SI LI CI DED RECESSED SI LI CON Field of the Invention
[0001] This invention relates generally to

w@R0o7oB@at i on reacti ons and the products ther epdT/USI006/033374
nore particularly to the full silicidation of silicon
in a recess. Background of the Invention [0002]
Integrated circuit designs are continually bei ng
scal ed down i Sﬁ’li\’ﬁ# @qm@mnsurrptl on and
I ncrease spee eac paSS|ng generation, devices
tend to get smaller and nore densely packed, raising a
variety of problens for integration. One of the
probl ens for i ntegraFiehof the ihensoml | vol unes provi ded
for conductive elenments. In order to '
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or filling hi gh aspect ratio trenches or vias. For

exanpl e, el ongat edB& dof drednugdidnf or danmascene
metallization; isolat eg hol es or vi
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ol BHORY ventestrd BBtntruims Gre SR A AEHES ab JavpE cffors
to rel‘jdggézﬁé\%r coﬂﬁﬂn@ﬁglgﬁdrﬁ%g &Sspitd. At &gh %Hgﬂgr SnBrafibR, devices

nmenor capaci or formati on;
tendP6 RESirhdllRg aid trldkdaisely patlesl, réingre yandy of pmbldnmwfg’r figegration.
wi t h hi gher aspect rat.ios thech assin
OncgehdraprmyahaSEdATEASH 1)° FEFTH dePTing HOPded (b fopfuctive
S f ' ents
clenfyhfe AT § hAERCARAabIE LAY ﬁe?‘#’ RGN M e
are ﬁﬁpﬂea“@ﬂh\xebehlgh%emﬂucamtya met hod is provided for

EAT TR T HERER ey Cr——
tren%‘;é% 4 a%l | Bor eQQlihhfeaEI%g AtBd ﬁ‘%{'ﬂ(ﬁfeg dreClidet lfblt dan%lsl:é&‘%ﬁet'aﬁlzatlon
eposi ed|nt0 erec% m xture of netals is

isolgteP BSiek @6 vinsedre tubal f(ﬁdeﬁﬁlngwdﬂldal canidststavked trtan@es above the

silicon, where the m xture metal s i 5iJudes at
st e 4630 o s ity HoPLdOT BHGyeref oFapacitor
f
fonfliop 8 PRPFh LRRE, A FRL LSRR ORRLEN SR figher aspect
ratibd) vithe 68 pafsBi) Bendrati@c c oV dids ceanwetstilyafiotrh doring p@pbsmon or
of the invention, a msthgctf*le IS pré)w ded for formng a
subjeguen PEereatRS deading o dewerglevies %ig) ®grated circuit. The
nmet hod i ncludes etching a trench in a sem conduct or
structure. The tren% By biNgE iWehhodi el ectric | ayer,
and the lined trenchi's at Tl'east partially filled with
si 1j00e4]. Alnretm@kddnay evithi snedespedi dfeble owentitther methad his provided

and in contact with the silican silicon.int
for fpmping g metal silicide structure in an thegrat ed cireuit: © The mettlllod 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 least 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 another 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



fully reacted in a silicidation reaction with the

nmetal |ayer. [0006] In accordance w th anot her aspect
w@boorlososuvent i on, an integrated circuit is prpei/usmpe6/033374

including a netal suicide structure. A netal suicide
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is de ?s?t‘ed vk ﬂh%ttreﬁeﬁ 3hd 'i}mlﬁgctam% ﬁét Slicdl ffﬁesas,lmdrm fRe trench is
icon than silicon has in the first nmetal. The netal

fully weacteden als8eidatioh tshesomwithdloemhetmblaybr. havi ng a | esser

di f IVIt licon than silicon _has in the seco
ot D08, 00 petoraneC B aneB e PR A SRoa TSt TR b circuit
is ﬂr&ylﬁ&t 1108 udife TERRY sARYALEIRur! W g4 sillli§e BN 26 Geast a lower
I'ncl Uudes a récessed access device in a menory array,
portioe bfidirevgssawitbme yeidsi tThermetakshitidonuthetesn minhst ohbtelead a first
t ndlelectrlcla the recess, .an net.al
melg i <RI ST RSt B S i0h B (B D sl mete
sﬂlfifh& Qﬁ?tl c“f&Heg% se&fﬂd%et@?ﬁ&ﬁhé’ﬁ U&Qerqlfﬁﬁﬁtﬂnaéﬂl&gxsthan silicon has
T he invention wi |l be better understood
in the mnndhmechet al I ed description of the preferred
enbodi nent s and omthe a pended whi ch are
meal®007lo i fn G%QOF‘L‘P‘%‘? Rid aﬁ‘S %t 651[13Ftrf=‘idflrt g‘?tFRPe AERGROTY device is
9 [ eV r
proglglg?.c ]eT,h% (ﬁWg@ lﬂclﬁ(?eﬁaaaxc%ggssg(gh%%s%h%c% inpr g%ﬁ'nr : egﬁgﬁ hcluding a
recmbmﬂlhlﬂmﬂiennﬁoﬁdmetolr rsubsttatgra thid Akddctrid glyelehﬁmgstha recess, and a

mat i ss sectional side vie nor
me@ivieeée hqea@ t a lopek gaTtion G gh qﬁrw&ﬁ"@ h?“t Y‘HHE Y
accordance with a preferred errbodl ment of the
i nvention. [0011]gkifdb88ptnofth€DRavpigibd €S Of
cross-sectional views of a portion of a sem conductor
dev[0068] i | I[(lﬁsltSr] at i Tige foenton onlldfe RRAMuadastesd from the detailed
tranS|s£1 rs simlar to.those gf Fi res 1

desgriRAmy P Fher e crhadismentngag o Ppmﬁléefgﬁée*@ﬁss which are
mehit 48 RidsRRe ah®QdAb 15hi@HebinPerititnd Schemat I C,

cross-sectional view of the device of Figure 7 after

r ecH9edhg dligure dnlsvw tsbhmnattfoepllan erieh, ofandeprarprdevige, laid out in

deposi tjon of r SI | jcidati on i n accordance
accgf C%WE éﬁ’B‘BCB"F‘T‘F{e éﬁﬁ‘ég’eﬁ‘? 9%yent i on. [0013]
Fi 9hjogop % %ﬁé@@@g@é ieﬁlatler&§§ é@t‘f&ﬂa@&ﬁlﬂ: vIERRYY 1RE nfelﬂﬁ)ry device
device of Figure ter pl anarizing silicon wth
of Flpard i enkdn alodg depo 2-2,i mgacvetdahcd eithsa Ipreferedt emhpdmrent of the
. accordance with another enbodi nent of the present
INVERRR®At i on. [ 0014] Fi gures 10A-1 |B are micrographs
1 ti H g deds SRevisObt BEFRE¥n of
oA, Mol o7 S, S s JGGSRetical Rk thn of a
senpiedAductoe deﬁne,tihﬁstﬂte'n'g @ﬁmﬂfhon 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.



Figure 9. [0015J Figure 12 is a schematic
cross-section showing the partially fabricated

wa@ eovosmsdiict or device of Figures 10A-1 | B aft ePCT/US2006/033374
recessi ng and burying the fully suicided gates within

heir french f
cr Btk ot 10R I wp SpER S A BTSN, recessed
gatesdﬁ)‘f InS&morly ldobkit Haditditarter Mlﬁcﬁ(ﬂk&i@ﬂsanﬁéﬁl rapérfometl on the device of

peri pheral transistor gate stacks and recessed access
Iﬁgmm&lces (simlar to those of Figures 1 and 2) in the

i@ﬁ{s aCCqu di g% i34 s@ h[er rf)%sné)eg#lgf Eﬁ v@B%? artdally fabricated
Semlgﬂfﬁﬁﬁidf'iﬁtﬂc[e QP Fidurdhi (bﬁ?—ltl Beaﬂ& eérEdigd mmlﬂgﬁhé $uldf silicided

the present invention are illustrated in conbination
gatesvivithinathgir trebchgoubl i ng t echni que, it shoul d be

th ‘
oGt o By 15 et Btoss SR e MRt 6 Fibfifon of a

semﬁ:bﬁ&h':'tér dévﬁbep"i’l‘lﬁshﬁﬁﬁé@lmﬁlth%)ém@ﬁ)r&@h@d‘v{)ﬁ@kﬁgl@@hlsirmlsmtor gate
applied to formany device having an arra

stackd and récesied dwvdss akeyvicen Esindlian do |t1af§p ofdfigess d %ndr i fhegarray,
vol atil e or n-,vo ne devi ces, such as
aCCOB%A O ARORRR e"g’rod?’ileé’gﬂ%%%ﬁ?m e integrated circuits

forned by the nethods descri bed herein can be

i ncor por at eethifedD¥scAbticn HLHNE Prefired Bintedingyst ens,

such as not'herboards, desktop or |aptop_ conputers,

di g0O] caMdvilss thepareforad en edimenigs of sthanpieseny injyeption  are
. nunb L f de i ces I C ¢
1llus[t1@§'% ion gvy]l ]};\ﬁ d)ltfcﬁ c{o%l ing n&é:ﬁiggg%ﬁte Elf%ﬂlds BE Whderstood tha

the Q?é{htccfesgﬁ JPRVE plefiérfbddthb @ et iy Hedn@’ﬁpor@t@ﬁ@ﬁhomay tintegrated
of the present invention, is illustrated in the

mrcfult gl @srtlcahd theswey be @detwe@afelé repplégdaiol fOB@IaBM/deY’GB hgying an

r e 1 a view. of . a [t
e N R S ST b5
merRb§CaEGAR] selVhL M@i RiADES, &Oﬂmnl(ﬁeeryt hahe fiategraide circuits

memory device 10. Of cour se, many of these conponents
formelibyl theeméthodssdeseriheid dieedin san he mogmoggqt;d ¥y anyf @ number of larger

represent at i t 0
B SRS PR Ty LORRESTRAREC! SOt posons
dlgl@éi XRQASRE Sorlafly 6f &8imb& dfideticeS vl whiei merhuoirydt uesfal. i ty.
he nmenory device 10 is built on and in a substrate
11 ,[0088Ich” fTbe Wesighend Gwwssipning\ag|onsmmeneqry d8kigect BRAM, laid out

acclht bt St Sl PR R IRKAESD i85k TS T Bures, and
des&fﬁh@ﬁn%&@aﬁ&@ll&ﬁﬂ"ﬁékﬁw als {e.g., other group I H-V

enent’s) may al so be used, as is well-known to those
ski jooa®g] i n Rigee dr shomewlmgfrq gplr’q]@ntq«fea memory device 10. This

schgltggtl?c; &ygﬁdﬂpél{a%&hgﬁﬁoq%: éc?récgag éig ellc eHldrI)?l){er Q:%n%ﬁénts 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 distinguished from other components in order to highlight their functionality.
The memory device 10 is built on and in a substrate 11, which forms the Jowest 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 1I-V elements)

may also be used, as is well-known to those skilled in the art. When describing the other



surface of the substrate 11, best seen in Figure 2.

[ 0020] Four elongate word lines 12a, 12b, 12c, 12d are
w@bk®a/ostzaswn i n Figure 1 extendi ng al ong the neP@I/¥S2006/033374

device 10. In a preferred enbodi nent, these word |ines

Comml Zﬁmﬂs L&P%r%%g&f@g%;g%gmaﬁy E)Ipflg%gt g%ﬂgl}llgg%ﬁtgg ?Vg q'gfeef%l:cggathe top
Surf%kl&m)é toﬁtﬂrggsw&ldaté At éelm ﬁq:ig%r_gggssed in greater detail

erence to Figures . Using such a techni que,
t hpporD} ch Rfur efvdgste sudrd lings f2ai 2ir,82cnkdd dre alsesbowhanFigure 1
the m nimum pi tch defined_by tr%e ot ol .t hogrﬁ%phi C - Tines 12
extending alogadhe memosy depre 10 i B REF e Rediment; fhesp Wogd, lines
0 ul t i . 2 e h :
g R 8 SR, SN 0l Rl L i 12
prefér@lf bl by @GRdthod thagevik ibel disqubded in caedddri detpihmythlyeference to
_ perforned by the follow ng _sq%q(geﬂce of. steps, as i.s less th
Figurisl 1-OuRdRAEUSB to5hifis SRR G T FestiioEAFqbteppayiDe less than
hot ol | r Y r nat t .
e ARG KREVCRARY TOAPPUSSAcRRLR BAGALL 26P Ryl in onc
embdipendaht pitoRoEthakesahihg Aesiukes tmat equallons half the minimum pitch
phot ol i t hogr.aphi c_techni que achi eves a pitch between
defingd tactbp photplhe gephiztechaiaugi scl osed above, which pitch
IS hdypted b [ . St :
b SO PR VIR b sl g s
of st 38 i9HelAntierstbod byrthosthrkiledange irs Firg pladtolitbography may be

state-of-the-art photolithographic techniques used to
usedtsf fone & paftap €6 linps itop @hRESISE fét}'ﬁb@Y%{b'H}g gyégiegﬁ{s ae expendable

equals a [ l. iJ '
B, SRR S OB S5 Ry Ty
adjacérteliflef ioflelF byis pdiedledeidt biegreapilyich spitohpiic dirhiyedalbyothe optical
defined as F, as would be wel | understood ,gly t hose
chargpieristisg dfrphokrdithgaraphyh dnppet @pbpdimenty fgs WyEun the range of 60 to
transferred n_etLhi - .
0SS s O AR IS gk L aRR R comiss e
defil@fQkiral. , Intdhephblitiargidphy spdtan eh eduiddy spprevimahdd@hs, vhile, in
the | ower layer. The photoresist |ines can then be
another $ysisat I eavalstapproniReely] 'S n be i sotropical Iy etched
to ] eas h [ - he j j
pr dPBFALET S T o) 8 EREQEEAUREE BrRAORL AR R bBlcy also
defifBdEE Bl &8s Wouidbe eabaghdéisad byt thogHkalledAint e nait | Vied pattern may

the isotropic "shrink™ or "trinf etch could h%\ég beerl
therp e floamgterredt by e steyeg siop (referably aRISOtPOIRE) oo fisplower layer of

exp%%a%%#alﬁ%treglgg ?l‘?eﬁ;%@o%;n?rplg&ofdgﬁn oP &aﬁ&ﬁﬁsﬁt tgg tl(ﬂ¥&rlayer. The

mat efi1 al covers
pholtédi# aittes| cad NHer B tstrippled Sard tieanarairelt van enidotedscally etched to

~ Spacers, i.e., material extending fraom si dqe‘lwgl | s og
incrgpsstthe distace betaieen apighharseanaidects. oPrrisrally, hp distange betyieen the

v RS aPR A BI ABERLTFSRL B o GRAR 030 Rp o o
“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 surfaces of the mandrels. Spacers, i.e., 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,
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spacer etch. The remaining nmandrels are then

sel ectively renoved, |eaving behind only the spacers,
wokiocl3dsazyet her may act as a mask for patterni PQr/USINE 033374

where a given pitch,2F, formerly included a pattern

fini feature d one sane
27 b B RE pR rEea g P P8R and B FRER B Sole Madh now
inchfdas enes feAhSred ah@ b tspaddiQleHiiad b e §I§h@§ﬂdr €A$hZ8sult, the smallest
achi evable with a given photolithographic technlque IS

feaiyg sige pelieyablrowith assiven Miitelithegrhpldc edchpique fis d&mwﬁlzygiecreased

o R LB S B PR E D  la fin he i of
thedfednade, vaBIbRWiWubded i bRIaGR Atall Bcloldnite sefdrelee ©hA92REs §%.
course as would be well known in the art, the éxtent

of (093K hr ik cowrpen e stoubthdet wiell tknbwknids thes af thehextent of the

neiRRRR 40 aRR R RoiRey SLUR deROuited Pttty Bedatioftd achieve a
varﬁlﬂﬂf)qﬂ'l feRRrs . aﬂm QiRASsizAe PROtRY Iillhdatan @hfbo&i%?éﬁ@ q'b'&ﬁereas the

may resolve a pitch of 2F, the features, i.e.
phqtplﬁbggrm}np techRisiue meayatesoles amgtkﬂe of ﬁﬁy@leé”eqtmtee,rv éodeid hnes 12 in

the Ans San‘é%&%rgglﬁt R rlagplfrhﬁ éﬂ‘e ] e Wi ymgF Wifﬁe d?%%l&g gplé’l Wldth of about

F/2$ Q]ﬁlﬁﬁ(?b&ﬁt Rord Biges g b @ ho F122 aré/%@;sm\&tba 8y tRS séne width, F/2.
uct of the pltch doubl i ng techni que ?

Me@’é‘ﬁb‘ﬂ%taﬁ @nbm«@dmé of thepigadadliap dedniguedthe serpga_ﬁ_@b between the

oGSt FER 1, P T RS B b on e

is fillddswiRRANA&LIIABr Bed WeEWithhesss YWkhfhtibh HefveedRhestdFord lines 12b,
however, in other enmbodi nents, this isolation trench

12q3 beweyrst lnwéhqmeexbedtmer{t@cﬂm;sol%pn evmlynastdsnoah@preeéntSF

t he et wor d..l i nes what
o U0PEL° SR SVE e BEINY BTt Ao Te913 Taghy welding what may
be &FBRERLI ¥s ad BfedfelpitdiNES3ID efl‘ﬁbl% déeheﬁﬂ‘fl,et}fénword lines preferably
effective pitch between 1.25F and 1. 9F." O course,

havietpa ﬁf&ctw@ pitelr bptmech 1Li¥dandol . #ef iQfeottve, thermrtidutepiich used to

I th d |
actfiyhe PorHRTE S Gty By HefFiledpgtiat FoRafimedtn fiteel B gnay be
fabAtdtedbylfiebd Edt cRESh] '?&lmﬁﬁeé»‘%ﬁ&jgﬂéh @&ﬁ)hﬁgtﬁ‘égd H@tnc;e us%&’r In one

exanple, the word |ines may each have a W dth of
emhwmb@t, fepaxaneld, By Word finesmayr easbrﬂmvotmewdﬂm df i and may be

sep]arg er(},ebc}/ :F’nfgp gﬁ@ogqr{ln% gﬁ]ef I\y&)(ﬁlﬁ e;@gl‘f‘g llé)ltlyeiersﬁ 1men S, tge word lines

nee@MROHE fatied iR Phits Gifiter VIOl exdnfiie, 18 ¥Fe Eﬁl%%dﬁﬁl{n@qﬁﬂy 88CWord line
active area. [0025] The entire length of the word

needipagssthiomeh saghoactive gidal e i n Fi gure 1, but, in a typical

R ot N R T R SRS B, i

a tﬁﬁ’&@%n?fenfeﬁ&tﬂbﬁr shchi W& i 1B faly exVl] ackR@WanlRdt, rlﬁé@sands or
of ski inthe art, the word lines 12 aretyplcal y

milbpescofr ransistars c@’uﬁhe ¢dges of thewiore linsuth assis aveblekverwn to those of
skﬂi an }%ze% ﬁf?ea {?Vﬁi(? Bg%eff gréﬂ %lfy Qgctggglgfscsoutp{]e% to rgevme guch 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 a 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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for the word lines 12 are indirectly coupled to a CPU
through a nmenory controller. [0026] In one enbodi nent,

WO b@7msm3d3 | | nes 12 conprise a p-type senm conduBtDUS2006/033374
such as silicon doped with boron hi other enbodinents,

the word. | i nes may co rls
behadig iAo " IEEETR T R afflingbe 8t s gpbodiments, the
[ hl I t& ch 1

word A3y SRR ?%Vea%f“ P it i
bondet cbrifighesiod.2 nay conprlse a variety of naterlals |n

a | ayered hem cal.l y. bonded con ur.at i.on.

[ od25%7lTheTH%ﬁ?lz o fime $ee8 i Bigry arﬁ.f@ﬁ?@‘gyé% lines 14a, 14b.

I | Li

in o85S SRR i of s Ry 8EANAIR! rdid s L i
Flglllrb|ll,l$§ eq@iabtb Bs NDb pitch Boghiing lbs besn egpdab foon Fﬁheshl@xpmpkmy digit

doubl i ng has_heen used to formthese exenplary digit
lincf HesAQRcTAGISLORES Ui 10D14PeaPermie 11 dybies g gpt, by o
dlsthﬁlze 11]?1@@%@(5 Efg qﬁggpéug?é&thgl tggli‘a_l'_lﬁiee%ﬁt?? %? thel dl%l?ghgs?ig?)?eferably
gredtem'e;an i2S5H) raaﬂ @rdbfajalygreealt}&m 4thanv ﬂmcﬁalF ,p1talmd0pblef@teg]bﬁgues, the
lowlpgag}lg g?g{ éci)zqrgew ltggogg%]u | télsehp}:\jpgglgg tlfe) Cgc lillgsuseé toe form the

I r

oI OROFEIRE bl SRS SR fhbfomarty i

lessr;ala@ea abdh dnepdsfotedbs;st dxq)gmsmﬁhjout ﬁlelmnorpn‘eellfbegmatrd grow too large.
therefore | ess expens .. but the . itself in
In & HOFF RFFfersE © F@PS@H@W ntlhﬁ PR 8% B}ﬂe(f igf Pogs #86%?%?&9 3.25F.
! drigg nd th
B
of thashipf maruilastrated rgbadindnnethsidigt dine hé habe p. pitah OihéF of

illustrated epbodi ne t he di | ines 14 ve a
cougsie; Bpthgr egpbodeperys, lﬁ‘#fge”en dB{SﬁigF SRS RBATSLD
dif . .
i (B | st e oAt 09, B Sohiehath %ff}%o@%‘%ha?%ﬁ is also
not|vil§i!16!13 il Figuse &) ®d thotighi lxiebl1d typicdiygtendlacrasn thanlydransistors. At
git lines 14 t plcally extend across
theteflawsqféb%fleﬁ jmes ﬁeaSelag@ Fgovthio pgsi @f %ﬁﬂﬁethmﬂ the digit lines
14 %ﬁ% t{éps g%gr eétl‘?catll W llgfi t& El'njrént sEhsE Qﬁjpﬂﬁ‘érs Eﬂlﬁth@fe%ltto a power or
ar e ically electrically coupled to current
volgiga seurafpOiften, eths poweadsotines édnythe dlglt lpmﬁﬂﬂ ane al‘so) hltch@etly coupled
source. Often, the o r source 12&1 t he di

to aGP U Broxel  TeRTY CER Y o dhpI oo e pTe Fﬁl&?&wﬁlgﬁ%%tween the
dlgﬂﬁ{ﬁg% Y4 Ctﬁ@ LRkl ﬁ{ghf A% Iﬂa){ e aEe@farﬁlQIeﬁ&ﬂr(ﬁmeraﬁbﬁ%ﬁ %laxmg their
pitch be in

ween t s 14, the sense anplifiers
mafiiictoang paleethcéar ddde ﬂecfreasmg)ml&a élikelllﬁwd of ehpaditageet keupling of
manuf act uri ng tol erances, and decreasing the
adjpqerbfigHsE#alsf capaci t ance coupling of adjacent digit

si %Bﬁ [QQ %la &%o%ﬂﬁeﬁnhﬁdﬂlgﬁmnestlaec&h&ﬁge 4 thERictifle metal,

a co ng net
such as tungsten, copper, 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

-6-



such as tungsten, copper, or silver. In other

enbodi nents, other conductors or sem conductors may be
was@d/3sg3i s wel |l -known to those of skill in ther/as1006/033374

[ 0030] The other features visible in Figure 1 are the

i P DT I

typically bereudsd By dfeld fzelatiog letentdn 2., NEBEw HRAER G £Dn (STT)). In
represent a _doped region or wel Wi thin the substrate

onepprefeigheibrdinait. dhorgackibudisrask somphiwsterordreinan §laag one source

n caI Str, ure
20 080 HEPEERE Mo DIBCPly SHULE WSl B0 By e
kno'ﬁhetoahbste\/cff shillaashé.ﬁd eThAlembNIS€ b Biblic MBS i1Pinyl d¥& ﬂ{ﬁﬁﬂéﬂsfways

gﬁélce 10 that contain field effect transi stors and
oV 0 hese of kil iohmeed by field isolation el enents

hal e sola |on STl1)). In one
by o031 1 I AL RN S el Shickd i BafifFse s pte and
onetdmingitvikeh the saide BBrBeLH&E tl"?eodl Fl T e, SR ESdAR0s %ﬁdfﬁ@d from
be larger. or smaller than il ustrated in Figure 1

may
the aeurpe byaMorg hiaanIn ich lgp sembeflingdat, the memonedeyice manby conﬁgured

ri ca f unber
Ty 38 PSR L, PRy S wor i
passing tiiretgle sdedictied breal kEF o@ﬁfstﬁl AoBRE eﬁ?BMdl%HﬁP ranSRti08Grea may
source and one drain, wherein the source is formed

COnYPEIEE QDRESOHTCE] and| qnedraimn and hlee theaiony idsvise prayafuetiorn ccmrprlse two
WOIrdhl?nﬁg l)& CI"X%I yne%r \ﬁ?GDQCtIVS SP}% UCh an f&{;’lglocjl H%ﬁglrec} WOI’d lines

IZC[TEQEDmbvsdEMI Riguréq ITh sirttoA &nﬂodu‘ﬁ@ﬁt ﬂﬁ%v% W8 dinehy BBth extend
one word |ine passing through each active area. Cf

bet‘zf%ﬁtlr@e soyrge godrasy andhprevidesedundant cantrohad the wansistor.
d and t
TP MR R A S by sove

(seenlagﬁretZ’) eea@ﬁtsbﬁﬂ@e a0 @t 11691 e Wi Ml MeadWhild)€ach source 20
paired word lines 12c, 12d shown in Figure 1. In such

is sgparateoty mithar, sife é‘rqmutwadﬂcq:nt nérgingal8 thyt oskimrsl 12. In one
N th e d.dr and rOV|de redunda
e SEHERT ol RR@ 1T TRl PrpBdfe MRS aParuiyelig materia,

sucliliag Isihcblh depédwith phosPherdulBlr ah@mogRd P Bﬁtfeﬁ‘ Eﬁ‘l@b&mﬁ:lﬂ%v ﬁae source
(see F| ure 2), each source 20 that lies in the digit

20 gydpdraws rl§nay eemmasd & p-tepecienyoundyetopori they spartat febritated from

o OGRS AL, T3 B 1, P B 0% 0

dralﬁQMhbé‘cﬁlcﬁl‘belfaHriéﬁt%dS’ﬁﬂﬁ gRnamecbMgoiRiser | al , such as
silicon doped with phosphorous or antinony hi other

entd883Hent $he t acttming of2memody dt@mqasl(l&snhyeﬂprmmusad with
rofefiof 1o A BF 7 FBRI B P o G- RRARAAT Fis™ o o Deiaetire fies 16

For faftﬁrtﬁéﬁ disduBsibRoF thel B¥8icSAMRE 1r2Q1hﬁ:‘ﬂq)ﬂAMsnﬁmé§oﬂ‘ @ﬁg PALknt No.
be fabricated fromthe sanme conpounds. [003

3,7X1e s issvidhig sklynesrmbr yhivbip drcorited by lreiﬁe;accih@rcmssets entirety,
dlSCWéSteE] DRAMs 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



reference to Figure 2, which shows a cross-sectiona
view of one of the active areas 16. For a further
wale@cossidn of the basic manner in whi ch DRAVSPCT/US2006/033374
function, U S. Patent No. 3,731,287, issued to Seely
et al., whichis incorgorated by reference herein in ib
or sybstaighin aapiier @raRgrael tPRAVEICE riigr ¢dtle Profiisigns are formed by
0034 C e . o
selech® St EpOUtor fifd Qfhiadec o POMRRA ISR ISR aCH
u PTEEBS]S ur flacme @nbolienati s 1dast epdriion loff digiteiner kfoes ledted above
enpbodi nent, the source 20 and drains 18 are faBéLcafed. 1
the uppep pafaseefesopraertt has diwsiated;ia Tagure g dhe perpe A dgy electnically
el atjve. t.q. 1t rface:. r a¥ .
cousl & By el B AEE il plap @2 YRR KRl oD Torkled M Riliple
stag@l dran Q&R stagd)@s Stawic eMandvidieatie sonaker20ss sersraiedirom the two
formed by selective epitaxial deposjition '

drainselétint Wowbiingel Pakddbwr be 7oFh Daes 1 S48 PF BrsieRly cgptedded in the
00 : . . . ey
subsirﬂggﬂ]l Eﬁ%lnglﬁg d%%g%}%% t]t?e{]sdrﬁeé. T?an@ggotré P adii @ dre often

OoCa e upper surtace of source
refer2@ 1A8s tdckdssd hadesd dévicdsi @URADZ, Theeadrsims ri@ear@(nitermn, electrically

electrically coupled to the digit lin 4b by a di gj
couplléchéo staugee2 0apaghere P 4p|angs Hapabeies el A FlceF}SPie 26 of the

st ages .or i S g ih&. test
sorso0ieSly 2 RELIBIS A%, 28 PRk, Whonee
capdcitfRD 412maprisdh. loWbeeleerdlel Jonepari®d, frdb2 la refeecnpe efestrady 30 by a
~ enbedded in the substrate 11, extendlnﬁ)domnmands Er?gw.
dieledac sutariabd2. T Hrispenfignsation. thesesstapderl gloragescappitps 24 Tunction
. referred;to as -AG ew .G torhbe it
B R e
24 &6 prdgabsaApastd AsEedfe phne of ke pdstrate Uil aalthdugh ttfeach capacitors

| oner el ectrode 26 of the storage capacitors 24, by
can bpnsesdn othaigerapg@mens. a preferred enbodi ment, the

st capacitar i | .
Segg@%ﬁ ed 11 She St 8%@631?72%{%?12% ?F‘ ggéﬁg%g%ggtgﬁﬁﬂﬁmz§4 forms a
refeftingt esfddticde T80 etvhiaé tB2.lower tehicirodorifa dureldcirmllyt ¢vmpked to an

stacked storage capacitors 24 function in a manner
assogestted Kresmrl & o Eowerdofinekipa, 13b fipmetigneas gates in the field effect

il]ustrated, .the, s C ' r :
e R S e L T M
to WHi€He s daRaedltydosplean Thes, tisedloddriines h2s, 1abmpacfgmbintostrol access
[0036] In one enbodi nent, one side of every storage .
to theapioraie erpapitons ghpeupled &F eachsean d By Alipyangier PWF‘]‘tg‘gttH% signal

| ower el ect.r agde | S.elactri C | :
con¥iinde SERTET o7 R400a L TPt e QR 1R JB 8 eyt to o
read®FoBPthe Stdrike dapaditosd 4. eThes badhr efithe sv@capatitery 2gasanected to an

through, while the digit line 14h functions as a. .,
assasiajerhidrainrl S pan seidiaeanet bt whidak (i & legiecPT e dpgig “17). In a

coupl ed. Thus, .the I PES 1 1 ek ahabl¥ selected
mer&8ﬁ{)?%"fly’ A0g ecé)gnbtl%%to ﬁggfg?% rc{iaglz 1?:‘%3%“& ta}g]rfcg ; % coupied to. 0
uni@RSNidh@Eythd Stordp¥ capdcvd Totowr fame whidhi dagn dhoeldshegmatten or read.

representing a | ogﬂ c "0" or alogic "1") carried_gn

t hel0@BGi t ITumeing hack Bento Fiepte loibg design and geometry of the memory
device 10 may be discussed in further detail. In the lower right hand corner of Figure 1, a
number of axes have been illustrated. These axes are generally aligned with the
longitudinal 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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read fromthe storage capacitors 24. Thus, each of the

two capacitors 24 connected to an associated drain 18
W(a:mmmmai n one bit of data (i.e., a |logic "0PCDUS2006/033374

logic "1"). hi a mermory array, the conbination of the

n sel e
eacflhitseis® T ancierg o have drpbaguiaRini S SRR that may gused to
defindai moxs:ga&]auﬁh Qidsd B8 Waittk&n M of @adacthRO0Z ks ¢/ bR Mstantlally
back then to Figure 1, the design and geonetry of
paralighodywibbe uedemowbwf@eumcsb@tgbe drdigs 1‘8mmdmur@be2(hn¢edmot form

on Bp Ao treisbE e P dpf dir o Tnnt MeBohay Be GRRRELDY fpese tree

poifs IR 86mWiekibolifeent At dfbid MRl axBXE B beCddiiell %y%eemrams 18,
form ng the nenory device 10, and are illustrated to

or ipthe seurea 2 yncé h@l\w onhef theglraiss 1 rareela m;trﬂveevuf chm voays that would

be BleBy BRiRR by s Bnee TRHREL S 1 S8 SfedRERE b Syon the

active c&r&%&%s@a@t@@ Bragthdave sag@asoaﬁ:epﬂ@f&ﬁahlmam@efﬁaed by a
substantially linear relationship that my be used

lingfledtiveen thelsogly draigi and|singld sourcks i |l ustrated, all of the
are substanti al l Lt will

cnalob3s00a ot B, ShFeanor g ppdipdhes 1 dini W dn " the

111u319at@&e§1b6&a&nefn@ e @[%1@1@&01 At Rls alsuBitdktal s@l%l%hi’lﬂﬁe. Just as the
i ndeed a substanti a | e may be define hese

activiar geasplsi ates prdfcrabkvnpareh‘tdb,o themdigtits lmcshleflraeflébealscv tpeefapably form

efin by. the two dr 18, or by.the . )
eerlSiD Rt B oMY B it R 05 i Of fy ey active area 16
forﬂH Aghil A an@ld 6 1th WS kRas omul(ﬁglbﬁngsl RAhL ¥altNH YSTegRH of each
by those skilled in"the art. hi other énmbodinents, in
mewiorctelt he actlve area conprises a single drain and a
sin ource, Xi S efi.ne
bt B30T hdf ci sl ah e fiTatedon BRire pggicute angle is
forrﬁéﬂ %e@vereﬁpafx@ssgnaﬁﬁl 4heB! oRahb qgﬁ%&ed%@ocﬁfneﬁiﬂ ik a'cﬁt@eangle 0,
. Inthe illustrated enbodinment, the digit line 14b
deﬁwdﬂvstvmesulast/’aand atib B, st458i ght |ine. Just as the

act v re 16 are pr.eferabl ar a t he dj

lin éﬁﬂﬁ angling ﬁi“F %0211% % %iégéﬁl@mﬁy Bﬂ% éllgvt ines 14
facfrt&ies thﬁ&%ﬂoh 3f %leo%fa%f FISEs m&gﬁd”fﬁé%em%éﬁ ArathsOfg &Hearsé'omated

active area 16 forns a simlar angle with every axis

stofge tChB%lOdDgSI 4.1 Bmes thebe canhtabepleis 28 ekteed rfegn dhe &ip mnfahe of the
menr 009 I n,.a erred, enbodi ment
crafigs bt dfe PrPAFIRS g timelt GGG A1 LEHE Do gnginesring is

sm‘l%ﬁtﬁ\é@?ﬂh@mg‘f't Iﬁ'xeéﬁq d%’ﬂo?eﬁend @vetrt&?e {T;yé H%E%l}eﬁgs 18. By angling the
enbodi ment,” this acute angle, q, I ned between axis

actife aanehsaoi sheBdlsteslcdi’oetv['d&ﬁ@]hgﬁh]enea]'@ bndgrahs 1 henayclid sadected to
reas.16 relative to the digi.t es 14 facilitat
tacfl e et Rohr ot s s drms, ed Senast BRE mytm o isdhe disit

lind{ @b&%ta%ﬁal%ﬂgveﬂ%ﬁQQﬂcﬁéo%@acﬁsttﬁé §(9§cé:ﬂpﬁf:ﬂ1t: Urfe 4&ive I .
these contact plugs 28 extend fromt top surface of

t he[0041} Of course, the angle, 6, 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, 6, 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, 6, is between 40° and 50°.



drains 18 in the preferred enbodinment (illustrated in
Figure 2), the engineering is sinplified if the digit

wo 20ve®3@43 do not extend over the tops of the drei/ns2028033374
By angling the active areas 16, the di stance between a

di gj i ne an - al ns may b el ed to .

f ac‘o}bf‘%]at e Iei ee S%%};‘%‘lrféso%'& Q’C?n%léjte.&)é)én?fﬁ%énwlﬁg (ke gitgh-doubled
woflie3 QL dFlihgmenRyeBevibe | ®istillastehitd #n dredler dedail. The skilled artisan

substantially overlaps and contacts the source 20 of

wil} rradidy pepraeiptievibatathe artwulaf oodarjalopf thsutlysiratedhembordjinent can be
. of a nunber of, val ues chosen to. )

repfloed TG DRYRLP B, B, oGP BURESL Bt el aty eEmiiRaaly | Fieure 3

illuBteatéseastimiyorAipRE eMstia® 10NS/ePivhidhi d thir, RerhitRad lhyer 40, comprising
different angles will yield different pitches %etmeen

oxig|j isic éntprefered eermbedinent, nhasn deerbfaingd naccordiag aty| @pventional

' ef er bet.ween and degr,ees. .In a.nore, . )
soflooileBE HEERNY CORBASED AQunfu0 1SR0BER LA G5B e,
the®@epdshed@osdrithd subefige N %B@Hrﬁﬁb @gh@f& BeNtThe hbR BRY 18yer 42

, %s %e?meen ZO éng 50.[00 Zf urning toeFigures Yo as may

be d yhanymsteHdaoon detositiontiraeess,hwichi ascsputiomig, edhemiprall vapor
| [ f the,.nenory device 10 is il]ustrated

g8 ¢ REby N R RSBt dmidhlgheS; APV B hard mask

lay@PRr ®eipses $ihedn hifledelalhd prefefed BRILRUIAR, PTnukie understood that
illustrated enbodi nent can be replaced individually or

it may dembe Aermedrofniitieproexide, fgr exgraplef omather inatesialsRivgtable for the
a1 rates a, sgm.conductor substrate 11 over which
Selegtlf{%letﬁl?gttegsrr%ecasf:%?ﬁe&?/‘gr 40, conprising oxide in a

pr efoeasied emEROGh R ndtafudRem MOhBBGUARRCMeHaRPnalk layer 42 is
conventional sem conductor processing techniques. A
pattgeied usmgke phopenesigiRlayenformers ogdrl the bardnaski ldger 425 Theephotoresist

deposi ted, ov the substrate 11 and t or | ayer .
G GRRRhE SR T 1eL0 2R S B gt B ey H techniques
andVBk | rakd @k AR SIN 1Rh tRED 66 SHisoRYFRaIRS cRREd HBOLED the patterned

chem cal vapor de?03|t|on (CVD) or |owtenperature

1

phogapuigi toj abtain arpdwrglibt plehard maskobighng 4k extandingas khd yyanension

2-C ri.ses silij nifri in the preferred .
(as SEBERTRE 8Ty DS plebis soetimenBeS] FHEgs Wy wgtoresis
laydr@fidyRleidbe fenldve@by@¥het@iioh rte&ﬁﬁﬁ{ﬁléé,%ucl?ﬁs 19 48 an oxygen-based
materials suitable for the selective etch ‘steps

plaseascri bed bel ow. [0043] Next, in a step not
il t i.n_the figyr t.he_ hard k | 42 | .
B S a5 8 3 R R B0 £ e

the haddndR et 3Y & cohdormbll fryBNGHPAES nSlterl AW HERMpOEted to cover the
patterned to forma nask using conventiona

entighgtrfice phthgmaghory destshi0qResferablyd thelspadramhteried kan by salectively

4 ; t hen ,be ani.sotrapi cal et ched t hropgh e
ctctsf T pesho o sy B rter] S8t ARSI, lorc® Bpdt i apbstrate 11

das ke ' i - |
By € R bl Aoty RROTHA TSt o the spacer

mateiids dndbe¢ Uhmstratettembodiment ctbie spadenyeterimh gompssesplysilicon. The
spacgeﬁ nlgélggxg%g%agg%\é&r}}oim e Iusiglge Carﬁ?zi Sui gﬁl’e c?e%ggltigr? p?Xcelélss,isrl]lgh 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, i.e., material extending from the
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pl asma. [0044] Wth reference to Figure 5A, after the

trenches 46 have been fornmed in the hard nmask | ayer
wd2g07a3aenf ormal | ayer of spacer naterial nay PET/US2006/033374

deposited to cover the entire surface of the nenory
., deyice 10, Preferably,,the.spacer materi can. be s
sidealle, 6f PRSP TBEEHE b FHOVREBEMIT & TGS (ot dppnegly ithin the
trenaﬂgjé%mﬁrary | ayer 40, and the substrate 11 and

the tenporary | ayer 40 can each be sel ectively etched

Wi t[0046¢ s pedtitht referdnee sp Hogwre HBs @écond hhid mhsk layer 49 may then be

i lLlustrated enbodj men t he spacer terjal co i ses
Aepgsifeq VP BB FoUFFUr R B b e T BPDATeVGy bl Hegosr PLga fask 49,
u . . - r. 5 h. kn
oS AMhGGH P LARGTR 0 PIORRIE 6B 101 ks
sufficdid 5 filktheetrerichion PO dvarsptedrardrptasy materiol/49 mafide deposited by

vertical and. horjzontal .surfaces of. the. ne deyi.ce
any 165, & SRR <t FOBPE BeROSITRy PRESTER At BB YL Y BY Py Afer
depd 6¢ & NG R Smdl %&"hl%d a9 G 4D o) W&)?dteﬁsethat may have

surfaces 1n a directional spacer etch. Thus,
- formsq@baer theedpecdradt8 hsd doariteelothat portpaceli meviBysly deposited hard mask

mat eri al extendi ng from t hesi dewal | f anot her s
42 TRRY g? fegpove yséﬁlé‘\ﬂ% 8 xﬁmgg?eé L?? é)r@’essfgﬁ g&ieél?lgxo&ga tg_rtgoﬁ‘eo?frﬁgbu in the
art. Vﬁogrlé'xﬁlmélla,ethE %@H@d& A8 i QA T AW bt pla%lQlele@]to ;ﬂ!{é Rvel of the dotted

reference’ to Figure 5B, a second hard mask | ayer 49
linen\Fi gire 3 Bb eudiethatsthé etieoubs of the rembinimg uacdrads aof neahnky vertical.
menpry device 10. This layer of hard mask 49, al so .
Anyg; tablg RIaPAGZFEON  PEOCRFSe éﬁ‘e&sre:ﬁ}ﬁbo‘fxﬁ@ﬂ? e, plientical” mechanical
; LypdgRagsited to a thickness sufficient to fill

plar ggt{ﬁ{r@gc% 46. O course, the hard nmask material 49
may[0b47]depdht tieatelsyd Sathyt @t nawnexpoesd afthes tpt Suofaee of the memory
deposition processes, includin D ar PVD. After, .

devigepLmavoRe GIIRRed g PERIO 2 RBCH O P gk I the ilustrated
2 {6y B GESP a3l REIN@MBs HOKEREOPYAtiVeNS sili

emﬂs%%géedrt’ségg&gsnsdﬁg%er tﬁ‘g ot E%a? pon)}tji ogssijo;y pr%vi ouél y SR

nitriflep @ei Hehiain onaskbdd@nreay alselecviowetcktdhymay e ofeda The trenches

nupber o rocesses [1-kn to.those of ill in
formpegh whee t tgwce%%plpaé@ & <BH apectophe sh hv_cyea fegondary ctch
that%YeQﬁng %{%ﬂééu%)% Cﬂ% O&Rﬁla{y&}/ﬁi asovaclaﬁ Q@%h@%ﬁf)ﬁfiité i NeTREse trenches

gure t the"sidewalls of the remaining
are aRapedfaradl§ fameednsiary a/divetivhagirocess) puctuasy flylegample, ion milling or
pl anari zation process, such as, for exanple, chenical
reaGHYeRRhetEPEpl anari zati on may be used. [0047] The
Sp 48 a Os&fl G e rQRsRY! HARCo R
thzl%rﬁr{‘eﬂor yFEgg\?% geﬁ%gi}%ﬁ%ﬁéé stri ppe(flgu [ ngsan’y of %&fmngs .
recédsesbiar theffoipt of @sadses I0nsdphmtdd by biss dliamdthe mbiodhwmergiichapossible
.process. may he used that selectively strips .
usingopRlolithemaphie feshiges doas Predsrably the {ichB 0 Byl at top
betx%zﬁeno Qﬁou‘?rﬁo%ﬁﬁﬁﬁ 75858l Rt do\fse Vet sIGHED affRYn REINUSSHeciate that
e trenches
numerous other techniques for pitch multiplication 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 trenches 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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formed where the spacers 48 have been etched are

further deepened by a secondary etch that selectively
wet@hesosthe tenporary |ayer 40 as well as the Bubvs1086/€33374

11. These trenches are aI SO preferably formed using a

dlr onal o) for n mllin ;

@%é ivé f%nﬁg]ﬁ i ng ?15%4§]en£’e§uré % 1?%35‘??% Laé'elg 42 is

seldctieely e8ippbd,dly ahhe$ e npimbeLsHasthod Wbl REGM ROH& of skill in the art.
recesses in the formof trenches 50 separated by |ess

In Kigdie 1 Hogte diskeawplayenSposblapke deppsitgd or thermally grown over the

L N L L

conftitey 5iliosn oXMe Cortied ey theSidl |o|xﬁﬁt1@ﬁ ik § prefirdd embodiment, but can
nggr eci ate that nunerous other techniques for pitch
alsoype fidgpositad ihégh Iﬁrayat@éalugedhqrcﬁ@qdm@ltat A lgerse material 52,

: h _techn will,.ge
Whl%ﬂcﬁ%al'rﬂ g&g%g?&prrg/?{e% gf’ ated (© %Odb t&%}b gsioaé)%%lanket
depositedacver aie eatitmlelnefy [@detich ltOhaﬂh @h@teﬂiboﬁﬁﬁﬁft 2RRI gate layer 52

technlpfgues al one. The trenches 50 typically al so have

compphetglyfélist the dieneheg Seandrformun tap gurfagn @f Preedevicenl§/ In a preferred
em Elﬁrthﬁsgk%n%s%m]on DS a ed depth nmaxi m zes avail abl e
i SRRy i

ence ‘cona ivity for the word lines, at

t hejoesglensafef adkdriesCafl opihg stdps! ton@eitet ﬂheadrﬁl%bté%@ $ources of
mat eri al . [ 0049] After formation of these trenches 50,

trangstorh fhe urdoprd Palyerican in &%@r@b@a %ts;ﬁt@tqdumplednnb@ne dory of the

gate ag@r ﬁur%p ?és tg“g%g tetllge?t%l% su g?e gfi}?g F’%bcs?rfl Eﬁs i}]ésr st flsthe process
is slhxlm kerlgdﬁmsmeﬁféc@@ed PEYIRLY 5D 6 OMRuRVE Earl s]'éﬁved@\’[hé:%ord lines
lining the inner surfaces of the trenches 50. The

andith¢ gaie Plat:té@ieg rdheimemery edlkiransisters Sﬂlappmpplﬂteé)e@o}:@dl i con

O’;rd‘ﬂgsfr;g reg bx%gblc\’/aﬁchg?a\;e&o | da edéﬁggq%te% &P ﬁ}e&%{a&g are formed of a
monafi gl @bnduﬁtl@é f@terigmpaf itiBioRal po1A@h datesd qth% is due to the fact
material 52, which conprises polysilicon in

thatj thp J@Qﬂsmdegﬁt@niioéﬁeﬁmureﬁéwlﬂh@naralrs@e bBHbWaﬂnlmtthe typical gate

e 8 MBI 4Bl e B TEIREN LR, AP il Srome o e
gatetsrne i gfgﬂnlﬁrﬁﬁnﬁ QLtera1 ggﬁa@rwgaﬁ&ﬁspé%d bidR e IRV IveRl Hifds. Thus,

rred enbodi nent, this polysilicon is
the ua@wédwb[sd@s@]of Riguse Sacandhe slicided dbgi mgessmgﬁsf daposmng metal
ors

ther e AR RS 4T M TP KT BPubolst 158 1L Bl pecpduiviy of

dopHdlpd)llysﬁlb(ﬁi ér@meﬁ{onbthzﬁe gahRatlawerk Rdchi@si des beneath the
top surface of the substrate 11. This stage of the

pr dO@Y | s%ﬂbmfefﬁncemgﬁr@r@ 9-TRein en@bszed“rap@emnﬂ irathar than

Fj gure 8 [Ve. th lin
bein el sr Y BrlSiRy S e el ck pLAGReTsH o to the ot
oxidPP4,aRkd RbRliMg @Wﬁ&y&[l%%thﬁ’f ﬂfee&&@hé/s; 5O QMBYEY recbRBg at this
gate electrodes in the arrays are fornmed of a nore

staghi ghhg petysidigen iof dhergnier lager ﬁhawthln dti¢ thicoelads 50 is subjected to a
sahcggét}/on dsel‘i} Pgr%%tselsmdz;{ on? reactlon i'%o o(%mt art] ?ayer o% conductive material 56.

A metal layer 55 (Figure 9) may be blanket deposited and an anneal step may form a
silicide materia} 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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that the recessed gates 12 (see Figures 1 and 2) are
nore narrow than the typical gate electrode. Metallic
woriog/08@hs conpensate, in whole or in part, foPCT/082006/033374
smal | volune of the gates in the array, inproving
aI a th l.i.nes
sﬂll‘llﬁé 8 eé %1%23(1) psg{ 9&% ysﬁga)é/o g aFLe?p ignad 1982 l%}ler gléat ih&Rases the

maﬁﬁkﬁhﬁﬁﬁvﬂ§hﬁmgm&ﬁ@&ﬂuﬁ@ by dep05|t|ng nEtaI t her eover
and reacting. Metal suicide can have better than 10

ti n985%he darfgiabhy \the yeatsr layepdd woﬁsﬂéﬂ silieided dpgnaximize lateral

K..f
conqsmtgfnggﬁ rngﬁ élﬁtraesso gssﬁ\%g sﬂhclilg A ezray atlo%‘qll% ﬁx]tgm-ﬁn)ottom of the

treflch80. InhBe ilhsirNgd Feesss atkest B8/ iR émﬂsb qaélcli‘a%nblsextends across
initially etched back or planarize down to the gat e

not ooy dhe pottory of itho Igatei byt ke ﬁi@ngf ghe igetsns widewils.t heccordingly,

L U I s

RABOcHagnslu bFlﬁﬁieﬁﬁoﬁeo fidl &ﬁbidﬁtl&ﬁbﬂl@ﬁ’es( s@hlhr pdtb @A functions across
silicidation) reaction to forma |layer of conductive

the geBrfien aggy t%a]ﬁ@t agrogsz wates s Hrapy mafg)to Werb dt has been found

d
dlff*i)cu‘?t !ﬁg&’e‘?{%{) g f’ geevgg'ﬂﬁ ﬁq agm?_lg\ylt}%t }? e Wt ‘f%gnﬁ%?% he illustrated

trerfeﬁé’d 86 withid kiagkR, m&HL b ﬁﬁnﬂﬁﬁrccﬁlﬁﬁotﬁﬁé' MateHhICOR TR nickel or
Iayers 52. I n one enbodi ment, the suicided nmateri al

cobglinder pxample; tedson fmvwd%mﬂne hrigheaspreqt adten, trengbes 3, Other metals

ngsten ut-heni,um .t ant al ]
hav% a';';f)(}ngtrateﬁl g’&léill‘ dlgtlcug 1eé; o \fgfl n%]tl%flatleoln Ct;?r rrg?%vglngtc[cRses devices.
Theemﬂs@ aﬁf%taﬁﬂwmtdé) pEtReSe Ak 18 RUKEdHi08 SWah Welthalibngidd €or material
metal suicide 56 thereby fornms a self-aligned |ayer

withipagtherrippespfaecessrs, Jugh @s abntedrpgningy ot yiasl stivlied hentgiperishapes

0053]., Pr.ef er abl the gate layer 52 is fully
for C%Pamt%‘%ﬂcapo;ﬂr:%)?errhc 7o 6f%t eral conductivity. Full

r ea@bsaN alwRhad SHiRmhgStel B¢ BBuld byBhe&y, dRWLiliRgt PPears to be
bottom of the trenche§ 50. In theyﬁﬁfggtrated rgcggged

caugedclesdifiyeiph dusng mrmljcidation redvdinngin combamtion adthabs tighitconfines

o B8t AP LoBETRSS, S5 A B0 MR L oo

doe@ Qx&ti'slhdoﬁ. N bl sk térdR s hﬁ?ﬁte@dlﬁ’ﬂ@ th& bty i dvifg voids

_ the RAD channel . urt her nore, silicidation
in @'ﬁs@?@be% i59=i | Byrthpamereagy klghummptaﬁye e gansfenmimayanneal to

conv 1? & rsrl{jl g'o gﬁglf gc&gs {)Jllet Coﬁnd fr tﬁe otther hand,

difRsdiRYe rbatily istd dikdoshathh® amw)ﬁ Bbé% ihf¥enitkd fahd 6o afsb M8$ a dndency
the illustrated trenches 50, with a single netal to

to orepteyaifededimthe réagtomin which NiSis cawemf@d 1) ehaeNiSar phase.
cob I for, ex Le, ,tends, to f in t
hi g %%lpectA(ipgﬁ‘qggI}' r WS RS lé@ler hB‘fe ‘??%ﬁﬁlcgnf%]\?‘és a mixture of
me@BIORSTer AR §i00RE mtald inaHé Hiesrd Rfve bBbdsing diffusivities relative
silicidation for recessed access devices. The skilled

to Salnqqns diervaxhinplep heanetal layerhzt cangompgisk iaghikatre ofi nickel dsl cobalt,
o 5 0800 G e, B O 150 By e sk o
voi&iap! &h A8E eShAREShe 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

13-



for capacitors, capacitor trenches, etc. [0054]

Wt hout wanting to be bound by theory, the voiding
wappeass4s 0 be caused by diffusion during the PCT/US2006/033374

silicidation reaction, in conmbination with the tight

o158 Bl b0 Sl by ARRE I i RS R PR Hmtion
alo&%ﬁihb G&Hkth HF SRIBEAMY Ful isflicfRAoh Sl alsb Aefoastedt betkricBBsistency

e reaction, |leaving voids in the trenches 50.
fromdevice tordewdce acrbisgin ar@nrpﬁfomtamae t@ Wasﬁe Otrrv@zﬁgft@ myeder since partial

eal to C vert the silicide f
it GiPe e RitadarShedlent Rem iR s el ded pmgrature
Vmﬁ@g&gg% into silicon than silicon does into nickel and
so al so has a tendency to create voids during the
r eal®@05@n i fn whé ckandplsa mltt@nmg/mrg@@ommnslng%@%\l\lsmd 20% Co is

spu ?rga &Vg{)ﬂv %%Aﬁcor gﬁ égl}#/ Ope%itl %SwhS@?e sghstrate is then

subﬁe%ﬁ:ﬁt tol M‘Qllﬁfldattfi‘)% aekal s wiid Q%l@ﬁ Xérgé&athf’é/ . ?PBO@"G}gameal is
diffusivities relative to silicon or exanpl e

possibteafor b ahenter3bne gmefehiyrthe enzeahisxaondected atowketempethtures for a

cobal t, _such that_th rect on of di.f i,an t.o
longe e L FaEeiR nabe Ahattaters Rt Pbapts WA g P nglitures.
expleﬂmfemss X @mei@moﬁ fu%me& bahd cBﬁcﬁfc@erdaﬁi ¥% Ba&@lp 988 h88& an N,

than 50 at. % of the m xed netal 55, and nore

envipoamentad 590t eordi0xmimuesconpri ses about 70-90 at. % Ni
and ut 0-.30 t. 9% Co. Such.a m xture of nickel
ancltBSth « Raicnelibe defasus i e Sulley odised i rerily select
othgluéulltaﬁl'e InhichAled d1ahRet@fs ShRNGRALEddRUSFithih tBRMHes v Bk SthPls of metals
hus I ncreasi ng signal propagation speeds along t t he
thawmfﬁsé invee rdadily onsitiest thian sp@pt idaks i thatcindtat 1mmdeﬂixl, Pyand Cu.

sui.ci dedword .l i nes are not..only nore uct
EXGE G ItindBr B ncb AU ceh S ROFUTRTDO A3l B ghe feditfuses in

Sﬂﬂﬁﬂyggndgtbt@pmﬁpgpnel Full silicidation vaI al so
denonstrate better consistency fromdevice to device
acr [@9s8jan diiguys 1DAehhRamreayitrogapha ghowmgwatessed, ofully silicided
si nce Sili |dat|on to

NSt E e LSBT ) T SRR e ich Sl pria8 Hiures 104

and §BBEERW! §oMALdRbhO MRrosElihe WRBPRIF fln oﬁé‘ncﬁé@ "R Bvo Aifferent
sputtering target conprising 80% N and 20% Co is

magyifitdtemed Figuees t e apdll I8 |shq>w @ross Eecttmnp rlodgdlee ehgthmdtomke of the
| ayer 55. T e substrate is en S cted t.o. a
trenchpy, ot Jo i B erS Lo onoes Bats AMifth i dheytop of about

50 ARG b%upPﬁﬁﬁrﬁl §ich Pat @heszﬁﬁéét%ﬁé bfBese trenches was about
preferab e anneal is conducted at | ower

3:1t emm‘roaﬂu nmﬁofm rcompbsitige s bbseevedFGlinexartpdse 2 lower portion of the
bstrate i s . anneal ed, at 400-60 for 35,.m utes

trendjen %Yﬂl@ingt hdn gthe | RS &3 fﬁlﬁﬂ@a lﬁ% 36 depeifing the

polgﬁhéonb@i Ghgdid WgQH@pMSJQﬁEona&nm% &Rl %Q&{T&{lgz t@fhe%QQ:Qhél%tnc top

m nut es. In view of the disclosure herein,
surfdee 54 kthiid Bdlaang ﬂ&easnilo@awwt}nmdlel tyenskdseeithout 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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ot her suitable m xtures of netals for full

silicidation within trenches. Exanples of netals that
walkdo703ms430re readily in silicon than silicon BPOBPES1006/033374

that netal incl ude Ni, Pt and Cu. Exanpl es of net als

Wmléi 1#@ £ 8l el Al f Hiflisd Rl rh$99 téPQ%‘O” K ngTe Ae of that

uses i n SI OR T He
posEbBiRS]yl6¥nd ph(ﬁoﬁﬂlegﬁp}'ﬁb Qehanfuss. S[th‘é M weQ6e S5k Gertain aspects
fully suicided NicCoySiz gate materi al within 50 nm
of the dtiselewie herrin ipraddavpdvrngiges odsthsxicgenot theoyasd linga are pitch-
muﬁgﬂe&.CB show cross sections across the wdth of twin
enches, at two different nagnifications. Figures 11A
andoble® shay EIRSS 1 Vldr Aghodiagst he piemahtitipficang Bhy take
the trenches, at two different magnifications. The
placteﬂé/mé%“ avavietypf rasesseawelifkaows o drosasislled Bothaartand a

§6ﬁ . n?ﬁlmsﬂlS e s %§h<11~t Hlatlgﬁ%%k o pm%milrg?e:?}t %2 i1l Tower

porﬁ@{mﬁ&hé treches 505 ettt fillink lokdater Whanl 3186 bf BeltRWBHK helghts more
ortion of the trenches without voi di ng hi the exanple

prefgfably @Url%glritell QlanaZ‘St’/e ot theploerichi hegghtthdn ghe ibistrated enRdiment,

| the con. .be. et d.bac o
abobl 10U LA b BE ATbe Bsl SHREDR ERiReF e 08 [n R e mera
intﬁéinb@pg]hw(ﬁghg ébbtahe trenches W t hout recessing. [0059]
Referring now to Figure 12, the suicided |ayers 56 can

be W@@Essed\&/\nwlﬁl rbet hepmmetndhbs thed shilledt hgman,over edpreferred
such, as s

emipife e f)feiaR tEberlen ¥ Poty S gl BB asgeertain of

the ab6l el G afd @d’h@ﬂe@ﬂ tﬁé@ﬂ}aﬂaﬁﬁg theT&ﬁp%k%gCﬁrbM%s Eﬁﬁr@ EifRlent. In
56 thereby forns the word |ines 12a, 12b of

parigavs) Brecdiqearamdymefeldepesition Sfapfdtq ﬁ@inmmbsmdw‘eerdllzms preferably

s B RERRY 3y S s A oG5 BeBoSGB lors i e
pen%ﬁgﬁrst ood by those of skill |n the art, theword |ines
ave been pitch-nmultiplied, and have a pitch
r ougfe3 on@xefﬁihflg &¢ Figvaies b?og 5i il @ceidapttywdlbi angther embodiment,

difi rgg{ 3}%/' ﬁg]gﬁg e ?1%%1@% Clcglg téiplg%?ﬁgeﬁo V{hgemmultaneously

pro@@¥aNL A6 Qa?edt‘ﬂ@@&shﬁf tH ar@fﬁl atkd) ﬁlé"@fg‘ijc kég%‘r?s ﬁ‘lr fthe periphery. In the
pitchnul tiplied. [0060] "'OF course, in ot

illugiratest |en@ndlsnentt,hén¢>u$ davilntatet!i by ietcdinen arrma)RAE kizenphes ¢hrough a

pol i R ¥ Pk s bl B B S P TR er o 56 of

t hgopsdjust e deerpad! ’td‘?i%ﬁret ny Sa bblykilicoNeLyeP 8D da bR (Rafposﬂed

the trenches 50, preferably filling greatéer than 50%
ovepfhet substrate A Iprive it frsingiibe erepclefse rldiel polysilidonrigyeg 60 ate be first

th 5% t e hhe| In the illystrated
denp B A RE AL EIGEs 08O G BRSH BE R IPn Hie R can then be
patt%h'ﬂe& e (] 5@1tb§—d8ﬁlﬂg@ na8PthARASYN Qu%a@fhag/ Qi&fcnﬁgé RfithirBspect to
the netal suicide is cobalt. [0062]
Figareprieti apadetoh stow laer 1Gleds alsoi %)amgdl m alqorlhfseraﬁeédembodment
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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enbodi nent, the logic in the periphery is preferably

si mul taneously defined as certain of the above steps
wae@®7ossps et ed, thereby nmaking the chi p- maki ngP@QT/OS®86033374

nore efficient. In particular, the sili con and net al

d defi d
lay 10 B0 SeR iR ef it el v er R p SoRes 1R matvsiligpn 60, as

shoWwhe substrate for the CMOS transistors in the
peri phery. [0063] Referring to Figures 13-21, in
acc[@ﬂél@]nce S\ubidquaﬁbt I@érshewbodlmglnﬁ 15d|af foetadlic matsrial 62 can be

dephfi s Ry s i S R 5 ehS BRSHRES gfifGpspect to

Figadd ote th@@ﬂeﬁcﬁe@gi(pﬁl’% profeldde; PEEd vahembtddal hitge conductlve than
il Tustrated enbodi nent, this is facilitated by et ching

polmﬂn@yx Raphe rikpritated meqmnghntat}mmyt@lhq waeisrieh§2 comprisesHitanium

art of the gate stack in the periphery. [0064]
nltrﬁfﬁt(ﬁﬁference to Figure 13, a polysilicon layer 60

can[opg7idepapith eefeRARE th rﬁg@r’é breg, riié endidilie hferih062 is preferably
form ng the trenches. The polysilicon |ayer 60 can be

etclfedr sack depplgiarezdd dodeave istliated dinesk et the coBdective . mgaterial 62 in the

trefip @ iR BObs e i R Foen Silyee Elker 19 GiowiAe etcn
bacﬂ Ethe re'tc@lesﬁo;y\’léyﬁr 5?%’9&‘P§m§ &e%o%%fl%n:‘ia}@r 60Ns S&BEveA @R, using an

| ayer is also f inthe illustrated
HF ainb e ﬁhmntfevﬁdpmdgumgermj oﬂthem Q@ﬁla,g\ercﬁl ), while the dielectric layer

TECS: d i ted t 0. Fi

s4by s g penite S5 Rk ke e HpesElE FRETa, 82 illsSaventl,

meﬁtlfcﬁa?ér? B4 6/ &t &35031%&%@9&1]\@11!1&&1(183/&@06 r A&Qill ﬁa@eaﬁpremated by
under ng dielectric 54a and the substrate 11

the gkiflled ditishmdhe ficst SidbectanlayéredfapibepolysBigonvayer 6Geand the overlying

meiRaBETS o b6 ke SrE BRSO DRe eF HE thf Berfient | Ay these
lay&t 6R ﬁ@ﬁ{e@iﬁ bokhlregldRs %f Qﬁér&it ‘Eﬁ‘ﬂhe Md?? exapid emgfo@li/\ﬁenphery

over e top surface of e polysilicon 60, as
and] 0@B8}Y Subs e@g;emst)l yl;’ola‘shcsmovam ba VEH@]V eflopsd t@ en’eblaﬂlﬂ a elesired
erial .62 can b p03| ed over the ol ysili.con 60.
iRt CEREOR SR A Rap oS S epRR DR AR SRR Pbing steps,
canfleQi bR &fihd agafeg ot BRI RMESS 28d aMOPbES enadk irkhik. e6e overlymg
with material” nore conductive than polysilicon. hi the

mefallicubyeabedcasndzodi e mmprovhdatest adigriab prepagaiien speeds along lines

[ t trid T' .[0Q067] Wt .
conf g iy, Ay APEPHES RGN iF s PeH podiment. The
intV ey aRliMiietiahgdehagk t%suﬁl ﬁHj{ib'ida? efdt Blcbigiaye cbrﬁﬁétgﬁl?@ (e.g.,

| i nes of the conductive nmaterial 62 in the trenc
fulfifing sdhfpmmglddmmdrrefuwtmme) gttbh jwicope Ibatyseqen Ghelptqlgahcon layer 60

nd b el B & Rl BnPE o6 FUPuRiIGerplSy tanium
nitritRl B¢ ABre particularly metal-rich metal nitride. '

[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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HF dip for the preferred oxide material of the etch
stop layer 61), while the dielectric layer 54b within

wo b@7semehes 50 is protected by the netallic Pel/@s1086/033374
62. Subsequently, netallic |layers 64, 66 are deposited

ove sidigon | r 60., As will .be, appreci at
Crel"0BF, St RN end v Alie of B8 ARBSEIGR) e JHroneh e
capt TagerP68, Visiéthdiag hepeetcBlo emdvé i Meanliy iR (§EEA!d6. CChlorine-

| ayers 64, 66 can _serve as the transistor gate stack )
baspeh repréivpeipn pielt yRIEY |for gsampleayan selecdvale pemiove dypipal metallic

[ i rest, (in the no, xample, in b
OB, SR BBkt Sl TGSy AR Sine B i
lay&ap4, b@hilérstepping 60ARE Undedih@olywllicdnd@sér 661 A high degree of
transistor work function, such that a single material =
selesdiyidy prabdes, cogtinniag fiicametat etdb piterexpreays of dwrpdilicoadOtwitil the

[ tes. for th.N and.P of a CMOS circuit.
me{%ﬁfec rggtgqu@y(’?ﬁsgreﬁgisgﬁ?m %’e;}/r%%l}esgg’ %ézﬁog'é‘rve_ to inprove
| at poad] si Redring aRAGabi PBuRP¢edthedkRRIChdMSPy can be switched
controlling the gates, and conprises tungsten (W in

follpwéng teressmgaidlie Bebpdlat gatmmaterisg 62 rin dheyamdynigenvheslahd the silicon

I r can. ensure physical and .el.ectr,j cal
60 Ry et iy TG SRR YRR T RvalEHEC bl e o e sy socks 0
forihb’}ﬁshbﬁ&?ﬁzat the juncture between the polysilicon

| ayer 60 and the overlying netallic layer 66, and in

t hel0071ust Refetng npwdiortbgure @Ontnlioswsg rantevalsurh the raskieq spacer

a nmore particularl tal-rich tal nitride. 068 ]
tey@Eh P RosBA b S Ty Rl e B oot & Gt Fomilo o filing
the ¢8R sdeB%Ethe@8p of MRy Mendlhdsi 00NN Ahd [1TudBatkd efoB8diment, the spacer

illustrated enbodi nent. Figure 17 shows the trenches

laygg(B4 ¢ampirises siicen nityedardunihei skilledtastisanl will2ppiasiate fhat 8 humber of

.l ry array. region 70 of the substrate. The gate
dlffgefeggﬁlg&flﬁ%?jg%ﬁg,c_g%g?u%e ; 66 and 68 extend across
bot faovle aNsashowdind Pighte @0da tslBsc}BERANGDaLEr BEF I(BR&¥nal etch)
or logic region 72 of the substrate. A photoresist

leayagsiidepalli spacern fSiocalong) sidewalpmof Srengatg stackn 80 saltiwigatselé-aligned

in t | phery 7 069 hown i.n Figure a
dopiy LS et o' BF arbs 771 PepSier, B the st recesses
the t&}y 8f th8 @rentitslavelfing &ithBhakpRECAYERS REPYRutd180), the spacer etch
nmetallic |ayer(s) 64, 66. d%lorlnebased reactive |oﬁ

mergtyt¢icieRItRy ,Spah@trmebeeinlbba@k i sire aedyet?, ileaving aneimemleting cap layer 88
typi.cal nmetallj erjals, .su as the illustrated
bur%lr_\égél},et ghke %?%Eﬁipﬁgﬁf“&;}h? J[r%%chﬁﬁ i ntervening metal
ni tiooesy | ayee skdied Wishe wifl Qﬁﬂe&gteQHatt\rb?ioHQ d6gihy bﬁgs for CMOS
60. A high d I It

pol ysilicon |ayer . egree of selectiVv
transistns, cloclodimgi sourcedireine chastngl eehianberaéiite gatexgodtade, hghtly doped

arap LD 8 bifoihBingy wi it 5 S Srigtinn Peigtivoy Simpholt
Ref@0741ng MRW EQAbSdiehe FOFidld& QBN Gcﬂl?élﬁ SLilat&a R Qtaneous

switched follow ng recessing of the netallic gate
proeassing oA tragdstony it He aarayamd theeprripbsry. dnthe tlestsdtéd embodifent, the

arr Cg{r]zing}%ﬁgé}eg%e%g%g gs?lg?egs téi?:gigﬁ%a ( Brg)s’ kwh7€?éasct gpple?itp. e?rgl 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 trenches can be recessed at the

same time as patterning the peripheral gate stacks. Furthermore, the peripheral sidewall
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for the periphery 72. [0071] Referring now to Figure
20, follow ng renoval s of the mask, a spacer |ayer 84

WO 300depisgs t ed over the substrate, coating the Per/@S2006/033374
stacks 80 conformally but filling the recesses at the

h V. .he il
ok 0 B SRR LG5, B0 ol shd B R s or o

linggi tride, but the skilled artisan will appreciate that
a nunber of different insulating materials can be

us el078007 Altheyels Retnphavn, At g deamderstandobeigemventional DRAM

r i Lopal etc l.eaves sidewal | .spacers
e ERES el BN B L ARR RS RS P
Forselafnpdd, idiffe@eht doRl e @pirsOmag 86 Ak 1 REAaBe ddathst 1%and source 20
array 72, however, because the shall ow recesses at the

of Kigpreck apeh gherstacked siorage sapacitpesc?4nnen be fiermed zcerrdingytera plurality
of B30diRs8 akd QUGS ngg s t he spacer etch nerely etches the
séacer ma(i e are apck [

in the array 72, |eaving an

| NS|00A6) Ng AzaP résalest B8 devicki1Rghut had aat el &l @hnftcture, the
within the trenches 50. [0073] The skilled artisan

congpleted msprosy: eviee thshowreini Bgrres bpndd possepss hammBMOSt advantages

- 1r .St or incl udi our ce/ draj n,, channel

i oRRRASH B o AR EPRAIo i SPigRle SPGORR e meppggel and

the agr@rdIRIsRedOP RO medioty ABVickeT) ihayt B8 ABS@htidly RAuBE Sifhout a
for sinmplicity. [0074] The enbodi ment of Figures 13-21

corfeRpnding; isphstatiek regiuption &m dsudisipnet betwieay adfacent sense amplifiers.

nsi.stors. j.n the array,and.the riphery. .| . .
Moﬁoléﬁ%tﬂ?ea o iélrlﬁ?olg’l En l,g%tlﬁlgs é%gg@ﬁqvgﬁggg%}ag@éﬁﬂgmnt pitches,
whick e0st €ckha afpeSincd 94 it6 Bivd BABRhier WRERRS thALHRSF @ NRERI 2. For

gates are formed above the substrate 11 as

exappity éh thearaferrpd ambedinest tthawerd tingssl2 Mhiclan ddestve piech of 1.5F,

w0 SRR b 28 B G Rt Bl o i
lineshpt A I WphEr Bhest TARS SinPIsicdaby tAKEnOHRGR fuB5WRially linear and

Advant ageously, in the illustrated enbodi ment, thé
gengratly ppipendigylar tojone hethepBhile serdining space-faeringe by phethgahe active

t iLme,as patterni t he.per.i,pheral gat .
oreds % R ARl R B b B BR8P Birr B cmpodiment are
alscafe@essedllanl ARATRE The/ laly 0Nt o drftioh IEDR AN BEFeNS n6 APaP using up
the RAD gates or word lines. [0075] Although not

valughlsnpace betiieen thgezates dad sheosnyreeh ar dounsefithe antive DRAMas may be

fabrication j.echni gues nma e.used to, create the other

cos e Pl D O AR R P S mb g PR oy ne
di fioeyant FeMedrmoR, RS IBYxtBR MS86talsOraliBiRst f8 silicidation
drains 18 and source 20 of Figure 2, and the stacked

of theopitigen dwpadi vidhis trandhgy He vithowt dhadwomdil nfprinetien of voids.
ool LB AR 2R R 2R 8 o
linegRnuf acture, the

[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
4
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conpl eted nenory device 10 shown in Figures 1 and 2
possesses a nunber of advantages in conparison to

wae@eowesistdnal DRAM For exanple, the size of emChUS2006/033374
menory cell and the overaII si ze of the menory device

T ed w

the SalRUICHE 5P BRERRN G enloriod B romOi ol d vouig ot within

ﬂmbeﬁmemﬂs@ﬁkaﬁmemn&@ﬁ&ﬁ anpllflers. Nbreover, t he word
lines 12 and digit lines 14 may have substantially
different pitches, which enables the digit lines 14 to
have far greater separation than the word |ines 12.
For exanple, in the preferred enbodi nment, the word
lines 12 have an effective pitch of 1.5F, while the
digit lines 14 may have a pitch of 3F. In addition,
the steps for formng the digit |ines 14 and word
lines 12 are sinplified by maki ng them substantially
| i near and generally perpendicul ar to one another,
whil e realizing space-savings by placing the active
areas 16 at an angle to these elenents. The word |ines
12 in the preferred enbodi nent are al so recessed, and,
unli ke 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
easily seen in Figure 2). Thus, the nenory device 10
may be nmade nore dense. [0077] Furthernore, the use of
a mxture of netals facilitates full silicidation of
the silicon buried within trenches 50 w thout the
harnful formation of voids. Accordingly, a high
conductivity can be achieved for the relatively smal
vol ume word lines. [0078] While certain enbodi ments of
the inventions have been described, these enbodi nents
have been presented by way of exanple only, and are
not intended to limt the scope of the invention.
I ndeed, the novel nethods and devices described herein
may be enbodied in a variety of other forns;
furthernore, various omi ssions, substitutions and
changes in the formof the nethods and devices
descri bed herein maybe nade w t hout departing fromthe
spirit of the invention. The acconpanyi ng cl ai ns
andt heir equivalents are intended to cover such forns
or nodifications as would fall within the scope and
spirit of the invention.WE CLAIM 1. A nethod of
formng a netal silicide structure in an integrated
circuit, the method conprising: providing a recess
within a partially fabricated integrated circuit;
depositing silicon into the recess; depositing a
m xture of netals over the recess and in contact with
t he
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silicon, the mxture of netals conprising at |east two
met al s having opposing diffusivities relative to
W@ 2007080333 and reacting the m xture of netal s wehusive6/033374
silicon in the recess to forma netal silicide within
cess. 2. The nethod of Claim1, wherein reacting
WEt@EAﬁ\% s fully consum ng the silicon within the
r eckss. A.mdhal ofohntheaf metadisificiie sohefa # dohiatdgtatddiéifeuit, the
f nmetals conprises at |east one netal selected from
methad comBHngonsi sti ng of ni ckel, plati num and copper

o e TRl <Gl MBS B 0BT Bl

group codepbositihg giliodn Bedletrecesé;t ani um and tantal um 5.

The met hod of d aim 4, wherein the mixture of netals

conpri sedePAsitiRg|a mirfuCopihmetals ovam e eedso dméfmorcaltaﬁ gyith the

wh r | es
ggﬁ]ﬁ%&pteﬂ?eggg]t(tﬁ%eu?? rr%talg%éépﬁm%g%.ll s?%w éal%f a&r& %)posmg

6 diffesieities tdgtiveitd silicen;aindmet al s comorl ses about 70-80

at. % nickel and about 10-30 at. % cobalt. 8. The

rret hod dractingiths mixtyrectfansials svith the gilicomisy the sesess to form a metal

laggltﬁgjga%ggggsr ate at a tenperature between about

The nmet hod of Claim 8, wherein
annxaal | MhheC MBI SECIENP S iwhgreid foabiid Edthprisch dlly 6as@fhing the
integrated circuit to a nitrogen environment in a
Slh%’&‘t"&‘%lﬁ H¥8ess- 10. The et hod of Caim1, further
Cor@”' S' ﬁ‘lgﬁlgg %T@%lf;nh? \% rel ]J’Illxgl.l{ Pél%% sego?:ﬁ}%jses at least

prior to deposi ure O

onermeéthiodleofed Gomh meigrow?cﬁihgisﬁng 8EEitkd) PlS@TRE hisEsoppet.| Y
onsum 1thall silicon within the recess. 12. e
0

method ofheapgihad of Cleim Shahersimibeinixige pdmetalycemprisen at least
r JYEYEg Lt hin.the reces rior

oneAYSEELS ol B R A6 RT o bl di P PR B

wheg.ei n THemetiod s cdsa‘m AES/hareite 6RSHBGR WFea&ald @6hfpRises nickel

for a menory array. 14. The nmethod of C aim 13,
and\gRbalbi n the recess is an el ongated trench defini ng a

worg | i r 15. . The hod of

q aéjm 12ﬂ1 mﬁéthé(?ﬁf gﬁéﬁlgréé/ gglss the mlxturg f)ﬁme%als c?%%is(?? less than
50 dtb@ic percent (at. %) cobalt.

7. The method of Claim 6, wherein the mixture of metals comprises about
70-80 at. % nickel and about 10-30 at. % cobalt.

8. The method of Claim 1, wherein reacting comprises annealing the
substrate at a temperature between about 400°C and 600°C.

9. The method of Claim 8, wherein annealing comprises exposing the
partially fabricated integrated circuit to a nitrogen environment in a batch furnace.

10.  The method of Claim 1, further comprising recessing the silicon within the
recess prior to depositing the mixture of metals.

11. The method of Claim 1, wherein reacting comprises fully consuming all
silicon within the recess.

12. The method of Claim 11, further comprising forming a thin dielectric layer

on surfaces within the recess prior to depositing silicon.
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trench between about 25 ran and 75 nm 16. The net hod

of Caim 13, wherein the recessed access device forns
wo@r@70803a3 pai r of recessed access devi ces sharP@mUS2006/033374

common source region. 17. The nethod of Claim1l,

furyher LS [ .the d sited silicon

to ia?'t op’%g{;J‘[lrﬁ?é?;[t}(?:féed1 §¥ %il%gl ?%cgg‘%%%’r Blg rre? gsgodee B8 i 195°Spek acoess
devitedorin enepforiratray.s. 18. The nmethod of Caim 1, wherein

the recess has an aspect ratio of greater than 2:1.

19. 14he e HBethed of lamlﬂ?nmb@réuh%m srgesh ifg ap hddongated trench

| cting a pitch-doubl ed nmasking

de%?%%%é@%%%fozﬁ?reer?%gg&oayapbrrri ng a recessed access

devige f0he atethdit YCRIMA AC Whethif thd feRes¥Brtal Qdwidth at a top of the

conprisin%: etching a trench in a sem conductor
trench gty gpnabont 35 g apddS pench with a diel ectric |ayer;

halsl RN lined t h with
o VeSSBSt A OB HLENE U B s o o

a painofentsaed asbetshielives Siaking @Romaish Joutdelregie@ct i ng t he
silicon within the trench in a silicidation reaction )
wi t -t heThemgthadageClaim 1, fusersemptisiog athangrback the deposited

3 . e || ave .
stifio S Bp SERLR LS pEL BlebBY e BRI B Pmetels ot
ful 18.r eaThé afethod2of Jlakn Me et theGeddsihdd an \WRRIE tddiot d¥epreater

m xture of netals conprises a first nmetal that
thagPflf uses nore easily into silicon than silicon does

intgythefir tal,~an second netal. that diffuses .
I esgb'easﬁ’éi/ 1?1%?1%83?{ i%lglﬁgt ﬁaﬁ"’ehselr T BV d%s @’ﬁt 5Fife comprISes

condeciiyth pidhedoubld. mAkinghregiat ed circuit including a
metal silicide structure, the structure conprising a

net #)- si Aireethed of forming amecesseds acegss dswige fpoan integrated eircuit, the
L.t hout voids, the netal silicide conprising a
mef;}lnggt%g@gﬂ%l%l at least a first netal having a greater

di ffusi vetthing B t@hth Bischliedhdattol aRelds in the first
metal and a second netal _havi_n? a lesser diffusivity
in silichnngHerdreich Wit dielsctrinlaves second met al . 24.

n si sk Alus second et
R G

subst r at @spoditing & eetalNiyRe b &érahe Geddhtint i@torfth@ivili2dhe silicon; and
wherein the trench is lined with a thin dielectric )
| ayer, abfyreastipsthel siliaonayighin thertpanich ésa siligidation feaetidrowith the

a NHERI ¥y& ray-

21.  The method of Claim 20, wherein depositing the metal layer comprises
depositing a mixture of metals selected to facilitate full reaction.

22.  The method of Claim 21, wherein the mixture of metals comprises a first
metal that diffuses more easily into silicon than silicon does into the first metal, and a
second metal that diffuses less easily into silicon than silicon does into the second metal.

23. An integrated circuit including a metal silicide structure, the structure
comprising a metal silicide filling at least a lower portion of a recess without voids, the
metal silicide comprising a mixture of at least a first metal having a greater diffusivity in
silicon than silicon has in the first metal and a second metal having a lesser diffusivity in

silicon than silicon has in the second metal.
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26. The integrated circuit of Claim23, wherein the
recess defines an aspect ratio of greater than about

WQ@2M7/020843 The integrated circuit of Caim 23, MEUSING6/033374
the recess defines an opening having a wi dth between

2P0k, ZSTATYIRRLE iy Sy BEnd RIS LUyl o vt

formied witah kemidBnduttve sibstra@s ated circuit of C aim 28,
wherei n about 70-90 at. %of netal in the nmetal ) )
sui éP-de dbapregsaied girewbpt Chom 2p, avhierpie drealreghds Haed with a thin
. of ' , L t 10-30 at...%0f netal in the
ek SR FR IS PeRb bR Wl Rl Rl b

cirgelit The Gitegrated Zircwhrailain 18, fhesin MRt Rbess Hefines an aspect
selected fromthe group consisting of nickel, platinum
ratigod gecspsdhan abawt 2 he second nmetal is selected fromthe

groyp ¢ O'T‘ﬁje %téé}gte(? fcir&ﬁp 8{" biailtni 536,‘ %h%rr]giﬁl E[]fge‘ }G%Qstsa}ieﬁl%s an opening

having a width between about 25 nm and 75 nm.

28.  The integrated circuit of Claim 23, wherein the metal silicide comprises
nickel and cobalt.

29.  The integrated circuit of Claim 28, wherein about 70-90 at. % of metal in
the metal silicide comprises nickel. |

30. The integrated circuit of Claim 29, wherein about 10-30 at. % of metal in
the metal silicide comprises cobalt.

31.  The integrated circuit of Claim 23, wherein the first metal is selected from

the group consisting of nickel, platinum and copper, and the second metal is selected from

the group consisting of cobalt, titanium and tantalum.
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