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multipgrystalline) are the basic building block in the vast
majority of photovoltaic modules being manufactured today.
Except for the small market share held by ribbon silicon, all
these wafers are made by sawing up ingots. Sawing is itself
quite expensive and, in addition, wastes over half of the
expensive silicon raw material to sawn dust. The result is
that the cost of the wafer accounts for almost half the cost

of manufacturing a photovoltaic module.

[0003] Ribbon approaches, on the other hand, produce
material which is less flat and more highly defected than
ingot-sawn wafers. The high temperature gradients needed
during the solidification of the ribbon cause this. Thus,
while the ribbon technologies offer lower cost per unit area,

this benefit is offset by lower cell efficiencies.

[0004] Thus, an objective of inventions disclosed herein is
to create a silicon wafer-making technology that will set a
new standard by combining high electronic quality and low



those of the industry-standard cast and sawn
mul ti-crystalline wafers. [0005] A specific objective
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protect the silicon duéri?%ot e nelet! step, where the
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photovoltaic substrate, a preform wafer is created 408, which
has substantially the geometric form of the desired end,
recrystallized wafer. However, this original wafer is made
rapidly, for example, by a rapid solidification process 106.
This preform original wafer can, and typically would, consist
of very small grains, making it unsuitable for use as a
photovoltaic wafer. Silicon is a typically suitable material,

although the technique may be applied to other materials.

[0008] The preform wafer is then encased 118 in a conformal
capsule composed of a clean thin film layer. This expendable,
high purity capsule will contain and protect the silicon
during the next step, where the encapsulated wafer is
recrystallized 122 to create a recrystallized grain structure
suitable for photovoltaic application. Such a thin film
capsule can be made, for example, by heating a silicon wafer

in the presence of steam, resulting in growth of silicon



in the presence of steam resulting in growth of
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stress on the wafer due to any mismatch in coefficient of
thermal expansion between wafer and capsule materials. After
the recrystallization, the thin film capsule is removed 123,
for example by etching. There is no need to do a damage etch,
such as is done after conventional sawing formation because

there is no damage.

[0011] The several objects of inventions disclosed and
claimed herein will be more fully understood with reference to

the accompanying claims and figures, of which:



[0012] Fig. 1 is a schematic representation in
flowhart form of a process of an invention hereof for

wo ovogionzFs@ silicon wafer with a grain struct urBCT/US2008/008030
suitabl e for photovoltaic use; [0013] Fig. 2 is a
schematic representURES GHOMIRIDRAWDREGI on of a thin
filmcapsule all around an original wafer preform
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[001g4qct i oFilghat3 i Iai (rdiematnict ar émeek et seconoaft hapregorm

wafergi%ré%gto?{?lc#qzde% ri, qan cda JWels] Fig. 4D shows,

er - of Fig. 4A, furt her al ong
within the furnace with a trailing portion that is
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entlrel recr Illzed olid;. [0020] 5A sho .
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furnace, with a trailing portion that is liquid, and a
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4a, further along within the furnace, with a trailing portion
that is still solid, original crystal form, a middle section
that is liquid, and a leading section that is recrystallized

solid;

[0018] Fig. 4D shows, schematically, the wafer of Fig. 4A,
further along within the furnace, with a trailing portion that

is liquid, and a leading section that is recrystallized solid;

[0019] Fig. 4E shows, schematically, the wafer of Fig. 4A,
further along within the furnace, now entirely recrystallized
solid;

[0020] Fig. 5A shows, schematically, a wafer within a

furnace, that is entirely liquid, which has had its entire
volume brought to its melting point at substantially the same

time;



[0022] Figs. 6A is a schematic representation of a
waf er after recrystallization; [0023] Figs. 6B and 6C
wae@odizse al i mages of a wafer simlar to thatpPshoszns/ 008030
schematically in Fig. 6A after recrystallization, and
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[0025] Fig. 7AI is a schematic representation in a cross-
sectional view, along line A-A, of Fig. 7, showing heat flow

patterns;

[0026] Fig. 7AII is a schematic representation showing the
crystal growth pattern associated with the freeze front F,

shown in Fig. 7AI;

[0027] Fig. 7BI is a schematic representation in a cross-
sectional view, showing a beneficially shaped freeze front Fy,

showing heat flow patterns;

[0028] Fig. 7BII is a schematic representation of the wafer
shown in Fig. 7BI, showing crystal growth pattern associated
with the freeze front F, shown in Fig. 7BI;

[0029] Fig. 7C is a schematic representation in a cross-
sectional view, showing a freeze front F. that is less
favorable than that shown in Fig. 7BI, yet still with some
utility;



equal s approxi mately 90 degrees; [0031] Fig. 8A shows,
schematically, an apparatus for fabricating an

wepaapsss@t ed waf er of an invention hereof, w POT/UREES/008030
and | ower heaters of different heat output, equally
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and an upper backing elenment that is powder; [0038]

Fig. 12.is schemati c_representation show n t
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[0034] Fig. 8D shows, schematically, an apparatus for

fabricating an encapsulated wafer of an invention hereof, with
a heat shielding element interposed between the heaters and a

wafer being treated;

[0035] Fig. 9 is a schematic representation of a textured
preform, with grooves and ridges running across the wafer

surface;

[0036] Fig. 10 is a schematic representation showing a

wafer preform encapsulated in a multi-layer capsule;

[0037] Fig. 11 is a schematic representation showing an
embodiment of an invention hereof, using a solid lower backing

plate and an upper backing element that is powder;

[0038] Fig. 12 is a schematic representation showing a

stack of two wafers and three backing plates;



[0041] Fig. 14Bis a digital imge of the
recrystallized wafer shown in Fig. 14A, fromthe
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support rods; and [0042] Fig. 15 shows, schematically
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in an inportant step, a super-clean, thin filmcapsule

320 is created 118D§f§fﬂﬁDtBES@§&9&&@h waf er 216. This
can be done in a furnace with an oxygen contai ni ng

at nosphere. It is convenjient to support the wafer. 216
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geoﬁgﬁyfgl¥3¥%EH%“%ﬁﬂmggkeJhéédcéﬁsuteln a separate process,
creating the desired crystallographic structure. (The
sequence is the reverse of ingot methods where the
crystallographic structure is created and then, through

sawing, the geometric form is created).

[0044] An overview of a process is shown with reference to
Fig. 1 in flowchart form, and with reference to Figs. 2 and 3
at various stages of production. As shown in Fig. 1, the
geometric form of the wafer may be created in step 108. For
instance, rapid solidification techniques 106 can be used, as
discussed below. Alternatively, chemical vapor deposition
techniques 104 can be used. This results in an original wafer
having an average grain size of less than about ten mm?, and

typically, less that about one mm’.



320 acts: i ) to retain the silicon and its shape

during the subsequent recrystallization step 122; ii)
wo eogpassele the environment for control of grapP@T/US2008/008030
nucl eati on and geonetry control, and iii) as a
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ed wa o resist the effe ue n
recry,s&mia&zggg.oafbp| ?fg”b? a5 t?n%p%lﬁb?%%rﬂ%pel’ ggkgrlglnal
wafepl a6 drd semdwd gl ropfweersar ropper adpé ngnél enér-wgr 426

rigiéﬂ%ac fﬁq 84 {0 {Eﬁé}{%%}ih§%§gndmfﬁg éi? FtéBBstQQQn the

anspor parti
capsile 420 (and therefore the final wafer) to be flat and

also provide a path for heat removal other than the wafer
itself. A thin layer of powder 428 (typically silica powder)
promotes release of the capsule 420 from the backing plates
424, 426. The wafer and capsule and backing plates together
418 are sometimes referred to herein as a sandwich. Radiant
heaters 432, 434 create the molten liquid zone L. At least
one upper heater 432 is located a distance du away from the

sandwich midline, and at least one lower heater 434 is located

a distance d! away on the opposite side. (Additional heaters
and others not shown may be provided to tailor the cooling
profile). Spacers 410 may optionally be provided to maintain

the desired dimensions for the finished wafer, to resist the

effects of squeezing from forces applied by gravity upon the



wafer is nolten, as discussed bel ow. The clanping

el ements may be integral, such as a |l arge C shaped
WwW@ba@wpo2s&¥ , two or nore independently operabl epel/eamng/e08030

may be forced together, to clanp the wafer

uppe?‘hbbefk&}nt‘gemat_[e()%ﬂ abhye rclﬂafnqﬁxhﬁi gy de e af eoim 4d bampyeg

rom tQ ri.aht, .as s in Figs,_ 4A-4 h g

crenb0 WL ooty LD BLOSa oA )08 ELEE:,

and sdkemihiec &irapsippra peichaofismwldle? s pAtigwmiaslyteheée the

wafeEr&%SHB&Ee%EC%%PHﬁEdd%féH“ﬁ%?%&ﬂ‘%% O PEmBi RGT £18kheRBs may
[ I'ng, but d to a

nvention herein inclu hot Timte

be ipgesaaliusygde asr 2 haddd g Prarad rakapRrt ©F - atWe| pr more

inde?&ﬁﬁ%&@lﬁﬁ oMM dilkpidift Altay B £6206@0tbgEBNePS to
orizontal, as shown in Fig. 4A-4E or otherw se, as
clamg; &bgs¥adeltOFT €Mxs shown in Fig. 4A,

initially, the original wafer 416 is entirely solid,
[oo4mhtr|amhandeﬁbmaMeiﬁ?)ﬁﬁeﬂtenr4mﬁLmaw¢seﬁnumnheéd by

. ma crystal.s. t r A16. npyv Lot h

rlgh?lﬂrﬁgcé"h}g S sl?]’ov\E/l‘?lS sc'hglr%\‘w\g%%’al*I{;(?Jrér?ﬁég.ﬂ)ﬁBﬂlénggfo‘tﬂop' The
transpertte aieichgndlsaneimt sMsm stdemathiccd bhyli by @dgeisf ofhe

roll %gﬁlgelt%ﬁyﬂgﬁigéﬁiérﬁ#ééé%éf%”ﬁbéﬁ@ﬁi@ﬁ ugnebhedmplated

I'ten zon forns w he wafer. A me|t .
to bengePRade M Bor i Ui tiedh hare HbwiRe L edimaol PBR BBhelimited

to a@@@dﬂ@%‘ﬂ%ﬂﬂdﬁﬁ“dﬁid!wéﬁkiﬂ??&&mﬁiraﬂbﬁoﬁﬁ|br a belt
interface Mis shown .in the Tigures with a sgeci [

c
trangpeid., ASWETEMD tife W RF ey THY £ BF2LHRRT tai' Y ePEnt
horicondiali,ons chdweatin rmuiy. 4xdE sonovtségnisecansl yiscussed

bel i nfluential upon any of the processes discussed
OYerein. [0049] As the heated and then cool ed wafer 416

moves forward (to the right) in the direction of the
[004&1r ow RS sdovghovih Bicherfh i chirtiyiahl¥i gthgcoriginal wafer
416 QeI yragsi d ary pugh eways {ram éherpsabisadraeture

432, 434 that the previously nolten portion I d,
predggiingitae PSR kL A% ol A% r Ui VeLCBal MBeROVRE into

the FRMnAcEO! (a8 f9Raip Edhamatiealy henl Fiyl d4pgrt nearl to the
nestiE Sahatld SEEP, DB A% LoyathVehbRlbd, TRk mens
whilgolih® ratedirliialg edge remains unmelted. A molten zone L
forms within the wafer. A melt interface M forms between the
downstream molten zone L and the upstream still solid zone S.
The melt interface M is shown in the figures with a specific
shape. However, the shape may differ under different
conditions of heat input, and is not significantly influential

upon any of the processes discussed herein.

[0049] As the heated and then cooled wafer 416 moves
forward (to.the right) in the direction of the arrow P, as
shown schematically in Fig. 4C, it eventually moves far enough
away from the heat source 432, 434 that the previously molten
portion cools and solidifies with a new crystal structure.
Between the newly solidified portion C and the liquid portion

L, there is a freeze interface F, with liquid material being



on the leading side C. [0050] In general, the
| ocation in space of the freeze interface F and the
woredov/o0ass€r f ace M, and the nolten zone L ther pOEUS®OE8008030
remai ns substantially stationary with respect to the
on ther maleJngMde ducftles tdft hed estsowhiB2, add34soIhd material
IS ving relative to the stationar
on tﬁ%ca |oﬁ§g i N ggaég just nentioned. Thus, dlfférent
parts of the noving wafer 416 change from bei ng
[00501i t i alliny gemeinil t Hare thodathipn, in Rwaee af shedfreeze

1nte'i:?%'€:\é5tfa|a|n'dz%q1€f e+ HiSerfdtee Vaf efndOVES RbPREN zone L
hrough the | ocations in space where a nol ten.zone

therpBevHeRNd tﬂ?@@%r%ﬂ?ﬁbﬂtﬁga”riéc?%?’a?q‘?ﬂétY’bﬁhaﬁSSPeCt to

the $olrndick catdnehtdakascplasehd MSdies 4 de, V@B&E #he wafer
gonti nyes to_nove forward to the r%&bt as

416 IonBRNtinga e AT o-° 41 AT T2 EOR Je‘ﬁ%‘?ﬁf‘ﬂﬁs in space

justOEﬂeglltﬁ.ﬁined‘ Jystusst rducﬁﬁmearporpaxots bet otles moyiing, wader 416
that. there IS n | t e,

cnsob P LIRS ML PSS A6e oRth Ved TISEER, phen o <

sollalnd rl@@)l‘tyﬁd:atlﬁeLZfeereﬁ@rmnt'HN%\ceth¢: ‘a@f%hoquﬁﬁ aﬂgng

thro{"lﬁ Q.Ucdé.cfrﬁééri)’r?téﬁééé%éﬁ'g foMER B8ne L forms and

ce of eit or. freeze. [005
then w@ﬂ#esumlér&ys&%rmf&MﬁH%t%% ﬁ%ilﬂé@éceééﬁn takes
placexi di zed and recrystallized. Fig. 6A shows,
schematically, a recrystalized wafer with the oxi de

| t Th e _h
0081274 5 il PO T ARG BB BB Lo e
rightyi éess sHOObAchamalk zeall laf bn sFhgvedDeeall of the
remarloqi.rr%St e gzﬁ-%u]bgbe %t?frggﬁf%r@r§89{:b¥ﬂrB@@Bmes liquid,

rm>ig ga ts were attained in all
so thmtedhexsess mavenelt intertrgat aPnivati bngeesr Ansgriace F.

Fina@ily, ur{;dﬁ;l’ drteilte %@féﬁ%%&éé@s at RPSRHR' 86d BeyBndr adks freeze
in"t'he capsul e arose es

e crack owed | eakage
intepdachy & AGGPO B THE (B FBY Ak, be; SPFLIPalljzed
solid IC WEYH trrd dintaof & hofled eeher Mékh dir édeeneair,

t he capsul e sel f‘heal ed

[0052] Wafers (both single crystal and multicrystalline)
have been oxidized and recrystallized. Fig. 6A shows,
schematically, a recrystalized wafer with the oxide capsule

intact.

[0053] The capsule has been made of dry oxide, wet oxide
and layered combinations of oxides.

[0054] Oxidized wafers have been recrystallized in air,
argon and argon/hydrogen forming gas. Successful results were
attained in all three cases. However, in recrystallizations
carried out under inert and reducing atmospheres, some cracks
in the capsule arose. These cracks allowed leakage of molten
silicon out of the capsule. Recrystallizing in air resulted
in no such defects. When fired in air, the capsule self-
healed by re-oxidation of exposed silicon. Thus, the furnace

for recrystallization may beneficially be operated entirely in
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by re-oxidation of exposed silicon. Thus, the furnace
for recrystallization may beneficially be operated
wendpnedsyo i na natural air atnosphere. |t need POL/UBE08/008030
operated in an inert or otherw se special atnosphere.
a naE:QQSE] aAs al‘ttnﬁ%@'l‘llél . (e mdd)imal bafepemaise@5innan inert
cast.  _nul.ti.cr stalllne silicon. The wafer was
or °%EeaW288 £EFS MOSEEES air and recrystal lized as
descri bed above In recrystal |lized sanples, the fina
[005§1ai n sASuGNUEXATELE, 6Be ET)iginah (MRFRRIWEF oRd P hem thick
castoﬁlhglt@.@l K‘s[&%tllﬁl?l‘év‘@rlg]%r{:h GRDRH £ &t 8Fad r@il&b?ed for

e capsule is not renucleatlng he sane
twengyahRyrshdn @dits ineamstal il 3 A¢5etthedupkove. In

recr&etﬁtlhﬁifze‘aors%pltéée Q:’Héjefﬁﬁﬂsujﬁaiﬂm@ﬁwcﬂ@rﬁeO‘Eig 6B,
ffects on the recrystall,jzed é%n struct

6C) far Chetroeat & SRR r QR0 (FHGR ] onfhich
demohegiysieal IUhaa{c ithie ?{ﬁcﬁa/waﬁﬁuelé ais goopakelecof onot re-
ce of PV devic

nucl%%%fior FEme g&‘falﬁs qzsnaé:B | Ssvd$! Ph tt:fléo y&agnggpgraln

fespective
strustuoet.ur dn arkhesi mdra%s £ ridre t@pld@) bapsohe {NBP8EFORO
memorﬂgatezi%%t he, gra{d Mid #ré:[‘n egaehututbe

es an 0ose surroun |t his top to bottom

Furt@lemﬂoa'lel,t ;@rlaﬂm |@Sl€tl‘rfeﬁtlg?fa|#? g i £5°Bccur
recr?';'tré@lﬁ%lalﬂio(iﬁﬁfbe%wéﬁlé Ofélheg@d)@nél@étfbﬁlwai)elrformance

t her, than parall el it. & b d
of Pf"odlel’Yécﬁsane%tﬁ Jtsne‘qﬁa’fohé]r d%‘fﬁ’g:j %Fﬁ%??%hgsbgg:om Piews of
Flgspemmqrm@nc&eﬁbéﬁﬂfVexyﬂIgmafm grauotboesdareesimilar from
top &%P&’Oé"r %ma?Sd@ﬁ {]axt llonpsi?e égrt?h %rgPR Jﬂ?tﬁhglhggsterlsk

€SIt abl @ condi tron is not shown
in eachamf dfhet henafgegijraas:l )thaese r@mrr@hedmmyﬁ al | Thdg top to

f r f
bott\% %kln{lsla% nﬁél%‘sﬂtﬁq%% f@ﬁﬁ%@@haayméé%%ur _

ness ver its extent
pringdmeddiyy ptﬁertnemdwalr\alf heo sth@ datane oPf chie Hﬁée&awﬁ ather

tharCpaaAlie1 WY cht ar chel h eyeendQrbayeparbliabnesd the plane
uni formty_ of onI within a

of t-menMﬁfﬁrngﬂefqrapﬁ%r%l@m%%umsf%@aa?s 8?séﬁ&$ed°ellsl as
graﬂ?ﬁ'b@i&nd&@.@ Méd et ot haé peeombiyat abhi zedtkase far mobile

charrg&: S r%vqexl'rs?gteq %.hc?hn ﬁc" Zﬁdégfpagig I‘:Bﬁd@%ﬁ:ﬁr Pb & &hown
in any of the figures.) Further, the recrystallized wafer is
very flat and is of reasonably uniform thickness, within about
10% over its extent, which is markedly better than the
standard for cast and sawn crystals, which are believed to
have a flatness uniformity of only within about 25%. Methods

of minimizing in-plane grain boundaries are discussed below.

[0056] wafers that are recystallized have a larger average
grain size than did the preform before recrystallization. As
mentioned above, a preform would have an average grain size of
less than about ten mm?’, and typically less than about one mm’.
The recrystallized wafer has an average grain size of greater
than about one mm? and typically greater than about ten mm’.
The absolute size will depend on the nature of the preform,
and the process. An important feature is that the second
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mentioned above, a preformwould have an average grain
size of |less than about ten mm2, and typically |ess
wo baw/oedseut one mmP2. The recrystallized waf er PeEUS2008/008030
average grain size of greater than about one m?2 and
averhypl @@hlm grle@t &f tdan mdumiis 8 iged Wdeenbssl baeger than

on.,the nature .of th r ef or d the
the 3if8tes VAT S SPURNE T AL T4 185 T BrCtoBhS
secondaverage grain size of the recrystallized wafer
(0057 | ar deothean usef f) riatuerimetiatysthe denshtyi o8

defe%@sthguEEQf%r@ 1041 Aot het é%ﬁ%%%lééﬁ% Byeré@utbal 1n
S

e'density efects, such a cations, iIs
somespgmpnn@émmc;e%ecﬁmd if thepr &S rRQUNETRFRESMeR efnj grain

sizel, NGHE jinD rAQ nENOBITRINS 14t M B dddSit PNis NPeAYETeNh] .
i'n di sl ocati on denS|ty is beneficial. [0058] Wafers

h
(00533 s cvbadie e T miiie (AGIY T I DT CEpSARE £§ Sride
capslﬁﬂ%vb{atl.lgupﬁssdméﬂélr}g. Whefabikity quf dche eorigeevageniie to
notli n
prevRietdiold A Alae S0 d 25 v PR 0l Bne by

notl_h@OtﬂmecrfdJatt tshalpe Bhaovwh f{tﬁ@mﬁ} déBinee@r6€100]
nDnocrystalllne waf er was oxi dized and recrystallized

[005(92n g%dbﬁ@éébé'éﬂﬁ H1SSHEE Wt Hr hdnSkaEEkELEA 150
that di sCussed above. The grain siéﬁctures are

micremitihdckon % HAGtop 2hdt hel 1t Ry of 10%é Mapaprystalline
wafelrdlagaldxigiitAeat dde xgss@ystb@mﬂzaéd esami eeﬁoheﬁar alikal

oth f f
Simieaa RSt G dbrh el o BT vES o ARG e TERaRE Ry ghove
The Rirevions tirucdqres dm adol nyi Joaptt verentla@otloplecdahbeab@mtom of
the w%(%erP cr %Qig\.c%ﬂl% . repttﬁotl,lférrﬁéeﬁg:jﬁ&gn QQ?eEOQE% ndkd

t hus, | es es shown
paralied] gc@ BR arffSC SUHEages st brargewr@ﬁe feprogess may

be u%%ld oh gt SR Woedhe &f gbdewaad hbeutast madt 4000
|fy I's on the Ieft. The vol une eis nsi

f
micTons G o PIRLBRAREY HHREYEEH (BoPRE. ShOpanongteRF 450

micr®¥nd @Wicklhe eruptions are excursions of the nolten
materi al through the original oxide capsule.

[0060] The leading edge cools, and thus, solidifies, first.
In the digital images shown in Figs. 6B and 6C, the first part
of the wafer to solidify is shown on the right, and the last
part to solidify is on the left. The volume expansion of
silicon upon freezing has led to the eruptions 644 of silicon.
The eruptions are excursions of the molten material through

the original oxide capsule.

[0061] An important aspect of the recrystallization process
is that when the solidification is directional, the
recrystallized wafer can have higher chemical purity (fewer
impurities) than the starting preform. This is because a zone
purification takes place as impurities are rejected at the
freeze interface and concentrated in the liquid. This
impurity segregation is because the majority of impurities,
especially metallic impurities, are less soluble in the solid
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[0061] An inportant aspect of the recrystallization
process is that when the solidification is
walosobissmal , the recrystallized wafer can havechugies 008030
chem cal purity (fewer inpurities) than the starting
thanphiaf @he 1Tkjuid.s bacautd s wapne yhe | impat i ohes akesl be

| ac uri s are, r ted t th
concgﬂg§ ?et ggncentra aﬁﬁmgdﬁ%ég wafer. A
smalilmpmouny edgtdgateinsh afs ttkm:awsfsert hea yrepertr ymoeéd off,
y : es, I o i
cher Lt photnge SORE i A AT | ao ffEng e more
puret fianagpurifeires KAy %Scmqw e oNeR fo¥Remayidbef

prov%ﬁgd\rl\gcigﬁsﬁa%é é@%ﬁ’@fl%{jn tf‘hf S"?f'hﬂe BEE i Ghs t fRaeNdeshilt
be tri.med o ere e
fromc&ﬁ@eﬁﬁpépé&qnnﬁ’lfr iSRS SRA b}%/?fi %‘P\ée pfiitl contain
veryf hmglhwahahceﬁctrratﬁécs mymaﬂ.ehg he quief Dign OBy biee
sone extr t The eru 0
erupPiBiie; el PR GEBRS Gt T e i e b oF§ pegEmp1ish
the phouéiwaltlionantai n very highly concentrat ed
inmpurities. Cutting off the eruptions al one nay renove

[oos‘fgf fi %g@ts oy gf 62 ath;l %“(.C ish 4 Reapairi £hgat 8-

062 6B an pict a wafer that was

PrOCSIsééés@@&Wl?@F\/\éé-@tf b&’t"“kﬂd&(lﬂ’u]gatpﬁ%t eEVER il tRPRBuURTY

backamg Baaksle%g mnatoe@deartacp@ﬂea Gapsad 1 r et @i 8BapéSqahapewell.
wel | %31 14A and 14Bcingthe top and

Figsy ol BrdeildB SHox Ui hest B OREdr (RSP AaLVehg, Of an

encapeanytked kiazed |1m|169 fﬁlfafta&ms Vﬂ‘&dzﬁystea;llﬁgedl iecéal §furnace,
air | ndrl cal pPo T

Whllﬁafgﬁ%f%f6dlr %ﬁﬁ't e capéﬁ? %é i#%ﬁ&f?gal Qﬁgﬁgrt rods

1452t.he Thedwaf452 1 4di6t, tvhichovrertdie cargele ehﬁ?ﬁsdg@nélampy

arou?ha@'ﬁ'é ro @efl'ﬁlgu y bgﬁ GUP R0 asP@bd egeﬁlQlHESéenerally

ts w thout any capsul e.
plangpat e\ﬁﬁgql@éflystaaﬁ IGOMRREAT |t ﬁd%ﬁ%@ BY laa%wéflot shown)

thatb%lsw&spmtt%od&utaw tdhmw.oem wapPt nghhackasg
ssed Wi tﬂout a

flatt th t.h
recrhsEiiag Lt o AP O BT e SaREth Bltteqpove
withsuof ap@eshowspianey iaokainy q:;lqataex i tsil Ataytarothdnt hbose

proc%esrsle%h%rix:ho(.ll}:b a'nr{ra%eaéks’irrc‘cP%@és t@l’xéthl YPh Qg.gs . 14A and
14B, but the top surface shows some curvature, particularly
around the periphery. (No image is shown of this type of

product.)

[0063] Support to keep the wafer flat may be provided by a
lower support element, such as a backing plate, and the
intrinsic strength of the capsule, either individually, or in
combination. For instance, with some relatively strong
capsules, it may be possible to dispense with backing plates,
and to support the encapsulated wafer on discrete elements,

such as rods, etc.

[0064] The grain boundary orientation and density can be
governed by controlling the heating and especially cooling
environment through which the wafer travels. The freeze
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product. ) [0063] Support to keep the wafer flat may
be provided by a | ower support element, such as a
whaakionFspl ate, and the intrinsic strength of P&EUS2008/008030
capsul e, either individually, or in conbination. For
1nterﬂabanselglewwbbn3w@ mﬁlatie'nvedmlsidrorlg acm:psweessoiid may
sibl.e t L spen w th ckl Ny
recrgREROLL “BHasadahRU Cacd St o Wk A hod heat
flowsdohsaderatispnst dmpa@d64jrafime fgrranartlbnu-nda‘ksy shown
rientqtion a ens;i t r NGk r
SChegﬁ{:?Eg H’ngna% ggspédl ﬁlﬁ%%ﬁlﬁgb&eenw rgynrr%%?étﬁé%%gﬁace F
is awaibchiacheaharbichr digusd Hid ifaaedeiffieaier cad peegrBas

sollahFe@w&gali'ﬂz'ego%1'-11"2‘:'391 tche sgld Qarf&‘?r’é/sé:@iéﬁ%e@f the
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freeggniPleraARFENE |1ﬁ'pz§é:t thea e oMt con and

theréfb.e_aat thal hhtbﬂ'f%lc@fSF is aml.cﬁﬁdu&n%l.l The $hgpEeof this
C IS.a SUrta a
isothPel, 48 GRucEEIGRLs PHoPRY Py Sal TS 11 EBncee cooling

wafefhglént i Teisxchapeofin harfr edapdatterfacegfais strubture

prop%&aaegglggln%h%f %ﬁ%ﬁgg%fygﬁﬁquﬁgfgfb%té“%fn{ﬁéfégfer as

'S an |sot herm I’ sot her
the deﬂedmﬁmedtbynhmrﬂteatua% r Svisegzomheanebeenngilicon

portﬂ@ﬁeﬁ 448 thBhS t3RB1 N UHbad MAK HAOMeESREA. In fact,
structure propagates into 't he recrystalllzqﬂ_g%gort fnof

due Eoothenbi f@lea ofhdusgiandidh Sy IEPEof i

heatf ﬁ\@@%ebbhi‘eﬂi@k/b@in f¥idnl ae mréezm intatfddenr osmpny to
at . nmust _he .renmoved.

accopp}iSh s Pl GH ST OF TEiS HETO0r  nEMt o pigEt must

firshebeeronddctednthreugteadre isdleid ecel #on s¢ nphg the backing

conpl i sh .t i fy Thi
plat%% ?EHWS?BPI :Agltds%éleg{omf%q{ etgyt ro é}ﬁvfx#eﬁrg% | d 'E‘hﬁl con
direCtand ofic hsatkifd@wlis @rmdm%dtq hepote¥mee t he

1nclﬁBYbeQE%nEsdgH%fﬁ'%ﬁaﬂ(Hb(ghé"ﬁ¥o$iwmiﬁ§erface (This is
rpéndi cul ar to isotherns, jncl t he isot heraw heat

becatlﬁst the dgethesm 1S Mterd atrblfczlﬁfﬁufse REYIERECe R
cannb&ohermaileonat id .uni fay miwenperatsymrme et hradt cahoat

pattgknwﬁghqn%el%1§%d§séalw¥dlf%ﬁggm§trlqdf&@ﬁs&iSﬁ'of several
heat flow patterns, which are more preferred. The symmetric
case is also useful, in some circumstances. For instance, if
there is very little, or no nucleation of crystal growth at
the intersection of the capsule and the freeze interface F,
then problems of crystal growth orientation, discussed below,
otherwise associated with the symmetric freeze interface, do

not arise.

[0065] Fig. 7 schematically illustrates a three dimensional
view of the freeze interface F between liquid portion L and
solid portion C, during re-crystallization. The interface has
compound curvature. Note that the curvature F, within the
plane W of the wafer is exaggerated in this figure for
explanatory purposes. The primary curvature of the interface F,

is that which is visible in cross section shown in Fig. 7AI.
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pattern wll be discussed, followed by a discussion of

several heat flow patterns, which are nore preferred.
wdbeopyrsset ri ¢ case is also useful, in some  PCT/US2008/008030

circunmstances. For instance, if there is very little,
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ner S s e a0 e Imertate T tten,
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L qule ernface, do not arise. [0065] Fig. 7 schematically
figu .g ; ) .
"Tustrates a three dinensional view of the freeze
interface F between liquid portion L and solid portion
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t ut.si. t orfl i e~fFi e

betuefe i Sy IR o PR Mk d 8oL | BHeCRares. 1t
is whemewtdle TEBDSraawid g jliahestyoin the weaiqaf ehapighe
wafe®NGaPslAtiad W iiHd &« Aie F2hasd¥hd'Gymmetric shape

re-crystallization. As heat s 1ost sy tfrical from .
shownihe AgEE#E EhFNBUhe éc‘é's,a]ofdlt?\eec'ﬁv\?a‘?rérgg‘i%e%ﬁdf%‘gt bg}‘lle
heatC@duet e ridenigiuldie smfiie itgeriseel Bne WP iof ddso true

wafer, is.a ne that i [lel .t I
choch B Rt a e SO TSI Y B8 byt psercace
F,. vafkikely waywheregrhénsetpepatigimate highestnugledfeion at
: ¢ : . . )
cre SR Bl e 16 nd el MR IR cABRue
720, diate ®Oi&F Sof7 Wanta®d olg 7ivnshevrRedt Flidhs Hereftidtnsr’1s

nucl{e%t})e:aggg:gg:?feﬂcsggi?upﬂe:e%dfa&e% &ﬁ%ﬁ'?ﬁnéft’? &?@bagé&én%ﬂv@@d,
ndicular_to the interface

toward sihe FERIENG) I id? i nat® ggabQSnﬁéVQHFion at
propake tieg daron heitteerhd hepperd €71 7d 6anddlowert Rilidl fhoumdaries

simdf@g%géasly, there is a chance that grain boundaries will
collide, such as at 721, resulting in grains that are
relatively small and do not span the full thickness of the
wafer 716. Further, grain boundaries resulting from collisions
of two or more growing crystals tend to have significant
components that are parallel to the wafer midplane. This
degrades electrical properties, because it prevents crystals

involved from spanning the entire thickness of the wafer.

[0067] It can be seen that if the incidence of grain
nucleation is very low, then the probability that two grains
will begin to grow in a manner that they will collide and form
an undesirable grain boundary, such as at 721, are relatively
low. Thus, if a capsule is used that has very low, or no
propensity to nucleate grains, then the symmetric freeze
interface F, shown in Fig. 7AI may provide acceptable results.
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720, at points 717u and |11, shown in Fig. 7All.
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7BI)Flg 7Bl where the interface is only slightly curved.

Angles a and b are the angles of the interface with

respect to the plane_ of respective surfaces of tla
[0068dpsul hamman cnientaee t #Ile glif JITTAESE LRGP ladearees,

any ?‘:ifa%.r e hdO dred %@%ﬁ@%bﬁi@éﬁ@ﬁ@lﬁggta&e bv[ilEl g,end to
interface a %(?1 s less_than_90 @,n 7BIT
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However, when an interface angle is less than 90 degrees, any
grains nucleated at the corresponding face will tend to grow
out and therefore not propagate into the growing wafer. The
result will be that the grain structure is determined only by
propagation from one face. As a result, for a freeze
interface F,, such as shown in Fig. 7BI, there will be few, if
any, grain boundaries within the wafer which are substantially
parallel to the midplane MP of the wafer, thus avoiding the

deleterious impact of such grain boundaries.

[0070] Figs. 7C and 7D show a portion of an encapsulated

wafer 719 within a variety of asymmetric interface shapes F,
and F,, which will result in grain structure superior to that
resulting from a symmetric profile as shown in Fig. 7AI. The

asymmetry in these shapes is caused by asymmetry in the
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contrast, note that the two corresponding interface
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larger, wll frequently out conpete the grain
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[0073] The backing plates significantly help to reduce
stresses during recrystallization and therefore to reduce
formation of dislocations and other defects that stresses
cause. As can be seen in both Figs. 7AI and 7BI, the heat
(indicated by arrows H) that is conducted away from the freeze
interface F,, F, largely flows toward the backing plates 724,
726, and perpendicular to the mid-plane of the wafer 716.
Importantly, only a small portion of this heat is conducted
parallel to the mid-plane of the wafer. The result is that
the temperature gradients and curvatures along the
recrystallized wafer can be small, resulting in low stresses
during processing and therefore, low dislocation densities and
thus, high electronic quality. This is in contrast to the
situation in vertical ribbon growth techniques, such as EFG
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perhaps, all the way through the wafer thickness. The

result is that there will be fewer grain boundaries
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[0074] The simplest manner of applying top-bottom bias to a
recrystallizing wafer can be achieved by operating the upper
and lower heater elements in the recrystallization furnace to
produce different heat flows Q,, Q, with Q,> Q,. This can be
done most simply by operating them at different temperatures.
In this manner, as shown in Fig. 8A, a hotter upper heater
element 832a gives rise to a relatively larger heat from Q, and
thus a locally wider molten zone L on the top face of the
wafer 816. When coupled with the relatively smaller heat flow
Q, and the narrower molten zone on the cooler bottom face of
the wafer, the net result of this bias is an angled freeze
front F.

[0075] A related means of imposing bias on heat flows out
of the recrystallizing wafer involves placing heater elements
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radiate nore heat QL to the backing plate than a
[0079Mal | - & ebi fferent method of imposing top-bottom bias on

the heat flows out of the recrystallizing wafer involves using
backing plates of different thermal properties, as determined
by thickness, thermal diffusivity, emissivity, or any
combination thereof. For instance, as shown in Fig. 8C,the
lower backing plate 826, is significantly thicker than the
upper backing plate 824.. The heaters may be located equal
distances zu=z!{ from the nearest surface of the respective
backing plate 824c and 826c. Depending on the thermal
properties of the backing plates used (i.e., whether in-plane
conductive heat transfer or out-of-plane radiative heat
transfer dominates), more heat will be extracted from either
the top or bottom surface of the wafer, imposing thermal
asymmetry. The solidification interface F will be inclined
with respect to the wafer with interface angles « and B, as

discussed above, which is the desired effect. The interface F
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heaters are relatively discrete elements, such as independent
rods 832a, 834a. A distributed heat source may also be used
for one or both surfaces of the wafer, and the distribution of
heat output can be asymmetric with respect to the upper and

lower surfaces.

[0081] Any of these techniques can be used alone, and most,
if not all of them could be used in combination with any one
or all of the others. Further, similar techniques not
mentioned but later developed can also be used, and also,

either alone, or in any combination.

[0082] There are various arrangements by which the wafer
can be melted and then solidified to recrystallize, with
respect to whether the wafer or the heaters move. In most

situations, the physics/mechanics and thermo-dynamics are
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liquid. This liquid wafer material 516, retained within its
capsule 520, such as of oxide, can then be moved away from the
heat source 532, 534, gradually, generally in the same manner,
as shown in Fig. 5B, such that a liquid to solid freeze

interface F arises.

[0086] One possible advantage to the batch method shown in
Figs. 5A and 5B is that it may permit faster production of
wafers than a moving melt zone method, as shown in Figs. 4A-
4E. A possible disadvantage of a batch method is that the
capsule 520 contacts the molten material of the wafer 516,
which molten material is somewhat reactive, for a relatively

longer period of time.

[0087] It is also possible to cool the fully heated wafer

preform all at once, rather than by zone cooling, relatively
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siliret heth ms &dmed), iprévidindAa way to control the viscosity

and possible tendency for the films to nucleate grains and
also for the possibility of in-situ doping. Finally, silica is

relatively easy to remove from the wafer by selective etching.

[0089] There are various growth and deposition techniques
for silica. Possible techniques include dry oxide growth
(including in air or oxygen environments), wet oxide growth
(including in a steam environment), spin-on glass, physical
vapor deposition techniques, such as sputtering, and CVD
deposition of oxide (both undoped and boron doped).

[0090] The oxide coatings can also act as diffusion

barriers against impurities entering into the wafer.

[0091] A doped oxide film (which is softer at the

recrystallization temperature) might nucleate fewer grains
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encapsclade dhe maﬁhréﬂqmwﬁhat Wthh is inside the capsule
layer in question. The wafer 1016 must be fully encapsulated,
but it need not be entirely encapsulated by any one layer.

For instance, the outer layer 1020c might be present only on
one or both of the top and bottom surface 1020C,, 1020C,, and
act as a release from the backing plates, but need not then be
present on the edges 1020C,. Different methods to apply such
incomplete capsule layers are thus viable. A multiple layer
capsule may provide enough strength to eliminate the need to
use one or both backing plates.

[0094] It is possible, in some circumstances to provide a
film covering around only a portion of the preform wafer,
rather than all of it. For instance, if a film covers one
major surface of a wafer alone, or one major surface and its

four edges, for instance if a film is deposited on a wafer
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[0096] Further, the film capsule is so thin that it is
completely conformal to the surface shape of the wafer.
Textured preforms may also be treated according to methods of
inventions hereof, to form a recrystallized wafer that retains

the surface texture.

[0097] As shown with reference to Fig. 9, a wafer 916 with
a twenty micron pitch linear texture with grooves 917
approximately twenty microns deep was oxidized to receive a
film of approximately one micron thick, which conforms
entirely to all surfaces, without distorting the overall shape
at all. It was then recrystallized. The capsule was strong
enough to retain the vast majority of this fine scale
structure although some fidelity was lost. Thus, textures may
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[00100] The encapsulating layer, for instance oxide, as
discussed, may be applied at one of several different times in
the process. It may be applied relatively long in advance, for
instance hours or days, in a location and with equipment
specifically designed only for the encapsulating step.
Alternatively, the encapsulating step can take place
immediately before the recrystallization step, and can be
conducted in the same furnace and the same simple air
environment. An integrated approach may lend itself to higher
throughput, less material handling, storage, preparations,
etc. However, care should be taken to avoid balling up of the

silicon.
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shown in Figs. 14A and 14B, discussed above. [0096]
Further, the filmcapsule is so thin that it is
wa@oomploerssd y conformal to the surface shape of P&EUS2008/008030
waf er. Textured preforns may al so be treated according
[001bQ]rTEt he@s befckiinvepliades Mereaind t424 aite aflat substrates

taII waf that retain surface texture.
that[ 58 ]lnﬁstg’l’?ogw tet{f‘llnéfe&}’esﬁ‘b]ee %zqicg a wafer 916

recrwg&hhinm&yﬁqnrﬁZﬂcn1nhd(uppennhackzngL@kﬁﬁﬁt&ZQréeves
some%lme%p"?:re fr'I%tdel b WS M eafné%ggéﬁprﬁ V‘?fa@é' dAZSgeEered

réecelrve a approxi ma on thic
situattiiom denfeob@skdmd rliate Gn%ﬂerrls%ﬂtf'd%@% r@\l@ﬁéaﬁ and

sepaPated’ tdl%&ntl@e R Alle ShARS: A1 aférmiﬁg V‘@ﬁet PEAn film

recrystallizéd. The capsule was strong enou
capsudeaid? O-he BPXEVSHy ort 135 ALINiROFFHRISC P%gs?rWSQGrﬁelease
layed mqllglge?%afdtﬁ&ljédws wars 1o dlé@wﬁ 4p@xbor eslimgber

provi any, purposes_neede For i nst an e for
othel Bt (T idhr A BN BROGITEVE T Or HADT RO

di scussed and di sclosed in PCT Application hb
[00102T/ USZO@S/MZ@B&,nqzldCchld'@tnUmlys 16an 2908dej geilgetion of

necK PR SR e T AN RE o Blring prece
for pmniyordimen @ iiSadriown sumwwmmaﬂ@hesaebgeidwf made of

a rdfid8dd altférl?é)P7uh£@dléJSax%9yal§1@nﬂh ﬁﬁ@él ¢akin0And does
61/ 011, 33 fil Jan, ,. 2008 and whic

not Em@ﬂﬂﬂqeﬁ1QQQﬁ%¥9n%ﬁﬁ%m ?%r?iEoY%oF%?eﬂafﬁgf;gﬂgﬁg%ﬁugh

the l@:)ép'sﬁtfl%r &0 akextal % dDf fedl evebatheerf unet sbosldonot be
sane functions

f f b
courlks, e A abiESE s il Bl FLSs PR B Bvoide)
The a:lasxknln¢qi];atieo steoubdfndt umdehgtarplcehpgud§§0@matlon, nor
ined, SRR e MW i el 06y 04 pUh O, BELCROSS i Low
for sﬂﬂﬁ&f{ﬁimyﬁ%qsf@d@h%lW@@hn‘éalab@'él@ shAY1di PPGO;LP“Ckle in

use Y& G Kifls-maheser £ospounte §ﬁ‘6ubﬁ geflaial ther .byrhgas

phase reaction of th I
bac iR At QGHOST T h TReHH GUREE PoBBOREHELY AFVor nat e

coe fifiilcErd rid Soﬂltﬂieﬂﬁﬁyléiﬁpamlsiabl €0 minimize the thermal
stresses induced by the heating and cooling profiles during

recrystallization. A higher thermal conductivity will smooth
local hot spots and also avoid high localized thermal stress.
The backing plates preferably are suitable for firing in air.

[00103] Work described above has been performed with

backing plates fashioned of pressureless sintered alpha
silicon carbide, sold under the tradename “Hexoloy SE” from
Saint Gobain, of Niagra Falls, NY. This material has many
advantages. It is readily available in thin sheets and
reasonably priced. It has a low CTE (4 x 10-6 1/K), high
thermal conductivity (>50 W/mK), and high strength (380 MPa).
It is known to tolerate extended service at temperatures up to
1650°C — i.e. 200°C higher than the present application
demands. Its chemical purity is acceptable: total metallics
of <200 ppm by weight, the majority of which is aluminum (iron
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physical integrity and m ninmal grain nucleation. These
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platens in microelectronic fabrication. If the SiC layer
seals against oxidation, this may be an attractive material
because the lower modulus of graphite means that lower in-
plane stresses will develop when subjected to thermal

gradients.

[00109] An important requirement is that the encapsulated,
recrystallized wafer release cleanly from the backing plates.
It is most advantageous if this can be achieved without a
specialized mold release layer. This will be addressed by a
combination of choice of backing plate material, backing plate
surface texture, and wafer capsule material. At the
temperatures in question (1420°C), most materials react with
one another, to at least a small degree. For example, silicon
carbide oxidizes to form an outer layer of silica, which is
then available for reaction with the capsule material of the
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containme t capsule. Finally, the removal of powder
which has stuck to the capsule typically occurs by
undercutting during the etch removal of the capsule. 1In the
case of silica however, removal can (if necessary) be
guaranteed by longer immersion in the etch so that the powder

itself is etched.

[00111] Other potential release layers can be made of
silicon nitride, silicon carbide, alumina, or even graphite or
carbon black powders. In the case of carbon-based powders,
the mold release layer can be designed to burn up to release
the wafer — although this may restrict the recrystallization

to non-oxidizing atmospheres.

[00112] The release layer might also be liquid (such as
molten tin). It is important that the film capsule act as a
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sideHAdfS viRgwid@g: . One route, is to apply a thin layer
(ideally single partlcle thick) of fine powder, for

exanpl e, s
[001€1|>§}e](r:r?r Ilalclc]g% V\f? C%%IP pII a“gfsng}{ag aQ‘% suitable for
solid backing plates are useful for particulate packing
elements, including silica, silicon carbide, silicon nitride.

A mold release layer 1128 may also be beneficial.

[00115] Another possibility to reduce the tendency of
backing plates to warp, is to increase their strength by
adding ribs to the face of the backing plate that faces away
from the wafer. The ribs could be aligned along the direction
that the wafer moves, or perpendicular thereto, or both (such

as in a rectilinear grid) or in any other orientation.

[00116] It is also possible, as shown in Fig. 12, to stack
wafers 1216u, 1216{, and their backing plates 1224, 1225, 1226,
on top of one another for one or more stages of heating. In
this manner, fewer than two backing plates for each wafer may

be used. For instance if two wafers are stacked upon each
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bacKifng plate 1225. Thus, the heat flows from within each
wafer 1216u and 1216{, outward, away from the central backing
plate. This then establishes an asymmetric cooling profile of
the desired shape away from each wafer, that will result in

the desired orientation of grain boundaries.

[00119] It has been mentioned that there are some
circumstances where wafers with a surface texture are desired.
The surface texture may be for light trapping, or processing
purpose, or other purposes. In some cases, the texture may be
imparted to the resulting wafer by providing backing plates
with a suitably textured surface. In such a case, the backing
plate acts as a mold or form and the texture arises during the

re-crystallization heating steps.
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[00122] The heater rods are supported by a structure built

of high-temperature insulation, made of pure porous silicon
carbide. The fabrication method for the insulation developed

by the present inventors uses a pre-ceramic polysilazane
liquid polymer mixed with ultra pure silicon carbide powder.
The powder is supplied by Saint Gobain and is used in their
line of Crystar™ products. Insulating furnace components are
molded under light isostatic pressure into simple molds and
then fired. The ceramic bodies are formed by pyrolysis of the
pre-ceramic polymer that becomes distributed between grains of
powder by capillary attraction. The product is a porous
silicon carbide body of exceptionally high purity and very

good insulating quality.
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418, the backing plate could be about 2 mm thick. The wafer
between the backing plates would be about 200 microns (0.20 mm
thick). The oxide capsule 420 could be about one micron thick,
as could be the powder release layer 428. Thus, the backing
plates in this example are on the order of ten times as thick
as the coated wafer, which is about two hundred times as thick

as the oxide layer on one face.

[00125] An important factor for temperature control lies in
good temperature measurement — of the heater rods themselves,
the furnace ambient, and the wafer/backing plate. The
temperature of the heater rods can be inferred from the
resistance of the rods — measured in-situ. Radiometric
temperature measurements will be used for the furnace ambient

and for the wafer/backing plate assembly.
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in thegidiiskg thereby causing solidification to take place
rapidly (typically in under one millisecond). The rapidity of
solidification prevents the liquid from bonding or adhering to
the disk.

[00128] In spray deposition, small droplets of molten
material (from a plasma spray gun, for example) are directed
toward a cool substrate with rapid solidification resulting.
These methods and suitable modifications of them can be used
to melt and rapidly solidify silicon into thin sheets. A jet
of molten silicon can be made, for example by melting silicon
in a container and then applying gas pressure to the top of
the liquid so as to force a jet out a hole in the bottom of
the container. The spinning disk may be replaced by a belt or
a closely spaced series of planar substrates which move under

the jet.
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[00131] All or part of a capsule may be deposited on the

original perform wafer by chemical vapor deposition by
changing the gas from just a silicon bearing gas, to a gas or
gases that deposit Sio?, SiNi, S§iC, or any other suitable

capsule material, as discussed.

[00132] Wafers of a variety of types of semiconductor (not
just Si) can be made without the expense of sawing and of
removal by etching of the saw-damage region on the wafer
surface. Utilization of silicon is improved and waste streams
are reduced. TFor instance, these techniques can be used with
other semiconductors, including but not limited to germanium
and other elemental semi-conductors, and compound
semiconductors, such as gallium arsenide. The integrity of
the film capsule will help to maintain the stochiometry of the

compound. Further, crystalline wafers of other materials,
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thin %&f%”%%ﬁ@ﬁfﬂk%ﬂé, and the thermal conditions in the
furnace. A capsule material may be chosen which, due to its
structure, tends not nucleate grains. Silica, an amorphous
material, is an example. Alternatively, capsule materials may
be chosen to deliberately nucleate grains, should such be
desired. The thermal environment can be made deliberately
different on the two sides of the wafer, so that grains will
tend to propagate only from one face of the wafer, thus
ensuring that there are no (or, few) grain boundaries in the

thickness of the wafer.

[00136] The combination of reduced stresses and dislocations
together with control over grain size and placement allows for
the production of very high quality wafers. Support by the
combination of capsule 420 and backing plates 424, 426 means
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a closely spaced series of planar substrates which
nmove under the jet.[00129] In general, other forns of

wo a@oaoxsed i di ficati on have been used with the POT/@gmOSES030
technol ogi es. These are suitable to produce the type

thatOﬁ:hﬁhemfff@ﬁ&;fo%fnTl;bﬁ e WM ttHe debie rﬁécmslxdg seivsedn

e startin I nal preform wafer

consﬂlé’ ¢8R %1"9% Lﬂk’ﬁ”ﬁi’d]é"% eclﬂe%%{a’r %Y deposi ti on
(CvD) froma silicon bearlng gas. CVD is used to nake

[001Badds aﬁmep@damﬁ;nﬁ daflircionidr anff Sofded by the capsule

alloly '%%le lﬁg f¥g§¥%§HEJ¥ﬂQ@§ééfé@ &gfgfgoc%hlch

e I nhgots Ita
beard@pdgusmr@ﬁi ctfopggnad&w fiqam pnwwwt%mﬂ opThis can aid,

for BkhipaR WaelchedtSi itp e difx £¥sSihi
°or a?e‘rbs f'or semecondrbgsctord de\%@%%tf’%&u % s6lar

Cellﬁl -croel ectronics industry. Free standing silicon
bodi es can be made by CVD onto non-silicon substrates,
[001138I]I omdlebfumranealcdrrmddfammsééif:ons ssbmpiaein large

i con can he deposited o hj
part BhCRIARe ¢ S ISHRF T bl 410 ST UG, obeiating
the ceed fgr talwe;qufaf:emmme ves sdilerand mlm@ttbﬁreaﬁ -ai &he

furnv\%rém\éacll Yo HhE 1S ldfofhgk{%@[f&? ﬁypéﬁr%‘ﬁﬁ aFHLEBR atlble

i con epltax on i con nust be done at
heatteén]@f@ldét ur &ottho igy k@ Ay keatsss afayr BRt AL F’Frglcon

carbfiiee FANARGHReet can be deposited at |ow
tenperatures because very small grain size is

t 01 f .
(00138051 B AR 1 ¥ SIS o vl cPEB e ReRRcal FLESE S
the sdppl idepgsidf atheéyfwiheange ngede gast fmanyj ernaces can be
cons I l ! CCO@ Rf%regl%@assta{&Q c%f‘stv% ? rﬁéréh\%\fgﬁeoé'a'h be

any ot Sui e capsu
procmtsad dln aagidiere UBEERRCE 00ABT b ¥reibh HaQK#Pét pletes

betw@é’ﬁﬁ%h@m senjeonduetof {hatkddisis Sa)pgaeleala@dg

out” the ‘expense of saw ng and of renpval
advagt@gany Sofs A R RERRYES? cHhINtHR FAR REf &P \é&ﬁtaé:é’

identliida1Z atHedall iviEomnéses mproved and waste streans
are reduced. For instance, these techni ques can be

[OOIlHﬁd WI‘IIhhe process may be practiced where a molten zone L
(Fig. 4C) is moved through the wafer 416 (typically as the
wafer moves through a location in space in which that portion
of the wafer in the location is molten. As shown in Figs. 5A
and 5B, it is also possible to melt the entire wafer and then
solidify directionally. This method can facilitate furnace
constructions where there are many wafers in-line that are

being processed simultaneously.

[00141] The present inventions can be practiced with
original wafer preforms 216 that are a wide range of sizes and
shapes. Presently, an industry standard cell size is 156 x
156 mm. The preforms can be this size. They can be slightly
larger, so that they can be trimmed after recrystallization to
the exact size needed, for example, by laser cutting.

However, the preforms need not be square. They can be in the
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ot her sem conductors, including but not limted to

germani um and ot her el enental sem -conductors, and
wa@esmpowsso serm conductors, such as gal |i um ar sePCTES2008/808030

integrity of the filmcapsule will help to nmaintain

formtbgeateﬁ?h@?EEbw @&dﬂpﬁsﬂﬂnﬂhﬂﬁftﬂiﬁt&&ﬂ ,berystaystatlized
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movmm @pulnglltfh@a\mm arE6 aflgy g R @sey ny. 19ngeR4iergsh and

the WelgLt4LE e SIUPRQI BSh Wh&Y SE§ DLEAR byebae&uaad
pl ates 424, whi ch guar antee fl at nes

Recrﬁﬁ&@ﬂéézﬂéﬂhénf&PQﬁ%ﬁrr S f 13 $RL io%? ﬁemaFEFred
end &lagesheat, Ta&@b/&\{aypaiahﬁe raad Uy diea garolmt reflubeay thermal

t hat st, be renov conduction.in t sel f
Stregggs, FrefSr & SahY lzraetd][f’crbd st ré%%e@"%%rggrlpg 8k
contcmulomg le'ﬂky'tslsi ranajmeamnzelslm&ptthi@ra'aresaes during

eC| di ti j
coo (SERRELR e ARELE T TE S OGS S0t pacieirn
fornﬂsomeﬂosotervegse§rmm ML QIR? i AN RLIBR @oﬂﬁiﬁaoaénge of

stre% IR fTUR a6 iy TRt I GRS | S PLA§NShab8YE This extra
princi pal” stresses alongﬁ?nd per pendi cul ar,

xg-lbé«FotlFFYderéét iedn: O e Vé%‘fe?’%r%\%?%?saﬁﬂniﬂ‘é{% gehert

densqttrl%%s SRy cdd0ilidp] The grain size and structure of
the wafer is controlled by a conbination of: choice of

teri far th h fil 42
(oo BNE" Heclind M AT EFEIS 4700800 SBorpecranautar
waferahase befeos elesp idded dyenevally abovet uaesumenasth@tt a

strarlgﬁll e%td% Jt@ :}ﬁes%rldl[&@ fff‘s@r@é p@ﬂéshgﬁESE' al Wh|e$1 an

tiv casuematerlasma
proc@msgm 2 samart%rmf%fq/rrhuc}%a%% @%ﬁ?nE°S§h8&Pdt9u&F?tE€duce

a cHERY ed.rshhe dhieremd syt éPPNBRE €RDsbRaBBEeme advantages
deliberately different on t

Wheng @ Sda 1§ r%dg/ﬁ’l*st%%s?%t%?o%gﬁﬁ#e SHFg) 1& f#‘%ﬁm along

the faarar@f Idipytmiet ,thdusdge is a potential site for unwanted
nucleation of a grain. When a corner is presented first, fewer
potential grain nucleation sites are presented to the elevated
temperature. Thus, it is sometimes more likely that a single

crystal will arise when a corner is introduced into the molten

zone first, rather than a straight edge.

[00143] The foregoing has described apparatus and methods
that generally orient the wafer preform 416 with its capsule
420 horizontally. In other words, the thin (thickness)
dimension of the wafer is aligned vertically, with the two
larger dimensions (width and length) establishing a horizontal
plane. The preform then moves along a generally horizontal
path through the furnace, and other stages. However, it is
also possible, as shown in Fig. 15, to orient the preform 1516
with the thin dimension aligned horizontally, and a long,

typically the longest dimension, arranged vertically, and to
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ensuring that there are no (or, few) grain boundaries
in the thickness of the wafer. [00136] The conbi nati on
wobomwedssed stresses and di sl ocati ons toget her p@i/B2008/008030
control over grain size and placenent allows for the
movephiad u@tritdm:adﬂyv erhrdigih o lﬁiﬁn@ca\afexsheﬁuwmard bgrt he

42
o AP B B T 28
elemsnhscdﬁZGQn@ﬁ@ﬁ|mustnhﬁ|aqr&ng¢@'b@lpr@V1d@|éh@ynecessary
supphggl%E]tE%F 5&ﬁ'dﬁflé”h§”€ﬁédﬁ§f@¥ 1586 melts and

sule e recrystallization of textured
recrwafcgrlshmﬂ,c hsqaerenata %lQWR%?%th?BﬁEF@\‘/PﬁuétS

desite@PShapdl,s widh dicht furex@dw) e, in creating light
trapping features in solar cells. [00138] The furnace

constructi.on itsel a art .becaus
10030] o, Tl 5, St BT Hh L B p Rt Aga; REansport
mech?eﬁcinf,omadmnrtay nimeritudee sseAmmrell enehtsgl bhéy e@ﬁ.lZThéhat
ur nac can f I n :
sooulll UL AR Tl Pl IR AT B chogodig unicr
preveait ¢he wfek:e foforsihe bon saraskrd wedesxappleence of the

d
clamh%%l%gl Ges S|n6P90|ty dﬂﬁ%SQﬁé£€hH§ hayPhe HﬁEb@@al, such

he furnace neans hat
as afG@ﬁ@@9§1ﬁ%ﬁﬂﬁ9cﬁ#ﬁﬂ?uct%ﬁr 5ee 0P, m%Fﬁckg gpe %}Y
oper@¥1@ e R MDE 1 OESSSEd t@g@t@eyentbucmamg the wafer
th generalk¥ wi th backing plates between them Two wafers
er, s a particularly advant ageous situation

because the two can be subject to identical thernal
[001aByi I ormirmt]sarlj polﬂaaﬂ}efrheh@m cceisgnayigatpdasuibssé@ntially
horfgnﬂeéﬁigygé fl F' &%fé§ EQMegetBﬁQ%Qﬁ e any

yplca noves through
orldnﬂaﬂnqn1mn1bﬁkﬂﬁﬁmrWQWWt%alh@Pdpb@FFQRHEﬁlvhéﬁm&ﬁe@asses
thr%ﬂ%ﬂ!%ﬁé(§¥ﬁéé§‘6§ §P$é§§se§‘§1§BQ&BednhEk§§n 5A and
> it :sdaLso possible to nelt the entire wafer and

t hen solidi dlrec .. Thi s _net hod

(00448 | | (Bhe T9ihads %b%%f ﬁ%‘fli BRECIRCPRYL RAFE K usas o

impAfeerthd retysieal hetraceure of conventionally manufactured
multi-crystalline wafers. They can be used in the place of the

original wafer preform 216, as shown in Fig. 2, and all other
figures, such that their crystal structure is improved to have
relatively larger average crystal size structure discussed

herein.
PARTIAI. SUMMARY

[00147] A preferred embodiment of an invention hereof is a
method for making a semiconductor wafer, comprising the steps
of: providing an original semiconductor wafer having a first
grain structure, having a first average grain size; providing
a thin film capsule over substantially the entire surface of
the wafer to form an encapsulated wafer; and heating and
cooling the encapsulated wafer under conditions such that the
original wafer becomes molten and then recrystallizes with a

second grain structure of second average grain size, which is
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bei ng processed sinul taneously. [00141] The present
i nventions can be practiced with original wafer
w@r@boo2sso 216 that are a wi de range of sizes apdr/UusS2008/008030
shapes. Presently, an industry standard cell size is
largéS‘GthahS(ﬁhmnfme: prefrage anibesiie s andesudheyhatinthe
be sl.i. htI I A t hat, t ey can be trimed after
fllmr 58%“3?% E |S?G?%tl or‘T'Jt g‘qtyhelnetxacc si ze needed, for
exanple, by laser cutting. However, the preforns need
[001480 beThgustep Pfeyhesdinge dnd {GRILITE JRay Re r¢pndpgeed in
r.example. The strip can be recrystallized and then, if
needed, cut into individual wafers. An advantage of
ecrystaII|2|ng a strip, is that fewer pjeces
(001883 cdhenSEeRIy AVARADS ST TR 1T | BUSHRF bhy apEeater
thanS%@htalo@ggnﬁV tba?;nmayngfasgbhﬁlffmgamhlqn Ffemt tk}an even
aggr egat ed qver _a er length _and t.he
abouSReR BT GRIEnSE s Eor T Ay e Podicey ey Be Yeds'than
abouRemewshaFllandglsntypmcaéﬂyléegBh&hamsahﬂnﬁ Qne the’. The

e n I e, e
i R L L
mm’ amrénthgnge@@ndpgveragengmu@u§uzgngtah's bﬁ@eneflClally more

than’ &bt dldr #&@. the stresses during cooling must, by
symetry consi derations, assunme parti cular forms.

However, short pieces, can assune a w.der tange gf dai
[00150ess THEn g G THRERITHy TheMetpl T HEChaRS: FHPeTding
to o@ﬁét ﬁ.@l[fdr@ﬁrﬂd ld spe ot |df adn oinverit 1 oneheseéofssebealfidlm

prev&ﬁl&sr é:g\eyg’faéflqdﬁe I of gﬁ“ ngucorllé%: % ng%“ﬁ ferati g
recﬂyamahmmzatﬂmmigﬁn&nnﬂiwgab@v@nOQBQUn1hgetﬁaﬂmahas a
sur fade? éﬂgﬁ‘aéﬁ%'ﬁ%é”§¥§§§or fbféﬁoﬁ@aﬁPglﬂeﬁE@iea%H%B during

processi ng a square ossible to

recriquad@}@@talq;br et i |Y%‘t apebheRe HRat &i! maﬁést Ri Sugface

thatS%E%m3¥6§“§¥§¥h ﬁﬁ&iéékﬁéﬁad@ﬁlngdﬁécr§sﬁéeieﬁbedon to a
first, each | ocation aJong the entlrg | engt

koG gegrsr JBrigha e, TR T uhvERP L REEE SaPfod "SERg Lons
herdﬂﬁ¥lthéNFNLMipKEVEﬁt$Sc@ﬁﬁ&ﬂﬁﬁ&ﬂlénref theweecrystallized

nti.al ted to th
wat K0P e hper Sl L BRESRY T 0 11
recﬁyéﬂﬂhﬂnﬂanlansncgﬂms

[00151] A basic embodiment of an invention hereof further

comprises the step of removing the film.

[00152] The film may be an oxide film. The step of providing
an oxide film may comprise heating the original wafer in an
environment that contains oxygen so that a thin oxide layer
forms on substantially the entire surface of the original
wafer. The step of providing oxide may comprise dry oxide

growth.

[00153] In a different embodiment, the step of providing

oxide comprises wet oxide growth.
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crystal will arise when a corner is introduced into
the nolten zone first, rather than a strai ght edge.
wQ 0@2A8)ssaThe f oregoi ng has descri bed appar at uspemds2008/008030
met hods that generally orient the wafer preform 416
[0016i41h | tFH1CapBdree A J0rdmssd ahdyt , | thot Seepwotdheatlieg the

orsai (kee )y SpmnaLen il 06 delety! SuaLLAEd cpat an
oxideengiyler ety iishigundudioed zmta!tjghaniamméﬂéapﬁéﬁ'obmfore
the is%%rﬂ) %‘}V%%a%iq{yé %}%%?ﬂédl ZonE &t G?&Qrt BhAHIRions

e “furnace, an er stages. wever, | I's also.
suchpsdgitbithe &F ighovil ivpisy. ractyseablizns  t ARdpraLHim the
samei%lle%twdﬁ JiiE Adtirierth Mensi oo 8] d HPesh Nes{ zeat abhrucaed

ong, typically the | ongest dinepsjon, arran

d
undege e AR LR o'?ﬁﬁ/rétf]?a’%/e‘f]i“?c%ﬂ?/l?ﬂ}oﬁaﬁeﬁggecomes
moltfel#l_r,n%Qﬁt dvﬁlttrﬂ&{ wpﬂw;ﬁb% ﬁ;i(JVWW\ﬁEld.tNﬁétbrﬁgﬂﬁaﬂ.i walfey is to

orien appar atus, the backing elements 1524, 1526
becomfstmo&g:eé‘r‘r anged to provide the necessary support of

the capsul e 1520 walls as the wafer 1516 nelts and
[0015&q4r ystlal lary esltesmataanbédinentpef anedinvgngion hereof,

r&taj i leslr S At t;suLfagRS 4
the 2l b WSS ofh SER Lelie, uuhoses ckifiee
contedarag XY IR 3P rieyat et LR ahY RY ef@RME 1§ fonducted at

a tii[%ilc%eirgtﬂeftvi\hqﬁﬁﬁ@l'f wﬁ?f@\é@né h@té\@]t@f ﬁ%@_ﬁgngalﬂﬂeaLSg
S, i ch preven e r from bei.ng.squashe
encantmIALas MRS 04 HNAT S bt PErEReCORHa LaPapiAg™ those
unded! SNES tRY deidhie)rehfesucdcagstal aigesc- shaped
clanp. O, two or nore independently operable el enents

be . f.orced 1 s e rs
00 B, oo OGBUE L FLARDCHOZMBLE! s nosteq my
comporiisentaad ubsitermal |y horizontally or vertically, the
waf er can be placed at any orientation in between

[00165 ]t | Cale@NthdiHéZOpEdterASdi bmPaasAEnthbEUgh tifention
stages of processes discl psed her |nb8b00146] The

herqfetiRfithf KRR e HRFRYHIMRY &l §01BeCREREIES HgrsfeY
depddit iofy & af i Bh rost the of igonaenwadeal | puchnasadtyursgiin on

gLadl p ORI Ad ) BnyBLEL2 vIBSY G8PoBECYRRY b} itmical

vapor deposition.

[00158] With still another important embodiment of an

invention hereof, before the step of recrystallizing, at least
one backing element is provided adjacent at least one surface
of the film, which backing element supports the film to remain
substantially flat. The film beneficially comprises a material
that prevents the original wafer from adhering to the at least

one backing element during heating and recrystallization.

[00159] A related embodiment further comprises providing a
release material between the film and the at least one backing

element. The release material may comprise a particulate.

[00160] The at least one backing element may comprise a pair

of backing elements, each adjacent one of two opposite faces
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original wafer preform 216, as shown in Fig. 2 , and
all other figures, such that their crystal structure

wo sompmsesved to have rel atively |arger aver agepPCT/ys1088/008030
size structure di scussed herein. PARTI AL SUMVARY

of the0¥47. ﬁTgEe?fparlrre%ferﬂmﬂdmteMmmé nventbeno hesgod 1
. 1S net ho or naki.ng.a m conduct waf er,
thlc%BﬁﬁFVS|ﬁg°FhEQ§9§5% %ﬁ %ﬁ%u;zn1%¥i%ﬁ%a?ls° have
dissimﬁnamndhetmahmﬁhapdunmag;ﬁrdmrQHCQNthestructure,
having a first average grain size; providing a thin
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beindVakrage gedaibe 19wz &ndHbEE ttnéaénctdr;m‘ilémd emafes. It may
bstantial ly intact 00148] The step of heating and

alsocgglﬁﬁ §ORE7 Sod SFIHKRNST i n air. [00149] The second

average grain size is typically greater than about one
(001623, bOTheninachkd ngemdfemsrdis ynay eeRmphese evehiadoucarbpde.

TheynE%H E%eshnné%d@%?fﬁyiﬁﬂéﬂ'bf%égkrmWh@eb$@§§n%hémement

ypically |l ess than abou
thatmis, abpwef ithet wafatageyyaamPLise amyobane yof cRpFyiculate

matelrg_%g trr%a&gal*é%léfe ?r[?ﬁ:é’ﬂ%” anehy Vtﬁqsﬁﬁ@@bﬂd@&eb@ﬂﬁeghatﬁe £ilm
y .be beneficia an_about
and. {61 BOF SRS LAt s RADE 7S oS e FBfiovolune of
part&@@debn@dwénﬂui|mayndgﬁﬁukﬁymmmmptla@ s iveatredn
fllg]prevents the wafer fromballing up
N

part&gpﬁﬁﬁehgggeﬁé. 'd recrystallization. According to

another, the filmhas a surface that does not strongly
[00163drot dcgoaidingldieanarheluriset v ceyRedinenat pnan

1nveWQH%nYQ%f@U¥r“%hetJE¥éflﬂB a§e:F§@§i@§§ ihah pbeARies,

grain nucleat'ion during recrystallization to a

SUChdé@@éea-ﬁﬂ@@(ﬁhﬂﬁ FTRRERH epble ERter ?anPERPFoﬁgs a

component that is not vertical, relative to a local
gravitational field. Or, the wafer may be provided in a
position, such that a line that is normal to the wafer mid-
plane is horizontal, relative to a local gravitational field.

[00164] For a very important embodiment of an invention
hereof, the step of cooling comprises, establishing within the
heated, encapsulated wafer, a freeze interface between a zone
of liquid and a zone of recrystallized semiconductor, which
freeze interface is asymmetric with respect to the wafer mid-
plane. Under different conditions, the freeze interface is

symmetric with respect to the wafer mid-plane.

[00165] According to one very useful embodiment of an
invention hereof, the entire encapsulated wafer is heated at
substantially the same time. Or, the step of heating may
comprise providing motion of the encapsulated wafer relative
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hereof, the filmprevents contam nati on of the
recrystallized wafer by elenents in the environnent in
wobeolozsecr yst al i zati on occurs. [00151] A basPCT/US2008/008030
enbodi nent of an invention hereof further conprises
to at hea:ttaelp z@fner erand mga]Iﬂ’h&lg‘ id Pof b2} £ Thiee fwh ferayhbe is
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opposite surfaces of the heated wafer. Another way to achieve
the asymmetry is with heaters spaced per unit length of heated
wafer, asymmetrically with respect to the mid-plane of the
heated wafer. An asymmetric cooling environment can be
established by providing a pair of heaters of equal heat
output spaced asymmetrically away from the mid-plane of the

heated wafer.

[00169] A similar, important embodiment has the step of
cooling comprising, establishing within the wafer a freeze
interface between a zone of liquid and a zone of
recrystallized semiconductor, which freeze interface is
asymmetric with respect to the heated wafer mid-plane, and
further, wherein the at least one backing element is arranged
so that significant heat flows from the recrystallized wafer
into the backing element and away from the recrystallized

wafer.
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gl ass, sputtering, physical vapor deposition, or
chem cal vapor deposition. [00158] Wth still another
w0 ponbEse enbodi nent of an invention hereof, bef/Os®08/008030
the step of recrystallizing, at |east one backing
[001gl0gmentWiith @ ond Ted enhpediaméntl tle@ssemieosduttoe obmprises

Sllfgg% film which backing el enent supports the filmto
rendi n substantially flat. The filmbeneficially

conprises a material that prevents the original wafer
[0017Adm adhhe ifigm arahatdopedts bhicorcitioyideenent silicon

nltrqlqel NG heatdMp Al ISeryst 8bdh Zahd 0 iQQéé%né\ of the

ated embodi ment further conprises providing a
groupe (CORSd ST O ¢ JEHWERIPR heC3TPPR a3 t PEYIE F east one
backi ng el enent. The rel ease material may conprise a
[001naqtlC@dﬂee1d§HHﬁHHt13§pé&t$e@sttn@elhaehtmgneke&amé to

ai r el enent s, _.each .adj ace
£OrmERIoly Gyt b USRS hCBREA" t PE 11T P sEREPa" By "8 Papia
solﬂdmﬂmda;xdnﬂuauhniqgelmfoﬁ Bmgadncdj ckabssgponnghg or spray
t hi cknesses. They may al so have dissimlar
depg q%ﬁ%%\ properties fromeach other. [00161] Wth a
typi cal enbodinment, the step of_ providing at | east one
[001ﬂa3dk| n®ol AAaAr EoHprices protnli aubedinentapfupat é@vention

here\éﬁ‘f ertHé1 v b stANt bl fyrhed | B?nél@émi?@ﬁ.t Véﬁorde@o@ﬁQlon

ace facing gravjtationall the it of
fro“ba?‘clﬁlr}d-cé?”erpeerﬂ%”b%l?@saﬁé @Eﬁmg%e?ﬁﬁﬁan ab8v¥Se
convehGaRd It edronaifdes .thé fraymabgoapplaingngedilm by chemical
ver |caII 00162] The backing el ements may conpri se
vapodi GESP dr They may be substantially flat
pl ates. The backlng el enent that is above the wafer
[00LVeh] corfird sErigimALieabér paay i kel at eopuesEignalamulti-

crygﬁ?fyfﬁglggﬁggal may be provided between the filmand
e particulate material backing elenent The volune

of particulate materi al ng% usef ul ¥
(00ITHT | Atk R 572 P0] OBV ST P ACEBLEY RGSLbL4R HAEeT to
havelsefuil i Ry yrest ﬁﬁlﬁhnéﬁyeﬁflﬂﬂthﬁﬁeaboutheema@emcent

over DD BN S5 0 L0 0o SHEY! AboBshiehts! Y ene
invention. The original wafer may have a thickness of between
about 50 microns and 400 microns, preferably between about 100
microns and 250 microns. In this connection, it is a
beneficial embodiment when the film layer has a thickness of
between about 0.25 microns and 5 microns and preferably

between about 0.5 microns and 2 microns.

[00176] It is highly useful that, the film being so thin,
the wafer may have a textured surface and the film will

conform to that.

[00177] With some important embodiments of method inventions
hereof, the step of providing a film comprises providing a
plurality of nested films that each surround substantially the

entire surface of the original wafer.
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conmponent that is not vertical, relative to a | ocal
gravitational field. O, the wafer may be provided in
w@2@osdiss@n, such that a line that is normal tBCT/N82008/008030
waf er m dplane is horizontal, relative to a |ocal
[001geqvi t@tri ofal mayelbd HH¥LlGde Sted o®rprovipdingna film

compEanar; FE0vBirEnA SHRG A Thiat (IS btine whE8R, | "
togeeheapsshla'lredlnmiafserhstarftn@ézl@ itheerdraicier detwetacea ebnthe
orlgwhallI g:#f%ran%ta 12 (B‘ner %Cfrylﬁ{ealél&l%jl P”H&Q%Qa thin

reeze interface I's asymmetric wt respect to
filmphmayaber rouddl dess Whdsy tde fantdnte conaiasonet the
orlgghggzevalfgtrerface is symmetric with respect to the
waf er md-plane. [00165] According to one very useful
enbodi nent of .an invention hereo t he, e

[°°1@ﬁéapsﬁlfatb€&k\ké‘ﬁelp it e A% YRCBUIRT aHf | é\???u?ﬂtélgaﬁﬁeful
a rellefBe @ateirfialshey dfe aaividedre ooyt i siee pf bimdand at

LcasERE" o S G A Dt L ALFED o R P

matesialll eayt ben patrs ientliate ext ent. [ 00166] Anot her
preferred enbodi nent of an invention hereof entails

[ooﬂsBﬁeft aR ?fm RUANY I ES) A | S e A HE No f hgebRBEEd

eze I nterface between a zope of |jquid and

inveations bELeed: ﬁréhqrzwwmm%m%%h #rat, v

encab@h@%ft@@e WaE TN GAM DBk i & 1emmeéh Z’Olﬂ@rebetween,
ymetric with res ectk?ﬁt%the h]n at ed wa

f
betwsal f A ARbed'd MO FATET TIRETTSRe CRGPRCH o808, the-
stepgb€ahea timan aHd degyleasy ttdvarwh fdmwe d:oxqprrlseonheatlag and

f.irst .l ocati,Q n s 9
cooriZbH TR IR ST hidfe S Sefppetpoester
All btfert@emb@qmmg ¢ Yemandyn @y e m%reﬂrﬂl@lb BhigsprAsyr Pt
theyc‘ﬂ%l 'dnglo%n\ﬂé' onnE{dy nﬁ:%?la@ﬁ;o ASE S £l B9sE PmONBrSUGBrmal

hod, it 1Is acconpll ed by providing at |east one
Propﬁéﬁtl@ﬁ ‘that establish a greater heat flow toward one
surface of the heated wafer, as conpared to the

[0018RA0Si Mhes WL & f IHed tSimgy Szmcposdcbbiﬁgtﬁhprwaifée magt
beneft‘égﬁgg_tln &eqln}ePgt%nstes g‘éé\?{‘@fﬁg arsé’ﬂ‘e{éécﬂéldow Bgtween the
wafer and a heating environment that establishes a molten zone
within the wafer, such that a trailing edge portion of the
recrystallized wafer has a greater median concentration of
impurities than other portions of the recrystallized wafer.
This is a type of zone refining. A useful exploitation of this
refining further comprises removing the trailing edge portion
from the other portions of the recrystallized wafer. Eruptions
of recrystallized wafer typically occur, which have a higher
level of impurities than the other portions of the wafer. It
is useful to remove the eruptions from the other portions of

the recrystallized wafer.

[00182) Aspects of the heating environment are aspects of
method inventions hereof, including heating using silicon
carbide heating elements. The step of heating is beneficially
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m d- pl ane of the heated wafer, between heat sources
and opposite surfaces of the heated wafer. Another way
wo eocaobissve the asymmetry is with heaters spackdI/psr00s/008030
unit length of heated wafer, asymetrically with
condh&%@@ChnI@ tffve niddE M ods therdiesat soswbéd eion Adomprising

.. .as |c cool | envir b b
5313520 ATy o Bavtr ARG e o1 e rante e Elfér iquia.
spaced asynnetrlcally away fromthe m d-pl ane of the
[001883t ed Yt @mot[tmiasqeﬂezsued |lembodipent apf @nbdavearhion

here%%sﬁg ﬁb%%qﬁ éﬁhﬁﬁ”ﬁ”ééﬁfﬁbn&@é@@f'§Qf89

eeze interface between a zone
compriigding é;rlil@ StAmTe qﬁ REQYAIEN g |az%o°§3e9r+%?ad§%¥lbi;°nduct°r

wafeWhh%blﬁﬁe%Z%1&@&?&&&%@1'§tﬁ§6%ﬁ&é[lﬁaviﬁ@ aegpest hOerage
t he heated waf er n1d | an a éyiﬁwther wherein the

defegt densitiec RFAIEH]EI2 rGPRY S 0OV RAt
subs&b@mlfalqumttﬂee@tnﬁ‘ﬂmdfmé hef relee yea fieti zedfoamern

| d h
encapBlatth PRTET il TOUIIY 105y or CaRoSArARRELated
wafethem@an(umnﬂxnunnsxﬂquhsemagltm@omrigbmirlvafﬁﬁ berpmes
moltg%YaQ% %%@%pfﬁéﬁxﬁ¥%ﬂuég%§kﬁlﬁﬁ §'éé€8ﬂdn§£5hﬂest95cﬁure

npoun | east one of group
of S@@mdstauvwgaae dﬁﬁequéiﬁn%ﬂa‘@bonwlahfahow;géﬁ%[ebii?z]the first

averE%E deFRIt UNAMRECtendfsidte thyenthenfithatembdns
ornatlon of the orlglnal wafer. It may be forned by a

subsitagitdaddi diffi%Ht i on technique, for instance, nelt

spi nning or spray deposition. [00173] O, according to
[00184ysef Wt idrbadiotndr gfrefe i reénémbod heertdf pft he vavention

herem%y 1 ed %{e%%abyfoclhq{%fﬂv\%vgpgémgggf??ﬁ&{ﬂ?v&:é@@ra

i'Coli bear|n
Compafomm drite tsj‘-emib\ﬂﬁje p¥eviding byn a@pwmglanemuﬁhoWuctor

afe@%@bvqéﬂ \éa%ré*?%}.séiﬁ oéltrlﬁé)@&féq HReingl g Fakswakelerage
e a conventional multicrystalline wafer

grain 51ze, providing a thin film capsule over less than the
entire surface of the wafer to form an covered wafer; and
heating and cooling the covered wafer under conditions such
that the original wafer becomes molten and then recrystallizes
with a second grain structure that is improved from the first
grain structure, either in grain size of defect density or

both, and such that the film remains substantially intact.

[00185] Yet another preferred embodiment of an invention
hereof is a semiconductor wafer comprising a body portion
comprising a semiconducter wafer, having two substantially
flat opposing surfaces and a crystal structure with an average
crystal grain size less than about ten mm’. Substantially
completely surrounding the body portion is a thin film
capsule. The thin film comprises a plurality of nested thin

films.

[00186] The semiconductor may beneficially comprise silicon,

with at least one film of the film capsule comprising silicon
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[00175] It is very useful for the recrystallized wafer

to have a uniformty of thickness of within about ten
w@esantssover its extent, which is possible w PaT/US2008/008030

enbodi nents of this invention. The original wafer may

dloxlia\ée att il'e%'é;te%%e:)fflhm W 1t H) b p H0) ¢ fid pnsompel i 460doped
prerera et wee out mcrons _a
31ifipr o et At MATRAT o LM 65 D bererTatg oy comprise
silieohodiineridenhenrchgdidmallyerathaeast hon&ngsdmopt the
t n ut .0.25 m 5SMg S d
capsblﬁ‘g\flvglr%é’b%% é:tlv?’/eeer‘]—:l aoq{lﬁo&gl%%rjnf cr%ins&gﬂda magr%ﬁgSt one of

the p@oLP6lconsistimgylafy: usidfufgarhatcarien fandg) @EYEg§Nso
thin, the wafer may have a textured surface and the

[OOI%WH”‘W%é 1HOIJRd O hate 1001 AdaWVdbir 888Bs| RRYT Edfibrise
nmbodi nents of method inventions hereof, the step of

a teEfF(s“J"leélli $YL£ A998 'm conpri ses providing a pI urality of
nested filnms that each surround substantially the

[001881i I e wahf acmsﬁfdlheambdcgmait weifless . yOOAT 8hagx have a

that .t he st Jd es :
thlcg?%\?lsdl r“rh%f el?flala} of nes C%‘p’?s aaﬁavﬁﬁsﬁgp?gée?‘ﬁcrons’
prefemamwwmmmbcam yl@henirnons andfakbeudf ZEHemlcrons
ori gi nal wafer At | east one of the plurality of

[OOl%%ﬁ%ed ll§nsﬁﬁﬁh5%ﬂééﬂg¥iiﬁ@ﬁef?@& éﬁﬁo@ﬂhbh% of an

t e original wafer 00179% | f backi
i nveptioas e Afhed N NIRL9Y LU 13T EE chaP 2y CheFRess of

be twiRne hiRju tTay, 2 M@/cbrd@dark@téﬂﬁ@ﬁtt@&nitk&handpaéfleembﬂ.y
one of the at | east one %ement whi ch rel ease
1

betwegne AUt HPLFHITS Lﬁ‘%\ of*ARCTRpor t ant

famly of enbodi nents of mat hod i nventi ons her eof
[001f91mt herlrc ame iwess strackeagh aof | elast plwoadntapodl &idas

surrvc\ﬁn%{ Sulddli b%iéh n@n@' el Q@ffggé\é‘ﬁfnthgeh\éﬁ%'} at

two nore Ing e nents case

Togedthey ,oft ieearlivige ey @bl me@t¢<hef ibRer nagnprrseynd

subé?%ﬁﬂf&lf?“%ﬂé"&ﬂﬁ&kérEthaé@aéf tMe fagapsubatedt least
ers st acked t oget her. of tP backi ng el enen dsless

one,ﬁﬁ, qﬁﬁkﬂtXrggww%ggedbﬁan lms may~surroun

than the entlre surface of the wafer.

[00191] A somewhat different preferred embodiment of an
invention hereof is a semiconductor wafer assembly comprising:
a body portion comprising a semiconducter wafer, having two
substantially flat opposing surfaces and a crystal structure
with an average crystal grain size less than about ten mm’.
Substantially completely surrounding the body portion, is a
thin film capsule. The wafer assembly further comprises at
least one backing element adjacent at least one surface of the

oxide film.

[00192] The at least one backing element may comprise a pair
of backing elements, each adjacent one of two opposite faces
of the film layer. The wafer may be in a substantially
horizontal position, with one face facing gravitationally
upward and the pair of backing elements being arranged below
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they need not be. They may al so be of dissimlar
thermal properties . [00181] The step of heating and
wa@oabionzgse he waf er may beneficially conprise ppOWUS2008/008030
relative notion between the wafer and a heating
and @bvivieorentwafleat. etalddchisg e barhéets zoae beéhbfhictibhély
comprré_&ey§t1§ﬂl'Jl.l(E:I'(])i'lte(Ig:%\tﬁ,‘}ﬁa'e&r rﬁl‘fﬂé;}g n?%gebgog&ﬂ)g{]agélgffy flat
platesnceMheatbiawk iofg igqimment elshaihahs abeve pbhei vafesf male

compﬁqfﬂsrey tQ)ole)\(.xgr%d d@fﬁrtlé\.\f LS RaldPEaP! @AY hrﬁfa&nbgg

use oi tat |s refining furt
sintegeg-i ses renmoving the trailing edge portion fromthe
ot her portions of the recrystallized wafer. Eruptions

[001@:‘3 g][]:?@?éz{/yg:éég?ﬁﬁqt@é@traﬁdf pﬁ@é&ﬁ (0133 ttlthe\mheénhamasahave
. | npurl | es an e er tl
been Hg Saribed hetainmorthe et skt hieds tpt EhfisaPBofi 1L

undetrfsQaQH‘I&:lhdwmtaranoﬁ)ftHé‘@ riesclysiqhées zeanwaéensed with

00182 AS t.h
othey SRS R oot HE) ooy, fE BEBRC!S
spewfluoeddyc aiekaqietkfﬂ;htlmgltﬁd! emﬁ‘shefrhef‘@r epnéf‘-ahéat ﬁﬁg’
sulta%l e%qflg‘irlaaj 1 W%&;%ffaf‘ &k n@@euégét Qﬁéﬁcﬁomqﬁ be

iI'nsul ation conprjsin I con carbi de povvd m xed

imprigvels e -Sre@idinisct 3R y‘?ﬁ‘érd€Ff%fEfF ddel[l%‘ms?r\@?tanot Rée

capéﬁ&g%ﬁ&e%éaﬁﬂliynﬁﬁclﬁsfﬁbjn&ﬁnéhpﬁ pereehlily. aIt may be

~ et hod “f or makln C P or. waf er

oxidiye o @59 SEheR ALt bRy  Fel Reg bes Aabne O

deposdfteid, haadﬁ ch:raexfwiﬁé mrev hded r uBAck Enghplahgsambiyr be used,
avera ef ect_ den vy di t hj . I

it RS o gy Y BEF YRS 00 B, "BF brrTHERRALE or a

comh‘mamwn,erummﬂ@t Al n@l@ase ahay®@rat tﬁglgﬁéllyomaurﬁg}culate
ay W& prsﬂ* &g“é%%{ﬂlwdgf 99M't£8!ﬂéa§éch‘.a§/@%t RRking

orlglna mes nolten an t hen recrys | Ze
platw m«at@rsleeclorﬁilcg%m reselet inethe %%EéﬁaUAééﬁggyaé@rreilelng

remod;%!metyﬁ Miutsvédessuppaptt he prosidadedagandef ect
cocrSalot e o S et L L LR IS SOSN8
wafeih grefsim @y be used, and any suitable method to provide
the capsule may be used. Combinations that have been
disclosed, such as using CVD to both form the wafer and
provide the film need not be used. The freeze interface may be
symmetric, if nucleation of grains is acceptably low, or, it
may be asymmetric. If asymmetric, then any of the many ways
shown to establish an asymmetric cooling profile, and thus
freeze interface can be used, as well as any subsequently
developed. Single wafer sandwiches of two backing plates may
be used with any of the furnace configurations and any of the
wafer material, film materials disclosed. Or, multiple wafer
stacks may be used with any of the variations in materials or
formation methods. Batch or serial production may be used, as

appropriate, given throughput demands and quality tradeoffs.

[00194] This disclosure describes and discloses more than
one invention. The inventions are set forth in the claims of
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hereof is a nethod for maki ng a sem conduct or wafer,
conprising the steps of: providing an origi na
waemmomsduct or waf er having a first grain strurCTIS2008/008030

having a first average grain size; providing a thin

thisfb?mn&@ﬂﬁwea(naﬂuMGnﬁs;tnnttduﬂywa$rﬁikﬂdfabetoalsbeas
er, t .Qr cover.ed el t] :

aevel i, St L stbE Rt " dny BpFP pBFL 2R jn pased
on thhe ddisgilesungaf erTHreciomentars einterd t kenclaim all of the

varibBe At s Wd Rk SEGRNL Gl StédChyr enbhgkibe art,
inmproved fromthe first grain structure, either in _
as igr disn ssioseperddie detrmsingd oro R h, BndESaERTEhgpscribed
heregggtigsgler@s:eg@ﬂs J:%J%cgmirﬁ{éﬁ?iéﬁ a@isci@@é&%eﬁ‘e&?. Thus,
) ferre odi ne of an invent '
the InZERIORRI AN BT Si s BORT pBrd: BRrein, But
not @Qgﬁ?eﬂ ﬁ%;ﬂﬁ%ﬂﬁ&ﬁﬂﬂhﬂl&ﬁ od | , o haanygpatent based on
. substantially at 0osin a .
ens S RS LIRS BlbLpos PRRoneiyBheh, plain.

about ten mm2. Substantially conpletely surroundin
[00109i5d bo@pmﬁNaSSﬁmbk;Q§t¢ﬁrhéi¢m#©%ps®¥egrqﬁéstﬁﬁnsgﬁpmr are

refefF ; RehA PR 14y Hvdiesisd. t hdwdi&ps tni80186hot an

‘The sem conductor may beneficially conprise silicon, )
admigistierat haga AnYo fa1Gh |38 MR hESS | P SEPUBF c2EBNPPFERRGTLLY

patedithigNd i dfot Alndaasionde d;ﬁéi'ﬂi@ﬁl&htyCapsubﬁtmplated
conpri se %%f d silicon dlgii e., At |east_on tiln1%t

by LaHE 5L di%8 el KNl SE KA 1S oy PRRRRT Ry nventions

thatg&ﬁﬂﬂ@ﬁehexﬁminﬁﬁifmnmhéipameﬁtt@pplapauﬁenmapr unity of

. cQnpri se c.onpoun silicon SL£0 t

1nve %6ﬁﬁ“co &sﬁ%rﬁ#ﬁﬁqégﬁt?%d@%,aggg%g% gﬁg %fyggxgkg 4

embddi@E8t] ot dreagtveeian. the flat body surfaces may
conprise a textured surface. [00188] Wth a useful

(001983001 FENMapddtadel 8 SBymbeved anéhegkenss ot het waphasized
about 50 m crons, and about 400 m crons,

ef er.abl
thath dihvice RRHRC T 065 hetBASP BV ABR LTS 288MBLYr 8&3?‘ Xne rule
reqd%%iﬁﬁﬂaﬁﬁﬁb$ﬁ&d?? ﬂ%?h WwhDl hel 1l pweéramedeesbadidmenther
of an inventi ereof .. the sted, f.il r

seardheiin et B DRt CabEtt S 008 FHBISHS DAY et She
techmicradnsiigwrfsred! y It is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims, as promised by the Patent Office’'s

rule.

[00197] The foregoing discussion should be understood as
illustrative and should not be considered to be limiting in
any sense. While the inventions have been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein
without departing from the spirit and scope of the inventions

as defined by the claims.

[00198] The corresponding structures, materials, acts and

equivalents of all means or step plus function elements in the
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bet ween about 0.5 m crons and about 2 mcrons .
[00190] In one version, each of the plurality of filns
wagremomsdo substantially the entire surface of POEUS2008/008030
waf er. Together, the plurality of nested filnms may
claiwmg et sidestiartemddd tdeimdlwde amyfateuoturhe material,
fer. O Ieast ne f the u e
or affen e e ke BN ote st Tel {8 b rhalEShrRn other
clainfed led emafndrs inH§H91ﬁ¥Qaﬁ¢mWQ&atm¢derent preferred
enbodinent of an invention hereof is a sem conduct or
[00f¥§ anbly coMd$i{y: a body portion conprising a
con ucter wafer, aV|ng two substantially flat
opposi ng surfaces and a crystal structure with an
average crystal grain size |ess than about ten mmR.
Substantially conpletely surroundi ng the body portion,
is athin filmcapsule. The wafer assenbly further
conprises at |east one backing el enent adjacent at
| east one surface of the oxide film [00192] The at
| east one backing el enent may conprise a pair of
backi ng el enents, each adjacent one of two opposite
faces of the filmlayer. The wafer may be in a
substantially horizontal position, with one face
facing gravitationally upward and the pair of backing
el enents bei ng arranged bel owand above the wafer. The
backi ng el enents may beneficially conprise silicon
carbi de. They may be substantially flat plates. The
backi ng el enment that is above the wafer may conprise a
vol une of particulate material, which may be sintered.
[ 00193] Many techni ques and aspects of the inventions
have been descri bed herein. The person skilled in the
art will understand that nmany of these techni ques can
be used with other disclosed techniques, even if they
have not been specifically described in use together.
For instance any suitable original wafer material can
be used, which will be inproved in grain size, or
defect density or both. The
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capsul e may be fully enclosing, or only partially. It
may be oxide, or any other suitable film It nmay be
WQRROMN0258r deposited, or otherw se provided. BCKU$2§08/008030

pl ates may be used, if necessary, or not. They may be

solid, or particulate, or a conbination, thereof. A
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d@dcundies metdrod s abaim| kbd, fwother sehasedavshepegep of

heaﬂ¥ﬂ§ @%dﬂdEﬁ%&Hé(HbcﬁoﬁﬁWb@@&eﬂﬁ application based on
hi's di scl osure. The |nventors |ntend to claimall of

e various inv ons to t limts rn1tted by
enth

ior &% mefhq 5 %i%?@ ﬁgﬁrﬁgebgraﬁl& size

belnfgeajrls"aa:aiestﬂfarbeatbdwtt ed>menﬁm2essent| al to each
invention di scl osed herein. Thus, the inventors intend

t hat LGP Sleserd hgdy hergl ”{: g g%rS'g%i ®din"size
any par |cu ar claimo any pat en ased on
being less than about ten mm’

5. The method of claim 1, the first average grain size
being less than about one mm’ and the second average grain size

being more than about one mm’.

6. The method of claim 1, the first average grain size
being less than about one mm’ and the second average grain size

being more than about ten mm’.

7. The method of claim 1, the film preventing the wafer

from balling up during heating and recrystallization.

8. The method of claim 1, the film having a surface that
does not strongly promote grain nucleation during

recrystallization.
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this disclosure, should be incorporated into any such
claim [00195] Sone assenblies of hardware, or groups
Wm2008Deps, are referred to herein as an i nventREFUS2008/008030
However, this is not an adm ssion that any such
3&9&e nMyHee Snefh @ QbHPSc Ba BmNEE essier fiympahemhgb C\Y surgace that
i,stingct . nventions ticular as, c ate
Promisks B dHAT OO CHaT B o THET REbL ZgFLon” o h known
degremwentions that will be exam ned in one pat ent
application or unity of invention. is intended to

Y, ny e [
| nvent| on. R}A@%&% %\ éf%slﬁr%\c:@?g gﬁg‘t“ ? e@ERgrlg\%‘ t h.
contamijna tegsh £ Zfét?tll"%ﬁrYﬁélhb%?@a‘é@f¢§ bEi agepeotisdéy the
envﬂr@rﬁr@rmi Yi i dner d it @s £ £0U1 24 PPoRNc@baEEact that
al | ow exam ners and other searchers to quickly
ertaln t he subj ect fte e technica
ﬁm oD AT O i Srbal of TR FRBE (ROBPELBABEnghe Step
of refmiviing wiHd fidtmbe used to interpret or limt the
scope or neaning of the claims, as prom sed by the

Pat,ent fic 971 gQkn i QN ¢
Pt 3 s W <LOBOF] JH LOCpoRkng: 305 B0 cin
CompﬂM$¥H§HRﬂPWMﬁiﬁg|aﬁnQX¥@Flﬁthy sense. Wile the

i nventions have been particularly shown and descri bed

Wiitsh r &fHy epsasod b Pref £1m eth enbrdi §88hSoEhpreefidinly an
w || _be understood by those skilled.in_the art .t hat

oxide, fiidis CRGEE M § "n’r%%dt’a%t%ﬁ%lﬂﬁ} Baffggdn an
env1tr|aﬁ1ﬁ1@ri’t wiHdto Wortkepnrid | oy ewnsd hehapi &i thandosddee 1efyer

the in nt| def.i ned t he c ainms, .[00198] .The
ornz) B SN AT ecen b, Faf s8cHopg B Bkibl%al
wafeeqU|vaIents of all nmeans or step plus function

elements in theclains below are i ntended to include

any, st iy %@chéﬁit@f'@iau@rlﬁa‘éhéoétgﬁrg@rE&:Bg'l@l%g oxide

functions in combination with' other clained el enment
compxd- sdpec idhYe A4 hAe | FoMeh - [ 00199] Wiat is clainmed is: 1
A nmet hod for making a sem conduct or wafer,

Camr i sibeg ntehfhcﬁd aps @Ialrﬂ 12 preuédi;egpaafopirgwaling oxide
senlcondwg I fer aglng

comprising we ide grow
16. The method of claim 13, further comprising,
conducting the step of heating the original wafer in an
environment containing oxygen so that an oxide layer forms, at
a time immediately before the step of heating the
encapsulated wafer under conditions such that the original

wafer recrystallizes, and within the same heating environment.

17. The method of claim 13, further comprising,
conducting the step of heating the original wafer in an
environment containing oxygen so that an oxide layer forms, at
a time immediately before the step of heating the encapsulated
wafer under conditions such that the original wafer becomes
molten, and within a furnace in which the original wafer is to

become molten.
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a first grain structure, having a first average grain
size; b . providing a thin film capsul e over
WaEIEIRATN al |y the entire surface of the waf erPGIaUS26984308030
an encapsul ated wafer; and ¢ . heating and cooling the
en]a}a.ps U red emletz%aﬁ@roﬂndlaalmongl; t Eapsheucbombat stihey,
|naI fe e tep and then_recrystal.lizes
con é% ggggﬁﬁt%§d§ﬁn§ agn?% gh8f°§éﬁaﬂa ave%géelﬁrg’n
envisigmenhiomisit myeoxypen sbethatsa dhénageigeailayer
| Z n u ntigal
formcg eat @dtﬁh’% @Ei@&{i%%é?%b %Pé QEE? ferhee?ért]:lng the
encqnﬁ;kﬁtﬁﬁcwaﬁﬁ%uaw@ %%@e€0@1fﬁgrﬁgtc@ﬁﬁééFé@nﬁnféqm those

under WiEidEthad oFiglmddarethgesegopdiayveeage grain
Si ze belng greater than about one m2. 4 . The nethod

of_ cl ai t he f| aver ain si,ze bein
O e it 1 8MReRTe. PhS' SpvirapAent, cpRprising

air first average grain size being | ess than about one mm®
and the second average grain size being nore than

bt GG e ndy - o%hglgf+h99 %hgl Q%Eh;l g}%vf'idrﬁ{? an
aver age gr aln sitze pelng | ess an a t
oxidehe islae oreinpvies by heat ngi tleebermglrmiewmﬁéﬁ alvo @n

envilyRShrBH é%melf@iﬂ@tQQQaﬁfssléhgkla’tBEﬁ bilitle layer forms.

preventing the wafer fron1baII|ng up during heatlng
and recrystallization. . The nethod of claim

fi41m héﬂn%d“%tlﬁ‘lﬁf%%ec%%’a‘f‘ loekhRoBtepr BfigPy o6 % £iln

comp i ihhubl ead 4 D dedHPt1egr ¥Stalmi aat tae oRigihlkd wafer.
nmet hod of claiml1 , the filmhaving a surface that

pr t rain nuc n dyring.re tall i;zat] 0
A S oo Trbf e fa SpeCREER) B WiRdeRt

depqoarismsm iqnpois Bmg nat sphn obnt pbasecpyeoreabli.zed waf er
by elenents in the

23. The method of claim 21, the step of directly
depositing comprising sputtering.

24. The method of claim 21, the step of directly

depositing comprising physical vapor deposition.

25. The method of claim 21, the step of directly

depositing comprising chemical vapor deposition.

26. The method of claim 1, further comprising, before
the step of recrystallizing, providing at least one backing
element adjacent at least one surface of the film, which
backing element supports the film to remain substantially
flat.

27. The method of claim 26, the film comprising a
material that prevents the original wafer from adhering to the
at least one backing element during heating and

recrystallization.
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environment in which recrystallization occurs. 11. The
nmet hod of claim 1 further conprising the step of
WO 22690268 the film 12. The nmethod of clai m 1 BCT/HR2008/008030
step of providing a filmconprising providing an oxide
fi28n 1Bhe Thethed hofl olatimakm, 12urtherstempafising the step
j ¢ | fi rising heating.the
of PGS Freotbale halbeoll bRridar Shentanit 25 gie =t
leasy anmatbacking ekeémentayer forms on substantially the
entire surface of the original wafer. 14. The nethod
Of2¢) aiRd InetRbasbePcohiRr 241 dLRg PXhdaseomRietinl
dry oxide growth._ 15. The nethod of claim 12, the step
COMRHLSHRS | i PR bk ¥kaEBnpri si ng wet oxide growth. 16.
The met hod of claim 13, further conprising, conducting
t 180 St efhofmdretedd NGt t bka Oii Yo pathwﬁéer leAsan one backing
envi ronnment containi ng oxygen, so that an, oxide |ayey.
eLenerCOtRT 1 { et | RAER: 2t ePoChong: BLERE Etep SoFD adjacent
one hefattivy dspmoeitcapsatas edf waher fiihder condi ti ons such
that the original wafer recrystallizes, and within the
S h ' B r 14 T 10d L@f 1.Cl-al;
o her e O OEE hine T TPReBRLE of KB Hlgments
being jofi RAuakftEri¢I@RSenvi ronnent contai ni ng oxygen so
that an oxide layer forns, at a tine imediately
befor e e ideo@fohealang 80¢ eneapsukabedpeeiking elements
bei under condi tiMor}ﬁjrs}l(Jch that the original wafer becones
SN 1 Y M P Wi t Mt AP 8PRace in which the ori ginal

wafer is to beconme nolten.18. The method of claim 13,
f B3-herTloomprtlsodgof cobdimt g the paep of beskiimg tdlements
QI 4 Qi:nal ; wef ' nyj c i A o)

naviid M ELE e Pl f O DORERL s CRRbA Bal R Ty
before the step of heating the encapsul ated wafer and

urifer dilie avetod onlli €118 3P onthAosEeBn@ér PRGVARI i at
lea ididdavef ey &EShyst abbhgLSsing providing the

encapsulated wafer in a substantially horizontal position,
with one face facing gravitationally upward, the pair of
backing elements being arranged below and above the

encapsulated wafer.

35. The method of claim 26, the backing elements

comprising silicon carbide.

36. The method of claim 34, the backing elements
comprising substantially flat plates.

37. The method of claim 34, further wherein the backing
element that is above the wafer comprises a volume of

particulate material.

38. The method of claim 37, further comprising the step
of providing a release material between the film and the
particulate material backing element.
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19. The nmethod of claim 13, the environnent conprising
air. 20. The nethod of claim 12, the step of providing
W28 fil m conpri sing heating the origi nal PCRAEE004/498030
an environment conprising steamso that a thin oxide

| a3%r fesmeflod The akabhnd30f, ehai Folumet bdE A ifulate

royq di .filmconprisi,ng_directly d i.t.ing a film

nat i S and| £PEPEE8S BaRk i Bhraka TR T, e

stgg of directly depositing conprising a spin on gl ass

prékessThe3neihed nef holladm dPai khelstepeodt @yoyfiding at
Leadt 653 | No HORRS1 41 BMeAPTRORBERE I ABULLBULRGng?dneRAter in a

method of claim?21, the step of directly depositing
POS kR i sTURP pRYRT cal 1%'590F-hagpé§i prgraloso the wadesy mid-
plard chad M dompbeestephat diraet! yedepesilt,i R@lative to a
1 coq£{|31n chenicﬁl Y@por deposition. 26. The nethod

ocqk FAHhrATLoRyt thEF qonprising, before the step of
recrystallizing, providing at | east one backing
el £nentTleelj ecendd adf | eagimodé, sthbastepf ofh@rioviiding at

1eadl Gl AR Or FOREh: SCRRBLLS itV IHiAS FTR Rater in a
position coppeh stimat aanhieei bhathas ppsnesdt ot kdeomafieraimid-
pla®@f &8 HePMAIhLT i ngeigribe &b ge%t:aqn@r*a%%ia@zigna%hefiem.

el ement during heating and recrystalliZation
nmet hod of claim 26, further_conprising the step of
prfi diThe deehedset nataiiat - bggﬁeéﬁeghé&f PR t he
com%i}éff?ﬂ éﬁﬁhﬁ&&#ﬁﬁ@gGW$ﬁBmh.t38.héb@eﬂ&tb@&a@buﬂaﬁdd
, the.rel easge terial, c rising _a parti.cul ate. 30.
wafdt AP tTEThio6e PREVEEDS BagPi6ng bAdigy 200 @ zone
of md@ngsitatbiped ssemicopdictof, babkichg fekeerentinitegfeire is
' t OpposiLe S _ film 31.
asyﬁﬁ?é?%%]wf{@fﬂé? ¥€$38? ?h% wg§8§ogggagﬁ%né.

e nethod o pai r king el enments

43. The method of claim 1, the step of cooling
comprising, establishing within the heated, encapsulated
wafer, a freeze interface between a zone of liquid and a zone
of recrystallized semiconductor, which freeze interface is

symmetric with respect to the wafer mid-plane.

44, The method of claim 42, the step of heating
comprising heating the entire encapsulated wafer at

substantially the same time.

45. The method of claim 1, the step of heating
comprising heating the entire encapsulated wafer at

substantially the same time.

46. The method of claim 42, the step of heating
comprising providing motion of the encapsulated wafer relative
to a heated zone, and melting a portion of the wafer that is

smaller than its entire extent.

47. The method of claim 1, the step of cooling
comprising, establishing within the heated wafer, a freeze
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bei ng of equal thickness. 32. The nethod of claim 30,
the pair of backing el enents being of unequa
wa tiogkessses. 33. The nethod of claim 30, the RENI/US2008/008030

backi ng el enents having dissimlar thermal properties

intdrfaoeddtwddrera 3dne Toe nfqhﬂd @ﬁdChatﬁhEOthhe step
v4d ne b g.el enent _co

recallof i iard b SR B0 ey RET P FFoE R aE B iR
Condanﬁ:mnwaﬂdgﬂhﬂtltmml@nZhneneaégmmetamcnglth respect to the

heax%r&wat@éf qRadl ngbawamd ng%fv?%%ﬁeé @ﬁgkﬂgat egﬁ%%ts

el ng arranged bel ow and € encapsu waf er .
intgfachanmthRf Jrertem bhant fe dagkeag &pwaws: $he liquid

zonéNHH”dfﬁfﬁb§|i¢@&@1§ﬁr9h@ele§§ tH88 8et Badaof tel @bmdegrees
t he back g el ements conprising substantially fla

towﬁﬂdatté%e LEAUIY, ZNE DH BF SEFanRth 32C2FEPPher wherein

t he backing el enent that is above the wafer conprises
a 480l urktheofmepatidd cof at Baimt Bf i the 8B8epTbé ﬁetaltddlgofand

cooly Bl I APSE GOIRILS! 09 LDG, SLER: 81 CBLOVLY 008 ronnent

_ ase na eri ween m and the par ate
w1thnnaapeﬂtlxnﬂ@hg;mﬂ@ﬁmﬁnnagofThbenbehbadowaébaun137,
the volune of particulate material conprising sintered

pad.i Cubd endBi&Sd | & - cFRim ThE, NBhBOg8F BEab%%letn@e an

step of provjding at |east one backing el enent
asYWﬂﬁﬁﬁ%QﬂQﬂfﬁ*Qﬂh?ﬁY&F??@FQﬁf%?mPﬁl%lﬁSSPFPHﬁdl§@bﬁt least
one theaitex Iﬁm téw&abslmrmré@*lcéheh@ateflawdlabe:aedh@slea
t s.not_vertical, re
sur G0 415 ine a1 drasds. 198 FemRtaesr L) khe sBPoRise
surfaicep of providing at | east one backing el enent
conprising providing the wafer in a position, such

horlzonté?%ééﬁgdléErEﬁgqﬁ &@ t@ﬁeW@£g |on§%%??ql g an

tive to a | ocal raV|t
aSYmﬂ?trﬁﬁaQQﬁlﬁﬂﬂ(ﬁn%+%?%mqnt @9@P§%§bn6fpééﬁpﬂﬁ@g heat

shielding elements arranged asymmetrically with respect to the
mid-plane of the heated wafer, between heat sources and
opposite surfaces of the heated wafer.

51. The method of claim 48, the step of providing an
asymmetric cooling environment comprising providing heaters
spaced per unit length of heated wafer, asymmetrically with
respect to the mid-plane of the heated wafer.

52. The method of claim 48, the step of providing an
asymmetric cooling environment comprising providing a pair of
heaters of equal heat output spaced asymmetrically away from
the mid-plane of the heated wafer.

53. The method of claim 26, the step of cooling
comprising, establishing within the wafer a freeze interface
between a zone of liquid and a zone of recrystallized
semiconductor, which freeze interface is asymmetric with
respect to the heated wafer mid-plane, further, wherein the at

least one backing element is arranged so that significant heat
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conprising, establishing within the heated,
encapsul ated wafer, a freeze interface between a zone
w3009 Q@630d and a zone of recrystallized sem cdUEI2008/008030
which freeze interface is asymetric with respect to
flOﬁngﬁWﬁEﬂhéﬂﬁb¢&§&@alﬁﬁzeahﬁaﬂéfh?ﬁtﬁftﬁbabﬁﬁkingLQQement
step. of cooling conprjs stablishing within the
and,ﬁ¥§2x£rgﬂu§&%8$%g£§s$g#£??e YPEB%Ze interface between
a zone of liquid and a zone of recrystallized
sem corthetmethodi eh ¢iaktmel| nthef aemicondymmetr icomprising
silf%&ﬁlreSpeCt to the wafer m d-plane. 44. The net hod of
claim 42, the step of heating conprising heating the
entire encapsul ated wafer at substantially the sane
tithe 4Hhe Tthed el etatmalm the fhémsceppstsiest daped
sili¥wrdisashiddeati ng the entire encapsul ated wafer at
substantially the same tine. 46. The nethod of claim
42, the_ ste f heating conprisjng ovi_di ng.moti on .qf.
t #es enc %dfea*%é%gv\%# ecr‘g??—fl“g?'r vgh?ofgiﬁ‘egf)g‘&%}fﬁé"? efr}g'lcon
nitmieldd ng a portion of the wafer that is smaller than
its entire extent. 47. The nmethod of claim1 , the
st of ' oupr L L hg, 1 €es l kshin ]
hesgf'ed ?A}g%)_gé%ago(?rggzg?%%gr%écéﬁgeﬁg}é‘ngg tgng gfgh%_ _
compaupd (Pfarfi bicomeand atct9ashl phecdfsthrcInQUPt GOnsisting
of : Wi ddiLezeatpber dR@eokggenncave toward the |iquid
zone, asymmetric with respect to the heated wafer
m d- pl ane and whi ch_neets tge filmat an_interface
& ofhey T REd (B boiBedr cEBS( SLEPACENBEEVAGIRS an
origiarel atafiedf icatpt behng ofioamilngeshet Wafiedr bggaalr atpd B0
degr.ees, i owar e ljquid zone at a second | ocati on.
5015é¥¥lé§?%ﬁ§rmékééa%?%in11 , the step of heating and
cool i ng conpri si ng providing an asymetric cooling |
erbA 1 otk hod respeteino>Bhethpdrppade sefl idid ication
tecHIPRIRd WS is A% AbE:NBbhAA AL . Cl aim 48, the step of
provi ding ‘an asymetric cooling environnent conprising
m&%@‘“%ﬁ%Eﬁeéﬁggtof claim 58, the rapid solidification

technique comprising spray deposition.

61. The method of claim 1, the step of providing an
original wafer comprising forming the wafer by chemical vapor

deposition from a silicon bearing gas.

62. The method of claim 61, further wherein the step of
providing a film comprises applying a film by chemical vapor

deposition.

63. The method of claim 1, the step of providing the

original wafer comprising providing a multi-crystalline wafer.

64. The method of claim 1, the recrystallized'wafer
having a uniformity of thickness of within about ten percent

over its extent.
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one heater that establish a greater heat flow toward

one surface of the heated wafer, as conpared to the
wWoppesiaseo surface. 50. The nmethod of cl ai m 48, PETIESHDEWS030

of providing an asymretric cooling environnent

C@war i srimﬂ rwﬂWcﬁicsrg deadim shj ei;lqié ngr e enent gaderahg®dng a

aII respect to the m ne.o
enickRREE q2 Hhéedh hdfeRee nidrols S BhBogikohle
surfaces of t he heat ed wafer. 51. The nmethod of claim
48,6 -t he'tet epetdfodraliciagnah, aslyemer igtnadolvafigr having a

thl%ﬁﬁgﬁ" e P e, DO e b R PO

7pect to the m d-plane of the heated wafer. 52. The
mbhod T¥e AetiRd et ¢k if eb5 of the ofi #ngadRr having a

thld%ﬁéggﬂdf(bé¥%ééﬂKhEﬁW&f@nﬂgﬁﬂléﬂﬁﬁéléhHQSDmQ&kthQ a
palr of heaters of equal heat out put spaced

a r.icall mth t he eat.ed
MRRh R T 6 m e Fhinotal®: PaSiReng
thic@mqsrs s:ﬁwgqeta&temlalsdmmgw\ﬁtﬂumroﬂne anfle?2 mitreese
interface between a zone of liquid and a zone of

Y YStilld ifAhapBLonEhof, WL che bh ez el BLSHAGe an
IS asymetric W|th respect 1o f w8

Orlgmn@-lpl‘@rfeer fqgmmSl%e?%‘PYﬁl‘ﬂh@g a@ Vehst bA¥iP&cRi kgxtured

surf@lcgent is arranged so that significant heatflows from

the recrystallized wafer into the backing el emrent and
fr mthe recr ize fer. 54. The net.haod of .
0B TR Rt o8 SiBel cofbf! srRg of | PeBiicage’a Filn
compHﬁSHngipxbvﬂdxﬂguanplurahétyibﬁ1neapeﬁsfmgmdomeat each
i1 oxi,de The d t f
surf% 4;%%#%;%&%%%% t Q dﬁglgg g%fgéé' F %?adln 1

wanr -t he f|In1conpr|S|ng a conpound of S|I|con and at
| east one of the group consisting of: nitrogen, carbon

and OXy@fN-method of claim 1, the step of providing a film
comprising providing a plurality of nested films which,
together, surround substantially the entire surface of the

original wafer.

72. The method of claim 1, the step of providing a film
comprising providing a plurality of nested thin films at least
one of the plurality of nested thin films surrounding less

than the entire surface of the original wafer.

73. The method of claim 26, further comprising the step
of providing a release material between the film and at least

one of the at least one backing element.

74. The method of claim 73, the release material

comprising a particulate.

75. The method of claim 26, further comprising the step
of stacking at least two encapsulated wafers with a backing

element therebetween, between at least two more backing
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58. The nethod of claim1 , the step of providing an
original wafer conprising formng the wafer by a rapid
WOs2909/¢fi2f30cat i on t echni que. 59. The net hod of dAGEIFR28@,/008030

the rapid solidification technique conprising nelt
elemqntuurﬁprﬁﬁbrTWMEﬂ@ih06héfs&bpl6E58eathﬁgr®mbdcoollng the
C n_ technig S osition
waf%%féﬁ%éﬁ é%%q%e% l%?a?ﬂﬁl ,gﬁﬁg s?gs % é? dFW& an
encapswiated wed Eersospackedgtbgenhag.t he waf er by
chem cal vapor deposition froma silicon bearing gas.

6%6-”“%H€H$E¥héﬁ &t a& 1 6 7gur5TFyo§h€B§'BaEﬂgn%t%ﬁements

providing a filmconprisesS’applying a film
belrtShérﬁ' Qguahpdhiclpesstion. 63. The nethod of claim1l ,
the step of providing the original wafer conprising

prmu diTHe amethdd - @fyélaiﬂnl ns, \A@&eneaﬁﬁ tWbe orethed Hfcking
the recr ﬁlllze waf er having a uniformty

eleWﬁE¥§n9ﬁ&ﬂ§; CHIUREERIh GBS EERAPer cent over its

extent .65. The nethod of claim1l , the original wafer
haA8 .ng The metidned sobHfchbaimeeh, abbuledBtntenons aheé HHrking

7 i riginal
elenBifid vy VG IRLLSE eofudl ThlorskbEedind nicr ons
and 250 m crons. 67 The met hod of cla|n165 the film
| dfer S mpthati ek ebainf 1l hetheestapoaf beasimgcaons

cooldlfy THE Gf e éﬁhpﬂl@hﬂ@t?99V9&1ﬁ§akﬂlﬁ@lvbhﬁoﬁhbw between
| ayer havjng a thjckness; bet ween about m crons

the 3Rfer M dhdieat N 1A WoE ABHCRF EhaFnPetablighesed golten

zonepmwrdjmg;m v ff gyt naéumfehaﬁoaptrsnmgngr edigei pgréion of
g, 2 tex d_surface,
the $XEy PR RS HESE oVt BRee 5P pRraaiprParRg cration of
lmpqmmﬁmaﬁruyan;ﬂuhemlpqmtﬁomesoédthelnecryataéaahed wafer.
surround substantially the entire surface of the

orgodi NAh\gfeihod of claim 1, the step of heating and
cooling the wafer comprising providing relative motion between
the wafer and a heating environment that establishes a molten
zone within the wafer, such that zone refining occurs, so that
a trailing edge portion of the recrystallized wafer has a
greater median concentration of impurities than other portions

of the recrystallized wafer.

81. The method of claim 79, further comprising the step
of removing the trailing edge portion from the other portions
of the recrystallized wafer.

82. The method of claim 79, further wherein eruptions of
recrystallized wafer arise, the step of removing the eruptions

from the other portions of the recrystallized wafer.

83. The method of claim 1, the step of heating comprising

using silicon carbide heating elements.
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71. The nethod of claim1l , the step of providing a
filmconprising providing a plurality of nested filns
WOoMYIN2530oget her, surround substantially the I/ES2008/008030
surface of the original wafer. 72. The nethod of claim
1, the step of providing a filmconprising providing
a §t ur d'he ymethodsoedclhim 1| theabtbpastt deatding he
t sied_thj ' ndi le ,
comfh il R We R A7oLE % Fundte TEndH PO EPD8ys" Shel1¥tion
compsit iy 031 tieem oarbidet pewdeonpnxsdngltthe pgteep:eafamlc
el rel ease material between the filmand at
pOl}IH‘Eeéz?s/t o%lgl(gf the at | east one backing elenent. 74. The
met hod of cIa|n173 the rel ease materi al conpr|S|ng a
pdtRi c P dReEhad L9k enakingdaofeRiSPRAE LOry
comOTRIn i tige t dree g epf of stacking at |east two
encapsul ated wafers MAth a backlng elenent
t her ebet ween 15 e h duct af havin
backi ng8r enBRPY: %ugtﬁgroﬁﬁgﬁgl Fﬁ@%ﬁﬂﬁ)u? Healdmgr "aving
ana éaabmngnaum\aﬂnuctunqn|haﬂnﬂg%a|fmrandaueoagagdefect
h .Least two encapsul ated wafers stacked together.
e e L "o ol arm 7o, Call of the backi ng
elenents bei ng of equal thickness. 77.. The nethod of
cl ai m 78; B¥FOVadingt fothint Kd lacansylE auat SHsptially
of tneeendli lehisthTesfeorf hthe TherdBtH®0rOFmChAl Bhélpsallated
Ieast two of, the backing el enents having dissimlar
t h¥AF&T pABSerties. 79. The nmethod of claiml , the
step of heating and cooling the wafer conprising
provi di og hebatnygeandt coolhagwede neapsicrated wafer under

h t t t
o PR B BBl G P 9 L BBCORRE mcpcon
t henudec;h@swt mqqrmw@emag@ o e%\ft@@n@eqrahn structure of

Co%%%%tnﬁata'v%ri:a%fe Ida%dé ifshd hap, quéhppétgfaailef: then the
recrystallized wafer. 80 The rethod of clajm 1

t he
st EpTet RYSHA%S ARFSToldanFtte v%‘f%rs%‘éli‘rpr§Fn§he £11m
pr @emdiing sRibdtart ialtlwnteioesen
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the wafer and a heating environnent that establishes a

nmolten zone within the wafer, such that zone refining
WouowrEssiso that a trailing edge portion of tHECT/US2008/008030

recrystallized wafer has a greater nedian

concentration of inpurities than other portions of the

r 68 y stzalne tzZesd Wb ermaBing Taessmi boddat tolraivaf e,

furtihe 0 i S he step of renoving the trailing

com&ﬁ%ﬁgﬁin(héﬁgF?ééﬁk e other portions of the

recrystallized wafer. 82. The nethod of claim 79,

furt herawhepepvidingt apnorayyinedr gemdiclondet teaf evafer having

arL,se, e f idg . t4 f :

ot Bort LBar: PaeatoP e ey T L0 T AQFHAgE orain

mefRé&/of claiml1l , the step of heating conprising

using silicon carbide heating el enents.84. The net hod

of f cl aimn 1p1r']ot7bﬁiﬁ§ea ehih_eatiillmg coOVER! bVigly 1At ivihr the

a furnace that has rous insulation conmprisjn

i PREGASCSPBLAS S GVIar e i th e Coridit & bl ynEpvered

| i gaifdr;85. A nmethod for making a sem conductor wafer,

conprising the steps of: a . providing an origina

sem conducy oL+ Y eSnBa}égB?iﬁ fgh%t_ 9t 19 WhSed wafer

having a first average de act ensPLy;lb . “providing a

t hRRAeF| APedpddioasoarchs idttarfthanasiginakrivafer becomes

SUpbaeenOhnbihe heaf eledrd St e £LREANS W ad oM@l §Fain
and c . heating and cooling the encapsul ate
n

d fer
un8&FUESHAPt PonS S AYAT A9 Tra gt r%%z%\af%ﬁlz\%]%cbﬁe%arger
nmothen &he ftflimtr eg;rqmged |d1md'31fV§ﬁﬂEd,a aeatomcm%raiﬁat the
structure of. second. . ,aver.a ef ect .density, ichis
snﬁﬁﬁgrrFWSﬁthguﬂﬁaﬁé%%égiﬁxgikﬁ%%T density, and
such that the filmremains substantially intact.86. A
m$hod Ther megidiod) @f seheétonBéct bhewatep, ofoppevdidigg an

origtinfalskfﬁa(ﬁar()féor@prisp{ﬁgi £bPEi A8 PhéOLARLrSBY eRRAUEA" vapor
war er avin
deposition frong a silicon bearing gas.

88. The method of claim 87, further wherein the step of
providing a film comprises applying a film by chemical vapor

deposition.
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a first grain structure, having a first average grain
size; b . providing a thin filmcover over |ess than

WO 2989/¢035630r e surface of the wafer to form a parRGTaI$2(08/008030
covered wafer; c . heating and cooling the partially
covered wafer under conditions such that the origina

W er lrecmmiscomddetonndatbencomprysiagki zes with a
second grain structure of second average grain size,

whi ch i r t he first rage ar n

such thgat hggé}’l ﬁwg‘?té?rglgngogégs?aﬁtgl %I Is%mlqr#)aauzceﬁffa Qjafer,
Thbawméngodwel seibsitmngg,alile Shadp agpgeovy sswyfaees and a
orbg Q%Bl“@&%ﬁc W@@wﬁiﬂﬂlid”50é¥h %T%%ﬁgﬁearlraln size

che vapor deposition froma ng gas.
881e$ﬁetﬁéph@@°@¢ &1z M7, further wherein the step
of providing a film conprises applying a film by

chemi cap, vg@]@gtgﬁa@anuyoaoﬁgle/aesgrnsw&dmmrng/vaj‘rﬁ body

co ri sing: Q portl conprisin

CaateL & thifer L mAART 1i SUF (M T ot Y Fapprising a
oppdxatraglsyr bEceesaedl ahdnmyshidlmsst ructure with an
average crystal grain size |less than about ten m®2; b

FHPSUAL | Aol o HOBLELE §g£rgfnélg99mt B8 bady
portlon n1ca su? In fi ﬁ1co risin
semla;qmdlan W@ﬁpmw %hth@Nn%t bdeasthene fllm of the

£1 108 YEFANA S Hp MBS g 0f 1 £1 86/ §Qoxi88 sem conduct or
conpri si ng S|I|con at least one filmof the film

ca sul e co r|S| silicon oxi ge.
condtfet ébu?ﬁoﬁlﬁ? §9°g ?lFéQSEQOthoﬂeﬁﬁg one of
the fﬂl&tt hastyy sauf Baess coompt 56 hggaat eektneddssukrfaee .92.
The wafer of claim89, the sem conductor conprising

S'djtw%e%aé&e Jefef . pf §bal Phd2qeAl chbaatk e ddugPising

silicon.

93. The wafer of claim 92, at least one film of the

capsule comprising doped silicon dioxide.

94. The wafer of claim 92, at least one film of the

capsule comprising silicon nitride.

95. The wafer of claim 92, at least one film of the
capsule comprising a compound of silicon and at least one of

the group consisting of: nitrogen, carbon and oxygen.

96. The wafer of claim 89, the wafer having a thickness

of between about 50 microns and about 400 microns.

97. The wafer of claim 89, the wafer having a thickness

of between about 100 microns and about 250 microns.

98. The wafer of claim 96, the nested film layer having

a thickness of between about 0.25 microns and about 5 microns.

61



capsul e conprising doped silicon dioxide. 94. The

waf er of claim92, at |least one filmof the capsule
w@emendssng silicon nitride. 95. The wafer of etBUS2BL008030

at least one filmof the capsule conprising a conpound

0f995' | i viitb it &asd 1N Oftﬁélefﬂlxﬁupaféﬁshabhﬁg a
nltro en, carb n and. oxy The mafer
ehicknieh 6 Ui s L0 2 e G DR wBeftLcrons

about 50 nlcrons and about 400 m crons. 97. The wafer
ofl 00l.ai Mh@d watfler waff erldiawi 89, avhdnrekmesacbf obetheen

' o) s 8
plurBidity H TS A AP Mindoth 161 BoendlenfifprBlEFace
of tde metfeaen about 0.25 nicrons and about 5 m crons. 99.
The wafer of claim96, the filmlayer having a

t Qiggkness, iy RIMesn ahoth 9 5 PhEFONS %Qe@ﬁ@k‘t %he
m._crons._ 100. The wafer of cIa|n189 ere

plurgddty lSPraI“iet%Fe(ﬂ‘ Bhime SUTTORR %%%*f%maﬂfy Fhs Shtire
surfakle oF swd aegenf. the wafer. 101. The wafer of claim
89 wherein together, the plurality of nested filns
rroun subst nt| I ire s e e
ez " B3 VA L R 7 B HEaBFCaBk Bacene
plurifig tpyl wrfalnet%taﬁ t’tem mlrm r\sdr:tcwtsn@umgobﬁamghaesghe
entltz%a'% Nt e airfaes of the wafer.103. A
Sem conductor wafer assenbly conprising: a . a body
portion conprising a sem conducter wafer, having two
substantially flat opposing surfaces and a crystal
structure with an average crystal grain size |less than
about ten nMm2; b . substantially conpletely
surroundi ng the body portion, a thin filmcapsule; and
further conprising ¢ . at |east one backing el enent
adj acent at | east one surface of the oxide film 104.
The wafer assenbly of claim 103, the at | east one
backi ng el enent conprising a pair of backing el ements,
each
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adj acent one of two opposite faces of the filmlayer.
105. The wafer assenbly of claim 104, the wafer being

w0 nooa/os2sbest anti al |y horizontal position, w th POEUSZ0&008030
facing gravitationally upward, the pair of backing
el enents bei ng arranged bel ow and above the wafer.
109.3.The waemerc casbertny wdf et cassdfi3] yt bempatking:
el enents conprising silicon carbide. 107. The wafer

assenbl y a% ng,@( r%,g,p?a ;éggo@ggkgsﬂrﬁgegegsﬁ&%om t'eS«_J Mter,

subst ant asse
cl hfﬂPhIQGStWPhéubé@ﬁpﬁgaélléméﬁ-tatt WPQ%ueqomimemw a

COGP{/éEbﬂlgsér\d@tU% i thahl GRS/l JiPin THEze

waf er assenblg claim 108, the volume of particulate
mat 8 F aFNaBnBPPEngESi Afei ed particul ate materi al .

b. substantially completely surrounding the body

portion, a thin film capsule; and further comprising

c. at least one backing element adjacent at least

one surface of the oxide film.

104. The wafer assembly of claim 103, the at least one
backing element comprising a pair of backing elements, each

adjacent one of two opposite faces of the film layer.

105. The wafer assembly of claim 104, the wafer being in
a substantially horizontal position, with one face facing
gravitationally upward, the pair of backing elements being

arranged below and above the wafer.

106. The wafer assembly of claim 103, the backing

elements comprising silicon carbide.

107. The wafer assembly of claim 105, the backing
elements comprising substantially flat plates.

108. The wafer assembly of claim 105, the backing
element that is above the wafer comprising a volume of

particulate material.

109. The wafer assembly of claim 108, the volume of

particulate material comprising sintered particulate material.
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