CLEANI NG PROCESS AND APPARATUS FOR SI LI CATE MATERI ALS Field of the

I nventi on The present invention relates to nethods and
apparatus for treating silicate 5substrate surfaces and, nore
particularly, textured quartz substrates. Description of the Rel ated
Art Dur ChEANING RROCESSIAMDOAPRARAELS tEﬂR@II.FiCM&Méé' ERIALS as
dielectric etching or chem cal vapor deposition, unwanted materials
are sonetines forned on the interior surfaces of t he processing
chanber and on the chanber parts used in the io nanufacturing
process. Field afshe imp@ntiamt that the materials deposited on the interior
surfaces and chanber parts not becone a source of contam nants that
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cause high resistance, adhesson problems for subsequent layers, reduced insulation,

and other performance and reliability problems.

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

20 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 fo "dry clean" the semiconductor processing parts. In that prior art method,
fluorine-based gases such as CF4 and CHF3 and oxygen are highly energized to form a

30 plasma which reacts with the contaminants to form COz SiFz and other gaseous

compounds which are then vacuumed away through the processing chamber's exhaust
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conpounds whi ch are then vacuunmed away through the processing
chanber's exhaust sytelb. One of the nore common silicates used
for chanber parts and surfaces is quartz (5102). For exanple, quartz
donmes are used to define the top portion of some sem conductor
chanber ssyséerd. quartz nozzles are used to inject gasses into 5
sem conduct or chanbers. However, the prior art nethodology is
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fl aki ng

r sheddi of | C te ust
cont an BRI e oA o ehieclo RS PRt R st 6 be too
mai nt ai rélevg fér MosipLBpoSaRC Hawesr, it hasibden foumd thitegrititasting zd theohigh g es
of the surface shoul d provide ig&; ved adeesiVﬁ gro%erésies for |
hotti ng 16ACS B Waate @arks 120 Brtbe feitahened SHITAGS « TBSSR,IASKS an cause pleces of
Sem CONGHE [BligHEREICSTARE: to MBS $8drce &F SarfiI8 BonfRinant® M0 hP bBLoing
such a substrate surface and a net hod
dislodged from substrate 130, suca as illustrated in Fig. 1C. Such particle contaminants
may introduce impurities in the wafers being processed, adversely affect yield. In
addition, as illustrated in Fig. 1D, contaminants may adhere to the substrate surface
25 over time and will eventually flake off or otherwise become dislodged from substirate

130 and fall in pieces 170 onto the wafers.

Therefore, what is needed is a method of forming a textured quartz substrate
surface generates fewer cracks and other defects, and which reduces flaking or
shedding of particulate matier, such as dust and cther 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 systems capable of forming such a substrate surface and a method
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and apparatus which is particularly applicable to renove pol yner and
phot oresi stive contam nant build-up on these surfaces such as quartz.
It is further desirable to further increase the surface area of a
textured quartz surface. -S-unmary of the Invention The
present amy @pparaiupmdichd &sparithlady applicat@spao acmeve qrolymmaahd\g)hotoresistive
silicon-containi ter| s and articul a
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nmeasur edinbiesse Hek B@F50e arehicf A teX0rePaRtAigfagkl ction 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 dislodged fromthe quartz surface. ioln
one aspect of the present invention, a nethod for treating a surface
of a quartz substrate includes preparing a quartz substrate to
provi de a working surface having an initial working surface
roughness; and then ultrasonically acid-etching the working surface
to increase the roughness of the working surface by at |east about
10% In one enbodinent, the initial surface roughness is greater than
about 10 Ra, and in another 15 enbodinment the initial surface
roughness is greater than about 200 Ra. In a still further

enbodi nent, the initial - surface area, if |ess than about 200 Ra, is
increased to greater than about 200 Ra. In other enbodi nents of the
present invention, the working surface roughness is increased by at

| east about 25% or at |east about 50% In another enbodi nent, the

wor king surface is grit blasting after ultrasonically 20
acid-etching the working surface wwth a fine grit having a nesh size
greater than about 100. In another enbodinent, the fine grit has a
mesh size of greater than about 200. In a still further enbodinent, a
second acid-etching is perforned after the fine grit blasting.

I n anot her 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 working
surface of the substrate; and subjecting the substrate surface to a
final cleaning process which prepares the substrate for use. In one
enbodi nent, the nethod 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.



30l n anot her enbodi nent, the final cleaning process includes
contacting the substrate with an acidic solution selected fromthe
group consisting of HF: HNO3: H20 and HF: H202: HNG3, rinsing the
substrate with deionized water, . ultrasonicating the substrate in an
ul trasoni cati on dei oni zed wat eSURKRAY ofiffiF IAYeRlN substrate with
nitrogen to renove excess npisture; and heating the substrate under a
heat lanp or in an oven to thoroughly dry the substrate. In another
enbodi ment, the nethod includes m cro-roughening the surface of the
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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

quartz 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 sutface having an average surface
roughness (Ra) of between about 100 and about 400 Ra.

30 In another embodiment, the final cleaning process includes contaciing the
substrate with an acidic solution selected from the group consisting of HF:HNO3:H0
and HF:H202:HNOj3, rinsing the substrate with deionized water; ulirasonicating the



It will therefore be appreciated that the nethods and apparat us of

the present invention provide for the treatnent of silicon-containing
substrates and, in one preferred enbodi nent, textured quartz

surfaces. These and ot her advantages and features of the invention
will be suwhstratelin gn alpsepicatien defemizedheates bathwidngng gheasulsirate with nitrogen
descriptjo t W)Y l. [ . ' ' ' Wi .
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Il lustrating one enbodi nent of the cleaning process in 1l5accordance
with the in i @, | ; ' '

cl eani ng pr \gﬁeruédgﬂ?br{ %S(ngif 52&%6\5‘\%5%“?%\)8%@?8%méég[lgdrjrzﬁﬁ%ét"%hg surface of a
i nv@ent i osilicon-containing substrate includes immersing the substrate into a chemical solution to

substantially remove a non-organic contaminant; rinsing the substrate with deionized
water; and subjecting the substrate surface to a final cleaning process which prepares
the substrate for use. [n one embodiment the method further includes immersing the
substrate into a second chemical solution to substantially remove an organic.
15 contaminant before immersing the substrate into the first chemical solution. In 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

project grit against the surface of the substrate at a predetermined distance from, and at

an angle less than about 60° fo, 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 roughening operation.

It 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 quartz 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.



. FIG 8 is a flowhart illustrating a method for inspecting a
substrate surface for roughness and/ or damage; 20FIG 9A is a flow
chart illustrating a nethod for treating a quartz surface in
accordance with certain enbodinents of the invention; and FIG 9B
illustrates the quartz surfaBeehDeseittionof Hiealigeresuri ng t he net hod of
FIG 9A. Detailed Description of the Preferred Enbodi nents Unl ess
otherwi se indicated, all technical and scientific terns used herein
have 5 the same nmeaning as they would to one skilled in the art of
the present invention. It is to be understood that this invention is
not limted to the particul ar methodol ogy, protocols and reagents

ner i n ar e olgedr 0, are dRiReyPhe of ks BPnd AL FabBnd Wil prisc e

of ﬁescrrinb'thmglsand di scl osi ng net hodol ogi es and devices with m ght be
used in connection with the iocleaning and m cro-roughi ng processes

and devi ces he | Definitions . B .
T r or rougHaR Ags Sofowahert ustilipRe BBooRS Riecleaningd sustree Ao LiRtAle
of the sgwotdgr@;@g@trpim\élpii:@g@ﬁsn\@‘nt.ansurface above and below its mean
position, and includes the way in which the mcro-roughness is
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from of the substrate in accordance with the present invention;

10 FIG. 4 is a flowchart illustrating a process of etching a substrate according to one

embodiment of the invention;

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

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 another

embodiment of the invention;

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

roughness and/or damage;

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

accordance with certain embodiments of the invention; and

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



| spl ated surface defects and contam nants such as dust particles.

It is understood that the term "substrate"” as used herein includes,
but is not limted to a part which is undergoing a cleaning or

m cr o-rougheni ng operatiqn,.. a,sen1conductor material in the formof a
filmon a substrate, Reiigdlencsptie efthePreterediimbodiments ed waf er .
The term "sem conductor material" as used herein includes, but is not
limted to single crystal silicon, polysilicon, anorphous silicon and
[11-V sem conductor material. The term "substrate surface”

i ncl udes the sem conductor device substrate as well as all |ayers

fabricated o ' d i S te, .Therefore
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|. Definitions

By "micro-roughening” or "micro-roughness” is meant the root mean square of the
short-range deviations of a surface above and below its mean position, and includes the
way in which the micro-roughness is distributed at different spatial frequencies, or

15 different sizes, of structure on the surface of interest. This is to 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 11i-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 to 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 mixture of substances and includes but is not



5As used herein, the term"ultrasonic" generally refers to acoustic

di sturbances in a frequency range above about eighteen kil ohertz and
whi ch extend upwards to over two negahertz. The invention is
further jl]Justrated by.the follow ng preferred enbodi nents. In the
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appear i ng; ; han one drawing refers to the sanme feature. I1.
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over the prior art. The substrate has fewer cracks bel ow the surface,
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and ot he m nant s hat, have .gccunyl ated on the surface.
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adhesi vetww opgahéres for collecting such particulate matter during the
course of sem conductor processing. Still further, the 20 surface

area is increased, which increase e stiction of contam nant |ayers
to the substri Bvention 'Sr}ﬂ*ﬁﬁerrfﬁlﬂi@ze%g‘é ﬂb%&ﬁlomree‘%ﬂ%iewapdmnt%r ir the
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comonl ?oan%él i n rods, tubes, cr ugi bl es, donggdngghgﬁg\grbgég%%g}@l ||n ore

Y !
j als. ThibaRengsavingdetes tatberameieatireani ng cont ani nant's from ot her
25 sem conduct or wor kpi eces such as those including polysilicon and

si ngl e o YMetodShnd Ag?aramy&hh@,&ﬂQEH%ﬁ ound in chanber roofs, "'source
rings, col S bel ow are the steps of the

met hod and apparat us_usef LI_| for carrying out the nethod. Fig. 2
i s a flowcharths invertiandrpyiges, igone @gpesteMedpdsdor eleanivgemisrergoughening or
substr at | | [ : |
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below the surface, which reduces fiaking 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 contaminant layers to the
substrate.

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 crystal 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 parts such as those noted

above. Method 200 starts at operation 205 and proceeds to operation 210 where a

8



deasiori= is nmade as to whether the substrate is new or not. If the
substrate is not new, then the method proceeds to operation 215 to
clean the substrate to renove any deposits. One such cl eani ng nethod
is describgd. in. greater. detail herein with reference to Fig. 7.

5Var i ous 9REfRBdS Made atowhetheothe sbstratspis siemsor netm Eihei substratstismot new,

manuf act ydnNghes HRshES §cee§$\/faor Géer%’fi(% eif?ﬂ:pg%%ﬁ%ﬁa Lgléﬂ%ég 38 ié?;gnove any

substrates using organic solvents I's descr n-co-

pat ent agepositat iQne suctbaeartioy eBh@5B, ddsclibet ugresater Adtail20din with @ferefice
i ncor por?ctl_@lg1 ?y reference herein in its entirety. Another nethod for

cl eani ng seri conductor fabrication substrates is disclosed in

co-owned U. S. 10 patent application nunber 09/927,263, filed August

|1:o, 52001 whi cw.agc?gi nPe’rgpdsagmy Ebe r edert SﬂmCﬁcldS@T edlépdsitsi ':fﬁanﬁfngém%tbﬁductor
romoperatl n 0] 1 g. W the nmethod then proceeds {0 operatlon

220 to iMEpPE tu(rwg §Qﬂf§r@?%ﬁ'e Sﬁ)’ﬁf&édﬁg@%&edr W&%sérag@wg FHRaiies TR
i nspect i omyanResoMAS i GeseBeriiRes-dwhedlf 9%.%aé&ﬂ;a’ﬁddlic£lﬁfr?hﬂ}n%ﬂ b9 945,259,

reference to Fig. 8. 15Next, in operation ecision is nma

to whet hEpd AnEUST AL 1308 e Whishria drcorperated; herefergore bargiaimite entiretyf. ohnother
roughnes ol ' f ecl Sl IS

hat T he eulsg ot PeaRigenRforkiinidt afaO sibsatds R G RbREY kEcFBEfey u.s
pr &t eedspatenidapplication petbeh &L, 268 filddoAugsst il €083 wiichvieirterpdrited by

SUbStrat%f&ﬁﬁ%%ﬁgrﬁilfﬁggneﬂeﬁﬁeti s acceptable. If the roughness is not

accept abl’e; ¥20 proceeds to operation 255 where the
substrate.surface is grit blasted rough as described herein. If the

substrat e surframeoperatien i aeHigt @, ke aneibpt ahbe procexdr &t bperalé® 220 to
o operation 260 where the_substrate surface

t hen net, 0. pr.oceeds , ACE.
< ot oot M BUSTER Suoa B (diohBfak erulbLoiviase The npalion.aperation is
speci f i addsceibed By greatgldeesiherbinafitArefiehsd AFig28, 230 is made as to

whet her the surface needs to be mcro-roughened. |If the surface needs

to _be m cro-roughened, theg é’he met hod 200 proceeds to operation 235
whEr e the sub¥taNPREAYOLE29RIAREIO0 1§ Made 8S e vietheriesubstiste. surfase

M Cr O- I GHEAE th8 FeQUIRSE BardnfeteRSTF @@gh 359" | boi
reference to Fi gs.aUSA- gDr her ei n. Irf hde gurﬁgfg?pgg@@n%%@‘r?ggndetpgdggo, 8
ni cr o- r SlR§HGTEE, Mededhehibensulisbiaterdoes Bot meet el spedificationatheonth24method

The 11 ndlC ) R io UeEisTH! 265 kLS Wa0RRnTe MR af LA LB Ak o

r ef er endeughnesisgis accapdablewi rif) thérerobigimssciseant eeeptable,), theat Metha0 200

thgn t erprf(bébaetdgstoatoperation 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 surface is etched
to 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. |f the surface

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

the substrate 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 substrate 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



operation .270. Wth reference to operation 210 in Fig. 2, if the
substrate surface is determned to be new in operation 210 then a
decision 250 is nmade as to whether the substrate surface is
textured. |If the substrate surface is not textured, then the surface
may be gopératisnBF@ist ed rough in operation 255 to create a textured
surface. Rough grit blasting may be perforned by a variety of

t hods known,i: 0, i i he-.ard .. od . .
mec r 8- roughe n\ll\bltg r%#eég%rﬁeo%dﬁ% é%tlﬂ“rﬂg [Bﬁ:@g éfrtgg §8H§t})§&isb'g?°%ﬁ- %e[gc,arngged to
wel | as baeneapfracperationn®y0 blﬁemsemcé&ighzm. 8. madegsy ttgrvil'})etﬁérz’f@ substrate
d/ i.ous. angl e ¢ es . a ee , .such that the substrate .
e e
surf ace. plasted rou%ﬂﬁ in bperafien 255 eNcréald ftextiigd sdrfade.deci sion i s nade
that the substrate surface is properly textured or if the substrate

surface is grit blasted rough in operation 255, then nmethod 200
proceeds t OQOB@I‘I&[ Btnt‘ﬁ %%@V@etﬂ?éf%rﬁﬁgtbb’éi warjely ef yedipdsonionfiotpdhass of

cracks tgaf i e W@ﬁ%{ﬁodbﬁ'%%@gﬁﬁﬁigg%s%béggﬁa@hﬁifg ﬂet@eplé'?o Figs.

etching operation 15260 is descri eater W ef erenc
to Fig. JAREL@swell as the appargug, may beaidedwhitty eeg.dargeg goip eizas iand/op 88tious
met hod ZQIQ

o whot narolp sionfe? SE3iRdeh . S Riak e SBeE olidel KK el i 8o

hetei n. Poperygtextwerthe snbstratesuffade.i cati on process, materials are not
only deposited on 20 the wafer, but also are deposited on substrates

t hat t ' t f icati ' nt. ,JFor,certain.

mter o s e SdbTaRETRE0 R 16,08, Rl sl dh ALY, syttt Rlirte s

][ IOUE h, ]E chmpﬁﬂy exitarled romyif th\@thSLﬁﬁt‘r?feesdrfaﬁth gfiﬁt?rabmt ritofiagh D?Eip&rad?ﬁ 2559 fHen
ts onto the wafer s contaminating the wafer.

Pr osont | PEod 208 ProcRus. o ansTatian 200 IAPES S PURTTEe 1§ Slsteg el friove any

parts dogeks ﬂfa@‘r‘rﬁéf_bél phatcht BERM tlﬁeﬁﬁr%ge(ﬁf thOYobarss. Hr &Ehﬁwgﬁ?peration

fabrication parts. 'This is primarily to the fact that pres

r otfgheni 2R isrdsserkessingreater dgtaifwyh refasenemistirigt€hpein.s or nmake the

surfaces too snoot h, e!ther of which can have detrinmental effects on
the overal | R 3CEIOWIY BIARESSheration 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 semiconductor
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 shield 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
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If the substrate surface is roughened too extensively, the thinner
fabrication conponents nmay be penetrated by the blasting material. On
the other hand, if the 30 shield is blasted for |ong periods of

time, the cleaning process may produce a relatively snooth surface,

whi ch r esdighgd siubstiratesppaticelbsy noarfty,akawisolgf lage pietb® ofvitfeesubstrate to fall off

the sur r A po sl e st > el BR B C Sl Ao Kateli e & P
quartz, gAsD hgeliraegtediketrsorigoiyepeblesis.ate to fall of f during
sem conduct or manufacturing. The method di scussed with reference to

Fi . 3A-3D [ di the f ' b . ' . .3A-3D
| st rat o arl BRbUAIRRS EatesA1E RUPRTTentRIEH AbsRe H05faviad aoststacg 310
t hag undm@ggﬁ@erEPgs tHeCrhRré-PL MNP pidces£360, 2fsd mqwﬂaﬁdhsoz%@rﬁdemw Fig.

230 and 235 of 2, in accordance with the principles of
present 2nieagqassancenwitly (e triaciplasuet theepissenblinventitieniThe phstrats surface

I ncl udes ( ' A ' ' :
520, 11 ORI PIacBbe STNIAEY Lo pRosshitzd oft SadBE At it
sprayed norze 326.ubynrehich swpliirality FiDit of(genetallytdesignateds 8BS} is speay@aisonto a
For illu LV r nly, th 1 u r , .S shown to

ave & colsiale Syfteb8nt it fdkion BPswitialisfa’ Brlurstatite BHZFSes Eny. the
subst rA a}) wmu(ataees hrithmmo fhgye rwamjgvgfsmfgaé,eﬁmr@\a@{ itfdhauild b‘% ru?ﬁb&tood
etc. se_(not wn) may be provi ded and adapted to suppor e
Subst r at Bafie ﬁgbﬁrﬁge ﬁéﬁ@@%m%ﬁ%ﬁew AYRIDST & BRBPa1RE TRinbICe ete. A
subst r atgas#0mdt ShERAT redy Be TirBdBYrridy adiéd 2o BabBbIitahe substrdfdCduring the
pressurized grit source 315, such as a vacuumtype bead bl ast tool,

i s posi tioygBening ogedtionance of approxi mately three to nine inches,
preferably six inches, fromthe substrate surface 310, at an angle

| ess than aigfﬁnle]?&?ﬁ%iﬁ{e‘?&?%ﬁ'e}’s%%@(BU@W@%d@?’f é.ﬁg%%&ﬁ%ﬁﬂ%@z material.

preferably . e pressuriz grit source 315 is _
antfl es the pwssuries giibsowieei 35, puth ama vasugbuiype dipadi blasidook igyposifioned

angl es, 4 8l BptonAOIRURS) AL SUGKBGERL0 LLOMANGT GHARENLEG e

process Ry No ave e Super’i or properties ne

di r ect i cndistretepantiest319, at anrangiEhiees sharasbdut S0desiefedblgfdppedximbtely 45°+/-
facilitat,ing,the adhesi,aon qf cont am nant, at ons nol ecul es,

o0 | et aPOd mTEGHETE el g Hovsr e Mt SIS, S5 RorssRued st pngles
when t hehgt ezt esuB8fantislhe TRINPVRE AbbveléheRfddC faHEeC bPrarietf et PdultEint
process. 25The grit angle is preferably held constant b rit

soth ce ndsirateasuEacIn? 10 Joum ther epugheningl Progessi maz/anp%m%«ygi theg ggperior
I nclu espr%?@r‘ﬁés.lﬂénﬁ&iéﬁsraeag%t Fhigr hﬁeﬁgﬁéﬁ&e%hﬁ néﬂat-ﬁigahné@tha% fhe

angl e of It ejection ma altered ore
m cr o- r clegirediaftgcbpitagilitaiing 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 ejection may be altered before or during the micro-
roughening operation.

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

30 of grit 325 onto the substrate surface 310, is franslaied 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
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I n one enbodi nent., the pressurized grit source 315, when projecting
the plurality 30 of grit 325 onto the substrate surface 310, is

transl ated across the substrate surface 310 by the nobilization unit
380, e.g. on_wheels 385, 386, 387, in the directions depicted by a

pl ural i t §s EoWnT Bt Ficon3Byr r Breferzdly, thapresswized agrédsaurciand/@Tihe substrate

anal ogoug,, ﬁ&e%r?ﬁ%@éd‘%lﬁ%’ﬂ%neﬂn%ﬂ{é?at ively, the pressurized grit

source is tran ina single direction 370 as shown in Fig. 3B.
Preferably, the pressurized grit source and/or the substrate surface
are rotated Altgraglivedy,tar ioregiditiont togithe relativeArdtetioranotedll shove, the pressurized

dditi i ted .ab d It
Sour ce s vl B i hlaig tud Bk oy BB ddoberibsbahs e on @
e. g5, onragial=rmadb@l When f&ﬁﬁlblﬁﬂdemth(lﬁ@rﬁeﬁvdwﬁbﬂéﬁ‘eﬂ veRicity] ¥ translational
notion between the pressurlzed

rotational .velo the transl ati.onal
grit soufiolo %&&%\1’?—%1 thay pressrdzed prbsurge andethg syhistrate pwidace define a spiral
cent er edipglis 858 caiffefecPht thetaild So8Bn @Sotofﬁ?ne%{n)%wé@%e r.e360

The ejected grit forms a grit inpact area (not shown | ative
rotational and translational velocity just described can define the

grit inpact Hiecisaled gRdernihia giitimpagtareaniaelshaven. cihe Istativejrotatietaloand
control 't‘?ﬁ]é?éﬁﬁ YeloERy us‘?fderSEt‘?@é?j ¥&h Yekihd €Eﬁe g]n?1 Ifﬂ@gcte&%g dﬂ?ﬁ Pihe grit

t he invention, e grit’inpact area spans gt on
ext@endi nignpagh raaaa gan renadjhstedeon @Jn‘tm‘lled Hoey adjbstmam ef these helpcities. In one

enbodi ne r cl udes r ot at one or

of the  cappaditifellct " BHENER, 3e Tl bl Bred GhabS A WG T & clftton
one anotédending radially st dhé icehtey dfhibessuBtrbigie In this mbodithdnbiethe micro-
pressurized grit so \Aglrd t axis of rotatign of the substrate
whi ch pr&‘z’%%gng h@eﬂlﬂdgt'”&é o iEleA aPNe Rl W(Hﬁspgtthﬁnﬁll'rfﬁﬁﬁ i3dq@ and the
bet ween 6@@3@(2%8}1#& Iséaﬂ:eqm refRHB a8 ohb2arAter 4H %‘t‘@ﬁbétéﬁﬁ’a[@‘{ﬁé%‘éﬁe?’ﬂrﬂe

such that a spir | ocus is defi ned as not ed above. one
enbodi meAPViBg thﬁ Presprsized cmit spHEng igwesd tite aiis| oft lolationoof ﬂne $uhstratee which

novi ng t tg_S
the. predzaFog R Feptls tokuaa anEhBaidt Tholor bl RSPl gr
di st ancessipendda em;d mbestgmtratd apdade at@autiothatas kprainolces @560t atafined as
365 of t%@ PL 53 uri zed grit source and/or substrate about the center

of the axi & 8ro¥otation 350. In this enbodi ment, the grit inpact area

conpletely and uniformy covers the surface of the substrate when the

spiral | ocusn bee eeiboimdentTdfi the imeniidbeproeidingt the relatias hhcﬁiﬁ)ﬁ |ﬂclfi@§d frdfing
t he re ative

ro- r hened surfagce ernati vel di n
rm%c. on H%Pua%%"%ﬁ@.qﬁﬁ %OHEC%F%@ r?tz%daf&r ?@’%B@?é e PEEsSirzgd Qrit sopreeis
such t hahoﬁéwbpraeaiswncéashm it tl@dfs%c’essﬂﬂhhéﬂ Hyﬂﬂieabﬂltym’fbécﬂ afdS RERh
which is Ie?s than the di stance spanned by t rit Tnpact area for

each corf9M# %terfeta&f)néﬁ%ﬁ@wf%ﬁ'érﬂ@d@é@pu@@oﬁ Presubstiatecaboys the eenger of
center Ghe s @KirStalbn 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 and/or tungsten
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30rotation 350. « The plurality of grit 325 used in the roughening
process may be forned of any suitable abrasive material such as

al um num oxi de, silicon carbide and/or tungsten carbide as descri bed
in US. Patent No. 5,170,245, which is incorporated herein by

r ef er encearbidfe agrdascybed i 3J.8y platent | No.b2l e 245, ehinhdisl Deorpodated herein by

advant ag ' h gk kt_ Si i_nter [

16 and 1600erEdo ot site " JyBBAESBoNTis o §6 rlluClE? BbEnteBeous
sur f ace 8ubdodimentwéltheiprocessf 4 gl size intermenlinjbém 16 had 19098 bséd .aﬂ"ﬁtfa grit 330
surface 310Q. .The rel atjonshi et ween bl ast ti, and, the surface
oughnest BRNSHAAETE e pebslal BiAra nd0: gl wodlibsihaent T Jalgtmn the
mays be dedisstrate efirfage 080, 0f THE rblatibAsKipehativeen the blast time B! theéP8urface
understood that the size of the inpact area of the grit wll vary

dependi nfPUIRNSS: ORizIBAd Jar depandest upen thes e &f tubsypteniusgdi and iteay be

nozzl e 339teﬂﬁi>hed:b§)on%f¥fkmhﬁ | zg of the inpact area or the speed at
which the notion I's conducted nay al so vary the size of the inpact

area, or changing the pressure. Fromthe above, it is apparent that
the present If shedldi ba widerstaed thaththensigeosf theeitnpany areguof thee gt vdll vary

substr at | : incl S. t f
osi t1 ortrag GHSPERLEN hafeRts, FOF IREIEd b el i F £Re28 R ey
anto at avatgshe side af lecimpst areastrehe ispedd at whichehe widtiends ebndutteddimageliso
that is to be rou ned an rojectin rit fromthe pressurized grit,
sour ce a‘ﬁﬁn’ﬁ%% S?ﬂg?gﬁo@ﬂaﬁgﬁ'%éub? g ggtge\;:g?%r?y s "Pm:itgﬁta Bv&: oftmis
a rougheamshrentr ftae ethe Apreeu@th Riverticniréhged R HRARES FUEARR 8T SAfacdef a
therefore stict bon of contam nant |ayers to workings surfaces of

subst r at ¥PSIEGDY A 1quaheping: Bocess- etloRi Methadolekidea doe stens: of pesitiening a
one enbosheBRIHzea! ghiPSsouféh 'évﬁeéétﬁﬂningﬁcgff%cer GORP Sarit0 %t bggéri]%re%t angle

operation 410 and proceeds to operation where the etch

m &% o- r citpstaniiafhnicather sirkace of theeoldiect thatds toperraugiienet2and srofesing ighittom
et chi ng Hegraeitiza B SFFolrts a0ah b SIS hiffoq 3hm yrorty Pifitient o form o
subst r azj magl;mriabaltrfanﬂe_ rAy umghgne@ﬁ% dages 'mbﬁag_ds &l Ebcseialgé@&ﬁﬂ itRer8for® stiction
co- owned_.U. applicatiqn nunber copending U S. Patent
Applicat‘?f_&H“F@cT'Bg“t'f‘)é?rﬁg‘}’w&éf'%?%@ﬁeé_ogéé%iﬂ 7. US01) entitl ed

"U trasoni c Assisted Etch Using Corrosive Liquids", which has been

i ncor por at ed Figr 4iillushytaschrrettiiny phreddseMoTD abésdingl 18- G5 emiRAiméMNof the
oper atian 4?%0 [Et hod 400 th @ term nates at operation 440. Fig. 51isS
a 9 owcHAY§NtRN, P'P'agipﬁ@"eéspﬁfo Reging aorgsatiand 1Y ARY PrRecesds fio graration 420

m cro- 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.US01) entitled "Ultrasonic Assisted Etch Using Corrosive Liquids", 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
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30 rougheni ng paraneters according to one enbodinment. In Fig. 5,

met hod 420 begins at 510 and proceeds to operation 512 for obtaining

a sanple ("coupon"). Next a decision is nade at operation 514 to
determ ne whether the sanple is textured. If it is decided that the
sanpl e i tensdmplext towsyet, HEH it Tbeddedhthat phe ceauie i texhened; itfen §16 medhod
texture h anpl e. Howe I f it is -decided that .the samle | s
text ur PRl ThePreRlcE B st sutessollonares Kt n dRoREBdr 18y, the
roughnesmetiest précgees§ oy peratiex 620t e mekingd aphegesids deer@peitiohi on etch
520 for nuki ng% a heuyristic de{a‘%{m nation of etch paranmeters and

mi cro- r oRYREIRPIS [FRAaRIErOUIRRIING x BRIFMEIS$ychFar HetamRle; such a heuristic
det er m N@&teARingBYN InMUAPINVEIVE d &I IddRAs Egszé@§ﬁ%u?fﬁci§£ ﬁgﬁ@g‘%isgoug@ﬁ%od

The method 420 term nates at operation I'lustrates
t he fi naf2Qiasmingievatepersttdn 524 Fig. 6, the operation begins at 610
and proceeds to decision operation 620 where the cleaning type is

det er m ned. : ' I i i .
sprayed wit h%ﬁ%@ﬁﬁ%@gg{h&% C Hs%ﬁcﬂu B%% %@Hﬁﬁ%?ﬁkﬁﬁ%ﬁsﬁﬁh begins at
oper at i of1Gaadgproseatetd deacision| menation 620 wiicre,the uidaning HcHNGBetbatined.

for 10-30. mn W LN eration 640. JFi nal .cl eani.n

ot hod oo Akl 220 Be kbR B ke Bediar spraver wilt A e BB, aen

ies; gri nsegs vw]f:hﬂlgdlgil—mrbgem \wperationt sgggo#\iﬁﬁaken hiﬁ-éSBIﬁitaﬁiu?egoluﬁ?@r 8utiPras
ist 0 oper ati on here the substrate surface is

soni cat eﬁﬁwﬁéhéﬁf%éaﬁ-ﬁmM%ﬁas DOV PErAREP40-30 ni nutes at

38-46C. The substrate surface is then blow dried with N2 until

visual Iy dry Figsl aaainginighed B08-theriTpfoteeds itd opBRitishi 68D ®iere thessubstrate
cl eani ng net hod 600 then proceeds to operation 680 where the

h
subst r at @iragefia desed withideipnizrtbwater gbge" G-ats- B -5 aHnyeen Qraratiory650 is
h ) i | I i i , N
ours Flhgﬁ foﬁdvgééfs‘ bggbggﬁiﬂ%ﬂ%ﬁg{)glhhréefhet S8yl ggg@%ﬁgﬁﬂ&é@a i® Wionized

20Fi g. 7 descri eral cl eani ng process corresponds
t olsoper avaien forl sppoximajely230 avowedialBa-46'6he Thebsubistrate suffacehés then blow

I nventi g ; r ' . em l.phe

subt r ot iest R O o PR 8 BRbReuRRGRE T BRER 30 BRI ET0. The
process d@énisg anéthodt600piheat procesti3Stoanpkmtiot @8dswhereoiper aibstrate’ $0face is
where a pre-inspection step is perfo to determne the type o

ol yrer. LU bt o Hainab Sl 2ot RuES. F iR Clseane iR 6P then
oper at i aBrii%tdstloperatiphegd® i ng and testing the substrate surface and
ot her pre-inspection operations that will be apparent to those of

skill in the_art.. Wien characterjzing the rt with respect to ]

or #ani cs, su'r:lsa%éieéﬁflb%%@igﬁﬁgrai&&eaﬁw%rmeee&g{‘(éﬂ; Vel PEREPANLELP opfEption

sol vent sp{ahat @].ezy a@eo@n@hy&%ﬂebameoaiﬁ{eﬁk d?rtﬁ%n?n‘%e%rl?qﬂhéﬁa}/yéﬁfﬁéymer
ap s 30 th Ss

(TOC) and Gas romat ogr y (&) or Ga romat ogr aphy |
Spect r ord@popiteoVEpMigmNdaicios Eavipient subsirale sidaees gurintheatanpreaessing can

substrate, Ry, .O*r'ﬁ@%gic%gs%o%tgﬁggabggﬁ%ﬁ%@ b%g@%'ﬁ%ﬁa&ﬂﬂ 710

gasses bel ng anal yzed ynam C pace
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 surface 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 total organic carbon analyzer (TOC) and Gas Chromatography (GC) or Gas

30 Chromatography with Mass Spectrometry (GCMS). Alternatively, or additionally, the
entire substrate may be outgassed at a high temperature with the resulting gasses
being analyzed by dynamic head space GCMS or ATD GCMS.
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A decision 715 is then nmade depending on the type of polymer
determned in operation 710. If the deposited polyner type is
organic, then nethod 700 proceeds to operation 720 where the

substrate i s soaked, \I/ﬁ%t&d _di_pped, and/ or vag;r contacted in an
organi ¢ sol vehtdecHion #ha s &heTp s depandingnor theyyir ofipelymen determined in

From t ho ReigRof T80 IbieMerlel BBRNA: (@b |&'GroBhn e oBRRC b BiotHpls o
parti cul epénatipn @28 mrhede ithrec Swlnbirapy isr stiatet asetbid; aipge, andloe vapsr contacted in

n-met hyl _pyrrol.i di none (NVP) . al pha-pyr.rolidi none . ,
bet a- pyr ?@ﬁffa?% n%o?\?%&‘r ) P%ﬂ"ﬂ r Qﬁd’rﬁ%ﬁ'? cﬁobe‘feng%m@f basuipd i Jag softening,
such as tigsslotion antnemadval bRt 6rgaiR) Pidcass Pelyntbrstidrh ARk RBIbaRste surface.
triet hyl_gsflr']?g ;. and fluoro/ether-based solvents such as to ethyl

per f | uor Eﬁypﬁ it fegnic gaants dhat arsr @%ﬂ@warlsétnﬁ@‘ﬁ,rreﬁdﬁgwad-‘ryém-pased
hyl ' i caf | ne.
met hyl esdi@énts @eaafalsq?ﬁqt@t@vpg&aﬁa.&@@@qmﬁ}, DifheR r&eﬁ@neusafsal@@g@g@?ne,

In sone enbodi nents o h venti on, e organict solvent i

e.g. to PYBlidinsendopuide: @0iae-hased ngolvands t $lechs afst apdnogylanthe, thylamine,
di ssol ut of;: ' p I Fol | ow ng, soakin

of "the. stigadhey elerain ML oRRiaARer fud MirodBer ks B S as
oper at i oeth]?QEemheroésdbth/I sttt reditye ;muflidcﬁomtyset%m,pﬁmmofdﬁu Ilhﬂethyl ether,
presence_of _any.r i ni organi c, polyners. |f an unacceptabl e anount
of one o’?orf?&}@}lod?%l@%&Y')ﬁ@?&ar&d&ﬁeﬁaﬁugﬁp?’ﬁt@"@urface as det erm ned

in operation 730, nethod 700 then proceeds to operation 735 where the
substrate is Iaudjneetettbddimentsi gihtheempentRinitRe offarliglsoRedt i€ hdatedl &g, to
terrperatLbre rzgo in%Pfro Aabout 600C t o about 800 C under at m)s?heri C .
pr essur 24t pﬁgrt% Rk ?,éowaaeoyettbe sPE@Ng @A dissoldigarate of the organic
pol yner sprob®sy gdiyi@Br. 735 is repeated until an acceptable |evel of

organi c polyners are released fromthe surface as determned in
operation 740, at any of decision operations 715, 730 and/or 740,

I, ,
the substrat & QaWiNg 8oaKNg 0f eusiPsiigiardn dae «igaic| Solyerde mathed gARI then
pol ymer d8séHisebOperdiin s %ﬂgrﬂhﬁﬁ?@gﬁ%ﬁ%ﬁgiﬁﬁﬁ L@Bgé%ﬁ f?ﬁpﬁreeﬁgséﬂb% of

substrate Is so_a_ked I'n an aci dic so strate 'surface
i s deenm@nyt BMANIBY exigaiyg Hohgperst | ban wnagceptabeuamolnk pEohé an. mdteeorganic

acidic L QN 0 | d-seak tvpically contains

hydr of | o#%égn@ﬁaﬁﬁjén{ ?rll%: ggglgéé %1%@‘??‘8?1‘%%%'8 %"X?"a IQ%afégpgﬂ)Efth%f?OO then
br eaki ngretéddsotv aperatibnii3tumhecandise Bybeirsteokviligedtbe i & iHigh téMperalifte
al um num oxides on the surface of the substrate, This frees an

asoci at UGt 2191 Fipd [FTRRISIILE ToRpig FRBRPeHtR09 thie otk S10° Gounder
sur f ace. atMobphdricaiedsirayioP 8pBrRiXimateS2 Hukd &LbrMk dSGH 938 BrddM polymers.
solubility of some netal inpurities such that insoluble fluorides” of
cal ci umPRIatienyK88iis meraated ¢intl AR @creptable lsvelnfi yaarisddAymgrst arenmelaased

sur f ace #fm e t : rati ons of HF: HNG3: H20
i ncl ude, 10% 3%%56%0/%3661%?@3%%{ﬁ‘g‘%??ﬁéc}?%%% and 5-30% 10- 50% t 0
100%
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 to 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 solution and away from the
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After the substrate surface has been soaked in the acidic solution

until cl ean, met hod 700 proceeds to operation 750 where the
substrate surface is rinsed with 5deionized water St about 20C to
about 50C for b5- 1 m nytes. Follow ng the deionized water rinse,

met hod 79M7acer A nHice SURStraiser aﬁ@‘ﬁrregﬁconqen#agonss oft i pi‘b@%z@?lﬂlclude,
begi ns a o [ e I ected for
rogghnesisoﬁ‘clér?/g%o% 10 ﬁ:@%@ 4@%2";%?9%@%%3%% 16%&? h@ﬁc&)ughness

(Ra) gauge knovvn as a profl | onet er, which can be purchased

from a vari ethitesttheesubstrete sudace has heeMsoakey dn dite Jejrin soiutlﬁledmtlhblean

The oce
cont | nuenehell 708:0Bbecds REDRBIRRCT0 Wore, tue SESTRIET FiaRe Raripped wit
scanni ngdaibrized wmteri actram@ubm (O BSEMoLat502C fardhil § insiatiieen Ftv‘uowaigqnte deionized

K d t.s b I een in SEM phot ogr aphs
ztootohl s(,:r t&ﬁf'ﬁ?%a{ﬁ?g ﬁﬁégﬁ%?'ﬁﬁég%tQgﬁr%t'g'?pﬁénscorrpl ete at 806. 15In

order to increase Iaboratory t hroughput and to decrease exposure of

| abor at ory wdn kdy. Wts18 tthe tph@cé@,azzzo?@egzns Qﬁg@mt@dcﬁﬁ?é‘r{ bb@tggbﬁ?ggﬁh% sgrface is
botic .syst ich incorpQrate one or nore o
{ (r)leoa:opaw%‘?‘?fg rE’Fﬂﬂ/f‘aﬁig RESetiD$ YPiEaly Aesrmlishag Milea su#@tae eighpess (Ra)

robot i ¢ gaigeqehietinl £¥a 9Fofﬁ5}hél’éf Q/F)tgcgiﬁ g%‘e 93 %HFUhaQQ&‘ﬁBH?:} véﬁ%ﬁ of Ugndors such

containers, rotations of th /or pressurize
exBul si G Misoteya of sapamher Eeder@lr@@rpataﬁm aor Jaykoo Hobagn bétheed 1Sor med to
enhance throughput of the treatnent process. Thus, in one enbodi nent

of the i nventrgiorobdes ﬂ{gga%@ﬁh%ggggﬁ%gg@oneédffv&m& W pRie BB Aeticned

automat ed systemt erform ng suc
FI G 9AVith a scaving Iemronlmlumacape I(@EM) rabahndgrﬁlfnationaﬁt abouip200Gr Cracks

I
B i 11 uilPne” PREBRCaH bO skl el HMIRlrdons 8 i Fakpricaion.  The

met hod m‘rod%ls@229)ﬁs tHarzorAfletenst 506G 9B are

15 In order to increase laboratory throughput and to decrease exposure of
laboratory workers fo the hazardous reagents described herein, robotic systems which
incorporate one or more of the components of the apparatus and/or the method steps
may be employed. For example, robotic introduction of solutions (acidic or agueous)
into the containers, rotations of the substrate and/or pressurized grit expulsion nozzle

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 robotic 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 illustrates the quariz

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

In FIG. 9A, method 900 begins at operation 910 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 result, 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 jllustrates 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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described with reference to each other. In FIG 9A nethod 900
begi ns at operation 910 and proceeds to operation 255" to coarsely
roughen the quartz surface froman initial roughness of about Ra 16
to a roughness of about Ra 400. As a result, the surface area of the
quart z ssurfagedlising algoinumo oxileat silisan cadid®elgrifsize iGthe Bandel of36rtat 1. a
surface roughness- of about Ra 16. Surface 952 illustrates a surface

of roughness n'fatl.?;? : 0 S Lo 6 W ’itEEpLétrFEJ t
quartz surfac@%can %%"@@%?géf"y rougﬂ%ﬁgﬁ%@‘y&g‘{%’?‘*'ﬁf'g@??ﬁg t'he arlr}aé:%ong
sur f ace etsh hg furtheminmreaseihéaooghreddsi (and sodads deaddf the quatzsurfacetib @bout
range of_3 0_100. Er om oper at.l 255", 00, proceeds to
oporat | d3d S8 =kd ¥ gemaye ribB VERG. cufifed B qriaE th. HSuReR i Siface ot
r oughnespuganssssolr dtsete Ry 6€). OAcddiéing Yacbalerhbediments20sttorigeetéR @an be
and to rerIT_Pve m cro cracks. Surfac 54 of FIG 9B illustrates a

surface RAMOTmeARIRIEEIY e Qs Syriacedior apeelo?tinautes te &0 minytes using an
enbodi W%t&mngasoﬂtroggmaﬂr&md%@rhmomﬂcf AidEthrYadd GRHWatkPth gq—spé Bf 1:1:1.

surface for about Mmnutes to 60 mnutes using an etching solution
t hat i noheageding jel certaisratherambodinents, @ ing elehicambe performed yietching the

1;1:1. ' [ e i : a .
L L o R LRk ST PPhle AL SR o S W S o
aniet chiagd,svlrictacimhatdeviatar e b walisofhie8r20f | oric 10acid, nitric acid and
water in a ratio of 1:2:2. From operation 260", nethod 900

proceeds to qperation.235,. 1o finely.roughe he quar t urface to
Purthor i nor dA0K PRGAHaN 2hfle ducthdf P00 e Joody teibh ol oy gSuanen
and L 0 ithergrste sultn%cactbia'rtb@r Fmbré'a‘sbithéircﬂg'jhnﬁsrsr{)(bgd @un‘aaaiaaﬁ@)t tbapeut Ra
on the rtz rface. cording to certaln odi nents, the quartz
sur f acea@ﬁr F fq Hy%ﬂ%eofﬁgr?éﬁ@a%nﬁ: Yctan of Bhe, sentaginaiit 'as(f-arqnﬁe quartz
surface gigfa8, @lc'éﬂ?ditﬁﬂd)é‘ér% 8fbdtlm&s tha'gRbAL sQffadd tan BbfRcR rodgiRHed
220. Surface 956 of G 9B illustrates a surface of roughness of™
abbut RDYew#-blasting thequrTts serface oaing sdumingat exide goeiliept camida §f grit size of
proceed raf.l ' '

Pher oughihus 226, 3tate 840 of Ea 6 IR Es MRANEL SFraBnhdSe SPiod ARERTF.

of FIG 9B illustrates a surface of roughness of about Ra 600+.
Accor di ng t o Fsem: aperadioh odddremeaihod Yhloptondllyc proceedpetof opematioby240’ to

ot ohi ng EPUR eI HE REBrhEL B Fe HUUHERs ohe s FeL R A fle
in a ratsuofacg. BLBfdde gﬁ&ofre I?Ii?]higaB mttjﬁtzatesia:ilszufiwrofamhgﬁhewbﬁabwtvm&om.

etch can, be perfornmed b rface for about 5
m it oo AGGORHNG Gergan slaplant: 2 eal <6t BT BR PEHGIMEY, bY Fiing the quartz
hydr of | qyirfac@Ciofl abjdiut 12 GnifGled #PBNEhiMAEETusINY An' afchhgPkollitidn khatl iftludes
met hod 900 ends at operation 960. ) )
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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Al t hough the invention has been described with:respect to particular
enbodi ments, it will be apparent to those skilled in the art that
various changes and nodifications can be nade w thout departing from
the invention. For exanple, the techni ques and apparatus descri bed
above may be used in various conbinations and other uses for the 30
present invention are also contenplated. It is also noted that
equi val ents for the particular enbodi nents discussed in this

descripti<.3I wé be used in the invention as well. CLAIMS 1. A nethod
of treati GA urface of a chanber of an el ectronic device processing
tool, conprising: renovi ng deposits fromthe surface usi ng

at |east bne charthed Ofaf@%aitngasurfaceoqf%sa@mb%rr@rﬁjl%!eﬁﬁr@gg evigad grit
source between about 3 and about 9 inches away fromthe surface;

c) furt hepropessing ool mpmpisingessuri zed grit source at an angle of

| ess than about 600 fromthe surface; d) roughening the surface
using a grit o) rembwimgrdepsiis frb6 theduefacausit@latiesdt onenhemical agee));
upon the surface attaining a desired roughness, cleaning the surface

usi ng an aci dil) peeltiehingns pRstdurized gritvdtRir€d PetdiceRsabalt 3Ghdaibugp are

preceded by roughening the surface using a grit of |arger than 16

nmesh. 2. Thendeihadfre tkaiupfaeherein the step of roughening the
surface using a

c) further positioning the pressurized grit source at an angle of less than
about 60° from the surface;
d) roughening the surface using a grit of between about 16 and about 100
mesh size;
e) upon the surface attaining a desired roughness, cleaning the surface
using an acidic solution; and
wherein steps b), ¢) and d) are preceded by roughening the surface using

a grit of larger than 16 mesh.

2, The method of claim 1 wherein the step of roughening the surface using a

grit of larger than 16 mesh is followed by etching the surface.

3. The method of claim 2 wherein the etching is ultrasonically assisted.

4, The method of claim 1 wherein the pressurized grit source is positioned at

an angle of about 45° to the surface.
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grit of larger than 16 nmesh is followed by etching the surface. 3. The
met hod of claim2 wherein the etching is ultrasonically assisted.

4. The method of claim1l wherein the pressurized grit source is
positioned at an angle of about 45 to the surface. nesh. 6. The

met hod of claim 1 wherein the pressurized grit source is positioned
about 6 inches away fromthe surface. 7.The nethod of claim 1l wherein
the pressurized grit source is positioned at angle of between about
40 to about 50 fromthe surface. 8. A nethod of treating a
cont am nat ed surface of a chanber of an el ectronic device processing

tool, conprising: removi ng deposits fromthe surface using
at | east dne C'H@ﬁn@g]oddg‘éyﬂlm 1 wherein the grit is intermediate to 16 and 100
mesh.
6. The method of claim 1 wherein the pressurized grit source is positioned

about 6 inches away from the surface.

7. The method of claim 1 wherein the pressurized grit source is positioned at

angle of between about 40 ° to about 50 ° from the surface.

8. A method of treating a contaminated surface of a chamber of an electronic
device processing tool, comprising:

a) removing deposits from the surface using at least one chemical agent;

b) inspecting a roughness of the surface;

c) grit blasting the surface with a grit of larger than 16 mesh;

d) grit blasting the surface with a grit of between about 16 and about 100
mesh; and

e) cleaning the surface using an acidic solution.

9. The method of claim 8 wherein the step of grit blasting the surface using a

grit of larger than 16 mesh is followed by etching the surface.
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b) inspecting a roughness of the surface; c) grit blasting the
surface with a grit of |arger than 16 nesh; d) grit blasting
the surface with a grit of between about 16 and about 100 nesh; and
e) cleaning the surface using an acidic solution. 9. The nethod of
claim8 wherein the step of grit blasting the surface using a grit of
| arger than 16 nmesh is foll owed by etching the surface. 11. The

nmet hod of claim8 wherein a pressurized grit source is positioned at

orccnor Bh orTie SRS LS iR BRSPSl & T
surface. 13. The nmethod of claim8 wherein the grit of between about

16 and about 100 mesh is internediate to 16 and 100 nesh. 14. The
nmet hod of claim8 wherein a pressurized grit source is positioned
about 6 ihthde methpdiefatainn® wherdineqresabizedigsit seulceds positivradatan
wherein a pressurized grit source is positioned at angle of between
about 40 arglabbldss30arf abowttéds. sur f ace.

12.  The method of claim 8 wherein a pressurized grit source is positioned at

an angle of about 45° to the surface.

13.  The method of claim 8 wherein the grit of between about 16 and about

100 mesh is intermediate to 16 and 100 mesh.

14.  The method of claim 8 wherein a pressurized grit source is positioned

about 6 inches away from the surface.

15.  The method of claim 8 wherein a pressurized grit source is positioned at

angle of between about 40° to about 50° from the surface.
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