WD 2005/ 010948 PCT/ US2004/ 023597 CLEANI NG PROCESS AND APPARATUS FOR

SI LI CATE MATERIALS Field of the Invention The present invention relates to
nmet hods and apparatus for treating silicate 5 substrate surfaces and, nore
particularly, textured quartz substrates . Description of the Related Art
Duri ng noswosessiaedgluct or manuf act uring processes, suclrcagsgioebmsesric
etching or chem.cal vapor deposition, unwanted terials are sopetines
formed on t heCHRANINGP QﬁﬁﬁgégDﬁpPAEAﬂ%EQBi ICATEMATERIALD t he
chanber parts used in the i( manufacturing process. It is inportant that the
materials deposited on the interior surfaces and chanber parts not becone a
source of contam nants that can flake, fall, or be knocked off and deposit
upon a weéitkroftthatnvestiiei ng processed in the chanber. Such contaminants can
damage the wafer, reducing the "yield" of usable devices. For exanple, in

nterior val I 5o oeHd SR SRS IR e Tt RN B YRIE 151 yrrer s
nays br eadubstrbie slifzcag ahlemorepdrtiadiany, textimed cpiasz aobisteatas an nate t he waf ers.
Cont am nants can cause high resistance, adhesion problens for subsequent

| ayers, reduced insul ation,, .and other performance and reliability problens.
CbnventLB%%EEﬁgﬂﬁiﬁﬁﬁggﬂﬁﬁlﬂhanbers and parts are cleaned by nmanual
scrubbing. 2 In this conventional nethod, the nmanufacturing process is

hal ted and tHigingr MesssdriidondUitiolIRENGRENAAg Prsdest8atsichead BleRicty adllihg may

be scrubbed. Soretines, when manual scrubbing is not thorough enough, the
yi el d oforshemies yapeodeposiiivgeyoiwanted majpoals aee gomptimep dogiashen theantasier ed.

Fur t her gy pecs CEp bR NG flaesn g Obndifigh 1RaOBy GAPLERbe: LARKOUGR RSRRST al !y

Wi th high-surface are Surfaces. have™ been
pr ¢posednanufagtaring ropsssb| ¢nis impdriznh éhatotireemiaieriadd depesiteal on cthebintenigr

thod. On h nethod, which i licable t i i d
i el oct (U ECER PASHPRARIBCLRATRRLPoCP R S0or ALCTURTIAnS Tef Soh e Ak ot

et chi ng pPkSRES oFandUepostt agaﬁ al isTe P BE} ROBEIE bRICEBSES RSthb9aRbet.SSutlw t hat
prior art nethod, fluorine-based gases such as CF4 and CHF3 and oxygen are

hi ghl y eteatgnipastsieanidamade the vafers redugiiadhe féaldt of usatle ¢adcesnt ani nants to
form CO2, SiF2 and other gaseous conpounds which are then vacuuned away

through the ppr aeaspid) th GiBRERRY ctehifif TsHESEhain carbon polymers may build up on the

15 interior walls of the processing chamber. Loose particles of these polymers may break

off during the manufacturing process and contaminate the wafers. Contaminants can
cause high resistance, adhesion problems for subsequent layers, reduced insulation,
and other performance and reliability problems.

Conventionally, processing chambers and parts are cleaned by manual scrubbing.

2{' In this conventional method, the manufacturing process is halted and the processing

chamber opened such that the interior walls may be scrubbed. Sometimes, when

manual scrubbing is not thorough enough, the yield of semiconductors subsequently

processed will be greatly affected.  Furthermore, scrubbing does not tend to be
completely thorough, especially with high-surface area textured surfaces.

25 Other methods have been proposed to overcome problems with the conventional
manual scrubbing method. One such method, which is applicable to removing oxide
and dielectric contaminant build-up, involves the use of a plasma-enhanced etching
process to "dry clean” the semiconductor processing parts. In that prior art method,
fluorine-based gases such as CF; and CHF3; and oxygen are highly energized to form a

30 plasma which reacts with the contaminants to form CO,, SiF; and other gaseous
compounds which are then vacuumed away through the processing chamber's exhaust
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1 WD 2005/010948 PCT/ US2004/ 023597 system One of the nore common silicates
used for chanber parts and surfaces is quartz (Si02). For exanple, quartz
donmes are used to define the top portion of some sem conductor chanbers,
and quartz nozzles are used to inject gasses into s sem conductor chanbers.
However, WO20PYQ1BM8art met hodol ogy is general ly not waI/US39#OB89% or

cl eani wrocessi ng chanbers which include quartz substrates. Quartz parts
and do e frequently sent out to specialty cleaning houses or replaced,
at considerable cost. Quartz is usually manufactured with a snooth surface,

e. g. havi ngonae od ttghmess commoncsilidatast uses 8a chiiober parts andisarfacemnisyuartzch may
be deposi.ted on quartz of such, C snoothness du t he sem_conduct or

manuf actiPehg I—fﬂ?ro@é@'ﬁpiﬁo MEHZ LB AR Ysedotq ﬁ‘@hﬁghgztoguw@egzo afeM&r e
prone t g hRoRmider (e dikiORahe AUAIEE A ke ANdinjct! bhdded ot he

sem conduct or waf er Eei ng processed. For is reason, quartz'is often
"t ext ur semicbpdiicior ebahersi t sloweremdhe dirien asly metimdaloginisl genaralighehel, to

quar 2. Sfegior HRaBMgTHbREbio-crme MBjorhebig ofRR: 3hARREe  Bhe A hcr e
coarse ghd tdokiés ifte PEqiepty esknttoutntoarpbeiaily! @lddmiig idubeororbfeplitedp dthe
surface 120 of a substrate 130. If the angle is |l ess steep than about 60,

the texeesidRiablesosbs is considered to be too slow for most purposes. ,
However, it has been found that grit-blasting at the high angles 20 tends to

create cf acksad SR delialhanrRnes dihy imeeh oLiaRs, EhaRkAng BtolgiasRireces of

t he roughened surface ecome a source of partic contam nants 16 y
beeoni ngbout thH Raddiewevesncentbrinants whith mayc be adeposited onagearia of mugh 1C.

Such particl ont am : Lner ' L | f L ng
oo cocabStioS? S BRr¥eyET Rl ISR bloceSs ob el BindBaiNg e 09 1y
cont am gtz suMace RY erd prdrite tes bbsdmimpgesepsaratadefrodStheveauartz serfaued and | |
eventual ly flake off or otherw se becone disl Oq%qu from substrate 130 and
fall i rsoffiegan thecsemipenduston WATer beingrRIPRassPE. Uk NISireaseib ARTZSS SMARL hod of
form ngw o stheice P&8 e i : nd

ot her dé%ﬁ?g, lﬁgﬁﬁcﬁﬁ?@ 4Jﬁsaducesa{%rlgaak%gﬁ or ngﬂg’d@%’gérgbé’\gg {[nlﬁlf:eﬁégft r(gémat ter,
sush asaghasiorserd'stictioa’ of thetcomtarainast layerorHhe guartz.

Figs. 1A-1D illustrate a prior art roughening process 100 where a coarse grit 110 is
projected at an angle 140 that is from 60-90° to the surface 120 of a substrate 130. If
the angle is less steep than about 60°, the texturing process is considered to be too
slow for most purposes. However, it has been found that grit-biasting at the high angles

20 tends to create cracks 150 in the roughened surface. These cracks can cause pieces of

the roughened surface to become a source of particle contaminants 160 by becoming

! dislodged from substrate 130, suca as illustrated in Fig. 1C. Such particle contaminants

may infroduce impurities in the wafers being processed, adversely affect yield. In

addition, as illustrated in Fig. 1D, contaminants may adhere to the subsirate surface

25 over time and will eventually flake off or otherwise become dislodged from substrate
130 and fall in pieces 170 onto the wafers.

Therefore, what is needed is a method of forming a fextured quartz substrate
surface generates fewer cracks and other defects, and which reduces flaking or
shedding of particulate matter, such as dust and other contaminants that have

30 accumulated on the surface, while maintaining a high surface area. In addition, the
shape and roughness of the surface should provide improved adhesive properties for
holding on to such particulate matter during the course of semiconductor processing.
Also needed are sysiems capable of forming such a substrate surface and a method

2



30 accunul ated on the surface, while maintaining a high surface area. In
addition, the shape and roughness of the surface should provide inproved
adhesi ve properties for holding on to such particulate natter during the
course of sem conductor processing. Also needed are systens capabl e of
formng s rate surface and a nethod 2 WO 2083/ E2eAR5597

PCT/ US2Q04/ sﬂﬁﬂeﬁﬁ?g&ﬁfc‘d%rlghép@ﬂc%ﬁ%R@rrgh‘a% gafélgfﬂ&paha tdtedihijeS Ve
pol ynmer "an otoresistiv contam nan url'd-up adn ese surtaces such as
guart z. cbhtandndnirauilerupdmstheablsarfacesf suchhes quarize ribisSarthdredesinablecte fartker of a

t extured guart surface. 3 WQ%%pOS 010948 PCTI US2004/ 023597 Summary of the
| nvent i §1F79%R8 P SUTRCe AIRACTA BRUBFL frods and apparatus for treating
silicon- containing materials and, in particular, textured quartz. The
present invention provides s a high surface area (as preferably neasured by
roughness), which increases the stiction of contam nant | ayers to the
textured quartz working surface. Furthernore, the present invention reduces
cracks, fractures and other defects in the textured quartz surface, thereby
reduci ng contam nant particles that may flake off or otherw se be disl odged
fromthe quartz surface. 10 In one aspect of the present invention, a nethod
for treating a surface of a quartz C substrate includes preparing a quartz
substrate to provide a working surface having an initial working surface
roughness; and then ultrasonically acid-etching the working surface to

i ncrease the roughness of the working surface by at |east about 10% In one
enbodi nent, the initial surface roughness is greater than about 10 Ra, and
in another 1s enbodinent the initial surface roughness is greater than about
200" Ra. In a still further enbodinent, the initial surface area, if |ess

t han about 200 Ra, is increased to greater than about 200 Ra. In other
enbodi nents of the present invention, the working surface roughness is

i ncreased by at | east about 25% or at |east about 50% In anot her

enbodi nent, the working surface is grit blasting after ultrasonically 20
aci d-etching the working surface with a fine grit having a nesh size greater
t han about 100. In another enbodinent, the fine grit has a nesh size of
greater than about 200. In



( astill further enbodi nent, a second acid-etching is perfornmed after the
fine grit blasting. |In another aspect of the present invention, a nethod
for treating a surface of a quartz substrate includes ultrasonically
acid-etching a substrate to substantially renmove 25 one or nore cracks in a
wor ki ng sHOABIBMSt he substrate; and subjecting the RYIHRYWE2IErface to a
final cleaning process which e rate for use. In one

enbodi nent, the nethod incIudggﬁ,ua.zihg?mﬁgﬂ%h°t|ng t he worki ng surface
prior to wultrasonically acid-etching to produce a roughened surface having
an average surface roughness (Ra) of between about 100 and about 400 Ra. 30

| n anot her odi ment final, . clean rocess i es, cont ac |n the
substrate ngb ? RIRSE bﬂ‘@"@?ﬂ RrPYes & {(t}f)gﬁp?'?% qﬁ? o‘%ﬁ freRtngs Silif

HF: Hmcbﬁ@mrﬁg‘ﬁwa@ld@@ﬁ’d mcmai*Sﬂeseﬂ:rémuﬁﬂ@su"h@?ees@nt hvéatienb ?cﬂﬁi:le\éat er;
ultrasonicating t 05/ 010948 PCT/ US2004/ 023 subst rat e’ in an
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C eanlng roce ositioning a pressurize expul si on nozzle a

predetels %95'31%%@@ F‘F‘E rg@fﬂ'néf‘?&’ﬁ Q’Eﬁj;l at éE@yt 'ﬁ %icf)&'jtéihﬁmf'ﬁ? bet he

SUbS”ahrslc?dg% qﬁﬁ? mgLd)supiaggt i ng grit fromthe nozzle against the surface
ocr'ty su

at a ICI ent to produce a mcro-roughened surface. In another
aspect of the present invention, a method for treating a surface of a 10

si10i con- conlaend agpest pEthevreseni dnvenéien, armathadir treating Burtsce of aravastz

1 ng AR WS pripatiin Al St SR Bt AR sErhl bR

s u r f ace iritial awbrkingl sotfacniroughpess,easd vthec hulpasgivaliy adithetching tthatworking use.

| dj t | ud ' h bstrate int
" secongURRReOoHroads HE GRS S wordhy STede e Orae pit 10%; dh oRe® ' M
cont am @aibodRdR! el IATFEN SurfetrBagimyastis ateatbniantdtRut H0Fa, diRNinCalotis®! uti on.

In another enbodi nent the method further includes heati ng the substrate in

a Bur nagmbgdimeriithminitial sydacs ropghnessda girptechaniabaut %Q%B@ dn @ettillifyriRarsi ng
the Sub%h{b%ﬁnéhdit@e ihﬁaﬁﬁg%'& r&ég,gfq&%?gl%é?hﬂéﬁt%obﬁé, REh e8P orRiaRg the

substratei’n
than about 200 Ra. In other embodiments of the present invention, the working surface

roughness is increased by at least about 25% or at least about 50%.

" in another embodiment, the working surface is grit blasting after ultrasonically

20 acid-etching the working surface with a fine grit having a mesh size greater than about
100. In another embodiment, the fine grit has a mesh size of greater than about 200. In

( a still further embodiment, a second acid-etching is performed after the fine grit blasting.

In another aspect of the present invention, a method for treating a surface of a

quariz substrate includes ultrasonically acid-etching a substrate to substantially remove

25 one or more cracks in a working surface of the substrate; and subjecting the substrate

surface to a final cleaning process which prepares the substrate for use. In one

embodiment, the method includes coarse grit blasting the working surface prior to

ultrasonically acid-etching to produce a roughened surface having an average surface
roughness (Ra) of between about 100 and about 400 Ra.

30 In another embodiment, the final cleaning process includes contacting the
substrate with an acidic solution selected from the group consisting of HF:HNOz:H.0O
and HF:H;0.:HNO;3, rinsing the substrate with deionized water; ultrasonicating the



I n anot her aspect, the present invention includes an apparatus for
roughening a 20 surface of a substrate including a base adapted to support
the substrate during a roughening operation; a pressurized grit expul sion
nozzl e haV|ng a nozzle adapted to project grit against the surface of the
subst r at eWV&2 ‘5“69 4et er mi ned di stance from and at aﬁcy.lgawg#?zggg t han about

60 to, 2{(};3 e 5% ulfas Bﬂi%ﬁﬁéfpaélbﬁizéd vAgr Bath! dNfRg ﬁg@efwﬁh nﬂ'%%ﬁe ing one

nore ase an e grlt source to provi de re tive notion t ween
25 t he hoemavecensess mdisiyre; dod iheglingther subgtraie; Lngiemaelneﬂhimnp ortin i loven

t herefore cijat e hat the methods and apparatus of the present

I nventi i?nthﬁf%@wﬁn&%‘ﬂ@ feat ment of silicon-containing substrates and, in
one preferred enbodinent, textured quartz surfaces. These and ot her

advant ages !am;hoftmtemmhméntt ke rriethtﬁwmbbudes\md:roheugmmg thd surdierefchat ed
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11 st r SopBRLSh o RRILE S ol BB PLETRRE, ' [VER i Mg @ surface of 1he

substrate in accordance with the present invention; io FIG 4 is a flowhart
i1 lustrating anotimercaspecodf thecpicsgniainseritiong at methodofoditregting soaefacendfaali ment
of the i

hart i1 { t
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substrate into a second chemical solution to substantlally remove an organic.

15 contaminant before immersing the substrate into the first chemical solution. [n another
embodiment the method further includes heating the substrate in a furnace at a high
temperature to damage chemical bonds after immersing the substrate into the second
chemical solution but before immersing the substrate in the first chemical solution,

In another aspect, the present invention includes an apparatus for roughening a
20 surface of a substrate including a base adapted to support the substrate during a
roughening operation; a pressurized grit expulsion nozzle having a nozzle adapted to
K project grit against the surface of the substrate at a predetermined distance from, and at
| an angle less than about 60° to, the surface of the substrate; and a drive mechanism for
rotating one or more of the base and the grit source to provide relative motion between

25 the nozzle and the base during the rcughening operation.

[t will therefore be appreciated that the methods and apparatus of the present
invention provide for the treatment of silicon-containing substrates and, in one preferred
embodiment, textured quariz surfaces. These and other advantages and features of the
invention will be more fully appreciated when the following detailed description of the

30 invention is read in conjunction with the accompanying drawings.



20 FIG 9A is a flow chart illustrating a nethod for treating a quartz
surface in accordance with certain enbodi nents of the invention; and FIG
9B illustrates the quartz surface at various stages during the nmethod of
FIG 9A 6 WO 2005/010945 PCT/ US2004/ 023597 Detail ed Description of the
Preferred ERBHEOAEM s Unl ess otherwise indicated, all FEENMHIZIEN
scientific terns used hereirm ing as they would to one
skilled in the art of the pr%ﬁ%ﬁ?eﬁcﬁvﬁ%f?ﬁﬁgﬁqmﬂ% to be understood that
this invention is not limted to the particul ar nethodol ogy, protocols and
reagents described, as these may vary. Al publications and patents cited
herein are expressly incorporated herein by reference for the purpose of
descri bing and disclosing nethodol ogi es and devices with m ght be used in
connection with the 10 cleaning and m cro-roughing processes and devi ces of
t he inventi ¢IGS]1ADHD iané flivetratidhs 6fna sudacasugeparatidih aucorfdaneeavittopabmass” 1S
meant the root mean square of the short-range deviations of a surface above
and® bel oWethedSiean position, and includes the way in which the

m cro-roughness is distri but ed at different spatial frequencies, or 15
different siFgsp i®h fﬁiﬁdﬁﬁhqﬂlﬁt@aﬂné 'é%réé'éé‘s%?clé%nln@@%@ﬁéce dha Substrdt® ive

di stingui shed from 1solated surface defects and contam nants such ‘as dust
parti cl eaccordanice withdbe pressat iventiatie term "substrate" as used herein
includes, but is not limted to a part which is undergoing a cleaning or

m cr o- rough g ' onaisctn t [ film
on & substr 4" AR are Blstions WP ORErAS oFF Ehkiute r WOBIACR RGeS | T
"sem c onafithé eubstrtiein adcordenceveth the peésent imvbodbes, but is not limted to

i Eagl e crystal silicon, polysilicon, anorphous silicon and I1IN

concuc! Rio7Bf bthpel b i AHA YRk BBorkp BRI ore

sem condempbodimenyoftthe swestiogt e. Therefore, substrate 25 surface refers to

t he present uppernost surface of the substrate , includi ng al | structur es
formed ther The ter Rr.?s% {I zed" is used herein t tfﬁr ressures
above at ms%ﬁér B is a flowcnait ilfustrating a process for de ermmmg etc cro-

roughening parameters according to one embodiment of the invention;

FIG. 6 is a flowchart illustrating one embodiment of the cleaning process in
15 accordance with the invention;

FIG. 7 is a flowchart illustrating a cleaning process in accordance with ancther
embodiment of the invention;

FiG. 8 is a flowchart illustrating a method for inspecting a substrate surface for

P

- roughness and/or damage;

20 FIG. 9A is a flow chart illustrating a method for freating a quartz surface in

accordance with certain embodiments of the invention; and

FIG. 9B illustrates the quariz surface at various stages during the method of FIG.
9A.



pressure. As used herein, "grit" refers to any abrasive particle, such as
super hard 30 crystalline or polycrystalline substance, or m xture of
substances and includes but is not 7 WO 2005/010948 PCT/ US2004/ 023597
limted to dianond, polycrystalline dianmond, cubic boron nitride, and

pol ycrystvwmﬂﬁfelﬁf’@ubl c boron nitride. As used herein, PEHUSHWORINILL chi ng'
refers to the sel eCté’ti _ Sudes but is not
limted to, cleaning—F

56 AP ] AT et herein, the term
"ultrasonic" generally refers to acoustlc dlsturbances in a frequency range
above about eighteen kilohertz and which extend upwards to over two
nmegahertz. The invention is further illustrated by the follow ng preferred
enbodi ments. In the draw ngs, |ike nunbers refer to like features, and the

sane number | fpRRAGtHhBAVIEE ificRed, 14l feBRMcANEnd 5aihiif R $sddohérém BV
feature. Il1. Method and Apparatus of the Invention The invention provides,

i 5 one the saue, meaningas they woulddniong, skitied n@iha)agrﬁréﬁhﬁgreaent veRlion. slei r eat i ng

f f d
desor i Bacod rBielR WS I a8 not IRYF T uiel Barddr e 000"
subst r giretosdls fand eeé@eﬁiadémbadmmthese ofayagaran Aagpebhcat@hs tane patdnds cntydt The

substrate has fewer cracks | ow t he s rface i ch redu akin
Shod! prein Sha PRMBRS K IESORATRIEn Narelh by SIaRte o5 P BiREse SLAEsHPREATE. 1 hat

have a;ifff%bgeé&rgjr%tgadcsn e§tﬁﬁ@e@vnc§yr\ﬁ.ﬂﬁr ki€ bel beecﬁhﬁpfonlneaﬁbﬁ wnah ss of

the su ovi roved adhesi ve erties for collecting suc

pHr t i culeaninghand microeughing precesasssad vmemcxfﬂnﬁm&e@trorpr ocessing. Still
further, the 20 surface area is increased, which increases the stiction of
cont amnaf.l.ayers to the substrate. The method has been shown to be
pértlcd1ggighg¥§ectlve I n cleaning contam nants from high purity quartz,
which is commonly found in rods, tubes, crucibles, donmes, chanbers and bel
jars. The Bgt"hmfo-rrsugi‘i&:mgflmf'micrtbmugﬂneaﬁ ingneanithkerrocimosar squareofithe 25

sem con S ho ngl e
cryst al® ﬂgﬁTrg%%\Q V'%t"ﬂ @a#%&gggsﬁ%gg%bgﬁgﬁgs &g?ﬁg’%‘%’oébﬁ}&gaﬂgﬁ%g’ collars
and wafeysin @hich der etlcro-roughness is distributed at different spatial frequencies, or
15 different sizes, of structure on the surface of interest. This is o be distinguished from
isolated surface defects and contaminants such as dust particles.

It is understood that the term "substrate” as used herein includes, but is not limited
to a part which is undergoing a cleaning or micro-roughening operation, a
semiconductor material in the form of a film on a substrate, homogeneous wafer, or a

20 multi-layered wafer.

( The term "semiconductor material” as used herein includes, but is not limited to
single crystal silicon, polysilicon, amorphous silicon and !li-V semiconductor material,

The term "substrate surface" includes the semiconductor device substrate as well

as all layers fabricated on the semiconductor device substrate. Therefore, substrate

25 surface refers to the present uppermost surface of the substrate , including all structures
formed thereon.

The term “"pressurized" is used herein {o refer to pressures above atmospheric

pressure,

As used herein, "grit" refers to any abrasive particle, such as super hard
30 crystalline or polycrystalline substance, or mixiure of substances and includes but is not



bel ow are the steps of the nethod and apparatus useful for carrying out the
nmethod. Fig. 2 is a flowhart illustrating a general nethod 200 for cl eaning
substrates, e.g., high purity quartz, in accordance with one enbodi nent of
the invention. Preferred 30 substrates include sem conductor fabrication
equi pnentWVp2H08/810848ch as t hose noted above. Met hod 20FP&EHERIY 25 per ati on

T UedbBiERoBsaeShe PRRbY SRUR-EMERS, Butsd oy WAt Betrervsialing.yy o

not . | feuibltcbgyobaitridd.e i s not new, then the nethod proceeds to operation 215
to clean the substrate to renove any deposits. One such cleaning nethod is

described in greater det her,ej n. W t eren to Fi ari ous

ot hods. ay ASCUSHEL ROTEl dPe dAMa aabaGS retpcc e SOl GORL AL ng
subst r atig$ incloR¥s, it |§Jﬁ@tflﬂﬁtfe%%r@éé‘rﬁﬁ% golshif %ﬁﬂ'té)ﬁuﬁﬁ{:fﬁ rates using organic
solvents is described in co-owned U. pat ent applicati on nunmber 09/945, 259,

filed August 21, 2001, which is incorporated %\éqireference herein in its
erftirety. AAStuRed haseinhie tepp eliraspniegoenaralyoieirie t@ acpusic disluibencetst r at es

is dis i filed
oot GBI Sag eBle Hedut BB TbNRP o SR RURBSIRR T oF5, L1
Fr om opgeoahegaheftt5 of Fig. 2, the nethod then proceeds to operation 220 to

i nspect the substrate surface for roughness and/ or damage. The inspection

SRt O The vaniph i Batyer HLSRAEH HyThB OIS bbrehid abbRaP e Ikt Ori o

surfaca:lrawmgbsmcalmmm'réfyd i HkE FRILGes, 48 tHeOSHNE @Bfmbel appearirPiaradieon 225
of net hod 0, a. decision is nade that the substrate does not neet the

ngbmfltbﬁ"ﬂ P%drﬁvﬂ%@fﬁ@tﬁﬁﬁﬁmﬁ%@@eds to decision 265 where a decision is
de as to whether the substrate surface roughness is acceptable. If the

roughnqﬁsmbﬁoacgnd tﬂQbﬁthetlH%hti@iﬁt hod 200 20 proceeds to operation 255
where t bl asted rough as. described herein. If

the substrate surface is determned to be acceptable in operation 265, then
met hod 200 pghedmention groyifasain e mcmthoéa@r §lggBinganicravpygheRingsoret ched

O I emyifie eris¥treutin fa éd?%cé‘b?étsru%ﬁatge?ltﬁa&ﬁ&n&ﬁé’éﬂv&%ﬁ HBEHe heRbaS ks! OF

roughness, na
described in detalt below are capable of forming a micro-roughened substrate surface

15 having a number of advantages over the prior art. The substrate has fewer cracks
below the surface, which reduces flaking or shedding of particulate matter, such as dust
and other contaminants, that have accumulated on the surface. Furthermore, the shape
and roughness of the surface provide improved adhesive properties for collecting such

. particulate matter during the course of semiconductor processing. Still further, the

20 surface area is increased, which increases the stiction of contéminant layers 1o the

substrate.’

P

The method has been shown to be particularly effective in cleaning contaminants
from high purity quartz, which is commonly found in rods, tubes, crucibles, domes,
chambers and bell jars. The method is also useful for cleaning contaminants from other

25 semiconductor workpieces such as those including polysilicon and single crystai silicon,
which can be found in chamber roofs, source rings, collars and wafers. Considered
below are the steps of the method and apparatus useful for carrying out the method.

Fig. 2 is a flowchart illustrating a general method 200 for cleaning substrates,

e.g., high purity quartz, in accordance with one embodiment of the invention. Preferred

30 substrates include semiconductor fabrication equipment paris such as those noted
above. Method 200 staris at operation 205 and proceeds o operation 210 where a

8



25 230 is made as to whether the surface needs to be m cro-roughened. If the
surface needs to be m cro-roughened, then the nethod 200 proceeds to
operation 235 where the substrate surface undergoes a m cro-rougheni ng
process. The m cro-roughening process is described in greater detail wth
ref er encWO W0MIGNS 3A-3D herein. If the surface does’ r‘ﬁ??”%%@é’&”?%? be

mcro-r S ere the
Subst r SPLSLT P dhade s eBL IR bushateds nRIEIEAT e 3BEAARIE poL e
I(glolelr at itigsn lt!f]e d@etho? tmldceeaisgioeapaahdewﬁl tohglegg (r)lthw $ubstratd ¢o eameve carﬁn g 6.

ol lowing the fina ceano at j on t rni nat es. at

20051 0 6808 BT AR B s B e PRSP SR eI BN egRPat | on
210 ingkE ._7_2, if the substrate surface is determined to be newin
operation~210 then a decision 250 is made as to whether the substrate

surface is textured. |If the substrate surface is not textured, then the
surf ace nayVB@Olg& | metfmds| aedvedbe ouesdl ite diRanat denesiis s from c$&!’&!§@n@¢@xt ur ed

f f k
Lo nonariTpailR shiclrfies,' Nevar el fleffide¥r Lol ibala P WIAS KoV
hgr ﬁl novgatﬁlﬁ sdﬁremterisele*ssmtﬁdga coﬁvmm slqnaraltlamiecatlmﬁn mnpberamQJMSZﬁ% be ua ed
Wt , ar es .an or v | OUS an e.C n eeqe Suc
that  fietsviil 31 251, whid B Sty v Defort i ey G 2B p el T s o

the subsdhad ﬁar%dnﬁfgesem‘mndu&t&rf%m.@ﬁ sab&rAbs | msclasecamct%whéwu'§ made
that the substrate surface iIs frofer textured or if the substrate surface

i® gri palsnkepplicationgwinmber §9&25265h Augusiil0, 280hyehidhois incomperated ty
operat 'r&Q{e?@%h‘g?&f'ﬁgﬁ@Snﬁg trate is etched to remove any cracks that may

Epre sur e of the substrate. The etching operation is 260
| & described in greater detail with reference to Fig. 4 herein. In Fig. 2,
fol | owi ng eFrdm rtg)eoqi@na?.'l&nf E@ 2, rﬂaehnetthﬁd(l:hehqnoq:senise’mdeperatimpéﬂattbon 230
where a f%tetﬁ b @ fmad& %\é.\ﬁlet erﬁﬁ{he surfac needs ‘ﬁ

m cr o- #%R& 8 gUbsTat Sugace LPRS 2RgPl ﬂ@“ﬂg‘%e CYIRBEE ‘H‘r"‘?eéﬁﬁ‘%'ét i on

pr oces gesdtiedrih grsater detaithere witllrpoehtet Pig. 820 the wafer, but also are
deposited on substrates that are part of the sem conductor fabrication

TPt R G Bl 38 hYebiion s'h5a 45 8 St MBSReBRSIALES 21
meets the required parameters for roughness. I, in operation 225 of method 200, a
decision is made that the substrate does not meet the specification, then the method
proceeds to decision 265 where a decision is made as to whether the substrate surface
roughness is acceptable. If the roughness is not acceptable, then method 200

20 proceeds fo operation 255 where the substrate surface is grit blasted rough as
described herein. If the substrate surface is determined to be acceptable in operation

( 265, then method 200 proceeds to operation 260 where the substrate sutface is efched

1o remove cracks.

If the substrate meets the required specification for roughness, then a decision

25 230 is made as to whether the surface needs to be micro-roughened. If the surface

needs to be micro-roughened, then the method 200 proceeds to operation 235 where

the subsirate surface undergoes a micro-roughening process. The micro-roughening
process is described in greater detail with reference to Figs. 3A-3D herein. |

if the surface does not need to be micro-roughened, then the method 200

30 proceeds to operation 240 where the subsirate surface undergoes a final clean
operation 240. The final clean operation is described in greater detail herein with
reference to Fig. 6. Following the final clean operation, method 200 then terminates at



sufficiently rough, the material may not adhere to the fabrication parts and
m ght flake off the parts onto the wafer, thus contam nating the wafer.
Presently, in nost cases, the nmanufacturers of these fabrication parts do
not provide a sufficient degree of roughness 25 on the fabrication parts.
This is pMORIFNP4Bue to the fact that present roughemiTHPS2HEELSes eit her
damage t he Stullj‘%f te parts or make the surfaces too snooth, either of which
can have®HEEEH9 al effects on the overall manufacturing process. If the
substrate surface is roughened too extensively, the thinner fabrication
conponent s myyitthref@rened tabesration 21kindtig.2,iiftbe wabsiratalsurf@oe ishdetemiined ttand, i f

the 30 shield is blast for long .perignds.of tine, th | eapi n rocess my
produce B¢ PEWAN; Q@F9ﬁ%§gpﬁﬂgﬁﬁ gg‘é’g“’ﬁlé%n'sr E?HF’I P & I"@?ﬁgh%{ll@r sfa% 11 ake
of f - ont ay¢fags WeeRfured [FeRdBibstRY surfade ib RoPRMiUre® théR tHd\QRfCBIRAY B8 grif " acks
may form bel ow the surface of these extensi vegy 10 WO 2005/ 010948

ace

PCH | | Sddasted ragdiin opetaiios @550 staade adexiweedisu rly quartz, causing |arge
pi eces of the substrate to fall off during sem conductor manufacturing. The

or egoi g pr Sehdrt Besting BN pddrréd by o (el BERRULIATNFD oo of |,
havi ng askiilintiazart3The ntethddbof miderggbeningeestiivar herethitiyrefereces o Pige, no]'E ed
i nci.pl es o

[ ' 230 235 of Fig. .2, | d ith th I
e br eciaD; A5 wel H5iné ARadiati, fay 5wt G % 07 ader st Gien anglos gt
i ncl udesyRyles BRAIRIts! 29 AbedticE SBiBR tRAhE 'dubsHab siffadad Is Wiidhehed 1827 leReBRO. from

whi ch a plural It&% of grit _(general | y designated 325) is sprayed onto a
subst r atisopehf taskirathe sbstialostriase of substrate 305. For illustrative
purposes only, the 10 substrate 305 is shown to have a concave surface,

however, it ?@Wbﬂg&ng% éft Pigd 2, %h@écisgc?lﬁ s§ brtﬁhf?}h%%&%ﬁr%té“%&irfﬁ?é’ Eea”y

nunber of shapes, crrcul ar, base (not own) nay
provi degprapetyaeairedior i tisel pulstrate serfacehistgrihibiastad foughtih@peradiogH2ad, then

operation,,| e_enbodi pen .he bst r at, 05 de ;of high purjty
coar 2 ihetap A0 oG B Pharaliff 280 a1 e SR £F Shor ARGl Yy pe
bead bl afacKsapht mag tROSebemstiRdow dte Suthct ofithe subsipel ORigTeiching dpurgiort 0 ni ne
i nches, preferably six inches, fromthe supstrate surface 310, at an angle
| e¥s t haa0dp ascrisied I pesaterdstgl wibip relienas & §ida4 hereld.  and nore preferably
45. |f the pressurized grit source 315 is positioned at angles

In Fig. 2, following etching operation 260, method 200 then proceeds to operation

230 where a decision is made as to whether the surface needs to be micro-roughened
as described herein.

During a semiconductor fabrication process, materials are not only deposited on

20 the wafer, but also are deposited on substrates that are part of the semiconducior
(., fabrication equipment. For certain materials, if the surfaces of these substrates are not
sufficiently rough, the material may not adhere to the fabrication parts and might flake

off the parts onto the wafer, thus contaminating the wafer. Presently, in most cases, the
manufacturers of these fabrication parts do not provide a sufficient degree of roughness

25 on the fabrication parts. This is primarily due to the fact that present roughening
processes either damage the substrate parts or make the surfaces too smooth, either of

which can have detrimental effects on the overall manufacturing process.

If the substrate surface is roughened too extensively, the thinner fabrication

components may be penetrated by the blasting material. On the other hand, if the

30 shieid is blasted for long periods of time, the cleaning process may produce a relatively
smooth surface, which readily allows materials to flake off onto the wafer. Alternatively,

or in addition to these hazards, cracks may form below the surface of these extensively

10



t hat deviate substantially fromthe above-specified range of angles, the
resul tant 20 substrate surface 310 fromthe rougheni ng process nay not have
the superior properties nentioned above. This directional -dependent

m'cro-rOﬁhness has the desired effect of facilitating the adhesi on of the
cont am nah@ 2458H4%r nol ecules, e.g., metals, which 5&8”?%03‘\‘}@??9?19 t owar d

Sem contPyeney SRS sty cBURL LG pibes) o S TROBKER 10 Bl F o)

sem con Of “nanu uring Ccess. ngle s pre
const anduring sergicohdisstor manaizcturingat Tlos method d@ussell wdthneférerts/ fo Figs.

nmobi | i zat i unit 38 i.ncludes neans for adjusting the grit source nozzle
320 sucﬁ&‘ﬁﬁ)g?er?'l'?é'emﬁ’g'%ta?f(ﬂ'feg?m%})ﬁ?%ﬁ may be altered before or during the
m cro- rougheni ng operation. In one enbodi nent, the pressurized grit source

315, when prRLcIA-BD fidisratd Whodmbddimeht 6f adiubtra®b30hhavihe Sulsdd 316
surface 310, is translated across the substrate surface 310 bg@t he

nobi | i Zthet endaigees heanicw-wpugbiRorecsss 289sn0ted & operations 28k andiRseef Figns

Jopi ct ef Wacddrdlindealitd m&grsﬂer;r@sgtdfqr?%%é&% intentiont* Orid SHELFAL Sflrthde 1 9
, anal’ogous 10 a sweepin tron. ternatively, the préssurized grit

sour ce fnicro-raughieaingdproness bichigkes adcomentional 3F0ssulize\@rik Gobr @1 D6 &ith a

PCT/ US2004/ 0 7 as-sewn, in,Fig. .3B. Prelerahl t [essurize rit
source %}eogquﬁ@rg&%gq%%tp rglgmp? ggé?g?%erﬁi _Q?%Qxe?t@ﬁjg?fss;@ ?Qf%‘?fﬁo'gtﬂ her .

Al t er nagiibsghie sififack 8106 4 b6dtion®f subStrate! 306L Vieor illistdtioa fpﬂ%cﬁs@s R e t he
pressurized grit source may be noved toward the axis of rotation 350 of the

stbst r a3ubstrateg305 nshowrsta havap GoNRREHBUITages Moweer. teshauld hetundersioed i ve
rotati e ' t [ i I Z grit
Sour ce aHHERHEBS sirfoe P 3Ho0b A Hurole SFLibPeLr g, 1HE BOGRRULCRE T e
axi s ofbaset @i shoBBP mafy bd@rovidet aad exdaptedr im SsporiTthe syizsttabel dgring tHeor ns a
grit i acﬁ ar ea %rn?t shown). The relative rotational and transl ational

vel oci t\PUPTRINGARYAIYY can define the grit inpact area such that the grit

i 0 inpact area can be adjusted or controlled by adjustnent of these

vel oci ti es.in lonecsrabediivedt, tratsubtratb 305Nk enbdonf & highgpurty igumeaz tmatedst. spans a

distance in a directjon extepding radially fromthe center of the
sifbst r athe Piegsyiized Sbfﬁb%wfﬁ%?rﬁg-% a3 dvglu 'Bﬁﬂ??enh? b!?éFFRS’b i$ Repitiorad

5151 0B BT SpPleS ISR D, DOl ordsa S Retaftin BT co 315
substrate surface 310, at an éngle less than about 60°, preferably approxi’mately 45°+/-
5°, and more preferably 45°. If the pressurized grit source 315 is positioned at angles
that deviate substantially from the above-specified range of angles, the resultant
20 subsirate surface 310 from the roughening process may not have the superior
properties mentioned above. This directional-dependent micro-roughness has the
desired effect of facilitating the adhesion of the contaminant atoms or molecules, e.g.,
metals, which are traveling toward the substrate surface 310, when the substrate 305 is

employed in the semiconductor manufacturing process.

25 The grit angle is preferably held constant by a grit source mobilization unit 380.
Alternatively, mobilization unit 380, includes means for adjusting the grit source nozzle
320 such that the angle of grit gjection may be altered before or during the micro-
roughening 'operation.

In one embaodiment, the pressurized grit source 315, when projecting the plurality

30 of grit 325 onto the substrate surface 310, is translated across the substrate surface 310
by the mobilization unit 380, e.g. on wheels 385, 386, 387, in the directions depicted by

a plurality of direction arrows 335, 340 illustrated in Fig. 3D, analogous to a sweeping
motion. Alternatively, the pressurized grit source is translated in a single direction 370

11



1s noving the pressurized grit source toward the axis of rotation of the
substrate which provides the relative rotational and translational notion
between the pressurized grit source 315 and the substrate surface 310 such
that a spiral locus 355 is defined as noted above. In one enbodi nent of the
i nvent i onW208Y918%48g the rel ati ve notion incl udes nDV|P|4§TMS2W4{°ﬁ:?§97pressurl zed

e e e e R g s

f or eachsurfao@pteiotated ralkiivntodste afotivdre pressurized grit source and/ or
substrate about the center of the axis of rotation 350. In this enbodi nent,

th 1 t | et el f th f f th
Substr at e wABRERUSST It asgort 1 e sl reletior Rl abeye, 16 ofsudied o°
achi eve gyt @smcteqﬁa%@rﬂooéwwmdhé lé&fsaéﬁ'otemohegsmbf ¥R sxubsaéfé“egg ”§n the

relative notion includes noving 8ressur|ze grit source ra |aIIy at a

ratse sudadighatm :366. pv\lé@gmqnzl@ﬂetbwth pueledive sotational velatity) the gnsdatioabkt ance

whi ch i ch
conpl et jnét;ﬁ?la?ét@ﬁggéggﬁ é?%@%‘?@i@%??@%ﬁér |r{é Lf'lt %Eé E@ @%cé%'r lrrglaof t he
axi s of lo@ 353 centarad 35 the e oplotatiohi 35 offthegsmtﬁstr&?éouaﬂdsﬁml t he roughening
process may be fornmed of any suitable abrasive materi al such as al um num

oxi de, silicon carbjde and/or tungste 2 20Q5 094 JS20041023597
car b de-as 408 IR OTTHoONe 3 gsit BREchgeadna Bhows: \hi RIS TPHIBRIGHS: ed
herei n ansiaBbeal Sty fj16t Gédcribsd @n'@eﬁwéﬁhééﬁritymPﬁéﬁ"@l%é suighathlt #HeDgAnd 1 n
an advant ageous enbodi nent of the process size internediate to 16

anth 100 impacisarga camebeyAdjustashor cantplisddeyt aalqunttqfethgﬁmyeloames sUnfage 310
at -a velpgldiy 'Bg"t‘{&é‘; gﬁefhfﬁeve}igﬁ%@fﬂ@rﬁ@t gﬂ%e’f’ &EQ%@%% Bith eeuéjaodb[l&%n

reﬁatlonshlp the Surtace rou ness obtained is
dependerextanging tauiallyyijpemothescanden af theusaubtimte riaythiseembedlmemt nibeé Mmicrene of

skill in the art derstoodthat t he si ze of t t area
of the devdienia rosthod "GElvdes: WAG Bh8: B imitenal che: Sitite-g1; Biafee "t he
openi ng p ré\séuh@e@ﬁﬁtzécﬁlr@@1H?dlati\lié3to\/@ﬁe’aﬁ6tﬁeﬁaﬁ& RfsubS@ntisNahé sahRAme, t he

speed at which the notion is conducted may al so vary the size of the I npact

ar¥a, orm@¥inthfiengrespdrizadegai seurcetwardbe s ef rotatigns of the substrate which
provides the relative rotational and translational motion between the pressurized grit

source 315 and the substrate surface 310 such that a spiral locus 355 is defined as

noted above.

In one embodiment of the invention, providing the relative motion includes moving
20 the pressurized grit source radially at a rate such that the pressurized grit source is
moved by a distance equal o the distance spanned by the grit impact area for each
(7' complete rotation 365 of the pressurized grit source and/or substrate about the center of
“ the axis of rotation 350. In this embodiment, the grit impact area completely and
uniformly covers the surface of the substrate when the spiral locus is defined. This may

25 be repeated to achieve a desired micro-roughened surface.

Alternatively, providing the relative motion includes moving the pressurized grit
source radially at a rate such that the pressurized grit source is moved radially by a
distance which is less than the distance spanned by the grit impact area for each
complete rotation 365 of the pressurized grit source about the center of the axis of

30 rotation 350.

The plurality of grit 325 used in the roughening process may be formed of any
suitable abrasive material such as aluminum oxide, silicon carbide andfor tungsten
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apparent that the present invention provides a nethod of treating a surface
of a substrate by a roughening process. The nethod includes the steps of

positioning a pressurized grit source a predeterm ned di stance from and at
a desired angle 15 substantially to the surface of the object that is to be
r ougheneVAAWSB088ecting grit from the pressurl zed g?ﬂmézﬂﬁ‘fég hgai nst the

SUDSI I a1 B LGS o ML SS BatoRRL 61 B01ade0 KM in b EASHL M broe. A

roughen strtacé Increaseés surtace area, "a eretore StIC i on
cont anm mfmrentay dhe gt siee ké ngpically fretweserofl Gsattuistlﬂatami inFag.advantdgesus at es an

Ei chi ngeBPRITERt B0 ogene Aiorb AR AR PBTeGHS Tk Hciboassed: Apeadt S 420

wher e tig%@fe%tbcﬁﬂﬁtdftﬁé @uﬁﬁt&@'é‘u@fa@érﬂ@b?rasvétb@utgﬁ%hﬁfcf@nﬁ@ rolgRERithen 420
is described in greater detail herein with reference to Fig Next

ethi ngsypstisies surace 1318n Jihec elationsbipopeiasino thes blpshitise aro ey isstiace o

surface 0 e

appl i catl Hgﬁﬁé SBt ed? %cgfpgaﬁtji’eﬁg l%)c%f q%f@%? %;C)EIIj %I‘%“\ (r)lf?%ﬁlogw(@ta yo&ney
refer ertﬂmeﬁﬂﬁédb@%é OPSKiL)n #aetart. | ed "U trasonic Assisted Etch Using
Corrosive Liquids", which has been incorporated herein by reference.

o' 2, 430 5 SR BRI o o e BIRL A0 s S "o =
determ dbﬁ@ﬂdﬁlb%rﬁbﬁétaﬁ@ﬂ pﬁia@ﬁéiers3q:dﬂﬁﬁhﬁéé e O irethe zerRr 3Rognap one
enbodinment. In Fi nmet hod 420 begins at 510 and proceeds to operation

510 f orvasyihg ﬁZ@tQ? wes;mﬁgptaarea obtisotpepd atevhichuthednelionis condudiediayialeper at i on
514 to gday ﬁg%@ f‘fh@tl ﬁéq[‘.ttel?ga Qiﬂ!aﬁ hg éﬁ@érte%@%s |1 Fidm| iedbbgied s jhat the

le 1S red hen ocee t o operat’ion ‘6 t0 texture
- VO WMOMB tﬁé:T#réﬁﬂGM@ﬂt&ﬁgﬁrwhbssanpbﬁmdbetvexatmrg a buiface 9fd£0| ded

that the.s le is textured, then the hod oceged pert|0n5

wher e SUORITRERY Aotayhedas tragespe Fok it e Te-eetal RoHUpPBEhds ¢ o
oper at i rasqigRefiogrinaLte a Pradeisiited digthhitd dranasd &t @hdeﬁf’écﬁ@fgﬁés and
m cr o-rougheni ng paraneters. For exanple, such a heuristic determ nati on

by i n\/etstbﬁtaanaahatst the |syprcaef haswiech that is fokeraughgnerd sad ptcn@cttmtgﬂs dromy20
term ”%E?’fé’%?gﬂ%%‘fe gﬁt éaara"hzbgggau%t %he Sttt RiddifRuricldrh Rrmgpss 600.

in Fig t1on
roughened surface. A roughened surface increases surface area, and therefore stiction

of contaminant layers to workings surfaces of substrates.

Fig. 4 illustrates an etching process 400 according to one embodiment of the

20 invention. Etching process 400 begins at operation 410 and proceeds to operation 420

where the etch and micro-roughing parameters are determined. Operation 420 is
described in greater detail herein with reference to Fig. 5.

Next, etching process 400 then proceeds to operation 430 where the substrate
surface undergoes an acid-assisted etch as described in co-owned U.S. application
25 number copending U.S. Patent Application No.: (attorney reference
59081-8007.US(1) entitled "Ultrasonic Assisted Etch Using Corrosive Liguids", which
has been incorporated herein by reference. Following the acid-assisted etch operation
430, method 400 then terminates at operation 440.

Fig. 5 is a flowchart illustrating a process for determining the etch and micro-

30 roughening parameters according to one embodiment. In Fig. 5, method 420 begins at
510 and proceeds to operation 512 for obtaining a sample (“coupon”). Next a decision

is made at operation 514 to determine whether the sample is textured. If it is decided

that the sample is not textured, then the method proceeds to operation 516 to texture

13



610 and proceeds to decision operation 620 where the cleaning type is
determ ned. From operation 620, the substrate surface is either sprayed
with an acidic solution, such io as HF: H202: HNC3, in operation 630 or soaked
in a cleaning solution, such as HF: HNO3: H2O, for 10-30 m nutes as shown in
operatloﬁV@Aﬁi’s’“m‘iﬁal cl eani ng met hod 600 then proceedBCHBSBMRE on 650

5 15 i v SAOey, e Rbl a0 U8CBRENA oot apidf ofn Bte Tl e

subst r agrecsetds aﬁepe@ua@weam@kel 8 stehoe irg@ghnkSs visstels parformiedl oNermittied y 30
m nutes at 38-46C. The substrate surface is then blow dried W|th N2 until

vi sual | pethog prrceads riox prerelioy 2205 ieh making &, heydstig iastergitationh 8F &lpipani ng
met hod uﬁ%ﬁnfe’&ﬁ' Iﬁ@cﬁ"ﬁ’&é-r&ﬂqiﬁ?ﬁfﬁa (Pa?éh?t%@s wWhere REmB flt_éb M E'&l SHUrRGE 1S
n an oven I na

dried er a heat l|anp or or 2-4 hours. cl eani ng net hod
609 t hedetetnsinatioramay involepartablednoleep.baged mmsun'taoaawghm al e mesthdd

cl eanin rocess 7 orresponds to operation 215 of Fig. 2,
accordl%é]0 g %@8&%&% the invention, whereby a polynmer deposited
on sem conduct or equi pnent substrate surfaces. during wafer processing can

be renmoved. Fifle jilustretes tROGnal dedrs p&ice@@@loatilﬂrF@OS theoperaticgebegih® at
operation 710 where a&ﬁe | nspect. on steg performed to, determ ne the
type ofb '&)F‘?WO JdpreaFisien speratian 29w %ﬁeeth@u?lﬁﬁ@ﬁg ypR i HBtSMNGEct i on
oper at | R {BYerhiié H5E thS SRS eﬁ@%&l‘\él‘gslpréﬁé’d ﬁ%@fd‘r“c thﬁ‘ngu&Pd ot her
pre-inspection operations that w et to ose In the
ane . Weam HifibeQg az i ingopéretigara30aior hsoalssﬁemt a @iaanmlsobgtloeursuaheas

ext ract, sol vents that are then
P INTEM o MR g bR 28 BWE T oYieon 384,
%CI) yére Gﬁ? 30 Ch? omat ogr aphy with Mss Spect?orret r?n?GgailSB) Ch'rb\lotrrgﬁ (rjlg{ ?52?@,
or addi t i ondimal,claaming methade8GLthenr proecedsyiohperaliona85k dvhate thehsupisirate

terrperatu e Wlth t e..r sultl ass yzed nam c ad space
Wit EEBptraR dea e Bes S Jondas HbueR SR o80%  SPhren
ade detﬁéﬁ%mﬂvé@ﬂbj? BPefayioe 68D widrsRe subbipstaidiglick Ns sBRRERYI iAMdeldiftized f the
deposited polynmer type is organic, then nmethod 700 proceeds to geratlon

720 whevater iy apmseximataly 39 mimesat w816e. qu)gebﬁtraémua‘acca%@hert vact ed in
an or gad}le%l with VENGntit AidUSP Ry 96 858 RMatSP! 6 MhiRufBRYinPépetafish BP0 Nfhe

softe
cleanlng method 600 then proceeds to operation 680 where the substrate surface is

dried under a heat lamp or in an oven for 2-4 hours. Final cleaning method 800 then
terminates at operation 690.

20 Fig. 7 describes a general cleaning process 700, which corresponds to operation
215 of Fig. 2, according to one embodiment of the invention, whereby a polymer
( deposited on semiconductor equipment substrate surfaces during wafer processing can
be removed. The process 700 starts at operation 705 and proceeds to operation 710
where a pre-inspection step is performed to determine the type of polymer deposited on
25 the substrate surface. The pre-inspection operation may include preparing and testing
the substrate sutface and other pre-inspection operations that will be apparent to those
of skill in the art. When characterizing the part with respect to organics, surface
extractions may be made using deionized water and solvents that are then analyzed by
a tfotal organic carbon analyzer (TOC) and Gas Chromatography (GC) or Gas
30 Chromatography with Mass Specirometry (GCMS). Alternatively, or additionally, the
entire substrate may be outgassed at a high temperature with the resuliing gasses

being analyzed by dynamic head space GCMS or ATD GCMS.
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5 dissolution and renoval of the organic process polynmers fromthe substrate
surface. Three types of organic solvents that are particularly preferred

i ncl ude pyrrol e-based solvents such as n-nethyl pyrrolidinone (NW),

al pha-pyrrolidinone, beta-pyrrolidinone, pyrrolidine and pyrrole;

am ne- baS208PIWBEL s such as hydroxyl ami ne, thyl am né@CTU ”W?-”é?ﬁ ne,

et hyl” por 1 CopBrabay > ol Aot o Ay OE e Steimibelngs, |1

met hyl opiehation 71@0n!&tﬁm@epns&e@mbjgﬂmar&@qis eghaic, ﬁmh Mettmﬁlmﬁrmmeaém | n

sone enbodlne of the i Ne I ¢ solvent is heat

Sbout - SReFInZDunesh de pubSTiAe B soakad. SeTe Fnpdaddlar YRR RIS of t he
or gani Gn ep%&%m%wmr nuﬁaﬁerfI&gbms s%wéﬁw%év bbh@sewhﬁ&ﬁ@ts%ﬂémn%he
organi ¢ sol'vent, nmethod 700 then proceeds to operation 725 where t

S ljlbst r alissoliofizang remavak pEtheardanic proseps pobimass drom dhg substidtai stgfase.gani ¢
n T ho 1509 b e 47 GEEER, i TRelhreCharBRTalh PR FONS B FieRecs 1o
oper at isclveﬁﬁﬁsumh@rsen-tﬂwns poEbNdihend g\lrelﬂpjaﬂpﬁaedyrmdmdmbg betagmpelidinone, 20
furnace, e, e erat_ur ra g| n from about SOC to abo 8Q0 C under
at rmsprﬁ)é!FrPE‘%B? e%‘@ﬂr%mP %[BWP ﬁ’P ge@tsh 380 hydroxlagming 1 @”@i?@anl C

pol ynern%eth¥19?m{@td|anyla ¢ and fRA Enﬁ:ﬂémahh f@&r@&ﬁ%%g?éicﬁs&@mb soikh %rsgam c

polyners are rel eased rom-t ace as determ ne n operation 740. If,
ato any etityl ctmmmr@aohmﬁretht‘abr@hvimmmbaﬁyuﬁmer,mmaftunmtwwgne&wbeﬂaer,f ace is

or ocoedonpisERaFT et alnel SR A PhIRRAERR.Y £ < Conkea 10 an acidic

solution until the substrate surface is deened to be.cl ean by inspection,
e.g., Visualn sospeambadimeiitseohthied investidnjtthe rorgarsie csavamnt uémeatéddesg)atb

typi cal i ns_h | / t d i
chpabl @Bt B Cole Rput PPt of ki e Sl e S5 aineliete ol s Sroef Con” ana
30 al uprdEEs Yol ~on the surface of the substrate. This frees any

associated netal inpurities, allowwing themto be rinsed off of the surface.
Nitric acid_nay be used to stabilize and increase the solubility of sone

st al i npur Fe¥ %’é’“@ JFORKiINg 29f thes shibgirale in) ther prganicosolvante imaihes d OFatheBsi um are

IragtT ?'Ugg;g% é%gggt?géé’rla%h 995 WHr& WY slfstEtd S fackTs WpelitalBl#dstesence of

any remaining organic polymers. [f an unacceptable amount of one or more organic

polymers remain on the surface as determined in operation 730, method 700 then

proceeds to operation 735 where the substrate is subjected fo a high temperature
20 furnace, e.g. at a temperature ranging from about 600°C to about 800° C under
atmospheric pressure for approximately 2 hours to break down the organic polymers.
Operation 735 is repeated until an acceptable level of organic polymers are released
from the surface as determined in operation 740.

if, at any of decision operations 715, 730 and/or 740, the substrate surface is
25 found to be essentially free of organic polymer residue(s), method 700 proceeds to
operation 745 whereby the substrate is soaked in an acidic solution until the substrate
surface is deemed fo be clean by inspection, e.g., visual inspection. The acidic solution

used for the acid-soak typically contains hydrofluoric and/or nitric acid. Hydrofluoric |
acid is capable of breaking silicon and aluminum bonds by dissolving the silicon and
30 aluminum oxides on the surface of the substrate. This frees any associated metal
impurities, allowing them to be rinsed off of the surface. Nitric acid may be used to
stabilize and increase the solubility of some metal impurities such that insoluble
fluorides of calcium and magnesium are retained in the solutioh and away from the
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surface of the substrate. Preferred concentrations of HF: HNG3: H20 i ncl ude,
109 30% 60% 10-20% 20-40% to 100% and 5-30% 10-50%to 100% After the
substrate surface has been soaked in the acidic solution until clean,

met hod 700 proceeds to operation 750 where the substrate surface is rinsed
with s O P85/988wat er at about 20C to about 50'C fo‘?CT;‘;[-W%MWiZ%gT es.

Fol | ow e et on| t fadlnge 0 ' S tion
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surfﬁce (rjo]tcjghness (Ra) gauge known as a profilometer, which can be
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procesg,veag,qm%’ W&W{e‘?ﬁﬁiaﬁs ﬁQ@e&%ﬁn'ﬁSorder to increase |aboratory

t hr oughput an ecrease exposur | aboratory workers to the hazardous
reagents described herein, robotic systems which incorporate one or nore of
t he conponefn EigeB, theepmepss 220 beding /a6 800 handvin A @pstaiips 80dhe iserfaepisoyed.

F I A C A g to th
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of the treatnent r OCess. s, in.one odi nen i nventi on, e
t0eat nét :g}t%gfsjqppgnﬁgi-fegp%gtofwatépq Wb&nﬁq%@sgﬂtcgmﬁ Q$'syst emthat has
been devel oped for perform ng such a task. FIG 9A is a flow chart

i Ll ustratinghe pigddsechén icohliMRisi inGnogiatior 8041 Whigh ik prefoRpiy perisrenatl t h
certain _enbodi mrents of the inventjon. FIG 9B _il]ustrates the quartz 25
sur f ac&vithta seannings eleckigr Bierapsors SEM)alamagpificatien of gbowt, 80084 (daeksF| G 9B

are d%ﬂ.rdtﬁéigq%’%%tg é:’aﬁflf‘é aagﬁy 58eP 1 BERE Eﬁ&gggbhg | 4P thi@ AnadiidBn 0fhePeai Ns

at operation proceeds to operatl to coarsely roughen the
quar t z psopeisa £20fis thenanomméteiadiBOboughness of about Ra 16 to a roughness of
about Ra 400. As a result, the surface area of the quartz surface is 30

670, Pidaee 8" Reileb, Bootoly, WHShARES ol R 68 0ARRRg oy 2o
Accor dilxigratonceotkersito the hazardous reagents described herein, robotic systems which
incorporate one or more of the components of the apparatus andfor the method steps
may be employed. For example, robotic introduction of solutions (acidic or aqueous)
into the containers, rotations of the substrate and/or pressurized grit expulsion nozzie
20 and/or temperature control may be performed to enhance throughput of the treatment
process. Thus, in one embodiment of the invention, the treatment process is performed
by a roboiic or automated system that has been developed for performing such a task.

FIG. 9A is a flow chart illustrating a method for treating a quartz surface in

accordance with certain embodiments of the invention. FIG. 9B illusirates the quariz

25 surface at various stages during the method of FIG. 8A. FIG. 9A and FIG. 9B are
described with reference to each other.

In FIG. 9A, method 900 begins at operation 810 and proceeds to operation 255’

to coarsely roughen the quartz surface from an initial roughness of about Ra 16 to a
roughness of about Ra 400. As a resuit, the surface area of the quartz surface is

30 increased. Surface 950 of FIG. 9B illustrates a surface roughness of about Ra 16.
Surface 952 illustrates a surface of roughness of about Ra 400. According to certain
embodiments, the quartz surface can be coarsely roughened by grit blasting the quartz
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enbodi nents, the quartz surface can be coarsely roughened by grit blasting
the quartz 16 WD 2005/010948 PCTI US2004/ 023597 surface using alurtiirium
oxide or silicon carbide of grit size in the range of 36 to 100. From
operation 255, nethod 900 proceeds to operation 260° to performa strong
etch to f WAHEHOWHEr ease the roughness (and surface aré‘a}'Jp Sg1040RE Tquar t z

1 et r aree by oA RS Gl BTRAR B e HTe RIEEE 0L o i

enbodi nents, a strong etch can be perforned by etching the quartz surface
for about 30Frarmapetation 256', methak80Qipiasgedsito @maratlwtg%!bltuumen‘nrm l@egtrangc| udes

cert ai nSltiie Ao hang R tofse BT auiriod el bBR oty dyreef TERRGR. °

quartz Ra 66T endas remevé mid cradky. eSutface 954 fRIGhIORUIllGSHatbs @nsdrfa%b éfncl udes
hydrofloric 10 acid, nitric acid and water in a ratio of 1:2:2. From

opér at | (RHGPBESS OhaboldRaBB0.pr Hecasding te cafiainamindinents, ﬁ(ﬁt'foinﬁét‘}h EBUdBen the
b
quart z an@?{ﬂoﬁf okdHin ﬁfe (F'e adﬂg’gcﬁ% E\B{;’lﬂkﬁ?ﬁﬁnlﬁ@@@? %Brtfnﬁ‘lﬁf'esaueﬁ@] gh0 about
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on the qtulmngzsolﬂhm’fﬁmélnokateerWdrrg‘Idrlo anidd, trifirin axith add watesin a matiqobitlzl.sur f ace

can beflnel 1s b rit. blastin eqart surface, usi

al um nuﬁ 89<rd Elalni @BW %’Hg%‘ﬂﬁ'&“{ﬁ geﬁropg%t% H %;Zsy e@{'}p’p&ﬁg 956 of
FIG 9B uhhygbﬁ@dee@r absut fACRIrRitey @i BA Sictig a@aﬂén Fkiat @Qﬂmes Hydesflopiper at i on
235’ rret hod 900 optionally proceeds to operation 240" to performa weak

etléh t o afidy hikrisr agighand weterdima ralinightid®s (and surface area) of the quartz

surface. Surface 958 of FIG 9B illustrates a surface of roughness of about
600+ BpeiaiiBn 28pS §hé b@%@?ﬁébé@d&ttﬁo 4G 28510 iy B‘éﬁf Or med
by\.et chi ng t e qugrtdgggur ace for about 2 m nut%é to 3 mnutes @

et chi ngtheotjuartinsurfane to fudhedincreasgdhe froughnesadaad sufface aresi to ahau aer in a
ratio o t Qr can be
per f or me80h Fnd i HEAH B AdeBELh Bullon’or viTBRaBR 1nBr BRe AR Y o
usi ng asudeehi Agcosdihg to certdih amboditherds, théydaxt korface eari be finély roughened 25

A houg B CHEDBAYEH R aHeHASUE8En LS SHBBUT I PoSGe S5 are aisof

enbodi MRk 220! SuMdck 956 &F@f@ﬂluéﬁt&@@%@r@&é b RfhighRedd 6 Abolit RAFopyar i ous
changes and nodi fications can be nade w thout depart| ng fromthe invention.

For exanpl e, the techni ques and
From operation 235, method 900 optionally proceeds to operation 240’ to

perform a weak etch to further increase the roughness (and surface area) of the quartz
surface. Surface 958 of FIG. 9B illustrates a surface of roughness of about Ra 600+,
20 According to certain embodiments, a weak etch can be performed by etching the quartz
surface for about 2 minutes to 3 minutes using an etching solution that includes
(' hydrofloric acid, nitric acid and water in a ratio of 1:3:3. According to certain other
embodiments, a weak etch can be performed by etching the quartz surface for about 5
minutes to 10 minutes using an etching solution that includes hydrofloric acid, nitric acid

25 and water in a ratio of 1:1:1. The method 900 ends at operation 960.

Although the invention has been described with respect to particular embodiments,
it will be apparent to those skilled in the art that various changes and modifications can
be made without departing from the invention. For example, the techniques and
apparatus described above may be used in various combinations and other uses for the

30 present invention are also contemplated. It is also noted that equivalents for the
particular embodiments discussed in this description may be used in the invention as

well.
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apparatus descri bed above may be used in various conbi nati ons and ot her uses
for the 30 present invention are also contenplated. It is also noted that
equi valents for the particular enbodi nents discussed in this description
may be used in the invention as well. 17 CLAIMS 1. A nethod for treating a
wor ki ng surface of a quartz sem conductor manufacturing substrate

conpri sChgIMBreparing a quartz sem conductor manufacturing substrate to
provi de a working surface having an initial working surface roughness;
ultrasonically acid-etching said working surface to increase said initial
wor ki ngy - sur A 36650 4ahnEse0f waakifly WBITKLNGE SULAAE SelioRlind GARba Ry 0%
and grit blasting sald worki ng surface after trasonlcéfly acl d-etching
sai d woyulkktrge canpfisiee with a fine grit having a nesh size greater than about
100. 2. A nethod for treating said working surface of said qyartz )

sem conduct OMCPHEEUR SRIF | STHISUNSEIPRIRAGSACEEHIE sePsiratec [aPFRvIdsielVaTiNG ai d

fine grg‘utfa@égﬁ%@r}éf'r%@gﬁ?f[%rﬂéggﬁﬂce r&%ﬁlﬁ%bout 200. 3. A nethod for treating

said workin sald quartz conductor manufacturing substrate
as recited iultradoaicaill ashibetehimgsaiidl veakigeswwhicagoi miceecatd resid adiial- ebdddgng  and
further conprisjng a second acid-etching of said working surface after fine
grit b|Sa@ﬁapfh@ug%%ﬁsaOmfﬁmg}ﬂ%&?wr%@%mt ]%Ntﬁé?‘i‘fc}(@%;é‘ingtreati ng sai d working

surface of sagi.d tz.: ] n 40 g . SHDS :as >lfed in
ci'ai m 3 wherl R i o o BB bR P B
f r om sajutfavowkh adins wtit &aeng haresk aizd gaawodtnadbd- El0chi ng. 18

2. A method for treating said working surface of said quartz semiconductor
manufacturing substrate as recited in claim 1 wherein said fine grit has a mesh size greater

than about 200,

3. A method for treating said working surface of said quartz semiconductor
manufacturing substrate as recited in claim 1 wherein said acid-etching is a first acid-etching
and further comprising a second acid-etching of said working surface after fine grit blasting

said working surface.
4. A method for treating said working surface of said quartz semiconductor

manufacturing substrate as recited inclaim 3 wherein said first acid-etching removes

substantially more material from said working surface than said second acid-etching.
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