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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
lhe 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.

[G005] 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



is deposited over the trench and in contact with the silicon. The
siliconin the trench is billy reacted in a silicidation reaction
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Figure 8 is a schematic, crossefSagtinalofHeaWa0fnst he device of Figure
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accordance with a preferred embodiment of the invention.

[00T10] Figore 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.

(011} Figures 3-7 are a series of cross-sectional views of a portion of a
semiconductor device, itlustrating formation of DRAM access transistors similar to those
of Figures 1 and 2, according to a preferred embodiment of the present inventlion.

10012] 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,
m accordance with one embodiment of the present invention.

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

accordance with another embodiment of the present invention.



[0014] Figures | OA-11B are mcrographs illustrating fully silicided,
recessed gates for nenory access devices after a silicidation anneal
is perfornmedowititwesdevice of Figure 9. [0015] Figure 1BCT/SSR06/033374
schematic cross-section showing the partially fabricated
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according to onc embodiment of the present invention, is illustrated in the figares, and

described in greater detail below.

[0D19] Figure 1 shows a view of a portion of a memory device 10. This
schematic Iayout illustrates the various electrical 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 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 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 1I-V elements)

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



3 WD 2007/ 030343 PCT/ US2006/ 033374 conponents, their depth or height
may be nost easily understood with reference to the top surface of
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mandrels. Preferably, the distance betmeen t he nelghborlng mandr el s
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or "tiny' an%‘&f%h:,ﬁ&%ﬁ@aﬂﬁ*ﬂ@qﬁ?y@ﬂnﬁ%‘i}fﬁﬂﬁd at the level of the resist.
A conformal |ayer of spacer nmaterial nay then be deposited over the
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t he mandr efusn by transferred by an etchmg step (preferably anisotropic) to the lower layer of

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” os
“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 patierning. Thus, where a given pitch,
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preferentially etching the spacer material fromthe horizontal
surfaces in a directional spacer etch, The remaining mandrels are
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power source, that can place a current across the word line 12. Often, the power sources
tor the word lines 12 are indirectly coupled to a CPU through a memory controller.
16026] 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 ofher similarly
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| engt h of ?ﬁ@gd?g?ltllgﬁ}]r}llgg‘%ﬁlﬁﬁ% Y%r&ﬂwtnlﬂﬁs w%ﬁl 5% %lﬂbg]%re 1, and

the digit lines| (ﬂmbi ypum‘hfiﬂytlemceddlmag:rbm m:wicngiarmﬁﬂmtcoglshnd&tlal 1‘5 higo
edges of the di se of sk

Thetart G il AgE 1 BF wef R IRt DRy Heal St A
current sengeeREPLT fhi: QIS 1i:@B8d 4L REE QRY-MOwA tP B oDdkill YOIt AGEHLS Ok Cifhes
Oten, the power sources.for t he digit lines 14 are also indirectly

coupl ed t d*arCEUtih PegHcalyrerplpY IcoiieroienErampAdiess. prkilipiebyto ¢ pawver or
nore rel axed) RiLGh; LQG%E%EE VEILLJOQ}(,E&, ko Q%Schéf"hnéshﬁ RENSE ARl CJ 4o l%d

may be spaced Tarther from ohe anot her, Ing thelr manufa
toIerancesLoan&td@un@hgun@nmhemMnﬁbl|h@@dxuhoéﬁ@a@ntaﬂm@t@@dpbmmgmnmc

digit lines 14, the sense amplifiers may be spaced farther from one anothes, relaxing their
manufucturing tolerances, and decreasing the likelihood of capacitance coupling of
adjacent digit signals.

{0029] In one embodiment, the digit lines 14 comprise & conducting metal,
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 Enes. These rectangles represent a doped region or well within the substrate {1
however, in other embodiments, these rectangles need not represent physical struciures or

materials within or upon the memory device 10 and substrate 11. The active areas 16
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adj acent digit signals. 10029] In one enbodinment, the digit lines 14

conprise a conducting netal, such as tungsten, copper, or silver. In
ot her enbodifehtBiiisEher conductors or semni conduct ors nmeyT/beoussel7.
as is well-known to those of skill in the art. 100301 The ot her

feat ures vidiibt ehokdpdiighy & de BB oG aGE
wi thin curvilinear rectangles, \M%JPQ V?Cgrllr%\{gzggéﬁ%& fﬁe ej%Ct Pml}lséb'?%a and are

rel ative t dVRREYaxEsuBieddy fichbisglagpn clempes (e. ghém@oweomlanngdoemn (STD). In
represent a,doped L substrate 11; ver,
in other errtl)}oc?fl ment s, l{%)ﬁlen(s}gem\r/{@lcs%3 él}rél\ﬁ\feeaéearslg%c REPPesredats %H pRegiotirce

struct ures % Thyaterce ahdsdmins hiay b@r]argaam stnlRerTRAHON st Hed 865 hQe aN is well
substrate }é Th)elh%(s:t fvﬁ ar ﬁ@ 6 WD 2007/ 030343

PCT/ US2006/ 0353724 L0et hil ip %Bél pBl?e@’|“EfW§1S8f el carsor gy ngebeoo ftvrers
contain fi etdi-efdheat tiidansiisl ofige gad are typically surrounded by
field isolation elenments (e.g., shallow trench isolation (STI)). In
one preferred edfdi nert aehesentmdinege the ediveaaeh mz@mpm]aﬁee blvmsodfc,amn@

18 and one v I srral | er
than 111 ugt s ot o nerryego fevadn Rt A BRI, % hEAdr Gouits 1o

the art. TWE@ISUW bazlcls\mb@né ahur suc]atueelnbcm:;aayt Of Nt B8k cOha WY Sniigured
wel | - known to Se, of ski int [ 00311 I n another

rt
enbodi nent [T hmyact |13élleé]}°é}é§eﬁﬁ§/ IBdHﬁF@E% Lokt $sisr vesd ammdy bewac diordibipe

wher ei n t heasburae ks «iaras Aear Oorhewed g bndidemyan : ,
separated from. the source by a word Tine 1n such gﬂ)&elgblgcdj'iﬁ‘eatleq PG

menory devi %‘éplr‘rﬁy‘”l?es%‘é%‘?f'Iﬂélﬂ“édha@i mid ’ézplnyelmq;y theiceramyr frtbevioospritd nig
Figure 1, Butqt hcesr@\lélﬁl% Qak ﬁle u%‘%ﬂé‘){iﬂ le(('? sxgﬁ?‘xéé’ ]éet E‘% gegg\h 56}1;9@5

active area. Of course, 1in.another e
conprise ohéc, sié(hﬁh@flanld“ igne 1dhasuch daMbbﬂkmeﬁEMLyvodaMﬂQﬁemyy hatn bhehd

conprise t . i nes t.endin ar the active area, configured
simlarly p%{)‘t"ﬁ@hk 3 ved™ de(ﬁ%lmi ¥ léjgo‘” Sicduidspt ORBHPL e TRy 1. 1 n

such an enbodi mgB?] thexstﬂ?l@stiM'Hc al diffe Sndray 1@:@&0%&?”&1 angg ISy :mgve
source and dr and I‘OVI de redundant control of thé transi stg

[0032] As ﬁk’f’f‘a% Jegpe éo‘diF‘c‘g?@ that e in gherdigys liny @m\mMeﬂlmhIhﬁnchmsomce?O

r ef er abl laq e ithdy et u that
gt et e Tonepaa P uae By (BRI AR RS elabarb B T2l « Repoe

side from F‘P@U(h@il}flalcé]m SOdrial%ﬂm&llbylsvlﬁrddlﬁpu%&z h2ypd fen@B&hducting materiai,
enbodi nent %mj]h] ins 1S conprise an n-ty

semi conduc er i ajed Wﬁp&f’hosé’ OIEHY PX %ﬁml%‘%eéi“ WHen elﬂiﬁ%‘gﬁlﬁtb‘isdbg seyprce
antinmony. b oot Heinserthady o@fhisse a @@p%@élﬁﬁ:@ndu%g& aé'ldth%r RlaD%e %J&%d from

compri se ao[%c. PIR&gﬁmlsczgr\!\gblljl?l&%l;vn lgrlhotsgef% slr(z%y e
; in the art. In fact, the ‘xomce 20 and
drajus 18 need not be fabricated from the same compounds.

(0033) The [unctioning of memory device 10 is briefly discussed with
relerence to Figure 2, which shows a cross-sectional view of one of the aciive areas i6.
For a further discussion of the basic manner in which DRAMs function, U.S. Patent No.
3,731,257, issued to Seely et al., which is incorporated by reference herein in its entirety,
discusses DRAMS in greater detail.

[0034] As shown in Figure 2, the drains 18 and source 20 may comprise
protrusivus from the relatively flat, upper surface of the substrate 1i. 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 eiching a monolithic wafer



other materials, as is well-known to those of skill in the art. In
fact, the source 20 and drains 1 S need not be fabricated fromthe
sanme conpoulds2iT@083] The functioning of nenory device tOr/us0bwizefly
di scussed with reference to Figure 2, which shows a cross-sectional
g;g:’vcm;mgzog rs?u b‘g‘*\?\ﬁ @Cgliﬁﬁ}ﬁ%ﬂnfz%sg}m% r%hé: %Etgge Ly c{ dlcllr] I{%‘)tﬁ%%%?%l?@?_iog@?c h')y
i ssued to oeeliye gliragill depobitichudisg ﬂeﬂﬁﬁl:m&@{vaﬂ&do‘by i @bhey @RRE helreeirn i n
its entirety, discusses DRAMs in greater detail. [003 % As shown_ in

Figure 2, the dP%iils 1B arebsdimeat 2plcasy zﬁ@&fﬁ@rqféé@f Wrotdbusiasaied fhesin

the relati Y€ rrg pdr! Rltacd bPREEcSH f ACQ1REENS FIRRL 5 aLE sdikce bH 0B trically
preferred odi ment, the source 20 and drains 18 are fabricated as

one- pi ece wiuplyd th@cglbsinate by izt Ave?d ailiddlnehay bvémtngd trhgultiple
ZgB;?ggogzét%g%@g@%@%%&aé%!??g%\ &l Cl\qc ngvhé}c r{RQ goumekﬂo 1 a: '1tcd fi om\ﬁg two

Of ‘sUDStTate; 1 n anot Rer arrang enent,
t he sour cedraing 1 §lbaiwdrPiodsrias, 108s Tae eofdidwed24hy 2b sl pe&fézhli@’ eemeticwanahhe
deposition using techniques well-known to those of Skl*| in the art.

[0035) In %‘H%”é%boﬁ“ﬁ%‘ﬁt“g deprmpiards oz 196 PRS- dFrangisyits of fhisedopigg aeolien

| ocat ed abQyg cqth&s YRR %Héefs@-gén&fs 0§ @{Uﬁ[[%e ?l@e dﬁﬁls' gl éi'@tlrl ac{n%d el'u&rjcally
Figure 2, the source 20 is electrically coupled to the digit |ine

14b by a d¢eglptud|tprnémpgmgi@zltowvl%chnctaliagnnwﬂzbetor dreneder aleptiddei P el the

stages or | nmaL %I r!l% lomsiéfa c0a1§ p S 28%% zmecl 5 er 15 ? 1%9 Sito age

separ at ed From t e LR PR St d 1 i'nRs 124 e Wor

l'i nes 12a, c$2buﬁgﬁ4ﬁmﬁhﬁiahbWGﬁﬂEEMGedéBﬂmfhﬁiﬁaubs%ﬁ&h&;@%muﬂe30bya

ext endi ng downwards fraomthe surface, TranS|stors of this des ? are
a

of ten ref BFFEHCIHIEE! Pécdd uticoplgwation dbise QUG seRme copprdlogy e

are, in tufpn, 1&he6t/dioably o GRMPLLN & Harage: SaRatdl AcStdddse @PsbitokN
particular, to the | ower electrode 26 of' the storage capaC|tors 24,

by cont act 2bliggseip@bly lecaed plspve theplarentiols mewtratct e aldiogehdench capacitors
capaC|tors %{kLQgpm(§§H%§£%¥E%nglectrode 26 separated froma

r ef erence e ectrod relectric material 32. In this
configuration, whege stiackedmdbbdnage coapaeidforvery24ofapnctpaoior 2 fams a

manner well known to thos in the | ust rate

st or age cabﬁé?ﬁbr§°dﬁﬁkaf§ BL@?EW%&‘”llﬂéﬁfga'é%d%é”? aﬁ? q&?tPH
substrate Ll,.akt heughid r enehy&ar@acst RS 126 atndMnUsegutNidtieficld effect
arrangenents. 100361 I n one enbodi nent, one side of every st or age

capaci tor Zanssgrpiies passeheoughoehilslteedist disc 360 fusiions o Hetdnghisr e sources
| ectrod |
o S ISR B, T AT 1 e

word lines 1 gates |
to the storage capacitors 24 coupled to each drain 18, by allowing or preventing the signal

{representing a logic “0” or a logic “17) carried on the digit line 14b to be written to or
read from the storage capacitors 24, Thus, each of the two capacitors 24 connecled to an
associated drain 18 can contain one bit of data (i.e., a logic “07 or logic “17). In a
memory array, the combination of the digil line and word line that are selected can
uniquely identify the storage capacitor 24 to or from which data should be written or read.

10037] Turning back then to Figure 1, the design and geometry of the memory
device 10U may be discussed in further detail. In the lower right hand corner of Figure 1, a
number ol axes have been illustrated. These axes are generally aligned with the
tongitudinal axes of circuit elements forming the memory device 10, and are illustrated o
more ¢learly 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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transi stors they pass through, while the digit line |4b functions as
a signal for the sources to which it is electrically coupled. Thus,
the word |i R&s002803432b preferably control access to thestonagessiq
capacitors 24 coupled to each drain 18, by allow ng or preventing the
signal  (repLesent Lhd 18 9l 1 c "

digit line I4b to be written Jrive 4L ?bg%i‘ r’@?ﬁetg"heagltolé?%gmp%‘pégff‘%ﬁéo
24. Thus, e@éhb@fbnmemvwbaaapaésan$a@4 clbnfielnt ediveourass 16asgaubakgidily
(train 18 o one. bit "0" aor logic
S e o PREET B b2 0Radubo L stk Mot Fstor i PRI 100 naren it
| i ne that azl'leibscﬂhte@rtsﬁdloﬁaﬂne WAE GuREY a isd@btiharktems) gt agﬁle%‘%ﬁtﬁésfe%ee
24 to or fromwhjch data should be witten or read. [00371 Turning

back then t"8"¥ giirieme eMbRBRfes; Hiscie thestietryaie Qqﬁ@c%nﬂwywocﬁecwsczé
10 may be di$eusS8GckBobad LNehndst L b t orn
of Figure 1, a nﬁer 3 5kgsnhave Eggﬁqﬁ1 Egtrat%gnhgﬁéggg tﬁ%“még
general |y ékﬂéwédLmﬂ@mkmﬁéwlhqu&ﬂudnnahuaMeﬁn@mnmmmﬂmﬂﬁmﬁkgﬁenmﬁh11e
formng th devi ce 10 stra re cIe

Show the. el Eamide AR iRl e o i Reahein Lo g Rnedby a
conponent s line AxingeNheepipiseaibSnd ligglkengtd udi nal axis of active area
16. The drains 18 and source 20 of -8 WO 2007/030343

11121/ US2006/ 03341724 edbhs Botarirscry dbe 1eghpdndr apb yothdied hne 14b.  In the

subst ant i alihy,; 1ﬂu9%§fboﬂlﬁlcﬁt 'tl?é"%hhr?m%r?@lf f&?% DLvysadit, th%ﬁt lu]t,e Jaﬁ:-,t as the

| ongi tudi nal axis. As illustrated, al the activ

subst ant i aIdPly\ parald efe Plfefelvhliflpabdﬂeund@rt@bdldes lofa, dobirge, ptelﬁﬂ:ﬁblj’z Herm
drains 18 a £9. need not for olutely straight |ine,
and i ndeed® gwéﬁﬁs%“d “angl"® TrdyP B rﬁ@??ﬁ nERp ?ﬂ%é@jﬁﬁF%é““HbPﬁ%§6
I n some entedismentdar mQE%eﬁmé@myﬁheBaxm&uﬂ@ﬂEMmha-Qﬁ%h@%ﬂﬂ@yé§&ﬁom%@z
drai ns 18, the source 20 and only one of the drains 1

a nunber opﬂﬁﬁﬁé¥ “hays that would be clearly understood by those
skilled in the gy} I n Htamﬁ%fe%@@%glbm%t 111&[%@2 ¢l 1$1?L?reAa81tl Id¥l§ o A58 is

conprises a single draln and a single source, e ax
defined by l@melitsavesatanéseh aulﬁe%xgllhgﬂleﬂx&rlduﬂl'lmddelsbcmigheﬁsmw oete HRO38]

Axis B repA@%ﬁﬁﬁéﬁ&QﬁﬂLQ?x%K”&%s &%IS of digit line 14b. In the

illustrate flne | ob forns a substantially

strai ght | i ne. uu)gﬂ as Tﬂlheangalﬁgl yieuRr eabelbedl ® pEIhQr ablife Qﬁ%@'lln@é 14
the digit nes a}so preferablé form generally parall
axes. Thus l‘“‘lI “51*' %]f“ é‘fLéP?‘éﬂ BREoPEREs 2agxendnphetwpar Yaget ¥ ved aedntab

Corns a sigblat @piBrswat hSﬁé’eeF iéseaa‘dn%acﬁa fos 5@% ?h@'ﬁtonl H%eiﬁ > Srtalof the
| east in the region of each nenory cel @ erred
enmbodi ment drains| s ey dee drélpred gmbedlm}enhlﬁlllastuﬁ@l andligore Q) the engineering is
simplified if the digit lines 14 do not extend over the tops of the drains 18, By angling the
aclive weus 16, the distance between a digit line 14 and drains 18 may be selected to
facilitate electronic contact between the drains and contact plugs, ever while the digit
Iime 14 substantially overlaps and contacts the source 20 of the same active area 16.
jo041] 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
cmbodiment, the angle, 8, is preferably between 10° and 80° degrees. In a more preferred
embuodiment, the angle, 0, is between 20° and 60°, In a still more preferred embodiment,

the angle, 0, is between 40° and 50°.



formed between axis A and axis B. In the illustrated enbodi ment, this
acute angle, 0, defined between axis A and axis B, is 45. 100401 The
angling of theliattih¥e areas 16 relative to the digit |inesrigooen3ss7
facilitates the | ocation of the contact plugs 28 extendi ng between
Dl Ugs. 28 ext end 1y i t he T o5 Sarsace o Thare it DhORgobR R p T ha
ugs exten rom
Br e? erred efyodiaeht o the Flt@sltmaﬂ@dca H Fiilgustrete? )n gichier eenhgl ?Elﬁﬁ’ :&kﬂ%ﬂadl{aﬁnsan
lified [f 0 not exten rteo 0 e
ergF hs 18, ‘lé Mﬁ‘l’dlhg}“%ﬂ Y ﬁ"gtc Py ‘q‘éPléégm%alst“ﬂéhedi Yegiehemydipen an be
digit line lﬁlélla@ddmdwaiumﬂy 18 iﬂiaymblﬁim&ﬁineﬁrﬁtﬁdoth& gloapd ldrt Aheigl. eCPng;@'
contact between the drains and contact plu even while the digit
line 14 suﬁﬁe A aﬁwwavgﬂoaagbsaﬁ@ 1éd)ﬁtﬂa‘v&fla1§ & Hen, é@up@elﬁmyeoﬁo,tdqeapsang

active areaxif. 110043 dred C@Ml’)&ﬁmeﬁtheha@ngécﬁ Cfﬁrm’{aaxh&?’c\ﬁq%c{] uonYentloml

nunber of values chosen to nmaxim ze the rica
devi ces. AseRidpdyseer r?é%idPﬂ“yg &p]plaﬂwmt ﬁt baldneasdlf agkid2] sudh astdiecodrditide, is

[ itche n ad acent active
arcas In ong RubiindE kI RRR <Bbb R R SRl dhr P et een1t: B
80 degr ees. bulinuauht»y enpme:ﬁ dafoedd d@ﬂbﬁ@ii {iﬁi&&sg b @nqizlac1119g dnémRet V)%%P
20 and 60. preferred enbodi nent [I'ie angl e,

bet ween 40 ‘&HaTisp (YIRS Cb*’ﬁawtwsémltmlawmwl@s@w@ugh[tnqw}msk
Turni ng t o Iilcgur BsnRsdOsili QNN IRIND €he! ;eff:ﬁl&{ %n?@&d'uﬂ&n dnﬁmrs)t 10 untc QIQH)O( ?hdt

word lines 12 of the nmenory device 1 ustrat et
detail. Thé! 8Ky Fivededpiiasdadt’ siligon| oxidsadir apamples ecoﬁutae:lmtmhlstsln&qble for the

articul ar teri, sirat ed enbodi rent can be replaced
:Ondl vi dual Ibgﬁo@{|(’ﬁh§loeﬁ%ld%gglf%ﬂnge\%\} h ot her groups of materials. Figure

3 illustrates wogejm cdm:ducﬁ arstepulas tihat@ed In Q¥ ETeuYRI 88 1ard Rhdb layer 42 is
t enporary risi.n oxide in a preferred enbodi nent, has

| a
been for ned” gé%‘él LH’i‘”ﬁi’ga ' WG EAYS ofraicd oyeihihe drplusesd ey d1@e§§1€n>g10t01 esist
t echni ques Jayér hay de ﬁﬁt%fnddat\rﬂefﬁuﬁ%11n%k.'(i@m§%o§\lelnh&%g ;Hbl%a%g&ﬂ%ﬁm ik iaiquus

deposited over the substrate | | and tenporary er
mask | ayer #4% “H’a’y"“i sk gryps dt2bypay fiyenwes 1!11-1$mi@maldi3epmscd ilooughr Oe g&8ermed

such as s PULLEL 400 &*{'ﬁ'i“dﬁﬁl rﬂr{rlg?p Qﬁla{cﬁl%gsq Sc':(%ngﬁ ﬁX‘FwﬁHsﬁ i ge padigension

| owt enper at ure deposi _

| ayer TZ) cbin?phlhsectgmlhgmnri) vl |t1¢i9chcm 46 hepzpmei‘é,emlbﬁﬂuﬁﬁﬁhﬁﬂl meg émoao;emt
nmust be ungersto (fl at i,tdga}r{ al so be fiormed of1 silicon oxi .
exanpl e, or ~other el THYE! SHFPRBIEehechtes.sur é%"clﬂwl%’{c@lw\s&»@p@be
descri bed bak;ow. 10043] Next, in a step not illustrated in the

figures, the hard mask |ayer 42 is
9 10044] Withy reference to Figure 5A, after the trenches 46 have been formed in

the hard mask layer 42, a conlormal layer of spacer material may be deposited to cover the
enlire surface of the memory device 10. Preferably, the spaces malerial can be selectively
elched 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).

[00435) After laying the spacer material over the vertical and horizontal
surfaces of the memory device 10, an anisotropic etch may be used o preferentially
remove the spacer material from the horizontal surfaces in a directional spacer etch.

thus, the spacer material is formed into spacers 48, e, malerial exlending from the
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patterned using a photoresist |ayer fornmed over the hard mask | ayer
42. The photoresist |ayer may be patterned to forma nmask using
convent i onalW{photvelithogr aphi ¢ techni ques, and the har dpaaskol@yuesr.
42 may then be anisotropically etched through t he patterned

PEOE ﬁ;ejl Zlglrcré\gggbgladln?thet P 113 ed}% Shcigvugm letgtf)esg(ﬂa Lﬁ[“?t P Z‘HE %121%%@6\91 %n’t‘%to
separatlnguuhmge‘m@hMﬂnsu The photoresi st |ayer may then be renoved
by conventional techni such as. by using an oxygen-based plasna.
[0044] Wth ref@ éﬁce { thljle&r‘?”ée Enliggter s ashieone haponesk lagr e weaygbenbe
formed in qiheihedd: RN SRcdd 18 CrPuERL: l@y‘?fns ye Bf" 50 mask 49,
mat eri al nay be deposited to cover the entire surface o e nenory
devi ce 10. 2Py eflspaiilyde the Epﬁ@eﬁfmﬁmémwah1€amd@ebbeﬁ®mmuMe®ydHetohed
W th respe t.o. th t |

substrat e %hhuuztdu ?h%h’?ﬁ&w@;@r jOt co rse th&bﬁaggﬁnr%}ggwt%réd %@éit}éE h}gpﬁﬁi dtby
et ched wi t oy espestmio (BIhﬁutSrblﬂC@tt’posﬂtIaﬁ afrb@hbses,| ety Chusor ahveol  After
enbodi ment, the sp gcer teri al Eprlses pol ysilicon. The spacer

mat eri al nBSPOHECHED s Bfttsftﬁr?g‘“bﬁ 10 T | B HE o) terorr\CﬁrSo@éts%ﬂy &iech

as, for exampl8ver@MDREerPIY SiCRler URRMer ‘3@1@1‘3% b ;99‘/ bR, dypélcpoL:@chzllﬁld mask
After Iaylgg the spacer nmaterial over the vertical and horizontal

surltrces ntdbrévwrremw beyenpy o ¢ ﬂmmbahoiémp?,f@sqsomﬂekswwho rthgbcb:é skidad theo
preferenti gl | y?jl X 111%@5“1 3¢ fle ¢ [I‘%ﬁ%ﬁb%hag bED pla ”ﬁlsuzcd% e e\rnet gl’llhglclotitesd

surfaces in a onal spacer e e spacer r

f or med i nt bnspacens J&Spudﬁ tbat thersitiew il o (et ﬁﬁﬁliiﬂ@; §praom theare medfy Wtical.
20u7/03034 PCT/t%820U6/033374 si dewal | s of anot her material. As
shown in Figiir &'8bIes BROBIENAE HOESForsHEY 4% AT newele ¢ shemitl 4B egigical
narrow it. prQ4§mmymghbg@§grence to Figure 5B, a second hard mask

| ayer 49 may then be deposited over the entire surface of the nenory
devi ce 10. ThlsUPéyer 6ﬁ0ﬁwpﬁsﬁﬁéwﬂﬁg«mﬂﬂbﬁnmgiMﬁb@hmﬁwﬂh%déthmﬁammy

preferred gnhod 115“?1@ Ly bl S i@{ﬁlﬁ%&l %ydglpgs um%% Jﬁoéegsl: gk El ﬁmt illustzaicd

sufficient to t| he tr course,
49 may be dep\mbmtt‘)mdﬂ h)yectﬂn‘;la)obb abdﬂuhiilesfeicetﬁve"@utttrﬁbbﬁydﬁm&cﬁm@a to silicon

processes, in D.or Af t er osition of a sufficient
Dot of WAt i PR bt 2 o Heeac el Wik o 81 sgohes

over the spagershdd iAo @M AG: Qéd"ﬁi’tdﬁ@ fabd ﬁﬂﬁuorfeepézﬁg L9 l-!zs&&’ondaly etch
deposited hard mask 42 may be renoved a nunber of

processes W&l Feldehihn etebest o sannerary kgver 4@ ps Whlgd& Bietsubgtisie ldx abiphelretches
surface of ,Lhgo deuia8y FnltRY08, Rl ARAIIAET b8, 0§ dseebxllot hE, dtited:

reactive 1on etching,.

| 0043] Figare 6 illustrates the result of these processes, with openings or
recesses 1 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 cowrse, a skilled artisan will appreciate that
numerous other techniques for pitch multiplication may be used to arrive at the slage
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. Increased depth maximizes available volume and thence conductivity

for the word lines, at the expense of difficulty in filling with a suitable materiai.
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line of Figure 513, such that the sidewalls of the remaining spacers
48 are nearly vertical. Any suitable planarization process, such as,
for exanpl eMchenisoald nechani cal planarization may be usedus{n®Ohzi+
The spacers 48 that are now exposed at the top surface of the nenDry
device 10 nay beysiofi ppetkrUsiRGidN %t Qficsd @gﬁﬂﬁrsﬁf_grgrgsse Pym 4913
illustrated enbodi nent, a process may be use Ve

strips pol )fgli%*l‘\é@f’ﬁ“rﬂé?eétl?}\ﬁéwtoéc‘t@llmbcmi mathads gkt knben tethasnpdiakiliin et

enbodi nent , i CLigy The, trenches fqrngd
whore the é%gégﬁse4g aJﬁﬁ %gégﬁ?ﬁﬁgﬁs%?@“¥gﬁfﬁ%$iﬂe@b%ﬁﬁﬁfﬁQ“%o‘“[
secondary elceive, linfiag the elnecdur feeds yf eteah@shds 6. HﬂﬂnﬁkﬁﬁﬁdFﬁygﬁk%QmQ%@ryt

Il as the_su trenches are also preferably forned
ﬁglng a d|f@%?“%ﬁéﬁ“ﬁ?8é@§}1”§géﬁta§nm¥%Wd@%§ﬁﬁﬁéne?@ﬁiﬁﬁb@kmgﬁowucmu
reactive i amoeiechiidpgsiti0RABK Fhi@u18n Sufel Ié‘M%&(gl ‘{'Fltyl‘:letﬁ abe 1%&(611'&]6556
processes, w.th openings or recesses in the orn1o
separ at ed BV“?%S%“WﬁéhF@H@hﬁWhFhﬂﬁ%éhﬂuﬁ@b@gbmbM@n wswmgﬁqamggm blanket

hot ol i t ho chpi r abl trenches ave a
Ndth at t o bet vean Seane sBhBRP v LR AR dhe PReiFEE, Ty Bk (e
artisan w lchmajsphedilatie tichates aﬁulrréﬂmus obopetrfi@dimhauescd @ BidtGbierred
ar%#ve at the stage shown in Figure 6.

mul ti Ilcatl
Many guch tg§ %”“yé ”VP@ dﬁ%ﬁé?ﬂ %peq-ncl ude a spacer process, by

whi ch physi cal IBOBI t i 0Tk GABerR6 hir 2 SR [ Lhemit 6h 40aD0 . f
photolPtKo raj h?g tzchnlqhes ralong&&l}'he treﬁ%h%SBSl ti |C§PFbou¥LSO

have an aspétt “Wa{16“@@§§@@PU®%8W?&1@CUamdmppéﬁeﬂdbﬁwmc@mmaueeumhﬁnhe
2:1. Incr eaﬁ@@’g@fv‘ﬁ“ h;‘b‘ﬂ‘@bxll) ﬁ%heatgﬁl \{lr?}}%ﬁ%i Ml% SHQ?I&%% d ]?E%;’]?(%gg!ﬂ(}[)}h HOC@SS

conduct|V|ty for the mor |nes e expens

filling wi tshehaws ui £ adolaes. n’ameeneccaked pol)?ml}\é\m G2 B@Q@thelﬁ&iﬁs,‘éﬁzﬁ as 1}15L10w01 td rimcs
006/ 374 04 er formation of these trenches e

o DI = ﬂ = Ci% Sup { ?/’EW%VtCF” pgagstogsyt aawyﬂwmby Hpader of

hard mask [ayer

met hods wel | knPWHl]t 0 PROSELIOS hevkdvkd 11'1@%51;@@16@1%&05 n? 16Fdilglg§ fre 1brzﬁec9(€|1t ¢
dielectric Iayer 54 i s hl anket dep05|te or thermally grown over

devi ce, I|Hpﬁglﬁh%‘Pﬁ%@PV%U@FQ@é§NDFﬂ$h@MﬂP@m@h@$¢5ﬁw Thsxshhm&ﬂmafed
gate diel egll & l-B%80 s ppg&g(lg ?Tegh?e,ssfblal%cpgﬁal x| dI§ d{ﬂgé{{fe t(aaléég:stlylngal gate

oxidation in a preferred enb can
hi gh K mat eletaddei ﬁlmlhenﬂ@nbksdbmpmsste A Wiayesr ;prcngaﬂbeLlﬁ&hﬁnw@lun%?of the
whi ch conprlses e.illustrated enbodi ment, may then

al so be bl &nhke SMlR’”‘ 1?i8“8v§?“ H%g@LPOP@wH@ﬁﬁﬁ?dHEWB@?‘T@d s ohlass,
enbodi nent thLhﬂu Q@t lmljtsaxeﬁ 0B ZizueOARhEbE L ¥ickich |’1§ez IQ@esEﬂlg G %Eos%@n gallﬁgtal

forms a t OH]LLS L%I\‘Ilaél(l;}ﬁ 18{@1&? ehge?cﬁlsﬁﬁlc%aocalllllgv? bt"?tge? lhan l() times the conductivity of
doped polysilicon and demonstrate a suitable work function.

L0352 With reference to Figures 9-12, in another arrapgemertt, rather than
being recessed, (e polysilicon 52 is initially etched back or planarized down (o 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 o a
salividation (self-aligned silicidation) reaction to form a layer of conductive material 56.
A metal layer 55 (Figure 9) may be blanket deposited and an anneal step may form a
silicide material 56 (Figure 12) wherever ke 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, titaninm, ruthenium, tantalum,

cobalt or nickel. A selective metal etch removes the excess metal but does not remove the
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enbodi ment, this polysilicon is undoped. (0050] After a series of
doping steps to define the drains and sources of transistors, the
undoped pol Y8l HiEen33n the trenches 50 is etched back untéliushesdsep:
of the gate layer 52 resides beneath the top surface of the

substrat e Ldicidhie shageeafsiid® B 9&%? fodnSs §Q9\f\ﬂ1]&1{'&d\|’:\%}%9 ]F'u %’icrg;lggs td)e

recessed ponS|I|con 52 of Figure 8 cah serve as
the gate elldgtt suegciol s thewondyingel | transistors if approprl at eI y

doped. 10051] P bl h t th
are formed of A br o HEBHEY: dobdil VA Mad Gl “DRGR! P dBPTF BRaper

pol ysi | i corvogatcesity. Tlﬂuﬁ 1|e$ctﬂuall§00astsﬁk@s baielde bRRdtichh@wWieeess el IRt &Sthe
12 (see quures 1 and are nore narrow than the typical gate

el ectrode. 'MEAFPPC “h’é’f’élll‘isgﬁ@d EGRTTEN 8%E®, deviseniel &) ohe Pil‘fﬂﬂp@lrewenﬁ&)«rcrms
the snmall veluig of: them Q@-ttﬁ@ gHt@ Lhe Rk ra"f’t}ﬁg h@pgh?é‘g lecl)\eﬂéser %bb&ldglg%/

propagation speed al ong the word |ines. Thus,
pol ysi | i corn@fnpkitgarisidgiieamobld siuli @i dédrenf werk hlectesslﬁrg]ghye luloh of the

depositing mg%a t.he n ctin icid n ‘
better than !mnn h F g\/c%lojﬂx Ug{ll VI Cf‘ldalo enaurcsearrbfé} ?%tF lviroé]b UUESHHDS NCTOSS
denonst r at ehausyi tlaiml cel anas krr fl}tJmbeSQmaféaO@lﬁQh oMt led Bf@r@NaehdsBeen found
Figures 9-1 i .n.anot her arran enent, rather than being recessed,

t he po|y5||$2‘é‘bhll gYMERE I piupE U sE sk e skthir g llighasipiaes elot 1Husiraied

gate oxi derchdics tSusviinsPkiabieNgethng ﬁ%ﬁ'hylﬁé chlcht@tl\\/@ Lﬂleﬁ the Henches. 332
wi thout recessing at this stage The polysilicon of ﬁe gate layer

wi t hi n t he ®bBhEREsaBPIC] @“@ijf@é’t eddg in tlgp h;slahsmcidatm Uﬂw(lsseﬂ()f -Cahelgnﬁﬁls
silicidati r uctive material 56
ch 'El%iﬁl&és'&‘ra{%d 935?111 19 ﬁg%ug%\é%{% 1111 %1 ga cm ¥3é_d8ce§?1“da%ﬁ%géldcgltcgsp

netal |ayer 55
may form a Thsiskillei! detismatveltli @Iple‘.ﬁﬁate( Eklgﬁﬂbsﬁa)htmec&t@\/[ﬁi’ ciiahendigt Ak material
contacts sil. Hcon such gs. over t he olysilicon gate layers 52. In

one embodi MEAY" " TReYETY TIEPFSFSrrert SMEhRpTIEE ST ¥jopi Raskied aidnipmahees

nore netal Ser @;ym@a}smpfqgfm%a@mg &ic tungsten, titanium ruthenium
tantalum cobalt or nickel. A selective metal etch rempves the
excess metal bulVddks nEthewsveng e be-mzd\m Ql@@'ﬂ @BOM&ng ’!ppccns to be

130/ US2006/ Qﬁ%é’pg‘}d Etﬁ%g);n%:uﬂﬁ% 28 511-[3'51?1}%{;‘? Fc]%ltfon ] com 3189 it %tt@ %#hé ﬁ&l%}?@

sel f - allgned | aye _ ease
word |ine. 01@@*53],11 mwfziemﬁb|t136;1cltte|§16Og&lecohlayﬂﬁse52nd1615&&1]1!1 Y Sdbhit ahaheehbhi@
maxi m ze |§8vﬂﬂk conducti vit action also assures silicide

f or mat i on PEGE- b%‘f?lélm%‘f S]th;%‘lé‘l1 PELRCRsE IS dng{he frachey rayinareds

recessed aceess nd@n:ces. (RMRImolkehe | ﬁgﬁ@é?ﬁielfﬁ%teelﬂg@e %%ﬁﬁ&%mu@gtmf?m[ Yo

the bottom of the gate, but also al ong ate's sid

Accor di ngl yumu[ the silicide from CoSi (o the mo;c, stab e CoSis. Nlcke] 01'1 thc other hand,
diffuses more readily into silicon than silicon does into nickel and so also has a tendency
to create volds during the reaction in which NiSi is converted into the NiSiy phase.

[{(H355] Accordingly, the metal layer 55 preferably comprises a mixture of
melals, where at least two of the metals in the mixture have opposing ditfusivities relative
to silicon. For example, the metal layer 55 can comprise a mixture of nicke! and cobalt,
such that the directions of diffusion tend to balance each other and minimize the risk of
volding, (n 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 coball has been found to more readily
accomplish full silicidation of the gate layer without voiding, thus increasing signal

propagation specds along the word line. In contrast to partial silicidation, fully silicided
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inconplete silicidation would result in different work functions
along the length of the RAD channel. Furthernore, fullsilicidation
ensures si nivuarigatliwork functions across the array, fromaniaysto
array across a wafer, and fromwafer to wafer. It has been found

di fficul
cont i nes. of Cher 1 7aefs BFRARHE iicadl eyFbEF R Gl BB e P heton,

t he conducmkmgﬂnﬂLa@hatﬂ&ﬁmmﬁmthem1nhmkﬁkmomﬂatnbahbnmﬁﬂébﬁxﬁﬂ@hﬁwnqr
tends to f oi ds |n the hl%h as ect rati o trenches 50. O her
metals ha é)”bl BT FEEEHICPTA AP 2% PO it P EERYGF Wl o gafar s il

for recessefli.Recas®ildeNd &E8ave idRAsiskA doBfho@tiblsIRPertd d uRRREGFAhErature
that full silicidation can be challenging for m erial  wthin other

types of ré@@sesscliisych as contact openings or vias, stacked

cont ai ner shapeaﬂh 0 b@eagebnrﬁ%a sg&%inggrr%%t{c ;I%ﬁn%ﬁ $B4Crx 1§nd% Co is

W t hout wanti ng ound appears
caused by dpﬁkuﬁunmzdurpﬁgmhhm sakprdmmnban&ﬁadmmﬁﬁs IThecfianalsi e
with the ti%ﬂt confin rati o trenches

t 50
Silicon di FPUSEY Hofe ?%%ﬂdror frlrfﬂcgﬁﬁpeﬁgh EERAITC (oo PRy ammeal is

silicon. Aggaid rwlamo;$¢rlthﬁ@ﬁhetfe%1§ tHeOanib A i e GMEd ﬂgo&faﬁeﬂq‘ﬁéﬁﬁﬁ&%l a
| eaving voids in the trenches 50. Furthermore, a high t enperature

phase t r ansPGFhatF ofcanHeslc tle subtrarets ahealesd 496D 605G Em200S mtﬂ@te@ héﬂ
more stabl %K}@ﬁlbﬂt\ :\!:K? K&lcids 85'11 anr?edpt\v&%r(koq?ﬁ](ged ud af E Llla ITQ e urgc% i I)‘foy

into silicon than &ilicon does Into nic and''sé al o
to create votidsudguranpgOthérséadhuten in whrch NiSi is converted |nto

the N Siz phase, 055] Accor netal |aye refer

e ooe ool or in AGse L hoshiih B ahe FRHSD pEHE AL SeFe
the m xtur %tiﬁﬁMﬁtd@EQﬂ%hﬂ& SHihdtus bor ikl @8 ciHRIARALMEN trbfensd. | F%ﬁ]}leslztgﬁnetals
exampl e, the metal |ayer 55 can conprise a m xture of nickel

cobalt, suieh ditfige moeragpilest silises thin siligmulpedin baingetebinplariahd. el’t@aé u.
ot her and thJ:ngug%) t QalgllﬁK\HIQZh glg rphlrf i'Sbe Hlothfeﬁdi egﬂthﬁe n{le@ﬁ ﬁ%g tm

preferably conprises |ess A)of t and
nor e prefemabhwumheLﬁMXHUmﬂfbonpr|ses about 70 90 at. % Ni and about

10- 30 at. % Co xt ur f nickel. and | t. has been f
e voadi 1y CoMWSHET Tk Fofi BLfiabiciieRs thuvighsgerssin iy Tistige

voi di ng, thus d,MeEadsdandias hanalso i QRRIALLIRH 11§&B@dr$>lﬂb@ﬂ&laé1mgawlozx
line. In contrast to partial silicidation, fully silicided

21107/ 030348 BETFUS20E6X03BETH aweysd e wedh efrle“’ﬁét“‘%ﬂ?h?ﬁ ndrigvo different
conducti ve, RHB A SR V.M%: ﬂ%&u fa lcl SloS &8s s‘é‘&foFx sa ttlﬁeol'@n%iﬁllo?g [Nge

| engt h of the channel |cr tron w nDnst ate better
consrstencyum&n&nudevﬂdéﬂmurdemﬂheuasr6@3tamﬁ&smay;awnmhmaﬂmamabﬁﬂmut

array, or W% e and a éfvan ot aboutnICS% I m quch lll at the aspect ratio of these trenches was about
3:10 A simooth, uniforim composition is observed, filling at least a lower portion of the
trenches without voiding.  In the example of Figures 11-12, afler depositing the
polysilicon 32 (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.
|6059] Referring now to Figure 12, the silicided layers 56 can be recessed
within the lrenches and are then covered by a second insulating layer 58, such as silicon
nitride.  Phese insulating layers 58 may be deposited and then elched or planarized. The
conducitve material 56 thereby forms the word lines 12a, 12b of the completed memeory
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

-14-



silicidation will tend to | eave inconsistent conpositions dependi ng
upon | ocal tenperature variations, etc. 100561 In one exanple, a
Sputtering vargeriseehpri sing 80% N and 20% Co i s sputtered:0uessthe
polysilicon 52 to produce the metal layer 55. The substrate is then

subj ected t,Q,@ i§kd lzﬁllﬁ% 'b@éh %ﬂ&?}%k}ﬁl})m | fa3halil glh]e%(%l’rp ) ty;'I(E]e aﬁf gi’ [hat

800C) anneal is possib for a sho time, prefera

i s conduct @gssdtle Fiower UElegwpmialutm@splﬁ@teclanque@nq&ne thomyerFOfat exafpisPects
t he substr at _400-6 m n

exper i ment 2,11 q}"%gisagﬁﬁ g%% rovide iy dof”%%eé ‘lee éli“ tlﬂe é"’%%t B pigrifighe
under an Nmulggien. taint at 500C for 30 m nut es (0057] In view of the

di scl osure herein, the skllled artisan can readily select other
sui tabl e mixtur 8808k  nétlasurseoin plier ewbodisieeat insrbitghtmidkiplisasne e . take

Exanpl es of,jsreba u% oftqh@ihe@'ofi Iﬂb%@sségq{rc@ %ﬁ)@ﬂ'thhdSu rq%hhd ?ﬂfle Iuhan .S' licon

does in that netal includé N,
whi ch silicon diplises Irfmrsehm@adﬁyeys t?thaﬁ f.lumélumwd udnbf;cﬂluﬁﬁsthun 1111 lower

silicon in es, | OA-11B are crographs
showi ng r e@é?ggqu&qh FFDC%S? ?Jémcf %}‘hl leéﬁi’a“é)’gt[’/l é‘reilgl hey! Shi“r‘?*e

50 nm w deptafendhediidg gie&iel\/\khfaﬁl 754 dfcn n@ﬁﬂdlﬂlwglﬁl OH 8S i hi&¥htcBRHLEOBent,
show cross sectb?)gs across the wdth of twin trenches, at two
different “WAGAPPPEATY Frigctalbn hprmaalsilnidentd i tEkelang abpuisls-¥ew th ofimetal

al ong the Lengtheokiieneofoutfie trenches, at two different
magni fi cations. The trenches have a w dth at the top of about 50 run

and a depth of HHout 153(3 it Secépprdeatedt e dspetilie atiteanf it hegeeterred

trench th f t d .
‘ Ir Frcngsa\tlvaﬁ%hgm“ﬁl e g'gl‘_;lc ih %moﬁpléﬁr}l’]Qh’égfcﬁb@nsnﬁé@lﬁoﬁ%nba?ﬁl{?f Sﬁgg‘\?/ig’”“ Ph

t he exanpl élcOﬂbU‘F:l :gwsase (i}]nlilé’{ed afdr ey ne@PRSh LG e g PHEShbICOM82. n
(Figure 7), ysili cog can be etched back only to the gate
I

dielectric )?IBb‘ “stefSé[‘éCé’”?l? 1l epasBicaciong 't hEingitrsessd Wit hinps pérably
trenches whih@uheoh 68N Gate ERORHes BE: E%Bé bR Qe FhIBES, aﬁasto}qh? lhe

silicided layers 56 can be recessed wthin the trenches and are
covered byP#lgedeond insul ating |ayer 58, such as silicon nitride.

t hese insulatin yer |ted and, t hen. etched or .

pl anari zed. The9 mk%ndug{te?e\%%I % Pﬁme Hef By 2P ot Wﬁt{etqﬁgﬁ%?‘aqui“ﬁ‘é‘g
12a, 12b ofiitfeheer conpl etnedorntye nmr yma@&uy Ccﬁn 168: cendidnae fwrt‘ﬂeunﬂﬁi&n@&%ly
12b are separate fromthg other circuit elenents by the i nsul ating
| ayers 58. MRt 44°\ibufgdsewBe 12 dad dhodreibyeeititsie e pskpliery.i in thve

art, the 4NN u%éﬂ&%ﬁ%ﬁ B q]a&ﬁ-f%lll@/ e@c%ﬁ?g?ﬂuay RAD trenches through a

polysilicon layer, which forms part of the gate stack in the periphery.

0064} With reference to Figure 13, a polysilicon tayer 60 can be deposited
over the substrate 11 prior fo forming the trenches. The polysilicon layer 60 can be first
depustied over a thin dielectric S4a (e.g., grown gate oxide). The substrate can then be
patierned with a pilch-doubled mask (not shown), such as that described with respect to
Figures 3-6. An etch stop layer 61 is also formed, in the illustrated embodiment
comprising about 100-200 A of TEOS-deposited oxide.

|6065] 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

substiate 11, such as by oxidation of the trench walls. Due to the pre-existing etch stop



word |ines 12 have been pitch-multiplied, and have a pitch roughly
one half of that possible sinply using photolithographic techniques.
Not e, howevel, tHatii¢ert ai n aspects of the disclosure hereistogrnovizde
advant ages whet her or not the mord lines are pitch- multiplied.

10060] O q@uF §€.m0l L@t hGl neilod %{ﬁ/s OLQeth«PWi {\ IEE'J (EI‘tR% 801% l]COﬂ i

take place by any d? a variety of rocesses

skilled inskherart. 100611 The silicided | ayers 56 of the |IIustrated
enbodi ment t hus s of . t ches 0, preferably
filling greater %MEL Fﬁg P?écgﬁlﬁbFGHF ﬁbF%“%ﬁ?%@@P§bf§c“lbe

filling gr elapaenut braan t?&l%lsm‘ﬂl&dﬂ&iotmﬂl’iﬁb tlﬁt&?h@mms 3m Abaegchb&s{vrm&gem to
enbodi nent , .. yi 78 t %of metal in the nmetal silicide 56
ni ckel and é%*&ut H-180 5PCHE o e watferally Tilled wigh aatesip] iT@meozidyutwe than

cobal t. X0QGR)i1iAm. Wi fhe Qﬁu%%%&liﬁﬁﬁ%np)ﬂlé Hﬁtaﬁlﬁ, h@daPgs | %nﬁﬁ@%ﬁ@% Reivm

preferred enbodinent, the logic in thé periphery i's prefer
S|nultaneow§U9~HéWined as certain of t he above steps are conpl eted,

t her eby naki ng chi nakl e.efficient. | . .
particul ar, theh@? coﬁvgh Zﬂg? gﬁ%§??ﬁowe§Pg§§°‘Bmﬂﬁgiﬁ%“T%@5§§%ﬁ
word | i nes ephef ssabbyplasirml tian@os Sdoya e fihdteo OAE @B QG E QIR0 8 in the
substrate for the CMOS transistors in the erléhery 10063

Referring t“é”‘lfl‘“ba? eOPP3ID N herode sl sivpdairtn Eefofisere Enb nwm.g, etch
di fferent wonkfounet ét@}f‘?zy@in@l L&l P%L'tﬂé ﬁMyﬁ%nqu@?%bqp 011§Aqgg P}ln an

S|nultaneouslg processed gate electrodes In he array an
regions inth beﬁmnne&yCdpwd?h@mmﬂQEMﬁﬂatg@n@Nbdﬂomﬂnkn}¢MBRcm$fwm

f litat RAD t h th
| Z.SIerl \?\‘/h ?gﬁlp%(\grﬁ)%m m%h]péa %0 s gp1f){egt f ggi&he r‘%lr]‘(t)i‘lfi:l plgi)tplgzﬁe%/ Sil %Bﬂ_nly,

Wth refer em:éut knydﬂ gm,r(m 43 deﬁosﬁt@cﬂ y&dr [k aRcdraygdr @0 &@ﬂﬂb@e depasiites
over the sy %ra e 11 p Br to formng the trenches. The polysilicon

| ayer 60 céﬁ i§W]l BEE?EHU%J@?J%“%demﬁﬁé%@%#Wﬁcmsﬂﬁj@@L@Oﬂwﬂb
grown gat e n0xi d,el)ﬁ.ug_f@@ 56’@&{ E@leCan titahsqg‘cop?aie Rakt ?%H% é@fphg v All tl{use

pi t ch-doubl ed mask (not shown), such as that descri fespec
to F|gure§W9 G““%ﬁo%ﬁéhﬁb@@pe$ayéﬁnsmﬁﬁéndbsuwhmrmﬁmwmﬂ@1mh@hpmqmmy

iI'lustrated, enpodi % R T $, 0 %} 00 q{ @ fTE %

( | / { 4 X
oxi do. 10068 Mk Lfm?“ %ﬂcejto Iglg%eg 4I]J'e vafia Q)fr RB %s(snigé a eé‘rll%]d
t hr ough t heé: uhml/x&nhyk fgcabicyudt ihpt d sy 1‘116&1’1:1Hd’d:@0@@(51y shd Hl@i@ﬂrﬁ @d{ﬁlﬁg Kbhs,
t he underlg n%i ﬁ qﬁgrlct54% ﬁ%g\%ﬁé substrate 11. The g
di el ect ri c“54b ‘Eah t WER® BECF OF A P 2phe MR 8@%8“%%???%%31@F0Vﬁéﬂ“”
substrate melulicSugh 85 chY s8xXkdat inProvef 1atche é@ﬁ%ﬂ%ﬁ%ﬁ’@étlcﬁ Sp@é{% Illgllé MGes
pre-existing etch stop

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 polystlicon layer 60
and the overlying metallic layer 66, and in the illustrated embodimment comprises titanium
nitride, and more particularly metal-rich metal nitride.

|068] Referring to Figure 17, the gate stack also includes a cap layer 68,
forned ol'silicon nitride in the illustrated embodiment. Figure 17 shows the lrenches 50,
filled with the metallic material 62, in a first or memory array region 70 of the subsirate.
The gate siacks 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

contigured [or palterning transistor gates in the periphery 72.
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-15 WO 2007/ 030343 PCT/t 132006/ 033374 |ayer 61, no significant
further oxide grows over the top surface of the polysilicon 60, as
show n. 1006861SUubsEduent|y, as shown in Figure 15, a nee@h/$2006/033374
material 62 can be deposited over the polysilicon 60 and into the
trenches 50. As (gdg3¢ri bedspwninsresp - Ei 9-12, the trenches
50 are prefer abI[y flﬁ;J | ed V\Ili%\f‘l r}alﬁgllglggfg’ %rg?neels:é)glr%({fﬁgstui%\slé’ ({hﬁ%ﬁls’{ W SRANES
pol ysi | i corfaP 't /8 inPlugise rameid! eirhodirament, the el Blyki(e GmBer i @llorbR-
conprises tjtanidm, Nt L #N).. 100671 Wth reference to Figure
16, the netaglgél’ai %:Cl“rgr%\’tce{rolka%ﬂgéﬁﬁgipf?iefaxea?l ‘T’ycaneste&%%ﬁbd@ﬁ%‘? %ﬁ“é“*ﬂé?ﬁ“ﬂlé‘a
to | eave i sediated stdineshoflusthesdcionghtat sudEpinRLE @ 2:02nieP h® metal nitride
trenches SQaHs_tégppi ng on the oxide etch stop |ayer 61 (see I?i gure
15). Fol | owi’i§ ‘et AV piRing t g cpdevms palysdicollagyedl.yimdrighdegree of
pol ysi | i conek-ayer flésScon8mMNEthe(Betl: echUSicP B RBure b7 LRfO s hest e
preferred oxide r}rat erial of the e?%% %{’tho%mpgxﬁ?m%ﬂ}lﬁv{%:bﬁélm?%g{j il the
di el ect ri c P43 BF masapl Gt Ficesstthis the eechess56s shewpr ot ect ed by t he
nmetallic materi . ] /, —.metallic |ayers 64, 66 are
deposi ted over ) L{Q@Ei | ?%é?%ﬁﬁé;?@?d kb FigEe o) |“?eb8‘°§p8’r688?®1 & by svyifghed
skilled artlsaripg rdvesshigrgthadinedaBt gaiccmb@yare254ahe 4s ROLNSI hiC@D silicon
| ayer 60, %Ud,_tlpg pthe,rlgyi“n L hetallic | ayers 64, 66 can serve as the
transi st or “gat e "EPACK SR hRhHaTk 70, BpnpleHrs patteymye pE ihgreate stacks 80
deposi ted i thopdripnagizons of interest (in the nenory exanple, in both
peri phery and nenory array regions). Polysilicon can be variably
doped to establ {&Hlh dé&sioaes new ankiestedil, Wokdkifig aotdven, ol Sichadkhatpaer

singl e mat gri.al.y deposiLi on.. ifferent doping steps, .can be used
To derine cares orrperh Rl Siabroetbie B BybR it sentFaay bu i

overlying timetalktisel lhayer obfie aany saidies 100 innths ONGrdial 6HBddiSEANAL spacer
propagatiop speeds al ong.lines controlling the gates, and conprises
tungsten (Wi %chﬂﬁépllsl“sl %g?(’r”dl”é‘(ﬂke%d]&i Weltd artiyse will gpeieviaisi they st pC
| ayer 64 caniensukel:phyishiealls andyelegtrical conpatibility (e.g.,
fulfilling adhesion and barrier functions) at the juncture between
the polysilicon!Wajler 66 shawd ipHdeover!l yingsaretal phcr |lcayedi66jonanechn
the illustrated;enhadi.gent o [ L tanium nitride, and nore .
particul arly ‘eretlal “ri Ch et g%@%tsﬁ(ﬁe eahé %ggEeBTlteR&tf‘gY‘r%nj‘HfW“ﬁi Sﬁ[ﬁﬂé‘gﬁe}ﬂ,
the gate sta@tk: al soudefcdivdess.alicdp drayae, Bdyevet, 0r0eGe afcSithilSORecesses at

nitride inthe i}}{hq%tel:@%eq_ﬁﬂpﬁgir.gerpt. Figure 17 shows the trenches
50, filled with RS HERMCE HatEr Paipassl lays % (pier Geusr Orehromycarctchy
regi on 70 okrethacisyhisd pate matdkhe bead i§ 18 AeKSyl ayehe a§£111?s'ula§i9g c:?pA'fayeg'%S
and 6% extend across both the array region 70 and

burying the gate material 62 within the trenches 50.

[G073] 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 descri ption herein for simplicity.

HH074] The embodiment of Figures 13-21 thus facilitates simulianeous
provessing ol transistors in the array and the periphery. In the illustrated embodiment, the
array transistors are recessed access devices (RADs), whereas the peripheral gates are
formed above the substrate 11 as conventional planar MOS transistors. While described
i the context of conventional CMOS circuitry in the periphery, the skilled artisan will
appreciale that the peripheral transistors can take other forms. Advantageously, in the
tlusteated embodiment, the metallic layer in the RAD trenches can be recessed al the

same tme as paltemning the peripheral gate stacks. Furthermore, the peripheral sidewall
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the second or periphery or logic region 72 of the substrate. A _
photoresi st mask 76 is configured for patterning transistor gates in
the peri pheky P2i/0u6 0 2007/ 030343 PCT/ US 2006/ 033374 4O0BY0#AS3374
shown in Figure 18, a series of etch steps etches first through the

cap |ayer 68ucctNGlkUsthmgndo¥BL frm&d GhHint Qe 1WYzﬁ% 1? Oqelhglﬂf{[glgélﬁ (\Aso)m]

64, 66. Chlorine- based reactive ion etch
selectlveIQ“¥%ane typical netallic materials, such as the

t I d intervening nmetal nitride
ayer 64, whi 1o o oppi g oack fel R Ryt ot BIAE 4o bR reay e os0, DRAM

hi gh degr edalgfeatigeledotiques thny bnabidas cﬁa@fd:tlh@bliﬂ]&guﬁchﬂ cPRiedls 8GR PELEE 2.
exposure of t he | 62

paly ? the netallic materia IS
recessed |n0fﬁ§“t?%ﬁ§W%@“g@m gﬁ@%ﬁ“ﬂhﬁﬁﬁﬂ‘¢@W@ﬂh¢ﬁ@“ﬁdﬁn@68ﬁmg®2@
19, the et chrFchen stha YIleCﬂz&kQﬁS@lngt eetionf o4 hﬂWb@%)ﬁl%ﬁ%%é&&g {j?o o Hnuc"éby

nmetallic ga material 62 in the array trenches
can be pa?fégﬁéﬁ“ﬁ§ﬂﬁbm@ﬁéﬁﬁﬁﬁﬁ mask 76, conpletlng patterning of the

7 0 rri now t o, Fi gure
ggt ef 3} ?g\if\nsngor é(m\'f/at Qe\spﬁﬁﬁf?%%ke géwie Plg%[[ an dyqell;m@gd Q lﬁjé]ﬁglﬂufkedhe

over the sub@bhaﬂaum@maﬂmng,Hhﬁmqahmrgﬁa£KSm8Q:ﬁ@ﬁ&@&ﬁ&h&ﬁaQHz@wmﬂgm
filling the recesseﬁ}at t of the arra¥ trenches 50. In the

e
i | lustrated enbodiient SR &mélﬁa@%f\m Eorerxagwle dipsirs a5 eash Ineony cell and

nitride, bute theuskidel 6dar besdn Welike 2DPNLES AL & ENAL ﬂH{T&E out
di fferent |Héulat|ng material s g%n be usedgf 1007 2% g@ @h Wa]lhre

21, a subséﬂdéﬁ@“@ﬁ%éé@mE%@h“%HMK@G@Hh%dhwep@hyWW$eansﬁsmd&wahmhhmb
spacers 86nal:anG: ShAgWRl §i5s9b } Eéhgfa 11?essft4ar(r:1§)? ﬁaS\% Sé]%%?]}lévv%éﬂelﬁg\%\(}]é:rs

sel f - allgned dopi ng of source n areas
because t he'hghalhigw thedesidass & o ltdve ftrepead stheiionenehes wafElifd 1 bed,

with the s f ure_ 20), the spacer etch nerely
et ches thegg%ggﬁﬁnY“”H?&ﬁéfﬁﬁe%Lﬁhmtﬁ@‘%??&?“ﬁ%ﬂhﬂédV@ﬁﬁﬁ&ﬁ vitch of 1.5F,

i nsul ati ngweapicayer a8 14 l&Lth)hhﬂga b gake Rie dnak 1688l B ik hﬁ;u digit
trenches Sg 10073 he skilled artisan wi Il appreciate that vari ous

dopi ng st ep&est bt ¢ tﬂ§ﬁ§hs@@r%ﬂmhﬁ@1bﬂnn@ﬁs@mhﬁwknbammmnphmnmemm

d
crhancerenlo, o uSSLIRE oL B0 ARME 40 CH O8] 20

The enbodi HEtit | Coft ap;ﬂggﬁ: @sthﬂ_s@-eﬁmmlhusmﬁ aokd hf@gesz ?}cmﬂhtf%ﬂéteﬁl&tdﬁleleut are

1 st r at od erbod it ghe el it fhEtrer SKare Fucebbetrapcess uw

devi ces ( RADs)je whar l@nﬁ@cdnhﬁe p&Ed :ﬂﬂ&h@hoxﬁ]@és% A8 of the active areas (us may be
easily seen in Figure 2). Thus, the memory device 10 may be made more densc.

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

16078} 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

-18-



formed above the substrate | 1 as conventional planar MOS
transistors. Wile described in the context of conventional CMOS
circuitry i Faherperiphery, the skilled artisan will appreciatesthat
the peripheral transistors can take other forns. Advantageously, in
the il ustihai efhienbedimentydel he

can be recessedﬁat the sane t|néggg%%gi§%¢%¥ﬁgm?ﬁMHh%sdsm?” Fﬂ§‘e§““
stacks. Furbherwor® spihel hediysheeml sidewal | -17 WO 20071030313

PCT/ US2006/ 033371 spacers are sinultaneously fornmed with the
insulating cap on the RAD gates or word lines. 100751 Although not
shown, it will be understood that conventional DRAM fabrication
techni ques nay be used to create the other circuit elenments shown in
Figure 2. For exanple, different |levels of doping may be used to
formthe drains 18 and source 20 of Figure 2, and the stacked
storage capacitors 24 may be forned according to it plurality of
deposition and nmaski ng steps. 100761 As a result of the device |ayout
and its nethod of manufacture, the conpleted nenory device 10 shown
in Figures 1 and 2 possesses a nunber of advantages in conparison to
conventi onal DRAM For exanple, the size of each nmenory cell and the
overall size of the nenory device 10 may be substantially reduced

wi t hout a correspondi ng, substantial reduction in the distance

bet ween adj acent sense anplifiers. Mreover, the 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 lines 12. For exanple, in the preferred enbodi nent, 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
lines 14 and word lines 12 are sinplified by nmaking them
substantially |inear and generally perpendicular to one another,
whil e realizing space-savings by placing the active arras 16 at an
angle to these elenents. 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 valuable 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 nade nore dense.
100771 Furthernore, the use of a mxture of netals facilitates ful
silicidation of the silicon buried within trenches 50 wi thout the
harnful formation of voids. Accordingly, it high conductivity can be
achieved for the relatively small vol une word
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lines. 100751 While certain enbodi nents of the inventions have been
descri bed, these enbodi nents have been presented by way of exanple
only, and are not intended to |imt the scope of the invention-

| ndeed, the novel methods and devi ces described herein may be
enbodied in a variety of other forns; furthernore, various om ssions,
substitutions and changes in the formof the nethods and devices

descri bed heMgéerlaimy: be nade without departing fromthe spirit of

the invention. The acconpanying clains and -18 WD 201)7(030343

PCT/ US2006/ 033374 A ifethbdediifyfhiid & afdtal Higsidedstrd ce@eein SdJPhnlfe%rrgﬁad
or nodi fdieaki Qne mgtwb@rﬁm&,m@ in the scope and spirit of th

i nvention. - $9oWMid @ Pceks fitHES @Oﬁaﬁfalfyofarﬂr%t@dnfﬁk ratbbl Gdft;
structure |nd@golsm,¢@gm(§g1 rEbrtq:llél e ‘'met hod conpri |ng provi'di ng
a recess Wtﬁ'e?o%etﬂ?%(ft l/@ ‘?I%q%%gsg' r?&“ cfonta with the
deposi tigheH | l9ré frr‘?x(é‘?éﬁ erRBﬁE gafa I@aﬁ Wxt urp%%é? Raving

over th%c?rﬁ%%(?gg d‘"i‘[‘?ﬁi%ﬂvfhé:é))? g%‘é }% iﬁ?%zg; O(rjﬂsalf'g. d\l/\Hqu?SSI[SXQ form a

nmet al s
t §n t faa%ﬁ

siliconTh at] é‘% W 'rretal S|I|C|d§w|thnthereces
wher ei n@% I r?r@‘tt‘éTeso (S’H‘F:')'ﬁ S EOMPLIZYS 0-96), At Jee ickRH ang- £6-30
at. %c af/‘?c co ﬁﬁgr‘@hﬁr?'ﬂethreeﬁ%“s%s%ﬁésé‘m agpeet ratig iod weaderetian 2:1.
than 2:1. 2. A met hod of form ng a recessed access device for an
integrated éircuftmetihed itiosmiegrpresesrpd ecersagdevicecincamintegaated
aspect [CHCHH, @h@aﬂ@thqdqaﬁwaorlsmg a semiconductor structure; |ining
the trench wet¢hingdi®l &stndhc wiler anatadpeadt rpéot i gidatefi thang 2:the in a
| i ned t senthondubtai $tirgcohuredepositing a netal |ayer over the trench
and in contathing the tiesnchi Withoa,diemdric layer;

at least partially filling the lined trench with silicon;

depositing a metal layer over the trench and in contact with the silicon:

rel atlve t.0 Si

and

fully reacting the silicon within the trench in a silicidation reaction with
the metal layer, wherein fully reacting is conducted without voiding, wherein
depositing the metal layer comprises depositing a mixture of nickel and
cobalt, and wherein the mixture comprises 70 to 90 at. % nickel and 10 o 30
at. % cobalt.

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

4. The method of Claim 1, wherein depositing the mixture of metals
comprises simultaneously sputtering the at least two metals over the recess.

5. The method of Claim 4, further comprising forming a thin
dielectric layer on surfaces within the recess prior to depositing silicon.

8. The method of Claim 5, wherein the recess defines a recessed
access device for a memory array.

7. The method of Claim 6, wherein the recess is an elongated
trench defining a word line for the memory array.

8. The method of Claim 7, wherein the recess has a width at a top
of the trench between 25 nm and 75 nm.
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fully reacting the silicon within the trench in a silicidation
reaction with the netal |ayer, wherein fully reacting is conducted
w t hout voiding, wherein depositing the netal |ayer conprises
depositing a m xture of nickel and cobalt, and wherein the m xture
conprises 70 to 90 at. % nickel and 10 to 30 at. %cobalt. 3. The
met hod of Claim1, wherein reacting conprises annealing the
substrate at a tenperature between 400C and 600C. 4. The net hod of

Gaim1l, whepein Waposiethdd drieiaiin Wiveldin Bt Alast FAMRILSRRng the
si mul t aneous WwithPelliEBhi dmphiRedtdd SastingVQIi88h &l iy evaﬂnp 5I§gt‘:§§ilicon
5. The methes 8iirfakal if the sHULARE GOSN Ng a thin =
dielectric layer on surfaces wthin the“recess prior to depositing
silicon. 6. The mphBodetfo ot Mlapm INGhEFint BB RS 51dR L MBS alhe
{Aﬁcesfsegren%ﬁc\ﬁ/ﬁﬁ HR¥bR% R rigegeﬁgmﬁfér Ktﬁgﬁﬁg%ﬂaﬁg?fﬂi&s& 6.
erei n the necess LS agoﬁeongatse I E} gf H - bsé FRSY
the mendry array. 8. PrdoWe? AZR W s Pithe Hiq defioing teedrench a
width at at ;P of, the b{eng)?&etween 5 nmand 75 nm 20 9. The
net hod of O i m 2| h@ﬁ’@? oM lalpi 2 paperelin yeppsitinggthenmetat lawar
with si FPEBH'ROHhPPHEEE NGeB 8T 9§ heC IPIistinh 2atie dtcanpesibigskof Rickel and
silicon®®P8lta top surface of the structure defining the trench. 10.
The nethod of Claim2, wherein at least partially filling the trench
wi th siliconldonpfhedsetiahiond Ipaoi2 tWbertini ewhingt trenchiwitheoesspdct
Wi t hi n f3féo greatar thalrol coowrises atehiof a he rsthr withuae abefdatiragiot drd .
trench. 11. The nmethod of Claim2, wherein depositing the netal |ayer
conprises sputtering a target conprising a fixed conposition of
ni ckel and cobalt. 12. The method of Caim2, wherein etching a
trench wwth an aspect ratio greater than 2:1 conprises etching a
trench wwth an aspect ratio 3:1. 21
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