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FOR | MPROVED SALI Cl DE RESI STANCE ON PLYSI LI CON GATES FI ELD OF THE | é I &Qp
The presenWq @i on relates to the field of sem conduct or pdewseRx175MOr €
particularly) the present invention relates to a nethod and device for

i nproved resistance on gate el ectrodes. Specifically, the present invention
relates to a nethod and device for inproved salicide resistance on

pol ysilicon gates. BACKGROUND COF THE | NVENTI ON Transi stors are comonly
used in sem conductor circuitry to control current flow For exanple) a
transi stor can be used as a switching mechanismto allow the flow of

current between a source and a drain region in a circuit when a certain
threshold voltage is net. Transistors generally include a gate el ectrode
that allows or pr eventsAﬁﬁ,ﬁ;ﬂ?@%gklyﬁkwﬁﬁ?l{tmkmbstor based on
applied voltage. Figure a shows a cross-sectional view of a conventi onal
gate el ectrode 100 f SATHCIDE RESISBRANGECONTHOLYBH.ICONrGAXTTES structure of
which is not shown. It should be noted that the figures are nerely
illustrative and have been sinplified for clarity purposes. A thin

insul ative |ayer 120 is forne to act as a barrier

bet ween the substrate 110 andcﬁlggliggﬁgpﬁvwe‘%ﬁgﬁ}@ns of the gate el ectrode
100. An exanpl e Tk pacsentisutraionvrelaleayethe 120l danmipenductondeeces.alylrg such as

| di oxi de (Si 02). Fornmed on th | at 120 te |
130, A exclipitgisbh: degieen HySKonadaEs o HERolang SV T (5% PapaPd rBBianen o

the gate laéﬁegmela&tme@ mﬁw&nwse b@yﬁﬁ i@ Rtior Y31 RABR! fetRbd ShCARSHAGHE Ve

| ayer 160 can be a pol ycide | ayer) such as titaniumsalicide (TiSI2). Wen
a t hr eshol dmpobved galidide registanecion polysiicagegatest ayer 130 by the conductive

| ayer 160, current will fl O'ten insulative
spacers 140 and 1S0 1 BACRER I G 3 I YN 67 56102 e
formed to each sTigsiQbrstdiec@monlyayet inkdMidondadiev@ntiitty RS dirreatfiswent
bet ween the _gate |layer 130 and surrounding structures in the sem conductor.

I n seni condiRitedampley & trppsideisgag e Uﬁq%cb%f@eﬁwrcy)ngga%@aw@é@raBawéheaﬂ@wa»és. gned
in long Conéd&éyﬂfk?wké&??o 08 drdS: &SN @88‘ HEd %cu?HPt?etnraazg?Jm ith sfx§lﬁ'v%ﬂ5%

pr ovi de curren (0} severa transis In aclircult ved
sem conductigmmet r'alwsxabmrgenernlﬂy)rmfmdea ga& dievtioge &b al&nm:tﬂremgmhd oivoet

scaling in which the gate |aye 3 re being reduced from.20 (err)mto
.15 (err) m Gignbit %\FE%%%W”?L%"' %‘P?Bpﬁﬁ" X8'138%e gate | ayer width di nensions
decrease, so do ﬁg@ﬁ% &k h\éﬁ‘os%)@?/&m&m@wwrg&&ﬁem&mga@%\e&owm When
the gate | ayer w ecrease ow. 20 (err)m current process techniques
produce conbmmtd vea substzten I0hthehadedying stu:ceas pﬁ ghichss sotashown. Tisheuldde

detrinmental to,the efficiency o em c or) her resi stance
decreases tH¥¢ b‘é‘eé'rg“f%éf%%*ﬁ{i%‘ﬁ.‘aéf& F'aB ereﬁ}smligﬂhefi SRAMiY  process
yi el ds dr oppilygses.0 AdBfrEiabilaeveqRau 2 ist@rhéd G@tn‘e%m&tateomm@%paswoamer
manuf act uri ng output. These probl ens have been particularly noted in

current fabbeteeen be sphstcatesHdqandiiky eondnetivei nomians|of &q@te(qtﬂcsrogi)e 108. Adr ned as
or oss-secr | SRPIE¥ElD pfudiRaya b SRNROR Briab )l Sucfhs SR BAE 0w

substrate 1E6media thodrulasivelrysit rzmt urgeteqﬁyem BO. hAh%xmplchfQVgate lagerersanpl e
of a gate electrode 100 can be a ysilicon gate el ectrode. Formed on the
substrate 193n besa palysilican laysry ?éona%?n ‘i‘EGateAﬁYeé%éﬂfﬂ gcogdughive lmﬁn 180; ¥&@ | ayer

120 can be %g‘ﬁ‘%é 8fa cgrﬁf l??ertl% c'aﬁ‘P&'b?Fly\f?g lﬁ’%?rsuéi??s ht% Hﬁt Ive

gate | ayer An exarrp a gate I's ‘a polysi |co ayer.
For med on t 6BESgat Wheaypahreditd veltage ¢oapplied ta/mclgagcdayetﬁﬂo bpathescomdpdtivedhyea

conducti ve 160 b cid tit ani.um sal i ¢i, de.

ol atfve b Ebment g g TeStaht S fyed 150 Gfen Bt hisge 446 29450 20
and conductive |layer 160 to prevent current flow bet ween the gate | ayer 100
and surroundi ng structures. During formation of the conductive |ayer 160)

conponents from underlying gate
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| ayer 130 often out diffuse into a reactant |ayer that is used to forr’?whemm
conductive layer 2 1 1 APR 2003 WD 00l 3017-t PCT/ US99/ 26175 | 60. For ;
exanpl e, si Wic@mocanponents of an underlying gate Layer 130 peaywswnais fuse
into the conductive |layer 160. This out diffusion results in a conductive

| ayer 160 wi der than the gate | ayer 130. Wien the gate |layer 100 width is
decreased bel ow . 20n) the conductive |ayer 160 becones stressed by its

encl osure between the side walls of the spacers 140. This results in

i ncreased resistance in the conductive |layer 160. |Increased resistance in
the conductive layer directly inpacts the quality of the sem conductor
circuit. The circuit becones inefficient and circuit failure or device
failure may wedermedapeedharide efghe gatefaygebiltaprengnt lenséRitoé cpirens baivepensheel ow
.20 (err)mis_ a dec se i.n i.el. Thi.S. i e to non-formation of
t he conductif%/“e]agglegﬁ)a“fﬁibgrrf)g'{cgﬁ‘???'bdul{rgdlqtﬁge %eﬁlé‘éordé%ﬁcg'd reaction area, or
nucl eation sit es)aéaiitm@h@opdirciicdesigipkdqueihtis Rate@ciroddsaure echigid in long

di nensi ons of the gate |ayer reduces nucleation sites on which the

conduct i ve |egpdipueusiines pmthergriierpdyetoeebstirag to efficisytiy aravidsicupientiosgveral

t echni ques) | kel ent . i,0N_ Si I ductive
ayer of ton VRO F ERGE iR RoptileR e Alp oM ecrbiifanEOty

manuf act ur er bdiyg actieredniroagii feMice Bakeginovhitihthe ghrvieydeddihs bethefrigieteds, it
woul d be desirable to have a nethod and/or device which will inprove the

pol yci de r esframad &m i@ - bolipsandibei (abel W h4s Bl ang lape Widiydimensipaer
SUMARY CF Th'e%réa’é'é/'i%'ﬁ'o%# I&%g%\?esﬁ. Lr 10 WS ?&nﬁﬁ%f) §4 Method and a
por yci n-gate e

devi ce whi ch Thproves € resrstance i ecirode w dths bel ow

.20 (err)m The i nvaiehitidgdtE RYEEREBEIRTAte IBLID NN CHrONSreIEROREHEGbesOf
whi ch is described bel ow. In one enbodi nent of the present invention there

is provided progutecanductivedings domphreplinigergasing resisiana¢.alhiv & degymentaltoghe e

| ayer is for .on t thin insylatiyve, |laye A conduct.i ve | is forned
on”the gat o TRGISTSY $hfeicptonfidib et Hine Rt un R SRORAH e besE¥he 0 o

si des of thesgnitenduaye circuittyC A &Riaeamally, Ppesesy Felds drdpodurre defd@ieedtindti@tiviene
thick 3 1 1 APR Q03 wo ooi 3or 7~ PCTI US99/ 26175 first spacers.  The thick

first spacer ling, fosmatien Eeduging gnanpfagturing QUEYE T hssrapreblsatsiaun beenagtigudar]yay er
and thi ck Seﬁ?&ﬁﬁlirz?aﬁfé?ﬁ ?abri@ﬁ'ic’g{: %3&%8% D ihiukt &1k, Y e #hs dieE

DRAW NGS For under st an e present 1 nvention, reference Is
made to the acwimepenlayenincdrplysidgenigatet he f ol | owi ng detail ed description of

the invention. In_the drawings: Figure .l (a) is.a cross-sectiopal

T ustration ot i Shilishaes g sdvarugetdtey Phe e eRionl e Sedupietotg
non- st r essed f&apduntd u8strAY €10, tht QhﬁeﬂP{%g(sQ%CLh?Q & WHiOR & e SdvA3An example
illustration of a conventional gate eleCtrode in the prior art depicting a

stressed congfizghesldctrpde 100¢anheespalysiligon-gaferglecirode ciamed op dhd shbatrate 110

sttt ons B bR hIBUSED A g FUBBLABT L BB,
Formed on the insulative layer 120 is a conductive gate layer 130. An example of a gate
layer 130 is a polysilicon layer. Formed on the gate layer 130 is a conductive layer 160.
An example of a conductive layer 160 can be a polycide, such as titanium salicide.
Insulative spacers 140 and 150 are formed adjacent to the gate layer 130 and conductive
layer 160 to prevent current flow between the gate layer 100 and surrounding structures.

During formation of the conductive layer 160, components from underlying gate

layer 130 often out diffuse into a reactant layer that is used to form the conductive layer

2



Figures 3 (a) - (i) are cross-sectional illustrations of the formatign of a
gate el ectrode with a conductive |ayer and recessed thin inner spaceﬂ§ &PRi2003
recessed t hivgkoRuirgr spacers. Figures 4 (a) - (i) are cross-gsefutanalss
illustrations of the formation of a gate electrode with a conductive | ayer
and non-recessed thin inner spacers and partially recessed outer spacers.
Figures 5 {a) - (m are cross-sectional illustrations of the formation of a
gate electrode with a conductive |layer and two spacer stacks. The outernopst
spacer stack having recessed thin inner spacers and recessed thick outer
spacers. The inner spacer stack having non-recessed thin inner spacers and
non-recessed thin outer spacers. Figures 6 (a) - (p) are cross-sectional

i |1 ustrati on$0oFot tranipde,rsiicoo comporenggaif@neinderd yingl gatoildykr 3¢ maylogttdiffesd ayer

dt t LT t t tack 4 1. APR 2
00/ 30174° PorrEsbciRsRsve Ry Ig0r Dos culBtEPm o aqoadedivelnar Pl
thi ok out er aaRe S LR 130 Wheh BRSHe BYACIHONANING dEQERSTBA O bIiE

spacers and recesSe n outer spacers: DETAlI LED DESCR H
| NVENTI ON Thenghuotive tdyer hé@becoones prassédimsiteentiishmheametnahe side emlls of thapr ove

pol yci de resi stan .gate electrodes |ess than .20 I.tmin wdth. In the
Poi L ow ng. deBaierpiAtbn oF repaltindayERER stoaads e Sommeling v, L aitpased
nuner ous detai; r; j ; i ; st andi ng
of the pr eseﬁlit?rﬁ%elﬁtt%@ﬁ%twva\ﬁull){&Eggﬁgﬁr gﬁg?\eeﬁ%i}%’o&nfg%%#%dag?ﬁ nary
skill in theimnit. Thatir¢diebgspmes meffinentand cincuitefpilioee opdavicé Edldrannehocaur.such
specific details., In other instances, well-kna tructures and techni ques
have not been des@‘?%@de’?% é‘lzﬁricfm?%ih_ﬁrga@rh@dmﬁn%i%alo é@'{ﬁ?‘i‘ﬁ@ PHEASE U] ect
matter of the pLesRMs. TRYER HLOR, rhdntfo%!nhont@ tH@&?{dﬁﬁt%qapé{'. THO Rt lidhied%o ay

ordinary skill in"the art that the structures of the present i1nvention

be forned byhyeducedrengoinrdrep) os nudiestion sitesg avmlableait sunh soadhdimgssiorsndhe

enbodi nent of .th resent invention is,shown.in Figures 2a - h. Figure 2a
1 st r at es TR QSRS 25 0he B Baerariibet Rekieinaaen v e hich i condedlis o
substrate 20@yerlchn fiteh QIFRRMBBRSihg.! 8ing RhRentq¥Edes 2P fiGiksPR saffleRiy Si | i con.
I n one enmbodinent, the gate layer 220 i's less than .20 ~tmin wdth. These
struct ures asleptenrsitesiast nel provided thenoatuativp daier ptien wau't Sorohi Ths disedtlyi ques
wel | - known i, ré. . ' [ ir pacer |ayer 230 is
deposi ted or' %%\%ﬁ&oéﬁqlh%dgg&ggh%@@?tu%fépéndg’cy&boﬁ‘?u}[e 200. In one

enbodi nent) the tBaseld ohithesibovpaetibbdpoblerdit@suldbe ddsirale d€havern eiod
enbodi ment) the thick first _spacer |ayer 230 can be deposited or grown to a
thi ckness | el devicg avhigh WRLMPEP YRhe PYIYSige resishise 1# Belyelistrpae wishs | t
shoul d be nogggl,t mt he thick first spacer layer 230 can be deposited or
grown using deposSition techniques that are well known in the art and are

not described in detail heBRIEF SUMMARYOITHE INVENTEODoNd spacer | ayer
240 is deposited gr grown on the thjck first spacer |layer 230. In one
embodi ment) the t RICRIESEE SGnUQIRRIEVIdes g Blethodqng Adlegice Avhieh impgaves PRIYSHle

enbodi ment)  fBgiahQl ke tfGRRFbARRAGRS bbR¥ER0 ARD PR Inb&EARRLS I E&ELe Hrald" OWN

embodiments one embodiment of which is described below.

In one embodiment of the present invention there is provided a gate electrode
comprising a thin insulative layer. A gate layer is formed on the thin insulative layer. A
conductive layer is formed on the gate layer. Thick first spacers are formed adjacent to

opposite sides of the gate layer. Thick second spacers are formed adjacent to the thick



1 1 APR 2003 WO 0013017.1 PCT/US99126175 to a thickness in the range1¢MWRzm3
approxi mately 300 - 2000A) for exanple, saoA It should he noted that the
t'hick secong sizn¢ar | ayer 240 can be deposited or grown usi pgrARRESd1Ed ON
techniques that are well known in the art and are not described in detai
herein. The thick second spacer |layer 240 is etched to formthe spacer
structure illustrated in Figure 2d. In one enbodinent) this etch is an

ani sotropic (directional) etch which will renove nitride, but not oxide.
Exanpl es of anisotropic etches are a dry etch or a plasnma etch. The thick
first spacer layer 230 is recessed by etching to formthe spacer structure
illustrated in Figure 2e. The recessing creates an open space between the
t hi ck seconfirss paeers. Tay etickRAft spuders he: gadsted @yeéat? 20opdnrspadecbetwbatheent )
the thick first spacer |ayer 230 is etched approxi mately 60 nm deeper than
the surface2¥¢ laygeangbihick|sggand spagsrs. | n one enmbodi nent, the etching forns a

space appr oxi ; Puﬁﬁﬁ } second
spacer |ayer 2 ﬁ%ﬁ?ﬁgugggghgggﬁgmwgm‘#g? nmen %ﬁgﬁ% is an
i sotropic (nulti Horfader oniekstandingtofwi presant idventor vefemreals mdaeatto et ni tri de.
Exanpl es of isotropic etches are dry. or wel etches. It should be noted that
the side waliSTBANYIAR IERiIBEY layéerf@ﬂﬁi‘f"%%ﬂﬂfmd%&@a otr@aemaoa- Pger
contact (reagldigey) surface area. In Figure 2f) a reactant |ayer 250 is
deposi ted) for exanple by sputter, electron beam evaporation, chem cal
vapor, or pl asmaFimpobia) isgrerogsrseommabittusdatiomrmf)a coneentiondtgate elecisode 280 can
be a netal) such gs.titaniunl Ho ver%not?er netal s, such as cobalt,

ni ckel, tanPYPUit ?Rrﬂﬂ%ﬁ??ﬁﬁﬂeﬁﬁy%ﬁPg W& 'HEkd. The reactant |ayer 2S0 and
the gate |ayer 22ghua¢ ebh hencrosnealighl ifistraich 6f £LendetiondLzdr@¥I8ratRln @k
shown in Figure Zgé.ln one enbodinent) the forned conductive | ayer 260 can
be a pol yci 880t &y eepicting cHreyed candustive 1avar.l ed a pol ysilicide layer. It
shoul d be not ed t .S )hCi _be.. f i gnin r-naon-self-aligning)
and if the sili cit’:%’f?s? @:l kfgiﬂ?? é‘ﬁ?sn%)%“?@‘ r‘%‘%‘uﬁg&ﬁ:sa i form ‘}J?:‘{a a1’ one
enbodi nent , cleb@odeoWiE b dondiztivd Rayti dnalteesssediahickiinteer GPacSisand nohliedessrdltiiek des
can be cobalt 6 1 1 APR 2003 WO 00/ 3017a PCT/ US99l 26175 salicide (CoSi~),
ni ckel sal i EPGESRAPTSi ), tantal um salicide (TaSi)) or platinum salicide

(PtSi). It is to S Qe ' jol ey A3 t hat

pol yci des, OtherFﬁﬁgﬁﬂgﬁﬁfK@?ﬁgﬁ%ﬁ&gg?@?%ﬁfg@?ﬁﬁ§§ﬁﬁkgéﬂﬁg“%2$§§%&=|n one
enbodi nent , elcheodmwizhl comduchiee pryef ardrecksssd thin ianeeyphckrs el reedssadirhésd dung
process in a nitrogen anbient. In one enbodi nent, additional anneals can be
perfornmed t PHEEr ease the resistance of the conductive |ayer 260. It is to
be noted that theigRE0MEHIL\H alePdtbes-2BFora®NIRRNIIE R BAHANM difieatdges of
the gate layer 220 and Is not constrained and stressed by the thick first
spacer | ayeelezgode with agonduative dpypband eon-stessedithiminnet sppegrs 2sdpartialdy ched
away Ieaving%the %ﬁgﬁgﬁééve | ayer 260 as illustrated in Figure 2h. In one

enbodi nment) %ﬁ%me e isotropic etch which will renove unreacted

titani um but notFigirka(d)M(Edaiecdro-seétigriab Blusefiagiofet fofthatidneofRr gagent
invention is illustrated in Figures 3 a - i. Fi%ure 3a illustrates a gate
| ayer 320 f &ieeEadeWith atqqnﬁuthggqyaf andbtwyospacerstaskeyn The QuigrrashsRaceiowack| n one
enbodi nent, r: f b : 0 ' t, the
gate | ayer é‘%gﬁiggg{egsség qyﬁéﬂn‘?’&%&%& m&?nr@ﬁgg%dﬁ.mc#ﬁg@% sgz%c?ﬁc?ﬁ? gg:@g%yg E%gr med
usi ng convemntackhaling@pngsedessed thindnmdrcpacess dndatonirgeessedibin outerepacern t he art.
In Figure 3b, a thin first spacer |ayer 330 is deposited or, grgwn on the
gate layer 320 a dg‘érﬁ’bél(éa‘t(gf)?s"ﬁG?°SF'ﬁZﬁW@ale‘ng6‘6°rt‘r9§ P,‘hFE%mfal‘l'ioﬂ °?F‘rg§ie spacer
| ayer 330 CaediRad Wit dRddiiveiier SIPAM GtEstRS. TH Bubimioh sPREFGHcK aver
330 is deposited or grown to a t'hickness 1n the range of approximtely 50 -
300 .~) for exanple, 100g. It should be noted that the thin first spacer

| ayer 330 can be deposited or grown using deposition techniques that are
well known in the art and are not describqp in detail herein. In Figure 3c,
a thick second spacer |layer 340 is depositied or grown on the thin first
spacer |l ayer 330. In one enbodinment) the thick second spacer |ayer 340 can
be a nitride. In one enbodinent) the thick second spacer |layer 340 is
deposited or grown to a thickness in the range of approxi mately 300 -
2000A) for exanple, 800. It should be 7



1 1 APR 2003 WD 00l 30174 PCT/ US99/ 26175 noted that the thick second S PR&ST 2003
| ayer 340 can be deposited or grown using deposition techniques that 'are
wel | known g obbR7art and are not described in detail herei perii@okbigk
second spacer layer 340 is etched a first tinme to formthe structure
illustrated in Figure 3d. In one enbodinent, this etch is an anisotropic
(directional) etch which will renove nitride, but not oxide. Exanples of
ani sotropic etches are a dry etch or a plasma etch. The thick second spacer
| ayer 340 is then recessed by etching a second tinme to formthe spacer
structure illustrated in Figure 3e. 1n one enbodi ment) the thick second
spacer |layer 340 is etched approxi mately 60 nm deeper than the surface

| evel of thehayiigaretesyat thivifined spacnearsibombadahick outdr spatsh The imier spaeker opi €
(rmultidirecti onal& etch which will renove nitride) but not oxide. Exanples

. )
of i sotropi SRKIRYINEIpeessedain igher §p3cert A recessedithinpuisr SRCCEpacer | ayer 330

is then recessed by etciym qg‘jm kP ihhustrated in
Figure 3f. In one enbodi mantgL this Sdgﬁlﬁ@gﬁ i sfg?lr{dgp\it%ﬁ{%du)hi di rectional)
etch which w || rEmopresantinyeptidnronides aimethodaend Exdawipt Bsingirovesptlyaige ¢ et ches

are a dry, wet, or chemc bath etch. |t shoul d further be noted that the
side wal s OFSFRBOGRR 8P & gﬁroéﬁéfsaﬁ@nn%%@xwé@a- 1 BstpiRving dgscgivtiop 6ht act
(reaction) surf , : Fi ] K i si t ed)
for exanpl e, Mgﬁg‘fségﬂt ter d) lr}é‘f}’ébcat)f%g%ﬁbvgg%ﬁrg\?g@%%g??%ﬁgsa%ﬁéﬁ%gg{’Ii'?/%!ggféa or

pl asma deposprovidn a thoroogie usdeogidienel)the presene aneation. | mydlt b85fprecintet &y ane
metal, such as.titanium,. ver, other netals).such as cobalt). nickel,

t ant al um and" %% ?ratﬂﬁrmﬁg‘\fl\g’ﬁ agéllﬂégedpreslq%lnrvg%lt&rhrﬁgy 6%19@?“%@02"&%“ f‘_H’@ gat e
| ayer 320 arﬁ)et:il?i%me?ﬂl@.e% @lﬂeﬁ‘ﬂft&ﬁe’&?} WelCRAGWME §thucurk SXRINedRPnRS hattout bkdh

Figure 3h. In one enbodi nent) ormed conductive |ayer 360 can be a

pol yci de, whieshribesd/inaletadl ip@rdeane apidoprshiing the shiject ragtier of the psdsont idvéngionot ed

that silicidgs.gan be sel f..aligning or non-sel.f. alignin nd if t

S crde 1 s o BEpgieaGen of il hidng rdtSely Sl p Pie AN he Hieiabniffen
the pol yci depgdht htvehtib@fiay bt $ehiedigevatibusiectniqédsher pol yci des can be
cobalt salicide (CoSi2), nickel salicide (NNSi), 8 1 1 APR 2003 WD

001 30174 PCT/ US99Re®mmg nawmtathe frayyngs caeeplrediment of thgprasdnt invesdon isi de
(PtSi). It i bhe-. t pogd. rdi NP

pol yci des, otahoé‘& ‘?' ?ég&}gg??- g’l ?‘ n?{cnfg)aqs P%{Faé%ofgéa?@%glﬁaglos%n*ﬁéeh é%?%?nsfxﬁﬁ%%e
enbodi ment) layer 2in&ed sulBiratb @0peid onesmbaditnerg, e papildyct D20 o0& bednpeigdilicsh.
process in a nitrogen anbient. In one enbodinent) additional anneals can be
per formed t olteRerenRdimpr. the gatetlayre 320 1s lesidhah A8 ken in widthyy Ehesg sguctyres pre t o

be noted tha n IV 300 - : Y . es of
the gate | ay s gSERGUtBal BESAan iR RO G0 AR B2 RS
portion of react ait Figaye2b, a5hick firespdverlagevedB0liedeposged dregrownduchd yae layyer

LR LN T
; ?'g'u ;3'626-4 Qn_eki!a_e.r LEGROGh BRI e theRicR i8R 8Pdcel RY&MIOUAn bS dbpdsited bAEBUni 1B
a thickness in the range of approximately 200 - 600A, for example, 300A. It should be
noted that the thick first spacer layer 230 can be deposited or grown using deposition
techniques that are well known in the art and are not described in detail herein.

In Figure 2c, a thick second spacer layer 240 is deposited or grown on the thick
first spacer layer 230. In one embodiment, the thick second spacer layer 240 can be a

nitride. In one embodiment, the thick second spacer layer 240 can be deposited or grown
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Figure 4a illustrates a gate |layer 420 forned on a thin insulative layﬁﬁPRZMB
410 on a silicon substrate 400. In one enbodinent) the gate |ayer 420 can
be pol ysiliw@R@esdins One enbodi nent) the gate |ayer 420 is | eSgcfig9dngdd U. m
in width. These structures are fornmed using conventional deposition and
etching techniques well-known in the art. in Figure 4b) a thin first spacer
| ayer 430 is deposited or grown on the gate | ayer 420 and substrate 400. In
one enbodi nent) the thin first spacer |ayer 430 can be an oxide. In one
enbodi ment) the thin first spacer |ayer 430 is deposited or grown to a

t hi ckness in the range of approximtely 50 - 300k for exanple) 100A. It
shoul d be noted that the thin first spacer |ayer 430 can be deposited or
grown usi ng e puskresoim thewinge gliapprotimatelyr F0we2Q001An bwrexamplen80GA.t ltahaoildr e
not described in detail herein.. In Figure, 4c, .a fhick second spacer |ayer
440 is depoS’Ff‘BE?ddEataﬂ‘%th SR PRsET ,g%ﬁ &qc@ﬁ)ﬁc‘%?o' o0 OF SR USINE one

enmbodi ment) dehssitidi ©khrii@ee Mtht SRAGAI kAGWER tHdft GRdaoBdddttibédR: detdll One
enbodi nent, the thick second spacer |ayer 440 can be deposited or grown to
a thi ckness hereinhe range of approxi mately 300 - 2000A, for exanple) 800. It

shoul d be noted at, .t thi yer 440 can be deposited or
aronn using o 11 WikS00s SteRbBI AR TRRTeckBYPln o RaD SR R

t echni ques tih@tragydan Madure BMOW oricrentitodindrit, tBIRELGN i af hisotesiid {dirdtibmul0aéti |
herein. The thick second spacer |ayer 440 is etched a first time to form

t he struct urvehich wilktamaveditide.ugaploxds. Bxampies of spiseirepinelchenars agryptchs an
ani sotropic i hecti |) etch which will renove nitride) but not oxide.
Exanpl es of Og%iﬁg%ﬁaoeg&g etches are a dry etch or a plasma etch. The thick
second spacer | ayRfe tHi¢R firs spidvenlayar 2308k recessed by satiingyto €oemirGpaces eGaiiaret | e

to formthe gspacer structure_jllustrated in Figure 4e. In one_ enbodi nent,
the partial iNEREE iRFABHTE 20 AT DR TECSIESIIS A QBED SBACE DANSER MR MHSCERnd, he

thin first i aftB@ earoR Rk fhi wal |
470 can be FE T L e T oo R 1™

wi dt h and c&30axtehet agpoooriately €0 pmaBepenthbaghe surfdcaof theegataliafer220l dw ehe of
the gate layer, 420. In one.enbodinent) this etch, i sot ropi N
(directi Onap)mtg)(dirﬁc%ﬁhgﬁtc\%qg 0 %KS/@C%}flwrf’ﬁgfattegﬁ?bi()M?fl&é?x@‘gﬁé@é’ of
ani sotropi ¢ REGESShelificisedbnd §acék 18Yer240hA¢ IR AilecCllyer20! BybAWehbsdiRend i al
recessing of the thick second spacer |ayer 440, the thin first sracer |ayer

430 is et chedistaiclfigpmisotrepis{amdidirchonaiateh Whichstilaereev oxids, dut powsiitriden one
enbodi nent, 46! 6k RRLEOR & CRLERL TPGLLONGL dorkd RO HOLER I

remove Oxi de,xaﬁTRl a s of Isotroprc etcnes

or chemnical dfahbgat tdyer D20 fre Gotveexpgiedareatiag hafrged cneict GbAttion) siefes afead) for
exanpl e, by sputter}}, el ectron beam eva@prati on). chem cal vapor) or plasm
deposi tion. In ont® ldewsdiieiegtantdayer ¢aR isfspositgdefor gxmpls By SRUSEINREAION such

as titani Umbéa‘ﬁ%a)ég i8h NMAEmitl dhpok, ot epOlabt. inHne kb dtrﬁé}ft%um and
pl ati num may al so Eératt}se’g".ﬁ [FE% r epg%:r’t a%@ygﬁ 4%% and the g?at e layer 420
are then anneattent layer 266 cambe o nttadf sucke a$ Bipeuml BHoweveshaiher metalsj gehas 4h. | n
one enbodi nent, . the conductive, | ayer 460 can bhe ol yci de, whi al so
be called a ﬁ%ﬂays‘i"f"lf‘gi taptajug and Pl 38y 1P eberhispd gThe reactant layer 2508 o8 the
gate layer 220 are then annealed to form a conductive layer 260 as shown in Figure 2g.
In one embodiment, the formed conductive layer 260 can be a polycide layer, which may
also be called a polysilicide layer. It should be noted that silicides can be self-aligning or
non-self-aligning, and if the silicide is self-aligning, it may be called a salicide. In one

embodiment, the polycide can be titanium salicide (TiSi;). Other polycides can be cobalt
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that. silicides can be self aligning or non-self aligning, and if the1 APR 2003
silicide is self aligning) 10 1 1 APR 2003 w0 00l 30174 PCT/US9912617% f@
nay be call l,licide. In one enbodi nent, the polycide ca i ium
salicide (Th8 ¥ Lol hol yeides can be cobalt saliei de (Cog?g’)%MﬁF?QM
salicide (NiSi), tantalumsalicide (TaSi), or platinumsalicide (PtSi). It
is to be understood by one of ordinary skill in the art that polycides)

ot her than self-aligning silicides, nay also be formed. In one enbodi nent)
t he anneal may be perfornmed using a rapid thermal annealing process in a
nitrogen anbient. In one enbodi nent) additional anneals can be perforned to
decrease the resistance of the conductive |layer 460. It is to be noted that
t he conduct i sudiciday@oSi4)@ickalsaticide EXiSEnantabyw sadicides Talgesr pitidunesagiaide | ayer
420 due to flexibility in the thin E%gcer wal | s fgéned fromthe thin first

spacer | ayer (P43 Hagtc braundgistroddyong ok prdungry sl inthe 28 thaypolygides aptherdhan
portion of rgae 4 i a | f; h J | ayer
360 a5 i 11 Uty B img A Bl oo Bk ERR AT Uy SR ey AR

i sotropi c et pérfosned nsivglalrapie timrmalamnedoiggdodess mmi ninpgdnudamisient. thh bagi um

sal i ci de. AnotquJ. enbogé.rrent] of Ehe resent invanti on s ill ust&aked in
Figures 5 a SMRRdiBERlpAdinanal ppnraiscap Be performed t doripass sy resisiaaee ofrihe t hin
insul ative | gyRtcrpkladr 2808 WS td B for@Dflat the cORRCATRGE RN 0an B g | ayer
520 can be polysilicon. In one enbodi nent) the polysilicon gate |ayer 520

i s | ess thanbeypod thedgas of Wit igate Tanes 382G anduis nor eonstaained ardhssngssedibyghe thick
conventi onal f.de osi tion @ d etching techniques well-known in the art. In
Figure Sh) al'fShrRqces lager Qacer | ayer 530 i s deposited or grown on the gate
| ayer 520 and subghé ahRacePportibn 8N@a&ARASERBY Is didtRd taliak) 1€dvisd the BesdRktl@yer
S30 can be an oxide. In one enbodinent, the thin first Spacer layer 530 is
deposi t ed or lageiRf® asdllastrakador egnse Ry Iorpme embgdinasgnt.dbis reeot ifman dégopropig etch1501a
for exanple, 50,!~, | .not ed the thin.first spacer |ayer 530
can be deposiwt!?"ecctll “61}‘1 ‘8&‘83&28@8?"&5"8%%%}8?‘.’%’ '?tl(}?loaf&ea@ﬁ'rﬁ‘ aﬂgéc{et' hat are well known
in the art and ar anbtier e@bediiRcbfithe plesent invBstic i8 illustrafed g Fegubes, 3 @&- L. hi n
second spacer_ | ayer. 540 i s deposi tffﬁ] or %{;ovm on the thin first spacer
layer 530. | Rigsfeieilysurtaehedtc (ayer 33 iormectomy thip isalativgayer sibonabsgaty

nitride. 11 304 th AR iR, B0 LA0 A f’ﬁrépag%%t 2 %sr?ﬁcgdnn IQ'%?:C@EBQ HIZROL

the thin second spacer |ayer 540°can "be deposi rown to a thickness
i n the range tlefgasplpyend2@es sy thah .20 b Gwidtbhr Thesasphehres Gfe formed hsing d be

noted that the thin second, spacer |ayer, 540 capn be deposited or grown using
deposi tion té@%‘ﬁ’f‘ﬁ‘a‘@j deppsttiony ad\gahingdaeliniaves Wehekngn I8 ME &ffe not descri bed
in detail herein. g . ol Tolal=Yo iR IghtS i adel. ME
to formthe str ucg%—?ggu?@%ﬁlaﬁgﬁﬁgg e%gégggfgﬁ%%sggﬁ &Ilthégﬁg enbolgtlh%é?]t?,la){ehi S
etch i s an adi8end syhstraediOpedt dprehdodanerdt, thhithuh finstispacee lmyer330 ¢anitden but

not oxi de. Exanples of anisotropic,etches are a . etch.or, a plasma etch.
Fol | ow ng. « hexBe i1 gre eRBodment Bedbde saedr Ty &30 mbfouid of aforr P,

spacer |ayer tfidkhes$intthé bfide b aptokiniabiy SO L 860 Al forickhple! #0GX itBhdilgyee Se.
I n one enbodi mantgmt his etch is an isotropic (nultidirectional) which wll

remove oxi deosdithaishe thin firstspacendaygs38Q cat be deposiggst or srownaisingdepaeitionor wet
etches. It should be.furthen t ' ' I f s flow,
i npl ants of E%clégﬁtugs E:hzgg& S‘?e zlalal% g&ﬁﬂ Sgﬁa%( %\drahgb ;S}rde%géfrgg eéi r%ﬁ ggtélg hgfe?rgui t
per f or mance. In Figure 3c, a thick second spacer layer 340 is deposited or grown on the thin
first spacer layer 330. In one embodiment, the thick second spacer layer 340 can be a
nitride. In one embodiment, the thick second spacer layer 340 is deposited or grown to a

thickness in the range of approximately 300 - 20004, for example, 800A. It should be
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In Figure 5f) a thin third spacer |ayer 550 is deposited or grown. on%
enbodi nent, the thin third spacer |ayer 550 can be an oxide. In one 11 APR 200
enbodi nment),,, Ln third spacer | ayer 550 is deposited or

t hi ckness i“&ﬂﬁgsﬁgnge of approxi mately 50 - 300A, for exanpie; ?6%§Yﬂlt
shoul d be noted that the thin third spacer |ayer 550 can be deposited or
grown using deposition techniques that are well known in the art and are
not described in detail herein. In Figure 5g) a thick fourth spacer |ayer
560 is deposited or grown on the thin third spacer |ayer 550. In one

enbodi ment) the thick fourth spacer |ayer 560 can be a nitride. In one
enbodi nent) the thick fourth spacer |ayer 560 is deposited or grown to a
thi ckness i mdidiErhhaRE ehicK seapid spaicerelbdr B460kh be EYIOUY drQroex asTRE Ep&RRG:. |t
shoul d be noted that the thick fourth spacer |ayer 560 can be deposited or
grown usi ng tadpdsates thak atesrglhknpyesingthuirt apdargapt despubad ingewldiceain. and are
not described in tai i . / 99/ 261 75
The thick fourth SRemisk sl sBaced faver Rohebiiedy A MRS 4F RGN
structure i lillustaiat @digure Bdg i endémbddimenmethisdcidisnmnisotrbpis (diteztionsl) aoh

ani sotropic (directional) etch which will renove nitride, but not oxide.
Exanpl es of %hich &t} spnevedtivisesbumot gxide-yExarpmesof apisotrapiggtcdet are ayhiy eighi ck
fourth spacq&zhﬁggﬁaégg is then recessed by etching a second tinme to form
the spacer structure rllustrated in Figure 5i. In one enbodi ment, the thick
fourth spacer | ayEhe thék sesoretsphent layppB4Xisnnakesessdll by eicideg psecont aimd toe

f I | of th te | 520, . | di t, thi t.
ot ropi o ( raFBiths Rt e QSRR indHe e e o APt he BUEK ARFOTax de.
Exanpl es of ép%@érrlgﬁ'r94§ti§é1@t§daarpﬁrd%atgl? 6 BLpREan TRSutfatdeldli dedhs pacer

| ayer 550 is then Tecessed by etching fo formthe spacer structure
il lustrated laperA2§ude ob¢ embodimest, eibetdh sseant isotrdpic(retltthir¢csional) etebwhiqhi will

(rmultidirectional) . etc ich.wll renmove.oxide, but not nitrjde. Exanples
of isotropi cregioé’ﬁé‘é‘_"g?’g’ugﬂﬂl_r%'wﬁxag}pl?ﬁzﬁ‘?oggplcbeé&ﬁs BV 9 Iy gfPe 5k, a
reactant layer 579nd thiflBROSpdcElaydiI30eXMERkRessBE b REENIHRIt) fGinPhlspicepeam

evaporation) chem cal vapor) or plasma deposition. In one enbodi hent, the

react ant | aystrucsrg ilbustrated imbFigpreBl. Jnene embedimgns, this etebiscandggtrapiher net al s)

such as coba el . l.at.l ' : ;
Feact ant | ay(puisdisina) KERSALTAD ety Bok M BITRG AR, TRaliRFS of frogic
conducti ve | eghds oS8R dag wehorehenticdlibgthreecth 1t sHonldfuethentxonbtedihias the BRle walls
conductive |layer 580 can ge a pol%glisde, whi ch nmay al so be call

ed a
pol ysi | i ci de°f hy&pte lpyer SR ATENAEEFROSELLTEHHIE AlpTEEE PRt £igpcting) §‘€?‘"’1C°éf"ragni ng
or non-sel f-align g Y vk 3046 db f I26HY j
called a salici de?plglﬁu%rr%'gﬁ%%g?‘ﬁg%%%dée dp%?&%?'éf%%ﬁ%ﬂ%is?lgheiqﬁ%c@golni ci de
(Ti Si 2). O hbeampeVaporaties, cemita vepirabt plasnd dipdsitioToBi Gje, ermiccliméntsthei ci de

(NiSi)) tantalum salicjde (TaSi or plat.i num salicide é}PtSi@ lt.is to be
Uinder 51 ood bFebBr Brercilean e St Sueh of HiARR BB\ Sop e mibls. B | han

sel f al i gni ngotsdld, hfekagﬁahcamm?mihemfmﬁmsbbd Wse@ne enbodi ment, the anneal
may be perforned using a rapid thernal annealing process in a 13 1 1 APR

2003 W O 00/ 3017- Thpcmsmoblayer 359 and the gate layer 320 are then annealed to form a
conductive layer 360 as shown in Figure 3h. In one embodiment, the formed conductive

layer 360 can be a polycide, which may also be called a polysilicide layer. It should be
noted that silicides can be self-aligning or non-self-aligning, and if the silicide is self-
aligning, it may be called a salicide. In one embodiment, the polycide can be titanium

salicide (TiSi;). Other polycides can be cobalt salicide (CoSi»), nickel salicide (NiSi),
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nitrogen anbient. In one enbodi nent) additional anneals can be perfoquﬁ t@3
dﬁcrease the resistance of the conductive layer S80. It is to be not ﬁg
t he conducty r S80 can now extend beyond the edges ofquﬁ, ayer
S20 due toa*¥§%%§?fity in the thin spacer walls formed fromt esgﬁ?ﬁ7%irst
spacer | ayer S30 and the thin second spacer |ayer S40. The unreacted
reactant |ayer S70 is etched away | eaving the conductive |ayer S80 as
illustrated in Figure Sm |In one enbodinent) this etch is an isotropic etch
which will renove unreacted titaniun) but not titaniumsalicide. Another
enbodi nent of the present invention is illustrated in Figures 6 a - p.
Figure 6a illustrates a gate |l ayer 620 forned on a thin insulative |ayer
610 on a subsithRbesafiede (TA5iNRe pRABGH sARdle (Ftbg. Bat & Be)RErsB¥A byadheE _
polysilicon. In one enbodinment, the gate | ayer 620 is |ess than .20 ~trn in
wi dt h. Theserdinprycskill insthe a thas pekyeidas iothgr 8wnselitalignial sidieisiesimayasabad

et ching techniqu wel | -kn i n.the ar Fragure 6b. a thin first spacer
Cayer 830"t oteh By cmbodah o el e b vt gt et iBrmal & 600 i
one enbodi Neinhgalin@6rbdeksdinfd Hitbg&pantsient| dy efie &BBodimbndeddtiordX htealsldin @€
enbodi ment, the thin first spacer |ayer 630 is deposited or grown to a

t hi ckness i rPeffioamedindecisnsethp resistanse of wesenducyyeﬂ@y%%%xlawpgy ngted that
shoul d be nqtge : t4 LEst [ or

ar oan'usi ng oneltRliud et d8oah nb 3 ex A R ol KPS b B R RRBIAER
not descri bamticonstairetlanthetressed. | n Fi gure 6¢) a thin second spacer |ayer
640 i s deposited Qr grown on the thin first acer layer 630. In one .,
enbodi ment , the t e seRlpastion el repclan 1ayga 85 5 Fiaped A4RY lenrae (g pigHesive
embodi Ment., 1,36 Jeia0 iRGARE iP PAGR!3il 3 Bhe éﬂQod;aﬁembﬁuQamfslamgiotqpi&aaw to a
t hi ckness in the range of approximately 50 - 1 SON) for exanple)y 501. It
shoul d be novkidhtwhbrermdnee dnneacteslcgamamspetawet titaaiven sddi¢Blecan be deposited or

grown usi ng deposition techni ques that are well .known in.the art and are
not descri bed | n SBYGPH cRadime of e Brgsedt iaueting s g tesed sl upEAIS00) 26175
The thin secodresRaNRrad¥fatdAled R0FbERRI bR fHid MsulbdivBa{& 410100 4 diffcon
structure illustrated in Figure 6d. In one enbodinent) this etch is an

ani sot r opi ¢ uitstrate #0Gnk gnecamahpditheni thaugnte layerAdR can kerpadysjlisent Imene oxi de.

Exanpl es of ani sptropi.c etches e a dr ch or a plasma etch. Follow ng
the btcn of SHESEHERC LB BlAge. 205 Reglin hG B ufi RREEsGhlissath ofitd
630 is et chegkif®cdriveMidiaBdédosiioh Ahe eichingédhniqdds W]l kinBWh én BR.ard. N One
enbodi nent, this etch is an isotropic (nultidirectional) which will attack
oxi de, but not ni brFigere 4oxamhin éisstopaces byeipiOds depasied e groyn @nyihe gate layer
chem cal bat 1 C I r | Si~RQl Lo a
process f|om?”?%%ﬂ%ﬁ%%“g?&goghn%§L§§ﬁl %“agéggnbgggwggg%gﬁé?gfgnkgagnhance
gi rcuit ger f exidenIrconel d"mHadguéxrrg tgé thia fﬂre’ﬂisﬁadchlaydr :S?ﬁbis gépds'ayd?br iﬁﬁ@/nits a
eposited or grown., I n one epbodi nent e thin third sp r yer, 650 can
be an oxi de. thickngtidndbBaenehipPren@atehy tm&dr}gb@@@rwq'a@@g- eshopld be
deposited or st j | o 3000
or exanpl o 1057 Uy U8 B A1 SpRRTRaycR apd Purd R BpoRle TR RIGH BIACiaiion £o0
can be depostechuiqoes thatane wel ikngwo éptheiart and arendtrdespribed dthdataibhereinel | known
in the art and ar ot descri.bed in.detail herei.n, In Fiqure 6 hi ck
fourth spacer | aygl}lg’ggff csaa@ﬁ%§??gﬁéwew¥%i4gds fep S't[erd glrmvpg}\é%atixg}
llayer 650. | frRfaceMRQE 4300 1tn ohk Bmbbdifdent, MH thivkSBasifAlsphRy BlyeSHMD Earbele a
nitride. In one enbodinent) the thick fourth spacer |ayer 660 is deposited
or grown to Bitrige.clrpnesmbedimentthe thiclosecappbspagertayas 40 saobe deppsive grgrown
exanpl e) 800 .shaoul e . { C u e yer can
be deposi tedtoo% El}j? P @éﬁ%&“géegg%ép? ‘lgérr?tap‘g%%élq q%()edcs0 Iil‘%{é xgﬁgfé\’/\g‘l}éﬁkﬁé\t}\g‘ﬁ?n
the art and 8t @ofRa@ithdexCthidka&dcdnd spaderildyen@4@tdah beldepotittdek gfovat tdingpacer

| ayer 660 is etched a first time to formthe structure illustrated in
Figure 6h. In one enbodinent) this etch is_.an anisotropic (directional)
etch which will renove nitride) but not oxPde. Exanpl es of ani sotropic

etches are a dry etch or a plasma etch. 15



1 1 APR 2003 CVO 00/3017.1 PCT/US99/ 26175 The thick fourth spacer IayﬁﬁAﬁﬁ?ma
is then recessed by etching a second tinme to formthe spacer structur

il  ustrated,| igure 6i. In one enbodinent, the thick fourt ayer
660 is etcﬁgg%gggggxinately 60 nm deeper than the surface Ie€%ﬁ83§ﬁ¥ﬁé gate
| ayer 620. In one enbodinent, this etch is an isotropic (nultidirectional)
etch which will renove nitride, but not oxide. Exanples of isotropic etches
are a wet or dry etch. The thin third spacer |ayer 6~0 is then recessed by
etching to formthe spacer structure illustrated in Figure 6j. In one
enbodi ment) this etch is an isotropic (rmultidirectional) etch which wll
renove oxide) but not nitride. Exanples of isotropic etches are dry or wet
etches. At thipdsineh Mchniguéd MR ar@ el RAoh e thbiaktlant Aredfor BB BEARfdet PRV ET
the substrate 600 is |left exposed. Thus) if a followi ng etch chemstry is
utilized whildteigan renove the substrate 600) the substrate 600 will need to

be protected. Th .protective layver).for exanple, an oxide |ayer, can be
provi ded. The pro 'esﬁ%bcﬁ( t° 38?%{2@%[ %’/%:0 1s§£pgpa(fxgﬁ?ﬁ§%eftpggxan %gbé‘?’ﬁ'é’fé with
the figures itiataddin FghreAldt &k 6@ éiSddimehd thits dten 1saianBobEID (GRR@R0ARAL ¥rcdoes
not renove the substrate 600) then the process can continue w thout the
necessi ty' of whichwilirergoemuitridsneitingl oxidpr Bramplps/ef dndsperopicletches gueradmgietcha
thin protect&xpllﬁégg E?O is deposited or grown on the substrate 600. In
one enbodinent,pf % protective |l ayer 670 can be oxide. In one

embodi ment, the thhenhiskodeesrid specdrdgser 480 3 théh slepasi eed sy byéori g aQeéond
t hi ckness in the range of approxi mte 50 - 300k for exanple) 50~. In one

ntely 50 - f :
embodi ment, Re tQ FArAthe spaset jisturg i istrgied inckiguisdlen dn gag erabeinigat Bie partial
anneal i ng a si.ld j (-8Rt £ i n
apacer 1 ayer D o e R el i Pl e 36
illustrated ome drtgndimefit] thelthinseendshactr walit4y0 tim be ot tod ringe afi approsiodatelpi c
directional)_etch. which will nmove, nitrjde) but not oxide. Exanples of
i sotr opi ¢ 0 ohidh e hls 18{’&'“0‘?1 mda“sﬂﬁ)&xw@ ﬂppr%{matayfwﬁ%@egtm
00130174 PCT{LSARAZGEVE of iR daltl 10ydt 4208 Th biEerhBfme R’ Riid Sch fs%vmogepict he
thin first spacer |ayer 630 Tecessed by etching a second tine to formthe
spacer st r uctdireetiorallstch whish will réthgve mitride, bitmobaxidenBoathples o) artisveropit n
first spacer I@¥er 630 ishreceésed 9Rproxinately 60 nm deeper than the
surface | evef'°8F HA IPLEE" PLYBPSBIE N h one enbodiment) this etch is an
i sotropic (multidFsgewingned ;)arﬁil&@cc‘é&lh% Bf Welthick SETRHE spucki@yer 0, ihetthiifirsd de.
Exanpl es of isotropic etches are a wet, dry or chemical bath etch. It
shoul d be nospgetlayer 439ds stchrs P therspeees siguntare|illysstategin Figuse Abwinednsosed
creating a | ; - react.) . . =L OLIE react ant
ayer 680 1 sCHBSHRE SRS bichiEAEkL RO PHLL ARG AheH g LI ebone BT o)
chemi cal vapbit, nodhitfiléels Brargiglpost ibéteopic Eohesnee £dbQdicnvndhentidut bagatdtant | ayer
680 can be a netal,_such as titanjum However, ifher nmetal s, such as

cobal t, nickel, t#hFiguRtHAdeIsIaRt 1aYaRTAL dapasyeddorsuplerthy PR HRE Oy er

680 and the : : for 2l ayer 690
as shown in Igzlé%ﬁ Ft&%}guﬁ&gﬁg&eﬂr‘{ggﬂ? gngﬁlt%%h?ﬁego gl(t)lfr?ghﬁ ?Q/egaﬁg(glﬂeiﬁnh%tgbﬂec an be a
pol yci de) whiezhtantlayed 4% das be almhetal, sughadsytiganiuroi Heweagreothet mesdtn shah dse not ed

that silicid : | - al i gnij -sel f-al i gni dif th
S cide 1 s SRAG BieRgh PR an R Rl HeRmRY B0 B e ¢ Pde. 1 n”one embodi ment
the polycide can l@elrédcdht Wyese80 fiddRe gg{e('yeb 42048 ShenRRh¥ALdRSfopmn be

cobalt salicide (CoSi2)) nickel salici Ni Si)) tantalumsalicide (TaSi))
or pl ati num sendustivie laypr 450 as shown én Figupe4ly nlaans codedimensbribe eondycdynikayer

skill in the i I L oni Skl h Ci :

21’50 bef or mad o5k 2B REH A ko be\Aled EbL AR D1 SRR ol
rapi d t her makhagiieides @gn bé setfealipniny 6r untdelfgfignmgbheif thel siliciae isaaiiadighig] |
addi ti onal anneals can be perforned to decrease the resistance of the
conductive layer 690. It is to be noted that the conductive |ayer 690 can
now ext end beyond the edges of the gate IaVEr 620 and is not constrained
and stressed. 17 1 1 APR 2003 VI' O 001 30174 PCTNS99/ 26175 The unreact ed
reactant layer 680 is etched away | eaving the conductive | ayer 690 as
illustrated in Figure 6p. In one enbodinent, this etch is an isotropic etch
which will renove unreacted titanium but not titaniumsalicide. Through
out the specification) reference has been nmade to isotropic and ani sotropic
etching. It should be noted that the present invention nmay be perforned
using these etch processes interchangeably, however, such interchangi ng of
etch processes may cause ot her conplications. The process steps as defined
above are the preferred manner in which to performthe present invention.
Addi tionally) throughout the specification) it has been stated that the



The above descri bed enbodi nents of the nethod and device of the pres
invention provide inproved polycide resistance in polysilicon gate mﬁgtﬂﬁzmn
bel ow . 20f typ, ofiSoi5ar | i er described, conductive layers, such s 66175
ponC|de tltanlunlsaI|C|de can expand during formation. Previous gate

el ectrode structures had spacer structures which constrained this

expansion. This led to a stressed conductive |ayer that exhibited increased
resi stance. The several enbodi mnents of the present invention, reduce the
stress on the formed conductive | ayer thereby inproving the resistance. In
sone enbodi nents, spacers are recessed to renove constraints on the
expansi on of the conductive layer. In other enbodi nents) spacers are

partially rec@apbécilzdprsalitide Indne esfbadiienyahd polvbite barf beetitahiantlasisidpat e
stress. In other enbodi nents, dual Racer stacks that are recessed and

partial ly rddeigePtheraolysides cambecaltsalifide CoSidnickshsalicide (Bigiddentolsm ayer .
It is this Js§hc1déLanS/§PE§ H@QQ&&{\QIQ%@(@@) Iy %’byﬁggé@t@&f B oﬁéjyﬁ&ﬂd%rﬁ &kif he

stress by the several I ments of e present 1 nventi at provi
i nproved r edh shiearchat polgades, othsethen sdlf-alfgningesibeiesd map niss belfernsddddnoat | s of

the gate layer are e osed w_greater surf ce area. This aids. in
formati on ofeTdiaetdbe arieal may}a wgwawwﬂﬁgaw ﬁhqrwelrwg%‘&l&mefeam Bn

sites. By a'rgﬂrﬂg:n ahHieH "R b erbodifen CTNS R MchIRYE be PRAARA Wl

increase. Int foregoi ng specification, the invention een escrlbed
wi th ref er erberesstanpeof the conad(xetrpé Rygr 460b duis heebe sotedh drabthie.cohduotive layehdalever )

be evident that varl tio and cha s, may.be, nade reto

wi t hout depdfi"RY eTxF Joﬁfh @e‘ﬁs OEBI Gg3e lﬁ?‘ﬁfrhggélﬂg ‘%@%‘h’éﬂx W\}h‘hﬁl"bn as set
forth in the a&p%ﬂe%rﬁ{e@ff&p thENRinRGIphde? RyePMIPAMA 16E Bh BGDndEFacer walls
accordi ngl Y, to be regarded in an illustrative rather than a restrictive

sense. 4701 APR 2003 What is clained is: A gate el ectrode conpri sing:

an T nsul ative | 24Fe RO 81 SRS kP51 I0EE LAY LeaihaRRoRTaR0; R ¢

i nsul ative | ayer uctive |l ayer on sai erern

sai d conductlaye d6oyeillustraed ﬁxDFbgoredG ilnohdehiglimenalhis etafisdindopiddiste | ayer
ext endi ng beyond edges of said gate | ayer; thick first spacers disposed
. adj acent to Whishaiill eempveamnreacteditaniymy butngt Waniugysaliceck second spacer s

di sposed adj acent o} hgrgen%édm&hoffk e;ares%n@ﬁe&ﬁ on RS fted @ﬁéagg%f th! St

spacers are recesse create an open space Dot ween sai uctive |ayer
and sai d t hi Blgurecadastsipsaeyate lager Slxogamdmmmrmmmlamqiaymﬂig ‘onawrsubstrate

[ | ati I d b t e te | d
naul at i ve | Sertn opS EgRAtEty 4 e S0s2ede sl ofn afeiec e o
sai d Conductgagsdh@%gge atd B @rm',yesgﬁmh%mhm,mb%sm sEAbdrds ARAEhEy e | ayer

ext endi ng be sald gate layer; thin first spacers disposed
adj acent to mpg)mriventmnﬂEdcmﬁltnsmadd gahmgItep}mtquvhm@knowamdtlthnn first

spacers are r ecesfneﬂgure%r a%hqg rf}rsst %ﬁ)adccrc l?l Lg:3 geposXec{ or grown on the gate layer

520 and substrate 500. In one embodiment, the thin first spacer layer 530 can be an
oxide. In one embodiment, the thin first spacer layer 530 is deposited or grown to a
thickness in the range of approximately 50 - 150A, for example, 50 A. It should be noted
that the thin first spacer layer 530 can be deposited or grown using deposition techniques
that are well known in the art and are not described in detail herein.

In Figure 5c, a thin second spacer layer 540 is deposited or grown on the thin first

spacer layer 530. In one embodiment, the thin second spacer layer 540 can be a nitride.

11



t hi ck second spacers di sposed adjacent to said thin first spacers wh re'b\@}
said thick second spacers have a flat upper surface and are recessed | lodRst 2003

than said c ahiye layer. A gate el ectrode conprising: an FE?ME?’MﬁY‘%
| ayer di sposed on a substrate; a gate |ayer disposed on said insulative

| ayer; a conductive | ayer disposed on said gate |ayer wherein said
conductive layer is a polycide including cobalt; thin first spacers

di sposed adj acent to opposite sides of said gate layer, said thin first
spacers havi ng upper portions at an angle; and thick second spacers

di sposed adjacent to said thin first spacers wherein said thick second
spacers are partially recessed to formthin second spacer walls adj acent
to said thinfoné sinbsdiamar,shd thiresec@yi paceadayee 640 cirobsddpdsicastyedwy e 4 ayer,
said thin second spacer walls being at _an angle. -20 1.1 APR 2003 4. A
gate el ectrdﬂ@kﬁ%ﬁw&hﬁfhf{:ﬁc%HPWHéWP“éf{]N@ -HéQfgrfoaieévga&l@oﬁ% b shonbd be peted a
gate layer dj,an0sfith ARoARLShLNSIH: 3D LS beYSHosidl GONOURLINE cbANEon SPosed
on said gate layer erelm sai d conductive layer i% a pol§cide 1 ncluding
cobal t; t hi nedtinigiies gpnaereeltimpasiedheal ackart nbodasprilesl ihdemildeseinf said gate
| ayer, said thin first spacers havin per portions at. an angle; thin
second spacers di'g’ﬁdgé’oseﬁ?ﬂdas@é?ﬁ?"tyﬁr g‘}ﬂug efqlﬁegaffir?‘s‘t““’s‘ﬁafeg'ﬂé*}e WS hi n
second spac Hals>0 i ! O o1 boF A

i Sposed adr L E B e ARl ah Aok B iRRA6F Perch
spacers are whicksslécrhowearitridaabut sai ekids nicdamplesof] aysetropiartthehirek drparchh
spacers di sposeﬂ%\%g} acent to said thin third spacers wherein said thick
fourth spacet'd eich at upper surface and are recessed | ower than said
conductive | ayer.frghrowiR€uatd Fliecthitdeont s;ﬁb@r‘lﬁ*e‘}jﬂbﬁh@lmn tihe séi&bf‘la & St
spacers are an oxide. 6. The gate el ectrode of claim5 wherein the thin
second spaceY3 iaeighed to formdke strprrgdiustraed it Figuee 3t e bag emBodimentethis etk

the thi ck 1 our RoupRisaraigE-GSm il o BRI BiGhd pubeEoamirel "

isotropic etches are dry or wet etches. It should be further noted that at this point in a

process flow, implants of dopants can be added to the structure to enhance circuit
performance.

In Figure 5f, a thin third spacer layer 550 is deposited or grown. In one
embodiment, the thin third spacer layer 550 can be an oxide. In one embodiment, the
thin third spacer layer 550 is deposited or grown to a thickness in the range of
approximately 50 - 3004, for example, 100A. It should be noted that the thin third
spacer layer 550 can be deposited or grown using deposition techniques that are well
known in the art and are not described in detail herein.

In Figure 5g, a thick fourth spacer layer 560 is deposited or grown on the thin
third spacer layer 550. In one embodiment, the thick fourth spacer layer 560 can be a
nitride. In one embodiment, the thick fourth spacer layer 560 is deposited or grown to a
thickness in the range of approximately 300 - 20004, for example, 800A. It should be
noted that the thick fourth spacer layer 560 can be deposited or grown using deposition

techniques that are well known in the art and are not described in detail herein.
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an insulative |ayer disposed on a substrate; a gate |ayer disposed gnl m ﬂﬁUH
i nsul ative |layer; a conductive |ayer disposed on said gate |ayer whereln

sai d condugld ¥@sdiaver is a polycide including cobalt, said gepiiesteiss | ayer
ext endi ng beyond edges of said gate layer; thin first spacers di sposed

adj acent to opposite sides of said gate | ayer wherein said thin first
spacers are recessed | ower than said conductive |ayer; thin second spacers
di sposed adj acent to opposite sides of said thin first spacers wherein said
thin second spacers are recessed | ower than said conductive layer; thin
third spacers di sposed adjacent to opposite sides of said thin second
spacers wherein said thin third spacers are recessed | ower than said
conducti ve | ayer Thardck @arth sfactr KPR SH5008etchedckfifsotimi ho $gracie strabtsposed

adj acent to.opposite_side f said, thin third acers wherein said thjck
ourt hspachRERREY & Bk Jp oo compdicat Btk & reritbhio @uponNAHtal o

conductive Laxswilll@moldRingd ButRekiddexshpe! 8f mi:&)tﬁgﬁ?créié:ﬂlsra&%& lefppf 1 1St

spacers are an oxide. 11. The gate el ectrode of claim 10 wherein the thin
second spacersplsmagtohitride. 12. The gate el ectrode of claim 11 wherein

the thin third spacer. re.an oxjde 3. ..The gate.el ectrode of , claim 12
wherein the thi cRIFUTk (ogparut lafoeh i mepfediied 5 e b cut bt
conpri si ng: fétth l'h@_ssyilc%? kt\ﬁ.@tﬂr@ﬂﬁfstrﬂde& mosi@drcom. &n 61';50&{15&{&@@&1@%@1( k&y@,_r

di sposed on said insulative |layer; a conductive |ayer disposed on said gate

| ayer wher eppicsalagec¥daetchsdeapagidmaiely €D poidgencathanibe sutfacg lavekdfahe gaai d
conduct i ve 5a§¥?5°&x}tne&‘é'eﬂﬁoﬁgxeggghﬁﬂféﬁﬁs o iséfi‘%@c ai&@idgrg cgornﬁgiggc},fw‘ﬁg{;ﬁj{ﬁﬁﬂ ck

spacers di sposed™ad] acen oSite sides

second spacedmovd ifrifeebutad; edent Examgled of ibdtiopic dttticstaresRacaidsy etoha ei n sai d
thick first spacers are recessed tq create an open space between said
conductive | ayer Thgdhiashigd sparerdaycs o8f i thpmeessssed hyetching e fore the spaseie

Compr i i 9 oAk ASHL Ak FAXEL S ARASEALARRB WISLEAEn RoGle | ayer

di sposed on said insulative Tayer; a conductive [ayer dispos on said gate
| ayer wher e(muBagiidciantjeoth witich sk remeveaxidel, yati e nitridd. B angples sfliedtropiai d
conductive | oy el e i) Swele PRordiRd) ilpG, O sl d oate layer;
In Figure 5k, a reactant layer 570 is deposited, for example, by sputter, electron
beam evaporation, chemical vapor, or plasma deposition. In one embodiment, the
reactant layer 570 can be a metal such as titanium. However, other metals, such as
cobalt, nickel, tantalum and platinum may also be used.
The reactant layer 570 and the gate layer 520 are then annealed to form a
conductive layer 580 as shown in Figure 51. In one embodiment, the conductive layer
580 can be a polycide, which may also be called a polysilicide layer. It should be noted
that silicides can be self-aligning or non-self-aligning, and if the silicide is self-aligning,
it may be called a salicide. In one embodiment, the polycide can be titanium salicide
(TiSiz). Other polycides can be cobalt salicide (CoSi,), nickel salicide (NiSi), tantalum
salicide (TaS1i), or platinum salicide (PtSi). It is to be understood by one of ordinary skill
in the art that polycides, other than self-aligning silicides, may also be formed. In one

embodiment, the anneal may be performed using a rapid thermal annealing process in a
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thip first spacers disposed adjacent to opposite sides of said gate 1?”@?2%3
wherein said thin first spacers are recessed | ower than said conductive
layer and twWheksgecond spacers di sposed adj acent to said thipetiusesteispacers
wherein said thick second spacers have a flat upper surface and are
recessed | ower than said conductive |layer. 16. A gate el ectrode conprising:
-22 1 1 APR 2003 an insulative |ayer disposed on a substrate; a gate

| ayer di sposed on said insulative |layer; a conductive |ayer disposed on
said gate |l ayer wherein said conductive layer is a polycide including
nickel; thin first spacers disposed adjacent to opposite sides of said gate
| ayer, said thin first spacers having upper portions at an angle; and thick
second spaceitrogel apbisad laginaemhedimgns aﬂgtlplﬂﬁl anpeassaan bg peefpameshierdsrisassai d

t hi ck second spacers are rii.alhy r sged to for I n_second spa

wol s act acoieegeich of s A Pedbeh 3667 T Btg'sd ool e TGRS 1398580
conductive ¢tayRiw ciahdbdyond tsaieerofIRAgRE 1ayal 530 He B gleRibilay iRa@ItRin 17. A
gate el ectrode conprising: an insulative | ayer di sposed on a substrate; a
gate |ayer #haspoxd f@ﬁnecgfremi thestimfivst epacerlayer 530 apdh gdhinsecongd spacagilaysps ed
on said gat §4¢ ayer wherein said conductive layer is a polycide including
nickel; thin tirst spacers di sposed adjacent to opposite sides of said gate
| ayer, said thi nTht nsteastpdesacantiaydr 3§0 ipgehedpovayilenvingahe aondirghelayetd 8o
second spacers disposed. adj_acent to sgjid thin first spacers, sai.d thin
second spacé*'r%luﬁ‘é%‘ﬁﬁ‘ ﬁ‘ﬁb@rs%o Gng sEboAiment.fhigeteh if pg WoirﬁP‘F&t@p@EEﬁ‘ will

di sposed ad}&ﬁ@xf&tun%éxc%’aitﬁaﬁihﬁxf‘bﬁ%‘é?@ﬁnﬁﬂ@%ﬁiemer ein said thin third
0

spacers are recesse wer than sald conductive layer, and thick fourth
spacers di sposed Aadjhec embodimestdfdhe piesent nvedtismpaaBugraiden &igurssah d- phi ck

fourth spacers h a flat er ace,and are recessed r than said
Lontuct 1o Figer 6 DftraeSh eRRDSEr B (358 37 aph Frl BRSR AR o b Y ST e SRR £t
spacers areggf). frbritembclimdmehe3he 18)cP6h0 eafbOhol flifdom 18 ohbEmBbdInfehe tiehi N
second spacers are a nitride.

gate layer 620 is less than .20 pm in width. These structures are formed using
conventional deposition and etching techniques well-known in the art.

In Figure 6b, a thin first spacer layer 630 is deposited or grown on the gate layer
620 and substrate 600. In one embodiment, the thin first spacer layer 630 can be an
oxide. In one embodiment, the thin first spacer layer 630 is deposited or grown to a
thickness in the range of approximately 50 - 150A, for example, SOA. It should be noted
that the thin first spacer layer 630 can be deposited or grown using deposition techniques
that are well known in the art and are not described in detail herein.

In Figure 6¢, a thin second spacer layer 640 is deposited or grown on the thin first
spacer layer 630. In one embodiment, the thin second spacer layer 640 can be a nitride.
In one embodiment, the thin second spacer layer 640 can be deposited or grown to a
thickness in the range of approximately 50 - 150A, for example, S0A. It should be noted
that the thin second spacer layer 640 can be deposited or grown using deposition

techniques that are well known in the art and are not described in detail herein.
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20. ., The gate el ectrode of claim19 wherein the thin third spacers ar € 1atpR 2003
oxide. 21. The gate electrode of claim20 wherein the thick fourth spacers

are a nitriwi@ooidd7s A gate el ectrode conprising: -23 1 1 AYRTASI9524 6%

insul ative | ayer disposed on a substrate; a gate |ayer disposed on said
insul ative layer; a conductive |ayer disposed on said gate |ayer wherein
sai d conductive layer is a polycide including nickel, said conductive |ayer
ext endi ng beyond edges of said gate layer; thin first spacers di sposed

adj acent to opposite sides of said gate | ayer wherein said thin first
spacers are recessed |ower than said conductive layer; thin second spacers
di sposed adj acent to opposite sides of said thin first spacers wherein said
thin second spac&hsthan eeqopd spasedlayaidpd it ¢tehedsaiint Gma tuformvbe btayogurg t hi n

third spacers disposed adj nt to,opposite sides of .said. thin second
spacers mhet‘lﬁ'isﬁatggilrhﬁigﬁf#f}ﬁroae §B‘38@B‘§’mahﬂs FIER LU OHRBIC (BH?J\WOEQIS gtch
conductive hay@rwillaethovBnitkdd, BUf Ad? o%i¥BC Bk Smples BOSAOIRAPIAREHHs afa ARRAH t e
sides of said thin third spacers wherein said thick fourth spacer$S have a

flat upper SutpPle@agil. are recessed | ower than said conductive |ayer. 23.

The gate electro f.clal rein the thin first spacers are an oxide.
24. The gate el eg§ lrlgﬁlé’%otﬁé %lﬁ%{#@%x%gpm %patcﬁreﬁ?'%ri %ﬁs@fgﬁ&%&ﬂﬁé‘%"é@% a
ni tride. 25630hetgrteo Ebracthe eaectore ilhstrialdd 24 Fishied 6d. Nintdne ehiboBinkdht, tBis SRACET S
are an oxide. 26. The gate electrode of claim25 wherein the thick fourth

spacers ar e ‘gaMpQIFepie (Mylpdirgctiogaly whichovitl gdackeoxifde.ibyt nef:nitide; Ksemples 08 | ayer
di sposed on; / X < Chi j iaﬁul J | ayer; a
conductive |'§’§r§?}3§?°rsh%%§’ee orﬂ?‘;s,gtlAé%ggﬁggl%%égﬁmgggﬁﬂhggif céﬁé%}é?l?a\ﬁgyl ayer
i s a pol yci dés poiet indi prgcésaritosd, inplastaiofldepanduwan be addeaiyto ntheesthvende oernhayend
edges of said gat efl ayer; thick first spacers disposed adjacent to opposite
si des of saicHC‘ahPeéq Bt and thick second spacers di sposed adjacent to

sai d thick Tirst 1$PHoes &f, MR spasdidayeh 65tis'debsiitcdRAGRIWn AnneeCeSSed to
create an open space between said conductive |ayer and said thick second
spacers. embodiment, the thin third spacer layer 650 can be an oxide. In one embodiment, the
thin third spacer layer 650 is deposited or grown to a thickness in the range of
approximately 50 - 300A, for example 100A. It should be noted that the thin third spacer
layer 650 can be deposited or grown using deposition techniques that are well known in
the art and are not described in detail herein.
In Figure 6g, a thick fourth spacer layer 660 is deposited or grown on the thin
third spacer layer 650. In one embodiment, the thick fourth spacer layer 660 can be a
nitride. In one embodiment, the thick fourth spacer laycr 660 is deposited or grown to a
thickness in the range of approximately 300 - 20004, for example, 800A. It should be
noted that the thick fourth spacer layer 660 can be deposited or grown using deposition
techniques that are well known in the art and are not described in detail herein.
The thick fourth spacer layer 660 is etched a first time to form the structure
illustrated in Figure 6h. In one embodiment, this etch is an anisotropic (directional) etch

which will remove nitride, but not oxide. Examples of anisotropic etches are a dry etch

or a plasma etch.
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28. A gate el ectrode conprising: -24 1 1 APR 2003 an insul ative | gylepPR 200
di sposed on a substrate; a gate |ayer disposed on said insulative |layer; a
conducti vew@myioii sposed on said gate | ayer wherein said ceagugsbirard ayer
is a polycide including platinum said conductive |ayer extendi ng beyond
edges of said gate layer; thick first spacers disposed adjacent to opposite
sides of said gate layer; and thick second spacers di sposed adjacent to
said thick first spacers, wherein said thick first spacers are recessed to
create an open space between said conductive |ayer and said thick second
spacer. -25 .A A .AAY .A . A,.AA.A.A.AA AN, .A . A,.AU3 .A3?. A
AL, VA3 DA A LA L AA A@. A@A *Ks/ +h ' %2 ? N 90

The thick fourth spacer layer 660 is then recessed by etching a second time to

form the spacer structure illustrated in Figure 6i. In one embodiment, the thick fourth
spacer layer 660 is etched approximately 60 nm deeper than the surface level of the gate
layer 620. In one embodiment, this etch is an isotropic (multidirectional) etch which will
remove nitride, but not oxide. Examples of isotropic etches are a wet or dry etch,

The thin third spacer layer 650 is then recessed by etching to form the spacer
structure illustrated in Figure 6j. In one embodiment, this etch is an isotropic
(multidirectional) etch which will remove oxide, but not nitride. Examples of isotropic
etches are dry or wet etches.

At this point, further etches are still to be performed, however, the substrate 600
1s left exposed. Thus, if a following etch chemistry is utilized which can remove the
substrate 600, the substrate 600 will need to be protected. Thus, a protective layer, for
example, an oxide layer, can be provided. The provision of a protective layer is
described together with the figures that follow. Alternatively, if a following etch
chemistry does not remove the substrate 600, then the process can continue without the
necessity of providing and removing a protective layer.

In Figure 6k, a thin protective layer 670 is deposited or grown on the substrate
600. In one embodiment, the thin protective layer 670 can be oxide. In one embodiment,
the thin protective layer 670 is deposited or grown to a thickness in the range of
approximately 50 - 300A, for example, SOA. In one embodiment, the thin protective
layer 670 can be an oxide grown by annealing a silicon substrate 600 in an oxygen
ambient.

The thin second spacer layer 640 is recessed by etching to form the spacer
structure illustrated in Figure 6. In one embodiment, this etch is an anisotropic
(directional) etch which will remove nitride, but not oxide. Examples of anisotropic

etches are a dry etch or a plasma etch.
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W {vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cRa] c: a] ca] ca] t&]APRI1803
aJ calca]ca]ca]calcalca]ca]calcalcalca!?;qs0;D\ W
{val gb] X] cayoadsmjca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calmajeabashsal cal
calcalcal] ca]ca]calcalcalcaljcaUcalWw NS T[T{IT"A""508&K7" (2)))))*c**+Y++
, 1,2/ 1 @}xsnid_Z]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
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\GW]R C cajcalc
a] ca] I:a]U] 1:!31 ﬁL%gg’% rfigl f%llf‘ e]%lagﬁa} fRhGR ‘ﬁ%‘ﬁ%gﬁg%Fg d#e{ ee
e<ggg4hahhi m bxiel dnhﬂddimaﬁlpfh?ﬂlﬂxﬁiﬂn}ﬂabﬁb%} m@bﬂﬁi%@]‘&@is@@h?ﬁdﬁﬂﬁﬁ@ ehnai] caj caj ¢
a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] call | 6nnnofopgrrtttttuxu

uusvwwy} { { de9per than tBessyirfacedeyel of tha faialaya] @28 dapeafrab?@a]e@a}l@ap@h}w] ca] ca]

zupi o [ ] oaf SapE SRl AR DM LA DT REREIRET bk AUBHE) PR o) cau
ca] ca] CaLcla]qo&])p‘xaU]cihaﬂ, iﬁ:xa]a(mdtpdﬂyiba}:h‘ahlcal bath etch it %h(])uld ]bc n]otcd]that]the s]1de | cal cal
1 H8+Zhz cal,c calca a ca] cal ca] ca] ca] ca] ca]ca] ca
cg? s a] ca] caf H} e&]he gp@df&%ﬁ?ﬁf@d}%ﬁ% %&rﬁ Alagpkggmsact (reaction) surface
| 2' Hu| wr mhc4 1] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]ca]ca]ca]ca]c
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U& ()- sS10%ehadt, pic 3‘ QoA usg 'aid pbmoammaas(a)lsmbelwu& () &10%JU&E' () - (10%

% 8:/ rgb;; Uzl(())gﬂw foalctant éy%é#%z'&%i the[ig;{% P%ex(ézol atd o Bnddhe PR s () -3 1 10%

conductive layer 690 as shown in Figure 60. In one embodiment, the conductive layer

690 can be a polycide, which may also be called a polysilicide layer. It should be noted
that silicides can be self-aligning or non-self-aligning, and if the silicide is self-aligning,
it may be called a salicide. In one embodiment, the polycide can be titanium salicide
(TiSi;). Other polycides can be cobalt salicide (CoSi,), nickel salicide (NiSi), tantalum
salicide (TaSi), or platinum salicide (PtSi). Itis to be understood by one of ordinary skill
in the art that polycides, other than self-aligning silicides, may also be formed. In one
embodiment, the anneal may be performed using a rapid thermal annealing process in a
nitrogen ambient. In one embodiment, additional anneals can be performed to decrease
the resistance of the conductive layer 690. It is to be noted that the conductive layer 690
can now extend beyond the edges of the gate layer 620 and is not constrained and

stressed.
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B& () - Additionally, throughout the specification, it has been stated that the etch
processes remove only the nitride or oxide layers, however, it should be noted that such
etch processes selectively remove the nitride or oxide. In other words, an etch to remove
nitride will remove nitride at a faster rate than oxide, such that more nitride is removed
and very little oxide is removed; and, an etch to remove oxide will remove oxide at a
faster rate than nitride, such that more oxide is removed and very little nitride is
removed,

The above described embodiments of the method and device of the present
invention provide improved polycide resistance in polysilicon gate widths below .20ptm.
As earlier described, conductive layers, such as the polycide, titanium salicide, can
expand during formation. Previous gate electrode structures had spacer structures which
constrained this expansion. This led to a stressed conductive layer that exhibited
increased resistance. The several embodiments of the present invention, reduce the stress
on the formed conductive layer thereby improving the resistance. In some embodiments,
spacers are recessed to remove constraints on the expansion of the conductive layer. In
other embodiments, spacers are partially recessed to provide thin spacer walls which flex
to dissipate stress. In other embodiments, dual spacer stacks that are recessed and

partially recessed also dissipate or remove stress on the conductive layer. It is this
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In the foregoing specification, the invention has been described with reference to

specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit
and scope of the invention as set forth in the appended claims. The specification and

drawings are, accordingly, to be regarded in an illustrative rather than a restrictive sense.
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L. A gate electrode comprising:

an insulative layer disposed on a substrate;
a gate layer disposed on said insulative layer;
a conductive layer disposed on said gate layer wherein said conductive layer is a polycide
including cobalt, said conductive layer extending beyond edges of said gate layer;

thick first spacers disposed adjacent to opposite sides of said gate layer; and

thick second spacers disposed adjacent to said thick first spacers, wherein said thick first

spacers are recessed to create an open space between said conductive layer and said thick second

spacers.

2. A gate electrode comprising:

an insulative layer disposed on a substrate;

a gate layer disposed on said insulative layer;

a conductive layer disposed on said gate layer wherein said conductive layer is a polycide
including cobalt, said conductive layer extending beyond edges of said gate layer;

thin first spacers disposed adjacent to opposite sides of said gate layer wherein said thin
first spacers are recessed lower than said conductive layer; and

thick second spacers disposed adjacent to said thin first spacers wherein said thick second

spacers have a flat upper surface and are recessed lower than said conductive layer.

3. A gate electrode comprising;:

an insulative layer disposed on a substrate;

a gate layer disposed on said insulative layer;

a conductive layer disposed on said gate layer wherein said conductive layer is a polycide
including cobalt;

thin first spacers disposed adjacent to opposite sides of said gate layer, said thin first
spacers having upper portions at an angle; and

thick second spacers disposed adjacent to said thin first spacers wherein said thick second
spacers are partially recessed to form thin second spacer walls adjacent to said thin first spacers in
a region adjacent to said conductive layer, said thin second spacer walls being at an angle.
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a conductive layer disposed on said gate layer wherein said conductive layer is a polycide
including cobalt;

thin first spacers disposed adjacent to opposite sides of said gate layer, said thin first
spacers having upper portions at an angle;

thin second spacers disposed adjacent to said thin first spacers, said thin second spacers
having upper portions at an angle;

thin third spacers disposed adjacent to said thin second spacers wherein said thin third
spacers are recessed lower than said conductive layer, and

thick fourth spacers disposed adjacent to said thin third spacers wherein said thick fourth

spacers have a flat upper surface and are recessed lower than said conductive layer.

5. The gate electrode of claim 4 wherein the thin first spacers are an oxide.

6. The gate electrode of claim 5 wherein the thin second spacers are a nitride.
7. The gate electrode of claim 6 wherein the thin third spacers are an oxide.
8. The gate electrode of claim 7 wherein the thick fourth spacers are a nitride.
9. A gate electrode comprising:

an insulative layer disposed on a substrate;

a gate layer disposed on said insulative layer;

a conductive layer disposed on said gate layer wherein said conductive layer is a polycide
including cobalt, said conductive layer extending beyond edges of said gate layer;

thin first spacers disposed adjacent to opposite sides of said gate layer wherein said thin
first spacers are recessed lower than said conductive layer;

thin second spacers disposed adjacent to opposite sides of said thin first spacers wherein
said thin second spacers are recessed lower than said conductive layer;

thin third spacers disposed adjacent to opposite sides of said thin second spacers wherein
said thin third spacers are recessed lower than said conductive layer; and
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11. The gate electrode of claim 10 wherein the thin second spacers are a nitride.
12. The gate electrode of claim 11 wherein the thin third spacers are an oxide.

13. The gate electrode of claim 12 wherein the thick fourth spacers are a nitride.

14. A gate electrode comprising:
an insulative layer disposed on a substrate;

a gate layer disposed on said insulative layer;

a conductive layer disposed on said gate layer wherein said conductive layer is a polycide

including nickel, said conductive layer extending beyond edges of said gate layer;

thick first spacers disposed adjacent to opposite sides of said gate layer; and

thick second spacers disposed adjacent to said thick first spacers, wherein said thick first

spacers are recessed to create an open space between said conductive layer and said thick second

spacers.

15, A gate electrode comprising:
an insulative layer disposed on a substrate;

a gate layer disposed on said insulative layer;

a conductive layer disposed on said gate layer wherein said conductive layer is a polycide

including nickel, said conductive layer extending beyond edges of said gate layer;

thin first spacers disposed adjacent to opposite sides of said gate layer wherein said thin

first spacers are recessed lower than said conductive layer and

thick second spacers disposed adjacent to said thin first spacers wherein said thick second

spacers have a flat upper surface and are recessed lower than said conductive layer.

16. A gate electrode comprising:
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17. A gate electrode comprising:

an insulative layer disposed on a substrate;

a gate layer disposed on said insulative layer;

a conductive layer disposed on said gate layer wherein said conductive layer is a polycide
including nickel;

thin first spacers disposed adjacent to opposite sides of said gate layer, said thin first
spacers having upper portions at an angle;

thin second spacers disposed adjacent to said thin first spacers, said thin second spacers
having upper portions at an angle;

thin third spacers disposed adjacent to said thin second spacers wherein said thin third
spacers are recessed lower than said conductive layer, and

thick fourth spacers disposed adjacent to said thin third spacers wherein said thick fourth

spacers have a flat upper surface and are recessed lower than said conductive layer.

18. The gate electrode of claim 17 wherein the thin first spacers are an oxide.
19. The gate electrode of claim 18 wherein the thin second spacers are a nitride.
20. The gate electrode of claim 19 wherein the thin third spacers are an oxide.

21. The gate electrode of claim 20 wherein the thick fourth spacers are a nitride.

22, A gate electrode comprising:
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st spax(:)ers disposed adjacent to opposite sides of said gate layer wherein said thin

first spacers are recessed lower than said conductive layer;

thin second spacers disposed adjacent to opposite sides of said thin first spacers wherein

said thin second spacers are recessed lower than said conductive layer;

thin third spacers disposed adjacent to opposite sides of said thin second spacers wherein

said thin third spacers are recessed lower than said conductive layer; and

thick fourth spacers disposed adjacent to opposite sides of said thin third spacers wherein

said thick fourth spacers have a flat upper surface and are recessed lower than said conductive

layer.

23.

24,

25.

26.

27.

The gate electrode of claim 22 wherein the thin first spacers are an oxide.
The gate electrode of claim 23 wherein the thin second spacers are a nitride.
The gate electrode of claim 24 wherein the thin third spacers are an oxide.
The gate electrode of claim 25 wherein the thick fourth spacers are a nitride.
A gate electrode comprising:

an insulative layer disposed on a substrate;

a gate layer disposed on said insulative layer;

a conductive layer disposed on said gate layer wherein said conductive layer is a polycide

including tantalum, said conductive layer extending beyond edges of said gate layer;

thick first spacers disposed adjacent to opposite sides of said gate layer; and

thick second spacers disposed adjacent to said thick first spacers, wherein said thick first

spacers are recessed to create an open space between said conductive layer and said thick second

spacers.

28.

A gate electrode comprising:
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a conductive layer disposed on said gate layer wherein said conductive layer is a polycide
including platinum, said conductive layer extending beyond edges of said gate layer;
thick first spacers disposed adjacent to opposite sides of said gate layer; and
thick second spacers disposed adjacent to said thick first spacers, wherein said thick first
spacers are recessed to create an open space between said conductive layer and said thick second

spacer.

25.



