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| NVENTI ON [ 0001] This invention pertains to a nmethod of polishing a surface
of a substrate conprising alum num BACKGROUND OF THE | NVENTI ON [ 0002]
Metallic mrrors have nunerous applications in the field of optics.
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measured in several distinct sampling regions. Not only must average surface roughness be
low for good optical performance, but also R;, Rpmax or related parameters must be low to
minimize light scattering.

[0004] Existing methods for mirror fabrication attempt to remedy the drawbacks
resulting from imperfectly formed metal surfaces by electroplating a layer of electroless
nickel onto the mirror substrate and then using optical techniques to polish the second metal
layer to provide surfaces exhibiting reduced light scattering. However, because again such
mirrors consist of different metals, bimetallic stresses at temperatures differing from room
temperature compromise mechanical and optical stability of the mirrors. Further,
fabrication of the second metal layer adds significant complexity and expense to the
manufacturing process.

[0005] Highly polished aluminum surfaces have additional applications in the field of
solar cell fabrication. Mirror arrays are frequently used to concentrate solar radiation onto
photovoltaic solar cells to improve conversion efficiency. Since diffraction of light by
surface irregularities on the mirror surfaces results in lowered efficiencies in conversion of



photovol taic solar cells to inprove conversion efficiency. Since diffraction
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such as cobalt-phosphorus. The nickel-phosphorus layer has a highly homogeneous
microstructure and a particular chemistry which differs considerably from aluminum and
aluminum alloys, which have a different surface chemistry than nickel-phosphorus and an
inhomogeneous microstructure comprising crystallites dispersed throughout a matrix.
Further, CMP produces microscratches and leaves imbedded abrasive particles on the
substrate surface, which defects cannot be tolerated in optical applications.

[0009] Thus, there remains a need for efficient and economical methods of polishing
aluminum surfaces to exacting standards of surface roughness suitable for diffraction-free
reflectance of light in the visible and ultraviolet ranges. The invention provides such a
method. These and other advantages of the invention, as well as additional inventive
features, will be apparent from the description of the invention provided herein.



reflectance of light in the visible and ultraviolet ranges. The invention
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of silica, a,

consi sting ceri and zirconia, (b) an agent that oxidizes
alumnum and (c) a liquid carrier, wherein the abrasive is in particulate

form and is suspende®ETAIIBD DESCRIPTGN OBTHE INVENTION
[0012]  The invention provides a method of polishing a surface of a substrate comprising

aluminum. The method comprises (i) providing a substrate comprising aluminum, (ii)
providing a polishing pad, (iii) providing a polishing composition, (iv) contacting a surface
of the substrate with the polishing pad and the polishing composition, and (v) abrading at
least a portion of the surface of the substrate to remove at least some aluminum from the
substrate and to polish the surface of the substrate. The polishing composition comprises
(a) an abrasive selected from the group consisting of silica, ceria, and zirconia, (b) an agent
that oxidizes aluminum, and (c) a liquid carrier, wherein the abrasive is in particulate form
and is suspended in the liquid carrier.

[0013]  The substrate comprises aluminum. The substrate can comprise pure aluminum
or an aluminum alloy. Numerous aluminum alloys are commercially available which are
individually characterized by the presence of various elements in addition to aluminum and
by the particular processes used in their production. Aluminum alloys are further
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polishing a more planar surface.

[0016]  In one embodiment, the polishing pad comprises a resilient subpad and a
polymeric polishing film substantially coextensive with the resilient subpad, wherein the
polymeric polishing film comprises a polishing surface and a back surface releasably
associated with the resilient subpad. The term “film” as used herein with respect to the
polishing film refers to material with a thickness of 0.5 mm or less. The polishing film is
considered to be “releasably associated” with the resilient subpad if it is associated in a
manner such that the removal of the polishing film from the resilient subpad does not
significantly alter any portion of the surface of the subpad that lies directly beneath a
portion of the polishing surface used during polishing. The polymeric polishing film can be
releasably associated with the resilient subpad with or without the use of an adhesive
compound. The term “adhesive™ as used herein refers to any of the commonly kPown class
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polymeric polishing film will have a hardness such that the film substantially conforms to
any global topology present on the surface of the substrate comprising aluminum, but does
not substantially conform to local defects in the global topology (e.g., depressions or
protrusions that otherwise disrupt a continuous topology). Preferably, the polymeric
polishing film comprises a material selected from the group consisting of polycarbonate,
polyester, nylon, polyvinyl chloride, and combinations thereof.
[0019] Any suitable subpad can be used in conjunction with the invention. The choice
of any particular subpad will depend in part upon the specific application in which it is used
(e.g., for polishing of planar or curved surfaces). Suitable subpad materials include one or
more of any of the polymers previously identified with respect to the polishing pad.
Typically, the subpad consists of thermoplastic polyurethane.



~polishing filmconprises a material selected fromthe group consisting of
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thereof. [0019] Any suitable subpad can be used in conjunction with the
i nvention. The choice of any particular subpad will depend in part upon the
specific application in which it is used (e.g., for polishing of planar or
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Furt her mf(;(ﬁZ] t heAlHl%h%l’% ﬁ\ie%liﬁﬁﬁig Saahrhag BYéh A% ibed herein with respect to the
polymeric polishing film and the resilient subpad, the polishing pad can be used in
conjunction with additional layers (e.g., additional subpads, backing layers, etc.) without
departing from the scope of the invention. Furthermore, the polishing pad can have any
suitable dimensions. The polishing pad desirably is a disc shape (as is used in rotary
polishing tools), but can be produced as a looped linear belt (as is used in linear polishing
tools) or have a rectangular shape (as is used in oscillating polishing tools).

[0023]  The polishing composition is a chemical-mechanical polishing composition.
The polishing composition comprises an abrasive selected from the group consisting of
fumed silica, precipitated silica, condensation polymerized silica, ceria, and zirconia,
wherein the abrasive is in particulate form and is suspended in the liquid carrier. Fumed
metal oxides, e.g., fumed silica, fumed ceria, and fumed zirconia, can be prepared from any
suitable volatile or nonvolatile precursor. Fumed metal oxides can be produced from
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chem cal - mechani cal polishing conpositi’on. The polishing conmposition
conpri ses an abrasive sel ected fronlthe group consisting of funed silica,

| d
Pherern: thEtigiabfGus SORREOSES illof iR ph e nirentsS8 ol ARRLA  outy
carri er. afighetgmpematuat flaxe Jézair er ng/CHﬁ/am)de psaduce the madsdudﬁeqfilatereahd f umed
zi rconi a,pGRR all%'kﬁl@ Eathd rE}SRr %Uh\;ozfcg g\é?l:?&r‘s%?d&% el atile

precursor, Fupe rreta oxl %fl gblle precursors by
hydr ol ysidispgismedhe mm&@&rﬂ%ﬁsma g%wgtel(, @leghol, ppacid-besedsolverdy in  a

hi gh te”ﬂ@l’é@bluﬁ@n Edrﬂﬁiﬁnglﬂzd bdurwi' céﬂ ﬂh?jto b Bighrtesipeanird Baetisthg #xi de oL
i nt erest rre net al e at | cursors Yy
di ssol vi r‘?é‘)p gela?rgtﬂé[agiiﬁber{lﬁa ?teﬂ}?nga%ﬁ %%Bs ypgﬁf[aergﬁlgﬁ as water,

al cohol , generatorsdadiadell- ﬂ;l:idimmizers m;seslsmre spmy oozries| mdgirasoaiqutervizessor can
be spr aye{ﬁ’o% to %ﬂbﬁfbot]&%es'il?éa‘ﬁ‘i ﬁaeféoﬁtg?t ?xtﬂ.%véltloqr&)(géo e v Bl Rls Qg% 1 and the

nmet al OXIde en can be col I cal ene ors

a
i ncl ude Iilicp P@i%@le&(%gn Q@ngnsamrgnolwmégéqdrséwgpm ﬁbammgmp%ﬂi siliear asoni c
at om zer onddrddH2lpoBrhdrabd gli6lahRidaypill hf‘e%réﬁﬁreﬁ'b? cBRAENENE squ)he i nvention

Si11 ca pdreh etgsl SR brp el Gt Dbt PO et JRIB S o1 | { ca
particl edetwepn ¢ all ty l180@Enm(epa’ sl th §OCwmdacisasi@ ngi (0GEP4nt, or 26 omrto 3@ | oi dal
particl e%m)""@ﬁ&babfé% Jegyku%% es l:%% &%&%@%‘3 ﬁ%ccBﬁBﬁéegn&SU @at—‘ 8%0%!?5&%3% 10 nm

particle s

to 500 nrhe obiaingdaganytod varims cmercgéiwvgbblwmdéctwﬂ@h %ﬁtb@AlsmTNshe prepared in
accordancmnd@ﬂtsb/sw du%@@ﬁeﬁal?@%@@zqranaéﬂz A@ﬁd&@&@émﬂa@&h&@m&? vari ous

comercially avai.l bI e u S bel. .Bi 50/ 80
product & tﬁ@"?ﬂﬁ Tgé’gg “‘é%?er gﬁg eg WH(& Bt her
simlar mzsq:luctlsreapﬁatéchhhm (oreeipitaeBailicon Eaxﬂe) is ppgplatedbyResstingah, N ssan

g:‘g;“; gg') ﬁle §H19arté %ﬁ%tmn L@cﬂ%?%of &rﬁ%hi%%t%%&‘t@rgﬂs&)} &ﬁhéﬁ{iﬁ&%lp%c&fﬂs@c% S gg”
sodi um s |su1rﬁm a@lct vﬁahemg n@gajowe@woa paodvet @rmedcbyipresipgaticens The auhf:mhns: aC| d.

Silica i réd%@ed@lﬁ@t%reﬁe@rﬁsth'e&’ riridd QQM%E aﬁ‘ﬁéd@@n%’sﬂﬁe@‘éf Qﬂhblafela@cibn T&ﬁlcfs' lica
t hus ier washed, dried %eaﬁlfflgﬁar t ed fromre5|dues of

ot her r eé‘ﬁt"?&’gﬂ raﬁ?jif?}%dér e&hqlq‘%?ﬁ Wik ikapwa fe.thg dot i ques wel | known to
tho?]eds Ki[002s¢ | rCérfaelndrzircodlﬂﬁs%ﬁll ifdheligventick methcd barcbamrepattd bya filrgingnvent i ve
et hod c a cess OI’ a
e Bl FREEB S ol ARG B RSB BhEp PSS

metal ni tmemlealt (e angyetahaitrate vm:@fdiatsmmoméat@n lewsl amﬂaedesrademetmxaie iHxi de is
di ssol Ve%skélvé!@fn%ateﬂ &@&é@&htﬁ‘%%ﬁ%é{e gaﬁﬁn{o‘ﬁnﬁah &&I&%‘ 48 s c@@ﬂ'tgﬁ) and

subjected tg. condjtions of eleva t enper at yre and pressure
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conversion of the metal salt into the corresponding metal oxide.

[0027] The abrasive particles desirably have an average particle size (typically, average
diameter of the smallest spheres encompassing the particles) of at least 10 nm or more (e.g.,
25 nm or more, or 100 nm or more). Preferably, the abrasive particles have an average
particle size of 1000 nm or less (e.g., 800 nm or less, or 500 nm or less, or even 300 nm or
less). Of course, any of the above amounts expressed in terms of optional upper and lower
limits also can be expressed as ranges (e.g., 10 nm to 1000 nm, or 25 nm to 800 nm, or 100
nm to 500 nm).

[0028] Some abrasive particles, such as fumed metal oxide abrasive particles, comprise
small primary particles that are fused together to form larger, chain-like aggregate particles.
Considerable force is required to break these aggregate particles into primary particles. For
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difference between the concentration of particles in the bottom 50 ml of the graduated

cylinder ([B] in terms of g/ml) and the concentration of particles in the top 50 ml of the

graduated cylinder ([T] in terms of g/ml) divided by the initial concentration of particles in

the abrasive composition ([C] in terms of g/ml) is less than or equal to 0.5 (i.e., {{B] —
[TT}/[C] £0.5). The value of [B]-[T]/[C] desirably is less than or equal to 0.3, and
preferably is less than or equal to 0.1.

[0031]  The agent that oxidizes aluminum can be any suitable agent that oxidizes
aluminum. Preferably, the agent that oxidizes aluminum is selected from the group
consisting of ammonium persulfate, hydrogen peroxide, potassium hydrogen
peroxymonosulfate sulfate, and peracetic acid.

[0032]  The polishing composition can comprise any suitable amount of the agent that
oxidizes aluminum. Typically, the polishing composition comprises 0.01 wt.% to 10 wt.%
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to. 10. suitable means. More specifically, the polishing composition can further comprise a pH

adjustor, a pH buffering agent, or a combination thereof. The pH adjustor can be any
suitable pH-adjusting compound. For example, the pH adjustor can be nitric acid,
potassium hydroxide, sodium hydroxide, ammonium hydroxide, or a combination thereof.
The pH buffering agent can be any suitable buffering agent, for example, phosphates,
acetates, borates, ammonium salts, and the like. The chemical-mechanical polishing
composition can comprise any suitable amount of a pH adjustor and/or a pH buffering
agent, provided such amount is sufficient to achieve and/or maintain the pH of the polishing
system within the ranges set forth herein.

[0038] The polishing composition optionally further comprises one or more other
additives. Such additives include any suitable surfactant and/or rheological control agent,
including viscosity enhancing agents and coagulants (e.g., polymeric rheological control
agents, such as, for example, urethane polymers), acrylates comprising one or more acrylic
subunits (e.g., vinyl acrylates and styrene acrylates), and polymers, copolymers, and
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pr esent ol i shin 0 ositio al.l m to 140 ppm [0040]
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bi oci de thamofie adatchu bdsrabiueui)pmcessieFurﬂmrmm,athppdwhmg contgokition kamiene

bi oci de. nt cal |
751 pom raeBiRA 0o R0 e (R or At Minp ol IRBPBERIRAR ERE 0! C! 1Y
pol i shi ngpqllélnrp@wtlp@m@eganbe smaeagsdye@rddranéﬁymbmpd iinedigigherror t@rner aI ly,

the pol i shifg us™rash H’ﬂe%@hﬂﬁﬁ%&ﬁnﬁ&%ﬁﬁ Me&ﬂfﬁﬁhrﬂrﬂ)g 1A &\é‘drrfﬂoréhe
conponents there bat ch or. conti nuous pracess, P-{ her nor e,

pol i shi ngCEWRPRIL ?ff Bﬁp@aﬁhl%econw@a%éac}x %5-aRrsge thyt quﬁhZﬁa caflaeuse or
each of ltdrdaed mdhwp@lisaingcwmpomgm _ﬁlsﬂfefél‘ber dutrigiwsbi (mg, Wﬂm(d)lsmtnumaf@'e \?ﬁ ]
separate st or [0) | ne | 1 Or uril n S en the
oD ottt B tae BE ot B 2s5: BorBiely (Wn@lan Ghibeti

conponent @ugbnérieofibé pelishmg cooppsition mpmpawdtn sta)_sedgaamdacgmbnnedrdanngmsed| zes

al um num thG@cSln ent%qgﬁ:}ge &éhvfeik? 1§ el satRD BRI RO atd Rind b’éﬁsh@c?fv&ifef‘e Qg during

use (e.g., wmt m nut
components are combined and mlxed to provide the polishing composition. The pH of the

polishing composition or any one or more of its components can be adjusted at any suitable
time.

[0042]  The surface of the substrate can have any curvature. The surface of the substrate
can have substantially no curvature (e.g., the surface of the substrate can be substantially
planar), or the surface can have a curvature (e.g., the surface of the substrate can be convex
or concave). Surface curvature can be produced by a number of methods, all of which are
well known in the art.

[0043] The surface of the substrate comprising aluminum can be as-formed by any
suitable process used to produce the substrate. The surface of the substrate can be formed
by a mechanical working process (e.g., rolling, extrusion, and forging) or the surface of the
substrate can be produced by a casting process (e.g., sand casting, permanent mold casting,
and die casting).



use, or wthin 1 hour before use, or within 7 days before use). Wen all or
sone of the conponents of the polishing conposition are separately stored
and conbi ned during use, the conponents can be delivered to the surface of
t he substrate being polished, where the conponents are conbi ned and m xed
to provide the polishing conmposition. he pH of the polishing conposition
or any one or nore of its conponents can be adjusted at any suitable tine.

[0042] T rface of. t e su ate can have any.curvature. The surface of
t he subsﬂﬁ%‘f“g c‘gﬁ %’0’8 t”i%ﬁ qﬁ\] SURBH AR 08 UM e DDt ace of t he
substr at gpotistied lpaostmbmhtacﬁn@thb yurfaok afi the)substratetwiéh the pblishingpad dndvlee a curvat ure

Cur vat ur oLt QEfRiioh 16a SURBRE i SR RBuG O Surfe GORC RNkt SALECR

known i n préreolighed, f?maplemd@mpﬂ sunipg. Imdamonkiurming acghgiratisagagium num
can be asyfiRLRRG BitadBY withd HARbRI &k o8l tﬁi&ﬁfbré&epf &heled B&d&i&%&d ate. The
surface of the sub trate c be for by a mechani cal, V\f) Hgg]ﬂ%ocess
(e.qg., rdPPPYRgmat 8’5& g‘ﬁ “Ig r‘gﬁﬁﬁat%gy PN OseRPIB FIYER Strate can
be producearfadeyofshecsabitiang t}mremyerssnltﬁxg ig the Isamdmomsfahglﬂypegtﬂanmnfaceml d
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surface déppinge Is dﬁmrxgat gurfuice bf & Mebspateisabrangd foamcezmg thh gubsprateisgtihery
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under pr etszpleeelly)suqeﬁaddqh |a€}id1uf&)cfaﬁhérlsﬁdilﬁastv®aterro¢ a1V Lappihg cartbe performedeitaur f ace

of the substrat cutt. M CL.OSC, v rs. fro the surface.of the

Substr at & AR Spgh, Sisb by R COBlefR ¥ Birbise AP A9 s ur f mce.
[ 0045] Timeaterial fenhes oést irhe osiasy. rlattiee ot dSthepvaltion, lapmnggqnctrellmeéerpol i shed
by | appipgn %ﬁaﬂ)l@@&hﬁ ue f’esﬁl%éﬁ?fﬁrﬂ%ﬁsﬁna?sur%&‘zﬁerﬁlvc\:ﬂ ;ﬁ}}l?%ﬁ%@otﬂé moving the

substrate s ace relative parti cul ate abrasive
(e.qg. alfﬁlﬁPYﬁéoﬁhlgb ﬁpqt%@hﬂ@éuw@te)sur %m@ hdingdwihaellinpites te sBREHBISING U f ace

and the b g BorEg, faﬁ@glelﬂzee parti cuI ate abrasive is typically suspended in
I d d with
ol 600 S B R0 51 b BB DR OB BB b
conpri seahmnhemdo proaiderai palistedshrface nasig a predeteominted asdacelrnugtinesscont ext  of t he
| nventi Or'yéq&e?ﬁﬂ'rﬂ& HEDSF QoY {o‘ﬁ e3s in%%n?\%( lﬁd{lﬁﬁ‘bh&ré uE-i%éé" ting in

di mensi o nges prlnC|pa renova spots on the
subst r at doughpesgcan be méttsmﬁdnge@amcaibt by mavipg d stybis plgparaf surﬁagwrﬁg/ usingf f i ng,

honi ng, itg@l gcaeertﬂglt&: 954Gi‘heT&%ehéhYl%EieV;EoﬂMédﬁQﬁcﬂ@hg%ei#(%QMEb polish a

surface of 2. WRY LS Somrislng. al Wil Lo provide o poll shed ayr face
roughness. Thus, depending on the particular surface roughness desired for a substrate, the
inventive polishing method can be conducted for a duration sufficient to produce the desired
surface roughness. The polishing operation can be interrupted, and the surface roughness
determined. If the predetermined surface roughness has not been achieved, polishing can be
continued, until measurement indicates that the desired surface roughness has been
achieved. Alternatively, end-point detection techniques as described above can be used to
measure surface roughness in situ during polishing to allow for in-process monitoring of

surface roughness.

[0047] The surface of the substrate comprising aluminum can be polished by any
suitable technique. In a preferred method, the surface typically will be pressed against a
polishing pad in the presence of the polishing composition under controlled chemical,
pressure, velocity, and temperature conditions. A preferred method of polishing a surface is
particularly suited for use in conjunction with a chemical-mechanical polishing (CMP)
apparatus. Typically, the apparatus comprises a platen, which, when in use, is in motion



Nuner ous neasures of surface roughness are known in the art. For exanple,
the surface roughness can be neasured nechanically by noving a stylus al ong
a surface or by using |light scattering techniques. The Anmerican Society of
Mechani cal Engi neers (ASME) standard 6. 1- 2002 contai ns descriptions of
met hods used to neasure and express surface roughness. Thus, dependi ng on
the particul ar surface roughness desired for a substrate, the inventive
pollshlng t hod .ca gtHe cond ted r..a durati ffici t o_pr.oduce the
st red wlrsE seb Ol FRb el ifent 0 et ifon e ring b B ot e,  and
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for exa surface with a fixed abrasive
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In sone e
contrast, single-point diamond turning of aluminum surfaces requires many hours to

produce surfaces having comparable surface roughness.

[0050] Finally, the inventive method is well-suited to production of polished aluminum
surfaces having any intermediate surface simply by controlling the duration of polishing. In
particular, production of aluminum mirror surfaces for use in solar cell assemblies can be
rapidly and economically achieved.

[0051]  The following example further illustrates the invention but, of course, should not
be construed as in any way limiting its scope.

EXAMPLE
[0052]  This example demonstrates the surface roughness achievable by the inventive
method in the polishing of a commercially available aluminum having a lapped surface.



t he polyneric polishing filmcan be replaced during the polishing of a
single substrate, wherein the first and second polyneric polishing filns
have a different composition or surface roughness and have different
polishing characteristics. [0049] The inventive nethod is particularly

wel | -suited for the production of nmirrldr surfaces on substrates conprising
alumnum In this regard, the inventive polishing method is capable of

pol i shi nﬁ | a ﬁped al um num surfaces having an initial root mean square (RVB)
surface neds Hinch Xk en) Wakh copbtingo 6) TS alasinamsHayard davingees havi ng

RVB  sur fsa&a%ell peHIasHated fikiStbwad fdfbcikd Bt dLstes polishiarh racéwurh@ﬁrspol i shing

time. By % contra poi nt_ di anond’ turnin n&surfaces

RGP U5 O Sed Y iOR Wiy R SOTRRFIHABH S sing Sy Bt
ﬁgﬂghﬁgisﬂﬁ&ﬁw% mhbifumtﬂmulfmemwmeg aﬁEhkggg & pHWE 19 'Bnmv&aéef was production
O oLt g Bh T WS L6 BB, ReAhe o 2 STUPRTE RS et RERGG ST ML Y b

controll
al um nunnnmlﬁ@ﬁrW1§Uﬁ1 ﬂ@mﬁ@rore@reswe of 0.3 &Paf3 m], Whamgeﬂtbﬂbwsfommrb@urer apidly and

econom calgy t@@lg?f'e‘éﬁﬁic ofﬂ@@ﬁﬂs&lﬁ% &ﬂ&t't&éé‘ﬁd?ﬂ ?Q@Hﬁm&%éoﬂﬁﬁerb%ﬂ&m rates the

i nvention hut course, shoul cons i.n y limting
its scopé"a@klﬁ ppligh mqup@? S‘PFIP%’P%@(H ﬁéa@m%thfme@@ﬁﬁlﬁéggﬁf&g@ roughness

achi levglblpehihmg &Rhi m\f@ws\baffle seeoﬁdwmhg step e loﬁlzﬁltééﬁ{ﬂi’&rs 2|o|§ "
avai l abl e _a a n.8 in c

waf er coﬁgl?lﬂﬁ“f'gggj%%g’fgfgw | r‘#a& P@;elﬁ?ﬂﬁlﬁ[géﬁéb surfag ta@é”q apped to a
matte fi MeEbrestidntepriesdioed Ratong FLjvo-veateqsinglai Roflitexgpagrabe dewnfofcteanéssmt
polishin ishl rising 6
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of 9. ThépsrAfaallaieds. pol i shed for 60 minutes with a downforce pressure of
27.6 kPa [((0454]09 Foﬁ@ﬂm&;fpans}ﬁﬂg, tHdtotal bl S ¥irkdde ?na%ﬂé{[\feﬂ{cﬁ@d agssure of 20.7
kPa (3 p |1)§ ?ﬁﬁ 4@ g downf orce Bressur{e refers to tl{)\ﬁ gt\}e(f re of the
subst 1 at Setiifeds pd the Wik v e by GopAGoRes BiRsP R R AL ST

pol i shi ngegimp &r ddtermimpviernge durfadelrodghhessd Thetegultedrh astedoyloin thhiTablepad. Aft er

pol i shing, each wafer was buffed during a second polishing step for 1 mnute

with a slurry conprisi % fumed silica and 0.03 w. % of Del onic
LF- 60MOD1gblet Bemayal rate m%surfae@mvghmesamfmlﬁhaml Tlécyélanmatrbail,oym in water

using a P%tblts%{fa&qgm@{,e@(‘agomf orce pr es qg[\%ragg Suggbegoggﬁegsq{m The

pol i shi ng—paranmeters—were 56 Tpmplaten pmcarrrer —speed fjor
all step&lo&d854] Fol | owi ng pol i shing, tHesgt(é‘taH‘iiaréﬁfB‘GﬁtﬂmbT O@Q}face nat erilal

removed was determned, and the wafer was exani ned by atom c force

m crosco FM. at 3 different ions t term ne average. surface

roughnes Eﬁlosgﬁ N&é‘% EFSpits ‘%é‘glsseé?mf’]ﬁrdf? OPW"{%B“%%M@“V@ method prodiices an
aluminum surface having an average surface roughness comparable to that achievable by
single-point diamond turning.



Tabl e: Renoval rate and surface roughness of polished 6061 T6 al um num al | oy
Total surface renoved (A) Average surface roughness R (nrn) 168,178 1.58
(standard deviation = 0.23) [0055] The results of this exanple denonstrate
that the inventive nethod produces an al um num surface having an average
surface roughness conparable to that achievable by single-point dianond
turning. 14 CLAIMS 1. A nethod of polishing a surface of a substrate
conprising alum num which nmethod conprises: (i) providing a substrate
conprising alumnum (ii) providi nFIAPSY i shing pad, (iii) providing a

pol i shing conposi ti on conprising: (a) an abrasive selected fromthe gr oup
consi sting of SI I| nd zir.coni.a, an a ent hat oxi

al umi num andl(c) ?tﬁ?f{ﬁfa@éﬂfﬁii‘%?s%&oé?ﬁ“h H)gte ?’5‘8 aﬁtgmpppip\g cuI ate
formandmet]mdsuma@mlseked inthe liquid carrier, (iv) contacting a surface of

t he substrate W|th i ng conposition, and (V)
abradi ng at | east por ﬁ@f %Me%ﬁ%d élhgrgbstrate to renpove at

| east sone al uni nuﬂl)fromot’ﬁ@lmlcshmg@a@nd to polish the surface of the

substrate. 2. The gmjh ngduyé@ﬂ,dnsﬁmg\e@,%@glﬁbg&%p%{;%trate consi sts of
alum num 3. The net of claiml, i.n the substrate conlsts of an

al um num al l oy. 4. The(aPret h%ab(gqsv@sgeﬁqe frog b graypiBsistingRISifRA8y is a
6000 series alum num all oy. axﬁ],mebma,net hod of claim4, wherein the al um num
alloy is 6061 T6 al urrin aII t%at daesa ho:lmqf | aim 1, wherein the
pol i shing pad consists éf{ﬂte BEHEFS BB eSS r om t he group

consi sting of thernopl aé;:bl c ehq&sdomcls thtmﬂmpblasuvmsmnn@mcu}a&fmn@sd

t her nopl asti c pol yol efi ns, pi@'sﬁ uﬂpéa).‘ﬁl'é nyI al cohol s, nyl ons,

el astoneric rubbers, el ast OITEI‘I nes pol yt et.rafl uoroet hyI ene,

pol yet hyl enet er aphfial a¢etachag 9|5Fﬁf%ﬁ§§f %@Pb%&aéw@we DebFkiag 3

pol ystyrenes, pol ynet hydlmﬁl@@@ﬁ,gt,ﬁ{l@s ang@opol ymers thereof, and m xtures
thereof. 7. The maz hod rei Pht hgrf ol If%}ll’ll 9 t?%d consi sts of

t her nopl asti ¢ the surface o stra

acfmg at least 2 po o1 o € to remove af

least some aluminum from the substrate and to polish the surface of
the substrate.
2. The method of claim 1, wherein the substrate consists of aluminum.
3. The method of claim 1, wherein the substrate consists of an aluminum alloy.
4. The method of claim 3, wherein the aluminum alloy is a 6000 series
aluminum alloy.
5. The method of claim 4, wherein the aluminum alloy is 6061 T6 aluminum
alloy.
6. The method of claim 1, wherein the polishing pad consists of a polymer resin

selected from the group consisting of thermoplastic elastomers, thermoplastic
polyurethanes, thermoplastic polyolefins, polycarbonates, polyvinylalcohols, nylons,
elastomeric rubbers, elastomeric polyethylenes, polytetrafluoroethylene,
polyethyleneteraphthalate, polyimides, polyaramides, polyarylenes, polystyrenes,
polymethylmethacrylates, copolymers thereof, and mixtures thereof.

7. The method of claim 6, wherein the polishing pad consists of thermoplastic
polyurethane.
8. The method of claim 1, wherein the abrasive is fumed silica, precipitated

silica, or condensation-polymerized silica.

9. The method of claim 8, wherein the agent that oxidizes aluminum is selected
from the group consisting of ammonium persulfate, hydrogen peroxide, potassium hydrogen
peroxymonosulfate sulfate, and peracetic acid.



pol yuret hane. 8. The nethod of claim1, wherein the abrasive is funed
silica, precipitated silica, or condensation-polynerized silica. 9. The

nmet hod of claim8, wherein the agent that oxidizes alumnumis selected
fromthe group consisting of anmoni um persul fate, hydrogen peroxide,

pot assi um hydrogen peroxynonosul fate I$ul fate, and peracetic acid. 15 10.
The nmethod of claim9, wherein the polishing conposition further conprises
an organic acid. 11. The nethod of claim1l, wherein the abrasive is present
in the polishilfg Tbemethiod odelainh9t Weereinthepolishing cdmpasition frther compris¢sased on
the totaly,,walgfitacRf the polishing conposition. 12. The method of claim 11,
wherein the abrasive is_present present in _the _polishing copposition in the
amount of 1 wilop t Shamethod of glaice b, wherein dha abrasiveigprghent 43 thepalt i shing
conmposi t icomposkifon thhike aRsROdf @1 weloaionOlwt. WSl dh thd etdgesightiofigdte pkisidhg es
alumnumis selected fromthe group consisting of amoni um persulfate,

hydr ogen CB%IP i , potassium hydrogen peroxynonosul fate sulfate, and
peracetic aci d2. 14ThTmethodohddino 1,citwrein the abtesiveiispreseat prebénd i thg conposi ti on
further : - i i & T t L gy didnt YhigL €i n the
organic g??ﬁﬂ@s&znt%gﬁﬁ?gg%g:aﬁoa%&1?%@%%%‘3@%0%9%gllhrﬁ%lt fu‘%ll ter conpri sing
t he st ep PeHshigCcommOosidialng t he al umi num surface prior to contacting the

surface of the3subgheé ak@oWof Blainh €, WEdréis Mo peMabatdRizdshRmpalmS B bddtted
conmposi tion. .17, Theg%"ﬁélg?og of claiml erein the at ep, of. pr.e-polishing

the surf 208 GF Sqme ©0 pETmOZIUR. AT ALF BRI E PR ARG UGV ERE S ur £ ace.
18. The metorpdondsulfhtaisutfd€ andhenedtie acide st ep of pre-polishing the surface of

the substrate,is Tﬁ%hgﬁf@@ 0P ¥l P Rk ein h%-squiEﬁng'é&{lg&Lﬂ? n foftb Bofmprighier ei n
the surface is polishe 0 provi de a polished urtace having a
pr edet er @ﬁmwﬁape roughness. 20. The method of claim1, wherein the
SU[ Lage :c S lsu!qmg,t inﬁ“hgin%%m@ b@ﬁl@i(ijn 1?,%&:{@% Eﬁe%@d&ﬁﬁcﬁ?ﬂ%ﬁ@c@@%@iﬁdhn? t ? the
nmet hod of cl ai : . 0f polishing a surface of a su rate
conpri sing al it nuﬁﬁe Wﬁibeg%%ﬁ%%gdﬁleﬁmmegmg thostepr hpresP bipedfibstr at o
conpnsi n@luaibiith Bukface piriby tofdodtactingdBie Surfiek iof thergbspack witinheipdlistdng pod and
resili enty sul?%d and é Ea a

€ pol1siing Composition.

17.  The method of claim 16, wherein the step of pre-polishing the surface of the
substrate is achieved by diamond turning of the surface.

18.  The method of claim 16, wherein the step of pre-polishing the surface of the

substrate is achieved by lapping.

19.  The method of claim 1, wherein the surface is polished to provide a polished
surface having a predetermined surface roughness.

20.  The method of claim 1, wherein the surface is substantially planar.

21. A mirror produced according to the method of claim 1.

22. A method of polishing a surface of a substrate comprising aluminum, which
method comprises:

(6] providing a substrate comprising aluminum,

(ii)  providing a polishing pad comprising (A) a resilient subpad and (B) a
polymeric polishing film substantially coextensive with the resilient
subpad, wherein the polymeric polishing film comprises a polishing
surface and a back surface releasably associated with the resilient
subpad,

(iii)  providing a polishing composition comprising:

(a) an abrasive selected from the group consisting of silica, ceria,
and zirconia,
(b) an agent that oxidizes aluminum, and



pol ymeric polishing filmsubstantially coextensive with the resilient
subpad, wherein the polyneric polishing filmconprises a polishing surface
and a back surface rel easably associated with the resilient subpad, (iii)
provi ding a polishing conmposition conprising: (a) an abrasive selected from
t he group consisting of silica, cerialé and zirconia, (b) an agent that
oxidi zes alumnum and 16 (c) a liquid carrier, wherein the abrasive is in
particulate formand is suspended in the liquid carrier, (iv) contacting a
surface of the substrat(@) wi taHiquitecanoér] whemiy theiatirasiee xsﬁnpmculp’wlfomandg pad
and the polishing conpositi qgsungé}fhe&‘@th@lﬁgﬁﬁ'c%e‘f‘t | east a portion of the

surface of the substrate to renbve at | um num from t he
substrate and to p@Y)i srropRetings sustage @f’fheﬁlllh?tféfﬁt?éﬁhrthF polishing spefacsefithed of

claim 22, wherein the s sﬁlhglpﬁi &ﬁrtﬁéﬁélfshﬁlfg c@ingaglﬂ@ﬁnandm The net hod of

claim 22, wherein S consi 0 25. . The

net hod of claim 24651 ealrf’éal%F'P 2 e Ehl?ﬁfﬁ gt‘h? 6‘§7f4°§ og}hggg%stgaé ﬁoﬁgmméﬁa&m num
alloy. 26. The nethod déastbmmmlﬁximwﬂnﬁomlthn tubstrai¢ amd toypolish theysuiface®@61l T6
alum num alloy. 27. T % d of claim22, wherein the resilient subpad
consists of thernoplas T¢ po yurethane. 28. The nethod of claim 22, wherein
the pol ymeri c2Pol i Bir mefhed phuleioms: whewinthe getsiptegpnsigs eEelaminumym t he group
consi sting ofypol yrd Benad 65 clasl zaesahefem tRY k@Rtrate RbYM 4O ¥F an Slim@fuidle, and
conbi natllﬁ)ns t hereof. 29. The nethod of claim 22, wherein the abrasive is
funed siMt®a, precipitated silica, or condensat i on- pol yneri zed silica. 30.
The net hod ofzs:l a| Thedfcthvdhef @aith 24) ehaganthe bhiatimax alloy 8% GI003EMesM | S

sel ect ed roup consi sting of amoni um persul fate, hydrogen

per oxi de po SSI m hydr ogen peroxynonosul fate sul fate, and peracetic acid.
31. The mnet hodb.of Theanethabof aldinrs, Whamtbghlughnmgaﬂmﬁﬁﬂ iToralyminwher

conpri segu(g,n organic acid. 32. The nethod of claim 22, wherein the abrasive

is present “in_the polishing
27. he method of claim 22, wherein the resilient subpad consists of

thermoplastic polyurethane.

28.  The method of claim 22, wherein the polymeric polishing film comprises a
material selected from the group consisting of polycarbonate, polyester, nylon, polyvinyl
chloride, and combinations thereof.

29.  The method of claim 22, wherein the abrasive is fumed silica, precipitated
silica, or condensation-polymerized silica.

30.  The method of claim 29, wherein the agent that oxidizes aluminum is
selected from the group consisting of ammonium persulfate, hydrogen peroxide, potassium
hydrogen peroxymonosulfate sulfate, and peracetic acid.

31.  The method of claim 30, wherein the polishing composition further
comprises an organic acid.

32.  The method of claim 22, wherein the abrasive is present in the polishing
composition in the amount of 0.1 wt.% to 20 wt.% based on the total weight of the polishing
composition.

33.  The method of claim 32, wherein the abrasive is present present in the
polishing composition in the amount of 1 wt.% to 10 wt.% based on the total weight of the
polishing composition.

34.  The method of claim 22, wherein the agent that oxidizes aluminum is
selected from the group consisting of ammonium persulfate, hydrogen peroxide, potassium
hydrogen peroxymonosulfate sulfate, and peracetic acid.

35.  The method of claim 22, wherein the polishing composition further
comprises an organic acid.



conposition in the anbunt of 0.1 w.%to 20 wt. % based on the total weight
of the polishing conposition. 33. The nethod of claim 32, wherein the
abrasive is present present in the polishing conposition in the anmount of |
w.%to 10 wt. % based on the total weight of the polishing conmposition. 34.
The met hod of claim 22, wherein the agent that oxidizes alumnumis

sel ected fromthe group consisting of ‘ammoni um persul fate, hydrogen

per oxi de, potassium hydrogen peroxynonosul fate sul fate, and peracetic acid.

35. The net hod. of aj in.the palishing. SiLi further
conprises an g?'gan?%egghgabimg’ W@el%’gieﬁmcf&gfﬁi%%g%? a4 erein the
organi ¢ aci d B% su€hbé miethodef elaing22, fiteer venpusing thestepiafpe@polishingiles

conpri si : o s ] i Spad 2d
O R e e A L
pol i shi n§FRMHEE EPBPPSIER: The nethod of claim 37, wherein the step of
pre-pol i shing3ghe $hématedef clhire37,setepdit tetepDf pEdpslishthghiie stirfio®alihe ur ni ng
of the surfﬁcte.. 3%; T&E get hog of . cl gg}m 37, wherein the step of

pre-pol i §W?S Getl%%c PF 3¢ 81980 ﬂ.gmn§8 erSH’Ef “% s achi eved by | appi ng. 40. The
met hod of cl aBfa 22Thevmethei of ¢lhien 3Trflecen the steplof pheepblishingrtbe/sudfacaof thel i shed
surface Qﬁﬁé&?ﬁe@aﬂﬁs@&%ﬂ%ﬁégd surface roughness. 41. The method of claim

22, wherein surface i bstantially planar. 42. The nmethod of claim
22, wherein tA@ sufhewethod of daEmid Whemin thesurfeseripgolished fapayide 2 wherein t he

surface pslished@¥ace having a predetermined surface roughness.
41.  The method of claim 22, wherein the surface is substantially planar.

42.  The method of claim 22, wherein the surface is concave.
43.  The method of claim 22, wherein the surface is convex.





