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EXCI TATI ON OF Pg@SMA FOR FI LM DEPCSI TI ON Background of the I nvention This

i nvent i on“Y %Y to systens And net hods of film depositi onP R
particularly, to 5 an inproved systemand nethod for rapid deposition of
high quality films on a |large area transparent substrate. ars,
liquid crystal cells have been devel oped to form hi gh qual Ulwlﬂ”ﬁ@@"wmﬁﬁt hat
are light-weight and consune little power. These liquid cr

typically include two glass ti substrates having a |ayer of a Hpgestd

crystal material sandw ched therebetween. Electrically conductive 10 fi

are patterned on the substrates to formcircuit el enents Sﬂmlﬂwmﬂumlmmml
transi stors (TFTs). The substrates can be connected to a p o]
change the orientation of the liquid crystal material such th&twoweari ous
areas of the |i qUUAICFREJUENCY EXTIPATIONDRYE ASBGORIFHAN PEROGTEIN €D usi ng the
TFTs. In contrast to silicon sulastkrat &S¢ the dep05|t|on of circuit elements
onto a gl ass substrate requi r eSH %8f semi conductor channel

mat eri al be fabri daikadenten relhtes 1o byatsus ad rethgda bfdilm @poexitive.tand/more paricpiatyh® t 0 t he
gates ane 4nfigfoWenash kRtnedidd foPRpd a3 siich YPS i @R fihlinG la?&%g ;fxlehty, for a
back channe] device, TFTs require the deposition of a gate ectric |ayer
over a patst“%‘?’?f%d gate netal |ayer. Consecutively, an anorphous silicon
(a-Si) layer nay Mereckepess, ligdd aystat @ hafe bedaalevgidped wltbﬁl negltqukmy dx@)ﬁﬁrthat Met al
contacts rTEélhglﬂtew ?Pﬁﬁb&nﬁgneq}ﬁleh aﬂQJeE’F'R&'égE dJeil lca IXc?ude (I:' aror phous
silicon | ayer ave er o ous Sl on deposi ted

t her eover RFUAPRTRHRES 1RySTRf A Hquid sRisabmatesial sangwished rhlelylpengem&leamcaﬂﬁc@ﬂwchmn

ni tri deto( Sk a.r@;!iatt&hddloﬁﬂia sMad?to(f@n@}cuh@Mﬂé’msm){a.ﬁhﬁﬁhxhﬁnsﬁ’s?d?ﬂﬁﬁ drigver the
anor phous S | icon ch . Reactors films onto

 large area glacs 54 % cx'fnw%%oa‘fow“l s(‘:’%ffﬁ[ s s 9 "eﬂﬁatéé‘r?g& lé‘?‘fﬁziﬁ'é'él ﬂaém cal

vapor depodfhtthayyarioysiareaspfthe é@n%fl@hhtﬁpby ¢an ghselestivelyienergizedysingthe EEspl y t o i nduce
a breakdown of prweoasat 1 ABRR subbtialat, axeaepafnmefsc‘&c&hﬁmomﬁl fabQlghad he hi gh

d t he. high 25 f bly, heat
e I e s e o P B TR T

provi delSa prihgbvltye gatescancthenfdedosited Auitié glispsmbdtrhty., Mers spgdifivally, Surilsick ditvesl ar e

typically gogd Ti-"?srrgﬁ[re Lrhg'@t'aosnﬁh b a%ﬂ@dx@lw&&tlzry@rtoee? a pdubfedbald RO l?}?xé q 8‘; nl(::r))e such

el ectrode roac suppl

condi ti ons® ‘?'%"ﬁ‘ﬁpgb a’éﬂ“‘ﬁﬂ@\‘féﬂ‘c?ﬂ(ﬁg Pgﬁﬂ[“%lﬁ dEPPs'E %?Pr?fg'éﬁa‘%‘?'%lffﬁﬁﬂaéﬂ intensity
over 't he: Blewnlfcag®tsohy bddepgite 98 the arisgphoestsiticon Tdyers Theragrsmphious! sikkdon iapa thiyon can
produce an,Yneygiyd: oH@psL%m&hJus gnoﬁ)aepmsa méeqvé wbxgﬁrmtc&ém@ﬁe Due to the

above factors, h de ed on | ass substr ave
subst a ?"“IW"’%@‘ ?"&fﬂbﬁﬁ‘g"s‘ém) S‘iﬁ‘,‘ﬁmf‘tﬂ? iR dayergray plspbedenopiied a{¥%es the film
qual ity. Monemhversilicdnliayeraganpvhetos of the deposited fil madversely affects

| el ectron nmobi ity Qneheifof dePRifg tms GredthrbSardaBiad sdbQUS Rl Q4pioy Blakina

enhanced chemical vapor deposition, which uses a singie high frequency power supply to induce a
breakdown of process gases within a process chamber. Although the high energy produced by the high
25 frequency power supply desirably heats up the film’s top layer, it provides an insufficient amount of ion
energy to provide a highly planar film. Additionally, as glass substrates are typically inuch larger than
silicon substrates, the dimensions of the electrode may approach the wavelength of the power supply
frequency. Such conditions lead to an uneven distribution of electrical discharge intensity over the
surface of the glass substrate. This uneven distribution can produce an uneven film deposition on the
30 substrate surface.
Due to the above factors, the films deposited on a glass substrate may have substantial
surface roughness. Such roughness of the film reduces the film quality. Moreover, the roughness of
the deposited film adversely affects electron mobility and ultimately results in a lower performance

display.

SUBSTITUTE SHEET (RULE 26)




di spl ay. SUBSTI TUTE SHEET (RULE 26) WD 99/19537 MAR PCT/ US98I 2099§ Burirary )2
of the I -An appar at us deposits a high qualltyfllm
transpargﬁ?ﬂédg%trate in a reactor. The transparent substra?rﬂﬁgaynqb

of glass, quartz or a polynmer such as plastic. The transparent 5 substrate

i s heat ed in a process chanber and a process gas streamis introduced into
the process chanber. The apparatus generates a high frequency power out put
and a | ow frequency power output from2 high frequency power supply and a

| ow frequency power supply, respectively. The high frequency power out put
and the | ow frequency power outpiummavefselpeniamposed and used to excite a

pl asma fromthe pr =4 Torr and
D Torr, and at o 18 G Ean@Rnt { Rl fnBhe SPHiR ARG, PAGE, e 1S
snmoot h t hi FrdPRENSUSERRES "tahee made pieiias GITZ or 8 plmer Bickas plagtico ke TaRspEEYE of t he

i nventi gn, sybsifte 3 hGRd tnraewd@mum&emra pﬁdapgaysuaﬂdtsmutam:t th@gb!&ﬂcy power

supply each includes an i mat chi ng circu Ilter coupled to
the i npedafiteber r@f SRy gE?B‘éeﬁi’F&gh FagusnRy PONE Ry sad%%geqtﬁ"q‘tq?ge' W9€ntion, the
high fr equ@ncymghmmuomtuwlsmgem%ﬂtqeqzlcyawwa supplyogpestivs)y. Ghe laghout t hirt een
megahertz gy quédly o werdBHur @ld 1k 1P enky e ARPbtlare QiRridhSdsddl aMuskd ch RIS -

Furt her, the Iow frequency power output is generated at a frequency of
about two ﬁ’tﬁ@‘&ﬁ%‘?thipra‘i“slgé%‘?maéﬁﬂesé‘t’e EF“E&WP“‘PT“JHE’ AT IHBHR0 t wo

Ki | owat I0s. terh]ﬁtrmlﬂﬂichﬁén aBQZSOL C afd 4507 th depesitta sroavth thih impnocesansgagt ey be a

m xture of g@ne and oxygen, 20 silane and nitrous oxide, TECS and
oxygen, or’ and nitrous oxide. Alternatively, the process gas “may be a
conbi nati on of si |lmens aspedt pitesgevantion chedishBreauency powessupplemdthnlow BsauRset of t he

i nvention, J»Jaesuwe%tmﬁttﬁeslaﬁ infpedAp@ ifaBin@dicidh afd SRR G ledW i ithpédince g ounded at
the center. The susceptor may additionally be grounded at each of its four
corners. | REEiSERaH aspect of the invention, the substrate is positioned
bet weenl®a susceptdnmamda@ectzﬁhsmh@d@htﬁmuwgmwmﬁsteeermdomess gas is

in”oducedﬁ%dﬂtngytf*a@ou&mﬁ&h Jéerrﬁdt%mtpgowt.%oaﬁbaﬁsdevﬁvmmanect ed to one
of the | ow frequency and

%h frequen o%éer sup v\,t?]}ﬁ Lf

- shower head Firger holAw Sequengy pay’ 't‘t‘f&’“'r‘%??ﬁ? 8’ 'é‘“‘B’f" B eerERRRI SRy and hi gh
- frequency pm\ne(pos/ummtnmm:JOAMnk@ges of the present | nvention include the
following. The fil g groagaett%ﬁmmetm méﬂaﬁtssgmgym%&mstﬁdm@tgsm is

hi ghl y snoot h. The sSno rovi des better interface to

subsequéft isianerep pigeus eide TRRSaad %fﬁ’ée“e‘ﬁ REHS & nigpysorifs, S UEBHivEY. f Progiid2 s nhanced

el ectron mafay bd afcymoinafién of Si@Snifrdpen 2l etrhoniac al perfornance of the display. The -
resulting filmis Qilyagnoqlw sz?twﬁm% ﬁventgnhﬁt{ sul;stritgk sJB[SoQtQ(% ds@RepitGllcnds density

and stress are al so I’OVE cni evi ng f ast pOSI ti on rates.
grounded at the center The susceptor may addmona]ly be grounded at each of its four corners.

In another aspect of the invention, the substrate is positioned between a susceptor and a
25 showerhead through which the process gas is inroduced into the chamber. The susceptor is selectively
connected to one of the low frequency and high frequency power supplies, while the showerhead is
connected to r.tte remaining one of the low frequency and high frequency power supplies.
Advantages of the present invention include the following. The film deposited with a
dual frequency excited plasma is highly smooth. The smooth film provides a better interface to
30 subsequently deposited layers and enhances electron mobility. The enhanced electron mobility
increases the electrical performance of the display. The resulting film is also more stable. Other film
protaenies such as density and stress are also improved while achieving fast deposition rates.
Other features and advantages of the invention will become apparent from the following

description, including the drawings and claims.

35 Brief Description of the Drawings

Figure | is a cross-sectional view of a reactor in accordance with the present invention.

Figure 2 is a flow chart illustrating a process for using dual frequency power supplies for

SUBSTITUTE SHEET (RULE 26)



QG her features and advantages of the invention will become apparent 0% JVMR 2002
the follow n scription, including the draw ngs and cl aipggusssddvé ef

Descri pt EA9%8P3the Draw ngs Figure | is a cross-sectional view of a reactor
in accordance with the present invention. Figure 2 is a flow chart

Il lustrating a process for using dual frequency power supplies for
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depositing filns onto |arge area transparent substrates. Figures 3A, 3B and
3C are schematic illustrations of various topologies in which the dual

f r equencyefeanhilnswpp lagarear@spgomnestaey in circuits in the reactor. 5

Figures 4A, 4B an Q'ﬁ afBean&EEﬁgscmm%%aﬂsofﬁﬂaﬁfob&%sﬁmﬁmﬁﬁheﬂ@lt he
performance of a fre uency power %pl y reactor with various single

frequencﬁe%mm@ﬂmlﬂys "Fe%?&‘FGFds"‘F‘Ff“'Hé‘b‘B%'F films onto large area
transpagrent substigatad, 48088 6C hrpthreeﬂuncﬁenzereadehw camparig ghe atrfoonanesfof 8 he present
i nvention, t ranspar ent subst rat e Ri@eposi ti on
process HTHWRNCY RIET RPHHERIE YU G 'osu'Léveg:‘;= lﬁ@&ﬁ.&%gﬁi@éﬁa%%&o\;ﬁﬁ@ﬂﬁ%l ug (O).
Deposrtlmm«gaseg:aanammeemledmsnto t he chanber, and excited by a dual
frequency power supply system A plasne- enhanced chem cal vapor deposition
(PECVD) reaction occurs to deposit a t hi n filmlayer onto the transparent
substrate. The deposited thin film RO rray be a dielectric |ayer (such as
SiNor SiO or ey uDsperaivhof thd Mgse infestifois TaRsPaienGiupstrag & sopRered iMéls ent
| nvent I On u%(\d iHon goc s9 craRity UREE ﬁegt@d t‘é‘%&@alﬁ’tﬁ@@d@é&t@m mnuépaﬁrtour ed by
KERatStoTe %yr

Appl i e ec no ogy antgr { nia, The present

i nvent i ongaseayre djested B meﬂ@é’ﬂ"vﬁ“t WC’EPFH’e?d“@ ﬁ?’r‘é’?‘%t’%‘ﬂef tb“’%{tlat‘ abl e deposition

systems. JigakinaedREdaen vapotasdosiaingPEOVD) bractioremteurop depgiitadiin filglarrostoor a

pol yner s ch as pl ast | 106 2 SibiERicl I erd by R%IN@s@) e 550 by

650 ml I E ﬂt’r}”e %ﬁ?ogﬁyﬁglﬂﬁg@vﬁégﬂ zg‘gure lc, a'v‘yeaﬁp ECVD. apparetus 130

i ncl udes asmwmagordayerls@dqaﬂ)ng a stem 137.. The susceptor 135 is centered
Wi thinja vacuum dﬁﬂgétet.m@m@ra@a,ssse@raaamemoaa&pscwasmmptu@pnueq% hol ds a

or 1 ohet | Gavted g 1pmioes Al FTRRRR Plegrtdh (RUER S T 10CS 12

anism provi to raise
and | ower utebezmsuﬁee&mﬁx@rcxanﬁ&anlaﬂemm@s%t@mt @“@’Pt’f“‘ i?ﬁ'ﬁﬁ\“‘él?ﬁ "e° provi ded

by a CO“” %EF(OP% éy?JlPéNSIQas IHE £Ldamok Abadfizeiisapiroanadlessoegéiont o and out
of 25 the c hroug an opening 142 in a sidewall.134 of the
chanber 13dlipgersg(Mphot bl ade (not shown). The substrate 38 is heated to a

* tenperapure betweemmiahauto BERC, aPRCVIGOB-Y i W ildtsarusyptor Bfpving 2 8% be a
resisti Ve g? afhggusc%%reggﬁ%n'teﬁdm S U RRAREFRSitioh fRcesNhintbenidt. Tielsyscep@r | anp

heat er 135 hol ds a transparent substrate 38, such as a glass panel, in a substrate processing or reaction region

141. A lift mechanism (not shown) is provided to raise and lower the susceptor 135. Commands to the

lift mechanism are provided by a controller (not shown). The substrate 38 is transferred into and out of
75  the chamber 133 through an opening 142 in a sidewall 134 of the chamber 133 by a robot blade (not
shown). The substrate 38 is heated to a temperature between about 250°C and 400°C by a heater 70,
which may be a resistive heater embedded in the susceptor 135. Alternatively, 2 lamp heater or other
suitable heaters known to those skilled in the art may be used.
The deposition process gases flow into the chamber 133 through a gas source manifold 61
30 and a gas inlet manifold 126. The gas source manifold 61 receives gases from sources 56-59 which
may supply silane (SiH,), tetraethylorthosaline (TEOS), oxygen (0,), nitrous oxide (N;0), nitrogen
(N,) and ammonia (NH,). The gas manifold 61 may generate as a process gas a mixture of silane and
oXygen, silane and nitrous oxide, TEOS and oxygen, or TEOS and nitrous oxide. Alternatively, the
process gas may be a combination of silane, nitrogen and ammonia, The process gas flows through a
35 perforated blocker plate 124 and a number of holes 121 in a process gas distribution facepiate or
showerhead 122. Various showerhead configurations may be used, including those shown in U.S.
Patent Nos. 4,854,263, 5,611,865 and 5,366,585, hereby incorporated by reference. The electrode
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sui tabl e heaters known to those skilled in the art nay be used. thel 7 MAR 2007
deposi ti g%ess gases flow into the chanber 133 through paTaa9s/3696 Ce

mani fol d 61 and a gas inlet manifold 126. The gas source nanifold 61
recei ves gases from sources 56-59 which may supply silane (SiH4),

tetraethyl orthosaline (TEQS), oxygen (), nitrous oxide (N2O, nitrogen

(N) and ammonia (NH2)). The gas rranlfol d 61 may generate as a process gas a
m xture of silane and oxygen, silane4and nitrous oxide, TECS and oxygen,

or TECS and nitrous oxide. Alternatively, the process gas may be a

combi nat isgeingdr the distamre berwien the epbsiratersefacaand e discharprsurtaceefghedacepiate 122 sws t hr ough

a 35 perf&u%%u%@s‘okl%o m@tme drodsssanchoR gmaea bg/mahmo% inkieLudsthat® Pr ocess

gas dlstrlbutlon acepl ate or  shower head % ari ous shower head
conf i gur RACLHES FFRRR lbe"f@éﬁ@ﬁ‘ PHB BT HG™ {5 GRamber &3 P bm§"mﬁgéfaent Nos.
4, 854, 86 Pressase®drkee] @Soue T dor 236 6 T8 and dneremiryaniraizovegabal 210° Oyndd6d°€r ence. The

el ectrode SUBSTI TUTE, SHER TR B2 MBI RD o sl o Jyéma] 12

PCT/ L1S98/ 20996 spaci ng or fce be u ate surface and
t he di scharcege Arorfingp abfppropdate plasepignition cifoult isjrequirederreferahly 2yg feauam® to 1. 500

mls. The,dy QRS (%.:on@ér%ply%ysteﬂxd TReEdugiGrefiéncs B bbweREupSSysterfl inkilkRs SuUbst r at e

f F nh 133
vl cal | yomre hoLapver by Sestn s R T RE P i aP BTG 0, o

at a tlénpesitaiposedietwageine gahdutibudGiEepiael! 22 BOIGuUscepkan | 1550 ai ekgitectire PSQ\?Wm in

Figure 18Rl A% Bl SIERR! B R dBueh AR B6Ser sy EBRRL! hQBequbich
Accordlng%y, an ap ro riate gasma n|t|on mrcw{" b‘ﬁ‘é{“’é preferably

‘a dual frabepséNeEf or ?i‘d‘{ greferaply Hesys e dual

fr eqreng %poaﬁémmb opdidadd hiya ﬁy&h@mmlmdels MHZ ér@uatbrl meferatiycay 1. zwﬂw-lzl?lr p8vver

supply and a )& Ve ol - 1
omci)gﬁxweeﬁo EPS%I “ﬁ!?ogt e Q\é&erdfr% m% QQ' ng g;h pply

el ectri cal” MR ut i on acep ate and suscept or
135 sol Sasadjusatisdrsinegcytthrallopyfescuatng the apparats ¥Pure to forma plasma. The | ow

frequency RF powgke Mp&m&@h PRyaEndY RSpower sapply OGIEVRIYd tanigPedaiice about 2 MHZ
or bel ow, preferab ween I gh frequency
"RF power™ ﬂ‘ﬁ‘ﬁf‘?w‘gkg%ﬁgfrh'f %°§m°°{)9'° 3 r%%rgﬁg)ﬁf:emgw%né‘gng z eoﬂlﬁfg MHZ or
greater, peedermpknsupply 603vIEGuskHY itself PFP‘t“!?-S HHW@PI‘F'E@'“"“‘FW&‘OWC‘EY)\RBI’ suppl i es
tmay Ioloer a%t?ect@a{te aangiﬂy&ﬁm mﬁqw?yﬁeqe%locfﬁyﬁemh?w SO aloAdwiih hactcﬁb? e fr equen%
o allgw for tunin e ara e. ou requency
power &%ip prRsdapss MAChpg f5ie %ég agdg file tj‘Sﬁr S%thbaéi 4 i¢ Dereaist aﬁ'glrllnégtjr}g’te{/‘\% k 62, which is
connect eda\taﬁhb& $qchmenc.eﬁxkuionemenwvn#pgfoammmoedsw@#wmhﬁh@%wh frequency '

power supgj:pg when used by |tself provi des an insufficient anmount of
I on ener gy to elfectuate a g mooth _film Th Iéwvgre uetecgtéenc%rRF power
supply 50, al ong W‘Wﬂﬁ“‘é’s@cﬂ? ?‘It ﬁ’mﬁﬁnﬁt ‘ée(ﬂ?lw@gs £ 52 and a
filter 54 pfdbsu aoddeds tb ovoikilovags sre agplied tatire fareplat fl 22 to produses giggma. In

25 combination, the low and high frequency power supplies 50 and 60, are responsible for reacting the

constituents of the plasma to deposit a film on the surface of the transparent substrate 38.

()

" Itis to be noted that different-sized substrates require different RF power. Thus, the
above specific power values are appropriate for a substrate with dimensions of about 550 mm x 650
mm. The power requirement may increase for a larger substrate. For instance, at the same high and

30 low frequencies, a substrate which is larger in area requires more power from each power supply.

The deposition process gases may be exhausted from the chamber through a slot-shaped
arifice 131 surrounding the substrate processing region 141 into an exhaust plenum 150. From exhaust
plenum 150, the gases flow by a vacuum shut-off valve 154 and into an exhaust outlet 152 which
connects to an external vacuum pump (not shown).

35 A manometer 63 measures the pressure of gases in chamber 133. Of course, the
manometer 63 could be replaced by numerous other types of pressure sensors. As an example, an ion
gauge could be used. A governor 136 may be disposed in the exhaust stream to regulate the overall
pressure in thé chamber 133. A signal 151 from manometer 63 may be used as an input to an electrical
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avai l able. - Such an increase in ion energy provides for an |rrproveg7 MAR 2002
surface m) hol%gy of we deposited film A high frequency RE @5

about one% kil owatts, and a | ow frequency RF power BFT ?ﬁﬁog?ﬁ)o

watts to two kilowatts, are applied to the faceplate 122 to produce a

plasma. I n 25 conbination, the | ow and high frequency power supplies 50 and
60, are responsible for reacting the constituents of the plasm to deposit

a filmon the surface of the transparent. substrate 38. It is to be noted

that different-sized substrates require different RF power. Thus, the

above spe%&doﬁergpg@eémovaisu@%t@ﬁ,ﬁn@pm QBRI dnthtfer frfurdeoiifiSt rate with di mensions
of about 550 mm x 650 The power requirenent may Increase for a |arger

substrate. For in&¢f é‘ﬁﬁge“wé‘t Fig-ped fg’é’rféa"’r?f Yprossitdor depopiig filmpseq the Aersrazent g
substrat e suwisird38iuSing &¢ dpelrfrequenc peder Eupplish 50enid 605 oW PRk, thd ARep@ah power
supply. <T S 05y exhaust ed om .t he chanber

t hr oughsah;g * Pﬁh%ﬂé)&c onl%ggsg%ﬁ" %isépur r oﬁﬁx S GeppREent su%sg?"fsz;gt %heﬁ?‘gcessi ng
regi on 141“@&1’@5“&%?3@%4’46!1&(5@2@ﬁuﬁ%@ess Bas G éwhausrpcessr;btewumcw(bmeu he gases
flow by a «aeumﬂmﬁbep@ép 303, Vifie ﬂa%e%@&ty bdWePsupdly %@&ém ghQdhefily pdwi¢ Whi ch

connects to an ext er vacuum ‘pﬁ&‘ shovglgw_%érl manorreter 63 nmeasures
the pressuPRPYEY 5 °1”ﬁ°é°1‘f‘é ‘é‘"“ ambef gatﬁH‘é‘°bﬁ%ﬁﬂﬁfﬁi§’t°&°"63 coul d be
repl aced bsansperenesubsrsiteG8 (yep 246y ph & pofferned tha gt high agmacyrpewer AdppRI60 Becamd@l €, an i on
gauge qoul ¢l dae rSRGr, ufe I IAURIRG andlt3fh awncpg%@» gaé&qag b@mlnb@on%{ﬂéﬁs stream

to regulate the overal|l pressure In anb 1 fro
manomet er 6% $HY layeTegeeasy Pawer sirply ARY ve tirepd qn first ap depiped c After SL‘]BS‘FPS'I"&YI' E SHEET

(RULE 25) msﬂ&{oraﬂi&?on&ﬂedm&raﬂﬁasmd?@[ the/0 8k B Gnd1iph tredukdc@ povaf  gover nor
136 so as sé:?plx@aa}e%rﬁéd%ﬁt&&eébﬂla%e ? g(étepo%§§sure constant. Referring now to

Fig. 2, a chart of siting filnms on the transparent
substrate 38 usi n@‘%@ﬁdﬁ%ﬁndﬁpé‘&wyWv@elﬁﬁmﬁé‘!ﬁt@@%ﬂ@m@lw s shown.

First, 1t5heconmammraqsatveréupsn&&tﬁeah@veﬁ&dlx§z A3k 6 Qekcefttr BNETSMILRNLOFigute3D (Step
200). Next,, the tra 3@@ gt su fr38 I S heate usi ng the substrate
heat er 70 1A et PRy By w8 el riaessy Rome 1P 25 MREUUOROAR cos | s

equi | i br at mptesented as meoltage sawitce 319 d“htawbap sofrse 24 is2Outpcted Thapoinoan therseayecherdy power

supply 50 aadnt &}@v.&uagtuectrrcﬁmﬁm tp@msms.ueme&ed@q th@Et@cePtUnr 38GheQimt O €XCite a
pl asma |nS|d cha ont 0.t he

0
t r anspar ent® s‘ﬂ’tfgf‘fpﬁi"@ “‘38‘“?"3?%\3:? ?6‘83““" FE °‘?“§°a'§' °8'f"é‘i’ 'Js“'t PHREEP'YHE: Ki gh
frequerdy gowded. supply 60 be turned 10 on first. However, the |ow frequency

and hi gh f requencwop@g@sn.bsﬁmpké e%ﬁ»ﬁgm%nfafenmmpprai}mat bR Briontal B, OF
e | ow re

ower su rned on first as desired. After
conpl et i ng" S°“EF§8%%"Y"E°?‘6¢I‘IP%F¥Q° T%T’iﬂ"&‘ﬁéjﬂ"pt"%g‘f e femspeyAd elsBt rate 38, the
| ow f r equefiayengpewir sgdplids isappliedio the panteesf the shopprhdad $22a Maltiple eleneron efufnpatwr ef er abl y
at the sang W&d Qéﬁe%am?igﬁz)éweﬂsq%ﬁas %and?rﬁzms&& R hfsﬁmofes&elr lei¥cubh | USt T at e

vari ous_ con urations o |l ectrical 15 coupli ower supplies

to the % o(ﬁ%‘F’Wé%P’?L“Zs? PeoMidediapiae ’§'B§‘E%%Y’%?°"“f‘f§§‘°"’l‘WPfr’r'§ f%ﬁﬁ"f’é"sf—‘ﬁp@[ﬂ e

Thus, the susceptor 135 is grounded at all four comers. The availability of multiple electron return
paths allows for complete drainage of electrons from the susceptor 135.
Although Figures 3A and 3B show the application of the superimposed voltage source to
the showerhead 122, the present invention also contemplates that the showerhead 122 and the susceptor
30 135 may be individually connected to different power supplies. In Figure 3C, 2 power supply 240
operating at a first frequency is connected to an impedance matching circuit 242. The matching circuit
242 in turn is connected to a filter 244, which is connected to the showerhead 122. Correspondingly, a
power supply 250 operating at a second frequency is connected to an impedance matching circuit 252.
The matching circuit 252 is connected to a filter 254, which is connected to the susceptor 135. Inthe
35 event that the first frequency is a high frequency, the second frequency is a low frequency, and in the
event that the first frequency is a low frequency, the second frequency is a high frequency.
Thus, the outputs of the low frequency and high frequency power supplies may be
superimposed and provided to the showerhead 122. Alternatively, one of the low frequency and high
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about 13. 6400PWMZnd 4884\ T siress alongwithghetlayt veet etch rate (WER) and smoothness for the film
deposited using the dual frequency power supply system, indicates that the film is stable and of high

25

30

quality.

Significantly, the roughness of the film deposited with the dual frequency power supply

system, measured as a root-mean-square (rms) average value, is superior to the roughness of films

deposited using the single frequency power supply systems. The greater the roughness, the higher the
resistance experienced by electrons crossing the deposited gate. Therefore, the smooth film deposited

using the dual frequency power supply system supports greater electron mobility, leading to a better

display.

A three dimensional illustration of the surface roughness of films deposited by each

reactor is shown below in Figures 4A-4C. Figures 4A and 4B are three-dimensional illustrations of

film surfaces deposited using the single HF power supply reactors operating at 4000W and 4300W,
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power of about 4700W at a tenperature of about 320C and a pressuregof MAR 2002
about 2.0 J@fqo, %gbl e | 15 4000W HF4800W El F4000 HF & 700W LE~DEBosr0996
Rat e3700A/ mn. 4{(9.) A/ m n. 4000A/ min. Stress-0.8E9
dynes(D)/cnR-4. 5E9D/ cnR- 6. 5E9D/ cn?2 WERS512A/ m n. 344A/ mi n. 234A/ m n. Roughness
| . Onnl. 74nn0. 73nm (ns) As shown, the deposition rate of the reactor with
the dual frequency power supply system at 4000A/mnute, is as high as
that of the single HF power supply operdting at 4800W In these 20
particul ar exanples, the stress neasured on filnms produced using the dual
frequency powstivelyugs pioyn irshable &nThe surigeea@figure 4Ahiarsiativelytrouplf withhag rrhs rbugBnesbeposi t ed
using the si - L; d 4800W This
stress, al %lrflg&iwﬁ' W?ﬁ‘ga?gsvﬁ%%%ﬁv%gﬁgé?ﬁﬁ%%g%éou ngsot ﬁ@s"én' for the film
deposited using th& aRfEst & shoyndRigye pevRermsrayesheys of e suefpee of thefilmderesited hat t he
;g : m 11 s St abh@hadusl ﬁ@f]uﬁhﬂyghwirq.?ﬁ!/ byktym, aeﬁotﬁipg\ﬁﬂrf)fﬂﬁ’({WJisﬁﬂﬁ\hﬁTﬁtQH%nesSdOf the
il mdeposited with the dyal fre C ystem. nmeasured as a
r oot - mean- subc’ﬁ%r%e [futf;\tp s rusé:\H/g ?Sé:ﬁgpa%gﬁgoe%{m %Végéogg&rj?%%?%fj p(S’Fyt (ﬁeegufjcﬁjﬂfﬁﬁcéss of
films depooivereepplysiacrer prasuced fikmg Whiclf aremuethanf0somenthesthay e yoreymndings.  The
greater thagﬁmg@@@a“ngﬁgwé}iﬂ%ﬁ@f the resistance experienced by el ectrons
the snooth film deposited using

crossing the deposited e. erefore, (
t he dual frequency%"tﬁﬂ)@gﬁgﬂb‘iﬁ??’ dyus %ﬁ'f“sqﬁ?i‘ﬁ'&f? P PasRagrovidrsaEren PP i | i ty,
| eadi ng 100 sebsismertie deposded leljesphdephancds ¢ldzrengnaiilitye ke epnaded Eléckrorshabilit on of t he

f il ' - q ' bel [
surtace ro & E&e Qéctr{c!ll E%ﬁ)gﬂﬁ&% L%Ia?% Tﬁqusgllnnrétﬁlﬂﬁtags T\&r?faﬁﬂom elow1n

Fi gures 4A- I gures 4B are ree- nsional [1Tustrations of
filmsurfaces depodithough thepresent inyratioghashrea illugtrajse gd deseribstising psBiaiat or s oper at i ng
at 4000W an¢hbéditdatdandSelhencts] Ldfibus Qtdfrdes caf B thade 3 Gr)widlfx &Pdrtin T0nf the ésséhcelof VAR 2002

.P CT/ U898./ 20 eg @esgn %Ee%&gni Y‘Eel dscn@aveﬁ&ﬂmFlgli&big?tp*uﬁxir%ﬁa;EQr %%E@B% sg:]:ns a'fsi gure 4A
is relative froug wth dn rns Toughhess o .00'n € SUfface of
Fi gure 48 ivellevesiemsysins glaegdrpesitisn methodn Ghangestothegenmistires fempergiuresand | n
contrast, agesfkaWa akdcoftbmiplacd. Alith cdshedr tb B pdwetLIBHNE hfieald bf vl 1Rt WeduacRs & t he
filmdeposited 5 usi 'gg th dualmlf r ecguenpacge !Bl%\e{(osugplltg Eﬂ’rit em. gt a tot al
"pOWSI’ of 4 erisgpp ) mc?ﬂlﬁtg, gékj} Hs y . Moreover, althoy, e elecorode
N spacing is disclosed as being between 400 to 1500 mils, other suitable spacings may be used. Further,

various sequences of heating and cycling of the power supplies can be carried out, depending upon the

20 films and deposition sequences desired.
Such variations and changes wiil be apparent to those skilled in the art, and the invention

is only to be limited by the appended claims.
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though the total power used was conparable to that of the 4800W powdy7 MAR 2002
supply, the dual frequency power supply reactor pr I i
nore than 50% snoot her than the correspondi ng 4800$g|}f§"§f ﬁ%@%@ g)ges
supply. The snooth film deposited wgth a dual freque@%ﬁ&e& | asma
provi des a betWéat ibohthmédis: 10 subsequent|y deposited n grﬁ@ﬁ: 99
el ectron nobility. The enhanced el ectron nobility increases the electrical
performance of the display. The resulting filmis also nore stable.
Al t hough the pregent aiﬂveg)ti on has been illustrated and described using
certain enbodi nenfLPAHYS LEGReHES 2 . cameridfg&nges can be made to it
W t hout departji W@ufimQ B i ela) he present
invention is appli cab:melﬂhth gf lﬁu@ngér]f)ﬁséﬁggtrﬁgrf@?é;%@g&g%d J&%%Sg%ﬁtédﬁgas 15 wel |
as systens usingostehenddepositi on met hods. Changes to the gas mixtures,
tenperatures and pressures are also contenplated. Wth respect to the power
suppl'y, i nsteatP'8St &ms %?g‘fcteﬁ@“P‘F%éﬂ@%@i’%uwchamhg theaneh saidspeyerheddeto
i npedanceinffBducBiands Strdaet intS tHIRYaRBert Uned. Moreover, al though the el ectrode
spacing is disclosed as being between 400 to 1500 mils, other suitable
spaci ngs may esugerpthr digposduein oppesitiorotessagistoeatiesd fof stygmitinga amdiraycl i ng of
t he poweran%LllBg.l i ﬁs can be carried out, giﬁpendi ng upon the 20 filnms and
deposi ti on sequEnLESORIEL PRI EHNGF ALY SHIFEP QR AN L $74h BRE CMETS 3 appar ent
to those ghinde@hrbigh REpRYile scpafid um%ﬁstﬁpn is only to be limted by
t he appended cl ai ns. SJBSTIT E SHEET ( E 26) Wiat is clained is: 8 0 7
MAR!2002 PCT/ BSi9Bp@e9epply PRALUBE 20 HsE itorygieptrcal Aignappartiattisqhaicy to
deposi ti &gidasht). Iemea&onpri sing: a vacuum chanber in which a substrate to be
processed may be positioned: a showerhead; 5 a process gas source coupl ed
to said vacuum sebamgiwde Bigplghg SaipdimBANREHRAI Dectdid] LiANGE 2 e QAG Stream
into the chanber; a susceptor disposed in opposition to said showerhead for
suppor t i rigeaaeraydaverthan sag frsh Sgryrpcy tusaicthomsrhead wheoeputs af sadfiet and sai d

' , d h h '
or ounti g eat e oletes CRAIRKe T G pSBE ot t g SRR et

el etiri cab dspagiahe Alm an tliersabstfat€quency to said showerhead; a second power
supplying outputting an oscillatory electrical signal at a second
frequency | ower than said first frequency to said showerhead, the outputs

of said first jang, S i I cite | asma from
a process gas Z?n seaaﬁg&gﬁjgr?ggl\réﬁﬁ L NR&L"‘%C ﬁgp&‘[}g%gplg'%"‘%‘e second P%WGF
supply each includes: oo :
an impedance matching circuit; and

a filter coupled to the impedance matching circuit.

20 3. The apparatus of claim 1,
wherein said showerhead has a center region, and

wherein said showerhead is coupled to the outputs of said first and second power

supplies proximally at said center region.
4. The apparatus of claim 1, wherein said chamber is controllable to a pressure

25 between 0.4 and 3 Torr and further comprising a heater to heat said substrate in said

chamber to a temperature between about 250°C and 450°C.
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15 to deposit the filmon the substrate. 2. The ap f %ai rg}é07 M/;‘R 2002

wherein the first power supply and the second powemﬁg h/i 9096
an i npedance matching circuit; and a filter coupled i npedance
matching circuit. 20 3. The apparatus of claiml, w”égﬁ&ﬂjgbi SHaﬁEﬁﬂﬁy?
has a center regjon, and Mh rein salg showerhead is coupled to the outputs
of said first ‘ant $PEEHE BHIRAOSIISE 3 |IMeCOPPESIRgal |y at said center region.
4. The appara j r.el i i ontrollable to a
pressure 25 ltoaLebt% &&%9%%@5#&@’@&5# Q%?la?ié &ub%ﬁgr%?%grr@a icbsﬁ pr?é&a?"ﬁ ater to heat
sai d substr at @ shewsrhegd:chanber to a tenperature between about 250C and
450C. AMEhCEO S~ tcET 7 MAR 2002 "'CTI1JS 9 8/ 2 0 90 96. 9 MENUS 2 .9
OCTi 999 5. Ar Sapisaras psockssrsag epurded forsgidayatiymchanrs thiroiighgsaidh vacuum
chanper i j a .substrate to bhe processed nma ositioned: a
showbr nealP ahEd: B BMEREE 8 e el o R RBERRE e T o df A%t chanber
through said aSusdt@wRidipacktdtif oppdsiiile 8aid sBAGerhitddeBMPpodmizth LRSS 0as
into the chanber; a susceptor disposed in opposition to said showerhead for
suppor t i igdaasingdeyrgpmers dleistv? eryLT @f said susseptar angtfeidefopr eproerpaer of sai d
suscept or I 0, r - d rough respective separate
gr oundi nf%%ﬁgﬂlrglﬁ%\ %‘E‘Pcf%g!t;p%gggﬁé%ﬂtérg%rg%ﬁqﬁ%ﬁ@r]y el ectrical power supply
connected to saddt Rhaweebedallatdy eld@icakpowe sapgll ashrcfed eMA@sEbWRERXS 0as
in said chanber to deposit the filmon the substrate. 6. The apparatus of
cl ailth 5, sxAks eplisHailigmataid presess gawinsad qhpmperty dsenmertha fipry thecbpiratees
first and second oscillatory power supplies outputting respective - °
~oscillatory signals at a first frequency and a second frequency |ower than
said first frequBrcparatusbielaapPawhtram safd at laastong osvitiatoe) poveaisdpgliyr st

frequency is 13.56MHz or 15 harnoni c thereof and said, second frequenc
is go rm?lcgm[pﬁ\é?ﬁ po64-pnd sgﬁgﬁmg?lgq&qower supglﬁzs outputt{rlxg respective oscillatory d Y

signals at a first frequency and a second frequency lower than said first frequency.

7. The apparatus of claim 6, wherein said first frequency is 13.56MHz or a

15 harmonic thercof and said second frequency is no more than 2MHz.
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