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~generally to a nmethod and an apparatus for anneal i ng anor phous
- films, and nore particul arly to a nethod which may be used to anneal
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| accordance with PECVD, a substrate is placed in a vacuum deposition chamber that
is equipped with a pair of parallel plate electrodes. One of the electrodes, e.g., the
lower electrode, generally referred to as a susceptor, holds the substrate. The other
electrode, e.g., the upper electrode, functions as a gas inlet manifold or shower

20  head. During deposition, a reactant gas flows into the chamber through the upper
electrode and a radio frequency (RF) voltage is applied between the electrodes to
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



required. However, devices made with a-Si often exhibit poorer performance
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annealing, thermal annealing, and lamp annealing. These approaches have certain

inherent drawbacks. Laser annealing requires a complicated scanning laser
configuration. Thermal annealing requires, e.g., a source of hot gas in addition to
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.
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substrate i fowsrds the film. processi ng chanber. M crowaves are generated having
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s directed goﬁléﬁr}at hod of annealing a film 25 I n a processing chanber.
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amorphous silicon film is substantially absorptive at or near the frequency but the

glass is not substantially absorptive at or near the ffequency. 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 generated 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
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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 detéils 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
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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,
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p-Si. film is heated and is made to recrystallize to form a high quality film of p-Si.
Since the substrate glass is not substantially heated, bubbling and peeling of the
film from the substrate is substantially eliminated.

20 In a second embodiment, which may also be described by FIG. 2, the
microwave energy does not directly necessarily transfer energy to the film. Rather,
the microwave energy is used to generate a plasma, which can efficiently transfer
thermal energy to the film, thereby heating the film. In this embodiment, the
frequency and energy of the microwaves are not necessarily chosen to match a

25  significant absorption band in the film. Rather, the resulting “microwave-assisted”
plasma is chdsen for its energy transfer capabilities to the film. In particular, the
plasma should be highly efficient in transferring energy to the film, which results in
a temperature rise of the film. In other words, the plasma heats the film. No
deposition generally occurs from the plasma in this embodiment.

30 A benefit of this embodiment is that these so-called “microwave-assisted”
plasmas result in less ion-induced damage to the film. One reason for the reduced

damage is that the ions generated are less energetic than the ions generated by the
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and a set of electrodes inside the chamber. Thus, the system in this embodiment

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 energy 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.



generates a plasma of the deposition gases, which in this case may.incl ude
si | ane. I ther words, the m crowave generator takes of ,
the RF vol {/Véb%?ﬂg rce and a set of electrodes inside Fﬁﬁgﬁé{%g’:’r

Thus, the systemin this enbodi nent woul d appear like that of FIG 1
but woul d lack an RF generator. 20 The m crowaves al so anneal the
film In other rds, the m crowave generator_emts energy which is
absorbed by t he%‘?ﬁﬂﬂ @%%E’F’@é@é W35c2000| apgstroms of é‘r%éflﬁt%séi,ep@%ééi%ga an

anneal . lass substrate A S’Iff Ebfing f‘ﬁ?ﬂ'hai' QRHcITRL 8f §hemis. SiAI %Aéldg s

deposi ted §n the surface o e sﬁ trate and i s annea
subst ant i alainmdnive was fleweid neto theichamber tofaupressuesn af about 35Torr.p Micasvaves

requi renents .on the mcroway nerator. The frequenc nd energy of the

i or ovav es TAYIGE AEESBOLEE 245 SO AN AHOSE 28 Ak WeNer e sirater i g8
heating lasm \VPAfrer about 5 ' TR a g .

I llustrati ﬁrgogn%away of B‘ear fogr msgcaoq[dﬁ,etﬁggﬁ sec%prrgaﬁgggiaﬁngnt ofrU‘?lhe

i nventi on. STiko s-S8x dnygeneraly fthis dimesequld be windhe orddref a second tonsverak tenas
limting buf. rather nerely illystragiive. The experi nental apparatus
appeared r 8&§W°9d§ PR Even aH%HeB ingfon:thg r}ﬁ? to"be annealed.

8 To 6fintibd e froBuRORFY M1, SH0ChaINAR YRIBasGlpd: fle and was
deposited on a 0 1gI assﬁgubstrate made of Corr??ng 173 38?%@5 .
t hi ckness pfessurg ofiigas, Ahgaxcrovave power, andtig timeae anhealing. | Of courkes icisanber to

a pressure ,of. out rr. rowaves havi ng a frequency of 2.45
GHz a @ a Bﬁi}ﬁsgo‘?‘a%%ﬁﬁw‘&%ﬁ&&@@&m Q# fhe glas or5ot£eri ﬁgﬁra&él’pﬂ“as na.
After aboulyhRhsthe HfSis aeP@s_infea,l MeltaS GRRR AL shévk Finte SMAMERARL: 4Rthstated

Si to p-Si. In general, this time could be on the order of a secong to
sever al t enbove, this requirementomdy be convenentlyrmete sE. gdep temapieraguiroftdidedst | m t o be
anneal ed. o . To timze the.progedure . for other filns, one my .
vary the gd®q§jsLeauird to el %@gﬁlr%'gb °B’§§: %tﬁglsr#@?%%% t_b% $ and the
time of anpeald melt (- neRiHgSHoint beihS bdveen 406C Ak 600°UAUepdBide diOt be
heated so much that the glass or other substrate, on whi ch the film

i's depdsi t bipe ofeglass). GOinen the erefersptialthenting pf thenflm ratheraham thet glasseand
above, thi g GOH! iR BAod BhiRR4HY HEW SRS HmIES enfpifling The RUBRIA! S OF 2t

| east

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



1450[err]C i.ss required to nelt and anneal a-Si to p-Si. At this

t enper.at Ur e xyd Hga4g8ASS would nelt (its nelting point bepggubsizsssn
400[ err] C and 600[err] C, depending on the 15 type of glass). G ven the
preferential heating of the filmrather fghan the glass, and t he short

time period achi eved by these enbodi nents enpl oying the invention, the

filmmay be i el I i i Ly, | gl ass.
After the ansﬁ{é%%?%ss%géér‘%%pﬁgg ‘ﬁgﬂéynggﬁ%te ﬂ@k@%ﬁ%eﬂgﬁggglﬁ%ﬁfﬁs@%gﬁﬁ | m
may be furt hsultiplequresesse dharftberk, Wwhich lvan berused $oi depositiyig iamorpheust silécopr owt h or
20 deposition of other filns, on the p-S.. as may be required for the

fabri cati on S§fcoq nitrides, sificpn Qxidese ﬁxggtrgie-ﬁips, and pthsy § i Hgsredorsivol ve
rei nst at ene : i 0.l : esses,
and this. pl agteRs rEgRiR T Sitfem may be 86tk In {580 bl oPfcdtol Yerf! R
Chanber s5 i n O8¥71051# 9 h entitiidn'tdd Deboditien iChambe: Cleaning Dechnivue diging adligh -

include the following features, The chanper shoul d allow for heating and/or
preheat i ng (ﬂo“feﬁg{_eé"d’g%&‘:?‘%aélonﬁ%@at %ng‘ Penjemplerclfy 1896pssigned futhe t he
anount of - assigndd! & VBHRCAIRVEHion EHY inBftporkiit RUGHDGY retliald! be capabl e of
allowing the anneal 1 ng process to carried out 1n various

envi ronment s i nclThis detailéd descriptionthas describat am embodificnt if Mbithoa glass

environnent so as fo rTEi ain a, predetern ned é)ressure. 30 o The
present i nvERPSUSHE 1Seifete Lingietanebstates iyintendad 0 fraadly egver 3gp@bject that pEcyvD

System n st LT, | C

ch ThelCacr 1 B aEsep e R bR ess gHERDL, TN 26 pliel SIS BB

9 Sulsstans¢ hatéspor disksie Thee guesdncinysiitidn fsl peirtiaadt agblivablews ladgt i s a
nodul ar systemw t h nmul 1i pl.e progcess chanfers, which can be_ used for
deposi ting ARDTIGHSSUC Af g@&ﬁ?fatég haVP@i IMEYFHORt SF?E%&”'S& m R 0a% s,
oxyni tride fing,q &g Qidagr simlar films. Mre details regarding the
systemmay be found in U S. Patent Application Serial No. 5 08/ 707, 491,
entitled "A DeposWhilotheGiresent inve€htiam hagybdeacdescribesl With mefesenkck gb specific Power
Renot e citation Source" fil Sept enber , ,1996, assigned.to the

assi gnelg< of © 885?‘3‘256 emgﬁfﬁgﬁlrﬁﬁﬂt‘?‘h%‘?%ﬁﬁ‘regté( ﬁéPB‘?’ﬁl%E)F?Q‘@Ference.
This detail ed description has described an enbodi nent in which a gl ass
substrate is used. The term "substrate” is intended to broadly cover any
obj ect that 10 is being processed in a process chanber, including flat
panel displ ays, glass or ceram c plates, or disks. The present
invention is particularly applicable to | arge




substrates such as gl ass plates having di nensions of 360 x 450 nme 550 X

650 ng,even | arger. Wil e the pres on has
been descrwgggﬁg?h reference to specific 15 enbodi nentsmébégg%é

the invention is defined by the appendqg clalns
: AR
system forv?ﬂA‘f'aI" gg[%’g) g}on a substrate |n a va anber
conpri si ng 8%\ hanced chem cal vapor deposcl t |Lon"chanber havi ng
a substrate support centered in the chanber, a sidewall opening in -
t he chanber for ingress and egress of a substrate to be processed in the
chanber whill e miusysteth for anhealinglzsfilmaton assybstoate in a processing @sarmbdret nani f ol d
having a plurali.ty of openings for the passage of processing gas into the
chamber noffff¥F Yoposed to and spaced fromthe substrate support; an .
RF powsr supply Connﬁ‘fﬁl%uﬁa%%@h&aﬁf)ﬁfﬁg%edttg S’vx ﬁnajo%o@s {owﬁ'kél from

sai d processing gas to deposit a fi n sail trate; a pl ural i ty
of microwave gewghi the interionofthe athambers aaid micmmf.wes heving acfeeyuendyed to a

wavegui de nmount ed, s di.rect, m ves uni f ar. over. the, surface of
said filmthr ou%hr}ﬁ?} s@'}éﬁnﬂf H SW"\%EXAE SPFPLYE;aY s%‘ﬂ?Fﬁvﬂ@Fncysléﬂtcf% crowaves
having a f r equeRtrBH nbedABATARCMERE dr bl Befithaygha | 8 not absor bed

by sai d substrate. he system c aim1 eln the frequency is
about 2.45 GHz. 3.a wawﬂgm@stoednsmbuterﬂic mgictovaves dver theveafaderofthe d

m croyaves gen nber, that .transfers eneygy to said
fi1m Bhereby RO ?%Bffg’é‘fda Prtefotigl il ofm lp¥age b fifrowaves over the
surface of said film.
2. The system of claim 1, wherein the frequency is about 2.45 GHz.
15 3. A method of annealing a film in a processing chamber, comprising the steps
of:
(a) depositing a film on a substrate in the processing chamber;
(b) during at least a portion of the time of said depositing step,
generating microwaves having a frequency, such that said film has an
20 absorption peak at said frequency but said substrate lacks a substantial

absorption peak at said frequency; and

(c) directing said microwaves towards said film.

4. The method of claim 3, wherein said step of depositing a film includes the

25  step of forming a silane plasma within the processing chamber.

5. The method of claim 4, wherein said film is amorphous silicon and said

substrate is glass.

6. The method of claim 5, wherein said frequency is about 2.45 GHz.

R
heet Has Been Replaced

T -
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7. A et wgﬁ46§-pneal ing an a " silicon in apcrnsesnises

t her nochem processi ng chanber to forma filmof polysilicon,
conprising the steps of: 11 (1) deposi ting an anorphous
silicon filmon a gl ass subst rate I n t he processi ng chanber;

gai d 7. A gaﬂr?relol}op ous S Fdég%mn%ﬁﬁ%‘gﬁg?@%@séﬁ%naﬁr{{,&ggr&%ﬁ g%ha': nat

sai d frequergpcdising shhsiber to form a film ofqiogasﬂwoﬁ BethpSsihs it bfy absorptive
at said frequency; and ( i %w ding the mcrowaves to
the surface of said anddphodgpositing an amorphousssilicery lmlanﬁ glashsubsiretedai d

anor phous sili conchg h-&].e ﬁ%&%ﬁ};ﬁqr med into a 10 polysilicon fi

I
8. A met hod of annea min a processing chanber, conprising the

steps 5§ of(2)  generating mlcrowaves hatidp PfrefidhicyGuéh fHat gaian a
substrate in the proceSS| na chanber; b) generating
mi crowaves havi ngArorphef ¥ %qn ﬁkmemsuhstmtxgléy @bsarptiye af said trequency but said

Substantianly absgLRlL Y Absailifd FEHERRWla B8hatyPEld ate T not

substantial l'y ab rptive a (c)

directing the m crowavgy tOglllBihgsthé hiieRvwRiveS & thefl dukfite 0N Gaid amorphous
(d) heating said filmfor a predetermined tine period. 20 The

met hod of cl ai m Siliggnefila ﬁu“shaihét said gmosphavs sirenilst is mfcmmdsaﬁo@
substra s gla The nethod of claim9, wherein said
frequency S abom:m)ésﬂ)l%oncﬂzm

8. A method of annealing a film in a processing chamber, comprising the steps
of:
(a) providing a film on a substrate in the processing chamber;

15 (b) generating microwaves having a frequency, such that said film is
substantially absorptive at said frequehcy but said substrate is not
substantially absorptive at said frequency;

(c) directing the microwaves to the surface of said film; and

(d) beating said film for a predetermined time period.

20
9. The method of claim 8, wherein said film is amorphous silicon and said
substrate is glass.
10. The method of claim 9, wherein said frequency is about 2.45 GHz.
25
11. A method of annealing a film in a processing chamber, comprising the steps -
of:
(a) providing a film on a substrate in the processing chamber;
(b) providing a gas in the processing chamber;
30 | : (c) generating microwaves having a frequency, such that the

microwaves induce a plasma of at least a portion of said gas, such that the

microwave-induced plasma has a substantial thermal energy transfer to the



11. A nmethod of annealing a filmin a processing chanber, conprising the

st eps (a) providing a film cate in
t he proces‘gpﬁ%fz?ﬁanber (b) providing a'gas in the
processi ng chanber; 30 (c) generatingfierowaves—having a

frequency, such that t he fcrowaves |n
| east a portion_of said gas, such that the mm,mll ﬂHduced

pl asma has a suffanti al "t her nal energy transfer to thet¢

12 : film 12. A et hod of depositing and anneal ing a
filmin a processi ng chanber, conprising the steps of: 5

(a) providinhg aAsmbthbd af depositingeand ameslsigng fibhdanfaeprocessing chamber, (b)

providing a gas.in_.the processing chamber; (c) generating
m cr onavesCHERATRE thersiep§ fincy, such that a portion of t he

m crowgves i nduce a | gas; .

(d) d\évgom ting a fi I@%?\%@Esaa%lgﬁ?én P}%%%gﬁﬁﬁggﬁg&dlo -

(e) directing the m ¢h)premidimgtaogdshia thelpforesingf chmaibar;f i | m sai d

m crowaves having a uency such that, said filmis supstantially
absorptive at said f&é@g@ﬁﬁﬁ ﬂ)ﬁ’ﬂcrg‘é(ﬂﬁess}@ﬂg’tgraahéq‘i‘%‘q‘roiucgﬁlk?étaaﬂﬂﬂ‘% pf

absorptive the microwa¥ks Afdube h'PRAHBEIat least 2 portion of said gas;
(d) depositing a film on the substrate from the plasma;
10 (e) directing the microwaves to the surface of said film, said
microwaves having a frequency such that said film is substantially
absorptive at said frequency but said substrate is not substantially absorptive

at said frequency.

15



