METHOD AND STRUCTURE USI NG SELECTED | MPLANT ANGLES USI NG A LI NEAR
ACCELERATOR PROCESS FOR MANUFACTURE OF FREE STANDI NG FI LMs OF MATERI ALS 5
CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] The instant nonprovi sional
patent application clainms priority to U S. Provisional Patent Application
No. 60/887,086, filed January 29, 2007 and incorporated by reference herein
for all purposes. 10 BACKGROUND OF THE | NVENTI ON C [ 0002] The present
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for formng substrates using a layer transfer technique. Mre particularly,
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accel erator process for the manufacture of thick free standing
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cells. But it will be recognized that the invention has a w der range of

applicability; it can also be applied to other types of applications such as
for three- dinensional packagi ng of integrated sem conductor devices,
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imensional pac aglng of integrated semiconductor devices, photonic or optoelectronic
devices, piezoelectronic devices, flat panel displays, microelectromechanical systems
("MEMS"), nano-technology structures, sensors, actuators, integrated circuits, biological and

20  biomedical devices, and the like.

C [0003] From the beginning of time, human beings have relied upon the "sun" to derive
almost all useful forms of energy. Such energy comes from petroleum, radiant, wood, and
various forms of thermal energy. As merely an example, human being have relied heavily
upon petroleum sources such as coal and gas for much of their needs. Unfortunately, such

25  petroleum sources have become depleted and have lead to other problems. As a replacement,
in part, solar energy has been proposed to reduce our reliance on petroleum sources. As

merely an example, solar energy can be derived from "solar cells" commonly made of silicon.

[0004] The silicon solar cell generates electrical power when exposed to solar radiation
from the sun. The radiation interacts with atoms of the silicon and forms electrons and holes
30  that migrate to p-doped and n-doped regions in the silicon body and create voltage

differentials and an electric current between the doped regions. Depending upon the



Al t hough effective, these solar cells still have many limtations. 5 [0005]
As nerely an exanple, solar cells rely upon starting nmaterials such as
silicon. Such silicon is often made using either polysilicon (i.e.

pol ycrystalline silicon) and/or single crystal silicon materials. These
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f or med dpplicationf sudareellnbayediegs integrated pritik concentitatihg algmentsdgempiovees may be

f or med ffectiyvel th do not .possess .opti roperties for .highly

ef f ect | SBCISREYarATal xemn, safap o pecuiulales pidhibetiees stne caRseataiBihor t | es f or
hi gh gradgemotatf die&k bsch radiahio? td\@HeSrmhors haHions bf £&e iphotovDRNE idteriaX PENSi Ve
and is also difficult to use for solar applications in an efficient and cost

C ef f ecAlthanghwfinetive, theed salanrzlls §till batermayi jmitatianen and si ngl e- cryst al
silicon materials suffer frommterial |osses during conventional

nmanuf acipgos)nIAS Hek&¢ an kRirhpleOsolar.ceMRIupdistafing RaterRIARGR 8s SlitdH. icgs as
much as 40% and even up to 60% of the starting material froma cast or 15

gr own bulidoa isnflersinadeihsingeithes polysdicom(i.6. polycrystatlingrsiliconharfdier songle qiystel i s a

hi ghly i.nefficient t hod  of i t hi | ysili . Si - t al
o 11 cortfiearagents. DB Mt 5E8Nen demestt Bl BRAieEn HEHEr Cel 1 <
are | essqe@BRnal byemaNufdstuifs b@l?ﬁli@d}ﬁ ?1@&@._ Aith8ligtethedtYlated MY be #omdeahous or
pol ycrystalline structure are less efficient than the nore” expensive bul k

si | i coreftestively theledd netrpossass bptinmnmgiraperiés| forbighkydffsctivg sdar cEHes8ingled ot her

limtatio an he 2 ound t.hr pughout t he,presen ecification and nore
| nrloh 2R i 3s slonopediey £ Bidiseds S PR C SudPiRgt DRt TS (o
for m nghgvkveA Rk Fensiveahd & AsdTBRAIIBbUsO for sElabhsPlicaticis! ih ¥in 3RELid RGOSk are
hi ﬁy desired.” BRIEF SUMVARY OF THE | NVENTI 25 [0008] According to the
pré
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[0007] From the above, it is seen that techniques for forming suitable substrate materials of

C high quality and low cost are highly desired.

BRIEF SUMMARY OF THE INVENTION
25 [0008] According to the present invention, techniques including a method and a structure
for forming substrates using a layer transfer technique are provided. More particularly, the
present method and system provides a method and system using a linear accelerator process
for the manufacture of thick free standing semiconductor films for a variety of applications
including photovoltaic cells. But it will be recognized that the invention has a wider range of
30 applicability; it can also be applied to other types of applications such as for three-
dimensional packaging of integrated semiconductor devices, photonic or optoelectronic

devices, piezoelectronic devices, flat panel displays, microelectromechanical systems



5 crystal silicon, polycrystalline silicon, polysilicon, silicon germanium
germani um silicon carbide, galliumnitride, group I11/1V materials, and
others. In a specific enbodinment, the present nethod includes providing a
sem conductor substrate having a surface region and a thickness. The nethod
i ncl udes subjecting the surface region of the sem conductor substrate to a
first HI'MEMS')ynand-tédhghlogyetrgsturear sehsirg actyetoes, aintegraied ¢irpudts) hiplegical and
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C embodiments.

[0010] In an alternative specific embodiment, the present invention provides a method for
25 forming a free standing thickness of layer transferred material, e.g., single crystal silicon,
polysilicon, polycrystalline silicon, silicon germanium, silicon carbide, gallium nitride,
germanium, group III/IV materials, and others. The single-crystal silicon can be either from
solar, semiconductor or metallic grade purity levels, depending upon tradeoffs sought
between factors such as efficiency, cost, and post-processing such as impurity gettering. Any
30  of the single-crystal material can be cut to specific orientations that offer advantages such as
ease of cleaving, preferred device operation, or the like. For example, silicon solar cells can
be cut to have predominantly (100), (110), or (111) surface orientation to yield free-standing

substrates of this type. Of course, starting material having orientation faces which are



plurality of first particles at a first dose range and within a first
tenperature range through the 5 surface region to an accunul ati on regi on of
the crystalline substrate material to forman inplant profile having a peak
concentration and a base spatially disposed within a dinmension to formthe
accurul ation region. The plurality of first particles are provided at a
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thickness of crystalline material by detaching the thickness of crystalline material from a

C remaining portion of the crystalline substrate material.

[0012] Still further, the present invention provides a method for fabricating free standing

25  thickness of materials using one or more semiconductor substrates. In a preferred
embodiment, the method uses one or more patterned regions to facilitate initiation of a
cleaving action. In a specific embodiment, the present method provides a semiconductor
substrate having a surface region and a thickness. The method includes subjecting the
surface region of the semiconductor substrate to a first plurality of high energy particles

30  generated using a linear accelerator to form a patterned region of a plurality of gettering sites
within a cleave region. In a preferred embodiment, the cleave region is provided beneath the
surface region to defined a thickness of material to be detached. The semiconductor substrate

is maintained at a first temperature. In a specific embodiment, the first plurality of high



i ncl udes subjecting the surface region of the sem conductor substrate to a
second plurality of high energy particles, which have been provided to
increase a stress |level of the cleave region 5 froma first stress level to
a second stress level. In a specific enbodi nent, the sem conductor

substrate is maintained at a second tenperature and the second plurality of
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cl eaving process. 1 In yet an alternative specific enbodi nment, the
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of particles to forma cleave region (e.g., plurality of particles enbedded
f r dfh a cédamigepraues0 nul tiple inplants and/ or diffusion), which is defined
underlying the surface region to forma stressed region and to define a
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t hisekness of material has a thickness of about 20 microns and greater, or C
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generally flat or the like. [00141 In a preferred enbodi nent, the nethod

i ncl udesclodes sobjectingethe ewtfiavegegisn pbthesemicondudier substratoto plurdligy of r essed
causes deformation o i ckness rial. In a specific

region tha f the t f t
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shape. That is, etching can bé selective
stressed region and to define a thickness of material to be detached. Depending upon the
embodiment, the thickness of material has a thickness of about 20 microns and greater, or
C may be slightly thinner, as long as it is free standing, e.g., self supporting, free from a
stiffener or the like. In a specific embodiment, the method includes freeing the thickness of
25  detachable material using a cleaving process while maintaining a portion of the stress region
attached to the thickness of material to cause the thickness of material to be characterized by
a deformed shape, e.g., curled at edges or end regions. In a specific embodiment, the method
includes removing the portion of the stress region attached to the thickness of material to
cause the deformed shape to be removed and yield a substantially planar shape, which is

30  generally flat or the like.

[0014] In a preferred embodiment, the method includes one or more techniques to remove
the portion of the stressed region that causes deformation of the thickness of material. In a

specific embodiment, the removing includes etching the portion of the stressed region, which



to renove the stressed region, which can be an inplant damaged regi on and/ or
regi on having a higher concentration of hydrogen and/or like inpurities. In
a specific enbodiment, etching can be wet and/or dry etching processes and
the like. In a specific enbodi nent, the renoving 5 can al so occur using
thermal treatnment the detached thickness of material to relax the stressed
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source, a laser source, a thermal source, a radiation source, a nechanical
souisce,to be dhtachedalln sspeafc embgdiment, did thivkhess ofimagriabhasan thidkinessodaboe, e. g.
gas, liguid, vapor, or conbipatign. Of course, there can.be other .
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fabricating free standing thickness of ‘'materials using one or nore

sem conoatetidito beidsthclwidet an e@gk fepioa of feadléave regitiodsingateletthe gnemyent net hod

i ncl udes provjding a . sem conductor, substrate havi.ng a.surface region and a
t hi ckndlaremeRkA SPAGH TP iEh B é“%ﬁ‘ﬁ}”été(toisfﬂﬁa A Staip teforag Gitacheq Borign

S €m3iCONgHied lg&:kﬁé'sg%tffh?att&iatl fadén E(ryéf-tioﬁl 1tk §[tfe¥seﬁfre§5ﬁh}1€£' gq&mm@d&%,
conpri si ng species generated using a linear accelerator to forma
pl ur al ithyy methodendleddsbgnding ewayithedetachedportion of the thickness of material from the
spatial region and causing a deformed shape in the thickness of material to be detach to
C facilitate removal of the thickness of material from a remaining substrate portion. In a
specific embodiment, the energy can be selected from one or more sources such as a light
25  source, a laser source, a thermal source, a radiation source, a mechanical source, a chemical

source, a gravitational source, or a fluid source, e.g., gas, liquid, vapor, or combination. Of

course, there can be other variations, modifications, and alternatives.

[0016] In still further embodiments, the present invention provides still another method for
fabricating free standing thickness of materials using one or more semiconductor substrates.

30 In a specific embodiment, the present method includes providing a semiconductor substrate
having a surface region and a thickness. The method includes subjecting the surface region
of the semiconductor substrate to a first plurality of high energy particles comprising D+

species generated using a linear accelerator to form a plurality of gettering sites within a



cl eave region, which is provided beneath the surface region to defined a

t hi ckness of material to be detached. The nethod includes subjecting the
sem conductor substrate to a treatnent process according to a specific
enbodi ment. The nethod includes subjecting the surface region of the

sem conductor substrate to a second plurality of high energy particles 5
conpr i sieage kgions phadhas prisiideg teheath thewrfam:rcgioartaticﬁnedmmbdknbg qfmedtaradbl y t he

sarrelln r el erat or dln a specific
erbod et deteliedo d 56 e e bl §00e g the Sefond st P RFdE & wtelrBol heq <o
i ncr eaﬁ)‘?o&sssz{c'ééﬁ%% t%‘é%pe&ﬁcteﬁﬁoﬁin%YeTﬁ@ﬁ'eﬂle nfldlﬁHE‘s§u$ bétﬁ e 5@Rel €vel to a
second 'stress | eve The nmethod includes initiating the cI eaving action at

a sel ectgan pEife semisbndingorsubstvate toegiegond pluckitaefhigh paergy particlest he t hi ckness

f 10 detachab mat | t h | ud
Fr edi ngOPRENPRF B Begebioing e A R VIR Ty BN enc |t <

ar e achi-ey&gtoPYEthe R Pﬁavwﬁhgm mgﬁwama@ﬁécm SHBRHMBBRO R sefond! he pr esent
invention. In partl cu nbodi nents of the pr esent i nventl on use a cost

ef f ect iphealifyrod highasmeedyeraaticles ate pravedeslrtd inme¢dsod sfress lpsredmf dlert@aae kigidm ener gy

i npl ant. process, 15 for |ayer transter. technigu ccel er at or
bt o el ST R 1o § &ehad SRR Il Moo Fiendds thitiad e AEGEE L hadi o
Fr eque%ﬁo&taddsre}@&hchlgg W'dea%@kégt‘i‘&x B'ch@tacﬁ fa é’ ofUHA AL RGeS oft hese, (for
exanple, a RFQ conbined with a ft Tube Linac or a RFI (RF Focused

| ntlér dldgtat:bab)le iatesial ushug 2 kleadng piqcesSC The medthodinohudes treeingthedhickudss abl e
t echni I a preferred enbodi ment, the |inear accel erator provides an
i npl angiéfaf’%arpl‘b%@é‘g that fornms a 20 thickness of transferable naterial
defgmned by a cleave plane in a donor substrate. The thickness of

f 4063 e Nmnaohabentéiys dre achicvddmveppmmiag t¢ahnmuo.vhsieg emhodjmentsalfi t y
sem conductor mater.ial for .a t| on tovoI tai c devjces, 3D MEMS
or 1 nt i st oyt fpareineR aihnben%sﬁgﬁbecwﬁ IERUR IO || con

car bi derRpehedfleht AR @9 ideiadniBndiid fo? yﬁfgﬂren@&gf '1291? Ricbdsoni ¢
applications, any conbination of these, nd others preferred

entiodi fenlayertttepsfor mhmqumetﬁmh hpcanacdﬂsrafoo dedcaplag imolydset hit is nbi looited or

hi ghly efficient ot.ovol el | s anpng ot hers a pr red enbodi nent,
the. ot dSetrth R JRISHe: 8 K rFaccicd Bafio brf inmprly salERFRRGR ger i

par ti clgmbinhibailofthtQWEof é’b@arrﬂﬂ@caqglf%%&nt%ﬁxe& Qith a Biftesbk Y $nRNH 2T (RFENT -

Additionally, the present method structure allow for fabri catl on of
| ar ge d:roeasedl]mstdlglt&)shnbar Agdelerdter)f DCradcglérators, ind othev suitabtertectaniques. &ppl i ed

to make th 0 con erial plates of the. desired formfactor (for
excanpl &, PSstid SEBORIEAT SR Laar ffoelpralor SpBMeL S WA R PBETR L SIS 1o
upwgr dsthﬁéf(nésgrbf(trmé?ﬁblgﬂ{a%erfa@Heﬁ}@d dél&zﬁz@ n%tlﬁﬁ)doné{bu%@trat@' TR native
preferred enbodi ment, enbodi nents accord to the present 1nvention may
provi dehrbknesaofsEMfdrd;le lmaltetrmll nraarbeffulrthdwroqsssmd italprovate d ligkqualgy of a
hetero-structure e alxtj
semiconductor m tena or apphcatlon such as photovoltaic devices, 3D MEMS or integrated
C circuits, IC packaging, semiconductor devices, silicon carbide and gallium nitride films for
semiconductor and optoelectronic applications, any combination of these, and others. In a
25  preferred embodiment, the present method provides for single crystal silicon for highly
efficient photovoltaic cells among others. In a preferred embodiment, the present method and
structure use a low initial dose of energetic particles, which allows the process to be cost
effective and efficient. Additionally, the present method and structure allow for fabrication
of large area substrates. It will be found that this invention can be applied to make thin
30  silicon material plates of the desired form factor (for example, 50um-200um thickness with a
area size from 12.5cm x 12.5cm to upwards of 1m x 1m or more for polysilicon plates). In an
alternative preferred embodiment, embodiments according to the present invention may

provide for a seed layer that can further provide for layering of a hetero-structure epitaxial



7 process. The hetero-structure epitaxial process can be used to formthin
multi junction photovoltaic cells, anobng others. Merely as an exanple, GaAs
and GalnP | ayers may be deposited heteroepitaxially onto a gernmani um seed

| ayer, which is a transferred | ayer formed using an inplant process
according to an enbodi nent of the present invention. In a specific 5

enbodi meodess. t Tiee ptesantctiedt dpidximbprobessappbe astdsto doras thiv alujti-junctibeavi ng

multiple slices from a single ingot, e.qg.,. silicon boule That is, the
met hod Rbafovpliaif splsapbane Siheti: Adesfasiap eégealﬁe(}aéﬁ @E%?afré‘! Bysamaydecut ti ng
slices &P%meeﬁétewe Hbﬁal‘?f‘gﬁg a g%%aniafﬁ%ewlap&, Which iS ReGhéfefed BYBORIHARNL . O
cour se, ere can be other variations, nodifications, and altérnatives.

[ 0018] uSegendinpiant prcedstaecadingdd e embodineenoof the peeserfit invrasionbémafpactficray be

ot o Sen(ETBERFI R PiSRET AP O €20 TSP GG P V6 D e M ISEUESR T C

pr esent . I ON OF
THE : EQUr i -S4 I+if A f lokd: g a

ot hod o o R R e L L o mg
to an eshibesdsimetur tofuttihg slivee 9€htead froend baked lodfbadcofiiing toFd gpecds 2- 8 ar e

simplified diagr illustrati met had of form.ng subsirates using a

t hick | p§ n@EZP“fﬁ?adE%T%a’éE%B&G{ YPd‘aEIBH%\H“@ﬁ%@&P%%ﬁPR Bﬁteff‘ﬁté"eﬁr esent
invention. [0021] Figure 8Ais a sinplified diagramillustrating cleaving
usi ng d0018jr ntpendmatupenithe gnioakmsntaomoordnog of theae bendfinsd inmayrite ashievéd pr esent

i nventiqgn. [002 Figures 9-15 are sjnplified diagrans.jl)l.ustrating a nethod
of Dot e SRR eaes Gyt s aed BB e S L RECLICEHPA P ¢ v ansf or
proces i Wo an enbodi nent of the present invention. [0023] Figures
16 ?ragtﬁfsh?‘{rgg/ll%?? ed diagrams illustrating an alternative nmethod of formng

[
su rates using a pos i thy ayer transfer
according to an enbodi ﬁ?&iﬁﬁwsmc@@]sﬁﬂﬁﬁ%%ﬁéﬁ [ 0024] Figures
21-25 14 Lifel fe=Tays ' ' i | G cording to
e o O B A P Bl R et o
[ 0025] uvbogartHickdayen trantfexipnoeess acafrdinp ¢o pr embodimentvafithe presertt éventioues
including a method for formng substrates are provided. Mre particularly,
embgdi nP3E  arigafed DOWark Qi NEA BRGNS ilﬁ@trhﬁﬁ@eﬁﬁl'e%d%rf%&hﬁ%%ﬁﬁﬁt@d to form
a free standing | ayer of terial  froma sem conductor 8 teriral. In a
speci f i usirgrddtbabkeyer transfer proeess sca@mding ¢o hmgrebodimentafehé ptesérs ipreatibmed usi ng a

[0021] Figure 8A is a simplified diagram illustrating cleaving using a thermal treatment

process according to an embodiment of the present invention.

[0022] Figures 9-15 are simplified diagrams illustrating a method of forming substrates
20  using patterned implants and a thick layer transfer process according to an embodiment of the

C present invention.

[0023] Figures 16-20 are simplified diagrams illustrating an alternative method of forming
substrates using a post cleave processing of a thick layer transfer according to an embodiment

of the present invention.

25 [0024] Figures 21-25 are simplified diagrams illustrating experimental results according to

embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0025] According to embodiments of the present invention, techniques including a method
for forming substrates are provided. More particularly, embodiments according to the present

30 invention provide a method to form a free standing layer of material from a semiconductor



plurality of high energy particles to cause a formation of a cleave plane in
the sem conductor substrate. The nethod according to present invent
invention can be used in a variety of application, including but not
limted to sem conductor device packagi ng, photovoltaic cells, 5 MEMS
devices, and others. [0026] In a specific enbodinent, a nethod for

fabri cafaterpl.f neespetdivcintgditentkthe size sfanding igyer af matesiahiy porvadat using

sem con uctor strates l provi ded. as follows: 1. Provide a.semn conductor
Subst T AUEARF ﬁ@%nswm;&t G BgieBHFeATRA R Qfjrfikaye phane & e emiREUR f ace
regi on sfcnbiae I%%’Hn&ﬂ&ﬂé’&%ﬁﬁn wga&geaf fivER ifvdnkibA taPbai@liih % vafletyﬂo@ hi gh

energy particles generated I near accelerator, the first plurality
of hi glappimtlgly, in€uhiag ﬂ)utxhcﬁslmiutﬂdrtg semmondietbratevae fpa¢1@glr®;19h®odcdtanm®dilsby

directi the first plurality of high energy particles and the surface
regt onﬁgM%WWF%aP@QFIB’ES'Of a plurality of gettering sites within a cleave
region, which is provided beneath the surface region to defined a thickness
of mat ¢0026ﬂ tln atspecdﬁc amhbedimential methddbfar fgbrch ey free standing tlickmesnefai ned at a

first tenperature; Optionally, performa.ther treat ment process on the
sem co faé)sru“%‘b‘éet‘?ra{n@mt %?Wlﬁc?%ﬁﬁtr%r psHRten s HSPY}H% % {QﬁB’f’nget tering sites

within the cleave region; 5. Subject the surface region of the sem conductor
substrate to la s®conde pbamizbnductorahibstratghhavirer ysurfaae régrdreandyethenkaesd usi ng
the linear accelerator, the second plurality of high 20 energy particles

bei ng provi ded atSuBﬁEﬁtﬁ@ @Qrf@d%%?oﬁ’%fﬂi&%@m@én@ﬁ&&@u’b&i’mé’fo 4 Rt ﬁﬁﬁé?ﬂ? of

plurality C of high energy particles and the surface region; 6. Increase a
st d@ss hi@mlergyfpamcdescgeaawd@gigmhmao acczlefratos thesfinseplaraligy ef hlgb egerggcond

SebcoRaifs e eriied €4 2 e i et SR Wb pRratiieERiess 7. °er e
the thleﬁ&g§§§nfefesqggwa@e mBlgEial, which is free standing, using a

cl eavi ng cess, while the det achabl e material is free froman overl yi ng
support nenb P t he. t hickness of detached erlal on

t he I. ke; [ ac
S e 1 morber Fogh Magkiph Oha SIEaly Ch gt B TisEoHES BHBRG IEE TEHPBIHD
et ach gl Pichlih theuubhce RGO UelNed PG AHuHal TOHE dPOLASHATe on the

sem conductor substrate ore subjecting the surface region with the first
pl ubal |tlhq1clcxafvehegbnamalg;amwlratadlrﬂsmmperatueqa (2); and 11. Perform other steps
as desired.

4.  Optionally, perform a thermal treatment process on the semiconductor

substrate to further form the plurality of gettering sites within the cleave region;

5. Subject the surface region of the semiconductor substrate to a second plurality
of high energy particles generated using the linear accelerator, the second plurality of high
20  energy particles being provided at a second angle defined by direction of the second plurality
C of high energy particles and the surface region;

6. Increase a stress level of the cleave region from a first stress level to a second
stress level from the second plurality of high energy particles, while the semiconductor

substrate is maintained at a second temperature;

25 7.  Free the thickness of detachable material, which is free standing, using a
cleaving process, while the detachable material is free from an overlying support member or
the like;

8.  Place the thickness of detached material on a support member;

9.  Perform one or more processes on the thickness of detached material,;



5 [0027] The above sequence of steps provide a nethod of form ng substrates
using a linear accelerator process according to an enbodi nent of the
present invention. As shown, the nethod includes using a co-inplant process
to renmove a filmof material, which is preferably thick and free standing.
O her alternatives can al so be provided where steps may be added, one or

nmore steps nmay. b&ptRmaNE Gerfofm 0Ae oPmofprocbam theyehicopdiRvdrd@bstiate a

di fferent 10 sequence w thout departing fromthe scope of the clainms herein.
For exdsfire subjerdingithgsurface rreip withhedinst Rltabitsofigh epsrgy Aaiticles Besteribst i t ut ed
for an% ggyination or single process including but not limted to a

t her mal ?§ activated liquid, plasnma hydrogenation step, |ow energy inplant
and diffusion or other processes_that allows the hydrogen to be introduced
and by di f f ukl-oferfoan other stees af €98iedt he gettering sites according to a
specific enbodi nent. 15 Further details of the present nethod can be found

t hr sugho0a7]t MEhgrabese Béquenact i steps pislided methodlof ferting bybstrateousing BUiAEr Fi gur es
2-8 are sinplified diagrans illustrating a nmethod, of form ng substrates

usi ng @cedlerater pragess a¢caRding fo 3y yaedimgnt o thy prgsand INYENEQH oy ;81 t he

. ) . o | .
Cindu y e i €557 ol B A SR ey HRAERal R Sigiedy PV
ski |l ithicklagd aeé standihg. Ofie® ghernative3Ryn ¥BO baptovided wingdelstepsmby dbaaddednd

alternatives. As shown, the nethod begins by providing a sem conductor C
subst r 26 0P OBrh P2 be [RMQYEE, Qresic oA I Steps By IbsiRieVIderBinggdiffsrenhi ckness.

or D WEREE Py acRil (M MeShdpe e A i lerdl, Bk Bl 2 Reb ' 250 1e"a

Si @I e epedpSlimiplant bteg 8 MmayadRionalobey/ substitwed foRnycasibin@ioror strgleprodss
suRstrate, silicon germani um wafer, germaniumwafer, silicon carbide, group
| 1 UV manelpdiag but gt digptediiye thesmatly aftivateddiquid; plasmarhydeogepstiantsden, love. I n a

Cour se SR SEBAR! JEbimio8 iRl bRkRE RO R BT RRSES) b ko RhER e, ©

[0029] vyefiffugibhlGicéwinfia@uUnithin thd dttefiRE kied acaurlindes a SpduiRe émbadinbat. sur f ace
region of the 30 sem conductor substrate to a first plurality of high
enddgy yather datails gohe preprnt sedapdpanbg feund thrpaghowt deeeprssent epecifidang mereci i c
enbodinggg Eg,egarticles cause formation of a plurality of gettering sites
or an t1°0n Tegion within a cleave region 401, which is provided 10
beneath the surface region to defined a thickness of material 405 to be

det achd@8028s Kigugs 2r&are sheplifiaddiagrams) ilnstgfingn wethod gf faming sbstrateabl y, t he

R ik Mo s By oRPRHBR A RSB0 S, .0
sem Conphésd flagmiiRekd mefely EXMieaMNhYch shoeldaRS Bndiay likdlBe 8cofedf theddlaigliout 2 Rp
20  recited herein. One of ordinary skill in the art would recognize many variations,
modifications, and alternatives. As shown, the method begins by providing a semiconductor
C substrate 200 having a surface region 201, a backside 203 and a thickness. Such thickness
can be an entirety of an ingot or sliced from a larger ingot or the like. In a specific
embodiment, the semiconductor substrate can be a single crystal silicon wafer, polysilicon
25  cast wafer, tile, or substrate, silicon germanium wafer, germanium wafer, silicon carbide,
group III/V materials, group II/VI materials, gallium nitride, or the like. In a preferred
embodiment, the substrate can be a photosensitive material. Of course there can be other

variations, modifications, and alternatives.

[0029] Referring to Figure 3, the method includes subjecting the surface region of the
30 semiconductor substrate to a first plurality of high energy particles 301 generated using a
linear accelerator. In a specific embodiment, the particles cause formation of a plurality of

gettering sites or an accumulation region within a cleave region 401, which is provided

10



5 and |l ess, where "Rp" is generally referred to as "a straggle"” which is
often used in characterizing width of an inplant depth profile. In a
preferred enbodi nent, the cleave region is naintained at a first
tenperature 305, which can be provided directly or indirectly. That is, the
tenperature can be provided by convection, conduction, radiation, or a

conbi nakheth e sttfesaegion o defires aahitknels bf niaterial $QEwi Yol detahbdcis skewn il N a
specific 10 enbodi ment, the tenperature can be provided using a rapid

t her malthgyiwpbifed dagremeof kigurer4. yeferably thejfisst plyradity, ot ligh gnesey pawisleshat t he
particl : i | . .9 . .f1ood or
Dot t er i85 Ey REUAE phOHE AVEE Y nedlCorc By T s B AR B Rl ol 4 0%
rapi d tdepthrofltheweaienslucten siistrpteo Preferdblyotirbasesan lane aptitdth datlostt2 Rps profil e
of _displaced silicon atons_within the inplant end-of-range |ayer where the

st r 8ss@8d s vitererdkp nis2eaetBlly refprardionea Seele i WHCh IS affte Wehind” ¢ her mal
proces Sch&xggt?%%\igg sti%tﬂ' oq aP ?@Pﬁéf?({b@? roﬁ!lé? e[nla%&errteﬁ) ef'ﬁlbl)ﬁmﬁe#lp, ?ﬁéﬁ%&g en to

escape an e gett Nncl es. pur poses O I'S I nvention,

over heatgiogiswhaihtaifedrt a firgn@eparhture3 ) e/hichrean de peoviddd direcvifioe indirastlyevol ved
the getter |layer past a point of optimzed effectiveness, O course, there
can be Thahisy the {empesatiesan beguevidedby epnyectiong cendughiomradiation, opa [ 0030]

Addi t T Bahl Yok BFthgkngéeﬁH%&%c cﬁﬁﬁfg%g P&ERR élﬁ ocﬁlln?,&[. HB%VS:pgcﬁﬁQart of the
t hermal™ "energy and in conbination-w th an exteéernal tenperature source to
achev enibodingtas, the tbnipepdtardican be preddddulsihg d rapidehérdiah prtbstiefiard] aftet,ve

hi gh-energy particle beam al one may provide the C entire thermal energy

desi r e@¢venunngy pertion phtmeijthat tl@en@ar%?lgharé hengyntieduced | Ehayapid hemade  provi ded
th dir t I [ to increase
th 5 gc%ée(%/agf[% ;iZO%ng??’ ﬁ{é&éﬁ § é)g?’éﬁﬂ%{tggna&g%éeﬁg&%h%@ﬁgg}éf ﬁrr{ég{l?x? he particles

conver texkmpRt the r@ie tiymal procest b&i B&provitied Gy adhievien@r iphiifized st fiteusfe of the
substrate to a predeterm ned or desired anount. The particle beam can have
scanni rispigsed siligpriatopytwithin gheampdans endsof-rnge Byanvherg femsiressesfatom t he

O e S e T L R T A e e e
nat ur althylagxiaAtowahsRydrbgerteoehéape ahe Bswed it @dtiRer efiibnbRa M Jr Ipuiposesadfl al

distribution. O course there can be other variations, nodifications, and

al t er ndhis yeventipp ez ethegieetidl mearuptsmperpsurg apd timgrcombination which haseyolygdti cl es

o aaddt fute 1St 5 FBobRar SFFLFRTFHIE- RS DLt B hERE M, 01 “Gammge.

t 0 t he vaHh@rsamol ERh@shsd&Alrigive® a preferred enbodi nent. That is,
smal l er mass particles easily travel through the substrate material to the

=eh B Sl le AR MR I HHRLRARE) Blriic TRART AR ol Gk e Sl Mt the

energy and in combination with an external temperature source to achieve the desired implant
temperature. In certain embodiment, the high-energy particle beam alone may provide the

C entire thermal energy desired for implant. That is, the high energy particle beam can be
provided that directly causes energy to be converted into thermal energy to increase the

25  temperature of the substrate. In a specific embodiment, the particles convert kinetic energy
into thermal energy to increase a temperature of the substrate to a predetermined or desired
amount. The particle beam can have scanning speed and spatial characteristics. Beam
expansion from the original beam size can occur by rapid electromagnetic scanning but can
also occur through drift of the beam over a distance where the beam will naturally expand to

30 the desired beam diameter and beam flux spatial distribution. Of course there can be other

variations, modifications, and alternatives.

[0031] Depending upon the application, smaller mass particles are generally selected to

decrease the energy requirement for implantation to a desired depth in a material and to

11



For exanple, the smaller mass particles (or energetic particles) can be

al nost any charged 5 (e.g., positive or negative) and or neutral atons or
nol ecul es, or electrons, or the like. In a specific enbodi nent, the
particles can be neutral and or charged particles including ions such as
ions of hydrogen and its isotopes, rare gas ions such as heliumand its

i sot op&sducaagossibitity ofoddantigb es thedrgteridliregjon paordihg teenpetirradrdambodirerpar t i cl es
can al sg be derjved from conpounds uch as gases, e.g., hydraogen gas, water
vapor, et Ketballes mashpatieige rastly et ugh e SOHERS mtqqabm%sﬁ?}%fzted mass
particl ' - [ L NekeRR ughbusihe above
parti cl(gét,h ‘gilrt]l%p%gg&?[%sgax@hg%8&@%@@%&;#3@12%%8@13 gg%c]ﬁ g@?é{[ on‘i% élge‘é es. The
parti clkes egamge ahé ymahavrass phitictds €ot erergedit ipartiefesy cpn ecalmestetny ahargedr ough t he
surface to the selected depth underneath the surface. [0032] Using hydrogen
as Phe (P8pPaHHEROLHREAS anFop neyieal ajoms Qs malegudss, %gﬁﬁ“@ﬁa‘?Fﬁﬁ%!lk?-h]é‘a 15

i ol ant.at i . . ' . I, T
| mpl ancEry AncAEOERRR, i RRiCIEl bR AT EhirgbEpaBhicf iR RP TS, |
and pr ekesmidfhydfoges asdits Bolopss rairb@as ioabeuth a5 hélibfhlandaitsoisdtopes?and mgohant at i on
energy ranges from about 1 MeV and greater to about 2 MeV and greater for

the forar@thesndepending uron thepgmbodinent. Fherpagticdesiaialsei be depiyed Eam eompounds

| npl ant at.ii < | si us,
and | o b BT ebETREr Hldheh B8 Shuor AP BEMnc M9 ARBH ot ot el o1 v
pog®i bilight ytodfic sk gagticles. oARerhatively, dhd parsclagcanitie anfy cohdinatiph afithedibsvd | con

waf er. The hydrogen ions can be selectively introduced_ into the silicon
waf er tRITHNS, and @dpryanetmolseularspaeies andqr aamigisperiesy. T nagticlesgeperatlyns . of

C r i CORAL L pon the
apﬁcgﬁv%%%f%éggf&&oéﬁﬁ%%%}gn% g{rrl{?&%‘ne?gl es ,e ttél) ?{éfségg{a%rﬁ{a? Bﬁl arly useful
t 0 havaindemefthtizgurfakéy pure 25 proton inplantation (e.g., positive or
negatively charged) to allow for a nmaxi rumrange of the cleaving plane

wi t hin r ' ji L s 1 gy
Fange dPOR USAEhFARUAER! Bk FphicdInRicy HRMNESIE0h FEAFE fycXslfE St
t ersl atigplapkdtidhippstebOlis parfopined akingiaGpedifosdierl coiiticnsa Imphaegiondbseepi t axi al
growh is needed to nmaxim ze |i @absorbing efficiency to man

d
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thére dan er variations; Icatfonsg, “an
diffusing out of the implanted silicon wafer. The hydrogen ions can be selectively introduced

into the silicon wafer to the selected depth at an accuracy of about +0.03 to 1.5 microns. Of

C course, the type of ion used and process conditions depend upon the application.

[0033] For higher implant energies, it is particularly useful to have a substantially pure

25  proton implantation (e.g., positive or negatively charged) to allow for a maximum range of
the cleaving plane within the reusable substrate. Using silicon as an example, the energy
range of implantation can be quite large and span from a few keV for template formation for
photovoltaic absorber where a subsequent epitaxial growth is needed to maximize light
absorbing efficiency to many MeV yielding substrates measuring hundreds of micron in

30 thickness for use as a solar cell wafer starting material. The general range of implant depth as
a function of the implant energy can be calculated using, for example SRIM 2003 (Stopping
Range In Matter) or a Monte Carlo simulation program (http://www.srim.org/). In a specific

embodiment, the silicon film thickness ranges from about 50 micrometers to about 200
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[0034] In a specific enbodinment, a silicon filmthickness ranges from about
50 umto about 200 um nmay be fornmed using a proton inplant having an energy
range of about 2.1 MeV to 5 about 5 MeV. This range of silicon film

t hi ckness all ows the detachment of a thickness of a single-crystal silicon
substrate equivalent that can be used as a free standing silicon
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standing state or. released to a pernanent substrate or a tenporary
subst r 40 @ spesifiegBbediBentuse as a free standing substrate, or eventually
nounted onto a permanent substrate. In a preferred enbodi nent, the 30
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implantation with optional heating during implant and post-implant reusable substrate heating
C was disclosed to yield detached silicon wafer thicknesses up to 350um. A thermal cleaving
of a 16 micron silicon film using a 1 MeV hydrogen implantation was also disclosed by M.K.
Weldon & al., “On the Mechanism of Hydrogen-Induced Exfoliation of Silicon”, J. Vac. Sci.
25  Technol., B 15(4), Jul/Aug 1997, which is hereby incorporated by reference. The terms
"detached" or "transferred silicon thickness" in this context mean that the silicon film
thickness formed by the implanted ion range can be released to a free standing state or
released to a permanent substrate or a temporary substrate for eventual use as a free standing
substrate, or eventually mounted onto a permanent substrate. In a preferred embodiment, the
30  silicon material is sufficiently thick and is free from a handle substrate, which acts as a

supporting member. Of course, the particular process for handling and processing of the film

will depend on the specific process and application.
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cl eave region. That is, the thermal treatnent process anneals out and/or
quenches the cleave region to fix 501 the plurality of first particles in
pl ace. The thermal treatnment provides a 5 fixed network of defects that can
act as efficient sites for gettering and accunul ating particles in a
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sem conductor substrate is maintalned at a second tenper ichis
hi gher fanaintehbotliniestt, the highrenbrgyepartidOB&im dlsharmak pesvddethe @atiteltrernmpl ant ed
species into the silicon vg{ er as_an exanple, the, 30 mgpant ation process
i s per fORFRYAleSEhiGT ImBlaRt i P cousses: thsre @i h%wgrlat}%a BAdIFeRNsS e  ranges
from abgut,apves 1015 to about 5 X 1016 atons/cnR, and preferably the dose is
| ess than about 1-5 X 1017 atom;/ch | mpl ant ati on energy ranges from about
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linear accelerator, as illustrated in the simplified diagram of Figure 6. As shown, the method
includes the second plurality of high energy particles 605, which are provided in the
C semiconductor substrate. The second particles are introduced into the cleave region 607,
which increases a stress level of the cleave region from a first stress level to a second stress
25  level from the second plurality of high energy particles. In a specific embodiment, the
second stress level is suitable for a subsequent cleaving process. In a preferred embodiment,
the semiconductor substrate is maintained at a second temperature 601, which is higher than

the first temperature.

[0038] Using hydrogen as the implanted species into the silicon wafer as an example, the
30 implantation process is performed using a specific set of conditions. Implantation dose

ranges from about 5 X 10" to about 5 X 10" atoms/cm?, and preferably the dose is less than

about 1-5 X 10'” atoms/cm?. Implantation energy ranges from about 1 MeV and greater to

about 2 MeV and greater for the formation of thick films useful for photovoltaic applications.
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total dose rate can be calculated by integrating an inplantation rate over

t he expanded beam area. Inplantation tenperature ranges from about -50
Degree Cel sius to about 550 Degrees Celsius, and is preferably greater than
about 350 Degrees Cel sius for the accunulation step. 5 The hydrogen ions can
be selectively introduced into the silicon wafer to the selected depth at
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20  about 50 micrometers to about 100 micrometers or more, for example about 200

micrometers, using proton implant energy ranges from about 2 MeV to about 5 MeV. Of

course there can be other variations, modifications, and alternatives.

C

[0040] Effectively, the implanted particles add stress or reduce fracture energy along a
plane parallel to the top surface of the substrate at the selected depth. The energies depend,
25  in part, upon the implantation species and conditions. These particles reduce a fracture
energy level of the substrate at the selected depth. This allows for a controlled cleave along
the implanted plane at the selected depth. Implantation can occur under conditions such that
the energy state of the substrate at all internal locations is insufficient to initiate a non-
reversible fracture (i.e., separation or cleaving) in the substrate material. It should be noted,
30  however, that implantation does generally cause a certain amount of defects (e.g., micro-
detects) in the substrate that can typically at least partially be repaired by subsequent heat

treatment, e.g., thermal annealing or rapid thermal annealing.
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[0041] In a specific enbodinment, the present nethod uses a nass-sel ected

hi gh-energy i nplant approach, which has the appropriate beamintensity. To
be cost-effective, the inplant beam current should be on the order of a few
tens of mllianps of H+ or H ion beam current (if the system can inplant
such high energies, H2+ ions can al so be advantageously 5 utilized for
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force such as conveéection, conduction, and/or | at1on and/or any
conbi nadatsicro?. This combination of parameters makes this approach particularly practical for

cost effective solar cell production. In addition, electromagnetic beam scanning can
C favorably be utilized to control the effective beam characteristics. Of course, there can be

other variations, alternatives, and modifications.

25 [0043] In a specific embodiment, the second plurality of particles can also be introduced
using any combination of implantation and/or diffusion. In a specific embodiment, the
second plurality of particles can be provided using any of the high energy implantation
techniques described as well as others outside of the present specification. Such techniques
can include, among others, ion shower, plasma immersion ion implantation, and other plasma

30 treatment processes. Alternatively, certain low energy techniques, including diffusion, can be
used to introduce the second plurality of particles into the gettering sites. As merely an
example, hydrogen and/or other particles can be diffused into the gettering sites using a

driving force such as convection, conduction, and/or radiation and/or any combination of
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16 these. Such driving force can be thermal, nechanical, chem cal, and/or

ot hers dependi ng wupon the enbodi nent. As nerely an exanple, such second
plurality of particles can be introduced using plasma hydrogenati on under
heated target conditions or using an electrolytic (liquid hydrogenation)
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entagy Pobs] 7% Qecitie@niodirdért! the Rfghtirn@kbySaeiQy b&ak HiaGla8® REvillb Bart of
the thermal energy and in combination with a external temperature source to achieve the
~ desired implant temperature. In certain embodiment, the high-energy particle beam alone
C may provide the entire thermal energy desired for implant. In a preferred embodiment, the
treatment process occurs to season the cleave region for a subsequent cleave process. Of

25  course, there can be other variations, modifications, and alternatives.

[0046] In a specific embodiment, the semiconductor substrate may be disposed on a tray
device 701 as shown in Figure 7. A plurality of high energy particles 703 generated in a
linear accelerator 704 are introduced into a surface region 705 of a semiconductor substrate
707 . Also shown in Figure 7 is a reference spherical coordinate system (p, ¢, ). The z-axis

30  is normal to the surface region of the semiconductor substrate, which defines the x-y plane of
a Cartesian coordinate system. The origin of the reference spherical coordinates and the

Cartesian coordinates is an entry point 709 of the plurality of high energy particles on the
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17 surface region of the substrate. The distance froman exit 711 of the
plurality of high energy particles fromthe |inear accelerator to the
origin defines the radial distance p in the spherical coordinates. The
azinmuth angle O fromthe positive x-axis is also shown. The zenith angle W
between the plurality of high energy particles and the z-axis defines

i npl antsusfagd rgiohrof thessubpteate f The distanck fremtan exite? 1 rodyhedduradiey ofShigloedargyr ed t o

|1 f . i tabl i | t le. .S Lfi [ly, the t [ i ) b
L1 ted RESSles oM T st base|ater 4B arigiheliass 1Be radil gistapce b S
(e. 9., @ohfRe .elpke AHEMGHPR ¢ dﬁ’oxfl thEGdsRfve quif QUL REsHLRG! efh%az@niﬁ?arfétl@?r

nodi and alter n to the

vari ations, I catl ons, atives. [0047] Referring agal

pr esentbetwet¢dnate plurdlay of high@nénge asticiescind thet Aaxik defiises afaplbit angglerind , t he
first pluralit f  hi energy particles, may be_ provided at a fiyst inplant
angle. SPeH csﬁgglm‘aﬁlﬁﬁgﬁmh@l@ lﬁﬁwfﬁ@ri# I ingeles) angleapout | 30
degree i : I - gl . i L rk of
gor't or 1 ST HEPLE TR 5} deeig R (1RSRIE o Bt oifhe Hh e B T e
semn conmnabbdevioel(s g, atoemputes) sqeendifd © ambipdi Ofodursd thereacaylte atheso  can be
chosen to mnimze or, in qt}FPe alternative select a channeling inplant regine
that i svaisti Hisations, ard eltRanyySs- of achi eving an optimized getter site

| ayer. The second plurality of high energy particles may be provided at a
second [00#T]anRefanifigeagaiihie theprencht mtharindf fammgihg a fres spandingdkdkhess af | ow f or

mat chi ng the channel ing and.the depth distribution of the second plurality
of 1 grhatseslgthedustnlwplly efdighencezyparticles may Be pravidedaat pdijeimplangangl st al | i ne

plane Ity SRERIEIALEY 1y 1o GLERNSHOREIAM0 dups CRERE! SuERRARAEN: .t e

se d 1 npl'ant "angl e®can 20 ‘range from about zero dedtee to about 15 degree.
I n adrighy rangd albwanfopd hipbrdensitynmetsorkootgetteriny it ima glctnigest a derye planhem about
zero to about_ | ess than eight degrees. As nerely an exanple, the

accumul Withig g thickeespal ths semisondndersugsirata inchsnsgificirmbodipent. Thepnagle alseak C
concent r gt ] r.h.ayen. | 3 at the
depth o tﬂﬁgﬂg%ﬁ et\{):Pﬁ m@fl ZAE(?]? Jﬁ?%ﬁ&%@%& 88119 @tfncrhlanrrllﬁ%lglﬁﬁ T e\?(lgf etgjvfhgaEe ter |ayer
wi 115 becomdpagiblel witlsthalgoaMafrachieaingtah @ptidizedrgettandite dayey.d The sstonid phedlity af i on
peak. Using a constant energy .inplant, matching can _occur when the second

i npl anthigh epgsgreparticlgs may epravidedatiarsseansiipmians apgle ndhe seeand implantangle  getter

| ayer i. i i . pr [ I . , first
i rr%l antlwgogpﬁ%g éy%ggg f% Iﬁ%glél %ég%%g@rgﬁdﬁ gﬁfzﬁ ?%}Rgralsﬁgbélﬁéﬁgg l[h%esggonﬁydr ogen
concent glataliBrof(High exerSRpavticléd 3caubdarBoptimiabdsteess EEINY dystalliveprusirdt8um

hydrogen peak where an orthogonal inplant 30 and no channeling is assuned).
To naxithe ¥ieinityeofdbe elaaneaesion. & a sprsificcerabrdimeny) thetsecanddmplpahangdecampl ant

ok, n P RSB S B R, TR R BSCTAST, o
implant angle can range from about zero to about less than eight degrees. As merely an
example, the accumulation step may be maximized by matching the second implant peak

C concentration to the peak of the getter layer. It is well known that the depth of the defect
distribution peak of an implant developed getter layer will be slightly shallower than the

25 implanted hydrogen concentration peak. Using a constant energy implant, matching can
occur when the second implant is made at a larger angle from surface normal than the first
getter layer implant. Using a 2MeV proton implantation as an example, a first implant
damage peak will be about 1um shallower than its peak hydrogen concentration (using SRIM
2003, this is approximately 47um versus 48um hydrogen peak where an orthogonal implant

30  and no channeling is assumed). To maximize the accumulation of the second implant
hydrogen, an implant angle of about 12 degrees would allow a shallower second

accumulation implant to match the hydrogen concentration peak to the gettering layer. Of
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18 course the inplant angle used depends on the application, one skilled in
the art would recognize many variations, nodifications, and alternatives.
[00481 In a specific enbodiment, the nethod includes a step of freeing 805
the thickness of detachable material, which is free standing, using a

cl eaving process along an inplant plane 5 801 as shown in Figure 8, while

t he detcaotsalheimpiire angle vsed depeads orothe apploatioh,dinegkdlep pothe artreodddr or t he

li ke, as also illustrated igure 8 As shown, the detachable material 810

i
is r eﬁﬁ?ﬁ@&lzﬁﬁﬁqﬂytwa?‘%mdféag%?‘i‘do\?léer%’rvff ‘on 815. In a specific

enbodi nent, the step of freeing can be perfornmed using a controlled
cl eavi nf048]oclnssspeditie cototlimértattic aleghed ingudgsractessf fpeeing 8Esthe thickness efd

ener gy t iqn of the cleave .re n .of the dqnor 10 substrate.
o ey Shtackatle Frabetel b IS Bai0E ATy B oo OB B R 1

U. S5 Fiﬁ)tl%@tshéwn 1rf5F1%@n% §@@nfe'th& §aiabie it 1&@@ﬁbﬁ%n%v@fl?§%r n@ﬁg nly

assigned to SiliconC Gnesis Corporation of San Jose nd
her eby mcmberpmftl&:tldd: byalseflhistratee b diguat B. Asshpws.ahe dﬂachalbm/matetlﬁé?lﬁm hod

frees the t s of . materjal fromt ubstra | et el enove the
i ek nabgoytl fARdRs moaifine SursRei Hogon S dnerseealic entthiested ey ng
processg J% RS BIE udyg Hebieb Edfclb%{zﬁ’ig ﬁroéeﬁseafﬁ%htrBfl&Paéa?vl 7 as shown

in Figure In“a preferred enbo I ment ermal treatnent process
provi depro«aess fpeco\miés Qyeduticeinneigy witlen tipoctkomesshofleavearegiobof thetdonand i n

t t t | th | 823 h h
Dedt | P GRbmeral By SetrBele: B SEUCHIGH AlPUHE PG T tED ﬁ%cagedp@ﬁ?'ﬁ& s, In
a SpeC'Ifat&tW@%@f%esruﬂw%&Aﬁ%ﬂg@bl@a%r%rﬁgeegglztgc BtodiE AR Y5 Sy P oV di ng

of the

a fém St tenperature I'n a surface region em conduct or
r aGenesid Cozpareianct Sajose, Lalif@nib? and h&ebﬁﬂicei-pzlmate@bjr esferBRde fof allhe c

sem conductor substrate. p ing on the epbodi ne can be greater than

T2 or RHPSEhafs o9 Vlﬂze'@g&l g%aﬁgptblﬁ%rwswpb ﬂﬁ@akﬂ?@aﬁaﬂ FOSTHRB23 is al so

shown. é;[a%lg, %m h%){ﬂlgﬂé%s oPfdetia@ can be acconplished using a variety of
c

t echni que tec ni ques can I'ncl ude conduction, radiation,
convect oy any conbin tlon hese. Conduction can  jnclude a hot plate
or lot heﬂﬂgéﬁint%{&sme\ﬂcce@lb&ﬁan%met P cleavige PEasRsRAeRibs petformgs by urieRa theemel gases

d f di at
can be s bARECATs R ANAG FRRke s) SR PR B [ 2Cer "
| anps,  traphehttphasesepronidas b figrmdeytadient in aleckthidkaeds iof eheastibstraie Byl ino a specific

enbodi ment. Alternatively, gases can be flowed 30 overlying either or both
surfac d@ar&lwlaf&aws atr@SérmﬁBW@e gt Baicleaye regianrfe e whisheap begngmplanted or

it L A PSER A0, 05500 BB RS RIS,
carg(oc cgradluﬁtlrﬂag/ oauthitsied by prevadivig atfirstitiemperature T1 in a surface region 819 of the
semiconductor substrate and a second temperature T2 in a backside region 821 of the
C semiconductor substrate. Depending on the embodiment, T1 can be greater than T2 or
alternatively T2 can greater than T1. The cleave region 823 is also shown. As merely an
example, heating can be accomplished using a variety of techniques. Such techniques can
25  include conduction, radiation, convection, or any combination of these. Conduction can
include a hot plate or other contact device and the like or conduction using fluids and/or gases
according to a specific embodiment. In an alternative embodiment, radiation can be used.
Such radiation can include heat lamps, flash lamps, laser lamps, rapid thermal heating
devices, and the like according to a specific embodiment. Alternatively, gases can be flowed
30  overlying either or both surfaces to cause a temperature gradient in the cleave region.

Alternatively, either of the surfaces can be cooled to a predetermined temperature to cause a

thermal gradient across the cleave region. Cooling can occur using conduction, convection,
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19 radiation, or other techniques, simlar to the heating techniques. O
course, there can be other wvariations, nodifications, and alternatives.
[ 0050] Ina specific enbodi nent, the cleaving process can be perforned using
a laser to provide the energy for cleaving. Using a | aser, the selected
region can be fornmed to allowthe 5 laser to penetrate through a portion of
t he subsdintitre oanthentechriqhes sierilar gythe hedtngabcmiqres. Of caurparthéronambe other cl eave

regi on accordin a specjfic enbodinment. That is, the substrate and type
of Iase‘farlété?f‘sb@%dggau‘f‘%é‘? AETRAVES transfer el ectromagnetic radiation to

forma thermal gradient at the cleave region. In another alternative
speci f i [0080}bobh aspetifictelmbodinaent; thg clepyviog qaeczcemaopnlbe pedpfmedmesing s laser ta

mechani cal rocess not her al atl ve 10 enbodi nent e cl eavi ng
O ot eoPrauigE HE e dPreaaiEs 5 s Adtstbs TtedEaion ofh ba oo AlGY e
enbadi Ngad ¢ gérﬁﬁxﬂeriﬂroﬁ?ﬁ‘e%rtidﬂ' iRl Qibstrsi Qﬂdﬁﬂ%v ﬁfr eh%%y%@%@b&ﬁl%&eﬁ aes or

any C conbihation of above processes. Exanples such cl eavi ng
t echni qmmom@ﬁthb eleﬁvnmglanractblﬁmglitataesptmﬁb embodit®n6 6Bhat ¢ theombstratsaidgned, and

her eby i ncoyrporate refere for_a ur poses rse, there can be
ot her yvté{P‘? lagss gan g? Pérdr’?ate?f\{/?é ﬁ'éF?@S%BEW@B nsHe radi%“’[“ﬁ@% qn ¢ thegmal of o r ed
embodi fs%ﬂ&entta'?ﬁae&rl@a%@ A0S 161?Vﬁ{‘&doﬂiér Hﬁé‘rﬁat?ve EQ‘BPE @ﬁbﬁ%uﬂ(fhg hie SOMikE Such as a

| aser urcet0|n|t|ateceaV|ng In a specific e the | aser
s_our ce mracesbmay de perfomed wsing & meclwingxi] pogessn [od ytﬂmodieeakmmata@l on and/ or

wWithin a viginit the cleave r tq cause a thermal gradient or
f urkOnerengbadament, %ﬁ@l@ﬁﬁmg@r%&ﬁwayggpﬁr rimegdusing aR| asQuUICEeGesh InPlle | aser can

be pul Sﬁféln}aﬁogéng h{%ﬁ{‘%ﬂeai{sﬁ lah b?lil{lﬁgtg(?gﬂ%%@ &t&@ﬁ%&%‘ rb&@snrafigor ding to

spec di ven nmerely an exa & Can be &
Q k t cdoatbiddiol AGthesaberve prapessas. efixaiplehe suckn daaeng dchﬂﬂﬁm\M\feimhgt h such

1T ed i on,
Evine UPHRG. B0 I S0 comppoBlresienct AnUBy BeaOr s bL e etahaki de
(GO, _Rihos JoPKiiS, (Rl BilibarbiiGR, ShafidRmagl BRhEARpLaSEr S, and

dye lasers can a e use Dependi ng upon t ment, an advant age of
ser el engt h operated near the.target nmat |aI ban dge is
GBS e ge&sﬂser@ ofiraeri{Be prespa davea 8@1 PsgiadethFReTEY ﬂ%h}éogqcane
hydrog dge
wovel oroeh A R Rt Rty PRlaPEIVAD. FRA SEARRRdifent helalF My 1R DG
have t hiireetetlac b selbcted esgiasoithe thavdregionrgd e mithirea vic{iitydf theeledvetregipar at ur e

and thermal gradients) within the cleave plane region. 30 [0052] In a
speci f i 1 cawsadhersnd gradrf‘élt Reifuyiher aavea A ﬁhe\mlegrédf@mﬁo iRitighga deavp aptienerThe

B
si gl e-speyisic ainbsdimam NAk snea¢lp anxkarmple] the decdtin be a Q-Switched Nd-YAG laser
operated at the fundamental 1064nm wavelength such as a HIPPO-106QW manufactured by
C a company called Newport Corporation, Irvine, California. Other types of laser devices such
as carbon monoxide (CO), carbon dioxide (CO,), Nd-YLF, free electronic electron lasers, and
dye lasers can also be used. Depending upon the embodiment, an advantage of a laser
25  wavelength operated near the target material band edge is considered advantageous since the
EOR damage region and cleave plane hydrogen concentration can be much more absorptive
to a near band-edge wavelength than the bulk material. In a specific embodiment, this would

have the effect of increasing the heating component (e.g., peak temperature and thermal

gradients) within the cleave plane region.

30 [0052] In a specific embodiment, the Nd-YAG 1064nm wavelength is one such laser
wavelength choice for silicon. In another embodiment, the 20 C absorption constant (o in

cm'l) in P-type doped, 5-10 ohm-cm crystalline single-crystal silicon is approximately 50 cm™
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20 while the FOR absorption constant for an inplant peak can increase to
1000- 10,000 cm' or nore. This would allow nost of the |aser energy to be
deposited within the cleave region according to a preferred enbodi nents.

O her wavel engt hs can show sim | ar absorption selectivity. Some specific
wavel engt hs which are tuned to specific FOR chem cal bond 5 absorption peaks
(e.g., 'sihile ths EOReatisymption ennstait foreh inxpheoht atrkoraptinerease a0 1000+ 16,000 crail oat

approxi mat el y. 1800-2200 cmi) al so be ysed advant.agequs to optimze
e er " aHaF oY is i AR aR DHPE TasHe eI Boio de e Sy M OnHESIENE Fosdt s rmy e
free-el 0 Lstidn,bond

absor pr ShIRg & A DR e PR, O st Rha R BIEUEw il SosOhmidn

var i at iselestivityp Somecspecidicsyavaledgthk twdvichedre wewd td §pefc FeFIAR Ichemicapbaridf i ¢

enbqdi nent, .the present t hod can perform other processes..For exanple,

t he e ERBRIPHOMPEIKa Gt Hhas Mw@%%ﬂe@é@;@a&eﬁﬁgw bandgp sdicelghort nmenber,
C whi ch Ic -1 i4d i | Moinnts t perforns
one orkél I?)éhg%tg@el?ggsﬁ gﬁ%{}‘h%ﬁggrfaitl §£J§§lg%¥g«?\&g%§é&tl§%{ é’ (ﬁyg{%?‘glagﬁtgjgg%?’ ing the
sur f ac ebs@giianwithinith¢ bleadd plame regiomr &Such Jaserk nidydie feseeelgotrqualaser thag san iRependi ng

upon the enhodi nent, the_processes can be for 15t formation of
phot ov dHEcs: regpmale, i%?%é?ktwdégmil%?fe quelaptekye%gw_@s OlgRyrsedhtfenat i on of
these. d@fiflebitkr VidfionSIm@HEARns, AYFReGAMAe other variations,

and a

nmodi fi cati ons, t'ernatrves. n an alternative specific

enmbaodi nen an alternative nethod for fabricating fre st andi ng_t hi ckness
of 18at ﬁﬁﬂéﬁls lng %@5ﬂ§ﬁ@n@93mt & PreeH ansthaskcag psEorm other Processeyi d as

fol | ows, 1a Prowi i : i regi on and
R vt oenaBler g B eeabifipTe BRLUELAYS BUERL] bR Lo R AR, ot rat o

t o\& f iwliith 3dateeproeeksed Alditiahaltyyoraiptibhally, dranglodperforalseme oeavrat ed usi ng a
| i near accelerator, the first plurality of high energy particles being

provi dddosgsses opithessemygenducios subsiiatenefore sakjeqting the surfase regin wihtheddisst y~ of

hi gh er]ﬁﬁl.g AN @%it [Melgh : F region
of a pliur a{’{tuy?{? hiéh égngf% Tl rllggsgi]?gée%w ﬁlﬁ)ﬁgg&c %@éﬁﬁgg@%%&e\gﬂg %ﬁ{ ?egf%f)r ovi ded
beréat Ith¢ feematiord aghot@giltait detls,defepraed circuihg, obtied slevitesyane cdrmbinhtorbef
detached, while the cleave region is maintained at_a first tenperature; 4.
Opt i ondhgsy, andethe Bken Qf eoperdhere panhether griatienss medificaonse ARt dlteamativey-
substrate to further formthe patterned plurality of gettering sites within

the cl §00%4]r elai adrultedatibe sfp¢lfjccahibddierstyard stgnatieg intsthaf for febrivencheduct or
substrate to a second plurality of high energy particles generated using
the |i ritandingdbiskegsapbmaterigls usEigg 951 P SeRycopugipiygybstrates is provided as

follows:
20 1. Provide a semiconductor substrate having a surface region and a thickness;

2. Subject the surface region of the semiconductor substrate to a first patterned
C plurality of high energy particles generated using a linear accelerator, the first plurality of
high energy particles being provided at a first angle defined by direction of the first plurality

of high energy particles and the surface region;

25 3. Form a patterned region of a plurality of gettering sites within a cleave region,
which is provided beneath the surface region to defined a thickness of material to be

detached, while the cleave region is maintained at a first temperature;

4.  Optionally, perform a thermal treatment process on the semiconductor

substrate to further form the patterned plurality of gettering sites within the cleave region;

30 5. Subject the surface region of the semiconductor substrate to a second plurality

of high energy particles generated using the linear accelerator, the second plurality of high
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energy particles being provided at a second angl e defined by direction of
the second plurality of high energy particles and the surface region; 6.
Increase a stress level of the cleave region froma first stress level to a
second stress level fromthe second plurality of high energy particles,
whil e the sem conductor 5 substrate is maintained at a second tenperature,;

7. Fr eeerietgy paiciésriedng priovied athsdebed angle defaled bytdirchtiors of theseend piralgty usi ng
a cl eavtj ag}eocess while the detachable material is free froman overlying

suppor t° rgg partigles and ihe swrfacgregigny he t hi ckness of detached material  on

a support nenber; 10 9. Performone or nore processes on the thickness of
det ached nat eéb.i aIIncre&el@stre@pteivolmﬂthqclewrbgiomfmrea Girst sress 1gveb e sawendn t he

o1 ur o | PSRV TN by akey B LB asrBppariy. Wi e STBEPRBIFOL hor st eps
as %es'sruﬁﬁf)atéé Iﬁﬁﬁéﬁ]ed-ﬁ?gs@&ﬁﬂ%ﬁﬁé}ﬂﬁﬁce of Steps provide a method of

form ng substrat es u5| ng a |inear  accélerator process and a patterned
i npl ant accordi n

an, e od| ant 0 the resE er nvent .on. As shown, the
met hod i ncl udés gleéhle D691 drtechablscBaetlon highdy Boe YR dFIE Aot o | Bl
which ige Vﬁe Sbekl YMME B d@ﬂ@hafb'ié?ﬁaéhéng'fﬂég frol ﬁ%vefi‘igrir%%gbf{ @fenfRPorl SO be

provi ded re steps may be added, one or nore step e renoved, or one
or nor ethelikggs may be 2 provided in a different sequence W|thout departing
fromthe scope of the clains herein. Further details of the present nethod

can be found ghr opgOoye tﬁ15‘l€ne@§ §§<Fé?§c é@ﬁﬁtéfa?of?gusﬂm?ﬁnerﬂﬁé“ cularly bel ow.

[0056] Figures 9-15 are sinplified diagranms I trating an alternative

od of forpgin ubstrates using a thick I ran r ess accordi ng
to&ealter nabi veP TSGR MasF Prafessesen éduiekdess ;b e o agr ans
ar rely exanples, which should not unduly limt the scope of the clains
recited herei 0. Gptiofallys phrfoamyonslor imore procésseson theseindondogniubstrat@ny

vari ations, di fications, and al. nati v hown, the pethod begi ns by
provi di ‘l‘é}org SH@E?H%EEI&W %fFr%%}B%W'étté g ﬁ‘é‘i}}t)‘n@fglggﬁf‘?r%é’aﬁ@ SAmSED1, a

backsi dgé,ga% and a thickness. Such thickness can be an entirety of an ingot
or slic froma larger ingot or the like. In a 30 specific enbodinent, the
sem conduct or bé%%ate an _be a single crystal silicon wafer, 22
pol ysilicon céﬁ*t othersteps @3 desitsSt rat e, silicon ger mani um waf er,
ger mani um waf er, group

15 [0055] The above sequence of steps provide a method of forming substrates using a linear

accelerator process and a patterned implant according to an embodiment of the present
invention. As shown, the method includes using a co-implant process to remove a film of
material, which is preferably thick and free standing. Other alternatives can also be provided
where steps may be added, one or more steps may be removed, or one or more steps may be
e provided in a different sequence without departing from the scope of the claims herein.
' Further details of the present method can be found throughout the present specific and more

particularly below.

[0056] Figures 9-15 are simplified diagrams illustrating an alternative method of forming
substrates using a thick layer transfer process according to an alternative embodiment of the
25  present invention. These diagrams are merely examples, which should not unduly limit the
scope of the claims recited herein. One of ordinary skill in the art would recognize many
variations, modifications, and alternatives. As shown, the method begins by providing a
semiconductor substrate 900 having a surface region 901, a backside 903 and a thickness.
Such thickness can be an entirety of an ingot or sliced from a larger ingot or the like. Ina

30 specific embodiment, the semiconductor substrate can be a single crystal silicon wafer,
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1IN materials, group rINl materials, silicon carbide, galliumnitride, or
the like. In a preferred enbodi nent, the substrate can be a photosensitive
material. OF course there can be other variations, nodifications, and
alternatives. 5 [0057] Referring to Figure 10, the nethod includes

subj ecting the surface region of the sem conductor substrate to a first

pl ur al i polysiliconi oght veater, tije, pasubistrhte ssiliCihlgegmaminai wafet) engardum|wafera group
accelerator. In a specjfic emhaodi nent, the particles cause fornation of a
pl ural iItIR//Vdvatergaé%tgéwm@I\@i%sn@ﬁ sificorcaibide (et g fl%@%ﬁrmetlrheangam eave
region : : e a

i cknleipd W Biolch PHOUIHEEHe cREBER o hLANG RF i PO BuhO iR o, 24

di agr anothér Varigtiors, hbdifltatbes; aid slterhdiives.i rst plurality of high energy
particles provide an inplant profile having a peak concentration and a base

spatq al S it qjgéﬁégq 3 t .

Pr efger a‘n())lbys/ﬁ tﬁgi%g‘gnség Ocﬁg%&ﬁg\géﬁig w dt 1{H(E)lfuha ﬁﬁﬁgﬁ%pﬂfégﬁ}ﬁ feeieggﬁlcﬁﬂgeepr eferred
enbodi nenticoridnetor hidatrate te gifiost pleralityi of highnendrgytpastidles HI01tgengratedtusinga 1105,

whi ch can be provided directly or, indirectly. That is, the_tepnperatuyre can
be pr ovlin&éaaccsgrafseﬁ- dpvees 16 fbedimenb thoprrtivlatsayss fmatipn gf 2 BRBAIAST on of

t hese t i i : i f: ] j 01l i.fd
enbodi rieing HES, & SR AECflatih RS & cRAPORGIR 0, BnBnIPERVA
bef or e, benkithrthe surfaey ssgiaiitol defined pdiickness affmdteriad 1t10&to bhédetpchiet ) slshswalire

bei ng i ntroduced.  The ra%i,d t hermal, process can be flood or patterned or a

comdl nathe simpiicdidingsam of Frgwre L bsPrefegablirtbe {irst plusaliinef Bighienerey partilesher nal

S gm0 €50 S AR
st ressedept 6f thexé¢micarduchutisubdiene Rroferstdy,ehd bazo car hiveea whith of dboat PRlp process

conditions did not overheat the |ayer to allow the, hydrogen to escape and
| ower t ¥l g%t dep peefered embodiment, thegleayg regiansis mgintaiied af & figsh tgmeperatiiger heat i ng

wi |l ”eﬁbe?whﬁmg{l ﬁ%k&f&i(?éﬁddifeic 01; ﬁ@g?%t .tMPisMHéié}ng%ﬁtu?é/ QJ.an% r{)fiﬂecget ter

| ayer past’a poin optimzed e eness.’ course, ere can be
ot hEy Vby ¢aivectivh, comucfion aidiatich, oan dombinetisradf these. tedthid addedihg ol |y, the
hi gh-energy. particle beam nay_al so provide part of the thernmal _energy and
i n conbinseiticembrrimenin Inea sRacHiy ebadiaenit the éemapprature qag bydredded WSRE desi r ed

i _ it e ierestties s st 1
al one. g BT ERss Selorf A ot PRRAS IR hora BT P o P RflR e 2, T

t he hi gheignirrgdudedr tTihe lrgpit dasiinaBrobds 38h b vddigthattbated @ b €6inbihationisEs ener gy
to be converted into thermnal ener%y to increase the tenperature of the
subst r athese te¢ghniguepe As mezely ppsapmplst therppid thermplareeess saivles proxidedte ¢ ener gy
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C efficiencies. For purposes of this invention, overheating will mean a temperature and time
combination which has evolved the getter layer past a point of optimized effectiveness.. Of

25  course, there can be other variations, modifications, and alternatives.

[0058] Additionally, the high-energy particle beam may also provide part of the thermal
energy and in combination with an external temperature source to achieve the desired implant
temperature. In certain embodiment, the high-energy particle beam alone may provide the
entire thermal energy desired for implant. That is, the high energy particle beam can be

30 provided that directly causes energy to be converted into thermal energy to increase the
temperature of the substrate. In a specific embodiment, the particles convert kinetic energy
into thermal energy to increase a temperature of the substrate to a predetermined or desired

amount. Of course there can be other variations, modifications, and alternatives.
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[ 0059] Dependi ng upon the application, smaller mass particles are generally
selected to decrease the energy requirenent for inplantation to a desired
depth in a material and to reduce a possibility of danage to the materi al
region according to a preferred enbodinent. That is, smaller nass particles
easily travel through the substrate material to the selected 5 depth w thout
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tenplate formatipn for 30 photovoltaic absorher where a subsequent epitaxial

growt h #houhedabll” plomseory milbwplantajion enengy sangen oy atout bV el grapiyr ey
Loty Rt IPLEF e RaE M ORGP TS bttol fr pholb RSP B Y 22 %
functi olnpslénthtien tempkminire eargeg fromadbole-50ab abdwat+ed Degroey Celsius, exdizpl e SRI M
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C diffusing out of the implanted silicon wafer. The hydrogen ions can be selectively introduced
into the silicon wafer to the selected depth at an accuracy of about +0.03 to 1.5 microns. Of

25  course, the type of ion used and process conditions depend upon the application.

[0061] For higher implant energies, it is particularly useful to have a substantially pure
proton implantation (e.g., positive or negatively charged) to allow for a maximum range of
the cleaving plane within the reusable substrate. Using silicon as an example, the energy
range of implantation can be quite large and span from a few keV for template formation for
30  photovoltaic absorber where a subsequent epitaxial growth is needed to maximize light
absorbing efficiency to many MeV yielding substrates measuring hundreds of micron in
thickness for use as a solar cell wafer starting material. The general range of implant depth as

a function of the implant energy can be calculated using, for example SRIM 2003 (Stopping
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24 Range In Matter) or a Monte Carlo sinulation program In a specific
enbodi nent, the silicon filmthickness ranges from about 50 m croneters to
about 200 m cronmeters using proton inplant energy ranges from about 2 MV
to about 5 MeV. O course there can be other variations, nodifications, and
alternatives. 5 [00621 In a specific enbodinent, a silicon filmthickness
ranges RangmlaMatter)50 auvionte Cablosimul2i6n prograny. Inen pecifiedmboidimers, the ot on
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range can fecifklepdtidinén. a free standing state or 30 rel eased to a permanent
substrate or a tenporary substrate for eventual use as a free standing
substr or J YMERURS & A ferred
enbodi fﬂ;ﬁ?ﬂ tﬁg\‘{ﬁ% 1(l%’n mat ert a |‘Ianscu ﬁ{;:l en?Ptoe #{?:(%}B%lgg)yiﬂs (?beéé rom a
harpdl e (SJUE.SRdeﬁ(S\Eand/ﬂh. c$h. dbitagingsy, &Method for Fabricating Thin Silicon Wafers”, USSR’s

Inventors Certificate No. 1282757, December 30, 1983), which is hereby incorporated by

C reference. In V.G. Reutov and Sh. Sh. Ibragimov, the use of up to 7 MeV proton
implantation with optional heating during implant and post-implant reusable substrate heating
was disclosed to yield detached silicon wafer thicknesses up to 350um. A thermal cleaving

25 of a 16 micron silicon film using a 1 MeV hydrogen implantation was also disclosed by
M.K. Weldon & al., “On the Mechanism of Hydrogen-Induced Exfoliation of Silicon”, J.
Vac. Sci. Technol., B 15(4), Jul/Aug 1997, which is hereby incorporated by reference. The
terms "detached" or "transferred silicon thickness" in this context mean that the silicon film
thickness formed by the implanted ion range can be released to a free standing state or

30 released to a permanent substrate or a temporary substrate for eventual use as a free standing
substrate, or eventually mounted onto a permanent substrate. In a preferred embodiment, the

silicon material is sufficiently thick and is free from a handle substrate, which acts as a
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25 supporting nmenber. O course, the particular process for handling and
processing of the film w1l depend on the specific process and application.
[0064] In a specific enbodiment, the present nmethod perfornms a patterned
inplant of a first and/or second plurality of particles. As shown, after
the patterned inplant, a selected region 5 will have a higher dose of
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inplant is provided jn a spatial manner along an eg%;p rea as shown. 10

Al'ter naqqd(fg|890,0nfiw@uﬁlé&ytcémﬁgtfqun&Sash9wea4ﬁ%@ed}aaﬁ@e haselestgd regoEn i s

al sa il C s ree.:can :he: i-af | ifHheations,
and 2l ¢ UfF b BencEhow Gl R oBeRifaR RfisLREEs YAy AL ptith, FHREL: LEX DN
per f or nseledtediregionis deteeaidrre bt withintheperipRa3 1001 ke sebstrateniedwhis exampibasrate to
further formthe plurality of getterjng si tg's w thin the cleaye rggion.

That i sShowrdn Frawenh?(A)r dmp sRssifiembedimenty hednghey dpse38/b62-y¥dAcHaEs Al t he

cl eave i i 0, 38lJ {6 of -2f PaYy L i i . The
thor ol T FARE otk bt o BB ;521 " B o Rigs PETS bl chiboRUAE: ¢
ef fi ci efht pattdresd inglargéd provided i epatiat munidr along@nRdpé kehasshowr subsequent

i npl antation _process. In a s;l:)eci fic enbodi nent, the _increased tenperature

i s Kel i Alermatively, thecpasierneddmplang eanohacaleng pedirastton wiahds also allustratedo Ofy aps  a
subst ant | t . firs | ity of particles. The
defg@et %Oélgggr&g{l\eﬁ%ag%e%hel};)s('géét}g%?h%{){ﬁgc%ﬁ}%ﬁbdrn%ﬁfgnafd(’%gr' ovides a site for
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20  is substantially permanent, provides a site for efficient collection and trapping of particles

from a subsequent implant and/or diffusion process, which will be described in more detail
C throughout the present specification and more particularly below. In a preferred embodiment,
the thermal treatment can occur using conduction, convection, radiation, or any combination
of these techniques. The high-energy particle beam may also provide part of the thermal
25  energy and in combination with a external temperature source to achieve the desired implant
temperature. In certain embodiment, the high-energy particle beam alone may provide the
entire thermal energy desired for implant. Of course, there can be other variations,

modifications, and alternatives.

[0066] In a specific embodiment, the method includes subjecting the surface region of the
30 semiconductor substrate to a second plurality of high energy particles generated using the
linear accelerator, as illustrated in the simplified diagram of Figure 13. As shown, the

method includes the second plurality of high energy particles 1305, which are provided in the
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met hod i ncludes the second plurality of high energy particles 1305, which
are provided in the 26 sem conductor substrate. The second particles are
introduced into the cleave region 1307, which increases a stress |evel of
the cleave region froma first stress level to a second stress |level from
the second plurality of high energy particles. In a specific enbodi nent, the

second ssinic@adudtévstibstrate. SThé sdebad paticies sxelingedirsd imbd drvleyepégioe$307,I n a
preferred enbodi nent, 5 the sem conductor substrate is pmaintained at a
second Wgpicrasgsa stresslevelinfahe ¢leavigirggian froppmfirst peess lqvet toraspsendisitpse. [ 0067]
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[0068] For higher implant energies as noted above, it is particularly useful to have a

c substantially pure proton implantation (e.g., positive or negatively charged) to allow for a
maximum range of the cleaving plane within the reusable substrate. Using silicon as an
example, the energy range of implantation can be quite large and span from a few keV for

25  template formation for photovoltaic absorber where a subsequent epitaxial growth is needed
to maximize light absorbing efficiency to many MeV yielding substrates measuring hundreds
of micron in thickness for use as a solar cell wafer starting material. The general range of
implant depth as a function of the implant energy can be calculated using, for example SRIM
2003 (Stopping Range In Matter) or a Monte Carlo simulation program

30  (http://www.srim.org/). In a specific embodiment, the silicon film thickness ranges from
about 50 micrometers to about 100 micrometers or more, for example about 200
micrometers, using proton implant energy ranges from about 2 MeV to about 5 MeV. Of

course there can be other variations, modifications, and alternatives.
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m cronmeters, using proton inplant energy ranges fromabout 2 MeV to about 5
MeV. O course there can be other variations, nodifications, and
alternatives. 27 [0069] Effectively, the inplanted particles add stress or
reduce fracture energy along a plane parallel to the top surface of the
substrate at the selected depth. The energi es depend, in part, upon the
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surface proton current “aval hese echn ogl es up to

100 mA euchr®iAcsy’sTechmpRglyine of Rivapdrton, LatiforhiagLihad Skstémas, Lleafn pover, a
3.25 MeV.RFQ RFI -Li nac woul d I\III eld a proton beam current of about 31 mA.

Usi ng aAdssergpe. M &H Dfeandiafhers 1016 H cn2 and an expanded beam of about
500mm x 30 500mm the area per hour is about 7 square neters while the power
flux0is[0oap} Twaapsific dbbodiment, these approaches use RF acceleration of an extracted

proton beam to increase the total energy of the proton beam from a range of approximately
C 20-100 keV to 0.5 to 7 MeV or more. The output beam is usually on the order of a few
millimeters in diameter and for use in this application would require the use of beam
expansion to the order of a few hundred millimeters on a side to a meter or more in order to
25  keep the power flux impinging on the target surface from becoming too large and possibly
overheating or damaging the target surface. The proton current available with these
technologies can be up to 100 mA or more. As a specific example, assuming 100 kW of
beam power, a 3.25 MeV RFQ/RFI-Linac would yield a proton beam current of about 31
mA. Using a dose of approximately 1x10'® H/cm? and an expanded beam of about 500mm x
30  500mm, the area per hour is about 7 square meters while the power flux is kept to about 13
Watts/cm®. This combination of parameters makes this approach particularly practical for
cost effective solar cell production. Of course, there can be other variations, alternatives, and

modifications.
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Watts/cnR. This conbination of paraneters nmakes this approach particularly
practical for cost effective solar cell production. O course, there can be
ot her variations, alternatives, and nodifications. 28 [0072] In a specific
enbodi ment, the second plurality of particles can also be introduced using
any conbi nation of inplantation and/or diffusion. In a specific enbodi nent,

the sqgemy P spetifiv eﬁ%oﬁﬁﬁéﬂt,&h@&c@ﬁ@gﬂﬁalﬁi eFpaaelessdds@by indodided hi gh

energy inplantation techniques described as well as others outside of the
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target examgle hydregaranddirmghexpagictestcanby diffused intqthegettyinggenasingm) neans or

ot her ipplant and/or diffusion techniques. g course, there . can be other
vari at i5H&8 iei sFk a3 sastyEctionn go Wehando lai@n[aeéfﬁgfr}wmwﬁaqlqrwf the
metjgod ¢, ! Sﬁﬁ%dﬁvih??&r@@ka bERLIRAL m?&ﬁﬁfcﬁﬁ cﬁén?l%El, Blfﬂrtgof &Hé@{&%ﬁé{}ﬁingpr ocess

according to a spectfic enbodinent’ In a specific’ enbodi nen e present
met hod upos ¢l emtidiément! Asrmerebsan exagiphy shochoset@tadopltirali50oft partddiesdan®@@0 Degr ees
Celgius for silicon material. In a preferred enbodinent, .the thernal

tr é meAtodusRd BRg Plagar hydogrrationiuBcT healsd jarget coRditionsiprLySingan gectephytic

conbi naj;j '[gibqﬁ . i {4 g@R p t, 0
t enper quggg hggrr?% e %P ?)\;ﬁll(ég%yd usi eﬁé&glaﬁgﬁﬁﬁgﬁs&a g&lggg%s %1Ie gfsg’, thg %t er, or
even duwah bg other paridtions, mbdificationk i altbehatieest | cl es are bei ng i ntroduced. The

rapid thermal process can be C flood or patterned or a conbination of these

or o1 gi T TRV e AR G ekl pent BOCER a0RE BEGRRIFARE 1°. ¢ o

Wi t hi n grbeess aRbatig spetificangwdineter Ind speeificenisidinetete praenmétidbzed but
where the 25 selection of the rapid_thernal &gocess conditions did not
over hedtses hihermglgrogess BB fraie abows 45 8 freaboub 6 Pagreesqelsivs frrrsiligea get t er

el 1 CT SOLER, ERprabkaRIERoR RIS hNEELAen: SUSERi%obdughon 2

t enperature an nat1on Whic evo ayer past a
poi nt  afonegetibn] ragidtied,foe ahy ¢embimation bl e techniduesr b £&iecliR cpitdimardl that i ons,

nmodi fications, and alternatives.

20  temperature can be provided using a rapid thermal process before, after, or even during a
portion of time that the particles are being introduced. The rapid thermal process can be
flood or patterned or a combination of these techniques. As merely an example, the rapid

C thermal process can be provided to achieve an optimized stress profile of displaced silicon
atoms within the implant end-of-range layer where the stresses are maximized but where the

25  selection of the rapid thermal process conditions did not overheat the layer to allow the
hydrogen to escape and lower the getter efficiencies. For purposes of this invention,
overheating will mean a temperature and time combination which has evolved the getter layer

past a point of optimized effectiveness. Of course, there can be other variations,

modifications, and alternatives.

30 [0074] In a specific embodiment, the high-energy particle beam may also provide part of
the thermal energy and in combination with a external temperature source to achieve the
desired implant temperature. In certain embodiment, the high-energy particle beam alone

may provide the entire thermal energy desired for implant. In a preferred embodiment, the
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30 [0074] In a specific enbodinment, the high-energy particle beam may al so
provide part of the thernmal energy and in conbination with a external
tenperature source to achieve the desired inplant tenperature. In certain
enbodi ment, the high-energy particle beam al one nay provide the entire
thermal energy desired for inplant. In a preferred enbodi nent, the 29

tr eat MefdatipEMGREGsO6GUESolseasoRaldtledvR@egibe t@ sub%iqaent! déava psada#me nt cleave
process. O course, there can be other variations, nodifications, and

al t er natdusssthefeopnd other yargianst medifispiinnsnandralterativeeni conduct or subst r at e
may be di sposed on a tray device 1401 as shown in Figure 14. A plurality of
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varlatlons nmodi fications, and alternatives. [0076] Referring again to the

pr esent zemith langle gf befwean the phuélngef htghrmiengg pattwbdmaé sheo- axmdt:ﬁmesainplamhe first
pIurallt of hi gh .ener arti Ies i d a.first nt angl e.
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hi gh energy. particles may 5 ‘g_povl ded at a second inplant angle. The second
i npl ant V&RGeRs, modificiops dnd 8USIRENGSf or channel i ng of the second plurali ty of
hi gh energy 25 particles to cause a stress level in a crystalline plane in
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e applicat
angle range allows for a high density network of gettering sites in a vicinity of a cleave plane

C within a thickness of the semiconductor substrate in a specific embodiment. The second
plurality of high energy particles may be provided at a second implant angle. The second
implant angle is provided to allow for channeling of the second plurality of high energy

25  particles to cause a stress level in a crystalline plane in the vicinity of the cleave region. In a
specific embodiment, the second implant angle can range from about zero degree to about 15
degree. In an alternative embodiment, the second implant angle can range from about zero to
about less than eight degrees. Of course the implant angle used depends on the application,

one skilled in the art would recognize many variations, modifications, and alternatives.

30 [0077] Ina specific embodiment, the present method performs a patterned implant of a
second plurality of particles. After implantation of the second plurality of particles, an

selected region will have a higher dose of impurities to facilitate initiation of a cleaving
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one skilled in the art would recogni ze many variations, nodifications, and
alternatives. 30 [0077] Ina specific enbodi nent, the present nethod perforns
a patterned inplant of a second plurality of particles. After inplantation
of the second plurality of particles, an selected region will have a higher
dose of inpurities to facilitate initiation of a cleaving 30 action. That
i's, thectieheThads, tikgdelsetddsegiohécietattddao be withiha perdpheey opihe sybsdfatetine
substrate in a specific enbodinent, In a specific enbodi ment . the higher
dose capetitic smbodimept slncspecifisgmbodunens,ibe higheredasa fan Bavge ¥ Fonrabsad 0. 5-2 x
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O course, there can be other variations, nodifications, and alternatives.
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cl eavi ng process along an inplan plane as shown in Figure 15, while
t he detachable materjial is free froman overlying 10 supfort menber or the
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a portion of the cleave region_ of the donor substrate. As nerely an
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t hi ckness of material fromthe substrate to conpletely renove the thickness

of mat esongplledarleaving process hrpridenn selected ¢nergy withingt pastien ofibe elears fegion, and
di ficatjons. 20 [0079] | i fic.embodi gent, th t . met hod

per f or i cbeRop s tsuae s el S0 MR IR ol pRER PRBR, cknocs o
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Addi tionally or optionally, the nmethod performs one or nore processes on the
seni corassignest tostalennr Genesisdiasperatiorpictani Jose, tabifarniaf arskharehyi inpomprakedtiye fir st

plurality of Hhi ener articles. din on the.enbadj pent, the

Pt ocosElergin T oot RAGHGH s mETosAepn e hokIes 6f Barnal FrAtby at ec

Ci r cui thbstPhd tc@mpfl@¥lyG8movatht thieRidsoat marriaf Of&ubse, ek ddAdbeldikiee. O
course, there can be oOther variations, nodifications, and alternatives.

[ 0080] vamiatiens, alternatives,redimedifigations.i ¢ enbodi nent, an alternative nethod for
fabricating free standing thickness of materials using one or nore

sem(con@eed|or InstREiRledfbodfimtt Othe PRAer®Snethod can perform other processes. For
example, the method can place the thickness of detached material on a support member,

C which is later processed. Additionally or optionally, the method performs one or more
processes on the semiconductor substrate before subjecting the surface region with the first
plurality of high energy particles. Depending upon the embodiment, the processes can be for

25  the formation of photovoltaic cells, integrated circuits, optical devices, any combination of

these, and the like. Of course, there can be other variations, modifications, and alternatives.

[0080] In yet an alternative specific embodiment, an alternative method for fabricating free
standing thickness of materials using one or more semiconductor substrates is provided as

follows:
30 1. Provide a semiconductor substrate having a surface region and a thickness;
2. Subject the surface region of the semiconductor substrate to a first patterned

plurality of high energy particles generated using a linear accelerator, the first plurality of
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follows: 30 1. Provide a sem conductor substrate having a surface regi on and
a thickness; 2. Subject the surface region of the sem conductor substrate
to a first patterned plurality of high energy particles generated using a
| i near accelerator, the first plurality of 31 high energy particles being
provided at a first angle defined by direction of the first plurality of

hi gh erigglgshepgy partitles being ptdvidesiuat b dizst anglgidefinedBby &oeatioa of diet firsngdratiggi on of
a plurality of gettering sites within a cleave region, which is provided
beneat Pfthegh engrayRastiglesindthe surfaceire@on;a t hi ckness of material to be 5
detached, while the cleave region is maintained at a first tenperature; 4.
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support e an mal ni ng portion o ress eri al
(e.19., énendyaniticddestepedpronided hed secdndaxple defiredibyl direbtichi o sehope gluraliter i al )
is ill_ attached to the thickness of material even after the thickness of
mat\er i A gisenseppagiclacadthe serface 1egigRi de t he t hi ckness of det ached
material, which is free standing, and C deforned in shape; 9. Process the
det ached mat e6.i alIntreasecasiness Rvplafithocleofe ragipn fromma firstgtressiest exh secaidr i al ;
10. Yield a substantiall | anar thickness of materjal that is flat in shape
and s Stress lgmisf{%fheaﬁmn%ﬂﬁa@hmerhlgh]@lewfquaﬂewlgkert & SURCORAUSIOT Al © 11, P

ace tgﬁ%st}zﬂcj:ﬁ@ﬁﬁﬁirﬁﬁa@?%ﬁ%ﬂ?ﬂﬁnﬁe&%ﬁ}e@ on a support nenber; 12. Perform

Pl
one or nNDre processes on ess’of detached material; 32

—

15 7.  Free the thickness of detachable material, which is free standing, using a
cleaving process, while the detachable material is free from an overlying support member or
the like and a remaining portion of stressed material (e.g., implant damaged material, doped
material, hydrogen doped material) is still attached to the thickness of material even after the

thickness of material has been detached;

20 8.  Provide the thickness of detached material, which is free standing, and
C deformed in shape;

9.  Process the detached material to remove a portion of any remaining stressed

material;

10. Yield a substantially planar thickness of material that is flat in shape and is

25  substantially free from the portion of stressed material;
11. Place the thickness of detached material on a support member;

12. Perform one or more processes on the thickness of detached material;
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13. Optionally, performone or nore processes on the sem conductor substrate
before subjecting the surface region with the first plurality of high energy
particles in step (2); and 14. Performother steps as desired. 5 [0081] The
above sequence of steps provide a nethod of form ng substrates using a

| i near accel erator process and a patterned inplant according to an

enbodi ment of13 hépioaskntperforiu @né bomoreAsrosdssssron thé eemigvhdidtorsabsichés usi ng a
co-inplant process to renmove a film of r’riate,ri al,.which is preferably thick
and f r defoze syhascting tey gurace r@élpna\mh%g figsh plusaligy ob bighrensiey articlgrdp stet eps nmay
be addqg)agge or nore steps may be renoved, or one or nore steps nmay be 10
provided’in a different sequence w thout departing fromthe scope of the
clainms herein, ¢ ternatively, the present nmethod al so provides a

t echni que forl%e HY oy steBs 8y dRstPdn  from the detached thi ckness of

mat eri al using one or nore processes techniques. Further details of the

pr eSent[008] hcbhecabiové gequenicedo fisiteps pgdvade a tiethog o€ $@nting pesirhtes usingl a hnear

particul arly bel ow 15 [0082] Figures 16-20 are sinplifi di agr anms
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cKness ca an 1 n or s roma Iarger

in AAltdrhativielyK ehe présehtimathep atsofprévidssoditiidqie, fot Fegn®aig apndbfeintitioaubst r at e
can,be a single c;a/st,al silicon wafer, polysilicon cast wafer, tile, or

subst r dfam theidetached thackmass Qf naienial using Oneranmors RIQERsses tgetuugyies) Furthermmt eri al s,
Vi . arn ; . Fer, ot Sk
o of oy il BRI Eefe mplioh E87 0 Rl Wiroubiid I Lebd llBinc b bt |1 %7 1

cour se gahsuarlyeld#e ot her variations, nodifications, and alternatives.
[0083] In a specific enbodi nent, the nethod includes subjecting the surface

350, ) TS RGPS, PP B b Bl o

t he parsubgta®s SitigHepdsoElomiel fr0ce3ing obh tiel labyr teinsReht@rding t3eh &mbediment an
accunmul ation region within a cleave region 1601, which is provided beneath

the swfftbrpreseabinypntion. deese diagermsiare seady exAmples, avhich sheglitmat ynddy ligviiched,
SIS u? gloi tgl gcgpé ﬁf tghﬁsc(ﬁaaggllrs 'é{,c'itgg rh?l%e@-? ;@ﬁ%@ff orgfngw s‘f(ilf‘ﬁi thE Elﬁfvgoru%) lre\ébglliirz]ee mfah}; st
variations, modifications, and alternatives. As shown, the method begins by providing a
20  semiconductor substrate 1600 having a surface region 1602, a backside 1603 and a thickness
1604. Such thickness can be an entirety of an ingot or sliced from a larger ingot or the like.
C In a specific embodiment, the semiconductor substrate can be a single crystal silicon wafer,
polysilicon cast wafer, tile, or substrate, silicon germanium wafer, germanium wafer, group
[II/V materials, group II/VI materials, silicon carbide, gallium nitride, or the like. In a

25  preferred embodiment, the substrate can be a photosensitive material. Of course there can be

other variations, modifications, and alternatives.

[0083] In a specific embodiment, the method includes subjecting the surface region of the
semiconductor substrate to a first plurality of high energy particles generated using a linear
accelerator. In a specific embodiment, the particles cause formation of a plurality of gettering

30 sites or an accumulation region within a cleave region 1601, which is provided beneath the
surface region to defined a thickness of material 1607 to be detached, as shown in the

simplified diagram of Figure 16. Preferably, the first plurality of high energy particles
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provide an inplant profile having a peak concentration and a base spatially
di sposed within a depth of the sem conductor substrate. Preferably, the
base can have a width of about 2 Rp and less. In a preferred enbodi nent,
the cleave region is naintained at a first tenperature, which can be
provided directly or indirectly. That is, the tenperature can be provided by
5 conveproiidle andmphintprofite hava apéakrconcamtaticoaiy mbdsegpatadllytdigosed ethiniaques
according to speci fic enpodiment, In a specifig¢c enbodj t, t
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en Yy O i ncrease the enperature of supstrate. N a Specriic

enmbodi mefficienties Papurpdses oLiviayéntion@lerlfeatiig Wiy mea b Gerh P itied andnih@y to
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anount . canbipginnswhich bpsevodyedibe gettrs laygrpashe et of epsimized affecsivenessn@f
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of dama{¥8¢b Wditipmely.ithe highgnergysestmleibengn may alsppedads part eftbodiemaal . That
is, smaller mass panticles .easily tr | _through the bstrate terial to

the sol Sivbeiea SRRt PG v R eerhb R Rpe S RB e B e s A e ¢
the par tenfefiturk! &Y Edriagn EMbodifRnt, tHeHigle¥ATRY PartitReanElb R maPHoviRIthd Cl es (or
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negat i veltirathermal energyrdesired frdmplantol et isl, 8 high energycpartiels beam cambe | i ke. In a

spegific e i ment...the particles can be neutral and or, charge articles
heta R Bn L Beheny,rB skl f o BienRa e MedmaLBleRle REREBE | one
such asteffetdtire 3 thel substta3@t BRELSHeciHFREnitRBMent he PAIBIeS cHBRENAhAR chBRy t he
enbodi ment. The particles can also be derived from

into thermal energy to increase a temperature of the substrate to a predetermined or desired

C amount. Of course there can be other variations, modifications, and alternatives.

[0085] Depending upon the application, smaller mass particles are generally selected to

25  decrease the energy requirement for implantation to a desired depth in a material and to
reduce a possibility of damage to the material region according to a preferred embodiment.
That is, smaller mass particles easily travel through the substrate material to the selected
depth without substantially damaging the material region that the particles traverse through.
For example, the smaller mass particles (or energetic particles) can be almost any charged

30 (e.g., positive or negative) and or neutral atoms or molecules, or electrons, or the like. In a
specific embodiment, the particles can be neutral and or charged particles including ions such
as ions of hydrogen and its isotopes, rare gas ions such as helium and its isotopes, and neon,

or others depending upon the embodiment. The particles can also be derived from
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34 conpounds such as gases, e.g., hydrogen gas, water vapor, nethane, and
hydr ogen conpounds, and other light atom c nmass particles. Alternatively,
the particles can be any conbination of the above particles, and or ions
and or nol ecul ar species and or atomc species. The particles generally
have sufficient kinetic energy to penetrate through the 5 surface to the

sel ect edmpepids suckles gaas, lo.d. Heydsagehaasg. wit€0aHdr, bisithage Jandriydesgeas t he
i npl anted species_into the silicon wafer gi an.e e, e inplantation
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ranges wfa%faﬁwelws%{@e@ﬂhwt?mﬂ%%mgf%@s Cel sius, and is C preferably less
t han about 450 Degrees Celsius to prevent a possibility of hydrogen ions
from d0686]si Ggingydrofen aetht igaphanted dp&iidsi inorthesiliesn wifee abhydexmepleithrs can be
selectively introduced into the silicon wafer to the selected depth at an
accur adipplimtation progspis pegformed ysing pepscifigrset afopdifioas Implantatjonsdese i on used
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t hi ckness for use as a solar_cell wafer starting material. .The_(%ener al range
of i npldiffusipgpetpfale implanied silispn wefer.nEhe hysiragan iepseambesglectieely: itvodreaded
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si l1iscorcolutseMhe W&Wf@&ﬁuieﬂ!&ﬁ@?rdc&éﬁﬂo@b%hs 5&beﬁﬂ%¥)@rﬂﬂk€a pli¢Riogbout 200
m crometers using proton inplant energy ranges trom about 2 MeV to about 5

MeV. O urse.t.here can be other. var.iations,. mdifications, and

Al ter nd0PE s PEGba%F iRl dRedhe M BB B 3ert ST RiE  nes s
ranges gromimpRuiatiofn (8150 pbsitiaderitegaiddly ehafgdtBiyo Sleov edriBfatifiuftraggdsOt On

i mpl ant’_havi ng an energy range of about 2.1 V to 30 about 5 V. This

range dhe gleaviagplang withiththe iceisekle snbstrate. tWsingisliearhaseantexgmple, theiepkigyss of a
2 10 g B R RHEBACl M B LB S DR G enr
t hixpk ngshotdvansie aBorb&t wibré @ sdiequbit BFi¥axie growth is needed to maximize light
absorbing efficiency to many MeV yielding substrates measuring hundreds of micron in
C thickness for use as a solar cell wafer starting material. The general range of implant depth as
a function of the implant energy can be calculated using, for example SRIM 2003 (Stopping
Range In Matter) or a Monte Carlo simulation program (http://www.srim.org/). In a specific
25  embodiment, the silicon film thickness ranges from about 50 micrometers to about 200
micrometers using proton implant energy ranges from about 2 MeV to about 5 MeV. Of

course there can be other variations, modifications, and alternatives.

[0088] In a specific embodiment, a silicon film thickness ranges from about 50 um to about

200 um may be formed using a proton implant having an energy range of about 2.1 MeV to
30 about 5 MeV. This range of silicon film thickness allows the detachment of a thickness of a

single-crystal silicon substrate equivalent that can be used as a free standing silicon

substrates. Single crystal silicon substrate in the thickness range of 50 um to 200 um may be
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35 used to replace present nmethod of using wafer saw ng, etching, and

pol i shing processes. As opposed to about 50% kerf loss in the present
technol ogi es (kerf |oss as being defined as the material |[ost during the
cutting and wafering operations), the inplant cleaving technique has
virtually no kerf loss resulting in substantial cost savings and materi al
utili zatsedto replacepresay ntethatpofosmgewdfer sameg, gichingh anthpolishingrproceiey. ey be
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substrate for eventual use as a free standi substrate, or eventually
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mat er i [ TG s i e, which
act o aqmplayith il Sloil KRS dfk ibibi SR PO NSRBI O Hondl i ng
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application. 100901 In a specific enmbodi nent, which may be optiognal, the
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plurali [.C C« : i 1.8, se} ect ed
regi on %‘yf\@khg@%&‘%l ?Z’he@ﬁg%gg%nﬁirﬁpﬁﬁlﬂ}ggaﬁghﬁ ém |ftog e(ln?érﬁstﬂllgqnl ’ojr'] of a
cl eavi ngacasti. ofechrd1aB 1K4), ThikA 8¢l €97, edhicheig herdby incofloeatt® by tefeleficaM THei N t he
periphery of the 30 substrate in this exanple as described above. In a
speci f i teimesrisstachedhtor "rarsterreghlicondhicknesp’ ingghis zontext meapgthavhe siligpmifilme | ower
do can: - I e B cific
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edge released to a permanent substrate or a temporary substrate for eventual use as a free standing

substrate, or eventually mounted onto a permanent substrate. In a preferred embodiment, the
C silicon material is sufficiently thick and is free from a handle substrate, which acts as a
supporting member. Of course, the particular process for handling and processing of the film

25  will depend on the specific process and application.

[0090] In a specific embodiment, which may be optional, the present method performs a
patterned implant of a first and/or second plurality of particles. As shown, after the patterned
implant, a selected region will have a higher dose of impurities to facilitate initiation of a
cleaving action. That is, the selected region is selected to be within the periphery of the

30  substrate in this example as described above. In a specific embodiment, the higher dose can
be 2-5 x 10" cm™ and the lower dose can range from about 0.5-2 x 10'® cm™ and less. Ina

specific embodiment, the patterned implant is provided in a spatial manner along an edge
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36 area as shown. Alternatively, the patterned inplant can be along a
z-direction, which is also illustrated. [0091] Certain enbodi nents of the
present invention nay enploy one or nore patterned regions to facilitate
initiation of a cleaving action. Such approaches nmay include subjecting 5
the surface region of the sem conductor substrate to a first plurality of

hi gh engsagi shewhi alltemageslss tt pattdrh@ingplint Rembe aloag herditeation,whitlpismlw
patterned region of a plurality of gettering sites wthin a cleave region.
In oneIHW%@H%nent of a nethod according to the present invention, the
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initiation area can be facilitated by the use of "the Inplantation beam
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crystallographic cleave plane. Some or most of the area may be implanted at a lesser dose (or
not implanted at all) depending on the particular cleaving technique used. Such lower dosed
regions can help improve overall productivity of the implantation system by reducing the
total dose needed to detach each film from the substrate. According to a specific embodiment,

25  generation of the higher-dosed initiation area can be facilitated by the use of the implantation
beam itself to simultaneously increase the area dose, while heating the region and preparing
the region for localized film detachment. The detachment can be accomplished in-situ during
the implantation beam process, or after implantation using a separate thermal process step.
Use of a sensor to measure and feed back the state of the initiation region, may be helpful to

30 allow precise and controlled localized film detachment and avoid overheating or damaging
the layer immediately after cleaving has occurred. Of course, there can be other variations,

modifications, and alternatives.
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37 [0092] Again as previously described, the present nmethod perforns a
thermal treatnent process on the sem conductor substrate to further form
the plurality of gettering sites within the cleave region. That is, the
thermal treatnent process anneals out and/or quenches the cleave region to
fix the plurality of first particles in place. The thermal treatnent

provi def0092p fAgatchsieévioudly déscebéd; chicpresuat metivdaetfonns &tHer@hladatiféites for
gettering and accunul ating particles in a subsequentcgi rrgl antation process.
ge
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speci esniodifecatiomes, snd alcomativa$.er as an exanple, the inplantation process is
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about 510693P 1%, h QpaPeUEmBodimbA heth B4 ﬁ%de@m)j&ﬁﬁg%@&&fécé heidlosand s | ess
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particles, which are provided in the semiconductor substrate. The second particles are
introduced into the cleave region, which increases a stress level of the cleave region from a
C first stress level to a second stress level from the second plurality of high energy particles. In
a specific embodiment, the second stress level is suitable for a subsequent cleaving process.
25  In a preferred embodiment, the semiconductor substrate is maintained at a second

temperature, which is higher than the first temperature.

[0094] Using hydrogen as the implanted species into the silicon wafer as an example, the
implantation process is performed using a specific set of conditions. Implantation dose
ranges from about 5 X 10'° to about 5 X 10' atoms/cm?, and preferably the dose is less than
30  about 1-5 X 10'7 atoms/cm®. Implantation energy ranges from about 1 MeV and greater to
about 2 MeV and greater for the formation of thick films useful for photovoltaic applications.
Implant dose rate can be provided at about 500 microamperes to about 50 milliamperes and a

total dose rate can be calculated by integrating an implantation rate over the expanded beam
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total dose rate can be calculated by integrating an inplantation rate over

t he expanded beam 38 area. Inplantation tenperature ranges from about -50
Degree Cel sius to about 550 Degrees Celsius, and is preferably greater than
about 400 Degrees Cel sius. The hydrogen ions can be selectively introduced
into the silicon wafer to the selected depth at an accuracy of about 0.03
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[0096] Effectively, the implanted particles add stress or reduce fracture energy along a
C plane parallel to the top surface of the substrate at the selected depth. The energies depend,
in part, upon the implantation species and conditions. These particles reduce a fracture
energy level of the substrate at the selected depth. This allows for a controlled cleave along
25  the implanted plane at the selected depth. Implantation can occur under conditions such that
the energy state of the substrate at all internal locations is insufficient to initiate a non-
reversible fracture (i.e., separation or cleaving) in the substrate material. It should be noted,
however, that implantation does generally cause a certain amount of defects (e.g., micro-
detects) in the substrate that can typically at least partially be repaired by subsequent heat

30 treatment, e.g., thermal annealing or rapid thermal annealing.

[0097] In a specific embodiment, the present method uses a mass-selected high-energy

implant approach, which has the appropriate beam intensity. To be cost-effective, the
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i npl ant approach, which has the appropriate beamintensity. To be
cost-effective, the 39 inplant beam current should be on the order of a few
tens of mllianps of H+ or H ion beam current (if the system can inpl ant
such high energies, H2+ ions can al so be advantageously wutilized for
achi eving higher dose rates). Such apparatuses have been nmade recently
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In a specifigc e ' n I [ f | ¢k n be provided
uei g’ XsHichind PRI me e SAEA Y pt08h oo av BRI GAEIEEC "2 el | “as
ot her s tecHndldges@hn bBap s ¢SEMA sP@6tel I dpedific SNeMplee&RMMENLER0 IORBLT ncl ude,

anong ot hers, ion_shower, plasma inmrersion ion inplantation, and other
pl asna beamepgrvesrat 3.3¢ dkeds REQ/RAI-Linap sonidyigld aqueioaibeam swrenictf@poetcdhni ques,

par 1 ot B8 P 4880 ot iR g B WATAREHG b IRAR A obint 81 o

ot her psOOkirg) tRé area Pelieovdiid dboned sidir®mietees GBilé Bieipdtves ilLSs Ueptng about@3dri vi ng
force such as,convection, conduction, and/or radi ati on and/ or an

conbi naWatsicif. Thipeembingliemotiparemeigrsirorkss tléanpmeathmrtmle}rlmeﬁm{ﬁm ,
¢ h%‘ Caclo’st %e%{i\% SO grhc%ilsprgg&%gg.l 0% course, there can be other variations, alternatives, and

modifications.

C [0099] In a specific embodiment, the second plurality of particles can also be introduced
using any combination of implantation and/or diffusion. In a specific embodiment, the
second plurality of particles can be provided using any of the high energy implantation

25  techniques described as well as others outside of the present specification. Such techniques
can include, among others, ion shower, plasma immersion ion implantation, and other plasma
treatment processes. Alternatively, certain low energy techniques, including diffusion, can be
used to introduce the second plurality of particles into the gettering sites. As merely an
example, hydrogen and/or other particles can be diffused into the gettering sites using a

30  driving force such as convection, conduction, and/or radiation and/or any combination of
these. Such driving force can be thermal, mechanical, chemical, and/or others depending
upon the embodiment. As merely an example, such second plurality of particles can be

introduced using plasma hydrogenation under heated target conditions or using an electrolytic
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upon the enbodi ment. As nmerely an exanple, such second plurality of
particles can be introduced using plasma hydrogenati on under heated target
conditions or using an electrolytic 40 (liquid hydrogenati on) nmeans or ot her
i npl ant and/or diffusion techniques. O course, there can be other
variations, nodifications, and alternatives. [0100] Optionally, the nethod

i ncl udgliqad hiérogehatiohfAleamsdr qlic? dmpntdrddéor diffesioniechmitjugsy Ofonssestherccor di ng
to a specific enbodjnent. In a specific enbodinment, the present method 5
uses a SeRbE ARer prriRtoas, medifratipnsraphalie®ativesso to about 600 Degrees Cel sius
for silicon material. In a preferred enbodi nent, the thermal treatnent can
occur U6100) cOptbimatlyothe metionviaclutdesy themet] adeatarent procedsyafieotheiimptantng of t hese
techni ques. In a_specific, enbadipent, the tenperature can be provi ded using
a rapi Preeesy #EpPrdndiocsspepidic smbodupendy In g ppegificrmhadimentathe pessentgnetbed ¢ i ne

t hate t ] ' ' ' cess can be 10
flodd arebEtbialERoBs g bt ARIE, pREf Rk RoLTCERRS S BRER] o

exanpl ematedied. 1@ pekfertdiesmibddinen deshaanl heatinendad dcirusaphioadectn, opt i m zed
stress profile of displaced silicon C atons within the inplant end-of-range
| ayer \eBYeStippdadiation 95 any cempintion olthessuechpiaiee Inespesifisccambodimentithe r api d
t her mal R I . 1 QV t . hydr ogen
to esce{[%@ﬁéa}%@?ﬁs%a\?\le%r}q#h{éﬁg(zygég agﬁ#lcll @}egrh%]ﬁ)géc_etsgg?flo%rgg%rs grs&loe#1 %[{Yﬁllhg gi nventi on,

15 overgoeiadn Tdindé thiat fife partk1dsen@being iHtwdaced. tTherasid tikrmal prodesslhe be has
evol ved the getter |ayer past a ﬁOi nt of optim zed effectiveness. O
coufse, flaoder patternedher peqrabingtion oftthessdechnigyes. f At mieredy an exaaple) therapid i ves.

0101] thdkha BI% .ésfsic 2 PodJl qg’acﬁi@@em nn2&d Ses? ott'flé:l)Fdi 2084 cof;lII S0
fofc” t%% 5%% ay nglngflonwl lﬁ

ernal ener and I n co a external

[

pr mde par _ _ 1

t erger aftathewiBinthe irh flaMCdhidfGrah giclay et Ovibes ihe @ thedsBPare MhaxiMivee bat where then
certain enbodi ment, the high-energy particle beam al one may provide the

ent i r e seleetionof theeapid theesilmsecess eordigma id notpverhgatcthe fayert fent, the c

treat ntd rocess _occuss. to.season {rhe cl e?ye rgﬁi oan&giir .a stxbsequent cl eave
pr ocesdYAEgeen QFEaRe A REr (s gefler offiffEpcis, FoLPHEREES ofsis iVePEns . and

al t18r najvieMRatind Wil PmAbarl tetnpePRGieldng R bIRdHon WHIEh BATEveRRE Yhd QttebliRel r at e
may again be disposed on a 25 trgg device, as previously described. A

pl ur al inagt 2opoini afloptimazaghefisativinebe Ofmueseathert dan bg dtheneariatianscel er at or are

introduced.into a surface region of a sem conductor substrate. Dependi ng
upon tﬁgocgﬁﬁaglﬁpf‘r@ﬁ?,aitgnﬁa@e&ence spherical coordinate system (p, rp, 0) can

be used. The t- axis is normal to the surface region of the sem conductor
subst r d0&01]whingtspeeificeadodineent, the highsamergyfpagtiaabeass may absogreNidepart efyst em

The origin of the reference spherical cpordinates and 30 the.Cartesian
coor di idk teRne Bfrebriof ¥ BEFRERGTH B osrarm ro oo CH e R PGy RARE i 65 on
theQ desired implant temperature. In certain embodiment, the high-energy particle beam alone
may provide the entire thermal energy desired for implant. In a preferred embodiment, the
C treatment process occurs to season the cleave region for a subsequent cleave process. Of

course, there can be other variations, modifications, and alternatives.

[0102] In a specific embodiment, the semiconductor substrate may again be disposed on a
25 tray device, as previously described. A plurality of high energy particles generated in a linear
accelerator are introduced into a surface region of a semiconductor substrate. Depending
upon the embodiment, a reference spherical coordinate system (p, ¢, ) can be used. The z-
axis is normal to the surface region of the semiconductor substrate, which defines the x-y
plane of a Cartesian coordinate system. The origin of the reference spherical coordinates and
30 the Cartesian coordinates is an entry point of the plurality of high energy particles on the
surface region of the substrate. The distance from an exit of the plurality of high energy

particles from the linear accelerator to the origin defines the radial distance p in the spherical
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surface region of the substrate. The distance froman exit of the plurality
of high energy particles fromthe |linear accelerator to the origin defines
the radial distance p in the spherical 41 coordinates. The azinmuth angle 0O
fromthe positive x-axis is also shown. The zenith angle V between the
plurality of high energy particles and the z-axis defines inplant angle. In
a specé¢dordingted) Clhe@ivhuthtdnglet 8 frymdRey pesitivesx-axinis gsv shdwin0 Thel zemithi arigléip

sui tabl e i npl ant le. . Specifically, the tray device can be tilted using

two pr elzeéwefwothﬁp_bl?glﬁu ofrhighiracrgy| Rarickes asd the sagisdefinns implantangle. ia o
conput e%%;ciﬁ% %R{bgp]@%é)]& Oché‘traf A is %2@ L8R, AIISE for G30itdse Hﬁoﬂtgfx]teangfér lations,

nodi fi catons, ‘ternat i ves. eferring agarn t resent

met hod $pecifivaliy, e gay dedcstanrt tilgdtuBingkwe psesef poinmtaad inaly, betsblected by ta
plurality of high energy particles may be praovided at a first_inplant angle.
The ¥ i rentrohdgvies: (e @l muerhaccording tearresipea B8 gpurse thsre eandisrtherso degr ees.

Such i.npalrﬁ%nsl%oﬂg@aggﬁsgggﬁ?aﬁérhﬂmsf or a high density network of gettering

sites in a vicinl eave plane wthin a thickness of the

sem conductor _substrate in a specific enbodiment., The second C plurality of

hi gh end83 pReferingagaimtp the pisseiinrdbpdef farming grfeee; standing thigkgess of The second

i npl ant i I . i . ality of
i g eriBpsret geTystaHBEof uPl pliEORADE: bRlidl b T SifBN B2 Y, N

Vi i ni t yheoofirst gplatteayl maoboprovided at dlouseé td AtbueBd dedrsdntSuch vapkacond

i npl ant angl e can range from about zero degree to _about 15 degree. In an

al t ¥t natnglerapghaltnwisier a highdessity peiworpgeticrng sites dma vicargeofa deavadane zer o

to aboyt, . haht r t i angl| d depends
g S S R M R L i

on e p
rmoci cpluta0ifsof 16 edri e pardiciey @fay belppddddd 4t sacsidaaipling afFlBOTheBdtbnd t he
present nethod perforns a patterned inplant of a 20 second plurality of

part i cl ieplanifangle is provided 4@ Rldew 63 chaeneliag of thepseeand| pleralibfofdugh ¢nergs, ~ an

selected r.egion will have a .higher dose of.impurit.je o facilitat

ot a o Bbalies iy e BtPghag Rt ol B HAGLRA e PRTebR B ael ect e
to P Wgebifid etbd@inhdHiahY s@ond MpRHbAiolcadad rhfedrof hboRef ddggecaBlaBslitMBNt . 1 N
a specific enbodi ment, the higher dose can be 2-5 x 1016 CM -2 and the | ower

dose cadegresnda ahabematouembodimenty thegegndnmplang arple earstangy framsabeui Zereto
enbodi ngnt 25 the pattern i nmpl ant. i rovided in a.s Lal smanpner al ong
an gdgggbé)%l(fssa@ég ﬁ{g&ﬁ&egr%st gﬁncgpﬁsngplp?ﬂg a%f’ tuézer% egep%cfrgtﬁilf aB%!hcaﬁ%n’al ong a
z- di r echrcOskillodh e drbwahiRiGeddgnbi@tr Aly8friafdns, MRHIfRStions) B Ealtcdities. ot her
variations, nodifications, and alternatives. [0105] In a specific

enbodi t he et hod includes.a step of.freei.ng 1701 the.thic ss of
det achal R 1Ep PR g BHERT pE LRGP Brhed BELMRs AP benddihBleBl §cbes ol ong
an 3pl @blabn@guFHWSf pafd e SA ABOWpldriation@f ke skéondPlutity bEpABLIBEAARD! e
material is free Troman overlying
selected region will have a higher dose of impurities to facilitate initiation of a cleaving
C action. That is, the selected region is selected to be within a periphery of the substrate in a
specific embodiment. In a specific embodiment, the higher dose can be 2-5 x 10" cm™ and
the lower dose can range from about 0.5-2 x 10'® cm™ and less. In a specific embodiment,
25  the patterned implant is provided in a spatial manner along an edge area as shown.

Alternatively, the patterned implant can be along a z-direction, which is also illustrated. Of

course, there can be other variations, modifications, and alternatives.

[0105] In a specific embodiment, the method includes a step of freeing 1701 the thickness
of detachable material, which is free standing, using a cleaving process along an implant

30  plane 1703 as shown in Figure 17, while the detachable material is free from an overlying
support member or the like, also as illustrated by Figure 17. As shown, the detachable

material 1705 is removed from the remaining substrate portion 1709. In a specific
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support nenber or the like, also as illustrated by Figure 17. As shown, the
detachable material 1705 is renoved fromthe remai ni ng substrate portion
1709. In a specific 42 enbodi nent, the step of freeing can be perforned
using a controlled cleaving process. The <controlled cleaving process

provi des a selected energy 1711, 1713 within a portion of the cleave region
of the ¢nbatimsnttierstdpeof fARingasaalby paifosxalging a édigrotied tleaving ravkssaviheg
process has been described in U S, Patent No. 6,013,563 titled Controlled
O eavi nepntioHedeleaving prsawmIrgvidess spicted anersy § 7 dnl Bankithia agortir ofithen of San

Jose, h%\fefr}é%lhfg‘ of ﬁfé%ﬁS{ ﬁ@&gﬁ%gﬁg I’Il%(?élg%lﬁgﬁga}%{%l%eﬁlﬁ %?Ht?&lefdocﬁea@ir{g RUCRSS P As

shown, rees ness ria romthe su rate to

conpl et kisybeee depetibédim WIS PhtessiNo.of,0 1Bgd6Srtitkld. Copfrotied Céeaavinglroeess,can be ot her
variations, alternatives, and nodifications, [Q106] In a preferred
enbodi nedmmogly assigirg te Seligos Genesis ComaratiansfiSeniJese, Gpliforaiar anddherddys of 10

mat er | a{ Q%P%?edﬁ{ I%?J}g e fgpéﬁ p%xig?ets.h %s@ﬁs\nﬂ,dthé Hfélt}%gi%feeg 'El?eeth{&gnésg Sft hi ckness

of detachi erial using eaving process € naintaining a portion

1715 of mategiaBfréa3ke Sudgired téc@hplReheftniove threthickheds vE afterfal NOIF esursd, thede cause
the thickness of material to be characterized by a defornmed shape, e.g.,

curl ed ¢an hecRiker veriations, aliggnaives, and modifigatines: enbodi ment, the present
i nvention provides a nethod for formng a filmof material froma bul k

sem ConpMOsPr Inlb pefdisdd ebttodimbints Eleard B odvurd WY ehatacheRtt e thb eickeksydfsti ¢ of
a cleaved nmaterial to facilitate separation froma remaining bulk substrate
por }q onmatgziabiodw detached: - Bhad i, Hie IFPtQQ‘E ncludes freeing theghickpess of defachaklent , t he

t hod j ngl. Mol i t i i nNg. f
egpon TGN FREE SHLAE BroRe R MRREHE Bhe SHPRERTTTS DL BRI BoR nobere:

ar ewis egttachet tothOtHickna sy offifatbhidlitd cage tiethitkas ofinatdiRil € B cHardterRedby The
nmet hod i1 ncl udes subj ecti n%ﬂt he 20 surface region of the sem conduct or

subst r a# defogned ghape.a1. 4.t surlsdl apedges or erd xegionsr F afwthenembodizgni the mpsesh i s
defined. underlying the surface regiop to.forma.stressed r.egipn and to

defi ne YR aERedes BreRREdPY i 4 m 8t mAkd i s Pt PAREE i ren

t hej3 hi glIess, Whichai@randhherb@beadihp cRira@ssstRiofakMaved thaterial @Ecifiite gr eat er,
but can be slightly thinner, as long as it is free standing. O course,

t here csapatsgiontiony a emdining bk subsitité pertivh.mssodHustetadeynkiginedls. 128 [ 0107]

Dot orspire bR bt celfod BERAR 0T g shedB oD R E 0T hadfe ' of
the cl eqyfack @icHandd theckRessS Th @t pry®nEOBbANmRh I ERORM redceldumbefdate abedd

spatial region within a vicinity of the cleave region to forma detached
por t i onbetfshowld nohbe liméting thé seapeof thel claimsibargim Plagr method dicludes sebjecsingdhie

region. ln a specific enbodinent,. the method,.includes bendin way 1715 the
et A hetri? SRR ShihE SRR EHRLS P ARILBHPAT RARGTFL RAOBRAL AT r egi on and
causi ngraidhe Waidha s dsfaindBrlying the surface region to form a stressed region and to define
a thickness of material to be detached. In a specific embodiment, the thickness of material
C' has a thickness of about 20 microns and greater, but can be slightly thinner, as long as it is

free standing. Of course, there can be other variations, modifications, and alternatives.

25 [0107] In a specific embodiment, the method includes initiating a separation of a portion of
the thickness of material to be detached at an edge region of the cleave region using a
selective energy placement 1711, 1703 at a spatial region within a vicinity of the cleave
region to form a detached portion of the thickness of material having a portion of the stressed
region. In a specific embodiment, the method includes bending away 1715 the detached

30 portion of the thickness of material from the spatial region and causing a deformed shape in
the thickness of material to be detach to facilitate removal of the thickness of material from a
remaining substrate portion. In a specific embodiment, the energy can be selected from one

or more sources such as a light source, a laser source, a thermal source, a radiation source, a
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the thickness of material to be detach to facilitate renoval of the

t hi ckness of material froma renaining substrate portion. In a specific
enbodi ment, the energy can be selected fromone or nore sources such as a

| ight source, a |laser source, a thermal source, a radiation source, a 43
mechani cal source, a chemi cal source, a gravitational source, or a fluid
sour ce,me&hg@nicalgaarce, 4 tlpmidal svaee)a gravitationbl soaidepor. a fluidceurdca) eng egmpdl nment s,
the liquid or gas can .be a heating source or a cg{d source e, cryogenlc)
to i mpdiquid Napgrafr combination. dp certain embpadiments, the diquig) oregas CF%E%F Bﬁatlrs [0108] In

a Spec'sfohfc %P’QQQId’E?HIce PO ﬂben dll}lﬂ)%.l’t &ﬁﬁstié%&&ﬁﬁgf%ctgl L % oligyer (not

shown) urt her tacilitatea g action to en eavl ng
action. fasthiora specific enbodi ment, the overlying layer is also stressed but
causes a bending action. Such stress can be conpressive according to a

spegi fi j i on
nitri delﬁ @ézlbol&eé%g&g c:t%gﬁ)lcépgg‘?{é C{I{i]?eah%y %#eeég?g%f%rwgﬁgg%{l#@%b ktcgr ding to
an 10 ecrhib@/d) wefotthaffatiliatos bartitg adioansd edtiancéhie eleacingaictiog, Int hepecifier | yi ng

| ayer can be rempved or, can remain on _the surface region. O course, there
can be wabegimends tha overhyng layer Fialsarstrstsed bufrguses aahepémaﬂml%s ugh sfrepsetandet ai | s

f th t d
o 1o pb Rt ROR B0 HEn S AnbORIRL A bl B BEEREE o MRAEYHLT S oA
t he netdilibnadtrigepcan tdafsed rectest dReconiprestB@ Lhatabetiftidwsorlidd tosh curl ed edge

regi on 1803 opposite a second curled edge region 1805 and an axis 1809 in

bet erpmhﬂélm?rrt@f the preseat By gRtiqne Mgy Céﬁ@amlgh@e@ée%ﬁag éayer ean keggmovedPlon. I n
t [ 1

o S"e?'t%h%?ﬁmﬁour Hlptach 2618 o A5 SRRCERR, ol Vabi G0 Bl B s B

r adlRrrafioés) diutthe e d@siVeofithg pRSent laeinidecah b fc&mawmh@mtabep@smcor ding to
a speci fic _enbodi ment. As shown, each of the edge 20 regions have been
i denti fﬁpé@ﬁaﬁ@nc@ﬁﬁ%ml(t%afbh@ QVnpl i fied side view diagram of Figure 18.
O course, there can be other variations, nodifications, and alternatives. C

[0110] [Be69r r Refrriv@mdivetd bk FesirdsOl Sadid 12&, tHehRethi®d batdes £aefoated dRpPOrti on
1901 of the stress region attached to the thickness of nmaterial to cause

t helSdef Bi0dewhichapea figst surledenspaegionAB03Pruosita2 sepnad amlmvdgy rﬁglalm 4805hape
2001, V\A}ldc ?s %8958 gl:tv@éex“ %tﬁr cu&‘l@g ehéellgglgnr}ma {1 s% ﬁ.gle% rrent the

met hod Tnc es one or nore gues to reane por t he

stresseg ars@ectlﬁa ehﬂb@ﬂmﬂb@t{&ﬁ@aﬂﬁflwgmaﬁs ethitd®igk hedémess] proﬁi@é @fa al In a
speci fic enbodi nent, the rermwrhg1 includes etching the portion of the
st r essdf@urtk gdgaregianil8h3.c Agshewn {hiigurei 1&&1@@§ubstrmtnélﬂdmg qleavaacgion he

def or d sh That 1s n chive 10 4renoyve stressed
Fegi on SSiTe O cleay ibpraRess AbottiP a6 Rapeiic SnfEtimdRur By oo BE el e
20  regions have been identified and correspond to the simplified side view diagram of Figure 18.

Of course, there can be other variations, modifications, and alternatives.

C [0110] Referring now to Figures 19 and 20, the method removes the portion 1901 of the
stress region attached to the thickness of material to cause the deformed shape to be removed
and yield a substantially planar shape 2001, which is generally flat or the like. In a preferred

25 embodiment, the method includes one or more techniques 1903 to remove the portion of the
stressed region that causes deformation of the thickness of material. In a specific
embodiment, the removing includes etching the portion of the stressed region, which causes
the thickness of material to have the deformed shape. That is, etching can be selective to
remove the stressed region, which can be an implant damaged region and/or region having a

30  higher concentration of hydrogen and/or like impurities. In a specific embodiment, etching
can be wet and/or dry etching processes and the like. In a specific embodiment, the removing

can also occur using thermal treatment the detached thickness of material to relax the stressed
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30 higher concentration of hydrogen and/or like inpurities. In a specific
enbodi nent, etching can be wet and/or dry etching processes and the |iKke.
In a specific enbodiment, the renmoving can also occur using thermnal
treatment the detached thickness of material to relax the stressed 44
region. Alternatively, there can be a conbination of etching and/or thernmal
t r eat MRBgion dAREMEHEly,UBOR chh Be @BMBINAEOA of &hiBSUh&6r tHeRRilareatRete Ot her
variations, nodifications, and alternatives. [0111] |na specific

enbodi rdspending epqnrthe embodiiienb dOE eqirsse tices eanderdher b aiéensemoditisations, andanypl e,

t he net?gd ﬁa% pl ace the thickness of detached material on a support nenber,
whi ch %™ gﬁ'processed. Additionally or optionally, the nethod perforns
one or nore rocesses on the sem conductor substrate before subjecting the
sur f acd0tEYi o axipeeificigmbpriment, the presentmethsd eangsriers oger pmﬁsm-eﬁor Dependi ng

col Ps, AERg: HEd b bl RO BEAREERSGRe PEachl e B Ebb BBl pece, ' °

and t hewhitlk g latef professe®, AHHiEbAaIBAGR dpEioRdl e theudéthed p&fsrmsoadiok hivad | ons, and
al ternatives. [0112] Ina specific enbodi nent, the present nethod uses

el ect r qmegsssesion thexstintieorshictos subseratediefnre Selicqting the surfask eegien withithmfitsh free a

t hi ckness terial. In. referred emodi t aser_ source, can be
used. ety AR tnenttifeh DRt e seBh MR ER B MR RS SEEPE B et nen
of the gt Rt sLef pHbtdWItald dellsitiftegla@RAVdiRRitdloptid delieay any eathBidatiddofot her 15
enbodi ments, the laser treatnent of the cleave region does not initiate
andfQor th¢seaand thbike.cO&emusse, dafire parbhe other variationse mogiicetigns, and altegnativae cl eave
region to increase stress in the cleave region, which thereby |owers cleave
t eﬁr JOVIR O Lpeéifielentbotlinentictele Fte@élﬁ'nidhod&ﬁse@@l%@t?om@@féﬁ@ radifinltgser source
prow des a beamthat is selectively provided on a spatial region, which

ef f ect ipeefoym gldaving of heldawemgion todsss a thickneps of mategiaht Ind prefegiedn and couple to
the cl eave region. 20 In a specific¢ enbodinent, ..the t.on "as-cleaved' surface
of - may SHRRcblarer RwRg et PEiede ip Fapats GmeolimeRn g aeh soies Breaiss

regi on.; 1Ak flestnleat ¥ the BRavPEIREIAE ifiBiat HavingDr ok (BawelRBgiof. M Q¥bded on a
side or bel ow or edge region,” which has not "been damaged or rough from

cl davi rembodituiénts, dhealaber treatmeent o€ theeleay & rdgaaredaea pobimitsanh pretoredeave temoot hi ng,

1 oave S sseiotpilagbpuideintoply 1THRE o Shve B Mefest? s TR Rt on
and al t@éi@?}dvl‘ﬁ@ﬁ thgﬂé)%%lalﬁgrelh%l&gg%n?ﬁ?lﬁﬁf@ dFRiBkSor Btk Rﬁﬁf‘tiioﬁéﬂﬂé aSfdted NCI ude

deuterium (e.g., npl anted species. That is, such particles
can be gboveitheldsarsomye proviidaylacehmrthat ip sedentivslygmayided o e spatipliregiong whisdhcor di ng

to a spegific enbodinment. In a specific enhodi.nent, the |ina i ncl.udes a
bear | FUTERTALY SR TEmesiuip BA4MOg0A teopet TSR Ed sy federts Thon
| MRpaNtRG spbdifidembodiment, the top “as-cleaved” surface of may impede laser energy from

efficiently coupling into the cleave region. Accordingly, the selected spatial region may be
c provided on a side or below or edge region, which has not been damaged or rough from

cleaving. Additionally, the cleaved surface may be subjected to smoothing, annealing or

treatment (e.g., deposition) to improve coupling into the cleave region. Of course, there can .

25  be other variations, modifications, and alternatives.

[0113] In other embodiments, the particles can include deuterium (e.g., D) and H," as
implanted species. That is, such particles can be provided using a single linac process and/or
configuration according to a specific embodiment. In a specific embodiment, the linac
includes a beamline configuration, which allows for at least two species to be implanted. In a

30  such embodiment, the present method uses a single linac with capability to implant both D*
and H," (i.e., both are mass 2 nucleons). Depending upon the embodiment, there can be

various benefits and/or advantages. In a preferred embodiment, the implant of two different
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30 such enbodi nent, the present nethod uses a single linac with capability
to inplant both D and Hz' (i.e., both are mass 2 nucl eons). Dependi ng upon
t he enbodi nent, there can be various benefits and/or advantages. In a
preferred enbodi nent, the inplant of two different 45 species can be

provi ded using one beamine. As an exanple, D may be advantageous for the
first ispptientan(enovided esing apebeandinentdsam)exsmplee 11 mgehe ndtantagatnsifor 2- 3X

nore djisplacenent, damage,.in the FOR t haniH. The | so uses H2+ as a

St ond PR DL RPN, Rt RS B BatioRiiiog Dardenerates b S e MBS0 1 at o per uni ¢
of bea”&@;&lééeﬁﬁht da'?ne[ééjlﬁ/t'ﬂe EORaRarFHE"Pheémethdg aRbISE M %%@@Qoxﬁqﬁlﬁld?ff' ude the
follow ng reci pe or sequence. O course, there can f)e ot her vari at’i ons,

modi f i cedhichmeuldiranaHtimphent attedce the dSserialepea unié of beanuounpdrdsma and i nj ect t he
D into the lint apparatus for acceleration to a target energy for the

get tser r 84 “q,pé) 040 2.
Af t es‘r3 ( O?andﬁf)%r hag?kaﬁl%l)%f ;@rﬁ?%&gﬁ)ﬁggﬁ/ﬁl\s%%&gg%gg&?o pei#tac?) rtS %gjég%e?t tct)afiL

| ayer, oluaegthereCak®R otlewveratyas, modifigatiomgcandattdrmativéske a hydr ogen pl asna and
inject H2' into the Iinac for acceleration to a target energy to align this

accunul ati on §pRkafeutthiubh ﬁlgﬁnzgﬁﬁcf 1‘?1jecjt ﬁ%?f in®d th&BhAOHpuRHlFoPEERARRT 91 ZE a

| i nac end-section in process (2) that boosts energy “appropriately. For
exanpl eto atthgeHiﬂergynkr the gattat kyérafoematonEonexampldy2iVe e swoultbbeeaboubshe 15

cl oser 4 5-5MeV. O course, there can be variations, nodifications, and
alterna [0115] While the above is a full description of the specific
enbodi rrent s, vari ous nodifications, alternative constructions and

equilval Znt s mAftebd ) asé derhaps droimtgnim hmleab@qeenchacsp@é@m thtegsttet lagpet, cwingy a

selgmet equence of steps, any. i.nati on of a nts of.. 20 .st eps
Goder | PEGRSIEEER BinBidin end g Tuben Rlkemh alfnifss Tor e LI HBE &3y be
combi ne’ﬂ:celgraﬁﬁﬂltcpﬁ ta@éét @hél%&%@ aﬂ%?ﬁ&ddc@ﬁnh'ﬁﬁ@n Irﬁ‘ﬁ &Wtﬂ%"g&&er lEWrt her nor e,
the particles of hydfFogen " can repl aced using co-inplantation of helium

and hydmethed woalsbe to cabigine o limacfend+se¢tionrin pfocessh@) tHathowstydnergy with a

nodi fi ed dose nd or cleaving. propertie ccor in t ternative
embod MRS cF TAATBNS T PR HSId Brirdp OF PR SPei SUnBls Gbeo be used

in gonbélggyrltd)@s%@[g@d/or al one as an inplant speC| es. O course there can be
other variations, nodifications, and alternatives. Therefore, the above
tratians sh d.not be taken as limting the scope of

descri on an |II
the pr gét?ﬁm?em W’@HOI?SS Eﬁ%@ﬁn%?n‘fﬂ@%‘ﬁéﬁded claims. Exanples

[0116] To prove the princi pl es and operation of the present invention, we
per f or nj0d &3]t aWhile the above is a full description of the specific embodiments, various

modifications, alternative constructions and equivalents may be used. Although the above
has been described using a selected sequence of steps, any combination of any elements of
20  steps described as well as others may be used. Additionally, certain steps may be combined
C and/or eliminated depending upon the embodiment. Furthermore, the particles of hydrogen
can be replaced using co-implantation of helium and hydrogen ions to allow for formation of
the cleave plane with a modified dose and/or cleaving properties according to alternative
embodiments. Alternatively, deuterium or other like species can also be used in combination
25  and/or alone as an implant species. Of course there can be other variations, modifications,
and alternatives. Therefore, the above description and illustrations should not be taken as

limiting the scope of the present invention which is defined by the appended claims.

Examples

[0116] To prove the principles and operation of the present invention, we perform certain
30  experiments. These experiments are merely examples, which should not unduly limit the

scope of the claims herein. One of ordinary skill in the art would recognize many other
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30 experinments. These experinments are nerely exanples, which should not
unduly limt the scope of the clains herein. One of ordinary skill in the
art woul d recogni ze many other 46 variations, nodifications, alternatives.
Further details of these experinents can be found throughout the present
specification and nore particularly below. [0117] As an exanple, silicon

waf er swaniatiess, weddidatieysa akernitines N funtheridetadls of thesd @tperimentsaiad befigundi ti es. I n
a specific enbodi ment, square shaped sanpl es ich were <100> 5 orientation
and p-t gb@ﬁé%ﬁprmswﬁf&arlewn woaﬁwpﬂgﬁetﬁwlyaww- enbodi ment, round shaped
sanpl es, which were <111> orientation and n-type doped, were prepared.
Dependi [0d1TpoAs ab hxanepibosilicrarwafanshngpiqgsewérapraparedimvogrvanses atidngationar i at i ons,

nodi fi catj.ons,..an alternatives. Additionally, the are a round shape
Toad t oAimPRHET Ha et G enbedhissh S Shipes Mrmales WML aI00 obet i ng
pur poses : . | 440 § i ited
e R R L M R R e
chem st sangdesawbichdveng <11 > ariepatcinfand netype dopadnivereAsrepared xBepndingtupenwaf er s
were su je{%ﬁ?e to ad"rul ti.ple ingl antin prqQcesses, i}g{gi ch have been

descri bége P&q&ﬁbﬁn PIRETIRIERS WE Capts; Fher apfigliens; modigicatioRinghd sanpl e and
squar e Saplices,| ARG B2 sG6ALRAEH TR IA BL8RaARNbiaEleRS Dbl NemBel ves
in 15 certaln experinments and co-1 nplantation occurred using helium and
hydr ogeshophlriiei wskd herein fonidbelingepyrposesand shallmt ahddy éintithe seoyel ofshe dlhiarsmal
conducti on/ conventi on processes were used, which caused the thick film of
mat ki lecies Rel9%ch as a free-standing material. Of course, there can be
ot her variations, nodifications, and alternatives. [0119] Figure 21

il Ict r@le8] ASUdh samples wadrewleanédusing cuinvetmnap®( 1 amh§ES chémiireavecwding aces
20 W material, cleayed froma si nql e cry?tal siljcon substrate. As shown,

i mage 2P asRECIfif g eng| A5 9B cxamPlsciie pirfegs Wereghpiented ko a suliple nplapting 21

was fro C C i i 21 was
from ¢ nobSesCiRYhade bodtCfes el bl bt RESRpircafin. Mt FRAG, BT V20
RVE r ouglipbsand ssjuldeghmipleaimplantation ddvusred aisiay hediogen partitles by tdgnaelves ker
filmwould require a higher energy of inplant, which |eads to npre variation
i n the ¢ori@iaxpormentsiapd Cotnplaniatian ocqurred dising helium and by dspgen partiglss in

nodi fi cat | | ter i t il i provi ded
pol ow B AapeRaf®, TENALE R amplS: Abmal I8 HeliSn Bonyeh G prote T GEE DY OF <
of mul tusedewhivk cassd v thick ddmi ofgnaiéria it gétachcasyastréd-standihg tatekrial. n®f ar e

provi ded. As shown, surface roughness of a first silicon film22 cleaved
from a «qurw: there qpaibg otheryanatigns, madificatignsgand lismghMeSss of a subsequent 30
silicon film22 cleaved fromremai ni ng substrate are provi ded. Each of the
films h@d419] Figure 21 illustrates AFM (i.e., atomic force microscope) images of cleave surfaces

20  of material cleaved from a single crystal silicon substrate. As shown, image 21 was from the
cleave surface of a 16 um thickness film, image 21 was from the cleave surface of a 47 um
C thickness film, and image 21 was from the cleave plane of a 117 um thickness film. Fora
thicker film, the RMS roughness is higher as shown. This is expected as forming a thicker
film would require a higher energy of implant, which leads to more variation in the cleave
25 region. Of course, there can be other variation, modification, and alternatives. Further

details of these films are provided below.

[0120] Referring to Figure 22, surface roughness of cleave surfaces of multiple successive

cleaving of single crystal silicon films are provided. As shown, surface roughness of a first

silicon film 22 cleaved from a single crystal substrate, and surface roughness of a subsequent
30 silicon film 22 cleaved from remaining substrate are provided. Each of the films has a

thickness of 117 um. As illustrated, the substrate can be cleaved more than once without
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t hi ckness of 117 um As illustrated, the substrate can be cl eaved nore than
once without 47 surface treatnent between each subsequent cl eaving.

Dependi ng upon the uniformty and roughness, the surface may be treated in
sonme enbodi nents after nmultiple cleaves. [0121] Referring to Figure 23, a 15
urn thickness of single crystal silicon film2301 is cleaved froma single
cryst alsusfate weatmentietwerneeasls sulseqent cdeadng. TRepehiding uipen fthesenifiranitgtiang and an

5 AFM neasur enent of the %I eave . surface js.al so shown .gei(ﬁure 24 illustrates
t he 15 QK fsg@?ees gAY df freated iysqmgen ‘?‘1"88?4%&5%‘??‘5‘@ PP whi ch the film
is cleaved. As shown, cleaving free standing filns have been denonstrated.
Edges dP12He Befering totfagerd 28i 4 b varthiekugssvaf singlasedtal spionn §imes81 subj ect ed at

th | ion.. | le,. th t b d by i th
cl eave SEPOTONSE HBE BRI 5 NR e R AL e o O (UE TaBEoraraie PRy
spegi fi KFMOnEERRAABOE the HeabOMIrERe tlsf‘ﬁgcgilﬁ)% e Rk g@ hlYs¥ated theP TS um sinrg_le

nodi fications, and alternatives. [0l Figure 25 illustrates experi nent

r esul t scrgdtaldilmodngdshé sitioon ubistrate fimayetichtimfibn ispd¢ayed.l As chownlrddavmigeree

according to an enbodi nent of th resent, i nventjon. shown in_ Figure 25,

a 20xzostmqsﬁ§lmsfmﬁ%gmn wnasﬁfﬁii Ef*%&?wrgt%agf&rfﬁsgb@%u@%ws he AFM

i mage i . LY S hd i hown, the
g Sﬂﬁﬁ’%ggsg%%@ eBbd aNthe Ve ?%gfdeﬁéﬂﬁ a}i%'x%lh RNthe .s*r@gs%'dﬁ P?F&noﬁﬁ b?

present ‘et denonstrat ed ving o olysil1con ns 1N specific
enbodi nembvin@ithe duaveaegioanusing@ichireg andfdréhermal fredtinents aceondingite aspesifs;, and

alternatives. (0123] Wile the abpve is.a full descriptiaon of. the specific
enbdldi n%?ﬁ%d}m?}'ér (B bRt Fatnks e VA OB R ois B B g

equi val ents nay be used. Although the above has been described using a

S elgt el0122]quEzoe 2ff illesteqies expasimentmesulataf @pobyfsilany fideteaned fro £0 st eps

de

i be s wel| as others may b sed. Additionally, . certain steps may be
conbi nekP YSQMP@PL%W%%{% @Mﬂﬁgm%@ﬁ ﬂt%e%%@agm& ArtheMRdPor e, "t he
parti cl fach i < i i um and
Py oger s Y S A e R b e I EE ShTR AR TR AR | o
dose anidiage sldvesiviiagg op awpecltaved patysidicdn figmtsorfadet ekshiowne thegrésedi methtd .
Alternatively, deuteriumaor aother |ike spegies, can alsqQ_be used in
co nafiqnzmls%%sg slcayie ohpelisilisen Hkns IR sphaitig 5@@9@&16%856?% BEswan b most
any formgfv.606 Iﬂym%ﬁiﬁcgﬁ?ﬂés%‘iidﬁlférﬁdﬁv&é.ate and propagate cleaving, such as

e

el ectrical, nechahical, e¢tromagneti ¢ radiation, gravitational, chemical,
any conpi m cr owave, radi o wave, | aser

ti .of these, a ticg,. . _an
sour cesl lfifaloo 'hilg the gtr?érem@ﬁlu crapfigngd tlemeelfle&mqwélra?%rvavavs ations,

o) cabaSERrterd gk JUSH AN e e aLpgRC
i nvent ilgas bedn ddscribeddsingestldryed sequarep efisteps, ahptombinadéh of any elements of
20  steps described as well as others may be used. Additionally, certain steps may be combined
and/or eliminated depending upon the embodiment. Furthermore, the particles of hydrogen
C can be replaced using co-implantation of helium and hydrogen ions to allow for formation of
the cleave plane with a modified dose and/or cleaving properties according to alternative
embodiments. Alternatively, deuterium or other like species can also be used in combination
25 and/or alone as an implant species. As noted above, almost any form of energy can be used
to initiate and propagate cleaving, such as electrical, mechanical, electromagnetic radiation,
gravitational, chemical, any combination of these, acoustic, microwave, and radio wave, laser
sources, flood, and the like. Of course there can be other variations, modifications, and

alternatives. Therefore, the above description and illustrations should not be taken as limiting

30 the scope of the present invention which is defined by the appended claims.
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WHAT IS CLAIMED IS: 1 1. A nmethod for fabricating free standing thickness of
materials using one or 2 nore sem conductor substrates, conprising: 3

provi ding a sem conduct or substrate having a surface region and a thickness;
4 subjecting the surface region of the sem conductor substrate to a first
plurality 5 of high energy particles generated using a |inear accel erator
to for WHATIS§IGPAIMEBR ISt urality of 6 gettering sites within a cl eave
region, the cleave region being provided beneath the surface 7 region to
define a thicknegs of teri to. be detached,. {he senm conductor substrate
bei hg 8 mai ntai n dpameglaoﬁifig%&fléﬁwgrﬁaﬁeﬁaé‘, ngthic ?Séf’?ma{ﬁ“&f% YSINEIMC gh
enep gy L bdmkicEgueerREb Rl difbrRing:® @ first inplant angle; subjecting the
sem conductor substrate to a treat r'gent process; subjecting the surface
regBon of the seprodddgatsemicontedtoradubstrate havseg @ satfdc2 region ahd & yhickneks; gh
energy particles ggneratgd u%ing t.he inear,ac&elera or, the secog&

plufai ity 13 of SHPIgFINEIRE §Yriasaregien esths semigopiusiorauhstiae farfishpluralityt r ess

| evel . j ' . stress
evel, S PEAEGeRARiCI B Ral AR o kol dcBlrator BTl £etiod G FpRRRANGH

t enper getering sitee withimonclepletregion] the ofeapauregionl beingyrbvided bencathettle arfaesecond
inplant 16 angle; and 17 freeing thedfehi ﬁé{mss of, detachahl e material using
a cl eavesgign tordekins @ thickness ofmatepiahtgpestetached, therseppeqnduptor pebstrateibedigduct or

subgtr i r | j .S el aim1l
whepel EHAREER! £ By ruERRR IS B RS den i bngtuy rdCIFs SRS Reasl ) )
The9nmetalfast indplant angie;1 wherein the first high energy particles conprise 2
hydr ogen speci es. 5, The nmethod of cJaim4 wherein the hydrogen species

1
arwgﬂn ovi ded at &uljeing the sgmisendyictor substiatepto 2 frpafraend pracess;” The net hod of
cl &m 4 wherein i: I e 5x1015 per
C and | ess. | 49EQ®?&¥%§9‘§N§{ %ggg%gﬁ 8?@?31%&%@%3?%%’ ﬁ{aa ??)ras%e%ﬂ'?({gh )éner gyp
pani clphgalimp hligheenezhytiaktidles goperitedsusing tBe lind¥e aceildiawdr,ahe sdcandplurabrgr ei n t he

sem conductor substrate is provided on 2 a tray device. i
1 of high energy particles being provided to increase a stress level of the cleave region from a

14 first stress level to a second stress level, the semiconductor substrate being maintained at a
15  second temperature, the second plurality of particles being provided at a second implant
16 angle; and

17 freeing the thickness of detachable material using a cleaving process.

1 2. The method of claim 1 wherein the semiconductor substrate comprises

2 monocrystalline silicon.

C 3. The method of claim 1 wherein the semiconductor substrate comprises
2

polysilicon silicon.

1 4. The method of claim 1 wherein the first high energy particles comprise

2 hydrogen species.

1 5. The method of claim 4 wherein the hydrogen species are provided at a dose

2 of2x10'" per cm?® and less.

1 6. The method of claim 4 wherein the hydrogen species are provided at a dose

2 of 5x10" per cm® and less.
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1 9. The nethod of claim8 wherein the tray device provides for the first 2
i npl ant angl e and the second inplant. 1 10. The nmethod of claim 1l wherein
the first inplant angle is about zero to 2 about 30 degrees. C 11. The

met hod of claiml wherein the first inplant angle is about zero to 2 about
25 degree. 1 12. The nmethod of claim1l wherein the second hi gh energy
particles 2 conprises hydrogen species. 1 13. The nmethod of claim 12

wheinei n the hydr ggefhesnethodsf claifpt mderein theSirstdfigh enepy patfiClepesmpride and | ess.
1 14. The nmethod of claim 12 wherein the hydrogen species conprise a dose 2
5x1815 hslpm@pgciesnd | ess. 1 15. The method of claim 1 wherein the second high
energy particles C conprises heliumspecies or a conbination of helium

i d hyd ' o] WY L - 1 16.
Spegl es and hy r;%?m%ﬂmﬁﬁbféfcléﬁﬁ'vﬂie%ﬁ% shﬁl&nﬁgﬁg{ﬁb%ﬁéﬁrﬁ%ﬁéfﬂﬁ

The net hod of cl ereln the second 1 nplant e I's about zero to 2
aboQt Wirayalgwie. 1 17. The nethod of claim 1l wherein the second inplant
angle is about zero to 2 about seven degree. 1 18. The nethod of claim1l

wherein the |linear accel erator. copprises a radjo, 2 frequency quadrupol e
(RFY) . 50 1 109. oo hecnetbad of claim B wheraiiediay deNise Provides 1ar Geifasiat or

conpri J |: g accelerator (DTL). 1 20. The method of

cl g?m ?E%%F %I{grllé %%deéf%%%gflla@g‘gﬁer ator conprises a RF 2 Focused
Interdigitated |inear accelerator (RFlI). 1 21. The nmethod of claiml wherein
thelfirst pluralilily Toe néthéd efdaigy 1 paeteircthe dirstmatant mgle isddbdut zerato ener gy
rangi ng.fro %%lvev to 5 MeV. 1 22. The nethod of claim1l wherein the

get eriatl?@uéa I€&nmprise a microscopic 2 defect region within a vicinity of
the cleave region. C 23. The nmethod of claim 1l wherein the m croscopic

defﬁt regi on Conpr i¥ndhodofliMhAl thrgﬂ{th\é%&%TBrza%YL%Qis%Bﬁg%P% ertain

cr al planes of the sem conductor substrate. e met claiml
whelei rabbtue2 5t degadenent process is a thernmal process

1 12. The method of claim 1 wherein the second high energy particles

2 comprises hydrogen species.

1 13. The method of claim 12 wherein the hydrogen species comprise a dose of

25X 10" per cm % and less.

1 14. The method of claim 12 wherein the hydrogen species comprise a dose

2 5x10" per cm® and less.

1 15. The method of claim 1 wherein the second high energy particles
C comprises helium species or a combination of helium species and hydrogen species

3  originated in a remote plasma system.

1 16. The method of claim 1 wherein the second implant angle is about zero to

2 about 15 degree.

1 17. The method of claim 1 wherein the second implant angle is about zero to

2 about seven degree.

1 18. The method of claim 1 wherein the linear accelerator comprises a radio

2 frequency quadrupole (RFQ).
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2 provided at a tenperature of 400 Degree Celsius or higher to render the

m croscopi c defect 3 region to be close to the cleave region and stabilize
the m croscopic defect region. 1 25. The nethod of claim1 wherein the first
tenperature ranges from about - 2 100 Degree Cel sius to about 250 Degree
Celsius. 1 26. The nethod of claim1l wherein the first tenperature is |ess

t han about 250 2** Degree Celsius. C 27. The nethod of claim1l wherein the
secbnd t enper at ur@. iThe gretiaidesf cldimnl wherainahe 1180 aBerjereter Cedhprises aatndt no
greate an 550 Degre | sius. 1 28. The method of claim1l wherein the

t hi é%@qg\earo"éf’%léﬁgq{@% terial has a 2 thickness greater than about 50
um 1 29. The nmethod of claim 1l wherein the thickness of detachable materi al

hasja 2 thicknesg, gheaiehod dralaifPOwherdh tHéThnéar%@celéEQ@rB&h Qébs@fric! ai m 1
wherein the thickness of detachable material has a 2 thickness greater than

abolt Toousedintsigitad linkaraceelehasor @FIx1 ai m 1 wherein the cl eaving process is
a controlled 2 cleaving process. 1 32. The nethod of claim|l wherein the

I th I . . .1.33. T t hod,of cl wh
Chelecoans tenmerhs dhe mrehEr diiBe T SBsin s Hiss HSEE of Biabingtes aidest  4c0.
Degaeeaﬁels@madu;a&éhe@hﬁn bRsh OOV & SMevsher ein the first plurality of

hi gh energy particles 2 and the second plurality of high energy particles
are provided in an expanded beamfromthe 3 linear accelerator. C 35. The
met hod of claim 3& \MnemtlmdM@lamhwhedlrbhagﬂtmmgaltdi eamptissr ofcrosgogibout 500

b ?’ﬁ% ter on e surf actﬁthre ion of the sem conductor substrate. 1 36.
The“me Qg\glo&vg V\’/ﬁﬁ’(’-ﬁye? f &Y IT8XY™ accel erator conprises a DC 2

accelerator. 1 37. A nethod for formng a free standing thickness of |ayer

r ﬁf erred 2 nmagerihaimethdiofMBiROOIWRORRI the hﬁ&os&pﬂ@fé&&é@o@c&ﬁﬁ%%' ine
rate material having a surface region; 4 introducing a plurality of

f| r 2t piurlitylofgowls providedshetwieryl eertain cayitalrpéanedoéélersamg:@némor @bstratei n a first
t enper at ure range, vvhereupon the first dose range being | ess than an anount

6 Syffictent o cguse el o i ¥ wRlreR bekiRnl SB6eRe HRARA e SPosed

2 provided at a temperature of 400 Degree Celsius or higher to render the microscopic defect

3 region to be close to the cleave region and stabilize the microscopic defect region.

1 25. The method of claim 1 wherein the first temperature ranges from about -

100 Degree Celsius to about 250 Degree Celsius.

26. The method of claim 1 wherein the first temperature is less than about 250

Degree Celsius.

1

2

C 27. The method of claim 1 wherein the second temperature is greater than
2 about 250 Degree Celsius and no greater than 550 Degrees Celsius.

1 28. The method of claim 1 wherein the thickness of detachable material has a

2 thickness greater than about 50 um.

1 29. The method of claim 1 wherein the thickness of detachable material has a

2 thickness greater than about 80 um.

1 30. The method of claim 1 wherein the thickness of detachable material has a

2 thickness greater than about 100 um.
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C substrate material at an accunul ation region, through the surface region
to the accunulation 8 region of the crystalline substrate material to form
an inplant profile having a peak 9 concentration and a base spatially

di sposed within a dinension to formthe accunmulation 10 region, the first
particles causing a plurality of defects in the crystalline material in the
11 accunul ation region, the accumul ati on regi on being defined by a depth
greater than abougtl. 2Be nethéd 6f i baherimtht BRasiug pasesy gdicontraliel a slice of
crystalline material to be detached between 13 the accunul ation region and
thezsurci%tf@grpé‘@ﬁeéﬁa; 14 perform ng a treatnment process on the crystalline
substrate material to cause 15 formation of a plurality of substantially
per panent def ect At i Vst i strate
ot Srial rom tnaf i Hemat SRR RREREF . Uckif ptdhell M o obls®) -
introducing a plurality of second particles at a second angle at a second
dosé¢ 18 range arid. dhsewahe tfvizier htvherein thagecond teamperatuseciangas fadm aboutegi on
to increase an_internal 19 stress jn the accunmulation region to cause a

por € orf0dPegrercCelsius tpabout h20 Pegiee retsiishe 20 cl eavable; and 21 forming a free
standi ng thickness of crystalline material by detaching the 22 thickness of
crystal line mat erjjalmf.r Wi L g f i trate
23 ?rat erial. 1 3 4 | 'Fflllfg n?réeql(ﬂdo(?iﬁ{)@h{g* g@ﬁ]ﬁggﬁl\%\ﬁgﬁt%?%L{fﬁe&gﬁjtsﬁg*%}%ﬁ és{u strate
mat er i anditle second Hurgityeofthiyls trdrg particles arelpr@@dedineannexiphudbddfeam| feonmtiz 7
wherein the crystalline substrate material is a C polycrystalline silicon.
1 48. TineanAsEelB@tdf clai m 37 wherein the crystalline substrate material is a
2 silicon ingot, e.g., silicon boule. 1 41. The method of claim 37 wherein
th lurality of ofir [ ] : %ﬁm ' i kn a

me table state 3géf15cl)ltrf:éﬂ ét?%ﬁ(ged (t%rcg%{ﬂ rr%hn%vﬂ%f lc@ggg ggﬁé@ﬂg&ﬁ%{hﬁ%aag?ogl ai m 37
whegei rabbied 00immtin dxsectéramghe swfdce oegiabofithe 2xmiddhducortsabgmtd)16cn2. 1 43. The
met hod of claim 37 wherein the plurality of first particles are 4 introduced
whil e the crystalline substrate material is maintained at a tenperature
randi ng from abc@t ﬁ@@"t‘h"dl@%ﬁlﬂﬁbi wherempthe lipgar agcejaratorgampgsssddPer ¢l ai m 37
whepei n the.piurality of first particles are 2 introduced while the
crystalline substrate material is maintained at a tenperature ranging

37. A method for forming a free standing thickness of layer transferred
material, the method comprising:

providing a crystalline substrate material having a surface region;

introducing a plurality of first particles at a first angle at a first dose range and
within a first temperature range, whereupon the first dose range being less than an amount

sufficient to cause the plurality of particles to be permanently disposed in the crystalline

1
2
3
4
5
6
C substrate material at an accumulation region, through the surface region to the accumulation
8 region of the crystalline substrate material to form an implant profile having a peak
9  concentration and a base spatially disposed within a dimension to form the accumulation

10 region, the first particles causing a plurality of defects in the crystalline material in the

11  accumulation region, the accumulation region being defined by a depth greater than about 20
12 microns beneath the surface region and a slice of crystalline material to be detached between
13 the accumulation region and the surface region;
14 performing a treatment process on the crystalline substrate material to cause
15  formation of a plurality of substantially permanent defects that have been quenched in the

16  crystalline substrate material from the first particles in the accumulation region; and
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3 fromabout -100 to +250 Degrees Celsius. 1 45. The nmethod of claim 37
wherein the first tenperature and first dose 2 causes a partially

anor phi zed region within the accurnul ation region. 1 46. The nmethod of claim
37 wherein the first tenperature is | ess than about 2 200 Degrees Cel sius.
53 1 47. The nethod of claim 37 wherein the treatnent process conprises a 2
t hé7mal t r eat mentintpsdacegsa plirali§; ofHeeomigtanticlesodt acskeedm ahgledtarsecandtdose t her nal

eSSt O kPR BB RARREI, ! oo

t hgof i rsibssih ‘tﬁe@i&ﬁﬁiuﬁﬁoﬂ?&gtiérﬁoec%u% £pcitiBh erind adcdiyuldidd fe%fqntig%_@] 1 50. The
nmet hod of claim 37 wherein the crystalline substrate material is 2 provided

on28 trcdeavaldeiand. C 51. The nethod of claim50 wherein the tray device

prqyi des for the fir.st angl.e and. the secong. angl e. 52, The method of

0l i 57 wher oi n forEnEA G e Pekhess of S5 SHine SR by dBiaching i ees. 1 3.
Thesmetdyedhdf oPérﬁétHPliﬁz VG ond Q?enfdiﬁia% g@x@ﬂ)h%f kive &Pﬁhﬂ‘iin@ Fﬁ&tx’a& about 25 2
degrees. 1 54. The nethod of clalim 37 rein the first plurality of

par28i clmestertdnpri ses 2 of hydrogen. 1 55. The nethod of claim 37 wherein the
second plurality of particles are C provided by a second beam 1 56. The

met hod of claim erei he second. angle is ahout zero to abput 2 15
deglees. 1 57. Tﬁ’é \rﬁ‘ﬁ%ﬁﬂﬁ Ofgql%llfrh?g‘fh%&‘rtg? FOYSH 1“_§é€:‘éﬁ€f‘t%w&fe_é‘a 4about zero
to abo Enfl%?ﬁgmegﬂi%gr ees. 1 58. The nmethod of claim 37 wherein the first

pl urali particles and the 2 second plurality of particles conprise

sane particles. 1 59. The nethod of claim37 wherein the first tenperature
i s danped to the 392 Theawsthod efhglaimad Tiwberetivthe crystalline substrate material is a

C polycrystalline silicon.

1 40. The method of claim 37 wherein the crystalline substrate material is a

2 silicon ingot, e.g., silicon boule.

1 41. The method of claim 37 wherein the plurality of first particles in the

2 accumulation region are in a metastable state before the treatment process.

1 42. The method of claim 37 wherein the first dose range is from about 2x10"°

2 to2x10% cm™.

1 43. The method of claim 37 wherein the plurality of first particles are
é introduced while the crystalline substrate material is maintained at a temperature ranging

from about -50 to 100 Degrees Celsius.

1 44. The method of claim 37 wherein the plurality of first particles are
2 introduced while the crystalline substrate material is maintained at a temperature ranging

3 from about -100 to +250 Degrees Celsius.

1 45. The method of claim 37 wherein the first temperature and first dose

2 causes a partially amorphized region within the accumulation region.

1 46. The method of claim 37 wherein the first temperature is less than about

2 200 Degrees Celsius.
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1 60. The nmethod of claim 37 wherein the second dose is provided in a 2
continuous manner after the first dose. 1 61. The nethod of claim 37 wherein
the second dose is provided after the first 2 dose. 1 62. The nethod of
claim 37 wherein the first dose rate is provided at 500 2 mcroanperes to
50 mllianmperes and a total dose rate is calculated by integrating an 3
inplantation flux rate over the expanded beamarea.. 1 63. The nethod of
cl al m 37 wher ei n47h&hs uidtlaaiofiadgin37 whersinlib¢ redtmaht proédsatcomprisdstaer t he
second dose, C 1 64. The nmethod of claim 37 wherein the base has a w dth of
abodt sheypabireptmontgaeess.-1 65, The method of clai m 37 wherein the second
plurality of particles are 2 provided by subjecting the surface region to a
hydjogen bearing4gn W 6 hekai n the
secI(i)nd plurality gf ngrtr C e%f%arngl 427 %?%Sﬂgggwil t&'a %?%knegg of materi al
i s Bel dhextmabameglotep tbelepelopt peenarenpdefew mettorkl int thelaecu:&:lswxf fegioant to al | ow
di ffusion and accumul ati on of the plurality of particles within the 4
acc mul ation regi e the st. p artr les. C 67. The
od of claim 6@ \}A%é I‘HSPd:f é?fe'b‘éé‘? ‘%p&%‘%}}t}’ F%re 2 sel ect ed
fro afp¥q a hydrogen at nosphere, or hydrogen rich spin-on 3
matgrr &or a g{r%ée%%nron rich liquid such as an acid. 1 68. A nethod for
fabricating free standr ng thickness of materials using one or 2 nore
semlconduct or suldét r'[érbmmth@bmﬁmaim 3gwh&emprtbe crystaljina sebstratcomdieatlas substrat e
havi] ng a surface re ion and a thickness; 4 subjecting the surface region of
t he serﬂr‘b"d "E)'Fa)é ¥t ate to a first pI urality 5 of high energy particles
generated using a linear accelerator to forma patterned region of a 6
p! g:a' ity of get tsqr itig n%tﬁ&isof"lﬂlilﬁifbﬁh&%ﬁ%l{@trﬁfgé\%b% fobRIe§ kGaNERfsegi on bei ng
r ded beneath 7 the surface region to define a thickness of material to
be det anplednd thessesend angheduct or 8 substrate being maintained at a first
tenperature, the first pI urality of high energy particles 55 9 being

Caude i (1 ati on 213 P6m e SRR LEbrR hd B aeylet ARy £4re R Bk educt or

substr egrebo a treat rrent process;

1 53. The method of claim 37 wherein the first angle is about zero to about 25
2 degrees.
1 54. The method of claim 37 wherein the first plurality of particles comprises

2 of hydrogen.

1 55. The method of claim 37 wherein the second plurality of particles are
C provided by a second beam.

1 56. The method of claim 37 wherein the second angle is about zero to about

2 15 degrees.

1 57. The method of claim 37 wherein the second angle is about zero to about

2 seven degrees.

1 58. The method of claim 37 wherein the first plurality of particles and the

2 second plurality of particles comprise same particles.

1 59. The method of claim 37 wherein the first temperature is ramped to the

2 second temperature.
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12 subjecting the surface region of the sem conductor substrate to a second
13 plurality of high energy particles, the second plurality of high energy
particles being provided 14 to increase a stress |level of the cleave region
froma first stress level to a second stress |level, 15 the sem conductor
substrate being nmaintained at a second tenperature, the second plurality of
16 particles being provided at a second inplant angle; 17 initiating the

cl ehvi ng acti on &f. dhealetictdeaf clami Frwindreinitie adbnddoseds peyided ive 18 detach a
por&ion of the thickﬁgs§ﬁ2f det achabl e material using a cleaving process;
and? 19 CPREWONYMARRET AHFT IR ALE 49FC-det achabl e material using a cl eavi ng
process. 69. The nethod of claim®68 wherein the patterned region is provided
in @ 2 periphergl magnRhdd of MEmSTUWVERBHYRS Qcosd 8k igbRvided 4fer thagirgret hod
of claim68 wherein the patterned region is provided in a z- 2 direction
froth t desesurface region to the gettering sites. 1 71. The nethod of claim 68
wherein the patterned region is provided wwthin 2 the gettering sites. 1

72. A nmethod for formng.a fi .of er. r a bul.k senj gon tor 2
subdtrate, the néfzh([{g]eg%mﬂdiostji%m %%Wﬁ‘%érsgm%s&ﬁ?@dﬁwg% aégq)tgtrate
havpng nﬁc&ﬁﬁl&@i‘é?t& ﬁgmﬂﬁaﬁP&e@ ahd'h EIEARRIe ratSiRhRGlatdAD ! R gPHiEaGe T egi on of
the sem conductor substrate to a plurality of 5 particlés to forma cl eave
r egB on imphastatibe vk rate gvarthbexpagdetbbdaneateainder | yi ng the surface 6 region to
forma stressed region and to define a thickness of material to be detached,
the, 7 thickness of ter,i Vi t hi ckness of about 1 crans and
grehdter: 8 freei ﬁg tTﬁg W%Mi@mgf’ ‘g]é?rﬁl@ﬁgebfﬁ%f@?%s Sﬂé‘%ﬂg}agygllaéavi ng

pr ogessavhht Secold dBédNt @i Nning a portion of the stress region attached to the
t higekness of material to cause the 10 thickness of material to be
characterized by a deforned shape; and 11 renoving the portion of the stress
reglon attached 4. {lhe methaskefedaimo}7 whareinithg basg has & widthof abows 2dss axdred shape
to ?e renoved and yield a substantially planar shape. 1 73. The nethod of
cla'nlfﬁsmherein the stressed region conprises the 2 plurality of particles
enbedded therein. 56 1 74. The nethod of claim 72 wherein the renoving
conprises etchi ngst Mie nretiRQY 3fl PAmOS7 WheRith€Se6Ad pREAIRY of Parfibles 4 met hod of

claim72 wherein the renoving conprises thermally 2 treating the detached
t hi @knepsaviddd bystubjectihg the sudhesxregion te ahydogen besgingrenvironment.

66. The method of claim 65 wherein the second plurality of particles are
provided while the thickness of material is held at a second temperature range selected to be

sufficient to allow diffusion and accumulation of the plurality of particles within the

BHOWOND -

accumulation region defined by the first plurality of particles.

67. The method of claim 65 wherein the hydrogen bearing environment is

selected from a hydrogen plasma, a hydrogen atmosphere, or hydrogen-rich spin-on

N, Y

materials, or a hydrogen ion rich liquid such as an acid.

68. A method for fabricating free standing thickness of materials using one or
more semiconductor substrates, comprising:

providing a semiconductor substrate having a surface region and a thickness;

subjecting the surface region of the semiconductor substrate to a first plurality
of high energy particles generated using a linear accelerator to form a patterned region of a
plurality of gettering sites within a cleave region, the cleave region being provided beneath

the surface region to define a thickness of material to be detached, the semiconductor

0 N N B WD~

substrate being maintained at a first temperature, the first plurality of high energy particles
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1 76. The nmethod of claim72 wherein the detached thickness of material 2
conprises single crystal silicon or polysilicon. 1 77. The nethod of claim
72 wherein the sem conductor substrate is square- 2 like in shape. C 78. The
met hod of claim 77 wherein the deformed shape conprises a first 2 curled
edge regi on opposite a second curled edge region and an axis in between the
firgt Beidgpt@ddedddge firstdmplanaangle, the pateetmed regioh deingggevidediowansd initiatish S
connecting a third edge region 4 opposite of a fourth edge region. 1 79.
Thé0 nechaglea¥ing pelioR 78 wherein the forming of the cleave region 2

cogprising: 3 SUPi;ltﬁg&ingQ}é.% Slﬁrlligﬁﬂcfu%‘? sﬁl?sgtjafy}o%rtre Hﬁexﬁgp&‘é%ﬂd““ or substrate

toa first plura energy particles generated using a |linear
actel erator to feubjeaingah¢ surfeed region ofithetemicbngictoraubdtyatefo geetdet | ng sites

N el Bl G e erL S AL b S el g 2
Pr y! d%jin?fea ¢'a Grdsh [e7E1 SR %Ev&%gioﬂ?f{(ﬁ)’ﬂ 9&‘1‘?&%&9& L8 158 E‘éc@ﬂ{i‘ gﬁ‘&% yepubstrat e
at ne P ubj ectng e e

S
to atre nt rocess; 9 s surtace region o sem cdonduct or

subst r aliesseimicondacopsubstiite peingahaihtinet aha gdrord esngperqrare] thelsesondtpheraigadnd
plurality of high energy particles being provided 11 to increase a stress
| eVBl daiticles bemg pyevidedyitarsesonshimplant aaglest ress | evel to a second stress

leygl, 12 the S?ﬂﬂi&%ﬂg}:féﬁviﬁgt@?/ﬁ%lfﬁt%éﬁkﬁg ré%ugéﬁ%x@%gn&hed’reﬁ?g@@gt

tenperature, the seco ra parti eirng provi

se¢®nd detaph aportRAGF cthe thickAess AT detabiobld matefigirusings dedvihgprotesspamey i al from a
bul k sem conductor 2 substrate, the nethod conprising: 3 providing a
sedPconduct or subseingtthe thigkngss of dstachablemptegpbisingiclgaving prasesss; 57 4

sulmecting the surface region of the sem conductor substrate to a plurality

: o sen bstrate to a plural
Sng | Jing the s ARE e BTN G Bin AT pElRYS R RRReT 451 1°,

t hi gknggespl@ralFedien baihetlsemi@ndaitacdubstraté.ne 7 thi ckness of material having a
t hi ckness of about 20 microns and greater; 8 initiating a separation of a
portion of the thickness of material to be detached 9 at an, edge region of

thelcl eave regi odOudhpgneshadatcdaimid whespigyhppaticanadfegian inpopided i1 2 fegi on 10
W LB N g i 'ijf'ér{#heog fa@% e%k]o%a%efhé geq{eﬁﬂ §fesf Orm a detached portion of the
nater al - 1 TEhavIng £

t hi ckness 0 portion of the stressed region; and

1 71. The method of claim 68 wherein the patterned region is provided within

2 the gettering sites.

72. A method for forming a film of material from a bulk semiconductor
substrate, the method comprising:

providing a semiconductor substrate having a surface region and a thickness;

1
2
3
C subjecting the surface region of the semiconductor substrate to a plurality of
5 particles to form a cleave region, the cleave region being defined underlying the surface
6 region to form a stressed region and to define a thickness of material to be detached, the
7  thickness of material having a thickness of about 20 microns and greater;
8 freeing the thickness of detachable material using a cleaving process while
9 maintaining a portion of the stress region attached to the thickness of material to cause the
10  thickness of material to be characterized by a deformed shape; and
11 removing the portion of the stress region attached to the thickness of material

12 to cause the deformed shape to be removed and yield a substantially planar shape.

1 73. The method of claim 72 wherein the stressed region comprises the

2 plurality of particles embedded therein.
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12 bendi ng away the detached portion of the thickness of material fromthe
13 spatial region and causing a defornmed shape in the thickness of materi al
to be detach to 14 facilitate renoval of the thickness of material froma
remai ni ng substrate portion. 81. The nethod of claim80 wherein the energy
is selected froma light 2 source, a |laser source, a thermal source, a

radi ati on source, a nechanical source, a chemcal 3 source, a gravitational
sougce, or a flui7d, JasmthodlofGlaim/Y2whdieid thOfenfovid omipritgs EtcBimgshandi ng

t hi ckness_of materials using one or 2 nore sem conductor substrates,

conpr i deritpn of thy Wiessediegianseni conduct or substrate having a surface region
and a thickness; 4 subjecting the surface region of the sem conduct or

subgtrate to a TssmBliild dttiifh P whlel GORREXBALhSES uRBIRN o 9, O

specCi es generate

using a 1 near accele urallty of

get per itregtig the detaciidd thicknéss ofwatdraficomelaxtthesttdsstegioagi on bei ng provi ded
beneath 7 the surface region to define a thickness of material to be
detached; C subjecting the sem conductor substrate to a treatnent process; 9

subjfecting the supf dbe methpdpf cham Rewbergindbndetachsd thigkness af mategah, second 10
pl uial icbglgggesghglﬂe %gaég%ﬂig r%ip%hﬁflic%ﬂ.”pri si ng H2+ species using the |inear

acceél era

on IFfur-al' ity of high energy particles being

provided to increase a stress level of the 12 cleave region froma first

stre¢ss | evel

t o g7s abentetisdd efidaimeMEWherdid thesdmiadndigtdr Bebstlatay sqgarect i on at

a selected region of the cleave region to detach 14 a portion of the
t hi ékndike ibshaget achabl e material using a cleaving process: and 15 freeing
t he thickness of detachable material. 58

C

78. The method of claim 77 wherein the deformed shape comprises a first

curled edge region opposite a second curled edge region and an axis in between the first

2
3 curled edge region and the second curled edge region, the axis connecting a third edge region
4

opposite of a fourth edge region.

79. The method of claim 78 wherein the forming of the cleave region

comprising:

subjecting the surface region of the semiconductor substrate to a first plurality

of high energy particles generated using a linear accelerator to form a patterned region of a

plurality of gettering sites within a cleave region, the semiconductor substrate being

maintained at a first temperature, the first plurality of high energy particles being provided at

1
2
3
4
5
6
¢ a first implant angle;
9

subjecting the semiconductor substrate to a treatment process;

subjecting the surface region of the semiconductor substrate to a second

10  plurality of high energy particles, the second plurality of high energy particles being provided

11  toincrease a stress level of the cleave region from a first stress level to a second stress level,

12 the semiconductor substrate being maintained at a second temperature, the second plurality of

13 particles being provided at a second implant angle.

80. A method for forming a film of material from a bulk semiconductor

2  substrate, the method comprising:

providing a semiconductor substrate having a surface region and a thickness;
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10
11
12
13

subjecting the surface region of the semiconductor substrate to a plurality of
particles to form a cleave region, the cleave region being defined underlying the surface
region to form a stressed region and to define a thickness of material to be detached, the
thickness of material having a thickness of about 20 microns and greater;

initiating a separation of a portion of the thickness of material to be detached
at an edge region of the cleave region using a selective energy placement at a spatial region
within a vicinity of the cleave region to form a detached portion of the thickness of material
having a portion of the stressed region; and

bending away the detached portion of the thickness of material from the
spatial region and causing a deformed shape in the thickness of material to be detach to

facilitate removal of the thickness of material from a remaining substrate portion.

81. The method of claim 80 wherein the energy is selected from a light
source, a laser source, a thermal source, a radiation source, a mechanical source, a chemical

source, a gravitational source, or a fluid source.

82. A method for fabricating free standing thickness of materials using one or
more semiconductor substrates, comprising:

providing a semiconductor substrate having a surface region and a thickness;

subjecting the surface region of the semiconductor substrate to a first plurality
of high energy particles comprising D+ species generated using a linear accelerator to form a
plurality of gettering sites within a cleave region, the cleave region being provided beneath
the surface region to define a thickness of material to be detached;

subjecting the semiconductor substrate to a treatment process;

subjecting the surface region of the semiconductor substrate to a second
plurality of high energy particles comprising H2+ species using the linear accelerator, the
second plurality of high energy particles being provided to increase a stress level of the
cleave region from a first stress level to a second stress level;

initiating the cleaving action at a selected region of the cleave region to detach
a portion of the thickness of detachable material using a cleaving process; and

freeing the thickness of detachable material.
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