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RESI STANT COVPONENT OF SEM CONDUCTOR PROCESSI NG EQUI PMENT AND METHOD OF
MANUFACTURMABIPMERECF BACKGROUND OF THE | NVENTI ON 5 Fi el dCEUS0MM9229nvent i on
The present invention relates to sem conductor processing equi pnent and a
met hod of inproving corrosion resistance of such conponents. Description of
the Related Art In the field of sem conductor processing, vacuum processing
chanbers are 10 generally used for etching and chem cal vapor deposition
(CVD) of materials on substrates by S_lil_pp| yi ng an etchi gmw,mm Il on gas
to the vacuum chanber and application of an RF field t m m’mulener gi ze
the gas into a plasma state. Exanples of parallel plate) trgggf.ornmer

coupl ed plasnma (TCPTM which is also called inductively coupled plasma
(ICP), and el ectron-cyclotron resonance (ECR) 15 reactors and conponents
thereof are disclosed in coomonly owned U.S. Patent Nos. 4, 340, 462;

4,948, 458; 5, 200, 232 %%@Wﬁ%osi ve nature of the
pl asma enviro i r.opniomzing
particle and/@&ﬁﬂégw) R I f Tl&g@ ghbl e for the
conponents of such equi pﬁEMAWFéQmWG'IFEEWEOSi on resistance. 20

During processing of sem conductor substrates, the substrates are typically
held in place within the vacuum chanber by substrate hol ders such as
mechani cal BAGKRGROMMND OIFFHE INVENTIONI anps (ESC). Exanpl es of such cl anpi ng
systens and conponents thereof can be found in commonly owned U.S. Patent
Nos. 5,262,029 and 5, 838,529. Process gas can be supplied to the chanber in
vari ouss waygield o€ the InveWlibi®l / 00901 PCT/ US00/ 40229 -2 as by gas nozzles, gas

rings) gas distrjbuti on-rgll ates, etc. An exangrle of a teng)erature control |l ed
gas di stributi o BpPESEAIRENUNR TelRERS £Q SEPUEQRIECIOLPracesHnG PP ARD? and

conponent s ARsER impAR it o8NS rdsREAMTIRALY AR} S. Patent No.
5,863,376. In addiutnlﬁonu?oot he plrgsma chanbe? equi pnent, ot her equi prment

used in

Description of the Related Art
In the field of semiconductor processing, vacuum processing chambers are

10 generally used for etching and chemical vapor deposition (CVD) of materials on
substrates by supplying an etching or deposition gas to the vacuum chamber and
application of an RF field to the gas to energize the gas into a plasma state.
Examples of parallel plate, transformer coupled plasma (TCP™) which is also
called inductively coupled plasma (ICP), and electron-cyclotron resonance (ECR)

15 reactors and components thereof are disclosed in commonly owned U.S. Patent
Nos. 4,340,462; 4,948,458; 5,200,232 and 5,820,723. Because of the corrosive
nature of the plasma environment in such reactors and the requirement for
minimizing particle and/or heavy metal contamination, it is highly desirable for the
components of such equipment to exhibit high corrosion resistance.

20 During processing of semiconductor substrates, the substrates are typically
held in place within the vacuum chamber by substrate holders such as mechanical
clamps and electrostatic clamps (ESC). Examples of such clamping systems and
components thereof can be found in commonly owned U.S. Patent Nos. 5,262,029

and 5,838,529. Process gas can be supplied to the chamber in various ways such
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*159159*




5 processing sem conductor substrates include transport nmechanisns) gas
supply systens, liners, lift mechanisnms, |oad | ocks, door nechani smns,
robotic arnwmuﬂmsWEners, and the |ike. The conponent s of §gﬁhgﬁqunpnent are
subject to a variety of corrosive conditions associated with sem conduct or
processing. Further, in view of the high purity requirenents for processing
sem conductor substrates such 10 as silicon wafers and dielectric materials
such as the glass substrates used for flat panel displays, conponents
havi ng i nproved corrosion resistance gre highly desirable in such
environments. Al um num and al um num al1oys are commonly used for walls,
eIectrodes substrate supports, fasteners and ot her conponents of plasma
reactors. grder t r.event corr05|o of t 3ﬂtUCh taI conponents,

vari ous tecﬁ?l b%‘@(’ﬁﬁtﬁeg répgspg%&%rélamp&p Batfn Bnum surface with
various Coatérﬁ]ﬂﬁtturg%mfd?ﬁ@l BaCAstribldn prad B fan Nﬁuct@e@%ouﬁyea plismal oses that

al um num chanber walls have been anodi zed to reduce plasna erosi on and wear
of the wal | seactphand W@Opetteth@regfw@s f@lhldtméwemptﬂalwet BeS.aratettt Ned | ayer is
sputtered o b e Pat ent
No. 5,895,5 ét%?t {[{ﬁh r}‘gote r??%tr}ggﬁor ﬁlglpxr%hg}ltggtg cgu?poscgetﬁslgggmstant
film of 5A126ﬁzces§in@,sexﬁicbhdufloﬁsubélrhdes)mcmhetrluishm orclanismsngan sopdier i al can be
found in Japanese., | ication Laid- No. 62-103379.. U S. Patent No.
5680, 013" SDRIGS. HARE L PECRRIGdoRLPaR A TGPy THG F0e35 3B ot a

surfaces of faRnésCdidge BRI conpoktnGdfe8&kq| 'u méntare Batj€dt ko Noariedp
4,491, 496. The 013 patent states that the ferences in thermal expansion

coef fi ci ent 8f gastosive sorditinns aerariaied wetérsemcen%@t PH§SSsinge HFugdenliim num oxi de

| eads to cr nt ual
failure of ?ﬁgdgg}éetoélﬁﬁ E'ﬂltggéqgl?rr&ggﬁnggb? %&e%sfh% Eco?iatﬁndrgrg%sgﬂrmts g‘y‘%r otect the
chanbenowal hasslhddnSvafRam:hdleMm. niate3iaB, sb8bas the A8, ibGrateandedbfoB8at, 356 pr opose
| i ner arrang TTE é WO 01/00901 PCT/ US00/ 40229 -3 For h%ﬁt ance, the 016
patent di scPPEEdIsRiays; AUPPREnts having 1mprove(l GAITASIoR resistange e AR quartz wi t h

al um num beua;g-aaeg{ &ich @fivifdamehtsS ease of machinability and having a coating
of al um num oxi de, Sc203 or Y203, with A1203 being preferred for coating

al um numto pr ovﬁ@é‘llﬁ%t‘@c@%ﬁu@fmp}’fé‘faF@ﬁmﬁ%%uﬁ?doﬁ?f PeBs electrqies, © 585 pat ent
5 di scl oses n at | east

0. 005 mche%‘ﬁ)gfrrl%gﬁu&’z’hﬁgig%ﬂ F%%Glggth%r Ldﬁ%ﬂ?t{f@%ﬁ%@gffﬁgag %ﬁtﬂg}f so ment i ons
use of 18er aptegerit agreossonvdfi thsuah metbepmspmlems watnbmajltectmq\remmwg)eeme underlying
al um num can_be I‘OVI ded tggglu ane s ed al um num oxi de.

Thor oG oloBmel fohcon By g fRREY Rl i e ER Rt mrt o e el

of al um nunyrs.tratedeNb 05,64 031 @EscldEEthaPRaiambAl chatbber wildhevd betlp. 5, 885, 356
di scl oses ceramic liner materials for use in CVD chanbers. Various coatings

have been pRSHEEeE FediceRiasHR SESIPGRR MEY Hfithewalise cHisUSTDPAEH @S si ng

equi prent : puttering
chanber V\helrﬁg{%\}egtﬁ%l aﬁuﬁ:z%dllyétt %t{c?g%di oﬁé:@%l dgg%‘gh}%g:h%égapp t|Sed to a
net al 80ch hesreptaaemlté§s PstemeNo dﬂS%Lf\Bmsmamtha'ttahechmqoqafardomhng\hAl X bond

coati ng therebet ween. nt a 1,53 disclose a

r hodi um coaf(?rftodwf’d?s‘sr'@ttgﬁné’gg%g)ﬁef?@o %(‘)I?I s?ﬂﬁ/zéﬂ% élte[}lg‘etf’s‘ HIgPm | asma
processi ng pitefislliah batend M Jdparite Agpuc@mt L41d-Oigeh No0sgL-10s70her ebet ween. U. S.
Pat ent No. 5, 680, 013 di scl oses non-bonded ceram c protection for netal

surfaces in a 20Ut Ratgt - 5ee8901A stagen A a techpigue for Spwe sRr@YiBB s c nat eri al

bei ng si nt e&?ﬁﬂet’“‘l—éﬂrﬁbésgbflaﬁ&%hlﬂﬁ %ﬁeﬁﬁﬂe?g cﬁ?c‘id%éd ﬁt'@ S' BCeitdiyg al um num oxi de)

magnesi um f [ uori de, magnest um oxi tent No. 5,904,778

di scl 028s a4.89 1A/ Dlo'dM 3 pgermstatqselen QleahﬁﬂcrngeSmGhérmal expensaien a chanber wal |,

chanber roof around t ard ta ma reactor
component o sistfieat Y Bra ARy AR coPBiF conPRu il g PR AadleBRET o poeal <
have been ndgacknilof fiRSddeGigs e tohBerfial @fcling sndodvehdid fainewef theads. For

i nstance, commonly owned U S. Patent No. 5,569, 356 di scl oses a shower head
of silicon, SYHBESHR cEFToshfe eavirpramsmtse AP 19T dse to protset thg chamberyalls B84, 713

di scl oses f | MO 01/ 0090l
PCTT Usoor 400381 9 SRA 8 PTes B o s bR e fifmentl e or
silicon nitride over the alumte film The '713 patent states that the

t hi ckness of the silicon coating filmshould be 10 humor |ess, preferably
about 5 Vim since the alumnumcoating film the alumte coating film and
the silicon coating filmhave different coefficients of 5 |inear expansion
and cracks are easily generated when the thickness of the silicon coating
filmis too thick. A thickness below 5 ~.m however, is stated to be
unfavorabl e since the protection of the alum num substrate is insufficient.
u. S Patent No 4 534 516 d| scI oses an upper shower head el ectrode of

o, = o . ~ 2 a2 A PN PN e\ — —



el ectrode of anorphous carbon, SiC or Al. U S Patent Nos. 5,006,220 and
5,022,979 discl ose a showerhead el ectrode either nade entirely of SiC or a
base of ca™oW®8hted with Si C deposited by CVD to provi (fé”&’sg‘fﬁ‘f"%?ce | ayer
of highly pure SiC. 15 In view of the need for high purity and corrosion
resi stance for conponents of sem conductor processing equipnent, there is a
need in the art for inprovenents in materials and/or coatings used for such
conponents. Mreover, with regard to the chanber nmaterials, any materials
whi ch can increase the service life af- a plasma reactor chanber and thus
reduce the down tine of the apparatus, 20 would be beneficial in reducing
the cost of processing the sem conductor wafers. SUVMARY OF THE | NVENTI ON
Accor di ng troranstanés tthexope phtefdidclvges aiepof cutarBichr aRinsm{ Seelprdw di Ng a
corrosion resistant coating on a netal surface of a_sem conduct or

processi ng Wa Wirk Aluminm brias prefesred for, itgrage offRgchiabilipsand ¥ingdes'  (a)
deposi ting a0l I i g f t he
conponent ; cg%%é((g;a eposP?ﬁdﬂ’ggé@%(gfgﬁ%ag%g@fﬁggggﬁkeﬁg%%%ggﬁg%s ni ckel

pl ati ng so asninomftoprovaia poattaion ©b theadinonum doisplasma. sThe ‘288 patdite et al
surface can.be anodi zed .or unanodi zed . .01/ 00901 . P 00/,.40229 -5

al um num sqlsa‘ffoﬁ?seas eesst?ggrn,g CATaTRE ﬂ%ﬁ‘ﬁ?g‘}g \é@ﬂlolf‘neg%%oﬂt gg&rﬁ) ‘éﬁﬂm or ot her
metal or aldn@¥nadigel fromRblasMamEAAersss et gles Mdhons @8 bN@ra@e be al um na)
SiC) ALN, Si3N4, BC or other plasnma conpatible ceramc material. According
to a seconda¥espwhbich afe depesitedhwasheut spnsumingshia Podeslying MBRIing® can pg ovi ded. The

conponent | : . P‘?%% : r Gkel plating on
t he net al ﬁ?‘%‘%@:‘? %agh%)? %yggt)gt]? %hrrlﬂlrSf ogtalfuﬂgmg%g%&ﬁ%pﬂ%cggﬁ B%i&gti ng, wherein
t he al um nalistaes axgerémic hiperaof abumiea ansior ¢epanio shieklsif stvarinums nitfidefor BRI EF
DESCRI PTI OF THE h bj d .advant ages of the invention
w1 b omaMS AR B, ST CHRett DO SRR GBS FeRIREL PSR of |t he

preferred gobadinevrsciai@esof i n connection with the acconpanyi ng draw ng,
in which: Figure 1 is a schematic cross-sectional view of a plasnma reactor
chanber havi ng a¥#inpepaiings baysben rippsed far gpstal spRonegsicft ant coating in

accor dance gt nddfor PreR&He eqipfhe. Ofbr instance, U.S. Patent No. 5,879,523

discloses a sputtering chamber wherein a thermally sprayed coating of ALQ, is

15 applied to a metal such as stainless steel or aluminum with an optional NiAl, bond
coating therebetween. U.S. Patent Nos. 5,522,932 and 5,891,53 disclose a
rhodium coating for metal components of an apparatus used for plasma processing
of substrates with an optional nickel coating therebetween. U.S. Patent
No.5,680,013 discloses non-bonded ceramic protection for metal surfaces in a

20 plasma processing chamber, the preferred ceramic material being sintered AIN
with less preferred materials including aluminum oxide, magnesium fluoride, and
magnesium oxide. U.S. Patent No. 5,904,778 discloses a SiC CVD coating on
free standing SiC for use as a chamber wall, chamber roof, or collar around the
wafer.

25 With regard to plasma reactor components such as showerhead gas
distribution systems, various proposals have been made with respect to the
materials of the showerheads. For instance, commonly owned U.S. Patent No.
5,569,356 discloses a showerhead of silicon, graphite, or silicon carbide. U.S.

Patent No. 5,494,713 discloses forming an alumite film on an aluminum electrode



15 Figure 2 shows details of the corrosion resistant coating in detail A of
Figure 1. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE

| NVENTI ON 'W@0170888&nt i on provi des an effective way to prowaliasousrysi on
resistance to 20 netal surfaces of conmponents of sem conductor processing
apparatus such as parts of a plasma processing reactor chanber. Such
conponents include chanber walls, substrate supports, gas distribution
systens includi ng shower heads, baffles, rings, nozzles, etc., fasteners,
heating el enments, plasma screens, lingrs, transport nodule conponents, such
as robotic arns, fasteners, inner and outer chanber walls, etc. , 25 and
the |ike. WO 01/ 00901 PCT/ US0O0/ 40229 -6 Al though the invention is

appl i cabl e . Of 0¥ i s . ease of
illustrati o%nfaat leco?l)r(fggln iﬁ(%%os\g\na f){}e%ﬁecogg)\éﬂgr@ ?’B%&gﬁlﬁkﬁdr%teg Vrafgltq’gﬂuhﬁ\ﬁret h reference
to the appafilnt.uShad§38 patbmdtatas thit e (RPekmnt oiNbe sific@PaiRB fiinkn sloinld &

i ncorporated herein b eference in its entirety. 5 Figure 1 illustrates a
vacuum procg%’é‘f‘ﬁéﬁqs%é%?%?aggfé% r ATR OSIPGY e?lﬁ@f%ﬁ’e%oa‘a\“gsﬂﬁ%ttp%te hol der 70
provi di ng aglugheedatins fifh bfd he 3HRbMEbatiRg GBn havedliFdbRichatieied@ oS wel | as
providing an RF bias to the substrate while it is He backcool ed. A focus

ri ng 725 conkineapexpphsiginandicracksargcasilyasperated plen thsshiekpess ofgheglieate of ener gy
for maintaip ' Si - : c - 10y 2 1 sma in the
chanber suc ag% %hgg&aﬁ'?éghn%%ﬁ&%%ﬁbglroggs 6134/1’ g@%@?éiﬁgéézgg%ur ce to provide
a hi gh densuidfyvopdbiessinceitbe phosepiaed thd alumautroqubafatey BacshfficianhdiiSer 10. The

chanber includes. syi l.e .vacuum punpi a ratus faqr mgintaining the
interior 301) %‘f“‘ﬁ‘?egcshggﬁgfhs Seé*‘ﬁﬁ%% é@gﬁr&ggﬁfegr?@cg.sfaﬁ%*SWISO mrorr,
typical ly lag@intihQEsppePir (Y fkélaUi 1 PatcRENE NABTE077 Nischosgha bisvestRad r al 1y

| ocated vacuum port 20 at the bottom of the chanber. 15 A substantially

pl anar 19ii e| deatiope ofmagnssiumo BF. Batert a1 3$8 AR disslopas pshawerhpadk ween t he

ant enna 40 ' [,Qr t rQC [ ns the vacuum
wal | at theé} oﬁhggf%rﬁﬁers];iodruggae{saélll’n%egﬁggbggg'l%%niﬁgngg?%%qEglgti on plate 52
IS provi deds5,pEngE disolesa dcehowdhad edlactrodeumitisr mpderantiggdy Uil axs tmse @ful ar hol es
for deliveri process from supply. to the cha r.10. A coni cal

| i ner 54 20%%“@%‘5‘?”%%1‘3(?H%poéléeg%?@ﬁ)i“&g&% a5t %“éﬁar‘r’?ﬁ}gP unds t he
substrate hgirgleic.70. I n operation, a sem conductor substrate such as a
silicon wafer 60 is posjitioned on the substrate holder 70 and is typically
hel d i & pl ace bynYiswedfdhs pesd forthigh pyriyAndzeprigsion desigtange £r COBPPREGLS s

enpl oyed. P, A% | LitCthebelis hhEed’i ocessi ng chanber 10
by passing ‘%ﬁgﬁgﬁ%ce@ébgﬁﬂﬁ’ﬁrﬁﬁgﬁ 2‘5 § ggpmg%tl\%ggwnﬂlt[ﬁg wi ndow 50 and the
gas di stri bimprevemphtsirems@rialSand/abdoatingauisetl Ht suchicbnponeptsatMomoveangenent s
(i.e., showerhead) arrangenents are disclased.in WO 01| 00901,

b Us0014 09 eEd o BetBARE gyt o8 SRRk i sen MARn B8RYEF nos.

08/ 509, 080; 1ife 8} #pRsmb feactdNechalBEOAR, (RES edidaehcliowdl fdI6REe Bfpardiisch are her eby
i ncorporated by reference. For instance, while the w ndow and gas

di stri Bt i oWoyld he bensficialip seduping ithe qostfpaocessingdhe, pemegndyetar wafersni f or m
t hi ckness ) non-pl anar and/ or non-uniformthickness 5 geonetries can be

used for the wi ndow and/or gas distribution El ate. A high density plasma is
ignited in the space bet A/ e w ndow by supplying
suitable 1tF power to the antenna 40. Chanber walls 28 such as anodi zed or
unanodi zed al um numwal | s and netal conponents such as the substrate hol der -
70, fasteners S@ccoidii@rs aFst agiett of tHdinkéRion apeoRisospévidingd asma and show
signs of corrosion are candidates for coating according to the invention,
thus avoi di {P5FOPiRB ISISEAt ¢atingherka PISBhSW{ACE AG? SHEUSORANAIOr RIPCASHBE pl asma chanber . -
Exanpl es of . t-hat at LG anodi zed or
unanodi zed %1%%“@15%&%2%&2'13'3&5{;@&%%e’ir‘}gzoqcrl?&gst ltfillki@lﬁlgéegss(Bgdteg&ejﬁ‘;tl,“ké(rjagf ractory netal s
such a® W aphgspiioruamitkell plaing onlaenesafsurfacspyfdhe compondnit;and (bhdepesiting 15 etc. In
a preferred enhodi , e . ed is a chanber wall 28
havi ng an aan%g@gag%ﬁggﬁé%féﬁ%&gﬁlgéﬁm%% us(rggggoe ogg.anﬂ%%rcoati ng accordi ng
t o t he i nvewikiosion psistint surfase Die rattalsunface @b lbe ysodidet v uhanogiged d as to its
conposition (thus allow ng use of nore econom cal alum numalloys in
addition to highly pure alum num, grain structure or surface conditions.
In the foll owi ng di scussion, an




20 exanple of a conponent to be coated is an al um num chanber wall 28
havi ng a phosphorus nickel coating 80 and a ceramic coating 90, as
illustrated"?A%Yure 2. According to the invention, a phU@ﬁW@@W@ﬁhlcke

| ayer 80 is coated on the alum num sidewall 28 by a conventional technique,
i ncluding for exanple plating such as el ectrol ess and el ectropl ating,
sputtering, inmersion coating or chem cal 25 vapor deposition. Electrol ess
plating is a preferred nethod of providing the P-Ni coating, allow ng
intricate interior surfaces of the charber or other chanber conponent such
as gas passages in gas supply conponents to be plated w thout the WO

01/ 00901 PCT/ US00/ 40229 g use of an electric current. An exanple of a
techni que f QbR tEOMES Stebl, AlrbRRY nRtalsdh a8 noWbdemungl oS 6th@SAal N U. S

Pat ent No. 4,636, 255) the di'sclosure of which is hereby incorporated by

ref erence. A giiny @ailu@iammamurecﬂ" h@r:@grmc;;bamgmgn e ebesre SiGrAlINdi scl osed
in Metals Snd Ed., 5 Anerican
Soci ety For Ng gﬁgbinggﬁwnpcogpa@ﬁyggmgﬁgﬁﬁgl ood adhesi on of the pl at ed
material, the surface of the alum num substrate 28 is preferably thoroughly

cl eaned to remove surface material such_as oxides or grease prior to

pl ating. A pref effeading Esecand aspech phihE inyentinn, g decsal fomponest lan anount of
about 1 to about 12
wei ght percgm&&ed gh%%kﬁﬁﬁﬁgﬁﬁﬁg 0%?grgﬁlﬁPg?§%?p3H$ﬁlc to %@here to the
substrate aputltlgaori themmal saxlfdu@mandt(cx pcaramigreogieggmcthg nickel plasingor m ng a
ceram c | ayer as 15. nln C, ALN, etc. on the
surface of t grehnl c mm"ﬁhcoatlfp ongso%{ ou%er d§8§%‘§‘r‘rr Sésvaé“ %“ﬁy“%ur tabl e thickness
such as a thickness of at |east about 0 002 inches) preferably from about
0.002 to about 0.010 inches nDre oreferabl begmeen 0. 002 and 0. 004 i nches.
After depositing the P-RRIE RQIPGION QI THE DRAWINGS st rate 28, the 20

pl ati ng can be bl asted or roughened by any SU|tabIe techni que, and then
overcoated with a ceramc material. The ceramic material is preferably
thernal |y sprayebhooljects 4nd apmmhmﬂjhe in'vcm'mh vabl decome Paredhfzornithes r oughened

Iayer pr des rticularl ood ten ceram

part1 ciills”" Aot BuftEh o of fFOREIe0 %8 Pbhdiepy Bl R oRERRE .
conpressron“mmnmﬂ@k@mﬁﬁwﬁ@euﬁﬁﬂgnﬂgm&m and 25 nlnlnlzes formati on of
fissures in the coatln 90. The ceram.c coating 90 can conBrlse any desired
ceram ¢ material %Preéoﬁﬁlsﬁmaﬁiﬁ crops-seatienal yiew @Gd’n“&@ regciqyghamper) sj 3N4, BC,

ALN, Ti 02, ghin a cdf A0 wit _/cbﬁ‘gﬁérmggﬁnt‘c%a inGeEGHTAdce SRt | N9 may be
appl i ed by ot he osition techniques, such as chemcal vapor deposition
or RF sputtdwumgmnﬂﬁwwnpmeferred coating nmethod is via thermal spraying in

the. comfonent bol W <dpnay: dotal s elbRRaE ol BT Er i ng o

techni ques Fgutdnt the netal body is coated only on the sides facing the
thermal spray gun, and nasklno can be used to B ot ect ot her areas .
Conventional thermal LBE+ALHIL: 'mﬁ%ﬁo A P.E.’ana spraying are
addressed in The Sci ence EMB( JLEHE 'gﬂﬁﬂﬁiispray Coat i ng by

Pawl owski (John Wley, 1995). 10 The ceramic layer 90 in the preferred
enbodi nent is d Ny 1ayer 80
to a suitable tﬁrﬂ? lhg%giogé Oﬁrkcggg?ﬁ ?%hgél{rvgﬁtozéruwdgg {ﬁogl %anltﬁg about 0. 040
i'nches 20pr etretahbirfaces. dFOmponefits®I Serhinariastot pnocéssmzrappetrhus:MBaSpnfs t he

alum na | ayer can be selected to be co t|bIe with t pl asma _envi r onnent
o be oncon it EPBAN WOPHERS Eciob e i coRpR R BpS Wifo 15 1 ayer
of alum na 9ihsimY s%oﬁpagaedlserbua&rsﬁrenﬁ%aumg {HdRefRAR! pifned)amBer and
conmponents as di scussed above. It i's preferred that it be placed on the

regi ons thahozfigy, &e., fastenerat hepidngeslgmentyy plasma n@e@Sahms drappposimedile such as
arts in di t t conponent s
g uch as Ii nér slgong'(t&p s?l?l@ awo&’&ek\l/ceﬂ?l Ircr)tllatgzi and. ? or a t%&ﬁ@%ﬁgﬁgﬁ Nat |m;n of
t he seaﬁcondmtmemmsubstrates 20 processed in the reactor chanber. Thereby,
according to one advantage of the present invention, unsatisfactory etching
or undesirable formation of pinholes in deposited filnms is reduced by
suppressi ng occurrence of dust by corrosion. Wiile the invention has been
described in detail with reference to specific 25 enbodi nents thereof, it
will be apparent to those skilled in the art that various changes and
nodi fications can be nmade, and equi val ents enpl oyed, w thout departing from
the scope of the appended cl ai ns.




WO 011 00901 -10 What Is Cained Is: PCTNS00140229 1. A process for coating
a netal surface of a conponent of semi conductor processing equi pnent, the
processi ng WoMiNoPdi ng: (a) depositing a phosphorus ni ckel pqirasodmp2on a
netal surface of a 5 conponent of sem conductor processing equi pnent; (b)
depositing a ceram c coating on said phosphorus nickel plating, wherein
said ceram c coating forns an outernost surface. 2. The process for coating
according to Claim1l, wherein said phosphorus nickel plating is deposited
by electroless plating. 10 3. The progess for coating according to Claim1l,
wherein said conponent conprises a plasma chanber sidewall and said
phosphorus nickel plating is deposited over an exposed i nner surface of

said sidewall. 4 r ' ' P , Wherein
said ceramc coa‘%tlm-rlﬁ-’gg% g‘rﬁgg‘?&g@%‘j %f%@%gﬁlgp%aﬂg?g{\gﬂ &%@Bg‘?ﬂgﬁ?‘kﬁ@ %5 5. The
process f ormemabdurface, doiceasdohnifudtmatith, ahevintentioh eviktiba dearitledoiraag@bor ous ni ckel

pl ati ng includes abgout 9 to about 12 wej ght rcent phqgsphaorous. 6. The
process ford"ﬁ%‘a‘f’“’i‘l&fﬁfé’&‘iﬁrtﬂ#}?gi’pi’?fa@ g?sﬁ?ée_% erggefﬂe’gﬁod%pﬁggﬁaorus ni ckel
plating is gRPRH ih&pdiied hbMindyeRfercd i Ehtitdtpm about 0. 002 to about 0.004
I nches. 20 7. The process for coating according to Caim1l, further

conpri sing subjecting said phosphorus nickel plating to a surface
r oughené ng tr eatﬂE\.ﬂ% 1R{1hs¥ates a vacuum processing reactor chamber 10 that includes a

substrate holder 70 providing an electrostatic clamping force to a substrate 60 as
well as providing an RF bias to the substrate while it is He backcooled. A focus
ring 72 confines plasma in an area above the substrate. A source of energy for
maintaining a high density (e.g., 10'!-10"? ions/cm?®) plasma in the chamber such as
10 an antenna 40 powered by a suitable RF source to provide a high density plasma is
disposed at the top of reactor chamber 10. The chamber includes suitable vacuum
pumping apparatus for maintaining the interior 30 of the chamber at a desired
pressure (e.g., below 50 mTorr, typically 1-20 mTorr) by evacuating the chamber

through the centrally located vacuum port 20 at the bottom of the chamber.

15 A substantially planar dielectric window 50 of uniform thickness provided
between the antenna 40 and the interior of the processing chamber 10 forms the
vacuum wall at the top of the processing chamber 10. A gas distribution plate 52
is provided beneath window 20 and includes openings such as circular holes for
delivering process gas from a gas supply to the chamber 10. A conical liner 54

20 extends from the gas distribution plate and surrounds the substrate holder 70.

In operation, a semiconductor substrate such as a silicon wafer 60 is
positioned on the substrate holder 70 and is typically held in place by an
electrostatic clamp 74 while He backcooling is employed. Process gas is then
supplied to the vacuum processing chamber 10 by passing the process gas through

25 a gap between the window 50 and the gas distribution plate 52. Suitable gas

distribution plate arrangements (i.e., showerhead) arrangements are disclosed in



to depositing said ceram c coating, said ceram c coating being deposited on
t he roughenéd phosphorus nickel plating by plasma spraying said ceranic
coating ont@ 0¥ 01100901 PCTI US00/ 40229 - 11 sai d phospRETHSU R e
plating to overcoat all or portions of said phosphorus nickel plating. 8.
The process for coating according to Caim1l, wherein said ceram c coating
I's deposited to a thickness ranging fromabout 0.005 to about 0.040 inches.
5 9. The process for coating according to Claim1, wherein said netal
surface is an anodi zed or unanodi zed.al um num or an alum num all oy and said
cerami c coating is Al1203, SiC, Si3N4, BC or AIN. 10. A conponent of

sem conduct or processi ng equi pnent conprising: (a) a netal surface; 10 (b)

a phosphor ygmgiofil&wriel 1.5 NehtéR A%?ii&tiﬂﬁSéﬁale@lﬁE,@Kﬂ)@ 0858 as@er ani c
coating on said phosphorus nickel plating wherein said ceram c coating

forms an o@p@ﬂ%é%zgﬁgrth@@i&losyuqs of wbicharplaielyt ingprperpted By refere@eaai m 10,
wherein t h%fmfﬁkemego i8R G Al gaﬁcgbist%gb@%g;}%%ﬁ?ﬂ\%g%&mmﬁgxag el al um num

all oy. 15 nponent accord rein ceramc is
A1203, Si Cardpladé andBar wrtifoih Mhickingss, Titvepoapnden no@asifordi thigkhess Cl ai m 10,

wherein said phosphorous nickel plating contains .about 9 to _about 12 weight
per cent® of gﬁﬁ‘ggtb‘ﬁg‘faﬁﬁ.“s%ﬁor %é”‘g%‘?%@f?g?ﬁgaéggg%é‘f‘ﬂ@p E?'d‘éfgrth 10) wherein
sai d phosphehdsy p2dmaiiCishitedih M é&?w@n&ﬁéﬁbﬁﬁﬁ@aﬂd&ﬂgmﬂioﬁ’rt%m about 0.002
to about 0.004 inches. WO 01 /00901 -12 PCT/ USO0/ 40229 15. The conponent

accordi ng tsuppdyiag pitable Rihpaveer o Bigjagteprar4yi ¢ coating is a pl asma sprayed
al um na coating having a thickness in a range from about 0.005 to 0.030
i nches.

Chamber walls 28 such as anodized or unanodized aluminum walls and

metal components such as the substrate holder 70, fasteners 56, liners 54, etc.,

10 that are exposed to plasma and show signs of corrosion are candidates for coating
according to the invention, thus avoiding the need to mask them during operation
of the plasma chamber. Examples of metals and/or alloys that may be coated
include anodized or unanodized aluminum and alloys thereof, stainless steel,
refractory metals such as W and Mo and alloys thereof, copper and alloys thereof,

15 etc. In a preferred embodiment, the component to be coated is a chamber wall 28
having an anodized or unanodized aluminum surface 29. The coating according to
the invention permits use of aluminum alloys without regard as to its composition
(thus allowing use of more economical aluminum alloys in addition to highly pure
aluminum), grain structure or surface conditions. In the following discussion, an

20 example of a component to be coated is an aluminum chamber wall 28 having a

phosphorus nickel coating 80 and a ceramic coating 90, as illustrated in Figure 2.

According to the invention, a phosphorus nickel layer 80 is coated on the
aluminum sidewall 28 by a conventional technique, including for example plating
such as electroless and electroplating, sputtering, immersion coating or chemical

25 vapor deposition. Electroless plating is a preferred method of providing the P-Ni
coating, allowing intricate interior surfaces of the chamber or other chamber

component such as gas passages in gas supply components to be plated without the



1G The conponent according to Caim 10) wherein said conponent is a 5

pl asma chanber wall. 17. The conponent according to C aim 10) wherein said
ceram c codXQH@P0E fissure resistant. 18. The conponent ®RCTFAISH/4929t 0 Cl ai m
10, wherein the phosphorus nickel plating includes a roughened surface in
contact with the ceramc coating and the 10 ceramic coating is a thermally
sprayed coating. 19. The conponent according to Caim 18, wherein the
ceram c coating is alumna and the nmetal surface is anodi zed or unanodi zed
al umi num or an al um num al | oy. 20. A get hod of processing a sem conduct or
substrate in a plasma 15 chanber containing the conponent of Cl aim 10, the
met hod conprising contacting an exposed surface of the sem conductor
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10 to about 12 weight percent.

The P-Ni coating 80 is sufficiently thick to adhere to the substrate and to
further allow it to be processed prior to forming a ceramic layer 90 such as
15 alumina, SiC, Si;N,, BC, AIN, etc. on the surface of the nickel. The P-Ni coating
80 can have any suitable thickness such as a thickness of at least about 0.002
inches, preferably from about 0.002 to about 0.010 inches more preferably
between 0.002 and 0.004 inches.

After depositing the P-Ni coating 80 onto aluminum substrate 28, the

20 plating can be blasted or roughened by any suitable technique, and then overcoated
with a ceramic material. The ceramic material is preferably thermally sprayed
onto the phosphorus nickel coating 80. The thus roughened layer 80 provides a
particularly good bond with the molten ceramic particles. As the ceramic coating
cools, it imparts a high mechanical compression strength to the coating 80 and

25 minimizes formation of fissures in the coating 90. The ceramic coating 90 can
comprise any desired ceramic material or combination of materials such as Al,0,,

SiC, Si;N,, BC, AIN, TiO,, etc.
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The ceramic coating may be applied by other deposition techniques, such
as chemical vapor deposition or RF sputtering. The preferred coating method is
via thermal spraying in which ceramic powder is melted and incorporated in a gas
stream directed at the component being spray coated. An advantage of thermal

5 spraying techniques is that the metal body is coated only on the sides facing the
thermal spray gun, and masking can be used to protect other areas. Conventional
thermal spraying techniques, including plasma spraying are addressed in The
Science and Engineering of Thermal Spray Coating by Pawlowski (John Wiley,
1995).

10 The ceramic layer 90 in the preferred embodiment is deposited by plasma
spraying alumina onto the P-Ni layer 80 to a suitable thickness such as in the range
of about 0.005 to about 0.040 inches, preferably 0.010 to 0.015 inches thick. The
thickness of the alumina layer can be selected to be compatible with the plasma
environment to be encountered in the reactor (e.g., etching, CVD, etc.). This

15 layer of alumina 90 may be coated on all or part of the reactor chamber and
components as discussed above. It is preferred that it be placed on the regions that
may or may not be exposed to the plasma environment such as parts in direct
contact with the plasma or parts behind chamber components such as liners, etc.,
to prevent nickel and/or aluminum contamination of the semiconductor substrates

20 processed in the reactor chamber. Thereby, according to one advantage of the
present invention, unsatisfactory etching or undesirable formation of pinholes in

deposited films is reduced by suppressing occurrence of dust by corrosion.

While the invention has been described in detail with reference to specific
25 embodiments thereof, it will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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109 () - 1. A process for coating a metal surface of a component of semiconductor
processing equipment, the processing comprising:
(a) depositing a phosphorus nickel plating on a metal surface of a
5 component of semiconductor processing equipment;
(b) depositing a ceramic coating on said phosphorus nickel plating, wherein

said ceramic coating forms an outermost surface.

2. The process for coating according to Claim 1, wherein said phosphorus

nickel plating is deposited by electroless plating.

10 3. The process for coating according to Claim 1, wherein said component
comprises a plasma chamber sidewall and said phosphorus nickel plating is

deposited over an exposed inner surface of said sidewall.

4. The process for coating according to Claim 1, wherein said ceramic

coating comprises ALO,, SiC, SizN,, BC or AIN.

15 5. The process for coating according to Claim 1, wherein said phosphorous

nickel plating includes about 9 to about 12 weight percent phosphorous.

6. The process for coating according to Claim 1, wherein said phosphorus
nickel plating is deposited to a thickness ranging from about 0.002 to about 0.004

inches.

20 7. The process for coating according to Claim 1, further comprising
subjecting said phosphorus nickel plating to a surface roughening treatment prior
to depositing said ceramic coating, said ceramic coating being deposited on the

roughened phosphorus nickel plating by plasma spraying said ceramic coating onto



~10%& ()-Y f)10%& ()-' MLOY& ()-(((*+@./1J+/ $S 10% & ()-!e$S 10%U& ()-!jF
10%UJU&' () - & F 1000U& ()-& 10% & ()-!' 1094JU& ()- 10/ KOO0OO 1G20M $S 10%
& ()-!! Df sMOYEM ()-1fs1 1000U& ()- 10nn 10nn 10nn! H f 1CRGIAS0Y40229 f

10%& () - G233856q7] 8WU3M !/ 10%JU& ()-!H 10%& ()-s!\ 109%JU& ()-s!’

10%JU&" ()-s! 109%&' ()-s!Dfs! 10%0Q& () -] 8QORISITIs9: : oP/ ! /

10%JU&' L1 109%& ()-!1L! 10%f CF & ()-!L! 1098B& ()- 10UU 10UU 10UU! >/

10%JU&' () - ; ><<=*>?WU3P/ | HS) 109BB& ()- 'fS) 10% & ()- !, Lz

109BB& ()-!,Lz 10%-& ()-! M@ 10% ; & (13! @ 109BB& () - 3?~@aEAGACoM ! HS)
1098B! \t ! 10%pp& ()-!St!10% 1 & ()-! ! 10%y& ()- 10BB 10BB 10BB! DS)

109BB& ()- CDIF&GGAHBHCHWUGD/! 10|| 10||!SY1l 10% | & ()-!SSYL 10%& ()-! H@&
10%a% () - ! safdpidipfiosds fitkel Wi@Bng @2 okt aldiPoRidakiotidbhodpndraOfigke ) -

plating.

8. The process for coating according to Claim 1, wherein said ceramic

coating is deposited to a thickness ranging from about 0.005 to about 0.040 inches.

5 9. The process for coating according to Claim 1, wherein said metal
surface is an anodized or unanodized aluminum or an aluminum alloy and said

ceramic coating is Al,O,, SiC, Si;N,, BC or AIN.

10. A component of semiconductor processing equipment comprising:
(a) a metal surface;

10 (b) a phosphorus nickel plating on said metal surface; and
(c) a ceramic coating on said phosphorus nickel plating wherein said

ceramic coating forms an outermost surface.

11. The component according to Claim 10, wherein the metal surface is

anodized or unanodized aluminum or an aluminum alloy.

15 12. The component according to Claim 10, wherein said ceramic is Al,O;,
SiC, Si,N,, BC or AIN.

13. The component according to Claim 10, wherein said phosphorous

nickel plating contains about 9 to about 12 weight percent of phosphorous.

14. The component according to Claim 10, wherein said phosphorus

20 nickel plating has a thickness ranging from about 0.002 to about 0.004 inches.
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17. The component according to Claim 10, wherein said ceramic coating

is fissure resistant.

18. The component according to Claim 10, wherein the phosphorus nickel
plating includes a roughened surface in contact with the ceramic coating and the

10 ceramic coating is a thermally sprayed coating.

19. The component according to Claim 18, wherein the ceramic coating is
alumina and the metal surface is anodized or unanodized aluminum or an

aluminum alloy.

20. A method of processing a semiconductor substrate in a plasma
15 chamber containing the component of Claim 10, the method comprising contacting

an exposed surface of the semiconductor substrate with plasma.



