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METHOD OF GRI NDI NG A SAPPHI RE SUBSTRATE TECHNI CAL FI ELD
The present application is generally directed to sapphire
sWEs0pHE88 1 and et hods of fini shing such subsPEHUEE07/088548

BACKGROUND ART Seniconducting conponents based on
single crystal nitri deIna AP -1 11 and G oup-V
el enents are NﬁEr'd"%OgI % GFHGEVT szeg SPHE}HE 8ngle emtting

di odes (LED), | aser diodes (LD), displays, transistors
and detectors, In particular, sem conductor elenents
utilizing Goup-I1l and Goup-V nitride conpounds are
usefudafroeed | ght emitting devices in the W and

bl ue/ green wavel ength regi ons. For exanple, gallium

ni t r Thd eree@ajicatl @ dsrecheralyl dabatd torrerplare sdbtstesn e hetiapds AR@GANg such
dua and conbi nati ons thereof, are the nobst comon
exanpl es of nitride sem conductor materials in high
demand. However, manufacturing boul es and substrates of
BACHRAPTPiAGE senlconductlng materi al s has proven
diffjcult for a nu ons ccor

cpi tRr el soRings b T wunr R NG er Ny HBAEP) How b
flepees wdesld%:étvrcmsevh raliskireinging dipdss GBP)sedediodet (eD)\disalls gransistors and
d@ledt@f. Ndgattiv@ar, sSuddSdutiateRGentsNEIlzg GREH-18iakd rSipIv re:6n c@rﬁfoﬁlid%e)meﬁn
Pofjh’glg §m1§tf§é &%peg E‘ tl(e%\/oagd &&fg%&%@m%f‘@gon or ex91 1e( %]aﬂlfng gﬁr}de ﬁiraﬁ)

conmon forei rate nateri

B 5artEyEys ﬁg\fé%ﬂ&.hf% s embgyeipat thyreof. i e eet “s‘,’tnF‘Bftft"TﬁP s of
nithdmenmdobduitetenagenatsiicioghdiersd.ng material s, particularly GN,
and thus have a lattice m snmatch. Despite such m smat ch

and mBtvtentanbcnPholiey id Sbi6des 3Gud @S &8 oRNInIREA0S HaVirb¥n
Rl%‘?a 191}4 g.ﬁée ¥ir (%n? %mo%nég %gaml ) efaltﬁée%ﬂlmaoxsuftm? LRl on

eman ace "area
f@ E}ﬁ‘s“t“is‘ﬁ?eé’éa‘eﬁﬁsr‘f FEFETT Yo Afs R F- St AR %weeaévdc) AlOs
(ebréird @ prgedun).en@Vigh Lk Gilinet) re cqpmodieteh abstat m@Ohis.gh qual ity
substrates in larger sizes. DI SCLOSURE OF | NVENTI ON
One sediiodakin R Rtates 1S vey d@dRnttOsta laGiogdRittufcehas biiad sfélalt:&ldlicfﬁfglnﬂglildfbg
pg’tl(ggln}ed:ra%l Anx thQJ h?\[e%rlat& 1£n(f‘a?c§ Iﬁe%)\{lje 9h 1%su9aqo¥ §nda!tan9c19trpfac£pms such as

orientation selected fromt roup consistin
SEESH] BHE PN B &veriReSTasRiucy ﬁﬁteréalséﬂy%{ﬁ%e Iy ﬁ%n&t‘qs &ree SuEprg area,
higlayialirgsubstrpds [Pertioflarin gbphgs @bstrass. Hévarer, alpdates Bmeid witlnte reaRstion of
hWMNQLB) BbdtddsVh Sertigb al t hi ckness 25variation normalized
for surface area of the generally planar surface, the
substrate having a diameter not |ess than about 9.0 cm

DAKGORERE @nbg e HeENt is drawn to a sapphire substrate

|nclud| ener al | anar surface having a

ory QP Ratr e St e e SErLRe b aTY Hes e
cpeiedrappip Prgnteﬁon ﬁlﬂmdeﬁ‘?@,the Loy camyisting papilaan eplang bl phderpgme
ofdhiaifaad Ha@hl a nand oﬂ'mat\g:feﬁtg tian db¥¥ 0. 0.f7 ].tﬂlfflfn7 gheat Ay ishad thﬁfaﬁidt
va]erQ)n H(mnal %Jr?L}cheII%flthg &1851@' 'l?.r?'] Sur ac e subi‘ura’cr I}l%ﬁlg 29 5} ne er no gss

ener a pl anar surface. e su I anmet er

mﬁﬁgmf%%gnthan about 6.5 cmand a thlckness not greater

t han about 525 um WO 2008/ 083071PCT/ US2007/ 088548

Anot heAnatrbadpdieant is draynde zepumhitequbsrairathédd agfnermaiinm sungcedaving a
cSBNEIMpKi €orBASH RS foh Gk gldﬁpﬁglsﬂ[ng Brciphgk, Apidnk, Ensﬂlal@ Hﬁ‘dfc%ﬁﬁe of
oneRfdl QKH }{a\q%gsa%?§tof r%l g@ealléls‘thag 9003 r’v Ob 1§ twhlrcl:m ﬁlqlr is o{aﬂﬁl Veesé vanatlon of the

grindin irst surface o € sap e su

giﬂ?f‘lﬁ @la’%&f YEEDnde FPEgabliagiest leSﬂrﬁe a&e i #q %él&meb?oaw%

thivepgoug52§pml | er average grain size than the first fixed
abrasive, and the second fixed abrasive is self-dressing.
5Anot her enbodinment is drawn to a nethod of providing a
sapphire substrate | ot containing sapphire substrates
that includes grinding a first surface of each sapphire
substrate using an abrasive-such that the first surface
has a c-plane orientation, wherein the sapphire substrate
| ot contalns at | east 20 sapphlre substrates. Each
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15(a) a standard deviation amof m sorientation angle 0",
is not greater than about 0.0130 and (b) a standard

d& 0 W9WA76, of msorientation angle 0, is noPCHPRAEBES4S
t han about 0.0325. BRI EF DESCRI PTI ON OF THE DRAW NGS

The plgSeRbodtHeS G QM fo& i3 olpﬁacggillg pmqggﬁte%ﬂdmgag% #d]ﬂgta $irst
nuner ous feat ures ang va t ages, ma a kLose
Sukriicr i)f a aapf)hlre]s- se‘crat‘,e:_l }yfngﬁ 1rst 1é<?da r%s1 aﬁdggnfl ﬂﬁ%@bﬂ%ﬁ?}gjﬁ% @app ire substrate
einanicprys ixedeoragye. Thy SSCO%E‘ fix¢daivesivh bas © sidl¢ratapceardinpgye Brantist o fiked
OfasiteQinBhh @edd ShabSkkiad iese@eewihgli Ng t 0 one enbodi nent. FIG

2 is an illustration of a grinding apparatus according to

one &RedisBtnt is dravn to 2 %'etﬁad osprmmg 2 pdmsre mm@u c@xgauhllg@apb#ﬁr@

acc
P 4 PR I G HOY R VLB -] Ty 1 O
jutficelat ¢ anlinppricgftion whatil Gérmpireapparedd erotaintet brstongriin sumetes.
mhﬁemmdﬁhg@fm&uﬁee @8 hds ki) dksqﬂaﬁl@&rie%orptn) mrfsendgemlﬁﬁ p1eH

[%FC%L ?atlgn an%‘ie(gm eafl@{lZn%{és as{;lt g hl:jp‘;l?r%a eulglngaﬁélg (g,; herem zg leas?one of
(F)r?d‘ia'&?érti 8%/ialqn Fp plaFsor 2t dtoiOc EP‘“ rg‘ie”é‘ﬁﬁlan PRSERP (PFF @\F @dfﬂldHE
ENBOD. MENfiS)atidhcegd @ is ng gieoer dm @spest;. a net hod i s

provi ded that includes the steps of grinding a first

sur f a6@er %bo&ment is draﬁla@ Phbihee sbiRad lBtaJIlcﬁi]dk’@ it ﬂkﬁst ﬁ) sﬁﬂpﬁlﬁrtsubgt}a?éﬁ Gach
S SppE)aeSSlllb\S/ ea’g zlijs él ﬁ%{ sur ac%tgg hats Igﬁ f Ia.rglc‘:S Otl'l %}tll g' acrys allaﬁ%% 1cm Eﬁhl re
TRIEPFIFET 2P O d%‘%{‘“@ ﬁﬁl‘“a’ﬂ%@l’@é@&ﬁﬁmﬁ l%é‘ﬂméb%‘%@? Waerdinsat fegsirap of
(hHhamndirh eevhition 81 offriss@etatiogR 0,08 A S30:7 thRGTJutIBA BAd O B83mdBrd
a@@zrn@iﬁ& ¥misonbhElontah@o, & RE o 3RE ARGl 0BGk, abrasi ve has a

smal |l er average grain size than the first fixed abrasive,
and the second fixed abrasive is a self-dressing abrasive
BRIFTIECERIPTION OFBYEWEyWEHIGSc| ari fi cati on, abrasives
generally can be categorized as fi-ee abrasives and fixed
abr di weet diftlogiee nap pebsioyaderggod agen eymaiolsyfeatisnipd s@ehtagfs made
agfare@ $d tNoSe @illatl ilGe Dby GFetchSngitHa a8 ing i@wiAgs. or particul ate
formin a liquid 5Smediumthat forns a suspension. Fixed

abr agl YRS n9eOSE ff}\lls{réﬁng’d Bl offedr QT £ sﬁl%@afeaa@croﬁl%% ¥&Re dnfBodidbat
fixed abrasives utilize abrasive grits within a matrix of

mat hofixes the positi abrasive grits
rel gtd 2 a%l\ﬂusg'aglg Ofa‘t;r Hldmg w® éc °°r§rgé%?“\‘}%“5”°‘é“é‘n“ér ally include
bonded_abr asi ves and coat ed abr asi ves. exanpl e of a
coat 84> §BPY<PiR e e S tpapate oL Ly BT %Pé’? apogrpared to a
updigonat @fndipe pdlanar sheets (or a geonetric mani pul ation of a
pl anar sheets to forma belt, flaps, or like), that rely
on aid k 8xi iblseatisiidd s pdligiing ag@hratwhibdoiding enegmbddsneand vari ous

si ze and make 10coats are deposited. In contrast, bonded

abr a8, ¥ 8 iGERE6A) kol RaiBPnglt 62Y pARQRnEH Ghphe shbstrate,
and the abrasive grits are fixed in position relative to

eac ' h.the
o e Bl MA@ o R s IR e bl S
are generally shaped or nol ded, and heat treat ed at a
DESCRIPT@NPE Mak BvieOImMENNE) bond matri x (typically above
750C) at which the bond matrix softens, flows and wets
t he Agoiding fo aanpkccodthedis pvfadail dursicludes @estegls atemsingngibt sfr@eersa

fre ngstrb&& \!lsing £ %gt ﬁxc§ilﬂl€rbsw@§1d %@J&H% ak ﬁrstglgﬂée%%e saﬁj}ﬁLel sﬂgt;altecﬁgﬂm a
segc?‘nH%x abréls-l\s/\jc‘:]eef réwathoa“ e(rrzﬁl)r%vgd%s& aé%x{gcongllﬁ)ﬁecﬂa&faﬂbe %f?nfrs‘[hanglfg{st fixed
Parti cuI ar enbodi nents descri bed herein utilize fixed
abrasi ve conponents in the form of bonded abrasives.
Referring to FIG 1, a nethod of form ng a substrate
according to one enbodi nent ‘s illustrated by a flow
chart. The process is initiated by form ng a boul e of
single crystal sapphire at step 101. As will be
appr eci at ed, the sapphire can be fornmed |nto a bl ank or a
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After formng the single crystal sapphire at step 101,

sawi ng of the boul e or blank can be undertaken to

2B8E¥§/BA0 T he sapphire and formwafers at st epCHDSR007/088548

_Accor ding to a particul ar enbodi nent, saw ng the sapphire

zllbﬁg]‘éef Sg%tsdll \g\qh{ s%co§cﬁf?l)\@epagrra?\g§1%paQlﬂilfl}%r%vepe\%%’l%rgn sgzgv%\ﬁar[r}ge f@ t flxelgi] abrasive, and

bapior et Boritee aﬁflf)‘{??sﬂl%bréfwﬁf* f&l ity of unfinished

sapphire wafers. Cenerally, the duration of the wire

s awi Bygvap pfolefstiog.abrasiverggnefationan @lyoeerrized £ &¢w abresivesind Saddragiss.

B QbHhsivés &b fBRMI ok fbscaBPasiBQraO8 zSts in fVRerd@S) o Bkttt GRS Bquid

t_nleglumhnat orr11]1fs ?]Srllls %rﬁ%gsléxa? ﬁ)giﬁveg %e\ﬁ%%lﬁ 3%8%?}?% ﬁ? eafarlél ?\%E?’ ig ?hgﬁig%igpr?sﬁésn

A e € maiaiiad W g T 8Ost BRI Tl digeech

diit. Clre®esief cehdidly Sielpip henie awasfverasd @ftdtdebrasives. @n eanplng aadated

BLER lslsgﬁpa 4rst04te%%1§astvaq¥e t@l@g%mar staeemzerg Bodtric &Hﬁxhan%ofla Bigr

S 2B0Hh BT Shi s HRESE TRt
DG R ik P 0t STl FPG LB S oy iscap ke

@iy sarsienoeiteiM In eonedstelivrdad abowsives bearrgh snot iy een spsh ambsaity; apgl the fbrasive

éN’té ialré @ﬁed 2! p@iltﬁ)ﬁl re@five Mhaﬂier\w tshoralfams .bdllﬂfmgfra]. iRShichl iR} O Qe

C
CilS ute uc% %@ ras%e EQ'o%lﬁt;len ?alera@ sh%gdcor rt11§}§ed a}é Jﬁ?’c g?a%d Qt a lere
tw‘peré%re offprchon ﬁfé‘mi% Qwﬁlm’%? SBEUR ENphsthe hgpdppat S%ﬁensrﬁoghané peels
ofi®. agyd GooleHp ViupuSO@Qlirfigpeignal dmds iyl sheitizeagah matnutah @nidl regingchldusto-
chhé%f %pyus §<Llyg9ﬂs NGd &HQOn% Al énﬁcﬁngb@ééls egrﬂlcnlg@logk% %glldglg §1¥seagr Pg}ﬁlar

K TG A AN LIV Mty /T RN,

(fixed abrasive slicing technol ogy), offered by Crystal
Sy stRefEng AEIS: b mSeqdEhPrming & S:sTAR i e (@908 pFre@mngis illustrated by a
fopoettt Te sposlis iviliated Safintrg a §yEtobaigle crystal sapphlrdat §tdpa 0 C a8 @iliok
aﬁﬂu{(}g‘Je@ the gamtr@éan seqwmg&smm &qmmamg ameze gﬁﬁp&n@@l@ BPuse as a

su%t%te or 566}/ cg%cpgctmg %:.gces ﬁ)gr%lcu%éy ﬁ%lgé!é Spglnca’tlon %&s ekb? (é()&lm81b¥¥ape 1s a boule
he\sq@aplémnn%ﬁétﬁckw% smtowr Hedwpatign of @e&lq opystplgapphiis eanibpabamglisstdepne

tdciliquels@h hsfie@adchreipk Mbth@, Hdgd meined Wanh BId 'GraaidEF® Lbb&jzrﬁpaﬁles MeBIo& or
o%@ethl;hq{ <QlghafY wgg&g&ﬁeh %lzetlﬁh 8L Sthe bRISEEHE &@&ﬁo@e R, OF? s

naterla that I's being ormed or processe

strate for_ epitaxial h of or ers
t he %8‘86"““%%5“55 ‘?’%*5 FABHY % el’o‘m fo[={ -1 ‘F&ﬁ ol g cde QYR o
sCfindliytsdpphars and forp yaferparptem! 03 gcpaedingito 3 partigytr Wfiﬂmns h‘ﬂ@/dlg the sapphire
iBREP Rird wipd Se@hidSode Maafetubaidal @ cflihdlics hed. sappling 6 tRis@pere
bEPe p?ovﬁysg%ﬂnra% gfuntal%}{\éﬁ&%{)hlre Piter: H %geralﬂf b€ lﬂLDatloJ J} &R errél'sg&nﬁg esgi On

not necessaril I npl di stinc Accor di nlg
BT hE R A B?”Ffesr’i‘fh & T‘bP‘ﬂ &t P%}fs &0 OI*—“P‘F;S\ Tile deglref! Bl P g igshed
sqpbhire akfert gan pf lesstaqppbrur 1@ mwafuerss lessittan awk Hgmaltickst gp tHhOSput 5. hem
tHSdd Y f\@&@lﬁg 0 Bne‘élhlﬁ)dlﬂﬁft iR SdRee ogﬁp@ﬁ;hffreezvamfa% S/H@s@\ﬂn@ﬁ step 103, is less

Ry % ¥30 M fmchVSE'h%%ess}ﬁan ne; PL, BoLh mej or opposing surfaces
ot “the” URfiMi's I're wafers can undergo grlndl ng to

i mprove the fmsh of the surfaces. According

enmb SECHEAL OB HicsHEH lss“ﬁﬁij’t’fi‘trbé A F Ev°8 aliii*’ﬁ’d%?”@f&le’ﬁem or
clegats sech gy an achy AQvips e sscoadd with gtrasipe 6. In flvemga@ntgen, a
s@Eri&tﬁ’éJlivJ] GheiSds BRicBBYn dithel (@lﬁﬂ o&HidnddfH i @atROkD ﬂﬁhl@}r of Slgfsf Ac@s of

se%[pure ufe 15 lOtﬁ%ﬁq atq1 SgS S]P pd{er \g élépst(l)'I 9)% % 115)?# ang peus]}eg%ﬁués‘? h% Xﬁefgrl %}ereby s[uimg

the H‘t‘feéﬁ‘ﬁ"\féa w}eéfﬁp §U? frareree of his ég*l}Plaﬁé/lwtnPleg’O%%&fg@d’“E?f/W1t‘%fé°h\M ST
sawi ng process, at a reasonably high material renoval

rate. As such, the coarse grinding process may renove not

| ess than about 30 mcrons of material froma major
surface of the unfinished sapphire substrate, such as not

| ess than about 40 microns, or not |ess than about 50

m crons of 20material froma major surface of the
unflnlshed sapphlre mafers GEneraIIy, the coarse
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WD 2008/ 083071PCT/ US2007/ 088548 about 90 vol % bond
material, such as not greater than about 85 vol % bond
mteI0PHI8307Ty pi cal | y, the coarse abrasive i ncl BIEESHE088548
| ess than about 30 vol % bond nmaterial, or even not |ess
a:f %Qbr%pggﬁ:mg&l@ch}{o@gy@ J@f@l@ﬁoym@lrs&@ms Inl: s ﬁlef:ﬂabpﬂsi CALIIIL‘L'QJI example is spool-
nbodi. ment he coarse abrasive includes an anount of
tBé‘ﬁ’&”i”rﬁia‘em%séTte Wi t h| n a range of between about 40 vol % and
90 vol % Exanpl es Pal‘tl cul ar abrasive wheel s incl ude
t hos'8 g e8! ft dryFtﬁ‘ rQygtogk PIqgredigdhe EE¢ g ogsssgupmraliygpthe shppg ofggbbon or
el 19 y6658wind Meek pormatbe ﬁbchefyednmcob:yl -ofit€sha@Ed® RE@s can proceed directly to a
&easralbly, the coarse grinding process includes providing
an unf| ni shed sapph| re wafer on a holder and rotating the
;2?21{})? clarr]lﬁéNgon t{wftrrms wal“e%le suﬁs%ratg’oage u%e llearebmr sggon%lgouﬁ utg re%r 10 sectioned
GIPPFFATGE B rag '9E e 20 0roFEsed: Folbﬁlegﬁdraéf‘ %‘EF‘Tat%ﬁbW‘;in PEYA i al
eiditenawaylasc hemat suth af © fdim anldp@elgtrinRdévivg GRarea ¥ SonZODtoCHA to an
dnﬁrﬁ h%%pﬁl@ tpfé&faé Na%]?%q %Jhgf sa %pg&:qy&l sglgldateoﬂ)vv@vehgguge%%ergro @nese
such he wafer 203 I's at |east partially
tF@&%"é@@&ﬁ%Wd@%@”ﬁldf“&‘%é’f‘ 201. The hol der 201 can be
rotated, thus rotating the unfinished wafer 203. A
gri rﬁdw@g\m@eﬂlmb%@m(%ﬁ@m injFiE- bater &yweiye by ofrarphirgyafys via
sakifigBdtdp @07, thenudddds, of Bafib@ed seiphite @@feds €dn 8d pratessdd OTyplagly, one or both

nlfﬁﬂ)t' !)}H;!)Sﬁlg ?ugjfac\é@(;f Rt un%fa?]?he& Qﬁﬁﬁu&aggqenrﬁgde}.gp mﬁLHé' tt) ﬁ)vé)é'l V\é] Ff the

u nfins e gri n

Y& O es P 8?8?‘288”“8‘66‘5@ P @pppEe wiT et e?gBﬁ “wes %mdmgﬁ’df‘ﬁs at
steb ek Wie s@rsogringiog step @py- indlvdediiniizeepth mpjby sjiréaceg pfi tipaifimgphgd sapphire
s@st@et @der adly EhelcOursk Eiﬁldl@tf fr&et rehead sui@Nat an@¥ Sf-n_lat%ﬁql to remove major
sI l&'&e 1§%ul%¥tl§s c\%ll\llg?dg) ?xggfcrge sla\gﬁvgngo%eag Qttz)l@gal 0 1»/51 I?m%gr{alggdfoﬁ% raYgf1 gsesluch,
t rcPalrfa grﬁ]émmg:ésp mayygnove not less thﬂsab?uf ?Odgctr?na?fé\ateriztl ﬁ@n ftlaaéf‘qr é%face of the
vafinisBeglisapphire aubstiyre s@h asalirl@stha @bowtie eicronaaindigesathas aiidsttsamtcioad df y

ralefidt HbRL mAR 6 RSl VBnd iR LappliQUREs @ perimeter of an inner
wheel . According to one enbodinent, the fine grlndlng

pr og}r%grae} yé : BS %oﬁrgee g%n{) %&{ac‘)tcelé% &U?zee \E/l?)lb [‘(}?(;Jgég%agras\ée%%k inc ud{as coa?sp eb%swe
géat‘l‘éﬁ 289 patErit AT 2O SRV RTR0 St desory ntigns! APt e Ig]i"’}m%tS“Ch as
cryguiipe marfriaB 00 Crathio meBAE inclpding allipiph, ciddal sjliconarbitl)thicchiaedoling At the s
1S @r?addlhdﬂ@[l dd gleﬂglve?lp %q E@an%raﬁa%raglg g@-ml:l&ie %Q‘Lt@i@lt/§grams mcludxll@ a
dBar I C

m?nfi éi&dj cueic borctn n1tr| % é)ldmlxttljﬁs] the&eé &% rchl%r egqh?fg‘xﬁfltis t(aglrﬁe X vanrt'flg)% 8%uperabras1ve

abyr dspsy eebodvaer@etﬂfzmd pupsEbiapiyp el ees pifige nge-prpqraRlaiye ceferpig mpfestals such
af R@Qthiote@ adveaS sfilRGn@¥ialaddi t i onal conditi oni ng during use,

and is particularly suitable for precise, consistent

ar I s {mies reférfhc&tempe%a B35 heltoRE bt £53 L:m;aveta t;@an BRAGL size of not

LCcul ar

grﬁater %an :t%out 55% rn ron ITB.A/fﬁ tn?t gxte?té) ﬁlﬂl}_ agfué%o% écrolnsnprteﬁeg not%éna I;hgil :ﬁgut {08
MEEEdf- é\?’é’r%:’ﬁ arpé‘@wfaf avpdipeat, Bf meaheartsls pige ofiie eopTpeabrasingeirinkis gighin a
rdnfref BbfeaSibanen. (gﬁﬁﬁﬂ gnddesaedoopiclamadichial @ithgh a rddgd & betbdd€abB® MOhicrons
atﬁ%%@ £1£r§11s aHPlL Ju[le@i? %/Hl{ugasrar@? of‘éﬁ@! meﬁtl Osmlg"g_‘y %d%o glléllgnst 9yplca]

I ncrease I n orce O mat ri x
CHEEFHRBIY 2 E‘Ef’ﬂ?e%“lelsli%‘ﬁ“hdlfa et o A lfra’isr‘fé”méﬁ’fd exposes
fresh grains and fresh cutting edges associ at ed

t heredearibed aliore. hagoripeabipge inclpdyea tyerhehtere tmetrik. gfenaialy tieongfnatifng
mStetk fan GREIRE S B o£:0&| SRy. DS Vil Bale RaAVRindhukn @G tublf Wonze, nickel,

- S oyt

51R%%%U31%§1 all!l)ﬁg §1§rle mgn’ "ﬂger H‘xogf?dtmlgod\éF coarsesdﬁrlgn egl‘f?l}l%%goggrgoa Atkn
bet ween about 301.0 VI Pa mu2 and 3.0 M Pa-nl12.
Cenerally, a self-dressing céarse abrasive partially

repl aces the bond material with pores, typically

i nterconnected porosity. Accordingly, the actual content
of t he bond materl al is reduced over the val ues not ed
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nmeasured al ong the contact area between the substrate and
grinding wheel) for the duration of the grinding

opEr WY1 n anot her enbodi nent, the peak noPEHVSHGYIEES
applied is not greater than about 150 N mm wi dth, 95such
&sut W\Iol"/glfogrﬁﬁa@eﬁlalt s@Rs @b@éﬂer e QoolV'sk 34 Wind Inmerlap rTy}géé@}n thg&)tlrse
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r?tﬁ@naéﬁ‘ﬁipﬁﬁ r“é“rWEE‘f 'éra@m@atﬁ rOE?éngglrm}l@@g theel 285, ¢ gcrréwgr* forr?j?qa n be
applieCe ss gratinstiep 26807. The fine grinding process generally
WO 2008/ 083071PCT/ US2007/ 088548 renpoves naterial to

su bsﬁts @ﬂg‘n‘a@& hry ccﬁﬁé@r\éﬁvqulfb@ Qatagra&v@ %é%ﬂ'ra‘hﬂé atsh)@talﬁ;&@rc%lar abrasive rim
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tah atotteoms apphikh £ wihilbstdzaife00 sLboh ras THohIlyl £18/8id tdoam isakoUicluding

oBiells MaGle@Roo1dls. NOt | ess than about 10 microns of
material” froma major surface of the sapphr re wafers. In

an O her & nberr‘ﬂno en‘r %1 se@:essmé coarse alblaswe surface 1smahztec‘1:j U'anl? rr‘rfa?#aﬂ at

PECREN 4B lI'ess T
c%mfnal].fBedr?Préﬁ“’Gh gsegﬂreﬁﬁﬁ '@faFlﬁl be‘l“@ll}f f@rm%ﬂmferd@rrma orgdtifoare of
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dl‘]eQng LR bbjrlrclqgtrerlia%% n9a9 h&f@ﬁu’éﬁi& fcrﬁlﬁ)gs'rtlog%orgsﬂp Qrﬁl%glcgngatﬁ)prglahve to the

coarse grlnd process at step can | ncl
£GP i THY® HETER ﬁﬁﬁreaf th"s‘iﬁ?dfr%ﬂ?éﬁ mﬁ‘f“ ‘tsﬁ’é a]ﬁ"ﬁ‘f"? %WH&V&“%&%W gere,
thedyprg mgterialiharif ffarfgesabvasiay develamdugro irciepein dadingiee of theyeatrix. Fracture

dasbrb@&wr@ 1k vthe Wwére Lriekesd éx'bcra@ ﬁaéargam M@HGE AltiNSedbdd asaocraramerewuh
In part1§ular Qhe bong materrall dirix oli]%e self r]resum%cogr € agrgswg (:a%‘ hrlz%' fr ﬁ ere toug ess less

conventi onal, abrasive grain

tapgbet p8 MEa-py - Bedrealss daraReiet-) MPam | r?él’aﬁ’rﬂ‘i‘kr’ié Wé‘l’”&rhﬁa%é"fbétwefl gbqut
19iMPe-@Tenc a0 IaPde’”. zi r coni a- al uni na or superabrasive grains
such as di anmond and cubic boron nitride, or m xtures

t hehagfarrﬁaretfidﬁyﬁlgromeam@m gﬁﬁhﬁrﬁrqs]@kseheaamﬁmg\enmms typically

mst’erc%mec L g”g’slmov eAcgorrclamg the actuzg Cotntﬂllq nHl?cq)ond ma%erslal }'slgeld%:ecF over%e values noted

a@éer érrﬁne pww@rs%ﬂd@rwg ulteﬁoaasg abrﬁﬁ%fés fmstOé%r ma fan &@utao rql% |sgsh as
néTibsaliah aout 30 5AG.G\0h Qpitratiges betveen eirixcd ivaPe irid aboif B8 véliersech as about 30
vﬁé%&@a%buvﬁ) &@&E@Ab&ﬁ 3(WBI% ALl elorh. %Ebr&mc%e 2o ¥Rl Yane Edal

I IR PR e A PG R T S
mismsit and 9 copest Y5apiyep datdye agpaleercgprdene porpsHy. emesaljydictpresity mppen,
enbodi nent, the fine abrasive includes not |ess than

about 0.5 vol % and not greater than about 25 vol % fine
abrasive grains, such as witAin a range of between about
1.0 vol % and about 15 vol % fi ne abrasive grains, or
particularly within a range of between about 2.0 vol % and
about 10 vol % fine abrasive ar ai ns. In further
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WD 2008/ 083071PCT/ US2007/ 088548 be appreciated that, the
porosity can be open or closed, and in fine abrasives

t M 20pEP&078 great er percentage of porosity, gBAEPEINISEHR
porosity is open, interconnected pores. The size of the

Bt@l%(%ﬁect%mreg eﬂlg!lglolr tfe }}31%5 é% Eemreply Qe Wil 9 ?ané% of s’?’)eszb%&'eéﬂgﬁo\ﬁﬁg Phicrons
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yeRésendimgedescabet! hpeeirf arerpamdggn fonebitiog Wit etes@mpdnensstpeepnatlQifng oprge-
#matd oned previously, the fine abrasive is self-dressing.
Simlar to the self-dressing coarse abrasive, the

sel f/scgcrrcﬁr?g% &gerﬁeomgenah% @Daase/a%T luggglam&%en@s mgd mhe%'ﬂﬁlher improve

matri X, I cal i nc havi ng a
sﬁléflrstIEgLﬂa‘&P““feF dét eﬁﬁ“@let %ﬁfﬁﬁ frakesive goaiainy g &FFget tepn gty S0 vol%, not greater
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aSbvoll‘% an? no(t)%évlt:) { thaf %} %ﬁvg‘% C(Fa%g gbragiyelfga&s suc, asdmtk)ﬂl_a %n%%gb%tween about 1.0

betwee an

VI and e SBYoproarerfabadye gripmelipritcuednybine rngs oflreeveehaset 3 bete dnp
St B, vdFTpafd BranderkiS. 6, 685, 755, i ncorporated herein by
reference in their entirety. Generally, the fine
g ri n@femg mm@ﬁ@ 31% plofd Gk WIEKE Sre At @Bpﬁert@tn%aﬁ&eie 39511@&@ §s

L{Tn]ﬁ W?(i;]}l as a funcrn%ne 61 o ﬁstlﬁr%fg gt‘%e?eg % seeg"gre%ggz\l/b?aixlrf]enstlr Jné{‘ z@ téard]ltel?na]l af)raswe
Sﬁfa@w il il atetnthe el filFﬁSISWé@SISEé@pmH'Fbﬁt@lflwamﬁta%wa@oml ey duamach of
tiie@r@tiliungted HRdiSEPEMIoKse0 ek ahd J0e [3a1-10v)e It a@di@on fthepeak AHn@ $drdé @ not

s&%glftlggl%lffe%r?‘)é{\péegéw théa‘gmgpg O?égtl\él% 38\1{’13%?' In cJHga‘éé tﬂgtragmonal abrasive

ubst ant | Clrcul ar aprasive rimaroun erlrre er of
S TSRS AR ST ARG 6B E LB HER PR grinding
oppratiprd PHQE P3G &g 807 (33 il esvelt otdartng prgh ¢f He indibinabdrivéngwheeibns 84-
307. SRE QQ-mefortg R@4s&durind gﬁld@mu&e RO By Rlabit LS addGlbsuifhdd Wdrits

(I(wh%n%dt densi U?(,I) anc?‘ mcm%r %té%gm% tc]é?l A %bt% uent%reslsm%oyp 14 1c1n§3 5,102 |a? C]UI d

coolant IS used I ncl udi ng gueous and or gani c_cool ants.
As SFREBECARPROipeiny Heﬂ‘éw‘ajﬁl e drde giring g BF felfdreues Foaee
agmde agudsurelyigeriarcabinyl sl sarficedt hs brieass theli g ithn@idth (as

nﬁ%ﬁ}ycﬁlohﬁh@&ﬁt&f Q@rﬁg‘t@eemhg fibd€and E[{nﬁméj\i}lﬁﬁ)sfbm dh §€he grinding
apr.as
o%eratlon ;[ aflother em menf the }f Ck normap fgrce Galp}lg]heg] is no? Freagfr %han apouf 1})55 Q%HIP w1$}1(

SfeppsEe sgghter HB]E ab@li* é%Qt Wﬁ&rf’f W gf%GhW?Pﬁﬁ Wd%wrﬂfé F’Of thh@mwn
ofturreaibdir@rpeafiont he grindi ng operation, In another
enbodi nent, the peak normal force is not greater than
aboutier {SarsNir iRy, 104 FHrds ty;ﬁc’dl@/l'ha\aﬁn eﬂ'gﬁge %ﬁ@t‘(ﬁgh&sbﬁr&f l@s@ et b1

m’i\CI{'oé nﬁ]p*vcvzilll?/ %n?]%rmélﬁﬁls tﬁen ocaﬁ‘rleg fogt tnﬁ%rtllye {0 lmrP Ve macrosco IC %ea €S oé %.tﬁnate
ingladiner RS bV, WP EghRgEesaEatPr ﬂ’é‘ SHE?F%I@%W’@% ba%v@wr seffefsety sech
adriv@ctibi X @dsuetlie aslageauds enpedgent;salifity tiltRdischtiallarigfetiathn Bemoval of
o @@he aifdRadhioul d be clear, the conponents may not formthe
entire body of the tool, but only the portion of the too
tah 3¥ntsig]rr§e c?ceu"f:’nst%]@egg?e;fg slt gogrget accﬁnétstgper{lagﬁge onp &eg or repgacetld lgzltaépgg ev)hic?
utgléeg AB¢stakrasive typically in the forrAf)ﬁ:aélrurr)f |IIhSéchgrcf15ﬁ éqe ﬁ-@oné prindjggoperation utilizes the
selffafesshp She ebrsiagphi sievewaf ers the wafers typically have an
average surface 30roughness R, of less than about 0.10

m CTRhs, ba& ltlﬁiﬂa eﬂlﬁodin@ﬁtsllugtﬁﬁmm @ﬁp Ut_lpoq c%lemn‘éf QA grmdmg at sAﬁ fogr
the sa%p?m eqi/afe ds C nrbg suto e to aq'fgtp %r e{mg é)focess at Sfe 1197 ‘The %1 1nd1f1¥]process generalp

tress r'ocess’ suc
dlsclosed |n EP 0 221 454 BI. As described, stress relief
may be carried out by an etehi ng or anneal i ng process.
Anneal i ng can be carried out at a tenperature above 1000C
for several horns. Referring again to the
enbodi nent of FIG. 1 after fine grlndlng at step 107
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70slightly narrower range, such as on the order of about
0.10 wt% to about 2.0 wt% According to one enbodi nent,

t MO PhBPdr us conpound cont ai ns oxygen, wher BEHUSRYESH48
is bonded to the phosphorus elenent. This class of nater
1@h&Ved nfutekdd Q%s@ﬁal@%b@ﬁ@ma&& bgﬁg &)ﬁﬂseaglnﬁjmg B%Eéési 163!l /@rstllcy according
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hypophosphat es, subphosphat es, phosphites,

pyr ofmpﬁaé ohisheSn el B cozgm?gpmaﬁ%shaﬁmdmgéa% swgﬁa} &3%9 HRds:

Particul ar species orus conpounds 1nc
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nt.ai ni.n earas Ve CO

glalns %{hﬁse er){ba dmfnts utlfJ 6% eral ra.s%e gg-ratmﬁ gant t]126: noP] erabras%e rﬁﬁrg;glﬁ &ateréals such
aaﬁ%m@ ?bomaeﬂiesqlatmdt er - based. | n f act the slurry
generally has a basic pH, such that the pHis greater
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lp vol'ﬁﬁne abraswe ams %r)_a%t LH&I' r:erod Qn t %ne agrgs&:vl% gﬁ]ﬁ%f %ot 8?5 thtarhagout 0.5
Veiésavfbwquafardleaa Pt@utéf Vo E@Ia'Pr@ShfF ﬁgﬂ%ﬁ(yﬁw Hithips? r2peTd v aagyRbew 1o e
aenibadisVerktfine abhaveappa baatisAQ Litii QG hiddle Serdce@e 2.0 ev1% Bxalabout 10
Mlﬁgehab;agvetgg [.s case is formed by a polishing pad 410 and a

pl aten, whi ch supports the polishi ng pad. The platen and
are of t he sane di

.ﬁ’.gleins%u frgefgence to t:!ioﬁrie aleswe tahg ?me a rgslwg al s ca ave a mean pgxtlg?]sdze 8{ not
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adgpeut g fﬁfff o8t §e1 Y e dreat lé'lm&li "Zzes E?E(FW%r?@“ t Fﬂﬁ‘ ﬁne fred
algaghystiyaplpasts 0 hierpns, typitadly @ Basgdanidrong.t s central 5axis, wherein
rp represents the radius fromthe center of rot ation of
t heLipohd shicagaspa the it sblagve aelndeed boed mdidia nfaﬁﬂmhtain&ncﬂlaaznaterlals
su\éihe@ b &R of J’leteﬁ QQ% %%Fe ﬁlettdlb&n [négde H‘§n !1151191% an ugldlgrynlzed Hlaxel silver,
substrate to of rotatrlon eh0
“EBHET GG PEYS %“iﬁe‘%f]“ %bﬁ%"%{‘f‘iﬁ‘é thy Bof a?@”&‘“&‘bdﬁsrf“&ﬁ“i?tegﬁ?a F‘Wé oo
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bt Fofr@fe Atcoki@B ol awe@eﬁnib@nl&nmyfmb Sordoild ihd@&@Get grmer tREbd: kORI
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urries
PR hlSE tan 'édglédoraﬁéfr%fhavéo P this regard, the
i mprovenent can be indicated by a ratio MRRadd/ MRR, o, "
whi Bitheadie dndixpdpbrreveonreindwp odiereriporosits Inot ratesg enbrdimedioiiine
ablaside hasﬂ‘}ﬁroﬂ@ St %Ekaﬁah &Jauthvd J’oﬁadﬂh ﬁs&ottlégﬁhaﬁﬁﬁo@t@b 1% r\ﬁtﬂ%@dl rahgdf €
be%]:ee abouL 1}% C(P arlgp% hOS voﬁ@ a)out%& oY/e toal mt 8% voq% owgﬁltt é,Q vpl% to about

contal ni n

TR R r‘%é%"é’fnﬁ &l OH?WWt tF%ﬁ”é a‘m‘ild@im‘%d?;fé\’ﬂli% éi‘l’l%&ﬂ@déé@"wsny It will
conditions with a control slurry, the control slurry

bei ng essentially identical -fo the above-nentioned slurry
but being free of the 15 additive containing the
phosphorus conmpound. According to other enbodi nents, the
ratl 0 was greater, such as not Iess t han about 1 5, or
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exanpl e, enbodi nents may have a dianeter not |ess than
about 6.5 cm and a thickness not greater than about 490
uMio 8e¢Welilng to certain enbodi ments, the forBgBURYO7I0$8348
paraneters are associated with notably larger WO

&Q&?JCQ@Q?{QJ lhpgés%tp &7{369%180$0% a‘?i!l f % amsgv%%§dt halvpacglcrelégﬁ xgentaoe of

hose havi ng di ameters not
ptoh’éiﬁ ﬁﬁneﬁ?m@ﬁ‘? PORGIEY 19 °@‘§‘5mtfrh°é’?f°t9d HS“‘E: rﬁhe "W&tp"lleseCé‘égef‘GI’f&hbe within a
111@e geims bafidfererboig P zeicrpma o aadus B0 herogpedi af bergteri ahout B0 miroof to about 500
Ssittbdsace area, and the foregoing TTV val ues may be
associ ated with substrates having a surface area not |ess

th an, f g}[{:te to‘h% fiﬁ{%&hdl&?yt'og%ﬁiaﬁée ol érggs)t%%h grzgou%g%(e ﬁ.[i' 2 Ta 1\;%35 self-

than a
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l&ﬂhbs t rr gtartlcu(ljarl w1b alrange o§betw abo t1 MF gnﬁﬁFqut\gs tl\t}P IH} Clslélf -dressing

Su e°si Ze deno
Tk grindlipe o@mmopdhis erla desuiifddr VS %UB§49@ML§,6 6@)? 75 dngpreerdiqdegein by reference in
tcediFedi Ngly, to the extent that such conponents have a
flat or plurality of flats, such flats do not affect the

di a@xeeany 9112 fut dglg gﬂa&mmmcm\{am gyém@ mgﬂ)he@;%mlﬁr tm@y&g\égl I

bout
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0S6€ havin di anme ess than a
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rgget 009 ©d000 ot Epively ofliqgdodlat & uad, @alpdigngedun ed bgin@godlang.

NnTTV val ues nmay be associated with substrates having a
sur haggedarea hnode abres/s cah basif- &bl an®4 sChtenerdl9 has kRS &erlsitafiscussed
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ness vari ation values 0O
“%H éw Atrge finp-gainding inglpfles appfuipg ajoree ofjpof &@P@%éb%@f’w&gw thﬁ}éfor the
dirgiog@ gt gtifding ie®s. aadthsrrabddesit, thepeas kived Sorafis nbtreatsalpy kbiowt @5
NEMDSitih at8 as(@meta&a g alﬁﬂ s€AEE BHE bSinQh 228 Wb Mo N/mm width for

cludes a 3.0 nun ring extending fromthe
ﬂw¥$andg¥€nﬂm%%)amPhe C|rcunference of the wafer), and

nNTTV i s that val ue nornmal i zed to the surface area

of tHEETHPHT Foas<tb F“é“ts‘ée° BRVGHEFR B e fig AN E FPIRE TS thetemal
ginding kel e4sshandirve eltar, o canporgityreay ntforpAST Miis bedy d&thedods b8 80y Bportion
ofERAGI @At s Mesighdd @ cGnT-EMhe\&%Lkﬁzl@oe (A5t | hd 1BSix&d abra@le I@&I{ponents may be in
me%mgqyﬁge characteristics disclosed herein, are

rnali°zed for a sapphire substrate having a generally

planar surface and_substantially circular perinmeter which

can {5 Bredtiuing o hegpinfshid saPReAY S g icelp ihars foRViresh Siefeet he
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(4.0 inches) wafers. In further reference to
characteristics of the sapphire substrate, according to
one enbodlnent t he 30generally planar surface of the

D P L -..I--J...-J.- - - L L €’r - - . ™ . r . a4



10

15

25

35
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bow. As is typically understood, the bow of a surface is
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Material renoved (urn) 40 55 25 rev 10 Feed rate (units)
31 1 1 Chuck speed (rpm 105 105 105 105 105
AMEN0§HB&7¢oar se grindi ng process, the waf er sSPAYES2IBEdE
to a fine grinding process. The fine grinding process
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Various embodiments have well controlled nTTV, such as not greater than about 0.037 pm/cm®,

Particular embodiments have even superior nTTV, such as not greater than 0.035 um/cm?, or even not greater
than 0.032 pm/cm?. Such controlled nTTV has been particularly achieved with large substrates, such as those
having a diameter not less than about 9.0 cm, or even not less than about 10.0 cm. Wafer size may also be

specified in terms of surface area, and the foregoing nTTV values may be associated with substrates having a

surface area not less than about 90 cm? not less than about 100 cm?, not less than about 115 cm’.

Referring to the total thickness variation values of the sapphire substrate, TTV is the absolute difference
between the largest thickness and smallest thickness of the sapphire substrate (omitting an edge exclusion zone
which typically includes a 3.0 mm ring extending from the wafer edge around the circumference of the wafer),
and nTTV is that value (TTV) normalized to the surface area of the sapphire substrate. A method for measuring

total thickness variation is given in ASTM standard F1530-02.

Generally, the nTTV value, as well as all other normalized characteristics disclosed herein, are
normalized for a sapphire substrate having a generally planar surface and substantially circular perimeter which
can include a flat for identifying the orientation of the substrate. According to one embodiment, the sapphire
substrate has a surface area of not less than about 25 cm?, such as not less than about 30 cm?, not less than 35
cm’ or even not less than about 40 cm®. Still, the substrate can have a greater surface area such that the
generally planar surface has a surface area not less than about 50 cm? or still not less than about 60 cm?, or not
less than about 70 cm® The sapphire substrates may have a diameter greater than about 5.0 cm (2.0 inches),
such as not less than about 6.0 cm (2.5 inches). However, generally the sapphire substrates have a diameter of

7.5 cm ( 3.0 inches) or greater, specifically including 10 cm (4.0 inches) wafers.

In further reference to characteristics of the sapphire substrate, according to one embodiment, the
generally planar surface of the sapphire substrate has a surface roughness Ra of not greater than about 100.0 A,
such as not greater than about 75.0 A, or about 50.0 A, or even not greater than about 30.0 A. Even superior

surface roughness can be achieved, such as not greater than about 20.0 A, such as not greater than about 10.0 A,

or not greater than about 5.0 A.

The generally planar surface of the sapphire substrate processed in accordance with the methods
described above can have superior flatness as well. The flatness of a surface is typically understood to be the

maximum deviation of a surface from a best-fit reference plane (see ASTM F 1530-02). In this regard,
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Step 3 Dwell Lift Material renoved (urn) 10 3 2 55 rev 5
Feed rate (unmis) 1 0 0.1 0.5 Chuck speed (rpn) 55 55 55
5% (5H08/083071  After the coarse and fine gri ndi Pgl/US2007/088548
processes, the sapphire vvafers are subjected to a stress
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rpm at downf or ce of 8psi . 107able 3 Sturr
Flﬁ?ﬂnéég ). Inl regards to the nWarp measurement, the warp is normalized to account for the surface area of
the sapphire substrate. According to one embodiment, the nWarp is not greater than about 0.190 pm/cm?, such

as not greater than about 0.170 pm/cm?, or even not greater than about 0.150 pm/cm?.

The generally planar surface can also exhibit reduced bow. As is typically understood, the bow of a
surface is the absolute value measure of the concavity or deformation of the surface, or a portion of the surface,
as measured from the substrate centerline independent of any thickness variation present. The generally planar
surface of substrates processed according to methods provided herein exhibit a reduced normalized bow (nBow)
which is a bow measurement normalized to account for the surface area of the generally planar surface. As
such, in one embodiment the nBow of the generally planar surface is not greater than about 0.100 um/cm?, such
as not greater than about 0.080 pm/cm’, or even not greater than about 0.070 pm/cm®. According to another
embodiment, the nBow of the substrate is within a range of between about 0.030 pm/cm?® and about 0.100
um/cm’, and particularly within a range of between about 0.040 pm/cm? and about 0.090 pm/cm>.

In reference to the orientation of the sapphire substrate, as described above, the generally planar surface
has a c-plane orientation. C-plane orientation can include a manufactured or intentional tilt angle of the
generally planar surface from the c-plane in a variety of directions. In this regard, according to one
embodiment, the generally planar surface of the 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 less 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 embodiments herein, processing of sapphire wafers desirably results in well controlled
wafer-to-wafer precision. More specifically, with respect to c-plane oriented wafers the precise orientation of
the wafer surface relative to the c-plane of the sapphire crystal is fixed precisely, particularly as quantified by
wafer-to-wafer crystallographic variance. With reference to FIG. 5, Z is a unit normal to the polished surface of
the sapphire, and 6, , 6y and 8¢ are orthonormal vectors normal to an a-plane, an m-plane and a c-plane
respectively. A and M are projections of 8, , Oy respectively/on the plane defined by the sapphire surface (A =

—Z(04.Z2) , M =0y —Z(8y.Z)). The misorientation angle in the a-direction is the angle between 0, and its
projection on the plane containing A and M, and the misorientation angle in the m-direction is the angle between
0w and its projection on the plane containing A and M. Misorientation angle standard deviation o is the standard

deviation of misorientation angle across a wafer lot, typically at least 20 wafers.
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According to embodiments, processing is carried out as described herein, particularly incorporating the
grinding process described in detail above, and a lot of sapphire wafers are provided that has precise
crystallographic orientation. Substrate lots typically have not fewer than 20 wafers, oftentimes 30 or more
wafers, and each lot may have wafers from different sapphire cores or boules. It is noted that a lot may be
several sub-lots packaged in separate containers. The wafer lots may have a standard deviation oy of 8y across
a wafer lot not greater than about 0.0130 degrees, such as not greater than 0.0110 degrees, or not greater than
0.0080 degrees. The wafer lots may have a standard deviation o, of 8, not greater than about 0.0325 degrees,
such as not greater than 0.0310 degrees, or not greater than 0.0280 degrees.

In comparison with prior methods of manufacturing wafers/substrates for LED/LD substrates, present
embodiments provide notable advantages. For example, according to several embodiments, utilization of a
coarse grinding abrasive (oftentimes a self-dressing coarse fixed abrasive) in conjunction with a self-dressing
fine grinding abrasive, as well as particular CMP polishing techniques and chemistries, facilitate production of
precision finished sapphire wafers having superior geometric qualities (i.e., n"TTV, nWarp, nBow, and
nFlatness). In addition to the control of geometric qualities, the processes provided above in conjunction with
precision wire sawing facilitates precision oriented crystal wafers having superior control of the tilt angle
variation across substrates. In these respects, the improved geometric qualities and precise control of surface
orientation from substrate to substrate, facilitates production of consistent LED/LD devices having more

uniform light emitting qualities.

Following the various processing steps described herein, the surface of the sapphire substrate subjected
to treatment generally has a suitable crystal structure for use in LED/LD devices. For example, embodiments

have a dislocation density less than 1E6/cm” as measured by X-ray topographic analysis.

It is particularly noteworthy that dimensional and/or crystallographic orientation control is achieved by
embodiments of the invention in connection with large sized substrates and substrates having controlled
thickness. In these respect, according to the state of the art, dimensional and crystallographic controls degrade
rapidly with increase in wafer size (surface area) for a given thickness. Accordingly, state of the art processing
has typically relied on increasing thickness in an attempt to at least partially maintain dimensional and
crystallographic control. In contrast, embodiments herzin can provide such controls largely independent of

thickness and less dependent on wafer or substrate size.

EXAMPLES

The following examples provide methods for processing wafers according to several embodiments, and
particularly describe processing parameters for production of high surface area wafers having improved
dimensional qualities and orientations. In the following examples, c-plane sapphire wafers having diameters of

2 inches, 3 inches, and 4 inches were processed and formed in accordance with embodiments provided herein.

Processing initiates with a boule that is sectioned or sliced, as described above. The boule is sectioned
using a wire sawing technique, wherein the boule is placed and rotated over wires coated with cutting elements,

such as diamond particles. The boule is rotated at a high rate of speed, within a range of between about 2000
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rpm and 5000 rpm. While the boule is rotating it is in contact with multiple lengths of wiresaw, which are
typically reciprocated at a high speed in a direction tangential to the surface of the boule, to facilitate slicing.
The lengths of wiresaw are reciprocated at a speed of about 100 cycles/minute. Other liquids can be
incorporated, such as a slurry to facilitate slicing. In this instance, the wire sawing process lasts a few hours,
within a range of between about 4 to 8 hours. It will be appreciated that the duration of the wire sawing process
is at least partially dependent upon the diameter of the boule being sectioned and thus may last longer than 8

hours.

After wire sawing, the wafers have an average thickness of about 1.0 mm or less. Generally, the wafers
have an average surface roughness (Ra) of less than about 1.0 micron, an average total thickness variation of

about 30 microns, and an average bow of about 30 microns.

After wire sawing the boule to produce wafers, the wafers are subjected to a grinding process. The
grinding process includes at least a first coarse grinding process and a second fine grinding process. In regards
to the coarse grinding process, a self-dressing coarse grinding wheel is used, such as a PICO type wheel, Coarse
#3-17-XL040, manufactured by Saint-Gobain Abrasives, Inc., which incorporates diamond grit having an
average grit size within a range of about 60 to 80 microns. For this example, coarse grinding of the wafers is
completed using a Strasbaugh 7AF ultra precision grinder. The cycles and parameters of the coarse grinding

process are provided in Table 1 below.

In the Tables 1 and 2 below, material is successively removed through a series of iterative grinding steps.
Steps 1-3 represent active grinding steps at the indicated wheel and chuck speeds and feed rate. Dwell is carried
out with no bias, that is, a feed rate of zero. Further, lift is carried out at a feed rate in the opposite direction, the

wheel being lifted from the surface of the substrate at the indicated feed rate.

Table 1:
Wheel speed=2223 rpm Step 1 Step 2 Step 3 Dwell Lift
Material removed (um) 40 5 5 25 rev 10
Feed rate (um/s) 3 1 1 1
Chuck speed (rpm) 105 105 105 105 105

After the coarse grinding process, the wafers are subject to a fine grinding process. The fine grinding
process also utilizes a self-dressing wheel, such as an IRIS type wheel Fine #4-24-X1.073, manufactured by
Saint-Gobain Abrasives, Inc., which utilizes diamond abrasive grit having an average grit size within a range of
about 10-25 microns. Again, for the purposes of this example, the fine grinding of the wafers is completed
using a Strasbaugh 7AF ultra precision grinder. As with the coarse grinding process, the fine grinding process

subject the wafers to particular processing cycles and parameters which are provided in Table 2 below.
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Table 2
Wheel speed=2633 rpm Step 1 Step 2 Step 3 Dwell Lift
Material removed (um) 10 3 2 55rev 5
Feed rate (um/s) 1 0.1 0.1 0.5
Chuck speed (rpm) 55 55 55 55 55

After the coarse and fine grinding processes, the sapphire wafers are subjected to a stress relief process

as described above.

After stress relief, the sapphire wafers are subjected to a final polishing. Several polishing slurries were

prepared to investigate the role of pH and phosphates as well as the role of alkali and calcium. Reported below,

Table 3 shows enhancements to a baseline slurry, Slurry 1. Polishing was carried out utilizing C-plane sapphire

pucks, 2” in diameter, polished on a Buehler ECOMET 4 polisher. Polishing was done on a H2 pad (available

from Rohm and Haas Company of Philadelphia, PA) with a slurry flow rate of 40 ml/min at a platen speed of

400 rpm, carrier speed of 200 rpm at a downforce of 3.8psi.

Table 3
Shurry pH MRR Starting Ra] Ra at 60 min - | Ra at 60 minutes - | Ra at 60 minutes -
Number (A/min) (A) Center (A) Middle (A) Edge (A)

1 9 842 7826 443 100 26

2 10 800 7686 481 27 35

3 11 1600 7572 150 10 7

4 12 1692 7598 27 6 8

5 11 1558 6845 26 32 18

6 11 1742 8179 9 13 9

7 11 1700 5127 10 9 10

8 11 1600 7572 150 10 7

9 11 1267 7598 43 51 148
10 11 1442

11 11 158 7572 904 1206 475
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4 Slurry Nunber Chemstry 1 Alumna slurry at 10% solids
WMH20RE®BP7Y Al umi na slurry at 10% sol i ds w t hPRET$I0E/088548
Alum na slurry at 10% solids with NaOH 4 Alum na slurry
at 10% solids with NaOH 5 Alum na slurry at 10% sol i ds

1%1@5‘ Na0l1l4 plus 1% Sodi um Pyrophosphate 6 Alum na slurry
at_10%solids with NaOH plus 1% Dequest 2066 7 Al um na

s| SkFry Namber 0% sol i ds with NaOH Shemsstyos Dequest 2054 8
Al um nad sl urjlymige slufr@ 86! SobolidisvittlN4di NaOH 9 Al um na slurry
at 10%sol i dsushd shurrdkErdo, &0ds with NaOH

3 Alumina slurry at 10% solids with NaOH

4 Alumina slurry at 10% solids with NaOH

5 Alumina slurry at 10% solids with NaOH plus 1% Sodium Pyrophosphate

6 Alumina slurry at 10% solids with NaOH plus 1% Dequest 2066

7 Alumina slurry at 10% solids with NaOH plus 1% Dequest 2054

8 Alumina slurry at 10% solids with NaOH

9 Alumina slurry at 10% solids with KOH

10 Alumina slurry at 10% solids with ammonium hydroxide

11 Alumina slurry at 10% solids with NaOH and 1% calcium chloride

With respect to the polishing data, as can be seen above in Tables 3 and 4, notable improvements in
polishing were found shifting the pH from 9 to 11 as indicated by Slurries 3 and 4. In addition, better surface
finishes were found, indicating better productivity. Organic phosphonic acids (Slurries 6 and 7) and inorganic

phosphates (Slurry 5) show additional enhancements to surface finish and material removal rate.

Higher alkaline pHs enhance removal rates and finish, and sodium hydroxide shows a suitable route for
increased pH (Slurry8) as compared to potassium hydroxide (Slurry 9) and ammonium hydroxide (Slurry 10).
Slurry 11 shows a notable affect on moderation of material removal in combination with use of alumina for the

abrasive loose abrasive component.

After subjecting the sapphire wafers to processing procedures provided above, characterization of
dimensional geometry of the wafers was carried out. Comparative data were generated by comparing the
dimensional geometry of sapphire wafers processed according to procedures provided herein and wafers
processed using a conventional method, which relies upon lapping with a free abrasive slurry rather than
grinding. The comparative data is provided below in Table 5, units for TTV and Warp are microns, while the
units for nTTV and nWarp are microns/cm? and diameter (d) and thickness (t) are provided in inches and

microns, respectively.

Table 5

Comparative Examples Examples

d=2", t=430pm 3", 550pm 4", 650um 2" 3", 470 pym 4", 470um
TV 1.77 1.452 3.125 0.95 1.7 1.25
nTTV  |0.087 0.032 0.039 0.05 0.04 0.015
Warp 4.2 8.0 n/a 3.58 5.00 8.70
nWarp (0.207 0.175 0.18 0.11 0.11

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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While fixed abrasive grinding has been utilized in the context of finishing applications in general, the
inventors have discovered that sapphire wafer processing with tight dimensional control was supported by
particular process features. Conventional processing methods rely upon feed rates that are low and chuck
speeds that are high for improved dimensional geometry. However, it was discovered that such low feed rates
(e.g. 0.5 microns/s) and high chucks chuck speeds (e.g. 590 rpm) produce wafers having excessive nBow,
nWarp, and/or nTTV. The reasons for the success of unconventional process conditions utilized hereinto
increase dimensional control are not entirely understood but appear to be related particularly to machining of

sapphire substrates and particularly to larger substrates, e.g., 3 inch and 4 inch sapphire substrates.

According to embodiments herein, high surface area, high quality, substrates are produced that support
active device processing with notably high yield and productivity. The processing procedures provided herein
present wafers with repeatable, highly dimensionally precise geometric crystallographic parameters. Moreover,
embodiments provided herein provide a unique combination of processing techniques, parameters, chemistries,
and apparatuses, that exhibit a deviation from the state of the art and conventional 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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iﬁ)\fentltblblg to\%@ge?eﬁnined by the broadest permissible interpretation of the following claims and their

equivalents, and shall not be restricted or limited by the foregoing detailed description.
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grinding a first surface of a sapphire substrate using a
first fixed abrasive, and grinding a second surface of

t he sapphire substrate, opposite the first surface; and
S5grinding said first surface of the sapphire substrate
usi ng- Bredebestrdchimi ethesh sdsing ¥ ta firtsefert b Famine Hestf yigg the
f i X edcoabixasibmeye imhés eiplink hgaseaantked tb heflstaiif:aswiteiniaear
sal o8l BNEE AYS8F Ahdlbsit #Rmipan the first fixed abrasive,
the second fi xed abrasive being self-dressing. 2. The

met hod of claim11, wherein the first fixed abrasive is a
sel f Bdiflegsihergpf claim 12, wher@n théfirek npeelHock iohibsehtalhmoRiantify e dirgion of
gri ngibdyg. of the first surface of the sapphire substrate
using the first 10fi xed abrasive includes applying a peak
normal force to the first surface, wherein the peak

nor el THeaieded of aif it Wigela gingine shaiie wtrodfixebiranl raanmtist ramovinggot
The pethiadouof o GikdishT Baterion &iidirt: hefadgp eale sapriralbstar ce i S
substantially constant for the duration of grinding

5. The nmethod of claim2, wherein the first fixe

abr alsi V& "EBefsY flaed: f&rg’afrcg’ép“é'bgr%@l“% &SP 4 PR 2 %i‘i’%‘ﬁﬁd’h(’“ to form
15nabheniphite substtatei X. 6. The nmethod of claim 1, wherein
grinding the first surface of the sapphire substrate
using the first fixed abrasive conprises renoving not

| ess than about 30 mcrons of material. 7. The method of
claim®6, wherein grinding the first surface of the
sapphire substrate using the first fixed abrasive
conprises renoving not |ess than about 40 m crons of
material. 20S. The nethod of claim1, wherein grinding
using the first fixed abrasive conprises grinding at a
spccd of not |less than about 2000 rpm 9. The net hod of
claim1, wherein the second fixed abrasive conprises fine
abrasive grains in a bond material matri x.

10. The nmethod of claim9, wherein the fine abrasive
grains have a nean particle size not greater than 25about
100 microns. 11. The nethod of claim9, wherein the
second fi xed abrasive has a porosity of within a range of
about 30 to 70 vol % 12. The method of claim1, wherein
grinding of the first surface of the sapphire substrate
usi ng the second fi xed abrasive includes applying a peak
normal force to the first surface, wherein the peak
normal force is not greater than about 50N mm

13. The method of claim 12, wherein the peak normal force
IS substantially constant for the duration of 5grinding.
14. The nmethod of claim1l, wherein grinding using the
second fixed abrasive conprises renoving not |ess than
about 5.0 mcrons of material fromsaid first surface of
the sapphire substrate. 15. The nethod of claim1,
further conprising shaping a sapphire disk froma
sapphire ribbon to formthe sapphire substrate. 10
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