬁaggrs %\/\3@% %91‘%@ Iéd %g%eve a

techni que, the separation between the part
12c is 3F/ 2variely Qf peetiesr eedl wmitthodizeentIn an ilbstraied cmtoklangits, whereas the

filled wt ] I|esvmth|nth aration_ bet

t hese word Pl%n'&)eﬂsﬂ[;b ?ﬁ trfﬂ% (ﬂﬁ: wpolvy ﬁpg%%ff”sﬁ% %FWE‘?I’?{ & V’fq\%gimes 12 in

i sol ation tthemstanheadxpm}fnama pit&ﬁtﬁm Tﬂeaﬂﬂ'éllnm2 £Y aEfmdibHtanee &fabout
word |i i ng be referred to as an

3F, th
ef f ect |e\r/§ ﬁf‘?cﬂl Fdiaggntovor Fﬂes é%%éﬁhlorﬁetlﬂé alfotenapied by the emes wisiths F/2.
have an ef foeidwiglePhd £ ByRSEVR QT tie ﬁ% &ﬂglnﬂgl ’%Ehm@s %Jgefj&’atlgﬂ.'ﬁetween the

particular pitch used to define the word nes an exanp

| n ot her enipaerdrapatt svord Heeswdbed 12¢ 56/ 2relp ahﬁefen‘rabembtahmdntbm: rso]aeon trench
convention e ubl | ed n t be . used. .I.n o
enbodi nent algféélr%gga {hqéﬁ ﬁlsu}?ﬁg Bt Elgpwﬁitﬁlelsthﬁ"a Paé%&ﬂ? t?'u WETS thﬁﬁed‘?'?fdc}’fmtlgb’

and may be melmmamem dthterfembdimaits, tis SolaBorOkdhel n¥dddioh be preseh. | |
pairs

ot her enbodi nent he rd |inpes need not be forned in
ei ther. For exar@?zé nﬁl\‘%ﬁé’e‘@ BARITACT, BAreroe werddinesngeldmgauha aug
through eacly Rfdicd Qo ak @R effe itchh6t E@?ﬁ | Bk E%ﬁlyoh% e'é\ﬂgrdvﬁ{eg gkéfg}%y

12 is not visible in Figure 1, but, in a typi

each word |hage m@ﬁﬁﬁye@xtple heltveeen ds’éFI”mddr%dsQf tdwoaes Hredmrtorular pitkh nexdso
of transi st e f the nes 1 wel .- known
to those of(ﬁﬁﬁﬁﬁﬁ{%lw‘]';qu 995(? a? ﬁxamvﬂo dﬂ1 ?th %ié?eéj%sfﬂﬁ‘?f%dﬂyies may be

el ectri cal Ifgtbmwrllbgdndre cmwdaﬁtibmﬁ ;techniqﬁbsa&dqmc]@@wﬁﬂmgméé@ﬁot Behdkd. CRlbne
pl ace a cur s the word line 12. O'ten, the power sources

r acro
for the mr%ﬁ% Fingedt, 57 gxampleg ithee®ord, heeueeé&aqhohefeabwwr oL §rangd may be
nmenory contgepd-hied by FOSREIF bPs@he ofePRse stﬂlt Her d{‘né}ﬁ§ the~word lines

conprise a p-type ~sem conductor, such as silicon dope oron
| n ot her emg@ne@ﬁfgnnqdhg DPALYE glt]hqrné‘gr example, in one embodiment, only one word hne

need pass through each active area.

[0025] The entire length of the word lines 12 is not visible in Figure 1, but, in
" a typical implementation, each word line 12 may extend across hundreds, thousands or
millions of transistors. At the edges of the word lines 12, as is well-known to those of
skill in the art, the word lines 12 are typically elecirically coupled to a device, such as a
power source, that can place a current across the word line 12, Often, the power sources
for the word lines 12 are indirectly coupled to 2 CPU through a memory controller.
[0026] In one embodiment, the word lines 12 comprise a p-type
semiconductor, such as silicon doped with boron. In other embodiments, the word lines

12 may comprise an n-type semiconductor, metal silicide, tungsten or other similarly
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12 may conprise an n-type sem conductor, netal silicide, tungsten or
other simlarly -5 behaving material, as is well-known to those of

skill in the art. In sone enbodinents, the word lines 12 may
conprise a variety of materials, in a layered, m xed or chemcally
bonded configuration. [0027] The horizontal lines seen in Figure 1

are for med beYevingjreterizlnesds vgl;knewh to thope ofrslsilldn drarlp semb eobadinentss the
wi dt h of eq&itgi SS AL Gl -t in@@-_, | at e in. FEigu

is equal to .%hgg IES?tc Jffgﬁ&ﬁsh?g aegj E%%ﬁ%{eﬁgé’dﬁt%§ or?ﬁ%ﬁxeege& Jh%m}cally
exenpl ary @ogddd cohfigestidbd. Adj acent digit |ines 14a, 14b are
separated, in a erred enbodi.nent, by distapce, jllustrated

Sin Figure 1, eé‘ﬁﬁto%@.hw*ﬁ%qﬂﬁﬁeﬁseam @railgaffﬁformﬁ%@yélgﬂ & Heality
greater thafoke Slompdy eRbediglcal ke WSS of 3R offfiese Wik Bk, illustrated as DL in
pi tch-doubling techniques, the lower limt is, of course, inposed by

t he phot ol iFigwR)l alsifealtte dhniNe écl dewbling bppbeantused togfogntthesepeemplary digie
ot her hand,; t . t:hi t he i Vi

| ess preci élg,gsegjr;id %E@P‘glé’]é%ﬁgss ﬁs)sﬁ;‘éx'_l Bté?ldléeir %&%ﬁh Iﬁ[%gg%rwot%@ﬁ?’ RE
begi ns t o distance,dbudtatedes S ih Figararbregugine Br Thalpicwhbvddhendipit lingéshie prifdraily

of the digit lines is_betwee 75F and 3. - This r e repr.esents
O deor r abr EBtar e B e, e 1R 48 eyt ek o fraiqae the
of the chi PowdrNirhid@s,idflcist, atpRsNBP ge@itolitdoBRpHicdbdhnidudaged fo RAMaLA

pitch of 3F. O course, in_ other enbodinents, different w dths and
spaci ng ar digyokngsp|Qn theeimghands ngan e tupper\oad @F thihesge dhe phudolihegranhy is
| engt h of JELL T i L ti V1.Si i Lqur e

the di gt 1Ty wi RESpiei e, B n e i ol ey, B e
edges of t Meadige predférredsenibbdingst,i the pidtll efkhodigittlimet isdsewah XKiH dndi 325F.
the art, t

current se ifdrié i t’ieilf’ﬁieg‘f%zs, a i%ﬂglglgé’%]ég‘lff %lg'!v %engﬁ??éaﬁgé %f%l l'#?%ﬁﬁlggl 3 ‘géi.ze

Often, the op@rvﬂﬁéhéﬁ.o Uh GBS ilfiRfratbd @mBbdindent, tNE8igk4inds @4 3HaSO al J&hIFCH. YOF
coupled to a CPU through a nmenory controller. As a result of the

nor e r el ax&OUIES i ptheesmiadimente diffirent wwidthyand spacing gre pesside anplifiers
may be spaced f r f q i i

Tol erancee. - and SIZ3F L AOTHERE ABIEL 10, (6 @10 LBE e FROIBAGE L
adj acent dingi tisiblegn&igare [ 0@ 9he digitdines Ehtyputhligeertiendtdessslimgny trhnsistars.1 At
conpri se a _conductj nmet.al -such as.tungsten, ¢ r,.,or silver..In
ooy erpodfaiaiercot B Al Bes aactior e anoRERS Bl SoREr L R greolhe By ines
as is well Jkneyfpicailst flegBcally colplbd td dhrlehEseAdetamlliBi@R0dndTiREreBY A power or

features visible in Fiqure 1 are the active areas 16, illustrated
wi t hi n cur vpliagsearrcee tgRdhe sowetortses Br thealigislinestifare dpeindhgtlyFoupled

relative t %k @%?(ﬁlgﬁ a%emory controller. As aresult of the more relaxed pitch between the
digit lines 14, the sense amplifiers may be spaced farther from one another, relaxing their
manufacturing tolerances, and decreasing the likelihood of capacitance coupling of
adjacent digit signals.

10029] In one embodiment, the digit lines 14 comprise a conducting metal,
such as tungsten, cépper, or silver. In other embodiments, other conductors or
semiconductors may be used, as is well-known to those of skill in the art.

[0030] The other features visible in Figure 1 are the active areas 16, illustrated
within curvilinear rectangles, which form axes A that are angled relative to the axes B of
the digit lines. These rectangles represent a doped region or well within the substrate 11;
however, in other embodiments, these rectangles need not represent physical structures or

materials within or upon the memory device 10 and substrate 11. The active areas 16
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the digit lines. These rectangl es represent a doped region or well
within the substrate 11; however, in other enbodi nents, these

rect angl es need not represent physical structures or naterials

Wi thin or upon the nmenory device 10 and substrate 11. The active
areas 16 %ﬁdefl ne those Forti ons of the nmenory device 10 that
contain fie {1958 POFoRH 8F be Fresnogy devipecl 0 thgitontair §eld effe trdsstoisyand are
field isol RRLLEIR I h )

one prefer?lg% enjtp;odl rrg%'?j Kﬁﬂggésog%t% #\?%\Aﬁfﬁl{esgg% 1(2)(k:‘§trrrp F‘é%\?-{v% ('éTfa\]
18 and one %ﬂ}f@’éﬂe@@nbmm&tomp&c@cavmmsaaciscdmlsbavvcb angRN sQhd sABtdutse

than i1l ust4gnpat Figur.e.1, as_i.s wel 0 those of skill in
the art. ThieU;J/l ﬁrr%yggg € ag drafna%{’?‘ s% 18'&6{?{ %n%h %‘fmolflg%%% is well
wel | - known kmumhoﬁmsef)f Qdﬂl’t in the artt MReyahiy alf 3 hbridalbad3R 888 2 mumber of ways

enbodi nent , actlv conpri se one source and one draln,
wherein the” éﬂ%?oé@‘i% %ﬂ”ﬂb&?a{the digit line, and the drain is

separated from [bém] Soufn%omér én%ﬁenjrt' g act{nni a?%% Qnm?n l’ggi‘}ﬂg%}“&“ﬁ ﬁnﬁ

menory device may be configured simlarl
Figure 1, m@@df%r@erﬁ@@@ecmuve hﬁefouneﬂlwarﬂleldlgmdlnepaﬁlsthmgraidh@@éigﬁ’at&ﬁ@é}n

active are th r e an active area nay
conpri se oﬁe sgélﬁér:egjy ohr{lee %ﬂc angﬁ;g ‘? %éﬁﬁ?%m%\‘}?ﬂ%e%&b? Eﬂ”fﬁﬁéfred
conpri se t wimilasyr & ihlerlﬁéin@zﬂc&ﬂi&b No jAeApurkh bﬁﬁHeYeenééﬁe&ﬂy %Q%fnb %r@q’lne
simlarly to the g{_led word lines 12¢, 12d shown in Figure 1.

such an entf8itee 7ach JRiveBTea: Qfifaurserdy aneiher embodimeent, t?@taﬂevemar@hmay
source and cdimpkife oﬁ@gm@éé)éﬂdd@ner &QM“QEA“EheC;B&% | 4eQfce Hﬂﬁz ﬁ%gséo%p%se two

100321 As illustrated, a digit liné 14 runs ox i mal

pref er abl y Vb Vies exerding gerr dhepyctive acda, smlﬁguedzﬁnﬂdrm tol the$aweﬂ /6@ lines
digit line';s,ry ahsour edto her
side fromi t§s 2?;83{)\:%2%@&%1}5%&% W d}r’i“f% gﬁlﬁs may%Ot extend

ermbodi ment betviven drunore 204 arath, sidprosidd fdaMIERL | d:cﬁl&o%ftﬂe ir¥fgtor.

sem conduct i ng al uch as silicon doped wi th phosphorous or
antinony. In ot E@P%L dtf ’r]r]gﬁtfaéed el dige dd ruppranianal te and preferakly above

conprise a(felRee 38! @h&%ﬂ%@ t29 that s flfyY dlgR:IEPQQ &Jfbﬂegﬁ%}g% ];:ch soyree 20

other materials, as is well-known to t e’ ar
fact, the o eracated ttarmrherdsléfs rfeom Gtsnedjekenpdrdies 126y eatedinés agn t he one

sare comountaanl 0%l e S9BELOTLTR Sl RIRLY devica 10,1, b elly

di scussed erence to

vi ew of oneudf astdlﬂa:oaaiopvcbwah@%spbﬁrous B Entandriy! tiA @Fhel b26UGE R, QF shiltse
whi ch. DRAMs function, U S. Patent No. 3,731, 287

basi ¢ nann
i ssued to géé‘P@ dgins,} 8 may gpraprigesa P‘r%rsﬁ%licé’{l@t?t%yorr thevmayibe Thksicaied fiom
its entirebiher nfdtesialds 35S WRAMbwoAhER & kfeldhd art. m fact, the source 20 and

drains 18 need not be fabricated from the same compounds.

[0033] The functioning of memory device 10 is briefly discussed with
reference to Figure 2, which shows a cross-sectional view of one of the active areas 16.
For a further discussion of the basic manner in which DRAMSs function, U.S. Patent No.
3,731,287, issued to Seely et al., which is incorporated by reference herein in its entirety,
discusses DRAMSs in greater detail.

[0034] As shown in Figure 2, the drains 18 and source 20 may comprise
protrusions from the relatively flat, upper surface of the substrate 11. In one preferred
embodiment, the source 20 and drains 18 are fabricated as one-piece with the substrate

11, and are raised relative to the surface of the substrate 11 by etching a monolithic wafer



[0034] As shown in Figure 2, the drains 18 and source 20 nay conpri se
protrusions fromthe relatively flat, upper surface of the substrate
11. In one preferred enbodinent, the source 20 and drains 18 are
fabricated as one-piece with the substrate 11, and are raised
relative to the surface of the substrate 11 by etching a nonolithic
waf er -7 ef subgtosty At enothdt anapdesntathe aogearnd drmhq:lstmrm aad) dordired i try
protrusions_are f or med by .selective e |ta i.al Siti i

t echni quesSastive grRR! deposition 8sipg teghayigyes we fk‘r?gwart‘g) Of?)%f%%]nu ﬁﬁ%%
enbodi ment, at jogggt anpesd én%dﬁxflen@“ametastlalﬁ&u&ﬂ& dl%t h@&ﬁztbeﬁ l@éaﬁ:\d%bove
t he upper surface of source 20. | lustrated in ure 2,

source 20 fthe wperctrfacapf yourenipl éa IH@UFWé ig)Figure Rj thé squrise B lael@p*gpqlly

line plug 2 f I

Singl o st agerddb it Gt ARTRICNS | QEPRR bllp 2 Bl o BhP9E orplog fBinpte
the two dstagesdr iBa biyiglentade,| ds seswrl 2dganidiie, theeowned 2 isisepesatd®iom HRbiwo
are preferably enbedd in_the bstr e , t endi 0

fromthe s@ﬁa“"ééé bywo(;&gpgstlg'as FHW r‘ﬂﬁ@é% é? afﬁﬂr%fgg‘bg'ee\f‘c%vgﬁ‘i%%{lgw
as recessegRe069%, HeMdHRSIRMWARIRSrond BR sdFfade] STrddkisdrS of thilk dddfpR are often
electrically coupled to storage capacitors 24, and, in particular,

to the | om@fer@ldéetars o‘d@sszaé agtest Hevicastas Reltfes. c Apm 6rainsr 1§ g, ingyme eleetasally
pl ugs 28. 4P, i age .. .C i 2

conpri se a wéi‘r{oe%Eglr J@ggsﬁeﬁggb%t%gg réél?nra%r te ee@@%ﬁgfee ect ?6082 th??o
by a diel siotaist Qajm‘ltefsl 214 B2 cortavt tiigs Z80nfli gupefdaned, eni‘dmdﬁmem,tmeksadage

storage capaC|tors 24 funct nner kno
skill in tFRPREYS ZAEOMPTISEcE 10&1%‘333"{‘%8%8 g’%ﬂ’fﬁ ‘?n§e © %rofgé% bya
pref erabl YdileféEﬁfceiHat@t@Q\BQ tihenip E@Hf%uﬁﬁoﬁ RBese @ﬁ@ﬁéd%&aéeﬂcagﬁ&ﬂo@lﬁgﬂmctmn

trench capacitors can be used in other arrangenents 036] In one
enmbodi ment in @m@mmrd@lldﬁm@metﬂyh@»? of slgB i heael /by illpatrated: the Poragesaprdite
el ectrode I t

o oot 000, 0 bRl DSFyR BPBEALE 0 shyBlo PR i RpEctol
the field e&ﬂlﬁoisedirrc&hmmamgmmmey pass through, while the digit l|ine
| 4b functions as_a signal for _the sources which it is .

el ectrical |y coliP8l. —Fheue ephadifsply one FEl %OZEQ’eryl?BmS? SRaip 3 forms a
control acggssncet CletiiRieSEOr 38R GRY AGHErOEISciAe CTEI RS %cﬁﬁaﬂﬁcd@uﬂé@ltﬂ an
18, by allowi ng or preventing the signal (representing a |og

or a |l ogi caSSQCI)iteéaifmnelﬁ oriﬂteh%fo@l bines 13and 2 ABngtionnes gatex t"eﬁ‘et ﬁeléreff“t
read from tor t

24 conneot B80S GoSERASL e i the 165 Elhofins' B8 il RERRGENRES
(i.e., al QQWEIChQ is elrechogiyocoupléd Thus, the woedibnes 18a,r 129 praferebly ool acdesm

£ the digit. i d word |
Cdent i1y CHRUEEBTESTRMRRE A PO PGt FPFol G FL HRPRDEROUE s gien

witten or (ﬂéﬁ&%%ntmg a logic “0” or a logic “1”) carried on the digit line 14b to be written to or

read from the storage capacitors 24. Thus, each of the two capacitors 24 connected to an
.associated drain 18 can contain one bit of data (i.e., a logic “0” or logic “1”). In a
memory array, the combination of the digit line and word line that are selected can
uniquely identify the storage capacitor 24 to or from which data should be written or read.

[0037] Turning back then to Figure 1, the design and geometry of the memory
device 10 may be discussed in further detail. In the lower right hand corner of Figure 1, 2
mimber of axes have been illustrated. These axes are generally aligned with the
longitudina)l axes of circuit elements forming the memory device 10, and are illustrated to
more clearly show the angles formed between various electrical devices and components.

Axis A represents the longitudinal axis of active area 16. The drains 18 and source 20 of
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10037] Turning back then to Figure 1, the design and geonetry of the
menory device 10 may be discussed in further detail. In the | ower
right hand corner of Figure 1, a nunber of axes have been
illustrated. These axes are generally aligned with the |ongitudinal
axes of circuit elenents formng the nenory device 10, and are

i |1 ust r at edeach actiysraseac) GoprefopabinhbayetarsubsiangiaBy linesr neletidnshipalent maybie osel to

el ectri cal I . ent.s: [ S ts. th .
| ongi t udi na l\gb(icagﬁ)g acl{;é?\r%{?%r er}‘aS Iilgété%?é a@r%ﬁﬁée&ﬁ{}%ﬁr a%gﬁu%ees@galg]}ally
-8 each actpavalehr Bawill ®epmdémstoal) of charee that shebdrbimn B ahdl yourte®EBsiced not form

rel ationshi hat be used to .define a ]ongitudinal axis. As

[Tl st r at ed SRR ey dEyadapased obaipuiol ARe Hiyibaidefhecy frtedpree
It will be poasier B Q@ crffodaRet:s SherdfBR! the BLis W Ak Be 485:R0 %y IR TrAls 18,
need not form an absolutely straight line, and indeed a substanti al

angl e may ¥ byéks wmEre) and @sly qoRod e dpinskss or inri wirher ehebetiveyh that would
therefore, ghge@l gndbrsitd¥ Wth%?g LAk 1?%‘:11{3 gslr?t }fﬁpcétqérﬁ% Oéir}_'rﬁ% s, gfé ﬁ@r{c}f fe

source 20 and onl'y one of t’he drains

ways that wetivelarebgombageslaysinghel drast add: diyele hoses, she dlied may thdefmed by a
In other e odDi nt@h L. N W(ri\ich t.he Iactive area conprises a single
drain and a'si ﬁg% 1 5 PRelc dipfiand SgleROfIee 1o defined by a |ine

bet ween the si ngb@ssyr ai Axe™ r&iragh® tﬁeubﬂgiemd{rﬁp?a% M lagiBLhe M s aft fe
the longitudinal axis of digit line 14b. In the illustrated

enbodi ment ,Upsisted; gitodimens, tha Wigiohines 4k femsst sHbstentially sinaieht bne. Jushes the
Just as the.; | r e epabl.y: el t e’ ines
La 1ab ) Sa prpel QS Tt R FhER BREEME ey O ikl 057
pref erred egbedilyrpmtllelaxes Thuwsf incvprefermd tinbediaenia adiS A dDevesy #ctise aich 36

angle with every .axis B.of .the digit lines 14, at least .in the regio
of each mfﬁﬁ?@yﬁlgﬁ){% MDY eVﬁyélglﬁﬁae‘Ffléﬂ? é‘&ljfilﬁﬁ%iﬁ’ ﬁéﬁfﬁ,t i 516&&@?%9 e
in Figure Imemdyaelute angle is fornmed between axis A and axis B. In
the illustrated enbodi ment, this acute angle, 0, defined between

axis A and axis [3%s 4B 2 podaoy omkodiapgyt.i Hysteted: ieFigutei lv an acelgsngle is
relative tquthe gl i-nes, L4 _:facili i

cont act pl 385 289éet§%égn%ﬁ1$§ Et)niit %/)\%Je% &Jrié%ﬂﬁ%&%g&ggcg%gﬁgg@%ag&s?%gl}%%ee ’
capaci t or s ®@fnedSatgeentanissd andariaBi isgbugs 28 extend fromthe top

surface of the ins 18 in_the preferred enbodinent (illustrated in
Figure 2), the é%@h}eerfl}?g apghngg p % PPRE Areat ﬁg T8y (tPithiés R I 14
not extend faiRfatek iR 1b&itidn OF tHeNBnRAEHES 28 8xtcRY¥ind BethvicBS dfahR 18364 hitBciated
areas 16, the distance between a digit line 14 and drains 18 may be

sel ected t FOrasciaPReliRrE2t| Sirce dhfse comprt abues Batowkead fiave tr brigrfatscof the
contact pl yggns B &R t‘ﬁ@'ﬂr@feﬁ@@ éillll’tgw'd{ment (illustrated in Figure?2), the engineering is

simplified if the digit lines 14 do not extend over the tops of the drains 18. By angling the
active areas 16, the distance between a digit line 14 and drains 18 may be selected to
facilitate electronic contact between the drains and contact plugs, even while the digit
line 14 substantially overlaps and contacts the source 20 of the same active area 16.
[0041] Of course, the angle, 8, may have any of a number of values chosen to
maximize the pitch of the electrical devices. As will be readily apparent to one of skill in
-the art, different angles will yield different pitches between adjacent active areas. In one
embodiment, the angle, 8, is preferably between 10° and 80° degrees. In a more preferred
embodiment, the angle, 0, is between 20° and 60°. In a still more preferred embodiment,

the angle, 0, is between 40° and 50°,



line 14 substantially overlaps and contacts the source 20 of the sane
active area 16. [00411 O course, the angle, 0, may have any of a
nunber of val ues chosen to maxim ze the pitch of the electrical
devices. As will be readily apparent to one of skill in the art,
different angles will yield different pitches between adjacent active
areas. In one df¥Hdi neherninghe Bigyee3-10, onesmphed of ﬁfohyathgtﬂnepmhldbhbled

ot veen 20 Sog 1igg! 17 oFBedp i il BEHEE 10 BIRGHE I prstierafe? TondiggiGora
0, is betweeitl m@dﬂgm;bp&(dmte thaf he4atichlat Aiafialsoffth@illgGatdd dMboddMent can be

- method of fa r| atln‘g ﬁ itch-doubled word lines 12 of the nenory
device 10 i'SPRSE,IMATURYY; OF Y Syrbmatien Hith othere SEUPF | gmateriplsanFiswiel B

di | By
readi |l y applegisgse sb:hﬁion&dt@orgaﬁslu*aﬁéuﬂladveﬁﬁhﬁﬁ L alig, Bhpbif, lg%e!r ,tc{]ﬁ%nf“lging

enbodi ment can be replaced individually or in conbi nat’i
groups of s 1Bl §. Pfegis e embodiments t hast dsera fompadc enchrdingr tes Wostantivenl

| 1 over “‘E‘eﬁlﬁbgﬁdﬁc%r%rﬂéegggg E%ﬁg{n%ye Ha mgs %3423 g%;{ ﬁdlgcﬁalmtnde is

preferred enbodi nent accor
seni conductthen feposites swqghc eddfstriatgUé snd fnipardy ra@edeml ayRMhadlmaskUSRr B may

silicon nitri osi ted Qver t he substrate 11 and
t enpor ary Ibayéph%%y'laﬂﬁ I(rj]HPﬁFﬁ’s HOSNIRR PHOSCHPn§uChngS SISTHREDRS: ipemirgl vapor

vel | - known ddg@asint (OVD)r 6@ Iemperhtift Roshiiit Eﬁﬁﬁgﬂ'&he&h@\'ﬂhﬁ@%h tHERRH mask
deposition (CVD) or | owtenperature deposi fion, among ot

Al t hough t H&eh é% gompidies siliggrepitude ig ébﬁﬁfﬁfﬁ@sd emﬂnqdemmtmt musdbe yndetstoed that
preferred grhadi,iEn. fggﬁemélhp& rf§1I 88%? eh%¥ lel o] uq%‘tﬁf Jorthe

formed of silicon oxi f or exa erlassw
the sel ectselegivetetdh sﬁﬂpeﬁsscdbatlnaldned beI OW. [0043] Next, in a step not

illustrated in th har mask .l.ayer 42 is patterne

usi ng a phot orei‘#‘be‘ll?’ ﬁffx% i dyusfrﬁ@dl’fb ff%‘é% theyherd mask hrygs 42 is
phot or esi StpattdradPiisiiBY phétoRaikt B é]efGnﬁéa $+Rf et C

photol it hotéjra hi c Stnﬁe?éhﬁl 8es gnd he hard ngfs%%séli%?&%% (r?]gl\é%;ﬁb%

ani sot r opi e&ef ?laétbé Wé‘tﬂerﬂ?ﬁr tﬂ@ﬁntaﬁéa%!ialsmérmewnhpmlpbofehth@graphlc (b¢ﬂ1a1qnesa
plurality qfqhas ﬂarﬁfarﬁcjﬁkclgkéfqusm%ﬁ tﬁ@ﬁt ndiog, g[}aﬁg% &d! 50 uﬁﬁ% Pa gtelrﬁgd

defined by Fl gure 1 trenches 4 separ ose ¢
phot or esi stphotoeegwk tondyaln hreplubaityr efifowe chakly calomue a4 |emaadhng &€ el yodigsnsion

Fiqur o5, G oded Ry HAER Cho i nli “Beisnicrdhendass FoluTRe. AP GOHERES

layer 42, gayeombpiidBibe ray&led l coRRG8ENNRLBLRK, TRY Py SEROS Gx?gerf l?ased
cover the entire surface of the nmenory device 10. Prieferably, "th

spacer nat 8M8E- can be sel ectively
[0044] With reference to Figure 5A, after the trenches 46 have been formed in

the hard mask layer 42, a conformal layer of spacer material may be deposited to cover the
entire surface of the memory device 10. Preferably, the spacer material can be selectively
etched with respect to the substrate 11 and the temporary layer 40, and the substrate 11
and the temporary layer 40 can each be selectively etched with respect to the spacer
material. In the illustrated embodiment, the spacer material comprises polysilicon, The
spacer material may be deposited using any suitable deposition process, such as, for
example, CVD or physical vapor deposition (PVD}.

[0045]  After laying the spacer material over the vertical and horizontal
surfaces of the memory device 10, an anisotropic etch may be used to preferentially
remove the spacer material from the horizontal surfaces in a directional spacer etch.

Thus, the spacer material is formed into spacers 48, ie., material extending from the
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etched with respect to the substrate 11 and the tenporary | ayer 40,
and the substrate 11 and the tenporary |ayer 40 can each be

sel ectively etched with respect to the spacer material. In the
illustrated enbodi nent, the spacer material conprises polysilicon.
The spacer material nay be deposited using any suitable deposition
process, sechwalls off awotheexmbaplab, ASWBrwn ipRigsiecs|spyapos8 aepfosndd within the
(PVD). [0045& A% | ayi ng the spacer material over the vertical and
hori zont al ﬂlr aélgélmg “fhe menmory device 10, an anisotropic etch nay

be used to pref gagf i aliyh ref@bméao FiRré PRIl 1Rkd Riaskf 12980 491 Bay then be
hori zontal surfaces in a directional spacer etch. Thus, the spacer

material | §3HQ§F‘%@IV@F mf‘oer%lp%&lgfage 2§ thejraemonydiewes 49 a"iatsémmé hﬁrrddmskﬁa,
-10 si dewaljss Bicod ﬁﬁ@ﬁn@%ﬁ? Hied r{gt?odﬁﬂ&}‘tmm' ofe ta%ézgffp%wéﬂ?ocgrtﬁmﬁ%ss

are formed wt |nt tren narr ow i ref erence
to Figure Sﬁ'ﬁcanlsfeddhﬂie hamceih 4opSRE ¢oazy$r thdgandagzaskimmerbb@ ey bsidepsited/er

the entire surf.ace o JCG 10. This Ia er
20c Cal bo. ey Ean Endben A STRBY MelPliof corttmsdar e Ryt carayR iy ier
deposi t ed Hepaitichi FknaFfciestUdrhidudk @fithatdombdk hatehdl 49, @Re Bx 65 thg may have

course, th hard mask material 49 may be deposited by any
nunber ?femeémv%r thepRessTe 119 ﬁmb%%é%es@éer Topms &F PrGviewsy S?POPW ha;sal mark

deposi t i on 49%n b%%&b%dew mrﬁun% BRp& RS aRk S, tﬁgse Jf@ﬁﬂl in the

excess that may have for rreﬁ over the spacers 48 and over

portions ofrtpFenéxampley ﬂzﬁ:@prsqet@dher\@ﬁvcberi@skay wzlmyzdﬂeto rtlmav@df ﬂge dane,d
of a nunbeime Rl0% Rel a 68131 alrls fttgose ot Skl 4§ 18 ki 1.
For exanpl e, Pf:legls]ur aélé tttH Vi e’ wn%fpﬁﬁ%{ﬁl é'&“i‘e&f%’ﬁs 1ca
l evel of thaydetittt pllanaﬁszon Fp@idess, Shdh  syichr t Bainpld) e clidntiesaideshaaical
t he remai ni ng spacers 48 are nearly vertical. Any suitable

pl anari zat P@ﬁarb?ra peway beReH as, for exanple, chemical mechani cal

pl anari zation npgsbe uggd spa{chg‘%] tha:crh‘?e ﬁm%ﬁoﬁeéﬂ% th@?c;p ﬁ?ﬁc@%@ﬁﬁ%

at the top surface of the nenory device be stripped using
of a nunbededée pPoves desstrinped tuseng hyust raamenberafmm:amat Ire ther ﬂhletwed

niride, FEPoRRmRF 8 PRl Bhind RISl aL Pt PRMIER Wt e 5

used. The hiteae s exdmoslegsd om@aﬁeodlﬂaentwe@@xl&e 48t AevRaPpbensed! The dehes
further deepened by a secondary etch that selectively etches the

tenporary Forjpef whsteile gRacers S ftaﬁé begichediage Pytherrdrsnened by fciseendagy gch
al so prefegap _L,afecfu%l%@bhes%egeﬁp&axfyq&}e& Qﬁ'ﬁ%}wﬁ% QS BRSubsfdM BSThesOfrenches

exarrpl e, iton mlli ng or reactive’'ion etc
are also preferably formed using a directional process, such as, for example, ion milling or

reactive ion etching.

[0048] Figure 6 illustrates the result of these processes, with openings or
recesses in the form of trenches 50 separated by less than the minimum pitch possible
using photolithographic techniques alone. Preferably the trenches 50 have a width at top
between about 25 nm and 75 nm. Of course, a skilled artisan will appreciate that
numerous other techniques for pitch multiplicatioh may be used to arrive at the stage
shown in Figure 6. Many such techniques will generally include a spacer process, by
which physical deposition can achieve a smaller pitch than photolithographic techniques
alone. The frenches 50 typically also have an aspect ratio greater than 1:1, and preferably
greater than 2:1. Incfeased depth maximizes available v'olume and thence conductivity

for the word lines, at the expense of difficulty in filling with a suitable material.
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[0048] Figure 6 illustrates the result of these processes, wth
openings or recesses in the formof trenches 50 separated by | ess
than the m ninmum pitch possible using photolithographic techniques
al one. Preferably the trenches 50 have a width at top between about
25 nmand 75 nun. O course, a skilled artisan will appreciate that
numer ous ot her tB4%hi qubBerf armpfidre lof nthései périchat SN theakarb empkethyti0 42 is

ive at t .. shown in_.Fi gure ny such techni gues wll
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trenches 50, typically al so have an aspect ratio greater t 1,
preferably de&g&{n&g %F\&Werzs.u acqs i thedemahasdft Thaillistrited gate dizlectis| layer 54

vol une and cbReAEA ARBA ‘éﬁfdh ‘f&l’iﬁéd_qug?ﬂﬁ? om&%n]l 1h Qﬁ%ﬁfeﬁ%é@fodﬁé?@? 5% 2

difficulty infilling with a suitable materia
formati on @isottsesséepopitaddhgs Kooatetitlan hogtred embedimeayerA Hfer of gate material 57,

| ecti vel ' f f h 1l K t
Chose of sty baBEfes BpSRDta i iHiREed nlRAmaRte pafd: e, <loayher Hapke
i s bl anket deepited toeet the dnfier Mibyy Geav 10VEh ddiCemishAh&R, thei Mk GytNS:

i nner surfaces e trenches 50. The illustrated gate dielectric
| ayer 54 (?BIHBP&E%@% fhejteegrhes X0 dad fermpeiton puiperaidhe dwiagalidi dn ai prefgrred

preferred embogi¥Rthis PaIisikR is @lRGePe a deposited high K material in
ot her enbodi nents. A layer of gate material 52, which conprises

polysilicon in {00801 || ufier st eadice rfodtipingnstepsriyy défirenthal dainbend|satked of

deposi ted . e j y device 1Q. Il.p.o di ment, the
gat e | ayer s biSaB Rl BRI 8 pF Estics SBo BT R ofpp of the
surface of githéaydedl meididbenkath thetop beface Af (HRENBMEINT , ThidNisse of the process

pol ysilicon i

s _undaped. [0050] After a series of doping steps to
defi ne the’soﬂlrha}*’ﬂén gf%“es%u l%,fe@l%Fed RO ¥EHEPE 58 108 FigureeS eaRdeyeds the word lines

pol ysi | i coBnd thelgh@ cldc@hERes BOmbSos! &hednlask ig%})&}%c{gﬁtaﬁ bcfg:&Qd.Of the

gate | ayer 52 resides beneath the top surface e's rate 11.
This stage of tH@Shr oc&sderably, kevewer, ithe Fitgaleetr@les Tihtherapaps sedormed of a

olysilico . Fi n rv the wor.d lines_ and.the gate
gl e%:/t rodesﬂ#og%hlg'&lg "ﬁg‘ﬂn{%’r%g‘é‘éf% altSt ?l%nn%?(gﬁ%}agp ?]?Slgﬁ’ﬁ‘r%fﬁgi gp’éll§/d‘beotﬁég‘:' fact
[ 0051] Pr efhet sl teceshaminparer 12 (sbe Fted EhRT LY 9@a8ork hatrb® B ﬁ]\élstyﬁﬁﬁ gate

formed of nmoye_highly canductive material than traditiona

pol ysi | i coale‘btﬁ‘fd\%s .Mef‘ﬂnggﬂﬂ?na]a &opgenspls: madiole eria partrfer the swel wplugetad the
12 (see Fi guesm the a08), Zhprdbis ' L Gl

el ectrode. gEh"l\/let al i %P%at _e%ri all %@%ﬁpﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%g%& ?%%cggﬁi‘,ﬁe% orl;hus’
the smal | thslupdepesiralysdicogaf Eiguims che basiliaided iafipr evissig batdepaitingi metall

ol yar 11 coneRpaEiaf Bk Rl il Rl 2 bR el ObBREG gonanetivity of
deposi t i ngdopeti @blysilicon and demonstrate a suitable work function.

[0052] With reference to Figures 9-12, in another arrangement, rather than
being recessed, the polysilicon 52 is initially etched back or planarized down to the gate
oxide 54, thus isolating the polysilicon within the trenches 50 without recessing at this
stage. The polysilicon of the gate layer 52 within the trenches 50 is subjected to a
salicidation (self-aligned silicidation) reaction to form a layer of conductive material 56.
A metal layer 55 (Figure 9) may be blanket deposited and an anncal step may form a
silicide materia_l 56 (Figure 12) wherever the metal contacts silicon, such as over the
polysilicon gate layers 52. In one embodiment, the silicided material comprises silicon
and one or more metals, such as, for example, tungsten, titanium, ruthenium, tantalum,

cobalt or nickel. A selective metal etch removes the excess metal but does not remove the
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t hereover and reacting. Metal silicide can have better than 10 tines
the conductivity of doped polysilicon and denponstrate a suitable
wor k function. [0052] Wth reference to Figures 9-12, in another
arrangenent, rather than being recessed, the polysilicon 52 is
initially etgched a(;qléﬁ or planparized down to the gate oxide 54, thus
i sol ating tfﬂlémg‘bﬁgs eaprtalWititiie Sp Heereyeloene ¢ ssialipradoayerrtha dawpasgs tie

this stagejateldl @RSty 6P MOK I Hate |ayer 52 within the trenches
50 i s subj egteed ?o a ?lal i Cl (}ilat ioonﬁte'sel f-aligned silicidation)

reaction to forn0853layePrefifratdynitia cgatey ayam b2 ris dbillp Gilicided not mbxitnduecTatdpd

Fi gure 9) -bl t _deposited and.an, apneal step may form a '
gi | Pei de m@%‘?ﬁﬂ%@eaﬁi‘?@e&? 1%5y° TR Ui, BRalo ‘E%thfoa\é“tﬂsb"éﬁom pothe
such as ovetrenche 50pdh yimiillhtared gadessel ayRESIFRes (RADEEHS BRAALITR Bnds %{Q@ss

silicided rraterllal c nt?ri ses silicon and one or nmore netals, suct
as, for exdhbIay tﬂﬂ%gg o oft the gatcy it elseraensufhe sams aldemplls. c diegprdingly,

ni ckel . "A sgi ¥ Q5 ; -

renove the -c:gil?]sti I%F{:Eﬁjagb%g%%@hfe%?g?l%ﬁf gﬁ&ggﬁ@g{%:d}%%%$ gf%%@] gp&e
sel f - al i gnetAPaperne.h Furtherooea Sk silinidatidra¢renas sindhd gete ivirk Wureliomgad:dre
word |ine. e I he gate.l a 52 is full iJicgided t
maxi m ze | at{“gfglg%]’ ﬁ@@n%ﬁaéft?\?l}é £ X}%cr ﬁflgﬁ W?%‘é@%‘?%ﬁma‘%%r fﬁsv%atf%/rezt éffsl%e@? nd
formati on dbfficultchdvweeed)ad adiivvef full BEicidatien et B tishNednf@ed b G tiN@hedd
recessed access devi Q@Sa E%Bsaq)n,gtét he channel extends across_ not only

the bott omBPE¥ Yy St i Bwy theeopdictive mategalygd.| ither nickel or
Accor di NGl Yeoball, A6 CHRIBI Al foThlRtdiaM MaLigh ; 16 ol

functions al oarll the | gngt_h_ of the dlgﬁgﬁﬁ%gﬁﬁwﬁﬁ %@ﬁ%{g Q?\Efﬁl’iﬁétﬁs
si i ci dat i dWvesgmpesratidnsimiar diffieultiasrikr fulhsilicidatioraur oseessehaecess rdeyices.

fromarray Y. [0 waf er fromwafer to wafer. |t has.
been found Tthgi S%’Pl{egu rﬁ&nhvgf;ﬂ\eé‘\}) o ?%ﬂlggﬁ‘ﬁleio’}écﬁﬁtﬂn @ l?ec?h%?f%l?? %ﬂrtl?ﬁt?fm]
the tight outifinh n@sr tybed bitrebdsheyssuhbe ontdct 6p&Ehes ob YiasWtddied cstitdi@érahapes

nmetal to formthe conductive rEaftéeri al 56. Either nickel or cobalt,
for exanpl €% RHHY™S GEHASHIRFBFNFS S t he hi gh- aspect ratio trenches

50. Other netal yposapve %M%&ﬁﬁg%%é‘%dﬁﬁ%ﬂgﬂgkﬁ kit @(ﬁdﬂag;aghya\!/r\% iq be

silicidation for recessed access devices. l'ed art
appr eci at e cawsgdl by diffusiin duging dhei slividesion bractidnain eomtfiimegion wiithrthe glitabnfines

Wi thin oth A chy.@s. c act openi.ngs or. vi as,

ot acked ot SNHER affect BREARASe ST N BRa RLES L PRy il B coban
[ 0054] Wt hioed inveasilicong A@oliénghguitidolentiianigraté BeringahélidagioapREwAnS vbids
be caused.by, diffysion during the silicidation reaction, in

conmbi nat i or® % I”Te{“ﬂlﬁs 3% h%u‘ uhsPPise & Digh tepRer#wHPhass Sersiormafign anneal to

trenches 5Qopv%rﬂ e did R EodICiHe GAcke! Yatld 689! tickdiaBn GRPBHHkr hand,
diffuses more readily into silicon than silicon does into nickel and so also has a tendency
to create voids during the reaction in which NiSi is converted into the NiSi, phase.

[0G55] Accordingly, the metal layer 55 preferably comprises a mixture of
metals, where at least two of the metals in the mixture have opposing diffusivities relative
to silicon. For example, the metal layer 55 can comprise a mixture of nickel and cobalt,
such that the directions of diffusion tend to balance each other and minimize the risk of
voiding. In this example, the cobalt preferably comprises less than 50 at. % of the mixed
metal 55, and more preferably the mixture comprises about 70-90 at. % Ni and about 10-
30 at. % Co. Such a mixture of nickel and cobalt has been found to more readily
accomplish full silicidation of the gate layer without voiding, thus increasing signal

propagation speeds along the word line. In contrast to partial silicidation, fully silicided
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does into silicon. Accordingly,. silicon tends to mgrate during the
reaction, leaving voids in the trenches 50. Furthernore, a high

t enperature phase transformation anneal to convert the silicide from
CoSi to the nore stable CoSi 2. N ckel, on the other hand, diffuses
nore readily into silicon than silicon does into nickel and so al so
has a t endenay lites agr matanlyw oiodscaldndtivg, bltalsoeaidh ¢nonrei consiktesthwddic Simdtien

converted into the N.Si ase.. [.0053] . Accordingly, the tal | ayer
55 prefer abqqugc%ﬁgﬁngg“e%&gg%a?flﬂr % “ﬁfgﬁ%c Pl ?ﬂi ag%ﬁﬂn%trf‘tggg"ttert%gﬁ?my
the metal s fréinidBHceioxdeice BRYCIPRRYS O attal tdisitayl bii WsfeF B vAY Sincd Mirtial
silicon. For_exanple, the netal |ayer 55 can conprise a m xture of

ni ckel and flimdation will trid te feave ingenseriong eqrrasions deperding penm loeh gemmpsrature
bal ance eac\t}jﬁg{i(gﬁret@_nd mnimze the risk of wvoiding. In this

exanpl e, the cobalt preferably conprises less than 50 at. % of the

m xed netal 55,086 nomeonsrezfieplajd sputthéngriargeticeammring §08€ 8l ald2d% Co is
70-90 at. %N, _ and about 10-. 30 . % Co. .Suc .mxture of nickel
o conal t ALrRLaKE TG RalRURD B 1 aHMER BedR SR { M stostrdtt 5o fhen
silicidati ofbpbtet R Qaiticidh@yte inbhll heEHileVOheihn@mpbhtSe i(A8) 8869 Janneal is
signal propagation speeds along the word Iine. In contrast to
partial si 5osfiblgferonshorter tipegrplcrablydhe anneal issprfluptied aslosier temperagiyps for a
nore condugt,i - hutg al i | : j K~ f L ON.: 0
The I ongt h SrEF HoRE RGP c3findl op SARHAE iERHED B0 C EL L S pin B0
better consixgtraneys, the citicidationeannealdess cendactedss abatah riagnacd moder aanr dy
to array, or wafertto é%r”gsi nce partial - silicidation will tend to
| eave i ncond SRR 8‘6?@% % B8 Y& endi ng upon | ocal tenperature
variations, etc.[005956]inl AW texXdBNbRire BerSiBUIE kIR attdad @hn readily select
conprising 80% N and, 20% Co is. sputtered over the polysilicon 52 to

produce t hethggpgtablemastunssof rgfals forftl sicidation wikin treachsp.e ExEaplehoignetals
si l'icidati ofaeRlno iy &, B %Ep(ﬁ ; [
possi bl e foratals orn{]oerr t% mg prlg(#heﬁha yEﬁ&egegﬁélgngnﬁegagg%%S%?!e‘g%gg Ch.
| ower t enpeftatptessoff metals inl wingle silicomeliffiBey rexangtidy thaneths uhs4lr diffeses sn
anneal ed at .400-6 Odcvcvgorr. 25-ﬁ5 m nutes. In experinents, the
silicidati OSHICQPIHE“} et &8‘?{% f#ted in a batch furnace under an N2

environment at 30658 f orrig@es DAL BB alcORRFderiphs WheWingl rebdiGed]i fERY @BieIdRd
herein, the skilled artisan can readily select other suitable

m xtures ofNifeddi-gafeapatenigl within 3Qam iderenghespinad with sdisen oxigs afigres 104

oL ) 5y O T ekl 4GRS D o W

si licon di fihapmé&satiorse Figads FVA ahdihl B Hewebs sedidnk ubag thalength lof oomof the

I ncl ude Co’tre-lrliche%,ng t-lv_v%'different magnifications. The trenches have a width at the top of about
50 nm and a depth of about 150 nim, such that the aspect ratio of these trenches was about
3:1. A smooth, uniform composition is observed, filling at least a lower portion of the
trenches without voiding. In the example of Figures 11-12, after depositing the
polysilicon 52 (Figure 7), the polysilicon can be etched back only to the gate dielectric‘top
surface 54, thus isolating the silicon within the trenches without recessing.

[0059] Referring now to Figure 12, the silicided layers 56 can be recessed
within the trenches and are then covered by a second insulating layer 58, such as silicon
nitride. These insulating layers 58 may be deposited and then etched or planarized. The
conductive material 56 thereby forms the word lines 12a, 12b of the completed memory
device 10, and the word lines 12a, 12b are separated from the other circuit elements by the

insulating layers 58. Thus, as would be well understood by those of skill in the art, the
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[ 0058] Figures 10A-11B are m crographs showi ng recessed, fully
silicided N .CoySiz gate material within 50 nmw de trenches |ined
with silicon oxide. Figures 1 OA and 10B show cross sections across
the width of twin trenches, at two different magnifications. Figures

| 1A and 11B show cross sections along the |ength of one of the
trenches, atorgviinesiler kventecheriish-mudtinliednand e ¢ piele hesghhaves halfiiof et

at the top : i b 1 n such. that
The aspect Fanre apwty Reind o @fithoe il nfion 82 Wb Wb R, S S P
conposi t i orefithe dissloswrecherdin |grovide advahimasst whethawer ngotht ivesrd dinet hee pitch-
trenches wt flpulte voiding. In the exanple of Figures 11-12, after
deposi ting The? SOI ysilicon 52 (Figure 7), the polysilicon can be

etched back onl yogeo] t heOfabsd]iif otk lenfboliiientsS Wid B -RipliBdn may take
i sol ating the ?)I licop within the trenches without recessing. [00g9]
Ref erring méRRE DB 2R gfia warely ofiprecesses well-leeln i9ytbess skiled inrthbertr ecessed

within the tren an e : i | at.in er
e oe Lo AR @ 08D SERA B RS LR B
deposi t ed andionhehthetrchdws 60, phfarblyi fibug préfter thensEdd of thearoneit bigias, nhfe

t hereby for e rd lines 12a,, 1 f the co eted nenory . device
10, andt 1 naTRl 11HGS srBF Bras Ry, 86 e denth BiBR Db dISERES Sobp R,
el ement s bybéhe0-90n8 94 8f b@! Inalefustabflicid156 is riskeVHd fbolE] 0088 bt % of metal
under st ood %Ft hose_of skill in the art, the -14 word |ines 12 have

been pit chihtredrsilisdigidedpeotslive a pitch roughly one half of that

possi bl e sinply bNg photohi tho . Co t i . t however

that certain as;l)deb??g ﬁpt\ﬁhel %?s%ﬁglg%'drtgd h@fgﬁén%%rﬁ%\éi %%Sg%vé%t% ergfemd

whet her or embedimest, Wer Ibgiciinelse pariphely tcpreferblyt siphitatkond P A6M)ed@Gh certain of

course, in,other enbodinents, .the pitch-multiplication may take .

pl ace by art1}§/e %’P Vea&%ﬁr%fw}gffe%r %‘é@s%éﬂ%n%ls Pﬁ‘ﬁﬁ?\%‘lﬁwr?%%éogﬂlﬁl%ﬁ?@& fth-

the art. [ Q@8Gitdladhie sii¢dncindatthiaiepsstidbta 16 Betdd ﬂeéb%&s!dfw&{é_@l@?&@fe%w
I'ng

thus fill lower portjaons of the trenches 50, preferably fi n
greater th&PBEoswelyidsling gals chechedegpver, thagwhstrats for de BYI(Sftranpistags in the
greater thggﬂlﬂj‘é&of the trench height. In the illustrated enbodi nent,
about 70-9 t %of nmetal in the netal silicide 56 is nickel and
about 10-30 at P063] netReferring t¢ Rigureetldi2isid hadodiances withabther BOBGERheAS

i1l be appreciated.by the skilled artisan, in a.preferred .
erbodi ment SRt | Gerke Kl S BBy 38" he ePuPulied &F 1B smutameryly
defined aspgredsed RatefcledidbeniONR £129R9dANE ISREORELER N ﬂlbqfeﬁﬂyqfﬁ% Rk
t he chip- rrgkl ngp{grocess nore efficient. In particular, the silicon

and netal HEPEERY iegbodines W e tachiiateds b seicingrarray IRATR srepekdsethedyily a
polysilicon layer, which forms part of the gate stack in the periphery.

[0064] With reference to Figure 13, a polysilicon layer 60 can be deposited
over the substrate 11 prior to forming the trenches. The polysilicon layer 60 can be first
deposited over a thin dielectric 54a (e.g., grown gate oxide). The substrate can then be
patterned with a pitch-doubled mask (not shown), such as that described with respect to
Figures 3-6. An etch stop iayer 61 is also formed, in the illustrated embodiment
comprising about 100-200 A of TEOS-deposited oxide.

" [0065] With reference to Figure 14, the trenches 50 are etched through the
overlying etch stop layer 61, the polysilicon layer 60, the underlying dielectric 54a and the
substrate 11. The gate dielectric 54b can then be formed over the exposed portions of the

substrate 11, such as by oxidation of the trench walls, Due to the pre-existing etch stop
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si mul t aneously define gate el ectrodes over the substrate for the CMOS
transistors in the periphery. [0063] Referring to Figures 13-21, in
accordance wth another enbodinent, different work functions and
resistivity can be established for the sinultaneously processed gate
el ectrodes in the array and the logic regions in the periphery. In
the il ustifer&d, em$isefiinem furthen oside grdwescivier thatiemsiriace bt thierpglysilimon 6§, as
RAD trenchq&_%?rough a polysilicon layer, which forns part of the
gate stack ‘he periphery. [0064] Wth reference to Figure 13, a

pol ysilicon | ayqgo06) casubbamﬁmsdstsﬁdwnaxvsﬁg‘ﬁ&essulﬁﬁmﬂé enalckiaP 6P Qkn b8

form ng the, trenches e silicon | ayer 60 can be first
deposi t ed &?B?Sltﬁgf’ﬁ?rrfhﬁ?%lp’g‘ﬁ't’gq U anyyintocihg trenchegafy  dardesceaibied avith rygpect to

substrate c@purtdhen2bme RACL&ES 51E Qre%r&ﬂ&ra@lypﬁﬂéahwﬁﬁ Hﬁ%t&ﬂ\l ReK c(Jﬁlﬁltctlve an

shown), such as that described with respect to Figures 3-6. An etc
stop | ayer mlysilison| dw theoltlneitated embddiment] e mpesallbel makdriot GAwenmprises titanium
conpr|5|ng13@@ 0- 200 A of TECS-deposited oxide. [0065] Wth
reference t gur 14, the trenches 50 are etched through the

overlying etch $0067] | ayWithGferdree t@(fhgiﬁ‘e ll6e e mabic HAterith62 is preferably

underlying dielectric 4a a d the bstrate 11. The ate dlelectrlc
54b can t heertlchﬁ‘i%ﬁg? H’éH ttﬁele%‘ﬂ?p‘ﬁ e o Phifs Gndpgiive myfpdsl 63t g th

11, such a&rehmae@@od%%ﬁﬁg Qh th@%xideee&%mtcvi@ ayéf 61048 &@M@sﬁ@m%ﬁ% Et@lg

etch stop -15 |ayer no significant further oxide grows over
top surfaceéagh, ﬂtleh@tclpétl‘)p dasier 6bnvetyingthe pshysilieon 206w is Serhewduest using as

shown in Fi i an he e e

ponS|I|co%%%@Sf&aheﬁEﬁg%ﬁ(k(%éﬁgﬁﬁﬂ %% Q%Eg g@?f%@ gﬁ%?%‘%%%ﬁ%F}%FB
Fi gures 9- 152b witlentthencheses50 & ﬁrolm’cﬁeﬁeiﬁ)aﬂieymfelallic%amhm oPmt Rtbs@juently,
nor e conductlv han ﬁ%FSI|ICQn he_illustrated enpodi ment, the

metallic ndeelis aysrﬁ %o T%@Oilf@&h’?r sibicen fayer QOri s will G gmyregipteth by

reference tRe S LtshE, tht Hest MR kkd lﬁyéinﬂ@ r'd'l olfflidos l@'e? b€ A8 overlying
etched back or planarized to | eave isolated 1ines of the conductive

mat eri al 62n4t#lie fryerstGie f6tren seUe 28 tlspisansiytos materrtackin dbe e@rmhesm o@ll these
layer 61 ( ﬁ%%{ :ircg HL %f/é% in boﬁH Wnpg%\§¥e?£t ?9 ﬁ’l%%l’] JM(}g e%rﬁp e %Bth éa%}lle%y

61 overlyin I con
dip for t hanﬁnmsfmmy adrapweglengyatledly@licoﬂfcahhﬂ \exhabiysdo@pd Itcaysaablﬁ;h)a desired

while the dielectri ayer 54h within the renches 5 tected

by the met TS i onpsocs agiglspajeria ﬂ@PéIF‘PF:c?naéifiﬁ‘%t PG FPS,

are deposi tgalbOVRY té BRI datet 96 YoRYRMHandAMOEof a 08 10BRI8GE. afiebvRNying
metallic layer 66 can serve to improve lateral signal propagation speeds along lines
controlling the gates, and comprises tungsten (W) in the illustrated embodiment, The
intervening metallic layer 64 can ensure physical and electrical compatibility (e.g.,
fulfilling adhesion and barrier functions) at the juncture between the polysiliéon layer 60
and the overlying metallic layer 66, and in the illustrated embodiment comprises titanium
nitride, and more particularly metal-rich metal niiride.

[0068] Referring to Figure 17, the gate stack also includes a cap layer 68,

formed of silicon nitride in the illustrated embodiment. Figure 17 shows the trenches 56,
filled with the metallic material 62, in a first or memory array region 70 of the substrate.
The gate stacks layers 54a, 60, 64, 66 and 68 extend across both the array region 70 and
the second or periphery or logic region 72 of the substrate. A photoresist mask 76 is
configured for patterning transistor gates in the periphery 72.
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the skilled artisan, the first dielectric |layer 54a, the polysilicon
| ayer 60, and the overlying netallic layers 64, 66 can serve as the
transistor gate stack in the periphery. Al these |ayers are
deposited in both regions of interest (in the nmenory exanple, in both
peri phery and nenory array regions). Polysilicon can be variably
doped to establ i[8P0% " deds skayn iy BigaiestSor sieskolf aivicstemsnstcles dhsttthatgiathe

si ngl e mat eL 0841 ifferent dopin t eps n be_used

fo derino capad o Bsha B S\ Bt BRVER B TBG ) e “chibe

overlying tmstdkdacivd dyrertcBGRIEN foerexample, tcapEautiveigt RiRe 96! metallic

pr opagati on eeds along Lines .controlling the gates, and conprises
ARFATe 9 e st :

tungsten (W B §5 s BIREYER SHARPIOS VST 66 Ardintesvaning hetelnitride
layer 64 canyeensurehiRhyehiad oANHe &In@&dyine BblySiRBRAT B kbt yA(§ 8 degree of
fulfilling adhesion and barrier functiions) at the juncture &t vieen

the pol ysi Ietegivityaspables epntinniae thremetobettly iftry enpasarel df¢hd polterili®s 60amtl tha
barti cul ar 1 oy SPREHl PR o SRRl B8 T chb SR ATl g o Figure 17,
the gate stack d0&®]i ncRefeeisgancvapo |Biyae BB, the fahimelentibirg i chi: QN switched
50, 1111 odPliPrREeHEHER &t PRl Crtsmaissil §inghe RSt Feiche AR Dediicay
ind 68 ext and. acr oas ot e ammaaad 34 AKIXAY Rl fAe of B aiRrackPeo

periphery dff PegsEPeBGi%n 72 of the substrate. A photoresist mask 76
is configured f att I I . 1n_the, perjphery 72.
16 [0069] s shovalin FrgtrartBIoTIEkos IBGRoL Rt QL UE HRW, ofPicet
t hrough t hdayer &pid deypesited Syer the buldiratg, @atimg the gefetack 030 Al Bt filling
metallic | ayer(s) 64, 66. | ori ne- has eactive ion etch (RLE)

for exanpl e’ ¢ g?f)ﬁesgealt &P 8?@16@5%§5n%55@afn ﬁ@f]}ﬂsfriﬂég emaedinyent the spagsh
as the ill usier 34 esnprivegsiliesh SiidDBhibe SBN&T aB6:napH aipB}e;éfaYe_Bt'[’Bmgn bt

nitride |ayer 64, while stopping on the underlying polysilicon [ayer
60. A hi ghdéfg’tj?lgé‘lsé}}ahngaa@&?iswll wdbl es continuing the metal etch

af ter exposure e i : ntil-the netallli terial 6

is recessed in ﬁ?eﬁrr e%%@wgoﬁog]ﬁ %h%jlv\m% éﬁbéf)q}lsﬁlt REY %r?‘?‘hg‘ﬁ%@ma&) e'mﬁ)

Fi gure 19, leahes gtdehall breners 186 yalamgnsibevaisi df ahe date fsekk0 80, ndlof@pe st Agneaf

the netal lic rrategﬁgriﬁa 62 i.n e ar 2aﬁot renches, and the silicon
76,

.gat I h
60 can be Sﬁﬁ%fjﬁéﬂ“ T Fe slaﬁée PRk e SR hshehellay Tpeesses at
the gate stimalss oBthe tfe@bhdshee BIRd WIEEY spacer ié%@ié«ll(saﬁirgﬁiéé 4 ,:g;@l\éfféc& etch
Yy S

Figure 20, follow ng renovals of the mask, a spacer .
deposi t ed SFELY ¢lshessthe spacen materid derhip thherrgai leavinglen is9gingfoop trakd 88

but i 111 NGyrying the gate material 62 within the trenches 50.

[0073} The skilled artisan will appreciate that various doping steps for CMOS
transistors, including source/drain, channel enhancement, gate electrode, lightly doped
drain (LDD}) and halo doping, are omitted in the description herein for simplicity.

[0074} The embodiment of Figures 13-21 thus facih'tatés simultaneoué
processing of transistors in the array and the periphery. In the illustrated embodiment, the
array fransistors are recessed access devices (RADSs), whereas the peripheral gates are
formed above the substrate 11 as conventional planar MOS transistors, While described
in the context of conventional CMOS circuitry in the periphery, the skilled artisan will
appreciate that the peripheral transistors can take other forms. Advantageously, in the
illustrated embodiment, the metallic layer in the RAD frenches can be recessed at the

same time as patterning the peripheral gate stacks. Furthermore, the peripheral sidewall
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the recesses at the top of the array trenches 50. In the illustrated
enbodi ment, the spacer |layer 84 conprises silicon nitride, but the
skilled artisan will appreciate that a nunber of different
insulating materials can be used. [0072] As shown in Figure 21, a
subsequent spacer etch (directional etch) |eaves sidewall spacers 86
al ong si dewdiRF<s gfe sipwlignnossly tfereed with thel inowlating el on diei RABdAgatabomi word
of source/dgg@isn areas. In the array 72, however, because the shall ow
recesses at the top of the trenches are filled with the spacer |ayer
84 ( SeeI Fibgur e 2[09'{]5]t heAﬁba!@moiEtshckWn,riEleﬂ )be&ﬁllﬁét&%od et %&ii’sﬁéﬁf onailgg)RAM
materi a n the ,array 72, 1eaving an insulating cap |ayer

buryi ng t h:ﬁg%?ago%?cgﬁqg?sy%@zw ‘{Sﬁ‘ﬁ? ¢r a’feé’ﬂ%f‘ﬁé%c‘%*cﬁ ety shpwiie Figure 2.
skilled artF@anample) didRRhERVAL 8F 8djRks MaY b@Hs?edGlQ RbADHE UeRss { é)éndcé}{%e 20
transi stors, __includi source/ drai n,” channel enhancenent, gate

el ectrode, {f @ﬁirP?r 6‘6’8@! Sta@!?edusquagmpacstwa HMahay oloimed acao:ehngrtntatpém‘alum
the descri pidsRRodAehEInR a@ﬁm ICI ty. [00741 The enbodi nent of
Figures 13-21 thus faC| Ita S|nultaneous processi ng of
transistors in tIR&7&r r ags artdsultha“ herdepieeryyout Bud hie nidthodSéf @b@dacture, the
enbodi nent ans tors are recessed access devices

CRans) T oheseinbtete bR SRR 1 M ek T S A sinee DS gt eass

1 as convéntcomparison! taranvediShal DRISVIS Rk Sxardhle] Be I8 O le t
context of conventional CMOS circuitry i nx?ﬂm pe?| phery?&%ﬁ ‘{gﬁé’ad

artisan wiIthe oxpEHetre 8 theamemans dsuick pHemaly e aﬁs;i@tldiﬁ r@ﬂaned akiéout a
ot her for Won@ﬂ%ﬂﬁlh%gﬁfﬂgﬁﬁﬂal ré(ﬂlhﬁ&? in Ie! éﬂ?tgﬁc%tbegw Jat(,‘%% Segs(f n@nlf]]ﬁﬁ'és

nmetallic layer int Dtre es can be recesse
as patt er nivigreovrs, therviqut dined 1zgatded1gt dinkss 14 Eaythaes mennsntyahﬂ‘%hﬂqh@h@sl

e IR R B R SRt B AT e

will be und:eﬁrﬁfﬂ@Oﬂ thé plef@Ra\abbiianal, dAMd ﬁlﬁpﬁz Q& ﬁ%f?e%ﬁMI%%?&%y
be used to create the other circuit elenments shown in Figure 2

exanpl e, difHlstadiot bpey L4 may pypie ﬂ?gclrrrat;ﬂl:befn@é@tiom,dhef mpmfomnumgmsd@s
and source ]1%95 lgf an'ﬁ' ngpr llg S iij] c!il‘é Iglgﬂ}ﬁ]';fgg lﬁ%’glénla%mg n %‘nﬁ gs%ﬁg’[gﬁllﬁaﬁés]g{egrp gn

be formed according t oap uralit
[0076) As &enasally nmpﬁﬁldtchbr dJsme(aeothaywhi]e malizmg SpatBiigs wa placing the active
manuf acturgreaw gures 1 and 2

i ce own_ i n
possesses & fu & %39%?625 r}/§ dﬁF Mg 11“% ipoheR gﬁ@ Fhedimentaxg
For exanpl also trétﬁsﬁtl;zﬁzdpfmlﬂ@&ﬁe IOERIN c6Blehtigd DRAN, %%G@hb sﬁdc&eus‘?rig up

the menory device 10 nmy be substantially reduced w t hout
valuable space between the gates and the sources or drains of the active areas (as may be
easily seen in Figure 2). Thus, the memory device 10 may be made more dense.

[0077] Furthermore, the use of a mixture of metals facilitates full silicidation
of the silicon buried within trenches 50 without the harmfil formation of voids.
Accordingly, a high conductivity can be achieved for the relatively small volume word
lines.

[0078] While certain embodiments of the inventions have been described,
these embodiments have been presented by way of example only, and are not intended to
limit the scope of the invention. Indeed, the novel methods and devices described herein
may be embodied in a variety of other forms; furthermore, various omissions,

substitutions and changes in the form of the methods and devices described herein may be

made without departing from the spirit of the invention. The accompanying claims and
L
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correspondi ng, substantial reduction in the distance between adjacent
sense anplifiers. Mreover, the word lines 12 and digit lines 14 may
have substantially different pitches, which enables the digit |ines
14 to have far greater separation than the word |ines 12. For

exanple, in the preferred enbodi ment, the word lines 12 have an

ef fective plieigKkagvalants pre inighdddetotdowerdiugl fortnis me snotiiffi catignshaweodd 1t whhin
of 3F. In k4 r formng the digit Ilines 14 and

wor d Iinesq%gb% gg%%%%ﬁfﬁﬁggﬁ%%ﬁwﬁking t hem substantially |inear and
general ly perpendicular to one another, while realizing space-savings
by placing the active areas 16 at an angle to these el enents. The
word lines 12 in the preferred enbodi nent are also recessed, and,
unlike the layout in conventional DRAM there is no spacer using up
val uabl e space between the gates and the sources or drains of the
active areas (as may be weasily seen in Figure 2). Thus, the nenory
device 10 nmay be made nore dense. [0077] Furthernore, the use of a

m xture of nmetals facilitates full silicidation of the silicon
buried within trenches 50 without the harnful formation of voids.
Accordi ngly, a high conductivity can be achieved for the relatively

smal |l volunme word |ines. [0078] While certain enbodi nents of the
i nventi ons have been described, these enbodi mnents have been
presented by way of exanple only, and are not intended to limt the

scope of the invention. |Indeed, the novel nmethods and devices

descri bed herein may be enbodied in a variety of other forns;
furthernore, various om ssions, substitutions and changes in the
formof the nmethods and devi ces described herein may be made w t hout
departing fromthe spirit of the invention. The acconpanying cl ai ns
and -18 their equivalents are intended to cover such fornms or '
nodi fications as would fall within the scope and spirit of the
invention. -19 W claim 1. A nenory device conprising a ecessed
access device in a .nenory array, conprising: a recess wthin

sem conductive material of a sem conductor substrate, the

sem conductive material having an el evationally outernost surface; a
transistor gate dielectric layer lining the recess; a single
conductive nmetal silicide transistor gate material filling a | ower
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portion of the recess, the netal silicide having an elevationally
outernost surface that is elevationally inward of the elevationally
outernost surface of the sem conductive material within which the
recess is received leaving a remaining volune in an upper portion of
the recess, the netal silicide conprising at |least two netals; and
an insulative material received within the upper portion of the
recess V@éqﬁgﬁépnally over and in physical contact wth the netal
silicide ac "the elevationally outernost surface of the netal

silicide and,filling the remai ning volupme of the recess. 2. The .
merory devi cd of & AISPTY WAV GUBPHS Nt A CTRRP St AFGES halVice in a

opposi t MYNPIYFAY:i MPESMTve to sjlicon. 3. The nenory device of
dai m 1, whePdiGFasSSewiiBinsesmicopdystiveonate dakoh af s micond uptos &ubstwate,
f r om t héhgseupicesrsictiveng aderial BRYINg ap|levatianaly wdpp@ost sudface;
second net al adéppsiséer gréendigle cliio lpyolringt thegreegsssobal t, titani um
and tantal unf singheondisiiyedoetalesittidd tramsistonigateimatdréalrfdtogsetbwer
access poetipteotsime ere ce ssouhee metah silicidd] heeimg rec esseati@nzibs ©utermost
devi ce. sErfatleethetnisr gledetiona |lyf in®¥ aidofl th evede eatio h ARy retesmodefsiunie of
an opethageémidorg ectivedtrhateatale@ith?d wimicAnthe/ 5eB8ss bis MdeeivBEDIAVIng a
devi ce eém@liming lolwhes ehnan0-upeat pottioh oetiale irBcebBe thBt @hetal silicide
silici deofridihgest Riatkalo metdlRe amnory device of Caim6, wherein
10-30 at. % gh imuUBtived mhheideiadeifel i WitHR SREMIERES p6Pidh lof @& Pecdds
recessed|ALARHPalIfe\YVee a S@TR P d18al BohBLAASHItH (Yl ThSBMHRAdECaEMNR s the

mat eri ab|Qfatho AN 6AREIYRL O sTHEZE! &f fhe gl %ﬁmi&emfﬁ'uvrgq RL ¢Ehining
havi ng 3p 6hEVéH ihaalddsout ernost surface; a transistor gdte
dielectric layer lining the recess and received against the

: ! b . &V . ved
over  and a %fngﬁfﬁrﬁéﬁ’?@éﬁﬂgﬁﬁﬁé%ﬁ” SHREln 2o A GRRT R metals
t he recggge RPsHEF dTEURIHG S Velativealo SHICe8i de transistor gate

mat eri al havj ng |l east two netals, the nmetal silicide filling a . .
| ower portio -ofai'H% MReEOLY ggyice of Claim 1, wherein the metal silicide
comprises a first metal selected from the group consisting of nickel,

platinum and copper, and a second metal selected from the group consisting
of cobalt, titanium and tantalum.

4. The memory device of Claim 1, wherein the recessed access
device shares a source with an adjacent recessed access device.

5. The memory device of Claim 1, wherein the recess defines an
opening having a width between 25 nm and 75 nm.

6. The memory device of Claim 1, wherein 70-90 at. % of metal in
the metal silicide comprises nickel.

7. The memory device of Claim 6, wherein 10-30 at. % of metal in
the metal silicide comprises cobalt.
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metal silicide having an elevationally outernost surface that is
elevationally inward of the elevationally outernost surface of the
sem conductive material wthin which the recess is received | eaving
a remaining volune in an upper portion of the recess; and an

i nsulative material received within the upper portion of the recess

and filling the remai ni ng volune of the recess, the insulative

mat eri al bei i hysi contact with the gate dielectric |ayer

and in physi E%TE ACCetR ARNICH: QQPPEFHYW across the

el evational | § r(?t?teérsn’ﬂé iy gemicenguctive matarial ef pj ¢ Micontectgarsdibstrate,

di el ect fhe S|e£@ﬂepnﬁatﬁtw Aaterial havirmpnyeleyatiprady witanmost surfaces,

the insul ati aetrﬁaﬁerfpegah%\ﬂlﬁ cAric dppealinbraathg recees most redeinad against
surfacetmlﬁﬂmlwﬂﬂi{ﬁt&fﬁarm&mﬂtﬂlt Hoeepatatdieledifio layeerboiog peodized over
surfaceand agamsgdbe sHmicotdudiveayaterial latecallposdwadd addbssredesisce

of Claim8, ahemgile thrdattiveastetalwsilicidealranbisier ygtesimaterial having at
di f fusi eastewo ehatalse the aetalcsiticid fillihg o koesspdracnestitevecesof the
C ai m 8 metaesdicidehieavigigabn slelviatiodalgospterarstasdrificd thet ¥ eSev£ied wally
fromt hem\gammfQﬁeselewangnetlgrwtleehmstrétﬁrtadwmfand FMRYInd W eAmaterial
second pEttAh WRIcRCtRs rEeess tifere@edd ¢OAGINGt A NG mHhik@RAIGmet id aRi Upper
and tanpartigh ofkheThedRceged access device of Claim8, wherein the

recessed acgﬁS.%s@%@@ rﬁﬁ?ér‘?él ?ec?é?Ué&ew H"tﬁé‘ g@ﬁttéﬁ" Sﬁt%drecess

access ih I TBRIMBCEE Bk ¢ E{%Qﬁ I”belng
the rﬁcﬁ‘? ecsorﬁﬁc‘t’ f'h'tﬁ’e b e?ecW'l ‘?té’ﬁeoe cl'With
13. Theyfeq a&ﬂ sﬁ%‘f& ENCATES Bl sl
metal gl t rrlprlsere mc ?cg]s
device gl ﬁ%. LT meeior e U s v\ﬁ:tgﬁa e %nlggt pidtar
silicidé&

wher ei n t‘hfé‘ f s {560 At@arat% e rqlewﬂg;g I eraoss oot puriace of
mat er i afh& 08t %h ' IB¥eEonposi tion. 16. The recessed access device
of claim8 wherein the transi stor gate dielectric l-ayer and the

i nsul ative nBteridhediesegserenerrss AeyinmesiGlatn.8, whereingdeonl least two
devi ce Owipts BRME @GP egite déiiusiyiiies rel@tiveeta siligon.

('D

10. The recessed access device of Claim 8, wherein the metal
silicide comprises a first metal selected from the group consisting of nickel,
platinum and copper, and a second metal selected from the group consisting
of cobalt, titanium and tantalum.

11.  The recessed access device of Claim 8, wherein the recessed
access device shares a source with an adjacent recessed access device.

12. The recessed access device of Claim 8, wherein the recess
defines an opening having a width between 25 nm and 75 nm.

13. The recessed access device of Claim 8, wherein 70-90 at. % of
meta! in the metal silicide comprises nickel.

14. The recessed access device of Claim 13, wherein 10-30 at. % of
metal in the metal silicide comprises cobalt.
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menory array, conprising: a recess within sem conductive material of

a sem conductor substrate, the sem conductive material having an

el evationally outernpost surface; a transistor gate dielectric |ayer
lining the recess; a single conductive nmetal silicide transistor gate
material filling a lower portion of the recess |eaving a renaining

vol une in an upper portion of the recess, the netal silicide having
an el evationgld y fer ur t Ie tlonal

t he el emﬁg a‘i‘ g%}léﬁﬁ%ﬁ% qur%a‘ﬁgg g? ?lﬂﬁ‘ﬁe‘ g ohd ct éet%ﬂsé Oél gate
wi t hi n 4 yEtabs the (Rule(u metesiahars METeNE Ty eOBRRR fenng

at least two ; and an |nsul ative materjal received within the.
upper portio of t & F8EE8SSd RERRRY GRS Yvelaiang wWheiriiiths transistor
cont act JABHIBIRCIECFYET sl Ie Mruatyematarialase diffarrat ibcamposition.
silicide and filling the remaining volunme of the recess. 18. A nenory
devi ce conprildi ngfa MeBEYYedeuiteROMRUBNY it recessedr gcaesaydevice in a
conpri SiMgMOodyY rdE@psCUMIisingen conductive material of a

sem conduct oR ragdssy within seneicomductiveunEitedahaf er samidavd ngtoarsubstrate,
el evat i dhaldemiconeluniste matédathaairtg anséletvatiogatly alitereoist istrfageer
l'ining the ractassisiosigade diclectuctiayer el thes Fecasks transistor gate
material filligiggée lconeuctiverinetal silictdie trageesidr gahe matarialshillingl 4eower
havi ng aoribavef tnabtysoubarimsh re‘-‘rﬂéfrﬁﬁ? Jdlad $h revupbeedrtivn of the
inward oécébe, eleMabifnsilici© HEAPAn s aﬁ@namy JUBrmeEt GG itM8t is
mat eri 61'(—:-1e\;“lﬂfaithchr'i‘aI\l\fﬁ1I GAwlte refesseil Sele9afibuafly! e@t‘,{ﬂe'?%cfét r@u”ﬁé@éngof the

vol une 's@nﬁ'&oHBH%hvBornﬁé@?ﬂé?f \Aj:lﬁﬁﬂr%?'éﬁ tht GetRbal i$1ld@ited, the etal
conpri sig 9;.&& SEH,S} atlve material fecelve

within the QBReT DSty %a‘% k re @aea ﬁﬂfh% iy

o Belir R D Rl {@vg‘* icecess
Coan et Shfce gt g Ret st e nig, %?%alwg hsorrﬁcgéé
with the elrri ati nall%‘q?iutgrrmst surface of the rret SI|ICI

i nsul ative erial M9 YIS @R RS 18y rﬁﬁﬁ?ﬁ% ?ﬁ%eﬁ%tt Siict"h a
di el ect ,m%mpég,é\rrasgzcomprlsmg

a'recess within semiconductive material of a semiconductor substrate,
the semiconductive material having an elevationally outermost surface;

a transistor gate dielectric layer lining the recess;

a single conductive metal silicide transistor gate material filling a lower
portion of the recess, the metal silicide having an elevationally outermost
surface that is elevationally inward of the elevationally outermost surface of
the semiconductive material within which the recess is received leaving a
remaining volume in an upper portion of the recess, the metal silicide
comprising at least two metals; and

an insulative material received within the upper portion of the recess
and filling the remaining volume of the recess, the insulative material being
of different composition from that of the transistor gate dielectric, the
insulative material being elevationally over and in physical contact with the
elevationally outermost surface of the metal silicide, the insulative material
being received laterally against the gate dielectric layer.
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