CERAM C ARTI CLE HAVI NG CORROSI ON- RESI STANT LAYER, SEM CONDUCTOR PROCESSI NG
APPARATUS | NCORPORATI NG SAME, AND METHOD FOR FORM NG SAME Dominique Billieres
Mat t hew Si npson BACKGROUND Field of the Invention [00011 The present
invention is generally directed to ceramc articles, sem conductor wafer
processi ng apparatuses incorporating ceramc articles, sem conductor wafer
processing, and nethods for formng ceramc articles. Description of the

Rel ated Art [OOO%iEMMEMTI@ﬂE%A 8% bRE ﬁbkm ﬁﬁ{e to provide
conmponent s hagpRgy ﬁ@TBRT %%y §%§g§ ff§ rcal, and
cheni cal propertles con ctor p?oce55|ng,

certain properties can be narke |nportance |n e successful processing of
sem conductor wafers to forn1act|ygnm§ gpadyuct or devices with high yield
rates. In connection with sen1condgﬁﬁgngHgﬁgﬁeSS|ng, it is well understood that
various processes take place to formactive sen conductor conmponents, such as
| ogi ¢ devices and nenory devices contained wthin individual ceramc die of a
processed sem conduct or wafer. Sucgéggiﬁﬁﬁiiﬂg operations include inplant and
di ffusi on, photolithography, film = planarization, test, and
assenbly (packaging). In connection with the foregoing general processing
operations in the seniconductor iHelgeftheInvgniitiessing operations such as
photolithography typically utilize sel ected gaseous reactants that are

enpl oyed to rd¥fileThrmresentinventionis gneraibediicclohtprenpic afdesy senBgadiclf ocesses may be
utilized to remRYBroe@LRE bsHraRRE 1hc‘3ﬂ:%ra%g QrAGDRRLIEE hnlidBEctdrSHER as in

phot ol i t hography), the entirety of deposi t ed l'ayer, or to generally clean a
waf er or morWﬂﬁﬁﬁwéﬂmAHEQW@%@ﬁhgﬁ@&P@%n%ﬁﬁwh%se processes include what is
known as etching. [00031 Etching processes typically enploy fairly highly

. reactive gas species, nany Description of the Related Art

[0002] Inmany industries, it is generally desirable to provide components having
certain requisite thermal, mechanical, electrical, and chemical properties. Particularly
in the area of semiconductor processing, certain properties can be of marked
importance in the successful processing of semiconductor wafers to form active
semiconductor devices with high yield rates. In connection with semiconductor
processing, it is well understood that various processes take place to form active
semiconductor components, such as Jogic devices and memory devices contained
within individual ceramic die of a processed semiconductor wafer. Such processing
operations include implant and diffusion, photolithography, film deposition,
planarization, test, and assembly (packaging). In connection with the foregoing
general processing operations in the semiconductor industry, processing operations
such as photolithography typically utilize selected gaseous reactants that are
employed to remove material from the semiconductor wafer. Such processes may be
utilized to remove selected portions of a deposited layer (such as in
photolithography), the entirety of a deposited layer, or to generally clean a wafer or

work piece. A certain species of these processes include what is known as etching.

[0003] Etching processes typically employ fairly highly reactive gas species, many
times relying upon halogen species gases. An ongoing problem in the semiconductor

wafer processing industry is implementation of semiconductor processing tools that
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times relying upon hal ogen speci es gases. An ongoing problemin the

sem conduct or wafer processing industry is inplenentation of sem conductor
processing tools that -1 have adequate chem cal resistance to such speci es,
particularly at elevated tenperatures. In this regard, it has been found that
conponents used in certain sem conductor processing tools, such as etch

chanbers, tend,to corrode causin i ncreases i n, particle counts during
processi ng. Ash?vé’aa‘félfl?teg}f‘?ﬂ’é Y WEFPSPH’ESPSW%PWC&%QWEWF@& |y desirable to
mnimze gener &hipeftneds. Pithis irdph@ISit had bSéhcbund @idt Ecdipofehts WwaYinlcoiient s, as particles
negatively inpact. sem conducjior vyield, 004]. Accordingly, in view of the

f b feh b e GE o3 B0ee
foregoing, it e fRARTEPIAreHEE IoLnFE" 1SS CERT PaE PN 0C8u Y @88 ¢ conponent s
havi ng gor r OSi m]aamskﬁiaameemm}@&ﬁiﬁg pmyesiiﬁgngaspsawgli ﬁiﬂlgﬁfoodﬂﬁtﬁeirf}itﬁé’l?
sem conductor industry, as wel.l. as inmproved sem conduct processi ng
appar at uses, n@@’f?ﬁ%&é%lﬁb?eﬁi’M@Wﬁ@’%%?fé’?m&lﬁﬁmﬁ’é‘i H?"%egr processi ng ceramic

conponents. SUbMARmertd) &0fltios @ofbididinpact SenticdnSlci@s@att of the invention, an
article is provided that includes a substrate and a corrosion-resistant

coating provid n, t he.substrate., The substrate neral.ly cansists
essentially of @P‘ﬁn@‘cﬁg?‘mﬁﬁdmﬂ%‘w %%]i‘er%?g%?ﬁ’ ?téssgeg?r%%h'?&%%%’ltﬂémiv ® provided so as
to directly comh@ctedictremkubsibsrhie havitgrotbsidnhesigimey mdich magfiint piréewkeni ng ~ | ayers
bet ween the subst.rate and tlle .c‘i&)r 0Si or]-resi st ant coa@itng such as reaction
products provi 8%3&“&75%“&?{‘-‘3{1%%8‘3 PRV B APRRYR SHPERRLEaEProqlne

COrrosi on- r esi spantuses; mathodiForgeomesshiglwafen B isdiode &6 pricésaink yerahica rare earth
oxi de, and has an adQesi on strength not |ess than about 15 MPa. According to
parti cul ar embSHPREAYYS, the article is a ceranic conponent utilized and

i npl enented in a sem conductor processing apparatus for processing

sem conductor wafers. [0006] Accordi RN ARTOL her aspect of the present

i nvention, a sem conductor wafer protessrng apparatus is provided that

s & NS, BELR.3H, erabe BTt 5 bl UFLLET el Lhe
a substrate and a corrosjon-resistant coating provided on the substrate. The substrate
generally consists essentially of alumina, and the corrosion-resistant coating is
provided so as to directly contact the substrate without the provision of intervening
layers between the substrate and the corrosion-resistant coating, such as reaction
products provided by high-temperature treatment processes. The corrosion-resistant
coating generally consists essentially of a rare earth oxide, and has an adhesion
strength not less than about 15 MPa. According to particular embodiments, the article
is a ceramic component utilized and implemented in a sermiconductor processing

apparatus for processing semiconducior wafers.

[0006) According to another aspect of the present invention, a semiconductor wafer
processing apparatus is provided that includes a chamber being at least partially
defined by a chamber wall, the charber wall comprising mainly a ceramic base
maferial. Further, a corrosion-resistant layer lines the chamber wall and directly
contacts the ceramic base material, the corrosion-resistant layer consisting essentially
of a rare earth oxide and having an adhesion strength of not less than about 15 MPa.
Further, a support for supporting a semiconductor wafer in the chamber is provided.
Unless otherwise noted herein, the term “rare earth” oxide generally denotes the

lanthanide series elements, ag well as yttrium and scandium.



material. Further, a corrosion-resistant |ayer lines the chanber wall and
directly contacts the ceram c base material, the corrosion-resistant |ayer
consisting essentially of a rare earth oxide and havi ng an adhesi on strength
of not |ess than about 15 MPa. Further, a support for supporting a

sem conductor wafer in the chanber is provided. Unless otherw se noted herein,
the term"rare t.h" xide neraII denotes the Iant ni de series el enents,
as wel |l as yttP&ﬂLﬁ&ﬁH W?mmﬁu%gﬁ@Vﬁa%ﬁﬁﬂFﬂPﬁdn gﬁﬁFﬂﬁﬁmgspect of the

\% eSﬁnt i lnvgntsemlﬁnonmcfmmﬁfb i ﬁrbwgardpﬁmasina]gdes@gamggmﬁ@dnaﬁctwaﬁamd S provided,
ich includes placing a senmiconductor, wafer in a processing apparat us
provi ded i n ac¥8 PRFEHPIpHgediip aqeprdance H&é@ﬁfﬁg’ﬂesaﬁiﬁﬁﬁ}‘@d abAY: “¥ubj ecti ng t he

sem conduct or  s@feetingtige samp.bmeﬁﬁwm 16 R Bfoddshifopetafith, bl ichgliitfddgEMEi Ng  at | east
one processing into the chanber for reaction with the wafer, The

processi ng opeft g"taﬁtc? 33‘3935?1%$al§&1§° aehepbefay reactigpwits the ek Hieci ng t he

senmi conduct or pdéeRsingYperatitthmi idelade adalaoﬁapstépeEﬁﬁh%@ﬁbﬁ@ﬂﬂu&ﬁl@mﬂ&w ces, followed
by packagi ng. ;20081 Accar di n to another aspect of the present invention, a

net hod for for dividugl digite %F?@P@d@“ﬂtﬂ‘ﬂ?ﬁsd@@owﬁ%’élpé‘fkﬁg%g substrate is
pre-heated to a tenperature of not |ess than about 200C, the substrate

consi sting ess@its| alcbyrdiag tosdnvtitiera@pectithetphenrhivetion aphalddor famiiag € earth oxi de

| ayer on the subst.rat.e, .the re earth de hav an _ad eslon strength of
ot | eos 1 han_ ST e BSvidsR et B TR i PR TB000) LG |
illustrates a banhaebouco®C, the abessd dogsiainp assaitiully fahodiak, ﬁlg:lfhamam enbodi nent of
the present invention,. 101 El G il tes em.conduct or processi ng
appar at us accorgrig 4ge '1”{81[ Frisle lay, Ewih‘iwhﬁuﬁﬂ& ‘ﬁe{aﬁeeaﬁﬁg’ggﬁ Vig#Bnt i on. [00111
FIG 3 ill ustrﬁheaoﬂuemgﬂgofmthQMaﬁahdw¢imadl e of a sem conductor wafer.

DETAI LED DESCRI PTI ON [ 00121 According to a first aspect of the present

i nvention, a sem conductor processing apparatus for processing sem conductor
wafers is provided. The aBREEEPHESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a semiconductor processing apparatus according to an

embodiment of the present invention.

[0010] FIG, 2 illustrates a semiconductor processing apparatus according to another

embodiment of the present invention.

[0011] FIG. 3 illustrates dicing of semiconductor die of a2 semiconductor wafer,

DETAILED DESCRIPTION

[0012] According to a first aspect of the present invention, a semiconductor
processing apparatus for processing semiconductor wafers is provided. The apparatus
may be particularly configured to receive various gaseous species for reaction with a
semiconductor wafer provided within a chamber of the apparatus, and the apparatus
may be utilized for cleaning, etching, deposition processing, among others. Turning
to FIG. 1, an embodiment is illustrated, apparatus 10 including a chamber 16 formed
of an upper chamber and a lower chamber 12, 14, respectively. The chamber defines
therein an internal volume in which the processing steps take place. Generally
speaking, the chamber 16 is defined by chamber walls. As used herein, the terms

“chamber walls” or “walls” are used generally, to denote the struciure defining the



may be particularly configured to receive various gaseous species for reaction
wth a sem conductor wafer provided within a chanber of the apparatus, and the
apparatus may be utilized for cleaning, etching, deposition processing, anong

others. Turning to FIG 1, an enbodinent is illustrated, apparatus-10
i ncluding a chagber 16 fo d of an upper chanber and | ower, chanber 12, 14,
respectively. ﬁ%ﬂ%ﬂ%‘ﬁ‘ﬁ%?frtg"gwf’%%ng al???é%) > PROFPRY] ‘@Fﬁ%ﬂe"%f"ﬁlﬂéﬂi‘”ﬁﬂ%i ch the

processi ng st epssidesdits, pidReralGadrata wallsspaadsamid or fidve. Thadpparchdfber s defi ned by
chanmber walls. ed herei he terns . "chanper |1s" qr, "walls" are used
generally, to &é‘ﬁ@ﬁest&ﬁ@%‘gﬁ Egcf"'ﬁ]’lpg RSP eheag 3&%%%(1‘@?8?&9% of the

pr gcessi ngI i’ippﬁfm uisper cml aberay, defitds ol Biegemprioedstiyg wlinid cFde vppdricBambdf Si dewal | s,
and general ly rizontal walls such as. g lid or floor. e u r chanber 12

i ncl udes a si dé&a’k‘f""‘fg‘ﬁ QA PEHCuI gﬁM@IWWWdWBWﬁ@%JQ@ ipdlider fig alid
portion of théysoekpshaibaton] Layeed is 8esrabniretnnaler Mo Gaksibegl Mol ume of the
upper chanmber 12. Acl or%’h g to a particular feature of this enbodi nent, the
si dewal | 18 i nBltRfistall ferej 9‘?" 20 deposited thereon. Layer 20 is a
corrosion-resistant |layer, and is described in nore detail hereinbelow [00131
Dependi ng upon [0 Papetdiagripan the patiedsiprgessing pgratonsto be cdydedoaut, kiceil out, a coil

26 is provided,so _as. eneral |y surround.the. sLdewal.l, 18 the il 26 being
connected to %?Igsrli’?‘%"%&éaga‘g%%? SPG6tey S%T(S’HIF&C{QB 2 ,Wa’flgb’q’gee‘i?gtzggsf%%m&f‘mgﬂ%

hi gh- f r equency telligcfrequamgpetvercodreet 8lfor penetati@r of adyyhifesnadney, a cool i ng nmechani sm
24 is connected to a coali.n ource to aid.int erature control within the
upper chanber Elf(.“tmmeglf%ﬁg Cgp@zaﬁaptfogalgrn%{;q?gpg ]85&%%?%?‘5 Bf’léna?ftﬁcgéaof t he

enbodi ment, at céadias tontdeeo gids teinpdratiire Séhiobwithinthi dpgkr slaundsr 120 be i n gaseous
conmmuni cati on between the chanber 16 and an outside gas source (not shown),

whi ch may i ncl a C 1.C ! [ In the
particul ar enbgﬁﬁlre‘%{cg@%%\?mqa%oﬁﬁﬁ%f&f ﬁgﬂ}&“’gB‘g:éﬁ'ﬁ’é)‘{“ng’{"%gg%ai"ﬁ ¥s are provi ded
t hrough a nul t idiegge isedovided ge sate be inghwprsedmmunigioe beiwas thethewberiéad 30. 100151

Turning to the aﬂlcpﬂeoﬁltsfag %Egos%[lrc&fh’ot s%o%f V%mlﬁﬁ%P Bglhd63a6re£c?an9§a@ %ral l'y provided
semiconductor processing. In the particular embodiment shown on FIG., 1, a plurality
of gas inlets are provided through a multilayered structure referred to herein as

showerhead 30.

{0015] Turning to the lower chamber 14, a wafer support 36 is generally provided
within lower chamber wall 22. As shown, the wafer support 36 is provided so as to
support and position wafer W, which may be brought into the apparatus 1¢ through
opening gate 34. The wafer support 36 generally has a chucking feature, and in this
case, includes electrostatic chuck 46. As is generally understood in the art, an
electrostatic chuck provides an electrostatic atfraction force by putting an embedded
electrode at a desired potential, In this case, emsbedded electrede 48 is biased via DC
power source 50 to provide the desired clectrostatic chuc;king force on wafer W.
Further, a wafer support 36 also generally includes a heating element 40 embedded in
heating layer 41, the heating element being connected to a power source 42 and
controller 44 for maintaining the wafer W at a desired temperature, which is
dependent upon the particular processing operation taking place. Further, the support
base 38 includes coolant chamber 52, which may bave an annular cross-section (as

viewed in the plane perpendicular to the plane of FIG. 1), being in fluid
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wi thin | ower chanber wall 22. As shown, the wafer support 36 is provided so as
to support and position wafer W which may be brought into the apparatus 10

t hrough opening gate 34. The wafer support 36 generally has a chucking
feature, and in this case, includes electrostatic chuck 46. As is generally
understood in the art, an, electrostatic chuck provides an_electrostatic
attraction for 8‘3“5‘5‘;“1‘?5‘3?’{ Vitye ﬁn@%ﬁeﬁ@a&@ﬂgﬁ@%@ﬁéﬁor Oﬂé‘g?otngﬂt potential. In
this case, enbeagidedoghelddoode: HAdntesshi ased via DC power source 50 to provide
the desired electrostatic chucking force on wafer W Further, a wafer support

36 al so general i ncl udes a _heat i pg el enment epbedd in _heating |ayer 41,
the heating el édr%ﬂt&ﬁgr:éhn %%% aﬁg%lgaégeg?%e Sgowﬂb]\g\‘gﬁ&slbglgia er?fg’ r‘éﬁ%’&xm%%ér?t roller 44 for
mai nt ai ni ng t hes waber ndbaly skleetdb] ¥ dpicechpmbat1dy ey aledihe wafessupplep¥®ndent upon t he
particul ar procesgsi oper at,i on t aki l.ace... Furt her h upport base 38

i ncl udes cool aﬁ?ds%?lg%%oé&“g,hevﬁp%ﬁhaﬁ&gr ﬁfwe%y oG %)r %gég'g%é‘f’ti on (as

viewed in the phounén thedpeird) eib@tiortharrieheallthayrte pedvidet @ thd jpacdietwegni n fluid -4
comuni cation with cool ant intake 54 and co . exhaust 56 r flow of

cool ant flui dmeh‘?véeﬁﬁﬁfmt%ﬁrew"?:l% a&ﬁfheW%ﬁ%@?orgg%ﬂ%’imi&@@?ﬁ?l{ﬁ818? o a particular
feature shown kil da liher, iinehd Ry@blyZome@yf Lxsbenerdic masridlpeaansr not only
sidewal | 18 of .upper chanber, 12, but al so .the wafer support 36, and the lid
portion of thelﬂiﬁﬁ@ﬁa@ﬁ%ﬁﬁwa&%‘%a&?‘}mfwb&ww@&ﬂ -0 %‘W’i‘gdéh not shown in
t he drawi ng, a@nd fitkdr] @Etedaith befosidmtckistamydyer 7 ovi ded i n the space between the
| ower chanber wall 22 and the wafer support 36. This interior barrier wall,

al so _known a5 ki fShe (Y BefeR CARLY LT IR 0 falR0NAL, g3k A © material,
general ly including 2 'base riar such as the caramc paee nmaterial utilized
for sidewal | 18jacedamth wafertsiygoort 36 amt positiviet] thereon bp ik eletroeiistharking ayer 20. [ 0017]

I n operation, ical. th em.cqndu r wafer i.s |oaded thr gate 34 and
pl aced onto Waé%ge psrﬂvﬁépl%rb?’ c%%t%(ﬁﬁdc %lggf%elt‘glr’](é]%fmthﬁré’rogg%m%eﬁ m?%%mé) 3%1% P%st atic
chucki ng f or céeidrigenctedd bythe k@26, asitaplesst oeherclontidas islflowepaxcate on, of tentimes an

g;gcitgo][r?g\r,l\ggl :‘:ﬂﬁf’tn%ble’{e gou;ghsat E%Qteo%gg egba\éintleqSero'l 26, and at | east one reactant

[0018] As to the particulars of the processing operation, as noted above, the operation
may be an etching, cleaning or deposition process, any one of which may utilize
desirable reactant species, some of which have generally corrosive propeities, In this

regard, exémplary etching gases are shown below in Table 1.



chanber through at |east one of the gas inlets 32. [0018] As to the particulars
of the processing operation, as noted above, the operation my be an etching,
cl eaning or deposition process, any one of which nay utilize desirable
reactant species, sonme of which have generally corrosive properties. In this
regard, exenplary etching gases are shown below in Table 1. -5 TABLE | Materi al
Being Etched Chem stry | Chemstry Il PolySi d, or BCO3/CCl4 SICI4/Clz |CF4
sidewal | BCI31Cl2 /CHC passtvating hRif€liZ/ 02 /CH gases HBr/02 Br2/SF6 SF6

CF4 A Cl2 SiCcl4/Clz_ BO3 + sidewall passivating gases BCQ3/C2 SiCl4
HBr/ Cl 2 Al - Si (|MéperidBeing Bolied Shamistrns Al BCl 3/ Cl 2+N2 he@istrf %9 BCl a/ Cl a/ CHFa
BCl 3/ Cl Z+N2+Al *’v’g.'SFJ‘O/‘ CH21G Apellec Ty NESFC2— T WSEG €12/ 62 SF6 only W6 2,
TO,, CoSl2 CCIEE%'CCIZFZINFSZCF4 ﬁkﬁ Sisaghag crystal‘é ? 1 2 or BC13 + sidewal |
passi vati ng gases CF3Br HBr|// NF3 FEHOR ( BRSG)ingCCl 2F2 ? 7
JCH pases R
HBr/0,
Br,/SF;
SF;
CF,
Al L SiCL/ClL,
BCl;  + sidewall passivating gases BCL/CI,
SiCl, HEr/Cl,
ALSi(1%)-Ca(0.5%) [Same as Al ) BCIL/CIL+N,
AL-Cu (2%) BClIa/Cla/CHFa ' BCL/CL+Ny+AI
W SF/CL/CCl, SF; only
NF3/CI,
TiW SF&I'CI;/Q; SF5 ﬂiﬂy
WSiy, TiSiy, CoSi;  |CCLF, CCILF,/N; CF,/Cl,
Single crystal 8i Cl, or BClL; + sidewall passivating gases CE;Br
HBl‘/NFg
8i0, (BPSG) CCLE, CCLE,
CF, CHF;/CF,
€, CHF,/0,
C;Fy CH,/CHF,
SizNy CCLF; CF,/O,
CHE; CF,/H;
CHF,
CH.CHF,
GaAs CCLF, BiCl,/SF6
INE3
ICF4
InP None CHYH,;
HI

10019] As generally shown in Table 1, various gaseous chemistries may be utilized
for etching of different materials that are commonly employed in semiconductor
processing, many of which have corrosive properties, including the halogen-
containing gases such as the chlorine- or fluorine-based gases. The column entitled

Chemistry I generally denotes conventionally used chemisiries, while Chemistry I
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CF4 CHF3/CF4 C3F6 CHF3/02 C3F8 CH3/CHF2 Si 3N4 CCl 2F2 CF4/02 CHF3 CF41H2
CHF3 CfLCIfF, GaAs CClI2F2 SICl4/SF6 /NF3 /CF4 InP None CH4/H2 H [00141 As
generally shown in Table 1, various gaseous chenmi stries nay be utilized for
etching of different materials that are commonly enpl oyed in sem conduct or

processing, many of which have corr.osive prope |nclud|ng t he hal ogen-
cont ai ni ng gasFE SIS NEr Sepriation chsmiides g‘fﬂ“ﬁ‘%ﬂ”brf&““&é ses. The col um

entitled Cheniediéondict@@rResing it ii%l!;@'fn@lﬁd m@umwaﬁmﬁafﬁem MsechiciheE stries, while

Chemistry Il -6 re resents. newer atio em.strie re co nly found in
nmodem seni contftitt ﬁ“%rg%élgf%wﬂam S‘ic afal%ﬁ‘&rg‘r‘éﬂ“tlﬁétt on of new

materials in th@peﬁﬁiﬁaﬁb@lﬁaﬁlﬁéﬁﬁeofﬂé?\!’mﬁﬁfadﬂﬂmﬂa’l(amﬁmj&UCh as I oW K dielectrics,
hi gh-K dielectrics, and copper rray al so require use of new and/or additional

chem stries. rate ther erally simlar to
chem stries. | LH8A0 e Syl WAl AR R0 BT AR ORI o BFORLR Y S
regard, the coapifieent®nsinit the upgemhmlnbaez Shakinregard FhdSonionsnes siraibel ed with the

1 ﬁ”?héeLSLSPS? R e R o e o8 g G By e SRRBET Ty det ned by
lid 19, ext enddmsgﬁn@h@tlpkqwded)r Hawaveqin the apphrbins shelvnid FIGeL tthewpersi dewal | s. Thi s
lid 19, form nghamb\é\lﬁlz 15 generaﬁ'y dc(i'lxjrecﬁ?y%d 19I esxte% 1%g genera ly Honzontaﬂy, with

short vertical sidewalls. This lid 19, forming a wall of the chamber, is coated with

corrosion-resistant coating 20. In addition, gases are generally introduced through the

gas inlets 100, as represented by the arrow labeled G.

[0021] Following processing of the semiconductor wafer in the processing apparatus
described herein, the wafer may be subjected to additional processing steps, which
may include any one of the general process operations described in the background,
such as deposition, planarization, further photolithographic and etching processing
operations. Upon completion of wafer processing, the wafer is generally diced into
individual semiconductor die. This operation is iHlustrated in FIG. 3, illustrating
wafer W, which is diced into individual die 102 by scribing along scribe lines 100.
Following the dicing operation, the individual die are generally packaged suchasin a
flip-chip package, plastic encapsulated package, a pin-grid or a ball-grid array
package, or any one of the various packages known in the art, including multi-chip
modules (MCMs). The packaged sericonductor die, forming active semiconductor
components, may be then incorporated into electronic devices. Generally speaking,
the semiconductor devices contain at least one of logic circuitry and memory

circuiiry, respectively forming logic devices and memeory devices.

[0022] As noted above, according to a particular feature of an embodiment of the
present invention, at least some portion of the chamber of the processing apparatus is
defined by & ceramic member coated with a corrosion-resistant liner. In the case of
FIGs. 1 and 2, the ceramic members are represented by sidewall 18 and Iid 19,
respectively, each coated with corrosion-resistant layer 20. The base material of the

ceramic member forming the lid 19 or sidewall 18 may be any one of various ceramic

7.



corrosion-resistant coating 20. In addition, gases are generally introduced
through the gas inlets 100, as represented by the arrow | abeled G [00211
Fol | owi ng processing of the sem conductor wafer in the processing apparatus
descri bed herein, the wafer may be subjected to additional processing steps,
whi ch  may" i ncl ude .any. qne of .t he, general ., process erations, described in the
background, sHERAS TGRS PRy, SR-ANG PRE W%J’%’F@ L MGEBE M hogr aphi ¢ and

et chi ng pr ocesgdrfi@ilar &RIdBhdE M. coldR bagaaidril is eimed pafany 08885 ng, the wafer
is generally diced i I’,ltu? i%gi vi dual sem conductor die. This operation is

i 11ustrated i n®giepardculyr pip -’ﬂr“a‘fl?%@mﬂ Jer W which is diced into individual
die 102 by scribing along scribe lines 100. Follow ng the dicing operation,

t he i ndi vi dual [poli3¢ athe cge nethalayst 2pankagedistitotosdm-redistant nfatekighic hi p package,

pl asti c encapsul at ackage, a pin-gri r.a hall-grid array., package, or any
one of the var P%ﬁ%‘fgfa@@@egm RO %faﬂgmg?r{a?m??{B’Ieﬂlgf%ﬁmrﬁﬂﬁ%@h' nodul es
(MCMB) . The pacicagdddisient) tholagkt Q0 osnsBlis essediiallydiugara ettlvexide Msaedduct or
conmponents, na i i

be then.incerparated into glectroni c deyices. Cenerally
cpenking. ot hoteideRRmas v re e B b e PRy AR eyl o o r Luitry
and nmenory ci oxdd dithe,cofresidperediitane layerfoaderalln thdicags thatde Wag@s watkchfgrmor y devi ces.
[ 00221 As noted above, according.to.a particular feature of an embodi ment of
the present i%\‘;féﬁst%mﬁdﬁﬁwFaé%??ﬂ%ﬂﬁﬂg’aﬁ—W yoﬁ*@ﬁ@"%‘ﬁ?ﬂ%ﬁ”wq he processi ng
i’;lppar at us i?‘ ﬁkﬁfainmﬁl:cﬂodwxerﬁs,(g&hﬁf%ﬁl mnﬂzeh.rmmafg &chsvd Hefein tRQEfOSirON- I esi stgnL
iner. In the casg.o Fl Gs nd 2, the ceram,c ers are represente y
si dewal | 18 anﬁmﬁi fpehpges “°J'r°§’§ypté%$?"g@1“§ﬁSeréeﬁ(?ﬁm@?f%nb%aq% Ugar %@?dﬁﬁq resi stant
| ayer 20. The bhagdl nRt@dibglo Qfartichier entiRtiai¥hiCa pRRIBAEE radr@&atth Agytiia (V),d 19 or

one of. various cerani i ncl udi ng al um na,

sidewal|l 18 may b ny. C ¢ -7 materi.als,
Silica, and al EAPRURTHAER FRsoRaTE T sSea O0r e TR G °f G0 i cul ar enbodi ment.
the ceram c base material is forned principally of alumna, and in particular
al pha- al um na (061 Usdudipg td00BBdaspant dfhie prase vybniiohghé eyasioRGsisamt appropri ate
corrosion-resi stant,.material, is tilized. Typically, t oy rasi on-resistant
material is f ofaﬁ%rgb 6%%%“?3? degndqriying orramic S'Iﬂ:’r“?%@[e 6 liese!f BICROT £33

the ceramic sidewall 18 or lid 19, respectively) by a thermal spraying process. In this

regard, the substrate on which the corrosion-resistant layer is deposited, is generally

pre-heated to a temperature not less than about 200°C, desirably 250°C or greater, and

in some embodiﬁents, 275°C or even 300°C or greater. Thermal spraying of the

corrosion-resistant layer is then carried out while the substrate is heated to the above-

described temperature. It was found that the thermally sprayed corrosion-resistant

layer demonstrates superior adhesion strength, having an adhesion of not less than

about 15 MPs, typically greater than 20 MPa and in certain embodiments not less than

about 25 MPa, and not less than about 30 MPa,

[0025] It is noted that while much of the foregomg has focused on varying
configurations of ceramic members at least partially defining a processing apparatus
for semiconductor processing, the above-described substrate/corrosion-resistant la&er
structure may be incorporated for generalized ceramic structures for various
applications, In this regard, the substrate on which the corrosion resistant layer is
deposited may take on various 'geometric confipurations for various corrosion-

resistant applications.



one enbodi nent, the layer 20 consists essentially of a rare earth oxide. As
used herein, description of "consisting essentially of in connection with the
rare earth oxide of the corrosion-resistant |ayer generally indicates that at
| east 80 wt.% of the layer is fornmed of the rare earth oxide, nore typically,
at | east abou and er reat than 95 wt. %
Further, as ui :‘Elaﬁ(?hereefrhﬂ:W fou%de@%m& ﬁtlc%{eggrag%‘q?lSﬁtg:ﬁuu%é:gnshsgflg only the

| ant hani de seressegiaiy érmmsa,abant—eeaﬁism@ionﬂ@swmnala}abramahddapmﬁeamtmI | . According
to a parti cul artl r m(Y) t her eby
formng a cor?%?%%grg%%%s ant d?ﬁ“eeflgf?:loggs?%glsﬁa ess nqefleafh 1SYZCB [ 00241
According to gmtalﬂgmfﬁ@he@ﬂemﬁtmﬂaearﬁrMMensme ymmomahannmrrom on-resi st ant

| ayer 20 is f 0 i.n e case of PIGS. 1
and 2, the cgl;bg&ﬁq%s 211 %‘g% cfj%gp%raﬁlhgs %?gépal?yerggeec |v%1?y§e ngar%% her mal sprayi ng
process. In thntxslayemtymud;:s tither 8grhieﬂﬁhﬁlmabﬁnmimiedhyet'hevemcdirmm resi stant |ayer
i s deposited, | ess than about

ener a to a te 1
200C, desi rablmﬁerlfgﬁ%of)? hﬁﬁaﬁéﬂaete‘gﬁ{?%}?ﬁ%sor'(riebye Oggif‘ ﬁafﬁ% éayg@ or even 300C or
greater. Ther mhlmpnmymtﬁ@olbﬁred hietheroal treaigicotet pedewted dmpeayes toifernt hen carri ed out

whil e the substrate i bove- des |be rature. It was found
that the therﬁeﬁf”fci?pg%j?l‘éygﬁl 5eap?°8§)f°gﬁm% |§fh§ﬁetm AVS? e&i‘g‘%ﬁ%&trat es superi or

adhesi on st r edgiokijedlyeitia agerand the nefilgng abstnat | ess than about 15 MPa, typically
greater than 20 MPa and in certain enbodi nents not |ess than about 25 MPa, and

not |ess than*@?ﬁ“ﬂccﬁ%n{\épge ﬁé&%&@so‘f‘éheb éﬁ??n‘?r&ltﬁﬂ ne%&érh@r@%lﬁn{é gOf the foregoing

has focused o ryi ng CORT I gurations of east partially
defining a pr ddeksirnganppdinttais! wifiort aé@meb@ffdumgdm aghesive stpdngll), t he

above- descr i b?%&bﬁﬁé &egf,é?{eﬁ giﬁzér%ﬁd91@uﬂc@fi*@%@iﬂ&txakaaﬁ%ﬁhm%{eUi%a‘é'iy@en] 4 be

i ncorporated for generalized’ ceram ¢ for various a cations. In
this regard, tdgabbe padeposind wpirotey hive restluplotbors anégiiaocatks, be@xef is deposited

may take on vaj GO0L GHL Stch i Lasi.on- resistant
appl i cati ons. h@?%&%%?%ﬁélﬁ 2 |Stt9vva1§'IIS Lok gp%es%/ﬂd chtéﬁ &96 1tp| gg%]ar case of a
substrat e consit depgsited layer, In contrast mannaﬁy-treated yitria layers, such as those

generally described in US Patent Application Publication 2002/0018921 Al,

published February 14, 2002, generally have reduced residual stresses and

microcracks, as evidenced by diffraction analysis, indicating generally higher

brittleness of such thermally treated ytiria layers.

[0028] Additional features wiﬂ be made clearer in connection with the discussion of

particular examples described below,

Hxamples

[0029] Multiple examples were manufactured in accordance with the thermal spray

parameters described in Table 2 below.
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Plenpr all L[’
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127] According to

ppecagel y af f ed

00

ired interlayers may
trength between the

PouBel Golplididyg SUBshyaée. Furthernore, it has been found
T aveirgstduat—stresses—and m crocracks, both of
é@éig”mj tofiﬁ4 ease t-he-toughnegs and reduce the
diogaad/mimyer . [Pn contrast, thernglly-treated yttria
igegy @) | y descgpdoked in US Patent |Application Publication
Hed fepruary -,200Z,—generatty have reduced residua
_’f?u%gA evi-dend éaill:ih\l di if raction—anal ysi s, i ndi cati ng
Srepag dstdrmy ycH 196t nal |y treat ed yttria layers. [00281
¢unbendaede cl edrsr-dsoszemwaeetii on With the di scussion of
55 ELReG Bl OW [Fxanpres [0029T Mjl tiple exanpl es were
z”fgﬁﬁrﬁ Hhe—ttherral—spray—pararet ers described in
ootingrsagle-gnat i ofP Yitria Spray Paranmeters 2C
Feed inj distance 5 mm
Powder carrier gas 11 21 Ymin
(Vmin)
Powder feeding (g/min) |25
Gun linear speed 400 mm/s
Step increment mm/tr) | 0.8 mm for 100pm thickness

{adjusted for other thicknesses)

{0030} The samples were created by executing the thermal spray operation in

accordance with the foregoing parameters, on multiple alpha-alumina (corundum)

substrates, machined with 80-grit abrasive, to a nominal surface roughness R, of 1.7

microns.

{00311 Tables 3 and below sunamarize the fracture strength and localization of

numerous samples formed in accordance with the foregoing process conditions.

-10 -



Chem cal conpd. UHP Y2Ca Size range p -63 +10 Powder norphol ogy Spray dried
Argon (I/mn) 43 Hydrogen (1/mn) 9 Intensity (A 590 A Voltage (V) 68 - 72
Spraying dist. (nm 105 mm Gun / Anode TS7 -16052313 WIlined O feeding
i njector 1.5 Feeding angle. 90 Feed inj distance 5 nm Powder carrier gas 11
1 1/mn (I/mn) Powder feeding (g/mn) 25 @Gun |inear speed 400 mms Step
increment (mitr) 0.8 nmfor 100pm t Kisgkpass (adjusted for other thicknesses)
[ 0030] The s e created by executing the thermal spray operation in
accor dance w § SAMBEES or €QATING pRr aFRAEGTERE on| mul tFRNGT U EIec Aali@airreN (corfundum
' MITHRCRBESH | STRENGIS @2 t o _a _nom nal surface roughngss R

substrat es, hi ne

of 1.7 mecr preaB8l] Tabl es 3 and bel ow summari ze the fracture strendth and
| ocal i zation af nunmefoussosaapl s formed 1 n pmowyigese W th the foregolrig
process condify ons. {10{stABRE B SAVPLES COATIN: ieiiet URE FRACTURE TOCAI ZATI ON
THI CKNESS STRBNGTH (MP™ 150 1m |5 100% interface _

4 150 pm 14 10% inside coating, 90% interface

Mean value 575

100C preheat

5 150 um |4 100% interface

6 150 ym |4 100% interface

7 150 pm |4 100% interface

8 150 pm |5 100% interface

Mean Value 4.25

200C preheat

9 150 pm {20 100% interface

10 150 pm {25 100% interface

11 150 ym 7 10% inside coating, 90% interface

Mean value 17.3 1 weak sample (25.7 without it)

-11 -



a No preheat 1 150 gm2 100%interface
100% i nterface 4 150 gm 14 10% i nside coating, 90%interface
100C preheat 5 150 m4 100% i nterface

100% interface 8 150 gm5 100% i nterface

4m 20 1100% i nterface

coati ng, 90@6|nterface

TABLE 4 SAWVPLE

(MPa) 200C p}

glue 13 90 -
17 85% interf
substrat e/ coa

6 150

2 150 gm 2 100% interface 3 15
Mean val ue
gm 4 100% interface 7 150

Omb5
5.75
gm 4

Mean Val ue 4. 25 200C Preheat 9 150

10 150 gm 25 100% interface 11 150 gm 7 10% i nsi de

Mean value 17 3 -ak sanple (25.7 mﬁthout it) -11
. S - =P =Ry [ H
[10%
2 geBoEhE < B o - 100
1@@ subst|r at e/coatl ng - 15% gl ug 15 90 - 100 m 9 80%| nterface
rgheat o006 gl ue _
127 90™ 100 pm |13 90% interface subsirate/coating — 10% glue
13 90- 100 pm {9 80% interface substraie/coating — 20% glue |
14 90 - 100 pm {17 |85% interface substrate/coating — 15% ghie
15 90-100 pm {9 80% interface substrate/coating — 20% giue
16 90 - 100 um |25 30% interface substrate/coating —~ 70% glue
Mean value 14.6 ' - i
300C
preheat
17 100-105 pm |34 40% interface subst/coating - 60% in the
o glue
18 100-105 pm |18 80% interface subst/coating — 20% in the
ghe
19 100-105 pm |46 45% interf. subst/coating — 15% glue — 40%
in coatg
20 100-105 pm |33 45% interf, subst/coating — 10% glue — 45%
in coatg
21 100-105 pm |24 50% interface subst/coating — 50% in the
coating
Mean value 31

[0032] As can be seen clearly from the foregoing data, working examples pre-heated

were found to provide enhanced adhesion of the thermally sprayed ytiria film,

[0033] Further, another comparative example was created to demonstrate the

toughness of an example created according to the teachings herein, ag compared to a

thermally treated deposited coating to form an intervening reaction layer, in general

accordance with the ‘921 publication. An as-sprayed sample and another sample after

heat treatment at 1,500°C for three hours (to form an intervening reaction layer) were

subjected fo diffraction analysis. Diffraction analysis was carried out by utilizing an

XR(G-3100 generator with a copper tube and a graphite monochromator coupled to an
APD-3720 diffraction system by Phillips of Findhoven, Holland. The data were

analyzed using Phillips PC-APD software Version 3.6j utilizing a Marquardt non-

linear least squares fitting routine, The as-sprayed sample had a 0.220 width of (440)

‘01 peak in degrees, while the heat-treated sample had a 0.155 width of (440) o, peak.

-12.



16 90 - 100 m 25 30% i nterface substrate/coating - 70% glue Mean value 14.6
300C preheat 17 | 100-105 m 34 40% i nterface subst/coating - 60%in the glue
I8 I 100-105 m 18 80% i nterface subst/coating - 20%in the glue 19 100-105 m
46 45% interf. subst/coating - 15%glue - 40% in coatg 20 100-105 m 33 45%
interf subst/coating-10% gl ue-45% in coatg 21 100-105 m 24 50% i nterface
subst/ coat i ng Thesessrsed vigid of the 440 g geakiprde R?éPrﬁEedﬂmlleH@Q’Pte%@ B be seen

clearly from thgy Eg&@%my@&ltﬁﬁé@hxgﬁé@&éﬁe%f@}f@ﬁﬂgls&%uﬁéﬁddﬁﬁﬁfe%d were found to
provi de enhanced adhesion of the thermally sprayed yttria film [ 0033] Furt her,

anot her conpariBérases Slamse & %ﬁ@gﬁﬂéﬂc?amtg&eﬂ%ﬁ%ﬁ%ﬁ‘% '@I‘{“E‘ér“lti‘éﬂhghness of an
exanpl e creat eg.aeConHidri®inkhe teachings herein, as conpared to a thernally
treated deposi ted coati ng to forman intervening react i on | ayer, in general

accordance wt 921 i cation n.as-spra ed sanpl nd ,anot her sanpl e
o ver hoat 't e pien frobibs e Cied b B SRR E S FUPRY O Yt veni ng

reaction | ayerj6-gikea susiiddj re@ineels bnbdnfzfma&tsimm)mhtmlm cadiéd sudait i on anal ysi s
was carried ouf b i lizing an ner at opper tube and a
O aphit e monocPol iR E Ve R PRSI0 T P PRI am by Phi 11| pe
of Ei ndhoven, pdedntetond AdhBeorthabmyihwaree: getdiallyWaeth Lshgadt Bidut 37 IEMPQ- APD sof t ware
Version 3.6] utilizing a Marquardt non- |inear |east squares fitting routine.

The as-sprayed e ha 0.2 wi dt h,of (440 al . peak.i.n degrees, while the
heat -t r eat ed s[gﬁr%thﬂlﬁ§mg°‘gr.“ir§%‘%&ﬁwcpf?‘fe%fmm§?ﬁ)ha‘§,beﬁe% cifbed abbve with

particularity, it is well understood in the art that one of ordinary skill may make

modifications and still be within the scope of the present claims.

-13 -



-12 The increased width of the 440 a, peak for the as-sprayed sanple indicates

that the sanple generally contains a higher degree of inhonbgeneous residual

stress, increasing tolerance to damage and i ncreasi ng general toughness

t hrough residual stresses and mcrocracking. [0034] Further exanples were

created by grit blasting al pha-alumna cylinders with 46-grit to a surface

roughness of about 2 mcrons Ra. Pre-heating was carried out at 400 and

thermal spraying was carried out in accordance with the foregoing spray

par anet ers. Adhﬁﬁitoln Etreggg hs were generally within a range of about 37-75

MPa. [0035] ' ts of the present invention have been descri bed

above with particularity, it is well understood in the art that one of

ordinary skill may make nudifications and still be within the scope of the

present cl ai ms.!- ¥Scappaic arucle campeisings: 1. A ceramic article, conprising: a

substrate consisting &5saRdoAk; L DAL . /4COrrosi on-resi stant coating

provi ded on the subgtsr at e%fﬁgglétgnrﬁsfeglh% gﬁalurﬁ@g’s@d% Ww.%of arare earth

oxi de, wherein the mapgosar-tdisiant swkieg pedided omthd dubsteptoupl cwansistigiang of

| ant hani de seri es ellerre ts scandi.um. .t h corrosi on-resi stant. coating
Sife 2

directly contacting ©hk s‘ﬁto(gtn Afge sy vheprin the ggrg gprth L5ise E@@%ﬁ{’? free of

intervening |ayers, fdbislidgistinesMahthinideasbetembitt id a¥Rdigm, Bet ween the
substrate and the corrosion-resistant coati ng, the corrosion-resistant coati ng

havi ng an adhesi on $SeresiQ-resisant ¢aating dineetly zontagving thosubsiate avchithatéheof claim 1,
wherein the ceramc cglragl'iccélrﬁcélgggr?léécﬁffggtg e@?‘éi %&%pfnc ]:caili’ngiﬂrl]gr&r%§ Q&Q%St or

processi ng appar at us. corponent is a
chanber wall. 4. Theedayietscbawedn the aubdtrate and Giebfrodibe ra(mmo beihg,the @ chanber
lid.

corrosion-resistant coating having an adhesion strength not less than 20

MPa.

2. The article of claim 1, wherein the ceramic article comprises a component of a

semiconductor processing apparatus.
3. The article of claim 2, wherein the component is a chamber wall.
4, The article of claim 3, wherein the component is a chamber lid.
5. The article of claim 3, wherein the component is a chamber sidewall.

6. The article of claim 1, wherein the corrosion resistant layer has an adhesion

strength of not less than 25 MPa.

7. The article of claim 1, wherein the corrosion resistant layer has an adhesion

strength of not less than 30 MPa.

8. The article of claim 1, wherein the corrosion resistant layer is deposited on the

ceramic base material by thermal spraying.

14



5. The article of claim3, wherein the conponent is a chanber sidewall. 6. The
article of claiml, wherein the corrosion resistant |ayer has an adhesion
strength of not less than 25 MPa. 7. The article of claiml, wherein the
corrosion resistant |ayer has an adhesion strength of not |less than 30 MPa. 8.
The article of claim1, wherein the corrosion resistant |ayer is deposited on
the ceramc base material by thermal spraying. 14 9. The article of claim1,
wherein the corrosion resistant coating has an average grain size not greater
Lhan, about 9. 2 sl 3Afe dfhiafE AlELS cBloSbflBdn, MIRAFHR hiRcgpbsLr at e
consi sts essenti a na. . aimyg, erein the
aver age gqamns&enetgsmaﬂthMEmtasnﬁh@n&about 0.3 mcrons. 12. The ceramc
article or claim1l, wherein the corrosion-resistant coating conprises at |east
90 Wt . % of the rare earth oxide. 13. The ceramc article of claim 12, wherein

the corrosi on- r@sitht aniclecstaldind , wherhy ths esbsahte kcB@sdts &pentlallyoof-t he rare earth

oxi de. 15 )
alumina.

11. The article of claim 9, wherein the average grain size is not greater than about

0.3 microns.

12. The ceramic article or claim 1, wherein the corrosion-resistant coating

comprises at least 90 wt.% of the rare earth oxide.

13. The ceramic article of claim 12, wherein the corrosion-resistant coating

comprises at least 95 wt.% of the rare earth oxide.
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