; bce3euQuN<. j R6T3: & 3 APR 2002 METHOD FOR ANNEALI NG AN AMORPHOUS FI LM

USI NG M CROMVE ENERGY 5 The present invention relates generally £ aAPR 2002
met hod and an apparatus for anneal i ng anorphous filmand nore particularly
to-a method which may be used to anneal anorphous silicon filns (= a-Si"
that they are transformed into polysilicon films ("p-Si"). The Mﬂm@lﬂm&mfﬂm{
m crowave energy to performthe heating for the anneal. 10 Back

the Invention Pl asma-assi sted chem cal reactions, such as pl asma- enhétféed
chem cal vapor deposition ("PECVD'), have been widely used for film

deposi t i onMETHOD hEQRS RRNEARN NG CANOAMERPH 0DS HILRaANSINGIMSORAMVE NENEREYI es in the
manuf acture of thin film15 transistors (' TFT"s) for active-matrix |iquid
crystal displays ("AMLCD's), e.g.. In accordance with PECVD, a substrate is
pl aced in a vacuum deposition chanber that is equipped with Eimmm,lmm,m,m,
parall el plate electrodes. One of the electrodes, e.g., the |

el ectrode, generally referred toFRi af Heslaeetiyn, hol ds t he subst radbs2« The
other electrode, e.g., the upper electrode, functions as a gas inlet

mani f old or showeie FESCREHYENERTY fehrjeteps&alty ©ne methasdaandagit appesatfis 6Ws i nt o

t he chamber tr : di y ( ol t age
is applied %gg&@g%ﬁi@ﬁ%‘#g@ﬁsbge{ﬁoﬁ ?r(l)lgglgtral?alg%l Jgglrl%éﬁ \‘?\Aﬂ}lﬁﬁyﬁyh@:%sggct ant
gas. The pliasnreat anmeshoubailiceadiimst(“488) tso thaaheparearantbrirpdsist a | ayer of
material onto the surface of the substrate. Two types of materials often
deposi t ed adodysHican fHAY (GP-§i7)- Bdenmgthed userdmicrowaw; engray i perfen thebr i cat e
TFTs, such . {n AMLCDs. O her applications include solar cells,
etc. Typi ceﬂ%?lﬁ&g@gpy?g&g‘éposi ted froma silane source at a substrate
tenpergl ure above about 600 degrees Celsius (C). If the substrate
tenperature is Lower, the initially deposited structure is a-Si; f. e., it
has no definite arrangenent of ndpd t venlipnj s of ten easier to
deposit a-Si be i S : i i i i ces
made with a-Si g?%%ﬁd Lesgﬁl&gl étmglt(l)%?ter%cger ospgréhggrﬂ\%ﬂgrf %eé@ﬁ%ﬁ%bégﬁn\‘
conpar ed t depbstica (P H{BWD Qe haveabeenvwidelypussd. foEfillg depbelioh @f flect nobility.

which is general |y accepted to be one of the st i nportant device

char act or | SEEnIN G BE D Rise! ASpia Sughspieiingibs mansRcyye BF H d11gk

nagni t pge. (ERsSordBITFT )y B abiiveTmairSligad c?ysi@-ddipldysl FRMBEDPECEgasent he
performance of devices such as fiat panel displays.” 5 Fortunately, a p-Si
filmmay becewdenagedits PERVAD asubistrate|ipnplaged imealarwym wdapositi@i chamtemthat
Anneal i ng, .hqwever y. be difficult in.s cases. e .reason for this
concer ne t e AHTERGd yBe R O biselel i G085 TOSE of MRCHERARRS. ¢ BLghd

appl i cati ono@tr élea@todeppeleraliysipf@yed tofas Psuscépibr, HoRfsSths Wissirad €Fhalsgdr shoul d
be i nexpensive. 10 However, the maxi mum processi ng and deposition

t enper at ur €IsHTode) 4. foXhonRAcy €155irade fyngians g5 @ srayinlse magifald ereshpwesw, e. g.
. bel oy 40QGng Ap kG SRpbEITRE AledéGEmt g RMHMSinDd 1fPlhalber 8RO 81 upper

electrode and a radio frequency (RF) voltage is applied between the electrodes 1o

produce a plasma within the reactant gas. The plasma causes the reactant gas to
decompose and deposit a layer of material onto the surface of the substrate.
Two types of materials often deposited are p-Si and a-Si. Both a-Si and p-
25 Si are used to fabricate TFTs, such as those used in AMLCDs. Other applications
include solar cells, erc. Typically, p-Si is deposited from a silane source at a
substrate temperature above about 600 degrees Celsius (°C). If the substrate
temperature is lower, the initially deposited structure is a-Si; i.e., it has no definite
arrangement of atoms.
30 Thus, it is often easier to deposit a-Si because less substrate heating is

required. However, devices made with a-Si often exhibit poorer performance when



Current annealing nethods encounter difficulties with such substra&gi.
These techni ques heat the substrate and the filmat the sane tine, (:ARRN.ZQUZ
are |S problematic-for the reason noted above. Conventional nethods of
perform ng anneal i ng include, anong others, |aser annealing, therm
anneal i ng, and | anp anneal i ng. These approaches have certain inherent
drawbacks. Laser annealing requires a Conplicated scanning | aser

configuration. Thermal annealing require o, squrce,of hot.gas in
2ddi ¢ on_ ERMBHCE G Haseoar es Areday I ohuty 8 b SR GRS
anneal i ng ,£eGHiy Q&cﬁte?qmé Gt S dsh RinBoh RISV R ARt RriSASU haylemper at ur e

uniformty. Summary of the Invention In one aspect, the inventidon is
di rect ed beuta foyptEinhfimfoanSedy ionders-ofimapnanda Thus ubsigrmfefiims asmadcessi ng
chanber, | cludti ng a m. crowave ge erat or di sposed Eo %\?vi dﬁi m'(]:rovvaves to
an area wef Bt HIAS PAY &rqrerse dhe PHETBIRRAB AT deiges sHeB Aoy eandl 44918yt r equency
in a kang hat_ i i L ahdl Y htd Tes:f requency
IR A SR R S A R
frequenci é8min the range. A wavegui de distributes the m crowaves over the
surface 30 of the filmto provide a sfigbstanti al I% und')f orm do?agﬁ_ of
m crowaves overdisaling lyoxyeaenmaphbe AR i SpafsAtest PBhEcasin f4ehisnvent i on
may incl udg, Qng e ragyemefg%bzz%é QI IF o a%oéjm%aﬁzal?ﬁoi%bleTégguw%trate may
he gl ass and the fel m anor phous silicon. The m crowave frequency may be
about 2. 45f @dr panal dispbaysee. gastheglass tshisstiatasarsed should bdiineqpersivd. o a net hod of
anneal i ng fi n a processi ng. c?aglgb r. .The nethod ingcl udes deposi tion a
PERLABE

| m |
filmlén a Ff’e{*’% M IBUPHRIORTSEI8 FOPERIHTNY! At MEEBEY!VS porti on

of the ti g0k bdedRRYHelleRGvelstIBR:, o/P. CHAWAMN R B! €A ORRY Rhfd daui,Ng a
predetermned frequency. The fil'm has an absorption peak at or near the
pr edet er monbda{Si egquéncigpbsitedt he substrate | acks a substantial absorption

peak at or near.the frequency. K The m crowaves are directe owar ds the
Prrm 10" npl orfuHTst PORGGE HerRoq e oh g  FhE rieSEh S aier oot 't he
fol I owi ng.ThEbE1ERRQEES héH 15 SUbsiFaY dndGheldRm! iahéb@Re Gel BEdTHIE afe Si | ane
pl asma within the processing chanber. In another aspect, the invention is

di reditSed tpootdemetihiber e regsapaloradgabove.anor phous filmof silicon in a

t her rochem cal pro ih T . i bj.con. An

anor phous sili c(go Vf% ﬁﬁ?ﬁla‘ll gnef}efg%gﬁ{%é%gﬁma%'ﬁgfg‘gﬁ&%@f h?'gg?ﬁg{%gsl’ ;l)drsgrgessi ng

chanber. Mhaeingy @ernabeagrakigtand Ihapiangeainy eDhisoappoucies hhad cériun

anor phous silicon filmis substantiall .absor%t&)iﬂ.ve t or. near the frequency

but the glinkesentdrapbackspdraseh annephins FAYIEE AFEMPlicHFd AERPINgHASSf r equency. The

m crovave b€ LNGnSMS Rfs, the anBLRBAMH08 s nadfiidnMosuch

that the gﬁgégﬁ%ﬁggsﬁh%%n% flr{%&ﬁg tSr agf ornmed i ntg gsplol ysitl incon film
20 the gas sources already required for deposition. Lamp annealing requires a

complicated multiple-lamp system to ensure temperature uniformity.

Summary of the Invention

In one aspect, the invention is directed to a system for annealing a film on a
25 substrate in a processing chamber, including a microwave generator disposed to
provide microwaves to an area within the interior of the chamber. The microwaves
have a frequency in a range such that the film is substantially absorptive at some
frequency within the range but the substrate is not substantially absorptive at the
frequencies in the range. A waveguide distributes the microwaves over the surface
30 of the film to provide a substantially uniform dosage of microwaves over the
surface of the film.

Implementations of the invention may include one or more of the following.



I n anot her aspect, the invention is directed to a nethod sim|lar tﬁitm
above. A further step includes heating the filmfor a predeterm ne i 2002
period using the mcrowaves. |In another aspect, the invention is directed

to a method of annealing a film25 in a processing chanber. In this nethod,
afilmis provided on a substrate in the processing chanber, and a gas is
provi ded in the processing chanber. M<trowaves are generated having a

frequency_such that th crowaves jnduce a plasma of at |east a portion of
t he gas. W@S%SH?‘SV%%E? mﬁﬁbéﬂl‘j meaéhéamgpré@wﬂscpamf%mtqﬁ%www ener gy
transfer to,the, {1l A er aspect, the invention is directed to a
nmet hod of Ba%l}ﬁgé Hdﬁg&aﬁ%ugﬁﬁggﬁﬁgg a filmin a processing chanber. A
substrate is phoaided dspect,deprasessiindirehadies mdhghst amnehalipgvedilint o t he

processi ng chanber. M crowayes ar ewg,ener ated 2 3 APR 2002 having a such
that a poft3 BICEISIRENENAHEEF oidis drethodincidss slepesinhf (M 9reasibsyraolt i on of
the as. [ [ id.e - S fer.om. s he .

m croévavéshfeadrrge;@elaéflggp ge}ﬁb%rbd?ﬁ@néglrekg%% %#rﬁ%ﬁeo fftiﬁ)'{qrhﬁ]tat fgh%lﬁc o‘s\l/\l/a;l;‘\};es havi ng a
f r equencystspahictdwedves he: fdrlerated havihg hantdatinyineb fequency.e T il haadn t he
frequency but 5 the substrate is not substantially absorptive at or near

the frequifeiPliondRFak2hgkBerthe predetmmicddrequsasag PrsubMIAGlR g2 The

i nventiong [ Al ! PRSP r f ] -9l af into
oS 11 1 e RSB sBRBRRER, pChr A upd tigench) AN AIKMER o cifadt® |

anneal i ngtowardd éapfilanneal i ng systens. The invention al so achieves a higher
qual ity anneal A by not heatigﬁ‘ the substrate 10 during the anneal, instead
onl y !Reat i ng t HBPIgE|sH@HPRYOF fhernveriopHNay welude) ness mensa0f th tallgydpeat es may
be acco atehstifonN8es 552 Melubd Bl ity of s tion may be
easily mﬁedgﬁgrt% ar g% o? lscrrgtl‘% n%u%spt ?af%gﬁb{f;aﬁg}r“gf %ltg%}ﬁ? évs}{héwngﬂadvant ages
of the inpenxtisolg ehianibebe apparent fromthe foll ow ng description, including
t he draw ng an

the clains. 15 . Brief Description o he Dr.awi ngs F1G 1
is acr oss-sec?’? Bﬁ%{berv‘?SBW’o‘[hed“ﬁE’@\?ﬁ ‘bpﬁﬁ‘é‘g%itﬁé_’ﬁﬂﬁﬂ{)é a'é’ﬁg[’{ﬁ%/?ﬁg a
m cr owavea@bAddhi AlinSOfSiIREh iffl-Ghedndchemi PeoRbdify Yhvbepfio Fomhamhigr
enpl oying a m crowave generator 20 and wavegui de used in the annealing of

fi | mdSaccef pelyglicen. amnesmerahowmiilienn file ipdennsiied pnvaiass subsxatein b

Descripti BQCF%@gpQgﬁﬁ%}t h@\éxleop\r’spa;vgp aries%e?xicrra?e%t }%i\/utlé) Be{fgg%xﬂgdsufcﬁ)rtha?%eal i ng

deposi ted enentation descr Invention is used

i n a PECVBmehmwwhekilicbefilmrierhbsiaiialll absfrpsuc bt eguab eiesiréquneg oy shbed bel ow
followi ng the descrjption of the method. Certain of the details are
specific £18s% 1 gotisHBspt@}HgHy APYRUYG AL ﬁrasyeabéhe frequency. The microwaves are

guided to the surface of the amorphous silicon film such that the amorphous silicon
20 film is transformed into a polysilicon film.
In another aspect, the invention is directed to a method similar to the above.
A further step includes heating the film for a predetermined time period using the
microwaves.
In another aspect, the invention is directed to a method of annealing a film
25 in a processing chamber. In this method, a film is provided on a substrate in the
processing chamber, and a gas is provided in the processing chamber. Microwaves
are gencrated having a frequency such that the microwaves induce a plasma of at
least a portion of the gas. The microwave-induced plasma has a substantial thermal
energy transfer to the film.
30 In another aspect, the invention is directed to a method of depositing and
annealing a film in a processing chamber. A substrate is provided in the processing

chamber. A gas is flowed into the processing chamber. Microwaves are generated



changed as required by the processing conditions and paraneters. R?‘ SrAWgZOOZ
to Fig. 1, a PECVD apparatus 130 includes a susceptor 135, 30 having a
substrate support plate 20 nounted on a stem 137. The susceptor is centered
Wi thin a vacuum deposition process chanber 133. A surface 23 of support

plate 20 supports a substrate such as a,glass panel (not shown) in a 2 3
APR 20U2 substrate processing or reaction region 141. Substrates are

transferred into and, out of.ch er 13 3 through an openin 1=1? in a
i deval | 172 3t rRba pOet BUCE pisotose AR R g R Gh it I pr ocess
gases (indpgabeds e adst o HA3isf de@Wisitdit 6h BltasidBirate 32nt MOMaiman Thal et
mani fol d 126 The gases then flow through a perforated bl ocker plate 124

and hol es mRroveaves 3¢ dueesd gathediustack blthoflmadephistevaee haGnalal arrows in
the substrate processing .region 141 of FIG 1 indicate thi as flow An Rf
power suppﬁﬁq"(eﬁfﬁ S ‘ﬁ’oﬁbﬁ?”‘i’m@"bés W?é@“‘t‘ﬂlzya%fp{/pté‘ieeﬂétofinb%fl th_ﬁiﬁ%lue’bcé{t%en gas
di stributigr {850 ?stx?otjsagstﬁfﬂ%]lfsyuﬁﬁ%‘ii% at 3P nS&t @8 ﬂteauﬁ'?&?! te the process 10
gas mxture to forma plasma. Af the 'sane tinme, the substfrate is supported

in the vacuum dépesittgesrofphooesstichambalc hadohayinge Heaneehtion abiceral

hundred degrees Cel siu The caonst.ituents of. the plasm react, to deposit a
dosi red 11 Fhregiet Reoah T mEeTHHRENE dos ke i PSU o phaliahso, A
processi Ngchsiexity §Plk$§.@¢as@€éﬁudaﬁn%,h%cﬁﬁ£%héélmﬁ), of [aphy hERAlnSEYGN) MRy 15
be deposited using decorrpo_5| tion of silane (SiHa): SiH-, ----- > S+ 2H, .
In a first Teerodnnemelso achiowes- albjghst nality annesd|byi m heaigreesthe Isebstidten

untforpgity .20 by further crystallizing. the fil Si 1 Crowave energy. A
rﬁtcro@\gve gang Sy 31"[5%?%19“&_ E?%W&%%F’Wﬁ”éﬁ]‘ﬁ?’e iIFEC‘F@'\(;\q?SS%rdS t he
surface of qidiRy substrates/may B ecdBnGhONAMER RiEssdiy epﬁn@w&,%@_s%/wﬁw'tmes 175
t hrough sapphire wi ndows 137 such that each part of the filmsurface area

recei ves amvapifnoxiadeedayilygiadgd fadaumger ssfallnsubsoatesies. 2~ M crowave

generator 173 o) off =t he-shel .. ' . m cr.oway ener at of..
Al ternatively, n@ﬁhc refgﬁgreerslé‘lrngtag?'an : esboé- t}r]r%(‘;Irlwf‘ﬁn(el" t'0 e'fghalpg"\i/rgmt ﬁgmf%’gt ures

descri bed. filowvipdyrigdos, atadmhgnhy ddwidghadusedianis.ch have an
exceptionally wi de beam so as to ensure a uniform m crowave illum nation
over the entirety of the

Brief Description of the Drawings
FIG. 1 is a cross-sectional view of a PECVD processing chamber employing

a microwave annealing system.
FIG. 2 is a schematic view of a chamber employing a microwave generator
20 and waveguide used in the annealing of films according to an embodiment of the

present invention.

Detailed Description

The present invention is directed to a method for annealing deposited films.
25 In the implementation described, the invention is used in a PECVD chamber.
Pertinent details of such chambers are described below following the description of
the method. Certain of the details are specific to this implementation and may be
changed as required by the processing conditions and parameters.
Referring to Fig. 1, a PECVD apparatus 130 includes a susceptor 135,
30 having a substrate support plate 20 mounted on a stem 137. The susceptor is
centered within a vacuum deposition process chamber 133. A surface 23 of

support plate 20 supports a substrate such as a glass panel (not shown) in a



film E g. , mcrowave beam sources have been devel oped whi ch can produce
a 30 beam having an area of one square neter or even |arger. One APR 2002
creati-ng a large area planar mcrowave distribution is described in "Large
Area Pl anar M crowave Pl asmas”, M crowave Di scharges: Fundanental s and
Applications, 2 3 APB 2~~1 6 edited by C.M Ferreira and M Misan, pages
205-213 (flenum Press. N. Y. 1993 ). incorporated herein by reference. 'Che

m crowave eper may be directed by an appropriate design of a nicrowave
wavegui do 75 EE TR TRCINLT RO 4 ORI T Jon HEd P 286 Wovegui des
nmay be enpjrouefibkNi 9T dRbudhOaRhéMNE 182 WhisRIead033a5 chhfib@Nl ¥3 g m crovave
wavegui de i s enployed, a scanning or dispersing system my be used to

di stri but gobdteblpda frowakv@en)in a uni f orm nanner over the extent of the

substrate. The prange of m crowave equencj.es £mtted, by the.nm crowave

generator is cho¥e fogﬁéwai%a(f‘%?ﬁéeé h’ %fm@’. E’; rg)-“Si”,to icga'gt?‘?on’d%roéﬂl& orptive.
The range [fin k0 nEElMRYE ThEGUERGHES N6RABRMABY pR BB BIRUENp Al 4t he
substrate is not strongly absorptive. E frequency of 2.45 GHz may be

., a
used. M craopvehodss F¥lom avarosessi ghs distEbutegn %ncpsimeilﬁﬂo Snaltasswndn thegi on 141
t hr ough asggphirewi ves are incident on the filmon

d 137, Th 1
substrat e ¥ a“’sﬁb%ﬁsgﬁgce)yg%@ h‘}alyofgg}f'c{)ﬁ‘\ﬁgﬁﬁs’[hﬂsa%% fE‘Eﬁﬁport plate 20 (see

Fig. 1) or 15 ghtrar B&\L’éer%kaﬁl}D(hoiJ'sl@&%)sMﬁ’PBéh&d tZ)lappr)h@leé’tpiQXlepﬁW?eal heat s
the filmbut nuch less so the glass substrate. The filmis heated and is
made to réchyssnagdsi digribaidrofaceplatei G2 apdaduisteptdri 13 sof aspto SixcitSihecmotdse

substrate glass, is.net substantiall.y heated ubhl i ng .and peel.i.ng, of the
£ P 1 omn E3sE o0 Tire# s R 437 1G0%-Hh AYESTARB SHRPCEdB e
enbodi mentvaciith depbBdord bfRefecHiBfiRr bh® thaybeld@meddo sehi@alMidpMPN& r&Rer gy
does not di rectl;i_ihnecessarl ly transfer ener%pto the film Rather, the

m crowave Epgy Ths cossidnants oliherplesnaregfialoraeposing drsicsdnfilar pnhent |y
transfer tstﬂﬁ%gg&fr ?}{%esrugiltratté)o%gk‘ﬁgf%éxjt g]até[ hgreby heating the film In this
: e y an e

enbodi ment reqguenc rgy of the microwaves are not necessarily

chosen to mat chA pra&essihgsiehidisvnksed ey 3t the dep@itbn 6F silieonf | $ilicoRadalger, t he

resulting "m crowave-assi sted" plasma is chosen for its energy transfer

capabld i t ikssdapgsitesbusing decompositiop; of wlare (1K@ pl asma shoul d be’ hi ghly

efficient in transferring energy to the film which results in a

tenperature rise of the film In other words, the plasma heats the film No
SiH, ----- > Si + 2H,.

In a first embodiment, a post-deposition anneal increases the film uniformity
20 by further crystallizing the film using microwave energy.
A microwave generator 173 forms microwaves, which are directed towards
the surface of the a-Si film. The microwaves are directed via waveguides 175
through sapphire windows 137 such that each part of the film surface area receives
an approximately equal “dosage” of microwaves.
25 Microwave generator 173 may be an “off-the-shelf” microwave generator.
Alternatively, such a generator may be modified to achieve the features described.
Microwave generators may also be used which have an exceptionally wide
beam so as to ensure a uniform microwave illumination over the entirety of the
film. E.g., microwave beam sources have been developed which can produce a
30 beam having an area of one square meter or even larger. One way of creating a
large area planar microwave distribution is described in “Large Area Planar

Microwave Plasmas”, Microwave Discharges: Fundamentals and Applications.



deposition generally occurs fromthe plasma in this enbodi nent e% PR 2012
benefit of this enbodinment is that these so-called "m crowave- aSSIZ (9

pl asmas result in | ess ion-induced damage to the film One reason for the
reduced damage is that the ions generated are | ess energetic than the ions
generated by the 2 3 AfF'R 2f1~2 noregtypical RF plasma. A further
benefit of this enbodinent results if the gas used is hydrogen. Use of a
hydr ogen pl b asi S ation"
effect of t e an eaIe é?iﬁgﬁﬁt %ﬁh Qﬁ%aggﬁégt. ﬁgm%ﬁegggkg%vnake t he
film~ surfaE8) Imsapsu&maﬂtmbﬂex%&ndaenge or contam nation. O her gases,

whi ch may be used, include nitrogen or ammoni a, but may generally include
any gas that is fﬁeﬁﬁm?baahﬁﬁﬁﬁbﬁ@yéﬁﬂﬁﬁ%ﬁﬁimkﬁ%?PWﬁgﬂméCFF@m(ﬁa t he gas
may be |nje oh 1l gt r exhaust ed vi an exhaust port

180. In thel%a éél)‘\\/'‘)évet(?\lNg)Vnet'h{aetin373@3(g i ygﬁ%gtgﬁt]&g{ts%{ %‘“’fvef num eé Oznneal ed in
10 ei thgr olateMidedediy nEnsloy@handdestio ddhidle, a tfi€orhi H@@agay Ibenlq:rtnﬁal ed in
the same deposition chamber. in which the filmwas fornmed. Such an annea

may be descPigewatsyWarigussisamplyedot sEnmngior dspesside syHemfmeybentsechie

O T R R T e

m crowave ener gyThefdnge o6 niiwvowhue glegoengies|dmigied & ahe midroplaas gan&@hiok hie
deposition gases, which in this case may include silane. In other words,
the nicro sefefichanelr the SikBs eghea-pi-de sTeRsly HEsRAtive| {hgeangsitice and a set

g‘;pggf?f} 005 Rerb DNt MfciEOBIRER mal Ui bd Bcroat ﬁ’?nééjrggta% % GIPQdLERNt voul d

M crowaves gsepriasndng.,aifeequehen ofl N46t018z nvm]rtdeSusetthe m crowave gener at or
emts energy which is absor bed by the filmto increase the film
t enper at ur e, cauM‘?fﬁwéﬁesafFR{Ba’l’aveg‘Hé?é?br“éay FIHCR WS PEISBSHIEESEION t‘hle a Si
filmis dep 1§87 0 WAk n
substanti al ﬁ’f/&%gﬁ gd; mgr'?rrl:rel{of Tﬁﬁs g‘hUﬁ% Ii?nctl %?I%I ﬁnt@fagg%gn F‘Q’ng’]’ reqw rements
gn the m crm;baw;aegége[&;]mstlrate The rriayexrqslec_rmwbangte?uppgy Sp_mehtzate_sm bggx)h(ﬁt(/xgﬁlzrrxst
e appropriate for. bo asna ration and for a-Si heating n
exanpl igpro iinptyelip F]ﬁ% "IPPB’ggﬁgfl ng one way of performing the 30 second
errbogl rregt of | t h?ttué Bhfcﬂﬁgtdtnﬁéhlthﬁbﬂs&h@ﬁﬁﬁml uem&htleet%stee ggﬁ@léhsiszaqi t)ﬁct |
construed as limting but rather nerely illustrative e experinenta
appar at us afilveas e@wcgélghllsynﬂdekté rt‘:mstalrhéartefmn afhigh gualy ﬁ1m2£)f~P -APR 2002 s
gl 255 subst PIES Hadeedr € stk 5 aBRRRYY TR, kFeatine 208 AR LR % Gac or
ammoni a WaSﬁfrh@Mﬁdtheniutbsti'dﬂelsi:m%ﬁﬁallyoelﬁnmbﬁeﬁlsure of about 3 Torr.
M crovvaves havi ng a freguency of of 3 kWwere used to

exci t e2fhe gas i Ht ®seropf gmbgdiment, whlabetﬁy eseewﬁé@b@@ e F1G- e Wess
appropri at ewcrgatueeat&si f GG dﬁect?)pn&eganpl {}aﬂs‘?&eérét y {oihe ﬁltrFER&‘BHJ d be
on the order of a seco d to several” tens o econds Of° even m nutes,
dependi ng othetrhierdwdven energlpas aseteml gaberaitoa q»patsnm, zdiidhheanpefticieduy erafisfer ot her

films, one ary the y t.he S t he m crowave
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filmis deposite G ven the short tinme of annealing denonstrated

above, 26hi ssrge@qmnabemhwayamblrcthmfdm eRmhyr the reSElung ‘micrpwayapetisiedir e of

at least 1450C is r.e red to nelt a e thls
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of the filmrather than gz_ass and the short tine perlod achi eved by
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anneal ed vvltetlout del et e |oucsul affg_\ctl n the gs E After the anneal is
per f or med bg p§ﬁ§’°8fgePFf@ ¥ﬂ? é ¢ W ?ﬁﬂlﬁ “be further

processgd. Such AUsdHRAE oPHACARBéAIMEREY thattabssesot BBlcar ﬁM\érBw@{/e a&igiepposi tion
of other filns on the p-Si as may be required for the fabrication of a
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be inmpl enmented 25 include the follomnng features. The chanber should all ow
for heating and/or preheating of the substrate. Preheating may be enpl oyed
to reduce the anmpbunt of m crowave energy required. The chanmber shoul d be
capabl e of allowi ng the annealing process to be carried out in various
environments including air, vacuum or a predeterm ned gas environnent so
as to nalntaln a predeternlned pressure. 30 The present |nvent|on may be

N 1 ARIZ™™ AP N7 Ir ¢~ 1 = Y



9 substrates for large liquid crystal flat panel displays. It is a mdul ar
systemwi th nultiple process chanbers, which can be used for deposid 3n4PR 2002
anor phous silicon, silicon nitrides, silicon oxides, oxynitride filns, and
other simlar films. Mre details regarding the systemmy be found in U S
Pat ent Application Serial No. 5 08/ 707,491, entitled "A Deposition Chanber

Cl eani ng Techni que Using a Hi gh . Power Renote Excitation Source", filed

Sept enber 16, IQQ?Wssi ned to the assignee of the present invention and

i ncor por alQ&° A& RIoR'ai 8% -er ence. This detail ed description has descri bed

an enbodi ment iA”WcFBcﬁéfﬁ'o@?lﬁs%%ﬁ&iﬁf&ﬁgtrés?gy?tgﬂg ARG LLlMydpihal rat e” s

intended to broa cover any object €1 ng proces

process chiaabén,hyidnedendilasgaf daatrepanial a despiciy and gksisblorpasavamirt pl ates, or
di sks. The_present inventign_|s particularly applicable to |arge substrates
such as gF%(g‘é I‘gf 8843 iFh'g’ H”Pmr%‘%ﬁspaé?”%%@ %?%SGa’hfﬁakSS}QF g“BGU mm and
even karger ¢, VWALl . I i.on:has b i i reference
o Spacl {1EHS o hancay ek, e et i M By he
appended akeal, imclude piBoddr ér amidoBra, but MEAEehGalGE AchHD dn$: gat.thaA isysdrem f or

annealing a filmon a substrate in vacuum processi ng chanber conprising a
pl asma enFFéﬁ’@@H’hé’H%ﬁ’i%E%ﬂ' &ﬁ&éﬁmﬂﬂé’pgg?-t?rdhe ERRMI¥LCHAIFFIGE VA2 OPYEY at e

support ¢ gﬁqrﬁd‘mid%x?mg\?sufdhﬁmﬁrexhéhs?ipgx‘ft'VY%'O! opening in the chanber for

i ngress ahd egress of a substrate to be processed in the chanber while
nmount ed on t he lis diesaboat dirstuparet ondaerglasdimehs] thaetind mlag beaanneged ipl ural ity

of openings, for. the passage of processi s into the chanber nounted
opposéd tsnaﬂ'cpf_stwc'@aawargwﬁ@ngﬂﬁs et Elg%tgjﬁfsaw; beappneplefdndhe sippl y
connect ed 4t Gosiftind AP H whith18E 1A WAARMRed NSLEH Oy Bhadl $3ydodr 0Cessi ng gas
to deposit a filmon said substrate; a plurality of nlcromave generators

mount ed aldesceibsdibg thérambedimeptiohFEonheSeemhdt thealilvaveyhecenealadtied so as to
di rect m crowaves. uniform%{ .oveé tEe s@,gface gf said, fi I.mdt]gyrgjugh a

pl ural i tySOPTHF RISTRVAYR 2BaTaNNE KRR K45 annsal maNeRredeshba % requency
that is aba®obretwfFaGd2fil mand that is not absorbed by said substrate.
2. The systemof claim1l, wherein the frequency is about 2.45 GHz. 3. A
syst df accor di Ay athird |exibedmenhctheinnicroaNaye ghengymgtiesmg e fencdioas.pltasma in

t he chanber t f to.said.fil -hr\%) heatii aid film
o annoal Epatiaat a ARE & e FSGMon L8 phit ilnif SE R ERLAaRE! 11 11T
p {val gbhlxXotal eajragibahiaboale adreedier takes the place of the RF voltage source
a] ca] ca] caV] ca] ca}ca] cal ca] ca] ca] ca] ca] ca}]10a ca] ca] cMa] ca] ca] ca] cRa] ca] cRa]
c al and a set of electrodes 1nside the chamber. Thus, the Systemn in this émbodiment

would appear like that of FIG. 1 but would lack an RF generator.

20 The microwaves also anneal the film. In other words, the microwave
generator emits energy which is absorbed by the film to increase the film
temperature, causing an anneal.
Therefore, in this embodiment, the a-Si film is deposited on the surface of
the substrate and is annealed at substantially the same time. This dual functionality

25 places requirements on the microwave generator. The frequency and encrgy of the

microwaves must be appropriate for both plasma generation and for a-Si heating.

EXAMPLE
An example procedure was run illustrating one way of performing the
30 second embodiment of the invention. This example, of course, should not be
construed as limiting but rather merely illustrative. The experimental apparatus

appeared roughly like the apparatus of Fig. 2.
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above. this requirement may be conveniently met. E.g., a temperature of at least
1450°C is required to melt and anneal a-Si to p-Si. At this temperature, the giass
would melt (its melting point being between 400°C and 600°C, depending on the

15 type of glass). Given the preferential heating of the film rather than the glass, and
the short time period achieved by these embodiments employing the invention, the
film may be effectively annealed without deleteriously affecting the glass.

After the anneal is performed by any of the three embodiments, the film
may be further processed. Such further processing may involve the growth or

20 deposition of other films on the p-Si as may be required for the fabrication of a
device such as a TFT. Such processing may involve reinstatement of a plasma for
use in deposition or other processes, and this plasma may be of an inert gas or
otherwise.

Chambers in which the method of the invention may be implemented

25 include the following features. The chamber should allow for heating and/or
preheating of the substrate. Preheating may be employed to reduce the amount of
microwave energy required. The chamber should be capable of allowing the
annealing process to be carried out in various environments including air, vacuum,
or a predetermined gas environment so as to maintain a predetermined pressure.

30 The present invention may be implemented, e.g., in a model AKT-3500
PECVD System, manufactured by Applied Komatsu ' Technology of Santa Clara,
CA. The AKT-3500 PECVD system is designed for use in the production of
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substrates such as glas$ plates having dimensions of 360 x 450 mm, 550 x 650
mm. and even larger.
While the present invention has been described with reference to specific

15 embodiments, the scope of the invention is defined by the appended claims.
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<=>7? @GABCDEFGHNIIKE PROPCREPIAxmzgteq 4o said chamber to form a plasma therein from said
processing gas to deposit a film on said substrate;

a plurality of microwave generators mounted above said chamber, each connected
to a waveguide mounted so as to direct microwaves uniformly over the surface of said film
through a plurality of windows in said chamber, said microwaves having a frequency that

is absorbed by said film and that is not absorbed by said substrate.
2. The system of claim 1, wherein the frequency is about 2.45 GHz.
3. A system according to claim 1 wherein said microwaves generate a plasma in the

chamber that transfers energy to said film, thereby heating said film to anneal

temperatures.



