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TI TLE SOLVENT COMPQOSI TI ONS COVPRI SI NG UNSATURATED
FLUORI NATED HYDROCARBONS CROSS REFERENCE(S) TO RELATED
WABRIZEATS ONS This application clai rrs t he benel”('ET/U1006/042870

priority of 32,771 ,
filed Novenbe Pif‘:cE ﬁ‘%@ﬁ@%@; Thi s
invention rel ates to cl'eani hg conposi t| ons con”prl si ng
TECmm@@gﬂggbed fluorinated hydrocarbons. The invention
further relates to use of said cleaning conpositions
[01] Thdprexatt 0efiont elated © éHih,lcoddigtbﬂR&ee,s cab@frisiuxtransigova tvidk metal@ale electrodes and
enas. r.ol e t es:
roanofiRASbIs 1AL P TADPIGAL poend i T PELME il G Shiconducor
de"lcqsll‘i@ﬁ‘qg S‘El?éfécf%fsdeiﬂ”efaﬁﬁlr?ﬁg conpositions and in the nethods
i sted above. BACKGROUND OF THE | NVENTI ON
BACKORauNF Aror ocar bon (CFC) conpounds have been used
extensively in the area of sem conductor manufacture
[02] Thepinggration oblyndreds eEmidlipntfgiscupralgmentsi guckjisdiansiptor, an a single integrated circuit
necessiRMEHBher dedhlaBd h(ﬁﬁﬁgcmadrr}hﬁg Mﬁmsof SthiC Phy@isal Qﬁgnswns of circuit
léds are considered to be detrinmental to 3 4
elemeg&ngcﬁs g d}}tgfpgne]cgci}lesltrucnfr?f %laﬁotr?%ﬁmj% a%]engf:rﬁigre ramatic increase in
transistoy gngdfetring cog@exbp ischus g inclosioregflgadal \GHGopiogrpriaridsvalrgy balo implants,

tip impmﬁp 1@1&’19 ragpeﬁ Qrafﬁ%@&cﬁr@ %ﬁnﬁl@mﬂia&@f%‘r sdﬁ@@/ﬁi‘aﬁgcglo-ﬁg %fh@lﬁé@lﬂ)@ of gates and
nere 1. s need to identif Yy new envi ronment al y safe

sourceld5aigsed §“"F‘6‘F sidewell sRarfss: DpEPPRIEL i ons, such as removi ng

-[03] Theedrivel fvathigh perfirmahdd baqhieea hizh eeddipration nf mintoslentbigg capohents requiring high

drive Qxﬁreﬁté i %cﬁﬁ’tien -trh aﬂa% pgés Qv G- Qﬁ?&fr@lﬁ Mo %eglﬁ@ I)&V&el' go%&tﬁngpono tl“yplcally, the

new sol vents tion o ['uor ol ubri cants and
structrg ndfopipg @”W%Fé%&lﬂé PRy ide P desiipisporeatea Y Bt eakage
currerfif OC€ssed i n aqueous solutions. The present invention
[04] [aP rtel eﬁa cr;]de aveacgg gzar%% &gnsowc.?g rd}n?’el c%genltjgs? gl}?glb ﬁglgsilicon depletion, and
reducigg priosten.ssylgutqmmlaw suifsequne toaprAl g@gionmﬁsn flaerfer P ymrjarepaepldggiment metal
gate [g: Css%ﬁpﬁ)ldﬂlqﬁy edtB EuGORNRSAliERANS r&hovbd18y PFyR%EBkhing, followed by metal
jnvention possess some or all of the desired
1r5‘f"?)pert ies of little or no environnental inpact,
[05] Taebielentteys driye thvsgcdrarir wingyigrtionsaseon rqdudbiph drathe §3at(ule ryize of transistors,

mcludﬂxa Ltla G;H&eeﬁyefs lf& %{ehp&ieq{% Qstxs%ré’] i sﬂ&h olat'é l%&ﬂd@ﬁf&ssx)mst be reduced to achieve a very
non | anmr ol ve surf

tin s EraEn Do H b SR e AR o g e ovides a
thicknSisheNARYut OFA Bddinsd MEENERRNe Bins! osed herei n are novel
[06] A@E!%Hik OfS ok gki'?ft% Dgeed f&%@%@’ %{té {ré?lElst&Q AR%eSi 38 o§¥de Iv&cﬂ% Led@Q8 EOT with

unsatur ate uori nate % rocarbon selected fromthe

reducqdrleplippe cFrat ST glse Pristeopasd for ansthedalppi grabling tedptiigtign pf semiconductor

depos

devied konfiRtioHmeQHRR, trawdiir€haliniRd gad dxid2wislt £redicEtlBYE Rttt dayrificing device

Cl to C6 perfluoroal kyl groups, or G to C6
hydr of | uor oal kyl groups. In one enbodi nent, the
nmet hods di scl osed herein are nethods of using a

DISCEQYHSUNI HAUTVEYTIRE fornul a E- or Z- RLCH=CHR2, wherein
ndependent erfl uor.
[07]A§ﬁ8mt§geR§ tl?edres]?xg %‘P xﬁg} dsrabfeln%c(%cggi)rk%wcegp nﬁ & .ra*n(sjgor le a metal gate

electrglk exalrni gatg oxdde hayitg aokdacadEOT abdteduatddeakden carvat her

[08] Aﬁmg& tag of the ﬂes@ﬁﬁd@@ﬂwﬁ Qr ﬂ%@&"féﬂn@eﬁm@a semlconductor device -comprising a
fluorol ubricant on a surface congrly % mbi ni n

wansisir PR P BE AT "4 5% 5B R = phs T god ko et
[09] AddiGat advaatagd afid alige ifda@iee of they pleeadnviagion sl Bcdeefirth inohe debaeiption which

speed,

: followgr ICi)n Qtntcﬁhlsl;e aVI ga‘ren 3 sy Bzﬁfgng%rdﬁrlaﬂpﬁdllnﬁtﬂ%dan upon examination of the

follov&wg@f gtgshl!‘ebp@mgo N Sﬁgorpgw ariaglce Pfﬁ]éfé’&éﬁ'(ﬂ @yﬁnpgp T@i ac{ve)nt@@ of the present invention
may bp RhliZdi8 Othikadlas GFRURS); polifed Git i tBe dPenbdidaiisl uor oal Kyl
groups; to forma lubricant-solvent conbination; (b)
contacting the conbination 6t 1 ubricant-solvent with
the surface; and (c) evaporating the solvent fromthe
surface to forma fluorolubricant coating on the
surface. In yet another enbodinent is a process for
renoving at | east a portion of water fromthe surface
of a metted substrate sald process conpr|3|ng a)

e . o, o " Y "
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terns are defined or clarified. As used herein, the

terns "conprises," "conprising," “incl udes, "
wo 'rz(mmﬁmbmg, "has," "having" or any ot her var PEr/Usm06/042870
[ﬂO]‘Accm% qf ’the Il;re erlltn&%ﬂgo%d tﬁeofox% \{% arfd &Rép a@ é@'a\lés achjeved in part by a
fnﬁ or exa cess, article, or

semwoaélp@r éﬁcvws cquIpEEing: GYg SF§%§ gafe die fm%llayeé Pfé‘#% ﬁi"%“aFesa Pigipetive layer on the
gate dlgl%ﬂﬁ&%f bdda Iﬂeiamdte&ﬂiac&dae &ﬂﬁl@/prbtﬁﬁﬁ@laﬁl‘ eeaihhdpddteci@eylayer has a graded

comep LSR5k o A o B PEG Rek P10 o
[11] Exalpmdamreats ofithe (Resertt Fraention qpimptiss rreet@bga@stsawstosq wiflerieaiexidh &g silicon oxide,
and a STOBdL Sk Yer therBdn. Asfef:t@ bfSthik Qm@ﬁnﬂeﬁl%cuﬁé y ﬁol@cftlvaﬁsjer BéHprikifly #lhmorphous

carbonglg}?elf g&?llaéglg %tabﬁ&l%ﬁ é‘q’g::?cl ?311%&}3%’? Irr]rgta %ﬁoonp thﬁ\ gg)te elfctroge 1{1to the amorphous
carbon#iyes etnatchncanidtio up & abait kat(%er Tymivtllyp Fhasm)ratwA of the fgjyl garbides is about

80 at, ‘%ozfpplrdﬁtnatp R SHMEce PRFedd the arhd: us( %bog rl;@/t%e E}fd) the 8B@ D@L Hectrode and
B are true (or. present

decescsrog e BHEIORFH 0 B E ATHL2 o oh & s i dRteconde fover
Embodi@&tyalsb eﬂluhberelejsmnv ahhinsrph@s chetoe lape caltanidzaf lesbmy edvitiona element, such

JolByve:) g{eneral sense of the scope of the
asoxy?&vﬂ%tgﬂl oﬁ)é ﬁl I's description should be read to includ

[12) A pecht e QERST BHEL LR FREORPHET P APRIEE FIHBY: § His Gcleori
layer cﬁ| thH sﬂi)strht&| 286 5 mbthl ga& eEhkbldéJththé fudd didléctric Sayafe svhdrein, the gate dielectric layer

comprlses an ?xu%el%yg{] co%tséusant %gvu% %dfé—%gm nLtaﬁth)hﬂEa(feqlmaﬂrhd and silicon

erns er el ave e sane neani n
concererem ritsyfagen efichestxisle &aty% yﬂbﬁe suftratsiapr Vidythe it pate ql55tredie
[13]EdbddinteBts \M%luﬁé']folinlﬂhgs a gzﬁé/ &iél&dtr@ﬂa}bﬁ J:dﬂf}bgﬁm Alaydn 081 ghlychBhatifdslicon on the
al s_ si.

substr%ee%g Oﬁld%%ﬁ 6%1’( mérg C}L ht elec lé”m\)/ %‘ra r(])'}:\ldé 9 &IQ fu%t npogygr?r&!:lfug%(ﬁcon layer,

practice or
and a @erpd By arefpob cwfialiiteeilipnes ehn pxm’i@d%b@mnfl ehace% Ehﬁ m’@l sateiglsttinddl s

[14] AR TRERTF MeSpr@bfR iKlRSRh 11D 8 GnelBl QWVabAlalingdy! l@édu@oil&dc%ﬂ Yevice having a

at ent apllcatl tents, ofher re
wansifig EE bAGH B B0 PR BB BYE | EPEFERER Fif o sobse vith o
gate dichaetic lagntheei@twesn; fmhins s dieleqidrrléecarbighe phvsagel ckupsiog @nemper surface of
the rexlﬁ%lﬁ@%?e g&o&g}ﬂé ﬂefﬁ&vablg ga@e IQJvﬁlg %&peﬁﬂ 9§ﬁ 'tﬂce 'dﬁﬁ:%&l@ﬁyer defined at its bottom

tions, contro g?‘F F E)aﬁ .
by thaioo PSS, Y7 BHRSnd é%n‘m SR BT ote Al fry forming 2
protecﬁﬂdayéﬂﬁn hé pandaettdcdayecant ilindng iha gpenipdni Gauming a metal gate electrode in the
| fi
o T, SF Bl SSCAR B PALLSE G0 A By o e
gate elegyiody por at e by reference the co-owned Provisional
[15]EARRlnea@ lidcRAS d@@sﬁtﬂﬁ?& l@;gﬁ of knhdrghdusNasben b Ehednical 3P4, deposmon (CVD) or

atomlc%@é%é% %%1%_) { 9 he g gezgt%dézn(?p(e):? Fureiqgl zi% %% rg !icibﬁg (Co), nickel

(i), t2005: (TR tnhlglpdenwm@/fv) ane Gpreamboussarhepier @ firmthe msfal ggibisy decreasing

in comyeﬂéréﬁgn fém ﬁ@fn&@@ﬁt@ BledtSdeGhbd S Mhe@mo@hdul) €dibod lak @ BB gate dielectric layer.
erre or a

| r ef er, b e
{16] Ag‘htb"“fd(?%f‘ta%?f‘ %tgléerpé?ff“él veé‘f‘%‘glﬁfbicﬂ\%gmadﬂe? RParsat ulrl11 ar s{l ocl)%lthIS art from
the foliwsvirgplewildlideswtiitiyn, dihereh ewbatgneats bf thaprgest ifvgrtive dreflpsohedsipply by way
of 111ugﬁh<§n & nARY nlﬂﬁpgclfnte;r@ﬁ@@ fdr 'cm'ytng Qht B rELktiRLAn6a! U wANBE realized, the

| ower range referred val e

presenp (VGRE (it FAPRYS, gl st o Qifgent o %?mzfﬁfécfngsltfds V3 ‘1%8‘55 are capable of
modificaiof) & afious LbEbus GabectsadlieishontSlepagitg thedh thepresent, invgmtiogs gccordingly, the

. r , ude the
dciffy B AR o B B ekl f AR B o R s

within the range. It is not intended that the scope of

the invention be imted to the specific val ues

recited when defining a range. In one enbodi nent, the

present invention provides conpounds having the

formula E- or Z- RLCH=CHR2 (F?rrrula ), wherein Rl and

R2 are, independently, Cl to” C perfluoroal kyl groups,

or G to C6 hydrofluoroal kyl groups. Exanples of Rl

and R2 groups include, but are not limted to, CF3,

C2F5, CF2CF2CF3, CF(CF3)2, CF2CF2CF2CF3, CF(CF3) CF2CF3,

CF2CF(CFs) 2, C(CF3)3, CF2CF2CF2CF2CF3, CF2CF2CF(CFs) 2,

C(CFS)2C2F5 CFZCFZCFZCFZCFZCFS CF( CF3) CF2CF2C2F5,

N\ N NN NN - ~ IS ~ N NS LIS N NS T IS N
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| ayer. In addition, many of the hydrofl uorocarbons
used to replace CFC conpounds have been found to
w@omrsdas e t o gl obal warm ng. Therefore, therBCT/ESH06/042870
BRIE] ﬁgﬂﬁpnbgeﬁ%ﬁu%mﬁ@@/enV|ronnentaIIy safe solvents for
eaning applications, such as renoving residual flux,
[17] Flhéi o) rtﬁr&éﬂ [ s&EméﬁbAlly Qﬁma%dﬁaﬁﬁlsphasm aphbd &laeSrdarkb @it ad Gnbodiment
fih 0.a qeed for 1dentification of new solvents for
© e@?ﬁﬂé???gﬂ of fluorolubricants and for drying or
[18)Fide Qeitr@eh Hyemésens sagentiah pleses piracthdn aveodimsetef e presnidevention
[19] In«’:lﬁég €0HSushQb Wnli @ SaturS R R BPLimilR Y@Mk Ohapii@y | des new
conposi t1ons conprising unsaturated fluorinated

oesc I HREBEBAF RN Forhery served by GFC conpounde.
{20]The hp%es%rﬁ quf?rﬁl {{lla&%lgegs&ti $ e% ppd’bﬁﬁﬁ g&enha%avlgﬂ%k 'c%@eﬁ%is Eractic&QRting to the

Ir e properties

formag At PETHSRE 8 FFRERSt, i PFOpIEg P dioaisiy Bebepitivity and, hence, slower

operatf &RSE STHO f)reéehkbﬁ\leﬁtﬁﬂ hiSo 4ddmssgpand sobudd groblems attendant upon attempting to reduce

the gatel ol)’lcf?ig lilikne® {)}‘{ & lepcl et rkql{blrglat% %‘nﬁsﬁ ots, &QEEJ C?k£g¥ u@quand reduced
abl Ity 10 dissolve surfact ant COITpOUﬂ S use

OPWNWEﬁN@Hs for drying or dewatering. SUMMARY OF THE

[21]Tﬁel\{}{§%£ﬂu@htﬂx sdkR%e chdhera sacka;rreolmvlgl prcmﬁdgeﬁiaal Qfite uSisigrs with gate
oxidesﬂ\aﬁg%n?ﬁg%cg%gﬁg ‘%{5%{ ! Snlwrr]%seat leaka: ges teig?g ?)h es Elé’\lrgnggﬁﬂckness of less than

FoCal bon sel ec
154, sodrs i ghickmays IBA te Bdponnidd. bydechrigres Whiclf ipelvdg|faming a giotective layer on the

gate o%&é—% AR ;;otethEelﬁy%f hhs a]graﬁ&dco%%os'ﬂoﬁ betkw@eﬂﬁ:ﬁ&‘ﬁhdﬁﬁldle YayerGind the gate

unsat ur a

| 'uor o ou
electrqdf. é}éﬁ‘] ﬁl‘ﬁe E) ?%C%?dscgﬁrgtegge glgetr éeaiwfels Stf:ﬁs% lﬁ; ween the 0znte electrode and the
gate ogiddIgyes therly xeducl(xﬁﬂiée):@ @E@@@H@@ceS@ﬁmF@J@E@CH:CH 2

[22] In%r&ﬁcg: m&%ﬁdﬁéﬁs o%g B%%%E&F §fter g[:r_ggﬁ ge%va%be (oErBdnm ” gate,

such m@m{a@pg 51110211 g:{t@lgé?r?r@f @@g‘mgs caéqg? d o the egose% gate oxide and
lining @ Fp & @ialdd By rdalodity GHI3mEhiCEatd, AGhiat CHGE sRRICKHFTE N8, CoCMo, is then

depos%%%% é@é%%aW@%%ﬁg:%Z@S QE%F%% ﬂ?é:ﬁ) gte ‘Subsequently,

heatme}szcovduet@l:tosi}féwal@eﬁhe metplgpis elreizadpniois am((@f—@) Eabon layer (o form
motal @REE=CHCF 3 1 CF3C F2CF2CF2CH=CH 2 , CH2=CHC(CF 3)S,

GRS PSR AT B s .

400°C2oFBPu GPISIESs to BDRB CRACIR 2ERE TR § 15 mwewtmosphere such as argon,
mtrog%q;r%qg ga?com ﬁsngg aﬁ)ugg;vmWﬂr@éB and 6682 3E(JLFs nitrogen. During heating,

e e a e e o R e AR et
about 3Cki( @FS)’hleesulh@Zmth@}dCHKe@F)te@y\(e@Hee)s a, gr{def- g)ng@it@m@ogg-igipg a higher

amouI{t %):tglq_ag;ﬁg: at%g: ﬁterfe(eggisf)lggﬂ lggﬁ)aa)on %&Gﬁﬁlqgg%te electrode, decreasing

CH=CFCF
soross (i RS O BT S thec%@?cﬂﬁf BF sze:m*s of
heating a3 GFREChHRGHGom2162 btall gatcH-3 @rbon layer to form a graded

compo%%%%ﬁ@%@agg Afgtgal c&mrgxgﬁag: &}E uge%%(;ﬁﬁ the(}¥}ﬁelcgnent metal gate

clectrqip gradopfbyrlegrpgsing @mzewurﬂl}oe carbﬂqﬁeegP e@%@nﬁéﬁﬁ%bﬁ:é?‘#atz/ 6 proximate
the inteAlce&aB thdHatedxid kRt —AdvhdtagSousl{tBreFddbd dompositicirhifnss ChmBitibility between

the ga%%%%e’z:%%%gndz ga%d—ﬁctgé% eﬁ)%%?%rlngé% %‘ICI%F% rg&%&g d&«gl: 3esult1ng ina

reducedfzgicBe Wd\?ﬂ“@ﬁ OBraimHPREd3, CF3CBr =CHCH 3,
[24] I 4518y 3fdaldRhs of @E%@Een@ﬁfe%nzt@:&te b BB Toin{ed by, high dielectric constant

mateng;ezg_,d%%' FC 2k mBE&T&w&g‘an@g&a&C@z CB&;\%EZQ’Z G '1 based upon a

vacuuGHEmBAERNE 2) @F}Sesel(t EFSYOCHDMe CiBing a (g@t:@el@@w@sm aydielectric material
CH2=CHCF( CF 3) CBr F2, CF3CF2CF2CBr =CH2,
CF3( CF2) 3CBr=CH2, CHCl =CFCCIE 2,
CHCl =CCl CF3, CHCl =CHCH2F, CHCI =CFCH3 1 CH2=CCl CH2F,
CHF=CCl CH3, CH2=CCl CCl F2, CH2=CFCCl 2F, CHCl =CCl CHF 2,
CHCI =CHCCI F 2 , CHF=CCI CHCI F, CCl 2=CFCH3,
CH2=CCl CHCI F, CH2=C(CHF 2) CCl F 2, CH2=CHCF 2CHCI F,
CHCl =C( CH3) CF3, CH2=CHCHCI CF 3,

N N N N 1NN N N IS NS NP SN NP N 7~ 17~~1 NI LN N NP N

% )
e present invention include
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CF2=CHCF2CH2CF3, CF3CF=C(CF3)(CH3) , CH2=CFCH(CFs)?2
CHF=CHCH( CF 3)2, CH2FCH=C(CF 3)2, CH3CF=C(CF 3)2,
W@ @B3)pA0eCHCH3, CHF2CF2CF=CFCH3, C2F5CF=CHCH 3PCT/US2006/042870
havmog%?é%&t@an‘tg‘g@g@t %%F b %C&lch?’as a@d@zrg(l&E &Qﬂg@b—@ Embodiments

CH3 CFZ
of the pressrt-rptiqarrise sy forfe'egl?)gz%; %ﬁ? %eﬁsscgéréﬁ%fdi’mm &
materid havigFS)idécrickans2hiak) {f@pouB) M@Eﬁ@k@zﬁbout 4 to about 20. Suitable dielectric

maten%%: f?c%&%%z%p: I%%Iz %%%182 Ca_%c':':h cgf%en’t)’s) ﬁﬂas Gagzg%u%g;‘ c%lgdeous to form the

gate ogf3teyer G IR Ppoenirtipsy wa@m@ %@3‘@?%@#@2 eﬁlﬁﬂ%yef and the
substrdte ad GHEE intddb2@eRfekith gate 6£ideq) R CadH23ment metal gate electrode. Other

emboder_egt&% 3 CH2C2F5y r q@%ﬂ%%tﬁ%m@eﬂace between the high dielectric

constam@m@@@mbstr@%@ﬂ@m efrolymsstatline ctiowrat dhetgriepe between the high
dietectBd ot} gate(c%etas e aidhkedépcerh itk & &&E@E&QF3 1

10 AR o A e 51 A AT B e

1, a t«DPRCFITN=GHEHr 2@REHcdle UF 3K 20PGHICH, XCRMSd over substrate 10 with a gate
dleleclf;gciégl;zl@%%@g&%ﬁ Qb@‘bs&ﬂﬁfﬁ&%@ C@@Eﬁ%‘bf&@'ﬁ&m‘: invention also include

2
o ek e el L S 2 2SRy 360 0.
In0,, Lieh;=1GRD;Gkd IaOzCHIEdﬁHGBHFe/CEqm BHRsiGBr1CldrE tRen QR = W@Bﬂily, dielectric
sidewa '&er%cl?’as s% %E inco’% mtlgé%pg %%E%Emg: e Bl fotiiel 3n removable gate 11.

Br

Ion 1%&@@%@)3}1016 @'@WFW gm r@pgtgi, %%ﬁé? silicidation to form metal
silicid R H sCGhiCixpded QH3EBheHGHcBraif @E&)%—Wsh@ﬁa@fﬁm@n}@éposmng a

N
[26] A@azmq@@@_g@?rpﬁ dxeke@n’a)nmchepﬂlhcmxde(wgﬁn@xgie formed from
tetracthgt ATtk B 2DEASE , is (d6oded ChlldweCbiBrchentiéaF Sneamiti@laBing (CMP) forming

dlelecigf:H% S%Fé%g?ﬁ %derﬁ;_?g%h g«gég\:v%%%r&i'x :!;2 %Lj);rg 1iand source/drain regions 14

are actSpE| b;(jp@@ﬁpera@r@her@ﬂ@p{gal@g@p@@@@ aCtpfpyerature of about 900°C and above, at the
stage 1@@5&@%&%1 Qﬂm@ﬂv@@l EFgZ 2 ogﬁ%rngi:\@@ &kn at@lﬁ@lagmh%d A, Fig. 3 prior to

F, CCl 2=CFCH3, CH2=CCl CHCI F,
depo&@qéhs&wwt"g_l a‘%f‘r?g“ 2CHCI F, CHCI =C( CH3) CF3,

[27] ACHRsE SHCIHEHECR, 18plac@HBCH0RIBCEFER] L l@F@lﬁ@@l GP2 EFBing, e.g., using a solution of
hydrofgalg %g@gml% QE@E 4CI? Qcordegiz & Ihis embodiment, a layer of

o SRR G D i B P 0T 5 S ofiopn e 11, 3
schem DR 5 AHESEIdAGOFE. 2, EnBalident (T8 kB in@id-CHaH2@PRing amorphous carbon

layer 4@,1__)% C%%I%E&E %C@wmﬁous 3) 20—%&@%&1 thickness up to about 504,

such agybgetitp- @(m ﬁj)[igy @Fabsutf5 p@-_begbtamed by depositing amorphous
carborn@yel E4BIGa(KRh &ss 2bp@ER0A. 1 CF3CF CCI CF 2CF3 1 .

e e

molyb@n@n: GHEPIGH, z(g)bmphysgal Va9 €9pOYition secimqus. bogjsgnts of the present invention
compr@'@pc%': ARG ERr of Qlefap rsﬂGhaas |té.ﬂﬂihln£; aiidkelS 6dbMIE BE molybdenum, and then
dep051 1 nq?ygra?ﬁcopgsr (éfg) oFa C%nt oyt N Slsu tr mglrc:rrbﬁén?e tto(%inar(ljzfe the upper surface of the
deposig squductivd mpgprinlhierehylcomppi¢iing the mrethligate §Qasfillpsieataddn Figm a

[29] Inf dobtB: ganMdléﬁaQtt th€ %Jehtrigve%nt e alﬁ&ﬁﬁo@@ &rboh Nay¥ie 483 8§ CVD and
enbodi nent is a process 1or renoving

contaific rbiTeGHie B PO AL P AR PPyt R el deposion by CVD
using Sxypsi kikine (SiBAiadd pitrogees SThe Gmpwsibis ofi gxyadn, silisnaat/pnyjtrodee in the initial

substrate with the conpositions of the present

i nvention further conprising surfactant, and then b)

renovi ng the substrate from gontact with said

conposi tion. In yet another “enbodinent is a

conmposition conprising an unsaturated fluorinated

hydr ocar bon having the fornmula RICH=CHR2, wherein Rl

and R2 are, independently, Ci to C6 perfluoroalkyl

groups. In yet another enbodinent is a conposition

conprl SI ng an unsatur at ed fI uor| nat ed hydrocarbon

o . o s R B Y 4 NI BN NN NP SN NP N
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are nmerely exenplary and not limting. After reading
this specification, skilled artisans appreciate that
wordens@spect s and enbodi nents are possi bl e wi PEDUB2006/042870
amorpgcfﬁp @z{rﬂdnnlgyelf Ot DE S GRRS oA adille HAMER tHoRNstred) MEELy reducing leakage
features ‘and benefits of any one or nore of the
currela rhodi ments Wi I | be apparent fromthe fol |l owi ng
[30) Subedyeintlye deatl @S B tigidailp implaaraled atcametnp@atot af Awut BEFG roeabout 600°C, e.g.,
400°Catgxda[b§|¥t§b Elegong$ Fo%{xl ?5 91? 9’99&% Wor%%cdﬁﬂrgﬁgte Qﬁlo%ere such as, argon,

erns sed
nitroggn|pg a fqspigg gas @BWW% é}‘;bout 14 vc&o/ﬁ-byqrcgprhgld ab@ul'r %63}7% L de gltercrageell nDurmg heating
metal frbfl Qllleulélblﬁgnent niatalsgate diffavd M@ tho km@phyusotdien layar 40aionmﬁg carbides in a

concenttrathn l}radﬁall){;l ﬁ%relasl?xi[éx ?w 1n?erfgcoe\{)%tweg’x A}l%%élglﬁ%gt’yél and mertal gate 60

S on
across aipyplrons wathort Inver 4Q:t9m§¢ gaéee%eleamp ias'fr 13+ The rreéw@rﬁsguqﬁge i Ehown in Fig. 7 with
elemer? G@i%ﬁ@@ﬁtinlg bﬁe bﬂom:ttv@ Hydr 6f Slokp¥iods bas®R h&hr@”fﬁl&u Sarlfadit therai.

[31] T}fp}fﬁlérlilg?e{?mg ]t:s 80%%1&03%1 uB | nt 3 glgons su {( c‘ﬁen? %or)ﬂ tulfa IcﬂS g "/ometal carbides. The metal
carbldapp@nmmtyplﬁlilmmgqs frommetIS&O #xXp P@Smaty ﬁ?tlét?r@de ‘Ee@NeFlmfotethe layer 70

and m&APhE Aedtrode 6O gradﬁﬁlfy%[aéeaglﬁ)g RFbsd ﬁ@ {nitBheMCor Foteaind laﬁ@i 70tt0 atRBt 20 at. %
excl usi ve or. (? q
proinglhe Rty BTG P THE FE P OG> AP E e e ogpring @ gnded

compogifi@si@ntoyesamopaBbility thegby éec(e@snngrwt:ss pnd dant, decresipgdefects generated at the
gate eéaloagéa%roxgg Ent&fauees &R ttﬂls @rgsd t}@ E(ﬁ‘ éaﬁ lﬂ@ S %Iﬂﬁcaﬁ[yeﬁﬁﬁéd) mﬂ@ﬂdm attendant
are true (of present) use of "a"
disadvgplageoyhincrggsein IHEOSPEEPt 0 descri be el enent s and
[32] Aﬁdﬁﬁpmmtnsm dese preasrdnvagion isrschethhticallyl iBusctaeicin iizs. ¢l throdgbrl 2. Adverting
o SRS RIS 42 7008015, SSISE QLo IRP0R 1. s
point tfﬂ?l gftueridedayer i remayed|a§ag led?Vé‘gé‘rF@“‘feﬁ‘é’“§lhﬁ§Eﬁ“ﬁFc apfidsgieh, resulting in the
intermbdi&d Hﬂ&ﬁre 11R1&raﬂ4dliﬁ Big. UNhasis ethodinS:mQ budvodBe btidel is fdrmédSwhich does not
Unl ess ot her wi

contau% reagiﬁnon %grrlag ?A C? llaSénﬁttfe tmexg to removg' &e gglﬁsﬂﬂ:gxgdunﬁy \Fate OE deposition of the

use ereln
placengaimeetaiesfvi ng @sowmvnwﬁ’l ypwﬁd@rtblﬁ sebedisyent feneyt exst dplproyls formed

comprﬁiﬁ!g b high fﬁel&jﬁﬁ c@ﬁstanttr&xtéﬂal' vﬁm Ihl%n&:oho@r\tﬁfé& thlih &@fa@@@ﬁh the substrate and at
S, an rial.s si r‘5|

te
the mtfréacet Wg‘sg x&gg @,Fﬁe Blg(érog S ﬁew tle%ngba egra ef!l %ate cgeleicﬁrl% lfaaer cm{aPatuble with both
the sutptratd aag the mgtalahteembisuéemeiicas dfesyandaspreaseddfecisnvent i on,

[33] A%’% Iréxrﬁbllng thg%gm%te%ﬁge BE bl figh Eli@legzﬁs&ﬁs}tahﬁéite Q%Li@ﬁ\/fonned Aspects

I catl ons, atent tl
o e S OHE B G PR iy S, ovsn

a highrdfleetie RaBtait Matdniali &2 tendon,rsethyas Taitls $H0;a0mlEfS10s.candl ghen depositing another
layer 0? ga%%gf?ﬂhhessﬂféb& &‘donct}eriu(fﬁﬁﬁﬁctﬁé qoﬁ&e&ft Lmhtgﬁal 8?_t I'l\% skwRSEEL. 11, a metal 90 is

I cat1on finitions, will caontro
then d@ggﬁe@ | @Wectstqﬁ thisgbediment glclu(iiﬁé{eppélagg andﬁaal él?ﬁ %ﬁ@g’wﬁ}@’ a layer of Cuor
Cualldyl | ustrative only and not intended to be limting.
[34] Cﬁ?pl Cnairr]:\tlpféme P Cls{zlltu(l: alcles énﬂ&@% Qc%t, @all& glgﬁtr?%hllﬁ ) %hﬁ&t metal gate
electrodé & |Thmrﬁqsd>¢<mpesﬂbytat? dilequdsriever ‘tmnwséme@nwt&%d@t *Bwaferface with
substrAO R dn@ &t m@ﬁﬁrfzﬁzg/wﬁﬁ 2e3P61te ddctrd 1000y @RIy Teduc2ORss and, hence, reduces

05, 60/732,292, filed
defe“ﬁvg\/’g??‘(?@%%ig 2 r %d%g ﬁbd“ %&? V’ﬁ’fasggiaq‘agefc e e{j Novenber 1,
[35] EgQ@Bnents off the pegsent ihrationsincludmtha mite, of easinesadypes eftemerphougarkyp.fyugh as carbon

contalﬁﬁ’é o, @Qraﬁgﬁxhﬁg h)‘d?oggiaié@ E‘arlﬁﬁ h@s‘lﬂg@%’&dr@geﬁ &ﬂ%i&tratlon of about 5 at. % to
abl e val

about 551 % m@%@&%@#’ Aol 6‘%{%@& o ey o Y PRy nchae
amorpBsis &ﬂﬁﬁ infiride, abrhatimeli sfeiraigo mgitekdnatrdraches sérorathelhving @mtreew to hydrogen
concerRr@flJn rzglo ofib%ut Y8 ﬁ)r30‘() aﬂﬂx@xph&ugh}tdrogén-@&cggtﬁfeﬁ @a%o}{ ﬁla&' AsoBd gmployed

any lower range limt or preferred val ue, regardl ess

of whether ranges are separately disclosed. Were a

range of numerical values is recited herein, unless

ot herwi se stated, the range is intended to |nclude t he

endpoints thereof, and all integers and fractions

within the range. It is not intended that the scope of

the invention be imted to the specific val ues

reC|ted mhen deflnlng a range. In one enbodlnent t he

e
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[05] The relentless drive toward greater
mniaturization requires a reduction in the feature
W@ ewe/08f093 r ansi stors, including gate oxi de | ayRCBHUSN6/042870

[36] Tﬂ!%éént GRL: Rk f)@@ﬁéssﬂiéﬂo@ob&%ﬁhﬁ@&ﬁ Bk ABn bﬁ%&ﬁ&ndm;t&t dedRes havmg

e TS AT O R S Hb S B RHB blSp pmsion o
leakagahhexrrptrlnerpgesetnomfzanncm egzantee adjusintbetof ¥t acrdss hik gredsd profily pf thmettctlve layer
onme%ﬁﬁ) syse of the |eakage current [06] Accordingly,

re exrsts a need for netal e transi stors havi NG . nductor
[37) Ths REpaTok I0BSHieRee it wd‘aﬂrb@a‘eé‘ahtmr‘hw PR P &Bt?aé getmiconducto
device€ LIlhE piadent ifRHoR isphrsiorlelyiagillisabk infaerttating senmeniiotofiayigss having submicron
featuref B be!(ﬂltﬂgm R%E%%Q crr?eﬁt @Rl el LonguGt or devi ces

gate transistors having a atg e

(381 ghe oo é«aw@a» B ETvER St FiersptPiy ot P ti“a s, structures,
chemidals Wc o eI ElTdr QhdiefsQuddidinofably redestgmveiont lﬁ{ewever the present
mventlg? 13 g]iarl(:)tlrcvd\?m Wl{hﬁ q resorg]%ggtf) e g%tg’ 11 egfé' t% ! g érg %aégtc %lamg inggac@s well known
procesging @é nh’mrﬂh trva nPtétﬁtPc@épﬂE‘@'Pn alrtelﬂ HedrE aef 1P é‘&?@@%ﬂly obscure the present
mveImgyrrent [08] Another advantage of the present

[39] Oﬂ% 9112 grtg rri::d eﬁ%’?? xgiqﬁ &H_I ﬂ%‘e qr?s%nrt] gn?cg 1%n(r:§131\nlb{11t% fgw §x§¥1%igsoo|}%%]&e¥sg{ lity are shown
and degdribet in dt@reamntiappligtdne Ioi iades undpystaed that the atst?etdmeeton arrgpable of use in

varioud GEH G&r@xﬂa@tﬁgﬁﬂ%nweﬁﬁtand Is Q;%)Lbl@ﬁd:hingéﬁ Rr AsHRAEAYRShirttRélscope of the
ot her features of the present invention wll be set

mventive,poneers a8 SPRRESCHREW i pt i on which fol lows and, in part,
w || becone apparent to those having ordlnary skill in
the art upon exam nation of the follow ng or may be
| earned fromthe practice of the present invention.
The advant ages of the present invention may be
realized and obtained as particularly pointed out in
the appended clains.[ ' ' cofdirig 'o | He 'preseht
“riventiri, the foregoing and ot her advantages are
achieved in part by a sem conductor device conpri sing:
a substrate; a gate dielectric |ayer on the substrate;
a protective layer on the gate dielectric layer; and a
nmetal gate el ectrode on the protective |ayer; wherein,
the protective layer has a graded conposition between
the gate dielectric layer and the netal gate
el ectrode. [ 11] Enbodi nents of the present invention
conprise netal gate transistors with a gate oxide,
e.g., silicon oxide, and a protective |ayer thereon.
Aspects of this enbodi nent include a protective | ayer
conpri sing an anor phous carbon | ayer contai ni ng netal
carbi des, formed by diffusing netal fromthe gate
el ectrode into the anorphous carbon | ayer, at a
concentration up to about 50 at. % Typically, the
concentration of the metal carbides is about 80 at. %
approximate the interface between the anorphous carbon
| ayer and the netal gate el ectrode and decreases
across the anorphous carbon |ayer to about 20 at. % at
the interface with the gate oxide |ayer. Enbodi nents
al so include depositing an anorphous carbon | ayer
contai ning at | east one additional elenment, such as
oxygen, silicon and/or nitrogen. [12] Another aspect
of the present invention is a sem conductor device
conprising: a substrate; a gate dielectric layer on
the substrate; and a netal gate el ectrode on the gate
dielectric layer; wherein, the gate dielectric |ayer
conprises an oxide |layer containing an oxide having a
di el ectric constant (k) greater than 4, and silicon
concentrated at interfaces of the oxide | ayer with the
substrate and with the netal gate el ectrode. [13]
Enbodi nents include formng a gate dielectric |ayer
conprising a layer of polycrystalline silicon on the
substrate t he oxi de Iayer contarnrng t he hrgh

N L T T T T R 1 T I
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[ 23] Enbodi nents of the present invention include

heating to a tenperature of about 3000C to 6000C,
we2@7/05640€0 0C, for about 30 seconds to about 5P@T/NN1086042870

under vacuumor is an appropriate atnosphere, such as

I Eﬁﬁi ogen, or a formng gas conprising about 4
WHA\%(%?.&U 0 Dtcfrgogen and about 96 vol. %nitrogen. During

hegat i nga séBiRkuchf @t Lepsale el ectrode diffuses into

the ﬁ%ﬁprgla us carbon layer and forns carbides, as in
p to about 50 at. % The resulting

st:utﬁdﬂeemofay@h@)mtmsebﬁtrhtvéol ayer is a graded

dikd e b Gieiettl 1 zaggunt of netal
g@?ﬁés 12{&@7@)’1&1' ﬁ%&rfg g}@le{%))e {;m hous car bon

I a?‘@‘?talt%?t? FeqtAd (Eare %Pr%té‘tt‘r"%lﬂ’@r g ing across the
anth¢ ploettise higdr 70N hds @ \eededt compdiioryateen iic gae fielgogric, layer (12) and the metal
gatee@gpo g¥6¥6‘ent s of the present invention include heating
use metal fromthe nmetal gate electrode into
the anor phous carbon layer to forma graded
COAPOSI lrt'leeamedhﬂwoiraévmgaoa&mungEmal, whéeirtet al car bi de
pr pXxi e t repl acenent net al
?‘ &2 Jé%etcgnc éefgbz gﬁ% o4 té‘lél‘r’ égtcgl ng across the
an@?m@ﬂe’e lexer Ge)rfomavesfantaeorahoewéeﬁ ¥t i on of about 20
at % proxi mate the interface vvlth the gate oxi de
i,g ati ?/slg'ltg}cgr%eg V\;Jgﬁéet a:glpo?dn%[ to ¢ almg e(r)e%Il Ie%trr]lo % ou% Qﬁ(r:b%g layer (70)
contagatnetale¢aémitesr dﬁd@asmghlepehﬁytmed fremh gy mtal ests e‘aﬁ@de §@raseoss the amorphous
carboﬁg,gié,l@jogtgﬂgggtgg,tl&({gesul ting in a reduced | eakage
current and increased operating speed. [24] In another
enbodi nent of the present invention, the gate oxide
I ayer i Fhefseminmducok deyichacgirdidg teFlewt &, whergmnst ant

Fﬁx&t@ll is sefect&h fromachéjér% %&{slgtlin% oﬂgﬁtﬁﬁﬂl %cktlj a:W)aﬂgncﬁnolybdenum and
di el ectric constant reat er thap or e

wi tpmatalsabides dpesse fg’nvae% A ‘teﬁéga&reéegtéﬂﬁtt (60) across
the arthdipt@wdtcadon lhyRE(70d@atbar20rking aten fh&ircediidltechte bxidd lappe2)f r om
a dielectric material having a dielectric constant (k)
of 4 to |l ess than about 500, such as about 4 to le
t h&n abdks scmigondmies slarirpereecadips to ofim Ay wheasi the ﬁ%rﬁ‘t‘t“t) ﬁdfbon layer (70)
contaihb S @adt B eléghentfsQécitl Hem b grog@domsistih@dfetfge, Cilicva bt dittdger r om
a high dielectric constant (k) nmaterial having a
di el ectric constant (k) of about 4 to about 30, e.
abbut A4 Theosemisoritct@(devisy peceripe tod Flaime b t Whiersione @rofeglivg layer (70) has a
thickdebkGk Abd6: 108 2@ou: 5228 and HFSIS . I n such enbodi nents
it has been found advantageous to formthe gate oxide
| ayer with a high concentration of silicon at an
i nt.er f atle sowicowdetor dhracegatoatingtd deim laydereiathy prdtestive layer (70) is formed
by: substrate and at the interface betvveen the gate oxi de
er _and the_ repl acenent netal el ect rode. (ti]
oFitipe p jager Pfﬂ?}o%%us F?ﬁ’%bﬁ @hegtciala‘% smon or atomic layer deposition; and
pohe;migys tigthsk imeialfradi the maul gaik elbdredd imb eheﬂaet@f bedrpieeTcatbbre (70) to form
up tohﬁ(gctﬂ ‘g I I%Ltﬁ id%s eQx%§ 2%1 c%ﬁ:r@rat%' ﬁjc@n Ittéytﬁc.ltal%@tg electrode (60) across the

ubstrat a er crystalline s

smorgies iR tat‘aé%thﬁ SHTEE RN |< h e ia PSR A £(12) comprises an

oxidegat e oxi de | ayer and the replacenent netal gate
el ectrode. [25] An enbodi nent of the present invention
is schematically illustrated in Figs. 1 through 7.
Ad¥er t i Agemiepnfieigr deyice eompeitiggor ary repl aceabl e or dummy
gal Sbskrhte (BYCh as ponS|I|con is formed over substrate

el ect | ayer 12 therebetween, such

asa§¥?g%3wgg%? %kﬁgﬁ%m%ﬁﬁ%n % of the present invention
al so include depositing a high dielectric constant
material for the gate dielectric layer 12, such as
ZrQ2, HFQ2, H 203, HISi B, In2, La®2, Ta2C3 and TalR.
Shal | ow source/drain extensions 13 are then forned.
Subsequently, dielectric sidewall spacers 15, such as
silicon oxide, silicon nitride or silicon oxynitride,
are formed on reanabIe gate 11 I on |nplantat|on 'S

M Y T Y Y I o N A D o A A
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conprising a high dielectric constant material wth
silicon concentrated at the interface with the
waenishs@be and at the interface with the netal POBUS2006/042870

e aemce %a eelec?og%{l‘é(g%n Ihggzgé ﬂ%ec@h%g‘qgg vglgxreﬁ dielectric

e’'wt e substrate’ and the ne%a

g aleeeata mlecth@hscee conpgi €4 Pitfledtypirentaining neEdds (f 2 higigpe @ dielectric constant

&) gredféf ﬁﬁltzs and s33dn AhdeRfatcl QNMBIIFRE dflAR oRIdE Bien ashth gatsebsioatd (1) and with the
h% %Q ded high dielectric constant gate oxide is
maﬂ¥%ﬁqﬁﬁf8 @ects of this enbodiment include depositing
an initial |layer of polycrystalline silicon 81, shown

iy Fi 9.1hd Qi IRROS dbdifthcRrdtp 316k 6| Wietelnitife 1@ BB lead layer comprises:

mat erial 82 thereo Hf 20G3, or Hf Si O,
aﬁﬂh¥ﬁgﬁOgﬁbﬁg??Wﬁ§h§WZ§R%?£T%gé?wa pol ycrystal line
Sithd ozidalaBB (30)ontthedirdt lagdy ofoblcergtliinesilicaisznd nat eri al
82a sefid §J}9}Aﬁ ;Joﬂ'cn@tzglme IhicoRA (BE LA bne Wik %yEm@[baxdﬁm‘éént &fd. metal gate
cts of this énbodi nent include depositing an
ebm“ﬂﬁﬁ?@ Ta |l ayer followed by a layer of Cu or Cu
alloy. [34] CW is then inplenented resulting in the
S t']{h%' ? tmgjgogdugtgxrhgaget cgﬂinleO éle!nlnlﬁ twrh@l{:ﬁ%e oﬂdé{%%%%d &diddic constant (k)
gate electro egrae conposite gate
greateﬂh@l“éewfises Telyd#QOH™IYi ng silicon concentrated at
the interface wwth substrate 10 and at the interface
with nmetal gate el ectrode 100 significantly reduces
stress and, hence, reduces defects, thereby enabling a
reduced EOT without increased |eakage current. [35]
Enbodi nents of the present invention include the use
of various types of anorphous carbon, such as carbon
cont ai ni ng hydrogen, e.g., anorphous hydrogenat ed
carbon having a hydrogen concentrati on of about 5 at.
%to about 40 at. % typically about 20 at. %to about
30 at. % Enbodi nents of the present invention also
i ncl ude anorphous carbon nitride, sonmetines referred
to as nitrogenated carbon, generally having a nitrogen
to hydrogen concentration ratio of about 5:20 to 30:0.
Anor phous hydr ogen-nitrogenated carbon nay al so be
enpl oyed. [3' 6] hb present invention provides
met hodol ogy enabling the fabrication of sem conductor
devi ces having transistors with metal gate el ectrodes
and gate oxides with ultra thin EOT while preventing
the generation of |eakage current. The present
i nvention enabl es adjustnment of V across the graded
profile of the protective |ayer on the gate oxide
| ayer. [37] The present invention enjoys industria
applicability in the fabrication of various types of
sem conduct or devices. The present invention is
particularly applicable in fabricating sem conductor
devi ces havi ng subnicron features and exhibiting a
high drive current and m nim zed | eakage current. [38]
In the previous description, nunerous specific details
are set forth, such as specific materials, structures,
chem cal s, processes, etc., to provide a better
under st andi ng of the present invention. However, the
present invention can be practiced without resorting
to the details specifically set forth. In other
i nstances, well known processing and naterials have
not been described in detail in order not to
unnecessarily obscure the present invention. [39] Only
the preferred enbodi nent of the present invention and
but a few exanples of its veratiIity are shown and
described in the present appPication. It is to be
under stood that the present invention is capable of
use in various other conbinations and environnents,
and i s capabl e of changes or nodifications within the
scope of the inventive concept as expressed
hereln MHAT IS CLAIMED | S: 1. A sen1conductor deV|ce
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