1 METHODS FOR | N-SI TU PASSI VATI ON OF SI LI CON- ON- | NSULATOR WAFERS BACKGROUND
[ 0001] Sem conductor wafers are generally prepared froma single crystal

i ngot (e.wo,20r/®idspcon ingot) which is then sliced intoprcmdBwidozbodnaf ers.
One type of wafer is a silicon-on-insulator (SO) wafer. An SO wafer
includes a thin layer of silicon atop an insulating layer (i.e., an oxide

| ayer) which is in turn disposed on a silicon substrate. The SO wafer is

formed by bonding a pair_ of vvafers to et her and | ater renoving a portion of

one of the wafers in METHQR% THPASSIVATIONEN An outer (i.e.,
cl eaved) surface of the Sl QNﬂ%TS&JfIttﬂ%OBoW R3ted by contact with or
exposure to a variety of materials after renmoval froma chamber in which

the SO wafer is formed. Once contam nated, cleaning the cleaved surface of
the SO BAFEGRQUND ficult, tinme-consuning, costly, and often times not
entirely successful. Accor di ngly, there remains an unfulfilled need for a

process that te . r $m Yoy

cont am nat i or{.%@l:ll m&%&&%@%@s §#£§g§?ﬂ%§%g% Sect I'S gfe Jr?%pén%

per form(ng..a sﬁa‘a&siiwgﬁj whicpiothes slied igosndividoalomafens tﬁ)mtty)pe ofarder isa a
chanber. . The rreth s the of cl eavi.n nded wafer pair

o ohi . SHEOB RS0 O el e A 90 L BRLS el et f b ayeé@p IRFAIP 4% he SO
waf er hayigi lﬁy&%V@daMlaé‘ﬁ%r) Wheenak %ﬁ%ﬁ@dﬁwsfeé@)ﬁ aQflicoRQuisiatafiRr i s

t hen passivated 1 n-situ by exposing the cleaved surface to a gaseous form

of o0zon&§OMmpigcris rfomaqﬁdm bq:pdmgea picefredfes tpdatine and lathracgasisgapoftamoefof ozone
results in oxi de..on the cl eaved surface. The

si i con-Bf O?ﬁlk W%tf’lbq‘a i eélyllﬁgé)pFﬁgﬂ Temoved from the chanber. [ 0004]

Anot her aspect is a nethod for perform ng a passivation process on a

si licon-on-i MeobdAt oAn vake(i.c,klavedankese dMhIBOL vater Rosftecontinghatp@by | S
cleaved to formthe silicon-on-insulator wafer. The nethod conprises the
steps ofcosfaehyithgr BHOSWSield Tauely Of NMskartalsaficn remevab reRanehsmbepin whigh t he

silicon- W, e r forms a
“ROSHPSMER O, fith d &11Qé/§ds%9f fihe BRI _
cl eaved s€§Pa§}é egnéjt ﬁ% PIn%OI’l on- @?\%g’l cg%/cl)l?%/\a?ge agé\i@éat ?g? process is
t hen perdafenisdiffioult,hanst@aumihgs vodtlc enddftdntemes dat emmrelynsulcmslﬁuat or
Accordingly, there remains an unfulfilled need for a process that protects the cleaved

surface of the SOI wafer from contamination.
BRIEF SUMMARY

[0003] One aspect is a method for performing a passivation process on a silicon-
on-insulator wafer in a chamber. The method comprises the steps of cleaving a bonded
wafer pair within the chamber to form the silicon-on-insulator (SOI) wafer, the SOI wafer
having a cleaved surface. The cleaved surface of the SOI wafer is then passivated in-situ
by exposing the cleaved surface to a gaseous form of ozone, wherein exposing the cleaved
surface to the gascous form of ozone results in a thin layer of oxide on the cleaved surface.

The silicon-on-insulator wafer is then removed from the chamber.

[0004] Another aspect is a method for performing a passivation process on a
silicon-on-insulator wafer in a chamber in which a bonded wafer pair is cleaved to form
the silicon-on-insulator wafer. The method comprises the steps of cleaving the bonded
wafer pair within the chamber to form the silicon-on-insulator wafer, wherein cleaving the
bonded wafer pair forms a cleaved surface on the silicon-on-insulator wafer. A

passivation process is then performed on the cleaved surface of the silicon-on-insulator



2 wafer in-situ to forma thin |ayer of oxide on the cleaved surface. The
silicon-on-insulator wafer is then renoved fromthe chanber. [ 0005]
Still anovbenizz®peset is a met hod of perform ng a passi vartrappr/eess on a
| ayered silicon structure in a second,chanber adjoining a first chanber in
which the layered silicon structure i & formed. The nethod conprises the
steps of formng the layered silicon structure in the first chanber, the

| ayered structure having.a surface, The |l ayered silicon structure is then

t r ansf er'YEa Nrdfhte famy ¢ iy laypgfiaaide o thasleasrdoniiiaeh ahsetlian o isulgigsosi ng
t he 'aYQ&ﬁgrﬁkﬂ&ﬁ%ﬂm§&fﬂﬁ&Hﬁ§d£l1§$”D5phere out si de the chanbers. A
t

passi vation process is en pertornmed on the surface of the layered silicon
structure. The layered silicon structure is then renoved fromthe second
chanber. [0005]00%]11 Armtheapaspecefiamestbod of Eetfosmingfa pdssiviteat proess noted i n
relation to ve- menti oned . Further features | so be

h b t
| ncor porBXEEH 1 Hod RS EG BL 41asor b RSt A fitg pember So A anent s and

addi ti ongyeréeatitdresrudBie B¥bhed. NticMhéHed bomptisch theaiidps©PMdttiad ihen. For
i nstance,” various features discussed belowin relation to any of the

i 11 ust r dexsiedsiben sigtuse nethe iestchaabgrothadagridmtmcainghaying heurkisev éhelescri bed
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[ 0007] FiguFe I's a top pran view of a donor Silicon wafer; f Fi gure

2 i's a oyttt seslsingniad layeeWwsiicoh beud®Ras amidsphas oudfdethoéhakibgty, eA 1B;
[0009] Figure 3 is a cross-sectional view of the donor silicon wafer
under goi &SIV ABIPN; EPFCEhs dhgngppriormed on the surface of the layered silicon structure. The

layered silicon structure is then removed from the second chamber.

[0006] Various refinements exist of the features noted in relation to the above-
mentioned aspects. Further features may also be incorporated in the above-mentioned
aspects as well. These refinements and additional features may exist individually or in any
combination. For instance, various features discussed below in relation to any of the
illustrated embodiments may be incorporated into any of the above-described aspects,

alone or in any combination.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure 1 is a top plan view of a donor silicon wafer;
[0008] Figure 2 is a cross-sectional view of the donor silicon wafer of Figure 1B;

[0009] Figure 3 is a cross-sectional view of the donor silicon wafer undergoing

ion implantation;

[0010] Figure 4 is a cross-sectional view of a bonded wafer comprising the donor

silicon wafer bonded to a handle silicon wafer;

[0011] Figure 5 is a cross-sectional view of the bonded wafer of Figure 4 after a

portion of the donor wafer has been removed to form a silicon-on-insulator wafer;

[0012] Figure 6 is a cross-section of the silicon-on-insulator wafer of Figure 5

after a cleaved surface of the wafer has been smoothed.



[0010] Figure 4 is a cross-sectional view of a bonded wafer conprising the
donor silicon wafer bonded to a handle silicon wafer; [0011] Figure 5
i s a croswoxerxioossal view of the bonded wafer of Fi gurePdTaBa1/0RIgBOrti ON
of the donor wafer has been renpved tg forma silicon-on-insulator wafer;
[0012] Figure 6 is a cross-section of "the silicon-on-insulator wafer of
Figure 5 after a cl eaved surface of the wafer has been snoothed. 3

[ 0013] Figure is a schematic view, of chanber wi t1j:1|Xa fixture di sposed

7 )
therein for dPRRU gevise 1analsanaisras™ of 2 phagunes with a fixture dignegod thefeiyre 8 i s

a flow 4 ] 3 erform ng a passivation process on an
SA  waf %ﬁgg@%ﬁg\ﬁgg?@ﬁ%{?ﬁﬁggﬁeﬂso wafer is forned; [ 0015]

Figure 9 is a flow diagram show ng another nethod of performing a
passi vati on dPotdssFigmedns 8@owdifignam showinghamiothodiofh petidrahing hpasSQatioaf er i s

f or med; 00 Fi.qure 10 is.a fl di,agram show ng yet another nethod
of ' per | GFATSIh bSO GIT o <prBbdd vt SBY NI BRE Lhanber i whi ch
the SO wafer is forned; and

[0015] Figure 9 is a flow diagram showing another method of performing a

passivation process on an SOI wafer in a chamber in which the SOI wafer is formed;

[0016] Figure 10 is a flow diagram showing yet another method of performing a

passivation process on an SOI wafer in a chamber in which the SOI wafer is formed; and

[0017] Figure 11 is a flow diagram showing a method of performing a
passivation process on a layered silicon structure in a chamber adjoining the chamber in

which the layered silicon structure is formed.

DETAILED DESCRIPTION

[0018] Referring initially to Figures 1 and 2, a donor wafer 110 and an oxide
layer 120 of one embodiment of this disclosure are shown. Figure 1 is a top plan view of
the donor wafer 110, while Figure 2 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).

[0019] Figure 3 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



[0017] Figure 11 is a flow diagram showi ng a nethod of performng a

passi vation process on a | ayered silicon structure in a chanber adjoining

t he chanbwo 20re/0Méseh t he | ayered silicon structure i s fecras201DERALED
DESCRI PTI ON [0018] Referring initially to Figures 1 and 2, a donor
waf er 110 and an oxi de |ayer 120 of oﬁe embodi ment of this disclosure are
shown. Figure 1 is a top plan view of the donor wafer 110, while Figure 2
is a cross-sectional vie n fer. The oxide | ayer 120 is bonded
to a frgRROBYARESSY @lt@nt&#y azﬁﬁig)r tis 1B e ion ke R dpEYEr 120 can be
grown at fr.OF by subjecting the donor wafer 110 to an
atnnsphé@gﬁégggae%gk¥%ﬁﬁéﬁ%ﬁb%%%?h of the oxide layer. Alternatively, the
oxi de layer 120 can be deposited on the front surface 112 through any known
cheni cal depd§0ZG]lorFipumscdes s camd-séumoti oos Oéstleadonbnwafeatlb@ aifd a bandla

di el ect 3 - I t d

wafer 1961 oParet hee (D Bper Baft BG TR anPE Gart AT 8 el e "'
conbi naty,g8r pf0 20bEnd¥Mds 1@a@@ssda@8@lwhﬁlahy§m@uawmthoa’ hecdenpr wafer 110
is inplanted with partic to a specified depth bel ow the front surface

112 of thi'érqnbﬂmbqnéf dhe ﬂsmor qufefsblr%anérh@@dllﬁ miﬁf@rsl 30anebendet tededsr By e hyd r oge n

or heli r t i
cl eave pxghggégf ?%(gt g?%% tﬁgﬁéa gﬁgxa L €%¥&%? ﬁ&%ﬁe donor
waf er lZﬂleéshrfacdilo‘.f?ﬂ@dWﬁefsrlQm 13teart mwmﬁﬁmﬁ@eexmuﬁi tottle plpgna fieed depth to

which the particles were inplanted. The cleave 3A?ne 114 defines a pl ane
t hr ough RIPESSHOHYY rofarad to 89 WM@ petiatien. Thewiabsrs Wi dp0 pe therbricsssdi al |y

weakened, Bind: G TRhARL Akh Ny ferkifch OTFis 3y PR RSRANSRE sheat | ng of the

donor wa I gure I'S a cross-sectional view of the donor
waf er 1l@reagtticraeditafot ¢hotmhnded d3f2r hod dgaotwsspeltfoghert 0 f or m a bonded waf er
140. The donor wafer 110 and handl e wafer 130 are bonded together in

accordance w ny. suitabl e nmethod, ,such as drophilic bog d Th donor

tafer 110 andoafla s e drosboaPe Rl Biathib R oraEt L aces
of the vahgksvdfer BloassBteHIhAdIRr 14@Nis frdicBed BXNORRAg OF aﬁlietaflﬁ)?ﬁf@ The
surfaces of the wafers 110, 130 are nodified by the exposure to pl asma

in a prdweded wefeepair aftempedtures lzféwsfmafp@wlmeﬁw%&(f’ﬁr&ndﬁﬁ@"%ﬂ@ S 110 130
are then gaﬁgistergl tg ?etsh%r afn a?tlon r}dc aﬁ nt%to d ct 01n1 rkasceéoo nd is
weak, but tne BORGET St E Bgﬁened) vet by e %ohﬁ% % E%@lls processed
furt her .of the donok G@i’el]ll() Ané CH¥Ehapi R CRESES, ﬂlhesdsmﬂfymgmb bendbétd chetheeen t he
donor wafer 110 and handl e wafer 130 i.e., t he bonded wafer 140) is

st r engt Hioregwaler et Agnde W@fﬁﬁeﬁopﬁlgrﬁmﬁlér WEhte degibreer apagalingof fh@rrper at ur es
bet ween apg @%M%?ﬁ% %fh%@&ﬁd@ggarﬁ&%pl & iRy @R \x}a?éifﬁ%%%gﬁh juse

formation o coval eri et ween the a jolning surfaces t he donor
waf er llddandkéhhelobmadt planal 8t 130, thus solidifying the bond bet ween t he
donor wafer and the handl e wafer. Cbncurrently W th the heating or
anneal i ng of 140, . t he i.cles agéed in the

donor vafer 108 Hag RS MR AIURY o oBgoEpleE 140 dhpid
Figure 4 after a portion of the bonded wafer has been removed during a cleaving process,
resulting in the creation of a silicon-on-insulator (SOI) wafer, referred to generally as 150.
According to other methods, the bonded wafer 140 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 then

propagate a crack along the cleave plane, thus separating a portion of the donor wafer 110

from the remainder of the donor wafer.

[0023] 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



[0022] Figure 5 is a cross-sectional view of the bonded wafer 140 depicted
in Figure 4 after a portion of the bonded wafer has been renoved during a
cl eavi ng woaoeswiespesulting in the creation of a silicorconBmgod2ator (SA )
wafer, referred to generally as 150. According to other nethods, the bonded
waf er 140 may i nstead be subjected to“an el evated tenperature over a period
of tine to separate the portion of the donor wafer fromthe bonded wafer.

Exposure to the elevated tenperature functia O initiate and then
pr opagatRacsddr AEKIES DRgots g X»/emmhaw@{n ¥60 ‘i‘é&%??‘ét’vi“ﬁ@l 5T §i0-of  he
donor viakhow th L8 1. NPhd GITRLEAPT0 @fsuﬁﬁﬁtﬁﬁagéalé’@frgrﬁgge oytside [ 00231 Because

t he cl eave pl ane 4 has been substantially akene e 1 npl antation of
i ons, i tendebnmey daribgualedany oatherbgnidd whict h40,\waf er theeachnppriseplardanest when a
force is ied thereto. According.to sone. enbodigents bonded waf er
140 1 s 1t FOP WED g ABRERHe 5 ATRVLPON oA LB B Rrat 15" | bt om at. 160)
di sposethawdifhéd B MOMIPeHbIdiien@theSdhaMBer 170k QBT Bllol willgn GRAPASENA 70 1S
substantially sealed fromthe outside environnent during cleaving of the

bonded wastead is fidicd anid 4 gaston subsieaap (desgribedbio dicatentletad beloM) dlept wasskvagas i nert
gas (e. Argon.or Nidraogen). prior, ta the SO wafer 150 bei,n ssi vat ed.
P anor g sathRRr fls vt 87 s P, dotedFer b R Blbogiosnes (REhBREE 22" o1

i nst ead vafef 140 iedlcat-ddinan®psn-afr chviidsiradie e I thassjehb@cenivirogiheat e det ai |
bel ow) that passivates the surface of the wafer after it is cleaved.
Mor eovercledvpd syfase d ab ofitheeYlsvaleh B> Osmabelcxiosed tordeamenss eqramoely fpyndsin

open-air i n Al - al bl nt: g I ace 152
of the. by GBI Cne b T o B B e e NS R

at nosphegragsivaftoa diting dedved sefaded 52 d tleaS@idwafier 1 50. sSinapen caibodemity, drement t o
aid in the passivation of the cleaved _surface 152 of the waf er 150. In
these erég%w%h%%qmﬁh eg@ﬁ@ﬂﬂ)&faeﬁasm- WEgC%etfﬂ Bgehe P%Pa_gl%o?g@@e%. The
casset t g, iRy|cRereAP Rl aertB ehtb OBt (it nGrRH OF Stherl PAsSivaASSGlk@n&AN be

purged with nitrogen or other passivating substances (e.g., 0zone) to
passi vat(e.gt, lngond) ¢@apadivsigrthacleavkBzudhca He E@he S wrfer. [ 0024] The
fixture 160 applies nechanical force perpendicular to the opposing sides of

he bonded 140 | pul | th [ f. the d f 110
apartfrom &t 00BHnag s o0 R Rdnestu e Aele PRt iR S TiCea o

apply t hedRReRtogaéd Wafee €40 HhedsiepPusithOporeibn bhheRIohdd wireof 10 fRrtdonor
wafer 110 is initiated bi/léappl ying a nmechani cal wedge at the edge of the

bonded &dre thedhondpd wafesalneons apkodimensy sistion gunsrire pspddo pgpripélisat i on of a
crack al - a ion 246 - UE Q.. e cl eave
pl ane, t‘ﬂ@%@g@ﬁ%&gﬁg%@gﬁgﬁbng %Iﬁoé{ 1%1?06%\@?8%{?%;{% ﬁﬂﬁ)&ggrﬁl&{eﬁé bonded
waf er 14pphas sepeliaiiweddaoatthoedgicof ds mindagwhiee acthe aleaveplanein okier
mechani cal. force applied. by theI\ suction cups then l1s the bondedw\éyafer

140 i nt 40 {RBBIPERIgAIANRS afirarke?|ong W6 fi5Y SRIgNGnPYC @Ptﬁs“ﬁakqnﬁeﬁwtu&e donor
wafer 110. .ith& 1515&'?Ehe@r%rgqaé%%gﬁ%‘gg‘ﬂ?ehagaxxegﬁarféalrlqluﬁtimfe%'bn&e%pwéf@p the

portion o?cthe donor waft er ereto and forns the SO wafer 150.
[ 0025] Adflheaveraerdt maceyol2cesfaldngehSOawgflare. 150 ndehiamed foilve appliddace whi ch

results after the separation. of t bgnded waf er 140 along.the cleave pl ane
1 Ta ThdSchEMAIaT eiby Geb Py ot bendrd aditioh 166 Pactocss R BEF & of ¢ he
separ at | @mpals@Nenly B@a?bﬁfbﬁ%f%@d&oﬂmférh%., THE biteHbicé Uik cBRbrilddsaRS| N,
renders the surface ill-suited for end-use applications. Accordingly, the

cl eaved pdicarder 59 and thaipgriion efithe doneldvafcohidl bgnded dwsitpmgnd forms the
SOI wafer 150.

[0025] A cleaved surface 152 of the SOI wafer 150 defines the surface which
results after the separation of the bonded wafer 140 along the cleave plane 114. The
cleaved surface 152 has a damaged surface as a result of the separation along the cleave
plane 114 that, without further processing, renders the surface ill-suited for end-use

applications. Accordingly, the cleaved surface 152 is subjected to additional processing



6 steps to repair the damage and snooth the cleaved surface, resulting in
the snooth cl eaved surface 152S shown in Figure 6. [ 0026] The cl eaved
surface NsD 2012/ SW waf er 150 in previous systens wasPofTiBwisodzpect to
contam nation follow ng the cl eaving Qr removal of the portion of the donor
waf er 110. The contam nation can originate froma variety of sources, such
as a cassette in which the SWwafer 150 is stored after being cl eaved.

Sources of contam nation can also jnclude contam nants in the atnosphere
(e.g., OLPANP EPEB ﬁ%&ﬂwﬁ agdl émyofﬁﬁb? Ceeedseyaggaraplipgan fhe BTVl af t er
being r 1§ he r 170 and before subsequent processing

oper at i %@@@ 3 S%F%VOZ%F'@VP%)ﬁout bei ng bound to any particular theory, it
is believed that the affinity for contanm nation of the cleaved surface 152
i s the resul t[0026]daby dleryect omdaceflOR wé thei SOk Wefer | Hhmquewous sysemsfwashe SO
waf er 15Q. durj.ng .the cleavin erat.i on. These dangli bonds e believed
to be Bty B CarFYTRIaR R e S P B oL RGBS ul e i n
the cl eanpdr Ghifct ac@ TRZcoMBRInhNGh QRIdrigtttOfrotheyadiRR0sf svafcey, skdias 5 Cl eaved
fromthe bonded wafer 140. The dangling bonds react quickly w th substances
t hat corressette ithwhishéhe/eQl water 46@ istpedpfterising@leayad eyout®s of and i n

particul ar. or. i C tances. (1. C i ning: n
o0ze]  (FosRiRER ks T iBE IRMEE clopeng SR ARG RO NLE: PR EBERRNY poer
modi fi ekt Nthpt B ISOUSvaEHSISOTS ciposadt edftct beial ran®icdtftoni errahemb&el 70 and
contam nation on the cleaved surface. However, these cl eaning processes
have notDPehHyE AURSEETGIE PIPCEITHIPSTAIONS.Or her attenpts to renove the

contam nation fromthe cl eaved surface 152 of the SO wafers 150 have
focused on eljpmnativafofbelldeouay' i QA AP A sQR1iBYed RRYI NG t he
cl eanl i ness O[P t’ﬂe env?r or? nt V\/IHt(ﬁ?ﬁ,ﬁ‘lé chan%ger?’ 1750 olr erepl ac?/ng t he
casset t edfinity fomiceitamhetiSObf thafebrased S0faae é 53 ische cisulfhedmghing bopdss have

i kew s ield nsat,i sfact ults, there are. man otenti al

sour ces TG Raton ke e ST Haliy s Bpreke sB5 e PRl edhet nave a
strong afahbmid Yordd9hrd RESHIIG boiHidhlE ORdAIEhINARES Ve, as atomb @RZ8MobsEREMI NAl Y,
nmet hods are disclosed herein for passivating the cleaved surface 152 of the

SO waf @polegdetip tegloavedsutfeccal SBaskanihe pergios b drealoner walsh 1 histclaaned ¢l eaved
surface will, not reac L,k h—~cont am nant s. neral | t he. passjvating

subst andiim hedBafE Fifer fub OB BTRD BEME w BIR i HIRGRESINET 1

subst anc®@ntabathe grcaved QRFALCOT 5Y of tAE BB avalfdt I500adde phaicalar Ofahlk&ublteaeed
surface 152 of the SO wafer 150 when exposed thereto. The passivation
per f or médc-oftbstRaces| cORlpEUNS (AfaBE 152 results in the relatively easy renoval
of any contam nants that are | ater deposited on the cleaved surface. The
cl eaved surf goedi52cRfnih b BrocQlse ViRt alni AbSRdRATRVIabadye fechi tu af ter
t he waf er isatc?zegﬁved. u%ﬁ%?rl s,Se%Aﬁéer SO vvgfer 150 is paess?va%]ede ileit is
i n the ohadified iniptBviandsysehorie order itsattapmu @ cenfigverth¢ tntahaatier on ko
intermediate or .oth ste ar erfornmed between cl eavi and ssivation.
[0030] TG Ebprie o Hopsch thept leties Dok posttive 4ot PRensal U cArBLpher o

sur roundigr ét’&%q%mmbvéﬁ@ cBﬁﬁaﬁﬁ%ﬁ{%ﬁifﬂﬂn PRSHaVEd 8ffacfas2bineEn. the

hi ghly reactive cleaved surface o e SO wafer is not exposed to

cont anmi neaiers 198 heyefdsesad pnpdisanatimed thingduress ohFgntarpeten by onprieeingdhe r ol | ed,

inert atposphere.wthin the chanber 170 descri bed above, i.n so
enbodi AT Oh et S RS EH A BT Db ey TR e L2 inter M 1985 g

i nst ead the 0% wafer®1 5Sire StHh&d. aNese bidsBRehyve lkewpasstMad indtisgistyance”) s
present in the chanber that passivates the surface of the wafer while or
i mredi attesuts gdsttbere@rremagf etential sources of contamination and the cleaved surface 152

is believed to have a strong affinity for reacting with contaminants.

[0029] Accordingly, methods are disclosed herein for passivating the cleaved
surface 152 of the SOI wafer 150 by exposure to a passivating substance such that the
cleaved surface will not react with contaminants. Generally, the passivating substances

used in the methods described herein include an oxidizing substance that grows and/or



is cleaved. The wafer can thus be cleaved in a passivating environnent,

rat her than an inert environnent. [ 0031] In other enbodi nents, the
SA waf erw02012may65be transferred fromthe chanber 170 t ®canBzdj/0s2003ng
chanber 180 (broadly, a "second chanber” where it is then passivated.

Thi s adj oi ni ng chanber 180 is di spose adj acent the chanber 170 and both of
the chanbers are configured such that the SO wafer 150 can be transferred

fromthe chanmber to he adj oi ni ng, chanbe t hout posing the SO wafer to

the out SPEB %gﬁﬁe gyer SR CEHIRRT RanP e anlaT Hed Here Fpo%sdr r oundi ng

the Cha'ﬁ?&%t? The pas 1&29%?1%]:@’% 8&:5@ e S FaRC 852 REuI if%he 1le?a)€r%ﬁd silicon
e. i con-bon

structures rect Si structures that use a non-oxidi zed
donor V\/EﬁaQ)FI)GHWVBIGH By couoemnitbithet dro latdralepanted by plescledved ontfaawl rldkei on as t he

Gesar | b SITicE 52 B IOy Pt R0 PR RSB RgH R e 51 cayed

surface cle'ilz’e&)f Th418s, 6 SORHEfer 15@15%@51@&36&%% ans tahge §1‘rbfnf1&‘13@50 ghd bayrr ed
silicon structures as well. 8 method 800 gl ns in block 810 with cl eaving
t

a bondedt me@oquaﬁrmmmhq ¢hiambar. cNamsermmediateor othéresterisandearformey betwvekor m an SO
waf er The ¢l ea\(/ied surtf ace of the SO wafer is then passivated in-situ
vﬁlﬁal e RS PRe chanber) in block 820. The cl eaved surface of the
SC] vvafer may be passivated by exposing it to a gaseous form of ozone. The
ozone nay be [0030]0dTeeSDI wmrﬂmlscmﬁmﬁestb@to thoeubRdedospater pair has

been cl eaved, or the ozone na¥ present in the chanber while the bonded
waf er paufroprdipg herdamber ¥79ibs qra;beﬂlg@ﬁsse)‘sat@e Agcordnghsdthe Righhereastszy ed
Surfaceﬁ&%@aﬂ (R of e SAPOSE & 181 ot BEc Pl aRUEHRHA BASRid1RgRREPUS
ozone. st n ayer oxi de prevents the cleaved sur romreacting
W t h cordndns oidptesposCo nd ﬁlmmmmlk:dt matt aamesphateeritide pesihhetleo i/ es ¢l eaved
surfaceé&rﬁe al.so nore easi IB/ enoved.t herefrgom because th%%e Ergvent ed
from r edPTRTIGPOYo SR $rEbQRCRIS a1 insyt atgpsniicEs 1ot wed PR fhgyfBrmBET oxi de.

[0034]  I1yoohhskst@atagds BEOHhSy subln&d @ryRal, %U‘bﬁﬁﬁﬁtlﬁ’é stRensd) iVt &t (S
passi vated by exposure to ultraviolet |i'ght which generates gaseous ozone.

A thin |thyelrandfer gt gessivetes drnpidfaonot the vefaraviaty osumﬁadetaimaftwqhewfﬁsure of
th I f t | t | et nbodi t
the ol edvei i raeavaif PnehBE el ML bt BGeyBiopp ae R AR

oxi di zi Hﬁe@bm&dﬂh&ﬁhar ge plasma process. [ 0035] Figure 9 depicts a
nmet hod 900 for perform ng a passivation process on an SO wafer. The nethod
900 of Figure 9 is simlar to the nethod 800 described above except t hat

the method 9d80idesnpthprembpdimensy reexQl W@febh&m%betr@%e@defa dhsur face of
the SO k6L, Bﬂsa Pﬁ?{ﬂ? nbcf‘eg'rlgg gﬁr%%l(oac‘%]@é’&n% hBe®), Gehekg @PQI?”ded

waf er pair vmt inac ecléaved surtface of
t he SO pasfiedted. sThlheaiyopmchaatbedmmrsshspmdd adgacentivhe klearstiar 1170 lamdbdsth ocfharrber)

'erB's."ﬁé ggowggseegkwﬁgwi aﬁaggr%élw gﬁé‘%ﬂiﬁq@a “ieglfé)%g eectrlcal
di schar %aﬁlB@ttto't§e éd}blhir%tc%gm%& HiiBout QR AR AR SO varrd iy gk WAligh surrounds a

conductor The el ectri di scharge occurs when the potential gradient
(i.e., tatmosphcengidhthofcontamimingctoniagnefdi tbérdin, sxwomadmgdheerandiers. val ue for t hat
fl ui d. The electrical discharge fornms plasma around the conductor and the

SO waf h d ox: f
cadi oal & 1 hatlopSor Mo s HE iR el ol PaEle Bl PnRRRateR e PR ot "o e

on the dlilgawabnged §taceuref thhi@e 2@onveidized ddibos whitifark ale kukpat @ethpr event s
the cl eaved surface fromreacti nEanI th contam nants. Cont am nants that are

| at er desgBsityRed o gontpainafian gehe sipavedairface 152 of the SOI wafer 150.
Accordingly, the methods described herein for performing passivation processes upon the

cleaved surface 152 of the SOI wafer 150 can be used on the surfaces of layered silicon

structures as well.

[0033] Figure 8 depicts a method 800 for performing a passivation process on an

SOI wafer, such as the SOI wafer 150 described above in relation to Figures 1-7. The



9 are also easily renoved therefrom because they are prevented from
reacting or bonding to the cleaved surface by the thin |ayer of oxide.

[ 0036] Fiworei121@iabepi cts a nmet hod 1000 for perform ng aPpagBM&hi2oes pr ocess
on an SO wafer that is simlar to thg met hods 800, 900 descri bed above,
except that the nethod 1000 uses a different process to passivate the

cl eaved surface of the wafer. The nmethod 1000 begins in block 1010 where a

bonded wafer pair i.s cleaved to forman SO wafer. The cl eayed. surface of
the SO Methed 5@%‘5%%11& X Qeath sleavans DonlepBEs PR Ipthin R GhanBeR(be- sur f ace

of the %FE CMJ% 1‘7(?) BRSSHh %@Sé@'wiaiferp%é e{eg@éa% Fralebs HOSOI GAlrerqXirdg Process
on the cleaved surface. The wet chem cal  oxide process results in the
f or mat i qasofated tnkiitu (.ayshiloftilbxi the chambdrpindecdv&x. sTlrefcdnaeed hatacpoéthent s t he

cleavedﬁgﬁ{fqge fr n1reac%%qg,mjth contaninant? that it ntacts. Moreover,
cont ani APHAEY 3F 821581, e%‘Bg%lP%H R ERHQUT IS Q7R f 7 8reMédsi |y
removed Yegh&ducediMe aRUBEmb B P Mcatbnddd vafca hir RLENRACRAvEL, QFtHRABhE NY OF
bonding to the cleaved by the thin | ayer of oxide. [0037] In other

enmbodi menashe priegent insthe eblargbarfvdule the berved S@ferpairas clicavedads thimtager ¢y exposure
to a wet chem.cal .,including .,one of, ozonat.ed water a hydr ogen. per oxi de.

o hor oot TS Bed g ihe st R peRF B Al Bb e 8P HALEPSRABELTT | Ore

ref er r edh¢ gasasusHzanelarris Ghif dyel of bxi€e preRBAID fc| Ay ed Qutde fropefeaxirte, and

wat er) and Standard Cean 2 (i.e. HCl and hydrogen peroxid [ 0038]

Fi gure Tuthiegitangants nbengminanduthrigre éerrdspaditeg oa tlp%@gwﬁgtspg%p'emr@@]égs on a
| d sili . L. ded
st uct ur Dy e RAD ol MRt oAb Bhred g Pl b B TR RO OV e

except tdaived hafqpadsithathimaygradosik. is performed in a second chanber
adj oining the chanber in which the layered silicon structure is forned. The

met hod 1100 ins in bloc 110 ere the | er silicon structure is
formed in a AP s Pﬂ@@&@}%ﬂt% b K Ts 0f .g*e! IO OekS P ihe

| ayer e_d by éx'pﬁﬁﬂe & qiHetidlce lib®t wHigm %@&Ht@sdgaﬂcséﬁm&gﬁe. fAWSh 1@%@8@&&& g an
adj oi ni ng second chanber (e.g., the second chanber 180). "The first chanber

and t he fesnaheh bhalisred srece detngowbbyaoétheglraned bhatact heultrayotesdighi. | i con
structure can be transferred therebetween W tho bei.ng expos to the

2t rmsphare 3 Rtk SRR R e RS R b SR RS BERRARAA t her ei n.
Accor di ngbysur@ oS8 d:88izR g%ﬁhﬁc@drg@blﬁ%ﬁgﬁﬁ%m sne may be di sposed between
the first chanber and the adjoining chanber in order to naintain the

Integrity bet[\(/)v(E),‘f:Sr] tlpigugevéodepg—c?s a method 900 for performing a passivation process on an
SOI wafer. The method 900 of Figure 9 is similar to the method 800 described above,
except that the method 900 uses a different process to passivate the cleaved surface of the
SOI wafer. The method 900 begins in block 910 with cleaving a bonded wafer pair within
a chamber to form an SOI wafer. The cleaved surface of the SOI wafer is then passivated
in-situ (i.c., while still in the chamber) in block 920. The cleaved surface of the SOI wafer
is passivated by exposing it to a corona discharge. The corona discharge is an electrical
discharge that is initiated by the ionization of a fluid which surrounds a conductor. The
electrical discharge occurs when the potential gradient (i.e., the strength of the electric
field) exceeds a certain value for that fluid. The electrical discharge forms plasma around
the conductor and the SOI wafer. Creation of the plasma in turn creates ozone and oxygen
free radicals that react with the cleaved surface to form a thin layer of oxide on the cleaved

surface of the SOI wafer. This thin layer of oxide prevents the cleaved surface from

reacting with contaminants. Contaminants that are later deposited on the cleaved surface



chanbers. A nechanism (e.g., a trolley) or other suitable device may al so
be di sposed within the chanbers to transport the |ayered silicon structure
from t he worst2/ohe@aber to the second chamber. [ 002eT/1B1DDRRO63 1130,
the surface of the |ayered silicon stbucture is passivated in the second
chanber. The passivation process used’on the surface may be any of those
descri bed above in relation to Figures 8-10 and results in a thin |ayer of
oxi de being formed on the surface. The thin |ayer of oxide fornmed on the
sur f ace % T6HE U PV heERYBEDCC e e D EHoh a8 AGSYE WOSBINB& above

inrel atth@@lg&s%d':shﬁ% e Hn 14yt Q?‘é]xihc%. prevents the surface fromreacting
on ' The

with or I ng to coritam nant’s. ayered silicon structure is then
renoved fromthe second chanber in block 1140 after the passivation process
i's conpl ete dAMBG]IheFighicr Oldepmts amcibiril dB0h s podermihgampeshioiion peocssy drace.

0040] Th d f execution or perfor of, the operatiagns.,in

brbod et Sor SRR (SR o8 et B orO0f ot Hagh S AT 115" oo
essent i ghethed i GF05uses haTfr&R pPaRSd tbipaskival®ide cldwed SRFRPOF BlelvaiTer. Ma be
perfornmed in any order, unless otherw se specified, and enbodi nents of the

i nvent i ancthed 10Hchagans indlackil@hdwheic o kanded Biptar apir dngcavea o fhigsa Wkcl osed
herein. oL, ef‘r?é'?éa‘%ed'&r Acd 0%%tﬁ§ﬁp\!v§ftereg tﬁ&& sﬁéﬁ‘éﬁ%{-&% Brbfl(fc%rlfo%mrﬁg a
partl cul ar operatl on 5e ore, contenporaneo aly W , or after another

oper at i affcavsd Varfdtk Bf tHES Glowgfer Bfpagsatal Iy gdrfdritnd nwendhcatical oxide [ 0041]
When i ntroducing el ements of the present 1nvention or the enbodi r,reqr:éf( S)
t her eof ,Pre¢sss @i fheleyead gerface 5 fhe wet ghomig @xidegrepesprcsulisip dhdlegmeiérmefan t hat

there araethﬁﬂg%é}rof@{d% o ftlaé El@axf‘e'd%ﬁﬁﬂ%esthat Svdnf 1B cié&@eﬂiﬁsﬁxh{éh@%m r'ééc%‘%g"di ng"

and "havi ng re intended to be 1 nclusive and nean t ere my
addi t i oneith edreareimtsts didt @rcontaas. Mirediest@dtaalisarenthat are later depOdtkA|onAlke var i ous

changes could be made in the ahove constructions W thout departing fromthe
scope of° &ied SRRy o S SRGEFIGOD D MR ORI PR | he

above def?&ﬁir&t:{iﬁ%"o%dﬁig%@hé Acd 8 LIIEOIRRRYENG HRW ngs shal | be
interpreted as ilTlustrative and notin a limting sense. 11 WHAT IS

CLAIMED | S 1. A nmethod for perform ng a passivation process on a
si li con-on-i M883dt oin afledr embiogdinzengh thetrdeaved harfave oh e Kdnpefcsismgssitascdst eps
of: by exposure to a wet chemical including one of ozonated water and hydrogen peroxide.
Other examples of wet chemical etching compositions include compositions referred to as
Standard Clean 1 (i.e., ammonia hydroxide, peroxide, and water) and Standard Clean 2

(i.e. HCI and hydrogen peroxide).

[0038] Figure 11 depicts a method 1100 for performing a passivation process on
a layered silicon structure (e.g., an SOI wafer, or a direct silicon-bonded structure) that is
similar to the methods 800, 900, 1000 described above, except that the passivation process
is performed in a second chamber adjoining the chamber in which the layered silicon
structure is formed. The method 1100 begins in block 1110 where the layered silicon
structure 1s formed in a first chamber (e.g., the chamber 170). In block 1120, the layered
silicon structure is transferred from the first chamber to an adjoining second chamber (e.g.,
the second chamber 180). The first chamber and the second chamber are each configured
such that the layered silicon structure can be transferred therebetween without being
exposed to the atmosphere outside of the chambers and the contaminants contained
therein. Accordingly, a series of seals or other mechanisms may be disposed between the

first chamber and the adjoining chamber in order to maintain the integrity between the two



cl eaving a bonded wafer pair within the chanber to formthe
silicon-on-insulator (SO) wafer, the SO wafer having a cl eaved surface;
passi vat iwQ 2btmoedseaved surface of the SO wafer in-sitecChyBaipexbesy t he
cl eaved surface to a gaseous form of ﬁ;one, wher ei n exposi ng the cl eaved
surface to the gaseous form of ozone tesults in a thin |ayer of oxide on
t he cl eaved surface and renoving the silicon-on-insulator wafer fromthe

chanber. od of claiml wherein the ozone .is .introduced
into thé’hélﬁlgﬁlﬁelA RS q@m%@ ﬁeywalf %t%erp%lﬂtﬁblﬁwls%ewwisgéwaswé% no

i nterne RasS 3.
The netﬂ%@hﬁ%ﬁJ?ﬁ?ﬁ?%%aﬁgééﬁﬁ ﬂg@gﬁpﬁﬁ?ggkﬁaﬁy% (@g eforﬁglﬁ%ﬁp%ﬁgecleaved

sur f ace sofortdihasibbi.con- on-i nsul ator structure is fornmed to prevent
contam nants fromreacting with the cleaved surface. 4. The met hod of

claim1l wherej assiyat i t he cl.eav urfa e..of the SIlICOﬂO nsul at or
carer oot dodo & Aol OF PRGN D e S1ign yiRatt it FnavRib e i o
whi ch thge b&aﬂ@ehamfeer TR&bdssivati6h FRYER k& bPthNstiffccShhy BOMysFthékzul at or

waf er . . The nmethod of claim4 further conprising formng the bonded

waf er paiescrvhedwbﬂvqlhéelgamt%ﬁaméﬁ li0rangligsaitts ithe thi aetohaiida bairg | at er
cleaved.god on ﬁ%e shyAAE! Aod t]glgrl%)pe? ?6%18% ?o‘%m%d%%%@é é’u?%wé’gftgﬁ %ﬁqf‘e 0N 2

silicon-on-1nsul ator wafe palr is

cl eaved seprch ﬁ’fe@ahféﬁfuﬁdtioh@@IfhdSéldbmbbcahblfve\i@f@itlonttb@g’ﬁiémtﬂo ﬂthBflItSi ng the
steps of: cIeaV|ng t he bonded wafer pair wiithin the chanber to form

the si | iREeYenEhe Nafacsdiom easting Witk er boniing f@é@ﬁﬁ@“@% bl EEOpai r
forms a @l eaved i EASSeLRomtfe Scbh& AmaB: ASHbAL 140V the passivation

process is complete and the thin layer of oxide has been formed on the surface.

[0040] The order of execution or performance of the operations in embodiments
of the invention illustrated and described herein is not essential, unless otherwise
specified. That is, the operations may be performed in any order, unless otherwise
specified, and embodiments of the invention may include additional or fewer operations
than those disclosed herein. For example, it is contemplated that executing or performing
a particular operation before, contemporaneously with, or after another operation is within

the scope of aspects of the invention.

[0041] When introducing elements of the present invention or the 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.

[0042] 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 drawings shall be interpreted as

illustrative and not in a limiting sense.



12 perform ng a passivation process on the cleaved surface of the
silicon-on-insulator wafer in-situ to forma thin |ayer of oxide on the

cl eaved swofareaoi@nd renoving the silicon-on-insul at or wafTaB20fir/esmehe
chanber . 7. The met hod of clain%p wherein perform ng the passivation
process conprises exposing the cleaved surface of the silicon-on-insul ator
wafer to an ultraviolet light that results in the formation of the thin

| ayer of oxide aon the cleaved surface. 8. The method of claim?7

wher ei n YR bhbheba WAL S pair is cleaved in a passivating environment

wi thin the chanber that includes one or nore passivating substances.

o. The method ok hlfibdvé MBHAID PELIOLMNEOEAS AASSIUA SRS S er
conpri ses exposing the cleaved surface of the silicon-on-insulator wafer to
a cor onandichambergthe method canprisitgethpstehodf:of cl ai m 9 wherei n exposi ng t he
cl eaved surface of the silicon- oninsulator wafer to the corona discharge
results in the formatio eaveﬂnsurface

17 e et hogessiiecy g okt Btk Ml BERnGbent Bleds RaRoRRk

conprisqscﬂypgﬁhmggsbpwﬁﬂgawﬁdgaukﬁagﬂg@ﬁc@he silicon-on- |nsulator mafer to
a wet chem cal oxide.

passivating the cleaved surface of the SOI wafer in-situ by exposing the cleaved
surface to a gaseous form of ozone, wherein exposing the cleaved surface to the gaseous

form of ozone results in a thin layer of oxide on the cleaved surface; and
removing the silicon-on-insulator wafer from the chamber.

2. The method of claim 1 wherein the ozone is introduced into the chamber after
the bonded wafer pair has been cleaved, and no intermediate steps are performed between

cleaving and passivating.

3. The method of claim 1 wherein the thin layer of oxide formed on the cleaved
surface of the silicon-on-insulator structure is formed to prevent contaminants from

reacting with the cleaved surface.

4. The method of claim 1 wherein passivating the cleaved surface of the silicon-
on-insulator wafer in-situ comprises passivating the cleaved surface in the chamber in

which the bonded wafer pair is cleaved to form the silicon-on-insulator wafer.

5. The method of claim 4 further comprising forming the bonded wafer pair within

the same chamber in which the bonded wafer is later cleaved.

6. A method for performing a passivation process on a silicon-on-insulator wafer
in a chamber in which a bonded wafer pair is cleaved to form the silicon-on-insulator

wafer, the method comprising the steps of:

cleaving the bonded wafer pair within the chamber to form the silicon-on-insulator
wafer, wherein cleaving the bonded wafer pair forms a cleaved surface on the silicon-on-

insulator wafer;



12. The method of claim 11 wherein exposing the cleaved surface of the
siliconon-insulator wafer to the wet chem cal oxide results in the

f or mat i orwof2otde1dshi n | ayer of oxide on the cl eaved surPataB2011/052903L3. The
met hod of claim 11l wherein the wet chgm cal oxide is ozonated water.

14. The method of claim 11 wherein the wet chem cal oxide includes hydrogen

per oxi de. 15. The method of claim®6 wherein passivating the cl eaved
surface of the siljconon-insulator wafer in-situ conprises passivating the
cl eaved sur f SCEORINGHEDASHYREEY PIPFESHAN b ¢lRavedontace wrggth%rsﬁlﬁawnﬂ%@t@aved.

13 waker in'-%itﬁ%?&ﬁlé’fhirpﬁkgp&rﬂx‘ ¢h MESRLYAL LPAcPAgess on a layered

silicon structure in a seco chanber adjoining a tirst chanber in which
the layered silicon structure is formed, the nmethod conprising the steps
of : f orminnging hlee $ibger@dinsillaior ovafgtirane therabainhet. he first chanber, the
| ayered structure having a surface; transferring the |ayered silicon

structure from the kst chagher, Lo.f e second, chacher Wi hout. gxposi ng the
| ayered silicon str é% r€ $4™a Hﬁgp ePEOUTEE aF Phe ahan%QF%; P
exposing the cleaved surface of the silicon-on-insulator wafer to an ultraviolet light that

results in the formation of the thin layer of oxide on the cleaved surface.

8. The method of claim 7 wherein the bonded wafer pair is cleaved in a
passivating environment within the chamber that includes one or more passivating

substances.

9. The method of claim 6 wherein performing the passivation process comprises

exposing the cleaved surface of the silicon-on-insulator wafer to a corona discharge.

10. The method of claim 9 wherein exposing the cleaved surface of the silicon-on-
insulator wafer to the corona discharge results in the formation of the thin layer of oxide

on the cleaved surface.

11. The method of claim 6 wherein performing the passivation process comprises

exposing the cleaved surface of the silicon-on-insulator wafer to a wet chemical oxide.

12. The method of claim 11 wherein exposing the cleaved surface of the silicon-
on-insulator wafer to the wet chemical oxide results in the formation of the thin layer of

oxide on the cleaved surface.
13. The method of claim 11 wherein the wet chemical oxide 1s ozonated water.

14. The method of claim 11 wherein the wet chemical oxide includes hydrogen

peroxide.

15. The method of claim 6 wherein passivating the cleaved surface of the silicon-
on-insulator wafer in-situ comprises passivating the cleaved surface in the chamber in

which the bonded wafer pair is cleaved.



perform ng a passivation process on the surface of the layered silicon
structure; and renoving the layered silicon structure fromthe second
chanber. w0 2012/001689 The net hod of claim 16 wherein the tcanBioai/nizog step

includes transferring the |layered siljgcon structure on a trolley.
18. The method of claim 17 wherein the first chanber and the second chanber
i nclude an inert atnosphere. 19. The nethod of claim 16 wherein

perform ng the passivation process caonpri ses exposing the surface of the
| ayered silicién Smethadgictiormme aassiveig rpcessoyad F¢R BRICEEHHe,

ul £ ravi of eloohi Glitms: GO0AAR di BN ARerAnEhicANGE G PXIlGn B7O0R B0

wat er, an oxidizing g charge asnma process, rogen per oxi de.
20. The foehdihtheohetbbdcompSsingdreaiaps p&r f or m ng t he passi vati on process
conprises results in the thin |ayer of oxide on the surface of the |ayered

stlicon str ucfloyr{n%g the layered silicon structure in the first chamber, the layered structure

having a surface;

transferring the layered silicon structure from the first chamber to the second
chamber without exposing the layered silicon structure to atmosphere outside the

chambers;

performing a passivation process on the surface of the layered silicon structure;

and
removing the layered silicon structure from the second chamber.

17. The method of claim 16 wherein the transferring step includes transferring the

layered silicon structure on a trolley.

18. The method of claim 17 wherein the first chamber and the second chamber

include an inert atmosphere.

19. The method of claim 16 wherein performing the passivation process comprises
exposing the surface of the layered silicon structure to at least one of: a gaseous form of
ozone, ultraviolet light, a corona discharge, a wet chemical oxide, ozonated water, an

oxidizing glow discharge plasma process, and hydrogen peroxide.

20. The method of claim 19 wherein performing the passivation process comprises

results in the thin layer of oxide on the surface of the layered silicon structure.



