WD 03/ 012162 PCT/ US02/ 23287 1 [0001] ELECTROCHEM CALLY ROUGHENED ALUM NUM
2 SEM CONDUCTOR PROCESSI NG APPARATUS SURFACES 3 4 [0002] BACKGROUND COF THE
| NVENTI ONWO9361416003] 1. Field of the Invention 7 [0004] TPoa/ysozest
invention pertains to an el ectrochem cally roughened al um num 8 surface
for use within a sem conductor processing chanber. The present invention
also 9 pertains to a nethod of electrochem cally roughening an al um num
surfdce. TH®O01LO0 rou@h@@ﬁR@(ﬂHEl&ﬁClAiEXIB(MGHEMEDd&BEMIMJMr ovi de a
finighed surface f Mt i (S 13 [ 0005] 2.
Bri ef* Description ] : : . e
manufiact uri ng processes, such as etch and deposition 15 processes utilize
a wide variety of processin ases and substrate materials. Hghly 16

vol atti | e pﬂﬁ@éks byproducBé%HgGRﬂyﬁNBdDFﬂTﬂ@ﬂﬂﬁ@ﬁNTMlN1the processi ng
chamfer by 17 application of vacuum Less volatile byproducts may adhere
to the interior surface of 18 the processing chanber or may redeposit on

t he surfacpo0oB] t he. sBrRicCsmb¢biventigbstrate 19 being processed Most

sem conduct or manuf acturers prefer to have redepositing product s
depodit onlQ08LesThe gressi imention peryBs o #raglp@foc ﬁawatlhéot@bmﬁ/ae\w@wumrhe 21
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22 cleanlngs are expensive i n erns & processing c er dowm “The
nore9 23 r pelegmss id edmbt;hpdcm‘ueibaromhemfcahﬁrroh@eheﬂgdanbmludﬂeumr mrf%zsal righechanber
surfaces, the |ess 4 frequ t he, cl eani n ui_re 0007] .

ot db o seheed prfide s o gwa x&flow?fﬁéwrﬁﬁ ?flaﬁiﬂe & sheace funt in 26
al uqijnum (e -Blduefor pfdcefiP. conduct or processing chamber includes anodi zed
27 al um num surfaces whi ch have been | apped to have a surface roughness of
onl 124 Ra, 28 which is essentially a mrror finish. However, when

subj cted i gh_.t eqper.at. ] pcessi ng condltlons used in
§senlcggggﬁto? e P A e et Q8L 30 highly polished,

anoctuzed a[omspurrseufcf)mw}eweinamdmmg fd@b@eil BchCragCksh i fhd MRposition
anodi zed | ayer, known as craze lines; these are shown in Flgure 1. Wiile
t he 18r aze 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
1



32 lines 100 typically do not penetrate all of the way through the anodi zed
| ayer to the 1 WD 03/012162 PCT/ US02/ 23287 1 boundary | ayer at the base

al um numwerwatiig2t hey tend to spread across the anodi zed pC2/is02/23228E,
produci ng a spider web pattern. During a fluorine-based etch process, the

3 anodi zed al um num surface reacts with fluorine gas, causing the craze
lines to fill with 4 a self-passivating fluoride. Al though the craze |ines
may rot inbeuirfdaf)ela\yéxth thdbaselnni@nat beveathf thtegaeermharﬂpaeraddufdsmeaanodxzed
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W t |nas is to 19 provide a roughened
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roughenl ng method for some of the softer alum num 28 alloys, such as the
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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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30 may conplicate a subsequent anodization process. 31 [0010] It would
therefore be desirable to provide a uniformand controllable nethod 32 for
r ougheni myoan/osdieari num sur f ace whi ch coul d be used for al lpCalusot/eazst al | oys.
In 2 WD 03/012162 PCT/ US02/ 23287 1 particular, the roughening nmethod
shoul d provide a surface which does not entrap 2 particles, is free from
j agged and hooked surface formations, and is easily anodized. 3 4 [0011]
SUMVARY - OF paiticulaNVIlToGhhenir g0 fikdHod ApholiidC proivideh@ \§BrialeS GAMAT @6ksenddEnti@p M
controllable nethod for 6 el ectrochem cally roughening an al um num conpri
si ng sur f adarticlseisdeg from Jaggwd andiheoked $‘®C§é‘rﬁf@§%ﬁuéﬂﬁs epsibcanodizads chanber .
Typically the al um num conprising surface is 8 alum numor an alum num

al l oy. Applicants have also determned that if they 9 electrochemcally
roughen an (@i num or al SUMMARYIQF THE INVENTION avoid the 10 formation

fj d d.. f t hy. The. f whjch is f db 11
The. o oot r SIET0 CAPPHE oRitfy BROOTETEL &' 1 OpBERapRonHHIeBE r etiel der onal |
rol lighg  12ieBirbdrenidiliyahdRtmg ahNBuBfubIBd Rk QYEiRSE. Rl fOf uskRAmH 1 1 S

ﬂ%&
above the valleys is 13 approximately 16 nj the estimated average di stance
bet welen t he samidopdugior prpcessipgshiamber| ' ypFally thiegemiiungcomptising gudabe iof t he

al umgum | I he height .. 15 qf t.he hills ranges fro bout 8 mto
about8n25 g%}%ﬁ@ht ére ahi gfj rélhncu%l UpYee pph(‘éanéserq?‘éer aisfﬁ%?"’ﬂﬂ@%%‘l lLIIatﬁﬁyt hat
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Surprisingly, the hill and valley topography obtained by el ectrochemcally
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Appltircant s 700181 hoQufpeisingly, fie Rill s RaINiyn@pe@aptieobtamed By Abdidchatiicaing

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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28 alum num alloys in general, including but not [imted to 6061 and LP
(avai l able from 29 Al can Al usuisse). Applicants' nethod pronotes formation
of a snoowb,03nedibz ng-hill ed, 30 anodized surface which deez/usor/ 2281 r ap
particles. Further, applicants' 31 electrochem cally roughened

al um num conpri sing surfaces provide increased surface 32 area for

col l ection of redepositing byproducts. 3 WD 03/012162 PCT/ US02/ 23287 1 2
[0019] BRI EF DESCRI PTION OF THE DRAWNGS 3 [0016] Figure 1 shows a prior
art anodi zed al um num surface 100 which has been 4 |apped to have a

surfdce roldHiess BRIEF PESCRIPEIONOKIHE DRAWINGRs 102 which have 5

for in | um s e sure t rQcess

condi'ti ons. P08 pr oy horavE SbrR JRRaRke bHBR i D WBREIR 5k nons
prior art &pped nuimvsarshefaes @0ghneks 6fv Ras Nogethe modnghedre dined 0B whgh heas

bl asti ng. Note .the many hook-shaped projections 202 which can break off 10
or entrap 6%ff”tefic!rb§h°2@ﬁ{m’i“H@l ﬁ‘é‘?%ﬁ f"ﬁlﬁegﬂgaﬂ 8] HPOSYEr (0] Brasesst genditionsg 12
[001§] Fig f&ugingggmea{g,eg Mgpum surface 300 which has been roughened
using 13 applicants' electrochem cal roughening nethod. Note the snooth,
rol li’ng topography 14 of applicants' electrochem cally roughened al um num

surf gce. 1? 0 iﬁ [9019%/ TAlI LED D??C@I PTI O\IH’;?: % P}I;{E‘TI‘:ERI?D EMBODI MENTS 17
[0028] Applf¥ULht s FIEUS 25PN BEPT 4 ALMIBUTY SHEpGFP0oYMigh Bes besaravshered
rouglgeni ng usiaS basd Blastifigh UNLE @ #ian § hodk-SHipE R pojectivhé 868 WrichR@n break off

al um num conpri sing surface is 19 alum num or an alum num alloy. Al um num
i s cl@nmonl ¢r entrapypagiclgst294eineludingshe bead blap pagicksiitselfon, copper, zinc,

mag eisi um manganese, iron, titanium and nickel, by way of 21 exanple,
and not by way of limtation. Applicants' invention has use in

semi [@onduc{@018] 22 Fiyuee 8sabweg an hiunians sifacd) 300 elhithehL1 e kOpheRddC@ing/
roughened al ym num surfaces, 23 and particul ar%ﬁoroughened surfaces having

a priot ect | §RPICERE| FHECTcRerBISYeoushEite BSthed- Dote dbpamott. wllling tenngrepiit i ng.
[ 002} Appbw%ts'%t}e&eméal |£G$He99@§lﬁ]’rﬁﬁh‘h¥urf&?c§. rougheni ng an

al unl15num co sing surface conprrses I mersing the alum num

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 HCI solution to control the bath chemistry and conductivity.

4



26 conprising surface in an aqueous HC solution having a concentration
ranging from 27 about 1 volunme %to about 5 volume % at a tenperature
rangi ng fwormmsabmer 45C to 28 about 80C, then applying anPeramsn2exst charge
having a charge density ranging from 29 about 80 anps/ft.2 to about 250
anps/ft.2 for a time period ranging fromabout 5 30 mnutes to about 25

m nutes. Chel ating agents (such as, for exanple, but wthout 31

l'i mi tlat i on,[0@R2]ic offlypicak prbcesaingi domidition rforme b cBemeuatly froagiRhguatiminuiest
Chest.er, PA?1 832 .maé b@q added to the HO solution to control the bath
chem%stry A4R% AYRgHE ploYs accardigg tnzppplistes methodge/pesspted in BapdoOney pi cal
processi ngpedi tions for el ectrochem cally roughening alum num 2 and

al um num al | oys according to applicants' nethod are presented in Table One,
3 beldow. 4 5 [0023] Table One. Typical Process Conditions for
El ectq ocheni I oMqghepi ng, 6. Al um num and Al um num Al qys ,7 Typi cal
Prefesl;red &@ BEeY SPIGA FLDCRIS 0 ;i,:.‘:! SEEd 4 SN 2R C o T

Condig i ons Condi ti ons Condi t iAW8intd ardoNieehumNIRRs (% volune) 1 -5 1-3 1 -
1.5 Chelating Agent (% volune) 0.5 - 3 0.5-1.5 %.8-1. 2 Tank Tenperature
(C) 45 - 80 50 - 70 55 - 65 AC Frequency (Hz) 60 - 120 80 - 100 85 - 95
Char ge Dengrty tanpstt)—80—250120 =250 11505—250— e~ rno>—h 25
4-20 4-20 |8 9 [0024] Processing cong?g?’icgﬁs Vli||PW£%§:\dtO be QB TNPL g
dependi ng pn t hersqescPirameted0 chem c®rocesyTpos|i t i ro&ks t he| Kabivh PdbRts
al um num a| | oy bei ng roughened. plicants 11 have perfofned

el ectrochem cal roughening of sey er&P“%ﬁﬂ%&lrci a!chﬁdgyaﬁl fib| fponlilﬁi@.ﬁum num
O e N i apimz el g ey i
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
15



15 5 WD 03/012162 PCT/ US02/ 23287 | [0025] Table Two. Process Conditions
for Electrochem cally Roughening 2 Particular A um num Al loys Alloy 6061*
LP** rocee3@ond2ti on C Concentration (% vol unme) 1.0-1. PCIG012887
3luconic Acid*** (% volunme) 0.9-1.1 0.9-1.1 (Chelating Agent) Tank
Tenperature (C) 55 - 65 55 - 65 C Frequency (Hz) 85 - 95 85 - 95 harge
Density (anps/ft.) 175 - 250 175 - 250 rime (mn.) 6 12 4 8 3 4 * Can be
obt ailned f {6035dny of Tahle T s i hening Al coa 6
(Pittzsburgh PA), Al can, Inc ( tr{e1 I,ICanada and Reynol ds Al umi num 7

Supply Co. —6R:—c1m¢d——‘#r)—-8—*-* Al usui sse ( Stegen,
Ger many) . * Ootained from WR[ScientTfic Producis (Vest Chester, PA).
10 11 12 gG] Unr oughened, nachi ned al um num andjal um num al | oy

typically was a 13 surface roughness ra®§bhy from about 12LRH to aboyt 32
Ra. After “‘__"_"_"“_—“""‘i‘i';“‘__-“‘ s' electrochem cal| rougheni ng nethod, the
al um num o PR | oy 15 suflface typically has a surface roughngss

[ f y ref ¢
about 110 @‘{@59‘%‘8‘1‘1%?3% A 00271 B8 drtown i '

Figure 3, "applicants’
al um num a u@inwmauma{%w]uwgh eni ng  3.8-ngt hod piovi desga-gurface 300
having a tp 8 glrapé resenbling snill rolling hills 302 19 and vall eys 304.

(ehe gthei ght of the hills 302 above|the valleys 304 i$

The estim

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



20 approximately 16 gm the estimted average di stance between the hills
302 is 21 approximately 50 gm depending on the grade of the al um num
Typi cal | ywotobei1tiet ght 6 WO 03/ 012162 PCT/ US02/ 23287 1 of pcasshi/bizg7 302
ranges from about 8 gmto about 25 gm and the distance between the 2
center of one hill and that of an adjacent hill ranges fromabout 30 mto
about 100 m 3 Applicants' electrochem cally roughened al um num or

al umlnum abf the tslis 362 mnpesofromeboutd8 uncloedsear S uinf asethel ddatioebet@enaRs i on of
redeposi ting byprod s,, but does.not entrap .5 particles. 6 [0028]

Appl &c ant s Cg’lé?%cg{‘)l‘%g‘ﬁt‘?ﬂdctgi’t %&Bg"ﬁ@ﬁ?%d“lhﬁ“%ﬁfr?@ apawtt300im 40 pBou @Y um- for 7
rougheni ng A%blié’ﬁnih‘“@l’e@t%ih%&ﬂﬂl? W ghbh & al Sl AL SSal WRinGkh sy s%HQéee;grUG@EJ y
protected 8 by a plasma-resiStant coating, for use wthi'n sem conductor
procdssi nginsrraadsbsurface geta fog calectioneafciedertvaitingrbyprodacte pasddes arot ehauber .
Appl iscants' ar'ﬁ‘élteQOd is particularly useful 10 for rougheni ng any apparatus
surface whPEh Cdnes into contact with seniconductor 11 processi ng

bypr educt s[0038p! i applicntse Ie&@trbafdﬂﬁaa'lC@hgyenn%mdisabmw Qfseful or

al um_num al | oy surface provides pockets in the hills and valleys which
provi'de foFoughening slumipymandtalypingm allay wisiaeescwbich grosubsequentippprtedertt s,
such gas et : ol .14 DOSI L eventing the
Dypr aduct s 1 o radaSaanoaidd, e FRAR hhRBndUERlr G g PAGHER of

subs®rat e beametchrbanlssed a deposisometignitiek. APplicatsimertridas paniulafl§ uesrat i ng
appl.ied over the alum numro alum. num all oy surface which provides for 17

adhédi on ofordapgENing Y SRRAFIN SETac ubich SOmES inse PP @Ck Withi Ssgucandstatie

anodjiic oxi 8 fy ray it ] ' d. @tk ceramc

oAt ngs v R R e P rendd Db m &

par tli2cul ar alughimum glley $urfage iprevidespodkess ohthphdtsemd, vallbysowhich paoddec for lolgen f r om

21 the etch process react. to, forma pol r ich easil heres to an

el ecl't3 r oche?ﬁcgleﬂu On O ARG ndS e péﬂ%cg?lﬂég%m%ftﬁuﬂf uf§ é@g YPEoqusaeq

Applidcant SCVE leposdidte bypalhiots,” pregbRniRd theabRstodads Tdii BEPoSkind Giged 24

al um_num al | oy surfaces can be i1 ncluded in etch chanbers which are used for

et cHPng  28prifice pEthesericoadugtoryubstrate being pragessadr fanhelpful & essta proteptaveer i al s,

suchgas si L4 i:de. SEil i€ thi ifil itride. . an

Canta) am pe ok AEIEE over e ubhfin o dbifund by QR Bhlch fidd dor

or gdfii ¢ | owdhesidh ef depasitingrtypesduals) Exaripid srofestivdiccasingd ineiude Ahodi 8xidepper ,
antalum  and tu ysilicon, by way of exanple, and

titagiu sten), d I
not allg M hame spray-deposited zﬂgmgnu oxii e, agg 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



29 by way of limtation. 30 [0031] Applicants' nethod can be used to create
roughened surfaces for 31 sem conductor processing chanber conponents such
as wal | |Iwpesmi2ieat hode liners, slit 7 WO 03/012162 PCT/ v6@a/sa32287 1 val ve
doors, slit valve liners, buffer inserts, and gas distribution plates, by
way of 2 exanple, and not by way of limtation. 3 [0032] Anodi zation of
applicants' electrochem cally roughened al um numand 4 alum num all oy
surfates canlveedques,fgitmatheulingdy nudfey @nderonand ghuidistibmion gditgatiyoway f

t echnj ques knowg in th; art, ﬁ,uc.h as by followng M| Standard No. A-8625F,
by 6 SraBREnHIEnothy Ay Rt IaHQY- of 1imitation. Because applicants'
rougheni ng 0832100 ArodiZtibk VES appliGRS! vméclabaqdénhealﬁl HOLSHIRR P al Thugyal | oy
surface, the resulting anodi zed 8 surface does rot rmcraze |1 nes, even
when 4ubj eclwintm allny susfapesr canubreeparfarined gising aohivaritiooalcalnmiroie anadigaiohi cul ar

sem conduct or _nanufact ur i rocesses. . [,0033], . h pr.o ive,

pl asna-r esit%ﬁhgh%ue%%g?‘?’%b’k&gsaﬁc A i yat;?il?g llcligtﬁ’g{?i“félﬂ’ Alé(’eéﬁ:um’ M@ oxi de
and of her @frexaingles @Al indgdy WaN obeintRBes] (Bta®ie APBLARY BUHenthg héthod
roughened al um num or alum num al l oy surface using techniques Known in the
art. 713 cCaeligyes sEeratwiHug theegluminui o alysrnume aey serfaceothguesulting anedized e
appl igd ov r e a i 3 34] The abov
descrfbed gpe er (r]'téeleé rg&nbgﬂggﬁngﬁztesﬁg%é%ﬁo €’Jlillr%{' Zsﬁ%g%é?ég ﬁgemt%m?eﬁaeurel@'il%pe of
t he o esentwhicty etumsndueaso gpaeticiltar] bemicomiuctoe mahufe@ring rprydesssof [0GB3)
presg(gt 17 di scl osEre expand such enbodi nents to correspond wth the

subj 8¢t matter of Qe PrPSeCPH‘?felﬂ?ﬁ%reﬂs&inhéﬁatﬁ’@ﬁow‘:hSaSV@?fBQ/SB@ZT’GQOS“ed

PCT/ 4502/ 2338 dinurh gxi@&ﬂnwsoth% LerdniClcBhiflgs, Baf b déﬁ sited Qgr}ggﬁé&).rover a
processi ng charr%er having at | east one Irnterior su foace nprising

el ect? ochempughehgd plugyhened dbmimunuailey safaceiusing @bhrogues known in the art.

13 Ceramic coatings, either conductive or non-conductive, may be applied over a
14 roughened, anodized surface.

15 [0034] The above described preferred embodiments are not intended to limit the
16 scope of the present invention, as one skilled in the art can, in view of the present
17 disclosure expand such embodiments to correspond with the subject matter of the

18 invention claimed below.



8 9 2. The sem conductor processing chanber of Claim1l, wherein said at

| east one 10 interior surface has a surface roughness rangi ng from about
100 Ra towelow121200 Ra. 11 12 3. The sem conduct or procegsingorbasber of
Claim 2, wherein said surface 13 roughness ranges from about 110 Ra to
about 160 Ra. 14 15 4. The sem conductor processing chanber of Caim1,
wherein said 16 el ectrochem cally roughened al um num or al um num al | oy
surfdgce has the appearance 17 of rolling hills and valleys, when
magnified. 18 19 5. The sem conductor processi ng chanber of C aimd4,
wherein?the height of 20 said hillsCLeM)S from about 8 mto about 25 m
21 22 §. The sem conductor processing chanber of Caim4 or daimb5,
wherein the 23 distance between the center of one hill and the center of
an adj atenWdxlhim:r anges from 24 about 30 mto about 100 gm 25 26 7. The
sem congduct or processing chanber of Claiml1, wherein said 27

el ectrochem cal Iy roughened al um num or alum num alloy surface underlies a
cogting 2§ sel echegerhitofuche 6QYEnE RAZMBL H&igé aPadNOfl 7Rt QRHLAY, 2
flame spray-deposited 29 alum num'oXxide coating, a ceramc coating, and an
anddi zed ceempnginheleétrashemipatipnoughe3d abwminungorabphinech dllogr eover. 31 9 WO
03/,012162 PCT/ US02/23287 1 S. The sem conductor processing chanber of

d % m 1, wherein byproducts 2 generated 'during an etch process or a
deosi t i on2pr ocesFhasdigicenduetos drdtessingdiRaibePshEHA Al WhereRUGRERGhsbAT NUM
surface. 4 5 9. The sem conductor processing chanber of Claim1, wherein
sdi0d 6 seitepTsudRcsrhap asudacs rasghnessyaaging Sroseabeot £Q0 Re ematioue2Q) Raip

cofisi sting of an etch

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



7 chanmber and a deposition chanber. 8 9 10. The sem conductor processing
chanber of Caim9, wherein said 10 sem conductor processing chanber is an
et ch chamwerosmidieh is used for etching a 11 material sel @ecrasot/exnsert he
group consisting of a dielectric material, a netal, and 12 polysilicon. 13
14 11. The sem conductor processing chanber of Claim9, wherein said - 15
sem conductor processing chamber is an etch chanber, and wherein fluorine
and 16 cambon fr qmeaRmBéHAuRbP PSS ssifR Charher G VAP Wemweg@%d@éiberes
to said 17 electrochemcally roughened al um num surface. 18 12. A

pr dcessi ng BevATpededuringr anyselchi pricassa e clspduiioror procsssesdharg t@Osahanber
whey ei n sai b . al |l east one electrochemcally 21
rog’{;hened g%ﬁﬁ%&ﬁ]ﬁ%{rﬂyg %@ﬁ%&rﬁgﬁ@?%‘? Sce. 22 23 13. The processi ng
component of Claim 12, wherein said electrochemcally 24 roughened

al ym num or_ al um num al | oy surface has a surface roughness ranging from 25
aboﬁTt 100 Ra to aggﬁt S?BGOT@HC“EG procgssing W%Fo@fesgﬁ\*}@ donpbeEit wid Ol ai m
13,6 wher i emRbfaiir (t6Csbill PRRABE: is2R1dcRAIESM i O @pout
160 Ra. 29 e30 15. 'Izhlgsprsolcgss?ng clgrrporclent 0 E?%%H)‘igﬁns&sﬁg e%?r?hseatl‘?}g

el éct r ochewhaabdryand 3 Uepasitgimerhachbed. uni num or al umi num al | oy surface has the
appearance of rolling hills and 32 valleys, when nmagnified. 10 WO
03/012162 PCT/ US02/23287 1 2 16. The processi ng conponent of C aim 15,

wher ei n t hgohei ghtrhef séicendlictdrS pretebsiiifleshanitRin 8P00aiR M, QhaRAMtsafP M 4

10 semiconductor processing chamber is an etch chamber which is used for etching a
11 material selected from the group consisting of a dielectric material, a metal, and
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



5 17. The processing conponent of Claim15 or Caim16, wherein the

di stance 6 between the center of one hill and the center of an adjacent
hill range® Booamwsabout 30 7 mto about 100 p.m 8 9 18. PCra/So2/e328%Si Ng
conmponent of Claim 12, wherein said electrochemcally 10 roughened

al um num or alum num all oy surface underlies a coating selected fromthe
11 group consisting of an anodi zed coating, a flanme spray-deposited

al uhi num oxi de 12 coating, a ceramic coating, and an anodi zed coating

having a cerani c ating applied 13 t eover. 14 1 9, . The pr.ocessing
con%onent of”" d ai 2?r°gﬁ~?§‘ggicr?"ﬁ’398?'8dlf2€ ke rfiesgin tﬁ%%@lﬁhfﬁ sgid lé‘ﬁéh
proxess or rangddePR®i dboans phreadbsutaddhane to said el ectrochemcally 17

roughened al um num or alum num all oy surface. 18 19 20. The processing
corf'gonent of Claim 12, wherein said processing conponent 20 is used within

a sem condugt or pr i ed fr .he, gr caonpsistin 21
of gn etchq?hanberﬁgﬁjzé%gggggm ?‘5)?@%?%3}} § fgr&égl é@."%;%%‘“gﬁ%égiaéﬁcgg
conponent dktwdeaithe 2éhtervdfarmeitill and thesemies @f db atijatent 2411 par@e€ &BimNsboahaober i s
an etch chanber whi fq'lo is used for etching a material selected 25 fromthe
grolp consi® fapoyt 19 Kifel ectric material, a netal, and polysilicon. 26 27
22.g The processi ng conponent of Claim 20, wherein said sem conductor 28

processi ng chanber is an etch chanber, and wherein fluorine and carbon from
an ®tch 298pr ocedderpractssing domponantpof ¥iaEm WRj ehemitheridselearsehemdically

el ectrocheni cal |y, roughened , 30 surface. .31 3/ 012162 PCT/ USQ2/ 23287 1
23%2 The prde‘éé’??P?r/fba‘EB‘?fB%@ﬁ?‘“BP“‘tﬂﬂ IRy f?fa‘iﬂf\é\ﬂggﬁgﬁs a£08un% %Fg?-géf’éﬁ M dBhponent
2 ip sel ectgeshy co¥isting T S BnsRRY 84aiiRg, @fflanke %@g#-dkﬁ&ﬁéd AurkifhMOGGad | ner,

a slit valve door, 3 a slit valve linér, a bu insert, and a gas
di Bributi SAatHg Reeramic 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



5 24. A sem conductor processing apparatus surface, wherein said surface 6
conpri ses el ectrochem cally roughened al um numor alumnumalloy. 7 8 25.
The sem cwodaeizs2 processi ng apparatus surface of C ai m 22CTwtsez/ei2g7 said 9
surface has a surface roughness ranging fromabout 100 Ra to about 200 Ra.
10 11 26. The sem conductor processing apparatus surface of C aim 25,
wherein said 12 surface roughness ranges from about 110 Ra to about 160
Ra.113 14 237. ThdlegmoessidgcormponenockShimd2aphéent dasd protéssime compbhéitm 24,
whegein said .. 15 electrochenmically rou qﬁned al um num or al um num al | oy
surface hads P‘H%Ct%‘gﬁgﬁ‘rtﬁﬁ&Té’“pf@“%?t"}%qft iangalhiingrsa gahodedimegyasslitwyalyg door,

magpi fied. alfic viiSe Bfer, 7 BOHGAAIRORNE LAY diRKBGASSIIAG, appar atus surface of
Claim 27, wherein the 19 height of Said hills ranges fromabout 8 mto
abotit 25 m 20 21 29. The sem conductor processing apparatus surface of
Caim 27 or,,Caimg8, .22 rein the distance between the center of one
hil1 and thzét‘centelﬂrg S()efmlé%n é‘ﬁﬁ%éc%rﬁfeﬁ%lnlgl ap%aﬁuana.g@cg,r d’fﬂeéﬁjBufa‘éos &8 about
1006 m 24 c3mpdiges elértrosismhicSINOi0 e d EREAHE BY aRRRAIA LGNSy Sur f ace of C aim
24, wherein said 26 surface underlies a coating selected fromthe group
conkisting of an anodi zed coating, a 27 flane spray-deposited al um num

oxi gle coatiyag, a M i i t4,ng.havi ng,a
cergm' c coajt3 ing agg{e?se ctoﬁgf?éetglc P c@s%@g%&g?@%@ sﬁ.ﬁ‘gcesétﬁlcféagrﬁoé&c% &Frebr} Bzggssi ng
appar at us surfiadems afsuhei roughhessraagiag fronBdbony pPORIA et sbogePG Ri.ed during an

et process or a deposition process adhere to said 32 electrochemcally
rotighened surface. 12 WD 03/012162 PCT/ US02/ 23287 1 2 32. The

sepj conductygl progelSkRtARBRAbAlbeestitEl DPsralth sEHAlIBBEIMB! Ghrein said

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



3 fluorine and carbon froman etch process react to forma pol ymer which
adheres to said 4 surface. 5 6 33. The sem conductor processing apparatus
surface oo@aiazn24, wherein said 7 surface is present omcarusappasat us
conponent selected fromthe group consisting of. a 8 wall liner, a cathode
liner, a slit valve door, a slit valve liner, a buffer insert, and a gas 9
distribution plate. 10 11 34. A nethod for electrochem cally roughening a
surlf ace conprising alum num 12 or an alum num all oy, including the steps
of :, 13 a) i rsi said surface in an HC solution he}vi ng a_concentration
14 % angi ng 3fr om aﬁgﬁtseT‘ HART RFPCFSHURS APPEalyS) ce ot fCladmy @ b Whsieift e
ramgi ng fr @iibrine Al GRKYALfrétR &n RN 3RS RA& 10@6iGh 4 BoBneR RRLH! d&ﬂex@?}oega?&t rical
charge having a charge density ranging from 17 about 18 80 anps/ft.2 to
abdut 250 awiaeeft.2 for a time period ranging fromabout 4 minutes to 19
abaut 25 mnutes. 20 21 35. The nethod of C aim 34, wherein said HC
sol'ution has a concentration 22 ranging fromabout 1 volune %to about 3
voleune % 33. 24 3I6e sdhtondicksrprodes§h@iapparbus Whgicei of Claindl 24 eWRGE AL dafle of
said HO solution 25 ranges from about 50C to about 70C. 26 27 37. The
method of EECHISRIESHN P SN RPRARES iemPeBiNn s¢leied frorhide grovpl qeagisting o g

chegl ating h-el i ti . 1S, Rr a

concont rat 1 e & GHETRLE o38 CaE b, b 2 B8 RTfndrla PEAA TGRS hnfa gps 5
volune % dBfrildfioBPlateThe met hod of C ai m 37, wherein said chel ating agent

[ legI uconic acid. 13 WD 03/012162 PCT/ US02/ 23287

11 34. A method for electrochemically 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 % anps/ft.2 . 15 16 43. The nethod of Claim
42fguvvherei %H@aﬁ/lf{j tﬁé})&%’t&%ﬁ?ﬁ%{)ﬁﬁ?ﬁ” her includes a 17 gluconic acid

chel ating agent, which is present at a concentration within the range of
1835about 19.0.9 vgl une %%fggo.ut % 1 volune % 20 .21 44. The nethod of

d a m 43, herein 195iBehe Ay d4aWherey S dHoe ReHod manege fropp apeist 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



