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of thermal energy. As nerely an exanple, human being have relied heavily
upon petrol eum sources such as coal and gas for much of their needs.
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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.
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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
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by their ordinary meaning and may be different or the same according to specific

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
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concentration and a base spatially disposed within a dinmension to formthe
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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
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shape. sfB@kd k&giorifdtoMfiRER kRS SChAt¥Ral 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
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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
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 aspecific 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

seni coR@ict RAlishu Aidhat Brdvided brREAR theXubadd feldonab dBfiskl LMEKA¥ssRFM GRS 5
conprising HZ+ sSpecies using the linear accélerator, which is preferably the

sane | itmbadetachede(The atethodnincludes sybiecing thegemirontectonsubpieal® &xsa treaimgnispeci fi ¢

enbodi nent, the second l.ur al.i ty of hi gh gner articles are provided to
ner eadbosssier el @cpebpt o ThEmeBRE it s oiEkE B Fulkd cvel 1o a
second rggibe66tht S¥Blcondit@oribiiede toiddeedpluftility 8t hibH ehdigy phi€irlsNg action at
a selected region of the cleave region to detach a portion of the thickness

of 30 dempubiapH2-mwpeeics using terinear asicelaatargwhich deprsferaty theesamedinear| udes
freeing the thickness of ..deta ble.material ..C [0017] Nynmerous, benefits
a6 acReERoBgE e PR DR I PR chGiTulEn sl ehubmkRhIE SR e or esent
I nvent !Iﬂ’tﬁalit&rbfﬂ%?ghtén%ﬂ%y%artiﬁé@é}@ ipfvided t8findréBe R5RERNEvVC] B BRRiclARe Hpford COSt
effective |inear accelerator device and nethod for providing a high energy

i mpl antfrqon o fies stras 16vwl td agesond stagss level. t Bashmethad snchgigs initiatingzthe aleawhgr at or
devi ce i.nclude, but is.not |limted ,a drift be .t.echnique, a Radio
Fr equorBoR Bl AR 51 a0 RO Jemafaeier tetsieh PoRtgna it PuskEesro hese. (for
exaQp! Qleta@hdRTQInaRAR] Mkl Welehvitg Prdckis. TheendthdtPincRidefrE¥ihg {HRRthickssised
Interdigital) Linear Accelerator), DC accelerators, and other suitable

t echni gigtashablgymatgrigl.ef erred enmbodi ment, the |inear accel erator provides an
in&ﬁnt ation process that fornms a 20 thickness of transferable material

deneqodyr)a NhBenes Bemifis Arb adhiBRIIve proSdxisting techiRued tMifk BaBSdiffents of
transferable material may be further processed to provide a high quality

sem corbripresant investiond Iif partieypt, emdodiorentsufthespressmd tnyentiemilss akosi ces, 3D MEMS

or inte ted.C circuits, .l C packagi n sem conduct or devices, silicon

Car bi dETSRISGHIERS ARSI dryiCeran dictagd for B i ety enstes IIBLPRERSon ¢
apnki Cabi RH& traASr ERARG A | Uh hedrHReQeraftR deAELRES indlie@butd nbf 1ghRE] €d
enbodi nent, the present nethod provides for single crystal silicon for

hi ghl y tefadrift tabe tpttotiqueok Radip krequency vadrupoleesanmonlyzalledREQr ed enbodi ment ,

th t th d t | .t . of i
par t | RTDPEY S Gof it cduitd FoRpised st RARIIPE Ttae i *aH R ene
Addi ti qRlided InfeltBgibdl FERBAr ABRIN@SoANDCHCEEfatdrE afll b s@fablcABENERls Oth  Of

| arge area substrates. It will be found that this invention can be applied
t o make préferre@embpdiment; theakinear a¢celsiratorprovides #reintgaintateeh process tlzat fams(af or

oXoP! i P CORMLLAL SKRSER A 8.3 BLSR 2, LGRS 2 Sem (o
pr ef er Rk QR SR Mrable MR AR De FEAINT Prdtdsde td PRVRISSEBh qhagnt i on may
provi de for a seed |layer that can further provide for |ayering of a
het er o-ssmiagodunter regtetiabfiontpplication 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. Ina
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
layer, which is a transferred |ayer fornmed wusing an inplant process

accor diggctew ﬂ{e L8 iiBRte 1ta§cﬁ?gﬂk@s§%ﬂﬁ bé uyea% £ Gkt tHu’i‘m%lt fﬁﬁh&ﬁ c5

enbodi , present net be applied successi vel cl eavi ng
mul ti pl pdaowvohms célﬁso amoag stherf. eMenehyods, anexgmples GIaAs end ﬁi@LnPelayﬁ’aatayiks t he
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cour se,yshi3@mSmpit Bl%cesrs%teoruﬁ{gl t8'ah @boditRaEt Bfﬂaélbkéa&% mmoﬁl 15 Eﬁefciﬂées

[ 0018] EEpendlng upon the enbodi ment, one or nore of these benefits nay be

achiev ehbodirgeriTitbs preaent mutthedt caperecipplied sumyessiyeljdo cldawing multipleghioes: frarhe
present specification.an r ar i cul ar el ow. BRI EF PTI ON OF
THE mrﬁ)@%ﬁgebm i ihoUlE.  Thab 3t R din e sRRRated P GHreR TR st hg

met hod @ifed @il % &uﬁﬁg El?ée@%fbféﬁ& ABnfa Bikeﬁ‘fodtgé{&&cﬁ%%aﬂﬁef §eciicocess according
to an errbo ment of the present i|nvention Figures 2-8 are

si npl i feindnbddn@tgr fsourst,tbere atn hgothenmedriatidng inddoficatings, sud sitermat@desusi ng a
thick layer transfer process according to an embodi nent of the present

i nventi 00138 [ﬁ%hm@@éf@h@&nb&lﬁseﬁﬂ R a)rfm&é ofhIRGE B@ﬂéfits{ lx&%yrb%tdcﬁﬂvéd eavi ng

usi ng a th treatnent process according to an enbodi mént of the present
i nMént i These @mmzqr teingfits esaybeldesenitedghropphdut e piesegt spesifichtiosandamiong a et hod
of form ng g g'ﬁ?? ates 20 using patterned inplants and a thick |ayer transfer
W0 an enbodi ment of the present invention. [0023] Figures
16 0 are sinplified diagrans illustrating an alternative nethod of form ng
substrates using a posBRIEEDESGRIPIEON| OF) THIE QRAWBXGS ayer transfer

di d f th t i t 0024] F
21 25" D RIS AR isCrob i CBP IR At hep PRI PP Cor i ng 1 0
enbodi NR{HeS @icklser af robéb‘é%@édr@iﬂ% 18] EhboddmERSHRhE st Hvehtibn. | NVENTI ON

[0025] Accordi ng Tto enbodi nents of the present iInvention, techniques

l.udi thod or for substt s.are d. .Mor rticularly,
T A B L T e o AR
a free lﬁir%fﬂihféﬁ lhyRY @angbr ]f%&@sl’s laddording o Qn&ﬁl%cﬁﬁl@ﬂf-&ttﬁé pl%séfﬁtiﬂehﬁbn In a
specific enbodi nent, the free standing |layer of material is provided using 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 packaging, photovoltaic cells, 5 MEMS

devi cesyarafl B L§etificl AAUmeR, e $RESlahding $YRPEF MBftial B pP&HAQ uSIAY a
fabricating free standing thickness of maAtérials usi ng one or nore

sem coptiudityof bighsnemygmrtidesgo crustadonsationl dfavwdeave plane av thtsemiadugonduct or
substrate havi a surface.region and a thickness:;, 2. Subject. the surface

" egi on SttARe B TBHACOIME OHTPIR VP VHH PO EIHPEPSERIRY YGFeVED ni gh
ener gy ,pAlidati6h,88c1AGRE bat £t 1#Sitdd%o JethicORAIctG e e paciQigingt PRotbdltic illsr al ity
of high“energy C particles being provided at a first angle defined by

di r 8ct iMBEMSfdevives,fandothepd.ural ity of high energy particles and the surface
region; 3. Forma region of a plurality of gettering sites within a cleave
regron,og Chn'a%ped?ﬁ@\éin@@&inﬁ%ﬂ_%%éméd‘ﬁ)r?M{rfc@ﬁﬁ?g fregitaidih @ tfenenesk a thi ckness
of material to be detached, while 15 the cleave region is maintained at a
first metpealowsingonedr Motd enrtonducioe sibstratesistprevided ag folawsent process on the
sem conductor substrate to further formthe plurality of gettering sites

within the cleaversgg Q%méoncﬁiémr%]gﬁstﬁak%a%ﬁ{gf PERFACE Eoh &d 4 EKREHW) conduct or

substrate to a second plurality of high energy particles generated using

the |i | @r at th d ity of hi 2 ticl
bei ng. provi g atvleeuBs AaRgrEonal INfeaminpaRiecuidm e £RE Bbefiior =
pl wpal high energyfpaiticdéy gmeFaddd BRaigdd Bh&s a@Ribrithe tf&l'ﬁlfsﬁﬁlQI‘&ﬂi@}gbth EnergyiCr ease a
stress level of the cleave region froma first stress |level to a Second

st { ess pericles beingrprovidedaadlingt gigle dafined by diretiin ofrthe st pharality lo€bighwhi | e t he
sem conduct or ubs S maintained at a second tenperature; 25 7. Free
t

. te |
he thieB?{ﬁgg'é‘mS?eS&B‘ﬁﬁébﬁa(ée W&t%rial, which is free standing, using a

cl eaving process, while the detachable material is free froman overlying
support menbe:. ofFormhagegiok of a plurdityof gettezinglsitekwishin adleaystregibedvinih sri al  on
a support . er:. 9. Performaone re.processes on.the . thickne of

det ach i viRRRRRath tiesuttyed R in Ripe FiMiERR B e A 1o PE SHRYEEOSRE on ¢ he
selfk ConpliQbsve reH B s RhidtaiRA AL dirstubhpGhiuRg the surface region with the first
plurality of high energy particles in step (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 alternatjv t one or
more steps rra1§/d b@ptﬁ)‘?lglv? d}%?fogﬁ‘ oHEe 8%; frngﬁeger%e% & cﬁltﬁp §erﬂﬁ¥n@§:®cﬁ§qg§rme
di f f er a@rford Sutjading nivesutfact edgiordwthitha fivgt ;ﬁlumm}t d?[élnglcemgpbambhsmaems her ei n.
For exanple, the high c¢ energy inplant step 5 may optionally be substituted
for am( ;8A%i nation or si ngl e process including but not limted to a
thermally activated |iquid, plasnma hydrogenation step, |ow energy inplant
and di ffusionllor Retfoen ofliecdceps esddsivad. al | ows t he hydrogen to be introduced
and by diffusion, accunulate within the gettering sites according to a
spegi firg f ound
t hr ougdouﬁ?ﬁgﬁ{)@ggg %&Sgﬁ%‘?mé’ Sg’%mréoéglgfhgg? ?F%1ﬁ§%bsggﬁ%g§vgn% ggﬂ Fi gures
2-8 ar eacselemidr brcmdssd hEaQEdNg to ad embodiinemgpfahapesond inventiar. nAmshcﬁubﬂter at es
using a thicl yer .transfer process according to an e j ment t he
pr esentmst h@fﬁ t@ﬁs using,a e@-IYPRYT HIRECSA IR ICAVE 2y Tlmof pteda wﬂwéhs R ‘Flﬂynot
undul'y thfc[l‘ ha h%?stﬁﬁ&ﬁg. @fthetrQﬁe&hﬁ-&él‘%aﬁgls{)SE'{p%cRﬁdé&%l‘?érQstfeﬁ{‘ af be Qiglignary
skill i tAe art wou recogni ze many vari ati ons ca ons ahd
al t er natne\oe mord\stegsaiy be temeovied] drasheve gions stoys pray\Heprongded m@ndléfefeduct or C
substrate 200 having a surface region 201, a backside 203 and a thi ckness.
udf tﬁpqm%ylthe%rﬁ%smaa from Fheéf:?Pecﬁf thclpingjhereip Ept ewannle.dhs Bighar ger i ngot

o 0 ST ST 0 S e o o

s ubst r dheludiag bucwn lg€tedao auhernalle actigesdtaquid) plasafachydrepehattmstgridw de,  group
[1TUV materials ? oup, 11UV materials, galliumnjtride, or the |jke, In a
pr ef er reagrEy Smpka mél ffusiem ok gthst pcesseathatallonvsihohysirege toibgdntaedused and o

cour se tives

[ 0029] Wgﬁsﬂ‘?ﬁg‘ c%@%@ﬁ&%}nﬁ%g %ﬁeﬁr@ fﬁlt%%géor ﬁgtéégg jecglm%&1 Q@surface

r egison HirththdetaiBb3Rapresiid uedtiyd culbstis@idethionghodtithe prepdnt s gacifid/andfmbregh

ener gy partl cl es 301 generated using a linear accelerator. In a specific
enbodi rasficularlydelayt i cl es cause formation of a plurality of gettering sites
or an accunul ation region wthin a cleave region 401, which is provided 10
beneat {0028} SEighes -8 agisimplifiedditidraas iluistritipkn@sthodof f@imng albsdltes t o be

det ached, as_shown in the sinplified diagramof Fi ure 4. Preferably, the
first pisingathick layer ap¥erproeesy apearding tean cpbedimgat ofih ¥ RISPAMENYSALPR-| ¢ havi ng
a peak onge i f the
sem con uc glrg élgau a?@nlt%&% %(alﬁﬁ)g g‘?'%h St%ﬁhpéﬁl%lt ﬁﬁ’(gﬁﬁﬂ V\Mle SQ%%(? f%eocflﬁn%out 2 Rp

ase ave
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
tenmper gLie, ﬁ'x?@uﬁ?ce%gl\‘)hqggemwcaqméﬁﬁ%s’s%'Pmafe‘?ﬁfiw {0 A RAE RS SRowPin 2

conbi nation of these techniques according to a specific enbodinent. In a
speci f ithe sitiphifieddiapmnt of Figeretde frefeadbly, ehecirst plarghityuf bigh enaigppadicteapi d

t hermal pr.ocess tfef ore fter, or, even duri naﬁg1 orti.on gf tiHe.&lhat t he
par t i clPEYide & wleny profile Savieg @ pesin eoncapirahonRad Reesesnafigle dispessA WiR # ood or
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rapid '?Jﬁgtrhqn)lrgIﬂ‘?epéréocesrisal cang%e rgro?? g% ?g §ch5§%e ar‘ll opt ?%1 ze Ostress profile
of 5di qpl dsedvisiré I'Rphisaieoemliywdftrred toras "a sipdgphd” veliich ofofteanged Immyer where the
stresses are 15 maxi m _zed but ere the selection of the rapid thernmnal

pr oces ShemHaringNedHas aﬁémpl%%&%&aproﬁﬂ%énla@ rteg) e%mgp ephgf?%aa%v(ﬁgen to
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over hea W nean a tenpe ure and tine conbination as “evol ved

t he getThat is| thy esmpmastiireecapdierprovaledipt conveaibnetdrintiiore nadistionObr gour se, there
can be other . variations, nodifications, anpd a&g ernatives. 2? [ 0030]

Addi t i SREbImation pEtheseisclinguesRcepidingdp @ s srabodiment. Jngpedlipart of the

t hgpnmal i I AR Y4t s r ceto
e v SRR, BEEdexfRNRBE bRV A SR ARal bRIBSRE R Rp

hi gh- erségyuigy 4 partien bétimeahanie paiclps e ibdimgtiteodicedt Theraphiethembal ener gy
desired for inplant. That is, the hjigh energy particle beam can be provided

th@ dipresess andsdiood o5 atterped or verrabingtian of dhesedeshniawetafts BK&lE It 0 i ncr ease
the 25 A i ticl
conver PR e Wil MerhBBUAS AFbEprol el 1S RSl (ARSI Witk prbIfe 12 (1 €1 1

subst r aligldced silipseate i withig thediplies endof-rang®e liyer whére thastidssdsardeam can have
scanni ng speed_and spatial characteristics. Beam expansign fromthe

or il§i nanaxiaized dut whers theswedastion pf thesprid dhesmel prpegss sonditiersadidnaovstheatan  al so
et ur alf RS Alby inghydrETiSARY Shd s ARG MBI RBotldr,

di stri hhisimentiéd, ovethesting Wl BefrbdteReritine and Viael cdtribdmsion WidtH haavblveg, and

alternatives. [00311 Dependi ng upon_the application, smaller mass particles
are geribs gatiey layer past & going of eptimized effeqtivengse r Q¥ cowsstitheseean bg gfheri npl ant at i on

to a desj. depkh: |~ ial.-and to 11 reduce a possibility of damage
to the%ngétgﬁsa@%@ﬁ%@%ﬁa&aﬁ{| néw?{(; a preferred enbodiment. That is,

smal | er rrasspgarticles easily travel through the substrate material to the

sel28ct d803W e peditipralyuthedughsengagy partigledapmanaycplicieronide pprtaif thedhemiel t hat the
partic le‘ﬁgrgs' QR Sinbil®tOWith 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
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yi el di n% substrates neasuring hundreds of migron in 30 thi ckness for use as
a sol ardbew 1 Xl ertoms/apt i fgphateEeR srerevrestietien abovtanile Vomdigigateri® depth as

a funct r SRI M
2003 ( GV i ifor BTN el LR 2R ol Bl P o oo FIEHERE
(http: /Impmmrolnmmp@hﬁue tanges S abbutc50 endtout mDﬁgﬁCBQCSISiUSCZQﬂ iilm

t hi ckness_ranges from about 50 m croneters to about 200 12 m croneters using

pr @lon nrefsrabht leasfhay 9bcrué ﬂé@z DegresnCalspisto preyany arposgibity oEhygsegendpns Femyr se
there Camdfs 81 ine/MiAk P ficod Ritel.! PAY hISeendBEs Sl BALLVES 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
SubSt I liEroRfry &l [BoRe2 ManH Mbus s Nieerof
substrglélgrg. |r%g 12@‘@{&)}@?2?;921:&'«3:3? Sr?%ﬁg'?rrog}te in the thickness range of 50 um
t 0 200 counsertherdean heswhertvaringmisamedificesenst amedlteothtivbs.usi ng waf er sawi ng,
etching and polishing processes. As opposed to about 50% kerf loss in the
presentoj3ug h Qﬁ'a%b&ﬁc ekBbiintds S iR IRAhRRhESN e5hRS flbREabbYt TRLAItb @boktoSt
during the cutting and wafering operations), the 1 nplant cleaving technique
has vi200wal ingy he fdeefl usimgs: prewaolimplagt havisgdrsereng) mhge obabositiilideV smd
material utj]li iLon effigi.enc i ppr.ovenents.. Energi es higher than 5 MeV
oy Sbe eEd Me¥ el Bl RERGNE T [UCESARYS b Srmery el SupPsRal o
mat o1 | Qriple Bybtal iSR! AbstEAL leqIRADAELIYE usePRUTOL shififlg bificgiesi red for
silicon solaf cell material thickness for bulk silicon sofar cell formation.
As a r sgbdttatest Singlecryitsl slitorcsmbstsatd gt tha tléskreserange oH50 warto 200 uaxr meypberer ci al
interest for fabricating salar cell .according,.to 3 speci fi c enbodj nent.
[0035] Ued Refeplackriyesent Mot gse wALCh i B hing fad aUhine BIocERet | AR ed by
Reut ov 0 i S & jecat i ng
Thi n_ ST 0 TR Al e B (e s B s T e e
30,1019 8Bjteriabost Hutisg the cetsingiand ovaferingt apdrdbipnOthe efptamh cleaving teeh@iqudias ov and
Sh. Sh. .| bragi nov, the yse of to.7 MeV proton inplantation w.th optional
he&t: i n@’%‘&ﬁl‘i}’%@rkgl‘if&%ﬁfmﬁﬂﬁg Bb%-‘hj’gt?ﬂt&léﬂﬁt sPeBgsANdn ek P@f?@tlﬂ%a‘{dm@@cyc vas
diQcl o W&l FX Ll CoRvWaL ' RS 5 Aot her nal
cl eavi 2@%@%&% %nc o%qggﬁr i%ajg Sgl?qam usﬁeg&s}aw%&( Vv E%frdglé&el%@n%ld gtgrigtS @F ion was
al so diatetnatiedisubytrite tateriadd, honin&okar cell in@nufatrariive@0@ninsonleds idjebired or- | nduced
ahi h FUIRE By SIS BBH ikacByor kRO T Re e A e, TPk
"t nansf g i | 5,16 idigon film
¢ it Sk Sicof Sulticaled O 0P GRS Slr tfiniotchol Gl EYfor FRAR ok VL SLof iR
st andi ngaspaific enbodimertased to a permanent substrate or a tenporary
substrate for eventual use as a free standing substrate, or eventually
nount e o] }%{S}Q t : f I '
sili coﬂoma er’?safwlé S u’!f]’fl\l/I g?g%r%%'ef/}fn?) hain(k: @htg{nlﬁshﬁﬂ g%nﬁ}%%&gaﬁgﬁﬁﬁe&g%ggt rate,
whi ch g¥tE Restoy and §hp @t ibrggimevh@vietholl fardiabsieatirigliEhip SilidoaulVafersiy OS88R% f or
handl i ng and processing of the fil wi |l depend on the specific process and
appl i cArvaters Ceriisaaio A2l Rycsmber . EEirahich ¥ heactpr BEempratet o
penpor I t C . t 1 r substrate to
P EPP her e enbd RV, MR B P SR Rkima e RS TIRU LA

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
" ofa 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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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
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treatnment, e.g.,, thermal annealing or rapid thermal annealing. 15
20 about 50 micrometers to about 100 micrometers or more, for example about 20
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
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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
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the thermal energy and in combination with a external temperature source to achieve the

20

C 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
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
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vari at imeenrfﬁglo)ﬁﬁﬁﬁ§' bpﬁ@hgﬂ%y%ﬁ&m%&lhvl?esz-aiigaéﬁdesﬁﬁbﬁa&l{Jld%vee.aﬂlad nto the

present method of formng free standing thickness of "10 naterial, the

first plpacifit etpodiinent,ghe emedeyicepiaconfigueed weallobefopn owitabdelinaplast ahglest i npl ant

angle. _The first inplant angle.mgy be provided.at about ,zero to. about 30

degr ee_ss.pesﬁfﬁhxaﬁéq e de_Vct‘_’ea‘_i?ng‘kS t#%ﬁglélngﬁ%\%esmon&s ARS ﬁlaa&ﬁéflﬁg;eﬁ B for k of

get ter | S| decl @63 aWofilitdry abrdinPloRREEiphl B Eoltsd flche AriBYifigess of (he
a specific e

sem conduct or substrate I'n diment. The angle also can be
chosen vaniations, moddications) andaltaxhdtavenat i ve sel ect a channeling i nplant regine

that is 15 conpatible wth the goal of achieving an optim zed getter site

| ayer. [iliprﬁ]seﬁefaﬂirg atafl dolthe glfesed%%grcﬂr@ffgﬂmp atﬂ&'s%d@gfggﬁn&g% ided at a

second ant angl/e.” The second i ant ang I'S provi to allow for
matldhi ngatetia, the divstqilunabtyeofchigthenedgppdrtidesmnay beprovidedfat b festimpiantangdé.ur al i ty

of high_energy particles to cause,an optim zeqd stress level jn crystalline
pl age i Hhe et Angls ney Renprovided gleaboiitges to a?q?u 5%3%%9?5& SughdppieRent , t he
seqond j : : : degr ee.
o e o A e DA R ingr LR 1 OB O AN e ™ o
zer o t owahiaatthicksess dbhithe seinfdondaeor sbstraté\in arsgreeifie emrbodanattpThe ahgle also

accurrul ati on step may, he nmaxi m zed by tching the second inplant, peak C
concent $atE SOt @ RunigEZK Oin tﬁ‘]hétw%r@k .anmtqlqggnm&mt regiBeMet at t he

S'M? Iplltsh bgéosnﬁéghfé%ﬂ{:ﬁglgl%ﬁéff a{cﬂﬁbin@{&ﬁ%ﬁﬁ@&{d r%ﬁelj sﬁ%gé'j% Y €l BRE ﬂlu‘i’ﬁhﬁr 6f |ayer

tly s ower than ante drogen concentration
peak. Usigihgnergy parsities magbepyyvidedatanecondeinphano gnglanThe secondvireplaitengkecond
inplant, is nade at a Iarger,angq[e from surface norma an the first getter

| th
| ayer iigproyided toialloy far mpishing ths ehanpehngandhs @?théisawugigaﬁﬁrl@,se@nﬂi r st
. | t . H . K o i . d
concont PURREPH B Al pigibEs Fhalike dh iUl AR el AL LIAIBE Bling i DOmr

hy dr ogethe pRaktywfaheclaiveae ioag dinakpdcifid @nboditiethe Reconkddmpiint mggle sarassuned) .
To maxi m ze_the accunul ati on of the second in’gl ant hydrogen, an inplant
B

andile oRNghiEem abouldsr dseaionbauial 1 dgres- Jhan picIBRt werrRbriimgrt thsreandon
Pl antind ot BHAB chlfanBY HORPSIOUE LG SOEEARN R0 HRF B edeb&. ST hELYG | aver. O

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 eavi %uﬁ%@ﬁe?r'ﬁ?plﬁ{t‘aﬂ@le%@ed aaﬁeﬂaﬁorpdh@asp&aﬁeﬂ e sRINRWN tHe oJFi Whilg 8, while
t he detachabl e materi al free froman overlying support nenber or the

| i ke, ascegnizs m&ﬂyu@tlaaomdntwhfﬁlagumseaﬁialmn@fvovm the detachable material 810
is renoved fromthe remaining substrate portion 815. In a specific

erbodi Q048] thes §eEific@imbollif&itNle GRMJAANNBALY iBFofIBdetth S0TMB tHiSltdeSeof
cl eavi ng process. The controlled cleaving process prOV|des a selected

ener gy deitachable mamtai,lwinclmfs frd%standagvesmgg cleaving pravescidong an nplasplanst e.  As

I th t. h been. d i pbed i
Uss RSt Fyrigws €3ty ladufR iRl iChESfrRgPr S8 0e Sibtihon! y
assi gnefehBerIr theC1Rd, bs ﬁ@@ﬁﬁisﬁat@@'b?%éﬁé 8N AQTsh&RA, tﬂé’a@caclﬁ%le' theAA1030d
hereby i ncorporated by reference for al pur poses. As shown, the nethod

frees tramovéd frmdbsrenfaimng eubsiratef posnort $i. dulhspedfie embodmmpltbtt geyof enove t he
thlckne S. of [ 5.10049 eC|f|c enfjodi t.he .cl eavi ng

br 06 EiE 8 ErTORHELINGE fertr R SleaPREIPrOErE AR TRt UEE 8 7 e Shown
in Fi gysscé ﬁ)r&t\ﬂd@s Plefdctldr &dr S PRsh T8RHionl (T8hd H@ﬁ\rﬁjeglohro?ﬂ{em’d%r process

provides a thermal gradient in the thickness of the Substrate and in
partli cudubstrat@audemesdly es sxampla;:tba contatlled gteaving mcesa/MSrbegm desc8B&] inhiSch has

a cpeci Tt 6 AsRs tlepa aeflnd Ciomimg, Loy oL Riane b 62SiBOM pr ovi di ng
'& érﬁf@?ﬁ&ﬁﬁon df of $4h RsS Walifsial @84 ﬂ@reggg‘kc fpokdii€d b ‘%@ ?Et He ©

substrate and a second tenperature 12 In a de reg

sem corpimp(hses Asibistwrg ttlee mBehpad ictesthe dmckiess efunedrialkindm tHe subatnatbeo greater than
T2 or alt t|ve 2151 g ﬁater han Ti. The cl eave region 823 is al so
shown. 40 F R th@)E ﬁ%i‘eé Bardy can be acconplished using a variety of
techni ques. Such techni ques can 25 include conduction, radiation,

conibect [0049] om aspeciticrdn bodinent, the cteheiagpr@esschmtbequoaned byedingle thermalt pl at e

or other contact de nd the.lik uct | o fI ui ds and/ or gases
accor di Fegtmpent é’f%‘ﬁéscg ff7c‘i§ SEHWBd’i‘ g‘ﬁn rgg,p@? ﬂ*Féﬁ’@f‘ r adi a? i on
can be s, |laser

| anps, t?%glﬂe ttp E%hr%%nﬁ%ﬂgg% ?ﬂ%nﬁg%l?@g}sﬂqg?\%ﬁ% ?%éﬁgliryfgzheagggor%l Lr111€|(mtﬂo a specific

enbodi nganticul 2kl cheses atresseb yccugadas atiha clravé tegivad23Owhichrhay beg ieipldnted @r bot h
surfaces to cause enper at regio

th |
Al t er nafupigsied to ag ation hypaep gmh?%gfgéar%q?ﬁ' ﬁ@ aégeﬁﬁggmgoentﬁnéd@ tbermaled
t ergper rualsmtrﬂ B 1&’7edtb2$'i in aqﬂgﬁ%p&ﬁ{u&)éﬂ e s GERB VG681 P8 POl T ng

can occ usi ng conduction, conveécti on,
semlconductor 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 variations, 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

regi on G&AHE of Qﬂi%?ﬂ:chﬂ atd SMifaP e the hleﬁﬁ%rteélﬁ’n er&”éélﬁsé hﬁ&b‘%h@e &gt i on of
the substraté and all ow for energy to be absorbed at a portion of the cleave

r egi on vacietons, mgdifizationspend &lieenativesdi nent. That is, the substrate and type
of |aser can be used to efficiently transfer el ectrorragnetic radiation to

form a [phsu]meln a GesidicRibodimdiahe tRAVIRg pREEAban bR pRABEA&T usthd £18&ithve
speci fic enbodi nent, the cleaving process nmay be perforned usin

mechanipravide thecmergy fonclaavwing. Heingladase|thesehestadregivd cenbe dirmedtto al?m thel eavi ng

be perf t t
Erbod: e to Reltoefiyobehe barii g e ey )Y B <omey b be bFRRace or
any C &Qﬁ&l 6‘18&1!: @Iéa&g regﬂﬁ RBIIMRD AGBETHS emBSRMRNE STIRH isS M substRAYARD
t echni ques can found in U S. Patent No. 6,013,563, commonly assigned, and

her eby pr@oﬁlpmraamlje bsedrte fefraently tfansfeabllectrcpmamsesadlaﬁondou?mmea thelmeale can be
ot her vari.ati alternatiyves, .and lflcat 1], In a preferred
embodi ngfticntat e s B et B AU LaBstvePEiE REpedTiengpe Uetted Psuch ac a
laser SﬂHEe%?rrfa?bb HhAA&! iRy ln@ghanhdll BroeBRCIIf h?e&{m% HR&hativehe | aser

source can be ?’gct ed to a selected region of "the cleave regi on and/ or

wi tIfi n canhudcuncnt;tyneofeaVMg procesymay bgperfiornted ustugsa aaomsmerpn@desgrlachnent or

further cause a adient to.i.nitiate a §tlt§ action. The |aser can
ba

r mal r
ul saligrmatiye ppo lrna?ghégea&wgﬁap beyinitiaipd Hsipg ary VS| PIPEsSSeSPT 28% or di ng t o
é R%?dfu"l\ééloﬁ@% AL proSsseE Bkl SHABPLRavih ?ec Gés &ﬁ%etﬁ]ﬂﬁi

Qvaitc e | aser operat ed at the fundanen 64nm wavel engt h such
as a HIPROPAUBHNG. reeiLs, H3t umramobgy asmgaed;and)heryby:mcbm@rmpprdferémepfor alion,
Irvine, California. Oher aser devices su as.car bon nonoxi de
(00 " abiohs DBseire {rsepan Rt arihers, SRTRAt G I ARG asor s and
dye Iasers can al so be used. Dependi ng upon the enbodi nent, an advant age of
a |ldser[0851walred prefpried epehodineeht the presére invengen usnatadriglaendogmliglﬁdgercé s

consi dered ad ant eous. si. nce t he E%CR danmnge re cl eave

hydr oget°e 8he &t °6r¥° iyfiats Sleaying. ?épeéﬂn%o%'? emt asﬁé%‘?ur?ﬁa‘r%&%édge
wavel e | d
nave ¢ nrIRagH st il B8 bRave feBioh SBRRE Wik SRR TR The b ellBl i ure

and t hetorabse aghexhat gtalientot firthet bemse h devimalpdradientrte gnitiate a3leadv®@6@dn. IThea

speci fic enbodi nent YAG 1064nm wavel ength i s one such | aser
vavel endidh cethgff e@%ﬁn@m ﬁ“@é\ﬁdav ordies oni SR FFEION 4660IHNEA0 A or pt i ON

;O@ Znst@?é}g{’ aefﬁbo& e(]:'% nAIQ gﬁaé%l%rgg )??%13 g1 gl}é %aégr &Brﬂe(ﬁr@ Kwithld Nd™AG 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™) 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 engifig th‘é‘E@R #s6rptid Onsdtsht $ROM ifriptant PEAKCETh GBAsc RON00C2 16.D6PEMRT P peaks
(e.g., such as the hydrogen-rel ated bond absorption band in silicon at

appr oxmmbell'hlsjs&ﬁﬂ)d 2000 nuost Pf theyaset @mrg)etome?dp@ﬂwémuﬂmﬁuwﬂqavc Pt i m ze

| aser enerqy . absorpti hin t cl eav ane re ch | asers may be
froe. crtiting ( apsbrsdmbodimets Cinda e EabbS S oY Siapds e iond
absor ptseRRAfy %%@s?e&'i%%a‘z(/eﬂanéﬂﬁg‘whgh 41O Wine8 to %Jb%ffﬁ: EQRRhBRiQ b&id

vari ations, nodifications, and alternatives. [00531 In a specific
enbédi rabsnrptld)mpeaks &sgnsuches hhﬂjh}cchogqne'el‘atﬂdrhond labsormncmsmlsles sﬂiéon at exanpl e,

t he net hod canéls)ll ﬁ@@é@@ t by ckne s .of ched mat eri al. f':l ort nenber,
C whi cPPLOXjmgt 1% &8 ﬂH’éﬁ qoc}p;&}sp W@ﬁ?‘i"@ AN %Ptm{lﬁee e Yper f or ms
one or eamgéergu&{ i ﬁ@cl‘éﬁ!vé ané&glo%ors%ma@érsM%er@éeeelte&?&mséHbdt%J; bdg the

surfac ron with the fi lurality of hi'gh energy particles. Depending
upon t heneelnfoyekareple, totthe SpHowed sibsorption dicapporximatslyt 4 8umo Qfecoinss, thére

photovol taic . cells,.inte ted ci optical devices, any conbination of
t hese, C&’ngpﬂ'@r yqrp@émn@m%{;ﬁpeé@ns,tqqé,abe@%v e other variations,

nodi fications, and alternatives. 100541 In an alternative speci fic
entl6di r{@033] ain asipeeifio @tibodinmaet, hhdplfesentmdﬂlddocanipng"oﬁn ether ptamagengFdrhi ckness

of materi al SI n e or sen c r substrates is provjded as
fo&ow;cxa’?BIseit bedieanplacs the BRgkRETR <§ bed mterip %wp@ogtﬁm > regi on and
| CKgSRis lat%r %S&FtA &ifio eryf & th gh@&e%etﬁm e:r?dﬂrﬁ%g%?h%& substrate

to a first patt uraltyo ener gy p ticles generated using a
| i near mmsdesmattlmf semlh(mducrossumtmreédefdry sabijedtingthenefagy rqgon with dlse fist ng

hi SX‘ gfpiwa 'tyggmlﬁfftr@gg@%l? fe %nep %éﬁ?%#%%gggrﬂﬁwfe%@eﬁ% Eéﬁfe%rr egi on
of 138 plgi rfn%éfoxf&f tdvlitaltLefis ! ﬁt?gf’é&egm{&u ,Opf Geli Qé Qfly co ﬁﬂ‘ﬁh dbéf provi ded
beneat h the sur region to ne ness o fateri a e

det achdhbeseydndithe like Of equrse, tlege oernbcsothmwahaumdmthf&aﬁmsshnd drepettyesur e; 4.
Optionally, performa ther mal treat msnt process on the sem conduct or

SUbs”gb@s‘fO Ifn%taht%%hgé EBgchtf‘c o t h SU él{é‘rﬁdtfv%%é?ﬂocgﬁfrE cht% files Wi thin

the cl eave 'regi on; ace region o e sem onduct or

subst r atanding thickesse ofimateriats usir;g onefor hingie semévopylugiar substrates Yonevidddead usi ng

the linear accelerator, the second plurality of high 21
ollows:

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,

while tdgr @W&%ﬁro%d@%ﬁé Ee%bﬁ‘d 1éraéﬁ1&eelmﬂreaﬁo@ome@&%nwmsm@t ure;
7. Free the thickness of detachable material, which is free standing, using

a cl eaofiigh geogyessticlehandethe erfabetregihnbl e material is free froman overl yi ng
support nmenber or the like; 8. Place the thickness of detached material on

a support menger; Iné&a&a fRSsE RVED SR BleavBRELioR TRRES Fitk s@fssiaR] td §debRes of
detached material; C 10. Optionally, performone or nore processes on the

seni conshest leveldicns theabeondxdflmhty sliligleencrgigpartieles, witilkabe segicomdugtarh the fir st

pI urality of high ener parti.cles in step (2); and 11. Perform other steps
égsﬁf'%ﬁf ratg i 1iypk ed%%@ g‘@%‘ﬁ%ﬂéﬁee of steps provide a nethod of

for mng substrates using a linear accelerator process and a patterned
i mpl ant accor @i n@rbotlmrth@kmsdiot‘rdctaclubletmaemlewbmh is free standing,.usiig ashown, t he

met hod i.ncl udes usi a,c o renove a fi terial,

Wi o 1 e Pt e oR defaia oo RRRN Fig el fibov et suaPpd menlRHOL 20’ be
provi degle |jvber e steps may be added, one or nore steps may be renpved, or one
or nore steps may be 2 provided in a different sequence wi thout departl ng

fromthe sco t he,cl.aiys he Further details of.the present nethod
can be T ound: Enr GIGHCHE hikRest Sdeithed BEIREODA SUHRIFnEBER | Ul ar 1y bel ou:

[0056] Figures 9-15 are sinplified diagrams illustrating an alternative
metod of f or #i ngPerfuinsineair asore pravgssas oimthekhickyass of detadfed matermdiess accor di ng
to@n alternative enbodi mrent of the 25 present invention. These di agrans

are nerely exaom! @tiontly CherfodRtnd o&l%ryaweésxea (')rmh% sémcoaams‘r Qbstte cl ai ms
recited herein. One of ordi nary skill in the art would recogni ze nmany

var i at i loefiere sniydétiigdthe sanfiace regidn a&ltﬂléhmﬁtst pblsalltﬁsf hllgbwncprgylpartwiﬂshmdebegl ns by
provi d:j@%; a, sem conductor substrate 900 having a surface region 901, a
backsi 9?6'9» and a thickness. Such thickness can be an entirety of an ingot
or sliced froma larger ingot or the like. In a 30 specific enbodi nent, the
sem conduct or 1 bulbdrfaameotherrstdpe asdediredl e crystal silicon wafer, 22

pol ysilicon cast wafer, tile, or substrate, silicon germanium wafer,

germani 19053 The alliv@4Bquence 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 ect r t t irst

o1 ur al | RSP ARG (1S3 AR Mo allal Sher g Hhaii kg

accel erHl/Urmateniala gscm;r:]l)f\ﬂcnanmisl,l siicn carbide,gatliune hesde authe liker fmai on of a

Iurallt erln es or a accunul ation re Wi t hi acl ave
Pegi on HETed sbeimiect o pHoEEHE ot R APROIO RS LYE Pkl oD Shirso et (ndd o
t hi ckne r as shown in 10 the sinplified
di agram&g?ﬁlgflgﬁérg ﬁhlfgﬁ%@%rgﬁ) é#ﬁﬁ%?l r st pl ural i ty of high energy

Coat o (sa < Bebaindiponieledd p&r‘é%fecrfla?lauﬁw%@ﬁf ot e,

Pref er a&hﬁcontdtl@top tr&@ Mo BAYE pRurdfid? hithh ARANpatidiRs ﬁﬂ‘ﬁ defirited WRing aPT €f €rred
s t g

enbodi ment, the c ve region’is i nt ai ned a first tenperat ur 105,
whi ch claneabmccpkemtmddd adipeafit kpbodimentitheeprrtigles daua¢ farmatiomef 4 phupditpofir e can

be provided 15 by convection, conduction radiatio conbj nati on of
these t AN HES 91 R AFHMIYatics il me%%%mgw@nkl%hwﬁgﬁgw@. ided

embodi nga %tathttﬁ'ses&ﬁgp r@ﬁoedeﬁﬂéﬁ DehiQieWd St6Hatki3d1N905 to Bﬁﬂ’étgclfeﬁeefsrgﬁl)wmrpcess
bef ore, ter, or eve uring a portion of tinme that e particles are

bei ry |tthb|smhlrﬁ§:d dl@mltﬁﬁlgilre hhrhnlferwly),aheﬁrsrtphlrﬁﬁyblfmgﬁ eoergyylattelesed or a

conbi nati on of e chnL ques. As nerely an exanple, the rapjd, thermnal
pr gsspre&#eﬁéuapgv Rrodie Vi HRIFKSPRCAalipN M & kase spatiadly d&p@ﬁ‘i‘@l thip a

re the
st r essegé]‘i)}i}rﬂ()a1+ tprg%hrhﬂzng(gﬁﬁﬁ&%%rt% hfrﬁfeeg@l g%? chq)sg g@ h%\%;hg\‘?l a%]# gyﬁ%er mal process
condi t i amidesi dn aptefered éraboditent, theyeeave cegidbl Bundihtainey dt o fiest ténopeestaepe and

| ower the ge C efficiengie For.. purpases. of this invention, averheating
will mehiPSaw L@gﬁéﬁl e Brayidadqlireeis o BdirBstahr | 19k iswHie P pera %fﬂl\i&prmee%et ter

| ay n 805s e can be
ot hg % r% 51'?, F‘ggisn Eorﬁfg Q&%éﬁléﬁ% 6?53&%‘){%’1& naﬁt\l}%sgtec[%'gg%f%% gbﬁél ly, the
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conditions did not overheat the layer to allow the hydrogen to escape and lower the getter

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
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Degr eegéd(gg(fl g?thoél , ggtlrl%ga?s %‘?‘é‘% gﬁﬁ‘?? Pesgﬁt anélgﬁ‘ggﬁrﬁg%y%)%%ég%&sﬁgl sius to
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mcrons. O 25 course, the type of ion used and process conditions depend
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2003 ( Sprefepabiyless than about 450 Degrees Celsius to prevent a possibility of hydrogen ions from

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
al ter na ) € Mot BQR2 Mbhte T a5 IB&fih G0 FOHInTE Rt 2 sRciiclchRRirhdr e hi ckness
ranges from about 50 umto about 200 ummay be formed using a proton
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thi gkneggesiye ﬁﬁlﬁt&é%é’&ﬂﬁf tﬂi‘l?fﬂ%'lar%'eﬁ%’dnﬁ&cﬁﬁm f Jﬂj glé%§ %rhlg%ir% pn film

usmgall\/ev rogen I nplantation was also di don&

al . GlhctdnesomcéihmammabfhldﬂyldssdgehulkrsdmondolExx«fabl ﬁoahatmn o&&s Stdsult,ahicker. Vac.
SCI. Technol B 15(4), Jul/Aug 1997, i.ch is reb i ncqr por.at ed by

ref er erﬁzléconwsﬁéstrawr%nmdé‘tp&ew r cemmef%ﬂgﬁem@a AR ERESQIa CEREEANE 1 i 5

cont exty Orge%;eé maetmgotag.ﬂ?%l icon film thickness formed by the inplanted ion

range can rel ease a free standing state or 30 rel eased to a pernanent
substr terrpor ry. s bstrate for eyent S s .a free standing
subst rglpﬁ $lor As g rrampleyMeS AR candite ﬁf) dselprddy Reptey Préferred

hW ”@ﬂﬁst ey a V\%ﬁ gﬁ{‘é@?&ﬁﬁdxﬂl Me?no%l%if PR Mty Thidl Silfc F Waketsd URIRPS OM @

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

25



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
inmplant of a first and/or second plurality of particles. As shown, after

t he patstu &%ﬂg kr[ayg{% X at Of Bo@sd, %"é?ﬂn&ﬁ&‘ ﬁﬂces?fd’l"ihlahdlh?ét | rQéegﬂﬁ% 0?'91%?'11

|npur|t| e initration of a c eaving
sel ect edﬂ]r@eﬁtonﬁlespéc&ﬁcptbc'en dnd applidationt he peri phery 1201 of the substrate
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defect layer, which 20 is substantially permanent, provides a site for
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hi git- enthe gleaparegionlte ﬂsxelaml niayplatadioy of fvgi phetigled in phicet Mhetthamabiresdmestner gy and
in conbination with a external tenperature _source to achieve the desired
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arla i ons ernat1ves. [0066] In a

speci f i acradeddémpethturd Rebelieiddad ptd%qhtadﬂﬁnéiwbtke@ﬂpeﬂﬁaﬁdﬁe defeetk an@akeghps of
the 30 sem conductor substrate to a second plurality of high enezvgl
par t i cl &81bgiandslpoaipnefihydragsa from hedirstalwalivradiperticless Thedgfeet layerd whieht he

S| % AF is %Qbs‘i;’én?ﬁﬂ?‘%%lan'éht? Blto%lci]eg a siAt‘é fc?rre%ent cgﬁectlon 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 segmboRliia dubkrfl. ThoLPRepAYRAA fitroduced i URRAGh EirCeibiTROSH, ment . the
second StTess level 1§ sultable for a subsequent cl eavi ng pr%cess. In a
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second tenperature 1301, which is higher than the firs O&ﬁgperature. [ 0067]
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silicon filmthickness ranges from about 50 mcroneters to about 100
m GOonetheppplisptioibr e, for exanpl e about 200

[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
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3. 25 MeXItRlq@édghe,-NMrevd 0%oanddbtlyérel d a prot on beam current of about 31 mA
Usi ng a dose of appr oxi mately 1x1016 H cnR and an expanded beam of about

50058 x| (E)Ge?%fot ! &gﬁ@dlﬂ%ﬁt HRUL appofROtiise RISHULRIeRatiBRIoT afl elihdi& t he pover

flux is
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.

28



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 al so be introduced using

any co ti;on of n / iff | odi nent ,
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can be diffused into the getterlng sites using a driving force such as

convecttieahment pragesses. oA ltermatively, aertdindowenergp d¢chniques; indwding diffusionotanii® t hese.
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target conditions or using an electrolytic (liquid hydrogenation) neans or

ot her |drp'hrtg1ﬁ)rcarsd¢1mas chinfvectging nondaiction, quélsr raﬁiatlooumé/er anheomebingtion dfe ot her
varlatl di.fi.cat.ions, and al ern 15 aII t he

retlfiod (ere] SHESIEVIAR &R iR b wﬁtms c'aerneus Wﬁ!"i ??E?ra gpr ocess
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nmet hod “uses a mal process rangl ng rom out 450 to out 600 Degrees
Cel€ | usntraduced hsmg plasmaﬂlgdnogbnatllon uaderlehted tardeteonditione ot u51mg1zm ¢lbetraipic

tre n_occur nduct.i o conv 1.0N adi at i I’l
onbi ndbiA TaRREREAIOn] e 08 Rl afteh G esighisshmaish Ohiqursgotior
temoeraéaﬂﬁaeo&épv%ti%e%gcﬁﬂcwdnegma At@hiflvdsher mal process before, after, or

even during a portion of tinme that the particles are being introduced. The
rapi.d th flood or patterned or nbl n?tlon of these
F

t edAni dﬂﬁﬁa/@g 3 ?Shgﬁ%@ﬁp des 3 e%aa.t@am@m RECRSS| wplapting pe
provi deg ée9s Q&pio%:{getoadasp%?ﬁic%%%ﬁpﬁédte% QSe‘Bfl d émtaidLRPin @3)? et méthOf atons

wi t hi n range layer stresses are nmaxi m zed but

wher e tdsasaﬂﬁnﬁﬂlpe@des@fangfngtffmn abcmtdso e ot 6@0 Degiess Celsilis forasilicofli d not
over heat the Iayer to allow.the hydrogen to escape and | ower the getter

ef fi ci endeal. Inrg preferrgsrrpkodimenty the th%htr%ment BPOCHENSINEFORANGtIoRean a
poi pit aPHesBftaliafiEn A0 30 SR AR AReRE R th d HReBE dlod AR 0BT 8,
mo@0f i aamperatire camcbegirbeidadsivg s 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
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treat ment process occurs to season the eave region for a“subsequent cleave
pr ocesscousde, thefldantbe dilie varistidhspRodiflogtions paridadltepiasivesrodi f i cati ons, and
alternatives. [0075] In a specific enbodi nent, the sem conductor substrate

may be g S t . i Ln_FlLgur . ality of
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Al so shown in Figure 14 is a reference spherical coordinate system (p, (0O,
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origin defines the radjal distance i e . C spherical coordinates. The
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inplant angle. Tn a specific enbodinent, the tray device is configured to
al | &v f energy mimla&ﬁetnitg@limw acceferatnytocthe Spigini defioed thy radidlalistanog pdevhece can be
tiled using,two .prese oi.nts, an be sel.ected by. a coptrol. device
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present nmethod of form ng a free standing thickness of material, the first
pl ur al i anglesfInki spacifinemppdinzent,ithe sy dewicedie confamuiretbty alovafor assitatileyphplant angl e.
20 The first,i apt angl e may be prqvided at about zero to about. 30
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hi gh energyiopgmddifiesiongynbeltgmativeded at a second i npl ant angle. The second
inplant angle is provided to allow for channeling of the second plurality of
hi gh en 2 14 el | fd i pl ane in
tha vi ol tar ¥l “Re RS b1 e BRER B e R BBl RE £ cond

i npl ant mateghk thedirst pnopdity ofthiglaboargy patiolesiegy de praviddsioatta firSt ingdayt esglel n an

alternatjve enbqdi nenf, the second inplant angle range, from about zero
to ze(gbgtt‘e ﬁgggn@w&ﬁngfedmy @P&E@g a@rm’é‘b%ﬁrg@ t?ﬁﬁ?%rﬁ?& aﬁi’ﬁi"émﬂ H depends
on the ﬁ‘%‘]’é tan8 APSs 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. Ina
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 u | | n. That
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cl eaving process along an inplant plane 1504 as shown in Figure 15, while
t he det[807T81bl Ia awpeeific@mbodirientethé rrthoarindudys|aystepoofifteetngo it therthidkarssor t he
like, as also illustrated by Figure 15. As shown, the detachable mat eri al
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sem conduct or substrate before subjecting the surface region with the first
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cour se, varif6i, slédiniRedtdndmydfitaion@ns, nodificati ons and alternatives.
[0080] In yet an alter nati ve speci fic enbodi nent, an alternative nethod for

s e% ?mhiﬂ o]; ns%?gflltﬁggeglgbn g;[l%i,tg ? ggegerg é’neqﬁocf czfn%e?foyrﬁlot r%po%esses "RS°
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
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pluralit C of . hjigh energy partjcles and the surface.region, 6. .lncrease a
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stress level fromthe second plurality of high energy particles, while the
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the t hickness of detachabl e terial, which. s free standjng, usjinhg a
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iséi | of hight erehgdparticlehand the skrfieresegibn;mat eri al even after the thickness of
mat eri al has been detached; 20 8. Provide the thickness of detached

material , whigh g feh &6 §iROINEIDS tﬁé‘ﬂe%\g rg%t)f‘? FRa fifst SHARGevePto £ERERES the

detached material to renpbve a portion of any renamining stresse mat eri al ;
10. Vi edtesslesel ismatiteisatdnd pllmatigyr oft gt kmeegysparficlag tvdrileahe semaiconducforat i n shape
and is 3{\‘55 supstantially free fromthe portion of stressed material; 11.
Pl ace tHWeskalg 5%@1.%@1@%@?%@%66%&@%% on a support menber; 12. Perform
one or nore processes on the thickness of detached nmaterial; 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

linear accelgy atd}ftio‘ﬁﬁf?fﬁﬁ?ﬁoﬁﬂ@n@pi"ﬁﬁb}ﬁr@gﬁg@jm@ﬁl t@ﬂgeﬁSﬁd&k&%u%ﬁggé; using a

enbodi nent of the present Invention. e nethod 1 nc
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and freg) standing. Qther alternatives can al so be provided where steps nay
be addd > 88%e or nore steps may be renoved, or one or nore steps may be 10
provided in a different sequence w thout departing fromthe scope of the

cl ai s herei nl4. PeMotmaotizr isteps g5 ddsired.pr esent net hod al so provides a

techni que for renoving any deformation fromthe detached thickness of
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substrate, silicon germanium wafer, germaniumwafer, group |111/V materials,
group 198tils g themregest mgﬁ%mie ﬁ@mm@pn@mr present spgeificgpdmpge | j ke, In a 25

pr ef e”%ﬂic‘ﬁ[@?@ 'ef%,pt, the substrate can be a photosensitive material. O
coursept ere can pe other variations, nodifications, and alternatives.

[0083] In a specific enbodi nent, the nmethod jncludes subjecting the surface
r edPon (89821 eFiguresil 6@ iBlidig diagrams Hlysteating ag altgmativg method oI ferghngner gy
parti cl i I i £l jrent ,
Phe parPufiEah bbbl brbl R of REALL Y8 Siontd Ao drSRE R i EnbaRAhS]
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the surface region to defined a thickness of material 1607 to be detached,
as showhe 559pe REthe claips recited hereiy r@ns off orgingtyy kil @ thpagmquidregogripemany st

plural i\}aYiaf?énsPf-ngaifl%gﬁér%/atpﬁl{eﬁdtﬁés.3§s 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
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i npl ant {084 tAddiicneBy,rtelhighpinbrgypastiol@beaii mby ald piévidd pdtieftha theagsl bi l ity
of danmage to the material region according to a preferred enbodi nent. That

i rs1 s rr}aPllleégy #skia combinagion avitias) quemalévleper@wq)wgrpettn ackigyesthe sesradamplans)| L 0
the se feg{&% ?e?ﬁ Berflidh Fﬁﬁ&dlﬁﬁ%h@%gﬁ nﬁf@%?in%aﬁlrﬁ?r{egflﬁ%é@%bld’e%% 2|nets ?f)r

t he par raverse rou or exa e Sia S par

ener get gxtirp ek gl @}%ﬁgyCdﬂalr&ﬁfo&hﬂi’ip&ht aat &) eedegh Serdepdticle s tchiy Be OF
negative) and or neutral atoms or nolecules, or electrons, or the like. In a

spe<d f i prowidsd dhiatdirectiyt srasqsaaneiaylte de camveried it theamalbenergy todnereagedhopar t i cl es
| udi h f h ts

such- s e 20 8RS T eI HEEIRAR g BorkBRL OB KiREE B8% The

enbodi NBRG thefhifl eRafglyits Rea38h tathSRatiR: ¢Hahé MPHtrate @ predetermined or desired

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 s Y=Y )| g | r t t ace to the
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Mev. Of[008dyrBer higher émplant energies éris pariculerly Rscfulfodiave & substansially pare
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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
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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
t he sur, o] : 1 : j:L st ity of
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itself to simultaneously increase the area dose, Ile heating the region

and pr ephjertaghe sunface kgl dosefveriatiars avhiepeettie fniitiaticgeareecis mevelly deweloped wsibg@nt can
be acc | i shed in-situ ryn t he inpl ant ati gn, beam.process, or after
pt ant RS AT el PideE splive PGS Srbpeenie g0 sBmefie ¢ o
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30 allow precise and controlled lT'ocalized fil mdetachnment and avoid
ov &0he atl¢avg fiont, diansgssnigpnttoh & gugea depthitivit &t déayedfandfor {ligawiahgalhas occurr ed.
O cour se, { her e caln be ot her variati OP%, nmodi fi cations anld al terpatives.
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 al i f £ - j et HER
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hi ghS entamperasanet il bestain pmbodimept ¢he high-entrgy ipanticte, beamenlerecmayi prowvideghe | evel is
suitable for. a subsequent cl.eavi precess. . 25 In a preferred enbodi nent,
Uhe sentRURMRIEREF eraideued R dmplitr QP e, ke canths b SBaiMur o, wini ch | s
hi gher Whadatiend hidhltdreamesat ure. [0094] Using hydrogen as the inplanted
species into the silicon wafer as an exanple, the inplantation process is

perfor i a specific,set, af conditi . Lnplantati on dose r es from
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particles, which are provided 1n the semiconductor stibstrate. 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 Ina 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
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cause ah%%l}rtlsg?iﬂ&laéh%ltjér?l?td;%ogg} %%@2&?%%?5,&21%%0@%&&6@%2 &}t%@tshe substrate
t hat camitrgetdd, luyingtprotemirhplaar énesdyl ingdes frodpaboued NayV solbisag daviev heat 30
treatnment, e.g., thermal annealing or rapid thermal annealing. [0097] In a
speé? f | eowpbEreRantbe othes variaions: madifisgipnssand alferpgtivesse| ect ed hi gh- ener gy
[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 also be advantageously utilized for
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becom n o Jarge and possibly overheatin da i.ng the target surface.
The prdﬂgﬁﬁculrnraew@m?wpﬁgmem theserappeoac egugfe@ﬁﬁa?%%egne @p@@raﬁgﬁt 0 100 M
or nor i fd ] : 25 MeV
RFQ Re (08 bR flckiabe AR Eher@AGHRL Mo Bed i o RERRToR GOS0 3
dod® of20apirleeM twed. & toy7 MeM)dtmbiec rifhearuthua beax fraustdeldy be e arfleradfadew500mm x

500mm the areg per hour is abqut .7 square neters while the power flux is
kep tdnﬁb@a&e_rsm diagpgtersndrfor useHp dhig apRlicAUen wauléfre%afeék%m%f beaRes this
apHLoach R 4hebidk BF Al filard Pl ARefASSn £LUER 4 ¥iet O oréfl drafirgauct i on.
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conbi nation_of these. Such driving force can be thermal, nechanical,
chelfi cadost effegtive sadenretlrodystinni R 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

vari ati (e ' l: ' : 1.0 t met hod
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course, there can be other variations, nodifications, and alternatives.
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plurality of high energy particles generated in a linear accelerator are

i nt r odusedififations,sand gte@edvesegi on of a semi conductor substrate. Depending
upon the enbodi ment, a reference spherical coordinate system(p, rp, 0) can

be useqo10t]e lra spstificiembadinidit, the higheenStiyfpasieclé BéinPmadfalsoRoGadp&opruct or
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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, ¢, 6) 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
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variations, nodifications, and alternatives. [0105] In a specific

enbodi niM04] t rea specisembpsimentsthg psesept ro¢thed performs pamttemsd implagkeofess  of

detgchabl e t er. al i,ch g fre t. andi usi a.,cl eavi rocess al ong
an Pl o SRuRIT af Bariclen ABpgRpTaa R A serond iy fEbaritet ) o
mat er i ageldcted regi8n Wil Hada AMBEF ¥dsB Bf 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 cl eaving process The controlled cl eaving process
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but cansdparasibh @ldhd ¥ renfHimag lbulkaéﬁb’stﬁﬂ@p@ﬁohtasla&o iflogetedt BnPighe. 1 7fIngour se,
there can be other variations, nodifications, and alternatives. 25 [0107]

| na speéferifie eerh%unﬂﬁntﬂle metkodvigedes prﬂtlrimesserrmqnda@tphglbétreté .aae hhpang af a

portion_Q the thi s _of terial b det al _an e.Le n of
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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
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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
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enbodi ment, the present nethod can perform other processes. For 5 exanple,

t he neﬁﬁ@ﬂmﬁﬂﬁ-place the thickness of detached material on a support nenber,
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t hi cknederabty afdigly gngray pasticlesrrlaeranding upenthss meny, thgpeoceswacarbefor be
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9 AR P BRSPSl Cleeve

provi deserfdrh @RAVINB AT aicfeat€ tedid toeteé AthR¥h&SSGf fateriab PRLd fleferdi On, whi ch
effectively allows the beamto pass through the spatial region and couple to

t he cl eamhodimgyitonlasggoniee gagpensedi dn asprsdfiqembodimiat, thegasessowteprpsifles sur f ace

of may inpede | aser.ene from, eff.icientl upl,ing into the. cl eave

Fegt on. RS GEarRar of BE R eafg B IRt TIOR8 [ B0Fued on a
si dg Orenki@ldanerns, tRA@SertRindéht oMHeGlealtate ddee 26t MATROSH/6 cléReghe f rom

cl eavi n&@ Addi tional ly, the cleaved surface nay be subjected to snoothing,

anneal i oepveregion buttisrprovided merelyde proati the eladvetregionse incecagosipesh iythegleave he

cl eave region,.. coursse, there can 25 be other vari.atio nodi fications,
and o) Ve Vgl herdy e MG R (GG, ot Sebeor Ko “BiRboBR T, LB ner ude
deut er i h3v4, Shdlaser Bodrcd pebvitles afeam! tHR i8I &diveRgsrb@ded &ha%?atﬁa répish wihidht | cl es
can be provided using a single linac process and/or configuration according

to a spitecivaly elidyusiibedbaam to pass thioegh thespatidd oeiionand cauple toithecleaverregiones a
beat | e SCQRUROUEBLA M WL 61 AL L0 Qe 1325 intptR RREE Renk
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  Dbe 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 degheigd & RroRAEIL4AE ondBeadliRX @{’émn%xal_lﬁi)lef"q}[; 18y B YA BYEOUSof Or the
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After (cdourfNgheRSaNdR DI vhAtRins TadifiRRions SAMANEMatiPegoer f €Ct the getter

| ayer, change ECR source gas to hydrogen and stri ke a hydrogen plasna and

inject H2' into..the |jnac for acceleratigon to,a.target en t ign this
ncbumil b i on PSR ER piRime S BieS] 5 f T fubi A hesliRd ot Braionr g o o
linac eRq-taRet defy fr BleQsc@eSlayer fobhat 8B &xanfIE 2BNeV ARRIPRY dbduebo.  For
exanpl e, tﬁ%%HZ' Pgeylne;gy woul SSIha\?e toongg over 4I\/EV,eesti mated to be 15

cl oser 6Qumy).5-5MeV. OF course, there can be variations, nodifications, and
alternatives. [0115] Wiile the above is a full description of the specific

enbdi ment's, W#et QYand M%f)d SPintedM® anrbl RGOSHcE (& p&rits tHeUstttePRFerdtihnge
equyeval ents may be used. t hough the above has been described using a
sel\ect eBCBequuseges tofhydrages andstyike ayidrogen plaswn andinjedt dhye inte theflimao fent eps

descri bed as wel | th be.used. Additignall in st b
conti netrceali o7 ERedsray 40t Binhnyrapbi SRS Bt s vore,

the parhbmb@woald ByEleasRize LithcRAAISBRIMGE ProteésN@) At boRtAeHerdy on of helium
and hydrogen ions to allow for formation of the cleave planeé with a

modi f i eapptepsiatedndFarexampey thegHp renprgytwadd havedo e oyert4MaV estimatddite be

enb imints. A_ternatively, deuteriumor other |ike species can also be used
in Conbf ﬂ%f%‘l“p?&‘/{%ﬁd/or al one as an inplant species. Of course there can be
ot her variations, nodifications, and alternatives. Therefore, the above
descr i pOf coursentherd ¢amsterriabenss, stodificdtions, ambalteakagiveas |initing the scope of
the present invention which is defined by the appended clains. Exanples

Lg} %g]r rr!-ﬁg éﬂ[ gi‘d\ﬁlifehﬁ‘e PdveGi REAPdARHpRRsfahd ecifc dnliRdRh&REVariblvent i on, we

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
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hydrogen particles in other experinents. To cleave the sa t her mal

conlductiecitdddmhoment i on processes were used, which caused the th| ck film of
material to detach as a free-standing material. OF course, there can be
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i mage 21 was fr ce of a 16 umthjckness f i.mage 21
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fromt t he
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in the cleave 25 region, O cours t}*her(f be ot her .vari ati on,
nmodi fi cHPFIFKPEARENts,| ?@FFF&Y? thesamples al gedyciian/ B?HWBHE%%PROF?%%S Werg provi ded

bel ow. Q) gr%%cﬁemw u{athc B fatédal SHEAAER arﬁ’éég?cﬁkﬁﬁﬁ% ate m}ea@p surfaces

of nmultiple successive eaV| ng of single crystal ne are
provi decbursﬁstlmifemm,besxﬁudraraﬁatlmlsgﬂnnélsﬁsamfnsaarfdl dltetnatiseéd.i con film 22 cl eaved
froma single crystal substrate, and surface roughness of a subsequent 30

S' Hi Cong)fﬂ%]m Figufd PONREELAFIAAR!, At dhc THRS Midb & opk FintgRY b ave5afiked the

ilms h
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

sone enbodi nents after nultiple cleaves. [0121] Referring to Figure 23, a 15
urn th'éﬁﬁﬁ@éﬁe%eﬁ'ﬂ%ﬂb@en@aﬂ%@se@leﬂ @1@£’vlﬁg 'Mﬁeﬁ@%g‘@on@l’x@ﬁ%ﬁﬂmﬁt&%ﬁ&a single

crystal silicon substrate as illustrated.” The filmis free standing and an

5 AFM rmeaghnessythet suoface imgy bk ¢rgated susdnaecembadiments aﬁhltmnltlpl'a ¢Jeaves.24 illustrates
the 15 urn single crystal filmand the silicon substrate fromwhich the film
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enbodi ments, various nodifications, alternative constructions and
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conbi n a d e on t enbodi nent,. Furthe t he
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dose and/ or cl eavi g properties according to alternative nbodi nent s.

Al tiér nademanistratedieleteng ofipalysiticdrefilnis ke sppafic embodimeat. sOf beursssthereican be

conmbi natjon .25 and/qQr. al.one as .an inplant species. As noted above, al nost
any for ?ffvaé‘ﬁ‘éﬁ’rt?ymeg CBEOIH'S%‘&?’[‘IP?T?“&VF? ate and propagate cleaving, such as
el ectrical, nmechanical, electromagnetic radiation, gravitational, chem cal,
any con[lﬂilmalt i Bhilefthe dwse is abdludascaption erthrw'peei,ficaelrd)odhnlémS waxieus | aser

sources, fl.ood, and the like. O couyrse there can be_ot a i ons,
modi i cHP léﬁ%tlona ferngtivg copsugaQns WH@H%‘F’B‘FE‘S 3y, ea&s%@@%&\ﬁ ¢ 2BRYeand

i1 ust rl?ats'bgﬂ?dq;s s dep%] %ﬁ%ctt&ffguélﬁ:e ofg‘ﬂegg,gﬁ)é ?%s*{l?)llﬁgtf;ﬁ:@ﬂgﬁlycglerﬁé}ﬁs o esent

i nvention appende
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

pl ural iyMaATOSAFLAiINBDEREr 9y particles generated using a linear accel erator
to formi—on‘%rural ity of 6 gettering sites wthin a cleave
region, the cleave region being provided beneath the surface 7 region to
defilne a thi ckneds Aomettmddor fabricatingdragetandingdhickhess ©€ matariathusingronsudsst r at e

bei ng 8 nmi nt.ai ned. at a first teg{er_ature, the first plurality of high
enef gy THAF Sucdugtar SHOSIALSS; CUPTINE 9 4 first inplant angle; subjecting the

semgconduct or subslyidhg alsemftohdERENRBEtrRE REBRSA su&é&@h@#&&ﬁ BEd h BRcigisS; ace
region of the sem conductor substrate to a second 12 plurality of high

enedgy particl es sogeeingtthe surficagegitme of thasemicandwt@rsabsirate tonefistploradity
plucality. 13 of hi ener particles bein rovided to increase a stress
Povar of higheneiey apuiesgearaiedSaing a par pocerad 6 S & gion B LPLBRSNG st r ovs
| evel , n%%% : ' i i SGPN

terrger gf ﬁﬁla t hg%ggérlgé?)ﬁ%u%%w%g8?%%?@&3&%?%&%?%&%@35at agsecond

i mplantregién tondgifiag aahidkriess bf matenigl tote detachéd) diessenficatenetoh sifistratedemgi al usi ng

a cleaving process. 1 2. The thod of .claim 1 wherein the sem conductor
sub8tr éeaélgte’aﬁ% A abist t@mw@r%t BHIRyalig g Ereteyparieles Pﬁé@%@vgﬂgg étaim1
whegei ! uctor substrate conprises 2 polysilicon silicon. 1 4.
Thegrre?ht%)rgﬁg@ﬂ(ﬂtg%gﬁ wherein the first high energy particles conprise 2
hyﬁgen speci es sulfje&inghthe s¢reicbhmdhcair sabstiata té avteatreen prdvesd)ydr ogen speci es

ar rovided at a dose g of 2x1016 per cnR angd less, 1 6. The t hod of
cl dfm 4 wherei n SHYCH{ngthe svrfacs degien okihg seipisondisiorsubyiraie o sesorft 541015 per

ot LS of itkivonérg AR TR (arafla R R ok SE ol beBha PRAICETE Y e
seB cond hiph@hepy pattickdsebeiny groviMded adinorase?a sireks Ryelds\theeleave 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 nethod of claim1l wherein the second high ener gy

par i ¢l es 2 conpt iRSniHH 88T PRt fﬂré’tol}lérﬁ‘gneggg‘%ﬂg@per B el ess.

wherei n the hydrogen specl es conprise a dose
14. 2Théelembspetied cl ai m 12 wherein the hydrogen species conprise a dose 2
5x1015 per cnR and less. 1 15. The method of claim1 wherein the second high

energy particles co i ses hel {um specgi es or conbi natlon of, .helium
spedi es and hydrcgggglﬂ1 n%%?‘ggfsdémbh"’gge g’GSFW“‘é’na qu%tgh'%Prg\}’élF | 1 16.
Theznetat}pag,d}t,lcgl aim1l wherein the second inplant angl e is about zero to 2
about 15 degree. 1 17. The nethod of claim 1 wherein the second inpl ant
angle is about zero to 2 about seven degree. 1 18. The nethod of claim1l
wherei n the | i nedx HeostthodidhelainoApvhessds the tragdievice pravideyfenthy figstadr upol e

1 19. met hod..of claim| wherein the |linear accel erator

(RFQ) . Th
n‘gil §%’Qla§t@?‘c’|l? 'tmdet?etsﬁft?é' MRS accel erator (DTL). 1 20. The nmethod of

cI aim1l wherein the linear accelerator conprises a RF- 2 Focused

Interdigitated |ijpeaheacarbLsAlSMm { Whklein tilae:ﬁ%st 1EBBPanETEﬂé19Q AbuCle?d {9 | wherein
the first plurality of high energy particles are provided in an energy

rangi ngbbutcif deghtey. to 5 MeV. 1 22. The net hod of claim 1l wherein the
gettering sites corrpri se a mcroscopic 2 defect region within a vicinity of

t he_cl eave regio Th t.ho f in the m croscopl C
deflect region coﬁdrl én%th ‘g "gq “&ﬁreb‘tt%&? %émaﬁagte, R SRRSO Per t ai
cryst alapplieiesefe. t Ne sem conduct or substrate. 1 24. The nethod of claim]l
wherein the tr rrent process is a thermal 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 2 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

thap about 250  25* TR HitSt wherdih thd NRedREADEHaRE c6npiidash drer ei n the

second tenperature is greater than 2 about 250 Degree Cel sius and no
gr eat etutieHmeasE0elDagrd®I el si us. 1 28. The nmethod of claim 1 wherein the
t hi ckness of detachable material has a 2 thickness greater than about 50

um .1 29. The nethod.,of cl aji . rein. the.thi ckness of det.ach e materi al
nasla “2ni cknedd gremnd deleitlChBtdis e b GERTGRP LaBRBASEIET o ¢

whepei Fobied Thtkrkdlfes 1nfearlgdcerchabd ®FIRt erial has a 2 thickness greater than
about 100 um 51 1 31. The nethod of claim1 wherein the cleaving process is

a controlled 2 cleaving process. 1 32. The nethod of claim| wherein the
cl edvi ng process 2ils The meshadof olgimclewhereinithg first phusality toff bighomergyaiarticlesnher ei n

t he,second t erature ranges fro t O Degree Celsius to about 450
Degfee a@rgyﬁgr?lﬁa%%er%r@ng@gmgl W@?ﬁ} ?’Av%v\zmer ein the first plurality of
hi gh energy particles 2 and the second plurality of high energy particles

arejprovided in an gxpandes HRMIn I ARelkhtthe dettdri@aitefEsifpReat Aicroscome- The
met hod of claim 34 wherein the expanded beam has a di nension of 2 ‘about 500

mm 2n defeneregionovithine viinityekthe elgavmregiont he seni conductor substrate. 1 36.
The nmethod of claim| wherein the |inear accelerator conprises a DC 2

ac erator. 1 3 nmet hod, for .formng. a,.free standi t hi.ckness.of | ayer
frGhferred 2 maenraretoHlsine L MbBRs s PGo S AR OB OBl e
subgt r phi@alifoE bk phavdedthetwsd deftei dr@dl Plined of the sOitOhBEcter bstead.i ty of
first particles at a first angle at a first dose range and 5 within a first

t enperature range, whereupon the first dose range being |ess than an anount
6 swfficient to G4duddemnathgs efrcdaim | wherepethe treataent propesspes themaalinrgceds sposed

'n Ehe p%&{éé al.t Ia"u';]rgperature 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 -

2 100 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 gccunul ation r3‘?9'ggx@ ’nlegﬂ(?d @F&HH&"'L%&@Q}]&@gle%‘in??t&gssdﬁfa'c%ﬁgoll? d 2 dept h

greater than about m crons benea he surface region and a slice of
cry3t alcldaningrpadeess.al to be detached between 13 the accunul ation region and
the surface region; 14 performng a treatnent process on the crystalline

substrate nmateri al cau tion_ of plural substantially
per manent def ect gzt h%f’ g@ﬁéiﬁ {Jg’ﬁE‘i"réhthFﬁ leayiag pi‘l?eésréélttg? BloStSst rat e
material fromthe first partlcles in the accunul ation region; and 52 17

I ntgoducing a pl ‘B@a'ThEXnétﬁch@Pc%l% Pamtiefil B8 sédond t Bﬂre%ﬁ%;é:s fidm gb&gcONd

dose 18 range and a second tenperature range |nt e accunul ati on region
t o 2ncr2dd3eprenCelsine tonatout 490 Begres €elsiust he accunul ation regi on to cause a
portion of the accunulation region to be 20 cleavable; and 21 formng a free

0T 1 o A A RO e AR e 27
2o 27, 3 Bl clordfui, 0ROy AL 3% pHIGHEL B A BpRio i Byt r o

wheBei dirclreaccelymtal | i ne subst rat e material i s a C polycrystalline silicon.
1 40. The method of claim37 wherein the crystalline substrate material is a

N I 3°f)f B e isibad S a4 hieinghe ST broan e sipR of n -

met st t hod of claim 37
wheréel gdlgtb ﬁ fir stlngoaggﬁiradr?tlggé F@ﬁc@?{%mrﬁ&f@@g%g%%&%ﬁor}gﬁsztﬁ%16Cmz 1 43. The

nmet hod of claim 37 wherein the plurality of first particles are 4 introduced
whi lle t he cryst al36i Athesndibod af daimpt ehemin the limearrcedleratbr @abmarisesrgdeCat ur e
ranging from about -50 to 100 Degrees Celsius. 1 44. The nethod of claim 37
wherei r?"?ﬂ%ra‘iﬂrural ity of first particles are 2 introduced while the
crystalline substrate material is naintained at a tenperature rangi ng

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.

531% 47. The net 'iﬂt?od?xfclrfg'aa;blﬁ} g&ﬂ"s‘%l’:&ﬁd’patrﬁ@esta&%%é’@ﬁlta [OAASScHBsE Ses a2
thermal treatnent process. The nmet hod of claim47 wherein the thermal

trd8t rmrmgeramdwssondqelapelzturhmngalintammbumubpom reitevelingeaseporintameht  def ect

ne rk.in.the accumul.ation region. 1.49. .The nethod of cl aim 37 wherein
CndIFT S dieAtF g sHop i etk .portiny ot 86Ty I80or fegfortaB 150, The

metzbod RMavaBlaiamd37 wherein the crystalline substrate material is 2 provided

on a tray device. C 51. The method of claim50 wherein the tray device

pr @\h des for the fbnmsgafﬂeeatvgﬂdmgathmknWQ of enystatling myterial bysietachiing theet hod of

ere t.h s about zero degrees. 1 53.
rerthiskreSF ok fruftafise rigesial A sty afignorhe dngiling sl Shour 25 2
deggeegnatgna'ﬂ The method of claim 37 wherein the first plurality of

particles conprises 2 of hydrogen. 1 55. The nmethod of claim37 wherein the
second plurality of particles are C provided by a second beam 1 56. The
met hod of cI ai m 3B. vithemedthod dieclsisrShwhemii the cystabloetsubgirate meteaibbisa 2 15

deggees hle nmet hod of claim 37 wherein the second angle is about zero
bodiN8 Cré’%t@lesﬁ %8 rees. 1 58. The nethod of claim37 wherein the first
plurality of particles and the 2 second plurality of particles conprise

samg particles. Bgo%he haho®bQsinPs7 %@ﬂefﬂ B¢ ciBRllfictubdittatd mafekial RAPEr at ure
s ganmped to the 2 second tenperature.
Ca 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.

53



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

i nphantation fluyyr : : t hod of

cl al!l m 37 wher ei n)&t7 h?ﬁﬁ%{%@%ﬁéﬁp‘?@&gﬁﬁ?ﬁfﬁgﬁ goﬁsg? Omgﬁgefs 'Eagr t he
sec?nd titomel tréatrhe@4rockse net hod of claim 37 wherein the base has a width of
about 2 Rp and 2 less. 1 65. The nethod of claim 37 wherein the second

plucality of particles are r.ovided by supjecting, the surface region to a
hydﬁogen beari ng? nﬁpg}ﬁ%qﬂgfcﬁa@é?dxyﬂge%éﬁ%ﬁ%nml tfﬁ%Hfl?ﬂ%é’SOWéi n the
second wRlhaPAdneN <8 tBQfe(rél%b QeRthaent MO nERFAMM 1R abligndiRickReRn. of materi al
is held at a seconé)terrperature range selected to be 3 sufficient to allow
di ffusion and accunul ation of the plurality of particles within the 4
acclinul ati on r egi4én Thematleat ¢fyclaine3 T whereingheifizst pluyalsy oppartickeb e, C 67. The
met hod of .gl i mg@5 E/nerei n the hydrogen bearing environnent is 2 selected
from a PR ‘iﬂig@'naﬁfsé - a hydrogen atnosphere, or hydrogen-rich spin-on 3
materials, or a hydrogen ion rich liquid such as an acid. 1 68. A nethod for
fabpicating free syt gNdinighdbCHARSS7 RherBRIRE LSRRI SOBstRAREmAferials TOT €

sem conduct or substrates, conprising: 3 providing a sem conductor substrate
hav2ng prodded acatraydévaee. and a t hi ckness; 4 subjecting the surface region of
the sem conductor substrate to a first plurality 5 of high energy particles

ge ated using | i;near accel er.at o fq a pat.terned regipn.of a 6

o Ty of gar or S s BEESGTER B wherudbEhRe Rt bRRe RGERE G on bei ng
proyi dedsleengatedsecdnd Aiglsur face region to define a thickness of material to
be det ac%ed, the sem conductor 8 substrate being maintained at a first
tenperature, the first plurality of high energy particles 55 9 being

provi ded at a fi 58t Thepheimed efiddim 371 wherpimtthe firsé dngle ¢i ahoubzdro¢p ghout3@led t o

cause ipitiation 10 of a cleaving action; 11 subjecting the sem conduct or
sdbst r 8D a treatment 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.

54



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 bei gg. ThoWeHRA GlclAmSECRRGein TR @obn®BEHeSs prblidediihhati ng the

cl eaving action at a selected region of the patterned region to 18 detach a
por 2i owontinuphemiahnerlaftesthe dirstdlosachabl e materi al using a cl eavi ng process;
and 19 freeing the thickness of detachable material using a cleaving

process. C. 69. .The,netho ¢l aj 8 . rein e patterned.regi IS

D o0t ded in a 2ShedPBR el oyhctel 16 Bl e P PGB ankf e e e
met pod ggfe. Cl ai m 68 wherein the patterned region is provided in a z- 2
direction fromthe surface region to the gettering sites. 1 71. The net hod

of claim68 wherein the patterned region is Provi ded within 2 the gettering
sités. 1 72. A méRhdle msthadxficlaimt 3hghdreindhestishdosegatenis provided abf0Gat eri al s

using one or 2 m _conduct o upstrates,, c risipg: 3 providing a

sent contigrennpeeslior Faianaoen gos lyPase A SR a R by e 4

subj ectiBRniatin Auk kA6 BvéraRt Sfpatlied BansAeh conduct or substrate to a first

plurality 5 of high energy particles conprising D+ species generated using

a linear accelerator to forma 6 plurality of gettering sites within a

cl edve region, t@8. dhemeshadeqficlai |W§erpmdgﬁ sisthcp eegen is substendiallyiflatice r egi on

to efige tﬁ t hi cggess of material to be detached; subjecting the
oAUECEEFeQUBEP At e to a treat ment process; 9 subjecting the surface

regon of the sem conductor substrate to a second 10 plurality of high

eneqgy particl es 6g0mpe infdtitdl df2AmSIEwh&@sinihé babe hBea Wil T aBEE I Iy alddr, the

11 second plurality of high energy particles being provided to increase a

stréssl¢ssvel of the 12 cleave region froma first stress level to a second

stress level; 13 initiating the cleaving action at a sel ected region of the

cl eave region to detach .1 ortion, of. the thickness of detachable
o 2l s ng. o 60T e e 8Bt Mna B s PhE PLRATY Rt e RREESE;
det achphdvgddiByedubficting e surface region to a hydrogen bearing environment.

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

BOOWOND -

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

o o)

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 L B WD~

substrate being maintained at a first temperature, the first plurality of high energy particles
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16
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19
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10
11
12
13
14
15

being provided at a first implant angle, the patterned region being provided to cause initiation
of a cleaving action;

subjecting the semiconductor substrate to a treatment process;

subjecting the surface region of the semiconductor substrate to a second
plurality of high energy particles, the second plurality of high energy particles being provideci
to increase a stress level of the cleave region from a first stress level to a second stress level,
the semiconductor substrate being maintained at a second temperature, the second plurality of
particles being provided at a second implant angle;

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

freeing the thickness of detachable material using a cleaving process.

69. The method of claim 68 wherein the patterned region is provided in a

peﬁphegal region of the semiconductor substrate.

70. The method of claim 68 wherein the patterned region is provided in a z-

direction from the surface region to the gettering sites.

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

the gettering sites.

72. 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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