;- ae3ell L:\6T2; # UV CURE PROCESS AND TOOL FOR LOWK FI LM FORVATION 5 The
i nvention is relate l«G4 d of sem conduct or processing and nore
particularly to theﬂﬂ(ﬁ “[lﬂ%“ﬂ u)of a low k dielectric film usidnguin2008e
process with a redu udget. Background of the Invention 10 In
the field of sem conduct®®¥abrication, f{flms with |ow dielectric constants

(low k filnms) are used in the backend (post-transistor) nodule to reduce
overal |l capacitance crosstalk. Typically, low k dielectric filnms are

deposited or for mﬂcum@@moees'smmemssowL@V\f:kqmwrommmdaposI tion
15 (CVD) process. After the formation of the lowk film a cure process is

generally perforned to conplete the formati on of chem cal bonds, out

Curi g process 1. comont v per 1 or keSS € HyeRER "L, U,

a hotplate utilizing a single wafer node. In either case, the consesti onal
cure 20 process undesirably subjects the wafer to an el evated tenperature
for an exended pdiheoaventian ik related. to the B&léle@fssemlcé)ﬁﬁﬂﬁtwrﬁ@@%ﬁlwénﬁour

at a tenpera 0 C t

o 2 e St bARBHERRS IR RER, 55 AP e ue i LRGES qure
particul ar ppes&ss witha regusesithepmal bedget. process requires a time consuni ng
manuf acturing step that 25 may require the manufacturer to acquire

addi ti onal processing equipnment. Therefore, it would be desirable to

i npl ement a low k dielectric cugg-wdrblihd bPehe@invaNi ﬁarrperature short
duration treatnent utilizing sh the required

di el ectri1® characteristics of the film 30 14 July 2003 2 Bri ef
Description of th Dr awi_n he res n, | | ustrat ed
exarrplg and not 'Pntthét |f'8ﬁis O;E W«%‘QS’@ Hﬁﬁ%nf}\%ﬁ'ﬁa ?‘B’Q ﬁh\/\lﬁ%ﬁj"géﬁ
references i '&6h§t%fn bW kafims) &r 4Sin_ fhed st-'ﬁ‘aﬁsls%o Ihoghied

| bé ges a
cluster tool accorgsgg to one engo ment of ‘Flke present 1 nvention;
reduce overall capacitance crosstalk Typically, low k dielectric films are

deposited or formed using a spin-on process or a chemical vapor deposition

15 (CVD) process. After the formation of the low k film, a cure process is
generally performed to complete the formation of chemical bonds, outgas
residual components, and reduce the dielectric constant in the film. This
curing process is commonly performed in a furnace using a batch mode or on
a hotplate utilizing a single wafer mode. In either case, the conventional cure

20 process undesirably subjects the wafer to an elevated temperature for an
extended period of time (i.e., in excess of approximately one hour at a
temperature in excess of approximately 300° C). In addition to consuming a
significant portion of the thermal budget allotted for a particular process, the
conventional cure process requires a time consuming manufacturing step that

25 may require the manufacturer to acquire additional processing equipment.
Therefore, it would be desirable to implement a low k dielectric cure utilizing a
low temperature, short duration treatment utilizing UV exposure to accomplish
the required dielectric characteristics of the film.

30



10 FIG 2 illustrates the UV irradiation of a sem conductor wafer according
to one enbodi nent of the invention. Skilled artisans will appreciate that
elenments in the figures are illustrated for s inplicity a nd 1 Juy2003a nd
h ave n of n ecessarily b een d yawmn t o 15 scale. For exanple, the

di nensions of some of the elenents in thefigures may be exaggerated
relative to other elenents to help to i nprove understandi ng of enbodi nents
of the present invention. Detailed Description of a Preferred Enbodi nent of
the Invention 20 The present BREEDbs&btRAGItAE DFa snpl ates a

sem conductor fabrication process tn which aTowKk drelectric filmis
formed utilizing an ultraviolet (UV) curing process. The low k filmnmay be
used, for exanpl e; i : j i Y Bitkidati
referred to as mstT 5‘%’%85%"?&@%’%‘ |§glﬁ1§ftrﬁ?§€§g?&edd %%’%ﬁlg rgm on@ 'be%rtllgp her .
Initially, ainlitheedccompankimg Sigdegmsirt edghich ke orefergnicesaindieate c simdilart or
wafer. In_an enbodi menqtj_i n which the low k dielectric formed according to
the presem EH/BARtSoANH & Whidh: zed as an interlevel dielectric (ILD), the
waf er may have been previously processed through a nunber of steps of the
fabrication process including the formation of isolation 30 structures, the
formati on of wel | KRGt dcillustratesaactlndter ool nadcordingf topehg pembodimeny mf the
transistors. In one q%rTR.odi ment, the deposition of the dielectric filmis
acconpl i shed PFP$&M IVEERieR: @3¢ v apor d eposition ( CVD) p rocess. In a

not her 14 July 2003 3 enbodinent, the dielectric filmis deposited wth a
spi n-on process. Because CVD tools for depositing oxides and ot her

di el ectril® nat eri &l6. 2Arikusiratesthe UN irmadiatioptofraapemicopdutios avefenackarding
fabrication facilities, th D .enbodi ment of depositing the dielectric

Fim or the () CDBAMEGHEIR BRIRPVEAAI ageousi v 5 uti |1 ze exi sting

equi pnent within the fabrication facility. In the preferred enbodi nent, the
deposited dielectric filmhas a relatively |low dielectric constant ( a | ow
k d ielectric fil Skillethartisane will appeasiatecthat| gleragnts dnplhesdighres are

G el oot i 1 eyefed el Fnd' e BGRRE ok pofiesiiRe e fong An
0 xygen h% beaalengFapesaftple,seldiaenditfhs oMéema dP\Rer slegicdts et aguies
whi ch a sem conductor wafer is |ocated. Organosilanes suitable for formng

the carbon-bdR®4 Be| exaadeRtet faleivRico ihekpipments nia Hhelpi tandmprove
di net hyl si | a%dgpithﬂahgﬁéc%#tgd&near Fﬁ%dofttﬁé.rp"?ggéﬂl%\?ér{ti% e. In addition to the

or ganosi | ane an g Species, an I nert species such as 15

fil.mmay be
CTIE .Av. 2-.‘: u- = .:.:.. - ...._‘.-l.’ H,0 ‘: WG .‘.! Der at ur e

process. dgn one 20 enbodi nt, the | ow trrpeaure procss is performed by
mai ntai ning the wafer chuck in the CVD reactor chanber at a tenperature in
t he range of appr dhierapresent 1imveotias geaerally prooptemplatds agpsericendicjor3

Torr. Wiile the.l ow tepperature depositiqn pProcess.may r iLpe a.longer
deposi tion t TREICARD PRERES: MWl dclow K delfc, e rater Mgt a i ¢
constant. | n xeslitle®(UV BariAG prévesseMPRs AW IkEfilRT ARFSISe LUBed Ufdr AXatdie) to
fabrication processes in which the thermal budget is limted. |In another

enbodi ment , dnsHiale adiaerntganductieg iavers (ropmepbsiefersesd e msrmetal kgyers) of

Cntaini t he. it he i.nat el
550"t o a0y oS BledE bt fouf'onS ERGHR ey, ARuSRIHR, iy BPRogduHER ©! Y
t enper at ur e depasohvenmtigrad sesticonayicter widferlehi aalentbddiment i whichttheg ddw k

hi gher depOSiJ"lcialggtriE:%E)?rhed a%:goF]dlijr!ug tozsc)hoe?’present invention is utilized as an interlevel
dielectric (ILD), the wafer may have been previously processed through a

number of steps of the fabrication process including the formation of isolation

30 structures, the formation of well structures, and the formation of p-type and n-

type transistors. In one embodiment, the deposition of the dielectric film is

accomplished with a chemical v apor d eposition (CVD) process. In another



"4 The organosi |l ane based deposition produces a dielectric film
characterized by an Si-OSi network that includes nethyl and CHx groups
(where x <_ 3) attached to the silicon and unbonded sil anol . 1#hkulyiR@0&ctric
constant of the dielectric filmas deposited is typically in the range of 5
approximately 3.4 to 4.0. To achieve a diglectric filmwth a dielectric
constant of |less than approximately 3.0, the preferred enbodi nent of the

i nvention includes a cure process. The cure process produces a condensati on

reaction in sibodinest, tiesl didlédtric filnté dbpsesitetwith rpssinwWresrocesst Becabseach
other to form Si-OSi bonds and water. |In the preferred enbodi nent, the
cure process CMD teais e dapewting oxiges) and; otherdieleglicomaleriaisngem dregent in

' ncl udi ng, wqﬁ%&fmt ri @W@h@g@%@f%%ﬂté&ﬁﬁ% tﬂE:@\VDr&ﬁh%‘ifr{eﬁwtt °

produce a lo composi t1on
filmprior tof tiepdsiting rﬂn@cdeetectng fitrmneff thei priesgnpinreatiors nhm,eadvamiagduasly

corrponent from contam nati.n her aff ctin ubs sited
| ayers. | Hiik#%e eXIsHBg; fanip g""i‘ ntgngn?qb(gr,qa gU?l ngqaf (-f]‘@ g ited

dlelectrlcf | e e fgr egt tic
energy (i ghtbh{gr?g?gg aﬁg @e?éslgécgaﬁiéﬁbtr% flzrhené§19§ {érﬁétﬁ\}ée)edﬁﬁr gvr 0 Qte (W)

portion of thenstbet{a tnmgrteltoelectdpémnb unilie Lasv k dietgretrice fikn gpayiciomprise a

I th of | th 0 L.mat el y 400 )Y digti f th
Gretectric { FROREImE sHeokBXCE R i broamAidimenty far axeptae e, B B, '
source such gfelactNBF MY BFfel HP: ntrd?iu%m@ SHI 98ROSR DAs add bR d3dygéR %0 of

the total spectral radiance enmtted by the sel ected UV energy source has a
frequencﬂogrbaa&mgt&leSaeSUQ’feqaehb@ dnto @ Q| reactdri giember ie. whigshag a w
avel ength o f

according to 5§ ‘t"oi‘?jé’ﬁo dW@ Oﬁ%‘%‘i‘gﬁ Cﬁgal‘ﬁgm ﬁu'}%@g\/@&? i?&ﬂﬁ%gomﬁtgr e

mai nt ai ni ng thmborbhagedat éilrdcfrﬁp&méé”err@fudeessakha@xéﬁ@lwl Wﬁ’téthylsﬂéﬁﬁa Cto
consune as little of the wafer's thermal budget 30 as possible. Still nore

preferably, fifeetbvisdane, itdmgtinisiiane, and éetr@mﬁttmlsﬂang tHé Rdditienato fhe
tenperature i fn 2P, | 2%% 2 r 0
| ess t han app%%(r{rb%g%ﬁ?%cg tﬂ?nﬁ)@énan%shﬁ% Ct'ég élq ﬁera ??/(,"g#]oér&éh %2 JuI y
2003 5 a1ur &elivm @faﬂgosrsmtal;reatsmlbe introdteed o Itlae tréactbowhanmrdmtmgethér
| ess than 250 C Hre process may be desirable in an application where
the thermal H€8 %‘f’o"‘Q PP®i ted, a higher tenperature UV process (i.e., |less
than 425 C) may produce a di eI ectric filmwith a |ower dielectric constant
in ab shorter t ine. Preferably, t he UV a nergy s ource i tself d oes n
of s ignificantl yT@bt@VDtimemaﬁop@fdhelﬂ@th dietestnie fikn maytbetsmitablrgocatsiedt he
| i ght energy has.an insi nlfrcta heat i ng effeﬁt t he In contrast
to a rapid tHHE H”é’t alow tgmpera ure process or a hig temperature process In"on
20 embodiment, the low temperature process is performed by maintaining the
wafer chuck in the CVD reactor chamber at a temperature in the range of
approximately -10 to 25° C at a pressure of approximately 3 Torr. While the
low temperature deposition process may require a longer deposition time, the
resulting dielectric film may have a lower dielectric constant. In addition, the
25 low temperature process is suitable for fabrication processes in which the
thermal budget is limited. In another embodiment, a high temperature
deposition process is performed by maintaining the wafer chuck at a
temperature in the range of approximately 350 to 400° C during the deposition
of the dielectric film. The high temperature deposition process may be

30 desirable for its relatively higher deposition rate.



"type of irradiation, in which the light energy is the primary nechani sm by
which the wafer is heated, the cure process contenplated herein may be 10
performed using a single or a very limted nunber of UV radi & iJaly 2008 ces.
In an enbodi nent in which the wafers are cured individually (i.e., single
waf er node), a single WV energy source nmgy suffice. In enbodiments in which
mul tiple wafers are cured simultaneously, nultiple W sources may be
required, but the nunber of UV sources is preferably |less than or equal to

the 15 number of Tied eosgariosians etbased eajdpositionh. prodacesrbadi dieleictriy filkre
i nvention contenplates an in-situ process for formng the lowk dielectric

filmin whicsharaetenged by §nn§l'os§'b[‘§@\(c§b that includesh srethyeangd dpHy igEoups

Coport i oo Xuetd oo Blipkfed 36 1hd BIEBICARE WbRRo&E SilanB). . the Giefectrie
enbodi ment  oforistantust ehet arRllediry Sfildmasl @epasitdd ik etypiiallaCinoning | rahg@g of hi s
in situ fornation of the low k dielectric filmis illustrated in FIG 1. In

t heddlepl c® ecarrp¥iMatelyt3.449 4@ ml o@shieve @6&e¢tﬂql= filp wthrééal?cftrl@ caRslant
: !
maul eoy 105" 1558 BES-aRRERMABRED S Mkl pfeded difboditehs (' fE Ashfort?,

movenent of malhdestaecmemobé& v@he cure probese prddicessa sohdemmsatiormebttion t o
those skilled in chem cal_ vapor .depgsition systens. Preferabl buf f er

chanmber 104 inshgdarosited figp ibvehish sflanelgnplectles eactwith qach Qler foMbdul es
102 via w t th@) §|XP8ﬁdié‘%th ot eLr? the p?‘éf"é‘?r%‘ahgﬁﬁvodﬁﬁéﬁtertﬁgl ag;ﬂ%t‘,?% t he

nmodul es 102 30 i ncludes a vva er chuck for recelving wafer . t he
nodul es 102 remyoves wateriaguwell assother memdealdmmpomemia mddding, far examphee

cxanpl ¢, odPBoNa, S aH EaREnE. 39 Siha Tabulel B praausS SO IFE Wik T o
modul e 1020 &7, der eahftbshom THB duRiof té RAPH filnt ﬁBnafB’-’ﬂIrthaa'ngFBbéﬁl

nodul es 1020 102d? y be I npl enent ed t er as rtron m
odules o r L&emnfmallgs pzne\fgmadthag;eupeslduale qqmmwems afromn .contamimadingodfr nent
in which it t?@des r abri cat material or integrated

di el ectric sYVGEVEPL epﬁpg &y ﬁ%ﬁll@ ﬁytderm'tgallqy@ﬁrabl e to configure nodul e

102c as g9 antireflective coating (ARC) or passivation nodul e, nodul e 102d
as a TECS deposi t| on nodul e, and chanber 102e as a UV nodule. |n another
enbodi ment, syst el Poe @Hjbqwnéetjmfaﬂ\@d invendioparthe ceuring dfpths tdamswdacess

In this embo

cure nodul es&vv[?ﬁmec f"fn'guﬁ @%%EBQ%Q&EBHHJ}&%%EB@&@\ %P%??W ;é%}%n%)al ow k
di el ectric dgightehemyy) a?ﬁduprefenablyerﬁgﬂ;ﬂ@ne@yﬂulth@hltfavfdlet (QN)‘ pontion @f tie
deposition and curin the | ow k dielectri c mat er i ?qrg% transferring

wafers to chﬁﬁ‘ﬁ@?mfﬁgﬁt"é\/r%feétrﬁm 08 « lightyBReraY owith & wave &frlggsnd@ming
t her eaf t ngtéﬁ%&ﬁﬁétbﬁg4pﬁgnmf eTﬁetQV”}?fHHlé’uo}f%ﬁ th@ el rﬂemgy be'r €

process. int egrati cure process In € sane equl as the
deposi ti on pacsorsplishiedi sy expsingrive filh to belVrenengy eoumemlmmaaaaaemmry

t ted f t that .20 b 1 cial th
cost whi | ¢ | ABHB0TGN AT BIGtesotiegRpEs LA Sng HE SPRCtEH GedBacs
def ectivity. eﬂﬂ’tteimb?rme%i&f@éd [§)Y Wﬂb@dw&bemdsog ffélﬁ]e‘ﬁ@?%r@afe‘?%aﬁ@%@ zone

i ndi cated by reference nuneral ul es
frequency of visible light (I e., has a wavelength of | ess than approximately

25 400 nm).

The UV cure process, according to a preferred embodiment of the
invention, is performed while maintaining the wafer at a temperature of less
than approximately 425° C to consume as little of the wafer's thermal budget

30 as possible. Still more preferably, the UV cure is achieved while maintaining
the wafer at a temperature in the range of approximately 200 to 250° C for a

duration of less than approximately 10 minutes and, even more preferably, for



" may be conserved by configuring cool down zone 106 with a UV energy source
such that the W cure of the dielectric filmmay be perforned in cool 25
down zone 106. In this enbodinent) cool down zone 106 may be14dulyi2i(3ed
with a multi-slot wafer handling capability to enable a multiple wafer U/

process. Although the depicted enbodinmeng illustrates a nmulti-chanber tool
suitable for integrating the cure process with a deposition process, it
wi |l be appreciated that other enbodi nents of the invention may utilize

separate 30 & aatstiohsf 168 titPoRe MindteaNYViile thePoacesysstature 1de. Juby tH4D3 7
In the depicted enbodi nent, chanber 102a of system 100 is a variable

pressure chatf¥r CQodVi guicepragass mayvbeadesitabletinean \applicatioy whrrecthe hat

enabl es the cur [ qces f ,the.pres i ntign rf | n
nodul e 102a.t Fﬁnﬁlngu‘g‘?r‘%o'&i iﬂgﬁ?d ?ﬁg&i‘?{efegép%ﬁ'ﬁﬁc% %’{?%Fgé (B%é%e%rg
source in chgpder)a@ grodidie doaiesutid Yilrd| witi\d Mvidr glefdclitic cbRstane islepi ct ed
enbodi nent, chanber 102b of sYstem 100 is connected to various gas sources

sui t abl e $ orshegteryime. Hutefenablydit be &LY eineray sosiree daelh doesdrotsFigniisaphesent

chamber 1021t gBMHFSfg B0 Tilor . b HECRR iR, ARG e AT 0
oxygen sour casignifitafthéatingefestarfithe( Wafdy, |RRAnBrast tded Fapid Wherenal HHheab
hel ium Thus, system 100 is suitable for perform ng a process in which a

wafer i s p typeeef isradiation, ristwhich tbr light enerawbisrtheopimany meghanismaoped s

102601 onV AW B hERERL e e fbodds StidmAER RRif AL o
| ess t hatQ 15pefurhied usinglaysidgle@rddivendinited Riviaber of Essradiaticrnedurees. In
enbodi nent, the first chuck Is nmaintained at a teg&,erature of .l ess than

appr oxi mat el 3" emiedimeptin whighhthe s aje euroth indivisialiddped sglaevafer he w

afer i str r dEI}F%l& ! e Je@liﬁo } Qhanber
104. In chan@graéﬁoég’%qlﬁceugaﬁﬁ?g’ope @?%gﬁﬁ?égxg)%se td(ghlélng Eﬁc g\{lhe@gy
pref erably coofiples eslaf2ds pared coredhrsimyitafiedidsly nenutjplér bM sosicasalmhay dwair ce

h -arc bulb.. Th d_chuck | fergbly a t t
cont ol | ed cieguesnBu the e T IdY squrcas 5 relerably ess fia o eadal 1 8 r ange

of appr oxs et @hlersfwhferd 4Bl eb AT pRIher is exposed to the W energy

fodesuby lif .
source. The pressure In cﬁarﬁer 162a may be reduced to a pressure of |ess
than 20 Torr and, nore 25 preferably, in the range of approximately 3 to 5

Torr. In addition, chanper. 102a .be coupled to nitrogen source such
(hat the OV exposBPg STEBRBRIEH mEdRe imeeiial sGbambidlel A e PRRS.BF Fr
2, an il ustfodiniry thé 1B0e ke alMsbtiie filmPfin tWrickViHeadiatet 08 motoseljecied to
presented. In this enbodinent, a wafer 202 is placed on a chuck 204 and

subj ect ed t oalmpsPherebatwaer dhedeRosition ef dhe dieleatricernd theccenRiosess by a

UV ener gynSOour.C 0 A it il O j terial
(not speg(l)fi 'aer'ﬁy%i(ﬁ |%§{'%aﬁ§%ﬁ*}%%t§?§p%rrlggféﬁnb\@giLpngjlﬁg(raaglis@%%dl)'% rghuck
204. I n o neembbdithentndf, a disternipol (fysteim p100 iitdbleyfo? G@domplishiagrtiisaine | anp
t hat produces, energy 206 predom nately _congri sing ul traviol et ener? . In
the foregoi ngftuioEriation f tiam low kdielactarfim H%trﬁge@nmd:e'@bﬂi- pedhgidepidted
reference to ik & i : JWR [ i } he
art appr eci a?@?sgm%mvgwgﬂ{swn@mw catl gﬁ?'%ﬁggﬁﬁgﬁg%@bgﬁﬁégﬂ% )eu\?\nz% hout
departi ng frthmoudgie 162e{genéricdily qr eallectivelyreferrezhtonas swodidlefs) H0i2) andea

| ai ms bgLow.  Accordingly, Lh i £icat d.f fi to b
" eqar ded2Pn APORFI BECHER {(hufele cRBtaEh o4 7k CPPEelipG BERES ol J#Euch

modi ficati ongeteRnl thd Nafidd8dmicAulke 102! HE ewillWbk hidmilisee t& CtRBSe CdkilRice HENt
i nvention. Benefits, other advantages, and s olutions t o g robl ens have b
an

een descri beghemicah vapsgadepaesitiors mystems. erfiyetarablyt shuffaswebampert D4 is

cause any bendHe K aftdhit Betgsimraa tne J3HaPS S BEE L2 P ditnolRY
pronounced aegpdEihg tthe heafers 36 raiedspher®. 1 Prefarablgakach asfutheesodalese$o2nt i al
feature gr element of any or all the clains.

includes a wafer chuck for receiving a wafer. Each of the modules 102 may

be configured as an oxide deposition module, a UV cure module, or as

another suitable module. In the depicted embodiment, for example, module



14 July 2003 9 CLAIMS 1. A process for formng a low k dielectric |ayer on
a sem conductor wafer, 5 conprising the steps of: depositing a carbon-doped
silicon oxide filmon the seniconductor wafer having a diel et4 duly 2003st ant ;
and applying light energy to the carbon-doped silicon oxide filmwherein at
| east 30% of the light energy is at a frgquency greater than that of 10

visible light to reduce the dielectric constant of the carbon-doped silicon
oxide film wherein applying the light energy is at a tenperature | ess than

about 250 degyees deficdtts as%a u%moamcwaﬁe modw@ﬂun&,us \Wedicaiey 8ROSVD NY
t he carbon-doped silicon 15 oxide filmis achieved by chem cal vapor

deposi tion. law krdelqnt@mbamberclRaennalmlng/m@d@ias 102¢, 11020 apdcl0Re may ben

i nsignificant heatin ect on th nd, t of
the. car bon. dBRRIMEMEREHGyne d3pbrfih3h BRBS A 0% hiteler ¥ BBENG o B, o
process of cahaiifipfeméhiatiohn lhheh eiriodiRest Bywhieht &lassirebié lty fabridag izl et .
5. A process of formng a lowk dielectric |ayer on a sem conduct or wafer,

25 conpri%i Myultiaatariahsonfintegraied ngialemric csie@HRucidr example.of M3y rba
chuck; deposdééﬂgléé%gér&ggupé)ﬁ’ﬁgdlﬁél‘i(fﬂ{' a%xbﬂeaﬁtirbﬂ%&Wet Esaﬁﬁ?g‘ g@ﬁu&t or

waf er by chemca osit10n using an oxygen beari s ‘and an
or ganosi | anegpassivation amgmue, ngnd»du]et 1e2dr gy aoTEmS cdaepnsmompaddlslel i angh

clai m 5. hcMETAT T4 PLa UERIVIS. 4p aRolsnst BedMET cuSteRApGmay be.
dedicated to a particular deposition process. In this embodiment, for
10 example, module 102a and 102e may be used as UV cure modules while
modules 102b, 102c, and 102d are dedicated for the low k dielectric
deposition.

Thus, system 100 is suitable for performing the deposition and curing
15 of the low k dielectric material by transferring wafers to chamber 102b where
a low k deposition process is performed and thereafter transferring the wafers
to module 102a to perform the UV cure process. By integrating the UV cure
process into the same equipment as the deposition process, this embodiment
of the invention contemplates an integrated manufacturing process that
20 beneficially reduces the process'cost while improving the process throughput
and reducing the process defectivity. In an embodiment in which system 100
includes a cool down zone indicated by reference numeral 106, modules 102
may be conserved by configuring cool down zone 106 with a UV energy
source such that the UV cure of the dielectric film may be performed in cool
25 down zone 106. In this embodiment, cool down zone 106 may be configured
with a multi-slot wafer handling capability to enable a multiple wafer UV
process. Although the depicted embodiment illustrates a multi-chamber tool
suitable for integrating the cure process with a deposition process, it will be
appreciated that other embodiments of the invention may utilize separate

30 tools for the deposition and cure processes.



" 7. The process of claim5, further conprising: 5 after depositing the
carbon-doped silicon oxide film placing the sem conductor wafer on a
second chuck; and applying a tenperature of |ess than 425 C 14 July2603cond
chuck while applying the |ight energy. 10 8. The process of claim?7,
wherein the tenperature is greater than 250 C. 9. The process of claim8
further conprising, reducing pressure on the wafer so that the pressure
during the applying of the light energy is less than 15 20 Torr. 10. A

cluster tool compithé dgpicted ehffodihant ehambern02d of @yster®008s afvariable
organosi |l ane, for depositing a carbon-doped silicon oxide |ayer haV|n9 a

di el ectric dUBSSWEchambereonfighredwithaa bV [amrpr othesddy inesais spicertha

receiving t ' t pL oyl L : r :

e conduct A S Y Alrediobesd i, @BPbesBAt RS’ BY Atrdriied i, o

|l ayer, wher emetiuleet®2a.30f0cre embodirgént, ¢heremergys pedducetir lpy) tivan &IV @neagyer
than that_of visible light; and 25 a robotic section for controllin
novement f SAECEN 6P368>96\é933t'ﬁePrPﬁ’?@tna(ENé{dﬁB@?V'aﬁél ONRENYs e Hb N éﬁaﬁ?&’r. 11.

e e Bk lert et 078 RAEHY Hmor PohfectdochI RGNS Nas
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chuck. 10 an oxygen source such as nitrous oxide (N2O), and an inert source such as
helium. Thus, system 100 is suitable for performing a process in which a
waferis placed on a first chuck in chamber 102b. A carbon-doped silicon
oxide is then deposited on the wafer by a CVD process in chamber 102b. In
one embodiment, the first chuck is maintained at a temperature of less than
15 approximately 25° C during the CVD process. In another embodiment, the
first chuck is maintained at a temperature of less than approximately 17° C.
After d epositing the CVD carbon-doped oxide, the wafer is transferred to a
second chuck in chamber 102a via buffer chamber 104. In chamber 102a,
the carbon-doped oxide is exposed to light energy preferably comprised
20 predominantly of UV energy from a suitable source such as a mercury-arc
bulb. The second chuck is preferably a temperature controlled chuck that is
maintained at an elevated temperature in the range of approximately 250 to
425° C while the wafer is exposed to the UV energy source. The pressure in
chamber 102a may be reduced to a pressure of less than 20 Torr and, more
25 preferably, in the range of approximately 3 to 5 Torr. In addition, chamber
102a may be coupled to a nitrogen source such that the UV exposure is
performed in a nitrogen ambient. Referring to FIG. 2, an illustration of one
embodiment of the UV radiation process is presented. In this embodiment, a
wafer 202 is placed on a chuck 204 and subjected to UV energy indicated by
30 reference numeral 206 generated by a UV energy source 208. Wafer 202 has
been coated with a dielectric material (not specifically indicated in FIG. 2) prior

to being transferred to chuck 204. In one embodiment, UV lamp 208 is a



10 16. The cluster tool of claim15, wherein the second chanber is coupled
to a source of nitrogen. 17. The cluster tool of claim 10, wherein the
second chanber is a variable 15 pressure chanber. 18. The cl t4étlaly 2008 of
claim 10, wherein the second chanber is capable of sinultaneously applying
the light energy to nore than one wafer.g

CACACA A W9, A9{ . A9. ALh9. AL{!. AL, . A9. A945} U , MsTacO u

[ {vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] apkatay cadcc 3hmp)] emet] produs] Rl e208MPredbivedtdly] cahasished ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calcalca
] ca] ca] c~a! ltraviolet energy.

P10V W " M} $SIRBRZEE W j ' n' "(|wgl fa] V] cal] ca] cal] ca] cal] ca] cal] ca]
cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

(CSCWCCCO)))T) X)Ih) wb6fb¢é@1ﬂ§§p€bﬁmaf|¢n fh&umanbn]ﬁélsméém[ddsbnhéﬂl agitical] ca
]C;ia tJ]aEJ]a]CcaU] %& s(;:)aec ic % g&&n{amg CﬂQV@ r,:%) ma kﬂlﬁﬁ]tﬁg]acrtaw cal

Séaoﬂg?iéuv%éf%ai"ca cﬁcaﬁﬁﬁcaﬁﬂﬂ@haﬁfcﬁﬁéﬁ T e MBS0 5

33333334425@5&@&9 from the scope of the present invention as set forth in the claims
666d7i 7| 777~ hc] X

cal caIU] La] cat§ Q\S{]C]cé‘%& "béi]\/] L%Cdfaéi%@% %@”'@L U% ]%%ﬂa%ﬁ%ca]. ca] caU]
s ifustretivé? PAteRAY 9 frbstirlive] setsealdil aft] s Gﬁc’odiﬁ&é}ﬁrﬁalaFélU] ca]

cal] ca] cay] ca] cal] ca] cal] ca] cal] ca] cal ca] ] cal] ca] caU] ca] ca] cal c

? @@ aaadAdnfaperdcy tEDiBo} ({EAEEEECPe reﬂpymtdnmﬂ@m c&e]raﬁf]tsz.ac]tba] cal ca
ca] ca] ca]ca ca o ca caj ca

| cal cal Fi e PREPAS S BRRRBRET hafA B S R A ERE L T e

ca] ca] ca] ca] ol Grisadifehes)] C pichalver] ¢iré C@drﬁ‘e’ﬂt@abaaéﬁtabéé] wltrhsalsal cal

ca] ca4b} fH* &10%3& ()-210%& ()-Yz 10%& ()- "10%g& ()-

109%@ey () - , Wogkens,- a0dean 19’0!@']1 S)&Mgaar)q#usgoa@& benefit sadvaniage.( pr 2

igfﬁgg 8 |Z %%}éﬂ égl{pé‘g/égct%@é%@ EEWOU C%Qﬁgyﬁ&o&be{ construed as a

10%& () 1BPQRETaL b@q&ié&@@b@%’eﬁtdl)feﬁ@@% &Ie@en&lﬂ%n& o el th@@laim 10937
109g& ()-410%& ()-cO u  aBbC &10%" 1092 & ()-: 109 & ()- 109%& ()-!
"10%z& ()-f10%& ()-& 10%& ()- [aBbC &10%g& 10%& ()- YUd0%& ()-y z
1092 & ()-"10%& ()-G, "109% ()- G 10%& ()- bMc=~<.C

10! 13" 109%& ()-m @" 109 () - m@z 10%& ()-0

1092 & ()-("10%& ()-m (("10% ()- m=>?LNga?C 10'! (1 "109%& ()-!Z3"10% . & ()-
13"10% & ()-



,10% & ()-#@0%& ()- 10 10(}[9?C

10! @ 9% 109%& ()-! 6F% 10%z& ()-y#10%& ()-!,"10%z& ()- 4y

109%& ()-!,1"10%& ()-J~_ @ 10! @LOY%& ()- ,109%& ()-#- 109%& () -14.0uly12003
10zF% 10% & ()-! 6F% 109%& ()-e.dB~ @ 10! @ (" "109%&' ()-yF 109%& ()-3"10%& ()-y
109 ()-yfz 10%& ()-yz 10%& ()-#wWwlE~ @ 1§' @ Y%& 109%& ()-#z 109&' ()-y "
109& ()-f 109& ()- 109& ()-y 109%&' ()- FHTdE~ @ 10! @ 3y

109& ()-f @109&' ()- /109& ()-+ 109& ()-( 10%& ()- &'109& ()- . !!11!1*IxnbC
10! @ #@0%& ()- 10 10 10: 10%& ()-8 10%& ()- ~37"109%& ()- 5

109&' ()-*!, ! W" M¢##aBnbC 10! @L 109%&' ()-S. 10%& ()-fz

1098 ()-!Z4"10%{& ()-Sy 10%& () - L, 10%akAIMSH $$0088@BNHC

10! @& 10%& ()-L109%&' ()- ySz 109%& ()- fz 109%& ()-fz

109&' ()-!19"10%& () - %&Z&&' W' dBmbC 10! @, L+" 10%& ()-yL*z 10%& ()-y(z

109 ()- 9" "f.0% A prodeis f6PfsRming b ioi RURSIEEtric(layen G 4 sehfidehduttdOater,

109&' ()-8z 109& ().-!:L5"109&' ()-y3 109& ()-yf2 10%& ()-';

L+" 100& (3 - POMmpringthastepget 10

101 #9"10%& () -! _%elfidfirly) a carbbhbded SR Bxitd T GHHE doricdAductor
wafer having a dielectric constant; and
applying light energy to the carbon-doped silicon oxide film wherein at
least 30% of the light energy is at a frequency greater than that of
10 visible light to reduce the dielectric constant of the carbon-doped
silicon oxide film, wherein applying the light energy is at a
temperature less than about 250 degrees Celsius.

2. The process of claim 1, wherein depositing the carbon-doped silicon
15 oxide film is achieved by chemical vapor deposition.

3. The process of claim 1, wherein the light energy has an insignificant
heating effect on the wafer and the total exposure time of the carbon-doped

silicon oxide film is less than ten minutes.

20
4, The process of claim 3, wherein the light energy is predominantly
ultraviolet.
5. A process of forming a low k dielectric layer on a semiconductor wafer,

25 comprising the steps of:
placing the semiconductor wafer on a first chuck;
depositing a carbon-doped silicon oxide film on the semiconductor
wafer by chemical vapor deposition using an oxygen bearing
species and an organosilane; and
30 applying light energy to the carbon-doped silicon oxide film from a

mercury-arc source.
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semiconductor wafer on a second chuck; and
applying a temperature of less than 425° C to the second chuck while
applying the light energy.

10 8. The process of claim 7, wherein the temperature is greater than 250°
C.
9. The process of claim 8 further comprising, reducing pressure on the

wafer so that the pressure during the applying of the light energy is less than
15 20 Torr.

10. A cluster tool comprising:

a first chamber, coupled to a source of organosilane, for depositing a

carbon-doped silicon oxide layer having a dielectric constant on a
20 semiconductor wafer;

a second chamber for receiving the semiconductor wafer and applying
light energy to the semiconductor wafer to reduce the dielectric
constant of the carbon-doped layer, where at least 30% of the light
energy is at a frequency greater than that of visible light; and

25 a robotic section for controlling movement of the wafer between the first
chamber and the second chamber.

11.  The cluster tool of claim 10, further comprising a third chamber for
performing depositions.

30
12.  The cluster tool of claim 10, wherein the source of organosilane
provides methylsilane.
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coupled to the first chamber.

15.  The cluster tool of claim 10, wherein the second chamber has a
temperature controlied chuck.

10
16.  The cluster tool of claim 15, wherein the second chamber is coupled to
a source of nitrogen.

17.  The cluster tool of claim 10, wherein the second chamber is a variable
15 pressure chamber.

18.  The cluster tool of claim 10, wherein the second chamber is capable of
simultaneously applying the light energy to more than one wafer.



