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14 [0006] Semiconductor manufacturing processes, such as etch and deposition .
15 processes, utilize a wide variety of processing gases and substrate materials. Highly
16 volatile process byproducts are typically removed from the processing chamber by
17 application of vacuum. Less volatile byproducts may adhere to the interior surface of
18 the processing chamber or may redeposit on the surface of the semiconductor substrate
19 being processed. Most semiconductor manufacturers prefer to have redepositing
20 byproducts deposit on processing chamber surfaces (rather than the substrate). The
21 processing chamber surfaces are then periodically cleaned. Frequent chamber
22 cleanings are expensive in terms of processing chamber downtime. The more
23 redeposited byproducts which can be held by the processing chamber surfaces, the less
24 frequent the cleaning requirement.

25 [0007] Interior surfaces of semiconductor processing chambers are frequently
26 aluminum. One prior art semiconductor processing chamber includes anodized
27 aluminum surfaces which have been lappea to have a surface roughness of only 4 Ra,
28 which is essentially a mirror finish. However, when subjected to the high temperatures
29 and processing conditions used in many semiconductor manufacturing processes, the
30 highly polished, anodized aluminum surface developed numerous tiny cracks in the
31 anodized layer, known as craze lines; these are shown in Figure 1. While the craze

32 lines 100 typically do not penetrate all of the way through the anodized layer to the
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30 highly polished, anodized al um num surface devel oped nunerous tiny
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19 provide a roughened surface to which byproducts generated during processing can
20 stick. Typically, aluminum semiconductor chamber surfaces have been roughened by
21 bead blasting. However, bead blasting often is a manual process, in which it is difficult
22 to control the uniformity and repeatability. Further, bead blasting typically provides a
23 very sharp, jagged surface 200 on the aluminum, as shown in Figure 2. Tips of the
24 roughened aluminum can curl over, forming hook-shaped projections 202 which can
25 break off or entrap particles 204, including the bead blast particle itself. As a result, the
26 bead blasting media may act as a source of contamination of the aluminum surface.
27 Bead blasting is not useful as a roughening method for some of the softer aluminum
28 alloys, such as the 1000 series, because the bead blasting particles can easily become
29 embedded in the ductile metal. Further, the sharp surface provided by bead blasting
30 may complicate a subsequent anodization process.

31 [0010] It would therefore be desirable to provide a uniform and controllable method
32 for roughening an aluminum surface which could be used for all aluminum alloys. In
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17 [0013]  Surprisingly, the hill and valley topography obtained by electrochemically
18 roughening an aluminum or aluminum alloy surface relieves stress in an anodized
19 finish subsequently produced over the roughened surface, so that the anodized layer
20 does not crack upon thermal cycling up to about 300°C. In addition, unexpectedly, the
21 amount of redepositing byproduct which can be accumulated over the hills and valleys
22 (including an anodized surface which mirrors the underlying aluminum surface) is
23 drastically increased over that which can be accumulated over a bead-blasted surface.
24 As a result, the number of substrate processing cycles prior to cleaning with the new,
25 electrochemically roughened, aluminum or aluminum alloy anodized surface is about 5
26 times greater than with the bead blasted aluminum anodized surface. [0014]
27 Applicants' method for surface roughening can be used on aluminum and
28 aluminum alloys in general, including but not limited to 6061 and LP (available from
29 Alcan Alusuisse). Applicants’ method promotes formation of a smooth, rolling-hilled,
30 anodized surface which does not entrap particles. Further, applicants'
31 electrochemically roughened aluminum-comprising surfaces provide increased surface
32 area for collection of redepositing byproducts.
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[0018] Figure 3 shows an al um num surface 300 which has been roughened

usi 13 appntrapamrticlesad0deinelydingrthe bgadrdasg hemticlegtsedt hod. Note the snoot h,
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16 [0019] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

17 [0020]  Applicants' invention pertains to a method of electrochemically roughening
18 an aluminum-comprising surface. Typically the aluminum-comprising surface is
19 aluminum or an aluminum alloy. Aluminum is commonly alloyed with elements such
20 as silicon, copper, zinc, magnesium, manganese, iron, titanium, and nickel, by way of
21 example, and not by way of limitation. Applicants' invention has use in semiconductor
22 processing chambers which include electrochemically roughened aluminum surfaces,
23 and particularly roughened surfaces having a protective coating thereover, such as an
24 anodized aluminum coating. [0021] Applicants' method for electrochemically
25 roughening an aluminum-comprising surface comprises immersing the aluminum-
26 comprising surface in an aqueous HCI solution having a concentration ranging from
27 about 1 volume % to about 5 volume % at a temperature ranging from about 45°C to
28 about 80°C, then applying an electrical charge having a charge density ranging from
29 about 80 amps/ft.> to about 250 amps/ft.> for a time period ranging from about 5
30 minutes to about 25 minutes. Chelating agents (such as, for example, but without
31 limitation, gluconic acid, available from VWR Scientific Products, West Chester, PA)
32 may be added to the HCl solution to control the bath chemistry and conductivity.
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el ectrochem cal |l y roughened al um num surfaces, 23 and particularly
roughened surfaces having a protective coating thereover, such as an 24
anodi zed al um num coating. [0021] Applicants' nmethod for el ectrochemcally
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al um pum 26 conpri Si surface in an aqueous HC solution having a
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t enpey at ur gefoangi Ng from about 45C to 28 about 80C, then applying an

el ectrical charge having a charge density ranging from 29 about 80
anps/4%t.2 to about 250 anps/ft.2 for a tine period ranging fromabout 5 30
m nutes to t—~25 Hinutes.  Ghel ating,. agent such as,..far exanple, but
\Mthosﬁt 3:[&:?23% aee,. o ocCot S. Cr, =ML BHCOANRRSHENCE i
Products, West Chester, PA) AdZmiman iR Addesurh Allcke HCL sol ution to control
the bath chem stry and conductivity. 4 WO 03/0121 PCT/ US02/ 23287 1
[00227] Typi cal processing conditions for electrochem cally roughening

al um num g—amd—atunrunTat toysgecoRgig to epphktants T nethod—are
presented |n Table One, 3 below| 4 LIﬁp’[%]OZ:%] TabieLeTsde. Typlb@gfnuﬁr ocess
Condi tions| for Brewss Pahesical | y [Rougheesng |6 AlRigissym an®ndiviPrsuess Al | oys
7 Typical Preferred Optinum Procgss Paranet er|Process Procpss Known Propcess
Condi ti onsfCondi ti onsConditions H{i ESREEARY at]i oFqndatipss unp) 1Conglitis - | 1. 5
HC1 Concentration (% volume) 1-5 1-3 1-15
Chelating Agent (% volume) 05-3 05-1.5 08-12
Tank Temperature ("C) 45 - 80 50-170 55-65
AC Frequency (Hz) 60 - 120 80 - 100 85-95
Charge Density (amps/ft.) 80 - 250 120 - 250 150 - 250
Time (min.) 4-25 4-20 4-20
9 [0024]  Processing conditions will need to be adjusted depending on the specific
10 chemical composition of the particular aluminum alloy being roughened. Applicants
11 have performed electrochemical roughening of several commercially available
12 aluminum alloys. Specific processing conditions used during the electrochemical
13 roughening of these alloys are presented in Table Two, below.

14
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Chel ati ng Agent (% volune)0.5 - 30.5-1.50.8-1.2 Tank Tenperature (C) 45 -
8050 - 7055 - 65 AC Frequency (Hz)60 - 12080 - 10085 - 95 Charge Density
(anps/ft.w8®301260120 - 250150 - 250 Tine (mn.)4-254-204P20/(I00232R7
Processing conditions will need to be adjusted depending on the specific
chem cal conposition of the particular alum num alloy being roughened.
Applicants have perforned el ectrochem cal rougheni ng of several

commelr ci al 1[§025ai | abIeblealwori PropesaldopdisionSfpe EldcirochpnicabsR aughemingi t i ons

used during the el ectrochem cal ougheni ng. of ese al |l oys are presented
in Tdble T 10 FagicBlar Al S'1 [0025] Table Two.
Process CO):Q]otyl ons for El'ectrochefn cal 'y Roughening[ Z Particurar AU I num
Alloys 3 4 Al oy6061*LP** rocess|{Condition C Concégntration (%
volunme) 1. 0{1.51.0-1.5 luconic Acijd*** ©9V¥5l ume) ¢.9-1. 10LB 1. 1
( Chel at i ng FAget—Tak—TFenperoator ® (C)55 - 6555 - 6% C Frequency (Hz) 85 -
9585 - 95 175 - 250175 - 250 ime (mn.)6-12448 *
glagogeao?é SECEh )',7" s : e, ( sigy , Ca;ié,;i"iﬁa 1§é§hrﬁ,5
Al um num  Gluconic Acid*** (% volume) 09-1.1 0.9-1.1
(Chelating Agent)
Tank Temperature (°C) 55-65 55-65
AC Frequency (Hz) 85-95 85-95
Charge Density (amps/ft.“) 175 - 250 175 - 250
Time (min.) 6-12 4-8
3
4 * Can be obtained from any of the major aluminum manufacturers, such as
5 Alcoa
6 (Pittsburgh, PA), Alcan, Inc. (Montreal, Canada), and Reynolds Aluminum
7 Supply Co. (Richmond, VA).
8 *k Obtained from Alcan Alusuisse (Stegen, Germany).
9 *okok Obtained from VWR Scientific Products (West Chester, PA).
10
11
12 [0026]  Unroughened, machined aluminum and aluminum alloy typically has a
13 surface roughness ranging from about 12 Ra to about 32 Ra. After performing
14 applicants' electrochemical roughening method, the aluminum or aluminum alloy
15 surface typically has a surface roughness ranging from about 100 Ra to about 200 Ra,
16 preferably ranging from about 110 Ra to about 160 Ra.
17 [0027]  As shown in Figure 3, applicants' aluminum and aluminum alloy roughening
18 method provides a surface 300 having a topography resembling small rolling hills 302
19 and valleys 304. The estimated average height of the hills 302 above the valleys 304 is
20 approximately 16 pm; the estimated average distance between the hills 302 is
21 approximately 50 pm, depending on the grade of the aluminum. Typically, the height



7 Supply Co. (Richnond, VA). 8 ** Cbtained from Al can Al usui sse (Stegen,
Germany). 9 *** (Obtained fromWR Scientific Products (West Chester, PA).
10 11 12wpedAasiieinr oughened, machi ned al um num and al um ramEsht/23287
typically has a 13 surface roughness ranging fromabout 12 Ra to about 32
Ra. After performng 14 applicants' electrochem cal roughening nethod, the
al um numor alumnumalloy 15 surface typically has a surface roughness
rangilng f r ofitheldolis 3ADAnRes fromadbout 8 AADtoRdout Bl efd thahlistanien@tw@nfthom

about, 110 Ra to bo§t 160.Ra.. 17 Egoz 1., As %&?v\n in Figure 3, a glicants'
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appr dxi mat &icyeasd! girface lecacfor ool easivnanfaredepositingttypomiubst hetedoeshet lehirdps 302
S 31 appi)%)ﬁicggtel y 50 gm depending on the grade of the al um num

Typi cal |y, "t he hei ght 6 WD 03/012162 PCT/ US02/ 23287 1 of the hills 302
rangés fro(0028put ABplicantsO ebldergtheficdMougithidgd encticat ANG&BELME QReful For 2
center of one hill and that of an adjacent hill ranges fromabout 30 mto
about’ 100 FRushening aluminwm endalweinpcallay wafarss whighlaenm subsequentiy proteated

al umgnum a fagc r Qv i . I for collecgtion of
Fedogos t | nb Aot RSRaR QARG Tor fee PHERERKORMIo\ Hipdsas CRinGE, fch

Appl 9cant sas @i etch charhiearios al depogigére changbere ppticants' prttioddb particylatlg @ksful for 7
rougheni ng_.al um num and al um num al | oy, surfaces whi ch are subsequently
protidct ed (B BYEhENHIE AR 2RRALANS shface JRiFth Gomes, intp coniget With seBWSAREHIALT or
proggssi ng @dg‘g,%r -9 t ande; I Lh.OF apper.
Applqi cant sPFoerret hod%iygl%gg??i cuﬁg?l?d%nﬁsgﬁ%@ 10 E;%lgf r%ﬂ%ﬁe@géném%&gpggr at us
sur fldce whalgmirwmaHoy surface pravadas packéts getine ddisdandt\aileyslwhioh peeddd fog the
bypr.gduct s, I.cants' electrochem cally roughened,al um npumor. 12

al urrl1%num af'58y ul%‘PPa%fZSCWSW ST PRRGESTRe i%ﬁ'pfcﬁl Cli pyed %Btcsgwpé?@m%h%h
providde foCVIhe&iepdstidr Oyplodaits,0preRéntGRTHeOBEMEEREs Bt GE&dpasitiRY PSP AMCt S,
such as etch byproducts or 14 D deposition byPr.oducts, preventing the
byprléduct ssyrfaseof g@éﬁgsqopd%ombﬁtp@e being processed.” It is helpful to use a protective

16 coating applied over the aluminum ro aluminum alloy surface which provides for
17 adhesion of depositing byproducts. Example protective coatings include anodic oxide,
18 flame spray-deposited aluminum oxide, and other ceramic coatings which may be
19 conductive or non-conductive.
20 [0029]  In particular, during a fluorine-based etch process, fluorine and carbon from
21 the etch process react to form a polymer which easily adheres to an electrochemically
22 roughened, anodized aluminum surface.
23 [0030]  Applicants' electrochemically roughened, anodized aluminum or anodized
24 aluminum alloy surfaces can be included in etch chambers which are used for etching
25 dielectric materials (including inorganic dielectric materials, such as silicon oxide,
26 silicon nitride, silicon oxynitride, and tantalum pentoxide, and organic dielectric
27 materials, such as an organic low-k dielectric material), metals (such as aluminum,
28 copper, titanium, tantalum, and tungsten), and polysilicon, by way of example, and not
29 by way of limitation.
30 [0031] Applicants’ method can be used to create roughened surfaces for
31 semiconductor processing chamber components such as wall liners, cathode liners, slit



15 surface of the sem conductor substrate being processed. It is helpful to
use a protective 16 coating applied over the alum numro alum num all oy
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protective coatings include anodic oxide, 18 flane spray-deposited

al um num oxi de, and other ceram c coatings which may be 19 conductive or
non- conductive. 20 [0029] In particular, during a fluorine-based etch
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polyrrgr whi ch e rgﬁ g}her es to an el ectrochemcally 22 roughened,

anodiZed alel’jﬁi'“ﬂ LDy avay 24 imjipsen- Appl i cant s’ el ectrochemcal l'y
roughened, [ao9di z i Y. C can be
i ncl Bﬁed in etch gﬁaﬂéﬁﬁmg 1gdr&ggus tr}pghfe:xgtk!(r:l qu@l’%h&glael (?th %ﬁd

mat er4 al s (alumnginuai #lpyi Simﬁag%smw ¥ mrén‘tnledclsmgt@nvaitwnalsalumnam snddizanion oxi de,

26 sidicon pitride, silicon n|tr|de and t X nd organic
di el eéct (i c CSPGHET Kpowh I 8] c%’ a<'§nbyofr°b18?°ﬁrhg ﬁ@wé} cg":“gﬁé]’c?‘r fg%ﬁa?waw ),
netalé (SuQf exampley Ahauist by2\8a>e@pmmaubht PcdiRe APty %u?{é@‘ ﬁguﬂlgﬁfbgn)

and polysilicon, by way of exanple, and not 29 by way of m tation.

[0031] Applrelieyss stressayitin theadumenums exjaluginyne atley sm@newédewmm@gnzmr 31

nersr o eHaR BB e JREno APACSRLT shHERed 3o i il oy

| i ner®, bufWideh iceeast dye aanobmaﬂzdl sdnicontucon mamifesurify prageses.  306383nD! e,
and P by way of bm tatian. [ 0032] Anodi zation of applicants’
el ect¥ ocheni cal | y QBefgPeifeE Vvl R}ﬁﬁnﬂﬂ]fﬁsﬁﬁﬂt Cgfa%gé’rﬁ‘l‘fhrﬁsaﬂfl‘@? spigyfdgpesitedan be

per f pf med 0 t i-@n i ian in
the art. sﬁélﬁﬂg‘;ﬁ et R R T e
exanp? e, amwgimnedayluwayumforlalmwm alrhoy Baf@usmr@ppbhmqudssknomughmlang
nmet h C%:l i eves ajt ress. Wt h%{,réli t he al um num or . al um nLhr? al Iloy surface,
the Fesul t TG RNoEPPRNES ST, (AIUCHiFe OF RAN-GRIHCtNEL FBAY (Do aPPIICde AVERhaN
subj prted toughdged, anmBzed suffaceycling 9 which occurs due to particul ar
sem conduct or manuf acturing processes. [0033] 10 Qther protective,

pl ash- r esil@t  ddarabeye desaribrd psefprrednembpdimentiegrogior enltencie_t_i @l limitrihen oxi de
d pth
ougfned SRS EGRefRveliith, IF SERRBICH B, RO, 5 RIT Be dient s ¢ ne

art.17 disclosure expand such embodiments to correspond with the subject matter of the

18 invention claimed below.



13 Ceram c coatings, either conductive or non-conductive, may be applied
over a 14 roughened, anodi zed surface. 15 [0034] The above descri bed

pr ef er r edwermbodiinsents are not intended to limt the 16 seopasot.2i2Be
present invention, as one skilled in the art can, in view of the present

17 di scl osure expand such enbodi ments to correspond with the subject matter
of the 18 invention clained below 8 WO 03/012162 PCT/ US02/ 23287 1 2
CLAINE 3 4 W claim 5 1. A sem conductor processing chanber having at

| east one interior surface conprisi el ectrochem cal |y roughened al um num
or alun®numalloy. 2. The seniconducfgpA MPcessi ng chamber of Caimi,
whereingsaid at |east one interior surface has a surface roughness ranging
from about 100 Ra to about 200 Ra. 3. The sem conductor processing chanber
of Cl ai4n 2Wenlemei n said surface roughness ranges from about 110 Ra to
about 160 Ra. 4. The sem conductor processing chanber of Claim1l, wherein
said efectrochem cally roughened al um num or alum num all oy surface has
thg appearance ofy E&ﬁlkbﬁlﬁmmrlﬂr&e@ﬂﬂ \éﬁjuln@é’tsha\)mgegt BeNbdd Gl 05 sy &

sem conduct or proceSS|n% chanber of %Ja|n14 wherein the heig sai d

hi I1's rangeemprisng eloditachemipally coughoned @@n@m@almmumﬁogonduct or

prqcessi ng chanber of CGaim4 or aimb5, wherein the distance between the
center of one hill and the center of an adjacent hill ranges from about 30

gmot 0 aboup. 100 gThe demitbigdueiipectaskind eHanfbePSESRIMY , MAaRREai Pt 1gsabﬁe 1,
wherein said electrochenlcally r oughened al um num or al uni num al

sui0f ace unéeemqreyrfacechan pisndacegengmessdrangingnfromeabpub LD B@m@m%@%@ an
anqdi zed coating, a flane spray-deposited alum num oxide coating, a
ceram c coating, and an anodi zed coating having a ceramc

12 3. The semiconductor processing chamber of Claim 2, wherein said surface
13 roughness ranges from about 110 Ra to about 160 Ra.

14

15 4. The semiconductor processing chamber of Claim 1, wherein said
16 electrochemically roughened aluminum or aluminum alloy surface has the appearance
17 of rolling hills and valleys, when magnified.

18

19 5. The semiconductor processing chamber of Claim 4, wherein the height of
20 said hills ranges from about 8 um to about 25 pm.

21

22 6. The semiconductor processing chamber of Claim 4 or Claim 5, wherein the
23 distance between the center of one hill and the center of an adjacent hill ranges from
24 about 30 um to about 100 pum.

25

26 7. The semiconductor processing chamber of Claim 1, wherein said
27 electrochemically roughened aluminum or aluminum alloy surface underlies a coating
28 selected from the group consisting of an anodized coating, a flame spray-deposited
29 aluminum oxide coating, a ceramic coating, and an anodized coating having a ceramic
30 coating applied thereover.

31



coating applied thereover. 9 WO 03/012162 PCT/ US02/ 23287 8. The

sem conduct or processi ng chanber of Caim1, wherein byproducts generated
"duri ng awoaBoi2ipr ocess or a deposition process adhere toPsai$02/23287

el ectrochem cal |y roughened al um num surface. 9. The sem conduct or

processi ng chanber of Claim1, wherein said sem conductor processing
chanber is selected fromthe group consisting of an etch chanber and a

deposi t i on gchanberhe 1@middhau&BipeRRENE CharRbeR CEHS BIAMG: @,h@ﬁ‘el%rn 8{ prohdirdn ﬁ,

wherein said sem conductor processing chanber is an etch chanber whic
used for etgeriraigd adurieg ean aftch epeasessd drr @mdepesigom uprocesssiadhdregtaof said

di ectric ial: . ilicon. 11. The sem conduct or
pr(;ejcessi ng ecmggrg;{)ﬂg?{l%aflﬁég%h%%q gl\[/]\ﬁ“enrugllg)%}%agﬁd - sem conduct or processing
chanber is an etch chanber, and wherein fluorine and carbon from an etch

process regct to forma polgrrer whi ch adheres to said. electrochemcally
rovghened &t umi nui§ussmcanducior grogesting sehwnbesnpbnElfims dr  dereid twidh a

serg conduc : i : ' ' r ' : e has at
ot one. &l e A e IR e Gt D R SRR AL TR AR 1 e
13.7 The pr ob@skdiragd edopesitemtchambet. ai m 12, wherein said el ectrochenically
royghened al um num or alum num al |l oy surface has a surface roughness

rarmgi ng from about 100 Ra to about 200 Ra. 14. The processing conmponent of

Claiml3, whereinThai defildbhdictor’ PHEROESS cHaRAMBES of r ORiAPOUL w}aétgirﬁasaicp about

IS

160 Ra. 15. The processing conponent of Claim 12, wherein sai
el ¥kt r oches¢migpnductaroprgerspiad chrmbenisnaro etch| ahainberrwhidhois wsed ffac etchiag & he

appear ance [ Lin ills.,and valleys, en,. ni fied.. 10 WO 03/012162
PCT/ US02/ Zg%geﬂa?feiec@d%om the group consﬁ{mg a dlgfégmc matenaﬂ' a meta?, and1

12 polysilicon.

13

14 11. The semiconductor processing chamber of Claim 9, wherein said -
15 semiconductor processing chamber is an etch chamber, and wherein fluorine and
16 carbon from an etch process react to form a polymer which adheres to said
17 electrochemically roughened aluminum surface.

18

19 12. A processing component for use within a semiconductor processing
20 chamber, wherein said processing component has at least one electrochemically
21 roughened aluminum or aluminum alloy surface.

22

23 13. The processing component of Claim 12, wherein said electrochemically
24 roughened aluminum or aluminum alloy surface has a surface roughness ranging from
25 about 100 Ra to about 200 Ra.

26

27 14. The processing component of Claim 13, wherein said surface roughness
28 ranges from about 110 Ra to about 160 Ra.

29

30 15. The processing component of Claim 12, wherein said electrochemically
31 roughened aluminum or aluminum alloy surface has the appearance of rolling hills and
32 valleys, when magnified.

10



2 16. The processing conponent of C aim 15, wherein the height of said
hills 3 ranges fromabout 8 mto about 25 m 4 5 17. The processing
conponentwofo3@iaikm 15 or Claim 16, wherein the distance @cCyatSase3?8t he
center of one hill and the center of an adjacent hill ranges from about 30
7 mto about 100 p.m 8 9 18. The processing conponent of Caim 12,
wherein said electrochemcally 10 roughened al um num or al um num al | oy
surface underlies a coating selected fromthe 11 group consisting of an
anogli zed coating, fl ame spray- deposi .al ym num.oxjide 12 coating, a
ceram c coglt f ng, aﬁ’& %fﬂceéﬁ‘Bgicf\éHmBg'&t?ftrlggﬁﬁng}” r@Brth%%E‘giﬁbéZ? iSAY ha‘gbl i ed
13 3 hereoveﬁngegqtronﬂﬁ)owg u}m@ apbm,ng conponent of Claim 12, wherein
byproducts generated 16 during an etch process or a deposition process
adhttre to said el ectrochenical | y 17 roughened al um num or al um num al | oy
surf§ace. 1 19 206 . [ aim 12, wherein, said

pr oé:essi ngBlg(')rrpongrr?te B?%E;I&gg 3?@38‘3&“?%?@@3{;2%%8% ﬁ{c?%rw%?glggé%id%anéﬁanber
sel@ct ed fremwdchahgramgy ofameiisil iand the2knet ofian atjbert halMbaigeaRdmPatdapesi ti on
ch er. 22 23 21. The processing conponent of C aim 20, wherein said

seni conductisi to BRULHIIRS| ng chanber is an etch chanber which is used for
etcying a material selected 25 fromthe group consisting of a dielectric
material, a nmetal, and polysilicon. 26 27 22. The processi ng conponent of
d & m 20, vBer ei n Bhei prosasing ocosement of2 &lxinnd s sihagic Baidbelecticwhemicallg h

Foftina ol yEAHeGH BAAHTe b Atpinen Ao g R e NEeE A g o Eiomdhe

surface. 3%rdub consisting of an anodized coating, a flame spray-deposited aluminum oxide

12 coating, a ceramic coating, and an anodized coating having a ceramic coating applied
13 thereover. ‘

14

15 19. The processing component of Claim 12, wherein byproducts generated
16 during an etch process or a deposition process adhere to said electrochemically
17 roughened aluminum or aluminum alloy surface.

18

19 20. The processing component of Claim 12, wherein said processing component
20 is used within a semiconductor processing chamber selected from the group consisting
21 of an etch chamber and a deposition chamber.

22

23 21. The processing component of Claim 20, wherein said semiconductor
24 processing chamber is an etch chamber which is used for etching a material selected
25 from the group consisting of a dielectric material, a metal, and polysilicon.

26

27 22. The processing component of Claim 20, wherein said semiconductor
28 processing chamber is an etch chamber, and wherein fluorine and carbon from an etch
29 process react to form a polymer which adheres to said electrochemically roughened
30 surface.

31

11



WO 03/ 012162 PCT/ US02/ 23287 1 23. The processing conponent of Caim 12,
wherein said processing conponent 2 is selected fromthe group consisting
of : a walwolom3nexig2 a cathode liner, a slit valve door, 3 @c3lusn2/yaBve
liner, a buffer insert, and a gas distribution plate. 4 5 24. A

sem conduct or processi ng apparatus surface, wherein said surface 6

conpri ses el ectrochem cally roughened al um numor alumnumalloy. 7 8 25.
Thel seni corfduct or Trequessiing cappareat ofChithflacehekinGaal ploddssinghtefporeriai d 9
surface has a surface roughness ranging from about 100 Ra to about 200 Ra.
10 211 26, IRSQETTER R EFUP CQPevaEaRtng: Wil iR heatbonerlines alit cRAF Hops,
wheg ei n saiglit $2v8 Uhérag BuffQUARRCESd & BAIRSHbARIR Agut 110 Ra to about 160
Ra. 13 14 27. The sem conductor procCessing apparatus surface of C aim 24,
whetein said . 15 el ectrochenically roughened al uni num or al um num al | oy

surf ace has,,t he appearance 6 of ralling hills apd valleys, when
nag§r1i fied. SZf'? 18 gS&ﬁﬁ%ndggt#f Cﬁrﬁagsg{ngr aﬁ?‘ﬁé@%ﬁ C’é’pﬁ’g}eé%ﬁs“%r pufage of
Claém 27, wogipeises didverocHéniballyoftigiidned aluthifiihlof alugi@as afisem about 8 mto
about 25 m 20 21 29. The sem conductor processing apparatus surface of
Clalm27 or daim28, 22 wherein the distance between the center of one
hilg and t cent mad J i1l ut . 30. mto about
100é m 24 5 30. ecegfesemnggér@ﬁﬁag?sjg% oaggéléfl{slgﬁgg%aét;ﬁ%%g%r " Qgree"bfm% aim
24,9 wher ei nudfatechas aGufarefracghnesdanging from shwat 10Rs & #oue2dd Re@m t he group
copsi sting of an anodi zed coating, a 27 flame spray-deposited al um num
oxf'de coating, a ceramc coating, and an anodized 28 coating having a
cefam c cogll ng aﬁﬁ:’c's@ﬁ'ﬁéoh@ﬁ&@ﬁ’ﬁ'bcesgﬁﬁ apBaraths sEcSHTRANDLC Wkl 2£§SSI NI
apparatus surface of C aim 24, wherel

12 surface roughness ranges from about 110 Ra to about 160 Ra.

13

14 27. The semiconductor processing apparatus surface of Claim 24, wherein said .
15 electrochemically roughened aluminum or aluminum alloy surface has the appearance
16 of rolling hills and valleys, when magnified.

17

18 28. The semiconductor processing apparatus surface of Claim 27, wherein the
19 height of said hills ranges from about 8 pm to about 25 pum.

20

21 29. The semiconductor processing apparatus surface of Claim 27 or Claim 28,
22 wherein the distance between the center of one hill and the center of an adjacent hill
23 ranges from about 30 pm to about 100 um.

24

25 30. The semiconductor processing apparatus surface of Claim 24, wherein said
26 surface underlies a coating selected from the group consisting of an anodized coating, a
27 flame spray-deposited aluminum oxide coating, a ceramic coating, and an anodized
28 coating having a ceramic coating applied thereover.

29

30 31. The semiconductor processing apparatus surface of Claim 24, wherein
31 byproducts generated during an etch process or a deposition process adhere to said
32 electrochemically roughened surface.

12



31 byproducts generated during an etch process or a deposition process
adhere to said 32 electrochemcally roughened surface. 12 WO 03/012162
PCT/ US02/®828/012182. The sem conduct or processi ng appar at uecIurshzaeasof C aim
31, wherein fluorine and carbon froman etch process react to forma

pol ynmer whi ch adheres to said surface. 33. The sem conductor processing
apparatus surface of Claim?24, wherein said surface is present on an
appar at us conponent selected fromthe group consisting of. a wall liner, a

cathode liner, a it valve door, a slit valve liper, a buff insert, and
q’g di sB?i but i gjlti pﬁeﬁt“é’“%g‘ifor RIORESHDR PBRTAMS cUrTa5e tfgnf:@éllnl 3 Lr 3g%&hi ng a

sursf ace COMRbifd Al AkBYH fRdHan @fchqﬂo&wf&attmfm 2 Yolytidf WAhNRINL RS SLRPS Of |

a) inmmersing said surface in an sol uti on havi ng a concentration

rarfgi ng freéwfagout 1 volume %to about 5 volunme % at a tenperature ranging

frcsm about 45C to about 80C, and b) applying an electrical charge having a

charge density ranging fromabout 80 anps/ft.2 to about 250 anps/ft.2

fore a time3peri odTherghitgnducesh @rbeudsing a Cdeihﬁx@Suﬂf&e SHOim 23, Whéreinesid 35.

The method of C aim 34, wherein said HO solution has a concentration

rangi ng f r SYH2EBALPEseny OP FAPPATEs £HBRONCH seleeine frogn e grodpeconsistingiofsta A ai m

35,¢ wWher ei t 50C to

2t 70, Vg0 Ty SRBUBAHES « it SANEqbEe p SR Pl Sther! FRRS (HATMAPT s Ner

i n®d udes adisaitekian iptage. agent, and wherein said chelating agent is present at
oncentration within the range of about 0.5 volune %to about 3 vol une

%1 8. The nethod of Caim 37, wherein said chelating agent is gluconic

acjid. 13 Wey 03/ 0124 GRHIEToHSR&rReRically roughening a surface comprising aluminum

12 or an aluminum alloy, including the steps of:

13 a) immersing said surface in an HCI solution having a concentration
14 ranging from about 1 volume % to about 5 volume %, at a temperature ranging from .
15 about 45°C to about 80°C; and

16 b) applying an electrical charge having a charge density ranging from
17 about

18 80 amps/ft.? to about 250 amps/ft.2 for a time period ranging from about 4 minutes to
19 about 25 minutes.

20

21 35. The method of Claim 34, wherein said HCI solution has a concentration
22 ranging from about 1 volume % to about 3 volume %. '

23

24 36. The method of Claim 35, wherein said temperature of said HCl solution
25 ranges from about 50°C to about 70°C.

26

27 37. The method of Claim 34, wherein said HCl solution further includes a
28 chelating agent, and wherein said chelating agent is present at a concentration within
29 the range of about

30 0.5 volume % to about 3 volume %.

31

32 38. The method of Claim 37, wherein said chelating agent is gluconic acid.

13



1 2 39. The nethod of Claim 34, wherein said charge density ranges from
about 120 3 anps/ft.2 to about 250 anps/ft.2 . 4 5 40. The nethod of
Cl ai m 34, weteneiin2 said tine period ranges from about 4 6Parruso®s328D about
20 minutes. 7 8 41. The nethod of Caim 34, wherein said

al um num conprising surface is an 9 alum num alloy selected fromthe group
consisting of 6061 and LP. 10 11 42. The nethod of C aim4l, wherein said
HCl1 sol ution concentration ranges 12 fromabout 1 volunme %to about 1.5
volume % wherein _said tenmperature of said HJ 13 solution ranges from
abcdut 55C £8- aboutThgzrethodef Glasn a.rvhesein seil shatge demsitytrpnges fpas about 126 om
about 175 % 0 anps/ft.2 . 15 16 43. The nethod of

d gjm 42, 2 s/gf ntos%g?lg%aggﬂ@%/lfﬁ?i on further includes a 17 gluconic acid
chel ating agent, which is present at a concentration within the range of
18 about 19.0.9 vglume %to out .1.1 volune % 20 .21 44. The nethod of
c aS?m 43, WHerein 8ifae¢?47€f?§5?%&;‘dw?%’ St dhng BeHiod wanege fropp abast ty i s
present rapggstes fBoaPI hifiddl nut es to about 12 minutes, and the al um num
23 alloy is 6061. 24 25 45. The nethod of Claim 43, wherein said wherein
saild time period during 26 which said charge density is present ranges
;gcgrjzabout 4f'. m nutﬁlse rtn(e)th%l %?%Iaslmngau&t?e%éin sgi?i agrginturr}lqcc?r}lgrrigir?gum alclecl) arlls LP.

9 aluminum alloy selected from the group consisting of 6061 and LP.
10
11 42. The method of Claim 41, wherein said HCI solution concentration ranges
12 from about 1 volume % to about 1.5 volume %; wherein said temperature of said HCI
13 solution ranges from about 55°C to about 65°C; and wherein said charge density ranges
14 from about 175 amps/ft.” to about 250 amps/ft.” .
15
16 43. The method of Claim 42, wherein said HCI solution further includes a
17 gluconic acid chelating agent, which is present at a concentration within the range of
18 about
19 0.9 volume % to about 1.1 volume %.
20
21 44. The method of Claim 43, wherein said time period during which said charge
22 density is present ranges from about 6 minutes to about 12 minutes, and the aluminum
23 alloy is 6061.
24
25 45. The method of Claim 43, wherein said wherein said time period during
26 which said charge density is present ranges from about 4 minutes to about 8 minutes,
27 and the aluminum alloy is LP.
28

14



