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WD 2004/ 038807 PCT/ US2003/ 028680 MOSFETS

| NCORPORATI NG NI CKEL GERMANGCSI LI Cl DED GATE AND METHODS
W@B00TIOBEISER FORMATI ON 5 BACKGROUND OF THE | NVENECTONS003/028680

Field of the Invention The invention pertai ns to met al

oxi de sem conductor fi el ff transi st

(Vosr RS 1ES g@gﬁfg%%%g lothmerar oo

compounds used f FET sour ce

and drain regions and gate electrodes. 10 2. Rel ated
BATKERAEND@F TR IAVESXIO®e sem conductor field effect

transi st eff & MOBE&GLy, are the prinary corrponent of
m)st sem conduct or devices. Figure 1 shows a

formed i MRHEEBIARFEES {f ! eodrEpeqdrior ﬁflfétff?ﬁ*dwabwrs (MOSFETs), and
mofE@&ﬂME EolsilicstChdddl €SinpBund Sk o a6t g@bnt SRS MOBKET sbkcd 4hd drain regions
and . chtm(rie fornmed deep source and drain regions 12 and

Shal oW Source and drain extensions 14. A pol ysilicon

gat 8 16 ®&vlerd Tshnolpggat e oxi de 18 and is protected by

15 space 'i\zﬁ:talz(gucfe Q&IMd\QQt fidiPetfSde @%@@Jols%MO-SrﬁdﬁF) 2RWe &‘)ﬁmﬁgr] gomponent of

drain regions 12 are coupled to conductive contact

mogt ﬁeéltlcomglpt@r Qeﬁlpe& nglilrﬁ 1 glorﬁ— %)Mggﬁﬁ’]?\fénqegyl@[;cogi&ncg Wity co&gentlonal technology.

ThdMOSFHTA RS sbrhi€@tie:tog hubSiite(1BRSE)ch ar-Efﬂ@m&Dd'éb‘Iﬁdﬁﬁxt:@a[ﬁa brain regions 12
ilici ons to . facilit.

an '\s/%ow tsoulflcte Iarlldlfd%agraer}ﬁfcélgs!iéng %ﬁ ?A a[%o?ygllh%on \gate ?6 verhes a dgntte oxide 1% ancl1 i§ protected by
spapeeésﬂoiwralm:@ ippitidwatih Ehe purce@d dna rcglcms h% ar@@mdﬂisio Q_@duCAve contacts 22 that

are%lalld 19591%’(65@9&9&? 24?§101|1§sb@110§1535phr)59fc5@ga39 EBliSh‘S gate 16 to
forma structure conventionally referred to. as

pol yci de Thatoaventsgpl MORFES Hilizpspilicide rgjogsgp f%&%ﬁ%@?%ﬁon of ohmic
conBadi€ havag 1dwi ottt tektank enigStheByred a0 malln Elo8y 12010l sjli@ﬂ&fégiﬁﬂ ¥ Salso
fo dS)g tﬂ;e ate iﬁ? tf) ;t/nrrgl% E)tg.‘a{ureelggrgze t181éa‘rf]1y ga% I‘ %é ag%o%ycﬁe gat Iévre?tlgaally, a
reﬁnmrametﬁlévch% titpngving] tangstgn.rizntalvgrer molvb@msm Yisped dor ﬁ@@ne pate and
soutBEMA sASid@NMoRE&E D19 C6balk H@beeﬁ @&9&;@% tﬁefbeef&g@ B‘t@t@ltfor sﬂ1c1de formation.

resj stance between the underlyin i con and
o AR [P oS oG B T HE OB G e TGt lgvdea@@%isﬂwon and

othar$nagridl$ Just as higmialm dbt sccarati@ctailyoRed B b fisolevet &Sonnektian fassources, drains
. gates. 25 Silicide regions such as those shown in
gure 1 are typically made though a self-alignnment
process &aheidutegions pish af theseshewmintiemed aredfpigelsaprde oy a self-alignment

proceSeunil Qrb &%fore(s&ﬁénﬁneﬁlefeﬁéﬂag as3 !salhh@ls Dissi¥ Ahén?c% e ). irciheflicide

er ned
oo E o e LB AT P AR 1S Rl B gl brdmask,  low
eneles dqhmstkplanaatlbruv\perbmd g))/fomapﬂhtllown@ir(&mh(atrmm gxtangions, the spacers are then

form&. Bgﬁ&@iﬁs Jrhe I’g]ch Md%lé}g oﬁ&%éh%\q{ﬁg}p&% ?m%ggtat‘ry}x% ormect to form deep

ext ensi ons, € spacers are t
SOURGP aftdﬁi@lﬂgfaﬁl@s élﬂ(ath@léxtcenf@ma]d@/er q{ 2l gﬁta]elh@fnge)(} %S ﬂléﬁlftlre structure Thermal
treahﬁ@l 1ﬁm5rﬁﬁei‘f&ﬁled ® pfbﬁbfe Qi@ n by sflfafdérbdii@&ﬂld 3EnSeidE GE€makdnd the silicon

of tge soufr% anggxlalg Igeéioni arxlug thg Htﬁ}rsp@oncq(g ﬂh git%m r)éft I‘ Ofthe?mal treatn|1ent for a time
Sufﬁqeefab pediice i desitdd dnckpess dloilipd the erpinpeokel 1# I@mmtl,llezmng)ﬁhcale regions as
shooh 1ol |P<;éugq conmpound conprising the metal and the silicon

of the source and drain regions and the polysilicon of

t he gat e Pempmfsefpr ipaqased s greehan pesformangsdiarpedsiyentagpntiguous search for
Wa}Is ltdfaiucéStHef sﬁde @hcﬁﬁﬁreaﬁe&hdlfp&dtﬁ@ €pedd GREDIFBTs. tAN ke Kah@IiSne Ofirther research has
L L L RN L e
advaMWGa@@sjgrcb@w pseocispeadizatvd aplesinipdifieremaess rgegatich | ven a

continuo Bre Iﬁeﬁ@iraﬁpat fs%gmg W&aﬂh Ad H:Qlﬁent g?th(g‘ éoagen%gl refractory

i ncrease the operating s sane
con{aptmgtalsgsmaqkﬁél}h) r Migkehiopns tlﬁgsphases of nickel s111c1de metal—rlch di-nickel silicide (Ni2Si),

nickel monosilicide (NiSi), and silicon-rich nickel di-silicide (NiSiz). Nickel monosilicide is particularly

and

preferred, as it has a low resistivity comparable to that of titanium, but consumes less silicon during silicide
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been directed toward identifying new material s that

may be substituted for conventional nmaterials to
wWEe@nioass07 advant ages such as greater ease of PCT/US2003/028680

mniaturization and sinplified process integration.

One material that is being considered as a repl acenent
formagipn ang thergtorplends itselfi gl silipidstiomeftvery Jhimagtiveseioas t Nigltl mprysifigde sheet

resﬁiz!m@é(ﬁs]o hﬁleo)adver GieBliach @erpéﬂileﬂcb rvsﬁl%h 4 Bﬁeﬁl%g)rdﬁfemmlﬁm%ltradmonal refractory
Ni

al-rich. di-nickel sili
et B ORI e RISSRY ero G BGRe R o ap becue of an

edgeléféestithat i bpabeifi€ hinSke? Jnonodilicidice Therm@tiasicdl sieksth® nicle] monosilicide on a silicon
' err ed. Vi t
Sw%%{%%é%g% tl'u}f of tReL fm Il¥ z%gm?rg?]cin%%t]rggt%{w% t(lo%ga s%!)rr 1ts iower tan that of
titargynp gilicishg, a@@”s |a]|q(glogl |f¢r indypg ailisyD Pie] MBS BiOiHe also exhibits good adhesion to
s1hc}8m’1"h%§%£eq§fkg%§§&fﬁmdé RERY d RBra818 gubtztl'ﬂlﬁé Rf Q@R dSractory contact

ItSE/éQ o sil |C|gat|on of very hin active regil ons.
me BRSFRE B Pe Steeend FRLiERR e al so has no

adver se Ohdizawbhdtoh mdepeomdelnme is thnitrhering stéif11ﬁt¢ﬁ réatively poor at
tem| rﬁ!&éﬁmc\gﬁ# elﬂc l'.l%e& &u%g falgn%{t{on 01518 % Zsshgws ngr%ag ?a‘tmg the sheet

I cl de S resit s ance ve
resigtaycmned the@r%’é?sesa% elclfehsﬂweﬂp eepotidp with tbercfam@eondffmranmree ciyeseen in

Fig®t 1, @kel bkilibi& lmemrtne&be&vnemo@k 60 JARERSI dnbl %Qleforml&lﬁ that
nechanlcal stres nmonosi |l 1 ci de on a si

tem%eraéﬁ%rﬁlge éttpéOVfdgs 38 %egreilﬁaélﬁe otf H’é& tha&ihrefel opxaﬁ]?ea Suare. nIn contrast the metal-rich
di-nixfldl kiti¢iderand thositi@a-ticlr @&Blsﬁsﬂlﬁlﬂearé forred taytpepesidrds ©@tkldd o this range, and
' ST
eact# ﬁmgestd Eﬁgﬁ]ﬁéam%cEeg% 1n %Q%tcﬂx%o ﬁ% Sa rei%{llg Iﬁlg h%l[l] g%‘gs et%{'}F%%nlLeg Wplcally
use@@ éeam(é)g @; mpressiyg fog pqrp%@ﬁuch'gh@préq/@pl@ mmlql}ka@peals can promote the

conwuas,f hikkel moﬂrc]gﬁ i Sckal deb@isilds, albi tﬁere"o'y' Bisdehst thb hebt@dsistance of the
ract.or

5111%15) ’P ﬁ cltrcgr) %(?eélﬁrétf Tt §568 gl&lﬁ IB%lO%lﬁ: e %tsfrﬁzte nft]Feu‘.EeinBN?[E cF 6)115& is available for

furtichr prdyestig. of ni ckel npnosilicide is that its thermal
stabilit bforfs uénﬁgl %e' gr%ln%teoﬂfpo@([gy Bles ;IRQ _]I)_Itos @Egﬁ‘lg&& o?ecxplomng the beneficial

typically encounter urin rication
featvnF%ﬁﬁ Flékeém%fnabedw“@%ﬁﬁnfiCérrtlaﬁSWgﬂns Fhe thepsbbudsqt avgjlablefprsubsequent
pro®@fsinghe t hree phases of nickel silicide conpounds wth

their formation tenperatures. As seen in Figure 2,

ni ckel nonosilicide is best fornmed between 300 - 600
SUMMQRE &Y TUE INNENWIRSh formed in that tenperature range

it provifgsnas tﬁ@ﬁﬁ&nta%&%h@&ﬁﬁ\faﬁta{éﬁ of iRRS Hrolmnmhwseﬁplanlaa@oove it is
er square. In contrast [-rich di-nick

an objegt Of:fil’%i’@veé?&’f 19 bpanessitire; ag yhtages efificks] astontast gl ip M@’éF%T gource/drain and
gatefsDiciT@Gvhad rela @RS BirbI@Sdg0itsEicdas DherénfinSherkasnganicka Mtbndsicide
mn&gch produces a significant increase in sheet
resi stance. As a result, the high process tenperatures
t ypi cal | Ip acqgslange jith @emib@cmmwtﬂ@rmvmhem ¢ eptp of fM@SFET is capped with a
layeP&HpR9S Fallmb! ﬁﬁyc%taﬁ%lﬁgl{ éifn@ahi'ﬁm' SikigRbn ARNERLISs th@performed to form a
ronote _the conversion of nickel nonosilicide into

nic g&w@rwsan&? it @refreably spraprisidhedyosilivide phaeecof pipkel dicides The source and
draifi @gibBtnaR eleo @ipldy hiekes pdnh@bdi@ide Thi@iebpb@ti@ of et i & silicide
pros}ilégg wftaérciﬁ'era{l%@%sé \l)vJ grlb\iv e1ch|ftI%S)er ! e?ssglfcidg Blgy 6Irf(2r%;nt8 L gvlullegesse%{ly preserving
the @mﬁeeéwemwﬁedtbh elcleebmm@ntlmdeeénn@mﬂigtye wekekzerpnospicide/is chpable of

w1tf§tar[@1§1§ ?eate&émpeean{eg bidrdnf glbgeaennﬁ&eélhgm mck&%w1eﬁe 9Lt provides
nIC e nonosilicide wthout si i cant | restrlctlng

approfjmately fie e shrgideristancaag ?%Peeeﬁczﬂ PreRFHEsy &L&Fﬁl monosilicide.
processi IﬁgccoﬁH%/%ﬁYon%n%ehth/ﬁNﬁlf@an5MbﬂFET @ hibnu@ktured from a
sem{rc%grﬁ%cgo?l\éﬁgt%a%gn Vin afnrme? i r%cgn\éflaggt ax%ﬁghng [ayer, a polgsﬂlco% la%er Iformf];d on the gate
the invention to harness t he advant ages of nlckel as a
contact netal in MOSFET sour%fldrain and gate
silicides while relaxing the“thermal budget
restrictions inherent in the known nickel nonosilicide
processes. In accordance with an enbodi nent of the
i nvention, the gate of a MOSFET is capped with a
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30 | ayer of polycrystalline polycrystalline silicon
germanium Silicidation with nickel is then perforned
W0 eooko88%0A ni ckel - germanosi | i ci de that preferpdi/ys2003/028680
conprises the nonosilicide phase of nickel silicide.
The source and drain regions may al so enpl oy nicke
insulpipgianet 814 2 pelyeestalliph eilijon eampraalpyen ferrest ogy e pedysiligen [t tThe

polﬁfy'sthlﬁﬁe(iﬁlcon%ﬁﬁhgﬁ ?ayé tm, ﬁd)@y'élhéo% ﬁ?&raﬁi tHd ﬁterlﬁﬂlglﬁlg\ﬂiy&merbatterned to
whi ch the nonosilicid % or med

form,g gals{pspiioy gpd ﬁ?aées‘é’F"\]/X‘Wdhe & é“s‘g‘ﬁ%‘e'Pe 5“5’§P‘§W5W§ aloggipelyfitiqep portion

andl@ijuﬁpbﬁplé@&rysmﬂfﬂe Shdoh gdrﬂﬁnunﬁﬁrtﬁm I & $yidriof nitkals Méntfl@led over at least the
is.ca t hst andi e

upp?: é) nﬁcqs?a?ﬂl? seﬂgco%1 éermamum 6 on of o rﬁat?éba}.ng%hgréné{ %eatmtexﬁgs ng r%%(&e form a

nickeaeorapdsilicideien theygate. pr ovi des approxi mately the sane

sheet r eﬁl' a&toﬁ%@ Wﬁﬁ]gxofﬂgrh:ﬁlﬁ)ocﬁ}ﬁéﬂ%f itfe |1Iﬁrlent19ﬁ QWStFE'? thcls source and
ni ckel nonosilicide. I n accordance wi.th one enbodi nent

drai fegiopiaa shaRPehTegiFxtendingbrieer theourg Aur dagit (58igR: F fal5gsyfator overlying the
chaﬁﬁ]ffbgi@[‘lﬂlﬂ @ paycideghs b\l’eﬂjh@ thagatermgulhtor, MBElpdsleEe g hada ig@ér@olysilicon

port ol 8o, Bt B RS Y5 s B fogned on e
uppbra’yleﬂystaamel silicop edrmpaniupsitogtion fAlkerntivelyed feag everpd thip mh@day_@fr and the source
anddeA[n'IE‘g@onQEanpﬁﬁs Rak, %%hﬁah&ﬁf&dé ayer. The polycrystalline

silicon germaniumlayer, the polysilicon |ayer and the

gate insulating | ayer are patterned to forma gate
DESCRPTION@F THEDRAWNGS over | yi ng the gate insulator, the

gate co o

SRt COTR S ORIl F LA AP 20l
whithay er of nickel is then forned over at least the 5

up pe I POkiy&E ¥V Hoad d k& sc3lidnl of Ebn GREFTRMONPER @nblb @k {QbnvehtRnal

1)%? andthermal treatnment is perforned to forma
PolySilieqRapte S oS | i ci de on the gate. In accordance with

anot her Engttmmlsm"_ﬁm gragph rdlzhﬁg thershedql tdsistance of Wﬁﬁaidd tn e _tlﬂml
pm%%ﬂlr ge%ﬁgrgtﬁwugﬁﬁlrns%% a channel region extending

e source an dra| n regions, a gate insulator
over | yi nigrn@shophmginb relatiagihe sheet gﬂﬁl&arzsesryé higke] gilisidg apdenickel

gerMBdillciie Bghd thgmd gﬁo@esélﬁg&aﬁlﬁiaﬁfes ustRr el peiden; gat e has a

| ower SI|IC 1 and an

pol ycr ys{;g R 4ﬁe4 ’s‘ﬁc ‘?jc % bcﬁ%rﬁé?’[e‘?f%mngafﬁ%w%{mn of a MOFET in
accmdamkesﬂﬂthgérsnmefwdlemtmdd@nf @ nlwmelmm,t he upper

pol ycry qul@.lml-: 5 ngwsc‘z{ I{/Ibgﬁﬁ‘ ﬂlﬁfcﬁ&ﬂh !!U&r@ﬁr:é \JVIQIQ ‘second preferred embodiment of

Al'ternatively, at l'east one of the polycide gate and
the injfatighur ce  and drain regions conprises nickel

ger manosFigir€6 Shows ISR TRTN MG actblBanEdRAANGS pleFerred embodiment of
themven?d' ments of the invention are described in

conj Uhction with the fol | ow ng draw ngs, in which:

Fi gur e 1FighoWhshows £V O8IEKelgicatetin gfordancaovithariourtb praferred embodiment of

the M&EE a8 P! oy| ng a conventional polysilicon gate
structure; %gre 2 shows a graph relating the sheet

resi st an}é‘é“r%? Weadspoessifio &g ganufasugipggleyipps inpggordassg with the preferred
embodidERSAH AGrnh@spabainta®e. used for its formation; Figure

3 shows a graph relating the sheet resistances of

ni ckel silicide and nickel gernanosilicide to the
DETAHBERRESGRIBEIONHRREFERRE? EMBORBVENED for their

formati Oﬁ un!::3 &H&/seasgrékﬁ relalhp thé Sheet éegistan%gs o@ﬁﬁg(eﬂsflhcﬁigsoa\ﬁ’d nickel
structures formed during fabrication of a MOFET

eerprmeictsiie Reiorprtion PP Ty Sroeripl of FeHFOLISHBAt? sPpigsilicon
conipﬁh\/cfbﬂ Bi, @R, wh&e His gure. s sfe Mﬁlg&remﬁﬁmﬁr& brr thng%i'pB gke kimnilar for nickel

silic?d%sc fglﬁ %%lga?&m\{\gngstﬂm%ess \?a%gr?g e wreglf craertg %n ghrg?s%grl sql?ape hovx]/cever the formation
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the invention; Figure 6 shows a MOSFET fabricated in
accordance with a third preferred enbodi nent of the
w0 poogfossson; Figure 7 shows a MOSFET fabri cat edP€TUS2003/028680
accordance with a fourth preferred enbodi nent of 30
the invention; and Figure 8 shows a process flow for
temReIRiEFe BEgePT tl??glha@wcé 8lasq of nisked eprmapaelicidgjisthigherian gt g piligpn-rich
pha€d 8D aditeNBIREGS. 180 flead kdn & B bI on@ RO SbABBiNti & h@EIf%ch{glgermanosmmde lies

BT Fie e BRI, B K s

germadomhmddaswramtahdrmughét@tocesg@tmmds iwithdhesgnifioant fegiatlation of the
£ o0t t enper at ur es The graph of Figure 3 assunes
R gler h%lgum silicon gipole on Si 1-xCGeX, where x is
1 4. Adcpknglyj Wuﬂlpﬁéﬁrr Gubodippent empiese @ ruskebgenthqesﬂgrdapﬂﬁ gate
confit@ay8i ok MOSFE L Stiléterkbrmed lilring k6188t AREsub £d6Gibe are illustrated in Figures 4a
4987 manosi | i ci des, varying between three to ten ohns
per square, hovvever the formati on 3 WD 2004/ 038807
PCT / US200i3he 28666 a strempeitat wifich tneangmafr@r thé fiet preferred embodiment is
forridd! 'rﬁ Jul € i
0 e,lh uctur lecE?e? s?hc?xlg sg%%&%ﬁ%tw%@l{sﬁ%g s (1)1 fwllu%fr ggorﬁngd a gag %ulatlng layer
42 %Jpl} qs élil% oxmreh apqlysdigen gaty ﬁ(g)éuqtl@g lajegﬂéhaqq applyafstaflisgsilicon germanium layer

46. NIHE Qﬁj'cb’stﬁlhﬁ’@llﬁaﬁg%ﬁnaﬁlﬁm{my&lﬁg ?eﬂ%ﬁ%ﬁb@%brﬂcﬁﬂugﬁsrl 68 Swhekd is typically
i, mat el

rees
i g e . SN DIOBTED el PSR Bot 2 ettty 10-30
Angyesnmalicsiht padysificontgate wanthinsinelmehs 4 igpreferalgly &E)e_s’.eﬂomglgstroms thick, and the
o r . .
BB Kt SO0 A S RO, Bl e o
polysHiserdviets ate WekrpionysThs pely ayetlling ehiqen eraminjumdgemayde Srgedtby chemical

VapGICHéﬁoaﬁbn dsﬁg %H&ﬁlsrﬁndym&ﬁu (eSkrahtd bbb @& ohREsTBLedMeFdnidDof 600 - 900

fab ti.on of s e relllustratedl
degffes é@ gﬂne o Ppreigfuéelp? gal 13% neé{a]inﬁlé)feﬁﬁmg Q? p% a. Growth of the
Polmstglhnd siligon\deBfaETm gfatetifi enay berl&tlatqzalneﬁlgﬁwse chtienvivo eliermpetivelyitis partial
pres%lge B&%Hnﬁge ma -l_;rﬂg gr%&uﬁl%kéx’é‘agd Ib%n}ﬁmﬁ'ﬁmg lo%der ﬂfre%gxpe Oé Zero %rgstsuere to forma

sem conduct or subst’r at
graqlﬁlé %ﬂn‘gf)ﬁﬂlﬁ)@ ﬁ‘hgy{éﬁlhcqum §Epd}?ly5'§5t§]ilr}els@6}ﬁ‘ g@gpiara@l 46a1ayers may be formed in
d1stﬁn6)‘J pY(ﬁbslsrhgldiHj)s, g&ﬁdﬂerﬁtﬁm&é‘rﬁﬂlﬂg fdrﬁl)ﬂﬁﬂayérém sfinig a Bontinuous process in which the
porgon o¥ féenXa ua sPurce éassﬁls Fracﬁlolﬁ/ 1%&)9%% $O anloI fg ear a&%ﬁf}'rer qt IF a%eid that
polyq:&gtalgne@dmmamgm c8)j ble depoBadKat ltwtee‘qegpexaturg thay pre ceghitey for |thq deposition
of ptogﬁhcroﬁ" REEs0 Mmperbtude Qontrdh m@rﬂg m{pﬁmﬁﬁtﬁf 4tdng Qltysoﬁr@péag &nggitv@rlny forming a

he gate oxide |ayer 42 i's preferably 10

graqﬁﬂétg’t:‘i“’&rrs thick, the polysilicon gate conducti ng | ayer

44 | s pr Bib@t aiﬁllywsﬁﬁla(ktructul@ﬁ@ﬁgﬁﬁgs hﬁeﬁf@terhrh@ fithe pata chsilii@g layer, gate
con%%té él%jgrﬁ%@{)(ﬁ}?:@%?lﬂ%rm 1cona r%lra 41?1 lal S Otél‘) %r’%mh a se? aJ egxe afiape stack 13:9ud1ng an
oxidgrgefe ingreitar 4 pridecgpte p@;pem dpesr mysuhcmmmn S0Fied an upper polyerystalline
s111d89ke¥19£nﬁ§&;%¥doh§@ silicon germanium | ayer may be forned

by chem Cnsggor de osi tion using Si2H6 (disilane)

and GeHd 1@‘6%? e R g 48 L8R s (R RP YA ond formation
of gatk sfals. To PfdGuce the gjrues oﬂflguM 4chloa efibrgyi do@AEmpladtdtioads performed on the
stru :)I I E@éu?e Afg c\)l\%%n gﬁ%{whsgﬂg a y %1}1 € S%nsrfnf) ;’%%1] teé}agei cer% §§ otformed by
depesétingra prinfprmakizyes of troteptiye @éerlplwuqm agtikiqgn wsden@llqmé bseamsotroplc etching to

rembRldbfRBi%d mAkritibiB o &b oMgd gatetan@ﬁ@ﬁwh& gueiua% QuridkeE %ﬂrrﬁgmergy dopant
dual |y increased inning froma

er mane
lmP?aB%OPI %@é&pﬁe foglP &8 f%% prsldzaip ggipns 5? %mg‘gﬁnafar i@pfantation the gate
spa@BI5p eestetas Orimpldh eagbahaySotkdt:Ohdundedly g chalod sprteymdl arih lexiénsions.
silicon germanium 46 | ayers may be fornmed in
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di stinct processing steps, however it is preferable to

formthe layers in situ in a continuous process in
wohkioglo3gshe portion of gernmani um source gas i SPCT/US2003/028680

gradual ly introduced so as to forma graded |ayer. It

is noted that polycrystalline silicon germani um can

be deposFiged 4dthovestrugteserpidiigtedr after forreatiomefa cpndermaldayer of nickel 60
ovef fﬁg subfi@te qw& 'sttaékolﬂclaéng%e eQﬁb'séﬂ%hIdec&%f]me e £ drain regions 58 and the

nperature contro | emented al ong with

eng%ﬁ f'“éfé"eg’g@e Eriterlo| Thﬁ\ﬁé‘ﬁl W?F ﬁipﬁ@raﬁle f‘ﬁ?l%{’d’é( cﬂh3§’t°?1 RRopdegosition
(spitiepigy, eutémeSMMovtnhﬁtt@&srdﬂ ﬁkﬂdln@eaf)mﬁu@uﬁa@ ad@beatilifd.

patterni te in | a
conduct i E% ay e(r)ws afn tlf.re Q ygs{e 4? ?fiteﬁ ge\ff% @n%ﬁermal 8r0cessmguon the
struftang of Figuge 4dge pnoaots@hﬁatlari <|>fgﬂ1e1d|es Yetveen deaickel lapes I6Q1@ndmlg sifipon of the

souf?;é hrﬁ%ragﬁfeg@oﬂs ARheBo Rk n@ Elﬁcoﬁ g&ﬁ\&rﬁm&&ﬁﬂ%rubﬁek &Qud'il sh QMEJ ate.
ilicon ortlonr% an upper pol )écrysta I 3%

Thegpat p Preeﬁ%w@é% mﬁﬁﬁwe&mﬂﬁi bﬁ‘f’g&?@mp??‘t}'iﬁ FoeRE S84 dagifes C o a to form
nicl®f getiﬁ%bbﬂﬁme tonfainghg Ipﬁméh)y B m&Hosikdid pide. aBrCaust thd silicide formation process
consu%s sx ﬂ:toﬁa, ttl'h n Sk?er;.g %fIttge mnEtl FerEanolecmgj%/er 1sf (%? nesd'rbé ;t/lil(e): ar(x)lcbuéltn cif time that

themmbﬁ mtﬁ>med ofhe |r®ulpltgr5frwun@dclmhs 4 thkel gsmamlhuﬂ(eremn tRifgyuedeon the upper

polfcgsltaﬂné‘ HicH g%H@aHuﬁWoﬁ%Z%@ the Qfﬁie, g{fd@ﬁcﬁel SXLigs %1(91@ 84 Rihned at the surfaces
Gat e spacers 56 are then formed by depositing a

Oftheosﬁ‘frﬁer%flrmlné?@f‘s ¥f a protective material such as

silicon wwilelde prbebsingaeckitay whthiesed: foddue:s 84 -Ci rep@schi® a ﬁ‘éferred manner
of f%b%rc.:r%n% %ncej:%g)g gf 1{I§§ai7tEgauic u[i#ngla mckeﬁgm%alploesht BE ga?eh (ét%ler ma%l%}s %H@afocessmg may
be quppsivediie wenlize e page seycfuggroreitier (MOSFGE mlu@@phagm p elekehgmnanomhmde gate.

F or@ﬁﬁipﬁ Qe Bﬁfeﬁ&i enfBbdidnbld erhﬂl@zlg' th€ R:@H'ngl}de éfm%oﬁﬁ&ﬁ;f b Qer bffckel

acers 56 serve as an
f"“%?(%}?é E‘Flgna{ RFo# SHIA Frgred ) ey \%Fp %‘EH!:‘?YE%tO éwa aéary%f jofynickel
ger@atb@litide o0ch as dmBHROAADBBG0T nST AliSA AOBLHRBER Dor chbrytiriag of nickel,
f
i A 1% SLEISL YR, BBl B 0B s ghes o
Suclg %ite@a@‘? gethods FI\% tegite mgsiinaectcbinp endaemoy il ipfogrseing thyft arp Higferent from the

proé‘egwgréﬁ:@na 4dr .m aﬁld [h@tgﬁa? ra& taﬁﬁedaa ghe Eeﬁ‘ﬁ’culaﬁ%@@ﬁ%ﬁﬂau&gilthQGﬁo form nickel
IS prereranl e

PR SR SR Dn | Cshuttoring), but
ot her we Alstrkomosin aqrextldnochsithaf seaoed @tferked ybodfngniyd the owsentivryis illustrated
P@u&% I?ﬁe Sll'ﬁlétl!ll‘!} gfqiggure% dﬁfe&l‘f{oﬁlt ?o%i’ﬁf I;nl't]tﬁt tﬁé {uU&rtatlé lin%luggs a layer of

ure 4d after er orm n? er na proceSS| ng o
slicgp PRgRAAHTIOGR Wmclgﬁ fegmerch thip laptr efvsirained otlisen T2o ftrged silicon is a form of
silicdh Inl vihict @ Sendlie kv ENaph 1 tdlih€ KiRdon ladiyeds a &SulBd the WiilRreide lid thON

. of . th ddr ions and the. L
simisiopiiret BF Fn Rl Bk hgbr Ml nBie bt mpdien ot o o ve
illug2tedfase, the s1g@(1 germa:ﬂ'dnre]mnwl is perowdsls smagpditten ppaé se']ﬁcablayice with the spacing

becpﬁﬁg 91(icgggthy§elrdg&a of %'eﬁpa%fuﬁitlﬁ&egseg W&S&ﬁe sﬁégn lattlzagggns with the larger
degrees C so as orm nickel ger manosilicid

silicop %?WW&“%@P%F?WOP%GW%‘P fsimenagies i g glcon Batalisgence. the
silidoR @oifd drd Iﬁilﬂldﬁpﬁroﬁcﬂiﬁéde Qibthef. FERSA silithnGay ES0d ARG VS bdntd @@ tontains six equal

valeaceq)ancp ’ﬁllé gpep 1csat1%nhof Eensele s nafnkto #he gﬁ rog%a{l]lgeg I{olml' Cflrt]hger%lr}fli/f?lgnlecé baings to increase in
eneygp plfddwm@fdhe Vﬁh@e baeésub tidcregse 1t anerey. ufea tesalt b{mbargunaeffyrts kledtrons
effegt%lmgﬁ’éd ﬂeﬁzlﬂg fosd v@xgﬁ Qa@sn@ghrr)x%ﬁ Eﬁ@ Q)\&anenér%?bak‘f&p &hus thetIORVéar energy bands

pol ycrystalline silicon germanium portion 52 of
offe@ §§Sées1s G tosleciren flow; [ addifjen i:l@érpl@ preetaith fesy viksgjiongl enepgy from the nucleus
of el GHCBsn, whith dalkes B CAittétRch ok 3f 500 foRQ0MHRSes B thaWH rkl@xed silicon.

t he processi de cr d Wi t es t.to Figu

oo PR Aoy PP TR i LG g icon
one type of NCSFET i ncludi ng a nickel gernanosilicide
gate, other manners of processing my be enployed to
realize the sanme structure or’ other MOSFET structures
havi ng a nickel germanosilicide gate. For exanple,
while the preferred enbodi nent enpl oys the techni que
of deposition of a |layer of nickel
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foll owed by thermal processing, alternative nethods
may be enployed to forma |ayer of nickel
w@esoamssssi | i ci de, such as sinultaneous evapor ap¢DOSN3/028680
ni ckel, silicon and germani um or co-sputtering of
ni ckel, 20 silicon and germanium or sputtering from
proydig ERoésntia inpregse in mepbifyeph AThormepregfeelectrans gid@fodr fyere for holes. The

1nc@ﬁ9fn@1€b‘bﬁ£y%@s gea%unﬁ rsBt fkﬁruﬂéhtt hM& upRf 1hpxg%a\'f5ﬁ§fceﬁtﬁﬁk‘t5r I'fhese factors
tC [ ng renoval processi EF% t hat

are
are gﬁlﬁﬂ&f f‘ﬁi‘b ardamet Sﬁ%"d ngrepse égé%ﬁ‘ﬁth?ﬁ‘ fugthes gpdpction of devigppize, gra25%
rediickiar in pawer Bu@suirptidnovitcht b &dlﬁchﬁl ipparfoin@iidear i npl ement at i on
| Iag p?ggfur g%%r<{1n%iég%1p%rﬁlé138 e@l\%ﬁ&lg Ie gne%cf‘lglg El)lres ota &mned silicon by
utiliging ofy etigxiablayer plstrained sidienmd?2 pﬂpecfr@ﬁ bseedsﬂ@ntb@dnmmﬂayaﬂot 151@ source and

drain POSRAS 38Q8d S cHaHeH@éﬁnaﬁqurmegﬁ theRtrdled WiionF2. "ﬂﬂgl%fore, the structure of
structure of Figure 5 differs fromthat of Fig

4f
Fig}iy {eed R TATIBRTLEY 1 U RLpYTBErRbe) dy £ i the et i the it
layqﬁr streonira Mo wilin BiguréMd i€ Bteted s§ Qrdmade axilichd g’brrha’ﬂmmﬂay@xf and a slramed silicon

layer ﬁ%t&l(%h bE genmislc\)héucﬁp srl]lbsgzte 4 nr& "Ehe tgz%e ing§ lla.tnégcl a)ﬁar {123 Tg %111001% ﬁermamum layer 70

prefgfably b5 CPI@RO@IP@e?ha@exawfre@sm gpprofimptple 2gdnd fisenageeraliy itt therange of .1 to
3. ‘ﬁﬂﬁgrnéhﬁ)ﬁﬁhﬂ nta'y 88 Jnrb%ﬂéénl waeP Ribdidfe! fope%arf%w b§ Jﬁ@rmcal vapor deposition

he under ng materia i ch
usuE%}zﬁé(&lsﬂalnﬁ) a{uhgeH‘; I(gef%ﬁg?) ASTORe %f"éeé’é"’lthta ﬁlg)stgj]tq tF%Wture of 600 to 900 degrees
C, aftdjtigpaniiall preds@t b 30 @uPh Snd/DGEH, Phr A bigsssi AL Ha hGrowiR ot dlicon germanium
Y c wi_der
mat§111a fn%ptﬂ Fl)llel?a:i:eg h&gg’ the\% 1%!1105 OF gﬁlﬁeﬁxﬁﬁ \r%]iylnl% CP?%% pe%sul%%]g %& may E%%adually
mes%SFq begipninefton %@W"a Pﬂegws onferolprepses t9 fapmyegradidnt qogipesition. The strained

silidd® labieR Raliked Rictdwa 8n Bk Eilided gécrﬁﬁrﬂﬁi lh}Qp Ifor BxatnBRS Llﬁn&ﬁl rv@iof‘deposmon
n essence

ed to the silicaon
SR ST R ﬁwpéf&ﬂa&a# S BiHR BHE S geau o
appRaimately@0&4 40D dereeh@s a conducti ve band t hat cont ai ns
S I X € q u ablgu g@L}%QFg St!aaﬁ]l‘g ﬁl aC(;EHﬁ C@' R’R!l é. %ﬁ& hrgigrre%fem{) C{l’ﬁ L. %he structure Of

strain to e S‘I | cpn c‘auses our (0] | X va
Figya b i similey tp Wetroé@s@e $ it thapiherpnigy's gifaied sjlisomformed @vey afﬂéﬁe @ermamum
Jattibea HbSe e ﬁde@aﬁ@aaﬁcoh Bf BB @de of/%?guﬁ% 6r1£l§:bi{e& tonchﬁHeﬂ Ebtgiéﬁfw under the

ef fect 35 effectiv ercen
e B nS R R oy v Pt ey BRRSgeon s
repladgmert gﬁlt@ﬂret@ﬁ?eatrgtyedbaln@smheﬂlé@rgemvemmn 01333 tosfmamm of tbe spacer 56 and
1mp§1l11§&1n foPile ééepé’(\furcé ghdﬁggll rEélcﬁE]S 8. %t@l‘ﬁgtfvgg) the %%ﬁ%d ch()ﬁ] cdaﬁéﬁegwn 74 may

i brational energy fromt nucl eus he silicon
be falflﬁ?dn T ERE B g fﬁ@}ﬂlqn&f e gt laulating layerand evegringlgyrs 4n
advanidOoftsiriRBes ha & sihlit&l’geﬂnﬁmﬁrﬁ boaxe EhdSltahri r€&6hs such as the structure of Figure 6 is
that(f}l% agvalqt%l%ep &J sxahne aagorr]lgr% 11{581i%c|)r(a:t8<}r1 IXto 6he devrlceanx%%le aﬁs ro élfCély ratmg the benefits of
nlcl?fi gern@e%ﬂw@e M@ezté)@@/a@ia@@@mgIPGTlMS@@@Gﬁ@Q@@B@odlmmaydm pyticularly

desifhbld %r%ﬂ)tlidﬁ\tlg pﬂea&rcglﬁi%ﬁof 's&hrJJ‘RﬁH drehﬁ Q{eoﬂéuymgﬁ m%ﬁl@nt;tﬂﬁs because of the
el ectrons_and % or nore for holes.” The increase in

redygedsfiifysiog ofpgeon 6@élﬁpaf“d{h HEPoP &} st for current fields

up to 1. Bigirey ama&; 4 ﬁmﬂam at@tdadce willhe®art Rddr@ Smbodinnt of the
1nvelg§({ %Het s%]gcdl#r% % o gurree ds a dhecérlh gng S%Ptor @Og rs]tgl{cgureestyplca{ly re%g@ﬁ to as a vertical
douple eatecMIPSFET on Fipbiile rThe swstuwpommmeswtoh@mc sgmicenduptdr oty 7p fprmed on an

1nsu[hﬁﬁ SHbsHRE ¢83 The seﬁﬁ‘cgﬁfugtblrbgh%ncﬂdgseso§ger H6 bk ?egﬁtls 01844 Gamel region 82
oits the beneficial features of strained silicon

exteB%} Bstvery tEfi TgeLtd dpinregioralA fé s Rmedeernd ggunditeickagppl region 82
and %2epatapp Gbh ad c]biyineare@bﬂ lbyC‘anﬁte @ﬁﬂzﬁ&mmdﬂ Shotwaed prth:-ted-ﬁ’ﬁﬁi the source and
o 2oy AR ot lef RaPloly “eeoPRiea 5 WRETL L R o tover

structure of Figure 5 is fornmed in a nanner simlar

to that shown in Figures 4a - 4f, with the distinction

that the initial |ayered strfucture shown in Fi gure 4a

is altered so as to have a silicon germanium | ayer and

a strained silicon 10 | ayer between the seni conduct or

substrate 40 and the gate insulating |ayer 42. The

S|I|con gernanlun1layer 70 preferably has a

T ~

o "
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using Si2H6 (disilane) and Celid (germane) as source

gases, Wth a substrate tenperature of 600 to 900
wolegnossso7 C, a Si 2H6 partial pressure of 30 nPRCT/ERZN0H028680

GeH4 partial pressure of 60 mPa. Gowth of the silicon

germani um 15 material nmay be initiated using these
polysgiconmgrtiop p6 st preypne tpplycsysiallingigiliqom garapiummorion 8 e vdiich Gefpaped a nickel
gerfiBYsiiGde 90. GBI didcided 9VGHS a8t fgl‘ﬁlgd SMthdWurkd A UBin kQWRY. In one

ressure or zero pressure to forma gradient

emiodimsY st PBiTondgHE bg Y4 isierged Qfisilipqg fp qﬂ&%%ﬂmb?%wt e

sen@i‘oﬂihﬁoﬂ’()d)t Toanag ibé fofrma ogﬁfcﬂi’ﬁgﬁ‘mﬁ?ﬁuﬁl&y@(fappeﬁ &ith £24p Pl s@ailied silicon. In

anoﬁler am:rna%ve em%ec%{nﬁnq %lp senu{:on ctor gocc\iv % ma F(g'glg ng%'s_llﬁcon éerrllanium and capped
pre a

ource Su I‘
Wltls«'ulbsset vfatr'eneti eifigra rlraqnlvrﬂee chfnngd mamxlmwaltaélluy te @@matiod QOnickel

perSlREIRES ofthe rcFhuf i Bushas a structure in accordance
with a third preferred enbodi ment. The structure

Figure 6 While 6 MOSERT Sonyrrrat Fgprost G @95 15prpsanpike PrPSfmﬂy preferred
emlﬁ)ﬂﬂﬁieﬂy Bickd geamﬁeﬂhcﬁied ha@d)ﬂuafl appli@dorty etherdypsd df MOSHET structures. For

latti r theL?5 ' ed si.licon of
exa%ﬂ €, 0 errcl(jrésttrﬁcrtlgns SFC% $ m‘l’JeFte %%?ttsoml %atren e%?ﬁ# in WthIl]l the r%at‘e underlies the

cham@bqemn dy alsadidlize plhleel gegreanesilicids fok providingligw aentheipristaage td®urce and drain

regl&kcénd B g§t&sr @Q&th&naﬂ%ogﬁu&@rﬁ %9 mpéfp(ﬁét&ﬁlalﬁ& sﬁi@orﬁﬁ) {hta @f?ﬁh@i regions
strained silicon |ayer | acenent of the etch

andé]t tlh%ﬁo%aang dyanregions i Asn e PrF e@gﬁxqﬁ:ﬁe"ﬂs Gﬁslcﬁf)bﬁi #ove 5 1s preferable that the
nickeDgertndsioidefs cotigisapanah abfpsanbylhe mdlt}iﬂnﬂ)ﬂ(tsﬂiblk:l@ﬁhaﬁf t he
dee p SO UE %]?olu%rt]h%regorﬁbe un&e?sg)oc? ﬁ]lgt emgoflﬂnen S Wlt[}l%Ehe ]gcoPé/ of:'t:}'le Invention include

strai ned I con
a vasiety o FVQSRE Trstrpatisys, qaphi o whiclis floreptaie by o use w@cg@g@manosmmde as

silididd%H b 8did $36h 4 RYES or @G Q¥R | Yi ng [ ayers. An advant age
si|licon germani um source an

of structu havi n
drain r egﬂg'brﬁ Sl?‘ﬂf&?lpr EssinE t et 5MO8 Tj?néo@af‘sglg the
aforeetiorteth prefedadsnib atiesits@id Atbmaivesas well dsia¢diivnd kernative embodiments not

expie%gyo Qﬁﬂ Sgin ffﬂ}tlgl H; a@Enu?o%ﬁllc?o? sMa e(:i‘s [@é\%&d 168)0 rfR sﬁ@s‘r&t@ gas formed

en e its o er manosi
thergeyct eate a&sqiatmébye@r@@olyqlwowtﬂr formend, on%@ﬁe Jawlaémdes@r, mﬂpomystalhne

silidd g gdPBdkunibhleRtolned 3P hel ﬁﬁ}‘sﬂl&kﬁl 18efl Qe Mﬁ&ktﬁhlﬁb@ﬂl@(gﬂ%ﬂnﬁﬁum layer, the
source. a

pol SRR AL i BRRIOE B Cribe P bR S0F PPULP QY e oetying
the prateriganla(eB)102) o laerpate its elhdecolweg@plpslivoupartidriaglan eppér sifyouystalline
mluﬁlﬁ%&ﬁwoﬁloh N 9&9& of g&@ﬁsefof@ﬂeﬁ |ave atflegtw?ﬁelﬂ ﬂ%f &Jﬁ}%{ygt ﬁgne silicon

I nvent i1 on. e st I'UC ure o gure
germanjugn partign pf ﬂ&ﬁ%te ém H§W§t“6‘i‘*m%“$®ﬂ}en Brformeee thrferm wkelapwnosmmde on
the g0 (€06).€Hlis hétedBBat the VidEttateGétbrred @ﬂ%ﬁirﬁna@a&@rm&_&tﬂﬁctor substrate, as used

in the éarﬁl]gcglonrlf ts ofFo ,«?utre% lﬂgg gnrflgé gi(g:r%P ﬁ}élga 18% sugﬁrng %avmﬁ ﬁ?ngfon%uctor body previously
patteyrpdggiterege. @s 1Red mﬁhembcelmect@rﬁﬁl@m 8r body includes source

and drai fh fﬁrﬁ]gll e@rﬁédnﬁ&ts%y Be @3@&%&@& e;fglg‘l a‘aﬁ]iuﬁgl types of processing or to
ext endi ng between the source and drain regions. Agate

ga
formggtoren BT LGS FaTEIGLFRY b HSToEHA 10y BRjiEHagpvith another
met&l Rgth h§vaﬁeamaar(uﬁ)euant£1ﬁ1ﬁ) (Waf (h@m@d%m‘w&{o iR GVeQlt phite Satidf & the

germanc()]suhm L O’Phe(adé) tlong'l m%ygﬂ;%ayﬁ [}Pan ctl 1n‘f:0 tﬁe mckel(fegl]ert(oh I%flysbo l%orme(a as a separate

CVD pr lﬁﬁveyed a\m:fée wlieﬁaxemlor m\zemar{oggmgetf?r;ifgat & athecdmbddimernds a
pol}Jc&mﬁne@hm ggxqgﬂi{ng §§<,819%7 bE’QIﬁhH@Z Oﬁ%frﬁ)lgr%ﬁg&lmeggl tﬂe%olyh&ga{ﬁme silicon

portion 86 and an upper polycrystalline silicon
gerpa BRI Eete BAY Bdorgipd Riineeplinee pplgiiliparsalp ihf gogpqnium atmosphere or
by @ﬁﬁrﬂiﬁ@@:&hdnluﬁi ifle a PhdysilidbnGs®] InSoktled e(iﬂbét_ﬁﬁen%&t AEYbealkss@bIOP perform a
I T R
S|I|con In an alternative enbodi nent, the
sem conduct or body 76 may be forned of silicon
germani um and capped with a Iayer of strained silicon.
In 5 another alternative enbodi nent, the sem conductor
body 76 may be forned of silicon gernaniun1and capped
with a layer of strained silicon in only the channel
reglon thus enabllng the fornatlon of nlcke

e ~ ~




Wil e the MOSFET structures of Figures 4f, 5, 6 and 7

represent the presently preferred enbodinents, nicke
w@eonmssss? | i ci des have equal application to ot PET/US300E628680

of MOSFET structures. For 10 exanple, other

constructions such as inverted or bottom gate MOSFETS,

i N whi cht ¢ilée gptrent wriithes haivies ortlingy skilhia theett taidly tasks deFPabed in the
abov% 81% eséé% grla h& gecgysﬁllﬁ/eelxch%% TPdHRe {alkk %htqgthér Bfat fortlﬁf/ t'aéﬂk AL Ue ‘ﬁiﬁbrporated

resi stance to source and drain regions and. t

into fhe hge prefgests impor@ranes Tilpdepatielar HRPTEHE bREIN E?.fr%@é‘fplst léteﬂnedlate
procSdkib @adke ChoS sl fbrm@idn | lalﬂi bkl ?d@ﬁﬁhonr l@@is @ﬂlﬁotecﬁlﬂﬁlayeﬁ betveen processing

source d drai i.ons
s B A (S P B 0 o ey Fer RBFEmg popie fpne
cleatiings Kllarigesryaid @i tiisksl giey ieperfunmpird@e ditlatbe ks bpegifically described above.
Furtge(ﬁ,%ls I p(%)c?sﬁ E’e}éd {1(9 ge k)f&lﬁl%li dy{gﬁ@&ﬁé %ﬁ)&r'atq Such Qsaﬁ%ntlré-éafért but rather may be

erefore be un st 00 enbodi nents W t hi
perfortied sieesiyely of seetoas ot o eibetiesn THCYIE e CEOOyRepB flystgied n the figures and

descml:go-l;e ?ﬂé&:ﬁﬂr&r Rsforre® AGHoulf be WitieBdod Bat@lRsrcabbdahdnBartt otiyted by way of
he use 0

et o e log BT AP b B Tl g Bofsns
compihatiosssMd bérowatons thardutiudithio thesepodf tie CMDBE EFerdintsendhgrigvipalents.
the aforenmentioned preferred enbodi nents and
alternatives as well as additional alternative
enbodi ments not 20 expressly described herein.
Initially a sem conductor substrate is provided (100).
The substrate has fornmed thereon a gate insulating
| ayer, a polysilicon layer forned on the gate
i nsulating |ayer, and a polycrystalline silicon
germani um | ayer fornmed on the polysilicon |ayer. The
pol ycrystalline silicon germanium | ayer, the
polysilicon |ayer and the gate insulating |ayer are
then patterned to forma gate insulator and a gate
overlying the gate insulator (102). The gate thus
i ncludes a | ower polysilicon portion and an upper
pol ycrystalline 25 silicon germanium portion. A |ayer
of nickel is forned over at |east the upper
pol ycrystalline silicon germaniumportion of the gate
(104). Therrmal treatnment is then perforned to forma
ni ckel germanosilicide on the gate (106). It is noted
that the substrate referred to herein may conprise a
sem conduct or substrate, as used in the enbodinments
of Figures 4f, 5 and 6, or an insulating substrate
havi ng a sem conductor body previously patterned
thereon, as used in the enbodi nent of Figure 8. 30 In
further enbodinents it may be desirable to perform
addi tional types of processing or to formdifferent
types of structures. For exanple it may be preferable
to alloy the nickel layer with another nmetal such as
vanadi um (Va), tantalum (Ta) or tungsten (W to
i nprove the phase stability of the germanosilicide.
The additional nmetal may be inplanted into the nicke
| ayer or nmay be formed as a separate CVD or PVD | ayer
over the nickel layer prior to germanosilicide
formation. In other enbodinents a 35 polycrystalline
silicon germani um gate may be enployed. In further
enbodi ments, the polycrystalline silicon gernmanium
portion of the gate nay be formed by annealing a
pol ysilicon gate in a germani um at nosphere or by
inplanting germaniuminto a polysilicon gate. In other
enbodi ments, it nay be desirable to performa
reduction in a hydrogen atnvsghere to renove oxide
prior to deposition of the nitkel layer. 7 WO
2004/ 038807 PCT/ US2003/028680 It will be apparent to
those having ordinary skill in the art that the tasks
descri bed in the above processes are not necessarily
exclu3|ve of other tasks but rather that further

M . o .._L__l
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into the above processes in accordance with the

particul ar structures to be forned. For exanple,
WO nioa/08a8di at e processi ng tasks such as for mat POTUS2YA3/028680

removal of passivation layers or protective |ayers

bet ween processing 5 tasks, formation and renoval of
Whethigdlaypedds: st masks and ot her maski ng | ayers, doping and

count er-dopi ng, cleaning, planarization, and other

tasks, may be gerformd along with the tasks

spe&r fi céIPF%?eSéI 5 formpippmey) g¥iee semieqpdpqins field pffpst tﬁf‘%%‘éél\émSFET)’
conipéigiih: Not be perfornmed on an entire substrate such as

o0, BRhEy YRl 8 ke R R PELLOLIR D ey g ptsio
layar Kid) fornivd dir Hre gettesingulatingdayeratndd pplyeryskabing silipan emaigh (46) layer formed on
the B@RALINGHEr; above are presently preferred, i t shoul d be

under st ood that these enbodi ments are of

of BRYeralRa fhp pevepiialine siften gerBimIBF (1. tbrdiolyrlllr?r raé%r <14(>) an& the gate
msqmng ]laﬁéu {4afto ehe ga\td‘m.ﬂﬂator bllSI an@ X kA Srlyling thedghte Gidislator, the gate comprising a
lowFr £O1ys1 100{1 ﬁor n??]Oé and an u%pe olly{ni){s%élln}e S]ﬁiIC(El Errr‘{llr%rt\ll@r%rl] Pc())r égﬁ

th efornuegwlraxpabfelwké (6080\W)t RaQhe mea@pcmm@@z@mzﬂ@@e@@mﬁon (52) of
the Wi@tndl S clainmed is: 1. A process for formng a netal

oxi de_sem conductor field effect transistor (MOSFET),

conﬂbei‘fmé“i'“rﬁg‘he“BalBFW“ﬂ ﬁ‘ﬁmé nickeh pEBatidds (6% oibBet $24t e

havi ng for msd thereon a gate |nsul atr ng |layer (42), a

lpglygfl l I %ﬁ) pI‘OCGSS l%mrecg lsntC aa]mr r\%veer%m F%le mcke aa!:ngsﬂlc{glswg Cé)jnprci’ses nickel
monogiljgige. for rred on the pol ysilicon | ayer patterning the

pol ycrystalline silicon germanium | ayer (46), the

pol srlrconla 4) and the gate _insulatjn er
(42¥ to FRHRES @’ﬁ*r‘éd gt hivgrelt glgyol%fﬂlao%‘*@afdepo%cryst line silicon

geripan@ind (y6)ag férhed igaite | nsul at or, the gate conprising a
10 lower polysilicon portion (50) and an upper
polycrystalline silicon germanium portion (52),
forfri ng &hdraseess clemehinslei 1 (Bayin byeins Bleyer efaigkel {Quis oisgseed by:
pol Waﬁerg@haluwe)uﬁb hdaGedh SRk portion (52) of the

gat .and thermal treatnent to forma
ni c Srnn‘ﬁaeﬁp %@afouﬁ taeegateen? on the gate. 15 2. The

pr otestingldedpry@gkeiand drhimiegiods,(S3Maed ei n t he ni ckel
ger Wgaid laajlardo@n G20 ggﬂms'@%é%%&&%hd arR rlagi%hé (58] H@said thermat
process ¢l ai e claiml1l, wnereinthe
“eaE‘EfPSfQIP}S P eopd £ymnsisie pefielaad §ilieon (G4 néhespurge@gshrain regions.
germani um (46) are forned in situ. 20 4 The process

cl aj med claim.l, re n far er of kel .

(60} s Bkatosifhgpe WeRhb! Bhorhi S i cuhyer of ssined
siliqéné?ﬂrpvetmreraéaymsil(@d);ennaiquﬁg a spacer (56) around

the gate; and inplanting deep source and drain

regions (58), and 25 wherein said | ayer of nickel (60)

conf-act s TherEcers dlpmedinclain b hereip %ﬁdnwfr%@r wreriesslpyer efiticon

genﬁﬁrudl (v0) @sviigla strdine@ 8iticR BlandeDfeibn @4)FOHPOMECin GAI R Binp Gatterned over
and S|I|con 64) in the source and drain

|
Smds{rmneﬁsmconghmnﬁ%r ggess claimed in claimi1, wherein
th ewmmaet aad dl@mmgnose@ tig MQfiFE& e fdragdsin sapf layst efailipmgermanium (70),

and
wherein said layer of nickel (60) contacts the source and drain regions, and said thermal treatment

forms nickel germanosilicide (64) in the source and drain regions.
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silicon (72) overlying a layer of silicon gernmani um
(70). 30 6. The process clained in claim1, wherein
W@ 200d/0388bst rat e conprises a layer of silicon PET/IBI008/008680
(70) having a strained silicon channel region (74)
formed therein, said gate being patterned over said
st r7ai neds séthliogidssembaminedr ficld gif@ntrapdstyr (MABEFIR devics.compresing:
an(%()lgrgeal deralﬁ%l NS of the MOSFET are fornmed in said
| aye of con’ germani um (70), 35 and wherein said
I a)ﬂe?haneﬂ regiog Rendipg ppywegbihe spurcg andidesingeitnte and dr ai n

r egﬂg@t@%rsulﬁm4i§ @{regyﬁl 5éﬁaﬂneltr5g@<ﬁ1t gent  forns nickel

germanosilicid e and drain
9 \P@O&%%&a@%%}@*? ﬁ&ﬁ%&%‘iﬁ%ﬁ*&ié’g}é‘é% g2ty COnRTIEE % Wgtfoléﬁgh“’“ portion
(50)S@7Tkn Giﬁp’edpmstcﬁ'ﬁtalfmeeilldon@é]ﬁlﬂmhm derﬁdﬂﬂﬁiSIand a fibHeSfeETRnosdigide (6@) formed on

I s; a channel
‘he“P%egB‘E}%° %neséhcgngegn%tnmgm% E)sogg]? %Qand drain regions;

a gate |nsulator (48) overlying the channel region;

anc 5 a ARl dRinB@inQ1aRY B hdthil the hidR SahModilREl () @mprises nickel

the pol ycide gate conprising a | ower polysilicon
m"“ﬁ%ll"tdieon (50) and an upper polycrystalline silicon

ger mani um porti on (52), and a nickel germanosilicide

forfﬁ?:%ev?ce cla1 ? gl%?aﬂr? “B%LIX file ¥O$J¥c@ng1dld[£]a ééll)ﬂsgﬁﬂhe channel region

ger frani um port e device
compisg p preondyctet @ﬂhﬁ(r) forgaderedn rlflsvlﬁ@g e KB) todhsrelasradriteiasiligra on
msufa@?@SO‘P)WPE@eS ni ckel 10 nonosilicide. 9. The device

claimed in claim7, wherein the source and drain

regi ons and the channel region conprise a

s emioc onda eitaroxtie eiynidordmytof figtdraifekt mansistor (MOSTE B Gopgridingy er

(78 0 onprise a silicon on insulator (SO )

NDS‘%—)P:L%E“&?SIH?%YO grret al oxide sem conductor field

ef f eehannglreginpiestending b i Fource gRsfiniedigPs: source and

dr adgg‘terne_;glh@mg) ofer5 g mB elandeB@iio aixt endi ng bet ween t he

sourc n regi ons a gate insulator (48) .
ovearl?og“ ‘ﬁ‘@gitan"é(e gf’tef”édéﬁt% and 20 a pol yci de gate
oV ewleying lebshene g&thepqlmslu baset amel {he wehese @idriiradst regiens SQmppRs nigkel

NeaRRL¥%sigle gate and the source and drain regions
gemtlcon%r}%sgs nl?ckel germanosilicide (62, 64). 10
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