;e3e\F~ 6VT? 1 28 OCT 2002 METHOD FOR FORM NG BORDERLESS GATE STRUCTURES
AND : APPARATUS FORMED THEREBY BACKGROUND OF THE I NVENTION 1. Technical Field
" Thi's" invention relates to the field of transistor gate condug“mmmmlmltm‘mmes
in sem conduct or devices. Mire specifically, the invention r

met hod for formng borderless gate structures and the apparatus f.QfeRd

t hereby. 2. Background Art The need t1(C) remain cost and perfornmance
conpetitive in the production of sem conductor sed

continual ly increasing devi ce density in integrat ngeﬁdgﬁzmro facilitate
the increase in device densi neM/technoIo ies are co needed to
all ow the feat ME}TE%F&RI.F Scfahl @e%TBﬂCbﬁ?I&EéMB The

push for ever increasing deyi ﬂg_ rly strong m
conplinmentary netal -oxide séﬁﬁ%ﬁ S%F%?é?%@ﬁgfﬁ? IIﬁér?éo‘?ogies, such as in the
design and fabrication of field effect transistors (FETs). FETs are used in
al nost all types of 280 cT2002 integrated circuit design (i.e

m croprocessors, menory, etc.) One feature that increases device density is
a "borderless contact.” To explain the significance of a borderless
contact, one exanple of a defective wafer portion 400 is shown in FIG 3
having a partially formed FET onsem conductor substrate 480 between

i solation areas 490. Wen a contact hole 410 for a diffusion contact to a
di ffusion area d20 i s opened through a passivation oxide |layer 430, it may
expose a portion of a gate conductor 440 to contact hole 410. Even though
sidewal | spacers 450 protect the side of gate conductor 440 from shorti ng,
if a diffusion contact were fornmed in contact hole 410, then it nay easily
short to the top of gate conductor 440. Accordingly, a contact border, as
shown on wafer portion 460 in FIG 4, is often used to prevent shorting

bet ween gate conductor 440BACKGROUNDOFCDHEANVENTIONNn waf er portion 460,
the contact hole in which diffusion contact 470 is forned is shifted away
fromgate conductor 440 to create a.border of passivation oxide 430 between
gat e condudt arechdiQalarielddi f f usi on contact 470. The contact border thus
reduces the potential for diffusion contact 470 to short to gate conductor
440. Unfortunately, the use of such a contact border expands the area
needed for FETS THOmMSHiMidiOreRtg 0ake Aeldlofdhndftbpgas eandBtbrpireMenkiing furt her

increases in circuit densit {’[
semiconductor devices. More specifically, the invention relates to a method for forming

borderless gate structures and the apparatus formed thereby.

2. Background Art

The need to remain cost and performance competitive in the production of
semiconductor devices has caused continually increasing device density in integrated
circuits To facilitate the increase in device density, new technologies are constantly

needed to allow the feature size of these semiconductor devices to be reduced.

The push for ever increasing device densities is particularly strong in
complunentary metal-oxide semiconductor (CMOS) technologies, such as in the design

and fabrication of field effect transistors (FETs). FETs are used in almost all types of
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As described in | BM Techni cal Disclosure Bulletin, Vol. 32, No. 4A

. .Sept enmber 1989 (MA888-0005), current technol ogy provides for the
fabrication of a silicon gate conductor such that diffusion contacts may be
formed w thout borders, that is, borderless contacts may be used. Referring
to FIG 5, a wafer portion 500 is shown having a sem conductor substrate
580 with isolation areas S90, a gate oxide |ayer 530, a silicon gate
conductor material |ayer 540, and an é&ch-stop diel ectzg p;;lb‘,h%qggr 560
formed thereon. Etch-stop dielectric 560 is not used i c ilicon
gate process for formng transistor gate conductor structures However, use
of et ch- st op iBfEstatask (iicyit<les S fichi THEEORTPRESHH SRR t §iC) 0Onp £5aliEs dhad dngreases

density by forping border L t 4 diffusion. . T .
nfor t unat el Y VERAeRE0AER GrtgTapsaing, ' Jatebleti e Calr i uaaLEE
di el ectric 5GQnfes d/S eLansI6 6EE Abfebiivé Wil p6tSion HOD iLoHAWRIiS FIGS3 Rdvirgdd mat i on

of gate structures, gate polysilicon is typically doped by inplantation to
decr ease shegartiablyifemaettiE R ons¢iconducten swbsttate4 $bbatwecmisdlatiomareasi#9d. usi on

areas are |i nted. In.s circ tances, the presence of..etch-s

i ot octric bauhans pepsadmol Tuortor € RSy @nfect A FGSIOR freedr20rie Gpanad e o
si ngl e i npl ant.ati:on: st ezl , j 40 in
P S et - oG e 1AGG00 A ot GG £baPBbELURr AuDXPLomdd
560 and a sepwlad B, | Egehahéghisidevaillepadens 450 provst the sideadgatsi dohdwteni40atormr

formation of gate structures. Mre inportantly, selective nmetal silicjde,
such as CoSi xhexting; iSadiffusion gontach weye fasmed én contags holefl0athen rmaseasty shotl
drain diffusi dygc iy i e e

ol ant at | on ‘S oBRF eBEERE Iy AP kBl B b PLBfR 8 FhuR Mt
metal silici d@rtiais4600ie KIGr 46 ofien gaddao pesvahtcdhortingicbwdanl gateddtadu&dD44 4t i t

is inplanted, but before depositing etch-stop dielectric filmlayer 560. A
separat e st epliBpsipeontegy 448| Brwalze Paion468; the eprfact holejinswhish diffugioasoniget |

occur after igpl.aRt] - ' j ar eas. ' as
e 17 R el N8 b A ot et 00 G
i nt er connect soxidesd Metatwesh gate Edi—luslondko aid didfusiofxba@ct 4MeThe3ntabEb@der
conductor material 540, and etch-stop dielectric 560, |eaving the top of

each gate corfBvciedncasshepatentigl for ditfurion coactiddl & sharktorgategongyeer 480, Next ,
si dewal | spa r g@% { o 91
encapsul at i ng%fgpgé%glgdﬁgﬁlg% 88?5}0 ﬁgf%oggéiec}a%%hﬁ%%%? ﬁé'?‘%ﬁ f%r eas” 620 are
i npl ant ed Pas®hsatinga gidt deala@d@hipsarboambpreostringtithestindtedses fscirnil deagityact
hol es forned therein for diffusion contacts (not shown). Notably, gate
conductor 540 is covered on the top with etch-stop dielectric 560, thus,

the encapsul ati ng Andeaciibdd iWIBM Teshaiical BidcbosutdBulledint F¥ol. 3nDONE. 44 Septdmbsr 6
shows diffusion contacts 670 forned in contact holes, wherein no contact

border is needs8 (MAEIBANIAY. cupBRtiEFiyolgy RERYIdes foF theifabricagiap ot e silison 2athd
gate conduct qfonadQor §d3ﬁttlﬁﬁ‘aifﬁ%§cﬁpc'ozﬁagﬁ maitbé fermied Wifiott BafiLR, tﬂ%t%,e&)tr drfese60
is in place to prevent shorting an evice density I's 1ncreased since the
cont act hol esonarce miy bd etdc Refering o it 6, £ oatkrgoaions3D0.is enekiatigg a t her e
exi sted a need to provide a nethod of fabricating borderless contacts that
i's conpat i bl ESHEIRIUEPF @ﬁ’ﬁtr%ﬁeﬁig@M“Ig‘é?lé“?%fre?%é?q?érgakﬁr%%‘@é%f.53@! SEiepURE
OF | NVENTI ON I AR i I ere is
pr ovi dod & i Red T O el 1418, S5 R bn Bl sl GUESER i ARR S0 Pomicl®
conpri si ng t hbersbrpEtohfstépdigiengicasGoak yst used dma peidal siicof gate padcesscfon furating
on a substrate having areas surrounding the gate conductor; doping the

pol ysi | i con JEAPSISHR SateaoRARCtar FIushies thjowsvesiuse o€ pigh-stapetiglestric SRR provides
surroundi ng . i, di : i 8] i tr ; .

i adi ati ng (heopeyralry (GeRe aEPaBRRL By BARhG BhiaGRl coREERY, Mfsion,
heating of the polysilicon portion and relatively | ow heating of the
surroundi ng areas such that a silicon nitride cap is forned over the

pol ysilicon portion while the silicon nitride cap is not forned over the
surroundi ng areas.




Accordi ng to another aspect of the present invention, there is provided a
' method for form ng a sem conductor device conprising the steps of: formng
a pol'ysilicon portion of a gate conductor on a substrate having areas
surroundi ng the gate conductor;. doping the polysilicon portion; doping a
plurality of diffusion areas in the surrounding areas; providing an

at nosphere conprising nitrogen; irradiating the gate _conductar he
irradiating causing relatively high hedting of the pﬁl&s@O_E(ﬁ{] rtion and
relatively | ow heating of the surrounding areas such that a silicon nitride
cap is fornmed over the polysilicon rtion while the silicon nitride cap is
not formed CAFE-t 0§H?£6‘dn@'ﬁﬁ‘§e%’%‘g§9f0§ﬁﬁn3 Bits e onsusior i elod-yomleetid o
the diffusio i .0 a : [ ayention,
there i s pr on AnasaeraaFBad e T BEimERERt (sl f oPERESBhob RS 0T

cap conpri sipdydiii€orsis @@sicdlfy: doped BY fiplantaeibly f ddcesaRe Fidet teidtadte at thakme
conductor on a substrate having areas surrounding the gate conductor;

dopi ng the pdmg¢hd soviee andrdraiordiffarien argasarp implahiedy lpsomi¢ efremsances.dhe in

t he surroundi ng areas; - 4a - 2 oc T 2002 providi.n n, af nospher, e

Cont o1 ni ue HFcke SERishsiondidlectis 320 0ndur afe eate NSt i fuftiet Batasts 0o
expose puls fy & ' At QN AL LB -Qf Iscn
TP the brescrsla GilembRiadbAleBattdtingl, ERETONNIaM G linds B0 MR

r espect i vel ymusttbeanplasslibeforefdepoditiich-atap, di¢lberie hiymd ayes iS6Q asd b aepparate

nitride deposition. , According to another aspect of the present invention,
there is pr oRIaRIAton e R dflféfvswrb?rﬁmyﬂhoqcva srdopratipafiggtestggiecs Metct or

conduct or or PLRELT EREGE meld STL0S, Ach Lokl oP ARRAE LR fon il ne
surface of source and drain diffusion areas and gate conductors in a single step after the
implantation step. If etch-stop dielectric 560 is used, then selective metal silicide must
be formed on gate conductor material layer 540 after it is implanted, but before
depositing etch-stop dielectric film layer 560. A separate step of forming selective metal

silicide in diffusion areas will occur after implanting the diffusion areas.

To form a wafer portion 600 as shown in FIG. 6 from wafer portion 500 in FIG. 5,
gate conductors and interconnects are defined in the stack of gate oxide layer 530, gate
conductor material 540, and etch-stop dielectric 560, leaving the top of each gate
conductor covered with etch-stop dielectric film layer 560. Next, sidewall spacers 650
are formed on the sides of gate conductor 540, encapsulating gate conductor 540 in
dielectric, and diffusion areas 620 are implanted Passivation oxide 630 is formed over
the structures and contact holes formed therein for diffusion contacts (not shown).
Notably, gate conductor 540 is covered on the top with etch-stop dielectric 560, thus, the
encapsulating material will remain after the contact hole etch. FIG 6 shows diffusion
contacts 670 formed in contact holes, wherein no contact border is needed to prevent

shorting between diffusion contacts 670 and gate conductor 540. Instead, etch-stop



dopi ng the polysilicon portion; doping a plurality of diffusion areas in

t he surroundi ng areas; providing an at nosphere contai ni ng anmoni a; and
exposi ng the gate conductor to 100-2000 expose pul ses of laser irradiation
with an energy fluence of 200-700 mJ/cnR in the presence of ammonia at a
pressure of 101500 tort, thereby causing4sel ective surlege rba.rzﬂ@él on.
Accordi ng to anot her aspect of the present invention, t rg J i ded a
nmet hod for form ng a gate conductor cap in a transistor conprising the
steps of: fdiglertme SA0 poliy place dopreyent shomting and daviee demmdtycis dncreased sseosthe at e

havi ng a seni.conduct or LtLkon: doping the silicon portion; doping a
plurality SPntaftﬁoEesgi‘%?{egﬁgﬁdFﬁb?rﬂg g%%%ﬁ"ﬁ%‘ff&%?’t%r portion; and capping the
gate conductor bYherffse} ihege Brikted dendbdpoSprovide.a Weeiodi 6f fabEcatingPbdlertad®pi Ny
the gate conductor by selective nitride deposition, conprises exposing

st ruct ur es CPERRE tha ¥ qompatible wighhenreans pligen B9te fabrisatign HTOeRsSEx pose pul ses of
| aser irradiation with an energy fluence of 100-500 mJ/cn® in the presence
of a 10:1 volunetric ratio of ammoni a and sil ane, respectively, at a

pressure of 0.1-760 torn. Acc@IChYSUIREOGIINMENEBEt of the present
invention, there ,s provjde nmet hod..for form ng.a gate.cond or_c in a
transi stor compr ASABhle € e % !"SF erirass Sl MGy PRES i BETEN A B o o
conduct or  Gir farminRS! thaisBtdIRdViRg adafRiBna OGP RomPEIsTn Y steBMmg t he

pol ysilicon portion; doping.a plurali t¥ of diffusion area in the,

sem conduct or por@THAZ RAIYEGHN PRItiom O gagate copdistarn pysubstraise haYiBe &(af ace
ni tridati oRyroundifPihe teacomtgpoz wherein the step of capping the gate
conduct or by serf ectivé surface nitridation conprises exposing structures
formed on the sedbpmgdocpaysipomipastion;o 100- 2000 expose pul ses of | aser
irradiation with ap.ener J 1 uence.of 200- 700 [cp® in the presence of
anmoni a at a preéﬁsj)l & a&I‘%%B{ylwsé?l}?‘m c€o %?unrll}]gouﬁ‘g%gr% ‘er aspect of the
present inventi oprovidiapan iatmgsphstiedemhpaisinghitagehcandf or mi ng a sem conduct or

device conmprising the.steps of: formng a polysilicon portion,. of a gat
conductor on a s_g‘[ﬁ%‘{}‘f‘tgige&‘ﬁé?fenboné}ugt@fﬁtg%%‘gj&t PYNE S ?tllﬁ%?:’)ih#’g‘ ]E‘?"i’é‘gg of
pol ysi | i condpsliykiBibon PERION%aR Rlddvaly fow Rlatidp fdfusé Qiréd hiead B®h that a

sem conduct or” portion; cappi ng t he gate conduct or bﬁ' sel ective nitride
deposi t i on:siligad nitsideicap 1&38}@@ loweisthg odysdisan pettion while gheggitieonceitrireceapris

not formed over the surrounding areas.

According to another aspect of the present invention, there is provided a method
for forming a semiconductor device comprising the steps of:

forming a polysilicon portion of a gate conductor on a substrate having areas
surrounding the gate conductor;

doping the polysilicon portion;

doping a plurality of diffusion areas in the surrounding areas;

— providing an atmosphere comprising nitrogen;

irradiating the gate conductor, the irradiating causing relatively high heating of
the polysilicon portion and relatively low heating of the surrounding areas such that a
silicon nitride cap is formed over the polysilicon portion while the silicon nitride cap is
not formed over the surrounding areas; and

forming borderless contacts to the diffusion areas.

According to another aspect of the present invention, there is provided a method
for forming a transistor having a gate conductor cap comprising the steps of:

forming a polysilicon portion of a gate conductor on a substrate having areas
surrounding the gate conductor;

doping the polysilicon portion;

doping a plurality of diffusion areas in the surrounding areas;



wherein the step of capping the gate conductor by selective nitride
deposition conprises exposing structures forned on the sem conduct or
portion to 50-300 expose pul ses of 308 nmlaser irradiation with an energy
fluence of about 300 mJ/cnR in the presence of about 100 ccmimin of ammoni a

and about ccnmimn silane at a pressure.af-1-10 torr. ﬁg:ﬁﬁrnggbﬁ anot her
o

aspect of the present invention, there is provided a rmng a
sem conductor device conprising the steps of: formng a polysilicon portion
of a gate conducprwviding an siuivsphese @Manlng@nan@narambslbmc;tmd portion; doping

t he pon5|I|con I’th LN of diffusiqon are
(e oLy 10N Beloldloe SRR P40 e e e OB Bt S,
nitridati 0lnerg§nﬂnemda dfNe0S0emMEmTaphE Beestite dat i®): L osltRiky rabm oi‘i@h@ﬁ‘dma/e
surface nitridation conprjses exposing structures formed on th

sem conduc®®? siie; FesReqtiyelnatie PIessuiexo 780 tes ﬂwrebywuﬁwgw&kéwve nitride
I rradi atloaelyg ;tﬂ,nan energy fluence of 400-500 mJ/cn2 in the presence of
about 100 ccr‘r{sm n of ammonia at a pressure of about 1200 torn According to
anot her aspect ofctdrdingrtessother aspeditaf e, preseat mwestlcpn, dhire édpravided nsnethaodt

conpri si ng el.ectric on substrate ate uct ron the gate
dielectri cfor% ngfq?nalstgr Vl%iggtF@ﬂ% E)oéccﬁp g?rg R ﬁbepsg "on sides of
the gate conduct @rma atpatystitos pdiriedreef bigate tHRIuSRAGA $ s@@l&@ﬁd hgigoarnas s of

the gate conductor, wherein a top of each spacer is below a top of the gate
conduct or ; Smmdmg the gate conductor;

doping the polysilicon portion;

doping a plurality of diffusion areas in the surrounding areas;

providing an atmosphere containing ammonia; and

exposing the gate conductor to 100-2000 expose pulses of laser irradiation with
an energy fluence of 200-700 mJ/cm? in the presence of ammonia at a pressure of 10-
1500 torr, thereby causing selective surface nitridation.

According to another aspect of the present invention, there is provided a method
for forming a gate conductor cap in a transistor comprising the steps of:

forming a polysilicon portion of a gate conductor on a substrate having a
semiconductor portion;

doping the polysilicon portion;

doping a plurality of diffusion area in the semiconductor portion; and

capping the gate conductor by selective nitride deposition,

wherein the step of capping the gate conductor by selective nitride deposition

— comprises exposing structures formed on the semiconductor portion to 10-1000 expose

pulses of laser irradiation with an energy fluence of 100-500 mJ/cm? in the presence of a
10:1 volumetric ratio of ammonia and silane, respectively, at a pressure of 0.1-760 torr.

According to another aspect of the present invention, there is provided a method
for forming a gate conductor cap in a transistor comprising the steps of:

forming a polysilicon portion of a gate conductor on a substrate having a
semiconductor portion;

doping the polysilicon portion;

doping a plurality of diffusion area in the semiconductor portion; and

capping the gate conductor by selective surface nitridation;



a gate conductor cap abutting the spacers and covering the corners and the
top of the gate conductor. According to another aspect of the present
invention, there is provided a transistor conprising: a gate dielectric on
a substrate; a gate conductor on the gate dielectric; sidewall spacers on

sides of the gate conductor and the gatgpdi el ectric; d monduct or
cap abutting the spacers and having a bottomt hat isﬁ@n@%ﬁ of the

sidewal | spacers and a top that is above the tops of the sidewall spacers.
The foregoi ng anwhetelrethef stept of eappingitha gatencagliastoobytselechve swfitce imividatioron

ill b t f .the follow ticul d [ pt i f
breferred SHEBHISHPLIBE crRiren Jueron, e Sanicpilir satiomn i P 2e@hmmpess i ng
drawi ngs. puReBofQaser hrrd@idfoBRlitaFan netdy Middod! (ER0DRONMNEMPE RS prégénce of

enbodi ments of the present invention will hereinafter be described in
conj unct i oAMFRANEA AtHeTEsSPERidd- IP0AUPTHgs, where |i ke designations denote Iike

el enents, and: FI « I I E : ‘ 1

borderl ess gate- sAtQF?Jrg:i{d&ft 82&%&(1:1%}(/)\%%}3%3&?12% gljggérf%pg? ?%%Etet%g(ﬁ ‘2‘{‘3’?{{“%%91 Iit?ﬁlemd
present i n¥arfbiming alse@icoddiustondayiteaiolnpdisingdle stesgpfam f or step 1S0 in FIG
l; FIG 3 is a cross-sectilon | Vi e\(}v. of g wafter Bﬁrti on show’hI a,shorted
gate; FIG 4 is LTPFRES BRYFIEON POTHoRPhA BaGH00ARh PPt S fJayng 4
bor dered ceahiohduckdrportfor;S a cross-sectional view of a wafer portion
internediate in a nethod for form ng borderless contacts according to
conventional net HeRIBE e ralysiliGon pertiaess- sect i onal view of a wafer portion

that results froﬁ%@gﬁﬁl@i&%{f fkﬁgmn@egqﬁ%gﬁ%ﬁgﬁaéﬁéﬁog.’ccor ding to

conventi onal net re cross-sec ws of wafer
portions internedipping the gateeondudiarchyi seldeti@GSnitrideadegoditiomrddFI G 16 is a

cr0sS Fect 1on V! Bt SoEhel R AR URY HR QBAISP S, Com e o
CARRYI NG OQUT THEwhMEINTHeOMep of capping the gate conductor by selective nitride deposition
comprises exposing structures formed on the semiconductor portion to 50-300 expose
pulses of 308 nm laser irradiation with an energy fluence of about 300 mJ/ecm® in the
presence of about 100 ccm/min of ammonia and about ccm/min silane at a pressure of
1-10 torr.
According to another aspect of the present invention, there is provided a method
for forming a semiconductor device comprising the steps of:
forming a polysilicon portion of a gate conductor on a substrate having a
semiconductor portion;
doping the polysilicon portion,;
doping a plurality of diffusion areas in the semiconductor portion;
- capping the gate conductor by selective surface nitridation;
wherein the step of capping the gate conductor by selective surface nitridation
comprises exposing structures formed on the semiconductor portion to about 300 expose
pulses of 308 nm laser irradiation with an energy fluence of 400-500 mJ/cm?® in the
presence of about 100 ccm/min of ammonia at a pressure of about 1200 torr.
According to another aspect of the present invention, there is provided a
transistor comprising;
a gate dielectric on a substrate;

a gate conductor on the gate dielectric;



According to a preferred enbodi nent of the present invention, a nmethod is
provided for form ng a gate conductor cap in a transistor conprising the
steps of: a) formng a polysilicon portion of a gate conductor on a
substrate having a sem conductor portion; b) doping the polysilicon
portion; c) doping a plurality of diffusjon areas int A tor
portion, and d) capping the gate conduct%ﬂ by a nitridnggiﬂ:§?2ﬂd chosen
6 - 2 ~0¢c T zooz fromanong selective nitride deposition and sel ective
surface nitridatiehed bk, sidewslRRpackisObNi Sdgr of ithte gapoogidusioncand thapgeatel

gat e conductor and borderless diffusion contacts, wherein the capping
occurred b)?‘leieqtﬁl‘i’rthﬁaﬁpi“%?ﬁs RERQTHIE c9TBYE Pftthe Halseongustonewheigin Ajtpp jafefach

deposi ti Ons?%‘rérﬁq;eﬁﬁ k\gg) %fq_?é gﬁgcﬁﬁ&urc{oqazﬁigon and wherein a portion of the
uri g

gat e conduc IS mas the nitridation nethod to | eave open a
cont act area for azatecmaludtot eapabntimgtthe ffatens nhd govaringltiBScorteraradd Hhe tap of
preferred nﬁth?d 100 for formng transistor gate structures is shown. In
step 110 of AR B 8@? fabrication of a wafer portion 1200, as shown in

FIG 7, is begun &%of‘cﬁﬁ%tﬂgaﬂoﬂf&'?dsbm it theChres@s iA9€htion, ah&enis Cirovided o4
substrate 780 followed by formation of a | ayer of gate oxide on

seni conduct'@PsISQHSAIPRABIE80 and formati on of a layer of polysilicon for a
gate conductor on, theqip¥elc &if L&atexi de. The | ayers are then patterned,
removi ng unneedegl%ortFons(ﬁndiggév?nb gate oxide portion 730 and

pol ysi | i con portiagatd carGluctaf bethesgabpdigtectriciret hod 100 in FIG 1 shows

optional step 130.of f.ormn at.e conduct or cer St 130 i s_considered
optional in the € (gemaflltsllfﬁ?ergﬁlgﬁlgf’ssoﬁﬁ%gﬁSf”&‘@%ﬁ’f@B& tlgp%agegglgfém, %ré&)f or med
in assloci gti on \rll\/iat%até condcRY c@1]§ aB@t:tiylgitlfé St e Cenidi minggégotta’miugmﬂ i@gar?hSathlSEd
to scale down the di nensions of polysilicon portion 40. so_that the

resul ting é%ﬂsé’fé%ﬂﬁ?}i"gfsl’\%?rﬁ apa &P&%P‘é? above tlcl)?]t.ppagg isidedepllispasess ef f ect

transi stors (FETspheVhlekoidf sh@Ster f@aﬂgemﬂa%fvanﬁ%esl SMBE pROUR linveisR will be
dependi ng on the dinension of any spacers forned during trimmng, it nmay be

desi rabl e tappdrentnfrerd dhe fodlealing patepartieular destripficsy ofspreferreg gadodiments of the
Accor di ngl y, dofiof SRAG ate‘afin‘?heca%%ﬁ}aﬁlﬁg&rﬁ%ﬂleggi mension i s not produced
tRe di el
2

during trinmmng, nensi on may reased in step 130 to conplete
formati on of gate conductor spacers. ~s 0 C ~t Zoo2 Step 140 of
doping the source, drain, and gate then form ng netal silicide is also
exenplified by wafer portion 1200 in FIG 7, wherein "doping"” includes ion
i npl antation, chem cal doping by heating wafer portion | 200 in the presence
of a dopant, and ot her nethods known to those skilled in the art for

form ng di ffusion areas and dopi ng polysilicon gate conductors. Wfer
portion 1200 may include any of the structures fornmed in keeping with the
preferred enbodi nent of the present invention as described for steps 110 to
130 above. Accordingly, wafer portion 1200 preferably includes gate
conductor 1240, which may be trinmred or untrinmed, gate conductor spacers
1250, which may be fornmed during trinmng, during step 130, or both, and

di ffusion areas 1220. For wafer portion 1200, it is an advantage that a

si ngl e doping step may be used to formdiffusion areas |220 and dope gate
conductor |240. If gate conductor 1240 were capped as in FIG 6, then it
woul d be necessary to dope gate conductor 1240 prior to such capping and
step 140 woul d only include doping diffusion areas 1220. Form ng net al
silicide in step 140 includes nethods known to those skilled in the art for
formng TiSi X, CoSi X, or other netal silicides in the surface of diffusion
areas 1220 and gate conductor 1240 to decrease sheet resistance. Wile it
is preferred that step 140 include sonme effort to decrease sheet
resistance, it is conceivable that such effort may not be necessary in all
cases. Accordingly, formng netal silicide is considered optional in step
140 of the present invention. For wafer portion 1200, it is also an
advantage that a single step may be used to formnetal silicide in

di ffusion areas 1220 as well as in gate conductor 1240. If gate conductor
1240 were capped as in FIG 6, then it would be necessary to form netal
silicide after doping gate conductor |240, but prior to such capping, and
step 140 would only include formng netal silicide in diffusion areas 1220.
8 Zaoc-r ZooZ In step 150 of nethod 100, a cap is selectively fornmed on
gate conductor 1240, or another gate conductor fornmed according to the
present invention, such that borderless contacts to diffusion areas 1220
may be used. FIG 2 shows step 150 in nore detail, wherein step 151

i ncl udes selecting either step 152 of not nasking |ocal interconnect
contact areas on gate conductor 1240 or step 154 of at |east partially
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si mul t aneously scaling down the size of polysilicon portion 1240.

/ Essentially, the source - for the silicon in the silicon nitride filmis
the sil-icon atons near the surface of polysilicon portion |240. Thus, as
the silicon atons near the surface are reacted to silicon nitride, the size
of polysilicon portion 1240 decreases. FIG 8 shows wafer portion 1300
wherein gate conductor 1240 from FIG 14 has been capped by sel ective
surface nitridation (step 156) after ngsking | ocal inhe connect cont act
area 1375 (step 154). Masking other areas is a prefer eél @Gt.ﬁ_(ﬂﬂUZOut i s not
required for the invention to operate since it is likely that only the
polysilicon will heat suffi BRARFIDESGRIPBION QF DRAWINGS i I m Wafer portion
1300 includes gate conductor 1340 with a dielectric film 1360 grown thereon
according to a preferred enbodi ment of the present invention. Dashed |ine
1325. indicates thefefiieientbodimeits efathe prsert untentiod R410 hareinaftet e dgsorbdd inf
dielectric film 1360 and shows that the dinmension of gate conductor 1340 is
reduced conp@nimction with the apnendeddrawings, Whasohke desigrations demotelikeglementss hows
that dielectric film 1360 essentially forns a cap to isolate gate conductor
1340. As described earlier, the growh of dielectric filmby selective
surface nitridation involves absorbing of laser irradiation and reacting
silicon atons ne the surface to formsilicon_nitride ccordingly, if the
material does not'Guffs eHeHt IWﬁ@éI‘OWB‘@r? mpe Sqfrfﬁn?légéP"AquIF%oﬁaé‘? ISt hen
no dielectri ik il ' G .surface is nore rich in
silicon than&gzr)]ﬂg% etwasﬁdsgggg?n@hgﬁl?%éfge{ﬁ?%%fﬁtﬁwﬁmghrface wll tend to
_pronote faster diHGeRtisadethilédflgwdidgram donstepelbOtia FiGel ot her surface. It is
even conceivable that no dielectric filmwll grow on a surface that is
sufficiently silildbh3pbsrrospeestigpalyigw ogaWéfee@ﬁamsapwwhogegaﬂéd

pol ysilicon and : OL 4 s . Sl J or
11 Con i tri de. iond B EHE-EuRRAEL of ST pErEATBRR 4 bAALIGCY
wi |l grow di el ectFIGe 5fis & ordsS6ditibasitvigw bhawagatpertianduahediaeinaeichdP .

Neverthel ess, other material known tfo those skilled in the art may be used
for gate condfaingbosdeless contaotpacsordingtp oopuentiopalonethads;are silicon-rich and
wi |l heat sufficige ks HRARBRIQRAIVIGY bRS Glatdr oA Abh GBS il R Phos
include silicon-rich silicon oxynitride ang SI|ICOI’]-I‘IC?‘| silrcon nitride.
The result i|formhgtbolderlesctantacts adcordlidbd cvayehenelquethbys;t hi ck in the regi on
cappi ng gate con or 1340 as it is in the region capping gate conductQqr
spacers 1250. Acg}gﬁﬁ' AgiPyRre e1pss-seehipralfiewsf W?‘fg%?ﬂrf’@hs IPWBPE‘%éTé" 1p the B od
thi ckness scgnaikos @5 dige! ectric film1360 and the rel ated nethods of
formation. FIG 9 shows wafer portion 1400 wherein one gate conductor 1240
from FIG 7 has ohlG 1beeacias-sdctibh yievapiredafoy perios chowimgdordedless guntacksdat i on
i | ocal 'eraterconnect @f(r)nt act area.l1475 (step 154).

t 156 t Ki.ng:
,(Alssgl,o the) gZ{OE%E%H‘gff?é@gg t%?)ai?é?r'é FPbQdURE T Hfe IIETERL BIYSREh il con

oxynitride so a nitride filmis growm thereon as well. Essentially, the
masking feature of th Kﬁg I r irradiation system can be used
selectively to grow aw Dﬁfmgﬁlﬁg@%rfﬁEwmctor 1240
and gate conductor spacers 1455. Thus, by masking | ocal interconnect
contact area 1475 and gate con%uct or spacer 1450 fromthe |aser

i rradiation, wafefCHIfTEIMaRIoISIcA eMbadunsss Pt theiprgseptdppaniogat Betwddsict or

| 445 and gat C i a .di.el ri €L 4

parti al 'y s Hereond 4 SRRk qdhgot b 8 Lt R chiiphiin B debsairoi”
conduct or 12&0mangh pelyslicanphribwof s pate eondukbd? opra wbstiale Padng B sa@hicdhdloemt ri c
film1465. Wafer p gﬁfon 400 al so includes capped gate conductor 1440 and
gat e conductﬁﬁn@ﬁds pingAhe polysilcen porEpE) dopingia plyralporighisnion pepebyihe
Dashed |i ne i ndi t hej i i [ or r h.. hel I.C
Fim 1460 Aseacai Rt Bofpoy ALY SRR RRe Bidiludh b el gl s RURYRRRLE, o
1250 in FIG 7 nmay al so be capped by selective nitride deposition. Step 158
essentially involves a novel, specialized technique for depositing a
silicon nitride dielectric filmon selected surfaces, such as gate
conductor 1240, rather than growi ng such a film By neans of |aser nedi ated
filmdeposition, these steps nay selectively cap the exposed surface area
of the 11 2 8 ocT Zooz gate conductor. Gate conductor 1240 and spacers
1250 are irradi ated, preferably at 308 nm w th a high-power | aser
irradiation-systemto heat the surface in the presence of ammonia and

sil ane, causing deposition of a silicon nitride filmonly in areas heated
by irradiation. As discussed above, only sonme materials will absorb enough
| aser energy to heat sufficiently, so masking is not necessary. Masking is
preferred, however, to ensure that proper filmdeposition occurs. Sone of
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Al t hough not a preferred enbodi nent, FIG 12 shows yet another of the many
possi bl e enbodi nents within the scope of the present invention. Notably,
waf er portion 1700 does not include spacers formed in the usual manner.
Accordi ngly, the nethod used to produce wafer portion 1700 invol ved dopi ng
gate conductor 1740 and | 745, trinmm ng ggte conductor 1

dielectric filmI760 in place after tri nﬁl ng, doping di ff&&ﬁ?azaﬂz | 720,
and capping dielectric film21760 with additional dielectric filns 1765.
Deposi t1 onfrof adwingi sehetiveli wirgiet dépositiohnarid7 8&lectiye berfaveenidridatioen Alidyi xker

dielectric, | aver than S, grown .during trimmng i.s desir 0, suf f |entIy
o oot o CRBEb I Phoie SoRiRsih A ettt BHb rhoafut Al et it iddriigt | o
film eachcomadigdwhstrein ticf t@?ﬁigt odBRERA Wy B nitritfa6k GNEREd cBOhafbmAkfang 775
remai ns open for formation of interconnect contacts without requirin

et ch_t hr ougpledtivainitride wepesition and selefsvg surfageqnitrigation prdcwherginep pegionat thet hod
100 incl ud ae%ﬁxg&t?ctc%r i thallte 'gftR at‘?fog'rﬁcfthéd TeaVe e%pen%“édﬂt%? a for a
pa35|vat|o oxXIl 0 cover r|ca ruc ures discussed above,
filling gapsabmtereamindst. Any d|electr|c | ayer known to be suitable by those

skilled in the a ste n s.are et hed into
t he passivation Bif H%XS &Fﬂ?ﬁeﬁug}c{% eJEft%smStﬁaé Elghsfh ey kﬂrﬁflmﬂ‘ g?nstl agate

I nt er connegfrudt@Bs oW, Bt Pnﬁbﬁﬁfkﬁmd'lfool RbEEAMNGICE w@féli'tp@ﬁiorﬁrms ayere
| eft open during cagglng, as shown in FIGS.  8-12, then diffusion contacts
and | ocal FhRVER dBrfiEet7, cisriegun Dymigrming delatinnq stigateres 90ni a8 serugondpgtor

i nt erconne t ¢ r i ng
(not shovvn?ﬁtt en -ggr@])t 8%??’%‘?53 etc Mgtogg lﬁ%mfgaﬁge&{}l&?é% s?rgfcg%(g%ftcgr%gb&?a?@

i nt er conne@80 codtfannatmmneafsa lélywsaf patysﬁhtdhtfonaagatafrasridubm ozt thiei lagerogfegete he

| ocal interc nn t ,cont ac required so that .the ad |t| na
boon w1 AR 3he 1S AE e et eingReliitedsd BoBfor ARl et ThelAtd on
al | ows conbaﬁto& 130 ﬁidfﬁdlﬁdllﬁhbnq{o@@&l I eAber step [1€8smetidll €00 AR FIGON sASWH i n

FIG 13 shows a_ passivation oxide Ia% 1830 that was deposited on %ﬁter
potion | 60@1)54?%5@@30@{ formeing 1gats congprier spacery, Stedp! 07 09851F1‘E¥F%°8P‘P1’f &R on

contact holigs et GnaNghak &S alre ik Gle&ARH] e%a@é?é“xﬁé‘yt b8 Gbfndd e -asdelatics Al

| ocal interconnect contact area 1675 is open, sO holes for contacts to

di f fusi on &ieming obwplymlicanqueation H48r clormems lé@mca@tscalueébzwpdhe diagnsisas of
defined w t8 €. 58 | 240
e capped By ARPEERIGPPHTIE i Wp bl Bud FROMSP wil ¥R 4Rl e

cont act s. efateddidld effedt IBsistor silvi ted apd spératatat cmg r.| Ay

t act w&b edidld effedt fsistors{FETs)wilkbofus ama tat dowangosier.| Ay

1930 t hat wa ﬂ 0Si d on mafe ortlon 1508§IrontFlG. 10, and t(g gﬁched
as in step EW%‘F% ?T&RB dﬁ?ﬁ?ﬁ ufigEg Srmming-dt B2y b5 Ertdhlnect

cont act hok@f&ﬂtleﬁldttldhﬁpézpabﬁtrﬁzi@@d]fb@@if sueR Bparets. aat@ardtﬁg@ if & sPRRA of ¥Efhin
t hough gate conduct or, 40 is otherw se capped by dielectric film 156Q to

al | ow for HeHErdrdimension 45 pl AduCSA ARG tripyiRg, the MeFIoppey bs irfregseq gn
shows anot ke, 180¢8 esmhediBhRsiiER eaf cohlifr @agnt. 1 nvention wherein a gate
contact area 2077 was nasked during irradiation. Accordingly, gate contact
hol e 2 aoc T zooz 2010 nay be defined along with diffusion contact hole
1910 and | ocal interconnect contact hole 1915 with a single mask and a
single etch step. Once nethod 100 is conpl eted as descri bed above, then
nmetallization may be deposited to formdiffusion contacts 2170 and | ocal

i nterconnect netallization 2171 as exenplified by wafer portion 2100 in
FIG 16. Gven the nunmerous options that are possible within nmethod 100 of
FIG 1, there are nunerous possibilities for structures that may be
produced. FIGS. 3-16 present only a few of the possible wafer portions that
may result from nmethod 100 and ot her wafer portions are conceivabl e that
are within the scope of the present invention according to the preferred
enbodi nent for nethod 100 shown in FIGS. 1 and 2 as discussed above. The
exanpl es bel ow set forth specific process conditions for perform ng various
steps of method 100 and, thus, each is presented as a nore preferred

enbodi ment of nethod 100. EXAMPLE 1 Substrate Preparation. A conplinentary
nmet al - oxi de sem conductor (CMOS) logic silicon substrate is prepared which
has isolation trench structures, gate oxide, polysilicon gate conductor
with oxide/nitride spacers, and diffusion areas defined. In a typical
application, the isolation trench is etched 0.2-0.3 mcroneters (gyn) into
the silicon wafer. The gate oxide is 3-5 nanoneters (nm thick. The
polysilicon gate is 0.100.25 umw de and 0.1-0.2 ,umthick. The spacers are
10-20 nmthick for the oxide |layer and 20-30 nmthick for the nitride

| ayer. In a CMOS structure such as this, the gate conductor and diffusions
have been doped after etchlng the gate to prOV|de suff|C|ent conduct|V|ty
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16 2 a OCT 2002 silane are appropriate, providing a 10:1 ratio of ammoni a
.to silane as indicated in U S Patent No. 4,672,169 to Chanbers, that is

i ncorporated herein by refer-once. The pressures of reagents should range
fromO.1-760 torr, with values of 1-10 torr being preferable. If it is
desired to deposit thick filnms of nitride, sone disilane may be bl ended
into the flow of reactive gases (about 10 ccmmn, at about equal pressure

to the silane). Nitride filns deposited by this nethod t
silicon-rich and will consequently al so absorb the 308- n'rgz] @vezooz

irradiation, allo inuoys filmgrowh to To sone exient, the
silicon conposi tl%ﬂﬁp 2‘3’;@ ‘iOR}% tlf*saowe AR Wﬁﬁ%&Fgﬁml%m@M@gl i1} Also
the reactant, iR i “ on of

bor derl ess ngﬁ@ﬁfi dg?“g?%é{?gtg?nte fll F%tfﬁ% ir)lﬁre}’zsz1 né*fin&%é% nm wth
preferabl e Valplesativh, bkerdiofl dopingiehdacihy siafer portionf1200¢n ghetpreseaselofcd dopant

sel ectively heated by this expose process. As such, the nitride deposition

is limted tapdwoserangibedsknowmye thase skillsd i '@é@ﬂcfﬂr fomaingdiffusionaices srd By
means of the rraskl abi I| of t ose.t nts of the
gate conductPTERP gs %‘P I:et? PEOEo @%/ &?Wmﬁm‘%h‘ﬁ 6’? portions
of the gate SRBAIBIMERM KeRPRbWifll B8 pff'chextréH SmBbBMBRL dfithe prESéut ﬂ?ﬁ:ﬁtlbﬁas

desi gned such that contact areas for the gate contact and | ocal
i nt er connectdesentmdrfonstepobliletd 130 ahove. t Adcdedinglh) Wafepportion 120®prefehablgat e

conduct or ad nt to sourcel onta ts. are coated wifh nitride. As a
result, the! b?leﬁtsr@t%?mtdﬂg@élgﬁt ¢smay, Pe Hipmsd Bagewgt%ﬂatsm@mf
dlelectrlc 0 ctor.
EXAMPLE 3 Sel gf’f‘?ﬂ%ﬁs%gg@a B FeinleBRG ﬁrﬁﬁt‘%dp b tggg%@g%O&

Ammoni a. A ddiffusion aveas @220 Litmtwafmqmraorptmﬂ)attesiamad\ahtagethawatshtgl@ddpmng' step

di ffusi on and gate str ctur, 2002 pl ace of depgsiting a
silicon nit riPEEbe ysrdto mﬁ&%@p@l@@ﬁﬁ&%%ﬁ P S5 PdREOF Rl 1 r?&&?eat ed

wafer to sil 0

Ao & vapor oy B dapboofasif FRYL ¢ A LRD Bl denepRRES Bt 0o oy
308 nm is ecomdsetdr 1234 0gpruono aychacapping@od steptidd deutd onty dabudesloborgndiffusion t he
surface of the sjlicon. Filns as thick as 500 nm nay be grown by this
method. I'n ¥ 2P i con gate according to the present invention, 50-100 nm

of nitride are desirable so the sanple is irradiated with an energy fl uence
of 200-700 mi/cn_per. pultsjﬁ or, nore preferably 400-500 mlJ/ cnR

presence of 10 156?3“{“6% ety siligidsn stepdo m!gieﬁ,x%qrt@dét}qngpwa%gtosq@g@eé B‘?\the
anmoni a, at OH‘%FhélOVCcf“sldHf @tth'epﬂteféli sitiffe 08 Qﬁ'tjfac‘c%?if ?fEus%H s 1220

preferably about olysilicon i1s selectiv eate y t he
308- nm i r r achrak gatngorancton 124G 1r0|d¢erelaaa/sheet tssistaheactthléytlgpmfmradrthatheep 140

pol ysi licon 1§a1t § As dﬁscri aed i n FXAIVPLE 2, this sel t| ve ri ded gate
can be used HEMGe SRR ETGH tp QpGrrass SR THGTRISE] 1 LECoRsHY ?EhaF cé‘(ﬁ#

.with a local n&%@%eG&@%r\??ﬁ aneas%gffqeearaﬁaggn%rtﬁtﬁg ﬂetats&lettféqft&{mdewébtanal
singl e mask process | e the invention has been particu shown and
descri bed wi ltntﬁtmvel‘ﬁé)rqfrtbfepteeem nmsfeatior dF @rvsddr pativs 1%&; nteehlsoian avlr/dritaggehat
under st ood by .those skil he art . that varigpus chan in f rm.and
otai ts mmy LenBBaERTEy b et FOT Mabtiidadt Aiionrsese?p o whl wS b gt o
the inventi Odsbndeaepmmgﬂfgate%hmoxotzheweréeapiﬁ%btm@; 624h¥n & RN beNs of
the apparatus indicated in the drawings or herein are gi Ven as an exanpl e
of possi bl e wiceemsi orfermmctalsilicade atdridopingtgaronductor E0ybutimioessswhher wi se

speci fied, any sequence ste f.t thod in at t he dra S or
herein are g‘f%@ﬂ’gagn ﬁ%i@%ﬁ’&@“ %l%%% g&ﬁ%ﬁ@@“?ﬁ%& ‘ﬂ% St%argawiﬂ%
limtation. For exanple, it will also be understood by those skilled in the
art that the invention is applicable to different isolation technol ogi es
(e.g., LOCOS, recessed oxide (ROX), etc.), well and substrate technol ogi es,
dopant types, energies and species. It wll also be understood that the
spirit of the 2 80 CT 2402 18 invention is applicable to other

sem conduct or technol ogies (e.g., Bi CMOS, bipolar, silicon on insulator
(SA), silicon germanium (Si Ge), etc.). -19 CLAIM5 ~8 0 CT Q02 1. A
nmet hod for formng a transistor having a gate conductor cap conprising the
steps of .



formng a polysilicon portion of a gate conductor on a substrate having

' areas surroundi ng the gate conductor; doping the polysilicon portion;
doping a plurality of diffusion areas in the surrounding areas; providing
an at nosphere conprising nitrogen; and irradiating the gate conductor, the
irradiating causing relatively high heating of the polysilicon portion and
relatively I ow heating of the surroundi ng areas such that a silicon nitride

cap is formed over the polysilicon por@ion while the sili MY i ap is

not fornmed over the surrounding areas. 2. The nethod of czgﬁngg‘rvngi n

the step of providin t nos e conprising . ni.trogen further co i ses

t he steB of BroviIBisPFgf 13?} g%@‘gﬂ@%a&% Sa?iefﬁcﬂge%ﬁ?%‘r‘?ﬁé’nﬁ %“ﬁﬁﬁ@{ ‘k’dor

wherein the i L atd : i iLtride
Qb e chi @l lrbhted &%P@ﬁvﬁﬁmqr?@ﬁ&ég%&ﬁn RS SudtPlHRFboMEN s

deposi ti on. me claim erel e step 6f providing an

at nospher e @oRREistb Afidn Aganl R20midiete WwedPIRIGES slidvws sséelb0oih mere\dethilng an

at nosphere contai ni ng anmoni a, and wherein the step of irradiating the gate
conduct or cavksseinstapeldliineludesrselestingeither gtgpildA of not mpskingdlopadl dnigreoanestm 2,
further conprisi the step o or, g1 etc k gat onduct of spacers
to expose ccﬁpﬁgaﬁggr&fls ?rh%atﬁg?‘é‘{“(‘fgoﬁd?é@% SteR, E@ﬂofzﬁi?as patrgf)ﬁ%?m%ﬂg%{ogﬁgcer i's
bel ow a 1 0p jfferddife@RoRtabOIEMC (SUp 155 inaﬂlﬁem&ﬂﬂg@fthé‘r's?épn?ﬂ@of\fs'ﬁﬁﬁﬁ%gat%he_
steps of doping the polysilicon portion and doping a plurality of diffusion
areas are pewohducted]Zi0rhy sebeactveisirfack nitadainhordtepel S8atf edping by sstectiyeahigidecal
dopi ng and i(%g i.npl antation. 6. The nmethod of claim1, further conprising
the step of Pﬁ{% sel ective netal silicide sinultaneously in both the

pol ysilicon portion and the plurality of diffusion areas. - 20-280C¢C

T 2002 7. The method of claim1l, wherein the step of irradiating the gate
conductor f urt herSteBApe pssentiglydrylyes reyish specialized teshnigye fepgrawing ey

for & Local MeIGa0naE n TNENRNNAT A% GHALE dicnOBEAMCERBoTRR 20D

irradiating e gate conduct urt rises’ maski area on
the gate corBygieaiis dfdhsed ngdistedfl gbwth ShisAtapahiostidotitelly @i ol fidmas well as

sem conduct or, device caonprising the steps of . ) i
trim the exposed surface aréa of the gate conductor. Polysilicon portion 1240 is
irradiated, preferably at 308 nanometers (nm) wavelength, with a high-power laser
. irradiation system to heat the surface in the presence of ammonia, causing formation and
growth of a silicon nitride oxide film. The properties of the polysilicon are such that it
will absorb the laser irradiation and heat sufficiently to grow the dielectric film. The
areas surrounding polysilicon portion 1240 are not comprised of polysilicon, accordingly,

it is unlikely that the surrounding areas will heat sufficiently to grow the dielectric film.

For example, semiconductor substrate 780 1s preferably single-crystal silicon,
which has a higher thermal conductivity than polysilicon and readily dissipates heat from
its exposed surface into the substrate. Preferably, polysilicon portion 1240 is selectively
irradiated by use of a masking feature with the laser irradiation system. If the irradiation
1s masked to only expose polysilicon portion 1240, then it is even less likely that the
dielectric film will grow anywhere other than on polysilicon portion 1240. To grow the

film, the silicon at the surface of polysilicon portion 1240 is converted to silicon nitride,



formng a polysilicon portion of a gate conductor on a substrate having
~areas surroundi ng the gate conductor; doping the polysilicon portion;
“doping a plurality of diffusion areas in the surrounding areas; providing
an atnosphere conprising nitrogen; irradiating the gate conductor, the
irradiating causing relatively high heating of the polysilicon portion and
relatively | ow heating of the surrounding areas such that a sili con n|tr| de
cap is formed over the polysilicon porgion while the sili cgrgrq ap S
not fornmed over the surrounding areas; and form ng borderl ont acts to
the diffusion areas. 10. The nethod of claim9, wherein the ste

provi di ng anSlmuhtﬁsmW@C@WQVmﬂ@ smetqf@gb/ﬁllrmm P@iélﬂndaﬁ%rESSGBUQl[‘)}'etf@tS@prQﬁ
provi di ng an_at m)slohere nﬁ,ﬁ' nin | n the step

of i rradi at | f BHANERR of b EHER S B AEeT oM ter e SRR on 11
The met hod Oﬁolyélﬁumg v}ﬁqm TR HERi1Rn Rioh lgapﬂle%ﬁrta&era}épéa%fe% to
conprising nitrogen furt conpri ses the st ep of providing an atnosphere
cont ai ni ng asiiioon aitride) thedizr & polysilécontpepticr 1240rdackieatesng t he gat e conduct or
causes selective surface nitridation. 12. The nethod of claim9, wherein
the step of irradiating the gate conductor further conprises masking
contact areas on Fi® sHodserdFelysdrién 1300 whérealatd don@i@&eNIROrGAFIG. DPhS
contact. 13. The nethod of claim 1, wherein the surroundi ng areas conprise
si ngl e- cr yst b¢engiapperbby selective surfacg mitriglatiorp (oep 156) after masking local interconnect

contact area 1375 (step 154). Masking other areas is a preferred option, but is not

required for the invention to operate since it is likely that only the polysilicon will heat
sufficiently to grow a dielectric film. Wafer portion 1300 includes gate conductor 1340
with a dielectric film 1360 grown thereon according to a preferred embodiment of the
present invention. Dashed line 1325.indicates the dimension of gate conductor 1240
prior to growth of dielectric film 1360 and shows that the dimension of gate conductor
1340 is reduced compared to its prior dimension shown in FIG. 7. Also, FIG. 6 shows

that dielectric film 1360 essentially forms a cap to isolate gate conductor 1340.

As described earlier, the growth of dielectric film by selective surface nitridation
involves absorbing of laser irradiation and reacting silicon atoms near the surface to form
silicon nitride. Accordingly, if the material does not sufficiently heat upon absorbing
laser irradiation, then no dielectric film will grow. Also, if a particular surface is more
rich in silicon than another surface, then the silicon-rich surface will tend to promote
faster dielectric film growth compared to the other surface. It is even conceivable that no
dielectric film will grow on a surface that is sufficiently silicon-poor. Preferably, gate
conductor 1240 is doped polysilicon and gate conductor spacers 1250 are common
silicon oxide or silicon nitride. Thus, gate conductor 1240 is preferably silicon-rich and
will grow dielectric film 1360 faster than gate conductor spacers 1250. Nevertheless,

other material known to those skilled in the art may be used for gate conductor spacers



14. The method of claim 10, further conprising the step of form ng etched
+ back gate conductor spacers to expose corners of the gate conductor, such
that 'a top of each spacer is below a top of the gate conductor. 15. The
met hod of claim9, wherein the surrounding areas conprise single-crystal
silicon. 16. A nethod for formng a transistor having a gate conductor cap
conprising the steps of: formng a polysilicon portion of a gate conductor
on a substrate having areas surroundi nd0t he gate conduth)ﬁ; wm Egﬂzhe

pol ysilicon portion; doping a plurality of diffusion areas in the
surroundi ng areas; providing an_ atppsphere. contai ni ng_amoni a and sil ane;
and exposi ngt4’Rdhgjaresiberiteh ard wil hest seffioicatly spen ghspbing laser pagiation.

i rradiati on : f 1 - . ] ; a
10: 1 vol umec ek ARG BleAle sBRS R ARt BB AR SRR HREE B °
0. 1-760 t or nesifliBRRMicledtic AlinI8b@ fiay\be equdlly tRkIR BRILgibA Bappirg gdtbe net hod
of claim 16, wherein the step of exposing the gate conductor conprises
exposi ng t hecagdueor bifdastibis im the region sapmng gate ceducton spReB0A5ex poserdmglges

of 308 nmlaser irradi ation. wi.t n energy.fluence of abo 3Q0 .mJ/ in
Che  pr esencanbfedpe e rindneledRBnave ik R relpne aim 1960 '
respectivel y;,4ahe faemggﬁﬁﬁeogsg%f&gpagoﬁ_or r. 18. The nethod of claiml16,

wherein ammonia I's supp at about 100 ccmmn and silane is supplied at
about 10 ccmmin. 19. The nethod of claim 16, further conprising the step

f forming bord : i f.fusi reas, . 20. f
clai m 16t ur t ner DonsBPe) At phfisiodinetiin S B By LRGP IR 20 or
spacers to endRQ\R KRh rpaftﬁﬂlzfecapﬂse@ WaleRcEANSlIHFaCO hitrigation (5B 56) dfP niskidgc h

spacer is below a top of t gat e conduct or.
local interconnect contact area 1475 (step 154). Also, the gate conductor spacers are

formed of silicon-rich silicon oxynitride so a nitride film is grown thereon as well.
Essentially, the masking feature of the masked, laser irradiation system can be used
selectively to grow a nitride film on only a part of gate conductor 1240 and gate
conductor spacers 1455. Thus, by masking local interconnect contact area 1475 and gate
conductor spacer 1450 from the laser irradiaiion, wafer portion 1400 includes partially
capped gate conductor 1445 and gate conductor spacer 1455 with a dielectric film 1465
grown partially thereon. Dashed line 1427 indicates the dimension of gate conductor
1240 and gate conductor spacer 1250 prior to growth of dielectric film 1465. Wafer
portion 1400 also includes capped gate conductor 1440 and gate conductor spacers 1455
with a dielectric film 1460 grown thereon. Dashed line 1425 indicates their dimensions

prior to growth of dielectric film 1460,

According to step 158 in FIG. 1, gate conductor 1240 and spacers 1250 in FIG. 7
may also be capped by selective nitride deposition. Step 158 essentially involves a novel,
specialized technique for depositing a silicon nitride dielectric film on selected surfaces,
such as gate conductor 1240, rather than growing such a film. By means of laser

mediated film deposition, these steps may selectively cap the exposed surface area of the



- 22 - 2ao0cT?2002 21. The nethod of claim 16, wherein the step of

©* exposing the gate conductor further conprises masking at |east a portion of
t he surroundi ng areas, wherein at |east a portion of the gate conductor is
exposed. 22. A nethod for formng a transistor having a gate conductor cap
conprising the steps of formng a polysilicon portion of a gate conductor

on a substrate having areas surroundi ng the gate conduct or,
pol ysilicon portion; doping a plurality'lof diffusion ar eag Bnﬁﬁﬁ%ﬁf

surroundi ng areas; providing an at nosphere containi ng annnnia and exposing
an
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conductor is168 pb&eéhhelcss, spacers 1250 may be capped if formed, for example, from silicon-
rich silicon nitride, silicon-rich silicon oxynitride, or similarly absorptive materials
known to those skilled in the art. Suth spacers may be formed by the methods according
to the preferred embodiments of the present invention or by other methods that may be
presently known. To deposit the film in step 158, the desired deposition area is generally
irradiated with less energy than would be needed to grow a dielectric film in step 156.
Specific conditions are explained below. Also, because silane is provided as a silicon

source, the silicon near the surface of gate conductor 1240 will not necessarily react in

the deposition to reduce the dimension of gate conductor 1240 as it may in step 156.

FIG. 10 shows wafer portion 1500 wherein gate conductor 1240 from FIG. 7 has
been capped by selective nitride deposition (step 158) after masking local interconnect
contact area 1575 (step 154). Wafer portion 1500 includes gate conductor 1240 with a
dielectric film 1560 deposited thereon according to a preferred embodiment of the
present invention. FIG. 10 shows that dielectric film 1560 essentially forms a cap
surrounding the exposed portion of gate conductor 1240. Notably, etched back spacers
1550 in FIG. 10 do not extend high enough to be even with the top of gate conductor



- 23 2 8 OCT 2002 29. A nethod for formng a gate conductor cap in a

S transistor conprising the steps of: formng a polysilicon portion of a gate
conductor on a substrate having a semiconductor portion; doping the

pol ysilicon portion; . doping a plurality of diffusion area in the

sem conductor portion; and capping the gate conductor by selective nitride
deposition; wherein the step of capping the gate conductor by sel ective

nitride deposition conprises exposing gpructures formed o
sem conductor portion to 10-1000 expose pul ses of |aser |2r%$§t1l- aﬁmth an
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vol umetric ratawnendeaiadenn araund the cofers of galp eerqustary 24Q for befierancapsulagions - 10
torr. 31. The method of claim?29, wherein ammonia is supplied at about

100ccmmin and silane is supplied at about |Cccmimin. 32. A nethod for
form ng a gate coRWudtlshowawafar parttanal$0 siherein onpgate congluctos 124@ fromoff1G. 7

formng a po]ysilicon portjon of, a gate conductor .on su rate having a
Son conduct oy bR Rakall oS ISy PR e Ron Sei LRt pRarngs
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| aser irradi tseBiel, e A kaRReBgS otibr bk, Boer iFediaton exvers it BRufidesence
of amoni a afe|&REFSS YefostH a rittidk¥Ath &:P6Aly a part of gate conductor 1240 and gate

conductor spacers 1655. Thus, by masking local interconnect contact area 1675 and gate

conductor spacer 1650 from the laser irradiation, a partially capping dielectric film 1665

may be deposited simultaneously with dielectric film 1660.

Although not a preferred embodiment, FIG. 12 shows yet another of the many
possible embodiments within the scope of the present invention. Notably, wafer portion
1700 does not include spacers formed in the usual manner. Accordingly, the method
used to produce wafer portion 1700 involved doping gate conductor 1740 and 1745,
trimming gate conductor 1740, leaving dielectric film 1760 in place after trimming,
doping diffusion areas 1720, and capping dielectric film 1760 with additional dielectric
films 1765. Deposition of additional dielectric film 1765 may be needed when a thicker
dielectric layer than was grown during trimming is desired to sufficiently cap gate
conductor 1740. Noticeably, despite the two layers of dielectric film, each formed by a
different mechanism, interconnect contact area 1775 remains open for formation of

interconnect contacts without requiring an etch through a dielectric film.




33. The nethod of claim 32, wherein the step of capping the gate conductor

- by selective surface nitridation conprises exposing structures formed on

"t he ‘'seni conduct or -24 portion to about 300 expose pul ses of 308 nm | aser
irradiation with an energy fluence of 400-S00 mJ/cnR in the presence of
anmoni a at a pressure of about 1200 torr. 34. The nethod of claim 32,
wherein ammoni a is supplied at about 100ccmmin. 35. A nmethod for formng a
sem conduct or device conprising the steps of: formng a p‘]_bslsqn:ﬂ'c@ﬂﬂ@ort i on
of a gate conductor on a substrate haV|ng a sem conductor portron; doping
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sem conductor portion; doping the polysilicon portion; dop| ng a plurality
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so that the additional etch will not remove the exposed portions of the dielectric layer

that allows contacts to diffusion areas to be borderless.

Wafer portion 1800 in FIG. 13 shows a passivation oxide layer 1830 that was
deposited on wafer portion 1600 from FIG. 11 and then etched as in step 170 to form
diffusion contact holes 1810 and local interconnect contact hole 1815. Noticeably, local
interconnect contact area 1675 is open, so holes for contacts to diffusion areas 1220 and
local interconnect contact area 1675 may be defined with a single mask and a single etch
step Also, gate conductor 1240 is capped by dielectric film 1660 to allow for borderless
diffusion contacts. Wafer portion 1900 in FIG. 14 shows a passivation oxide layer 1930
that was deposited on wafer portion 1500 from FIG. 10 and then etched as in step 170 to
form diffusion contact holes 1910 and local interconnect contact hole 1915. Local
interconnect contact area 1575 1s open, even though gate conductor 1240 is otherwise
capped by dielectric film 1560 to allow for borderless diffusion contacts. Wafer portion
2000 in FIG. 15 shows another preferred embodiment of the present invention wherein a

gate contact area 2077 was masked during irradiation. Accordingly, gate contact hole



37. Atransistor conprising: a gate dielectric on a substrate; a gate
'.conductor on the gate dielectric; etched back sidewall spacers on sides of
the gate conductor and the gate dielectric, the spacers exposing corners of
the gate conductor, wherein a top of each spacer is below a top of the gate
conductor; and - 25 - 280 CT 2002 a gate conductor cap abutting the

spacers and covering the corners and the top of the gapeacC 38. The
transi stor of claim37, further conprigihng diffusion a&éiéﬁEﬁrghﬂﬁgubstrate
adj acent to and underneath the sidewal|l spacers. 39. The transistor of
claim 38, wh | n_surf L &f US] ' ' nmet al
ci 11 ol de 40, ZHruited Bk aPEFE: byl BRnAY RGRLRAR 1R0B) BRAERTEHSE I

conprises si bb@est Hold 19138yith a 4ihgle/mhskamdiasiple SOABehS Ohde nittidd B)0dk el ectric
on a substrate; a gate conductor on the gate dielectric; sidewall spacers

on sides of témeptadeasaiesaibetabowrthanhectgliizatiah mhybe dépositethtd farmaliffusion
conductor cap abutting the spacers and havi ng bottom t .S beneat h tops
of the sidewaPMa&pad @ncgw8aldn&ewnp?ﬁﬂnqt§ﬁ%w§IFﬁés %ﬁﬁ%prlgﬁedtm/ewgfgam@w
spacers. 42. ]’@Ue t%@j%.stor of claim4l, further conprising diffusion areas

In the substirate adjacéent to and underneath the sidewall spacers. 43. The
transistor of claim42, wherein surfaces of the diffusion areas conprise

sel eotive metal ol ol 88 mitdiopl BibiaE 2% Rssle ShitlTdthoa 106LPHRS W) had
are numerous possibilities for structures that may be produced. FIGS. 3-16 present only a
few of the possible wafer portions that may result from method 100 and other wafer
portions are conceivable that are within the scope of the present invention according to
the preferred embodiment for method 100 shown in FIGS. 1 and 2 as discussed above.
The examples below set forth specific process conditions for performing various steps of

method 100 and, thus, each is presented as a more preferred embodiment of method 100.
EXAMPLE 1

Substrate Preparation. A complimentary metal-oxide semiconductor (CMOS)
logic silicon substrate is prepared which has isolation trench structures, gate oxide,
polysilicon gate conductor with oxide/nitride spacers, and diffusion areas defined. Ina
typical application, the isolation trench is etched 0.2-0.3 micrometers (m) into the
silicon wafer. The gate oxide is 3-5 nanometers (nm) thick. The polysilicon gate is 0.10-
0.25 um wide and 0.1-0.2 um thick. The spacers are 10-20 nm thick for the oxide layer
and 20-30 nm thick for the nitride layer. In a CMOS structure such as this, the gate
conductor and diffusions have been doped after etching the gate, to provide sufficient
conductivity. After the doping is performed, the gate conductor can be selectively
nitrided, covering all areas of the gate conductor except where the gate contact and local

interconnect must make contact A selective nitridation is accomplished by using a
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10%& ( ) 3100@3%83&: ;ﬁﬂ&lsz' cn ila%é@ﬁ'om 10 to 1000, depending on the desired thickness of

deposited nitride; preferred values are from 50-300 pulses. The substrate temperature
can range between 500 and 1200 °C, with values of about 850 °C being preferable as
indicated 1n U.S. Patent No. 4,592,933 to Meyerson et al, that is incorporated herein by

reference.

During the expose, the ammonia and silane gases are placed in the immediate
environment of the wafer. This is accomplished by utilizing the evacuation and chemical
injection system of the Verdant Technologies laser expose tool. Prior to introduction of
the reactive gases, the wafer is placed in the expose chamber, the chamber is evacuated,
and a flow of ammonia and silane is established in the process chamber. Suitable flow

values of 100 cubic centimeters (ccm)/minute (min) of ammonia and 10 ccm/min of
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Patent No. 4,672,169 to Chambers, that is incorporated herein by reference. The
pressures of reagents should range from 0.1-760 torr, with values of 1-10 torr being

preferable.

If it is desired to deposit thick films of nitride, some disilane may be blended into
the flow of reactive gases (about 10 ccm/min, at about equal pressure to the silane).
Nitride films deposited by this method tend to be silicon-rich and will consequently also
absorb the 308-nm laser irradiation, allowing continuous film growth to occur. To some
extent, the silicon composition can be varied by varying the relative composition of the
reactant gases, as desired. For applications to the formation of borderless contacts, the

deposited film thickness can be 10-200 nm, with preferable values of 50-100 nm.

The polysilicon of the gate conductor is selectively heated by this expose process.
As such, the nitride deposition is limited to the exposed polysilicon surface of the gate
conductor. By means of the masking capability of the Verdant expose tool, segments of
the gate conductor can be selectively coated with nitride, while other portions of the gate
conductor can remain free of this dielectric. The mask is designed such that contact
areas for the gate contact and local interconnect remain un-coated with nitride, while
portions of the gate conductor adjacent to source/drain contacts are coated with nitride.
As a result, the etching of these contacts through a passivation oxide dielectric can be

borderless with respect to the nitrided gate conductor.
EXAMPLE 3

Selective Surface Nitridation of the Polysilicon Gate with Ammonia. A silicon

wafer substrate 1s prepared as above, with isolation, diffusion and gate structures In
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F&10%& () - 19muf08 wafer to silane and ammonia, the irradiated wafer is exposed only to ammonia
vapor. When a melted silicon film (melted by laser irradiation at 308 nm) is exposed to
ammonia, a silicon nitride film can be formed in the surface of the silicon. Films as
thick as 500 nm may be grown by this method. In a polysilicon gate according to the
present invention, 50-100 nm of nitride are desirable so the sample is irradiated with an
energy fluence of 200-700 mJ/cm? per pulse, or more preferably 400-500 mJ/cm?, in the
presence of 10-1500 torr of ammonia, or more preferably about 1200 torr ammonia, at
100 ccm/min for a duration of 100-2000 pulses, or more preferably about 300 pulses.
The polysilicon is selectively heated by the 308-nm irradiation, and a nitride layer is
selectively grown on the polysilicon gate. As described in EXAMPLE 2, this selectively
nitrided gate can be used as a means'of fabricating borderless contacts in conjunction

with a local area contact to diffusion and the gate conductor, with a single mask process.

While the invention has been particularly shown and described with reference to
preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention. Accordingly, unless otherwise specified, any
dimensions of the apparatus indicated in the drawings or herein are given as an example
of possible dimensions and not as a limitation. Similarly, unless otherwise specified, any
sequence of steps of the method indicated in the drawings or herein are given as an
example of a possible sequence and not as a limitation. For example, it will also be
understood by those skilled in the art that the invention is applicable to different isolation
technologies (e.g., LOCOS, recessed oxide (ROX), etc.), well and substrate technologies,

dopant types, energies and species. It will also be understood that the spirit of the
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invention is applicable to other semiconductor technologies (e.g., BICMOS, bipolar,

silicon on 1nsulator (SOI), silicon germanium (SiGe), etc.).
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1. A method for forming a transistor having a gate conductor cap comprising the
steps of:

forming a polysilicon portion of a gate conductor on a substrate having areas
surrounding the gate conductor;

doping the polysilicon portion;

doping a plurality of diffusion areas in the surrounding areas;

providing an atmosphere comprising nitrogen; and

irradiating the gate conductor, the irradiating causing relatively high heating of
the polysilicon portion and relatively low heating of the surrounding areas such that a
silicon nitride cap is formed over the polysilicon portion while the silicon nitride cap is

not formed over the surrounding areas.

2. The method of claim 1, wherein the step of providing an atmosphere comprising
nitrogen further comprises the step of providing an atmosphere containing ammonia and
silane, and wherein the step of irradiating the gate conductor causes selective nitride

deposition.

3. The method of claim 1, wherein the step of providing an atmosphere comprising
nitrogen further comprises the step of providing an atmosphere containing ammonia, and

wherein the step of irradiating the gate conductor causes selective surface nitridation.

— 4, The method of claim 2, further comprising the step of forming etched back gate
conductor spacers to expose corners of the gate conductor, such that a top of each spacer

is below a top of the gate conductor.

5. The method of claim 1, wherein the steps of doping the polysilicon portion and
doping a plurality of diffusion areas are performed simultaneously by a method selected

from among chemical doping and ion implantation.

6. The method of claim 1, further comprising the step of forming selective metal

silicide simultaneously in both the polysilicon portion and the plurality of diffusion areas.
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7. The method of claim 1, wherein the step of irradiating the gate conductor further

comprises masking a contact area on the gate conductor for a local interconnect.

8. The method of claim 1, wherein the step of irradiating the gate conductor further

comprises masking a contact area on the gate conductor for a gate contact.

9. A method for forming a semiconductor device comprising the steps of:

forming a polysilicon portion of a gate conductor on a substrate having areas
surrounding the gate conductor;

doping the polysilicon portion;

doping a plurality of diffusion areas in the surrounding areas;

providing an atmosphere comprising nitrogen;

irradiating the gate conductor, the irradiating causing relatively high heating of
the polysilicon portion and relatively low heating of the surrounding areas such that a
silicon nitride cap is formed over the polysilicon portion while the silicon nitride cap is
not formed over the surrounding areas; and

forming borderless contacts to the diffusion areas.

10. The method of claim 9, wherein the step of providing an atmosphere comprising
nitrogen further comprises the step of providing an atmosphere containing ammonia and
silane, and wherein the step of irradiating the gate conductor causes selective nitride

deposition.

- 11. The method of claim 9, wherein the step of providing an atmosphere comprising
nitrogen further comprises the step of providing an atmosphere containing ammonia, and

wherein the step of irradiating the gate conductor causes selective surface nitridation.

12. The method of claim 9, wherein the step of irradiating the gate conductor further
comprises masking contact areas on the gate conductor for a local interconnect and a gate

contact.

13. The method of claim 1, wherein the surrounding areas comprise single-crystal

silicon.
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14, The method of claim 10, further comprising the step of forming etched back gate

conductor spacers to expose corners of the gate conductor, such that a top of each spacer

is below a top of the gate conductor.

15. The method of claim 9, wherein the surrounding areas comprise single-crystal

silicon.

16. A method for forming a transistor having a gate conductor cap comprising the
steps of:

forming a polysilicon portion of a gate conductor on a substrate having areas
surrounding the gate conductor;

doping the polysilicon portion;

doping a plurality of diffusion areas in the surrounding areas;

providing an atmosphere containing ammonia and silane; and

exposing the gate conductor to 10-1000 expose pulses of laser irradiation with an
energy fluence of 100-500 mJ/cm’ in the presence of a 10:1 volumetric ratio of ammonia
and silane, respectively, at a pressure of 0.1-760 torr, thereby causing selective nitride

deposition.

17. The method of claim 16, wherein the step of exposing the gate conductor
comprises exposing the gate conductor and surrounding areas to 50-300 expose pulses of
308 nm laser irradiation with an energy fluence of about 300 mJ/cm? in the presence of a

10:1 volumetric ratio of ammonia and silane, respectively, at a pressure of 1-10 torr.

18. The method of claim 16, wherein ammonia is supplied at about 100 ccrm/min and

silane is supplied at about 10 ccm/min.

19. The method of claim 16, further comprising the step of forming borderless

contacts to the diffusion areas.

20. The method of claim 16, further comprising the step of forming etched back gate
conductor spacers to expose corners of the gate conductor, such that a top of each spacer

is below a top of the gate conductor.
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21. The method of claim 16, wherein the step of exposing the gate conductor further

comprises masking at least a portion of the surrounding areas, wherein at least a portion

of the gate conductor is exposed.

22. A method for forming a transistor having a gate conductor cap comprising the
steps of:

forming a polysilicon portion of a gate conductor on a substrate having areas
surrounding the gate conductor;

doping the polysilicon portion;

doping a plurality of diffusion areas in the surrounding areas;

providing an atmosphere containing ammonia; and

exposing the gate conductor to 100-2000 expose pulses of laser irradiation with
an energy fluence of 200-700 mJ/cm? in the presence of ammonia at a pressure of 10-

1500 torr, thereby causing selective surface nitridation.

23. The method of claim 22, wherein the step of exposing the gate conductor
comprises exposing the gate conductor and surrounding areas to about 300 expose pulses
of 308 nm laser irradiation with an energy fluence of 400-500 mJ/cm? in the presence of

ammonia at a pressure of about 1200 torr.
24, The method of claim 23, wherein ammonia is supplied at about 100 ccm/min.
25. The method of claim 22, wherein ammonia is supplied at about 100 ccm/min.

26. The method of claim 22, further comprising the step of forming borderless

contacts to the diffusion areas.

27. The method of claim 22, further comprising the step of forming etched back gate
conductor spacers to expose corners of the gate conductor, such that a top of each spacer

is below a top of the gate conductor.

28. The method of claim 22, wherein the step of exposing the gate conductor further
comprises masking at least a portion of the surrounding areas, wherein at least a portion

of the gate conductor is exposed.
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29. A method for forming a gate conductor cap in a transistor comprising the steps
of:

forming a polysilicon portion of a gate conductor on a substrate having a
semiconductor portion,

doping the polysilicon portion;

doping a plurality of diffusion area in the semiconductor portion; and

capping the gate conductor by selective nitride deposition;

wherein the step of capping the gate conductor by selective nitride deposition
comprises exposing structures formed on the semiconductor portion to 10-1000 expose
pulses of laser irradiation with an energy fluence of 100-500 mJ/cm? in the presence of a

10:1 volumetric ratio of ammonia and silane, respectively, at a pressure of 0.1-760 torr.

30. The method of claim 29, wherein the step of capping the gate conductor by
selective nitride deposition comprises exposing structures formed on the semiconductor
portion to 50-300 expose pulses of 308 nm laser irradiation with an energy fluence of
about 300 mJ/cm® in the presence of a 10:1 volumetric ratio of ammonia and silane,

respectively, at a pressure of 1-10 torr,

31. The method of claim 29, wherein ammonia is supplied at about 100ccm/min and

silane is supplied at about 10ccm/min.

32. A method for forming a gate conductor cap in a transistor comprising the steps
of:

forming a polysilicon portion of a gate conductor on a substrate having a
semiconductor portion;

doping the polysilicon portion;

doping a plurality of diffusion area in the semiconductor portion; and

capping the gate conductor by selective surface nitridation;

wherein the step of capping the gate conductor by selective surface nitridation
comprises exposing structures formed on the semiconductor portion to 100-2000 expose
pulses of laser irradiation with an energy fluence of 200-700 mJ/cm? in the presence of

ammonia at a pressure of 10-1500 torr.

33, The method of claim 32, wherein the step of capping the gate conductor by

selective surface nitridation comprises exposing structures formed on the semiconductor
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400-500 mJ/cm? in the presence of ammonia at a pressure of about 1200 torr.
34. The method of claim 32, wherein ammonia is supplied at about 100ccm/min.

35. A method for forming a semiconductor device comprising the steps of:

forming a polysilicon portion of a gate conductor on a substrate having a
semiconductor portion;

doping the polysilicon portion;

doping a plurality of diffusion areas in the semiconductor portion;

capping the gate conductor by selective nitride deposition; and

forming borderless gate contacts to the gate conductor;

wherein the step of capping the gate conductor by selective nitride deposition
comprises exposing structures formed on the semiconductor portion to 50-300 expose
pulses of 308 nm laser irradiation with an energy fluence of about 300 mJ/cm? in the
presence of about 100 ccm/min of ammonia and about ccm/min silane at a pressure of

1-10 torr.

36. A method for forming a semiconductor device comprising the steps of:

forming a polysilicon portion of a gate conductor on a substrate having a
semiconductor portion,

doping the polysilicon portion;

doping a plurality of diffusion areas in the semiconductor portion;

— capping the gate conductor by selective surface nitridation;

wherein the step of capping the gate conductor by selective surface nitridation
comprises exposing structures formed on the semiconductor portion to about 300 expose
pulses of 308 nm laser irradiation with an energy fluence of 400-500 mJ/cm? in the

presence of about 100 ccm/min of ammonia at a pressure of about 1200 torr.

37. A transistor comprising:

a gate dielectric on a substrate;,

a gate conductor on the gate dielectric;

etched back sidewall spacers on sides of the gate conductor and the gate
dielectric, the spacers exposing corners of the gate conductor, wherein a top of each

spacer is below a top of the gate conductor; and
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38. The transistor of claim 37, further comprising diffusion areas in the substrate

adjacent to and underneath the sidewall spacers.

39. The transistor of claim 38, wherein surfaces of the diffusion areas comprise

selective metal silicide.

40. The transistor of claim 37, wherein the gate conductor cap comprises silicon
nitride.
41. A transistor comprising:

a gate dielectric on a substrate;

a gate conductor on the gate dielectric;

sidewall spacers on sides of the gate conductor and the gate dielectric; and

a gate conductor cap abutting the spacers and having a bottom that is beneath

tops of the sidewall spacers and a top that is above the tops of the sidewall spacers.

42. The transistor of claim 41, further comprising diffusion areas in the substrate

adjacent to and underneath the sidewall spacers.

43, The transistor of claim 42, wherein surfaces of the diffusion areas comprise

— selective metal silicide.

44, The transistor of claim 41, wherein the gate conductor cap comprises

silicon nitride.



