WO 2010/059556PCT/US2009/064545 1 METHOD AND SYSTEM FOR STRIPPING THE EDGE OF

A SEMICONDUCTOR WAFER BACKGROUND [0001] The embodiments described herein
generally re¥¥fe20998%Mnufacture of silicon wafers, and more particularly ®RCA/¥RMIPGET4Stripping an
insulator from the edge of a semiconductor wafer. 1 [0002] Semiconductor wafers are generally

prepared from a single crystal ingot (e.g., a silicon ingot) which is trimmed and ground to have one or
more flats or notches for proper orientation of the wafer in subsequent procedures. The ingot is then

sliced into individual wafers. A OB A NP VY RiEVI ForndaRipeingdle wafer to form a bonded

wafer pair. Either the donor ygie kgychre brndiSpraieraN b TR WuagRrinsulating layer (e.g., an
oxide layer) deposited on them prior to bonding. Subsequent processes arc performed upon the

bonded wafer pair, whereby the majority of the thickness of the donor wafer is removed, leaving a thin
layer of silicg%éig&gé | B@lyer of insulator bonded to the upper surface of the handle wafer (i.e. a
siliconon-insulator or wafer). [0003] The layers transferred from the donor wafer to the
handle wafer do not extend to the radial edges of the bonded wafer, and instead terminate between
one and five millimeters ibW&rd frdmethe ket moitihdessigddhovalie geaatalisorw! aarialihs of exposed

handle wafe, {}, &, &{&! @Cﬁl{&?i%@fie%?&hé%ﬂp@ptﬂ%aﬁ&@i?&é ?ﬁé{h%&’_%}ds‘?ﬂip‘ggfggdf an insulating

layer is deposited on the handle wafer prior to bonding, thé terrace region wil vered by this

insulating laipeviidoenaibgidéet okidecmisendoptenordieused insulating layer. Other insulating layers
may be used if the composition of an etchant used to remove the layers is modified. [0004]

During subsequent procem§u@bﬁ%@ﬁgagﬁmﬂ%@w@gmp%@ﬁ%aiﬂgﬁrg £dddfe-containing
ambient atmosphere to smooth_and thin the top silicon layer surfaccié#e. an epi-smoothing process),
@

or an epitaxFaY SR ASpEsifionIEPIieReM THudh i SiEeRehgRd greunddebitkieRe Ay Brocess) the

presence Offthg or notches for proper orientation of the wafer in subsequent procedures. The ingot
is then sliced into individual wafers. An individual donor wafer is bonded to a handle
wafer to form a bonded wafer pair. Either the donor wafer or the handle wafer or both
may have an insulating layer (e.g., an oxide layer) deposited on them prior to bonding.
Subsequent processes are performed upon the bonded wafer pair, whereby the majority
of the thickness of the donor wafer is removed, leaving a thin layer of silicon atop a
thin layer of insulator bonded to the upper surface of the handle wafer (i.c. a silicon-

on-insulator or SOI wafer).

[0003] The layers transferred from the donor wafer to the handle wafer
do not extend to the radial edges of the bonded wafer, and instead terminate between
one and five millimeters inward from the edge of the bonded wafer. A narrow annulus
of exposed handle wafer (i.e., a terrace region) is left around the periphery of the
bonded wafer. If an insulating layer is deposited on the handle wafer prior to bonding,
the terrace region will be covered by this insulating layer. Silicon dioxide (“oxide™) is a
commonly used insulating layer. Other insulating layers may be used if the

composition of an etchant used to remove the layers is modified.

[0004] During subsequent processes such as a high temperature, gas
phase etching in an HCl-containing ambient atmosphere to smooth and thin the top
silicon layer surface (i.c., an epi-smoothing process), or an epitaxial silicon deposition

to thicken the top silicon layer (i.c., an epi-thickening process) the presence of the



WO 2010/059556PCT/US2009/064545 2 insulating layer in this terrace region is generally deleterious.
In the case of epismoothing, the presence of the insulating layer affects the etch rate of the top silicon
layer adjaceMtadI&pace region, leading to undesirable thickness variat®as/ P ISificon layer
near the wafer edge. In the case of epi-thickening,%n addition to a disruption of the epi deposition rate
adjacent to the terrace, small islands of polysilicon can nucleate and grow on the insulating layer in the
terrace region and produce nodule defects that negatively impact subsequent use of the wafer or

component prednediiherelr ey theees dipady, koseaval §f dbr thssatinahayekévignarrow annulus
dramatically reduces the top silicong yer thickness vari;gion Zg%\:ﬁikelihood of defects being formed in

the annulusSTRNY L Re AlRTPEpatlipHsulating lay Bt DRSS or stripping
the oxide froadhedpremus pertion el the dgnertingadaimeki-Pisimii ekaingleawadontidbeprocessed at a

time in what is commaqnly referred to as a spin etcher. Spin etchers generally, direct an etchant at the
terrace regiPANTESHNAAS e bR Shstah RECH RO THUIERBEal DIIEGA Bidde in a spin
etchﬁr is a tﬂﬂmlpﬁaﬁwmm? e’pﬁld@g@&ﬁﬁi\t@t@ﬁ%ﬁ&éﬁttﬂﬁtlﬁ@ﬁérﬁﬂfo@pmﬂn@l@ﬁdb@f:‘iﬁt'blty&il@dftﬁfﬁ )
Furthermore, only one wafer can be processed at a time in a spin etcher. 0006] Thus, there
omaine an TG BB 6% AL B P AR S s SR Entages of
current edgddfeatmenhopaiationmanct kibsitakla (B wsehin witeopeeessikgtgpedatons utilizing
bonded wafers. BRIEF SUMMARY 07] A first aspect is, directed to a wafer edge etchant
application RTbr 26EY Cﬁ%ﬂ?‘f@@c&%&%%?g}gﬂﬁge&gt%%Fﬂﬁ’r?éggl\g%ump configured for
holding etchininaicallgrrbéving thn opteilisonfaseintickd s ruriutiigadion witliHbedsafrapfedtsl configured
to have etchant t&ereog,.a da wal;/rﬁaassette configured to retain wafers positioned therein so that
PEBrE IR

edges of the W4 AR IRAYHBS SHES UG P ERLINe permitting axial rotation of wafers

about an axis. Some of the wafers have a handle oxide in a terrace region and the system is
configured to strip the hah@hd Txidd W65 I66B8ROTISR00[PoaSYE oxide from the

annulus portion of the bonded wafer only permit a single wafer to be processed at a
time in what is commonly referred to as a spin etcher. Spin etchers generally direct an
etchant at the terrace region while spinning the bonded wafer. Accordingly, the
removal of silicon oxide in a spin etcher is a time-consuming and expensive owing to
the cost of operation of the spin etcher. Furthermore, only one wafer can be processed

at a time in a spin etcher.

[0006] Thus, there remains an unfulfilled need for a wafer edge
treatment method that addresses the disadvantages of current edge treatment operations

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

[0007] A first aspect is directed to a wafer edge etchant application
system for applying etchant to edges wafers. The system comprises a sump configured
for holding etchant, a roller having an outer surface in fluid communication with the
sump and configured to have etchant thereon, and a wafer cassette configured to retain
wafers positioned therein so that edges of the wafers are in contact with the roller and
the cassette permitting axial rotation of wafers about an axis. Some of the wafers have

a handle oxide in a terrace region and the system is configured to strip the handle oxide



3 from the terrace region to improve layer thickness uniformity adjacent to the terrace region and
inhibit nodule growth in the terrace region. [0008] Another aspect is directed to a method of
applying etcNa@X9A88eige of a wafer. The method comprises placing theRE7&iSeWY&¢thS¢dntact with
a roller and rotating the roller about a longitudinal axis of the roller. At least a portion of the roller
contacts an etchant contained in a sump during rotation so that etchant is applied to the wafer edge.
The step of placing the wafer edge includes placing the wafer in a wafer cassette. The cassette

prevents latgeah inevemeBetefibe waigiyilik e tnidings satafomakos; areads perrendicular to a
planar surface of the V#ﬁﬂfﬁé wherein the axisd'}s parallel to a longitudinal axis of the roller. Multiple

wafers are PREHARG LoetleAavERdn NSASFRFQGERSS handle oxide that is stripped by the

etchant. Each wafer is a silicon-on-insulator wafer or a bonded wafer pair prior to removal of the bulk
of the donor wafer thickn¢8808hat Ansthaenizohdatier@preasditbostep apdgmavetdraig sabjected to a

high temperature, gas phase | etch, or.an epitaxial rowtﬂl[ste after etchant is ied.
100001 Varid S S O g o R ot QA Aot e i B BRI o pects.
Further featuwis malratstnpathraotizordted mltngiabrea maentidtied cdspects kssvelpottimsefrefinements

and additiongl. egiues,ma exist ndividually o in A combination FerInsiange, ygous features
ustrated em

id
: t :
discussed below I refaton to any oP%r?gl Imerfits may be incorpora ed into any of the

above-descaitdadspéevtsy diorelge. il baytepnfiphationiBRIEPr DESORIBIGONORSTRE DRAWINGS
10010] Pigure,\is 4 RS{spesiive.vievglapalst felge stshant ARRlaian paehanismye 0011
Figure 2 is a top plan view of the wafer edge etchant application mechanism with a cassette and
accompanyrgmtifegsotanovetiout an axi{PoqRhEigule Bis plsidessltaationthiewa tfrtiveherafer edge

etchant apptl.%aetli)?lg il é:rgﬁgﬁgn a l\ol\lllglt%g%'n%/log?é gp Elg}ghjeéz %1%9}9%5\?\‘]1%61‘5 are placed in the
cassette, and each wafer includes a handle oxide that is stripped by the etchant. Each
wafer is a silicon-on-insulator wafer or a bonded wafer pair prior to removal of the bulk
of the donor wafer thickness, that has been bonded in a preceding step. Each wafer is
subjected to a high temperature, gas phase HCI etch or an epitaxial growth step after
etchant is applied.

[0009] 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

[0010] Figure 1 is a perspective view of a wafer edge etchant

application mechanism.

[0011] Figure 2 is a top plan view of the wafer edge etchant

application mechanism with a cassette and accompanying wafers removed.

[0012] Figure 3 is a side elevation view of the wafer edge etchant

application mechanism.



4 [0013] Figure 4 is a perspective view of the sump, roller, and drive source in an assembled
configuration. [0014] Figure 5 is a perspective view of a roller included in the wafer edge
etchant appWNAABH@EEHanism. [0015] Figure 6 is side elevation view of th@¢dUEPHEHREEFIN Figure 4.
[0016] Figure 7 is a perspective view of a sump indluded in the wafer edge ctchant application
mechanism. DETAILED DESCRIPTION [0017] Referring now to the drawings and in particular
to Figures 1-3, an etchant mechanism generally referred to as 100 is depicted. The etchant

mechanism 100 comprisge@ SYMPiddQ andlApealipeclize vivhassaida dap, maheadackded in the
etchant mechanism 100, accordjng tg some embodiments. The roller 120 and cassette 130 arc

constructedSSFRaIBARIEHITRYIFS FOGEEKEHSMamage from the ctchant, while not being likely to be a
source of contamination themselves. Exemplary materials include: fluorinated polymeric materials
such as polytetrafluoroethigleidg (g} 6npe rfuspadikoryw{BFAf.a roller in¢0QiLd] il hieesuafigr 110 (as best
seen in Figuerf 32# %opgg%riedt.to hold,an .etchant mixture in a void 112 therein. The void 112 is

at its t%p

generally opeﬁ éosnam(fecpl)lﬁ%l,l%éngth, and a width. The void 112 is defined in the sump

110 by a bottom plate 114 and four side walls 116 perpendicular to the bottom plate. In other
embodiments, the sump 1401l cdrigutrcteld sidaretatmmie pldbesadfordapiitdhatzgureuitably
formed to cgmprise an enclosure that is capable of containing an amount of liquid etchant. The length,
depth and width of the sump 110 are suitably sized to hold a volume of etchant sufficient to etch a
plurality of wafers 140. The sump 110 can contain a variety of indentations 118 formed therein for

receiving corresponding pPOtabioREBFdd 4P tRSEENT ¥ifrract bitAw dadydpd in the wafer

edge etchant application mechanism.
DETAILED DESCRIPTION

[0017] Referring now to the drawings and in particular to Figures 1-3,
an etchant mechanism generally referred to as 100 is depicted. The etchant mechanism
100 comprises a sump 110 and a roller 120. A cassette 130 may be included in the
etchant mechanism 100, according to some embodiments. The roller 120 and cassette
130 are constructed of materials that are resistant to damage from the etchant, while not
being likely to be a source of contamination themselves. Exemplary materials include:
fluorinated polymeric materials such as polytetrafluorocthylene (PTFE) or

perfluroalkoxy (PFA).

[0018] The sump 110 (as best seen in Figure 7) is configured to hold
an etchant mixture in a void 112 therein. The void 112 is generally open at its top and
has a depth, a length, and a width. The void 112 is defined in the sump 110 by a
bottom plate 114 and four side walls 116 perpendicular to the bottom plate. In other
embodiments, the sump 110 is constructed from one or more pieces of material that are
suitably formed to comprise an enclosure that is capable of containing an amount of
liquid etchant. The length, depth and width of the sump 110 are suitably sized to hold a
volume of etchant sufficient to etch a plurality of wafers 140. The sump 110 can
contain a variety of indentations 118 formed therein for receiving corresponding

protrusions formed in a bottom surface of the cassette.



WO 2010/059556PCT/US2009/064545 5 [0019] In some embodiments, a fluid connection
mechanism 122 may be formed or inserted into a portion of the sump 110 or roller 120. The fluid
connection MWEHANEWSI®2 may be used to transport etchant into the sum@PCT0AHHbertfighal fluid
connection mechanism (not shown) may also be used to withdraw etchant from the sump 110. The
withdrawn etchant may be discarded, or in some embodiments filtered or otherwise processed for
reuse. [0020] At longitudinally opposite ends of the sump, a notch 119 is formed therein to

receive the roller (as besfgeeyy inThigsiRScAbdanenty, ALGRIdbithtetsMmeceRahraimentisathe notch 119

is configured tq recejve the outer housing of a roller bearing or other bushing and constrain it from
movement, %ﬁ&ﬁg?ﬁfaﬁﬁir}lratam,r%%f‘afﬁﬁﬁ&ﬁlﬁ&d&?ﬂf&%ﬁrryh%{%pgﬁﬁefﬁﬂ%s 124 of the roller arc

received wittynrkgisalleesieaivig 01buskibg uddietsoteidpear tichantidsing Senyes i rastrain lateral

and longitudinal mo ent by the roller 120, while stjll permitting the roller, to rotate about its
jongitudinalgigional T Mﬁﬂ%@ﬁ?ﬁﬂﬁﬁmg%ﬁm@wi AatRAR 5 hsertion of

leveling legst¢Adntarievahthaisipmp 0. 10He welhtioniocathundarly g diriadeal, bhénleyeling legs 111 may
be of any suitable.type apd the corresponding openings 113 may be sized and positioned based on
the dimenaiBHe TS UG SE L BN AFERS A location of leveling logs 111 utiized
in leveling the sump 110 may be varied based on a number of factors. Although not shown, additional
fasteners may be utilized[{@026¢uradthegumdmaly ¢spribetarddslyiityssimacs; votthel [EV&ling legs 111
may secureghe s to the underlyin rface .[0022] Aceordin spme embodiments, the
ctchant cont e B M e sern iR T S AR A e acie
and acetic aoighelensorderenthatiments, the ietchdniusd sotetipmnechb pdtof|bovicrand ditotied in
de-ionized r A surfactant or viscosity modifier (e.q.. acetic aci .ad thereto to adjust
the rate anc e SE R S SRR MR R oSS SO RPCRRAESH BT
2010/0595580TigdB2 0088 48UEaly opposit¢aDES]Senttiadiyoiee acidicecteHamt igninhthe form of an
aqueous solyfioncamplising. &AL gLINIRARMICNS I EQUECE. A0 s dinsr ips may be
selected from the group comprisifig hydrofiuoric acid, nitric acid, phosphoric acid, acetic acid, sulfuric
acid, hydrodbiwgiidiciel, roirricragid byxhdi calsivl | Mopibibécs adidsmeittrentiganitentid otatd dumibinations
thereof. Thqt e f rogen ions may be present in the etchant at a concentration of at least about
40 wt%. In vgr?%g él%légigfrﬁghts, 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 source of Hp@?déerﬂ@ﬁ]gimp includes openings 113 formed therein for insertion

of leveling legs 111 to level the sump 110 in relation to an underlying surface. The
leveling legs 111 may be of any suitable type and the corresponding openings 113 may
be sized and positioned based on the dimensions of the leveling legs. Furthermore, the
number and location of leveling legs 111 utilized in leveling the sump 110 may be
varied based on a number of factors. Although not shown, additional fasteners may be
utilized to secure the sump 110 to the underlying surface, or the leveling legs 111 may

secure the sump to the underlying surface.

[0022] According to some embodiments, the etchant contained in the
void 112 of the sump 110 is hydrofluoric acid or a mixture of hydrofluoric acid and
acetic acid. In some embodiments, the etchant is a solution of hydrofluoric acid diluted
in de-ionized water. A surfactant or viscosity modifier (e.g., acetic acid) may be added
thereto to adjust the rate and radial extent to which the etchant etches the oxide from

the wafers 140.



[0024] Turning now to the roller 120 (best seen in Figures 5 and 6), it is generally cylindrical and
elongate in shape and is configured to rotate about its longitudinal axis. The length (i.e., depth) of the
roller 120 géve/eM88eds its overall diameter, according to one embodink€AYUPRRIONEF4520 has an
outer diameter and a length defined by Iongitudinaﬁy opposite ends 124 of the roller. The longitudinally
opposite ends 124 of the roller 120 are configured to be received into the roller bearings or bushings
described above. [0025] One or both of the longitudinally opposite ends 124 of the roller 120

are configured for attachimeym3tp agdiveBoUIeeatRdutch aauplinehaRehasism duddesy., gears,
sprockets, chains, pulleys, belts, shafts,;tc ). The coupling mecha ?én li)g% permits the transmission
e

of rotationa’8 GPBHRTHE A RUEE LSRR RoRES: THI GRVESS 8 ENdPEPAble to rotate

the roller 126k ablRutdésfiongifiddinal paisnprisiapeydrobadiinentid, theieldvel Sshugshdhe 4oy be a motor
or other similar device capable of ggyng%a@g.rotational .en%rfqy. y ) [0026(1 In, some embodiments,
the roller 1285 CXhA5E cSHBHE &G dr Wahoghd Bisas 6t riste AR At ePISNRATHEd to absorb

etchant whesihadaiierid 20 Gemesdnibieaisactibrisvithcandrsubsegdasntbn iansierdideast a portion
of the retained etcha%o a.circumferential eq%i ];42 of the wafer 140 that comes into contact with the
roller. The ESTEPRAA TS & AL RTGERIEL s Hras aPRE Toardr 4B 1BH84Omm from the edge

(i.e., the tereagieothgiotrict hantilecatigie: deppsiteddhereall): Wutemealehhodinests, the roller 120
may be corr:%,r cted out of&materials s%gch as? /O 2010/059556PCT/US2009/064545 7 fluorinated
{ g R

polymeric SO0 42 BRIRBHARTECRIRGIEHE tr ST B RS ARy TEFAY O [0027]

While the raterd2irayshéoagrpistd sfrcsingleypiegenabmaterial, the physical characteristics of the
material may vary. For example, an outer surface of the roller 120 can mechanically altered to

increase the amount of e which can he absor i uter surtace. Far example, voids may
be formed in the outer suﬁgb?g ft ltlen}g}ﬁalrl 1\5(?.0 %%?ﬁlg?rgfrgggg?r%ég%,%E%ﬁ%sr%;ﬁ?fgc g? the roller
120 is mechagisaityl hiteybddinoe sechblenigritst imssbize landsts. configure 0028} Fretaratbity, the roller 120 is
constructed 1t1 { %{i t aﬂ% fi ' ef' C s'tjqﬂ ﬂ Pdll X! q ers in order to
reduce the lllgeﬁh%lgé o%gchaﬁic%ﬁ%g‘g&%ﬁg t% tﬁe6 wa gﬁs gs%ﬁr%ﬁ?om@én?%%v%ﬁ%e roller.
However, thBamktarisicomiogée ofcecmbedrinttihailhasadlsutfffidas sudace doaghbicessda that upon

otaton of e I SLARE O BR R ERNIASLIIINIOIEP S8l 1he IO0ARLIR G embociment

the roller 12 comprise ember and an outer cover surrou e“cylindrical
member. Longiesdinetlys dgdoxitb eredic P20 gt ¢rroeirintiical brnansbiedratedsivedenbdwingler bearings
or bushingsog%gﬁﬁ;g &gséﬁgg&lgggv&ike the embodiment described above, the roller 120 and outer
cover are constructed out of materials such as fluorinated polymeric materials such as PTFE or PEA.

[0025] One or both of the longitudinally opposite ends 124 of the
roller 120 are configured for attachment to a drive source 150 by a coupling mechanism
152 (e.g., gears, sprockets, chains, pulleys, belts, shafts, etc.). The coupling mechanism
152 permits the transmission of rotational energy from the drive source to the roller.
The drive source 150 is then operable to rotate the roller 120 about its longitudinal axis.
In some embodiments, the drive source 150 may be a motor or other similar device

capable of generating rotational energy.

[0026] In some embodiments, the roller 120 can be comprised of a
single piece of material. The material is configured to absorb etchant when the roller
120 comes into contact therewith, and subsequently transfer at least a portion of the
retained etchant to a circumferential edge 142 of the wafer 140 that comes into contact
with the roller. The circumferential edge 142 includes the surface of the wafer 140 up
to 10mm from the edge (i.c., the terrace region and handle oxide deposited thereon). In

some embodiments, the roller 120 may be constructed out of materials such as



[0030] In some embodiments, the outer cover is constructed out of a material that is capable of
absorbing etchant and retaining it therein and then transferring it to a portion of the wafer that comes
into contact\XRRFHESIET surface. For example, the outer cover can be coR$ilERABUSHHA material
that has a sponge-like structure with voids formed therein to retain etchant before dispersing at least
some of it on the edge 142 of the wafer 140 that it comes in contact with. Furthermore, the outer cover
may be similar in physical construction to a brush, with a substrate and bristles attached therein. WO

2010/059556ix h A HHG AR E RN BechMe pisy Wiitenasi/asiasiiRg BYStenas can be utilized to

secure the outer cover to the cylindrical member (e.g., hook and loop fasteners or adhesives).

AccordinegP?FﬁuB?ﬁgﬁoé‘é'\@tF d cylindrical member are securely fastened together to ensure that the
outer cover substantially rotates in unison with the cylindrical member when the cylindrical member is
rotated (i.e., the outer coJé02ibes WatiIslthardodorth20oylydréicadmyeisdsbofis sitgtegiece of  [0032] The

cassette 130, as s in,Figures,1 and 3,.and accompanying wafers 140 are ced over the roller 120
o on top S B P S R et o otrisions
132 formed sarfagooticincab Ao dR6rasuniadewt iy ehsseltte iRdeasathavithaaotreSpwhditig indentations

118 in the sump, 110 to pesition the cassette relative to the sump. The, configuration gf.the protrusions

132 and inISHE TS O L T Ut g & oS B 0 thae

variety of canfigusatfacesafhtae uolized28cdordihgr tonthedeminosdithentger surface {§0B3}dllke cassette 130

has a pIuraI'h%Oo{SsnIé)tcshlm h%l’%’er} eia E)igure f rmﬁgstélﬁae[i)n fs%r receiving the wafers 140. The slots
t [ )

dani cSEmMUIC Dris .
134 prevent the waters 148 #om coming Into contact with each other and restrain the lateral

movement of the wafers. The cassette 130 and the plurality of slots 134 permit the wafers placed

therein to rotate about a MG BldiRasExd bt the inleerk2 Oriecerssated 3G, Pricalttottdlots 134,
protrusions 32, IRsRRIRIRAS A4 81 GmpauRethsheh-hatihe lanaidinal sl the wafers 140

when positioned in the cassette is parallel to the longitudinal axis of the roller 120. [0034]

According t&sdfieodrabauicharical whngasdnstha v sisterashiinm drossgendnet srdhsiliesplsh-insulator
wafers or bepged wafgk RIS RIIBJ&neyal Rhihe.Pullk b thedenqrnwalRrickasss.which were

bonded in a previous step. The cassette 130 is generally open at its top 136 to permit wafers 140 to be
placed theréhstaeiipisquenthereaievudhe THEEaBseEachharooidhfertHE Rl its longitudinal axis

along a bottom portion 138 to permit the circumferential edge 142 of the wafers 140 to selectively
come into contact with theoaer 180this embodiment, the roller 120 is comprised of a cylindrical

member and an outer cover surrounding the cylindrical member. Longitudinally
opposite ends 124 of the cylindrical member are received in the roller bearings or
bushings connected to the sump. Like the embodiment described above, the roller 120

and outer cover are constructed out of materials such as fluorinated polymeric materials

such as PTFE or PFA.

[0030] In some embodiments, the outer cover is constructed out of a
material that is capable of absorbing etchant and retaining it therein and then
transferring it to a portion of the wafer that comes into contact with the outer surface.
For example, the outer cover can be constructed out of a material that has a sponge-like
structure with voids formed therein to retain etchant before dispersing at least some of
it on the edge 142 of the wafer 140 that it comes in contact with. Furthermore, the
outer cover may be similar in physical construction to a brush, with a substrate and

bristles attached therein.

[0031] The outer cover may include elastic elements disposed therein

to secure the outer cover to an outer surface of the cylindrical member. In other



WO 2010/059556PCT/US2009/064545 9 [0035] When the cassette 130 and wafers 140 are
placed atop the sump 110, the wafers are restrained from coming into direct contact with the volume of
etchant con¥ 2l ¥PHEdoid 112 in the sump 110 by the roller 120. The roR&TIPERPA6HAE
embodiments, acts to slightly displace the wafers P40 out of their slots 134 in the cassette 130 in the
direction of the top 136 of the cassette when the cassette is placed on top of the sump 110, thus
decreasing the amount of rotational force required to rotate the wafers. In one embodiment the

portions of thaakerie lEerwhicfcamadnincaniash wihthecyaberscd40ia o geateddvih a low-friction
coating, thu reduc ngt e co- eff|C|ent f fri n operation, a

ction for the coated surfaces. 0036]
portion of thi G6HiR RIS éf&‘rﬂhorﬂpc%ﬁt%ti‘ﬁ@ooﬁﬁﬂt@%?&)lfzcﬁ?tt‘{‘é‘%%ntéeloo. As the

roller 120 rmate&abetuntsdynedw&naim diderpniqotisnaalabgeteircumniaienss aidhe roller 120
come into contact with the etch tretalned in the vai 12 | the mp 110. Durin one revolution of

the roller 12" & FRYE PYMEHHER I{Wﬁeépfgllﬁg%g%/%g A Riththe etchant

[0037] Whepylined i idogfbis: t@t@te&dbeewatemﬂéQm&w@@ﬁwlthﬁhﬂmi lgicrogataiasawell. The
composition of tlg)e roller 1251)) or in some embodiments the outer cover, has a co-efficient of friction
sufficient to TEREHitEtieNal energy the circumferential edge 142 of the wafer 140. The etchant is
transferred to the outer surface of the roller 120 as it passes through the etchant contained in the void
112 in the sump 100 as the0dller Tdtatessctzel folles 1@ thhdn graiesiersdide @tdhaoipehging

circumferential.e 42 o wa er 14 | velacity-qf the ral altered to
control the ratéea gh aheettcah tol\s]ezggbl {0 tft?g cw%um}epecr}t{ctl eggep ﬁgl tIE] \% ‘fgrllﬂé and
conseq uenﬂhmmhleobdmelmgtmmmavmmﬁ whEchiRgoofuthensXidg foomethe dpoornavafién. Typical
rotational Vebl %I Sét?rffége rP Ler as%e t%c}gg l\ltjvglt otqugl rglﬂl‘ljﬁ%té}ﬁientatlolgoﬁl% Af{ [ being

transferred to the circum erentla e wa ant acts upon the silicon oxide in
the terrace segipri o th@WaienM@camtttemwgelmhhwfmm thius desfringathentefthee region free from

silicon oxide; Jie. (emical FaacHoN AESE RGN Ivaracka RLngisUisan g, fyTgpresented by:

should be understood that a variety of configurations may utilized according to the

embodiments.

[0033] The cassette 130 has a plurality of slots 134 (shown in Figure
1) formed therein for receiving the wafers 140. The slots 134 prevent the wafers 140
from coming into contact with each other and restrain the lateral movement of the
wafers. The cassette 130 and the plurality of slots 134 permit the wafers placed therein
to rotate about a longitudinal axis of the wafers. The cassette 130, plurality of slots
134, protrusions 132, and indentations 118 are configured such that the longitudinal
axis of the wafers 140 when positioned in the cassette is parallel to the longitudinal axis

of the roller 120.

[0034] According to some embodiments, the wafers 140 have a handle
oxide and are silicon-on-insulator wafers or bonded wafer pairs prior to removal of the
bulk of the donor wafer thickness, which were bonded in a previous step. The cassette
130 is generally open at its top 136 to permit wafers 140 to be placed therein and
subsequently removed. The cassette has a void formed along its longitudinal axis along
a bottom portion 138 to permit the circumferential edge 142 of the wafers 140 to

selectively come into contact with the roller 120.



WO 2010/059556PCT/US2009/064545 10 [0039] Si02 + 6 HF SiH2F6 + 2 H20 [0040] The
rate of etching, the angular velocity of the roller 120, and the time required to etch the edges 142 of the
wafers 140 M2 BEmModified to affect the rate of removal of oxide fronP€TEUSAHNES+dP example,
the rate of etching can be slowed by diluting the etthant in de-ionized water. Etchant can be prevented
from dripping down either surface of the wafer 140 (beyond the edge 142 where it is brought into
contact with the wafer) by adjusting the angular velocity of the rollers 120 or increasing the viscosity of
the etchant. For example|¢hesadditiaenahacalicasiBpdne wichanuinereasas dasisaasifynyithout

disrupting the chemical reaction of the etching process. The increased viscosity of the etchant
prevents it ffdfh p‘iﬁ%lﬁr%%ﬁeﬁ’i@%‘ﬁﬁ URU TR JUBE AT AT heAg Bﬂﬂﬁ%?ability of the

etchant to aglbiattevthginelien IROVAUinErotakio sumpen tieyrolteroissrabl crndastwitlzghenedge 142 of
the wafer. Furthermore, the viscosity of the etchant can be_controlled tg affect how much of the edge
142 5 contaEtBh B RSN VA RSSO0 M O b ISR LA Lie of the

portion of the.gdge 13Rithatigicatiacietiytdpel stchbimt cassette WBGA Hhd b rfebdimestsalescribed
above include a raller system for the stripping of handle oxide from a narrow annular region on a
urface of o BORHAS AT T M ASSE AR i SO S AR o S SIS uhile they are
in a cassettehoAeatdidinplyhn ultiplelinricrthcporiers miikanacssty procesktdamcansettes are capable
method uses as a starting material a

of retaining a plurality.of wafefs therein. 0042] The.

Siicon waiel SR R A S eEt TS A b LT S R P ML, Tor exarmple,
by bonding doteffictshes(fiectiardfyreh: wedesdandiparforming processes thereon resulting in the
formation of a bonded wafer pair or silicon-on-insulator (SOT) wafer. The processes may result in the

formation of a handle oxi ng.a circumferential . L.e.. aterrace region) qof-the wafer. The
terrace may extend up to?§8§ rléjm gﬁ)ﬁ?%%?ﬁ:%r%%oréhgtlga% etglggbo 1 ({a@vé‘%élr?&%rgea 15[ e43] Failure to
remove the ¢idmtiecoxidebéforddurthél plovebsisngnie i) epissimosthing 240 epitdsickeninty) of the wafer

increases tHgnlgﬁﬁlmgQldagfsfocﬂffwe%t%%}gégé%?oﬁl%PaCcT{é{lﬁﬁg%%/c%Goéﬁﬁg totier 120 come into

contact with the etchant retained in the void 112 in the sump 110. During one
revolution of the roller 120, a fixed point therecon will alternately come into and out of

contact with the etchant.

[0037] When the roller 120 is rotated, the wafers 140 in contact with
the roller rotate as well. The composition of the roller 120, or in some embodiments
the outer cover, has a co-efficient of friction sufficient to transmit rotational energy the
circumferential edge 142 of the wafer 140. The etchant is transferred to the outer
surface of the roller 120 as it passes through the etchant contained in the void 112 in the
sump 100 as the roller rotates. The roller 120 then transfers the etchant to the
circumferential edge 142 of wafer 140. The rotational velocity of the roller 120 may be
altered to control the rate at which etchant is applied to the circumferential edge 142 of
the wafer 140, and consequently control the rate and radial extent of etching of the
oxide from the donor wafer. Typical rotational velocities of the roller are 2 to 70

revolutions per minute.

[0038] After being transferred to the circumferential edge 142 of the
wafer 140, the etchant acts upon the silicon oxide in the terrace region of the wafer 140
and removes it therefrom, thus leaving the terrace region free from silicon oxide. The

chemical reaction describing the interaction of the silicon oxide is represented by:



silicon thickness non-uniformity and defects being formed near the circumferential edge of the wafer.
For example, during an epi-thickening process, small "islands" of polysilicon can nucleate and grow on
the handle dX20W 0 Po0ducing nodule defects can be deleterious to subsBELARZYUNNLISES of the
wafer. Removal of the handle oxide in the terrace }ggion prior to subsequent processing (e.g.,
epi-thickening) ensures a clean, uniform surface on which other processes may be conducted.

[0044] The removal of the handle oxide is interchangeably referred to as stripping or etching

throughout the detailed deggzigtiosiahave Hthe>e3ghiFg POEBEE can be performed at any step between
wafer bonding and before an epi-smoothing or thickening process. However, according to some

embodiments the etching ss.s perfor rior.to the separation of the bonded wafer pair. The
bonded wafer pair may béBS{}ggirasrﬁgp Ba;eaoglqee%éi}%é’é%ee?g on \Xﬁw%ecr%%oée Srﬁ%%eurs?ggr%}&ned prior to
the separatite ofithechomekd b weatethpaidgettsel ddndtiwafelfqusotétinayhmcvibebecdifiedthe surface of the
finished wafer.from mechanical cantact with.the cassette a ossible damage from,contact with the
etchant el e B e o R AR ¢ BB e orion of
bonded silicom Watérpadrtyydibrtiogithg stiibent axidizifroired tertacEtelgioncalobg moivntedferential edge

of the bonded pair. A substantial portion of the, donog wafer {i.e., the bulk of t naor. wafer) is then
ceparatedt N B e S R e T B e weter
pair. The subystagittahtroctioafith deneriedfby ahysbhesstpansgebifratotiiy obthdedlivafd2fair by a
cleaving operalian,in, 1. JAOASI PR, DiTRAHCIRG clements gL e prssentenipn ar the
embodimen?{sl) thereo , the artic egl'pa", ﬁanc, the" and “sald™ are intended to mean that there are one
or more of the etemaehisciTheietmssterpwsingt disolpdingthantdmasdihghaennibided to be inclusive

and mean that there may be.additional dements other than the listed elements.. . 0046] As
e L e e 1PN Bripning oD 1 A
invention, ittlscistefade dfttat wilfioralttd); eomteliediinrtheiad dveabidgyriptibn etablashowadierhto

accompanyj rawingls Il he | e {H : t] X i imif CSP12
. R T plvaiy o
wafers, the sydtem loothprising: hesusgeonfif tre dtébrictdingsthenatdhahty affect how much

of the edge 142 is contacted by the etchant as increasing the viscosity of the etchant

decreases the size of the portion of the edge 142 that is contacted by the etchant.

[0041] The embodiments described above include a roller system for
the stripping of handle oxide from a narrow annular region on a surface of a bonded
wafer. The etchant mechanism is configured for processing wafers while they are in a
cassette. Accordingly, multiple wafers can be simultancously processed as cassettes

are capable of retaining a plurality of wafers therein.

[0042] The method uses as a starting material a silicon wafer that has
been sliced from a single crystal silicon ingot and further processed, for example, by
bonding it to another (i.c., a donor) wafer and performing processes thereon resulting in
the formation of a bonded wafer pair or silicon-on-insulator (SOI) wafer. The
processes may result in the formation of a handle oxide along a circumferential edge
(i.e., a terrace region) of the wafer. The terrace may extend up to 10 mm from a

circumferential edge of the wafer.

[0043] Failure to remove the handle oxide before further processing

(e.g., epi-smoothing or epi-thickening) of the wafer increases the likelihood of top



a roller having an outer surface in fluid communication with the sump, the roller configured to have
etchant thereon, wherein the wafers are restrained from coming into direct contact with etchant
contained iM¥R2&IWAPEYP the roller; and a wafer cassette configured to REGERHYHYA4AEAS positioned
therein and to mate with the sump in a position thadt places the wafer cassette over the roller so that
edges of the wafers are in contact with the roller, the wafer cassette permitting axial rotation of the
wafers about an axis. 2. The system of claim 1 wherein at least some of the wafers have a handle

oxide in a tejilaes BiiRMRstheosysher eoRfgid aditestrgihedrardlacaxide fiecuditetatiace region to
inhibit nodule grg)gétg in the terrace region. 3. The-s;r/esé%m,of claim 1 whereijn at least a portion of

the roller is H&5EEAAGH fier sEifpex M CIHHEIBEAR P bHLESTRISIHERERT BV a%bngitudinal
axis and whesBisilibenrolie his RREy ahlegio wobatehahandihedrrgiudipal @mg noduld Bef&ystem of claim
3 wherein the r%le [ co,nfigured to retain at least a_portion_of the etchan t£§ the roller comes in

e L[Js?{% d

contact witr°i 10uS tg, SybReaRFECAGHTAIR TwNaRn B R4 s @ifidlred to hold
the pluralitytbé wafess Rositigned themistquent/prbbessyisteny okplaimc kenvinenainsiiiesaxiscisn,

perp_end_icular.g a plar}ar surface fttherw?gggéevgrgge@ then xist %f the wafers is parallel to a
longitudinal BXi€"SF the F6Rér Olgrp y be congucted.

[0044] The removal of the handle oxide is interchangeably referred to
as stripping or etching throughout the detailed description above. The etching process
can be performed at any step between wafer bonding and before an epi-smoothing or
thickening process. However, according to some embodiments the etching process is
performed prior to the separation of the bonded wafer pair. The bonded wafer pair may
be separated by a cleaving operation. When the etching is performed prior to the
separation of the bonded wafer pair, the donor wafer protects what will become the
surface of the finished wafer from mechanical contact with the cassette and possible
damage from contact with the etchant. Generally, the method embodiments described
herein comprise treating an edge portion of a bonded silicon wafer pair by removing
silicon oxide from a terrace region along a circumferential edge of the bonded pair. A
substantial portion of the donor wafer (i.e., the bulk of the donor wafer) is then
separated from the bonded wafer after the etchant is applied to the edge portion of the
bonded wafer pair. The substantial portion of the donor wafer may be separated from

the bonded wafer pair by a cleaving operation.

[0045] 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.

[0046] 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.



13 8. The system of claim 6 wherein the wafer cassette is configured to permit contact with a
circumferential edge of each wafer along an outer surface of the roller. 9. The systeryofailaim 1
wherein an outer surface of the roller is configured to retain at least some of the etchant the outer
surface comes in contact with in the sump. 10. {the system of claim 9 wherein the outer surface of
the roller is mechanically modified to increase the amount of etchant retained by the outer surface.
11. The system of claim 8 further comprising an opening formed in the wafer cassette generally
adjacent to the outer surface of the roller. 12. The system of claim 11 wherein the opening formed
in the wafer@iaag®eti: permits contact between the circumferential edge of each wafer with the outer
surface of the roller. 13. The system of claim 1 further comprising a cover disposed over at least a

portion of an outer isurface efdfe ¢afiektchant4ppheasysatepahatainppwhereianthe eayes i configured
to retain at least some of the etchant the outer syrface comes in contact with in the sump. 15. The
system of cfa W& e CovE FETHERTBREBRS  16. A method of applying etchant to an edge of
a wafer, the method comprising the steps of:

a sump configured for holding the etchant;

aroller having an outer surface in fluid communication with the sump, the roller
configured to have etchant thereon, wherein the wafers are restrained from coming into

direct contact with etchant contained in the sump by the roller; and

a wafer cassette configured to retain the wafers positioned therein and to mate
with the sump in a position that places the wafer cassette over the roller so that edges of
the wafers are in contact with the roller, the wafer cassette permitting axial rotation of

the wafers about an axis.

2. The system of claim 1 wherein at least some of the wafers have a handle
oxide in a terrace region, the system configured to strip the handle oxide from the

terrace region to inhibit nodule growth in the terrace region.

3. The system of claim 1 wherein at least a portion of the roller is disposed
in the sump.
4. The system of claim 1 wherein the roller has a longitudinal axis and

wherein the roller is operable to rotate about the longitudinal axis.

5. The system of claim 3 wherein the roller is configured to retain at least a

portion of the etchant that the roller comes in contact with in the sump.

6. The system of claim 1 wherein the wafer cassette is configured to hold

the plurality of wafers positioned therein.

7. The system of claim 1 wherein the axis is perpendicular to a planar
surface of the wafers, wherein the axis of the wafers is parallel to a longitudinal axis of

the roller.



placing the wafer in a wafer cassette; placing the wafer cassette over a roller; placing the edge of the
wafer in contact with the roller; and rotating the roller about a longitudinal axis of saidyolgn, P
wherein at least a portion of the roller contacts the etchant contained in a sump during rotation so that
MCSLLP 14 etchant is applied to the edge of the wiafer, wherein the wafer is restrained from coming
into direct contact with etchant contained in the sump by the roller. 17. The method of claim 16
wherein the wafer cassette prevents lateral movement of the wafer while permitting rotation of the
wafer about an axis perpendicular to a planar surface of the wafer, and wherein the axis is parallel to

the longitudinal axi. of thaKeligktiem ol@lathesmaihieth dhchaime loaywbesainconditipledvaigssdre placed in

the wafer cassette. . . .
contact with a circumferential edge of each wafer along an outer surface of the roller.

0. The system of claim 1 wherein an outer surface of the roller is
configured to retain at least some of the etchant the outer surface comes in contact with

in the sump.

10. The system of claim 9 wherein the outer surface of the roller is

mechanically modified to increase the amount of etchant retained by the outer surface.

11. The system of claim 8 further comprising an opening formed in the

wafer cassette generally adjacent to the outer surface of the roller.

12. The system of claim 11 wherein the opening formed in the wafer
cassette permits contact between the circumferential edge of each wafer with the outer

surface of the roller.

13. The system of claim 1 further comprising a cover disposed over at least

a portion of an outer surface of the roller.

14.  The system of claim 13 wherein the cover is configured to retain at least

some of the etchant the outer surface comes in contact with in the sump.
15. The system of claim 13 wherein the cover is removable.

16. A method of applying etchant to an edge of a wafer, the method

comprising the steps of:
placing the wafer in a wafer cassette;
placing the wafer cassette over a roller;
placing the edge of the wafer in contact with the roller; and

rotating the roller about a longitudinal axis of said roller, wherein at least a

portion of the roller contacts the etchant contained in a sump during rotation so that



19. The method of claim 17 wherein the wafer cassette has an opening formed therein to permit
contact between a circumferential edge of the wafer with an outer surface of the roller. (281 The
method of claim 16 further comprising rotating the wafer when rotating the roller. 21. The method
of claim 18 wherein each wafer includes a handle ingsulating layer, the etchant stripping the handle
insulating layer. 22. The method of claim 21 wherein each wafer is a silicon-on-insulator (SOT)
wafer, and wherein each wafer has been bonded in a preceding step. 23. The method of claim 22
further comprising subjecting each SOT wafer to a high temperature atmosphere containing a gaseous

etchant to seagniit o dhibliedtepisdicdre layeresuifacey béraih epitaxiR gsQutitasieg from 24mike method of

claim 22 further com risin% subjecting each SOT wafer to an epitaxial growth process. 25. The
method of c’lﬂﬁ%d%fcfﬁ‘f‘ﬂ%? o, r?éfﬁgnrle‘f%%deg'c %?5‘?19\}&1% b the wafer cassette and
separating a layer from each SOT wafer in a cleaving operation. MCSLLP 15

17. The method of claim 16 wherein the wafer cassette prevents lateral

movement of the wafer while permitting rotation of the wafer about an axis
perpendicular to a planar surface of the wafer, and wherein the axis is parallel to the

longitudinal axis of the roller.

18. The method of claim 17 wherein multiple wafers are placed in the wafer

cassette.

19. The method of claim 17 wherein the wafer cassette has an opening
formed therein to permit contact between a circumferential edge of the wafer with an

outer surface of the roller.

20.  The method of claim 16 further comprising rotating the wafer when

rotating the roller.

21. The method of claim 18 wherein each wafer includes a handle insulating

layer, the etchant stripping the handle insulating layer.

22. The method of claim 21 wherein each wafer is a silicon-on-insulator

(SOI) wafer, and wherein each wafer has been bonded in a preceding step.

23. The method of claim 22 further comprising subjecting each SOI wafer to
a high temperature atmosphere containing a gaseous etchant to smooth or thin a top

silicon layer surface, or an epitaxial growth step.

24. The method of claim 22 further comprising subjecting each SOI wafer to

an epitaxial growth process.

25. The method of claim 22 further comprising removing each SOI wafer
from the wafer cassette and separating a layer from each SOI wafer in a cleaving

operation.



26. The method of claim 16 further comprising forming the wafer by bonding a handle wafer and a
donor wafer together. 27. The method of claim 26 further comprising separating the wafe after
applying etchant to the edges of the wafer. 28. The method of claim 27 wherein the wafer is
separated by removing a bulk of the donor wafer frogn the wafer with a cleaving operation. 29. The
method of claim 27 wherein the etchant is applied prior to the separation of the wafer. 30. The
method of claim 28 wherein the etchant is applied prior to the removal of the bulk of the donor wafer
from the wafer.

26. The method of claim 16 further comprising forming the wafer by

bonding a handle wafer and a donor wafer together.

27. The method of claim 26 further comprising separating the wafer after

applying etchant to the edges of the wafer.

28. The method of claim 27 wherein the wafer is separated by removing a

bulk of the donor wafer from the wafer with a cleaving operation.

29. The method of claim 27 wherein the etchant is applied prior to the

separation of the wafer.

30. The method of claim 28 wherein the etchant is applied prior to the

removal of the bulk of the donor wafer from the wafer.



