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SAPPHI RE SUBSTRATES AND METHODS OF MAI Cl NG SAME

TECHNI CAL FI ELD The present application is generally
walzoososmdds t 0 sapphire substrates and net hods oPCT/US2007/088550

finishing such substrates. BACKGROUND ART

Sem conducti ng conponents based on single crystal

nitride materials of Goup-1l11 and G oup-V el enents

are ideal odes
(LeD) T P R e T S o P R o
detectors. In particular, sem conductor elenents
utilizing Goup-IIl and Group-V nitride conpounds are
TECHMeAWFIEEBr |ight emitting devices in the W and
bl ue/ green wavel engt h regi ons. For exanple al lium
n?lierpfeaf‘é‘t PR dreanerady dirceyd epulite gybgaiey i methody offphing such
substrbtekGaN and conbi nati ons thereof, are the nost common
exanpl es of nitride sem conductor materials in high
demand. However, manufacturing boul es and substrates
BACIGIRENEhART t ri de seni conducting materials has proven
difficult for a nultitude of reasons. Accordingly,
ePmieqsqueting GRRRRRRS BesedAntsingle ey ¥ R e mefereats; Oﬁﬁmﬁlﬁ{lgﬁ“% Srogp-V
eleme@$lart ek fog)devistssdh haliht-dratiey dialeSLEB), ﬁ@*ﬂ&bcﬁeﬂ_@d daplwys abahsstors and

detecta' IE F%@tguiay m@& t‘i)lr e@eﬁq%l?t? l!étngllr}éjgllg%% x()§ﬂ {/hxcfr% &) &nds are useful
for hg{ltsem%|d7vwgf & tf@éﬁhﬂ@ﬁ heggresn gVﬁveéea%%{eglgets FraxEP|egalium Gjtfids (GaN)

and refa8 @bigihisSUISE ABhR InddVad sonBinkifory @&éof, GFeyiRtnikt ch@ihbd dx@mples of

oSSR DAL b asem conduct i ng materials,

Despl te such m smat ch and attendant probl ens such as
stieweses.araniyfpreirigglboaies and pubyirafep ofisprd ninids semjopdpcting materials has proven
difficul @¥a GRMEME bQasdrBL @ﬁ&r&hgﬁy, L}ﬂ%@ﬂ gr olWihE hi b Sebfi YnMEINR B@Srials on

forelg1|1 s%r) gte > utr(‘erflﬁ s(‘;se cog'urlc?eHed a v1alge 1&%1vlf t%bs%rléioas mcrlu%mg%%ﬁq(dihTon carblde), ALO,

particu y® Sapphi F &°5ub ,
(sapphire prespnding, lancg Meﬂl@m Gdudi arftmmmbn foieiph supsteekei mpajeriglpibst r at es
in larger sizes. DI SCLOSURE OF | NVENTI ON One

eSEBOGiclIR bstiafes R @NRfTdréht erystR Rk sEr@cnﬁéJtlﬁ@tIﬁtﬁ(ﬂe%eﬂlﬁ&lh&b@iﬁg'lﬁaterlals
iy TSR i B8 B BE S 8 LR BB R
stresseaarplda?ppelwtyrm @b g_welymgﬁelpjcmdectm an@rlais.lmelamelnéwsh}gmnds dange surface area,
high q%ﬂ? s‘ﬂﬁt\ldte@ Qbaﬁaﬁéw %ltlre R ok e@&v@(/er cﬂﬁl@ng@@‘@xﬁlm Q03¢ production of
n

wher ei n is total thickness variation

h‘ghq‘f?ﬂfyﬁ’ﬂ%s‘imieé&”?ré‘?”lﬁﬁrface area of the generally planar
surface, the substrate having a dianmeter not |ess than

DISCL&&Q%O%IQV%IOﬁnot her enmbodiment is drawn to a

ire substrate including a generally planar

Ohe bAsRInRAMI Bvndo azfayp%?aéubﬁ% 3Rk pgeheeﬂy @fm’la@ furfsRhesizad
I N

.the grou
el egeo i e B S P Revae o < il TR R o B
orientatiot, angrheddgemTT Vi afnoadyeust thdr DOt 37 wwien’ siarei VIV és totd ttadkness
Varlatl&ﬁoﬁlkdﬂ%ﬁ $or yl@faéeacil:e'a Qﬂhepgenetrﬂ? planar surface, the substrate having a diameter not less

than about 9.0 cm.

Arnother embodiment is drawn to a sapphire substrate including a generally planar surface having a
crystallographic orientation selected from the group consisting of a-plane, r-plane, m-plane, and c-plane
orientation, and having a TTV of not greater than about 3.00 um, wherein TTV is total thickness variation of the

generally planar surface. The substrate has a diameter not less than about 6.5 cm and a thickness not greater

than about 525 pm.
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general ly planar surface. The substrate has a dianeter
not | ess than about 6.5 cm and a thickness not greater
wo bas/osdoezit 525 mm Anot her enbodi nent i s dr awnP¢DUS2007/088550
nmet hod of machi ning a sapphire substrate including
grinding a first surface of a sapphire substrate usjng
AFCI“F’%T %P?LSE‘&‘B ISR & areethod Rlgmaghiipes AP HELSTRP FlERE e lﬁ@ég a first
surfac® bf 4 shyghiscepiphiate &ing st fxad ebradise, AL gind@Ohd st urfeehf the sapphire substrate
using Q‘pecé}r% fi) \{x% abrﬂ?\% %Ee chQ)g fﬂe%%ﬁmi@?ﬁa@% LIXa?lm}!l@egag@géwzé filn the fi st fixed
age grain size Irst fixed abrasive, an
abfas‘t’qw@délt?éﬁfﬁ’éfi ffo‘i("é’EPSla‘bIF gedfrdieesings sel f - dressi ng. Anot her
enbodi ment is drawn to a nethod of providing a
sﬁ;p;miai dnDoGrbs tsiake td aoﬁetmwmpaivmm g sHEPP ElibﬁtﬁteSd\l bﬁiteﬁrﬂtthSpphlre

substratesa%hal‘g]ma u%%sltn? 1 lrét SLlhrsage 6% each Ea%}%l}ugglllb\slug ge Su&]g an aﬁr%ilve SF]Ch that the first

surfacg has st-puadfigiidion adergin ge pﬂpeirlre subptiateriet anfadn at leghtep adpphire pbstrates.

Each ﬁﬁb‘ﬁﬁ’@duﬁs@'&t@ Ha@%tﬁfsailﬁaole Bt }ﬁﬁ('i)ta@lpﬁﬁe @fent&tﬁﬁ%ﬁ) a%gfs@lﬁﬂﬂfﬂld' 18-plane
strate

hi
mlsorlglﬁ?ufné%né ?@%{tﬁlﬁ(};{ % %?Eﬁ)l : %p%ﬁ Y rglﬁrlgrﬁ{glg? fmgﬁ: (é % w%re)renéat least one of
(a) a spndasttdatidtiog macpfhmserlmapbremele Pri sortigentchan erpuehyPeang (M p styndard

deviatRR§, df hisbdlen@idnla¥Sd @il RIEBRAIE AoRb3N. M sorientation
angl e (ga), wherein at |east one of (a) a standard

devi ati on._sm of m sorientation an ot e

RSB D 30" BRGHERY i dnaar 6BV el S s Eac
sapphird sgiBratein afms‘unrf'caﬂt})htéasc{a ak-plamatiergatiea (i9 i clyhialograghirut-plane
rrusoernt%%?ﬁgle'eg1 ?Euhﬁfu) g b%ﬁ& a- Ipﬁneqﬁlg)YYEBtzI(tlgn ng%f(’d))ol%}heﬁe%] at least one of

trate inc d|n | east

(2) 2 s@pfgiddpdgtiay om ‘Eﬁ’ésﬁr“‘é‘&b‘fc?r?f‘ %9"5’6 B%ttgre%rrréhaﬁ 5@%0 }13q apgl (b) a standard
deviati®hl 6 foBBorichiationAfge §; iiy nodgrextepthando@p oAt ation, (ii) a

crystal |l ographic mplane msorientation angle (q ),

and (iii) a crystall ographic a-plane m sorientation
BRIERMEACRIRTHA OF JHE PRAVINES | east one of (a) a standard

deviation smof msorientation angle gmis not greater

tTha pregiyalistioQre@b3 Be tiat ufdsdstoed, rtdatm darecbugl@atiret andailvagagesfmade

' at.eted han about

apparemtgg%%l‘éﬁﬁd{%g&%%g%T h§aC@&ﬁ'Fﬁ%li%Rﬁ® ﬁlgés The pr esent

Isclosyre ma be. better der st ood, and

G e e abe o AR e Argie S0Pk ol Rr ey

in the art by referencing the acconpanyi ng draw ngs.

FAIG.2 islanjiliistzatipr] fweidtdang eppajatugaseqrding tn gnegmpaeslikeod  of

form ng a substrate according to one enbodi nent. FIG

F16.3 iedpldt bonbatitealie v8d o @ briring fooNidéoRtGh s AP £1Ab Jd SneRGE BInfphBdto a
trd.t.tol ane en‘godl ment. FIG 3 is a plot conparing the use
st e GE'Rdi ng t ool according to one enbodi nent as

conpared to a traditional grinding tool. FIG 4 is an

iHIG.4d¢ anadltustentionodf a goligigng appriratey acepiding ptonsendedioenti ng t o one

enbodinment. FIG 5 is an illustration of

IAIS.Blid R Mluadatiebf amnghidtatdn agl€ofRlcpRre MhentpbirSappht.r e

substrate. The use of the sane reference symbol s in

di.f ferent draw ngs in i dent i
e hE e PR e B e R & WIECE R v
an aspect, a method is provided that includes the
DESCRIPEIRN & Tig! EMBbPIENT(d)r st surface of a

According to an aspect, a method is provided that includes the steps of grinding a first surface of a
sapphire substrate using a first fixed abrasive and grinding the first surface of the sapphire substrate using a
second fixed abrasive, The method further provides that the second fixed abrasive is finer than the first fixed
abrasive, such that the second fixed abrasive has a smaller average grain size than the first fixed abrasive, and

the second fixed abrasive is a self-dressing abrasive surface.

o
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sapphire substrate using a first fixed abrasive and
grinding the first surface of the sapphire substrate
waisiongsm7second fi xed abrasive. The net hod f arp¢EUS2007/088550

provi des that the second fixed abrasive is finer than

the first fixed abrasiv ch that t econd fLx .

LY oG s SR Py ST P RS BT OREARY R soasives.
Free abriagi®t arf penedllyabnpsédoéabraivelgrtivor gite mmovder foed oglrtadity form & a liquid
medluﬁjl tl?a?%o%lnscysgs?)é}sﬂalg I@gﬁ %ﬁsxlgs g%ﬁjegafll?ﬁ]%er%mvﬁy aHPefswes in that fixed abrasives

I catron, abrasives generally can be categorized
utilizeglrasiyeaits #H5hin & Mgt ofdprerinl wWhish fixgs fhs 89sifiar of trerabrasivgrgrity &ql3jiggto each

other. Hi@d @ﬁaﬁEEsé'glelllCYallSZ DEPRSeHicfbraibdsasd sfedibalins. i exgnplé &f aichated
abram?eﬁs 1an¢{p ope med ot!r iSR/@S atre! G l‘l'(l:a%?:@ falgsix S (g} a%eoln{egllc‘ I.QO ;1@ rygpa planar

a suspensi rasirves gene
Shestsef DA befty TP $EEE) (i el g B g ub e o V@ghegtbfea] \pEds size and make

coats 344 dlebd»sﬁ@l oSk Rn@4 | hﬁr@sw\éd geﬁHrdIly ao ﬁﬂﬂieryluﬁonQﬁchmEﬁlﬁﬁdt@ knd the abrasive
i tion of agm35|ve

grits a\?l\gi:x%({] np \IOé]thlbrefgtéveﬁcP eaf other byrl.Lse of r Do \Ilnéltéarlal ganhIC% tkie )grlts are
distribitad; | Sucheboladssh @le@wabmazsnevte ge aqmeralboh@edjoramdaé andhgat tratgtpd at a cure

tempex%?ﬁ{%'m{hgb&lﬁ ndri% @%}ﬁﬁy a%mea@(bf’@fat bv§1cl§tﬁ@ﬂ)ﬁ@ﬁi§cﬁx so@té}@tﬂ%d's and wets the

abrasi ves are t pi cal HéPP anar ? (or a qe
i, IO PR I A R B G YR B ALy el st
conicaQ) Warlohdg®)ygonk, et mifyébryl a@ grinding vheels griedisp Hbeksy grtndingbitsydod. (Pbl‘th\ﬂar
emboc%;hI fhts QEslmtl f?e?egn ﬁ{i{ﬂgé fﬁg@abﬁalslgeecoglg&emk the %%B?Doﬂtfeg abraswes

eposit In contrast, bonded abrasives generally do

not rely upon such a substrate and the abrasive

it s pobiaet DR b Sk v e GOt AesTReIm i3, - G by
flow cBartTlhd roceds thdtldﬁibﬁ forraihg 4 touMif S(higletcfyﬁa]gztplp]ﬁlﬂ abdte® 101. As will be
applecgalteﬁ ttﬁe s?q%gi? dﬁﬁ dA}:e&) %‘l%%m%? A @&JII g%oaqy %%g){llge pegsPi?agle Cf:olj Psee asa
subanteefﬁirfemmquen eve%@a@e%eIYnBﬁqf#&appksabqne M sYhefsTpPEOT SeRs ) 2 boule
havmg&tsubéﬁhtféhly ctyhﬁjnbﬂ Bt tThé FornS@6d oF KiSgle (fr:lrvﬁll\ﬁppﬂiﬂdca%é gcdntplished using

techmcgles suc?x GZ l?rolskl E{Iethodel Eclrlﬁ} Lﬁ'f’efmeg E’l%‘g Fc%l C{T!favﬂﬁ' EE%E%? oaﬁﬁéﬂgﬁ]omé‘chod or

coni ca
other t¢dﬂm@p@@g@ﬁ}@&}lpon {hg Fi?SW§1Zﬁ)@1d§w the {ewde, ﬁa&}ﬂlefomalﬁqtlarsof the crystal.
grinding wheels, grinding blocks, grinding bits, etc.
Pt ﬂOﬁILilllgaﬁe sﬁ@ﬁ@@btﬂ@@bﬁredﬁﬁe@ now e@ludg ©f @i ould bi Bldnk eanfbie ¥iekertaken to

sectlongp plhlre ang ? t%tep %3t Qe 31(@1 m Of rtlgﬁar%nqgodﬁnemg%wmgﬁle sapphire

OI‘ mng a su
mcludecmre smlngg s@pehlwrbeulew@m wberwthlls cxlin@rusltslpam eViripwine pf tepgapphire

boule ;S}Me.tx a pllrhiRy &fugﬁﬁsﬁ&i shphird Va2 toR LMY, tlfteﬁrmldﬁg)f Ae bﬁ’éﬁa@m@ﬁrocess can

le cr stal hi t
vy i A 6 i P SRR P LIRRI PO i i R g pinited
smmmavh@ukeﬂhaW$mguﬁmwﬂsmzemmmsbhapeﬂQWQWabh@wkwrbﬁﬁ@ﬂd@mé(Hmn

thick. %U&?tﬁrf 3 Ke E@Eodé@ﬁﬂ tﬁ@tﬂi@KhQJS bt sql?p\ﬁiré:@&cfers fer \I’lfecshlxlllﬁ‘é dt Ytep 103, is less
5 I'i catj ons SUChﬁgg common shape is a
(

ﬂmnMBH@#HmHQWFﬁHmésgﬁﬂg?QWWléVWV i ndrical contour. The
formati on of single crystal sapphire can be
aecodim th sitedibedsnany wireehing Guasedudty usise 4 fixed @rasighwied oddaient or
elemerké:“}uptpg ’an 5%9 6r v%g f)l&gcgor E&altemwl:ﬁgjragvpﬁﬁlns (IIEF@mpléﬁfentatlon a

yropoul os” Met or ot her techni ques dependi ng upQ
soperar e et e@lcwzlémslﬁa@%ﬁéhaefmc&lhea%mtoea Phily o ges. i the
sapphi@ bb1edik fbtal;eﬁ Bt lﬁg‘h sﬁehcﬁ (€£.y18 ted000 i) plﬁsh)i‘dmga‘llgt thdweiresgri,ghegeby slicing
the ent { lyo%’l{(z %J a s 1e @)Ea lte gpﬂng'gghnol%%vﬂ &g h&ghﬁ)e %L}ga\@mgguch as FAST

can e un ertaken to sect e sapphire
(fixed ghpsing shigip@edinglpeyy PEfsediy SrysalyEren IPFgO%oalela ]}ﬁ%if t%l@tﬁlea?rample is spool-
to-spo@ RGN HttemsSaw ng the sapphire includes wire sawi ng a
sapphire boul e having a substantially cylindrica
shape. Wre sawing of the sapphire boul e provides a
plurality of unfinished sapphire wafers. Cenerally,
the duration of the wire sawi ng process can vary from
about a few hours, such as about 2.0 hours to about 30
hours. The desired thicknes§ of the unfinished
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sapphire wafers can be | ess than about 10 mm such as
| ess than about 8.0 mmthick, or Iess than about 5.0
woroosiosmks Accordi ng to one enbodi ment, the thPCRIER87/088550
of the sapphire wafers after wire sawi ng at step 103
is less than about 3.0 mmthick, such as |ess tha
aldlstoast ot R CHRRIERY stogk Er6i1‘l3?drPé the §FG RESHEBER e Sh@ﬁe oga ribbon or
sheet, S@WinA Gawiirg pec@ésk m@ChoOhetneddysary Sihdi@red-ofiti (Sheyghd)alpifeiSa Bodskd directly to a
grindigérg%pnt or elenents, such as an array of wires plated
oated with abrasive grains. In one inplenentation,
a_superabrasi ve, such as cubic boron nitride %géh' N) or
df%a ﬁ’ﬁ‘#ﬁfati% thegera Ve 9 asu'bgfr'i‘}? afs “ts‘i? hgjein GynpRyanousky{g refi fo sectioned
sapphS&upgitial tRat b@blh@fotrr&d bigfr@tsed, @be RedH a SPeBESor fitagial, granth df0

SGIHICOI’EUCQOI‘ qagn’% tll‘]lg‘ eogx ﬁé’h \;eoq'or%l I ‘I9§etlectrl'c!?1% dg\qlcre OSEHIUQES d’]lp (.eOm%X tOI refer to an

unfinighed sapphge pigcg ﬁfhftﬂ’%@ ?ndl ag'mﬁ]@ﬁ segppl@@ |p1eﬁagas t ipb@raw h,oggvgwsrp@ed herem these
terms S44Cned&sakiHShpl{ fhisx@ehcady asi ve slicing technol ogy),
of fered by Cr yst al Systens Inc. of Sal em Mass.
Aoc%ol?(? tf) etrterlﬁbo%unent 11‘?1P ?‘a? éllmgF[Fv Slpe(i)f%r f0{1 xi)g a p?urahggof s?phu’e wafers via
sawm@qrt@telmtoédhwfftcrﬁe)f EF@fipisksd e@shlre wfsise@lbleyropqqse@ heypisHkprae eyfboth
major @pﬁoélﬁgbsﬁﬂf'ac&rof #B 8fthished B piife Fn@reS AN A @rdd rgﬂﬁ‘cﬁﬁgsto AR vEAL i3 of the

ess or ed- ou ers can
sy, ALY B PR FRRC B0 PO B 7 FFTESA 1, P process o
step 1@5e Mhascotirgiadrigdilg stenahal scib&terimding' both mejousdfatedd the jumfinished sapphire

substrﬁé/sn @E})é 1% e)éoatrsg glrnﬁ E)rotegs r&ﬁ‘&%é a%ﬁi@leﬁ %@Jﬂ! dr %a@ﬂl ﬁ)rrérﬁ;ve major
eln?Dy or e processed, be used

IS
st GBI P B BRD T PEPOE IS BRI BIon e s sich,
the codriteFisdiy, pra@@es€ Mayasmdve nét%mlanbcmpl(nﬁbreﬁtof 0l fkewvd Bdor surface of the
unﬁms%&s ;ﬂaﬁﬂr!ﬁﬁ'strhtg sﬁc% asCrR)PFJQ aﬁ 9005‘[36 gﬁc Prﬁt llésrgftﬂalq bb%nt%g microns of
Ire plece as er an {InIS sapp Ire
mate“ﬁilfr@@é MRor %‘rfécﬁ &P ‘é{‘lﬁéwheﬁ HaReraferas used herein, these
terns do not necessarily inply this distinction.
/mﬁﬁﬁlljri thgcobude drindingeprived cameirilize ia ikadddr@ bi@ebivie thafihdBideslcoarse abrasive
grams % tb%ﬁd JleQJrlgl rnagrlx fgé %Er@e'halbltaxveogiauﬁ %Blm?t{dg%o%;@c%‘nﬁl aylja e &rains such as
ng € surraces o e unrints
crystalélaepwlaléormﬁ@e gaterah iprbidjse hupiss alice, iR easfideyzircqpiealigyina and the
like. 1R @Idhloﬂﬁjo@zﬂteﬁﬁﬁéﬁ |th@o£$éraf>ra§ii\e%raQ1ﬁ cdn iRt HiperdbSEi@Orains, mcludmg
dlamo?da E:B C|hb1c roP Hl%rdse,u (r: ag%uéeg efg\%g Pg{dcupar en?)cg@)dntélgnésl tgpﬁtz)lg ar?t?ﬁg of superabrasive
grainsy ﬁ@sqmlbpdnn@ﬁeldhzwpwzﬂqliabremmi@ﬁ en uﬂaen@éur&raé@m@eramw materials such
as thos@ hbtHbO\G aPd AGEeSSeral Step 105. The coarse grinding step
may i nclude grindi ng both maj or surf aces of the
lin;ulrtger reli]eregllgegtgagle goagse: arlrl%aléll?/ez tth%?‘éags ]abre(t:slxvg ﬁram% cre% ll}lav%: Q%Fa%%%lae size of not
greatemebquaﬂoo éerang sl @s nebgrester e Abeut @00j nrierengLir aven not @saterdiups elpput 100
mlcrorQyA@cBI@m%\‘fora%m%@LWr E}gboaﬁ@fftecﬁesmeaﬁl arfield sBASARNARAY abﬂaﬁ\h: grams is within a
teri val t he coarse

e JBSb St Dt oGt P EnE vt T35 4P i A 10 micons
and 20frerfcems, arhd rhqropartgulang) vothinguangad éeteéen elvet 1Gmfigronis giigdd0 microns. Typical

coarse %@Bpﬁ]alvg §m§ald lagmrleas]iz@ witRiH QHu&%f et 2% ﬁrﬁ:?bng t|86)51 mﬁ:myt 40
m crons, not | ess than about 50 microns of materi al

from or surface of the ni shed sapphire
e e%ﬁfeﬂiamave S BMPLE) PHAP LB QEBeS digpond mar

matrix ddnl thddea metflioxeeal elbmr S@taldbmeds meudehrart alnmolnodigsivgioapige nickel,

silver, ﬁpztnﬂ&ﬁ \éﬁoyg {haje&%nd the 1ke. bﬁ.] QIQG éf%scﬁrﬁén@ Ithe ABEsE hl?faswlh@lu&%@ fdt 8fater than

r95|ve %ralns can i ncl ude convegtlonal abrasj ve
about 9§rvg_ /mhlrg)ngla ‘H‘a]a§1°h as not greater than about 85 vol% bond material. Typically, the coarse

abrasive includes not less than about 30 vol% bond material, or even not less than about 40 vol% bond material.

In a particular embodiment, the coarse abrasive includes an amount of bond material within a range of between
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crystalline materials or ceramic materials including
alum na, silica, silicon carbide, zirconia-alumna and
wo bmslosioes I n addition to or alternatively, thECTUS2089B088550
abrasive grai ns can incl ude superabrasive grains
ncl udln di anon n ron ni
sout R BT s, EOPePET G A= B0 FEIodE e o US 610275
US 6,@avznind @8 60 9,608 patogbr@dheven yreferase. Those enbodi nent s
utilizing superabrasive grains can utilize

Merﬁ&pﬁg &Qf@@g?fnYﬁ% ﬁ&reé 'Mc&dﬁ?&%&hé‘&ﬁmﬁxﬁ&hﬁ s@ﬁphﬁ@@ﬁ& on & holder and

not ed "above as a ler materia In further_ reference
rotating ge paRBNIE FAleLTEa b F%sﬁow s St SeRB HEY R & o e
typical@iMdEngBappaRAR 2(EiE tinthied, Sioze inghrtinl@tt-agaeabaatatid fham Thbginling apparatus
200 ca% %Qlugg a5 B%%hed%%pz(%?m@%d Cgril%a&ﬁ r201t &a’pthﬁ lEhQ %ﬁ?&)@ is at least partially

S, Or even no reater an about m Cr ons.
recessgigoig haidsr 2. Ehegigideri 298%196 Tgiisd dipigfting ﬂeed@ﬁlﬁfélachwafer 203. A grinding
wheel @(ﬁir(moﬁ}b 151 cﬁti-aZvEy Rfm)hhengGh arSRe Al QG@ v @e @)fa&ﬁ Fb$at1i/6to Wk tikfinRhed wafer
203 th}lﬁ galpc{]n%gthe sgrlij%: at_ 1Se u\l/]\/tl'ufl1 k?lecf'ln wager rtlga)e wafer (g aBd t? V\%m }gﬁ%g§8ay be rotated
about thi @me Aigzcténmde. 2(0thFiogmin 91, cotad- c leekmse)pwibiteigpindingry affeipdidye §q the offset

rotatloﬁ‘al LRNOS ik dRat M@tﬁiﬂlo@g‘%ﬁtmg&e Brirfen® ABee EI08, aJdQQnVVE'rcprnQB@(w can be
pi cal  _coarse grains have a nmean partlcle size within

”mw%%ﬁﬁﬁ@%mﬁﬂ’ olit 25 microns to 75 microns. As
descri bed above, the coarse abrasive includes a bond
restilbistragdd, thepdoariexabradeervarr belah ghrastviawhdsbavingvatukstantidlly pigptilaf aprasive rim
207 ar&ﬁ@a be@ﬁl'et’e’lqg ar@m&ﬂ;vﬁ"éel erccomﬁg% or@ |ex'n§b\ﬂune§tuth$ ﬁﬁlgﬁnd@tpéﬂc&s includes

ude iron,
rosating i ggiene SHep iR HEOr BTy TR aHEPTS Fs g O puchgrester
than at@ni30@hi rhfestich at Wighicoaies ef 30T @ $000 epni. Mglicathe 8 liqid coglame dstuetd, including
vol % bond material, such as not greater

amwmﬂﬁﬁﬂn @gﬁ%hgg vol % bond material. Typically, the

coarse abrasive includes not | ess than aﬁgut 30 vol %

BohRRtieRipigoafimen p selfiAsssingparieguase sy Reeh Y §osmsRy
convertiofatifixetiibedsivesl a selftdregsing alrisive wénarllyelvtrodi requing dressingoreddiiosd
conditi?lglﬁlgacﬁlhﬁ/ %5% QI%' 19191%& Q’R/ sf’i‘igiglg ﬁ)‘i F]Q(flse %MtewlﬁJlﬁ@ IIn é%ﬁemoﬂ wath self-

_ et weenabout 40 Vo % and 90 vol % Exanp| es of
dressingefhq Hopd fPaFiapATESTY 6 RREETET FHEPTIIR PPREY e g esersiarrefapive to the
grains, k&cﬁe&@%u?cﬁ&pmﬂSf he BB mEOR] marths S abradE Grabmb Bevelop wear flats. Here,

the bond ma?erlﬁ maf’j;l %dctlli}gs,rase{ivgar Hé{s Je\?efl dﬁ@t% %cregg Eq%ﬁ'in% Yorce toﬂﬁe matrix. Fracture

ing process in ’°Udes pr ovi
desnahmmsm lgsh eﬂhes\acpxpa ripspandgtrages Gesh graiping Epsh awerlgreé&eaﬁsmgfetl Hgrewith.

In partﬁﬁgpthé BoRd MR miel dlitle V@ drQsify R aﬁﬁmﬁllﬁral&lvé/ﬁfreﬁﬂdfeft@@lﬂwss less
than ab Pt 62) d\lﬂ!r’% d‘g/ 20 réheag egé { tag 6§Ltl S I a” 2 d L8 tl‘cglgr]lyo\ﬁlthm a rXr%e ot%etween about

appar at'us TUst™
10NﬁpartmaB0®@hJaMay schematic form The grinding
apparatus 200 can include an unfinished wafer 203

WeQéfdllgj QQeIfIH}eS@mQQJald@éfbra&Oé]-partﬁllbﬁbplich&ﬁe Hoﬁlﬁna\oﬁ&ifaﬁﬁuh%@ﬁs ty§1cally
intercom.s:Ft %{)ﬁ "ﬁby ?1 cgr%grit %trhtleq)fntl n%tterr]lgl 19 r% uced over the Velues noted

above.Un ﬁrierpmghmi emlwﬁewntzwoarm agrasivechiyrgpovisiiot IQS@ 3131( ahe i valh, such as

not lesgﬂ'ﬁn aﬁéMgé’o \folp/g {\ch R@Wﬂ pﬁ éget@@ﬁ %htv’@ VBI%%(AQQZut 86 Ak RGch as about 30
rel a

o et e 06 oo e AR mng?dmtnh Jhecourse
abrasiva@icides 213t sanol%d th ebogrr7o maompgrositye B ilte Epmuwebélatr ib¢ @r@ily can be open
or clos@&rJ Qlldtm ctolé}ge a%g[kl%l %latr Ha&lal ggagtex(percgrta e pf%tnlam&l g p9r551ty is open

count er -cl oc qun is effected
o EITES TPt S B obBeaee YRS I it gt g bepen sbou 25 miron
to aboud 6@i nfiiérons, stich ak Bdnddeh stguitlb@migiohatolatog Sodeieton? Obg fosgoing pore-related

values & %V\ﬁ]o\lé\e/ac%gcgge '&grgm ?Tg %a B%COQJ? Cﬁ(ﬂml&l @gloﬁsocoﬁl&qglergsrdré’]lqa&ﬂmg gl‘ pre-

rated, the coarse abrasive can
grindingn abr asi ve wheel haV|ng a substantially circul ar
abrasive rim
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207 around a perinmeter of an inner wheel. According to
one enbodi nent, the fine grinding process includes
WO ot0ans3gs t he abrasi ve wheel at a speed of gr eBtBUS100A088550
about 2000 revol utions per mnute (rpn), such as
greater than about 3000 rpm such as within a range of
3000 4ng EODT PGt TAFSPERIEPTES Ve &raini COTTHIS eFBRodrit Ories oy dig, improve
self- dﬂeﬂfﬁk b@hﬁ'ﬂgleﬁ(ﬁdﬁﬁ&ﬁplﬁ&d cdafsg @dse EnRinautk greatdr Fha@about 50 vol%, not greater

than 4§ vol f/ noygreater %nb VOIWE suc]’Uas nofs‘geea%zer tgan agou ﬂ)%o{; %rr e‘c{fen 1?) %(reeﬂcf' T }ﬁan about

ace s Ut 111'2¢4 conventi’ona
10 volgmomss abragve ga@mselnfonmaés@armgb@meas thy evaggeabersiad ingludgores lep@itan about

0.5 vof")@%'n&egregﬂéxec%h&glt ﬁrvlo@gcid)h&é a@ﬁ?l/e dsh@h' ORI fbeloMEtween about 1.0
I CUl ar, SUul

IS
vt TPt GRS ST o HRCRTY G P e COFP bt g oo
about 1 (he!%h omadle shetsiee graihs. mat ri X may have particul ar
conmposition, porosity, and concentration relative to

tm::ng{g%haﬁf 110 h@ ﬁ%J«'U p@(}fsearéiﬁqﬁb z[t&iCihat Eoﬂﬁﬁryﬁlgn&&altf&}& apﬂﬁgjto the

material rmatrix as the abrasi ve grains
arinig e 5 BEON A HEBHE® UL F 1 TR ARPF U PR ghons s
surfacmrﬂhfsﬂr&tdsthdxeweienmg dit@sivt Basia ubsteaisiey coustahigpaki nmgnaf force duripg each of
the thrgé}ﬁusgﬂgdr gll 1%((1:}1@': O;%QQJOHJ £ fl C!%@? Iaﬂcf”kkag %Op?dfﬁ q§ add91%§ tl{g eaﬁctﬂgrm‘ég’gr@e is not

I NS, oses fresh grans and fresh cut %
substa@@@e@ff@a@%beéwea@ e Qfﬂ}srg@wutgwperqﬂﬁnsﬁalf £Pc In cgpirasty theetfaﬂ iyl abrasive
surfacéThis@hitbsah II’HRESE in¢heCtbred ﬂ'dzeesﬁ@d 16 efEtR8IS kil aCOAtSRIvalT iadvittal grinding

operat%%_oagyg 3 and 28’} (g(gztl% 017 aaﬁ %Z 61|8 ﬁef(’:]? gft tﬁe%\g@%iﬁgﬁggoperaﬁons 304-
307. Suelrrtoingalifosse pryrewstdqmrg @ndﬂgﬂg@mgﬁkebéq e notaioytface agl subsurface defects
(high Mea- d&ﬂs(t}% alﬂnﬁjcog’slsgntl\éaﬂdlﬁ‘gﬂ-évgn witH3R@n@drdsding Berg@h{ - dr essi ng

coar se abrasive part| ally replaces the bond materi al

%tcgcg?lgqo rﬁ g{?’e em %ﬁ neng E[:hte éea K Qgérrglzlrj] t oercﬂe? urg tbeg%ilﬁgl?ggl(s)%%tﬁlyse%f dressu1g coarse
abrasivegnchuded uprbdngnferee totresl ipaiegebstratroneiage efiyenezeater thangheut 200 N/mm width (as

measuﬁ@ﬁlgﬂgcﬂ%l c@ftac@ﬂ&%@ﬂw@ﬁrﬂea sugsﬁ‘ﬁe &0 Qrﬁrﬁﬁg aﬂfe@&ir\h@ dft&fon Bf the grinding
about

or 0si t n
orers PR it BB O T R A BRI PARGES B ABeh DR vt
such aBdt gredteYshamados b@ﬂiﬁ/m&owdtmlo%w st reates tharbabot S@T/nviotvBightfey the duration
of the BROHS o J,g,qu%ol % and about 30 vol % to about 70 vol %

ccording to one enbodi nent, the coarse abrasive

i ncl udes out 50 vol % t about 70 oI % or o
T S i e Xt Pl PnE Ao s ou e ORBRCER objfis o poout 1

microrC [Togetly, fiangliniing is tar seicd but ag byle ® ilprate nhavwope fgameraStOéthe substrate,

mcludlﬂgﬁa“ﬁ%&t l%g/ew% 104 Eh@c%hetsyvanﬁi%@ %ﬂdasluxlfa)ée ;otll@mcﬁp 'Bﬁ’c%ls& Mnek §ale defects such
| nt ér connect ed por es. he si ze of ?Or es

s oGl 4PRch g T sanraa?i‘gastelfml% S EnBartEary FOmi 2mol o
crystalifie@ifsBsiots0 about 500 mi crons, such as between about
150 m crons to about 500 mi crons. The foregoing

HI(I) L cﬁéuﬁgtﬁgesvtﬁﬁl HER oA %ﬂl‘fdﬂ@% Q?yso‘é E)llmqg&jor I?e%[a@éd%y ﬁf)}ﬁng which

_ e in connection witR various conponent
“t“'zesmf{?e AEHE APREY gt thePayi e sdrnh g WS "ﬁ@sef"é‘d ghipgding operation utilizes the
self-dr@sixOitkeMidsive fideed abovar se abrasi ve grain content is

confined in order to further inprove self-dressing

C S glbjlci(w tﬁesembg %en@?ﬂ@s@t’e@m F fCh ¢ uﬁ&%&ﬁetﬁag '(’)f’ac%!iryeengdmg at step 105,

ins not greater than about 50 vol % not greater
thesapp Y80 SUGIEORIHGE * Gie@HrIE ARSI S0P Vi1 O "Bt IRE PRpses senraly
removd iR 8t fo sildantiaad b veefeatOdalded Bthe@d@st gfittinggraeat €ls. Ak guah, according
to one er&o?ungrﬁglée:‘/ f%l g%“%g%%%(g“@%ﬁ’gé r}églgg glgh %‘ES?’[ éS S?Irh\lll(g&lg ﬁ)g rlnatcgial from a major
surfcaybhe BB YRBTHEaBIE 10 155 I bRUEREm ISP gfreilese thag 3pgy 10 microns of
materid 86 b mdfor MO Yo GRARHRIrAMIRAS IV eﬁlot@é’rainﬂﬂuneﬁtuﬁﬂe astenM fshdnfdvel such

ween about 1. abaut vol %
that noElssg%g%ﬂg%tqg glllc\r/o s, orr eé/ennné)t lesos %an 29301t1t|1 mllcron 0 ma’[efl?,| is rerréoved frOénea

of between about 2.0 vol %and

.6 -
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about 10 vol % coarse abrasive grains. Referring

briefly to FIG 3, two plots are illustrated that
wa@eovpas®73 he normal force applied to the gri ndPemustveBbsssso

as a function of grinding tinme between a self- dressing

o RS RE Re Tt b o SR 95 s op
to the saalss tréanding priodeys acaps0 anltichremikclure grmling boh mejodurfacespf tha gikfinished
s@mﬁgw¥§$ three illustrated grinding operations 301, 302,
nd 303 (301-303). In addition, the peak nornal force
|s not substantially di fferent between each of %
g]:qe I;t]'ieﬁ ﬁl?@s%ep“é’i‘ iétt V%ﬁq@‘e%@f a@e%ve ﬂ]aﬁm‘é‘ﬁiﬁs( t?nﬁ glfraswte ﬁr@ms 1n a bond material
matrix{ Tadline hiomdle galt @s inciedesuaivedioaal klirdsivs prriad seeh aa prystaliie easdals or

ceramlD qaneHeﬁs Jlé:f dgl% aﬂ%ﬁlg Séﬁl@ﬁ[ Yili 9 ca?ltléeeﬁltcbn\faezh&ﬁmgirolr H\‘Beranréﬂlg ?such as

ween | ndrvi grindi ng operations 3 305,
dlammd ST ber3paitrige Py migrepBpFOL QBT EtRS GtV tf&r aqVppage of Faperabrasive
gralnsl ml@h&dlﬂb@ﬁier@rukrrﬂlgmgaeﬂﬂeﬁ\&tgl a8 San 30M¥ke nDdsdperabracite da@PRaAlaterials such
r.c ncreases during grinding is nore likely to

as those note above as r mater

cause not'abl'e Surface and subsurface defects (hi gh

defect density) and inconsistent grinding, even with

fAceqjdiante ouyabadingt, 815 Srerblagirscontiip ot girarehherngbeyh &0 volve, not greater

than 4@@@,%@&%& thim vPeakicHA ﬁi.&%ieat@rﬁﬁdﬁ deﬂtm)lvﬂlga gfelvéhdiof@eater than about

ng the self-dressi 0
10 volg%'lrﬁf %)Iraﬁlde %‘alfl I,Ir(i:one ﬁadtrlcrgélﬁen%cbg)r? g, thseu%le % ras vee mcréliﬁl(lre? no? I?éss tl%an about 0.5

vd%wmenmgmeaWEnﬂmwénVd%dmtﬂﬁ@ﬁeﬁ@mmmmk@Whm@agmﬁeébﬂwedammi1Ovd%
and abt q’f‘%l% R&: HRARYAELinsdr %ﬁ’ac@iﬁﬁy\@ﬁf‘n 4 e SRSl Sut 80¢01% and about 10
. rin i ng wheel ) for the duration of the grindi ng
vol% 155 8¥a{Ve B | n anot her enbodi ment, the peak nor nal
force applied is not greater than about 150 N/ mm
i Gitrther refananbe tahe fint abgsieathefinstabrasiveglaoe tan 1OE a Neanmaicld sike of not
greateIQﬁan G¥dafhob Qﬁcrcgg @1@’5 g{ not @a&r ﬁg%gut %n”o%r%é#nbt gfreq{er #hB&bout 50
dur ation of rin era Qﬁ coar se
microngy {\GeeR g to atpn‘éic‘iiaé ! Q‘“Wptil \a i}a“'if &e hefife 'f‘tﬁagiéf © giipy jEphine
range ¢fOergéen elsmt Remiofond sedgbotthiamicanerch ds withivraoange Fpgiveralabopt 5 microns

and abgdt @?ﬁlglrol‘lg] g!ar@lgllyll ﬁle till'ﬂ%@ncg ﬁ'irxﬁécu?partg}étsmﬁ%&w%ltﬁé cBaQse ahH @ Yiked
macr osco features of the substrate, including

abrasivey ig ftrleagd! mﬁ&ﬁﬁ“@Hﬂﬁat¥%%£P“?WFckness vari ation, and
surface roughness, but also finer scale defects such
dskelti@@ortdeialrisivie Shestind stuasfva deludia b e mswdihmatsx diatvagedide materials

such asCJ 1Xe§atl é&l Aléte{l] ]aﬂo? Sulltgh(f% IHQAI : Sﬁﬁr}e 'lrSﬁJ laﬁ:[anXm rtf?a%&ﬁlt lgrgﬁe (ﬂfckel silver,

I he ocations. In sone
zwcomelrlrae@i H@rsgiré% VIn prsmpadieent G Hpeglragye RGBT Hamroe70 vol*
bond nQW¥Hi1] s@€h 2@ hot giemraee gboliys0 IVéi%[bblﬁgnatéﬁﬁll & btilLHot dréaZef Srarbabbut 6@ vol%

bond maparlaﬂsA(f‘CHrdmé Pol acﬁg{apr Xml;oglgltege[hg e g%r?s ve ﬂlclﬁrlley th%‘eatér%ﬁ lcﬁ%nt £ vol%

operati on uti
bond mggsrifl- Genemby, Hig fifg %@eaveaewwven%t G aond patpeal not e g bt

typicallyQof 16 h@3adiAYBIot Ikds thastorabed in FIG 1, upon
conpletion of coarse grinding at step 105, the

%?u%% thre %n V\Qxe? r’i511§13?a Iu%ik‘I % b %Fe‘é ottrpgro%tyf hﬂ)ﬁe C[lllgrl egfgodlment the fine

process a gp
abrasivg bgseeiosity e EEDIHRE ARk & TS BT EPD yol%enﬁi\r@wal ranges

betweeH %ﬁoﬁpatosmi%ui ﬁﬁiutksrr v8IREsuEA EisHe: SO RbIdd ib@ut@? 081 9Babd@30 v to about
U ,aCCOI'I to. o t | Il I NQg. .

70 vol%r %r&cgrglglg }o SRR L dlﬁing t%] %& rﬁoﬁgﬁ E’rlg Je& %bogse)vorlﬁ%gc% ’g)nvgf%j orcglty. It will

be appreittert thas |thefpprosity ganrha jopan osdesfdaad inpfine plyesivesipyh hive e greater percentage of

porosity, Lé@x@?aﬁ?ﬁ@por&%ﬁ ofts, it@tonh 288 erQamhe%Q@ biltheShofds £hh GEnRHABy beMithin a

not |ess than _a
range of sizes between about 25 rrEcrons to agou[r%o% mlcrons such as between about 150 microns to about 500

microns.



10

15

20

25

material froma major surface of the sapphire wafers.
I n anot her enbodi nent, nore naterial is renoved such
WO bas/ossor3 | ess than about 12 m crons or even nPET/URH7/088550
t han about 15 mcrons of nmaterial is renpved from
asurface of the sapphire substrate, pi cal | fine |
gRrsiamRyo de fisg %ﬁdwroqesg TG IE: aw&ﬁﬂoa??y Paﬁwu%?j‘ﬁ fpsgebragiye is self-
dressifpp o the sdiftitesGpAb 8 aghdivedthd gl Pregtie §8e ahtasigt isquddOBond material
matrixV\@ 1&%9(%& &a&dey nﬂ\’ﬁ tﬁ Bé.vﬂlg ?&)&ﬁLP&C%t&&lﬁégr fA@C%%ﬁlgqg OIIE Q‘E[)Odll‘nellt

ed sap re wa fine abrasjve can
the bouft mqtquzlenaawcae(@de F fragreatyelpeisvees thaabout e MBrms s fuphs less than about 5.0
MPa- rﬂlb roa§drt\/oﬁla@)r WithiSa rarfge 8f HWBG a0@t B0 MRh-mffedhd dbsut 3 Dh@Pafrh'AeSelf-dressing
fine grén gg g’én}ﬁgr&%?rg Ses&rﬁ)a(g Flgljigl%k%%%?m dg.\}lseé;{Sk 9% mcogp ?e%lhergm by reference in
theireptir¢ter i al s i ncl udi ng alum na, silica, silicon car bi de,
zi rconi a-alum na or superabrasive grains such as

dd}eﬂéml}dth@ﬁg gﬁﬂﬂiﬂg%ro‘@@g 1:07 nﬁqu ds iald@)parﬂﬁs b prbddEs@mniliniehe phcess
descril&? gtioPélﬁ lcear'airlluagtgn grlbt[ge coarse 1n5“1{ﬁ ]Iari)cleszsqg)]ﬁa qé%e& 1se%en%£1§/;par(pvrmél‘n§g a\l{ e
unfinigyecespppsiraceater gt # haldegangd mmtlsaﬁpwaﬁnramfve’l@@r tq Arifine atregpivg suegdcs
typ1cal§“a§1 Qbrﬁ’s?ve WH&? BV echs @AW i Tar @brﬁsﬁv’e Llﬁ‘iraroﬁﬁf AeliBdter of an inner wheel.
ccord {0 one enboci:il ment , asi

Accorgigtip ey ??B'eenb fhe GfecrindipgRroces B*Eﬂfcﬁét?m\}%ﬁ t@%arbﬁafe “@F@&E Fgpeed of
greatett them mbod 0200 @teYglutinstpergniasd (@m)ishdhras Seatey thh9hbog AN ras supb s within a
n % i i € i
i éq@;%g%hﬁesg{eg?x%@@m?%%oﬁaﬁgg%ﬁ L4
enbodi nent, the fine abrasive includes no ess
issiied epore. (e fop 2kt et Dogr B eEpe TR &Y S acusad
above RlE@RIENCE Wil Bt RE-dreSsing oags abwhstvhli Hov&vd‘r,aln@eimgfto dye tipdiment, the peak

normalafgrgé’ﬁur &e‘{;%dlé? %‘Qﬁldﬁ Qﬂ)%ngjaﬁoryecuf %t %lleﬁ& tlﬂg E‘t%ﬁtl M@N%ﬁ%&lﬂﬁ’fm the

art cular t ween about
dura“‘\?@f‘% ﬁﬁlém&%’@fwnl@ %?@PQT/&‘PWOH@]GHHP%@PWH@I Rresé noy gﬁeater tha“ about 75
N/mm vaU‘tH, Elﬁli asl‘nelf e ab@t $0e'mini width abé'\/alSﬂoVthdi' hen fboma@0 N/mm width for
ﬁlr rains.can have a mean particle size of not

pe ation
out 100 m crons, such as not greater

t han about 75 mcrons, or even not greater than about
gie paseriptgnef coapse g @pqﬁa@r&flﬁs abopﬁ%lrle{egs & hefixe b HRsIHE Wgﬁ?nentf ﬁféhe actual

grmdnﬁ@ﬁn AaRduld®k €led | tHeoRponkriEnaly Inﬁt&’orﬁlbh’e&ﬁtirw Bdg bahd160l,ibst only the portion

of the tgﬁ tha ig demﬁne%t c%nt%cft th?%r 1en s%‘ll% and 816 F] eé rgs%e %‘png og‘el% n*oay be in
suc hge 0 et ween
thefom@ét’fe@n@tsand about 35 m crons. General ly, the
difference in nmean particle sizes between the coarse

aﬁgr firke @&uﬁrﬂg % @iphissd ééﬁ;ﬁnrie fafad th @aGH tyhiGallfhHk @iSerage surface
loughng% gachess t\ﬂantagglout ? ?(?HHCI'O s srlrllc}?ars ers]sS than at)o ?O (SSh n% GRarse

i ne sbr Asi Ve i neltdes "a bond nateri al

matri x that can include materials such as a netal or

ridterafine gtinding the Sypphizgtyaers 1@t B &afgrg panibp eubigeiest tp p gifgss relief process such as
those d@k 1351%11 lﬂlllE'lﬂo 2bi f}ﬁmah URR debYriOdiz ress E’eih@ﬂiﬁly be &Girled 6t by & efcBRE brlifAealing

and al |l oys ther I n one t fine
proces nm Bl AT LS 115 (Mg aaE P PARE At geit or 9 bond

material, such as not greater than about 60 vol % bond

Rafeging adain tothe gibioflimem of FIGrleafterfine hading atsten tL 07 (e grolubissypkitg wafer
can be %}e@tgd @Ipohsﬁﬁ(;%%%q) 1§1] @éﬂe@@oﬁo‘ﬂﬁﬁng%ﬂ bedi B that i ﬁ@vuﬁe’d B&ween the

nc

abr asi ve i des not than, about 40 vo nd
e g ppig and ESHPS P 0 £ S e B BRAE P8 P LB o soch o
to canﬁmmmaboh@ifmgkb@ﬂdxoﬁ&l@ﬂhu@lusmgn slurrg genetlyafllsalyotit cale@ory of digmical-
mecha{i/%ﬁpé}%ﬁlhlg)fcw an!i fe ﬁu&ﬂglpmélhﬁe YogLe%‘T)raQ\re pmzleslsﬁsﬁ&d‘;mglicﬁ% medium to
0

facilitate removal of a precise amount of material from the wafer. As such, according to one embodiment, the

the duratlon of

polishing process 111 can include CMP using a slurry containing an abrasive and an additive compound, which
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Further, the fine fixed abrasive may include a degree
of porosity. In one particular enbodi nent, the fine
wW@koassines has a porosity not | ess than about 2BCTUEH)7/088550
such as not |ess than about 30 vol% wth typica
ranges between about 30 voI@bang about 80 vol%; suc
may figgtiod pspanesrr Pofesn B ieapgtEO o TSR Gt CORBYIR! 3% {VSTRPtL" 2
phospBnG WbmphOndv BFEGiveAG the atglistyg prbddes he mesrixoa qvepdnentt dné thf pdd@ive provides
' es about 50 vol % to 70 vol % porosity.
mmmgg&ﬂ'(¥9%%B%%%?e0|ated that, the porosity can be open
or closed, and in fine abraS|ves t hat have a great
pEe &@maar@%vedsr el imesfzed. GRHREF 4 4VSraee REUSHT Ut @SS jthgn Truicron,
typicaljDiess thai ZUD @ErROBAE CTy@ialyothesedial poticd size isofithinla elighthy i@govem rmnge, such
as Wltlgl?a rangg% ol‘ %{)019 ‘?%W aggillgg(g%mr 9&%&1&2‘[10%' ﬁt@ %te%epmmglﬂgmag’sme of
m crons, suc et ween about
under 1@9} Ippierprogeaerally degist it POSHIERTEED P%Teipﬁndl‘néf“ét%ﬁ@é“ f@itef prgeinbelow, in

which b iR uick Bﬁiéhﬂgpr&ﬁ&ﬁ ep&rrahg &t ﬁi@maoﬁﬁmg aSraflf@t: io@M@€trial removal rates.

At me? 81 }}aﬁlgllél gll e])é Fbo&er; %Smétll ﬁ énl%cgnrasﬁlg eas é) he or%eel loI’ %%ﬁ%%ltona%out ?IO qﬁlér(%r
typicakiygthd mathieigs pragtidn inbaraderizes| oy elapinElonuish ot brelatbatsefleghe abrasive i
alumirtdBsbdhl X in N bbb f)(ﬂﬁkﬁ@l hiheYor By S8 ne @arhrRd Almifkavi ng a

particular fracture toughness Accordlng to one

P ABPUFE osnaRreRee WO i abale & SRR RARLT pe vl
additiva$s preegisat b haengigow withn Oraddeat refwegrpabous p. Ofb@ rbduel i’ 9uch as within a
range YWuLRkdd afouf @fbgiﬁ%@g abBR B EeRN. ﬁﬁthHlEr e;nbgiuhé:’ @hﬂlz@é &n%gatlon within a

about 3.0 MPa-m 1/ 2. i n
sighlE BFTRBHERES ok & °B 8% GitrsEtT Db paast HEuTh A o on
embodGnsd@ e FSphoiun@op@od aneils fype] whelsin oxafreis bondel t the plipeihprus element.
This clgsq %f h érlxl's 1s%&ﬁ1ra§ L)lo%fhosﬂhgl%s &ét&ﬁls gﬁelrt%Ql'aﬂg thP Bﬁ?ﬁﬁﬁw&pgompound

es an apparatus and process simlar

Contaurs rpb%@@gls aléélelrcw btétél of e e PRI G IRREiTush eipiofimenth s g maghining
has be@lchrfiel dugbyitinARSE odophosphbfuatonipsynd gerhéch &le Ipyasphorueisiin vaggn@ntate of
five unfini shed sapphire wafer on a holder and rotating the
" sapphire wafer relative to a fine abrasive surface,

typi cally an abrasi ve wheel, having a substanti al

di pibas Prapodistspia dfiehospHops sande braded ihesFioapdsditiogfo ey, m%cP generally
denoteV\bigmlc. pho@ﬁlﬁ)ﬁﬁ ddnﬁ)@mfdﬂlqﬁﬂﬁas@ﬂéﬂﬂd)hmn Othertph@piforud @orgjfointdel incigde

phosp}P{e 8Hop§1f>spﬂacf cl%h({sqléaﬁ g Is %gnu%;!ﬂgtaso%r %gl\t/e\éﬁ)%%%hnéthﬁphosphltes and

phosphtvmnrutc@m(owﬁmPaﬂ@lﬂ@hpealss o pleoahers eomasPngealide B@@@mﬂp phefphate, sodium
hexam&%&pl@a&: Wdﬁom Phosphéd A&Ec &fd (BAQR 5159and @QQotFi PR thyldiEh6sphdniéacid)
%ﬁld cool ant is used, including agueous and
(M””$Fﬂé & cool ants. As stated above, the fine abrasive
can be self-dressing and as such generally has
clvaaralle the siusy ¢opigingi Sie efsasivel cotyereat aphthazddigrorapiaiaingihe progrkerus

compoﬁr@ll if a‘qﬁ'Jo@sS ﬁlhtrisg Wi &8 BRIcand Wity gh@Mﬂ»’MﬁE a basi€ f19, rsﬁ’dhl'ﬂlgt th®©pH is
orce

dur i
oo GG PREF diae GBBTOI ) 1 POPECeof "hise DRl s,
about 100 N mmw dth for the duration of the grlndlng
Rolrrit brirfly tol the aaprerts éar pelivhiesihnseind saphee peferkFIRof ifestrates a schematic
of the Igagg GRictu® tof@ohéiﬁ@ @ﬂp@rratu{ J&&ﬁ‘duﬁ%h@bﬂe e%ﬁ)dm{em eﬁ&beﬁamssﬂdﬁﬁlclﬂﬁs a
not great er mm
i gL AL H 0B NORHRPER PoF PERE “BIiF HPTO tapolitine
pmi1hhﬂﬂgﬂmmﬂmﬂg@®aéﬂamw@ﬁﬂ%ﬁhﬁymeSQmﬂ@@%@nT@@h@oangéﬂ&ﬁémﬂa

central Jup qm@;{ ASLE S rARRY & 1fh§{r§t{dsby th@ altr(hﬁ A t'eﬁﬂﬁgce Abmas! p‘%ﬁahty of circular
nponents of the actual r|n

indeni e (SRS Y T bE S¥S %ﬁ@ew@&%ﬁf}obawwhe

polishitdy@d # Mahq thbwinplank 2. Theenqydatd 419 varrying the substrates 414, rotates about its central

axis, wherein r, represents the radius from the center of rotation of the polishing pad to the center of the
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of the tool that is designed to contact the workpiece
(substrate), and the fixed abrasive conponents may be
w0 nooslog3ofor m of segnents. After fine grindi ng pET/UR®07/088550
unfini shed sapphire wafers the wafers typically have
an average surface roughness R of |ess than about 0.10
templify HP oHSTeAg Jees e “Peé%‘%“sgfﬁla A" BbBdEa HPUB™ i s ceHE of mpatiqof the
templité M@e enfigiektitgoftapraratapq hd & eminadleensplalOifconfigh@tiohebreb Bshi@ g bperations,

s4b relief process such as those
althoughe odégg‘%glgat@%“%ygél&%%& As descri bed, stress
rellef,na be carried out by an etching or annealing
pFhs@gdition Og?rﬁli‘é%ﬁbqrﬂ’@ cqpAung & theayy gepeigiht imatoves the@eses! sampyed rate
(MRRABRYSurddd G%gfne phoSgiRs-BkedROiiig.. InfRef efard, MginggRbrient @n bdiBdicated by

a ratm%\?]%?ﬁ%d w?nch ac‘hordmgl to oaefet %odune 1s ngt l%v &‘illal{] a%cauqtl 2S£“he|%e51g91ation

er can
MRR.pdd theshatamigl rmovsltrﬁpofﬁ 3Ty apetinglah WraSpe mdgfmaﬁfgtwe eorainmgghey
phosp@r&é 'E:Srﬁ(potuma&/helreﬁs m 1ﬁtﬁéjm9§ﬂiyi€1ﬁ&altrﬂ@urﬁéfﬁcfeﬁ&@l p@dccests Bfditions with a

conrel gl eV AR BE OV BT BH 41 PO Lo Lo U WPREP: big e o
additieapmaniqauibe fhbsphqoe|corsgvimig Aopetimgtie alrer crRoHimsig, Hg ratis wasggreater, such as

not less thrT doYut98NE %@h h&f lefsﬁlldn%bdupf ) aﬁdh@soﬁ@tcé?lg@ rséfnp%fs twice the removal rate over
chem cal nechani cal go I shi n éﬂgnd the slurry can

a slurry pRofainig ofly galumipgaga ‘(Fé‘n‘b%i’ﬂ’fl SB‘F°§‘§ b‘@ﬁ%tﬂ’ inaliquid
nmediumto facilitate renoval of a precise anmount of
nsbierthedbredoing astfévesedvarf @rious Asbodinetts, iralvdiog ainbagdjments lesed on alumina-

based dm{i)%l sm?r[}% ’othEIJlGramlnﬁat%nélplgayFb% 9§é§§ss\zve;1 l’v:]'th Q@Qleht@&{ll%dlgcll% silica,

Sin urry cont al ning an abrasive and an additive
sreng RSO ARE R FRGE SERFEE RRAPIED: Bl re e pOALH AT S coneining
phospﬂmts-fbﬁsbcadomb@mﬁ)ﬂaaé demFﬁﬁat@d‘i;ﬁmc‘ﬂaly go@ipihag ‘c’haﬂf&ynstlifspmmely 30-50%

unproveg mn{grla?temg\%l 1a tep ov(é) ? 15’11% ﬁg‘lﬁ%ga {J&tratéf fectivel y, 1 he

ani cal conponent, and the
addl t | ve pr OVI des t he chem cally active conmponent. The
| ASEu NGB PHETHREASPS!, & RIFETIHICE e AP SAbsate i nepvHehag joludes a
generafly ﬁﬁrﬁgﬁrf&aﬁivh@ biea-plhnd BBdnation, 85 $lahd@tentdtion] a6 l’nE}ﬂane orientation, or a c-

plane or%xﬁaﬁ%g‘ lallcy Wl%l S@clutdet]saczgntr%ge% dﬂt%q%glgﬁtg MR use-E)ﬁFIJiel% g)éne c};rgﬁatlon * denotes

the subsizatay éavmg ureler asfacgk thi prend gl ape tha %mlloa.r@htceﬁ 8:3000) @tpwiﬂffo“ﬂl

slight M#rieft&fon &b Fe fxlp(%@«; dc&i?du%fto pachn sﬁlﬁ{rattt @Edfﬁ?catloﬁs BRE hsakbse dictated by
under ggo ut. 1 cron gener

the en(g%lﬁtglPeé Ssaéucﬁ(@i (ir]glﬁ?tlﬁas nbcrlu(c)lc eg rS planéa 611} rc: Slarr)lg % ntatlonf and{ chrtam embodiments
utilize g cHolaeeorientaipt.er her ei nbel ow, in which a fine surface
finish is provided by carrying out the nmachining
QRebRd dbevd, @l sul)sﬂ‘We Ry IRk d ﬁiesﬁa@lg@dh&blleﬁ ah@SsiondNy. M6 mdd3ure of
contro@eg g‘grfegsbci_%a %% %?al 1%108%]5.5 varlablon %nc g(gx&? a;cn fe:e(l:s? %1% gfslulqﬁ (po??th Fness Vﬁrlatlon)
and Tl Cipirmalinggl t@jqdelmémasamlmtlsn)c haracterized as a | appi ng

operation. A particularly useful |oose abrasive is
Hotkxhiie, a&b&@fﬂg @%né dhbbdigert, e MTOfs g@ﬂ:lraYJS; hot %ﬁe@ér'tﬁaﬂ 8bolt 3. 00 pm, such

nono t al_l i
R e
associafeglwiith &k deysized éerpind sphatads laggetelizdd watsrsihgvipreeotied ﬂatknass For

exampfé%ff;&ﬁﬂh&@s%{x/\? Ravdhy Eiglhaer%otrlé%m% Bbut BSEMREI . BBIGHL nb)- g%elttﬁ)an about
abou % such as wthin_a ra{ge of between

150 1 RGOS G ABBIITS Ut OGSO LY BRSSP RERE S not b
sized wafers) in@@lirg toerieend diatceomonipst thm?7. Beng notddst than Irveom; oiess than 9.5 cm,

or not feg r&ﬂﬁ 10, &ch R)Va?e? srg‘r}nagl Ql@o 1, ge%ﬁ le(pif‘l tem Eurfgce]aga \%f/ td ﬁre%%ultTV

.0 Wt % Accord gto one enbodi nent
values é’éh‘i?&&sﬁﬁat?ﬁdﬁ?‘éi‘bﬁ%a BRyGen suriprer@ntt 1665%1 hOUf 50 %ﬁﬁ‘é&fs i about 70

cm?, nétMLs tpda@B@NLraid, oebvemiintess than about 115 cm®. In addition, the thickness of the wafers
may be further controlled to values not greater than about 500 pum, such as not greater than about 490 um.
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This class of materials is known as oxophosphorus
materials. Particularly, the oxophosphorus conpound
wa@ensasing3 phosphorus hi val ency state of one, P¢T/E82007/088550
five, and in particul ar enbodi nents, effective
machi ni ng has been carried out by ut|I|Z|ng an
o6 phiesisih the (580 BB Aidisadrn SARRCEPN PR WifBfoRBTHAIE P8 bquls sjzpdegotes the
srnalleytalrﬁ@ﬁ%u&t/}ﬁih&he@fafef |sM38trateh br bOEINEE. fﬁﬁ@ﬂlﬁ]glﬁﬁﬂhe&,xtcﬁthl&t such components

have ag'ptt or Eluraﬁ‘%ﬁ S, sw%eﬂag n af cpthe-t c? amePer otJ the. cgrg é jon to

genera es organic p osphorus
corrpounds knovvn as phosphonat es. O:her phosphor us

C\ompesmblstinenis hayd eelbtrouplhdn Y, suphas opistsatptiben alout 0.037 pm/cm’.
Partic}¥ PARRARRD ALV E Sven &H@ﬂhﬂﬁﬂ’h@tﬂﬁaﬁ not@l%@t&ﬂﬂfhhb ©$5 pm/cm?, or even not greater

o o 0SB 1 Y PRPLESEDL L5 BRESAORAL i o
having aniFmgighenopless 4vs g divos pleen eot lespdinhouh Exdbare t Vit oisphataso be
SpeCIﬁE'Cqu FehYor APASRAARA tﬂ@ﬁ;eg&ngaﬁ ird VARG e Ple asr’sZéateda\ﬂfﬂ substrates having a

am notri - (met hyl ene hos i ca %glﬁﬁggg iZQ)
surfacqgzra@ptdyse (han ahgut 49 oy r‘t})’ e HER ﬁttrtéﬂ The HBT S8t 8‘“6 fhnent

and the additive containing the phosphorus conpound is

g eerog 8, the thialtthicksess veaibten vides eftthe shpphifepglstrath 8T |iajhera}zsolute difference
betweeg%%[rggt tl¥ck!ﬂé§§ an% 51991%& ﬁuoﬂllléss ot Hie Qapf)ﬂﬁ@tsubgtﬁﬁ (@ﬁi‘ttlh@ ar&ﬁ%aek&ﬁswn zone

han about 8.0, such reater than about 8. E
which WB‘)‘]&HI?/ énﬁbtées 66 O rglg\y)&':qﬁlgtg m 3}5 &ar{er %eqr({}léd th%]is%t?fﬂe?fﬁ of the wafer),
and nTAVIiethdt YalieGTT VIR oA [ a)ttMSurfa@d’ ar@@f 1hs fapphire tlﬁiﬂra@l‘ Aunrthod for measuring

total ¢ Sc%?e@sh\jan%or\{\@ Kl in A,Fﬁ\‘/{ stén Es% hates a schematic of the
BasTC st ruceure”o I'ng apparatus according to
one enbodi nent. The apparatus 401 includes_a machine
tQsagrallyyips A Vi vAlug, s veell asdiothernoppplizrd ghapgtenisticsdiselased Aggein 44
normal‘ﬂzl@foﬁﬂﬂppﬂm@duain&tﬁ havWiid la @éheraa e tirtsGrfacdadd Fl(blstmﬁtﬁilyrtgcmgierlmeter which

can ing, Lﬁe a Hat t & %ﬁrﬁtﬁ)‘a orle%htlog & tlga atqastrartl'e A%&?iu?g '%? %%I%Egdkn?eln e sapphire

orldant I"at en 1s rotata
substratedng q'satfaca%'pasof n@ﬂlf@fﬁ@anaibqﬁ Fsayiseph apot ke tthap phopt 3g§m not less than 35

cm? orleleh Wstids@th&dbRy 4d e SNIl @¥ubsratt mb\ata@reékargm{ha&ar@ such that the

e PR S SR A SRR
less thapabrgtvi 0iné Thbabrb@esubittaies PO hﬁt‘@hldngletpra;tfamt@anah@t f h@n (2.0 inches),
such astn%mQJs #aattdid.0 ctﬁh@ 5 In@rﬂ'gl ﬁB\ﬁ‘evé‘l&nerﬁl@ ke ydpplgreﬁlh)@trates have a diameter of

substrates 414 S cent ral axis,

7.5 em A8 mshey o ére?t"éﬁ@éﬁéﬂ@émfﬁﬂlég fo g (4§ RN e center of
rotation of the polishing pad to the center of _
thnfttenpleanes td dracteniyias efibe sepphiregybsoaia aecgrding to ongiebedimbrt.aha

genera%lén&th\ﬁ%cnge S%‘H%tsﬁ@&'e@e HaOa fub¥ee %%@s@ Rng nf)pérﬁfet t@ih a@dut 100.0 A,
at e

such ascnaﬁgﬁaﬁrrg\ “ezﬁ‘fﬂt 6%,% og gl{‘]fflt: Sg ﬁ :Ag(terl ey nf)t&f;eatglp and quhSé)A](') Al éven superior
surfaccopghiats camis:, actadve el i ndli ghdaer teantabaio?(X( Ay gwched mngeaahahdout 10.0 A,
or not %1 fjrlfh Gou £0& addition of a phosphorous conpound to
ur ry generally inproves the material renoval

rate over slurrles Vi n hos hor us

B Pap S e g MPHE P 0BG S IeA R B melhods
describedigbo catueithvdxypeagion ftned adviRIR3 TiedIEvERo Crsprfaghis Gipicalycodeditoag)to be the
maximuy d%ﬁone(gp ngfl\/%qﬂgt da blpsz ﬂprgtteretlc@ ?ﬁnet(ns@ ﬁSﬁQQQ% 0]02? ‘In tﬁl@egard

esi gnati on erial renoval rate of
normaligeq flafngss sy fReTues o e gt’f“eéscﬂf §’§ FyaceqaEnalizgd by AguffRcy area on the genera“y
planar ﬁﬁfﬂdeahéﬁofdiglgﬁd'lﬁe phipsphaf thiSomaio fntkss Whahad o RRROMally planar

surface 1s % da,ltg?th abgtlt 0. lﬁﬂﬁn\&&]l Sj{lalt ndf ng&gr tﬂag Qkﬁhtl O(t)%b rﬁﬁ 6%Ven not greater

control sFPurr e cont slurry
than abb@.OrQ@O exgen it thegormeliézad flagngss of e I BISS B FRhiders uch 3 no
greaterSakl BoMt 0040 1BRINY Gr ot @&teDthartdB&ut 0.050 pm/em’.
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addi tive containing the phosphorus conpound. According
to other enbodinents, the ratio was greater, such as
woei0sigmws3 t han about 1.5, or even not | ess thaPCEDS20D7/088550
1.8, and in sone certain sanples tw ce the renoval
rate over a slurry containing only an al um na abrasive
aTEPhBSBHESHNeH %Eﬁ%ﬁ%ﬁd”“ﬁ&tﬂhf"?s\%’“d?ﬁﬂe’feé‘ o fhibit a reduced
warpifgQ¥ @@éteiged B Si0MRE4S @tp, OiEreMic 1OVSD. emibwdp B tiSirate is generally

undersit({gg lo%g. 4 gev%ﬁnooq h n%xnéléc'n sgl@a%g Qf tl%r;ub al{m 'pna;‘qg?t %greﬁap kée}%é’]@?e ASTM

rasive materi a e USE
F 697 (0. Bxesait e nPfe@meessremp%éheu@mgnosmhméao acgquptcleyrihegurface area of

the sa;fphlkel sﬁ&ﬁa‘cé: aﬂ(cbdrﬂiﬁg to B&reﬂlgodﬁﬁdgb ind E‘Warg lis@ B er BAAGb&E N EIOSGun/cm?, such
N a pased S talnkn a
o ot BT Db AR B PR o st v BeionE Pl

particul arly good polishing characteristics, nanely
30 50k lymnaveticnar elpo calibif regnesddbw At e ypigals pndsfsopds ﬁle bow of a

surfac@ils ﬁ’l@ @os&ﬁ'te aelhlémeﬁ’s@re%wﬂ§$oﬁ@t/1%r a el binge sﬁﬂac@ QF i 1bdf:tlb|n @f the surface,
surfac re substrat

s s OU ol PRAE TR ULEP e AT 7B SHA PP dggacnely plana
sur facehsfvubstgueaproaasspdl arediggth epthals povidedaerein e“p)ibameed@cred eqrnaizéddny (nBow)

which ﬁq bg&' B%gﬁ‘gméﬁ{ ﬁo?rﬁlathggdlt(pﬂcouﬁ)[rfor%eggka@{]eﬁea(af h€ Egil@}gﬂyQ)ﬁnar abflce. As
i ncl udes controll ed di mensi onal i

such, %%‘Péinhf’dlme%t 0 obies el B it Lt Y g’ suh
as not Ex@atdr fhgn xm;mm(smﬁ/érﬁc@svdn hetgreenst tean dbayenayo amlcyn’. ad oording tae@nother
embodl reXtS E‘lallé SR sub afe np\l\qﬁl a’ran%?gybgl%]eén)ébém (s &O‘c]ﬁlln/cglhgnd about 0.100

I ent atl on from ane acco
um/cnparwt rrattmlaky vgiliggrmag o bepese ponclfi4p élﬁ§m agle élwuta{)fé”f’ HBsE”
di ctated by the end-custoner. Particular orientations
iIﬂﬁ:feb&d@ td ﬁﬁ@or[entﬁ)dloa REhSdAFhhGe dbsBtre, a@&elsc@tﬂidalb&)\,@ﬁ&, geddtly planar surface

hasac ? €0 lent tlon 8 anéeorrlltesf 10t <|:a|n Im%l(l:"lde b Qtjac%pe% o?[n egtﬂ)'ﬁ ttﬂt 9&1&: c@‘ﬁw
ot ed'ab bt va Y hav

ove,
generafsomneiohifasel et th'errslﬁlt?nlafr Yatlgry ofc%@ﬂ?ﬁé a@lﬁlrlfere@fd ?,CG?TthPS)‘IO e

embodGHeREINS ka&ialyiplafar kB fat et b sdpfiire Kid@&RE cMaiateattilt@hgle dfAGH gbbdﬂeﬂ’tﬁhn about

. [ east one of TTV (total i cknes ti

R L e R R A

0.15°. @xicangit 8 the anpbOprthiedigptteen o reariroih snase of thelyabsifafaang the c-plane.
general ly not greater than about 3. 00 mm such as not

g\rcgn@r;n?gr to Lm&H@Q%kaprgéssmgbf @}%ph@é/\@ﬂermglraglp ?e@lllt@ fn well@bhtrolled
about mm Or e O| n

vafe GRGBETE 6. DPRT S8 O PV EPE VGG "Ba FF et gy o
the wafeasutf@e siaziedo wa t-glue ofiti sapighire crmtal olfik@igrecisil; karésBrly #gpantified by

wafer- {52 ’&%@P&%mn ng 'vﬂﬁﬁl:*e SWW%fetEﬁéé@o ﬁGd§ %rmatu%ﬁ n(ﬂﬁ‘lsl tcl tﬁec' hght:]@ﬁrface of

hi ckness not reat er than out
the sap i Aot affg"fthé)“o&’éﬁl AR PRS0 e and o ¢ plane
Iespectfv@lly eq @ild’lg art pMjepiebhadTe] £0\SreEcBveS@0it plihedbfivddibia thia edppttire yurface (A =
ké” B Sé Z eﬁ' %é("aE)z r Be rdlgaﬁén&ﬁamragglé ﬁ%@ dhavbgmdl arg{z%@gea 0, and its

eSS cm not ess cm_ not | ess
projection amthgplawemtanmg e M, enggherisgrienfaorragle m\?@ff’éﬁﬂ%‘i‘%és thgApsle between
By and s ﬁﬁje@ﬁn SEEH14nk e&llta[nﬂlgtAQMHEI OfisoSthtkiaCAglast@dard advehtibonds the standard

.TTV va l%ﬂ SOCI ed.wi th substrates
deVlat‘ﬂla{];F‘%aneg i N Croﬁsraevzvfr%%%)/ott m%? aS% BS540 cn2, not

| ess than about 70 cn2, not I ess t han about 80 cn®, or,

ewesringg erbedigenth AceaBiB it caiabou srplescritsd beRM. PRTERIarlY Fgprporating the
grmdm@ Bﬂo@éﬁsﬂc@&:ﬁbéﬁfm dchg aad, efas ldifB‘j/saﬂﬁlré WHSrHe¢ proedet (el Hagedise
crystall&zl %plllltc orlen:t) ttlorg Su@ a%r lo haQ:a tfl 1\{e not%ower a1 Osvf’l?‘f\e?s ?fﬁzntﬂ?eg 30 or more

an a 'S Nno
wafers, agdd @eptelptendy hays W@S@ dromﬁlf@@mﬁmhwe@ﬁrewrbwlmh spoted that a lot may be

several%ﬁml%tts E@Ra%cd 19 EepQQtH Ecﬁta&br@ ermd @vﬁft‘élt 1618 mﬁﬂﬁve&f@a'niia@cﬁ&evﬁtﬁoﬁ G}, 8f 0y across
S at e,

o O e DHL IR SRR E e O Rt ¢ ot seer tan
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have a flat or plurality of flats, such flats do not
af fect the dianeter of the conponent. Various
wendsdsvent s have well controlled nTTV, such aBCTIU$2007/088550
greater than about 0.037 nm cnR. Particul ar
enbodi nents have even superior nTTV, such as no
0.008(flegras e Fheraienion TEBEVeHiADd degiationpe Af G B0t ggeﬁtératbaérabquhoa%% degrees,

such aOndd é&tdﬂ%@@f&lo Sigebs, 606t grdalel R4 ovETMehas. been
parti cul arI y achieved with | arge substrates, such as

tIrl? Qomparls I'I%I' rﬂéat‘}%)me f%{amﬁ}a%%u ﬁaﬁﬁr&ﬂ%ﬁa‘c@s@&%%D&[psuGﬁhtesolgresent

even not about er size
embodiesn's peis mo@ale R TR el FRo AR, whzaton of

coarsefgﬁﬁcﬁﬁgbrﬁlﬂve mo-lft-gﬁfm\éaﬁ 4G SireliRy chibse HSSQABhRkEd cMn!jlinhlon with a self-dressing

t L.
fine grglgm% Wsw% 8% Wfiq]\ég gagt{cﬁl né%%o%%u%g%%l no mcll %{c’s str1esafa]1% ﬂtgtg Hltoductlon of
precisigipiinishedisifphicam@ferRafing supanigr geemtirequaliviese]-e. T ¥ 4oAags nBow, and

nFlatnd&! i BlabiQdh oY ik S80I of geBrH&rlcScﬁﬂﬁ’iEH he rs&pglﬁ@tcﬁd abbVeVin boBj uﬁdﬁl@n with

absol ute difference bet est t e
s e S SRS Pl 15 BB LSS T
variati@nciesgebsexs! hshesarespancthadnpohedteyqmico@lqbajitidsped naes catrd ofsurface
orientaﬂm édn‘%bs%& %Q%s@ﬁe i’a(zlﬁtg@e; ;l}@dut’i@fl @ircm%ggﬁ L@bﬁﬂ#ﬂ@v&é@ ﬁavmg more
circunference of the wafer), and nTTV is that value
unifor Fgh{Amiiee maliiesed to the surface area of the sapphire
substrate. A nmethod for measuring total thickness
\Falldvadg tivaticis frossesing isteps AT 6 heaaid ae shrfee>BDe BPphire substrate subjected
to treatmerﬂ%aqerah)y }gls L E.yaabne cIYtafIsﬁ'llétllﬁe foxalﬁe }PfilEb/ %@Le’s 218 Q}@iﬁlple embodiments

racter| ,Stics disclose erein, are
have a diglogptifr deesély fetsrthan LECAHH B PeEsussdiv Krat tePopraR e Sisgener al | y
pl anar surface and substantially circular perineter
Vit Gakticiady dof&@brﬂﬂﬂmﬂhfﬁén&bnaf atl/of dentlagfaghingietth®n control is achieved by
embodgn:‘]%tg 8{ t et dw%n o? ﬁl C%ﬁ]ﬂ%ctl%ﬁ Qﬁﬁ 1&%& zed é%&%{eﬂénla gubgtpateg Haelmg controlled

e sapphire strate surface area
thicknesf. Imihese re@@gt qeppatingp Bye ttatodf thedp, diraqieippalagd ﬁéﬁ*ﬂ”%@%ﬂcm’gﬁlﬂ degrade
rapidlyR@ttcread ilCWeer s&lﬂ'&urﬂa@&&a)tfh&rglvgﬁthﬁﬂﬁssoAccﬁtﬂ&x@lym&ie df &8 Srt processing
L
crystalbgmrfha@enmhén gpnisagh fralwdimgntelereipen mre‘s@ quh apntralb lywensﬁ@m of
thickndd an8 feksl depeR@ht o8& %r drldBraaeut 60 cnR, or not less than

about 70 cnR The sapphire substrates may have a

di aneter greater than a MEY: cm (2.0 inches), such

as not |l ess than about 6.0 cm (2.5 inches). However,
generally the sapphire substrates have a di aneter of
'Z‘h@fogcpwl@g egangplgs nl@hxé@)let]mds @ﬂ@%ﬂa%mg wgfbrégchrplggiqo |se§yeral embodiments, and

partwulaﬂfi Jidskﬁhb@ﬂoéb@m@ ﬁﬂete@s fbrr}ﬁd'dl&cﬁl)m Wchfgﬁ Eusfacelarta vhifells R@Ang improved
ti.cs_ of e Sa

dlmenSéoaﬁ} éltlzﬁget's ém} %18%% rorcxjs ‘fn tﬁ% %ﬁ%wrlln exa}.%)lea, C r;raeqﬁet‘ s%thHe \gafeerrs‘] }éarvg F1§1/meters of
2 incheg)| 3emvhes. md  fndlee wor pmme%@é Biineden sretydangeatis eﬁ‘afshnﬁms piofigedderein.
roughness Ra of not greater than about 100.0 A, such
B0 BiiIRANEIL 2 bhA thaa RAstionéDerQlichd, aOdescrib@Ubove.AhOboAle iEctioned
using a, mgg%wgrgt?cgﬂé%;% rsemglge%oﬁee 15 glt'uhﬁ Qndq%fébt\ed oEerewrllresTc’ C%Qte{ w181 cutt1{1%elements
such as divanendypoigtes. 2he Boulk is rotaichat a dightate ofjipecdt wirhintayange aﬂbewenfeouomo
rpm an@ﬁ 008 kprl) Alni G iR BL Y is ;obiﬁﬁk 1@1@&“511‘[&!%‘: »ch&lulfﬁé%n@ﬁ@ﬁf“ﬁleday/ which are

anar surface of .th h| re
Wplcal&é"c?&’Fod%{??é&éa Wetnee i et bR ELE ?‘F abuberEaR ﬁ% slicing
The lerthp eff ik sawfaleataire@-stedes a wedd of abbiie 0 ¢ya1tsflelslse dthen ligaids tade

mcorpéréedt a%qlsl M@gﬁ{fétsﬁéﬂ% h&m?ﬁiu&d@@ th@ﬁﬁ% B %Vés@lt@t%e@ﬁours
a sur ace roma best refer engt%attl ane ASTM F

within g gy oélze)tv_veerll FHopiHites li‘oéfjaP a/’lll be appreciate he duratio o?t%e WIre sawing process
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nopnal i zed flatness is a neasure of the flatness of
the surface normalized by the surface area on the
w@emnensdory pl anar surface. According to one enPOOUSENT/QS8550

the normalized flatness (nFl atness) of the generally

planar surface is greater than about 0.100 m cn®
is at leay patia depedeny RO he Fiappier 9t koyle bEratioRFr A fps By laghlqaper than 8
hours.NOt greater than about 0.070 mm cnR. Still, the

normal i zed fl atness of the generally planar surface

?{?ﬁl ﬁg sla\ﬁﬁgc‘ ’the%ﬁ:ﬂ hgé afl %ﬁ%r tﬁi@l&@s@ 01t aIBé{JE]l @Q}gllgr Iegs %@erally the wafers

greater t bout O.

have aﬁme@ngsugza:p vﬁghn@s @%&b@fﬂqs%\tb@sabw b%@scgoédm PY?“&?:%PH‘&W&% variation of
about Y0 thikrof¥ednh el erpfc @i dModa 8 @iclonscan exhi bit a reduced

war pi ng as characterized by normalized warp,

her ei n

bR R IR 0 PP s B ABER) G ke pros, T
grinding procegge iclres piprasts ﬂﬁgqoﬁrmgémmgdmcsss B pecppdfing ginding pogess In regards

to the %@@@mﬁﬁ@ﬁoo@@ﬂ%fd@&ﬁg %(s@@hdmé Wheélﬁgl&écd such & atPi@o fﬁv’ﬁf/lﬁel Coarse
.t0o a .unt

17 SER RS e 5B P L B BBl e
averago pd sigerioidhdli avenze off dheut AG BYHmiceons dpr thys @(amm, codrg ringie l9f the wafers is
comphgadju%g Magﬁggh 7RH Gl AScidiRlerifef a8y cl AN pARRKLs 0@ihd dfrse grinding

mi ¢ or even not greater than about 0.150 mmi cn®.
P“““?ﬁ%mﬁﬂﬁﬂﬂﬁﬁ*§ Bf'%har surface can al so exhibit reduced

bow. As is typically understood, the bow of a surface

il tht fieblea b sol 2k lewretaiel inmerswively Goveh dhrqueinrcnigs fjitegative grinding steps.

Steps p?Ie?rEs@?ttaétQ/Q grglfdm H&)s %%efu%gted Qﬁeelaan@&ﬁ@k' sﬁé@dsQltld fe&ﬁra’ce Dwell is carried
surface, as neasured fromthe substrate cent

out i et BT Ay PERREALS YA SPGB G0 i PopRg directon, e
wheel gpfaeified ftoyn tpd ik oRh shize@e @ the sndlbgtd faddese. pr ocessed

according to nethods pirovided herein exhibit a
Table 1.€duced nornal i zed bow (nBow) which is a bow

neasurenmnent normalized to account for the curfage_apﬁa_f
“m%ﬁmﬁﬁéﬁﬁ%ﬁ@rally pléﬁﬁr sur f 4€B% As &Weh, | Piclone |1

odi-nppt—t-he—nBe the—gener Ily plauﬂg sut-Faee s
1

L |Lo III_J\JV T LIIC \’ TC a
Mmﬁgﬁmﬂpgg?@? t han abéﬁt 0. 100°mm cn®,” such| 45 hot

——c?r-l“eﬁ than—about 6, 080 mienE,—oreven—ot greatfer
ﬁ%‘mg out 0.070 nnF%nQ. Acc‘T rding tb anot her 1
Chul BPRELPRTL, tITe MBaWopf the ggstrar@sis Wdshi n a | 105
range of between about 0.030Q nm cn®? and apout 0.100
miicn2, and particularly within a range of between
alretthe ddarADindTiy [Catlss altOvassutt sulfjecO® @ finagrigdils prédass. The fine grinding
process eﬁskc))ulllezgsfaese& gregsggwgge %tat)ove% ﬁﬁé& Fﬁl@@PQﬁ {(9073 manufactured by

scrl ener a | anar
Saint-Gopif Abrasiyeh dca Whisthitiizre d’éffl‘t’“é Araseve gt ha‘@’c’pﬁ‘P aw&%%rft &if wihingyfange of
about V2B niiddéhk. ULQinafoNB ik ek birtkislexample, e €Rd drindiad of&he|v¢afe&ﬁgdo&pleted
using ggastbaligh gﬁf? lﬁ{xia prreecgs{ogl ?‘nr&%r |A§ yv{tllzlt%g ceoa.rfser Oth};é‘ pgc():cgsg rp%ezl ﬁnh% glln{lhng process
subJectolrmevaéem:t@phrmpehlt procgdsiag gfelﬂﬁeqnépargmeﬁrs h arg grofigeddn B7d et2H>é10W

sapphire substrate can have a tilt angle of not

greater than about 2.0, such as not greater than about

1.0. Typically, the tilt angle is not |ess than about

0.10, or not less than 0.15. Tilt angle is the angle

formed between the normal to the surface of the

substrate and the c-plane. According to enbodi nents

herei n, processing of sapphire wafers desirably

results in well controlled wafer-to-wafer precision.

More specifically, with respect to c-plane oriented

waf ers the precise orientation of the wafer surface

relative to the c-plane of the sapphire crystal is

fixed precisely, particularly as quantified by

waf er-to-wafer crystallographic variance. Wth

reference to FIG 5, Zis a unlt normal to the

pol i shed surface of i




10

the sapphire, and QA , Qv and gc are orthonor nal

vectors nornmal to an a-plane, an mplane and a c-pl ane
wo ewpogIoryel y. A and M are projections of QA ,PCVIUS2007/088550

respectively on the plane defined by the sapphire

surface (A= QA -Z( QA.2) , M=QM Z( QM. 2)).

The m sorientation angle in the a-direction is the
Tableangl e between QA and its projection on the plane
whéePpleatlaNgmA and M aagd the [megari enggtd opDasgl e 1 NLift

the mdirection is the angle between OM and its
Matpfabje@eved @m) on t he pl@ne contldi ni ng A and M5rev 5
M sorientation anglle standard deviation sis the
Feedrmadnd devi ation |of nisori/@dtati ond-hngl € across @2

wafer lot,  typicallly at |eagt 20 wafers. According-to
Chuglesd (RRBht s, processsPng i s garried plt as descri bed
herej R, nnrfl cul-arl y/ Rcor p’rat: 'ﬂy th\, gF ndi-A "U

Pl Octﬁ? crogrseg\%.g é?egg%gduégnpéocgt eésl,:}}ée dsgq% Walgero are sul@ec?ed to a stress relief process
udw@ﬁy&@@klographlc ori entation. Substrate lots typically
have not fewer than 20 wafers, oftentines 30 or nore

Ve BdirSss rR Bk S RAFRird Q&ferﬂﬂb’ subﬁéf&l t&l\@ﬁtﬁf Iﬁvhfhfn@ My brhifp8Ks@ig slurries were

prepar%lég) @2‘?{7{&%’5%}82 (boflpg.tagdo ;gugsgéaéeé well llas the, ro%rog ]lga?c I nctalcmm ﬁ?p}{)rted below,
Table ihewsvafapeement ® atrepylinh slvrey, élusxt hrﬂémhmg desvrmied @hutdikingE-plane sapphire

pucks, @’Ci‘h‘aﬁﬁﬁe@ Mgh%(ﬁ on! a%uelﬂ&%cgfv@@tél%f)hsﬁé? al‘bh@ll'ﬂ@%s Q}nQJtSaQQ pad (avallable
degr ees, such as_not reat er 10 d

from Refyp angyHaas opmping At lestss &é@w@@sﬂmﬂrﬂgw W&f‘)&‘r‘o P 1% tﬁﬁ*&t@‘n Spec of
400 rphpdeiesp&t afedafpth atledivwatorconf B8pgf QA not greater than
about 0.0325 degrees, such as not greater than 0.03 10

Tableplegrees or not greater than 0.0280 degrees. In
rrp'—lrl on with prior nethods of panufacturing

Slur %O e[ s/ I{{lat §za|ftlg%R%

®
>

% OS UHIE)_S Elggpﬁ%’ i ll’t&S_E nka t 60 minutes -
o Ent@XRAN 29K fidar agpgﬁge@n

ijPn 0 )
Nuﬁ% of di ng 1?0 Z erg?)enb I ments, futilization]o
poar:g grlgﬁgng abrgasi ve (olxenties aisel f - driessi nge

£oar 5,11 xggh abf aSjggg) (N cogj unciion w7ih a 35

;eif-Q{,sshﬂ‘ fime,gFiniing gpras{ve,” ag welTjas 7

part fra Ppot T ie M ques and;chem 3tri es,
LTI ar go™ POl jsggll Y T ECHTT Y 6 8
hy 22 o

nished sapphiT €

o I
avld [ Y

te d"LIbL O i—stoh—fi
QAD‘FQ AI .oy 55 r\|||r\m¢'8>f§ 3&% STETN B S e~ V- A A
W C o v T ST Of JCUIICLI l € HuarTt TS \I C.,
STV L hvar /2 nBow, Sdhd hF-athess)—a—addi-t-on—to—the
Tont t Al |of 7§80 frﬂ37ﬂna|IfI@s__Lne_ppggesses r oviddd

&bovelln cbﬁpunktf6ﬁ2mn h plekision wirkd sawin 7
% aci | ilt at eE26pr elci s158% _of i entdd crystal Wafers [havi nd4s

1supefilo] comtrol of theltilt angl e variation across

1substnates1kd thesms7r espect 904 t he| i npr wved geqnetri @75

gualities and precise control of surface orientation
fromsubstrate to substrate, facilitates production of
consi stent LED/ LD devi ces having nore uniformlight
emtting qualities. Follow ng the various processing
steps descri bed herein, the surface of the sapphire
substrate subjected to treatnent generally has a
suitable crystal structure for use in LED/ LD devices.
For exanpl e, enbodi nents have a dislocation density

| ess than | E6/ cm as neasured by X-ray topographic
analysis. It is particularly noteworthy that

di mensi onal and/or crystall ographic orientation
control is achieved by enbodi nents of the invention in
connection with |arge sized substrates and substrates
having controll ed thickness. In these respect,
according to the state of the art, dinmensional and
crystal | ographic controls degrade
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rapidly wth increase in wafer size (surface area) for
a given thickness. Accordingly, state of the art
w@e@ses®rng has typically relied on increasi ngPCT/US2007/088550
thickness in an attenpt to at |least partially maintain
di mensi onal and crystall ographic control. In contrast,
enbodi nents herein can provide such controls largely
Table$ ndependent of thickness and | ess dependent on wafer
Sgl;rqu;‘bg,raﬁ e SI ze EXAMPLES Thecﬁe@.llsk@vm ng exanpl es

ot UVII OC—1Te 11'ﬁ"“‘n%smfr">'/at'1’6‘9“'§"ﬁas°\}v1ﬁ§~1 rersS—attururiig 1Ttu
sever al pnjéo(ﬂmgm; S and parti c”jW

pr odessi ngApaimarEret 40% slidp¥ihdiaeti on of hi gh surface
area waf er alumamisingy at nps eliedvidiNe®Hsi onal qualities and

ori ant ati Oﬂﬁlmda@lqunﬁ16w5dll@s\/w1mgia©}qaﬁ'p| es, C pl ane

and "4 i ne lummaslun%atrl‘?f/pgélgs 1&%&5?% us fﬂﬁSbHrdﬁF 0 ﬁo Hé tres
wi t i enbodp ke slusy 3% eldshdjapH p]ri"? 5eRewrsi 0% ni t i at es
Wt a bouhemidaalry & |@eslijsoriédaOH pkib 1% Bequeshg05descri bed
aboye. ™ TNeARRH, Suirfat OFTOI@NAN NISHNG @ Wi re saw ng

t aechni Al nvf\
ccCT .quc, 1ef | 1 iIJ sw1th'KbH I cu,cu d.llu rotat UU
oar koA S e RE

ements, such -as
di attbond pafimer gury arhes sdd "@th a%‘mP‘B‘P’é]PyélfT’“éf a high rate
of sipeed, Mutnimaplugy at Aig@lidsfwith @B em Ebolgtum200der pm and
5000 rpm Wiile the boule 1s rotating it 1S in contact
W ik Fespatt doitR |p€llshlﬁg'1@tahﬁ c@ff be Wdeh &SN Tius 6 Andall @otdblé iy alemnyhts in
pohshlP%weir(g{é)unéiuIEu 10, BI?fr 1‘? 8 1'? (Sjlca%era b? SlLdllJII s% ‘i‘l& 9 nln%(ﬁ'ﬂgg ri)%tjteialurface
finisheTyere foewgmﬂrsauog bemrrp@émw@r @raﬁ@@wm%@ma@és Q‘iturrﬁs @ﬁ]ééﬁméfmfgamc

phosplﬁll'a@(@tunﬂ} O n&Y £t Srlaldn A erento B@ Facd finGht hfdiSna€Aill rdd@val rate.
i ncorporated, such as a sI urry to facili tate slicing.

H‘gﬂl::@rhal Sabaletr}!)?lll n %%ér rgrtrl]icl;]vgll 1‘6 fﬂlw ng cEilum y O){l € SE(‘):VF]} a sunfal?le route fOl
increasbd pHMSIuTy B @s @pprrelsp aqt@dum Mtoxﬁh@hm: Peandl gypmaepfuny hxémvw&r(élurry 10).

Slurry $ PG, B106 8ESH o8 nRlierdtiBRSHmaRAK tdnRldl Y HBRMMEALRITH WPEAIIRE for the
di aneter of the boul e being sectioned and thus may

abrasive lpote BPBHESP RN 8 hours. After wire saw ng, the

waf ers have an average thickness of about 1.0 nm or

| Adisissubj@smestheasappiire Wafes ipafoeqssingipengedusghprenided ague, Shiraptaiization of
dimendi M GEIARE S o1RANareRwab E5rfed bitaBoARAke dlta Qermgé?l&@t@d byaﬁmparmg the

average total thickness variation of ég ns,
dimensifpe) eggapeny, %fﬁa)@@r%%rs&r%%& dorgtye mp&%dfﬁs FRRY4eE Pergp g et
proces@AWNAQ codventib@lhehddowlivhodiacwomafpéesyith b free ap@fiersgira ragher than
grmdm?; u?lfe%g&&gatltf afd 1593’}(5\/5@& Eehwhh @&@:Sjsumt;r f&PT ”gf Anﬁ Waﬂgar@ﬁl%l%sﬁhﬂe the

eas first coarse tﬁ‘r n 1P %
it o B MV FIPE T PG . BPBEE 0 3 AP b s TGl s and
micron€,@8ps@vedr | Ndi ng process, a self-dressing coarse
grinding wheel is used, such as a PICO type wheel,
Table 0ar se #3-17- XL040, manuf act ur ed by Sai nt - Gobai n

brasives, Inc., which incorporates diamond grit
loan parsgiva xan@ésage grit size wtrimamphanqe of about 60

b€ 891300 r ONg', sd6em t hi st"eosanpl e,| [Toar se gr Bnditgn of 4", 470um

tryv  fihe wafers issoonpl et ecs.u5i ng a|Shgsasbaugh 17AF ul trai2s
LZTTV  Bo@ci sion grpgger. The gypl es af

o.gxar anet epgp40f the 0.015

d
coarse grinding process are provVijded in Table 1 bel ow.
R the Tablegy,l and 2 hgl ow, matiefigal is syggessivelyy

Warp : . :
nWarp 5%50ved throygh a series of itenagigve gringijpg stepsgy;
For all wafer diameters, the normal to the ground surface was less than 1 degree from the c-axis of the
wafer.
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Steps 1-3 represent active grinding steps at the
i ndi cat ed wheel and chuck speeds and feed rate. Dwell
w0 g008msexl out with no bias, that is, a feed retBUSf007/088550
zero. Further, lift is carried out at a feed rate in
t he opposite dlrectlon the wheel being lifted fr
tFyehes OB enEptie anglpedvanmifls of e ong WRlPT 9ot R eaR f’rié‘é‘%ﬂ’“"“ the degree
of waftrad ®afer Vah®, quantifibd ie ferdish@ sta@at 8@iagen cpdhdyg. ReEsOEs@sShov he@w in
Table gafers are subject to a fine grinding process. The
ne grinding process also utilizes a self-dressing
wheel , such as an IRI'S type wheel Fine #4-24-XL073,

Table prafitotienition drglasiendsd Pevistigitsai n Abr asi ves, Inc., which
utilizes dianond abrasive grit having an average grit
CorSénfiGnaVWPrbdaisn a range ofNeabudss 10- 25 nicimprsemedgai n, f or

the purposes of this exanple, the fine grinding of the
rs is conpleted usi St rasbau 7AF ultra
oM pré§|5|on gri nder. AS%MFgﬁéﬁhe coarsgnérlndlng
Erocess the fine grlnd|:% process subject the wafers
oa P-&4barti cul ar processiony? cles and %?aneters whi ch
are provided in Table 2 bel ow. Tabl e 2 After the coarse
anderd provesse decveinggo e maslsml;nblt improgaiplpiensienalgadreatrs, partieularly
unproxég?f\g %tl"ig Vt/agp Q‘ndshtv&y aﬁas #nd c% %l%gra]ﬁﬁcoagc%ﬁagwﬁ%engseo? %s'oxl?&gtlon angle

tress rel e he sa Ire wafers are
standarg gpyjiasien: RS 8 5 21 TapeP i ehivhgee Oéét\}ﬁ‘éft&datb of e &g deviation values

o note®dbbvelin EHlcWaVeR nhRRa ﬁ@&is taBious AR BIhEs gam eodchedd i h@orddncgwlth the
as, the

foregog%f)rggss%efﬂn& tﬁos gcan E)onvennona]_ip qbfssm%tllag Holze 9 fa}?ﬁ']mé for%q:ntne g1 %ndmg

e WS € ncenen
procesa Notgle) theri"@alswleﬁrhpv imigpyefh Jimensiome EgoTRiHAg avaisicd Ay the @HV BVarp

values %ﬂlcjafl}zdcﬁlgfegatWaﬁﬂﬁlcﬁ@ﬁ&hési' ﬁanﬂhﬂéc‘ﬂ&nplog/ed Hy@o@brﬁlﬂiﬁl ﬁbcessmg

0 ed .a Bu hl er er
Embodgre) ?]praw m]brg eog{/r Iap%ackgpsgtefwry &ﬁ?lﬁgrﬁw{laéﬁegmﬁgfa croEg?T%l wa§er and
crystaltogxﬁifhncl cahel i veafer PA) Maicbter, gheEkanmiey potidnimprared sfabiliy evidenced by

the nnﬂ%\Jeé BhBhsRhbal geo&LtﬂgsedE]th§ BERGE: Of hAPBerd iRRasesar i er speed of
O rpmat a downforce of 3.8psi. Table 3Table 4 VVth

respect to.the e seen abo |

S RS R S o
inventdrotavecissbviefet ihmgapphies wakdr fro@sring withtighl dimensiorrd cqnml@ds styyported by
particu§l‘ ¢+5Je%s§e§tut?ks a@&lvc%tlonlalrbr&@gﬂl% 1![1(91{1)ds Q@tulécﬁ"arfeeg HEEJS @ﬁtearef bW hrﬁQﬁ&k

ound, i ndicati nq ter roduct I VI t‘%{? ‘3
specds SHS NGB A eSO 7o HaReYer ) AP st gﬂ?ffl 1 low feed rates
(e.g. 0.p hxspiIg hekhighShusky gtuck rpesds Garg. aapri) poriade veftshmirerreeessse LBow,

nWarp, ﬁlﬂﬁ/ora}ﬁ‘%vf T!&g«?‘a@onﬁﬁgthg&%&gs o@'lmcgn%gﬁa&ﬁl pr&:@sts %ondH'olgsnﬁﬁzed hereinto

ance renoval rates and finish,
increasg BiERFHAH Wfrel%red@t AN PR P B EeF BT A a“§féld““g of
sapphifd Ehb§tket Addyp@)iculsly ©aarp Eudthrateq) e 9O MelSandifrinklydprdics Ghbstrates.
(Slurry 9) and ammoni um hydroxide (Slurry 10). Slurry

%CCO%J%‘[%% en%oglgl n%bﬂe?e lflléfﬁsﬁltfacﬁ g}emgl?{u@ﬁt%' gllﬂ)st@aftes %tpl%ﬁl!lc@cl that support

nat | use o um na
active dapeisPoping YR higs ol apdgrsBHRiSt  Thapreestsing B‘Bfeé‘érf’ﬁ nﬁ(glded herein
presenﬁ%&rs&ﬁﬁ@ﬁ%ﬁ@le}l\lﬁél@ GmdnSlofANYR eSS bddaetflt OgMlodr §8ic piravdiake Boreover,

racteri.zation o
elllbOdll‘ﬂE:fltS Frbwg’ela%erem ro v1d CF um&tle coeomgloy%lt}?ocgg tec%g al‘g?%gr&nggrs Ellggusmes

Was ca Ive
and apppeatregsathas gxhipjt a@@mggr ﬁrqi,rgthq {hate of the art and conventlonal procedures to provide wafers

having dramatically improved dimensional geometries and crystallographic accuracy.

The above-disclosed subject matter is to be considered illustrative, and not restrictive, and the appended
claims are intended to cover all such modifications, enhancements, and other embodiments, which fall within

the true scope of the present invention. Thus, to the maximum extent allowed by law, the scope of the present
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di mensi onal geonetry of sapphire wafers processed
according to procedures provided herein and wafers
w@ems®s®exl usi ng a conventional nethod, which Pel/Us®07/088550
upon |l apping with a free abrasive slurry rather than
_ grinding. The conparative data is provided belowin
inventfpg j§|quberietergyiied By thjjroagestperpesiblRgpisypratation of the fgeving gimpsand fheir
equivaltis tagd shar nonde ¥étraRa omnMiéte Pbyakcoragop At led dekcriprich. di anet er
(d) and thickness (t) are provided in inches and
m crons, respectively. Table 5 For all wafer
di anmeters, the normal to the ground surface was | ess
than 1 degree fromthe c-axis of the wafer. Further,
m sorientation angles Qvand QA of wafers anong wafer
| ots were neasured to detect the degree of wafer to
waf er variance, quantified in terns of standard
deviation Mand sA. Results are show below in Table 6.
Table 6, Msorientation Angle Standard Deviation s
Conventional Process New Process % | nprovenent sM
0.018 sM 0. 0069 61% sA 0.0347 sA 0.0232 33% Wafers
processed according to the Exanpl es exhibit inproved
di mensi onal geonetry, particularly inproved TTV, nTTV,
Warp, and nWarp, and crystall ographic accuracy in
ternms of msorientation angle standard devi ation. Each
of the values in Table 5 is an average of at |east 8
data. The standard devi ation val ues snoted above in
Table 6 were neasured across various wafer lots from
those made in accordance with the foregoing process
fl ow and those from conventional processing that
utilize a lapping for the entire grinding process.
Not ably, the Exanpl es have inproved di nensi ona
geonetry as quantified by the TTV and Warp val ues,
typically achi eved at wafer thicknesses |ess than
t hose enpl oyed by conventi onal processing. Enbodi nents
al so provide inproved control and consistency of
di nensi onal geonetry across each wafer, and
crystal | ographic control over wafer |ots. Moreover,
this Exanpl es provide inproved scal ability evidenced
by the inproved di nensional geonetries as the dianeter
of the wafers increases. Wile fixed abrasive grinding
has been utilized in the context of finishing
applications in general, the inventors have di scovered
that sapphire wafer processing with tight dinensiona
control was supported by particul ar process features.
Conventional processing nethods rely upon feed rates
that are | ow and chuck speeds that are high for
i nproved di nensi onal geonetiy. However, it was
di scovered that such low feed rates (e.g. 0.5
m crons/s) and hi gh chucks chuck speeds (e.g. 590 rpm
produce wafers having excessive nBow,
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nWarp, and/or nTTV. The reasons for the success of
unconventional process conditions utilized hereinto
WO pse8®e3 di nensi onal control are not entirel yPCT/US2007/088550

under st ood but appear to be related particularly to
machi ni ng of sapphire substrates and particularly to
| arger substrates, e.g., 3 inch and 4 inch sapphire

CLAIM$ipst rat es. According to enmbodi ments herein, high
surface area, high quality, substrates are produced
t atsgulgp&%ﬁ%e%mye .devi ce processing with nota.bly
hlgﬁ' Peld 63’8t|V|ty The processi ng procedures
p rd(gme@ézdplﬁersetfqre prvisg e prystalagrephis ovigngafionyselpriastizam the, sTayp gaypisting of a-
di Iprreen S-bl%arhjpw.nepilﬁ@]pﬁl@e (gia@rrﬁﬁ rahcglaciﬁg/asmkzl o@&ft gramralan about 0.037
par I.ment s

p i ézv 8re1lr}ﬁ g toéag %f{rﬁgstvaré 1orb1forrﬁalj geg or §1|1r§1&e rea oﬁthcle faenerally planar
p aurépe the pubstra hevingsitdiametsy, noglpsd thapgartd0yses, that exhi bit

a deviation fromthe state of the art and conventiona
procedures to provide wafers having dramatical

i ApLsarRphigh SH‘@H%“? ofisiim babyien the eTsTVa}ﬁaot B3 thap rbagroé)aﬁrlefcm
accuracy. The above-discl osed subject matter is to be
gpifh %gp(rg) bSlTEll%(’S ctéf: cgam} A ezvg%e % {1 x CI(S) no eat 'than aqioht%rbg2 pm/@m
nndlflcatlons enhancenents and other enbodlnents

V\QI of sgﬁluLe s\%sﬁge 5}' cfam{el LWhdiEn BE éhgﬁalgf 1hd? SurREE8ENbughness Ra not

i nvention. Thu t he naxrnunrextent al l oned by | aw,

t BeatEdipp adoyf! @H% presentlnventlon is to be determ ned

by the broadest pernrsS|bIe interpretation of the

f §| #%g?pglgléefslgl%{raqs ofa {a]um ge!r?r)n t%? ch ro%gt{ngsis ﬁgg Céttsg(lél@‘{exl tgzﬂc%out 50A.
descripti on. CLAINB 1 A sapphlre substrate

C @m?ﬁel sSphiek suRrgENeh A 1, Wh@éu@-ﬂﬂ@fubs‘@ﬂdt@ fRAGariaskt dﬁglo@reatel than 0.100
c 6 %ngltvr%h%gx Qtlgegi i§ %n%gsto?%%: gc%%ral?y FP\- a(Ip:'l%ll glgrfaf:ern%rrgl tllze?i f(? surl’eltpe area of the
ogerenlyatlanarsprimnd having a nTTV of not greater than

about 0.037 mm cn2, wherein nTTV is total thickness
variation normalized for surface area of the genera

pl’ aRgsanshirrsaiseate of plaimsGy B sin e s Ay bereioa it &0 Hﬁtcm

| ess than about 9.0 cm 2. The sapphire substrate of

Cl ajlétrgn I’lplllﬁlre rst?aléen t 1% 1n ltg)e\r/ Illt}slee sugsttjrgtg aes%‘t %&%ﬂ%%ptg n 0.100
vvherrcer rvherbie nﬁﬁwquvsofﬁeﬁubgraealpeqﬁlweﬁ ﬁh suafb@ (gtea of thpzgpnerally planar
Myl eER. 4. The sapphire substrate of claim1, wherein
the generally planar surface has a roughness Ra not
greater than about 10.0 A 5. The sapphire substrate

of. Theaipyhid, subatvey &iclaint $ whesair thad®wriowgtrentes a0 70 $mfver.
greater than about 5.0 A 6. The sapphire substrate of
claim1, wherein the substrate has a nFl atness of not

g1 @ alEhe pappitva pOETAEORCIFH] CHEreIFSHRSITHE it B 3R &igiof geater than 0.190
f LalchHE Sereih nWhAS isGRRIT ik bupstptcanaialiBdifof Miffece A tTaleigZ@thlly planar
forfsurface area of the generally planar surface. 7.
THe™® sapphlre substrate of claim®6, wherein the

nFl at ness is not greater than 0.070 mi cn2. 8. The
S @p Pk EBprid Bbtifar loBeith 16 whbrh the nWASB Gl krdaREMELDSD LALR?.

has a n omrof not greater than 0.100 nnicnR, wherein
nBow i s bow of the substrate normalized for surface
anearhefappiire speneradidiy | phlararthe crystallographic orientation is selected from the

group consisting of c- and r-plane orientations.
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surface. 9. The sapphire substrate of claima8, wherein
the nBow is not greater than 0.070 nmm cn2. 10. The

w@e 2pplsioes substrate of claim1l, wherein the subStL/DS1087/088550
has anWarp of not greater than 0.190 nm cnR, wherein
nNWarp is warp of the substrate normalized for surface
arl@aThsfsapphits sghsimay diclin 18] veein thegryptaliographicorientition &5 5tplape
syhstdiigt e of claim 10, wherein the nWarp i s not
greater than 0.170 m cnR. 12. The sapphire substrate
of claim1l, wherein the crystallographic orientation
i 94 sBleagbid sibsioma df bleimgld ovhpremdingeEstailnganaf sudace affilf sapphire substrate is
r-J ' ' : jr strate of
A Bl B B B e et on 1 5
the c-plane orientation. 14. The sapphire substrate of
cl 181 e l%phi%%st@a!ter})f t:lle?lﬁl lg%ﬁaﬁltﬂeyﬂt mlg'l’é']@ﬁot é‘@é&d‘r aaLatdft 1tohe
sapphire substrate is tilted away fromthe c-plane at
atilt angle of not greater than about 2.0. 15. The
S apphie kplsits Bskstrad oF cloifn 1Cigrdin tldgenandlie plenansui e of thé $apraivgdulstrate
% srllod'islo A ée%sri top a0 g&?e\?\hl&n I:IE.‘Ssz. 16. The sapphire
substrate of ¢ a|n1%, erel n the generally planar
surface of the sapphire substrate has a di sl ocation
denst ¥ap91(ire ka8 2 Ahifil1, ‘yvllfb@eqh tHEBALAMY planal Sirfack B 2SR ArEBf not
substrate of ¢glaim1, wherein the generally planar
sl RO NRY A sur face area of not less than about 70
cnR. 18. The sapphire substrate of claim 17, wherein
t I IS : - a1 2
TS R SRR PP R A g R e O ot o e
surface area is not |ess than about 100 cn. 20. The
S ap Pie kR pifitd BisphFaat o8 c18fn 18| vieddin IR surBbek Qlighol 186 thamlabb@ Q80 cm”
area is not |less than about 115 cnR. 21. The sapphire
substrate of claim1l, wherein the substrate has a ]
d2@ek eappiof substtatel of slgimt! Puawheraip thg surfaCe, aa dsmot 1859 thapabout 115 cm”.
sapphire substrate, conprising: a generally planar
surface having a crystal | ographic orientation sel ected
f Rbnihe prephiie sibpraic oh gfiwtl; Wigregrthespsipiphas ¢ digmetss af nopless thap, gbout 10.0
apg. c-plane orientation, and having a TTV of not
greater than about 3.00 mm wherein TTV is total
t hi ckness vari ation of the generally planar surface,
aRd A feerhire bbstretgtcemprigza di amet er not | ess than about

64 éen@ﬂﬂlﬁﬂﬂa@u&eﬁé lﬁkﬁl§§§ym5g'ﬂ)ﬁﬁ afifatidnRaticd o the 3ap E9Misting of a-

23, The sapphire supstrate of claim erein the
T S B F P e D e Bt i oS 4 e hah At 3.00 .
s apgtin TEV sy thicktess \efiatioh efithme@Brallywbleresiudace. lyed tesybsirate hage

g ﬁﬁﬁ&t@rﬁotﬁ&?ﬁla@ﬁ%%. 5 €m 4 TR knsPnot &ﬁ@r%ﬁﬁ’%h’[@% gHbstrate
of claim22, wherein the thickness is not greater than

about 500 mm
23. The sapphire substrate of claim 22, wherein the TTV is not greater than about 2.85 pm.

24. The sapphire substrate of claim 23, wherein the TTV is not greater than about 2.75 pm.

25. The sapphire substrate of claim 22, wherein the thickness is not greater than about 500 pm.

26. The sapphire substrate of claim 25, wherein the thickness is not greater than about 490 pm.

27. The sapphire substrate of claim 22, wherein the generally planar surface has a roughness Ra not

greater than about 5.0 A.
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26. The sapphire substrate of claim25, wherein the
thickness is not greater than about 490 mm 27. The

w@e 2pplsioes substrate of claim22, wherein the geeEUS100Y088550
pl anar surface has a roughness Ra not greater than
about 5.0 A 28. The sapphire substrate of claim 27,
W81 Biersapphies sehgiratens elamio?agw@sléhequcgrovﬁéﬂesg&@m%gle%t%élﬁn about 4.0
abpout 4.0 A 29. The sapphire substrate of claim22,
wherein the substrate has a nFl atness of not greater
than 0.100 m cn®2, wherein nFlatness is flatness of
t e gem&pmtelsgbstmteajﬁalaur@ar\ﬂamla thponhyedtd lmednflagressolindt geaer than 0.100
ar Wh%llaﬁ nﬁl@rﬂ&_g RlaktYesPdratl @gneﬁwJld%%%urfa%@non‘;[ngedsfﬁgﬁ'ﬁ'cg #fea of the
stibstrate of cl alm 29, wherein the nFlatness is not
grg@]ﬁfaébfpli“ﬁ’aﬁ"}rf@ewo mm cn2. 31. The sapphire substrate
of claim 22, wherein the substrate has anBow of not
p aga{'}}e éat tglﬁr% gubﬁ%al%l og %1 28 %gr&%lﬁhlg%glatgesp 1% go #re?tﬁrqgawg %fé(} a{yfm
pl anar surface. 32. The sapphire substrate of claim

3:!31 1’)43?&91&1{& s&blé]t?atJ@QWml 28, Wik in HeB@k e hta:hﬁ[BoQ 0@170@ gr@m K o.100

. The ‘sapphire substrate of claim 22 &
s wm AER AR AP PeSTOST nogRaE ¥ S‘Fiﬁ%mfee %fbge?ﬁ‘ﬁ ¥ pfanar
, ssshes.ein nWarp is warp of the substrate normalized
for surface area of the generally planar surface. 34.
The sapphire substrate of claim33, wherein the nWrp
| §2.ne sagpligseptaetphpiain 31, 7o pow 350t erppfer taag 897 Hplom”™
subst rate of claim 22, wherein the cryst al I ographic
orientation i s select fromth nsi stin
¢33 a’H]ﬁ sa'ppkbre élﬁ)étrag:rof gﬂpgglv@ﬁrg‘m thgéu S %g ?,f ot gregter tLanO 190
s ub&tnf‘ atheeio hWeip & w35 the wiveraginprialived for ylst’@ca lfeoefitizphicglly planar
oi.gptation is the c-plane orientation. 37. The
sapphire substrate of claim36, wherein the generally
pl anar surface of the sapphire substrate is tilted
awMYTHE EppRik hdsteutepl anm 3atwhereih te hWap ad ret @datentan QI7e anem’.
than about 2.0. 38. The sapphire substrate of claim
37, wherein the tilt angle is not greater than about
139. Thg erpplifta eubsteapsof¢leie 23, (herein e eryeiflogrhrbicrprigationj gqfestedfrom the
t BRuSSRekiAd dry- Rb ARaH: osdtfidee of the sapphire substrate
has a di sl ocation density of not greater than | E8/cm 2
as neasured by x-ray topography. 40. The sapphire
S B STthe pghire fubgtagioft1@ 35, whetie iha ctyfidlogyemherogtrtajionpiks ta aplane
SHxﬁafnéﬁ has a surface area of not |ess than about 40
1. The sapphire substrate of claim40, wherein
the surface area is not |ess than about 70 cnR.42. The
S @‘p pl"lhle E@ptSd Bbbtfaioeclfin 36 vk it gen‘éda‘ﬂé/r]ﬁ!lnﬂ stiftee &ultefs@pire substrate is

s tha 0 The sapphire
sﬂlbe ta‘fv%?'ttgomoqae Cc‘fci ai'% an%?ﬁwogp%lgrﬁatfrh%én %bl? Fi%e area is not

| ess t han about 115 cm .

38. The sapphire substrate of claim 37, wherein the tilt angle is not greater than about 1.0°.

39. The sapphire substrate of claim 22, wherein the generally planar surface of the sapphire subsirate

has a dislocation density of not greater than 1E8/cm* as measured by x-ray topography.

40. The sapphire substrate of claim 22, wherein the generally planar surface has a surface area of not

less than about 40 cm”.

41. The sapphire substrate of claim 40, wherein the surface area is not less than about 70 cm’.
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44. The sapphire substrate of claim 22, wherein the
substrate has a dianeter of not |ess than about 7.5
w@e0084830735The sapphire substrate of claim44, wWer/E51007/088550
the substrate has a dianmeter not |ess than about 9. 5
cm 46. A sapphire substrate, conprising: a general
pl4anHie sapahifeqbRstaeAf PR 44 Wiespithel SHEGT gt 1ot I6t e eyt 88 ﬁm

selected fromthe group conS|st|ng of apl ane, r-plane

8 0B SoR A  MER  T ehg tlt &F

t hi ckness vari ati on nornallzed for surface area of the

9%, eflé's&p}sh&'sme ot W6 Swhe bif-the Bt RARPNdA e IRSE LB N about 7.5
wherein the nTTV is not greater than

aB@ut 0. 020. 48. The sapphire substrate of claim 46,
wherein the nTTV is not greater than about 0.018. 49.
rMeofcI 1.m,46 wher.ej

hgg ”Ph pg)ghlrreesub%tlrja e clﬁnn 44, hﬁrmn substfa?tedlaba idthethr Bot g‘g'sttﬁa%ta§out 9.5 cm.

ess’

46. A sapphire substrate, comprising:

_ a generally planar surface having a crystallographic orientation selected from the group consisting of a-
plane, r-plane, m-plane, and c-plane, and having a n'TTV of not greater than about 0.025 pm/cm?,
wherein nTTV is total thickness variation normalized for surface area of the generally planar surface.
47. The sapphire substrate of claim 46, wherein the nTTV is not greater than about 0.020.

48. The sapphire substrate of claim 46, wherein the nTTV is not greater than about 0.018.

49. The sapphire substrate of claim 46, wherein substrate has a diameter not less than about 9.0 cm.

-2 -



