METHOD FOR PROCESSI NG A Sl LI CON- ON- | NSULATOR STRUCTURE BACKGROUND [ 0001]
Sem conductor wafers are generally prepared froma single crystal ingot
(e.g., a wol2bme2¢spgot) which is trimed and ground to lparasems/ ess2eor e
flats or notches for proper orientation of the wafer in subsequent
procedures. The ingot is then sliced into individual wafers. Wile
reference wll be made herein to sem conductor wafers constructed from

silicon, other material s mMMEIIOPIORPROUESSING as germani um or gal lium
arseni de. [0002] One WB?I#@O{‘?%NHN@EA?U&S?WTUW' ator (SO) wafer.
a thin layer sili

An SO wafer includes 0 con atop an I nsulating |ayer
(i.e., an oxide layer) which is in turn disposed on a silicon substrate. A
si i con-opgAcisgRaiNpwafer is a type of silicon-on-insulator structure.

[ 0003] An exanple process of nmaking an SO wafer includes depositing a

| ayer of oxide on a polished front surface of a donor wafer. Particles
(e.g., hydrogen atoff¥0df &cwemebilwcion wafersfarhgehcodbrprepadehiebinminglons) are

i npl anted at, a.s i fied.depth beneat.h the fropt su ce of the donor
water . TheSMpIERE G ppfERReo SRR el Wi B (R s S RbRolier or ac

t he speci flugdr deRhé; fat prpetdlidngion\ Wi Wit Andubsbqudhieredetfi@eeTné t he donor
wafer is cleaned to renove organi c conpounds deposited on the wafer during

t he i npl atgat isdhenpilisedixo indoadurl wekess.f MWale refgronse wilbbe made Byawrtonaf er i s
t hen bonded . - fer 0 drophilic
bondi ng p?%%ltgé)%(.%c%?g\% E%%@S%Fttg? f%%ghgoﬁgﬁgg\?ma ‘ég?lagsrné& boen%ég a? BJgggt her by
exposi ng buvh ssyefmassmof giliemwafedide. t o a pl asma contai ni ng, for exanple,
oxygen or nitrogen. Exposure to the plasnma nodifies the structure of the

surfaces in a proce Lt n referred to as. surface actjvatiopn. The wafers
are then pressed t oE@Pﬁ r %é‘ﬁ&y% q;r Chigap Wﬁﬁﬂntlﬂwg%és\@iﬁ’??er' A

SOI wafer includes a thin layer of silicon atop an insulating layer (i.e., an oxide layer)

which is in turn disposed on a silicon substrate. A silicon-on-insulator wafer is a type

of silicon-on-insulator structure.

[0003] An example process of making an SOI wafer includes
depositing a layer of oxide on a polished front surface of a donor wafer. Particles
(e.g., hydrogen atoms or a combination of hydrogen and helium atoms) are implanted
at a specified depth beneath the front surface of the donor wafer. The implanted
particles form a cleave plane in the donor wafer at the specified depth at which they
were implanted. The surface of the donor wafer is cleaned to remove organic

compounds deposited on the wafer during the implantation process.

[0004] The front surface of the donor wafer is then bonded to a
handle wafer to form a bonded wafer through a hydrophilic bonding process. The
donor wafer and handle wafer are bonded together by exposing the surfaces of the
wafers to a plasma containing, for example, oxygen or nitrogen. Exposure to the
plasma modifies the structure of the surfaces in a process often referred to as surface
activation. The wafers are then pressed together and a bond is formed therebetween.
This bond is relatively weak, and must be strengthened before further processing can

occur.



This bond is relatively weak, and nust be strengthened before further
processi ng can occur.[0005] In sonme processes, the hydrophilic bond between
t he donorwoabmvosassd handl e wafer (i.e.,2a bonded waf er) Pcs/ustomengisbened by
heating or annealing the bonded wafer pair at tenperatures between

approxi mately 3000C and 5000C. The el evated tenperatures cause the
formati on of coval ent bonds between the adjoining surfaces of the donor

waf er and the handl @O@@Ieﬁn sérhdIros&¥sé s tHatyaebphil e hRadbehRicnerNdddee donor
waf er and the handl e wafer. Concurrentlg/‘ with the heating or annealing of
is

t he bonde®aigifad handhewpker (i) akondad wakar) ispisbratheagd by hepengdurioncaliaBer weaken

t he cl eav I 110n n er | s 1hes i.e.,
cl eaved) a ego i gﬁf%vex/@fgpgé\% ét t[e)]ing%rg "P?So%?‘fv%él %5%1%0 érght%m%‘ er E:zag?gpﬁf(?ﬁgﬂeso
waf er. [ 00R6Gdted Renpeeuigies cmat eic fofmitionsdf cpldleonds Betivixt the @djomidi ch
mechani cal force_ is applied perﬁendicular to the opposing sides of the

bonded waf®faceholhgdpnargvaien gndghehandlewaiss. thsesolidiiping Wi kanddishreens r om t he
bonded wafar i t i : L to apply
R T R

i nitiat edtheyboap@l yafeq the pettiancabér ivpiigeedain thdhéored gafafwdaken thortade waf er at
the cleave plane in order to initiate propagat.ion. of rac ong the

cl eave pl BRES Fnorhuoidf daorpiiicrds &ﬁaﬁﬁla@aatg@%&%é%e ia@ﬁlgctﬁﬁg %f¥en pul | s
the portigpn@kohhge 8oRRG Wateh thin?Mctdisr Pgaded wafer, thus formng an SO
waf er. According to other nethods, the bonded pair may instead be subjected

to an el evated tenperature over a period of tine to separate the portion of
t he donor wafer frotR00RE Bbadeadodaraler is Bxppdased in dfikivec wivelvigh ed t enperature
causes initiation.and. propagation.o rack along t clea pl-ane, thus
cepar at| ngsRmio BRE SR RRPFERIRI i HeRBBe e T’ MaEhERE B Va e
conpr i sesirfordb to éiuﬂ)éqfor@(fn &fi the debr (vidier dparttficanthefbohikal WoRer Avalréingr emai ni ng
after cleaving) disposed atop the oxide |ayer and the handl e wafer. The

cl eaved stprsoa@em@tm%éuthnﬁup%@réﬂlﬂaiedsﬁ0|aipef;ﬁh%a@cwnﬂ%é}w%urThace

separation of the portion of the donor wafer is initiated by applying a mechanical
wedge at the edge of the bonded wafer at the cleave plane in order to initiate
propagation of a crack along the cleave plane. The mechanical force applied by the
suction cups then pulls the portion of the donor wafer from the bonded wafer, thus
forming an SOI wafer. According to other methods, the bonded pair may instead be
subjected to an elevated temperature over a period of time to separate the portion of
the donor wafer from the bonded wafer. Exposure to the elevated temperature causes
initiation and propagation of a crack along the cleave plane, thus separating a portion

of the donor wafer.

[0007] The resulting SOI wafer comprises a thin layer of silicon (the
portion of the donor wafer remaining after cleaving) disposed atop the oxide layer and
the handle wafer. The cleaved surface of the thin layer of silicon has a rough surface
that is ill-suited for end-use applications. The damage to the surface may be the result
of the particle implantation and the resultant dislocations in the crystal structure of the

silicon. Accordingly, additional processing is required to smooth the cleaved surface.

[0008] To smooth and thin the surface layer of silicon (i.c., cleaved

surface), previous methods utilized combinations of annealing, chemical-mechanical



that is ill-suited for end-use applications. The damage to the surface may
be the result of the particle inplantation and the resultant dislocations
in the cryetalo/stssact ure of the silicom Accordingly, asdiritsemalosiseocessi ng
is required to snooth the cl eaved surface. [0008] To snooth and thin the
surface |l ayer of silicon (i.e., cleaved surface), previous nethods utilized
conbi nati ons of annealing, chem cal - mechani cal pol i shing, high-tenperature

gaseous ehgliNhiMg, bighBemp&Rtdr@¥isdbasSHBIRhH (iR ¢ ﬁ@ii&lﬂg?&tdilliliﬁgl%pi- or the
formation of a sacrificial oxide |ayer on the cleaved surface. Current
pr e- epi t axnerthngpoehiba dommmmtieniof ¢ pESAIcIH) oyisle dayss oB thy) deaved hef®el wafer to an

el evated te r . 10 0 l. _hqur T | evat ed
empor at uf STRETE bR B0 S PR Blac Q5 SRis MO LG Bifng the
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therein. [0009] Wiile the PESA process often significantly reduces the
damage pr BgBhticsleayerbsietasabthe SEH gl bypeamitting Hie qayl sguéthes 9fdhe equired to

reduce thﬁli&&ﬂ@k[@&%&t% %Qgcﬁiogggﬁg?ﬁ%é‘raﬁe to a desired level and to

snmooth the surface to a desire ace quality. Accordingly, the
processing of the cleaved surface of the SO wafer is a tine-consum ng and
costly process. [O00I@O9Thighiletthe PESAgmadass ofien sigdifikdrtlylreduageédd f or a waf er

f t t t t hod that ad .t di sadvant f t
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for processing a silicon-on-insulator structure. The silicon-on-insulator
st r uct ur edé¢rarsd guitizasdivelitvafeeordmeky, tiequacdssipe pf theetrascdisusfase of the SQlyer

bet ween th% e@zflsngjt.e lAcaIlSellrmi%ngn& hoesﬂsi Irécosn | ayer. The silicon layer has a
cl eaved sUrface defii ng a Outer VPP a%te of the structure. The method

conpri ses annealing the cleaved surface, etching the cleaved surface, and

perform ng a nonconf@d0] smaos, hhorg ramacessurdnlfilloé neddefoy edvasetrshaae: [ 0012]
Anot her aspect is a nethod for Pr ocessing a silicon-oninsul ator
treatment method that addresses the disadvantages of current treatment operations and

is suitable for use in wafer processing operations utilizing bonded wafers.
BRIEF SUMMARY

[0011] A first aspect is a method for processing a silicon-on-insulator
structure. The silicon-on-insulator structure has a handle wafer, a silicon layer, and a
dielectric layer between the handle wafer and the silicon layer. The silicon layer has a
cleaved surface defining an outer surface of the structure. The method comprises
annealing the cleaved surface, etching the cleaved surface, and performing a non-

contact smoothing process on the cleaved surface.

[0012] Another aspect is a method for processing a silicon-on-
insulator structure. The silicon-on-insulator structure has a handle wafer, a silicon
layer, and a dielectric layer between the handle wafer and the silicon layer. The
silicon layer has a cleaved surface defining an outer surface of the structure. The
method comprises etching the cleaved surface by removing at least some of the

silicon layer and performing a non-contact smoothing process on the cleaved surface.



structure. The silicon-on-insulator structure has a handle wafer, a silicon
| ayer, and a dielectric |ayer between the handle wafer and the silicon

| ayer. Theo2wloosess2l ayer has a cl eaved %urface defini ngram/usedoencsus f ace of
the structure. The nethod conprises etching the cleaved surface by renoving
at |l east sone of the silicon |ayer and perform ng a non-contact snoothing
process on the cl eaved surface.[0013] Another aspect is a nethod for

processing a silicooan] NawodiePhspett iY@ mbigod fH8 BroebdsingsiRsbrLfigul at or
structure has a handle wafer, a silicon |ayer, and a dielectric |ayer
bet ween t Hsulatidirectuesf dhegtigontoa-issulatensiruciyehas ahandyd valeon silgpar has a

cl eaved sHiLAGR: J8A01A9,0 QHLER BULLARE Blcr MIPUSLINGR Y Hie met hod

conpri ses & ved surface o uct'ure ard ‘anneal i ng t he

st ruct ur esilip@0k4dr Nl cddased afrface defiisg ex befer afrfdchef flratiuct@g. NiHeed i N
relation to the above-nentigned aspects. Further features may al so be

i ncor por atethodicopmpaiseriching e ckissed s tee pEthgstrygnre anfrasealingfthdqrenent s and
addi tional, features may exist individually or in any conbination. For

i nstance, various features discussed belowin relation to any of the
illustrated enbodi nents nmay be incorporated into any of the above-descri bed
aspects, alone or i A} denbinafinementBRkiEFo IHRSCRUPT rOkdOR rFlaioiDRAW NGS

[0015] Fiqure IAis.a top plan, view.of a donar silicon wafer 0016] Figure
B e a chbebotaeReha Brd dorRb GRS S e Bhinsapar It e ket b,

[0017] Fi gidh@ordl ﬁ?&tﬁs%éﬂi SEitsé RiFRleméh@Wn@bddiendl $aRireS al Rt Waf er
undergoing ion inplantation. [00 18] Figure 3 is a cross-sectional view of

a bonded waiaduadlyrgynn sisheprathivatiwn dior sistancoryanabeicatysrrdestussod eloanial e

silicon wafer. .[]0019}..Fi.qure i . Cross-sectional .view of t bonded
vat o or Bl bIRE Bt b NG chboRintirtShaR RE M GARLr 116 Bt P moved.
above-described aspects, alone or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Figure 1A is a top plan view of a donor silicon wafer.

[0016] Figure 1B is a cross-sectional view of the donor silicon wafer

of Figure 1B.

[0017] Figure 2 is a cross-sectional view of the donor silicon wafer

undergoing ion implantation.

[0018] Figure 3 is a cross-sectional view of a bonded wafer

comprising the donor silicon wafer bonded to a handle silicon wafer.

[0019] Figure 4 is a cross-sectional view of the bonded wafer of

Figure 3 after a portion of the donor wafer has been removed.

[0020] Figure 5 is a cross-sectional view of the bonded wafer of

Figure 4 after processing of a cleaved surface of the bonded wafer.

[0021] Figure 6 is a schematic diagram depicting a wafer spin etcher.



[0020] Figure 5 is a cross-sectional view of the bonded wafer of Figure 4
after processing of a cleaved surface of the bonded wafer. [0021] Figure 6
is a schewathm/dssgr am depi cting a wafer spin etcher. [ 0022]UusEigoss2¥ i s a
fl ow di agram depi cting a nmethod for processing an SO wafer. [0023] Figure
8 is a flow diagram depicting a nethod for processing an SO wafer. [0024]
Figure 9 is a flow diagramdepicting a nmethod for processing an SO wafer.

DETAI LED DESCRI PTI Q092 Higiret78E biflags diRghiddpicting athdhsEfor bdcagithd B, a
donor wafer 110 and an OXIde layer 120 are depicted. Figure IAis a top

pl an vi enePOL W&fddonor waf er 110, while Figure 1B is a cross-sectional view
of the donor wafer. The oxide Iayer 120 is bonded to a front surface 112 of

the donor wafer 110 ooﬁﬁﬁg%ﬁ]ﬁl& iy fibw fa%réﬁ%%&‘é }M%h%h‘% rhﬁel]a@es@ﬁl

surface 112 by subj ctl e donor wa n a nosphere su table for
t he grow hn 8DItwhaéroxi de | ayer. Alternatively, the oxide |ayer 120 can be
deposited on the front surface 112 through any known chem cal deposition

process and functio n i nsul ator e.,, a dielectric). [0026 Flgure 2
P er oo sect onal OBt grrd B G %%fie@ifenafe%wﬁ%mjﬁeeé&
particl esygf §o¥wardpydrogen atons or a conbi nation of both hydrogen atons and
hel i um atons). The donor wafer 110 is inplanted with particles to a
specified depth bel ow the front surface 112 of the donor wafer 110. In sone

enbodi menPETATREDIAESCRIBEON e hydrogen or heliumions which are inplanted
t hrough an ion inplantation process. A cleave plane 114 is then forned

beneath the front sHﬁ%ggeR%%gm@%H%Qﬁpﬁgggiaﬁpiﬁ5¥%¥§ ﬁar%rQM§§QQGe fromthe

front surface equal pec e bar Icles wer
i mpl ant edandrireoxiieiyer [d0edre ddpliéted. EFlgﬁlﬁSlfa id @PeldrvieweiH tﬁdte)ndowafer waf er 110
where the donor. wafer is substantjally weakened
0, while Figure 1B is a cross-sectional view of the donor wafer. The oxide layer

120 is bonded to a front surface 112 of the donor wafer 110. The oxide layer 120 can

be grown atop the front surface 112 by subjecting the donor wafer 110 to an

atmosphere suitable for the growth of the oxide layer. Alternatively, the oxide layer

120 can be deposited on the front surface 112 through any known chemical deposition

process and functions as an insulator (i.e., a dielectric).

[0026] Figure 2 is a cross-sectional view of the donor wafer 110
being implanted with particles (e.g., hydrogen atoms or a combination of both
hydrogen atoms and helium atoms). The donor wafer 110 is implanted with particles
to a specified depth below the front surface 112 of the donor wafer 110. In some
embodiments, the particles are hydrogen or helium ions which are implanted through
an ion implantation process. A cleave plane 114 is then formed beneath the front
surface 112 of the donor wafer 120 at a distance from the front surface equal to
specified depth to which the particles were implanted. The cleave plane 114 defines a
plane through the donor wafer 110 where the donor wafer is substantially weakened

by the implantation of the ions upon subsequent heating of the donor wafer.

[0027] Figure 3 is a cross-sectional view of the donor wafer 110 and
a handle wafer 130. The donor wafer 110 and handle wafer 130 are bonded together

in accordance with any suitable method, such as a hydrophilic bond. The donor wafer



by the inplantation of the ions upon subsequent heating of the donor wafer.
[0027] Figure 3 is a cross-sectional view of the donor wafer 110 and a
handl e waveroka@2ssthe donor wafer 110 &nd handl e wafer Pg@/usc@olbessded
together in accordance with any suitable nmethod, such as a hydrophilic
bond. The donor waferand handl e wafer are bonded together by exposing the
surfaces of the wafers to a plasnma containing, for exanple, oxygen or

ni trogen. s RartiW %@L ereBondhtrop@hersy apssiiPeicfupdcRbrikewsspasure to the
plasma in a process often referred to as surface activation. The wafers are

t hen presplegme egriaingg, %@Xambl@n@mwnpbnmem hEhepetagesef thawelroyad i s weak,
and nust R}%ﬁgﬁeg%ngcflg ‘guﬂ%ﬁgﬁe pnge(g?Sﬁér{l]%ger?%QO 9§ Silfucel 0028

Toget her, orm-a bonded wafer 140.
I n some pradedsesThd W@fel’syadé ﬁwnlﬁrmecbwgéthbleatnmmihefdiﬁiadnheﬂwearze@nd handl e
wafer (i.e., a bonded wafer) is strengthened heating or annealing the
bonded wafl Bis boaf is weaks %@Pﬁthﬂ%ﬂ%@w&% %ﬁ&%ser REQCEYS{NZIBDOCCHNd 5000C.
The el evated tenperatures cause formati on of coval ent bonds between the

adj oi ni ng surfaces gfoggrﬁe@g&%réﬂﬁfa%ho%%} ﬁ‘ﬁ) le"\@if%r ISGﬁHﬁa

solidifying the bon onor wafer he handl e wafer.
Concur r enbondedivdfert 6. heatrne grooassas; ml&alhydnrg)hufwlﬁc lb(mei teometadhovddrer wafére

ticl ted in the d d weaken th
P eave o anahendBhmefP s ondfy o6 0P SenaliEhed bR AR Dheteh eBreerng Mondad: wat o
140 depi chgigeki Ry dfeigiaiieat fompdriic beiyeh abﬂ%xﬁ%ﬂ&?gow &1d dtPchascbeen

renoved in the depiction in Figure 4 during a cleaving process. According
to other pevHedtemperatuiss paisd fgyaiationalcavatemebendsdetudsp det adioiningan el evat ed

tenperat up e %‘aﬁcvse bf t%a gglrlolroxga f ! ItHehan%l Qtae% ﬁféuseﬁo?glff ngttl%eot? n begvt}eeendonor

waf er fromm- rature functions

to initiate dncr Whkpaghihe handlé a&keramﬁglrtdiﬁy@h&ﬁehe hptaideor abh¢ssingepar ati ng a
portion of the donor wafer. [0030] Because the cleave plane 114 has been

subst ant i weltynd%cbwe\f%dhwarﬂﬁlés P%’Fb@rdﬁ’fpé%ﬁt?ﬂﬂnélﬂe denes wafer bgeinitp8WVE boundary
al ong whi gy L B8 Wefi Elicave plane.

[0029] Figure 4 is a cross-sectional view of the bonded wafer 140
depicted in Figure 3. A portion of the bonded wafer 140 has been removed in the
depiction in Figure 4 during a cleaving process. According to other methods, the
bonded pair may instead be subjected to an elevated temperature over a period of time
to separate the portion of the donor wafer from the bonded wafer. Exposure to the
elevated temperature functions to initiate and propagate a crack along the cleave

plane, thus separating a portion of the donor wafer.

[0030] Because the cleave plane 114 has been substantially
weakened by the implantation of ions, it defines a boundary along which the wafer
readily separates when a force is applied thereto. According to some embodiments,
the bonded wafer 140 is first placed in a fixture in which mechanical force is applied
perpendicular to the opposing sides of the bonded wafer in order to pull the portion of
the donor wafer apart from the bonded wafer. In one embodiment, suction cups are
used to apply the mechanical force. The separation of the portion of the donor wafer
110 is initiated by applying a mechanical wedge at the edge of the bonded wafer at the

cleave plane in order initiate propagation of a crack along the cleave plane. Due to



readily separates when a force is applied thereto. According to sone

enbodi nents, the bonded wafer 140 is first placed in a fixture in which
mechani cavoforome28s3 appl i ed perpendicular to the opposi mgTaisdes/oeds2e he
bonded wafer in order to pull the portion of the donor wafer apart fromthe
bonded wafer. In one enbodi nent, suction cups are used to apply the
mechani cal force. The separation of the portion of the donor wafer 110 is

i ni tiat ediRywaRBh B cRArdBCRABIce™ pWRI R @hck iepLAaS atfngttheclbanded waf er at
the cleave plane in order initiate propagation of a crack along the cleave

pl ane. Duglanet keuniddhebenglcd tl A0 salir dapsepariedointoatnvg pigeen elongfee deavsk
propagat eﬁlaﬁ% O*i‘g L 286 c%f‘}’o??e"%@'i‘g% %yl"l}e“s%ﬂ&n % ;% ﬂ?e u%%‘ tﬂe o G e?or ce

separated pi eces eave PR car

appl i ed by4m figo ws:pﬂecm QHei¢deancqprissdtohsy dfondﬁdomafftﬁé ddﬂ& watéol towo
pi eces. piece 1s conprised only of a portion of the donor wafer 110.
The ot her Tb? e@ér p@C%@ﬁﬁmipwﬁ ffthe h@dilﬁawaﬂeél%\%mthweﬂw fithedd96F t i on of the

donor waf afejr]tgo BOAEAdn Ly la%td%x%fi%dao&ﬁf %@ﬁm&{&?gg@%da Suf%f@mlr f( SQ)

wafer, referred to genera 52 of the
SO waf er galetaledsii’@s t he surface which results after the separation of the
bonded wafer 140 al ong the cl eave plane 114. The cl eaved surface 152 has a

hat i thout - fur i nIT oceeivey Srataar e ALPRE: P ERIR G Tor

end- use appkice iR sulACFRF HeBpatatid6F thé BENRE wald:f 1&@@11&%%& SlegHbj ected to
addi tional processing steps to repair the danmage and snooth the cl eaved

surface 1B2ne The Phodessingfofe tRhasdamagetsutBoe isa wieltobbed in greater
detail bel %\ﬁ/ra'tnnra l ath af:%vepéﬁq—: rl(?lschaq \ng& qst%ler gr&u%s?%; lr]énd8¥s t{l%e cl eaved

[+
cross-secf ifona V|e wafer’

surface 1ﬁafacee1whftddrtgr titl-ascsapp it diis. CAe@t&ﬂg@uﬂfemvé@anacAaszam be seen
in Figure 5, the snoothed cl eaved surface 152S has a snmooth surface with a

uni f or m pp@Hsated torHditionglqueessHag sEDt e thaspmagy ol sreoth deisdesed | n
greater dgialck 158 Tfl Bttocgﬁmtg LI IYOEFaft 950 REi QY ssed in greater detail below

in relation to Figures 6-9.

[0032] Figure 5 is a cross-sectional view of the SOI wafer 150 after
processing of the cleaved surface 152, resulting in a smoothed cleaved surface 1528.
As can be seen in Figure 5, the smoothed cleaved surface 152S has a smooth surface
with a uniform profile. The processing of the SOI wafer 150 is discussed in greater

detail in relation to Figures 7-9, below.

[0033] A wafer spin etcher, referred to generally as 160 as depicted
in Figure 6, is utilized to uniformly distribute an etchant over the cleaved surface 152
of the SOI wafer 150. The wafer spin etcher 160 rotates the SOI wafer 150 about an
axis perpendicular to the cleaved surface 152 and intersecting the SOI wafer at
approximately its center point. A back surface 154 is suitably connected to the wafer
spin etcher 160. The angular velocity and acceleration of the wafer spin etcher 160
may be varied to alter the flow of etchant across the cleaved surface 152. For
example, the angular velocity may be increased to increase the rate at which etchant is
dispersed from the cleaved surface 152. Alternatively, the angular velocity may be

decreased to slow the rate at which etchant is dispersed from the cleaved surface 152.



[0033] A wafer spin etcher, referred to generally as 160 as depicted in
Figure 6, is utilized to uniformy distribute an etchant over the cleaved
surface %0 20fo/tsbss2SO waf er 150. The wafer spin et cher pté@secavasaso t he SO
waf er 150 about an axis perpendicular to the cl eaved surface 152 and
intersecting the SO wafer at approximately its center point. A back
surface 154 is suitably connected to the wafer spin etcher 160. The angul ar

vel ocity and accel e[@shpnmév&ak@s}mf&éheﬁmémc&ﬁﬁh@@a%@zlmz Reow@itiaed to
alter the flow of etchant across the cleaved surface 152. For exanple, the

angul ar veEblggictof ligaid dehaphandetizests it o thhelevmd surtpee ¥oat dhgmowtl dA2 &t chant i s

di spersed fr t | e syrface 152. t.ernatively. .the | ar vel ocity
my” be  degr Ty hsBLP B HE s FE R A s B ORI i LS TERE £ ot e

cl eaved stildsagge. 152. [ 0034] The wafer spin etcher 160 conprises a nozzle 162
to output a volume of liquid etchant and directs it at the cleaved surface

152. The nozzle 162 is co%gled to a boom 164. The boom 164 can nove
hori zontal Iy, verti E¥13pY, P99%21%#6%@ﬁ%gwgétchme@sjvaﬁﬁé0 B3NBS AB2 may

expel et chapts i Fbr%xéﬁﬁﬁfe,eﬂ% 85210 ‘%f‘ ﬁfag) l%x | PGS a'zg%ﬁergﬂyf;‘[ﬁﬁ’ﬂiﬁar fidie nozzle

162 may expel etchant in a generally lamnar flow™pattern, or 1t may expe
it in a npattdramirnamay ¢xpebiilieanoflomwnpatirbulant fiive patbate. Thamotlhéhaethehant i s

expelled fromthe npzzle 2 ma altered, r exanpl as on the
P e aP RO Sl iR ndRl D Pk B g Bon SR Beel SR o be
al tered tga@thigetypt Bﬁet@HQHBEingﬁuiIfké@ AdHiMbH 01, Bt GhRBcah Be bRere®W act Wi th
the cl eaved surface 152. [0036] The etchant eéxpelled by the nozzle 162 may

be a mi xt aifectdtic ayamspf toeie wheshdtehadt iadeeondaciavidh. the plesmdsudapotiZzrent s, the
etchant is a solution of hydrofluoric acid diluted in de-ionized water and

a surfactant or vis Kty i fier . j i i adj ust
the rate at which tﬁgﬁéicggggké?gﬁ%égkﬁémgﬁ§ﬁ%%(%ﬂﬁ?ggybfﬁgggﬁﬁﬁgﬁeralIy,
t he aci di ay@bflh@id adidandadetie aéidr i efmaembeimeonts, thokichamns € osiptiorsdhg a
source of q¥drogen i.ons. The source of the hydrogen ions nmay .

hydrofluoric acid diluted in de-ionized water and a surtactant or viscosity modifier

(e.g., acetic acid) is added to adjust the rate at which the etchant etches the SOI wafer

150.

[0037] Generally, the acidic etchant is in the form of an aqueous
solution comprising a source of hydrogen ions. The source of the hydrogen ions may
be selected from the group comprising hydrofluoric acid, nitric acid, phosphoric acid,
acetic acid, sulfuric acid, hydrochloric acid, citric acid, oxalic acid, propionic acid,
permanganic acid, and combinations thercof. Typically, the source of hydrogen ions
is present in the etchant at a concentration of at least about 40 wt%, more typically at
least about 50 wt%, still more typically at least about 60 wt% and, even more
typically, at least about 70 wt% (e.g., at least about 80 wt%, or at least about 90 wt%).
In various embodiments, the acidic etchant comprises essentially water and the source
of hydrogen ions. In various other embodiments, the acidic etchant comprises one or

more additives along with the sources of hydrogen ions.

[0038] The embodiments of Figures 7-9 described below each use an

etching process to reduce the time and cost required to process an SOI wafer to



be selected fromthe group conprising hydrofluoric acid, nitric acid,
phosphoric acid, acetic acid, sulfuric acid, hydrochloric acid, citric
aci d, oxawocomaicess2pr opi oni ¢ aci d, perrfhngani ¢ aci d, ansctarsbéoaatisons
thereof. Typically, the source of hydrogen ions is present in the etchant
at a concentration of at |east about 40 wt% nore typically at |east about
50 % still nore typically at |east about 60 wt % and, even nore

typi cal | yrenddveltBasilrfaab abithagdOantt Pérdces ﬁme@%b@%bn@h@mhe&ﬂmw Yufepls at | east
about 90 W% . In various enbodi nents, the acidic etchant conprises

essenti al B%paV%Qde&lo%@etclﬁéV%Dlﬁﬁ@ﬁfoélfthhﬁ@ﬂG@é@’f ions. In various other
enbodi nents, the acidic etchant conprises one or nore additives along with

t he sources of hydr i 0 T
descri bed beIOM/eacﬁﬂB@L %ﬁiﬁi 2|%§$%}%%%ss g@hﬁ@%%gg Oﬁﬁ%gﬁﬁgﬁgéé cost
required toSEI oaésslancdEbmueioaed antsioTae S0€ watirhace cdanaigariaodandef ect s

formed when portion of the donor wafer .is separated along the cl eave
pl ane froﬁmbﬁﬂ%s“S%F C\wilePOl Pt oy one;typs & siligog-op- mﬁﬁwoaﬁt&gﬁ%aa@m%u ng a

net hod f OHesQflg&? @%a@@ Iégilve&ra G 5% rf 4 d’lﬁl@&%%@%le\“?étﬁfreen dhe SO

waf er has a cleaved surface and a ac face. I's one type
of siIicohmahsmm&mhadﬁmsdmnumnmreTmnﬂOIa@ﬁmesmmmﬁadmab@manmhgg)anhandle

f i | | | ect 1 bet the handl e waf d
the. si 11 cBpespsrotias. S8fhaurbie G ke ST Hinddo XB8Brul oy o any nunber o

met hods, including those described in relation to Figures 1-4. [0040] The

met hod begins in bl pOR0Y L& hwinidfhddiRgfls @@ Bicdl 708 withehstieaMedostef ace of the
SO wafer. The cl eaved surface conprises a |ayer of silicon. The cl eaved

surface calsatnd srfeemelthe SObmafarg The cleaveskustage emprischa dayckabwhcaro t hose
skilled igpt P@a@é’dtsuﬂja? O%a]% H%BCH%E%&‘LC[CIR%J g{’&’é’ 9%%8%&@8&1%@% d tﬁ&r face

during the cleaning a ock d does not
begi n mnthgﬂhquheanJDQOQMnmhﬁMQéﬁﬁMﬁﬂdﬁ@hfﬁ@@km&ﬂBmﬁﬁﬁedﬁﬁmgﬂmthod begi ns
wi th annealing t waf er, and the cl eaved surface of the SO wafer is

not cl eané§aypg atrblt)ek Ak dalatlisg cmbediments, thepneshed domy not heginpithihg er i s
anneal ed. CIAQIﬁﬁ'é dF 89 JQvSPR face. Instead, the method begins with annealing the SOI

wafer, and the cleaved surface of the SOI wafer is not cleaned prior to annealing.

[0041] In block 720, the SOI wafer is annealed. According to some
embodiments, the SOI wafer may be annealed by being placed in an oxidizing
environment, thus resulting in the generation of a layer of oxide atop the cleaved
surface. In other embodiments, the SOI wafer may be annealed by being placed in an
inert atmosphere (e.g., argon or nitrogen) or an atmosphere containing argon,
hydrogen, or a mixture thereof. The annealing is suitably a conventional rapid

thermal anneal (RTA) process, a batch process, or other suitable annealing process.

[0042] The anncaling of the SOI wafer strengthens the bond between
the components of the SOI wafer (i.c., the handle wafer and the portion of the donor
wafer bonded thereto). In previous methods, the process of annealing the SOI wafer
prior to a non-contact smoothing operation is referred to as a pre-epi smoothing
annecal (PESA). The PESA process is a relatively time-consuming and expensive
operation as temperatures in the range of 1000°C to 1200°C for several hours are

required. The elevated temperature heals the cleaved surface of the SOI wafer by



enbodi ments, the SO wafer nmay be anneal ed by being placed in an oxidizing
environnent, thus resulting in the generation of a |ayer of oxide atop the
cl eaved swohamme2dsn ot her enbodi ments, 1Phe SO waf er mapchasamesised by
being placed in an inert atnosphere (e g., argon or nitrogen) or an

at nosphere contai ni ng argon, hydrogen, or a m xture thereof. The annealing
is suitably a conventional rapid thermal anneal (RTA) process, a batch

process, fémitethSayiablttcaneeadht BUichh arRsfenttbOdidlbocditms prReal i ng of the
SO vvaf er stren%t henS the bond between the conponents of the SO wafer

(i.e., thecrindlee beoliag ohthy derechemticemayfenpble ofbmératinapthcioneditst her et o) .
I n pr evl O%’t?p,rg%&p?%?% e&a%ﬁngkgi%‘ét?on gffthg‘[]ﬂl%%l '8)3? nﬂ;era§QG o e[nnBél‘ %[ ht 0 a

non-cont a SIMDO ron 1s rererre re-epi

anneal (PKSA) Suéﬂ'@tiﬁﬁ%ldhrmla‘é&udeih@cdsebﬁﬂhb‘pﬁdc}ésiI ne- consum ng and
expensi ve operation as tenperatures in the range of 10000C to 12000C for

several hours are required. The el evated te ture heal s the cl eaved
surface of the SO %ﬁ)ﬂé} E%é??ﬁaﬁ’ﬂgﬁﬁ fermedap @@Eﬁ Qﬂsa?m%le%fro the silicon

to reori eﬁ't}engﬁfenq}léi)&ﬁia&e't@% tRE %3/?'@ toftRESGI Rafel N BGR énﬂ%dﬁfle&t? e eaved

surface may €nabl e optim zation the anneal ing step, such as by enabling
reductio nbm[dmgmro'cemsahwl:@nd tlengrevoatvafes and theHendlevedtr ingf Sieaype tBatch
optimzation.will reduc age cost f t he process. [0043] The annealing
per f or med "B} ?fi??sufﬁgo §1F§ e‘it?ﬂ&)?f $%to strengthen the bond between the

| ayers of the SO wafer. In some enbodi nents, the bonding process used to

bond the donor waf e[peangl Th@cié@&%ﬂ@rﬁé@é@ﬂthbsmfwatfé}% E¢R&l InhAdckrBQuUi 1 es
exposure to el evated tenperatures., [0044] The cleaved surface of the SO

waf er is &hepebingoppyists r7Bovingtlcastenme@f ehomtpydroésilicempy thegleved east sone
of the laygr, of Bzri %@ggﬁgﬁpﬁﬁﬁ%@' %@}’P%Ol ufe? o%‘ﬁ%‘orl BYe Elﬁpe%g"sﬂ a Qs | east some

of the |ayer of ace 1S’snoo etchant is

di sper sedsracsthsd Ahetchhmdy édpaed aeess dic dlecSChrfagiofithd $OI wpfcowe t he

snoot hness of the cleaved surface. The etchant renoves a porti on of a layer
of silicolMPEptsemoginesieoldhedsarsdsurfce o oytehayt ramoae&:fh@mleap feaction

with layer of silicon disposed on the cleaved surface by way of a chemical reaction with

the etchant. According to some embodiments the SOI wafer is placed in a wafer spin
etcher as described in relation to Figure 6 and rotated about an axis perpendicular to
the cleaved surface. Etchant is dispersed onto the cleaved surface while the SOI

wafer is rotated.

[0045] As discussed above in relation to Figure 6, the method in
which the etchant is dispersed may be modified in order to affect the amount of time
that the etchant remains in contact with the cleaved surface. Furthermore, the
viscosity of the etchant may be modified by altering its composition (e.g., the ratio of
the acetic acid in the etchant may be increased to increase the viscosity). The amount
of time that the etchant remains in contact with the cleaved surface is proportional to
the amount of silicon that is removed by the etchant from the cleaved surface.
Accordingly, by increasing the amount of time that the etchant is in contact with the

cleaved surface of the SOI wafer, more silicon is removed from the cleaved surface.

[0046] In block 740 a non-contact smoothing process is performed

on the cleaved surface of the SOI wafer. In some embodiments, the non-contact



t he etchant. According to sone enbodinents the SO wafer is placed in a

waf er spin etcher as described in relation to Figure 6 and rotated about an
axi s per pgodbmule2ss2t o the cl eaved surfddée. Etchant is dipsparssedosseo t he

cl eaved surface while the SO wafer is rotated. [0045] As discussed above
inrelation to Figure 6, the nethod in which the etchant is dispersed may
be nodified in order to affect the anount of tine that the etchant renmains

i n cont ackm¥bthihgtieccsd 8siibes thifcahify theWOIRABDI &N ihdiatmioSpIREE te/g Of the
etchant may be nodified by altering its conposition (e.g., the ratio of the
aceti ¢ achigonh aphEnespherasentaaynoa gomdyemsed are mixtrethsecof mmdiarscosity). The

f time.that th L AScHIBk .4 HE R
e pr opor PFBRE VA ekl AP ¢ ETRI AR BRERME il BB M T cnant

fromthe gleasddofie febted tdas opidinu@lhing biks preics shdlodshie naeasgdn of time
that the etchant is in contact with the cleaved surface of the SO wafer,
nore sil i eighantstepaggipeesed Brileee’ 30, Bevirswgpiheerrososeplishunandek 740 a
non- cont a i i -face of the
S0 vt er D R e T B e compr [ ses
anneal i ngshbethfs@opeation id timesconsueritg aidasiheBg ofching the alegost) surface off nospher e

R T T TR R U N
process i §|oefk 780 s SEBfiELdy rOnRSd Citlc-aMRA! O BdeoAtdhaEMEQHRITERRGDS do not

use an etchant step as di Scussed in bl ock 7%% the epi -snoot hing process is
reli ed upegnificathipetiicadhdobpemgdtic semplatien of blpsle780thasPlwafet iske at he PESA

process, th i sqoot hi ng operation i.s time-consum ng and costly. By
et chi ng tﬁ%ggfegcg\l)ggmggj?rf %1%6lfsetaﬂghc§5°nwaf er in block 730, the amount of
time required to process the SO wafer in block 730 is significantly

reduced. The anmount [@l79aFaauss & LHantdideeshlidesidtinga aled@dFogmotdsciapt | y
reduced. Followi ng the conpletion of block 740, the SO wafer is In a

sui t abl e @®AEH wadn hpving areleaned sytrcappd p back wifac.oogiis cmbgdineerg 4 s a 1 ow
di agram d?e%h%d-ﬁ'&aﬁ‘otﬂﬁ&ﬁlg&te{c? Emgétﬂﬁl%'sp?bé&s (e.g., epi-smoothing) is retained

from the previous methods.

[0048] The method begins in block 810 with the etching of the
cleaved surface of the SOI wafer. The etching removes at least some of a layer of
silicon on the cleaved surface. In some embodiments, the etching substantially
removes any oxide present on the cleaved surface. In other embodiments, a thin layer
of oxide remains on the cleaved surface after etching. In other words, the etching
process is performed to leave a thin layer of oxide on the cleaved surface. This thin
layer may include or constitute a passivation coating or layer on the cleaved surface.
As discussed in relation to Figure 7, etchant is applied to the cleaved surface of the
SOI wafer while it is rotated in a wafer spin etcher. The thickness of the layer of
silicon that is removed by the etchant can be selected or adjusted by altering the
composition of the etchant, the angular velocity of the rotation of the SOI wafer, or
the flow characteristics of the nozzle head through which etchant is dispersed onto the

cleaved surface.

[0049] In block 820, a non-contact smoothing process is performed

on the cleaved surface of the SOI wafer. The non-contact smoothing process of this



an SO wafer having a cleaved surface and a back surface. In this

enbodi nent, a reduced-durati on non-contact snoothing process (e.qg.

epi - snoouhongymm&ﬁnetalned from the pré%ious nethods. [@O@ﬂpzﬁhmﬁmmnhod
begins in block 810 with the etching of the cleaved surface of the SO

waf er. The etching renoves at | east sone of a |layer of silicon on the

cl eaved surface. In sone enbodi nents, the etching substantially renoves any

oxi de pres@Bbdiffent &ﬁnﬁis@@é(ﬁféaﬁﬁ@’ﬂ@@@l walerah R in@RedkpRAE.SIn @ thin layer of
oxi de remains on the cleaved surface after etching. In other words, the

et chi ng pewbediments wherd ot dxide layéarﬁénaan&m the clepead orfapxifirs cemhingne cl eaved
surf ace. glﬂ!e%hﬁﬁ%{h% ééﬁ%f?m %ei}govg%e flin G982 ay&“I 5 &‘es%? S q\.f_a%% QR coating or

| ayer on aved sur scussed T R Fel‘at fon ure’ 7, etchant

i s appl i edot-coiithe stloetigOpdtsst aeg comptibe suibfctingfier SOhivhfer td an irotated in a
waf er spin etcher. The thickness of the |ayer of silicon that |s renoved by
the et chafNORAREHEOS, éiéflégivv@rc ata? e@w&lsrg agq is SFouelt tnﬁécq%%%@@‘i td on of the

et chant the flow
Ch&F&CtEF%%%ICS ozﬁfg h %Mﬂﬁi h?g%g%baﬂdﬂ%Petc hant |s gp@ﬁg:sed onto
t he cIeaveﬁhauniadmmdﬁﬂﬁﬂﬁpthmhhhanpmﬁﬂﬁwnaﬂmﬁhandﬂkamhe&nmnt&ﬁngh@rocess
is perforned on the cleay S ac he ,SO The non- cont act

snoot hi nga‘ﬁ&(’j‘bg%gl @P@h@ﬁ?ﬁ%ﬁﬂf&%%ﬁ%ﬁeeééwgﬁaﬁql owgrathe s wafer in an
i nert  at npsRRRYiSn omoam'tﬁéempwm{ersqnasmme eaﬁ&?od fBY §h KRR NS on the

cl eaved surface after etching, annealing the SO wafer may renove the thin

oxi de | ayepplicagordescri bed above, the non-contact snoothing process may
conprise subjecting the SO mafer to an epi snoot hi ng process, during which

t he cl eaved surface( r oy i nt ntact wi.th a gase etchant (e.g.,
hydr ochtor o aci dy KOSgR BHEELe i ik AR atbibdads BRAGASLFOER . < 2
reduced fE®BOIhaferutlht SORGvAfE Hak @\¢leausd siefaboaisd absbktduefatd. MEhg equi red for
the acid to be in contact with the SO wafer is reduced as well. Follow ng

the conpl BrACewCHtilzed dkpByDUs Meghodey supigeisrthg SOT waker &3 Himped-dewiiant i on f or
an end- Usg, ey after the etching is complete. The method begins in block 910 with the etching

of the cleaved surface of the SOI wafer. The wafer is etched in a substantially similar

manner to that described above.

[0051] In block 920 the SOI wafer is annealed in an inert atmosphere
(e.g., argon) or an atmosphere containing argon, hydrogen, or a mixture thereof.
According to other embodiments, the atmosphere may be an oxidizing atmosphere,
thus resulting in the formation of an oxide film on the cleaved surface. The annealing
operation reduces defects or non-uniformities in the cleaved surface and strengthens
the bonds between the layers of the SOI wafer, as well as repairing damage resultant

from the ion implantation process.

[0052] The embodiment of Figure 7 retains the use of processes
employed in previous known methods to smooth the cleaved surface of the SOI wafer,
but reduces the length and temperatures required in the processes, thus reducing the
overall cost of processing the SOI wafer. The embodiment of Figure 8 only retains a
reduced-duration epi-smoothing process from the previous methods. The
embodiment of Figure 9 eliminates all of the processes utilized in previous methods,

and subjects the SOI wafer to a limited-duration anneal after the etching is complete.



application. [0050] Figure 9 is a flow diagram depicting a nethod for
processing an SO wafer. The SO wafer has a cleaved surface and a back
surface. woeopvwesssses utilized in prevdPous nethods, sulpceatssomhesssO waf er
to a limted-duration anneal after the etching is conplete. The nethod
begins in block 910 with the etching of the cleaved surface of the SO
wafer. The wafer is etched in a substantially simlar manner to that

descri bedTabamgied{ddR%iod lanhdl Br@kh B2 thetoad Betwasaies lal &s aneaadvdfer an i nert
atnosphere (e.g., argon) or an atnosphere containi ng argon, hydrogen, or a
m xture thet Bgomessthodanenss, smoethise theavaderdio iehdesired paighnesdpisbre may be an
oxi di zi ng at nosphere, thus resulting in the formation of an oxide film on

t he cl eaved surface ' - at | - t
non-uniformties i n[qo-égfcﬁggg% étg%ro gg{é&{a%% I@gﬁggﬁl%%ggﬁe%eb%ﬁgdnos bet ween

t he | ayer shedévd bésistce vabethneaindedgairad steipai dannage deltiiegd byaseHidgthe from t he
ion inplantation process. [005 The. enpodi nent of Figure 7 retains the use
of procesglégveéirﬁﬁrfg%@lditﬁe Fra8ie elmf&uﬁgw%%ne%f%ﬁ%? Uhe cl eaved

f ; b ired
surtace OE%ﬁlQQtlég 156&‘%%%?1315 Hihd l%dﬂco%urtfﬂ%l s%ﬁ:%%'@ssad?ﬂ rbSIIPET s_%lh‘sléeef] r g%“' re

in the processes, ucing the overall cost of processing the
waf er . Thdamadeadsulend frof the giehieg ®f drel ofcaved ainfrscas liledy cededor akdood

epi - snoot fi n rocess. from the previous methods. The e di t of Figure 9
oF it nat e ety BispRRgron g Catse i ien OB S B P A GETOA suby ect
the SO wafRke ¢ ad bhiudid. edoWeveatiF ofcraiied) thaldwrl ot iifforha bR thel $ched
conplete. The Iimted-duration anneal strengthens the bond between the

| ayers of surfasc SOrotwktkyrto amgt the repmismentyddi e wnd-ussamdichiéan, theeSWaf er to t he
desired roughness | eyel. .[0053] .The sel ecti.on .of whi ch enbadinme to use
can be. baddi oS tretPErisn O s FSHiRRLE b G SRS ThEK: ace
damage achi eved by etching the cleaved surface and the required | evel of
surface snoot hness {@@54hn Vetng-insedriny dleatitoof thE@resextdnidngion of tHieche | evel of

surface snoot hness and regai r .of surface , ,
embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended to mean

that there are one or more of the elements. The terms "comprising”, "including" and
"having" are intended to be inclusive and mean that there may be additional elements

other than the listed elements.

[0055] As various changes could be made in the above constructions
without departing from the scope of the invention, it is intended that all matter
contained in the above description and shown in the accompanying drawing[s] shall

be interpreted as illustrative and not in a limiting sense.



damage resulting fromthe etching of the cleaved surface is likely to neet
or exceed the requirenents for the end-use application, the enbodi nent
descri bedwornoroalsasscon to Figure 9 may Bé used. However, pcfi/ustdosneatehi ng
the level of uniformty of the etched surface is not likely to neet the
requi renents for the end-use application, the SO wafer may be subjected to
t he enbodi nents described in relation to Figures 7 and 8. [0054] Wen

i nt roduci pgHRITaRE Tt SIMEDLIIRE present invention or the enbodi ment (s) thereof,
the articles "a", "an", "the" and "said" are intended to nean that there
are one or nore of the elenents. The terns "conprising”, "including" and
"havi ng" are i ht end&dnetBodEoripkeqessng @ sidigen-ABarsul dier STUFBFRCOIIHE Addi t i onal

el ement s PARACLLRRT, foulikok ol GOROLS 1)c0RRRkeAR 1ANIRYSGNARGRS could be

made in t above ‘constructions w thout partin romthe scope of the

i nvent i ongilicén lagern, teayilithed lijRrahaehg avhtal suctnt aéfiveng amodthesuafaoy ef
descriptign and shown in the acco an¥ing drawi ng[s] shall be interpreted
as i1 ust MgtSiryetuEg hefaethp C%ﬂmlwgﬂﬁiﬁ@ PeRbe. WHAT IS CLAIMED I'S: 1. A nethod
for processing a silicon-on-insulator structure conprising a handl e wafer,
a silicon layer, ang)RaBhelRGiléterd;ayer between the handle wafer and the
silicon layer, the silicon layer having a cleaved surface defining an outer
surface of the structure, the nethod conprising the steps of: annealing the
structure; etching tlsbinglthasleaved spffagseancand performi ng a non- cont act
snoot hi ng process on the cleaved surface. 2. The nmethod of claim1l wherein

the structore. 5. TRE R eh T coftde ainsoffal R ofng e BSLIRE COTor i Ses

directing etchant against the silicon |layer of the structure to renove at
| east some of 2he siThé aethodayfetaim 1 wherein the etching step comprises removing at

least some of the silicon layer of the structure.

3. The method of claim 2 wherein the etching step comprises directing
etchant against the silicon layer of the structure to remove at least some of the silicon

layer.

4. The method of claim 3 wherein the etching step includes rotating the

structure on a spin etcher while the etchant is directed against the silicon layer.

5. The method of claim 4 wherein the etching step includes directing

etchant in a laminar flow against the silicon layer.

6. The method of claim 4 wherein the etching step includes directing

etchant in a non-laminar flow against the silicon layer.

7. The method of claim 1 wherein the non-contact smoothing process

comprises performing an epi-smoothing process on the cleaved surface.

8. The method of claim 1 wherein the non-contact smoothing process

comprises annealing the structure in an inert atmosphere.

9. The method of claim 1 wherein the annealing step includes annealing

the structure in an oxidizing environment.



4. The nmethod of claim3 wherein the etching step includes rotating the
structure on a spin etcher while the etchant is directed against the
silicon |wpenio/s285the met hod of clai m 45wherein the et clrcmgissdmpeisael udes
directing etchant in a lam nar flow against the silicon |layer. 6. The

met hod of claim4 wherein the etching step includes directing etchant in a
non-|lam nar flow against the silicon layer. 7. The nethod of claim1l

wher ei n the nomg.contrag inetHyAQ I el mp&@iﬁ&h@aﬁ%miﬁ@qpﬁefuqe plagin@ithe
epi - snoot hi ng process on the cleaved surface. 8. The nmethod of claiml

wher ei n t FlEudieA 1t o Nt asRbETs NS BEasBIXurPF Prees aphAedbEdy the structure
in an inert atnosphere. 9. The nethod of claim 1 wherein the annealing step

[ nel udes annealing. e nAbINSLGn! N ARt LTl SN ALy HceThe et hod

of claim1l wherein e annealing step Inc ci ng structure in an
inert atnosphere conprising a m xture of argon and hydrogen. 11. The net hod
of claim1l wheil2in Thenmatindaifichigmilswicrbiattbhararnlead stgyr saaspid ti&mallhe net hod
of claim1l wherein the annealing step is a rapid thermal anneal. 13. The
met hod ofa@Fﬁﬁnll further conprising cleaning the cleaved surface prior to
annealing the structure. 14. A method of processing a silicon-on-insulator

structure conpigsi nghanfeedddl o cWahar furtBerSdonpRhgl A48 Ing BOElcavdisal@ed ric
| ayer between the handl e wafer and the silicon layer, the silicon |ayer

havi ng a prieseaanealingdlecestaisfureii ng an outer surface of the structure, the
met hod conprising the steps of: etching the cleaved surface of the

structure by r Vi of: the sili :gx - tructure;
and perforning?gnno%93%%?%gf&%ﬁ%gﬁﬁﬁﬁg“%gégégémgﬁpF e‘ﬁ%ggéggggggface of
t he struchatdbe wafer, a silicon layer, and a dielectric layer between the handle wafer and the

silicon layer, the silicon layer having a cleaved surface defining an outer surface of

the structure, the method comprising the steps of:

etching the cleaved surface of the structure by removing at least some

of the silicon layer of the structure; and

performing a non-contact smoothing process on the cleaved surface of

the structure.

15. The method of claim 14 wherein the etching step substantially removes

any oxide on the silicon layer.

16. The method of claim 14 wherein after the etching step includes

allowing a thin layer of oxide to remain on the cleaved surface.

17. The method of claim 16 wherein the thin layer of oxide includes a

passivation coating on the cleaved surface.

18. The method of claim 14 wherein the non-contact smoothing process

comprises performing an epi-smoothing process on the cleaved surface.

19. The method of claim 14 wherein the non-contact smoothing process

comprises annealing the structure in an inert atmosphere comprising argon.



15. The method of claim 14 wherein the etching step substantially renoves
any oxide on the silicon layer. 16. The nmethod of claim 14 wherein after

t he et chiwg 2eteap28sacl udes al l owi ng a tAPn | ayer of oxi decrascemsss2on t he
cl eaved surface. 17. The nethod of claim 16 wherein the thin |layer of oxide
i ncludes a passivation coating on the cleaved surface. 18. The net hod of
claim 14 wherein the non-contact snpothing process conprises performng an

epi - snoot hi ng pg.oceghic ARtHoAS el BRvadyiséih AkenonlntabbEmsBhEePr&dess! ai m 14
wherein the non-contact snoothing process conprises annealing the structure

in an i nefempies epirating Swrbiiirsiraig aaragonsphore cpriysrtiosixgtre of aigen 24d wher ei n
t he non-cpnga &1snnothing process conprises annealing the structure in an
atnnsphereycogpfising a m xture of argon and hydrogen. 21. The net hod of

cl ai m 18 wherein the non-contact snoothing process conprises contacting the
cl eaved surfacelof Sheuorthodesladin 1& vjasdotis mincdvmdct sid@othibigeraeshod of
claim14 further conprisLng rotat”2%1t e structure while etching the

cl eaved sERPBIEES confactingdheElepyd sy i SEuoBIG Wi RERsEYNBichdtng al tering the
altering the anount of the silicon |layer renoved by the etching by

nmodi fying at |east @REnRiKoddreATRAY fiiRG c‘afnph'é‘ﬁg%t‘éﬁﬁ‘g"ihe stubfewiie rotation
of the structure, and flow characteristics of a nozzle head through which

et chant i stchingles deavedntudadehe cl eaved surface. 24. A method of processing a
silicon-on-insulator structure conprising a handle wafer, a silicon |ayer,

and a diel ectrig | aygt patyesn fhonandle maken anditngosiLison ! aver, the
silicon | ayer Raving a cleaved surface derinlng=an outer surface of the

st ruct ur eambing ofeidWldcond i irsthogdtiBiehs tepmgdy medighhdg leleond éavwed surface
of the structure; and annealing the structure. o
composition of the etchant, a rafe of rotation of the structure, and flow characteristics

of a nozzle head through which etchant is dispersed onto the cleaved surface.

24. A method of processing a silicon-on-insulator structure comprising a
handle wafer, a silicon layer, and a dielectric layer between the handle wafer and the
silicon layer, the silicon layer having a cleaved surface defining an outer surface of

the structure, the method comprising the steps of:
etching the cleaved surface of the structure; and
annealing the structure.

25.  The method of claim 24 wherein the annealing step comprises placing

the structure in an inert atmosphere comprising argon.

26.  The method of claim 24 wherein the annealing step comprises placing

the structure in an atmosphere comprising a mixture of argon and hydrogen.

27. The method of claim 24 wherein etching the cleaved surface of the

structure comprises removing at least some of the silicon layer of the structure.

28. The method of claim 27 wherein the etching step substantially removes

any oxide on the cleaved surface.



25. The nethod of claim 24 wherein the annealing step conprises placing the
structure in an inert atnosphere conprising argon. 26. The nethod of claim
24 wher eiwotzhm/mmsseal i ng step conpri sed’pl aci ng the str @CTWSL000065520

at nosphere conprising a m xture of argon and hydrogen. 27. The nethod of
claim 24 wherein etching the cleaved surface of the structure conprises
renmoving at | east sone of the silicon |ayer of the structure. 28. The

met hod of cl ai ®27 whehRiddldTRI8hON Wir&h e a&hﬁ%% irdldés bBSPES any oxide
on the cl eaved surface.29. The nethod of claim?2 erein the etching step
i ncl udes #iin byehef axidafionemaipen the clexvadeutfaca emai n on the cl eaved surface.
30. The nethod of claim29 wherein the thin |ayer of oxide includes a

passi vation coggi ng 1 | ai m 27
further conpri g@'ng Fﬁ?g{e&%&ﬂfﬁc‘gﬂ@? r9 iﬁeﬁgg%v%%ﬁ"elag}gﬁgﬁfgdgﬁ ﬁcel&icﬁs(eéaved
surface. Basivitien oritingdnalic dkbaicthsdXadeur t her conprising altering the
altering the anount of the silicon |ayer renoved by the etching by

nodi fyi ng at | east e of: a _cor ition of the etchant, a rate of rotation
of the structusl, ande PR S PR e PRt i Re FRGN BRI L Bligh wh ch
etchant i gcHingRR 888 QRLGade cleaved surface.

32.  The method of claim 31 further comprising altering the altering the
amount of the silicon layer removed by the etching by modifying at least one of: a
composition of the etchant, a rate of rotation of the structure, and flow characteristics

of a nozzle head through which etchant is dispersed onto the cleaved surface.



