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WD 2005/ 029576 PCT/ US2004/ 004746 Attorney Docket:

SP03- 018 GLASS-BBASED SO STRUCTURES CROSS REFERENCE
WOQRURERSSTED APPLI CATI ON 5 This application cl aPas/ushm4/004746

benefit of priority of U S. Provisional

No. 60/448. 176 filed February 18, 2003, RRhEPRb A SP0s-018

of which inits entirety is hereby incorporated by

reference. FIELD OF THE I NVENTION Thi s invention

relates to sem conductor-on-insul ator (SOT)

structures. Mr@LASSERASEDUSOI STRUGEURESNt i on

relates to 1) nmethods for making such structures and

2) novel forms of such structures. To date, the

CROSSREFPRMNCE TORILLATERPLPPESCRTNON used in
sem conduct or-on- 1 nsulator structures has been
siThis epplicgimhclsinmsitbe beredit hproriyerd U.8f RrovisidnelbApplidation No.

o A TSR S BALARS BG

mcorﬁ&rra’céﬁtbljr%ﬁren%@ The present invention relates to
sem conduct or-on-i nsul ator structures in general,

FIEDHQEJEHFQMENTJON on-i nsul at or structures. For ease
resent ati t he t
LRGN efesad SmieBpo B RRE RSO0 abtbredt Mose

pamcﬂmm efeanedgion réletet B B) rﬁathbdls?fd)k afakingpRcRtructures and 2) novel

sem conduct or-on-insulator structure are made to

form¢ efcsuch sae@umehe expl anati on of the invention and are

n nr (
"oFo bt %ﬂ?geqmwnd 0 mafdlie} grgﬁe&n%ag%lg%msgd;&?gg&égac@ﬁm-

insulﬁbbitﬁ)thﬁés 2R besn siﬁe@h h&udhi seruttdrasdfaes béen referred to 1n the literature as
senm conduct or -on-i nsul at or structures i n genera

siliconrear-ipeRlalgr sty pod theapRigviagon spPT s besn snpbigh é? gHeh structures.
The }frggeﬂﬁﬁn%ﬁ relaflsltd Eé coﬁ&lﬁ:to?ggl - in@RROE Yirddt 88 nHlsa? *dncluding

o sem conduct or - on ass structures
s111cogeomma1hlatommhamhemg, but not limted to
silicon-0 ass st ures. .The SOG. nclature is
al K easq gnlp@%&ntla%oql,ﬁéq: fpﬁi]@wg@ discussion wi at 1mes g Haterms of silicon-

on- n%tﬁgfo? OREUEES T TRNBlra%Rs eI D £ SIIEUGHS16 LemibdHhsdt-BE-insulator

not lrmted to, silicon-on-glass- ceramc
strucsite aretmedeso fabHiatalthy explaation oSHE 1@@@@@3@:@@ ng§O@¢endedto, and

76 PCT/ 04/ 004746 CKGROUND OF THE
shouldgORRE FERPRIT o RO U 4000S SORET B, ™% bocom ng
| NEREAST MprdkidtRAS havathebdh td¥edd to BEhicOhMRIS o kil afor kfuctures
transistors, solar cells, and displays, such as,

in geml {nsluding, but efitdimitedso, silivea-ey-inseleter shuetarss Stwifarly, the SOG

abbrevil%pé)lné? eﬁsf? ietgﬁrotfg sglatéc%é?%?tﬁly oy g%fs%sﬁggﬁl]{rg% %Mer%l ?ﬁ(!ll%lﬁg, but

not liitite@kh asiscobltn-glhdd sHQBMRIre3A IS SCB nbksdatas ib am) G)ﬂt@xﬁ&é}l to include
on an
semiconductor-on-glass-ceramic structures, including, but not limited to, silicon-on-glass-

ceramic structures. The abbreviation SOI encompasses SOGs.
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insulating material. Various ways of obtaining such a

waf er include epitaxial growh of Si on lattice
worbtasiegs7e ubst r at es; bondi ng of a singl e crystalT/Us2004/004746

silicon wafer to another si%icon wafer on which an

oxi de |l ayer of Si02 has beefi grown, followed by

polishing or etching of the top 10 wafer down to, for

tquc Kron layer of single crystal
BACIgéﬁgcﬂgﬁp @Fql‘%E [ nprlg’le ation nmethods in which either
hgicegn-insul ayyigeimolagyss de@ninp lidonéaathgh mitmn“tanbfof bign a
buried oxide layer in the silicon wafer to
performanedidin Bl ransi s oRMricEHS, it disntaxe, ! 8 2p @%%é%éipéays
The s1£18(§q 9h by Ea}or%e{f@s %lstlﬁﬁ%ntlé’ye? QE SRRy Hﬁ% leStystal silicon
an OXI ayer as Int case of hydriogen
(generalin OllnlmB amtht onthiRbedstoas én stme easeppsdiick es S ntiprens) on an
approaches based on ion 15 inplantati on have been
insulatipgwater’dl-be nore practical commercially. In

PYLLib Ay s of dBGaidlY Eﬂgleanwafepﬁlcld@i@eﬁﬁﬁﬁﬁﬂ BBwiEsBI@nhasice

an advantage over the oxygen inplantation process in
matched abstrhies; bonmingmf atsinghe emetalgsﬂe@me@f@r toegothee silises wetes an

500/ of .t hat en ion
which ey ot Of IR B P BB Al HoRing o SRR g on
wafer 'axwhh!@ By 42488 &l PNtd mhﬁ&toanam omhgred:rym silivohj @liby-
in, for 20 exanple, Bister et al., "Ranges, of

1mp1amth’30I0m3ﬂ®dmﬁNh9rGh aiferdiydropener/oxpEen igRssare ﬁnEantsﬁ gitlegs to form a

buneﬁ??% erd8 ?Oélt ‘g%fgﬁép}??@?% 39 r ueFaS%%g %rn ﬁgﬁ? ﬂn%a%tatlon o

to sepgﬁiee(%kfoﬁ‘i@te 5 ,tﬁﬁ & Bé: toonBhielehothdd SiGtafeniith edtide Bayer as in the
1201-1202; and L. Diciocciog, Y. Letie

case OIﬁ éy@gcmlon@nplﬁaltﬁé@ad Of tleesw/thres geroaghes dhg %Hﬂf%acﬁéﬁ fased on ion
1mp1a1at8H%I? 2 be?ﬁ) {%u]ngﬁo %}ndée 81%%?32? %oﬁ%fel?ﬁgﬂ}; Y ' att Aé%aﬁ the h?ldro gen

e folTow n ernma
ion 1nip$a1ﬁ£tmfil“metﬁ6d Bassdnngiventage/stea Ithesmiylgem mplahtation piodessge that the
ions are then |nplanted |nt t? fer to .ge erateth
implanfahien encagies radaied arpHessithm %% ot 1 Neiegy [ etmianthau the

dosagg? uﬂ%ﬁtl torﬁ@s%?ﬁa%%t@e@%er ar e gener ated and the

et erm nes ensity. This wafer is then
p Eﬁﬁﬂﬂttlbﬁ] by tledntdacgen iva tohplametidremethiotl iveas nnitiall ytaughthia, for

examilgrpaie oeAla OBt of Pl SLr L Fhribai izt MO Bt Fsding g G

RadiafiBR #refQ 0@8t205§@993—§09,r A Hhs Bhert RRHSHBSHG{sRERA b |Mi&§el Bruel

Or use i1n separating a thin layer of silicon fromth

See Bfiel VidSe Pateffiido.ra¥il, 164n Y1 BruelnBlegtromic Weit 2933 /B2 95 7201~ 1202 and

oSSR AR s YO0, P 6 L STRILELS, 00,5

1144-4Ynger l ayer to the support substrate, i.e., the
uni nplanted Si wafer. This process thus forns a
siThe caathashtypicaldy bertsists ofttheiEallomangsters. A thermak exigg lgyer is grown

ona sm%%Frg§t8f F%‘%Waﬁo h a%g{l \%gerzn fcc’)lng al%otﬂeﬁl\ﬁlflﬁgnt% IRO s %feg?o

generate subsurface flaws. The implantation energy determines the depth at which the flaws

are generated and the dosage determines flaw density. This wafer is then placed into contact
with another silicon wafer (the support substrate) at room temperature to form a tentative
bond.

The wafers are then heat-treated to about 600°C to cause growth of the subsurface

flaws for use in separating a thin layer of silicon from the Si wafer. The resulting assembly is
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5 Cost is an inportant consideration for comrerci al

applications of SO structures. To date, a major part
wohodasiedwest of such structures has been the ceer/usto04/004746

the silicon wafer which sugports t he oxi de | ayer,

topped by the Si thin film e., a mpjor part of the

cost has been the support substrate Al t hough the use

s GhoRHEL P AP DT OPLOR ol BT 5

the su@a&ﬂ-&lb@ﬂfﬂte ite. 309 ufBkhlaffeBI3wafeB, Tis @ﬁﬁ:ﬁ&&hus ﬁmnhs a silicon-on-

391, 740) quartz is Itse rel atlvel Siy
lnsulatmts"erldq?tme withha ghis dilet i) 109%%%%@ iq apaiprr o nW swéﬂtgﬁn oxide

rences have nentioned quartz gl ass,
1nmﬂaqr%?% $&g%gss ceram cs. Other support substrate
mabosyik a1h Smbdmsetne donsiderdteancor efnemeniad applivatiookeo it Qlnstrudtures. To
sapphlre silicon carblde |I|co nitri

date, 37RRRF BT OBl GOPRIPER ST ST fhochork o1 T Gafet which
suppogtls ﬁfeo \é&ﬁeeﬂgexj toggg*d ngmaﬁl tﬁhlﬁhﬁ B&.P LR TRt thdcost has been the

ace a fer wth a wafer made out of
suppokt&ﬂbstﬁak@enswe material in an SO structure. In

di ff
it B vse o atelteg agpibel wlbRedif BeEf Sty pE fvarigus
patentS "(’&eb?ﬁs PREUE REL L, twb S0 .21 06410 6BWId50e6,323,108)8,333513,1, and
I .e., is difficult to make cost effective SOG

6,391 540} qumes itsgHfi laselaavéy) exRensie enatﬁnaér Iy Gisquseing semnont substrates,
some PE‘\I'Ie %%)?Fgl‘e&%rglg@g éveglita‘igtétgo%gg :aad ég%lg %gép ag(? tgfagsc Q&bﬁ%@s Other

suppostRiBhtfAS SitdriAlsIeREdGa Tkl kefbrefdes 1hdflﬁ@é dib@ondt Japghits; siticon
The present invention provides such techniques and

carbidehsibiceranitide, eeramigs, metalss eatplasiifs. need in the art for
| %\gﬂﬁ%ﬁr%géqt%#v%%{orgag Soviefld i%% nfttat Hi ta%fn‘?ﬁle rﬂaﬁte?‘g)dﬂef)l'ag@a silicon

provi es nov or- suc

waferSwifig WdfeR SnaddsRnGr 4 Tees expersicemarppl incatS @nsructure. t Ineparticular, it
i nvention 25 are those_ in giéﬁ%Ch fields as
f

is diffolidererteqegnsibieon watewith piekiss e5glasierramicerf thy fypgwhich can be
manuéa%ﬂﬁ&f)gtlg{%% qh@llltlhes% E)é{jsc%'t” gs b_l@ﬁfﬁ@lhl't tPRald SR 8ffective SOG

wher e
structﬁteg niThicRRb Ibycausa bﬁmcte dhqi)p:neﬁemlt man&n‘eor[; dre drehasciit beddractical

npared, to annrphous and po ilic ased devices.
techn\ O R P 145D DB 0T AT ES ETHPPEH A RIS P LRG0

£hgy are also enabled. Both the invention's
msula%lfgul‘hbprocesm ng techniques and its novel SO

s t’ﬂheqira:semsnsergmnﬁlr«zsadnsl syl @chwigaes atnldethmtls@qfs thyloggptanding

need {yfhe ot TeBRERS SIOSTASE oSt Sress g8 pAEOE dBE o
prow%&%v%ﬁﬁ@ fRGhEMRARAAED 04tdRe Me%nmﬁhaﬁoﬁﬁﬁ)r the invention

NTITON I n accordance wth a first aspect,
are thoseviarsuclofields ey pplesleeironicsh BE eﬂ@tmpmmé migfed SIgnal (analog/dlgltal)

electréggs %gnﬂdjﬂ Ca%l%rés SR OI n gltfc}ﬁlgr %’ ¢ gtl%% OVI g s]S ikx;rh'sfeaéé%‘éﬁcﬁlﬂy
enhart88 PBdordtRet Eai BSadhidled Qdmphred &3 &tnorphous and polysilicon based
devices. In addition, photovoltaics and solar cells with high efficiency are also enabled.
Both the invention's novel processing techniques and its novel SOI structures significantly
lower the cost of an SOI structure and thus satisfy the continuing demand in the

semiconductor field for lower cost devices.
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5 (1) the first substrate (10) conprises a first
external surface (11) for bonding to the second

weubsiegt7e (the first bonding surface), a SecORdT/US2004/004746

external surface (12) for agplying force to the first
substrate (the first forcé-applying surface), and an
internal zone (13) for separating the first substrate

sovajeefy Pt b pERENTEN 7T Er TG et ef red Lo as

t BeaccSIRRAIAVHIDN fiz@ASpect, Whd ﬁlhentfoﬁlrproﬁliedmmethod&fm 1bredvax:1ng a
hydr ogen ion inplantation _zqnpe), wherein: (a)

semlccpndugmrmﬂaﬁwjorsﬁmca@@ smﬁcaUthén 59%%@811%0&&515&%9

face are
st ahtl a %ﬁrS?Erg(} elaﬁnfﬁﬁb one g g‘?l eﬁe}%’) (b) the
S econd(ipar t the k3t substhité (¥9@ nombeses arfa'smcrtemalzsurfece( (]13) for

23 SS: ?Zt ef I(QQS;; 1€£ i 2 g%\zg{éf @ﬁﬁg{%ﬁ{q fgpqqunghrkg sur{%ce) a second
singl e-cr ys ﬁ%maﬁ%%@ E@Zg&@dgp%§fdr@é to tB& ﬁrs& gﬁbsttﬂa% (the first
at

second subsftr es two external surfaces
(21, 22), on&rcéﬁ)pﬁlmmgksmfmemganﬂ@ntllhieﬂfal zarte ($3b6r pepagating the

th d.b ther f |
For ce- ot NGt caaBc et e (i SR Bpms p £PS (e Mherma
appl yi ng Su?cﬁrﬁec(?% ) isMRRLRIRT rdféired (38 TIRCRBFarkIRGIZAMS," which, for

surface (21) and the second force-applying surface
(22) are subsalmie,lcahlbjbaﬁ‘a'dmge@hortlm timone) VAREPLEr e

25 separate fro e anat her

(b) the secgaﬂ tal? éI% 8%?1@9?5‘12‘%5%%%?05% %%ﬁgﬁé yriace
or an oxide gl a ﬁzf)Cﬁda:He afa@onkzbh@glzxrygretdmestﬁnmty rarddlel to
second bondi ng surfaces (1 21) into contact (once

brought into conpa@ﬁnmhﬁe first and second bondi ng

surfaces fo t IS

"interface" St %ndol?arP@$ 5 {S%%t‘éée%ggﬁ%gé agit% Ptgggessm) and the
WO 2005/ 029576 PGt UoRG04 k0P48461); atd (C) for a peri od

of tinme sufficient for the first and second su tra

to bond to fMe Hheonsbsubgirate ﬁ@)FPP@FS%ﬁP@é@B y Sing e CryStal
bondi ng surfaces n face),

si mul t aneousl y: f%t“%gp(%%ﬁgg o?céﬁ{o the first and

second (f)or ceheaepdnd susisate {20) esmpiiBes2p externa spriass (21h22), one

first and s %grob%%dg%ntg I’tlg]egﬁrss‘éJ sru gt%e?cg (&% %602()]1‘-1 bog(%gztg rgl?rrfeice) and

another for applying force to the second substrate (the second force-

applying surface), wherein:

(@) the second bonding surface (21) and the second force-applying
surface (22) are substantially parallel to one another and are
separated from one another by a distance Dy; and

(b)  the second substrate (20) comprises an oxide glass or an oxide
glass-ceramic;

(B)  bringing the first and second bonding surfaces (11,21) into contact (once
brought into contact, the first and second bonding surfaces form what is

referred to herein as the "interface" between the first and second substrates);



10

15

20

25

30

(2) subjecting the first and second substrates (10, 20)

to an electric field which is characterized by first
wandsgeeond voltages VI and V2 at the first ardraseomado4746

force-applying surfaces (12,22), respectively, said

vol t ages bei ng uniform at tﬁose surfaces wth Vi being

higher than V2 10 so that the electric field is

directed from.t r

SUEEr 8 SRy o0 B’ o Bt 8 o et fecofla YRR 5 to ome
substr aﬁ(ﬁtﬁer(al Ehedkt arfladetoriEainditg dnefaog (i.ehartae irerifaoel

by first and second tenperatures Tl and T2 at the

first simwdtagedshd f or ce- appl yi ng surfaces (12, 22),
respect{vel y 8ITRE rg

t hose erf ac%%lscﬁﬁg %glténg se tg%ltueg&sngeﬂtoﬂ%téﬂﬂ hfﬁ)lgo!?léﬁrﬁtces (12:22)
cooling to & presatha ﬁtrstramésmondépndlmg stifaces (Hr@)smlmi
substrates (.10,20) u i fferenti al tract

to t hekeby M%Wgtt%gﬁt Sec%‘ﬁa%‘{bﬁg?@s P@ébn )&e a?ﬁ tric field

separation i lﬁaractaqged(tg) ﬁl%%ﬂd' sreeoﬂdw@oﬂag&dvg akd V§ bt the

and second substrates g., to a comon
t enper at ur e fissiahd as:onddimmce-@mzimsurfe?esdm%)e p%spgcttivnb' said

zone (13): THATEES ReopaaRTaaal GrasSkeeoiiiyt SERALRY han v,

gl ass- cer amg 1 the U LA ﬁglﬁtli‘di@éctécf@oﬁi%é it 8dsefe10fto the
characteristics: (i) the oxide glass or oxide

gl ass- cer anmconésulzst@ter(éph apdi nt of |ess than 1,000C

§|5 y glnld g&ﬁ%)% i&vﬁ?@ ﬁécgﬁa F’é]bgs gey {)ﬂj @ Laid fleatmg being

Wi t hin the %ﬁﬁ@&énﬁddw firdt #hd(s289nd ﬂ@n@eﬁwraﬁri mi "azvmyhe first
fromthe second bonding surface and towards thg

second f or cendpysopd fyeeapplype 2965 (%82)@) Fespeqvely, gat
oxi de gl ass ten Og(e%ét\elﬁeg bg g%gﬁ?i‘éfrﬁ%g{sh%tsé:m%ssﬁﬁ g selected so that

non- bri dgi ng Ive 1 ons

al kal i or ahlsah taringas alvoinmms) telﬂpenah,lrel,uhd: figpt andapec()ﬁfc) substrates
nmove within 30 the second substrate, [

di rection akBy29rwdeieedideean oaiRAtiog t%%helfeg’é’g"?aﬁl} the first

and towards I ace (22). W
20051 020576 PATPBIOb8 DOAGREARELAEOTTAIT the art
ngD) br icdglintpthe kyizdsirkrandrseconddmbsitaies(10,20) (e.8.Jte agctoamaon
phase of an oxide Iass-cera C ar t hose d d
cont ri BRI ugh 2 gi“’c?é% SAPEFRSHESh &t ?R@f?t&g?fﬁ%gfst and secon:
conpon?gltt? qu15t Qf,‘ s@ﬁa}and:rpion%)(ﬁﬂP' e, in the case of

y

commer ava| ab e LCD display glass such as
wherdHORN dWild HICERPORKIEEDsGIcAB8 CIMRES] of both ofthe folpwiageetsol

CORNI NG | NCORPCRATED GLASS COVPCSI TI ON NO.  EAGLE
charaglgBHRi t he non-

@A) the oxide glass or oxide glass-ceramic has a strain point of less than 1,000°C

and comprises positive ions (e.g., alkali or alkaline-earth ions) which during step (C), move
within the second substrate (20) in a direction away from the second bonding surface (21)
and towards the second force-applying surface (22); and/or

(i)  the oxide glass or oxide glass-ceramic comprises (a) non-bridging oxygens
and (b) positive ions (e.g., alkali or alkaline-earth ions) which during step (C), move within
the second substrate (20) in a direction away from the second bonding surface (21) and
towards the second force-applying surface (22).
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bri dgi ng oxygens include those oxygens which are part

of the glass through the incorporation of
wabhb@linysge eart h oxi des (e.g., MJO, CaO SrO aRrdiwis2004/004746

BaO) in the gl ass conpositign. Al t hough not wi shing to

be bound by any particul ar theory of operation, it is

believed that an el ectrol ysis-type reaction takes

place duti ste ) i C SN S S '

PhSERo T8 e Bl bideint SARHLTHLPhor Hanlfr BT PG hapse of
an oxi88 EMESc@Emid e BRSE bk yenetantibweé td te gldie by non-network forming

el ectrol ysis-type reaction and that reactive, yg&ne"ﬁ_s
compqpenis wé & glasst Fer pxagRlp 1Bhe ¢ase pheaspmgreiallypupilln L Rdisplay

fi i ' i
as 4f FLCEPEAG cORUERL B gy A8 oposIrion RS ot
CORNINIG ROODRPORATED GIASS COMRORYHONINGe GAGLE 2600™8fthe non-

oxi di zed sem conductor (e.g., a silicon oxide region )
bridgingexygens inchisie-thess OFYSES e artyof thenglassilepgly thegncorporation

reqgi on. begjn t i 4 '

of ikt P AR T £ MatE Go% SO DR A b h M Gacs ofboBion.
| Alth it G sigh@isbetsound ibgtany pasule theeoiycofadpetation, it is believed
second substrate is _beljeved, to play .arole in the.

that anyelpetralysivtypsireachian ks plgse dyring e, i pRthar 1t 1s Delieved that

the se%ﬁ%hﬁ@&gru{uﬁg%atgmlﬁf dBktrAh) sebR8 a% eSfosfiteeidcdbe ok the

| S
Ieve generdtion of reactive oxygen and
electrdlysis-cyperbasiohand diat teatine 0:3@es esproduatd ¢ the ragibr of thie interface
a source of the siron nd which the invention
betwog THodyBBeP SR DT IS AT OHE P ke et SRR
semic&rcﬁl%{or%m&ﬁd'l U g ﬁﬁ%ﬂg'f@nﬁﬁgﬁﬁ sth 25 Byt1d 1R %i0H’16) of oxidized
gl ass-ceram c of the second substrate, T.e., ‘at |east
semicendwetar (¢.gnd sjlizbe nkidarégiomfdr)a sdicontHmstrbsethipendneten). (THds hybrid

. first and . second substrates i hr,ough e reacti
regiongpeerat LiipEEReR CIDTUe a1t e st s, TUEPsoGe T Ron-
bridgiRg b_ﬂtg&‘i& 'ir[‘@lefo'kﬁi@ gl:_i‘s§ oP 65148 1a§élb§rbﬁ@é 6f thSk&ohfl !s@@ﬁhie}ds believed

unliXe prior techniques, this strong bond 25 is .
to playe holewmthevgenration ofibe asegens dhat seast whb thagsarieandpetor material of
treatment, i.e., atreatnent at a tenperature above
theﬁrit,sb‘gﬁf?ﬁe'Thi s ability to avoid high tenperature

PI1Q§ BSIRdvRE tiatkt kuiSechbatioe 6 Pidctsrendypei end its &gntination with the
mat eri al which can be manufactured in_|large quantiti

. . S
semicemductaw easenial i aqureesof thy steanerRondiwhigh theitg¥enfigpaerares petween

LOC | ; | . .

v sl 5RO R A AL 65 Dl oranic o
the set@tRbakAtE,8. cvat Bastal partyasdpatentialyl 41D ofithechoad between the first and

di anond, . sapphire, etc. 200,5/%59576 C . .
secongerysaates duthovigh Aee reaqﬂq%ofﬁ? perugprfuctor material withyreaggive oxygen
o 17 e ST UOHT. Wt e PR O s o
is achlr®ed onithostetle atedafor ehighdembeastirotreatmenyx.ege treatment at a

gl ass-cer iﬂogoén one enbodi nent the gl ass or
tempegptreabes xhibits a strain point less than

1; ili ' irpPlRWsARPLdcERd sidRfate to be a

t g@%flggqgﬁgﬁg%%@qgé?%ﬂgwg g%ge%in% ami c typically has
materfal sihichi canppeinmanufeesged tndargBop@ptitzgsdt iaw £eatt g¢

high tgnqggr%!curng B;o%esls?fg? tﬁqu\pention eliminates the need for a support substrate

t is, by eliminating

composed of an expensive high temperature material, such as, silicon, quartz, diamond,

sapphire, etc.
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700C. For electronics and other applications, the

strain point is preferably less than 1,000C As well
wenos29316t he gl ass nmaking art, glasses and PCT/US2004/004746

gl ass-ceram cs havi ng | owner 7 strain points are easier

to manufacture than gl asses ‘and gl ass-cerani cs havi ng

hi gher strain points. 10 To facilitate bonding, the

oxi de_.ql @SS O1..AX] | - ' :

o P RE Tt ) 5o AP S e R, fhe dRePt G tifh
tempé@neiiedambiityaliofvsabe steot] absieste anbe cothplssedbfiais oxide glass or an

ceram cs depends on_their terrpergt ure and thus in

oxide glassworamic i ene BakpdiBaY theelttset glave-coans exhbiiz t sirain point less
. DERC . 3
v {RUPE! Mol Al 19100 5yl 8B RE AL g

cerangé Bpicatly hgs asaiagoanias thap 80D tande fiather embodimeatsdess than
.J2) used in step 15 (Q), .3 he, st rengt.h of the
700°Q Beri g ropies g aBist ROt DR SPOR S BRI less than
SEDA, £ infe STa&Pnalkify art316s8d add BaMRMhicOhadih
1’000d%r?xtr§g@él |coﬁHgtepe%C) I'S gge?fggrlrngd. Asgg generlgl avihgTower
strainqoirde hriereasiet foenanifadurg lthensglansesatiddgasgtcasnicehavimg higher strain
) {)referabl y has a resistivity p at 250C that is |ess
pomnty-han or equal to 1016 a-cm (i.e., a conductivity at
290GatilBhe boRliME, ¥R Slidd Hass @loxRTtUBAssiRrabic 5Rould be able to conduct
Sienmens/cm). Mre preferably, p at 250C is | ess than
electrimity20leasfitalsome ex®aB Thecspndagiiyitiies pxisleelaspessing oxide glass-

B S Tl P R R b OB Peeen e

semidoB&hdtdr Mhtedalaind 2BO6xi0¢ oThSkldrtoxRl gled®cerdmic Akt is a balance among:
positive ions that can nove during ste and it

C

1) the qonduqtivity ofighe glags qgetass-goranie Ay Ihetta@pér%ﬂées) (Tugad Te) yspdin step
0 . ; ; .

© PR I b SRSt g s

(C), apan) iettngsuns of tiwk dbiing tvhivhdtpa ) idps fhsiedat es, persons

skilled in the art will readily be able to determne
suis agrneral gpsiching itmexids glessg oxiderglassaeraac p&‘rf%raﬁr?é}aa 2

. st i t t. di . °
rsis 5 501t 188 (o U R BB s bt
is greRPiHan ak 'b%m @10 thsism epAEA) eV O Spréferaily, ¢ &#50°@ idAegitthan or

e

bet ween t sem conduct or and the oxide gl ass or
equalda 168 Ccrns snd mostpreferdbily kit is dess thaorey eawal tg RO 0 £2-cthelt SEuld be

ST AR S B0 B 3 B g

posifSRiorBRut ) §5hs SRAAE S R RDAR 1RGvs ik ghPolierimitivle for
use abthedecoad stibstragd mairodicirig SDDstaphiresid acoordéree wid) thalabove

ves positive ions (cations) within the second
Procegfiis&t rate in a direction fromthe second substrate's
baig ?Hﬁgé%ﬁl@f?e_t OF Rt 86 QRINPARRIrNEs, PAFHAS RUIEPURRE Bt will
its torce-applying surface (the second force-applying
readilybefahteatp deBunimersuitelrie nompinefiensaifltind, temnperafurke pllugﬁﬂd istrength for

[ 5 (23 i.ch begins. the, interf b
step (o et uEEr SBETI B e BOER T RALDS T et
combdREiBRo SUBSE JabdBeters which &rBfte d®BhE LR h B RiRALAST Ad the

t he second bondi ng surface and extends )
oxide glass or oxide glass-ceramic which is strong enough for the SOI structure to withstand

the various forces and environmental conditions to which it will be exposed during further

processing and/or use.
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into the second substrate towards the second

force-applying surface. The formation of such a
wdeplsa9on regi on i s especially desirabl e whenPtiais2004/004746

oxi de glass or oxide glassyceram c contains alkali

ions, e.g., Li+i, Na"', andPor K+1 I ons, since such

ions 10 are known to interfere with the oper ati on of

> ﬁlméﬁtchréi%ttgé algcﬁl\éllrgl% %g@lll(ﬁﬁl% hi€e lg(g{i%: ﬁe. %}gﬂieg irg%tfgp ?@ also

move@ﬁ@sﬁtﬁtel i6hk @ﬁu&gmmndmetswond et\ﬂbm& inantirdctions fibhethe second
pletlon region als referab has reducE
substreishiendingsiais (Hre erentbangg surfe ap oW arda HE fgrce-pppliing surface

(the sgct%gg ff(gerg%'—?}]g[?lgf{ﬂ%tsuhg@eg d gﬁ{;l? o%]‘g dﬁ %g%fgrgggﬁiﬁgﬁgg Hﬁ@eﬁ&l region

(23) vilficlolbegiisei dedidtcr-opbeiaictn thedosipad abtondtsobstratesemdextends into the

o e SR A L ool 0 e T e
into t}gees%lzcﬁ‘fd! s‘ﬁgstfeﬁ@’[o%&ssthg §a§>‘ﬁﬂ %llcé!- g]{)@ﬁlgesuﬁtacé he nor mal

ng and formation Ures of .
sﬂhel cﬁimraﬁsn offbeha dﬁpi‘modeegm mrmpm&llﬂ@snhhie Wlnlek &lﬂ oxide glass
lgnd al kali ne-earth _ions will_not_diff
or 0X ¢

g 8lagse P A containg alkalt 19@s, o Eyldl. amaﬁg/%ﬁ{(o ]toﬂ% smce Msuch ions

are Wﬁ'tﬁ RREYEEHith BF opBaHSTbSf ShiiGHIME®r HeNitdd AlRGinLearth ions, e.g.,
urther device processing, which is an inportant

Mg [erigfSrt’, 20l/atddd v,@anfalsonmtgg“cmgwahthe loperetipe of sestigongactor devices

a he bondi.n
and ﬁ@érfbeec epletoR re b e prRg ap aisah &P e npd Bodbh s gy
ifidaR8y APBisH deRl GourliRh@tRE 4 Setipadsidn odcafined & dable over
dep etlon Tegion of a desired width and a desired

time qveu ifbel SOp etgmcttur@es hestedlorraaifvietditomperafurapempsrallp o, or even to
some Séti%gtgthé}? gkl?qrﬁ? u&e‘ﬁqﬁ g{eg I(?? Q\%n% ﬁ@éﬂ fo¥m8§ %@Jrf@l&?agedby

-t € presen

tempdFhtGed, SeepletiVh edpigH Bespuciallyeabliedtithd hamai egebratmﬂg andafoﬂﬁatmn
characteristic feature of an SO structur@
{empesRiatss @4 OB SERATRFEs. h$h??§€ﬁﬁﬁded§%§te§518f3 fnia kel ad gffline-carth

ions \*éllﬂ %E‘hf & b @@ﬂ'tﬂé glag}?l g;?% %Hs% 458128 fthé Rniconductor

on o an also create
of the SI])II mume defigons of cﬁmm device pmocessofe, wheshriphn {neportant benefit

p03|t|ve ions contained in_.the oxide Iass xi de
derives) g VEiBE AR ctrwfé%daﬁ aytAtthe fhe BaRding SEtsROLI® (eat o
Ad, rtﬁé’ib
P A o
paranstaronekdsdi Itxsaohmvesa depletinh megiothef pidsered pndtlagmé @, desirgsl reduced

ositive ion centratlon bove
positiZE HEPRRRBRE 1N oL CRSRBIE S ‘DR PBSEDABACY Hedigigmmined by
persoﬁﬂl&ﬁélf in thd'%t RBAKHE g%@ﬁtcﬁ@lds@ﬂ: Of hédSrefas) thé &@plbtﬂih fleBion is a
he WO 2005/ 029576 PCT/ US2004/ 004746 ~ -9 pi |
charactegsstmfedare dfen SQrstmxangproduced in ec®rddnee w@rtbatr@thqdraappcts of
th he, bul k. concentratlon Li ke the depletion region,
eW@ﬂ%%”%?ﬁ? -up region, when present, is a

Chahadtieh tthe deple@bnifeiodf thrarpidation f tet dlétripficldwagdlso create
in accordance wth the nethod aspects of the present

"pﬂe up\/@gtqne fior onker merp ef temabileppsitipe iqns captatned in tegpife glass or

T TE M CRT T
deplefibn YépadseRithet GOndthe ilﬁtéﬁﬁ‘dellfet\v@h théfirst and second substrates. Within

the pile-up region, the positive ion has a concentration above its bulk concentration. For

example, when measured in atomic percent, the peak concentration of the positive ion in the
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sem conduct or substrate (first substrate) at the

separation zone so that the first substrate can be
wdi2vosgegs7snt o first and second parts, the secoORdTER04/004746

bei ng bonded to the second bstrate. In this way, an

SO structure having a sen1§%nductor portion of a

desired thickness is achieved, e.g., a thickness Ds

; e I, n
plle-@ g%ﬁ ?ﬁn e foreééﬁg) élg]tg 5 ﬁﬂggr%%%égtrh%gw%ﬁ E&ét?c[n Like
the d@plahjnﬁeglbﬁ) siueh b@ﬂwpbygaﬂ,yw]mmre@nt a tl’(mantmsmfc feature of an SOI
perati on, is believed that the akeni n g of the

StructgETedHed it 69005%@% withdheymethed 28pestsod thepreseay invention.
n
%Jﬁ%%#%gﬁgéré;b??b@ﬁgaﬁﬂlﬁeggxﬂg%?%gﬁét%&mﬁ@dst&?@ ., the values of
T antl dhapace ahaser to pdsfortnhthe pnpqmiaemt $wicton pOwedfeniflg (arpd ﬂ’az;tunng) the

ool ing causes .the firs
semicpSipioubatise (s wbPrae A FEaP o thayhe st Ssbatate can
be dlﬂa&i RECHst Ald &e&{& Bélsl B s@m!dlp%ﬁ b%hfge&)%dé@t& A€ sédond lsubstrate.

substrate which nmanifests itsel
In thiswalemi Q) ftrustrehavigg @Semhencﬂuqt@tpmfraadealrad thi¢kaess is

aratipn. zon di scussed be fera
B N N LN T
msmﬁgggeg 80 388ikfonk0 contract nore than the first
substrate. As used herein, the phrase "differential

c ddthoagh n@trivvisbi@g te bebpwiegl byoany resticidar thepry efrpperatien: é'is believed

that t %%fgé(rem ar € se%ﬁcc{ndbl tﬁg s das? 'étte ﬁé&he\%gge{réﬁ%% znc*anggurﬁr?% oy gccurs as
the beHdefl G rahd 80008 kShpvteS W ool dffef steplOW &Y., to $bdif Gerhhe@ature.
first and second substrates becone _bonded during step

By the pyopgheplegtion of di andraz Esep Aelow)+ this capbigeauses the ﬁiﬁt@e@ F‘?ﬁﬁmd
substroaftefsttg gﬁfe'i]gjg]%h? E@IIE’[I‘ s%ﬁ@& V\%\’fﬁl% F gﬁl la}%}yheg %&H#s%o the first

substiafeewhiciMaiabifosis bQBIﬂaS’ngeMgtﬁafchﬂfr@’nfehé fadsubistratenethef
t he substrates experiencing 25 tension, and the other
separglififoBes s Hisgussad Be@m preferplyethe &ﬁ?rﬁlgla?%@raﬁﬂ%é%such that the
secondSG64Sid Rek td'oﬁfrﬁct m %a?ﬂ L i sﬁ&'ﬁﬁt%es are used
ereln to reflect the act at the contraction of the
s Usstisedhesin, wﬁeqrhrmn'dx-fﬁermﬁal contrageorenin dwelidg td  ceminon

fromth on- bonded c rct'o, e.g.,,the
tempSy 4t SR R RgRL Bt 1 a5 B Segtey wesg not bonded,
they WEHIHRbMArRX IR ARt @xté@@: By ud cdofifig C PRk, SHbe th@‘ﬁfst"éﬁﬂ second
and, in general, will not actuall contract to that
substessdetomns bended siurlng etrep 1te) angl ayo tsrialgpthe lamopnheficontraction
and

ot e i Sl Bieine iy pi o Rl B AR pbr B R wouls

occurtifBlefBler@ B d0aiRB. ThistdiffefehéSleaditd 0n8©OTHE sSbRFésAxPbriencing
the goal in choosing these values WO 2005/ 029576

tenSIcmcaIvdtmm @uaraBion a@ fseulhef the cealingr dhemphrase fieeclss toqemtract”
and s 12 ses dtrs Bée%fl-?erég}? lté/ reff hfeth%f‘ ?atcg ﬁl%t ﬁ’% {rﬁctt%n o%‘f’l%(ﬁlbgt?ates

er ex

Whenﬁ’dd)h&éd wilEin g@h&ﬁ%@&&‘ﬁéren‘t fonf theis hoﬁrlbbﬁdd‘daioﬁtraaﬂ)nas gl, the
ly stress and thus weaken, the separation zone

substmﬁ- béieg él@wssngnay peckdepuiract i heertaimexdprdap agesultiafdhe cooling but
may ot %.85] qn %&}P&‘Iﬂr %&1?n6toacﬁ1%ﬁ§ chitr& P 8Lkl a8a 9EGA ofbeing bonded to

the other substrate.

The values of T; and T, used during step (C) will depend on the relative coefficients

of thermal expansion of the first and second substrates, the goal in choosing these values



10

15

20

25

30

5 extent than the first substrate during cooling, TI,
T2, and the CTE's of the first and second substrates
WOQCTEl2gs16d CTE2, respectively) should satisfy PO®/US2004/004746
rel ati onshi p: CTE2T2 > CTEI ﬁ? where CTEl is the 0C
coefficient of thermal expansion of the substantially
single-crystal sem conductor material and CTE2 is the
bemgoto 39&&3? Rebhé 6 ﬁ@%u@iraf&%l‘@éra‘tﬁ%ﬁﬁ@%ﬁ%ﬁd Qlibsfr% se]ef()%to contract
'ass or oxide glass-cera I's relationship
toa ge:ﬂmrmﬁeﬂt tten théethén substrae refecabiyd tisufist subbieae,moams to apply stress

copl ed to a common. reference tenperature of 0C. In
to, ﬂlgﬁﬁrwr‘i&e{mﬁh@ S?I@F%PP&H%&B“% toaiRgul d be kept in nind
fgehael R¥%hl e GRS For Phe LELAEsuAR o §€ék@8108ntract to a greater
pre erably has a 0-300C coefficient of thernal

exteng fpanke ﬁn;t itistretkidoting aodlisfg, &', Tof el the ICAtH's0efghe first 48d second

substlé%%if (PZT(J%C 1ghd C&Et rﬁ%}eﬁﬁt’gdsg’gﬁ %‘ﬂsﬁ%ﬁg fFﬁ)%ts gﬁ@? alh Iey o

si ngl e-ety %ng g, beon is approxi mately 24x10-7/C,
whil e the 00C average CTE is approxi mately

wher8 CTBx 1:0thz 0CC ca¢ffibisnpdt therGlE ekpamsione f tkecsmbstastiddiyt sirdle-crystal

semnicibelpt Batenar AL S SO corfertof gl i antion of the
oxid Qs%td’r%kﬁiec‘g@;ﬁsJ@Sra%@c apRiy eelztfﬁa&ﬂsﬁrpussamgs tﬁat thé Ardt BRd 62884
o

soda |ine glasses for use in such applications as
substsatdsaare codéd ®.a gignpamrdieresectempewimre b€ 0TT E2T2 > CTEI Tl

rel ati onshj when.t he t he, oxi.de gl ass

oxingep Gz odiimety &rioyidhe Heatio g ogge di or oxide
glass%%fﬁhﬁ@ B%f&%@lry Hﬁ?ﬁ @LIoabC ch&fifeleht oPthleﬁ‘ﬁeQ% %J%mn JTE which satisfies

ference will be needed in order for the second

thereiatimshate to seek to 25 contract nore than the first

substr aurin 00l j nversely, if the CTE of

the oxide? ZJd g@?k%ﬂg, [gass ceramc is greater

a r I

For c&ﬂﬂ?ﬁh&}ﬁ the QP ClbErmR A M@Hﬁ&l%k%%gteogr df%!gbstﬂatﬁgg %ﬁstal

i fference can be used
s1hcon>($ sieprotiameelp? 40 dvC, gitakesthe 8:300PC ava*ageSGTElls:amb)hmately
ove than that of the sem conductor material, the T2

32. 3X-10Tr°Cd| Althqugh e LR frrilessvand substatgwhciels leﬁéglam qreequal to

75x1 GOrE S e 5RER P ina0Re Shtodhs 1 b0 Grchpf Sy can be

abov&7%© e, tel tln Ae dabe o AL TRNOLGIRE foFREEN Rkh §19pﬁclaﬁ5nsaas solar
positive T Tl difference iS needed to ensure

cells.t he second substrate will seek to contract nor e than

S b Tand R CAE acarC b oG B he CTE Of the
oxide s g?éQ&%’g%éZé@nu n_f@FEzz Q}%&qhﬁgthgt 0 gs&ﬁfcgﬁd&ltcﬁﬁatenal

or OoxXI [Fass-cera e sem conductor materi a
(CTEs), aa‘.a?rgerth + Endisfetencernkle bé heeded il ordgl fos sheoogecond Sifbstrate to seek to
gl ass-ceram ¢ nore reactive. Al so, having T2 >

contrirs S1r B2 18¢ Hsbsubeirala QUFRS POoling: & oRSTISREE sy C}}E@i fhéqxide
glass op Qﬁdé‘\é@%s-gérgﬁc 1@ %réatgr ?ﬂanarﬁ% cﬂ%él\?e%ﬂconductor material, a smaller T, —

T, difference can be used. Indeed, if the CTE of the oxide glass or oxide glass-ceramic is

sufficiently above than that of the semiconductor material, the T, — T; difference can become
zero or even negative. However, in general, the CTE of the oxide glass or oxide glass-
ceramic is chosen to be relatively close to that of the semiconductor material so that a
positive T, — T} difference is needed to ensure that the second substrate will seek to contract

more than the first substrate during cooling. Having T, > T is also desirable since it can aid
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the first and second substrates. 5 The differenti al

contraction between the first and second substrates
wdeoisngweol i ng and the resulting weakeni ng/ f PATUSRI0AG04746

of the first substrate at tHT separation zone can be

achi eved by approaches ot her*than having the second

substrate seek to contract nore than the first

in boB 8 F eSS BR3Pk o P S e i
tendsttd enake G ekigd! ga&gﬁt&ide?@ds@era&m sndtk kRGNt ARD, havir%g T, > Ty is

contraction is achieved 10 through the selection o

desirgblesigrEt sanfagilitetapervamenieef Repitiveeotsi avey frovd thedaterigoe between
[ ol eneral terns, for this case, CTELT1
the ﬁflsgg&sset%é&%%ubgsp%tg ‘er than CTE2T2. Wen the first

S Uit di e RnS £ Qs Stri@iod Gatwea thairseatdgsohd subseses during cooling
substrate, the first substrate and, in particular,

and theyesWHeg isalmring Srctirirg ¢f the firy gpastote & thegeppralipr zeps can be
. . r |

schicf 3% pArFREES ool B ikvib BB SOSHR Q.BOFRE SOR 18 BBl b than the
first substrat&dwéng he rdoliig rinfpattivulas.dt carbeyhe firafsubdnatd thatsdeeks to

substrate) to be_under canpressi in the finished _.
contraghmage 31?&%? gecopgh ﬁ'@ﬁtratak Kion B il Sontigiianisgrieved
througlh He%%%@ﬁb@hf he @I‘E‘&&ﬂd‘%@m?ﬁ%ﬁﬁés éf*iﬁe AR GRDSbBHPSiYsRbEs. In

0 seek to contract nore than the first substrate

generdlteig foothid dage, G, eT1 webds fedse gronter thapldTETONS,

however, havi nsg[rt he sem conductor filmunder s

one
t eWBebiher it WhStrahe deks foepnirag Mo dhantthe serend sybsirate, the first
u : t it e [ .
s 34 AL B 480, 5620l REVSHAL P SAABREE G bl cnion,
ratheethibo dhdee cbmpodssibheat ithevedt df ol coblings g pemtaly it isyaafefigd for the

s S e b o STt B Rut e o
soI dvfueitd Baigl SuRlsae bsoshah W e %fffé?&{t:Fa‘i‘ GorsttRRoh Suses the

Agali n, for any particular application of the iInvention
secondesubstratatmyseplata ¢antractrm@$ tisamnthe dinsd o bratenditringi cablimgpreferred.

an rtj.cul ar oxide glass or. oxid ass-ceramC),.
For sciR¥ aBticebias, ApudenSie 6 sthie iduetos i Rk i hijon may be
prefefgd.ect values for Tl and T2 based on the present

di scl osure which will provide a |l evel of differential

c o de shgmasizef dlibowgh other stsafennditions eane used ontheg prastice of

.so that the first and.secon arts.of the first .
te sl ot BRI RBAESF P o b pan T during st
(C) afd By nidrabsifgd seells P@onahétuedrd titan (BO it sebshiatéshie@gicBoling
further detail below in connection with Figure 1D,
from ephevataddamperatues used degingsiep €eeond parts at the

" SRR R FRbh el PR aRRon TN, B Bl

semicdadcionmatetiall 4 ady tpartieplan okide ieladb of oxid@plaghcerbmit), pe¥ons
... 2005/ 029576 PCT/ US2004/ 004746 -12 before an
skilleg i Swietil] ioadibaealls Patershyguessige i g Tibised g fhsrpresent
discloetfe iith Rqul @W@e&l ﬁ%lzo%i@%'eﬂial gb‘ﬁtﬁe&ﬁ&aé AL RSy the
I's gener al at least on the order of 0.5 nanoneters
separfiB, zoae go that thet fivst and second parts of the first substrate can be separated from

one another to produce the desired SOI structure.
As discussed in further detail below in connection with Figure 1D, separation of the
first and second parts at the separation zone results in each part having an "exfoliation"

surface where the separation occurred. As known in the art, upon initial formation, i.e.,
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range of 1-100 nanoneters, and dependi ng on the
process conditions used, will typically have a
woansanesrat i on of the inplanted ion used to foPaTISE004/004746

separation zone, e.g., hydr_ciggn, above 5 that present

in the body of the first or 'Second parts. The

exfoliation surface as initially fornmed will also be

r .

b Sl St e, B AR SR L B 3eBR by o
surfaserdughmeess whimblis ghreedtalipr atdeast on theerder of Bet nanbmeRMSRMS, e.g., in the

surface roughness . js reduced to 1 nan ter or less,
range0lgl -0 pingmiiss e Asp e s A RE LEOEHT CRMISPaBFCo il Bpically have
a conﬁé’t{tﬁh!ﬁ%h F thefiffp] Bk &Libh e L10ABR teAchBon Ashels gd

, hP/drggen, above
erein, the phrase "exfoliation surface" 10 TAcludes
that prerenisinrthelealysaf thefitst ar secondpantsd Eheexfdlmtion studace aafititinlly

any..suybseguent .treagtnent.s. . The ssure applie .
torm @ iP s bRt 2 TR i ord G5B TR € 8RBy TEM. In typicat
appli€ ks, 8Be EXT8HatidNABEr8SRToliTH ASpridk € hdd sorthatTBIFMS QRHAE roughness

whi | e undergoi ng the heat and electric field

is redpeedbiorternemetsy of s, esg-el9.2 RMStsurfaceweyghnass om theodeti of @. 1

t . can hi eved. General | t he

neno B b RSB, R P B PRSI M s

includddl the sunfask bitiwal) folrhed gl sl Ftephnyp@dké®@nt treatments.
pressure than the gl ass or glass-ceram c substrate

( t e nsesswiseprierhior the fiest andrpepend sehstrgics duting ster (Ehensuies that
t ide: i-nti oAt { S :
those s pfle R ol Bl ot O B R AR e MRy AR Reld geatmens
of thgpsteps Ik s way) sheng betlingbetwexmthel sebstidne danbe ec]ﬁefreidu ni t
area P applied., tqQ the first and second force-applyin
s ﬁ?ﬂg@é@, sisontpeer sherrade (B %_r% Spstrate adll be able 0 withstand
. , , 5 )
highet B E ol pre S b BT oS Bl S herific Btz (thesccond
substpat®)f dhablthe pressre slchbsenris prqyide ibtipmie confackbet®@epthic.substrates

.. Again, .the specific pressure value to be used for any
Wlthoblga‘irf‘%%?%ﬁ‘eﬁ ?ﬂnldcgﬁg§t‘:?ﬁe'of the 25 invention can be
r eadide/radged @Fdﬁfbﬂﬁf—és% BELSQANF0f kKkdrhSIE, the 688 p&nif dr&P applied
t he present disclosure. The first ‘aspect of the

to thej firgieandi seeondalnrdseapphyaieg swideus the fizsst shdsgoend subsstrates, respectively,

substr.ate and.,a. si.ngle second substrate.
prefeg&ﬁfyeﬁahgtﬁqs\}@?gﬁleﬁ{%gmﬁet hods of the invention can be

used tq f@r<P <MOGst;han one SA structure on a single

second substrate. "For exanple, steps (A) through (D
and myghpiséeraldpdhe eldtomehip: first SO structure which 30

does ng{ C%/r]ﬁrﬁé he . entire area of the second :

subst r at! Pherd@diSter, steps (A) through (D) can be

r K L t . ,

T B el g B L oM Ry e
invensibn ot be wadifhdetermunetbBirsatsrsidted ie thesyt hiemtthepssent declosure.

di.f f nt fromthe fi.rst 2005/ Q29576 .
PP D gouch b Tventiat s D RtRg RInEe e i sdalgnd
singleXeoorid fublrath € A%RMal Pl YRHE miEBidAd oRtHel ihidntioH RaA bah§d to form

conposed of '
more than one SOI structure on a single second substrate.

For example, steps (A) through (D) can be used to form a first SOI structure which

does not cover the entire area of the second substrate. Thereafter, steps (A) through (D) can
be repeated to form a second SOI structure which covers all or part of the area not covered by

the first SOI structure. The second SOI structure may be the same or different from the first
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a substantially single-crystal sem conductor materi al
that is the sanme or different fromthe sem conductor
wort@roegd76 of the first substrate used in produeCngskiea0o4746

first SO structure. Mre Qﬁgferably, mul ti ple SO
structures are formed sinultaneously on a single 5
second substrate by providing multiple (i.e., tw or

SOI siRE@te, bl $he SB8d 56 SPudtireThf Be fdle u%? Qgﬂr&%.ubﬁ*alte chmposed of
those first substrates into contact wth a single

a subgteimllyt singhms enystebsenricartdamptof Blateriah that tsethe sqmes érodifferegt from the

. st Q). and (D h ti | tiple first
i SR B 6 b Sa) B T bR e hractre
Wé&@k&eﬁabfﬁ?ﬁfﬂ%éngﬁcﬂegﬁ%ﬁné@siﬁhﬁanéoﬁﬁlyﬁrh Ghdle

be the sane, al ifferent, or sone the sane and so
secongdsplsbraterhy, providing mhkiple (i.gppwo acmore fusteubsttates in step (A), bringing

e I.n Lple SO, structures on a. single oxjde
ot of EREEHS BBt i S Rt Dot 1) and then
perfor®@ifif s@PO(C) @ (DY AR REulBHg ARSI ﬁm_fs@oshafe/slhgg}e second substrate
articul ar a%;é)l Ication of the invention. If desired,
assemphy, I h ailidiels iy wibsdiatesinrovifled imestendacenall be thraseme; olf different,
ormnﬁ@?w%&m%%%&ﬁﬂg%ﬁﬁﬁﬂmﬁpr exanpl e, semi conduet or
material to obtain one or nmore continuous

s &vichsvatiaippoachdy ased, e raduliid HeltiglaSol @rucitdiéh a single oxide
gl ass-cerami c substrate of any 15 desired size. In
glass %%15? SlassresTamis sEBYAR saRd errontisrpus 9 senagated preappropriate for the
; : - des res, S,. 1
D e P RN AE L DR, ik Bl Shi Bt SR adacen:
structyes vardesfildedseith, fonelaaipde, -semicondsdiba aterislt to Wbtai ne or more
.conprising first and second | ayers, 1?,20) whi ch are
CONUNYPPSIFEHOHYCGh LSS OF A3 dreglass roaidegglassccpraynip substrate of any
desireliRzgugh one or nore internedi ate | ayers, wherein: (a)
the first layer (15) conprises a substantially
s imglditiqy tpshaforegpmgmrthod taspect sytheanventipn @Isp prévddsaneabiSOI
er (20) conprises an oxide glass or an oxide

- struc | a%/‘
F¥ss-ceramic; and (c) the bond strength between the

f Thod, idAdorRASWith 3%8Echdl 8p&, the BEnGorpr9idb e bdBIcEARuctor-on-
) referably at |east 10 | ouPes/ nmet er 2, and nost
msulagv straetuts| opmaprisingdust apg segand! lapdrsrelised () which ars etfached to one

hj,s specification and.in the c]ains, the
anothgs SR bR ok SRt e Ryl o
gl@ss e fhtdsyer ¢ BF)adhprisayLsubRfanBallyShgls k€] WaBicbfiductor
determ ned wusing an indentation procedure. Such

materigh ocedures are wi dely used to assess the adhesion i0

char acher.L st [ i oati.ngs .t wide .

V] oE RSk R o Yofbelst T A0 FOR O R fod imics ans

a@ br ihictboad swérgyth Bdtsveer the firsicidisaetddiyys B laast 8
) }quantzi tg{iei \{)e measur e, of adhgqszi on in the formof the
joulesyipgter fpaglerablsatleashl Qinaiesimeter candanesi pesferally20 bm5109576
joules)ﬁg[érBJ.SZOOM 004746 -14

As used throughout this specification and in the claims, the bond strength between a

semiconductor layer and a glass or glass-ceramic layer of an SOI structure is determined
using an indentation procedure. Such procedures are widely used to assess the adhesion
characteristics of thin films and coatings to a wide variety of materials, including polymeric,
metallic, and brittle materials. The technique provides a quantitative measure of adhesion in

the form of the interfacial strain energy release rate.
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In the exanpl es presented bel ow, indentation
measurenents of silicon coatings on glass were

woeodsoryegd using a Nano I ndenter |11 (MIS Syst eRET/US2004/004746
Corporation, Eden Prairie, ;M) equipped with a
Ber kovi ch di anond i ndenter. her equi pnent can, of

course, be used to determ ne bond strength val ues. As

dirs ehs SQehi Hedeied He%ﬁﬁd&te%oﬁ%n&@ﬁr@iﬂenﬂs r(‘)ﬁ?ﬂ‘l%@ﬂ b%ﬁlgs on

5 were made covering a range of loads and the region
glass W@ﬁ@ﬂ‘i?rﬁlréleﬂ usmgrad\lmxﬂn Indentérd] (MAGeSystem sobiarpoation iten Pegirie,

d m na ati.ons of
MN) g T B oy R PO Pt b IORG R B be used
to detbﬁflﬂaé ®BEE strédpeh VahaY aﬂmtdlmrséddqa%e@h 1%% R'1® below, indentations
i ncorporated herein by reference: D. Ngrsha and

were mady ce\eiing 2 TRBgesafleadsrend dre mmnem@hajély Rersomgimg ﬁue

inden P8P FEE ok Piclec IRRL AR, G lREIERr[hpfl enersics

were 2632 in ac26ifanécl Witd the fOhewiipaeRedtceStheteléRinbpdrEbaY SMERich are
be used in cal culating the bond energies called

1n°°11?a<{5?etet6§elteﬁébﬁé¥ee§?rﬁ%cesé? B, yleEballansd. G iveps, Micssgement of
AdneRhEL6E RESadaRyRAQAE il AT by 'RIcn BRI R1ochiRe i Blertrce

aspect i nvent1 on er
Delam;matﬁ(an el. @eppb dhgts.f S [ O 3632 + 263 €84, r'Die proeedune@This reference
exfoliation surface, In this case,

are toltb%)él%%‘;( %ﬂ%@ga@? bosdi ergesalled &y the elpinesiet forth below.
SEPRAGLE &YR rstr\%thlle i& h_%?&u@édeﬁsﬁ{ %ryeé?%\ﬁ dl{egﬁrﬁtgadgec% QPfhe

coefficient of ther expan
inventiessjthe fixst 1ayelpw1ll/\‘!tavcla ssefbdes(sycont dadec] 3b) foothelti fagn the second layer
- 0-7/C, and 51016 .a-cm and 20
Wh“’h(lﬁ)ansxﬁoﬁﬁ%\?fhs‘ﬁﬁﬁcﬁt SesE Al f‘s%lﬂ%glais Powride gass cgzamie of the
secon@ &8 will 2R bEtFergblgIavé&eram c will al so conpri se
positive ions whoSe distribution wthin the oxide
gl@ss el-Hi Geogffimtnt oftharmal expasive GTE endd 26§°Gatesistivity p

el ectri fleld en.the .tenperature T of the oxide
gl ass 8" aHéfy\AF%’éeéat’GQF}&H‘T c satisfies the

relationshi Bxlo‘/sc%f’@?ﬁ%jé%*rﬁfg‘ﬁc apdihere T. and T are

i n degrees centlgrade bé "appreci ated, the

strength of ghkeovapdmhetdeen the gl ass or

gl.ass-ceram c. layer and the sem conductor | ayer,
ﬂé_, ﬁF@@éﬁHﬁayéka%@@%éﬁ@Q(Fhereto is a key

I d stre
The ofEREDH Yy S HSLA. Sorli 0 9Rk RHY SHE 48P uion
W1th1nsthe ogidergtass anoxitlé platacdarhivecapibeaising asteaictiad wichhe
(lﬁ%tugact re of thin filmtransistors 30 and ot her
tempeﬁ?é% § e glash Phoifieglabs-ereamicesatisfss thomegsioaship
hi gh bend ;g4 Lepgth isggi nportant in providing deV| ce
i ntegri fy during €uttihg, polishing, and simlar

where(Tl; ané Tsirath ddoeges cedidtadph WO 2005/ 029576
XT U?%004/004746 -15
ill be appreciated, the strength of the bond between the glass or glass-ceramic
layer and the semiconductor layer, e.g., silicon layer, attached thereto is a key property of an
SOl structure. High bond strength and durability are very important to ensure that the SOI
structure can withstand the processing associated with the manufacture of thin film transistors
and other devices on or within the structure. For example, a high bond strength is important

in providing device integrity during cutting, polishing, and similar processing steps. A high
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bond strength also allows sem conductor filnms of
various thicknesses to be processed while attached to
wghemsn20876 gl ass- ceram ¢ substrates, including POTWS2004/004746

sem conductor films. It is krown that the bond energy

for the Si-Si02 bond for the standard thermal process

for producing SO structures depends on the annealing
bondls& I .

o o oo 38 Serftohduck A8 08 Pufus Mtlkntses 10 be rocessed while
attacheglfte glagp ariglags-campmie. sulbgirades, nclvdingthin sedobomdtioe filiss.

Bt Yo dencl oy S sB02 Pond o Spcd il proces

for pl@dﬁ@.ﬁgl 80 etritbtinfes dBFenTS 60 HE ASPATIs t@ﬁap&ﬂaﬁné BYERLA EH?: ‘range of 1-4
strengt hs for SO structures nuch higher th

Jouleﬁ/ﬁg% Hremg L QQ?(}ala@ﬁl exasdenrieondnetor Méafer Bomling, Q;éhd“ong,
t 2,
Goseft, ISy & sl 1h %W?%%%ﬁ%?%@%ﬂ&é&é@%ﬁp JA—

by thaemmpleso%d fatiobel OW; iniadsditi@ice it the 6édene aSHU¥P6f he 'ﬁﬁ/entlon bond
t and second Iayers 5,20) which are attached

Stren%h% or 2B SHBFUESS Pgh lﬂgfreééhain Qﬁewwmaﬁm@edrarm@ded ie.,
bond G& Ridsl Cefidmatfer e N (@) the Tivst |ayer
S con‘p ses a substantially single-crystal
S dmaccmndhm:e mthmatﬂ)ﬂdlaaﬂ)act 1% ipiventiogmovidess seanidoriReRAGN-

| Il el 11, 13b d
insul EE e Samdfas fis §1d 1Sioet ek @y (PO epb searadighadia one
anothéﬁéiﬂféfjdiré&ﬁ/ror(ﬂ%%hgﬁ Bﬁ@oﬂrﬁ%ﬁiﬁt@mﬁﬁ%}]&??&e?{ \hﬁ@%@n (i)

has a reference surface I'n the
fi(ast Iﬂawﬁrst(aj{&)(,ISB) is substantially parallel to the

first f ._and s .separated fromthat face b
a distd ce %8“%?/3 %ﬁ%ﬂtaﬁ?ﬂ;’ C-EYS g PERCPy tQSfmatena
enhanc OX Y16 Fir<t RAE QRbAALIHRMAnI s ¢
first ?g)ce c@z and extends tomr}gélm?%g secS: 11§ﬂg(§eeparatedbya
d1stan@g Bs) the Siastdageddil bbeingcliosry ta therseednddsger (3G) thim thie second face
(13b)sat|sf| es the relationship: 5H <- 200 manoneters, 25
Where 6H is the distance between the first face (11)

and a $111I1!)f at@s éi&?ﬁen&%u@ﬁcé—ll? SVt D9 whtheh thEl 'ﬁ&ﬁtlayer (15) 2)is

i s substanti al parallel to the firs
SubSt%nélégy P&rﬂld taﬁlep fapst fage {1Hg, andr3) aa:s;epmatqdrfecgn thaft tffmmblyiasilstance
Dy/2; thast face (11) for which the follow ng relationship
I's satisfied: Co(x) - Co/Ref ? 50 percent, 0 -< x <

6H,  wie) e: hadda fag@on)(lls)soit éiﬂiaﬁ@ﬂmﬁ}%érﬁédtn@?ﬁﬁﬁuoﬁmsﬂﬂb@ns at
I rs ace

on_ of st ance x fromthe
the ﬁr&gﬂ &1 §n4 FP@G rﬂ%\i!‘h'idﬁ the ssponsk fags (1§ bh said regien haviag e tleiekness
S Wh?&{gaﬂgﬁes%g)elatﬂ)%gln - 2005/ 029576 PCT/ US2004/ 004746

Oy < 200 nanometers,

where 8y is the distance between the first face (11) and a surface (16a) which 1) is within the
first layer (15), 2) is substantially parallel to the first face (11), and 3) is the surface farthest
from the first face (11) for which the following relationship is satisfied:
Co(x) — Corer = 50 percent, 0<x <8y,
where:
Co(x) is the concentration of oxygen as a function of distance x from the first face

(1),

Corret is the concentration of oxygen at the reference surface (17), and
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-16 Co(x) and CO' Ref are in atom c percent; and (b)

the second | ayer (20) conprises an oxide glass or an
woxie@2gi7ass- ceranm c. It should be noted that POE/US2004/004746

regi on of enhanced oxygen cg(?centrati on of this aspect

of the invention is to be stingui shed from an oxi de

| ayer fornmed on the outside of the 5 sem conductor

S ra prior.to bonding (sge, for exanple, U S.
ngg} O’Rsfa§?)’§lag%‘ﬂcﬁ’eﬁ° ’h‘% the regi on of the

P{S eNthe sev@iat bR (26) cdiniptisas ihexide plasosctinadxdde glass ceramlc
material. In particular, when the SO structure

p ﬁ@@g@édpe@@tnghatftb@ regicanRf cahanaed oKy geg copsbEtiop pf thafeaSPect of
the i mge %’g:’ﬁ f "11 &1&1%gufs§9d 20 O:In ogp&ai%&%m?ﬁ 5 the outs1de offthe

ion PSTOr ne tu’ as e conposi t
semicbRducER Fub@nRtiai@to baydng Qsl&d fohexamgleld].g§l B&Sntdﬁo (5);9(19%27) in
gl ass-layer is forned. 10 .ln accordance with a fqurth
that thespaien of I@TeseYEAVFEITIF m ¢ SHRAMGSHI et gRalo fB particular,

o RSP USSR il 8L s pseconie et o

regiortiof enbibthed @mygehr mgéntmm«anms fommecé id sntlmsrtmlc(anmslltay)é the,

wh th t |
semicgRRA e 1Y i lesn S ORI de SR LEREBCPBReL: ot al
S§ gcclo Ee Y ' 1bu §§Hef;ta9d% i P@EORPrdRER a@ﬁﬁc&rﬂﬁ&thﬁ@ﬁ

fromt secon yer is 15 an exfoliation
msulmrrstmcmre @mmpr(sh')g ﬁﬂstearsiacomdi llamre (1 %%D)Whlvgh yretadtgclieditg pne

d st [ 2
anothgrgeﬁ@?e Ef)?rg’r i I i %ryén‘%% aﬁ?ﬂ%edﬁtf’ at%%ﬁggéer(eg%) bei ng
cl %ser tﬁeoﬁltshﬁyéﬂ (1§} cdnﬂ@é’es & k&stdnliary hh leS@¢RileinddRductor
i1) has a reference surface ‘%Qm ich 1) is

materwl tsmdriaydrélag]gg arstrfhes/secquddyce 18p) @@'thegt §heaq¢pplgir Jayer which is

Ilel .to the first face (21), and 3) is separated
mex&%&ﬁ%ﬂﬁfw?a@ by a distance D2/2; (iii) conprises an

0 )de dheAsesord 1aét (28):de gl ass-ceram c which conprl ses
p03|t|ve ions of one or nore types, each type

posi th i @ i omanfist e seceed arbstratialboprralial faged Gl 2@ spparated by a
distani®h T i Y B9 P Btd AEer 8 G e oot St uloSEEAR face (22;

t owar dgii} he haed esfereaes sufata(®t) (@doh l)rls whithirhthilsecond layer (20), 2)
concentration of at |east one_type o sitjve
is subgiapfialiveraralist i the dirstdage{e Lh @P@Pbﬁésp%tﬁg SR e e %&éfhstance
D/2for that ion (the positive ion depletion region). In
’accordance with a fifth aspect, the invention provides
a sem ¢ii)ducbmprisss-annsadeglass or 30 oxidel,gtasa-rceraudaw&li@i qo)glprlses

first and second | ayer 15, 20). whi.ch are att.ache
positiy @néﬁg%%?r BB GoneuRs ‘giz oM G et i g peentration

C"R‘af%{é%]? 820 % %165%1?%53 wher ei n: WO 2005/ 029576
(iv)  has aregion (23) which begins at the first face (21) and extends
towards the reference surface (24) in which the concentration of at least one type of positive
ion is depleted relative to the reference concentration Cygrer for that ion (the positive ion
depletion region).
In accordance with a fifth aspect, the invention provides a semiconductor-on-insulator

structure comprising first and second layers (15,20) which are attached to one another either

directly or through one or more intermediate layers, wherein:
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-17 (a) the first layer (15) conprises a substantially

single-crystal sem conductor material, said |ayer
wboavisngsget hi ckness of | ess than 10 m crons PCT/US2004/004746

(preferably, less than 5 jcrons, nore preferably,

less than 1 micron); and (B)j'the second layer (20): 5

(i) has first and second substantially parallel faces

(21, 22), s r at a . di . +he fiLgt
() R geds s Penti b ERS Rty b sophdRductor
materB8Gaiid a{ @ ¢aving A)thickddsk bf leasthan refmsicens ¢preferdbiy, deds2Ugn 5
~ which 1) is wthin the second |ayer (20), 2) is
microgs;yaera prefenably, Jesy tpp d|micemiands i r st face (21), and 3)
[ %b)sep%eageg&(ﬁra%p& t face by a distance D2/2; 10
(Y1) conprises’an oxide glass or an oxide
gl ass- ¢gr amhas fifst afd woopd subsmntipibyparalla faces §21022)eeparated by a
. nore types, each type of positive io ing a )
distang Por Eh 6% SuROSPHFRS ger Gfhertingh o U HabF o pespod face (22);
surface;y an j | WSiRiP@e | t
the i fglg&(éé{ﬁ % SrfiBO(N) vefch) M0 W88 sBbndllayer (20), 2)
is substanfiatyepat ) td the finst dicet(BE), end 8 pistseparatod fioim that faseby a distance
one type of positive 15 ion is depleted relative to
D22t he reference concentration CURef for that ion (the
positi ‘(ﬁl%' ORomPARs@hi R BHsQU)an okileGPARREfahBE W dhitomprises
this aspéect of the invention, it shoul d be noted that .
positivérens 0f mieoomorel tipast eachdypeodf posisivaienyhaxiig 4 weferpree concentration

c aéﬁgngntiall fIess than the thickness of a
iRef i EGHFUCT B 2°%dPer . For exanple, commercially
avai | agivs_ Siphi § AENA(SY Shitheglihiae e SEfce bt edtbrald

100 20 mcrons. 1 n accordance with a sjixth aspect, .
towartlh theirafeeance swrfase §24)de svhichsbaiceneratretieon ol leastang typepf positive

ion is%}gféﬁe}dg{;%tig?o {gggllﬁ geggtgnéei Jo%%erﬂ&qoae ri/%egl rltﬁlé‘cqéjr? {’tfé%??sg@‘}e ion

t'0 ohe  ano her y or
deplefibd yone or nore internediate |ayers, wherein: (a)
the tfirst layer (15) conprises a substantially )
silpgprnestigmwith this m"n@emf&g@ Bventpen, ishapld he-notgd fhatifhe @ micron

limitHBf O Sl Brah0) s SRIRLRAS 140 1R HEHIIASS A SRiH G or
glass-cera Ich conprises positive 1ons of one or
waferTHog exatpsls, contirereially abhalablensiiéort Wefersdrave iiickaesser graafer than 100
. lithium sodium and potassiumions in the oxide glass

microgg. oxi de gl ass-ceranmic on an oxide basis is |less than

1. . ] 1 -Oh-

AR g e B BR8P OB b
insuldiaXBrustute Cormprising firse et siobyd laye (15,90). Which wreaattetiredi theone

first laye as a nmaxi num di rensi on
anothgg %%a@f g’rrg‘?tg’ q@#@ogglg gnger rgore&pgga?ﬁ?te ﬁ@ﬂ?ﬁsr’ (V%ﬁ%érbo nal in

t e casge Bst BiyELAbREGHDAes h3YBtantRIG singl-895t8I sehfiédhdbetor

centi neters.
material; and

(b)  the second layer (20) comprises an oxide glass or an oxide glass-ceramic

which comprises positive ions of one or more types, wherein the sum of the concentrations of
lithium, sodium, and potassium ions in the oxide glass or oxide glass-ceramic on an oxide
basis is less than 1.0 weight percent and, preferably, less than 0.1 weight percent (i.e., wt.%
Li,O + wt.% K0 + wt.% NayO < 1.0 wt.%, preferably, < 0.1 wt.%),

wherein the first layer (15) has a maximum dimension (e.g., diameter in the case of a

circular layer, diagonal in the case of a rectangular layer, etc.) greater than 10 centimeters.
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WD 2005/ 029576 PCT/ US2004/ 004746 -18 In accordance
W th a seventh aspect, the invention provides a
weemispassdect or - on- i nsul ator structure conpri sPaguS203004746

and second | ayers (15, 20) vyti'_ch are attached to one

anot her either directly or through one or nore

internmedi ate | ayers, wherein: (a) the first layer (15)

c , . , g | . .

e e i e R G S s
insulgtpr sttuchmel compusiol Sush sndsecond layersdi 520 pwhich eesat{a2hiedd)one

separ at.ed di stance D2,. the first fac 21) being
enott§F GfieF e By torohif oG amoreiale Hrdipte s SUSHAY ace

(22); thé £ 8 s8 Atble-Uh! icd

\_/\n':(fz)?ﬁi - (e s 0% @51 S{’fg? (20) . b%%ﬁ%gy%é%eu%@%%ﬁ%ﬁ@mm
matergidrad el to the first face (21), and 3) is separated

fr that face b li stance D2/2; (iii) conprises an
oxide gﬁ%%egog‘flaé’%r@ggde gl ass-ceram ¢ which conpri ses

posi ti B i onfas kst @AE s@onABEtnYiBRS par@BElTadet RB1,98) separated by a
ositive ion having a reference concentration ef

distangﬁ Depide distdpeasi@d) hfgflg dloger tq the(firgy layierd15) thewythsrse¢ad)face (22);
whi ch i ' 2 d .ext end
o SPGB B B v

is substantiaiiy paaslicdto thie fast fhan@ll), ané 3) spepaahted dint thiEfack BY aidsstance
depleted relative to the reference concentration
Dy/2;Gi | Ref for that ion (the positive ion depletion

regi on);:ysai [ : .

the edyi) o sonbfittsaR e Apker ah it FHITelTlnldy Brrprises
positife/jonk af oze oregoEtyfsgach typerte positivaidryhaingaicfereh@t@hcentration
C edﬁe (%f t he E sitive ion depletion region (23) in

iRef PG FPLPHRCGBH@ERt r ati on of at | east one type of

Posi ti Y&) i OMal § redfH k@@?@ﬂiﬁl@egfds\é?gfe%gé 1§ a éxl.?‘%%dﬁ

ion (the pile-up region). In accordance wth an el g
towards{he ceferanhe sunface 24)on whidwvthe esna@niatiorcafied leastoonedyppe of positive

. . iN tar,.st tur.e conprising fiyst_.and second |ayers
ion is 0 l5R T o 6 eSS RBb TG o Cme B et (ot pevapve ion
depletibd @eidnY, said rebioQ hating AQ1i R4l <ABE @ﬁayg?e[ﬂﬁéjé Q10RH8E $he reference

with a bond strength of at east joul es’ neter 2,
surfacgy,@fiér abl y at | east 10 joul es/meter2, and nost

ref er ahl east . j.oul es/.neter2 ..said first e

Ioayer ?\%53/ %Srr%ﬁei qnnéi\ldstﬁggicgﬂgfsog%ﬁé @%ﬁtﬁ%& gf%tpgfsmve 1on
depleti@iegiond ) iarwhickihe chadentatosaf 4 1§a;@f:6tmf/bwfeﬁosit%%)ion is

conpri sing _an oxide gl ass or an oxide glass-ceramc
enhangggoretative 49 Curoafor that jnsr(thegrilegip tegion).i r st | ayer (15)

' [ . £ises 30

P e eRlent &yl i SRR YR 1Ko BRI R g Ronductor-on-

insulagrbsstictnte @imprisingofirat 2d seegiddnger§ (13)20MWEéh £oRtta@%R 8 Ene

and CO(W ra}ct relatively independentl f/ of one anot her.
another either directly or through one or more mtermediate layers with a bond strength of at

least 8 joules/meter?, preferably at least 10 joules/meter?, and most preferably at least 15
joules/meter?, said first layer (15) comprising a substantially single-crystal semiconductor
material and said second layer (20) comprising‘é.n oxide glass or an oxide glass-ceramic
wherein at least a portion of the first layer (15) proximal to the second layer (20) comprises
recesses (18) which divide said portion into substantially isolated regions (19) which can

expand and contract relatively independently of one another.
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preferred enbodi nents of this aspect of the invention,
woOhersregeses (18) extend through the entire poTaisH®3®04746

(Ds) of the first layer (15)¢_ In accordance with a

ninth aspect, the invention provides a

silicon-on-insulator structure conprising first and

S g6 @Bflaih PYGESed éiﬁb&mneﬂﬁ'o?lﬂnéﬁsﬁ)egﬂ Jff%ﬁé beéeﬁtﬁ&laﬁ{é%gcésges (18)

one 5 another, said first npri si

extend iyotginthe sntire thickgess-(De)yefithe ﬁat llayen(i SDrat eri al and sai d

ORI T P —

structQfemmsindes: aaldﬂs%t:mlla 9 (IEIB wificld
and/ orﬁ%ZOS) said first | gyer® 3’ ”g%?tﬁ%?@cﬁgéto one

another g@lérﬁr%ti@er\(\}ﬁ)mnmmg@tsgbﬂh@ sorgle-toyet sili2®) matesial and said

secong‘?%%é ?@ %oﬁjph'sﬁl 0y g(fa(sgdfﬁ & agS 8efgpnwoﬁg\ﬁhd‘f)ﬁlé>p%%ﬁ<ﬂéé§%dzo)ne or
more sthletloxidey metdOrkitarherd (@gt BLOK2ESE;, whi/6hPiG:), ﬁﬁiﬁxtspﬁ?er (15)

ar. equal, tg 200 nanoneters. In accordance W th
Comp%lﬁé étfe@?lh L) yhaeh santacht B9 seread dayse (AM) end emprisasisilicon oxide

0 r si.ng.a substanti
e ORI <32 PR ERTRLL BHO248 T hR0L Bl Yidesgiarogion
havmgladluame@s(twﬂﬁ:hgb 86 t12h 0B BqX kSIBOEhADBIRLE AN ¢ whi ch
nprises positive ions irrat erial G, wherein at

| @ag%w@daaa? Withfa teth aspach dhe ingersipmprowides 4 senmicokgtuctot Hn-

: t enh ced. ox .
insulaf St Bho comRGld sttty 80 e BRA R SERiePOU g material (materta
S) and:ammade plats @l @xidagladsaridmio Mehitly @8nstises BOsitivd 168s (Bfkerial G),
el ial G w_.th an enhanced positive ion concentration
Wher%?t gst p pa Of Bipsstugiyee ¥rmprises BL¢seek t i ve ion; and
mat eri gl, te? En connection with each of the for egoi ng
aspects e invention, it should be noted that the

"insul atatnﬁals(wﬁﬁmeaﬂlaméedwxsgm eghyct or - on- i nsul at or

structuaf P aut omat j ca pr.ovi ded by the invention

t hr ougfraferia! Gawityp r?filll P iR iga gopprenfiieruiog at least one type of
positi@ i@gs- ceram ¢ as the 5 second substrate. The

i nsul ati ng function of the glass or glass-ceramc is

even f mateiel G veithhamcaunodigrositive iomt@ickaiteionIo) atledsnesditype of
os1t1\'/;e18nf' r.st and second substrates (10,20) includes a
P ’tﬁl\?‘e ion depletion region (23). As a specific

exanplﬁl,atdriam}he tenth aspect, all of the G naterials

are insulators. In addition, the S material wth

extiogyifeeach o éleenﬁommmsm of the iveakién, tisheoldebe noted

that thgxffﬁé‘l%‘foa'énc Rl 5 e e B0 Bt A S b ebomaticanty
provided by‘mdlhﬂ@qt@httﬁfouglﬂ ﬁ'lesas%f@di bRilde GRRS b1 41488e ERSs-ceramic as the

secomi su léli!,rgfte o"rI‘hg Ins%llragngs gf\lmctlgrtl [)%J t%te ljg&ae;s or glass-ceramic is even further
enhanced when the interface (30) between the first and second substrates (10,20) includes a
positive ion depletion region (23). As a specific example, in the tenth aspect, all of the G
materials are insulators. In addition, the S material with enhanced oxygen concentration may,
at least to some extent, function as an insulator depending on the oxygen concentration
achieved. In such cases, everything after the S material constitutes the insulator of the SOI

structure.
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provi sion of the insulator function in accordance with
woOhersinesgation is to be contrasted wi th conveRCTasa04/004746

SO structures in which a seggiconductor filmis

attached to a sem conductor wafer. To achieve an

i nsul ating function, an insulator |ayer, e.g., a SIQ2

| aptas autoReasploiski §ﬁ1§8‘ iﬂﬁﬁﬁﬁﬁl faftidoh e heDRIMNES ?/ét?lnﬁeAgnvention is

sem conductor filmand the 5 sem conductor wa

to be gprigasted vdthaennyentionat 5O stendtwies wi which hesemicostiuctepsin isofttached
' f] et hods f the present jnvention .
toa chzlgﬁcog@lycgé}a‘*’c | %e%g] %hl%vreoa&dgséulﬁiﬂgt | ‘ftgmsﬁ I@Ptawiﬁieése'%na S10,
layermesiiglte saxdwliehedibasied tet@¥driife S4BRONGRAIGNIS and the
,suaégrate where the SO structures may all be the
SCIMICGOR ,toraWEI‘fer-di fferent, or sonme the same and sone
di My . sSpec of the
s i Stcd 2B TR n8lohecrdo BT RIS RRBEDE e Phyehiifin gfe methods
of thegiraghtinvetmmctah &y @ractize] to prhéice mgeapl, SONruchurésSn a single oxide
1 I a&}gas lga% all . be the same, all different, or sone the
glass grppde glgssseqramis ubelrate whergiher (¥ staiciresgnay 4l bethelsaperall
differ@fit, 8r S 1A i Il Sdi r§ u | Eiyg
_1 erS(% grst r ucttﬁ E Féerﬂ%%nd %Jinﬁ&elrfﬁeﬁeég e§1a [a?lg? t°h§ g:g%c{‘l%ﬁ%s{p g?#)‘/)ﬂ 4
inventipn ean have @8Mjipleffirsthayeis ¢15) oh asmglkromd layhg20% eeRbagain, the

| ayer ttached. (el.ther directly or through one or
first ling e, 2 b i %&@@%ﬁmw Sgp the s andgomeldifarentof

SUWhbMBE 4 Ahkb RNH L of ﬁﬁﬁréllitg%?%sq(? 40 ﬁse{ﬂaﬁ"f‘erljeﬁhﬁng SoI
or can have substantial "areas of the first face tha
structyiescan silosihavedl o substantidiy all §€.et,raQ5%) &f thefirst face (21) of the

ial I.hgl e-cryst em conduct.or mat.erial s
seconft 334 P il % i B BF o SRl cayers to one
or mofd I6a8S 9f substattiRlyR@iy S bRBa sGhitSARIcto? St & 1% WE & have substantial
areas, the first face can be attached, either

areas gif the &irstyacsrthatigroarghciated wWith meterals that presit avtstdntighy single-crystal

: r . r Ws and/or 20 polycrystallin
somchfie SRRl e AIRERROHE 20 A BRLSEARE 28
P&l themystsiigld crgstall dehBeihdudioe areb§ ehedfirsB 168 chifBSattached, either

. expensive materials can_be particularly beneficial i'n
direotly; ar Shrayelhpin 1aneTedRiSTMGHele davetss &2, dor axainiple, amorphous and/or

ol Nk AL hp S L g RS on, i

use ofesheftlesoerpessivemgteriafsatan pe Ipiajlftiibaraﬂbf b@fééﬁ/cﬁilﬁhla d'{(sﬁﬁg% plications
processqrs, timn caontrollers, and the like, that
where S BRIETR R S el TR SPHEHEC OB ok fee Bipiaedly anlscnssdegor
rtaitpdrls oF (HO@YSNa] & kg, i 4§ 360! {0Lmi
certitt il IR Me) DL, kg L HERYBLEHADS, RRRL BRUEGL fmine
controdlars, iyl thblike, rkat requiteieghamipefoyrndnat kérmbhdutt@rengerials. As well-
kn IastEr élg{as?d th?elf.rml crystallization) of anorphous )
oW, Ty Py RO YSigipe srmcqpaugtar materials andy geparagien pelyerystalline
silicorS¢HAHeloBtnedtiCherdal cARtAHH At 08 K@gs 1aS4D5E h%rméﬁt@yst%}lization) of
entire first face of the second fayer, of course, does
amorpheis mafgrals eftbrcthesesuatieriele Have bden applisitost sabstiaas, Isych as, an LCD
inagle-crystal or non-single crystal sem conduct or
glass S%{%I?'al s. Rather, specified areas can have the

zlralgeafmg@ei iﬂﬁs‘é @eg:ie ?sﬁggréeaéﬁ Wdrloft RrPESEHoPRINEE Be SE0Riated with
substantially single-crystal or non-single crystal semiconductor materials. Rather, specified
areas can have the semiconductor materials with the spaces between such areas being either

bare second layer or second layer attached to one or more non-semiconductor materials. The
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bare second | ayer or second | ayer attached to one or

nor e non-sem conductor materials. The WO 2005/ 029576
WOCHsW3E004/ 004746 -21 sizes of such spaces cROTHS2004/004746

| arge or small as approprlagﬁ to the particul ar

application of the inventi For exanple, in the

case of displ ay appl i cations, liquid crystal
Y,
sizes ?Lf gch!has%gc’:es C ‘%&a%gis a&lgélt'o a{eg(é t@%@?ﬁcﬂl?r Application of the

mventiyiﬂl Faf égan[mé 1nﬁ& cﬁssaftdlqﬂﬁjdapplichh@ist ber, hquildairwnﬁlldwp[lays the
si ngl e- crystal or on single crystal

great gRajrity gf e alﬁﬁSd@geﬁ ¢ &e STFaEeT gmmpmxyp@eg 7r%§§0%bv§{ ypically not
be as%cﬁaﬁ?&&%ﬂh A& sabaithit 2%&%% oﬂg@%ﬁc[}r not %n%lé Ef}@ﬁl} F%/n%%onductor

avi ng extensive area ant’i a
materdalngl e- crystal sem conductor materials can be

e Lo Ot BT 3V SS A Ut SEB PP PR Ot
struct?%ersvllw%? ﬁ%xféﬁgi% 'aﬁa'a@gorﬁ?(gsﬁﬂ o?ﬁ@osﬁﬁﬁ%ﬁsﬁ?ﬂéer ta(l%@m?c%}lductor

are attached to one anot her” el directl
matempals tay origitaioed Thuspor accondenearwith an elelvaycb aspect, \bhﬁanwmxon

provifiy SR oGP LA L A BQ o G BeY AR Feaip lavers (1520)

whicl$ hidHBclfedts baé afSRdreRReitdRtly GRHRHhE oneld)mdrb ente@dnde layers,
| ayer (20) conprises an oxide glass or an oxide

whergjhass-ceranmic; and 15 (c¢) the regions have surface

R e MR el Sl ALLRNS B B ofpriflompriss

substi@ B9 easrystaCidntitbrifucpe idateiagr and AT = 500
centinmeters2 if none of the regions has a circul ar

pe(b) rretﬂé? seongd ey @0) eerapLises 80 akideaglasy os pmgide glagsseegpmic; and
D GBS TR EL LS iy WOEMA AR RO oo

sone dlffereﬂi Simlarly, if one or nore
i nt er nedi at e dy&rsn ¥ & lused, they can all be the
sane, all different, or some the sane and sone

wherdAf. EeT RenfiRbtel P €r a&efrdffeh@reg% ARSa cﬁéhliﬂgf Flhfek@r%d A9R€ 500

or nore regions can have he subst ant
centirmitery 6 rmmy@tf the regionchasdugtcntar petimetenl attached to th e

oy Boshahe s BB B el emcannygEiegals of fe Vafons

regi oﬁ@éﬂn‘%@l%& Qdme, 281 dTBERAY, Bf sthd AeRBdle dhd §&hé MiffeBerdt NSimilarly, if
second | ayer. I'n connecfion with the foregoi ng second

one of mom@gtﬁermeémémlaheragmw@, théy canenll ba/tha sam&n alltdiderenty er smne the
ers bet n the,f st and seco

same SR Srp BT 0 e BN B i i BB s can have
the sdbRta6KABSSinGb- kRS s&rﬁﬁﬁn&ﬂ@orﬁﬂ&teﬁﬂfaﬁaﬂ{eﬁfw feYorldl8Fer through

than 50 nm_and nost
one or more intermediate layers, while one or more other regions can have the semiconductor
material attached directly to the second layer.

In connection with the foregoing second through eleventh aspects of the invention, the
one or more intermediate layers between the first and second substrates, if present, preferably
have a combined thickness of less than 100 nm, more preferably less than 50 nm, and most
preferably, less than 30 nm.

In addition to the above-listed individual aspects, the invention also comprises any

and all combinations of these aspects. For example, all embodiments of the invention

preferably have an SOI structure which is characterized by a bond strength of at least 8
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preferably, Iess than 30 nm 30 In addition to the

above-listed individual aspects, the invention also
woaoprieees any and all conbi nations of these REPASR®H/004746

For exanple, all enbodinenté of the invention

preferably have an SO strd'?hre which is

characterized by a bond strength of at |east 8 WD

iueZPUREO AT ILPROAHAS, o ARl 1
joulegmefeet. atitnyladly, the S©I skbctujequrtfembiyeinelides Silsast and gxfokidtivn

SO structure preferaply includes at | east one
surfags, Ableps OneROsIL Y foacieplelipn Fegdt, ableastons ipilev regian, and/or a

semi@BRL&b: l%gerr G Qi cRifest E\‘j\lﬁs% djlinL&()ﬁb? region, and/or
a s ose t

em conduct or layer i ckness is less than 10
m Treonferense Thmbesfisedincthe sumneriss efthe varoushspetsnofithe awvention

f the various aspects of the inventio are_only for
are ol ST B GRYBiFS6S 0 e RRPE RS BALILREed o and shedeet b
inter%‘?t@d 1y HhﬁlltﬂiME s&ﬁ)e df @ﬁ@iﬁ%rﬁfoﬁ? ll\@&e: gfﬂ%r‘éll*l gt %E@bé 8RR stood that

the invention. Mre generally,
both {hederegoing gerdralt destriptiontand thefollgwingdejatedrdgbeription are merely

description and the foll qw det.ai | ed description ar
exempEPEpt Be AP are PHETFhOSHOT R = SHEreot HrRriud o
underfsR@nBm@\h&iRataid M hiag¥t 6f the ipeBMe. k for 10

under standi ng the nature and character of the

i vdditionsh feandes andoadypntpgestal thesingendioadve set dgrds ingthe dpteiled
i nvent..qn.are set,.forth.in the.detaile escliptio
desorlg RN AT Brs i shidRte e Pt b Bireito 658 kBl kPl art from

that def@iofi lok tdcOgnizéd by frasfiding tRThvénfioh adl@stibed h&8in0The
recogni zed by practicing the invention as descri bed

accorppanying drawings aecisaivded iomgoddanitiger andersigeding efthegnvention, and
: r .of .t he
e BB RSBS00 bR ThEN SRR s arno
intendqaietoiifidicaé seahe orliekutive bapaitions df sl dgseras showai therein.
intended to indicate scale or relative proportions of

BRIEI DESCREHRION QHABERRAWINGR EF DESCRI PTION OF THE
H Iy H !
SO PP ER Sp U End A IAARIRL e (RILPe il AL e for
prodeing ®@Olstestur@®) 1 Figure 1B is a schematic draw ng
il l.ustrating step. (B) of .the invention' s nmethod for
it 1Ay S S isiEhy e iniating S 63 o ¢ BeRBhon pethod for

prodlﬁr%qﬁ.djgstf-‘dchﬂ&t.rati ng step (C) of the invention's

i
method for producing SO structures. As shown in this
f ikygure 1 CTi2 aischqmaticairaving idustrating step §0) dfi the FEivgotien'siDethed for

. ti d i i 1.lustrati t f th
prod iR Gipebirie b Aorisin 155 BRisae b CSe s BEet Gred
FiFasirg 1DAs SReNSm BicCRERIngliBektathe Step DY bf Be alvedfioss #Rthod for
(D). Figure 2B is a schematic drawmng illustrating at

produgimgeXphbsithetirecal e the interface region
Figure 2A shows a completed SOI structure after step (D).

Figure 2B is a schematic drawing illustrating at an expanded scale the interface region
30 between the first and second substrates produced by step (C). As indicated in this figure,
reference surfaces 17 and 24 are at %D and %D, of Figure 2A, respectively.

Figure 3 is a schematic drawing illustrating the use of recesses in the bonding surface
of the first substrate to create regions which can expand and contract in relative isolation

from one another.
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30 between the first and second substrates produced by

step (C). As indicated in this figure, reference
weunodsaeewe1l7 and 24 are at %@2Ds and'/2D2 of Fi garais2084/004746

respectively. 30 Figure 3 |2 a schematic draw ng

illustrating the use of rec ¥ses in the bondi ng

surface of the first substrate to create regions

Ftits A aRBRTER Bhipea00B3beE KB Suihtsahgine te

recessed and isgLitadl égiods af Pigare 31 ew of the bonding surface of

the first substrate illustrating the recesses and
i Jogureed eadPBrise dpFSIMifrdepth pm%&a ©0é an SR siHctew prpduced in
accora_é)n%é %llﬁﬁh% %Riteﬁtl&{ fr'aI sﬁé‘on% su@ﬁra&h@h H&{J&gseooﬂ{ Ef} UG58 ‘i("L as
I'n accordance WI nvention for a
mobikylesitivaisnswhi ch | ncl udes both L| + and K as 5 nmobi | e
positive ions, ures 6A a ToF SI M5 de tﬂ
P P A and 8h sty ORIV P BIP IR £y SOLReRuLe 4 the type used

reheating. Figur es 7A and 7B are
1nF1£1'r%§%ﬁ<g Ig’éa'ﬁﬁ profiles of an SO structure produced
[ lF1guwcm daah @B ané¢ ThF+SARIS depénprotites fof an 8O stroctdre produced in
whi ch i Iudes essenti a Na+ 1Q. +
accorfe A BE Pvegton B 2 SErgu ot e Rhishdn e orspnal ety Na' as a
mobﬂgﬁ)%tsll't’iv@i&f' les of an SO structure of the type used
ure 7 after reheating. Each of Figures 5A, 6A,

7AFlgLamj8zSAn¢ BBwse oIS IviSgtepth profites oif ey S@astpctarebfdhetype used
T h% £s 5B, 6B, 7B, and SB shows that data
m 18316?17/@ P8 at omi ¢ percent values. 15 Figure 9 is a

C VR bPBPurdISAN6R, gat 69@8}?1'556\KI§SIMS Righal infmBity data, and each of
illustrating t he Si ng,a i crystal nature of the
t agt

Flgursseﬁﬂt‘s,cﬁﬂ;ﬂ@ca@d SBahews as@vestpd inde atomip pergericdlies.

i nvent |
F Ao on & /etesof Brech BEEROH Arackf pRAL FRRRHERE st
crystdf ngtikesf the SemitOfductstdaykd Of an 8OT efrdbipreéthiebd irpadcebidagse with the
of an SO structure produced in accordance wth the

inventigg.ehhe sgmicendugtos ddwria thg %qeﬁwlpsmmréﬁ depaitiens(Si).

iR O 54 O SRETASSS SRR SRRP Sl ol YOI 4

prodigsd ifdcgurdande with ﬂ{mmrﬁimatfomhai&ondmmbeﬁhte avhich eomaprises aelkaline-
ercent values. Figure 11 is_a sch tjc i N ) )
earth fcmsag thepobity psiyeoRs (Figeer LOARTEROR 6%‘7/ i i@g Slggna_l intensity data,
i h@é%h&dvg ihlt dY B8R cBd s Ft%ﬁh@ SeaRndidegyer . Figure
IS a schematic drawng 1l lustr t| ng a preferred
p rR)gL&s 4 1fioa s¢hendtic idragving dlus@stirgCin SO stotctire whichFiogprises

A1, ures 13A 1 are schematic draw ngs
multlpllel ﬁi%ttl S fiy2 s eesFF%‘Hﬁéﬁ%r oaches for

Figure 12 is a schematic drawing illustrating a preferred process for producing the
SOI structure of Figure 11.

Figures 13A and 13B are schematic drawings illustrating preferred approaches for
assembling multiple first substrates on a single second substrate. In particular, Figure 13A
shows machining of the edges of the first substrates to reduce the size of the gap between the
substrates, and Figure 13B shows the assembly of the first substrates on a conductive backer

to, among other things, simplify repeated use of the first substrates.
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assenbling multiple first substrates on a single

second substrate. In particular, Figure 13A shows
woraisindsrg of the edges of the first substrat eBCTWS2004/004746

reduce the size of the gap gitmen the substrates,

and Figure 13B shows the assénbly of the first

substrates on a conductive backer 30 to, anong other

t hi ngs, , Si ify.repeated use.of the fi trates.
WhiS88 14 SRt FRE G e HOBip S s BMRR R sccona
substBf REEB1§ veHePIhB Gapd Detwbdrofirsneibatriidd haveltRedh Fillsd with a

_substrate/single second substrate assenbly where the
semicgaductdransteds. fi rst substrates have been filled with a

 SOFRDSIE] BB LRI B ASDETRY g i

transibtbg.n film 5 transistor. Figure 16 is a schematic fl ow
chart showing a preferred enbodi nent of the_proces
adpmue 46 ¥ a shemphe dnvichart shopings Diieved graodimgat of thg grocess
feey e nbers designate |ike or correspondi ng
aSpec{Sg)rftﬁgeﬁt%%}t{&ﬁghout the several views. The elenents to
Wil ¢He dbbee defwigntik: rirasrenugiees ddsignattQikeor cesgspodding parts
re set forth in Table 1. DET SCRI PTI OF TH
throughqutfeisexeralsvigy %cE%%@GmS%\t/‘éWﬁI%F%EE? SRS e goerally

corre%%g@%éhﬁgm%iﬁéﬁle@te” als as a support substrate

articular, in using glass-based materi al s,
DETAHEDDHESCRYPTIONJRF JIHHE INVEMBIONXi de gl ass-cerani cs,

as,_ a,.su r{ substrate,.is that.the 1100C bondi

© PrrREdgbei Babiig alitascet TRime e PR TG s A uRport
substiid ﬁd?in%‘i&@a?,eﬁ BB 855 HaBEEmBRih1s WREiFIe Sl dR Mt alasses and

w thstand process tenperatures of this magnitude. The

oxidecghasaicerami¢m asld seppodtsubsirate, hethgt the 4 18QS ebpridinglreatmpnf previously

i senm conduct aor_.naterial . e g . .Ssilican, thus has 1.0
used e i RGRUCA LD i FRcsiord Sefissile id et QetByfiana
proceSS@ipeRIARES off tHis thApARidd. ETREEAhlehebordlifobetmkasthe iglass-based layer

challenging to s.ei)arate t he sem conductor wafer_into

and thespemdcopduetosmpterial, e @n siliser, they hesdotby achigyedst significantly lower

hydr ogen i.on il ' .
N T
the sefil@RRIuttos Wakdr fitb GartsTadt sdepadation henecfopaed by fooéxahipde, hydrogen ion

) gl ass-based material should be natched to the
lmplaé%ﬁﬁﬁsi on of the sem conductor |ayer of the SO

Stl\ﬁ&%&#’ér?wﬁal %‘éﬁgsdba%g@ Bl 2P s‘ﬁfast{t[}%ii ?’ﬁr’&l&%ﬂg@g ‘r%tesﬁﬁport substrate

| ayer trom support substrate.
materfdl aths elmsieion wh ther dlads haved tatex plashoildrte matasel tb che dxpangidn of the

.25 _sem_conduyct or e.qg.,.silicon, are own, . an .exac
semicppgRaNon 8t e LSt isb e v d FERBReR ShhePBirRpERe fayer fom
the suf} Ert SERBGEA! AhdubR YhE SRERLARH nhAEREs Wih @kSando8E 8lok8® that of

resses can becone sufficiently high so as to cause
semicdedurtolis ngg.ofilitdrs asdmiowmy) du exast magghas difficult to obtain. Expansion
mismatches are especially troublesome for large wafers where the stresses can become
sufficiently high so as to cause debonding of the semiconductor layer.
A further requirement is that the interface between the glass-based substrate and the
semiconductor material should be free of ions, such as alkali ions, which can diffuse into
semiconductor structures and cause serious problems with the functioning of semiconductor

devices. The glass-based materials known to have reasonably matched expansions to

semiconductor materials, e.g., silicon, often contain alkali ions.
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A further requirenent is that the interface between

the gl ass-based substrate and the sem conductor
worbt@roegd76 shoul d be free of ions, such as al kabPCTiusp®4/004746

whi ch can diffuse into 30 ssg1conductor structures and

cause serious problens with“the functioning of

sem conduct or devices. The gl ass-based nmaterial s

known t o.have as P

S gl%ug, Orﬁglit}gfe %Q&F oyber%h?ég?e% q?fﬁcogf%i?‘cog‘%stg et %OI structures
whlclﬁérhpllo'y sl sdBQr&@@Edrﬁ);&ﬁEd’ 6f Q@E’s‘-ﬁﬁ?@%ﬁ@ﬁkﬁl@s sunﬁﬁanzed above,

Thus, tipl eﬁﬁr obl ens need.to be addressed and

the prggeat Wﬁétl‘t’lbpli@w p ansthodp farroducingeSOl sty ewpichyrddress and
a egd~o I

overcggﬁeﬁﬂésn%g&ma{ag gg@regqg;gg ﬁge%ggtﬁgﬁlggggggymg&at@{h% process.
meHos, d:agﬁmrlﬁpﬂmma fingt ﬁﬂstraate i O ethictecomrisel a aﬁlﬁhtmsllﬁ gitlgle-
over co t hese oblens. .Figures |A. 1B, .1C, _and 1D

crystad SBIeaP AR rpawn@ aemicopdngiorguaeyal agn-prasiigendused

semi ﬁ‘%&cjﬂ% aiP/ okl & %Eﬁ%ﬁd&&oﬁ"@ﬁ&"ﬁsc BRI AS. TR, I IV-V etc.
substantiall'y sitigle- crystal $em cohductor’ materia

classe'Eths&ﬁrmndmIﬂmtor material can be a silicon-based

a ai(c:r}% ds:'lq fsﬁ{c/‘og-lrblagq O%ﬂ?éﬁf V2 ¥ O]:‘pe us%a g)gggﬁ%? sr,u'bstrate include

silicofl ?SE') Céé%%lﬁ'lhﬁf §ope@§ﬁf&h ?&Gé? a%ﬂ'silﬁ:@ﬁ <RBSRA STBY BhteAAIS. Examples
whi ¢h” can be used for th irst substrate include 10

of other beprmoqnctlstc)m wihathraan ibe wrgpbyyed fei the Eiow spisit@ts)incladel Ge, GaAs,
Sil] carbide (SiC) materials. Exanples of other

Gap, %ﬁr@ &SEESr s whi ch can be enployed for the first
S Uit tsERl @niiGbreRLEBrst Seftrate Willfbe iaflitk foAlR oTatsabdt@ltiily single-

The sem conductor of the first substrate will be in

crystal peatéripl nrifbc ward {gybstantiallyl’ [sused wrgd@cnbmgéh@ﬁrsﬁwbéwta ito take

' acco%g Pgw t t altl bsrgafacm Jil%%t(%ﬁnat{jéalg gcglgrbarlllsr c%ﬁ%ﬁ]éltq% %ﬁglttemal or

surfaé‘eﬁi‘éfé‘dﬂﬁ@ithét Cﬁhet’@ﬂ@ lok pluposedy aadddy suetirs @atﬁc@defécftﬁslt a ffNgrain
internal or surface defects_ either inherentl

boungasiepo$Be Wordi cralstantidly " also reflactsdthe ot that sertpin éoya@w may distort or

[ [1y" al so
oterflsB o B BRG] SPaork e WL MHBSUARHE ) drstort or
ot!hﬂhwm&an Figre 1AL the ﬁrst}sabﬁﬁatesl(i hat aifisst a&ftemlhhsdnfabk 11, a second

sm'conduct . As shown | ure.lA the firs
exterag) pui oz Ids T #p@iemalizpay lﬂiqré Prpting fhe fizst S&'astraaﬁ gt figt part

14 an@Q sSXSHI A 155 W Bfcfndse ’og aRdeéthd keSS DZOAS dﬂs@ugsec[ above Ds

separating the first substrate into aTirst part
will typldally Iseindhelrapge dbf 1Gnartolneetdrk tccm(biwonfetetrh @VlﬂaeprefeGrep} é]n‘cknesses

. ng di s ed above, | | i call in. .
being 19 Uhgrcietered ST OTErRTS Fisees OB iiriDy SHeERd R in b thicker
than moeﬁa%ﬁa%féré RiC kIHERS Bler BEA NG0D Rardifetdi@ 0P ARSIl the second

150 manonmeter range. If desired, the second part can

part dgr be thinhkethan Hanens0Btens; nbh@u@r@ce@@ly thunsenneomimdter lacﬁ:rs will

seneiJLY pOLARVRR I ALPARAR oL the RO s REG G ceftes

Thinf¥ §&8RbN@IcYortl By dis SBIHE eREteatvid oxiamesnSorWihdr mdstRIkAbM in the
not provide sufficient material for the production of

art. sem conductor devi ces.

External surfaces 11 and 12 and separation zone 13 preferably are parallel to one
another. However, to take account of the fact that there may be some slight angle, e.g., up to
1-2 degrees, between one or more of the surfaces and/or the zone, the surfaces and zone are

described herein as being "substantially parallel" which includes both the completely parallel
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Thi nner sem conductor |ayers may be created via
oxi dation or other nethods known in the art. Externa
weunodsaeewe1ll and 12 and separation zone 13 preberaiskon4/004746
are parallel to one 30 anotZ&r. However, to take
account of the fact that thé&re may be sone slight
angle, e.g., upto 1-2 degrees, between one or nore
rface " 10
and sgghtmglggegrca B85 TRAMERE »ERSRARIR: pd IR WS RGAMRERE 6Bty thr

one opfiodd dfthe sinficed of thelzufdemalp Qbhbd toenplemtyl R4tel y paral | el
WO 2005/ 029576 PCT/ US2004/.004746 ? and slightly
angPEatenzs 1 37R omrdasbe implraiation/eafqlipt lelaﬁ%#m@}ws off thetype
I I
currelffF TS0 (seRRAR bl ok G AT b8 dcBbFeddn O future. At
preseﬁeﬂmrsaparmbrzmme id Prefezalbilp fmmnhduxsmgghe hydrogen ion 1mp1antat10n

ant ation/exfgliatio hni gues of .the typ
technigiiey %ﬂ@? §etRisBes 4 TR0 @BOS A TP POFOTS,Of TR by
mcorgﬂ?%{teg’g depuRhopeder cﬁﬁ’@h’c Prg%dé% teéMniqueR &S 51@5 be Lb&I to form the

para ion zone Is prefe formed using t
separttynhrzmge,rsuclm As, |cnﬂh@ﬂmmloomf hy@ogm @rublselmﬁn tdne or hydrogen and
efer cussed r.el evant ort ons
boror it VB HAPRBYa RGBTt e BE By B GREAL DeRgpble into the

first a%H SEQRH Ipxrtk BONB séRe4HINGERS derddy @éﬁg))berﬁage@ke ts@pa.frélfdﬁ‘ zone needs
he separ ation Zone, such as, CO-1 I’Tpl antati on of

to respgmﬁ toghahent tteﬁi@qnﬂmqlmgyrmeshl;@db@ggnn&w@ake@ 6o thet therdivision of
t.echnk que first substrate
the ﬁ{\’/?\g%‘%?tr? 1%8%% %%F% seci)?{f%arp SHe™ gmﬁ rst and second

P dscAdhotvien FeRRE AN e s2eund stbdtiafd2® t@Rphidds twd BkiRmal surfaces
t he separati on zone needs to respond to the heat

21 anfl 23 azrln@h tike st SuRcpr d ssparpionyenns of Hy fistsvbstrale qrﬁ sibstantially
parallef]tg 0% ﬂg&n Iﬂfordérqg eﬁéu&g {hats'%g %ql%{rﬁc I?asalﬂﬁ"&&h E}?(%peﬂles in,
and 'second parts can occur. al'so

own in
for exlathpld, e ﬁ&labmﬁecsmh%ﬂ atieculld veaderpe.igs @aifomm bexdiag Bltad:ngth at the
surfaces 21 and 22 which, |like the surfaces and

1nterfg¢§d:§|t\g§qndhe 5t @n@,pecpﬁg smp.hsiarg‘qes Sy sievighians e parallel of external
surfa@85L 2000 Ao o RBERGPAor 0REpRAGGTeopt B adhfifhuls®

ensut e’ at t Structure has’uni roperties
| hefse¢onesabyttaty cdrhgriseadi akidd |gtaes:t>n anoXide g]ass:éeramicdfaving a

waf er i faor bondln ength_ at the
stran, g of s s oot s I Porbverionl SL06 Hst mab At e sizip point
is mquﬁbéaﬂufm v&m&mheagi@sg bekla8f c@xhRrmdh ws%egltﬁ&mlﬂf’l% 1§e2(1013 o

and 22 and separation zone 13 are prefeerably kept
Pa.s).t As hetviesn owide gTatseessaadmcdeglﬁss{cemcs; t.hqgla@esara wresgittiepreferred
| ass or, an X|de ass-cer haV|n
becafo i ot typlial PREplS SEpE A D e g BT Hitefloevailae
li@$ ﬁﬁmggglng art, the strain point is the tenperature
ich the glass or glass-ceramc has a viscosity of

1 O°1849h@Wpon Egu(rq 04 3the seadsybstate hnstathisknesg MeW@cés&,p@ferably

in v B0 ST Sppts ) BRF G B PFRF o, For

some 'Epﬁll}kfaﬁﬁﬁMﬁSOI SR tiTEK hﬂ%ﬁlahﬁ% nyeRtavidetethickaysigréddrahan or equal
| ess expensive. 25 As shown in Fl%gre 1A, the

to 1 @é@@@@e desirebleat.8., Fuavoad pHRI, sangelye efiiete fhich arise when standard
SOI s%gﬁ?ers%%v%g a silicon/silicon dioxide/silicon configuration are operated at high

frequencies. In the past, such thicknesses have been difficult to achieve. In accordance with
the present invention, an SOI structure having an insulating layer thicker than 1 micron is

readily achieved by simply using a second substrate whose thickness is greater than or equal
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in the range of 0.1mmto 10mm and nost preferably in
the range of 0.5mmto 1mm For sone applications of
wehossezet ures, insulating layers having a t hPCRUS®4/004746
greater than or equal to 1.micron are desirable,
e.g., to avoid parasitic capacitive effects which
ari se when standard SO structures having a
to 1 BickdrE OR/pfd i &PRwRE ﬁfﬂfl@a{ Bk hhiEILs S OFthE SoRl skt RfSs thus 1
operated at high 30 frequencies. In the past, suc
micrarhi cknesses have been difficult to achieve. In
accordance with the ent i
o PP EAE Y ke SLSRER et 1 Dtk ERigh T puppogt the firs
substf’ﬁt@ﬂﬁ’éhgh&h mgﬁ)@ssslsyepaehaue\aﬁde&%nsasmpélyas%%%u@ 135%8&!3%
substrate whose thickness is greater than or e

perfopped o hg=SLal snewurjszehmwnae 1s n@theprstital vipperlimit An the thickness

or g1 5o €l b S 5 AERE: bab g

desir&Efn it Lﬂtiﬁatefmlasttﬁlle@ﬂ&st L@n8ally RbClrefRned 8fhck theSHBREN ﬂhe thickness
the first substrate through the process steps of th

of thg yepend substratgsthodgwer she elagisie dighhtirepeboeithin thy Gibstrate durmg step
cture. Although there is no
© PR ISR oee! :

ITm onthethlckness of the

s entenukidedadsionbridegldsbicetanas & grefeamdy silied-baeedgdud, @ie mole
the support fu C{‘ICtI on or that desired for the ultimte
percenet b (- thgrosideslaps 96 pride glasgeergmis ismrefgrablngreatenthan 30 mole%

by t
s A g b SRS ERAT AL, e
phasadeanibegmdtitep corfieyitd, a:nortt]h&: spine, a:pxpthér&dystailmag‘ﬁases known in the art

di fference, 10 Th [ ass or .o id gla ceram.c
for glass-SFaUREr. PG Elary Phese LR TSR wsulligrgdnellaw

movertdB€of phsitiR 10 FAeyFr&a %hé)ﬁlte@fébg Setg&}eéﬁ ﬁlecfﬁﬁta?ﬁ@d &ﬁl%ﬁubsﬁates

preferably greater than 30 nol e% and nost pre era
dunngs@at(@) than 40 nole% In the case of gI ass ceramics,

b | | L
i oo BrereR a0 e ner oI an b bl Bris BeckF e
1I1V61’1|t161’1 t‘tﬁl@ arf denerfallyy 163k ?%?eﬂ;&f Fethse-of ThSr lﬁkﬁéﬁz mr%feﬁ&e

gl ass-ceram ¢ should be sufficient to all
performpansareharagerigivg &rméarboﬁcsr samg\applicationhe. 4. nﬁoe Sﬂae’euctures

second bst.r at
emnpl S b B BB MR b E e PG are
not oXide bs&d d. g1 hé}ﬁoﬁﬂagtals&ﬁ , Bhy b8 @esilaBMChiit 08 gerl¥dllyH R preferred
generally | ess preterred because of their higher cost

becausp af Beiribigher Pt per f or mance characteristics.

S0 L AL ao 5 SR  SBRLI.SALb A0S 0nE o ctal O F corampic i

prefemmbly tfamtspaﬁ'erhtlm &[&r\bﬁbbdneﬁ emrwhd&m mW@éEﬁgWih@ks 2d.£., the glass or
not oxj de base ., .nhon-oxi de gl asses, fg
glass a%rex%ls peeferghly tganépageﬁév £he 3p0mem t? EFEPpatRvelsaatiuarecof

elol 43k Qp%ﬁsscﬁﬁrmc%q{thi&rc&?d T %%é BRhucdd @om gonventional
| sp ay applications gl ass or glass=ceram<c Is
raw npaterfaby adigy/a varsmg phteelntiques knben\in giehiless nivkang A/, and/ or
.g., th I

! I%h\é%\yluecieegﬁ]agsts gr cr))%gg gfass-gerglnlc con?p seg1 gtslez?srt some positive ions which
during step (C), move within substrate 20 in the direction of the applied electric field, i.e.,
away from surface 21 and towards surface 22. Alkali ions, e.g., Lit!, Na'™!, and/or K™ ions,
are suitable positive ions for this purpose because they generally have higher mobilities than

other types of positive ions typically incorporated in oxide glasses and oxide glass-ceramics,
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25 glass ceramic is preferably transparent in the 350

nmto 2 mcron wavel ength range. The gl ass or
wghemsaresssani ¢ of the second substrate can be pcoasem®doo4746

from conventi onal ram1nater%als using a variety of

t echni ques known in the glass meking art. The oxide

gl ass or oxide glass-ceranic conprises at |east some

- i- I V 1 . ., .
AER S90S 1058 B Gl RGP g posive
ions dther tHan alkeli jons30g. awa;ie flasyes and Haide gh]ss-aeldnmmv}mwﬂ)g only alkaline-
surface 22. _Alkali i.ons and/ or K+1

Na *,
earth jQfi§s Canfpeised, in Ipéacﬁ‘fi%f)ﬁh\‘?ég‘fe&ﬂgnf or this purpose

beRUS RoddiatoF SPElalilat Avacalthalagn, HRRickh %r%v&h@aude range,
ot her types of positive ions typically incofporated in

represguiafive ghoesisticnsdeng eweinds & anedAAmit &6 pn WO0ZIAO bAGE IBreferred

g SRR R 820 s A DESBLE  h cose of

alkalil8d, bhd ©- 25|\@m ot dexidd HRisah R dasé @ﬂﬁkalﬁlegeaﬁhqesﬁsde
gl asses and oxi de gl ass-ceranm cs having only al kal i ne-

edklthouigh ﬁgcond anbsrates se@ppiedtHa singe glaseorgdlasstegramic are preferred,
lamma%éesﬂ‘h P c ﬁge%c?ﬁésu%ﬁ Whe of g]%n?e t% E@l #ugeﬁgaée useg the layer of

ne- ear I'ons” can vary
the laﬁﬁ@e[te slosdsatd me fieq @ﬁmﬁateaéhbﬁmshabe mgprb driieLdisChsdediigeift Gor a
% on an oxide basis. Preferred ali and

seconé|sub$txa%6%w<ﬁﬁd Ph#siBals ek paglaéﬁwgeram@ drayersdartigerfromghe first
|

s G BUPHIBD IR UG 8Py ALl B ecaue ey
do noadikedtiyriateest ithitheBrst Albistiateg in Srdasd cast) tHerset @Sl substrate is

.conposed of ngl e gl ass or glass-ceramc are
conﬂ%frg@) tyhayg end ?dawil%ﬁhé arenertisssppdtied ks asecqnd sybsirate are no longer
satisfﬁ?.s' red. When | am nated structures are used, the |ayer

0 10 the lanm nate closest to the first substrate
s Adahglthess sanmehlinesy ather o1 sh df subststes! 1 O end20 cdroinclade surface

second su te co of as Iass r
layersiveg Batt gF okt fhff gylefet Pa4cRe o § g T e semiconductor
When’%&f@%ﬁ 8h SurPdcef18 ARIBsHaleSID HRAYSE shitfse 1%%%&&@.@@ AL surface
may have rel axed properties because they do not

layersgihpulsttriog have @ ecmpositianandfve afthickness wihsthr willleprevent tHedformation of a

l.a r.case cond,subst r at onsi der.e
strong Bk e Be inn DT ARESPL SHRRAES. Fubdrirdi R PRI Tulkppthe
semicoHMSEruB sttt €havengd Qﬂﬁaﬁqessléea&t fhah bbsht 100 ARbrh &8 @an lead to

sane lines, either or both of substrates 10 and 20 can
weak ppao herding Mithdke glassasrglassweranpesubsapteal | of t hei r

g)ér%]%c ughin %s%%gmgg b(gt%ﬁéis Y Iﬁndtécl}lhrgﬁ eory if %I?era‘uon it is believed

that as uRistel@te€ hdvdng B gfcafer ﬂﬁbﬁrﬁb@@ﬂﬁhd&ﬁ ahiddstesiataficed, cufidttlow and
surface |layers should not have a conposition and/or a

thus diRinigee the ehprtolysigriype prastiehat thenterécareivessen die firspgnd second
substr?{e[é Wo}pfg %ghgﬁe'dvé@ 5R>d5.1 déeﬂﬁe'degﬁ‘edasﬂ%%lg %504 dA(%%Qﬁéggﬁf $hen an oxide

art an® oxi sem con
layer Sl;inestenabrethh dohdigg aurfivealf Iﬂl&Sﬁrsgﬁlﬁatraﬁ it bimml@ﬁmutloriﬂ@manly asa
ters can lead to or no bondlng witht

Passwgrla% Y8¥> 23 PRReseE & ahinsy lgimloyeh duik AISHGHY RXHistaXsr $9rrmeg on the
bondlfxg Ig'ga[c?g)\lf;gr% Yo Vb BEHE St PhotliRRREY% With REER HoY und thus will

typically (and preferably) have a thickness of less than about 100 nanometers. When surface
layers are present on the bonding surfaces of substrates 10 and/or 20, they constitute
intermediate layers between the first and second substrates in the finished SOI structure.
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15

that an oxide |l ayer having a greater thickness

provides a high resistance to current flow and 25
wOhos/0d93165 ni shes the el ectrol ysis-type reacti ORCRUSRIDE/004746

interface between the first,gnd second substrates

which is believed to produce the desired strong bond.

Accordi ngly, when an oxide layer is present on the

b areglicBhif WirdtaGBstRte/dddnd dubstrats 'é@ribﬁﬁh@ms g}eh%gﬁlrgn?l of the bonding
function primarily as a passivation | as oppo

surfagepl 1o0f firalsanbatrate @ 0 tayednce ity el gem, coant};nttamni &ad b@eﬁrfound

svar SRR O e RO S LR ol 1 PO S Sty
subst3 20/ umqaaktﬁdulirmh RIrediRkioR iy hydreys @me&mﬁes $8s Blen! 6= to be

t han about 100 nanoneters. Wien Surface layers are
of parficulappppastneq whpe ﬁamafgmgg sfligor filos froubsticant wsfemamplanted with

iy LS 19 B! REERISHIHEE sl BhSETPAL B S st made o
CORNING §N@@IH@RATE@CGLLASS COM2UFITRZQDS. 1737 or CORNING

PCT/ US2004/ 004746 -29 For certain first
INCORJURARER) GLASA C QUBOSTEIGN Mtﬁm@LE@QQTMpwbidmm needtin, for

i f 10.t
cxaml 5 RRRE G048 COSE o B BB B hycrogen
conceﬁ’daltamt \aﬂlaﬂ'stsbd: advaatagestisTer HeRnaGIAE cbRmi GRS R §tram
the first substrate to second substrate 20.

of
pomtspﬁlgt’ i the350°G e ROX G reagss wlw 3R eﬁwtngte peqeedadrfor &Fl on
apphc'ﬁfi@nsq %refl&léqu%)ﬁlepgle?[ cfhfj 1%:a(ﬂ'(l)n r inportance when
rans erring silicon PORAS) lcon waf er s

i Fpbatitwar, Witak bedry fhund et aﬁ)érfhytiﬁ)@h aBinpIRFhiH, 8% surface of an
such as, substrates

) |n|n Ikalln -earth ions,
implafig sigen AR ERA PRI e A, e adBET hEHOBKD, ion
ﬂ&é% OFTH|
concentfation - Oogq?@dg\%] fégwgﬁﬁ%g% gn@‘% 8%/{; éﬁe-{)or%ltnﬁ Jrocess and
thus ltphag bernt found df:sntabtwo oledicy diechydel @plcaueentl’aﬁon 6n hiel 1h?‘1/£1@ed Si
reducti o 886 :¥dro en 10 concentratlon Wi

wafer 5i8icefhy i ticat 19 QoG 'R e agLA ety i layer
transfétay s Whiths 6t thaifdteg &Q% Wg@% oﬁ%cglcﬁgfé 21 %ﬁﬁ g&lﬁgn&&n%ggg results

range, which are expec
in malgjpg edaipiantes gilicon wafbrmnerednydrapthiler anel adlotwsdhe beanding to take place

o RS T RO, bl R PSP GG A et

uniforimngep@ati@dosthk ise ﬁﬁn\mfr@ﬂmhﬁ&h@f WifeH) hydr ogen
concentration, hi gh hydrogen ion 15

CORRHRtALY, drhas tﬁ@l fWéd &@é i the ehsenat Dfmh)airo génereSiction
treatm%ﬁ{r &ﬂ? %,bblgll 8?%,?? g% téigas%) é/refeﬁ ﬁ%@ E’og Ql%l exlfetn 1rr1] al?e

coveredanegtiterSitfilmrtends tb ibe nbﬁﬂhﬁﬁﬁﬁ‘ dHSWevralvBEn &HaHya
a_gent]e OX|d|2|ngtreatmsnt i n order to taln

°°n°ef}§1fafle’g £t e swifagefdhe Stis seduped by an gridizingiagabmentps utigrm Si film
becomf:é’&t?&ﬁécf‘ﬂ) th %%Es wakd g%r i r%nant rogen concentration

results in S|I|con waf er nore
hyaticos lappioactees (d:ambé uml tb Iﬂﬁlub@ i Hydrdgentcak@nBbB&Cor fhe surface

of an ifgBfgaled gty TTENEFiRG PRGaSHoo HB L Ech T 6xIdaRp seaiment of the
surfaceS SR Al ‘cré’dhn%flt &h[ﬁe Wafel 'vdlﬂli‘ aﬁlro?(gg%rg&taﬁg{i hﬁ%ﬂct %vggls}gﬁlaoegen

Quantitatively, has been
peroxidd, hgdregen peyexide addl emimnia, hydrogen peroxide and ammonia followed by

hydrogen peroxide and an acid, or combinations of these processes. Treatment with an

oxygen plasma is the preferred approach, especially in a commercial setting. Although not
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treatnment, only about 10% of the glass wafer is

covered with a Si filmand even in the covered area,
woOhers®29s761 m t ends to be non-uni form However, PeEIS2G0R004746

hydrogen 35 concentration at,.the surface of the Si is

reduced by an oxidizing treatnent, a uniformsSi film

becones attached to the glass wafer over its entire

. s t.h
s B B B ARRIAARLGD Bt BT B e
treatmaxite mydRrgeﬁ eerrnmhtabmfaae Bemips nmdiz‘eeo aydrok gl @¥ishatvihh in turn

treat the surface, ch as, treatment of the
mak AR GTIT S A Qseygé‘f? £ hé’é??é’hﬁ’ccr Jdeherixeatment i prerartly earried out at

room]tgm ELR¥é ﬁﬁ dhéwar%gg glhfsg,larae&' %Eeﬂ{b% aglglgtgg@tv@e 2% R9EFor the

per X|de an I"'owed en péroxi de
ammeund +am:r<andejor anmoniali pmdmdel ﬁolkmfweﬂl’mgsaelcm peesRkiesreatments.
ngtrre han lasma is the preferred

ﬁ%ﬂ% fi L?/ Oﬁh HPfFRLR feams o piflicop walrs, fidg felieved
that r@&lctlm %Q%h%%ﬁ %Zﬁce%%ﬁ%ﬂpﬂé DRAAA geous%gr H‘&(ﬁ@ééhgnﬁrﬂamed

bound any partl cular th eory oper at’ on;
semlmﬂu@vewaﬁmonmnscd]gf gendeanduttoe mammalssqthéryhlzﬂmghcon

ot EROERS P | e QB Rt 85 ) ohiEE it i ention n

whichiHé it inkdiseconfR@bstF £t 1PHd J0Sar® Bﬁ;ugﬁtaiﬁjtoycdﬁ@ffcf !atecﬁm? HBndmg
at roomtenperature for the oxygen plasma and

surfagesrid eind 2y dn B@tpm@rreé smbodigentsrofitheingentiomp ﬁleaﬁrst and second

substgag(%sgaéxé geat? ({ ite} ﬁ e (ﬁ) %F%r 12 are g%at?ﬁ%o t?lvfrgacqupa‘fymg surfaces 12 and

22 arél bSTUSEI DNredpeetiPeIgn Th thi§ GapEdifFbresiidlickPihsWa Whweer the ifisst and
bel i eved  that reductions In hydrogen concentration

secongj ubstiséesds o ¥tid ety ing the bondjag B@éﬁss.qfﬁtea KER dAlternatively, the first

r
ot SO O ML S BRIRE s BT RN gesogane
surfatdsild ahd QUhavé béendirowdhe snts temadtBhd @Efo&@&leﬂfegﬂlﬂﬁfg oFfstdpl(€) and/or
i nvent j gn in 10 which the first and second substrates

during thejptiabparh pEster Gritefore skstantial bending hasipspyrregh niherypre-heating
s pRoBE R0l L SO RL T ROk oce i

desirdﬁﬁ&inpdrapnemf thefist epd §d8pnd subgtrateshevelteah echchad. t hat

f urfaces.12 and . 22 are at T] and T2
! SRSt e SR i Fopmredanialy ot Wg%ﬁ IC, can have a
varie e efedrMfors! Fet eﬁi’éﬁmeﬁ%@ﬁﬁh&o%%%ﬁ&%f a | vg¥ sUSS

during the bondi ng 'process ste
MICROEECiof Muniéh, 4retimeey; Ay be umltasah@proatssmg@hamba ﬁﬁmtsanhe

t t B but t ft bond
cauinBiepfinodt S48 Br robim ReoL ApBe b cRper g BEH SRl AG
simulBRESUsEy hrdBeRIRGIHNIIPR Mkt sub&ihtd/SocoRd dfratetidentiflict Bl generally
initial part of step (C) before substantial bonding

be pr¢fgmedseccur red. When pre-heating is perforrred t he

b urf es ¢ be, se acers whi ch_ar
- SRR T BARRD Lo TRERR Pt bR Rt gl e
strengdhy] af@ O SleBElL, [thé RIYufravientd adich e phRessindchii®er needs to satisfy
processi ng chamber, which is shown schematl cal y at
are nqtdepppdipg wioch emothey enportapsadanipge pf dsrnyeptiont i eo,rtbe mven‘uon

can bg gfagﬁ@%m&%eﬁ%ﬁ% %%oﬂ?re?&RgW1n9£pehs1ge 7 w1dse?y available or

easily fabricated for custom applications.

Figure 1C shows the central step of the process, i.e., step (C), where the first and

second substrates are bonded to one another. Step (C) is performed for a period of time
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M CROTEC of Muni ch, Germany, can be used as the

processi ng chanber. The sane equi pnent can be used
woaonosmasster ci al applications, although equi pmeRCT/US2004/004746
" capable of simultaneously groce55|ng multiple first

substrat e/ second substrate dssenblies will general ly

25 be preferred. Because the invention uses lowto

noder at e .t ratu ur i e
st G 0T A R BRSO onTIR e A PSR ffpecond
bondinB8uih&R £ F61 HGnENERRPI(C) eadbe p@fdaiel $o1a padiod Hebkeen 45 and 90
demandi ng, which is anot her inportant advantage of the

minufesy Shettesperipdseof tinparej of coTsCogenEaly nsefepspd e & céentostithan 30

mlnu{eég) an?ing L }4%9 a SO%FCHI%B i g‘;@%%;feﬁﬁﬂ% rtlﬁé;t??@ gﬁ!?]?lg\rég angg'form step (C)

can ba %ﬂulcéditol DpBiodkof guISGmilnufésSde tlirbegictheloptmisitien ofbulishate
process, i.e., step (O, where the first and second

mate%qlﬁm@ﬁ%@g @f@eba&brawnﬂ@pﬁw volggeler . Step (O is

P?F%@ﬁ%ﬁ%%ﬁ%@gﬁ?%%dﬁ %?g%@efz\gdrgé&ﬁ%gg ] 1rﬁgns i.e., chamber 40

is evasadied evhild biep (@) spetforrhed dPrcferanig the ptehmre at the hhalﬁbersd; less than

d d bondi f F
or quégﬁo iec, agra)l ngqe uerftggflg%&hgg{)q,\%éﬁ Qg% 3,{)@,1&15:81:5 Alternatlvely,
step (@% AL ﬁﬁ)y i eH% a@ﬁ{eh%%oﬁfhel;é g@chaefsean ﬁrfnogj%é'i'é §f argon, helium, or

ner a eferred (e.g., tines |ess than
theli]m nutes) and in a conmercial setting, it is expect ed

that ..t he t d .t
SRee Aot itiog ib ki@t fL MR GPs btk BB §1 > V2 and
prefeltahﬁy Wik T<Z@t RGeof; M h’ﬁtaE@trl pe BRIy, i \?‘t)lta%é mfeﬁipe&Me at

ngfratures and appl vol tages.” Step (O
forceﬁpp argirface &2.faod vedind Ad are, nestedtively ﬁ@c\mlmg@mhﬁempm@re at

force RN M o &1 B B Py R Ry oAb Hesoth sipts ves

locatddetSetow B firsdubsita hs §dwh iiHiLirbaC, aldivhgh®isd opposite orientation can
preferably, less than or equal to 10-3 mllibars.

be us¢d Hdesizgadi \Adpgs vertipakeregihgroyicatatiopeiop de sbpieaicy ¢andre used, if
desm%%lnert at nosphere, such as, an atnosphere of argon,
élium or the like. As di scussed above and shown in
Finguand Vi Gorefetabiy ia@)sfyl the paaticashipdl With VI > V2 and
preferably with TI T2, where VI and Tl are,
r es pect]JOOé)IOyiS/Cmrfe (Voi'Va)éB <Hbkilesiofacns ur e at
ur f
where @ S%g%taclﬁg[ & cﬁ’fy% cen tﬁl ﬁ asé‘ énda%gg?&e/ f%"gép %Qp-{fmg ﬁrfiqgs during step (C).
A pref@tsaeyaarloy tHRRq VS LWE};’(DQatZ@ rankBs bdiwe@xXaRL 620885 EMI bed
bel ow, the second substrate was |ocated bel ow the
f iT1gnd Sulpseferably satisfs eswelationstipir e 1C, al t hough t he

opposi te oyJ.entati n e used if desired. AlSso,
verti célle_ogoo?ﬁbr ®?|3§ﬂt%ﬂ‘fons for the substrates can
be usedy _i{5) deskied.ssyl and V2 preferably satisfy the
relatlonsﬁfg g% 100 volts/cm<- (VI -V2)/D <- 40

wher&T| B\tled dtefiicpoint of the oxide glass or oxide glass-ceramic and Ts, T, and T are in

degrees centigrade. As discussed above, Ts is less than 1000°C, can be less than 800°C, and
may also be less than about 700°C.

Typically, both T; and T, will be greater than or equal to 300°C and less than or equal
to 800°C, although higher or lower temperatures can be used, if desired. Within this range,

lower temperatures are generally preferred, e.g., temperatures of around 450°C for glasses
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where D is the distance between the first and second

force-applying surfaces during step (C). A preferred
woabus®2906 the (V1-V2)/D rati o ranges between aODWIS2004/004746

5-20KV/cm Tl and T2 prefergply satisfy the

rel ati onshi ps: Ts-350 <-TI’XTS+350; and 25

Ts- 350<- T2<- TS+350; where TS is the strain point of

. . I ) ,
PSR HCBR R SEe LR s7 AT ESTATLES 30, T s st
Vanods%fkl%sé(ahﬁﬁéb ffed eRfv.be | ess than 800C and may
al so be | ess than about 700C. Typically, both

Thn edditionte t@m@ zale in adhaqying bengding ofithe ﬁo@@@?ﬁf@% §1§3asffﬁf§?p as
d1scu§s%% u%lt Elr %rgd ’gzaaﬁ'g %eg ﬁ%@#ﬂgié@erge 1 C&l':ﬂir%&l\”ﬁ ﬁ the first and

second 8ilgBrates hPBE EodlBIFRO tRdt i dR paeferrge meaﬂlh)entsrcﬁfﬂeaf m&ehtlon the

sccong st EOR P GBI A9 DGR SHESbhan K (BeFpNEIe 10 {0 thercby
Weakénwggﬁ?g?ﬁ;rsﬁgteqt %{%P 53ak 18 %}@E%ce a0 g@é ?tg&jcttzrz%ere the

vari ous e exanpl es presente el ow.
sem1cad@l1d0rcfnni 19 uhf&i compadseiohasapipbsadi tn gertsim]d iTypicaily tahé preferably,
rst and second_substrates, as SCUSS abo e, T1
Ty Wﬂéha geatey thancho #ath T &ne Lo EFaaa ‘Faft‘é ﬁ’ﬁFe BUPRSARet i on
of the t, QSf apd ?cond substrates upon cooling so
t hat |n ¢ referre ’enbodi nents of the invention,

andpidf&alﬂ?@l@é\félﬁbhﬁhpate 20 seeks to contract to a greater
extent than the first substrate 10 to thereby weaken
the fi l8tCsibst Tatd>@iC-separation zone 13 and produce

Sr%ve%;%‘g %B%Slem%tf"?he%gl € 6 1? Qldﬁ%%t[ﬂ& aI‘I1H lsé@oinﬁ lsubstrates and

esSsi on, as oppose ensi on.

the ch@@éh ehperhab Hiffereri'f&l Wil bréﬁ@alg[y%aiﬁsfy at Jeast ond an&\mobt ﬁeferably
and T2 general ]y satisfying the relationship: 10 5C <
both ofthe follpwing wiationsip) preferably the rel ati onshi p: 10C

- T2 - e 76
t her nalc-ﬁke]%&pa%@ﬁogﬁ/o Et%‘fwhéefgl ? +§ i;d:aco(Fld’?[Hd?(bstrat es
and the,c Ezer(ppmqaklg,oe; o ffeperrcﬁ al will

referab? sa isfy a ]least one and nost referamgi/
whereb@TE1 wfthe a%c ﬁ@ﬂfﬁ@mm{f thesmat ¢xpassippof ﬂl@"sghstarz@%m rystal

semieigl tsgebng 3 s 14 60T Closplel g telmplghbfsion of the

oxideGOAE bl 6k ls1ae8-céramidrah pyRasthedt Iefatlbﬂmp?su ﬂ&toamooazl QPE of the
single-crystal sem conductor material and CTE2 is the

oxide(gl®o0Covide Blaserenmiaf.-cb heHmhpretstphiy spiéwies theyRiatiopship:
el ati ol G < ERE S B BEREE of the | T YO these

As discussed above, during step (C), positive ions within the second substrate (e.g.,
Li™, Na*l, K, Cs™, Mg'?, Ca®?, Sr™2, and/or Ba™ ions (the alkali/alkaline-earth ions)) can
move away from the interface between the first and second substrates to form a depletion
region, shown schematically in Figure 2B by the reference number 23. The thickness 8p of
this region can be defined in terms of reference concentrations for the positive ions.

Considering specifically the case of alkali/alkaline-earth ions, each of those ions
which the oxide glass or oxide glass-ceramic contains will have a reference concentration
Cyrer at a reference surface 24 which 1) is within the second substrate, 2) is substantially
parallel to the second bonding surface 21, and 3) is spaced from that surface by a distance
D,/2. The thickness 8p of the positive ion depletion region can then be defined as the
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oxi de gl ass or oxide glass-ceramc (i.e., CTE2)
preferably satisfies the relationship: 5xI0 7/C <
WQRRE029576x 10- 7/ C. As di scussed above, during BCEUSEDI004746

positive ions within the se_%gpd substrate (e.qg.,

Li +1, Na+l, K+1, Cs+l, Mg+2, "Ca+2, Sr 2, and/or Ba+2

ions (the alkali/alkaline-earth ions)) can 25 nove
distafRRDErTERThE ARoLIBEIAiAL SuPRE P8R hG A LS, AHlh PFEWfhin the

substrates to torm a depletion regron, ‘Shown
secorgictubstrdte, 2alid gubstanfraltyusaealRBtdothe sb@nd dbadipgeerfhseraet 3)48 the

Th hi ckness SD of this region can be defined. in _ .
surfag g 0%%@&@%1@ hogdingFprags {gnwhichrthe fallowdag relationship is
sotis By ot IS S b SN AN e St jong SR AERe Bride lagg or gride glass
ceranmtibeowrinde gl ass or oxi de gl ass-ceram c contains wll

have a reference concentration 30 C/Ref at a

refereréé‘)gmkﬁé&izﬁ%\hiséﬁ» 1) is within the second
Whergubstrate, 2) is substantially parallel to the second

ondi ng surface 21, and 3) is spaced fromthat surface

byCi&)ds gt @nneentBiérRof shibattldst mealkalBhlkalind-&uethios ias h Vienction of

. ion depletion region can then be defined as the WO
dlSt%@ﬁ@gWC bonsirpHri62 A6 - 33 di stance bet ween

t j 21 and a surface 23a which
1;@@%@“&%%8@% Bnsik gfﬁ%&ﬁ.

the sec substrate, 2) is
s Ubsh@athis definytiqrabp wiBIgetaallyhatisBohadelitomdhipg sur f ace,
and 3) is the surface farthest fromthe second
bondi ngpsut9 BEOMEeTsivhi ch the fol | owi ng rel ationship

i i.ski . %{].I,east one of the
and‘%ﬁlggﬁ%ﬁ%%%@éﬁgﬁé@{é%r ‘ions which the oxide glass or

oxi de di,ass009 w@btegs.contains: Ci (x)/CG/Ref 5 0.5,

O< x < 6D, where G (x) is the concentration of said

atAy dsgssegrabore, K¢ moatteantiof ghempsitiveiions wishia thesrcondsubstrate
duﬁngs?ygbzgﬁlgg %e.r, 5 é)ffilrlgengn{eho% ngcff‘g g%ﬁge"%g%%g%gs %%;c{n% %? %r}g?% gf ‘&ig mobile

are |1

posit¥eidmicohtathed $Wthal dxlid gl agron bkide padsb-séindidl €Such pile-up regions, when
relatjonship: 8D > 10 nanoneters, and will often

presegf s hayerarbickaessf SRS ppPmMetGHOSMOIGUY RAsResiENS ion 5
concﬁ%rta éiéﬁ%%ap&gggai@%g@é&gﬁgt of the positive ions

secon ring step (C also can

produceC,pRgCals¥0re "pile-up" regions for one or nore
of the nobile  positive ions contained in the oxide

whergyCars apd Conet 26 1y plamyic peteenti and Goetis definedigp setdpitbabove. In some
st PS5 SR S A0 ok SKOSAE, SR AP BB i
below)hi ch satisfies the relationship:
The one or more pile-up regions, when present, are located in the vicinity of x = 8p,

i.e., they can overlap dp or can be just inside or just outside of 8p. In particular, the location
Xpeak Of the peak of a pile-up region typically satisfies the relationship:

0.808p < Xpear < 1.208p,
and often satisfies the relationship:

0.9¢6p < Xpeax < 1.108p,

where Xpeak 1S the distance of the peak from the second bonding surface and &y is as defined

above.
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20 G /Peak/C/Ref > 1. where Ci/Peak and Ci/Ref are in

atomc percent, and G /Ref is defined as set forth
wahosm2937 sone  cases, Cirneak/(, of will bePgrasbmn/004746

than 2 (see, for exanple, the KK pile-up region of

Figure 5B below). The one 0or nore pi | e-up regions,

when present, are |ocated in the vicinity of x = 5D,

25ith€case BP&‘Ad? @@B&:\é fcéht% 1?%0 nfe Eio Lt ah Bééndj%ﬁ% that by

just outside o éca i on

reducidg ﬁ]b@rmsémg)fen@em'tdlre tigpe,ramgdion mttygﬂ &Iqblbyectlatst@f(@,ssome
the rel atiagnship: D < xPegk < 2' 8D, .. and
bondigeal  Siro SAPGR e MERTIFBRE ﬁ?fsevedc‘wé@%%nﬂalbém@b@ervable ion

movemeht.SBowser MK ot ReaK of theli&hdhisdt e%f \}aﬂ% PR ls e
] i Fpeik Vel U NS v

om the second bonding surface an
bondmigpassoppWRd20 @b RABFE IR /ah)Sﬂ@Gds!thﬁl@Hcﬁld str&ﬂ gthi aiel’iewer than

case of oxide gl asses ai ni ng,al kal.ine-earth i
those; g eyl WELAPT AT DSBS £ HEM RS Eesip ge resulting
struct‘h?é"@a%rsﬁfféf ﬁ@me%ov@ﬂ@ﬁtQBtthﬁE @ie6n AR LaNEL sﬂ‘tﬁe eﬁp}?rocessmg of
sone bonding of a silicon filmto a gla

the SQ& ﬁt’nmura@hclevatdd Wntpl@rMQnmah bgn mauhh@ﬁumbbmng ofielectronic

dev1cF§,g0émeg oa or 11{,\%18 S]L]j]é)f) %‘5! % ondi n f th errggcgggglgrgqﬁlts of the
inventioncihe [ﬁdé@és ibpagirid s8 Qﬁiattahﬁ Ieﬁﬁhl kéglaglstf@me@ét e atdMhce

are | ower than those achi eved with ion novenent.
betwosndhe fisbandisesond subgentss.a depl etion region, the

r r ffer fromiaon rmverrent i n
¢ HE 430D o BEAFIRHOR T S b Ead OO STCTREIRAL SRR can
also p'i&luc@tal’hybhd frégie l@bEMﬂiaﬁded ®{yped adsnceﬁ@audﬁfwmbh Badins at surface 11
i mpair the functioni ng1 of electronic devices fornmed
f

and ezswné% topigrdstseparptionczsmerlidt nhhe Abiekegs Ay pfthis regionesan be defined in

terms o ) 68fefenc?rg%nce {r%.?ﬁo&)t t%go%ep KR 6?feﬁ%\é§$ %ﬁpalcg vs?@fr}@& sﬁles%antlally

singlé—b@sﬂaﬂieﬁﬁfx&@@ctobﬁiaﬂ&ﬁﬂ the first and second
substrates, In addition to the depletion region and

t Hesytblegefenece Sbtif‘ﬁc@-lﬁb[ﬁ)? @gﬂirraﬂ@ suﬁﬂ@pl Tio)Figes 2Baykigh: 1) is
v SRR R Jobe A0 - SRNBREEY s NS vy gtce 11

and 3) Bveepatated €joai thiat aiRfazobe aliistante 1) ividiens a8 alfidvepDs idths thickness
regi on can_be defined in 15 terns of a reference

of thessspetshartat Y ome théy rebtsarerugiace thedhiskaers duof tedvbridiregipm will
typma‘#saﬁk’i?%ﬁ@%‘iéﬁ%‘ % . single-crystal sem conductor

a%le reference surface is, for

exanpl &y <S200 @@eméterd, N Fi gure 2B whi ch: 1) is wthin
the second part of the first substrate, 2) is

whergdbistthadistah¢e/bepaeen hanidingsuplaneli hgnda sirfure wiich l)aia avithn the

secon@%@ﬁ%?%rgfg%%ét?g]@i Ifhgénﬁ ?ﬁﬁé&%@@% ?o gm?dn ng sur ace 11, and 3) is

the surface farthest from bonding surface 11 for which the following relationship is satisfied:

Co(x) — Corer = 50 percent, 0<x <8y,
where Co(x) is the concentration of oxygen as a function of distance x from bonding surface
11, Cosrer is the concentration of oxygen at the above reference surface, and Co(x) and Corer
are in atomic percent.
Typically, &y will be substantially smaller than 200 nanometers, e.g., on the order of
50-100 nanometers. It should be noted that Co/rer will typically be zero, so that the above

relationship will in most cases reduce to:
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20 of the second part. Using this reference surface,

the thickness 6H of the hybrid region will typically
weaisskys7s he rel ati onship: 8H <_ 200 nanonet er BCTAMS2008/004746

SH i s the di stance between ?ﬁndl ng surface 11 and a

surface which 1) is wi t hin second part of the

first substrate, is substantially parallel to

bondi n a 25 the surface farthest
from bg%%(%g ul?‘%‘}eéle’ rf‘)l g 8%. ch the fol | owi ng
r ehahd O BF R first sEdat wikieh is dRéof) basedMedecdndSibstrate which is a
percent, 0<_x <_SH, where Co(x) is the concentration
sﬂlcad?rasefkg]@é&prﬁasa-cﬁ@ﬁé@ Femraigienetos mewe RtheF eXidps Bc-rigch network
n i O L.
form al BEG, Ao, RREL A0 SRR RS LRl KR Blgion

which Borﬁémﬁf‘smc@le ogidate.g. 0lidy(SiO)| b, dogi‘hw dohtahﬁthe one or more other
substanti al | y smal | er than 200 nanoneters, e.g., on
0X1de§lﬁ’£ﬂl$‘rsd]é¢ ed glgsIBl#asHstiErs. It shoul d be not ed

t at i | éf" VSIHI) hraﬂﬁbﬁl?é 1!h¥, &grfgceer&twée% tflg ﬁ}i}\hﬁ'@ 5&188& Substrates

I N nost cases reduc

wth&GBﬁﬁ@cBﬁ?sﬁepF(G’[ fogdﬁaﬂ@éﬁ%ﬁﬁlg su’Bﬁcé:(DI x@lthi)_onﬂﬁg surface 21, into
0< I n_ the case '

. cent of .a first substrate .
an m‘f%ﬁ%wes@nsﬁor vEich Pé%@@élya?ﬂﬂnléi¥§ By wglon 6.4 drmlekinn pegion 23,
and ngaly a4d f)r%?erﬁﬁ oxﬁlgé%so?le% n.%,ré §31 64 B le&ﬁﬁ%%oﬁé HhERicinity of

nore ot net rmers as
the diB2D8]geAt2bSdepdettnoregiPR05, t he hybr| d region can be

ok N () he Pondey 109 ROl ER ot Sonli iy Do

temp&eﬁu@ ranmeem@t M secéhdl Fhes (pi 1s)h@f thé fit 6 altﬁaﬁ@%egée%afatéa“ﬁom
gl ass-ceram c. In sunmary, ep (O transforns

one ahother. fBesauivaifiteewealieainig qf:ﬂae mpdrasten gont whish tocaitre during cooling,

this sgiihrfibol Sy PR e Ry B BIDOH e 50 g and the

second@8b@rhtS6s dathMgady e 8éRhaPhit of HENetGRSsubYRIte. AT B8hPEhsdS the
and depletion region 23, 10 and may al so preferabl

separ@tmmmivgléfeméreésr mewing theSTst wbseicgnd paItSe(-l fig 5) efgthe dwstispbstrate 10
| et i
away?fg)glii }é{ﬁg er 9%1, lé%)tﬂfgég{e § cﬁ) glp%)vlt oE tag gﬁ i nolgllgare 1D), since

during thesddodihg,thedeeatto Gl ﬁav@b@ometo@nrpwﬂy fie m@aﬁ@awtber & ome
the first and second parts (14,15) of_ the_ first
cases s, #ight sedingraction ke dhad ysed torremee hensshld plastie wars Bowra smooth

obj ech h?ué’é'aaalf i g oﬂhletéjgghﬁg g&ﬂa%é AL g?ﬂl?% Bk 188 Yhah this is not

during cooll aration c e per orrre
neededi Hebause od ﬂ&atdjﬁhjen'galtobﬂtrmmd of diershartdwecaelsbstrgiey dnd the
ond substrate or damagi ng the second part

result&ﬂfg W??E( glesﬁ%%r??%ﬂ 1% n many cases, the
S €Al At eQRerl ﬂlVEQF\Y\%SI ]jTﬁ{eeé ardRYh Al %}E}?Cf{l)l&rréﬁltelﬂ art of & ation

parts (14,15 he”’ flr substr at away fromo
zone 1131 emdmg up essgcl,atelc1|W1th thg firsieasged tnfigghsubsttdte apdvamtﬁiqaastsandmg up
assoc1ated w1ti1 [r}le se cl)Jnrdepart (ste 1S§a "ihd 13b in Figure 1D). Depending upon processing
conditions and ultimate end use, the external surfaces of the first and second parts produced
by this separation, i.e., the exfoliation surfaces, may be useable as is or may require
subsequent treatments, e.g., polishing, etching, doping, etc., prior to use. For example, prior
to reuse as a first substrate in another iteration of the overall process, the exfoliation surface
of first part 14 may be subjected to conventional touch polishing to provide a sufficiently

smooth surface for bonding to a new second substrate. Such polishing or other surface
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during the cooling, those parts will have becone

conpletely free of one another. In sone 20 cases, a
wehko@gopeel i ng action, like that used to renDPET/US2004/004746

househol d plastic wap from a snooth object, is used

at the end of the cooling tg separate the two parts,

but nore than this is not needed because of the

treatflr{ S0 Ve HBEARI O Ao birbloe A0HhBEM N bart 15 priorto

tes en n

its uss apmeamarmfaczme ef a Afin ¢idmn tﬂasmtee or oﬂheﬁlgﬂf@u&&wédT e
ratjon will typically result in part of separation

AL ESNIRAILY Pef Ry egg@&@?&ﬁ%aowem qf frtegrating step (D) ipfo step

O M o g i
separﬁmrgﬁoecel Be., t@fspag dlerﬂ@rsWepﬁId@bStt&t@ rebaoive kd bt emottivg, while

i E S BB A BB G0 Lbl 1L 0
appliddBre@¥tO! $ihiseparditd daChr ¢ pl@ebé@éfgﬂﬂ g gﬁay' tﬁro?&h UR¥ (C). Ina

reqU|re subsequent reatnents e. g
commgareih S@glng@l syshrigtegeation of giep GP) wish utep (CP;urayéx,aimteé)Je to shorten the

overaflpgiiess pestib bR o 3ufelss B os SIS Bioarans ghpcitions the
bondigdbeaeRn tI8f subktrstbs Bomed éirdyendagls 1] sﬁﬁr@@oﬂ & the first and second

conventional touch polishi % to provide a sufficiently
parts nhsodifosmed a@defaddltlﬁoﬂdtemd -byne meeessing éhebnsinbst toategelop a

deplefs PR GR B BETE ot et s rmy al 50 be
appyrepsd abiowe f dtce thefi@xiral deadrdyhrs Weé @?Qra@sfd iﬂé@eﬁgﬁgﬁ’(zl

part 15 prior . to its use in the manufacture of

structire, b4 PaRET R0 RArgnd e ERCherl Seqang sibstisés, Febe sybjeserdgh further

I ve_ of
procegs%ﬁ]%{lsae{gpy Ee RE‘ ﬁ{egy{elﬁg?do@sg?)(g gl?ensen%)%ﬂlgg ]\flf artlculagh%u[rgace 13b can,
for e>qampla at h}taﬁethd relng)vta hay téughhesand othre bigbridetishy Als@fy e the

a 5_separati force , twisting the

I
separgiadodht SBAA, GbB of Ebedrhnbergeis s Eatior subsequent
use a§MP6r|e§ gfenahew'(glggh&gﬁﬂﬁéﬁﬁ&stw&u% strates to an

él evated fenperatur an electric field, and an
a@:gur@oB anded dlnstrate Bunddif egvimn atf rthegﬁmambsfrate wéeingintbe uged if

b C |
aclamg R (B bindifdh thEa it <ot Chiprete o oRc@Re Soeioaly,
delanﬁ'i?a‘ﬁoﬁ Qakl6&dur %@reﬁ@a shes &1%reth§ in MY RH& iRl EEEmal expansion

especially if for a Eartl cul ar set of su]bstrat es an
of thespmicgnilvgiormatgiiel andghe oxide gﬁsmld‘@glbﬁt-mmd fitecan also occur

tes beco s st ong enou separation of the
when SIS ALES pAGRR TR SR RS & Getaa ani | e
ad@ishbWwA F 3(fali-4, YPRIPEREES HEdblerh SeSRBs 1BUGH bk Pormed in
devel op a epl etion zone of a desired thickness. As

the firgioiubeiraie vihéch h@g@battbn@dmg seifacerid and goefarablyr ¢xderalristo the first

o508 iy W M D R AN S5 bt ol

regorsuijﬁﬁbledaﬂ éxphid biEontrhbt RIAE0ElSShdipeREendRRT ORS hittBerl B this
the i ntended use of the structure. |In particul ar,

way, ligh piggseesiipnat davelppps axeswppedifiseencesiattael CIES b the\fstanyd

on r fromthe
second 9&’[%?%%? gsn ﬂ{oF% %@@ﬁaﬂeg@ﬁgﬁr @o‘ﬁtdﬁng, ??C?S O%Fl) g%t Opfll’f.tl&g tét‘rﬂ%erature of
step (€), est, 45086 t"dsroglﬂsexalﬂ(ek(éORNéNGeINd@RPGme GMASS
COMPOSITIONS NOS. 7070 and 7740 used in various of the examples presented below, to

room temperature.
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use as, for exanple, a new (slightly thinner) first

substrate. Figures 3 and 4 illustrate a nodification
wohRodasiess7sr st substrate which can be used if  ROT/US2004/004746

del am nati on (de-bonding) of -the first and second

substrates is a concern. Sﬁéngically, del am nati on

can occur if there is a large difference in the

caoeffjCi f j . of: t .

oty Boont ¢ IR alBARIA e sBidodhaseg sepipopgioctor

mateg4lan8 tieedeatiCsubkirate &A1l de 90 alkatitbontaifieg ¢B6Y. Bdrithis tcbdehe process
havi ng Iar%e surface areas are produced. As shown in

of themyeptios can Rdrapticebai@dPEss this problem recesses 18
o s B el 2 k] Bebdiage SEHIRAT BhE wHE R R ratively

well fhtched tosthitstfisiicen iockseh. SA ailiven grafateithed Widhot e ostRietifyer or
.. of .secon art 15. These _ recesses form | sol at ed
with 2 fhip gride T@gmee AbQVE IsRphHted i Hh BSSORSR 107 & gancTe gubsurface
i f j hi
e AEOEAGRN 2%, 08 00 F e IS oy Bt e e
to the glessGidfer wifathwithispatersindetvwa@oond substrates as those

¢ ohat B arehrars redibipency o Shifgper JBerafy gy ay pathen heated
undet 4 #igfefARM t@ﬁgbﬂ%@%@eﬁ%%i@ﬂ-ﬁgélas%ﬁ%bﬂgﬁ]e@?e%a higher

7070 and 7740 used in various of the exanp
tempgrsethae thedlioon, wafer. Thrommperpee diffarence Wevaeo SHORABTGS at least

o~PCI/ US2004/,0Q4748 . - For. pli.cati th

10°Ce P S R & 00 SUEG: B TR Bt D<o S Sk g gase

havingBt €TE 8atchd td Rt SLERE Sndest &dtifesWepdratR Fhe Si film from the Si
al kal i -contai ning glass. For this case, the process

waferpduerth gharmeksiresesy. Wathoptthp ppplidatien| obide tahpeseire gragients the Si

| ass nt.ai_ni a ercen e | kali A on
ove SR SRR A e APy RS BEP A oF bR e
temp&htur€ dififetehtiel 8@ Ben the SVafére Oystabali A, thielspersdrt F@tidvedind

oxide layer or _with a thin_ oxide |ayer (see above) is
mechapigplpresseres eppliegde Higeivorwaisr assemgblye e refamed preaise range is 1-

| . The kiF f '

50 pef Aot of FEAG HBLAE £ biotel MRl Ao b URLPLARE:
breakapd ef ths glakawefewi t h spacers in between. These two

waf ers are then placed in a chanber. The wafer .

ads ERERES it PRlce ﬁ_"lﬁ’é%ﬁ’@d’_vaqifcﬁsﬁﬁ%@g withhe Ppar phibe positive

| a o . .

clectpTREI AL Bs HARTERE plhil B ol o T MRIELIGRR Mo potential
differeadesranseklike 4lkalpmmatumevednhy frencthe Seplaseintdrfaee wabd dresglass

is.at least. . 10C, _but. may be_ as. hi gh 100- 150C. Thi s
wafe, SHER P HPLES OB ABIHEIPH 108 Elcon IieBod S gregte and the Zlass
beco&WerPrédcfiildad®icnisth e st haker ero%gl#' WiAhe hﬁ%ﬁ‘:aﬁ&n of heat at low

ensures separation of the Si fil romthe S  wafer
tempetafreso t hermal stresses. Wthout the application of

U T LA S G G
hr), t}tfeledllt@gélfsﬁem@é‘cﬁaﬂdhﬁe walinsdeaibly B Aiokbe teaddl a rd%ﬁ% Véﬁﬁigrature.
an

he wafers is stabilized, the spacers are renove
The Si wafer and the glass wafer are then separated, which may include some peeling if they

have not already become completely free, to obtain a glass wafer with a thin film of Si, i.e.,
the desired glass SOI wafer.
As discussed above, in certain applications of the invention, multiple SOI structures

can be formed on a single second layer. Figure 11 shows a stylized configuration for such a
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mechani cal pressure is applied to the two-wafer

assenbly. The preferred pressure range is 1- 50 psi.
wappisioeest7s on of hi gher pressures, e.g., pressupPes/Uabmveeos746
" 100 psi, typically causes S eakage of the gl ass

wafer. 20 A voltage is applTed across the wafer

assenbly with the Si wafer at the positive electrode

o B R L AR 8 D
first 18ydf 3hdpek @hd S QreroptenalBabsbetmenostliyl gaesisfilstiagek A@8 discussed

into the glass wafer. This acconplishes two_functions
above, thesppriipnefiseqqnddayen 28 vrhaelbareqot assagialed ayidh a frst layersean be used

for o QFEP B ot FRGAER BhPROEh bR il o Slystatine

semidoadp@ochbtedsls. After the assenbly is held under these

conditions for some ti (e.qg.,. approximately 1 hr)
t Hagwrs|l2 4bevs @ sCReTBYSORR IS FRPligalr Oas BHASPS asiects of the

invenfiph B ok RLERG of ol s Rl bl Secopd st s s shown

in thedefrhapmépdrt offghe fighleeimplhaieeé seroicoaductagyedee ¢ Qneg., hydrogen-

. conpletely free, to obtain a glass wafer, with a thin

implafiqer ongtecer. of the degtied shabadad p2a a5 agntied ona LS ongass-

ceranfib S48 8RD 03N M $nitihIhsGEhBIR spARRLina At @RSrellto h1&iling " which
Invention, nultiple SO structures can be fornmed on a

includsisriyt eass of o pidgledyretrsubfirajerl @ whichsdoyers calyspart, irgtber than all, of a

onf i gurat.i for.such a 005/ Q29576 o
sccong@PRbOR) 008 FARITERs Ly o FUTAIF SORRYLIEIg, g silicon
substHESQRE al PR plaSSHEHMsY c&BmiNiRkRatblis theér sub{eeted“@ tBé Bpplication of

representative first |ayer shapes and 51 are optional

heat agdpbectiq pasentiat fookasidythe pramisenductos to fheygass or glasyi¢esemipdaer the
. bove...t he rtions of .se ayer i C r .
wiae 0453050 RO AR ShyFagner bUEIpoRR sl Lol coumic
althowidy thereYnBf bent Rsi@sousl dledtticll Bentac tetiarthsindbridual pieces. On
anor phous and/ or polycrystalline 5 sem conductor L
compiggioaof heshonging, syeleg the serpisondveteraneseneng hasy on glass ceramic with

octf S0 U PARGEE AS05C g Bl S LMPEN Ok e it
hand p&c ofiBigueyE; thds panbf Feare Bsalshshuws filtedidaps betfveelnthed

.part of the figure, inplanted sem conductor pieces 10,
semignguctorfilmsdseePelomhl ant ed silicon pieces, of the

d elgli.eraﬂg%ﬁgf@ of ﬁglﬂfé Gl ltlﬁtﬁ? g&&eés%_@l‘&@é af Bt g?bﬁ%ﬁieg%rlgg glass or

gl ass 10 céram c 3Subs te 20 in an init asse
glass stremiq hubseatonwitbsubstingialp dingle agstéltsemicogdtictohiileds without a

T XTI RN T
TargerSHBS tHe0® n2R)diand Q8 JrestthddnBSctas ey, Ysigfilafy! dHokdwRltaic

sem conductor (e.g., silicon) substrates and a single
appligpitiass ales reghae SargemaaBOlstibgtreat e i s t hen subjected to

the.application.of .heat and e|lectr.ic potential .t

ol Red i P foRlsl SbcGpdighcs dhass fy he placed on
desirdd8Rs bh glalﬁoﬂﬁlﬁ@ RraRdt bultrafek GULR abAity albivs f)lla&:ment of high

sem conduct or pi eces bond to the glass or ass

perforpanggisemiconductor films, e.g., silicon films, in the areas of [arge substrates where
drivers and memory circuits may be placed and thus avoids having to cover the entire
substrate with a semiconductor film, thus reducing cost.

When multiple semiconductor substrates are tiled on a single glass or glass-ceramic

substrate, the distance between the semiconductor films of the finished SOI structure depends
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al t hough there may be no continuous electrical contact

bet ween the individual pieces. On conpletion of the
woaoiiongs7eycl e, the sem conductor pieces and gPasaISLI04/004746

glass ceramic with attacheg sem conductor filmare

separated to produce the de Pted SO structure (see

t he- rlght hand part of Figure 12; this part of Figure

ws_fill c .
on th profiRy SRSy S0k AR DR BE e e Ay AP SRty may
be coptreltedstsy fimuty Hhehihtig tﬁbsénmbzyndtmtq@ pdscesiey Ibracm@y @it alose tigether.
gl ass ceram c substrates with _substanti al"‘f#ftSI ngl e

Figurg d §4tshpws ene weiauwhish the edess of samigendaictar| r&maafrbeélﬁachmed to
I tions, the size of the glass
muu@gég} rgagé)eﬁ*ée eg}/l S nglétc%% | arger than the 300 nm
diFaget € 8 Bahowe ahatherdumst to pevfafre tise t1181gnﬂemtioy1 in which pieces of one
phot ovol t ai c 25 apl|cat| ons .al sq re relar%jIP ab 3
or maggyergic aatersilDiapresserabled i g desicedpatteiiand tgp bonded to a
cond 1'39% dsﬁraééséfla\!vhﬁﬁ tggygk‘&ﬁp%& HREREL. e ﬁ&dﬁ'ﬁgt RhacednoBy
esired sites on glass or ‘glass ceramc substrates.
soldeﬁhg,&rabng iotr yseadf acmﬁrapﬂoac@mdnctn@f glhé. ghhe pppdm siregior may be a
films, in he ar.eas

metalJEH g PR Someefiia Bostte Motckcan R Btaai dhe ey HIFSHRRS The

semldaﬁauéf@r %E&% ed tﬁé‘ébrfdﬁé't%veas\ﬁgétﬁh‘ie BRVhEUI POy Rith! ﬂa@ example
entire 30 substrate with a sem conductor film  thus

hydrogenl inpisnandcmstling\ éire ghadstor jglass serpindois d;amed roug aﬂa@qsclab@sabove

Aer3mestion o e o o Bl B8 FoBln S PR B Gigopdpctor peces,the
expodell leRTolidfioh B@fickbSME denPebndickdtGistes ofl @RERHAGuMPe substrate can be
2005/ 029576 PCT/ US2004/ 004746 -39 on the proximty of
polisheddo semeceoiaiaes wughugss tand daplagtedi a:ggmb wheieapora dhechanding process
with Ay ?hé%r Pa)és g} %lylssn%}%m&? %ul?s%{e c%nlb%q'egéé & qsltﬁés %g WO L8%conductor

m coneauct or I eces

piece$ @@ﬁbﬂ‘tﬁed to b ﬁﬁaﬁﬁmbﬁa@ @b@%e@ﬁ@@ﬁyrubmrmlmbddcb@ '(Fﬂglg&‘usmg a
of sem conductor wafers nay be machined to mnimz

condyaiae anpopes Rediculady aeeft Whtnclagge aren BOhefrusturgtare ﬁ@h%produced
aﬁ?&&?ﬁed VRY s8N g%ﬁsf&"r&"eénfk%mﬁéd H&onr}l%E&tdaﬁ Be fi'gleét@dlﬁlh
eces of one I nore sem con uc or wafers are
sennc@ﬂdﬁﬂtli matetial ated dei piads hate teven assechbiddeon the radmdhctime gubstrate
conducti ve substrate 41 ich g%ts as.a su

usingds Y o gther d qnpélt@g}m?q?éseé 1g5Ee e §Q§p laﬁifmbly, where the
ﬁlled%ﬁ%%%rr@ YderPifield B§ 1 re?erérgcfe haRiber ¥2. Cpﬂ'l 3 a\ﬂeg i‘@nov@@ @ny non-

t structure may be a nmetal foil or o
conduxting mcgwme&(sm tlst seatieondnctohsubatratei tAkfeﬂr dredgaph ha‘{rrbnea $8led, the ion

nper.at e 10 .sem conduct or ces.on th
impl RGP E AP AL Floos e At A ok et Ogiidhr cpgpuous SOI
structﬁf%q{mhr% twol W IhQE ShbstAMfially &R glehﬁyé@élﬁgmﬁ&nﬁﬁ@oﬁﬂegﬁﬁs @dparated by
glass ceramc is carried out as described above

gaps ﬁﬂ@@wﬂh @pmrphqu@ serpicondrstas eevi.c emdiphipos siticonyslermight hied portion

of g 17 P P ALES BP0 Re- Quk Rht o BiRBE rigrfo bonding.
If thetdlaﬁos@mmpt@bésws Seed s tabhigBRnbEsh RAIPERIASES, tiR ALePNSus

surface roughness, and inplanted again, mhereupon t he
semidopfelternpicaelasay crystalhze to produce a substant1a11y single crystal

semiconductor film on the glass or glass ceramic substrate without any gaps. Again, these

aspects of the invention are particularly useful when large area SOI structures are to be

produced.
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15 with another glass or glass ceram c substrate can

be repeated. In this way, the sem conductor pieces do
waatosnegdet 0 be reassenbl ed each tinme an SO sSPCUAISA0E/004746

is produced. Tiling uSing a , conductive support is

particul arly useful when | aPde area SO structures are

to be produced. |If desired, thF snallhgaps bet ween
' . ith. {
ab A PaHE Fe % RESE: L

&wmﬂ@ﬂd@ﬁhbﬁﬂkﬁﬁb@bﬁﬁ@ﬁego u3|ng CVD or other dep03|tion
processes Fi gure the resulting assenb

whiarkxapppdes -3 ppdd3 @%er&aﬂélep@mﬁ@ eatawdttﬁ@grt@m%ﬂeét
I S
o RAEDED 585 LU BNGTAR. FERAES RIa U b, Tor-SVI
isa sﬁf&@ranalyﬂc@ap&mll‘qamhﬁeses dn loh dam tdreenh@ie small numbers of atoms
I ant ation, .bondi ng, and separation steps are

from, yternast ptomac By eRices aﬁ%nt i nuous SO structure

hawi

A, SR paD BT PP iy SHBS e St ind fhe secondary
ions pmdu@ldom shesspuriteriugiprotess areeexgracted rﬁm)rrpmewamplel sucface an'ﬂhato a time-

) ht f Fi e 12 h
of 8T dbeioBgers T Pere Sereb S Sh a9 e T e oy i thei

Velodit%sk{%@h%e profl[if)rtfo'ﬁﬁl t@QHélﬁintaés%hafge%ﬁé ?n/i)s DEkdtt BLkRMlof ions of
at high enou eratures, the anorphous

differiegrinegsrede d@toqatedras efur@uonailtlmpyasthalend péthedhghtddb@ eTaF-SIMS is

ub nti al. st al conduc or fil
capati 3PP o PR 8 Ff AP P BT st gy oG pdetera
distrib@@dnof thémeco’iﬁm?&@ﬁ@mpmal rdxeitior e bt ber a8 0.15 microns. Pulsed
particularly use when | arge area SO structures are

operattlon@éthemwa”&é’aammowo@repmgsm’fw@sﬂq}szwamloomtrahm
betw RS ulil SR Uletk cl dffb pldn! 7 B TEOTET, 1 e
e nmore fully descri bed by the

f ordfosqms wex ah@deﬁso andlyfexasgOs str&ct&eapﬁbdih&d &y higemfeation
dept h proflles obt aj ned using tinme-of-flig

becausg éltﬁqadlabgsw. coHldhhesperiopped Fithavtapy Chase épﬂé)upaw the surface of
insulRERSPRLESh b m&%ﬂgﬁof B%si‘ﬁ%tt e &%fbélr%raé%— offe for intermittent
surface ana yti cal que~that uses an beamto
sputterargmnd anothet fom andderiag die Iai\xdyrsreﬁtedmutﬂa@ AubhBsTIIELS performed using
a shor

a TR T agrm] mapyBrBig Wiieic Frranicy ince Edengree MN. A low
energyREBHART Was 1sRH %o ﬁ{e € ﬁﬁ%&}%ﬁﬁ@u&%f %ﬁ:p'ufégd @fa%%isfoﬁétﬁﬂysm A

extracted fromt anpl’e surface an nto a
smallgfiedel of ¢iiet sampds wepdesvedrte fig the TFeSBMS emnp]délojder (m]smi) A 5kV

d er sed accor di oth 0 | o k
st bERERRS PesaTot Rer SE T b helits itk o fifie®ida Biam for
analyBiis Zihe €4 B&ahevas RALKEE SveP5000mSk 560 Dﬂ'a&éa‘ﬂﬂtﬁ@sﬁﬁﬁ@ tRE &a beam
detected as a function of tine at the end of th

analyzed @ﬁ@DmeéO Dmorindpwet the centepabihe Gstsputiered régiop. | ons

nd t f )
R R b BT Ta PG SR L BN B FuiPy ERE e showing
the véridibh aF STMS Qigihl @Rshsidies Bed thelotteh &fbe@hdwind M PRfoximate
Pul sed operation of the prinmary beam al | ows

quantifrestipa of Higsesiniamaities ta Howic Gokhe emeingl ersupasitidnzafdhe base glass
was used as an internal standard in accordance with the "relative sensitivity factor" method.

The ion signals towards the end of the profile were taken as corresponding to the bulk glass.
The ratio of ion intensities X'/Si* was used in these calculations, where X denotes a glass

component and Si represents the matrix element. The sputter rate of the Cs beam was
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15 between pul ses using a | ow energy el ectron beam

ToF- SI M5 was chosen to anal yze the SO structures
wonoedweede by the invention because the anal yspeTasmod004746

be perforned w thout any charge build-up at the

surface of insulators. Two*lon beans were enpl oyed

using the dual beam strategy - one for intermttent

sputtering and, anot her for .analyzi.ng the ne cr.eat .
deterrgfied b s f Sl ek SRRy o SR P amar e T edltbration
assunded Mt HERPLttEras hidsh i@ 6sshite E’ﬁﬁlﬁeﬂ@egtﬁ, S1HRRAGRS of bdth layer

Eden Prairie, M\. A low energy Cs beam was used to

couldé)pafmewhatrdiﬁymnh lr“fimsz@tin@iﬁ?wi :]thiaumﬁ@etbrmhl@@aﬂier@pths, as
is. A ' ’ .
well 1 Pt TRbke Bty BperbRFy G "RIGp oG R bllmicd on

Figur® €60) the deptheshd AbmEPpHré ivilged oF thid I gufCire QlsoWwnl apbpbMmate.
600pA 69CGa+ beam for analysis. The Cs beam was
r Eseleprodiloviixasmies rdyand 8 as ehagackaizsd by ke HiapIreE gsel
5 anal yzed a 500 mx 50 “m wi ndow at the
Sequec%éen%g%%' the Cs-sputtered region. For each of

EXnpl e&itive 8xidadn 1k surfe byPes of plots are presented:
one type.showi ng the variation of SIM signal
i kensitili®d Mt he other type showi ng an approxi mat e

guant i QN I %g&jtiesto atomc % The
nlgﬁu na{lﬁt%%ﬁﬁ%%%ﬁl?{%ﬂﬁ??@hg} as% gl ass was used as an
i ier nalikai-depdeted réghorm@e etdbineeartti ddpldtédregionl iatthe/ease of

sensjitivity factor"” nethod. 30 The ion signals towards
Examplgel3dnd of "t he profile were taken as corresponding to

t g bul : BealifbleQrtiRbild-Ap ré b BRSthE bA&S ofHxdnple 13
V\g? usé%kig%ﬁ?éh%%g&galacul gti ogls, gkrweg?e X denot es g ple 13) '
gl@ss Basegleseent and Si represents the matrix el enent.

P HRS BT dotth 26511t PERHEE SF it by SIRSERE g ORs such a

silica Gh@bREs ReRIE tah £ iR ¥leRénthl S BMPEhisBRRinceBeACS thOBEVS signal
calrbratron assunes that the sputter is uniform

is duegtotlospresanee ahexvyeee dndepr Well knewvn Rxakple o8 "petriapifectsaine$IMS

quant céhg% k;[%é%eoffe%%% Ht'g%gn%{lﬁlgg Bgc;;tﬂge:’lzhe %zerﬂe\r}\llgﬂl[l l%ﬁﬁtgglq tﬁ%ﬁel is 100 at% Si

wherek €Y ¢xiek ©aRL3ValLSis Tha SBMSRighabRemaké sxitdeis Agdificaglly larger
not explicitly indicated on 5 Figure 1 QC, the depths
by megp ghamagprderd magntiude iThe presencert oxy g at dheyugtage gsraspgsthe

work SRS RS SRR FAAT B dhe v

used thixyeffest to(dklinddaé BivRomsilitenaxidene gs Sida drethete [Bofilds2)

Silicon film210 (3)..Interfacial silica film (hybr. .\

SO R P CHIS AP S iR SO pded as it i
| LRGN by aREHEATS ExamRbity Dloté, e, Mikabd sA

the i eﬁ%fg ggggﬁggi)ﬂ&ea?eart h Sll%ltfoer?’up regl é%%llon the é%%e

througif 8 Axshopl £bd@) delineation of the various concentration regimes across the

analyzed depth. The depletion of alkali leads to higher BY, Al" and Si* signals from this

region as reflected in the intensity distribution plots. However, for this alkali-depleted region,

no attempt was made to correct for the loss of alkali elements on the concentration of B, Al

and Si. Similar considerations apply to the depleted region for the alkaline-earth case. Each

interface is slightly broadened due to sputter-induced damage.
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(6) Base glass 15 In these SIMS depth profiles, higher
Si + signhals are observed from oxides such as silica
wandsghess regi ons than fromthe el enental Si PCIMIS2004/004746
Thi s enhancenent of the SIN§ signal is due to the
presence of oxygen and is a mell known exanpl e of
‘'matrix effects” in SIMS quantification. This effect
XQPE¥ nter-intuitive because the elenental silicon
E n?ﬁs 100 at% Si  whereas the oxide is only 33 at%

SIA 4Fheh GbtdBtes phosphofus-alsptdlion defer sh@elgﬁﬁtérlreiaﬁbﬁ ¥0 as the

b th d f tud
il BAGR QR E BRSO e PR Qmplaaauds rdreseniopet 69
KeV Eﬂwgﬂc&ﬁrattf&ﬁro?%x ‘e ?dh@/cg‘g utsFl% BhRRaLk: %EV 1&‘31 Lo, rqam temperature,

neutralization o i ons trons. use
ion mpsmanon mcmmqme dthe pﬁbsﬁhbﬁm-didﬂed siliconkidie 0°@ OTE 0f3442077/°C
t hese pro n the quantified plots of Figures

and a5B0F, pJLqu»f ?8%310 0ZR i Beren W@moht@n%ﬁomrf@hg@&@nm% Nashua,

S T —
silicoh Rvafiets hveBe“als@ hedin Vbﬁd}dsEUf t‘ﬁ’@éﬂaﬂqﬂéd With @cﬁuﬂ&zﬂ@nt\téidlt@ WS the

ﬁigncentratlon regi nes across the analyzed depth. The
phosphepisstanse Wafergl kal i | eads to higher B+, Al + and Si+

SigRgh& & B?& Efags W£ﬁ9h9‘ﬂn€§ i e@s%iefjn#rg\rzvta%]ﬁrlasshed in detergent,

intensity |st ut1on Wever
rinsechinkdistilledepdtet smhkedgi 0095 nitrio aeidtfenphowasndfiadlyirtnsed again in
.. rrect _for the Ios of alkall elenents on_the
dlStﬂlEg Nkt lavasdhenplaged 14)a cl %i’ﬁdogin hogd gpd glowed @i drgr at i ons

2R Y1ds® walhe vﬁa%%ﬁe%q*dcﬁ@u ! ggtdlﬁﬁg%ggenegAggrt h

case.” Each 30 interface is ue to
COMEPSTTIEIN iNQiLV@é’G ﬁ’amgeght\&[érmﬂﬁdsmg @57 Blass comprises: 72 wt.% SiOy,

27 with Bl ot do bt & §. sw%é% Tt et Aap e TR Mo/ °C and a
resisti%ﬂg%?lbhe Q-Icr?l'alt b?ant it ? EI% lt@@ & ‘thickness of

nm was i rogen ions at 69 KeV

atTha gtazs m&trﬁz\m‘slpMe@in zﬁﬁi@&:ﬁfdr Qlilsdeqicht ﬁ&iuﬂﬁng on a chuck
comrercial ly ayailable, roomtenperat ur

connerted|t FeamiesHivee SEMOE A S, SHS%NHHTB% %@ad@hSB@aﬂth
e Tl B 390 R TR St ks o

about IOn]cm]{n NElsdeikcon wifer wal:dplaaal orEfoP fof ];dcb sipycdrhﬁflth the hydrogen-treated
manu ur aresistivity 1-10 ohni cm

surfacg Jpy a&pfeéasss. ¢ EnrearBpsmisre i sasagsd @VeiPafiathegyafers.
0 [ n 30
iL FRAFESARUER pihced 1P ERIGN acdii b Sapbllod 6 10 10

millibagf eid thewiatgs &etdhaakedeas 3507C. L Wheh WeswuReNescHed the desired
detergent, rinsed in distilled water, soaked in 10%

tempepatine; thesppests id the plemps wereiremayaf apd ram Q@@Slag aiap applied to the

s S SRS o A LG, P AT e vt

Mouéﬂﬁ&bhﬁgbﬁcﬂﬁmmﬁﬁ&enéﬁﬂmnﬁhmtﬁ&n the b oﬁie 8i wafer

ht percent basis, this gigl ass conprises: 72 w
and thg,bggom of the glass wafer was 1000 volts. The (V; —V,)/D ratio was thus 6 55

KV/cm.
The wafers were held under these conditions for 1 hour. Finally the temperature,
pressure, and voltage were all turned off and the sample was allowed to cool for a period of

2-3 hours.
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15 27 wt.% B2CG3, 1.5 wt.%Li20 ,and 0.5 w.% K20. It

has a 0-300C CTE of 32x10-7/C and a resistivity of
w0Qdds/0295t2- cm at 250C and 109' 1 a-cm at 350C. PoE/Usk@smo4746

waf er was placed in a fixtuye for subsequent nounting

on a chuck connected to the "negative" support of a

SUSS M CROTEC bonder (Model SB6) with spacers placed

o1t WwhefouRa 18H i ASiAnalsldsh Wa%r@ﬁéi bc;lfﬁ%d §f?§r§g‘?&n}fﬂ%€er the desired

brass and had a thickness of 20 about O
separafiqn efdhe ghﬁ%wafﬂawltblastb@oﬁldﬂmtfmmdﬁe tebieofehasiticen whfeh could not be

. eat e urface tgwards the gl ass. The
acme%%eg%g{eg)% ¢ W 55 K8 e &Ry 335’61 over both the
wethe legperiniéie v&ds&épbfaﬁéd%ﬁnﬁﬁb@ Bf BhR§ Wilth' the 5% R0 e‘fhe glass and

vacuum was ap gl ied down to 10-3 mllibars, and t
the sijgomayafersey e Reangiy berdedsogethenbunali hisempth of &pmaang em: wafers

r ne .spacers_an
result%ﬁeggemﬁgfdb g& Sg%%r 3@1{'}}1 theDcoo B?)‘fv? Bﬁn‘i’({;wﬁléwgggate& but
with nmedfuecess. (10 psi) through the bonder s plungers.

Thereafter, voltage was applied to the wafers through
EXAM{@FS ungers. Specifically, the difference in

Eg?t@ gi eg‘#me?ﬁb%?ﬂnél@q xﬁr&pre éatécp%cg Itg t\xﬁ?\&gfers glass and
silicort, Wera/R91d Bt 14éﬂ°iCbanda®Ot’@ wespbetb/oly. rmsth done toveke a8vaMeAgR of the

therm Gt et Vit el A SEntieloseeagele ey imgiidan Al from the

ety s Uk obncy oaoane Reieeds60tbus i tbiht e ©

tempeggiures olithg foreatapplyengSilumgeds of the bondet e The B5OPEIABD°C values
ron . _However, esi.red _separation of the

repres i REipbie O B RSG5 17 FBRr e acihe bptimeurface of

the gldsh ha€@AndeeLtop SOMARE JTPhe HBcondF iYL Y&%e&% €. tgrvlegeratures at

waf ers cracked during separation. e expéri nent
surfacesedreandal? i@ HigwedC of tines with the same result. The

L N R T .

and the %m}dmm off thecSiardtbingerefeadiBt slépzh’ﬁtédV\ﬁfdechﬁs an_V?GRY %ﬁgs WERr was
0

‘g’ﬁ govvn period was investigated,
Su°°6‘8§ ¥ obtainedy A result mdcates pleat i t:m@ﬁﬂ SM@h@‘atbd\hasa thermal

it 52 S Pl R Aol e

stress gmraﬂ@it’iw taling hkﬁn?ﬂﬂ&ﬂhlalggfff@ienhﬂaf nécfé@{aﬂjiforsat g’l%? %vatfelzqr having a
r.a e ermal differential to separate e
CTE n?ai&r‘?d:sfi’ ﬁﬁ %Slil?qnm fromthe silicon wafer after
cpRl $OGstrubieiobhed ﬁﬂﬁ% &Q&%HP%% A gggrg%l%?%eg% gl}itable for use

sel ecting the tenperat

in elecpbuinglispapfind sedartvetidpplicafibes. 450C and 400C val ues
represent the tenperatures of the plungers and thus
the tenperatures at the bottom surface of
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15 the glass wafer and the top surface of the silicon
waf er, respectively, i.e., the tenperatures at
weunodsaeewe22 and 12 in Figure 1 C In this casepCrius2004/004746
gl ass wafer with a 0.4-mcr n | ayer of silicon (an SO
configuration) and the rendi'nder of the Si wafer were
easily separated, and thus an SO gl ass wafer was
sfully obtained. This result indicates that the
EXAWI stress generated by a thermal )10 differenti al
| Sn g es@aply, the SYRAR afas figst@tdhbd s8thase@rmS6d circular islands
structure. In particular, the thermal stress

separgfes diom: @i BPthesoheiplands e dhost hall migrenscineatiarneter. | Bhis patterned
f ' .
o EESSR G o AT IR0 TN £ e

con. orned using

aboutr). ¢ agcunethodk dritd thect s afernwereSOLIsthaldlre Wit anlseellénd bond
| ay .and sol ar, cel| applications. WO

| onic, di
betwesrioy %&ggﬁ’%@ng@%gﬁw&waé@&eﬁ%l in thig CA4EXAMPLE 3 In this
XA i Rind ¥&ﬁli1i§:ue ‘f@é}&)‘égﬁg%gor fé% Jéi(slﬁ r&ﬁeﬁ'e\gld@' &ﬁkn%n?ﬁh%ﬁaége wafers

of circular i1slands om one anot her.
wher¢ s thenudsl expamsiabmismatdObetveenths glass endtietSe is mdstilkely to lead to

atterne fer ' i npl anted and then the
del %@@ﬂog?er%ﬁ%?%éggis ® o transfer a Si layer 5
abitpaflerh cfdnel OPStHeRIRK fHe it DR Al Ra Svale Bky bcA_Eh}ngometﬂc

struCture with an excellent bond between the Si "layer
patterarvchigh produesafisnlatedisslande af siicom The szecamighe disiance bétwaeh the

standy S O BEPERL i S e S A R hcom may
be depdspteR &bt fes3b 8 ShIRALGoARRL Bty b&twEBS hil bl Khdof the
to lead to delam nation or other damage to the SO

islandst The syne approachrandstused withogtes ypss obsamicondsistorsr ned
E A bt silicon wafer may be any geonetric pattern
i'Ch "produces isolated islands of silicon. The size

aMmheteRperithait af Crampleienns teheated witAndshe aplioati @thfusiiege across
according to the requirenents. |f desired, a thin
the watglpe In diS gase; s iwaaraterp didyegs bend aipllindicatingthat e application of
i l | o ARV etween all or
the v R R WA L e e bk o b Used
EXAMIRILE 6t her types of sem conductors. 15 EXAMPLE 4 The

jpent of Example 1 ted without th
651 S LTSS PrepRIce dp 8oRER 568 WHPH a4 &3S FYPiedipdto a ToF-
Smsfﬁﬁ@sistiﬁ' gcao%nw@wﬁﬁhg#)gc&ﬁﬁesbcﬁ?&%s@d #Bble.| T £ALkNTe shown in

hat the application of the voltage across the wafers
Figuré¢ §, wihere Fsmme 5 Alplgta SIMSfsigrabingensity dsta vEXSAYNBEFEh Bn@Bighre 5B

o <S5 B8 Y sk agsor ence w1 Bxaml e 2

\;\ﬂ'r%e\?}qetti:aﬁ ré O ePbE Rl db BERPREIANGYRe mhAGdlif Fihrs 5218ng with K
pile-up region 25. Beginning at a depth of about 4 microns, all of the curves have returned to
their bulk glass values.
EXAMPLE 6

An SOI structure prepared in accordance with Example 2 was held at 500°C for 1

hour under vacuum (107 millibars). A ToF-SIMS analysis was then preformed. The results
are shown in Figure 6.

A comparison of this figure with Figure 5 shows that the depletion and hybrid

regions, as well as the Si, B, K, and Li curves, are substantially unchanged by the reheating.
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Figure 5 where Figure 5A plots SIM signal intensity
data versus depth and Figure 513 shows the sane data

woans@eesed to atomnmic percent. Depletion regi onP2B/Ua3004/004746
wel|l as hybrid region 16 ar% marked in Figure 5, along
with KK 25 pile-up region é Begi nning at a depth of
about 4 mcrons, all of the curves have returned to

This U8 Ep Bl LRSS 4 XA B9 S0 L ER e
stabld during futtherrprocedeng wad uitimatd@se3 m | | i bars). A ToF- SI MS

is was then preforned. The results 30 are shown
EXAW%UFG 6. A conparison of this figure with Figure 5

S %‘é’%xb&ﬁheﬂt he EQ%Bh%tZL\?Q% ﬁ:?gatgdf Q§1h€ SOWART malﬂi% ofBdRNING

as the S, B, ves st ant
INCQRiKh&A@'Eﬁ) GLASRECORPERITHYN N 727(405/(13122966’1fght percent basis, this

s ESTRSEEORLO08T 00 05 T 80, A TR
well ais'ﬁ‘éx‘?%@"aJ!n%’Gnt‘é"'olc k ezgﬁ an&‘K%? Et gégéhéi@oédﬁ bﬁ!‘%rof @Qgﬁ?&gjﬁ@gﬂnd a

ultimate us e experi nent

res1st®1m£10%5geama 256P@gnd 101 aQscnvaf 30°orde of CORNI NG 5
PORATED GLASS COVPGSI TILON NO. 7740. On a wei ght
SPine PHSPSing ¢nditiogs.daeludisgternpasature pregsune, axlgiofiage, and the

p
same \;\%&éﬁ} dthend B8 Ve sl Bsh Pf%ﬁé@g and 4.2 wt.% Na2Q, as

as trace anounts o and 1(20. It has a
0-ASDAKSSINIE anhlySia V&Sb@fﬁﬁﬁetﬁﬂiﬂndﬁxaﬁ@lﬁd Shmd/ﬂhb)‘es@fts 4RGhown in

. -cm af 0C and 106. 6 at 350C.. The sa

Flgur%%?é% 3156%% TeBRs2 by {?@'iqalg(lde@ ed By Bpeavord "silica” in Figure
7A anltRS Bhta&s iRl di d PRE

di mslr§15| onsl, We?e usg%qg}éél %dl&z%&r 71]% pq@{-}féﬁgﬁ?g can be seen in
this figurgl ysi s was perforned as in Exan'pl e 5 and the results

own in Figure 7. Again, a depl eti on region, a

EXAWE‘I}TSS region (identified by the word "silica" in

FiAGUS ®1 stﬂréhﬁ@ﬁrebﬁ%d ROA@SRIankbo vk %in?he P vab 84 aRYGICC for 1

in Fig ure73 and a pile-up regi be seen In
hour undesvacngmr(é0 MIEWPAE® &IMS@nalsm ms thea ppefepagde dltieresults
for, 1 hour

ance, W.t h s, held a
are Shg\%ﬁ% g{)g(% %fr%'}teﬁ%)é %‘BFHIOB? FUrQISFS %ﬁ gHaysi s was
t hedongaeked oBdis fifiee W Wifse 7ah6wS HaMhel d3pletioh, rlﬁybﬁd and pile-
where the sane nonenclature is used as in Figuré 7.

up regiQspwpay Welbes e overall shanguafdherindividual g@@entr@mwrvdsauet h e
substa R b s bl B i il Conceniration
EXAMPLES®, are

A convergent beam electron distribution function (edf) was obtained for the
semiconductor layer of an SOI structure prepared in accordance with Example 2. Figure 9
shows the resulting transmission micrograph. As can be seen in this figure, the quality of the
single crystal layer of Si is excellent.
EXAMPLE 10

Experiments were performed to evaluate the feasibility of obtaining single crystal
silicon films on glass and glass-ceramic wafers via thermal bonding without the use of an
applied voltage or a temperature differential.

One key issue in bonding a silicon wafer to a glass or glass-ceramic wafer is the well-

known problem of contamination of the silicon with mobile ions from the glass or glass-
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substantially unchanged by the reheating. EXAVMPLE 9 A

convergent beam el ectron distribution function (edf)
woaesospbesas ned for the sem conductor |ayer of aaT/®S004/004746

structure prepared in accorgj{ nce with Exanple 2.

Figure 9 25 shows the resultl ng transm ssion

m crograph. As can be seen in this figure, the quality

ceranfif, H‘ﬁle d?égf%lﬁd&%sfcﬁ'lex l%rthgfs ébn %&?édltﬁ ]tectrcﬁ%c devices is

periments were orms to eva
depogil‘@d@nbu glass\sulostratdodfter rﬂnensglbsirahghas ey ebated withlbaere 14yiek18f silica

and oy Attt e Ro R T o £ Siav h trocieh ghondi no
t arReahAtBongingi JrisBiceA Hir@éﬂy egl%s@br gﬁ%&’ @eﬂaﬂucbﬁﬁlfa Qe @;Hlse

silicon wafer to a glass or glass-Ceramc warer 1S
migragjen|of i lqmanm the sibtamwhich soh tadvnrsdy affactdﬂﬂe tiheprspdrfotmance and is

L NN SR ORISR —-—

bondidl prdcays ik Meligile.y, for exanpl e, the silicon fil mneeded
for el ectronic devices is deposited on a gl ass

tetaspes anflidass eeremicsised mtbemp@emnnts bad diffevértt ktrain point

f an
tempé?ﬁé{/ég‘nat %ﬂ?’%@n feir Plnlpgéé‘gorll n& %es é:ls (£g1 1g>lzf3hg>pi1]cgt}qp§ﬁre
proceﬁs}eﬂ fﬂibloﬁhtﬁéimtrmhqmdit@@ &oidditiea §ibn4li ch@gdek Ywhieh ﬁréﬂo@ﬁ@ceptable.
Jass ceramic wafer will cause 5 migration of ions

The therma] banding PxpeBmenviare (ios limagd do thel syraiax padettoftheeparticular
compditiofsQRaREchO THRISFNARY ekinpibLUSHAIRS BB enid BaRRII G

i'S Issue, experi Gone
performdedt her such a bonding process is feasible. The

and gl ass ceram cs used in these experinments
EXAlﬁi)g‘sﬁgﬁ‘?erent strain point tenperatures dependi ng on
t'Tﬁé 1289
B1aSOWRRS it éh?sﬂcasgwa?ﬁl%ae Uﬁé@m ﬁ% KPORATED GLASS

applications are 10 processed 'rstrain
COMPBOBREION Na707@ wdiickeras disoassed ftsuvgeis anatiatikboadsilieded glass. The

. acce ble. .The thermal bondi ng experinments were thus
stramppw??ﬁ@us(glaﬁs%lfgq E’f‘j;i n point of the particul ar
C ANSthin dRS efRY Slaskak 8y 1 Eﬁﬁt}ﬁéﬁ aw &%h@&?d@glﬁghce roughness of

descri be the experinments which wer per
0.1 nuEyag/PAEIlEA WagerTiHe ngicm;s thiglf wias hpdropérsionamplantes atresten

oy SO SETAIER,  55 PAE Sra0s: po

the wafbré Sere dlegnedsstripl aﬂstﬂﬁ]aﬂi méthol Ml &hndiSelhss #20Gy, £ietd8ent
mm di aneter gl ass wafer 1 mmthick was polished to a

wash, § GiSFHER AT GHIB RNIBTC 2051 treatmentrend Afsdlldigbiedvedterminba0md then
brougllf['1ﬁ{o%ﬁtatcpétcrgomgm§é§gt{19§en ion inplanted at room

The watfer assembly was placed between platinum plates and then thermally heated to

450°C and held at temperature for 1 hour. At the end of the hour, the furnace was cooled and

the plates removed. No bonding was observed between the glass and the silicon wafer other
than a low strength frictional bond. The wafers could be easily separated by inserting a razor
blade at their interface. There was no trace of a silicon film on the glass. The experiment
was repeated at 525°C with an identical result, i.e., no silicon layer was observed on the glass

wafer.
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20 tenperature at a dosage of 7 x 1016 ions/cnR and an
i npl antation energy of 100 KeV. Both the wafers were
wohesmegs7esi ng a standard nmet hod for cl eani ng gCags2004/004746
nanmely, a detergent wash, g7distilled-mater rinse, a
nitric acid treatnment, and d@’'final distilled-water
rinse, and then brought into contact at room
@ﬁ m%ure The wafer assenbly was pl aced between
' it plates and then thermally heated to 7?5 450C
anche&beridbntt ETHX@MM T @A Hvas rebefted but 1AttluTs Resceme wafer W made of

hour, the furnace was cooled and the plates renoved.

CORNSN @MQ&P%T SR GLASH M EHTIQY NPagkiOamdichnes discussed
abov?'sj 1§ %ﬁ: 8[#1{1% & rgrgllg%cg gg g’ghegsgsﬁﬁf\i}&é{e (gfggé?g%ﬂ % c?sncﬁ)n is 540°C,

and thusstBé bormilin@exprEiaient Whadenedit SHORS. r |nterface There was
no trace of a silicon filmon_ the gl ass.

exTB@rrP%was iggrticabindhatedf Bxpmphasi®Aw1n fhah o Tf@é?f?ﬁ efa silicon film to

glasslo F e., no silicon |layer was observed on the
30 waf er. WO 2005/ 029576 PCT/ US2004/ 004746
EXABWLEEKGI\/PLE 10B The experinent of Exanple | OA was

eat ed . but t hi case the wa er was
c?ﬁfqu %@WW@%@% A 8as repRas "%n?-ﬁaﬁh alumino-
borosma%‘ébo sﬁ#ﬂoﬁCffa%ﬁag CORNMRG H@@@@M@HNG@%{S{@CM\&%S}HIGN

gl ass. The strain point of the 7740 conposition IS
NO. BAGC; ghssurdd tin the dispdashimduitng Theptrainnmmnt ofdlis gtaseisat60°C and

s R X 555 e 01 R PlaghR e FanEE0E 88k
the gla§CWELHas W&E THe @xgaﬁn&fe RAK kdfRRded Qlfsm@é@ﬂf@]h%aﬂngﬁt of the

was repeated with an al kaline-earth alumno

surfa¢eoniahé silieent wateo predined tha sunfanels dermmn@tmmle 11
S. COVPOS| T1 | d th
below&?ﬁﬁaﬁ nol’i‘@ﬂ%@?%\l %‘H‘g)nsﬁlll%wﬁs g%“%ﬁ‘faagf utS ﬁ. sI S| asg i's

EXAﬁﬁQQQQUﬂ thus the experinent was done at 660C. Again,

in this case, no transfer of a silicon filmto the
gl Bhesxperimentypd Exampls Al waTtepeaishBsings slasyraeramipwates with an

alkahvuava%fire}i?(a n&%f Eﬁﬁ' Eca? co&%%sma)ﬂr f.[%g ?na?énatl Hgd s%aréllﬁ gyﬁmt of

0 reduce sur drogen concen
810°C aedthux &@H@eﬁﬁaeﬂﬁvﬁ@@tb}med\@@ 10°Cn A\ gatra s hiahsfef offa silicon film
silicon filmwas observed. MPLE 10D The experi nent

to theglasssegrapiie walenavagobserapd a?r@&rqagnﬁﬁ of, thy silicon weaferogeduce the
hydro %nd%&%hcﬂfbf il hphte @BYE h'l D Befod t(ﬁk} not célange the result

um nosi I'i cate conposition. e rrate a strai
EXAMi?ImE 16E 810C and thus the experinent was perforned

TR Ay AR (A R
upon WT]?chsdnl d:G@MaYE Bk irde: thRFHESR o BBout 0.2 microns had been grown prior to
hydrogen ion implantation. As in Examples 10A through 10D, in each case, no transfer of a
silicon film to the glass or glass-ceramic was observed.

Based on these experiments, it has been concluded that thermal bonding of a silicon
film from a silicon wafer implanted with hydrogen ions to a glass or glass-ceramic wafer
does not occur for bonding temperatures up to the strain point of the glass or glass-ceramic.
Higher bonding temperatures are not acceptable because they would result in deformation of

the glass or glass ceramic, e.g., sagging and/or compaction of the material. Moreover, as
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hydr ogen concentration of its surface (see Exanple 11
bel ow) did not change the result. EXAMPLE 10E The
woexpsrnyeat s of Exanples | OA through | OD wer BCT/US2004/004746
repeated with silicon mafer%. upon whi ch an oxi de
| ayer having a thickness of *Ebout 0.2 microns had been
grown prior to 25 hydrogen ion inplantation. As in
: [ transf.er. of
ment{GETRER, S84t B o P ek iR 0% S BERIT Bine
tempetee, teelissBasféch contihizatorsPdkisiieoh SlmivouldstilPasibe resolved.
concl uded that thermal bonding of a silicon filmfrom
EXAMREE{ o waf er i npl anted with hydrogen ions to a
gl 5 ' t .
Do i B0 A e WP e IRy R cplepgarion at the
surfacg efsssenricagidaster wefeanihich i3@o bk hbward tb andikagine-eamtie cadtaingg glass
are not acceptabl e because they would result in
or glafsCEEt i on of the glass or glass ceramic, e.g.,
EXAMOERgAaNd/ or conpaction of the material. Moreover,
as WD 2005/ 029576 PCT/ US2004/ 004746 -48 nenti oned
abbvidicomwefer i100 sue fn diatoeten shé i 0Gvari eoacthicdkwess Inidregenson
. significantl vy hi.aher tepperat.ur the i ssue of i
implaplsstal i gk 819 Hanslorn; Bl A BRI Pneof 1RGKae The
wafer ®&0h¥%e dleanddAWRiBed afeh] The ¥aHTdt Angle MRS ied bR $hik Reifer was 70
val ue of reducing the hydrogen concentration at the 5
degregyindireting p verydedirapbebisoudrcanaf er which is to be bound

to | kal i ne-eant LAl I
o BB R B QIR PRPSEATER oL 8s SpvposITION
NO. HizavedserasBetiwit CISHER STIENTIEIC GaS TR/AID 00&ftdrSht in an ultrasonic
| npl anted at a dosage of 8 x1016 ions/cn2 and an )
bath ﬁog% axnuies HHowaed by dattilled ovateswwasirder omigatesrin dleesultragemic bath.

The SRBERE 8 P L Y O, 0, s R, R i

washh{te sifibabivafes uaf acecledhedlimir dstdgont eoaxRS eshtahineEORNbNGe wafer
I PORATED GLASS ITION NO 1737 was washed
surfagg (ot afRERV S SEXER & @I%W[lﬁ POPHSTahgiedryen With distilled water

inacg:laﬁfr&ﬁ]?.ni c bath for 15 minutes followed by a
istilled water wash for 15 mnutes in the ultrasonic

bdthle twa Svafére wesd them prachesedvatiap theggovasihg dtepmnoflB%ample 2 and the
- L L | d foll db nother distilled water _wash.
SOSSUER PR s LSOt OpASruoeh] LA L Mesh
negat¥éhtheePRIPNE BALHO Nl WAS1RE 8h thed Sftf\}g?ﬁuér%@%gnd’\ﬁ&@ by

were given a final cleaning in a spin ryer
from thietghasd wafdr withspaedrer The twawefesawenedisated Th 82 3°a(sikizbe mafer) and

57575 R IR B ER eI BLoessl 10 o P, o

gglﬁggrti'@hélaﬂ; RypdtentilEo Ol 788 S oWa At apjed Rt BeEnPof the silicon wafer
for a minute using the moveable center portion of the positive plunger and then the applied
potential was removed. The spacers were then removed and a potential of 1750 volts was
applied across the wafer surface. The voltage was applied for 20 minutes at the end of which
the voltage was brought to zero and the wafers were cooled to room temperature. As in
Example 2, the bonding was performed under vacuum conditions.

At the end of the bonding process, the wafers could be separated easily. However,

there was only a partial transfer of a Si film to the glass substrate. In particular, only about
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negative plunger and the silicon wafer was placed on

the positive plunger and held away fromthe gl ass
woabesr2ed7s h spacers. The two wafers were heat eBCTWSHD3M4746

(silicon wafer) and 575C( ass wafer) and then

brought into contact. In par Tcular, a potential of

1750 volts was applied at the center of the silicon

0 o f :
v g e PS5 g L, AR T gm s

very fsH-@fifdrad. TiRsprocpited had het @p@@@ ESod\Quakity Sﬁﬂﬂln{ aseedesired.
and a potential of 1750 volts was applied across the

EXANHFIEE 14Br f ace. The vol tage was applied for 20 ninutes

t f

1 S e, O U LRGSR o
treateEXﬂﬂ’[HiBllawntghea}bondl ng was performed under vacuum

condi tjons. t he end of the bondi rocess, the i
et dhe lieen W@ééﬁfﬁ%lﬂé?@dmé‘a% Id Wlum&g?ﬁom@h@ﬁéowemmde:
waterdR i¥e RtiBYFY IZa”}' ahfl ARAMRE scﬁifl‘a(ﬁwI Whs lgéalté@ tv\gO (g%ga;ﬁgg%% 7zéfter holding

substrat e. parti cu out
the wRfeT il IB2 @6141&166 ﬂéﬂﬁ mindes hﬂﬂéaneretﬂme thleasluition svas ovaled and the wafer

with a Si |Imadev the covered area,
was "‘r“ﬂ}si1 W&ge U{P@S‘ifmﬁ Bﬁthl)’ﬁ #ﬂ?—f %6 2O UIPfRSs Aﬁg}b‘s Rgint the wafer
show&d Xﬁiﬁl?fy BREGpIHAE AL Yot Wlftﬁ h %ntﬁ@c MBR #86idegdes. W&o% wafer

experiment of Exanple 11A was repeated excep
was thehewashled toa hMbdﬂomaclddwdr@gdnmm@b iwateriselutioh Ilrowl rﬁ?g8 ratio

smil§FRY T oo e AP oSl Bgen e TsRan copdels T4 heppmashed

in distifitd Qak. 1:2: 7, and then the solution was heated to
70C gradually. After holding the wafer in the
&hmsalmnmfemﬁa&ﬁlﬁub@sledﬁo ] éﬁ%’églasmwefer whghedab in Example 11A.

ultr
The {33 pR PR PRI A 1T w323 ifen ROt RS ERY s
waferf1Ridrin dxbellengfatfodd S Honmedacheliogl it dnyiek aphick. C
character with a contact angle of 10 degrees. The

siThisenemple shows\thaf sprface tigpdmert af thesihgon weler fiqrdmplangption is
QX Q8BS I
needéaytg ?rgf B?Pﬁ lgffe%'r gﬁrﬁgsc ELic eaf %lﬁég cllgﬁédpg%%)ﬁ cgnt&mfn Lﬁgalﬁﬁfneﬁ%lrth ions.
EXAMIHaEQde licon wafer was then washed in distilled
wat er.. The s n wafer was then bonded to a 1737
giR s Gramap! ewgg Wéﬁ?r Heas in?aﬁéwt;Q@n pmonia andriplregegegperoxide
soluiBh AFRSS: GRS A uforANh & AdduyRq el Ater the
ondi ng cycle er an excel l ent,
urlilfe@xperSnertiolf i@xampbclhédwaympeate& ema:pt thet thesflimor waldriveas now
eaggg&lfelshoms that surface treatnment of the silicon
treat QHP¥IE i antation is needed to carry out Si

| 3yRf the @RI rBfafkPwas ﬂ'a@e%ﬁn%%ﬁ?% L Qo CRAhShiR! Mro%en peroxide:
al kal’i ne-earth ions. E 11C 20 In this eXa

watertih ¢hemafie of Was7, ehé dwadhwqhhtlcmwvammtﬂdato antc ggedud@e nAfter holding

the WBF& ?ri(slo%etion for 15 minutes at temperature the solution was cooled and the wafer was

washed in the ultrasonic bath with distilled water for 2.5 minutes. At this point the wafer
showed a highly hydrophilic character with a contact angle of 10 degrees. The treated silicon
wafer was then washed in distilled water and the bonding process was carried out with a 1737
glass wafer washed as in Example 11A, using the same process cycle as in that example.
After the bonding cycle, the glass wafer had an excellent, uniform Si film attached over its

entire surface.
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solution, but not with the acid solution used in
Exanpl e 11B. The experinent of Exanple 11A was

woepsakede except that the silicon wafer was NnoORCT/US2004/004746
treated in the followng way. First, the silicon wafer
was placed in a cold sol uti ol of ammoni a: hydr ogen
peroxide: 25 water in the ratio of 1:2:7, and then

ution was heated to 70C gradual ly. After
Emh&%dﬁﬁébthe wafer in solution for 15 minutes at
t erReEANWIE shdis S8l silyisBN pliaSa GeAnfet ARGedd VT Mah8hoMa snd

washed in the ultrasonic bath with distilled water for
hydrqze peioridedseatnentt miay also bausedte swelhes treat hodvdhas somirgithe/hydrogen

. hydrophi lic character with a contact angle of 10
1on c%‘_gcéa?%%%qn Oli??esefrpg%%élatog?ﬂﬁfe&on_ waf er was then washed in
i 5 einpfl @Elianfer vao HGABYIIDE06A%En YRS Fdchsiemperature

out, with a 1737 30 gl ass wafer washed as in Exanple
for tep prinuigs Thys raemeahwagpiolewsd by ¢ distillgd wateriringe. Theargsbiewas then
. oA . i . t f
aried ol ke ROREHIREKPH Frvely PRBIe D AT B Pllgles 1B and

11C, anekatient SMBIRDENVEARD hé@niisT1hISAHTEY W Eined.50-
EXAVPLE 11D Thi s exanpl e shows that oxygen pl asma
EXAMPBLE HEt | instead of an anmmonia and hydrogen

p i. r ' .
P R Hfentsh Pt itieq oI 1AtaRBreife U BiCe hOARIES RiiCCohbifiasion afer
the sk treathentsosf Eyaferes 13 Al thradghd 18 anpl Ehe hydogancmncentrations at
fer s treated in an ox n plasm room . .
the syrfegrpiAG FCOR 8"_@9 & T Pgsheed u?ﬁag@ 1P Shys pags. Nomalized
inten§iﬁl ARG DY o@taﬂieﬁtbgrj! i RGindRh EMAViMBE peak1BtelSikEEy WRSotal spectral

en dried and subjected to the bondi ng process as |
intenfifyeand|neullipAingdsy 1 000Bx &iop thesulfA® tacatmedt Eptoaol eiixabipbnt 1A, a

Si. filmcovering the_.enti.re.gl as fer was t ai ned.
valueS 4l s QR e riea o 38 el R i R BaBSy
concdnd@tisay f ace hydrogen ion concentration after the

surface treatnments of Exanples 11A through 11D. The
hykheagmits of these experinents ae settforgh sutihde s Asfshowe therein, the

ili,con er r asur e si,ng. a ToE- S| VS

norm et S8¥hal Bl M e TP R oA DL nef il Bih Bl 118 was
102, WiicHirdfirédents 4 7% iredicibiinatlydpek ibmEetehiratiodycobdpRrddab dhe as-
) spectral intensity and multiplying by 10000. For the
implastadrafer, pvhilatfoeibe torient of By AhG) Ge piEnal iiensity sputh] or

o 4 . ' [ rreferr he ;. .
76% By A VAR OB DEELDF R R ch A iy i
was 188 or h&56 exdpetionenigral 1o theis-inglidted WafkdbA@ e2perfBent was also

shown therein, the nornmalized signal _intensity for
perfopmed w; whigh an agicors solatieneel hydroges peepsideeithqu ammany was used to

e SRl TR SR B BRSO 82 e
implanted value.

These examples demonstrate that a reduced hydrogen concentration on the surface of
a semiconductor wafer leads to improved film formation during bonding to substrates
containing alkaline-earth ions.
EXAMPLE 12

This example demonstrates the high bond strengths achieved in accordance with the
invention for silicon films transferred to glass wafers composed of CORNING

INCORPORATED GLASS COMPOSITIONS NOS. 7070, 7740, 1737, and EAGLE 2000™.
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20 inplanted wafer, while for the treatnent of Exanple

11 C, the signal intensity was 101 or 76% 1| ess than
woOhersag9i7apl ant ed val ue. For the oxygen pl asnmaPCT/US2004/004746

treatnment, the signal inten§th was 144 or a 65%

reduction conpared to the as-inplanted wafer. An

experinment was also perfornmed in which an aqueous

x ' ' t_ranmonia was yse

The i of e A0 AT 7RO LB Gt RO oL BT Sty 3667

respettivetyiahé yorhposithirsofhs BAGIE 3600™0and? 674708 adsBEcRfespdml to Example
i npl ant ed val ue. These exanpl es denonstrate that a

14 eBPFECsFamplondest Paenidfo. ¢ o Ts taspentivelyt  a

sem [ iAPr oV i formation

oc PO, Al 205 TR AL ) S LI OB e
additiwhlodlaihyédrogan tdduictinspre¥AehforlBe Sl cdiivafe ¥t 737 and EAGLE

denonstrates the hi q.h bond strengths achieved in
2000 lasserariieh wcluder Allealinerparth iensn Speeifigally, Swrsili¢anrmarers for these

sloss{q PR B B R MBSl IB o EREPRRE BGrptp T honghany of

Exantpied 1EBGhiough QORNr\he? GReIEAD o khlé K28R A0 FHBe hyRdgen
The conposition_of the 7070 and 7740 gl asses are set

couldihgie heejisgd Bandgegray xaluss werg dptermined yeingitheindentatien procedure

: It 4 . A 1737 4l e
ascnf RSN Lk R RO B0 H R 088 s
publiaftiohl S. Patent No. 6, 319, 867, respectively. The

process st e 2 were used to prepare the

e of Exanpl . .
S PaTicHet: 3% 8eupioR DoRd Siergihy ifhq by Was MpiRisgavith the coating
ot SR %y USRI L6 BL Bl phlE. 17
providé k sthblagrdgdiseppart ths: safpdewhs baldey fo & bS53 dianteder al@hiim sample

for.these asses were treat [ ccordance with the
stub SBP@&@W@@G%@%@ Iiuﬁf‘ﬂ@% 3%&?\'6‘{5}6&"%’@ of Exanpl es

14Be AR i -

et e ML SRR, (e RIRERSY phftiuging g aray
of indgntetions Wil reange pEindentation loeds. UBlicregraytvensiselbetet 46 swuney the
.procedure 10 di.scussed above and, the cal cyl ati on

coati BIRHN & 4 PnCh AT ARG aREP ET R Ol Bives thef s Siklespeperel
location/ B dhedlk fNarihbiliBAintdogtih Sfespdrle g&b;&ftﬂé 88PN Dsing standard

Sstrength, the sanple was nounted with the coating
nanoigdgnfadion prefesaly thppesitiansaf theHadensatidng gveseipieasstecteasising

. . t. indent er. probe, T rovi de a ..
e AR OB R ke B E8: o
particllla? e phisit Rk fer@klEatELHD 31Meiohd o Sihe BuFhdrPl hi6H sNdwdll evidence
t he, Nano I ndenter |1 using double-sided tape. The
of confyppafignordadipg 8#nags cs of the sanple were then
a i1NQ: . i atdh ons. .usin
2 THE Rl ks DL RAMIRRR BB Bl IR IR B RS ity
The ldadinguofisyintiigter wamdonnmtéradnRoidal wngda HieRrinaed §¥fq]ub1€b%(bf

.and “%f garrie,.out in nore than a_single genera
loading and unloading conditions. The sequence of conditions used was as follows:

(1)  approach segment

(2)  load segment (constant strain rate of 0.1 sec™ to maximum load)
(3)  unload segment (unload rate = 90% of maximum loading rate)
(4)  hold segment

(5)  unload segment
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| ocation to check for variability in coating response

across the sanple. Using standard 20 nanoi ndent ati on
wonoispeed76, the positions of the indentations RETAIS2004/004746

pre-sel ected using n1croscoglc observation to

identify appropriate reglon§ of the surface for

testing. In particular, the p03| tions were selected

f th f h
A R 25 U 250 S PRI S CRRE S o
165 IﬁNDﬁiﬂ&t(}SanS lmg efchCGegioRn RE 1ﬂtél‘é§rﬂrﬁhe yurﬁlﬂetmnﬁ%hpyﬂx h

nggomtry 25 The | oading of the indenter was conputer
indengaions gieremadesion gach lopd gPapandinaswhe abtereid resnomee, mgd@ndal

ndai t.
testint 2 ARGRRGIAONIS | fBked IIRIARANRRCRHEN | GAMLHAN
delan(mammrtb detetraing thicedetardinafiod vaees [dad fespansemum | oad)

unl oad segment. (unl oad rate = 90% of maxi mum

Qélpwgl% @é@)taﬂosl@ ﬂ{%)?st Hegaiionearerinsnestpd fon eyidense gheaating
delmaaoat&qg{m@agm@ EETRLEAR0AAOA T8 T N6 D5 i 8Rkehe
contr&tﬁopﬁ\sial rﬁﬂ:rc&‘cnpy Whéb prasentafilin 4€lamindtiokoiroead therie@in@tion sight

rest,.on the |nun1o
are typwg@ ‘f?PPgﬁ@e %@F‘gb‘}%g‘gg%iﬁh@é%ﬁ IHHEEY Iﬁéﬁ@ﬁdNﬁglabﬁlﬂ Phe is
pamcca lgrs%ﬁéi'tr{}eet%ﬁﬁﬁ $Hpe FAithONMurbahEShid S ﬁthl%{lge%&%ﬁy% Gery
s was used to identify the critical d requited
smallthmghh dhenges(ad emalkian atfwa Angstrems)ddf delamivatioinehad been present, their

i RRSE bR AR FORR 0) SUL By enc it

aboveeWbElahaee BéenGRad to Ebterifth AT LARdA MlerdRidl GrabR¥E EfrBl 8Bt represents
magni ficati on Nomarski DI C (differential 1 nterférence

a fundagpraniad sepsp of thel copting adiesioy to tieeubsirats elntthe fhsenve of

|ons un e i ndent ation sight, are
actanfiff (GRS A A COL SR RAEH b R EaBoD o G go the
mterfhdiﬁlmhﬁé ehdrg wablesthngkd bhdsuimingl dniaiidisueddlamination region
sensitive to this type of surface di sturbance due to

that ig slighfly dassedhsid mmrwgﬂ@n\ﬁh@ size afidie indeatagion 1t§¢1§nges ( as
t] had
Tl O AOGE AT o, 5 SRS B RES i

coatingntieks iafthé seenpley teitad (i.eaitwkyRnssungddehsiibe cé‘dtfhgﬁbvas%ﬁ@éée&ee)
to determne a critic

e. been
and thap ﬁ?@rl?%&taéaonﬁFs%stfi@gWéﬁ%;‘; he 10k drepg Eyen f ﬁhal delamination. For
this cdeN@a @&ﬁh@he@@%&% 2 A3 ];Eﬂl%gédgﬂ I%dﬁagaﬂ%&ﬁk 3 ﬁgfgﬂﬁe Marshall

substrate e absence o

and Eparsuefeeghctor the SO structures of the invention, a
| oner hound 50 the interfacial_ fracture_energy was
estinaf%ﬁ?by% %%@1ng(§%hé 2 diom Marshald paérErars) on regi on
that i sld.ghtly larger (1- 2 microns) than the size
of the indentation itself. In determning interfacial
fr acéI ur Ie enet gW;ERintatdsvias geqie do foat MaRRaR aM@Evae)
resi dua

v = Poisson’s ratio of the coating material -

t = coating thickness

E = Young’s modulus of the coating

a = radius of the debonded region

Vi = volume of the indentation (based on indent size and indenter

shape)
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coating stress in the sanples tested (i.e., it was is

assuned that the coating was stress free) 20 and that
woOheosingieat ati on stress field was thus the sol ecamisxiongo4746

force for filmdelam nation. For this case, the

strain energy release rate \ﬁés cal cul ated usi ng

equation 12 fromthe l\/hrshall and Evans reference: G

et 856 3oty B i GO T g R ped for v and

E: va0Q5ERans) GPa 6.280V8 $61thée BedkohRhQller:é18s 608k pdiihental variable and
material t = coati ng thi ckness E = Young's nodul us of

it is bases anothe ndpgter ased anglohuswas mesraradeandnieigs fos grdnteg(lata peint,

whileff its 4418 SMCGE B APp ARG HOEN Blsiudf e

For the silicon-based fil ns of the |nvent|on the

foIIovmng val ues were used for v 5 E =
18pitighexrgripentsyyere periermredaiix 447 Q:ﬂwsazsﬁ@eétedt a;t 4§9t C with the
S at er
silicoft )Wagéﬂ ﬂgﬁ{)ﬁ% Syl\?é\;a‘é@@g%sg leatain'é &1 \%/13& ReegsdtPQ Hloégg ﬁfkgﬁ &' In the
bond traty tat, ahgglast wafeﬂ\fallh@béﬂ)ﬂa thhibokdesth thé Si filen could be broken.
i licon- basedfllm was apout 0.4 mcrgns in

Based,pp thigeeslt, asmmamtltnatl es& ee %&BéW% ceienaieh#r ot B wi t h
;?%Q e §§sl']oﬂr REEIREAafishEwO eMdn h E‘%}{ fn‘ Ki 5& @fq]zvtﬁérﬁfal bond

e 7070 gl ass cont ai ns L|
creatauiods |4l5@°(éisk]aJ/m i @hss, at m ¢quevalds e paratocgy tlteﬁt)l sttuotires of the

er, faile th t Si film
invenflgR Pav i P GILAREFEY DS Ao 0K HEp tpulb therapribestm | 1
b ™
oo EEROS 1 ERl IR EAGTIA G BfiEs wil) telass water held
575°Gta1$i thSistlitoh tvenferedt SR Tlas ghﬂssadbamoﬂ&ﬁ(t‘amani allohhﬁons the mobile

fons gy s ety PR SRRl s e 8 Titonls roes B aieasirements
were BirBBE buf eﬁ%fér@ ean‘dnl hixat whd f?)%ﬁﬁ $hat SR8/ ae%%f b&ﬁﬂton"‘ﬂ bond

repeated wt 2000TM gl ass w th the glass wa
energhebuldate Obﬁaiﬁﬁd lmcaiuaehhe glass \mﬁar 771 befate ﬁefamid Bétwsen the silicon

ftm Pl AT i VOO l?%n%ﬁ%%%é’aégr?q 1y e gy e
invenfifd p@cessﬂi‘@dd?:@@ Fer§ thi Sn@ality RIS bOWRIS At A felPlratures.

out  as before, and again it was foun that only a
| Ghese Gragrithenis, @melbwr@ﬁmr@w&@medn@etsabﬂathn aa4o and 1737

elassy SO rtel e Py i o e e S Vo R dE YR s
waferiuitdb oot aagaielhmibatidn oFtINPfiind Sosathe Blhsé Was obRBred. The bond
energy measured at the point of breakage is thus a lower bound on the bond energy.
EXAMPLE 13

An SOI structure was prepared using CORNING INCORPORATED GLASS
COMPOSITION NO. 1737 and the procedures described above.

A wafer of the 1737 glass (0.7mm thick) was washed and cleaned as described above.
A boron-doped silicon wafer 500 microns thick was hydrogen ion implanted at room
temperature at a dosage of 7x10' ions/cm? and an implantation energy of 100 KeV. The
wafer was then treated to reduce the hydrogen ion concentration on the surface using the
procedures of Example 11B, although any of Examples 11B through 11D or other treatment

approaches for reducing surface hydrogen could have been used.
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i nventive process produces very high quality and high

strength bonds at |ow tenperatures. 20 These
wexpereeat s, as wel |l as correspondi ng experi MearAISMotl04746

the 7740 and 1737 gl asses, .gre summarized in Table 3.

In each case, the bond was v Ty strong and the gl ass

waf er broke before any del am nation of the filmfrom

t Iass s _observ The bond, ener measu e a
h@‘ e s %?Sif}? ia‘ied OF & FEPROT] SR ‘%% t"ﬂbef%y Spacers.
The d@%’l‘ﬁbl? YRk %dem&ﬁe@ SadunSpdlledtonhe s@erﬂﬂﬁld tem erature
prepared usi n% CORNI NG | NCORPORATED GLAS CAVPCSI

increaged (tppsiticandvalerovntgisedityr B dand thah of slasowafer 10 §EYE)- The

S S
st Bt S0P D56 FTL D B AR LGRS o
Voltam, clicovsitaph inak raBsvdly gidpe wafes cooled aswedThe Wﬁ&@é&eparated into
nperature at a dosage of 7x1016 i ons/ cn? and

two quﬁiﬁg SARIRS bR e hpeles Waler Withe thipsiligon ﬁkﬂé’pn@@%th@mmnd the
s111co‘hrr§<§’ch€rq?r ﬁmﬁﬂﬁ‘iﬁe@ﬂ? sfydrogen ion concentration on
e

he surface using procedures of Exanple 11B,
alA %Egﬂih@gﬂa@jmﬁnawcbrémcb 8t the prgledidreDdeusseédhabove was

tre nt roaches, f edu0| surface hydrogen
perfogpEq ¢ RO B e again B obraTemity AEsSisOw BAsus 10
where ? Jé%% : omBeg%hm sngQQn&hﬁgﬁ@atQOe@%sz&bg)ggéﬁl%]iﬁgure 10C

rat ed er by spacers
ﬁmmmwhedammmm&emﬂdu»wmundmwnwat vacuum pul l ed on the

S BT o S ERFR  SPR A 100a

10C, ZhetheWRERNISIVETIE-hHR PARY @éf%ﬂon' reglsﬁméﬁafkearﬂﬂim%%é m The
applied. After a 15 mnutée dﬁ i cation of t age,
& $1

hybrid iﬁshvélfrc&gre atifhs interfaneddtwesn gcomafﬂm endthelghass eldwrate is also
marlgehBHES T0 358 2bE BetbfhedAieRtG RRaE TS ikopt aflof the curves

have F@med & @BE bilkeolasivaieen not her wafer minus the thin
film A ToF-Sl anal ysi s in accordance with the

privcibsseregiren shows 8 barries (eplalias) laperis Sormsd bstveanghslicon film

t [
and ﬂ:?é élgé?s wWhith %1‘1 gh%%vdwer e tgo‘étfe\é%se{{ %At ?Iga%llutfa(%ﬁ‘ %f?l@%
comp@h@nﬁbmhaﬁt&foﬁcém felaibA migiasi o irde fietbilasa g ur(edélﬁXﬁstrate the
shows the data converted to atom_c percent. The barium

stabﬂér@ O &e arriginey i es Abstrishro rrsparied 28 fescribre ahqvg washeadreated at
595°C ??( 4 BER \Latg@n?%ggl adT(%SIﬁg %n& 255 QLS r'b@ﬁi)rmef(d %}1 the heat treated

I ne- ear epl etion region i's nar
strucﬁﬁreg lIf}& ah@lysis Tenecal ddythatithier¢ siak no ajovieaghdor iahs dineto the heat treatment
ce between the silicon filmand the gl ass
and ﬂ%‘h ?r PYETVasPeEPanels gy ked in Fi gures | OA and | OB
EXARESE ARyng at a depth of about 0.6 microns, all of the
curves have returned to their bulk glass values. As
t Hdseexfantple dsmeintrates hotvahe foematiolepf the ideplptibmgmed pilesup regions

depend?onGao 8! WSt CURNRRS nitbRPORATED GLASS COMPOSITION
NO. EAGLE 2000™ was used for these experiments. The SOI structures were formed using
the procedures discussed above and included a hydrogen reduction pretreatment of the silicon
wafer.

The following process conditions were varied: (1) glass temperature, (2) applied

voltage, and (3) bonding time. The silicon wafer was in all cases 50°C cooler than the glass
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and the glass which will allow the structure to be
used in the manufacture of electronic conponents
wonbdsmaes7eoncern for ion migration into the siPCTMS2004/004746
film To denonstrate the 20 _stability of the barrier
| ayer, an SO structure préﬁgfed as descri bed above
was heat treated at 595C for 2 hours in vacuum and a
TCk- | ¥sSi S- e eat gd .
wate TieHoliy B0% R RS, FE TR Br R eRln FeH fowcr tayen
and theidentintof ¢He iopnwhidthexhibitede chappild-upadgimnt and the
barrier |ayer was pernmanent. EXAMPLE 14 25 This

exdhgireligsrpvhormdndablesty Anhear ke segR thereinrbotly Eme and temperature

. | o . .
cutof IO B Blq e R R e PR ERER PR B Gt CRpecifiatl:
from NG dﬁé\ﬁ.din%@geﬂ\ﬂhmm? pﬁ&ﬂijsﬁng tithé asalrs]eo(be albd?lﬁ minuiédeind the

SQ structures r rme sjn t he, procedures . .
procegiag et WS Gredtinpe a_%em C4oRp g BHTICE et sk pile-up region
for thif %Emrs? @Ilﬂi%ﬁ%h %1‘[5#3? 1635 {Ha6 800 vORE GEre Y sthifed! R4d OWeDGH that a

pr I t1ons (15 gl ture,

cess con wer e varl ed: ass tenpera
cutoff ®}11 alppexisidior thid pragess varigbl¢.3Pinhitan dirtodfstwithexisT fe other glasses,
si.l i con fer was in all, cas 50C . .cool.er than th
althog{hE Shesl TP Se Tt B e s GBI O PR thore i g the FRGLE
ters determ ned were the thickness of the
2000132%?%% on region (barrier layer) and the identity of
EXAMBILEASs which exhibited a clear pile-up region. The
results are._shown in Taple 4. As .can be seen therein, _.
botths examPIe i S‘F@ﬁ%@Pé‘P@?@“"B of Breriaventiga ip thepreducéion ppfhin film
i R Rispf BbdtoRs, h@u& I ey |
rans AR G R0l SpDRLEIRE bR AR ISt gleoLeD)
displays@ng tliquidssysta) dispheys(e€Ds).t o be above 2 mi nutes and

t rocessi.ng. t rature _needs. t o he ahqve 35 to |

bR s Fisp TR e poriinf e S o i nicst clgegts. For
optinfilA&Splatpbiferticd, Al aB8 o bsble InfaRatRRALN\IRVESIMRESiOthe TFT

studied, it is believed that a cutoff will also exist
materfa) sheWld Sayy ostecsrrisr anotalityewittshigh uaiforuitys f Cerresit istateesd-the-art

for gther ses |.t hou t he specifig. values are..
procci 35 sy 88 oS00 hier o AP i BB istin¥ SR s fim.
Howdvihe cdftie? @BTIMy @ asGeces RN thde HAteFiaRXa 8B¢ ® five orders of

illustrates the application of the invention to the
magngpdriloster Brandn bulkistidon with arvarihilityorfsip(trep8%oe. fBulk silicon

reprolp R b TR A R LR PR e S R o
practi@él_cf{%%qss B& b;EEH agwl@ejdd&{agama ofibr@lahﬁﬁg?ts@osg&ﬁhny hitngte&;rysm
swi t ching of individual pixel elenments. For optinmm
Sﬂicoﬂi@@l@)ﬂiﬁgﬁﬂfgiﬁ%ﬁb@,fat%sndpal so to enable int egrgti on of
drTh\é%E‘io? lau% Rl 62 tdﬁ in li:ﬁTs. &Ll % a gho Io hf%‘sY ‘gegfir?n%rtlg with
|Of|y\/\P{0h igh y.e&frﬁfte

carrrer no unirtorm

- depossti@i & tatridrhgyedd 6f SiN, and SiO, followed by amorphous silicon deposition and

dehydrogenation of the film. After dehydrogenation, the silicon film is crystallized via laser
or thermal crystallization to obtain a poly-Si film with electron field-effect mobility of around
100-350 cm?/V-sec. From this film, the TFTs are built via a series of steps consisting of
photolithography, followed by deposition of a gate oxide by PECVD, metal gate deposition,
and more photolithography steps followed by a hydrogenation step to obtain good
performance (by passivating defects between crystalline regions). See Applied Surface
Science, 9602, 1-13 (2003)
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processes rely on TFTs fabricated from anor phous or

pol ycrystalline silicon (poly-Si) filnms. However the
woaoosiceys7aobi |l ity in devices made fromthese nmaCeEmSa03/004746

is one to five orders of Zosgagnitude l ower than in

bulk silicon, with a variabi-Fity of up to 30% Bulk

silicon represents the ideal material for fabricating

TEIS t nvent | no .
oragvre i R bk 1 T B RARE b B B 0B P stpreted in accordance
with ﬂfeqﬂidﬁ e @récesd) B ttRB figatd, Y0 sépreetsGhy SVerhll TS 6 CRPrdsbhtdthe
on di splay glass substrates. The prior art pr ocess for

glass spbsiiatd, A TETSnisaR plaogtagts, 63 represents @fm@@leg&e 64 genTesents an
Si0, gbth u%agmd gp @Dééeﬁ 3; Ssbs{ faggxr e‘%é@ | egre&;entqﬂg tWS<|) Qarner

layersl¢Si9d and) SMJ; rdgpecmfveltyh thaf héed to Aétdepoﬁteﬂl }béﬁo@@@éjﬁbiu@ﬁ of s1hcon
the silicon filmis crystallized via |aser _ or_ thermal
criysdigeyspedahoge t %Pr&mtillweaﬁ%pspvsiesﬁ.m%twkme@p@éqrrobﬁﬁmmg
t 3
Subst%&t@ln?t el GypaP iodsl df Hass 350K straf 9o iR Slare
particsd &lyswelbmsitesit fonfurther prpbessimlgito bogd iy, Sinok lev&0IGlymprises a
at e..oxi de by PECVD

d iti f
substii el el PTG ot EnbgILPRD: Grgerdance wih the
inverkigh h@&@@réﬁy ﬁ@nﬂ)ﬂg E)ﬁgle:ﬁ@%)fo‘égsss i3 Ba&@u@? ted 09959 Jepresents a

performance (by passivating deféects bétwe
simplgfigesipa lovemainreatpropesyes. JebleAppits GuthShe farvms s&cps eftte, prior art

960 03 029576, PCT/ US2004/.004746
proces%%'%%—eﬁi g’ %émé‘}%%%“&g%%%ﬁ © OF e RESSREIFREG S use i n
ann lp%ceea Sfof thetTe Hhroc&s 69 HéaeRnt MivERidnD theRfchMro géﬂanon and
process. In this fi gure, 60 represents t t he over al

crystatkzatlomstepé preang chnrte@ gince thesemdéeanduetar Blm 62ahree@r mswhstentially
resents,a.netal at e,

smgle cr O%l?lts CStS%C%Qg%ﬁg‘lgP%n %veLﬁl cttrgp mcg% eé:polf gggrnQOg ¢ %/V-sec.

The rBl@dx‘o g%nah@y §Ep realﬁﬁe(ﬁﬁl B8 @ribr art BRYcESANhIsh A6t fcWBir&iR I THeRE
| ay er;ﬁ£8|02 and Si NX, respectively) that need to be
s1mp14j@¢@6§n& o &F S meany&soing nspcess pgqvudftbmh capiig] efiss ansdeepghput

advarfid rre#% oe(tjs x{{alea Siftibent Hﬂ}grg rﬁéht% ﬁgﬁggﬁer@orﬁ{aﬁgé | cal

or o alnlng antTa ingle crystal

S ITheQ"esnlmrg kR perfgrn(dye TFTH piodiesd inHeesrdasderwiet the &Svention
e .part.icul arI wel | -suited, for further_ processing
allowt T piRipyrizatien of glgshanichaneseunigp display pgrformance, integration of

dnveﬁéip‘gl @Rk Fél){ssss'uﬂgfa?e J %@%@fénﬁ ki %%tlﬂ&ve} Qﬁ?vug%s% gﬁ‘eg

s in accé ance nvent i
compthtéd éspiays fTiemetiignghigh pedotmance de;phmys tam panded dub gariety of

t he. ocess represe a si [ifi er curr
produgis,, b0 S%“Qé’?lgn?so %A{k Ewwepgkl%ené?r tgﬁ §0G
structﬁfés%'fﬂféﬁhverﬁiroﬁ%%ﬁe Wiinghn gmeo&%nshgdﬁt&a(ts@ﬁ &1@&9&9& t he

use of the present Invention. In particul ar for th
EXAVIPLBA6cess of the present invention, the

- PO Ry AL g B Rale B b 80 Pl b ver 20

(see aplstiantially 15 single crystal form As such, the
frlmcan have electron nmobilities of over 600

c feparogelepedribicanetiylar 0HEmamidiameted yithergsistiety ¢th1t18e@hm-cm was
hydrd%%rll n 1%1rp L L5 S’dsosage ogtJ g% 16“@ ons}ac%'iul g%n eIQr%y 0f 100 KeV. An
alumino-borosilicate glass wafer (specifically, a wafer composed of CORNING
INCORPORATED GLASS COMPOSITION NO. 7740) of 100 mm diameter was cleaned

using a standard method for cleaning glass, namely, a detergent wash, a distilled-water rinse,
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sinplifications in the TFT manufacturing process
provi de both capital cost and throughput advantages,
wa00sm2957as t he i nherent inprovenent in devi cePCT/US2004/004746

performance. The resulting g?gh performance TFTs ,

produced in accordance with the invention 20 allow

for mniaturization of electronics, nore uniform

[ f 60 ifs ..

amtr%na%liﬂhigé’ gpglgté&g gtﬁé éitléetf‘lteﬁ da%s dhke, EF}el% ﬁlcgr? (Jvaf réxga% tsct:ored into
two pm@eun(fslmbkerg hiepidchewerschgd dbﬁd:ddn sl[ﬂtlﬂyﬁ Wa’EEb,Gan ammonia and

resul ti h perfor e dlsplays can be used in_a
hydrogen perogidgso “glpadif&dsangatﬂ%! agermidfed pa e glassvateranpnually to
im0 BfSeap ¥Ry dithd kPt B HBRE appl i cation for the SOG

structures of I nvention can be found in
s |TIh|e acﬂmltmg- asmlblatvms theRQ@lcedlir ther SIS S ICRDO FRANTRInEer] 6The
ustr es tilin

| t first
bondeir M regrxanPeél the rﬁsa?rg ]gé%ﬁ)gaqegﬁﬁ% orI( ga@glq:slp &{ngeé' end and
400°G &1 theAilRIAPaBIORRd THeldl£0 FaAa el v%éc%@ Hg?; ég%ﬁ%@él)actrode and the

Wth resistivity of 1-10 ohmcm
silicop ap thenastivetelestidde ag§enthe Qe&reﬁOQlﬁpcmhmme anliewed, a 10 psi

e T ST
to thelciFERFGRATERT G SR HIVRAS sl bl Bohdidd ﬂ@ce&fan@(iﬂeﬂ'@ﬂb voltage was

di ameter was cl eaned wusing a standard nethod

remox@pieam,t]wg PO vigkifrisfeye amhg@tcet&hg@nﬁrwm@ﬂqr argl the assembly held

nder a5 ep B og 1o BR0Es, ARINRIRER §R eletcmgientiolas gemoved

and thieianstimbdy siak bb@lddmtoem teinpeRturd. he silicon wafer was
ﬁored intq pi.eces_and broken. The pieces were

oH Sligamiaeess ﬁoalldéae.e@mbaremm frogntha eessmibly leaving a thm film of
SlllCOIlD Mﬂj{ Fp@ %g -G8k l(ﬁs'tefﬂl'ae b%‘x‘e@ﬁl ﬂ?eni%n{sr?c?‘ﬁ ‘alsestvvé) s111c0n pieces

r ‘manua I'mZe
was alhmlt\l.éamctohe two silicon pieces. 5 The resulting

THBS FEedhis s Bk R raRreltAcrrerl Tl dbthgpnsaer Has bigken into
five pfe@es%@@@h&f‘wﬁ?@ss%@l%é oi’l\@ﬂeefooerﬁﬁll QQ& wittP QR @iv[a B%cest were found

licon wafer end | ass er was place
to havn é@faa siligom fib belidé oamlmb gllm Wasfeﬂ tdlmemihofithepiosdst i ve

Sl SR AL e s
seen 11D Gk ﬁ@%@ﬁﬁeﬂﬁ&ﬂﬁ@%d%@ﬁe%@ﬁ&fn%proz&pﬂé? SthforBd Snd APand

applied 10 to the center of the wafer for one mnute
improyes prpegssest fheptodheing gucrmﬁme@sesarfdgurhéﬁ it iecheolatia lowsart

snowif PR By e ARl o RBi oy S g BB e sy,
silicorcomgiabd iR nireg, aﬂéﬁ)rﬁﬂlﬁbéﬂﬁmg%ﬁ&ﬁs h8EMIr8Sof thd Srvention.
el ectric potent was renoved and the assenbly was

Among gthieg ghings, ﬂ%ﬁg@r@n%@trateg hadrogen wnstmplmlom bowknghmiugh a
|
Comblgﬁo%a%}\)o}%%ee M%t ﬁépgd nmt{oﬁe eﬁgﬁ n‘go%rf atd ?eeﬁ?f&’erﬁliicon wafer to

reducediagtamedalettaeen the filnms fromthe two silicon pieces
Although specific embodiments of the invention have been described and illustrated,
it will be apparent to those skilled in the art that modifications and variations can be made
without departing from the invention's spirit and scope. The following claims are thus
intended to cover the specific embodiments set forth herein as well as such modifications,

variations, and equivalents.



was about 10 microns. The foregoi ng procedures were
repeated except that the silicon wafer was broken into
woivs/pssgees and then was assenbl ed on t he 100ramiUgk@sm04746
wafer. Al five pieces merqéﬁound to have left a
silicon filmbehind on the glass wafer at the end of
the process. 20 Fromthe foregoing disclosure,
i ncludi ng the foregoing exanples, it can be readily
seen that the present invention provides new and
i mproved SO structures ahdBh&wW and i nproved
processes for producing such structures. Figure 16 is
a schematic flow chart showing a preferred enbodi nent
of the invention in which SOG structures,
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62 netal contacts 63 netal gate 64 Si 02 gate
insulator 65 poly-Si layer 66 SiQ2 barrier |ayer 67

wei2Ms5/028:a6ri er | ayer WO 2005/ 029576 PCT/ US2004P00ARAD4/004746
-61 TABLE 2 Exanple No. Treapnment Normalized H+ %
reduction intensity wt inplant 11A inplanted 414 0O
1 1B NHAOH + H202 102 75 & H202 + HC1 11 C NH4AOH +
H202 101 76 11D 02 TABLE 3 d ass/ Si
Vol tage (V) Process gt%%ggsll@?%%gﬁd energy System
Tenperature (Mnutes) (J/nm2) (oc) i 7070/ Si 1000 450
30 >15 7740/ Si 500 450 15 >15 1737/Si 1750 575 15
>15 EAGLE 1750 575 10 >15 2000TM Si 'd ass

10 %0 Z‘BE 0205 BVBEH CSSUET DD AEOSBTABLE 4 G ass
Vol tage (V) Pro:gﬁgmm}ma. Barrier Layer Pile-Up llons
Tenperature (M hutes) "Thickness (C) (M crons)

51 gap between closely-spaced first layers

52 filled gap between adjacent first substrates

60 TFT

61 glass substrate

62 metal contacts

63 metal gate

64 Si0, gate insulator

65 poly-Si layer

66 Si0; barrier layer

67 SiNy barrier layer




350 1750 20 No barrier layer No pile-up 575 1200 20

0.08 My, Sr 575 800 20 0.046 My, Sr 575 1750 20 0.1
wORpBr295685 1750 10 0.08 My, Sr 575 1750 10 0. BEG/USENOBN004746

575 1750 5 0.064 My, Sr 5751750 2 No barrier |layer No

pile-up F 595 1750 2 No barrier layer No pile-up 5 WO

2005/ 029576 PCT/ US2004/ 004746 -63 TABLE 5 Prior Art
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TABLE 3
Glass/Si Voltage (V) Process Process Time | Bond energy
System Temperature (Minutes) (J/m?)
7070/S1 1000 450 30 >15
7740/S1 500 450 15 >15
1737/Si 1750 575 15 >15
EAGLE 1750 575 10 >15
2000™/Si

!Glass temperature; silicon wafer temperature was 50°C cooler.
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pohiédResasyr face. 2. A
nduct or - on-i nsul at or

oviding first and second

external surface 20 for app

substTates whererm— (i) the first—substrate—conprises
0) algser Gl akrgrtallipationgfadiconor |pYARRAYao the second
lmﬁybstrate (the first bonding |surface), a second

ving force to the first

7) SPiRsS1i@Rb Saphysdf drf Stchf?iss e- ap

internal “zone for”separating

PP iia o

RELYE si

e into

8) aDepdsition ifa%ate oxidk 8 Becynd pal
a 7

wher ein: the first bondi

I befdshBnIA

g surface

i RbyZPHEVD

e firsSt

%?

9) fpémitmm\t}g}a&%aaurﬁya@aue@@
_substantia

t DepBRRAIAlh RSN, Pullering

lv parallel to one
J L

103Bimoolithpaaphy mdhay eebhnliche se

firect
15t

another; 25 (h) the
PRicablithograsiyeandrdty efel of gate

11) Ion implantation and dopant activation

Ion implantation and dopant activation

12) Deposition of encapsulation oxide by
PECVD

Deposition of encapsulation oxide by
PECVD

13) Photolithography and dry etch of

contact vias

Photolithography and dry etch of

contact vias

14) Deposition of contact metal by

sputtering

Deposition of contact metal by

sputtering

15) Photolithography and dry etch of

contacts

Photolithography and dry etch of

contacts

16) Rehydrogenate poly-Si layer

Unnecessary
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bondi ng surface; and (c) the first substrate conprises
a substantially single-crystal sem conductor

wort@roegd7s and (2) the second substrate conpri BET/USD4/004746

external surfaces, one for % nding 30 to the first
substrate (the second bondi7 %‘surface) and anot her for
applying force to the second substrate (the second
force-applying surface), wherein: W 2005/ 029576

PCT/ US2004/ 004746 -66 (a) the second bondi ng surface

Wwhatdg€laii&@ gecond force-applying surface are

substantially parallel to one another and are .
sdpar até merch@ngop@daﬁ@g Bepmispnduciprsenyinsalatop stragtyre(gynprising:
t second ,su r.a i xi de gl ass or an

o&%e dﬁr%lgl-nggis r(%tearng%e%?ﬁ?bgg)&%??Sﬁgkile%%mt he first and

second (bpndithg figsy klitaae dofipdisenNfifk€ bxtedna) sirfake forpondiag to the
of tinme sufficient for the first and second substrates

to bond to dweondesybetrds (the firshBonding purkicg), gseenid external surface
bondi ng surf S| X ' i

Lo t he't i rsiiaipiyl il RRASHR Cubsrale BREL Bed Biffing
press 10 t herface)sindamdnteand nehdiondépagatigrnhafias substrate into a

together; (2) subjecting the fjrst and second i
substrates t S‘é??réﬂné@ﬁeg%n%?aéﬁ @Wﬁpﬂ‘i‘tlf’% zone), wherein:
characterized, by | &k bg—&grégﬁﬁ@fcg, Q!ﬁ‘rﬁgﬁ%e-}g%lgg& s¥fface, and

at. the first and secon ce-appl ying sur
respectively, saitte sepatadige goheinegubsimitiatly paatlel to@ne another;

surfaces with VI being higher than V2 so that the
cl'ectric f1dby 1 SBarrRet B s eRdbE Setgretsaehy e st
the second subst nh@ing sBfsce #dd heating the first and

second substrates, sai'd heating being characterized
by first andckecdhelfitstsphstratewonprives asubstagtialty sibgle-crystal

first and second forc a}g{)l %[l nglbsu f aces,

respectively, sai “?Cé’ﬁg‘é? BFEe &, g uniform 20 at

t hose gy fagessaBad haistitte TomPEik@dwaextdiadl sHifides CaRl foMSonding
to a common tenperature, the first and second

substrates undesigst sibsirae ehe sedond bonding senfans) ewsl another for
e T T N
substrates anffasgpehatinng the first and
‘ (a) the second bonding surface and the second force-applying
surface are substantially parallel to one another and are
separated from one another by a distance D,; and
(b)  the second substrate comprises an oxide glass or an oxide glass-
ceramic;
(B)  bringing the first and second bonding surfaces into contact;
(C)  for aperiod of time sufficient for the first and second substrates to bond to one
another at the first and second bonding surfaces, simultaneously:
) applying force to the first and second force-applying surfaces to press
the first and second bonding surfaces together;
(2)  subjecting the first and second substrates to an electric field which is
characterized by first and second voltages V; and V; at the first and

second force-applying surfaces, respectively, said voltages being



10

15

20

25

30

towards thegie

25 second parts at the separation zone; wherein the
oxi de gl ass or oxide glass-ceram c conprises (a)

woaamsieedgi ng oxygens and (b) positive ions WRCTHS2004/004746

during step (C), nove within the second substrate in a
direction away fromthe se€dnd bondi ng surface and
towards the second force-applying surface. 3. The

nmet hod of Claim1l 2 wherein. oxi de gl ass gr
oxi de gl ass-‘@éfg]gﬁiagh’cﬁ’ﬁes cf’%gltéggé’ﬁﬂlggﬂﬁlgﬁr@aﬂ’eeh%%thﬁt the
0- 300C coef fd&ingdhieldfis BRssidBioRXRaRmt Sibstife 8 ak V%C(?rﬁps@bstrate;

resistivity p which satisfy the rel ationshi ps:
2005/ 029576 #AQT/ US2004/ 004746 -67 5x10-7/C - CTE S

75x10-7LC, and. P.!'-.1016 S2- ... The.met hod, of .
dai m fébr Pegiins féﬁerﬁr%*&ﬁgﬁa""?{ﬁgs]b‘b%@ﬁ* i Bigating peig gharacterized
second subgfyf@kesd Rboddembelafur®aTt andoDi thefi@NEnd second

anot her through the reaction of the sem conductor 5 )

mat eri al of feres-abbhdng sutises sespehively, 8sig dpperatures being uniform
originating fr.omth . ) The

of Claimi4 vﬁ%él}oesfa %ult%%%g%gd;%?ﬁ %ﬁ%ﬁ&{ %ethgte?ﬁo% on gﬁ%?%(rja comtnon
mat eri al of tefperafiré,she Htsbaid scendubbtransy gedergo differential
originating fromthe second substrate produces a )

regi on (the COR{agtion tp élgqr@hy)wgﬁske@ HF?aﬁFé’b%PbéEE% @hthe separation zone;
concentrati Sfﬂdv\hi ch begins at the first bondi ng

surface and extends towards the separation zone. 10

6.(DYhe coelifwthedon@edfint snddeeos] substritybandisepeniing thedirsteand

t hi ckness 8H whi ¢ satisfies the relationship: 5H S

200 narf§FRIdIELS a{,\ﬂn@rsgpa;ﬁmnszopﬁé di st ance betvvgen t he

vy 8 A0TSR RS S AR U A i
movergithih dinciengndssubbtrate in adue@joni asvatyHfeons thef sgcend Whding surface and

farthes%wif omthe first bonding surface for which the
EietPorEhP Y 4S: sati sfied: Co(x) - Co/ Ref ?

50 per ¢ MethddFoXprodusifly a s¥hRbBdudO on-idsalatdr@tructure comprising:
concentration of oxygen as a function of distance x

f r(din t heovidingtfirkioandisaepndsubsteates whedeio/ Ref is t he

concentrat i f. o en at _a refgrence surface i ch.

1) i i i et RGPt PO ErBL AR £l o e
paral | el to debéhdf dubstkatd Re iR bsrdih@6@face)) @ sdgoridSexternal surface
separated from that bonding surface b&ha di st ance

Ds/ 2, wher e fDsappiyipaéorap & tha disstisubsiratn(temirst fareg-applying
bondi ng  su rsfu%ge aé}?i zlnqgteﬁ%? 9&‘?&% fof erzaﬁﬂﬁl’g iy ﬁrs@g&ﬁgrate into a
alom Cc percent.

and Co/ Ref arein’ '
first part and a second part (the separation zone), wherein:

(a) the first bonding surface, the first force-applying surface, and
the separation zone are substantially parallel to one another;

(b)  the second part is between the separation zone and the first
bonding surface; and

() the first substrate comprises a substantially single-crystal
semiconductor material; and

(2)  the second substrate comprises two external surfaces, one for bonding
to the first substrate (the second bonding surface) and another for
applying force to the second substrate (the second force-applying

surface), wherein:
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5 7. The method of daim1l or 2 wherein the novenent

of the positive ions during step (C forns a region
wohosh29wedepl eted in positive ions (the posit PCEUSIN4/004746

depl etion region) which begiéns at the second bondi ng

surface and extends into the“second substrate towards

the second force-applying surface. 8. The nethod of

Gl aim7 whergjn: ' xi dec-gl ass..or__oxi .
gl ass- cer am( cont‘%? Tg’éscéga Eﬁ%ﬁ%s ar%g agaﬂ{e}%cé(né‘ld f’gﬁ'aﬂ’é’lymg
positive ions: LisatfacdNaelsubdfditiallparalleiNg ble akéttiés and are
Sr+2, and/or Ba+2 (the alkali/alkaline-earth_ions);

and WO 2005/ 0295 AePareteA oppony Goiva by a-digandeiD):; end
positive | Og—bﬁepltﬁ% %e%gfli g%sﬁgte' c%m?ﬁi@ése&neoq{ig% gl%;égor% oxide glass-

nore of sai al ka ne-ear I ons.

met hod of Cl ai m &emfagicei n: (i) each of the

al kali/al kali pne-earth ions, whj.ch the oxide glass or

o%gge Jringmeghe Hish ap SSORY BPRUDE HETaCT B PRk

c ent j ' : j

" 3T F T DEA AU etficnd £] et Rl el AHSHAEL Yhond to one
par al | ehother athke Smt amtlsdcond borglisgisurfaces, smmdtaBEoussy:

f j 2/ 2: ii
D haC ool VP Rineciarseat fos rsb i L osa #HPLYAB Su Hsph to press
whi ch sati sfh&srst HR1 se_%&hcﬁ%ﬂlﬁ%‘i&facé&oé%@g 10

nanoneters, where 6D is the distance between the
second (Bondisnectingfthe dirsindd sewod Fatestratehite in dlpctiis field which is

ithin th d substrate, 2) j bstantjal |
baral Lol 1o HESRUEGHY DRy obud Yolfies Y f plig st and
surface fartsbastl foiceMpplyen SREMBSL, %a,ﬁéﬁtﬂsl_ﬁ]gaia @Gl?ageﬁ’fateing

which the following relationship is” satisfied for a
| east one ofunifpyen af thasq suafares Witk Ve deing hiighes theni\&rsotthe the

T el T SR L Y-

the concentmagi on of said at | east one
al kal i /al kaline-earth ion as a function of distance x

fromtkd seberinesbadistgnd srerad subsirtes zoiddiqaing heiag characterized
et e VUSRS Eherd T 0 LI
d ai m 9 whefeceaapplgingositacascrespertidely] @ifid empeegiren béiag uniform
a distal at those surfaces and being selected so that upon cooling to a common
temperature, the first and second substrates undergo differential
contraction to thereby weaken the first substrate at the separation zone;
and )
(D)  cooling the bonded first and second substrates and separating the first and
second parts at the separation zone;
wherein the oxide glass or oxide glass-ceramic comprises (a) non-bridging oxygens and (b)
positive ions which during step (C), move within the second substrate in a direction away
from the second bonding surface and towards the second force-applying surface.
3. The method of Claim 1 or 2 wherein the oxide glass or oxide glass-ceramic of
the second substrate has a 0-300°C coefficient of thermal expansion CTE and a 250°C

resistivity p which satisfy the relationships:
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L5

edge and the novement of the positive ions during step

(G fornms a region in the vicinity of 25 said distal
wedgs/ees1e pile-up region) in which the concenPCatUSLIN4/004746

of at |east one type of pos_i6t71ve ion is enhanced

relative to CyRef for that 1on. 12. The nethod of

Claim1l or 2 wherein the substanti al Iby sidngl e-c!rylst al

sem co 7 j inS7 I.l;i con-based materi al .

13. Th(rey;(tirgt odgg C%Z#X%Oi/tg?’%éhv\herei n the

subst anpkal0§Qsinngl e- crystal 30 sem conduct or
material conprises silicon and germanium 14. The
mét hod 1ge r@r{g@c}wflcbrmi oRRevhareintdusing step (E) thefitsyand second

' - ' A ial co | ses .
s ST SE GEIHBEPBS t  ST5Spco
materiab 81 ths. firstsabstestdraith okygdredripidat g FRorRRS Rbshd fBstrate.
separ a

' s formed b rogen ion
i Apl anhglgirf]%ﬁzﬂ?gdi@ Clﬁ%%?é%emé%ﬂ@rr%@tw%mﬂh@enﬁcmcter material of
: ' i satj sfies .
e e i bl 8 s Shhte R e et e
hybridytegion) of enhacetherygem cortvensaienshiphbbgifas: the Fht BERBRS surface
ich atisfies the relationship: 10 nanoneters -<
and e’%“cggo‘g@réls RUPUPRZODES  The nethod of O aiirjn 118r 2
er ei S L. evacuat .
b "€ g CIznp S LT B S oot R a5 which
satisfipy the selnorishipt he chanber is |l ess than or equal to one

mllibar. 20. The nethod of Claiml or 2 wherein step
(O i sop&rO8msRRmetarsan inert at nosphere. 15 21. The

Where;SgltriQ gi%pdg%t?rgg%g&rq]ép%e §(ﬁﬁ?§t{ﬁ$g§ Sl}sl‘élgg a.écic.l: é ﬁlilrgarc%g{g}{jé}r {rflg within
the sec¥ddrpartiL)Eis subdlantidide pavaiifiag 1ef fissh %ﬂ@iﬂ%ﬁ?fage %ﬁgﬁsgch% Eue.rface

t O (1), the force per unit area applie
farthes?: iﬁi%g% &ﬁﬁst)é@@ém Sfltfﬁ@efogp@ﬂqhi the fallovfing edatmathipfis esisfibe

relati gnghip: 1 psj <- P -< 100_psi. 20 23. The net hod
of C aleﬂﬁ(gf%vﬁ%fr%%?emimps(?ségé% 50 psi. 24. The
whereimet hod of Caim1 or 2 wherein VI and V2 satisfy the

rel ati onshi p: ) ) ) )
Co(x) is the concentration of oxygen as a function of distance x from the first bonding

surface,

Correr is the concentration of oxygen at a reference surface which 1) is within the

second part, 2) is substantially parallel to the first bonding surface, and 3) is separated from
that bonding surface by a distance Dg/2, where Dy is the distance between the first bonding
surface and the separation zone, and

Co(x) .and Corret are in atomic percent.

7. The method of Claim 1 or 2 wherein the movement of the positive ions during
step (C) forms a region which is depleted in positive ions (the positive ion depletion region)
which begins at the second bonding surface and extends into the second substrate towards the
second force-applying surface.

8. The method of Claim 7 wherein:

@) the oxide glass or oxide glass-ceramic comprises one or more of the following
positive ions: Li*, Na'l, K+1, Cs*l, Mg+2, Ca+2, Sr*2, and/or Ba™ (the alkali/alkaline-earth

ions); and
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100 volts/cm-< (V1-V2)/D <- 40 kilovolts/cm where D
is the distance between the first and second
woaoseepl yi ng surfaces during step (C. 25 BPET/USh®4/004746

method of Caim1l or 2 whercaﬁn t he oxide glass' or
oxi de glass-ceramc's straifi"point TS and Tl and T2
are in degrees centigrade and satisfy the

.at i hips: (i), TIs-.350 <-T| <-Ts+350; and i1). TS
" 30< B MoBi e tonltopialectarth (E0REA S Prephmprdotseic
alkalMblRslBiersarth3Ong i) 300C -< Tl < 800C; and (ii) 300C <-
-< 800C. 27. The nmethod of Caiml or 2 wherein: WO

T2
2005/ 0288 mgethot POUSHIOL Ohereis - 70 (i) 300C <- T15

1000C; i <o . < C. 28.,The neth
of Doy 1y A of gttt A icog Wm0 s R ORRE el
ceranfic @bmmid8 huh e FefbmiencdcdalCentratibr Cirf bt <rel&Bfse s3BaceWhich 1) is within
met hod of Caiml or 2 wherein: CTElL- 20x10-/C <- CTE2.
the sespntﬁ%stratee%ﬁkli Substantighe P@‘a@qléq thesseeopd brndinggurfase.and 3) is

f ek q,@,rhs'- fnt ubstantial ly
Spacegiff]g E{acrysftgciél s‘g%%%%n%zlﬁ%%gﬁ material and CTE2 is the
0-(BYO0C thopbditivd @atdepletibm sl hasxRidEBhA&S 58 fwHidlesatidfes the
.0xi de gl ass or oxide glass-ceramc. 31. The nethod of
relatipghshitiy 1 or 2 wherein the first and second

force-appl yj faces are heated to Tl and T2,
respecﬁ%@?@,%ﬁﬁeﬁm’to step (B). 32. The nmethod of

wheréb@isthd diRfande BERicth theREERAId HoRdRbRBrAA) and LE8REE VALY ) is within
formed in the first substrate, said recesses

the sdsend suhistigtea) is ebstantislly baalélrtg theset arekbandihgsurfaoeliand 3) is the

fr t hat 5 surf,ace.into the. bod) e first . ..
surface (3fhdst Ao 58 588 B gt Tor P i gyt lasioashi is
satistledtfor 4UEt @ik dfth MikhBAlkaliRd eirB0ioAN FhUN tBE 0SB ¢BXP8NGkide glass-
and contract relatively independently of one ~"another.

cerangg contpi@s:met hod of O ai m 32 wherein the recesses have a

depth g« >t he _thi ckness Ds of the second
part. %E%Rq‘ﬁgfﬁeph%élséf” Cl ai m 32 wherein the
wherd:ecesses are forned before the separation zone is

f or med.
Ci(x) is the concentration of said at least one alkali/alkaline-earth ion as a function of

distance x from the second bonding surface, and

Ci(x) and Cyref are in atomic percent.

10.  The method of Claim 9 wherein:

dp = 1000 nanometers.

11.  The method of Claim 9 wherein the positive ion depletion region has a distal
edge and the movement of the positive ions during step (C) forms a region in the vicinity of
said distal edge (the pile-up region) in which the concentration of at least one type of positive
ion is enhanced relative to Cyrer for that ion.

12.  The method of Claim 1 or 2 wherein the substantially single-crystal
semiconductor material is a silicon-based material.

13.  The method of Claim 1 or 2 wherein the substantially single-crystal
semiconductor material comprises silicon and germanium.

14.  The method of Claim 1 or 2 wherein the substantially single-crystal

semiconductor material comprises silicon and carbon.
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35. The nethod of CAaim1l or 2 wherein the oxide gl ass

or oxide glass-ceramc is transparent. 36. The nethod
woho@Basstsl or 2 wherein the oxide gl ass or oxPdE&US2004/004746

gl ass-ceramc is 25 sili ca-égased. 37. The nethod of

Claim 1l or 2 wherein the oxi‘de gl ass or oxide

gl ass-ceram c conprises al kaline-earth ions and prior

t te t i i.ng surface. of e

fHSt Sl of R 1 0% M bith e Sbaiohiln ioftned b
hydregendeninigantation. 38. The met hod of C aim 37 wherein the

treatnment i s.an oxilgen plasma treatnent. 30 39. The

metthod O eethedpa&laiRdr & 2 whereinithe sacaadhpart hase thigness Ds which

satisfidsi5d reR@iadidgs surface to be hydrophilic. WO
2005/ 029576 PCT/ US2004/ 004746 -71 40. The method of

Cl ai m 3% Whenecmons.he treat nent causes the first

baondi n surface .have a water drop contact angle )

whi’ch i99R Of ﬂ%ﬁﬁfaapaiém}a\wh%r@nfb? Se&@ng n#bhasea Wef’gmws Ds which
satisfids fdRehtiBhsidp-Wher ei n t he second substrate has a

t hi ckness DQp which is greater than or equal to 1

m cr on.10:ad@mefbtre< D t<hid) ahofdkeisn 1 or 2 wherein the

bond strengt etween the first and second bondi ng

suff ac é@’ed%‘?tg?é)%{ elgim pyori2ovhgreinstepy(CY 1§ Rrufosmedin & gvacuated
chamfa&. The nmethod of Claim1 or 2 wherein the bond

strength between the first and second bondi ng

sui%f ac &heahd¢thod of @ling DB viteraih tHegastsukln jtlotidlasbeeisde.than or

134. Thelﬁget hod of Caiml1l or 2 wherein the bond
cqualde PR Het ween the first and 10 second bondi ng

sypf ac ik P)or ; ' |

2 e S R PSR R 88 IR

atmospb@rsent rati ons of lithium sodium and pot assi um i ons
in,the.oxid or ,oxi.d l.ass- am c.on oxi de .
badi s i e%%%"qi‘?@? 1“1.16”\%;@"?1&%‘?1“6%?’2@51{5 ReRigrmed forameriod of time

whiclbig &k fiaineorikgsal do BB XMy di mension greater than 10
centineters. 15 46. The nethod of C aim45 wherein the

sdr of Theanethndcef{tlaim il ong vdferdin ithstepr(C) B theuforce penunit area P

' appliéglqg?esﬁféﬁddoﬁéoﬁcpf&&@ )Pl%gslfelggg !f%sesga%lrsggséﬁlg ? ﬂgtﬁmﬁhlf

S-ceram<c on an o
wei ght 1pgf GENK 108 psi. The method of daiml or 2
conprising repeating steps (B) through (D) at |east
oR8. addibeimestldd afi Gleiny 22 mierein:| east one addi ti onal

first ﬁubstglggﬁ to.format |east one 20 additional
second ' P8t £ 15nd@8t o the second substrate. 48. The

meyhod TRE rdiRldB a1 €108 D iRteih §89hd 9 Satity G LRGN
parts differs from
100 volts/ecm < (V1 —V,)/D <40 kilovolts/cm,
where D is the distance between the first and second force-applying surfaces during step (C).
25.  Themethod of Claim 1 or 2 wherein the oxide glass' or oxide glass-ceramic's
strain point T and T} and T» are in degrees centigrade and satisfy the relationships:
@A) Ts—350<T; <Ts+350; and
@) Ts—350<T,<Ts+350.
26.  The method of Claim 1 or 2 wherein:
1) 300°C £ T < 800°C; and
(i)  300°C < T, <800°C.
27.  The method of Claim 1 or 2 wherein:
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at | east one other of the second parts in at |east one

of thickness, surface area, or conposition. 49. The
worwdsedot Cl ai m 47 wherein an edge of at | easPCoOmS2#/004746

the second parts contacts a% edge of at |east one

ot her of the second parts. B-50. The nethod of O aim

47 wherein at | east one of the second parts is spaced

from at,.| ea 9 t .the second parts. 51. The
met hod ©f Osfgon%?%f’%gé%qqh ?Ji*fg second parts have
sur>f ace(ngr ea)oAt i €pogeat i sfy the relationship: >AT,

where AT = 750 centineters2 if any of the
s&@8ond Perihethbdef Glaph A aurl2awhgreini Tyet €. and AT = 500

c {i ers the .second parts has a

i‘cul ‘?%Pﬂ‘ie?ﬂﬁ?ﬁ Fo5891829576 PCT/ US2004/ 004746
-72 52. The gsgw»pg_qfl@ gb@n 1 or 2 wherein steps (A
through (D) are perforne using at |least two first

s@@stréﬂe&nd&tbodaoﬁﬁ]aﬂelairﬂxel@aémtm second parts bonded
to the second_ _subst d of O aim52

wherein at 1eH¥t— %%Oof/ QE@]?EZr%@TEUI'SQQKhQ &$Chave 5
v 0 Pyl O R s

semla)ndu(aoranatétlaitandéj’EEippﬁretO 3GBC coleffidigit 06 thefrhal@xphmBiditiof the

wher ei n r said. at least two first substrates are
oxidegl3ss o gxi sg SEEHAMG | ve support, at |east one space

batwee t ' ' 0 .

oo ComyleBethdd Sf CIa R or 2Ryl ehe fsEthd by tordedapotying
surfaagh eredieateddo d'; and Tg asslpectwrly iprist testgys(B)at es ar e

hydr og ant fter being affixed to the

e Sac g IR RS o Bt Reia® bt ien (hnFessesai e doraed in

the fiidt subS@sk, s‘éﬂﬁre@éssés%gﬁﬁﬁ% 4} tR&fitss bgﬁcﬁﬁ§§1ﬁfafcé M eRkndin Fom that

| east one ot her of the second parts I1h at |east one %
surfacetintokhebedy afith¢ frse sehstrate soras d:@dxyuka the Girst boﬂ.(ﬁng SurfaFkénto

s R0 e VB S AP R B30y orone
anoth&@t her of the second parts. 59. The nethod of C aim52

wherein at | east one of the second parts is tgaced
f Bdm atlhe azethodnfClainnd? whereihthegeesssed hpvee 2 depth @reatrn¢han the

156 B f 2 wherein the second parts have
thic g? ggﬁgrs%@d%agml ch 20 satisfy the relationship: N

The method of Claim 32 wherein the recesses are formed before the separation

zone is formed.

35.  The method of Claim 1 or 2 wherein the oxide glass or oxide glass-ceramic is
transparent.

36.  The method of Claim 1 or 2 wherein the oxide glass or oxide glass-ceramic is
silica-based.

37.  The method of Claim 1 or 2 wherein the oxide glass or oxide glass-ceramic
comprises alkaline-earth ions and prior to step (A), at least the first bonding surface of the
first substrate is treated to reduce its hydrogen concentration.

38.  The method of Claim 37 wherein the treatment is an oxygen plasma treatment.

39.  The method of Claim 37 wherein the treatment causes the first bonding
surface to be hydrophilic.
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A, >AT, N > 1, where AT = 750 centineters2 if any of

the second parts has a circular perineter and AT = 500
woenisinet7er s2 i f none of the second parts has RCT/US2004/004746

circular perinmeter. 61. The thod of Caim1l or 2

wherein the area of the secdhd substrate is greater

25 than 750 centineters2. 62. The method of Caim1l or

otcr e PRRLOECRRR aRaTEYP P ePar e Tatoongine
surfadet8 Tt @h @vat&:ﬁrop-r&ﬁlti&bﬂ%lé wiichGk adsetifed oraghigtitér10he

anor phous or pol ycrystalline sem conductor materia
| 541at t adtearethed ehelasadond whgseinrthe sccpnd sbsiratedes p ﬂesalyness D,

64. The et f m 62 wherein the anorphous or
Wthhlslggrleater 4 s qélgp@glrﬁncqé%uctor material is attached to

t hig, secrHitn&HbS bf Blagmafdr@rwisdreip th&bondMaeAQBI b2 Abe first and
PCT/ US2004/ 004746 -73 65. The nethod of Claim1 or 2

secondhiepdingisuefaeasafigrieirr (Bhiapt Jé?@%&gowes/ Bréducing a thin
fidm L rARShahos ofled A1 ) &ﬁﬁ@%ﬁ&ﬁ&’{%ﬁ%ﬂéﬁg&ttﬁé first and

structure produce
seconsldindimgducthens-ador stqs(ID)ars atlea:ttrmgbmlesa’me risi ng first

o iner "OHARebg OB B RERGhe ROKESHReGrFEHR SR Be Frst and
secorldBbRlife s ' Il.lﬂ?férs%'ft@r st% DY 8 %t lfeh§tslt5 rjﬂbﬁ’%@ e‘EeW’pH ses a

subst a si ngle-cryst al conduct or materi al ;
( bl)S t hél“haemdhdd bﬁglbx[mdmr@rwbm@nahe suth o€ thg caneentrations of lithium,

sodlﬁlén pg | ?s?%ggéggﬁw¥1§?@%§ qrtsolgcgieb gsg-scfé}'arg%g ta%n%%d‘é%asm is less

than 1.0\WeBsHt PeicRAPandGie kD SubiRHle A0 H WekAhu@HiinBRYbRE@hter than 10
structure of Claim66 wherein the bond strengih

centimeﬂemeen the first and second layers is at least 10

L2Buct T B &F Glast e R e B Ebr A0 o RS of siu,

sod1uﬁﬁ%.ﬂ@§6ta§§ihﬁnﬁd>ﬂs§h ti 6k 8L EabrloRURS Hadsceftimit 88 %h okfile basis is less
, é’oul es/ nmeter2. 15 69. A sem conductor-on-insul at or
an

1 meéghi percestapr i si ng f| rst and second | ayers which

arg. at tae qﬁ&h&? oPEfa eJongrfs;h%rr\%ﬁéa&lﬁgs e}gi gg) t%{%{u%ﬂ QB) at

one or nore i1 nterne ate

least b sdditichbriine (uBJ)ngtOI@ﬁtl one &d@iﬁ&ﬂilﬁfhﬁfﬁubﬁi‘dt@/to form at least one
singl e-crystal sem conductor material; 20 (ii) has

additiopplgecondpasihandad L b seaond arhsraisar al | el f aces
seRar at@fl HYndd Gk ELAAUS wherein at least one of the second parts differs from

at least one other of the second parts in at least one of thickness, surface area, or composition.
49.  The method of Claim 47 wherein an edge of at least one of the second parts
contacts an edge of at least one other of the second parts.
50.  The method of Claim 47 wherein at least one of the second parts is spaced
from at least one other of the second parts.
51.  The method of Claim 47 wherein the second parts have surface areas A; which
satisfy the relationship:
i A >Ar, N>1,
i=1
where At = 750 centimeters® if any of the second parts has a circular perimeter and At = 500

centimeters” if none of the second parts has a circular perimeter.



10

15

20

25

30

Ds, the first face being closer to the second | ayer
than the second face; (iii) has a reference surface
wohoashn2dy76i s within the first layer, 2) is PCT/US2004/004746
substantially parallel to thé first face, and 3) is
separated fromthat face by 'a distance Ds/2; and 25
(iv) has a region of enhanced oxygen concentration
h [ n war ds
mjezc secon ?“1&8& O%EFa 1reézrsjl ngr‘] @5%}% %@n@sar%}zf’rfomed
usingvdt il ekt t\x&aﬁrs’séubeﬁatbﬁﬁ ;Fre{qaé atolesdn It\po s&idnd paf¥bonded to the second
nanoneters, where 8H is the distance between the first
substyale o and a surface which 1) is within the first |ayer,
3%32) G800t CRdysRAALEL 1ch8 B ld il {BERatefDl e
|st sur ace ftarthest fromthe ac

abuttmlglmﬂchmd eflgdsl owi ng reI ationship is satisfied: Co(x) -
Ref 2 50 <- 8H, WD 2005/ 029576

# US %}89{(5; gge am;l4§2_ \W:Féq:lg S&lé&{ ;pﬁstl twoiget substrates are afﬁxed to

acong@&ﬁ,%@{l ﬁ;ﬁon of oxygen as a function of distance X
fromthe irst face, CO Ref is the concentration of
o@g en e méthod of Elagndd \El‘l,ﬂféla@ﬁﬁr saitbatCedsk ywafickt SfsRefes are

i mc perce and 5 t he second_ | aye
ot G gr Pl Splone Aok BRterach Phorede th Lk s fled witha
Semi&)gduﬁbﬁggfeﬁgnductor on-insul ator structure conprising
first and second |ayers which are attached to one

ardét herTheime¢thod of @bmlﬁﬁ vdhrereih paid ghleastéworfirstsubstrates are hydrogen

3.8 the first |ayer
lonmé@nprfirge%r 51%%§ cf]EOtgFFVldill ﬂ‘éﬁ%lf%??st al sem conduct or
net7er i athe meétBodaf dlal e wHessih Bdledst 9HE HRER sEétﬁfd'}ﬁ%tE differs from
fromthe second | ayer which is an exfoliation surface;

at leagfipe ofhey o HP@ seeqndrigrts ay afrleast Pi)le ofthicknesst suafage g@@mrctomposmon
sta lenf at a disst ance
Dglg Zl‘hfe [ rs gfcf:@aggls%é& % oser (?% feaglefagt %9 esrecond parts
contatthan eﬂgteofsae teartorfeastier dfithe sebasd partsef er ence surface
whi ch’ |svv| hin the second | ayer, %IS 15 )
suBst a éqlq 1904‘3 %ha}rmSZﬂfélef%aﬁrlpa%pn@a the saepmd pprtp is spaced
ﬁomaqe@s&eﬁee&hy&mw@on{igg&s by a distance D2/2; (iii)
conprises an oxid Ss or an oxide gl ass-ceramc
woilch dbemrdtlsasof (D]:aﬁn 52 wehetaim theabcaardepasts have eurfagpeateas A; which
gﬁ Sﬁ‘#?e of positive ion having a reference
satisfy v oelativashitn ., Ref at the reference surface: and
(iv) has a region which begins at the first face and
extends towardd *iha, N>1,

i=1

where At = 750 centimeters® if any of the second parts has a circular perimeter and At = 500
centimeters” if none of the second parts has a circular perimeter.

61.  The method of Claim 1 or 2 wherein the area of the second substrate is greater
than 750 centimeters®.

62.  The method of Claim 1 or 2 further comprising attaching an amorphous or
polycrystalline semiconductor material to the second substrate.

63.  The method of Claim 62 wherein the amorphous or polycrystalline
semiconductor material is attached to the second substrate prior to step (A).

64.  The method of Claim 62 wherein the amorphous or polycrystalline

semiconductor material is attached to the second substrate after step (D).
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20 reference surface in which the concentration of at
| east one type of positive ion is depleted relative
woaodsieds7ef er ence concentrati on Ci/Ref for thaPCrms2004/004746
(the positive ion depletion _region). 71. A
seni conduct or - on- i nsul at or g8t uct ure conprising first
and second Iayers whi ch are attached to one anot her
one. or

iper o, Theiiahby o Cist o6t sl AP Ot RS oBbgueing a

thin M@&@&Edr%ﬁsﬁlg 154 SeihiBoriit ol An-18 QAL O ELEaIre brotbed bkteps (A)
said | ayer having a thickness of |less than 10 m crons;

through §D). b) the second Iayer (i) has first and second

st an | | ta
R e s T
whicli mranamdse oo ehdthaeithadditdctly ohdsowl @fecsr enere nﬁamﬁc’ﬂ@ﬁe layers,
which 1) is within the second | ayer, 2) is

whereiihst antial |y parallel to the first face, and 3) is

SR 238 B s SRR PRl

oxbyle ghas=zond laaar aonshiseg baoside gtaasrbmarvﬂsmddn glaggyeramees and

a1 B D DR pesv ot Br B S0 ShscRR (DA DAt oes Sre

joule%ﬁw%elfae reference surface; and (iv) has a region which
egins at the first face and extends towards the 5
r éffer erlde ssmpdoadectomomimsulatértseructorecetlam 66 whefeimthe bond

I st one t f posjtive e relative
strengtf Dpiseh e Brare seRoAv IS Shieas eIt Con.

(tgze pqaietsbmecdneﬁbts&esﬁ Slulfor SBALQRY of (I8im 66 wherein the bond

sem conductor-on-i nsul ator structure conpri |ng first

strengh betyeen the ﬁlaglmdssecwﬁ lolviera iscatdeashthisulasonaders. anot h er

h h
" onr & ANy TS e SR BB B sEiRg dayers

whiclParsWhsdRA) 3hé ¥nothdd@itBerCdidetlfor HRHHHEWE e intBin@IdiA¢ layers,
and (ii) has a maxi mum di nensi on greater than 10

whergiant | meters and (b) the second | ayer conprises an

3s)d 5’6]?n oxi de gl ass-ceranic which conprises
p tive |ons of one or nore types, wherein the sum of

t he conpent rcatrpsiess eOéubsiahtlﬂl}us‘ﬁlglsﬁﬁbistﬂlfberﬁi&dn(ﬁlﬁitcﬁ&ﬁdttuﬁal
ions in_the oxide glass or oxide_glass-ceramc on
oxi de (ik paap &rstang gecond ﬁlé??tae{mellmargﬂﬁl fwéévﬁratef?by a distance

Ds, thU}ﬁstSﬁE@ l‘feﬁﬂga‘éé&'& EH% s’e@&ﬁ& %{tré}rthﬁ{tﬂé‘ééééhﬁ ff&{ » d a' m 72

ereint guny of contentrations o
S Odl um(iignd haot mfs:reune swfese iwhidhh) iowithe e diss lqrer,obb ligle

subst 5P e 1 o A GBS T ok B distance Do
and Structure conprising first and second | ayers

(iv)  has aregion of enhanced oxygen concentration which begins at the
first face and extends towards the second face, said region having a thickness g which
satisfies the relationship:

Ou < 200 nanometers,
where Oy is the distance between the first face and a surface which 1) is within the first layer,
2) is substantially parallel to the first face, and 3) is the surface farthest from the first face for
which the following relationship is satisfied:

Co(%) — Comef = 50 percent, 0<x <0y,
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20 which are attached to one another either directly
or through one or nore internediate | ayers, wherein:
woadostongs76i r st | ayer conprises a substanti al | yPCT/US2004/004746
single-crystal sem conductor, ,material; and (b) the
second layer: 25 (i) has fi'r7éf and second
substantially parallel faces separated by a di stance
the first face being closer to the first |ayer
the second face; (ii) has a reference surface
WTEKR) ib)thd Sonvkrthition tofi @x EmcRd fufdtii, of distare x from the first face,
substantially parallel to the first face, and 3) is
s i dlp ¢qnsentratian of axyeamat thegefarense suipgepand (i)
c ' an Is . . oxi de gl ass-ceram c
m%%j%glsn%%e g‘é‘%@“’%{é@ icgﬂé[’fﬁ({)hns of one or nore types,
edbh t ythesabnptaskt tcoreprises al axida glas oedresxdde glass-ceramic.
concentration _Ci/Ref at the reference ,su%ace;

WO
20085/ 0295781 CPRIFCLIS AT0UFEBLRT FEucursEopPRing Arstgng sgropd layers
- I . -

o AR S iR el ety B A e Pk S URE el layers,
wherdizast one type of positive ion is depleted relative

tg the reference concentration Ci/Ref for that iqgn )

(b pobf f% B EsPampeR E PUr gy AREle- it SeaRpasHuctor material,
said 19 hAGing aduSth@ faRHSR frof e Redoht 10RF whidhEis bR Bxfolialiesurface; and

vicinity of said distal edge in which the

cdbkentthasdcond fyerat | east one type of positive ion is

enhanc rel.ati to G /Ref. for. that | t he i Le-up,.

Coorom D o 12 5N b scrshd Shusklighy Birel et Sl By #bistance
D,, tHeffirtd fBtdbelAg WosH @b thel 6t 1ayer tRabthe@BRNdlf¥Re Of positive

ion has a peak concentration G /Peak in the pile-up

regi on (hi crhagar¢ieranessurfase which: by iawiibisthe gecond layer, 2) is
' k[ G = r W Le J )
subst g g Bl Eibe Ak 00 & BB g e D2
struct yfip cspiprisédh dxidsglagingd apexidecklasayeRtasnic Whidhhcomprises
_are attached to one another either directly or through
positige iong of @B ar mAtedypese pachdypaglnasitivegomhainga prdprgnce concentration
Cmefﬁfﬁlgﬁl&gén% sﬂfac%‘ea?ﬁt 8 joules/neter2, said first layer
conprising a substantially single-crystal
sem conilyct dias amtgion avhichriegaaiatithedstided aplerxtends towards the
conpri.sing an_oxi de glass or. a oxi de gl ass-ceranic
referegie paface it © SoNSERAtR et lepe P e AURPHIVE IS fgpleted
i$rot iofs R Fot Rat HGE GRS Hvif¥yl i6H adhivi ion).
las B ASEAN LA S OIRY A UAE AR RSER B yon
cadn. exjpsenicambictonriastlator btatdtwre lcymiprisiep dinst@nd lsgcoafl layers

. ,one anaqt her. . . . .
which are agac%eg%o one another either directly or through one or more intermediate layers,

wherglan

wherein:
(a) the first layer comprises a substantially single-crystal semiconductor material,
said layer having a thickness of less than 10 microns; and
(b) the second layer:
@) has first and second substantially parallel faces separated by a distance
D,, the first face being closer to the first layer than the second face;
(i)  has areference surface which 1) is within the second layer, 2) is

substantially parallel to the first face, and 3) is separated from that face by a distance D,/2;
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20 77. The sem conductor-on-insul ator structure of

Claim76 wherein the recesses extend through the
wenisredt7hi ckness of the first layer. 78. The PCT/US2004/004746

seniconductor-on-insulator_ggructure of Claim76 or 77

wherein the bond strength between the first and

second layers is at |least 10 joules/neter2. 79. The

sem co ct or-0an-i yct .
S O LB AL Al S s
positive dmB@dfloay er morstypts, baﬂs@pd&f psithedonbieng a réfbrendd@ncentration

sem conduct or-on-i nsul ator structure of Claim76 or 77
Ciret hidf & TeRe SWaceedy| ass or oxi de gl ass-ceranic has a
0- 300C (ggef fiiciaG0io0 ivhidheBRls AP HR aS ¢
greater(mt han t Qél8C coeffelggflseant 0 t% %%p%@?’%ﬁsme
referapfe Slh'ﬁlcs uin&ﬁmﬂrtttm bbl}ceaﬂratgjn&}fcat eattadne tgeeno fpositive ia@r is depleted
ct.or-on-insul at

relat o {ireiife CSmsPTRAEn Cabe 17 GHAt gk (thoposiaye igh deplgtion region).
wher ei  k&icBdibeortndsulfor sRRHA¥ iR ﬁkﬁgﬁr&%égé&meﬁayers
the second | ayer: WD 2005/ 029576 PCT us2004/ 004746
which 2% aftaghelddg one angh@Citbeatifacdy enthradght drerarmhore kppenmssidiate layers,
h CTE and a 250C resistivity p which satisfy the
WOSTHR ati onshi ps: 5x10-7/C - CTE 5 75x10-7/C, and P<
1Q%?(53052h§ fitst RayePYi) Esprives b b@stnpiailPkingfe- %st&l%%ﬁﬁéo‘ﬁﬁﬁctor

and (C) conprises positive ions ose
matereﬁl sud (ibhas @nnwlmméglmesm& Bxgatey fhagd Owentimpiges; and
n b ectric ([fiel
¢ e bl B0 QB HEorlY sfa 8 GOt pipts et Shicn
compﬁls@%ﬁ)sﬁﬁfé adHsCofDat bsfoesStybBe whetead tHenehi ¢ the concentrations of
Ts-350<T-Ts+350, 10 where TS and T are in degrees
lithiuge dig aditd PogassTUMLiONS Ehihe onidg @lass obpxide glassreesamic on an oxide
t 70, 71, 72, or 74 wherein the
bams%lg qé@igﬁg%%§%2w§%gﬁ the first and second | ayers is

at73] eadthe8eintuonésdtordreindulatod 3trudiie of Claim 72 wherein the sum of the
sem, con ctor on i nsul ator structure of Claim70, 71
concepiationg of Yythive, sqfignesnd Rofassiny igps fathe pxidgwlass pr pide glass-
andid 6% bn B0 %959 o Ilel faces
oet sl,epar%t ed © [bglesscst g%{(:(Z'PWe?éﬂt%()eR t|§lr st face of the
f iTAst Iﬁamchuag)rﬂ)haaﬁﬂathsttdmalre emnpﬂsmgﬁest ahd sgrohdh &ayers

seco e of t L) has a fjrst
whicty 16 ascpigt o it anobter et s &Y Sh dughlgp R o sisrimedite layers,
wherdiyer, 2) is substantially parallel to the first face

of the first layer, and 3) is separated fromthat face
bya)a the first layer comprises a substantially single-crystal semiconductor material;

and
(b)  the second layer:

@) has first and second substantially parallel faces separated by a distance
D, the first face being closer to the first layer than the second face;

(i1)  has areference surface which 1) is within the second layer, 2) is
substantially parallel to the first face, and 3) is separated from that face by a distance D»/2;

(iii)) comprises an oxide glass or an (;xide glass-ceramic which comprises
positive ions of one or more types, each type of positive ion having a reference concentration

Cirer at the reference surface;
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20 distance Ds/2; and (iii) has a region of enhanced

oxygen concentration which begins at the first face
wohodasiess7sr st | ayer and extends towards the seeomast@a®o4746

of the first layer, said re% havi ng a thickness 8H

whi ch satisfies the relatio ghl p: 6H 5 200 nanoneters,

25 where 8H is the distance between the first face of

the fi I ' Ay
st |8)er 25 PRORAA BN P Mhelst o g Al ot iy e
referérme surddcetih evhﬁcththé cbageatraticnal &8 Jeakisorieltgpe sfdsaaBbR ion is depleted

tEest fromthe first fagQ{stﬁf the first |ayer for
relatlmoc © FefErepen FARFIERTIoBI Camir SiTdhaton €he pagitieg oadieplelip jegion),
sa1dre%1€gh5%fn§ac§8al %Qe#l 0:- X:- 8H 30 where: Co(x) is
tRe concéntratio oxygen as a function of distance
x fromhe fliasatregian i the vidimey 6f sasd dlbtayedge iM@hich the
05/ 02 576 PCT/ US200Q4/ Q04746 . - Co/ f.is the
conoss He P aileashong tYBK PHBOSIYE IPRS § ‘fedlr ve F%@@efef%%\at ion (the
1_]%% ag. and Co(x) and CO Ref are in atom c percent.
Pre 4 E%h)ee sem conduct or-on-insulator structure of Caim
715.72 ,Thmemonﬁﬁcmt’renmsulatqrrs&uﬁmlrsd}f Claire 74 Ivdsrein the at least one
type %S£ i}or gﬁﬁ’gﬂﬁg% tszaleﬁqtag%rgr?y gfgons%gaggn re—uvp\;hrleégn Wshi&nsatisﬁes the
relatis@migonduct or - on-i nsul ator structure of Caim72, 74,
or 76 wherein the first layer has a thickness of |ess
t han 1Cim¢Caesz 186. The semi conduct or - on-i nsul at or
h gructu of C.aim74 or 76 wherein: (a) the first
wherg y/"éﬂkaﬂ l’lﬁfﬂﬁﬁl MIGPHSHYi on greater than 10

cefgt | MeA §drficoAditor{dhinkilBtos Melc&ﬁ?ﬁsﬁg rﬁﬁt'aﬁﬁ Se@d layers

oxi de gl ass or an oxi de gl ass-ceram
whicle @mptta@@d tpos¢ anofkerieither difectiner troughranetoy pege 1n/¢lmedlahe layers
| ithiu

with %E?%ds st gjifh og r?glea?]tr%f o eﬁtﬁeéegﬂ éﬁigs@stolpy%)gpnb@%ggg amubs%algnally

smglcgl:raystat Sefitiadtidacon nferRX bktPsaid ftbid 1agel &ﬁﬁpdshegmﬂ@ﬁde glass or an
I ght percent. 87. The sem conductor-on-insul at or

ox1de§1asg@p@rr§c yherinatiess apheioa;of thenfrstlgsergfroxinesl to the second layer
: ' I d
compﬁ%&&gée]etsgoe%tdgga? finEde §a J]%% A, Eu%@afgﬁgeﬁgﬁf ?Srlgg}mg%\%ﬂmh can

ass or e gl ass

expm@@indeobmdtselhtsvdlﬁﬁﬁlepaﬂen&z af omi a@btheper cent . 88 The
sem conductor-on-insul ator structure of C a

wHdr ei rFheemicopdpdor-pngnshlatqrisirugiyes ofiGlaim % Whg@@biha recesses
extend %ﬁg{'ﬁk ahtie RREALL BF tlfe%-@tsiayc‘e?p arated by a distance

78.  The semiconductor-on-insulator structure of Claim 76 or 77 wherein the bond
strength between the first and second layers is at least 10 joules/meter?.

79.  The semiconductor-on-insulator structure of Claim 76 or 77 wherein the bond
strength between the first and second layers is at least 15 joules/meter?.

80.  The semiconductor-on-insulator structure of Claim 76 or 77 wherein the oxide
glass or oxide glass-ceramic has a 0-300°C coefficient of thermal expansion which is greater
than the 0°C coefficient of thermal expansion of the substantially single-crystal
semiconductor material.

81.  The semiconductor-on-insulator structure of Claim 66, 69, 70, 71, 72, 74, or

76 wherein the oxide glass or the oxide glass-ceramic of the second layer:
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D2, the first face being closer to the first [ayer

than the second face; 20 (ii) has a reference surface
wohoish2dg7ei s within the second |ayer, 2) is PCT/US2004/004746

substantially parallel to the first face, and 3) is

separated fromthat face by‘7Z\‘di stance D2/2; (iii)

conpri ses an oxide glass or an oxide glass-ceramc

whi ch qonprisespositiive ions qf one.or re.t S
eaeh 1 s e Besiorisitat haindl xanrires R e a 86 resistiviey p
; Edih@shshiss/ Ref at the reference surface; 25

Whlc}(?igd\}i)%%ﬂgls a reg}ﬂogﬁ whi ch begins at the first face and

ext endsSxtl OVECHs CliEe< 75106/ eR@adsur f ace i n whi ch the

concentration of at |east one type of positive ion is

depl et eB= 46| GtGe to the reference concentration CMef

f t hat, i . et | ' ] et4 on region),

sgli%l r2[1&88%{}?11%11&{3%&3%5?&5%/21&23)8@?@5%1 (v) has a region

I ¢} he cohmpirived posiifved angiwhosstdddtrivda withimthecdkiddgladOor oxide

concentratiqn of at |east one typ’%l of positive ion is
glassRivaHe 641 Pealiered /by wnelertrindield when g terisiatprant of fiejagidgglass or

: [ : . Wl tor-on-insulator structure

°X1deg%qg§&%a%|}%n1§g?us;ﬁ-l%,§ﬂ%?% S e’ n- WD 2005/ 029576

PCT/ USZRB43 3004 T4BT + 390,(i ) the glass or glass-ceramc

conprjses one or nore of the follow ng positive ions:
wherg T4and ‘Naredn drgrees eeatigradgy+2 ~Ca 2, Sr+2, and/or Ba 2

(tdhe al-kal.i Lne- e ' '335?3 i

poés?*l't [ v@i Sgllrlll?éé) égkg?fgﬁﬁgsg%t%%ﬂﬁém ep elt'e1 {é%l B%’fid;? 11 7e‘2é1§¥ 74
whereine¢hedfonsairength bkt den shkfdst mel wasndlayen s atTeB08 jotides/meter™.

semm conduct or - on-i nsul at 0{ structure, of C 8i m 89

WHer ei REmireadpstoson-giulatpesiaetoes rh lging A0nHs 73, 74, or 76

wherdili6kH888v&0 which satisfies the relationship: 5D >_
10 nanome?,ers, where 5D is the di stance between the

first f(dce dfas fine asésomodd kahstantialy paraleirfacas sepdratet by b distance

Ds, e o i TSR7 B 680 R st ey i B o e of e

first 14fkrl S the surface farthest fromthe first face of the
second | ayer for which the followng relationship is
sati sfi(BY f dws atfirstdaier refprened surfage which 1) is within the first layer, 2) is

subst%lrtgﬂlgi_p/g%:ﬂgﬁﬁlokﬂ% gﬁ? g%cg é)lf 8%5&9%1}'10 I}' { ) &9 ls%%%t&%@om that face by a
distaR®Dy/Mhagae: 15 Ci(x) is the concentration of said at

| east one al kali/al kaline-earth ion as a function of
di st andélx fhesaregien of enhengedaxygen enscrisationdvhiely begins at the

first fggedofq.hé ﬁ}st ?d}gr gﬂd &%nd@ Ec&vérﬁs ﬁlte%géo%dqgéecoefqhe first layer, said region

having a thickness &g which satisfies the relationship:

Ou < 200 nanometers,
where 8y is the distance between the first face of the first layer and a surface which 1) is
within the first layer, 2) is substantially parallel to the first face of the first layer, and 3) is the
surface farthest from the first face of the first layer for which the following relationship is
satisfied:

Co(x) — Corer 2 50 percent, 0 <x <3y,
where:

Co(x) is the concentration of oxygen as a function of distance x from the first face of

the first layer,
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91. The sem conductor-on-insulator structure of Claim

90 wherein: 8D >_ 1000 nanoneters. 20 92. The
weemispassdect or - on-i nsul ator structure of C ai mMPEBUSBMDH/004746

70, 71, 72, 74, or 76 vvhergin the first layer has a

t hi ckness Ds which satisfiedSthe rel ationshi p: 10

nanoneters < Ds _< 500 nanoneters. 93. The

sen conduct or - an-J nsul at or. ruct ur e of [ 6, 69
ool HSi ARG R W R & MFA e P Rrth BB Gt
| ay stk pard €p Ll iRGH hivndlt packad to one another. 25 94.

The sem conductor-on-i nsul ator structure of C aim66

6$4. 70, Thessenipndyefor-gp-insphitesemeiupe ofHelais dbnP, /4y 76 wherein

the ﬁés% ?a&%f%ﬁrsga%gl%‘fagg féalrtrﬁngg g\%%ggi%%gg&ﬁ%;l%}er%n&ﬂ;gt %ge?(ﬁﬂi?gon surface.
WS ei IMHehens@adocior-ay-aisulaas sautitkred@ain 22, ot 76 wderein the

greater than or_equal to 1 micron. 96. The
first 13yarihada delnsss ofiesstii K BYCre®s uct ure of O ai m 66, 69,

79?6. 71, THelsemfé gétofggnj ufa%rtsﬂﬁEtu?@wlﬁﬁﬁ 4 0296 wherein:

anor phous or polycrystalline sem conductor nateria

at(tpc hete first ldyhehassecnadmuay dimenyion 2065 QRA6IB6centimeters; and

Pﬂ us2004/ 004746 -80.97. A . . . .
corfatiztcapd Gier sRurisedrn g¥ide glast o Aoy glapyycegamic which

s
com 'Q&%o@ﬁf\{e%ﬁs)/of%éle gt Bior&fyped, ﬁ&he?&ﬂﬂ%%ﬁ#&ﬁtgg cORleBirhtfIns of

material S) and an oxi de glass or an oxi
lithiugl, asdiumearahpatassivm mns oot oxgleglgs oF bkie glassreerimie e ambxide
in at, |l east, a part of the structure conprises

C) er
baSISF%IeBSr %’??'Oé’v‘?’r%]?té’refcgpt's; material S with an enhanced

oXgrgen TRkRdondAGbEb-dsufatdMstriciard SaRE 88 Yetdiry fhels@h of the
concentration for at |east one type of ositive ion;

concamtraensanf i, podivmesridpréesdivpoinns i theiogilecglass onoxide ighass-
f.or at | east .one type 10 .positjive ion; and

ceranti® pp # g ety Mt B G e8RS b e acor
stgguCt UMe semidondidoOdn-miareiritrub@readf ¢lems 76 tereid $HeSecond
of positive ion conprises an alkali ion. 99. The

layersem conduct or - on-i nsul at or structure of daim 97

wher ei rhe}g he 1Ak ArFARd s&Bfd P%&fﬁlﬁﬁ}_fl g%raﬁ%iifééés\égpdrﬁgd by a distance

conpri an al'kal1ne-ear

D,, thedirstcfacelbigih ® closst 1o trelfirat layershanbe yé@ndffadet ai m 97
wher ei n .t he oxi de_ glass _or %)i(i de gl atgfp- ceram ¢_has a.
0- 300C (Ebef thag pasferegee sEcraidhdn i by second layenzods

substantially parallel to the first face, and 3) is separated from that face by a distance D,/2;

(iii)  comprises an oxide glass or an oxide glass-ceramic which comprises
positive ions of one or more types, each type of positive ion having a reference concentration
Cirer at the reference surface;

(iv)  has aregion which begins at the first face and extends towards the
reference surface in which the concentration of at least one type of positive ion is depleted
relative to the reference concentration Ciger for that ion (the positive ion depletion region),
said region having a distal edge; and

(v)  has aregion in the vicinity of said distal edge in which the
concentration of at least one type of positive ion is enhanced relative to Cyger for that ion (the
pile-up region).

89. The semiconductor-on-insulator structure of Claim 70, 71, or 74 wherein:
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resistivity p which satisfy the relationshi ps:
5x10-7/C <_ CTE <_ 75xlI 0-7/,C, and 20 p_<loll SZ-cm
wealm/esi’de gl ass or oxi de gI ass-ceram ¢ havi NngCRUS2004/004746
strain point of |ess than 00C. 101. The
sem conduct or - on-i nsul at or ;7 Tucture of Caim 97
wherein the surface of material S farthest from
terl exfol ation gurface 102

T . ...
S Contn Sebt e HetimiB b8 et PE me OB b ifupving positive

jons: \Mﬂ*érzea*ﬁ khectHi pigifess™, 882 chdmrBari @he Skilpalkesse-éd@ions); and
10 mcrons. 103. The sem conductor on-i nsul at or

st(iiict vhepeditics ignepiptigmeagian's dppletsd od at leestongehsaid
alkah?aﬁfte\#%%rleaﬁﬁ Lerial S and material Gis at |east 8

es/ e 104. The seni conductor-on-i nsul at or

StAUCt Urtes sefni€dndicodn MielatsrstriublresnTCiaim Bhevherein the positive ion
concentrations of |ithium sodium and tassi um i ons
depletipn regiey hagla thickgessdpgvhithasntistics thergaionss: per cent and

mat er i a xi mum di mensi on greater than 10
cent i ngjiDeT %&n “ﬁ%%%/ 029576 PCT/ US2004/ 004746 -81

Wheré'-gls3 is V&EQ BisPard E&%H&H@%r%&%@ﬁ%n& A et s&facgw?ﬁdﬂ 1)is

erein the sumof the <concentratirons of |ithium
w1th13 dnh senondalagerpdy msabsimmaﬂm pa‘nalielrtr:uﬂaaar fiat faGe b tHeasssorkiHayer, and 3)

is the Sagfpeic eIt SPRb e g PR e toeaed ver B Waich tp Golowing
relati¥fiBiRis Rafidebdt 16t §ne of the ARBPANERhe-edriond %ch the glass or

sem conductor-on-insul ator structure of Caim?9
glassfcananhe::md@mprl sing an anorphous or polycrystal I i ne

seni con rial attached to material G 108.
The serﬁ%érﬁg/ﬁétqg)rg QS hsPrat or structure of O aim 66,
wher89, 70, 71, 72, 74, 76, or 97 wherein the

substantially single-crystal sem conductor material is
a G() icthe chaeattatl(h ofsagt atd¢ast dgmlkaligkaline-carth ion as a function of

sem uc uI atqgr _structure of C aim66, 69,

distangg J‘%qnq%ﬁrs ff‘ce? eSS? 7258 n the substantially
S@QJ)gn@qﬂﬁlelﬁgM@ﬁg@gﬁtor mat er.i al conprises
sil1con and germani um 110. The

séthi condecemicandutoson-insplatatstruetueg of Célfalnc%lwhewl 69,
70, 71 72 74, 76, 15 or 97 wherein the
subst arfiPizal QP 1anAE¥teT r yst al - seni conduct or nat eri al

CaPr i SAR seinidn@ActaEn-ifsdlBRRirudthle of M8im 66, 69, 70, 71, 72, 74, or
sem conduct or-on-insul ator structure of O aimé66, 69,
76 wir@ein e firgplaygrhas aghickagss D wihier stigfies the relationship:
10 nanometers < Dg < 500 nanometers.

93. The semiconductor-on-insulator structure of Claim 66, 69, 70, 71, 72, 74, or
76 wherein the first and second layers are directly attached to one another.

o4, The semiconductor-on-insulator structure of Claim 66, 69, 70, 71, 72, 74, or
76 wherein the second layer is transparent.

9s. The semiconductor-on-insulator structure of Claim 66, 69, 70, 71, 72, 74, or
76 wherein the second layer has a thickness D, which is greater than or equal to 1 micron.

96.  The semiconductor-on-insulator structure of Claim 66, 69, 70, 71, 72, 74, or

76 further comprising an amorphous or polycrystalline semiconductor material attached to

the second layer.
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CTElI - 20x10-7/C - CTE2 <_ CTEl + 20x10-7/C 20 where
CTEl is the OC coefficient of thernmal expansion of the
weubsstoass7s al |y singl e-crystal sem conduct or nmRCEMIS2104/004746

and CTE2 is the 0-300C coeffjcient of thermnal

expansi on of the oxide gl a8% or oxide gl ass-ceram c.

112. The sem conductor-on-insulator structure of Caim

6 69, 70,. 71, 72, T4, .76 or 97 wher.ein the oxj.de.

oBss A Sfipentugiczioniasdnt wrtlrd forpitige s s il Sngle
crystaf\séthichfRRiR Padt &34l (RhRE aBS Y 4h@tadr ki de0sTRNs! 0% laf @xider Bdss @BfAmic

second | ayers which are directly attached to one )
whichegomigivises pesitice ibis @nateraal &7), wbesil dilerst apanibEthestrvefrgcomprises
. dsi.ngl e-crystal silicon material and said second | ayer
M OrEhnpri sing a glass or a glass-cerami c which conprises

si | i canpigispge or nore other oxides as network

formers, said first |ayer conprising a region which

cont actaateripd Sseithharienhapesd exygere 6oMeHises silicon oxi de

but does.no ri [

sai d r SN SE0TRG ek Bpslge by Ry A% K B ype of
positieélidﬁt to 200 nanoneters. WO 2005/ 029576

PCT/ US2004/ 004746 -82 114. The silicon-on-ipnsul ator

st r uct grasersfl Gowith g enbangpd pesitivePn capcentigiien g)F at least opg type of

. -Of - ot her oxides which are network forners is

pOSItlgé]Iogg%Igdd fromthe group consisting of B203, A1203,

and P2@mterial%. The silicon-on-insul ator structure of

Claim 113 wherein the substanti al | Si | e-crysta
sioPi cpF{%ﬁﬁ?@moaﬂu%rm-m@%iswgawy%r?g%‘b%{ﬁmﬁ ihg fksl.east one
type o\?ﬁ)%siﬁ!vla i&xﬁ&%b?%&'ﬁlﬁﬁ fopStructure of O aim113

erein the substantially single-crystal silicon
m&Per i dthesemjuondesorsel-insokatastiudarendClaitd 97 wiiheein the at least one
silicon:on-insul ator SllterCt re of Claim113 wherein
g1

type QEpQSIEIXE iffieomprises fryalke @ht. 10 118. The

- Sithb COMHRRemAPHEAH A orfidstlatdd sBu&thre(dfatAiml 4B whbRieihe oxide glass
the second | ayer has a thickness D2 which is greater

or oxidh glessrcerenpirahastad)-300fCeeasifficiant @ f themal expansion CTE and a 250°C
..Silicon-on-insylator. structure of C aim 113 wherein
reststivig %‘Sﬁﬂﬁﬂt}%hg’leﬁdaﬁ%ﬁ%@én the first and second | ayers
IS at lseaglog 4 eYReSTIMHNE 420. The

sem conductor-on-insulator Structure of Caim 113

wher ei npkh®'¥@r@i, | ayer 15 has a surface farthest
_fromthe second | ayer which is an exfoljation surgace.
said oxpde glass 96 pKIES wRsECRIEMBRbIARG R sirain PeIt QElest bap d 9P i ng

B 258 AR S S08 FBEIOT R atce o
materidd iSetitbet b/ halgenlsG is ahexfeliation surface.

102. The semiconductor-on-insulator structure of Claim 97 wherein the thickness
of material S is less than 10 microns.

103. The semiconductor-on-insulator structure of Claim 97 wherein the bond
strength between material S and material G is at least 8 joules/meter”.

104. The semiconductor-on-insulator structure of Claim 97 wherein the sum of the
concentrations of lithium, sodium, and potassium ions in material G is less than 1.0 weight

percent and material S has a maximum dimension greater than 10 centimeters.
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(a) the first layer conprises a plurality of regions

each of which conprises a 20 substantially
weinglesrsyst al sem conductor material; (b) thecsasondoo4746

| ayer conprises an oxide glg s or an oxide

gl ass-ceramc; and (c) the®ft'egions have surface areas

Al which satisfy the relationship: NA > AT, N > 1,

750 ntlneter i any.
Wﬁ@% T cﬁ%ﬁrserﬁéclop cit%rro%ﬁﬁuﬂ%’ r S{m o) (%: 1o ht 6‘F%er ) ﬁ{@? um of the
concei@BgorRiofliteuhe dRRs, élﬂspoaasﬁmmﬁi&bhﬁfn etetiBBG ¢ lesslhan 0.Theeight
sem conduct or - on-i nsul ator structure of O aim 121

percepther ei n an edge of at |east one of the regions
cqnkac n _at t | : :
9052 o S0yl B rHERR SIEp s ! DBkE A o
transphgehtv\herel n at | east one of the regl ons |s spaced

fromat | east one other of the reqi % ﬁ
sdR7 cordgsemicopaugtorsen-Hisalatar tSFfH%tFU’rcéﬁ QSJFl ? ?‘compﬂsmg an
[ [ m at

R S i

t Hi0Bk N3 semmivohdwmeor-an-aaplatr StI'OCthES)ﬂ@I@lm 68)®9, 70, 71, 72, 74, 76,

2005/029576 PCT/ US2004/ 004746 . 25. The. ..
or 97 Sh B LD SFIGHY P SVl SEHERIFEr B igon-based
mateddif t her conprising an anorphous or polycrystalline

sem conductor material attached to the second | ayer.
1269. THhesemioddot-or-insnlaiarstibettisroflaine 66,69, 30, 1, Z2.m4, 76,

or 97 SR B BB P RS AU BB AR Shicom and
germ lis@l ay conprising the sem conductor-on-insul ator
structure of Caimé66, 69, 70, 71, 72, 74, 76, 97
1210. 17%e sﬁnlqoqdwomwmsalatqmswmsﬁ g 66,09, 7he L, 72 74,776,

or 97 %&Irhlelre(l:r(l)ﬁle AT A Ill?lts?nrgles E:rrygt% serr%cgr{dug& n@terﬂa{' §0mpnses silicon and

carbon.

111. The semiconductor-on-insulator structure of Claim 66, 69, 70, 71, 72, 74, 76,

or 97 wherein:

CTE, - 20x107"/°C < CTE, < CTE; +20x1077/°C
where CTE,; is the 0°C coefficient of thermal expansion of the substantially single-crystal
semiconductor material and CTE, is the 0-300°C coefficient of thermal expansion of the
oxide glass or oxide glass-ceramic.

112. The semiconductor-on-insulator structure of Claim 66, 69, 70, 71, 72, 74, 76,
or 97 wherein the oxide glass or oxide glass-ceramic is silica-based.

113. A silicon-on-insulator structure comprising first and second layers which are
directly attached to one another, said first layer comprising a substantially single-crystal
silicon material and said second layer comprising a glass or a glass-ceramic which comprises
silica and one or more other oxides as network formers, said first layer comprising a region
which contacts the second layer and comprises silicon oxide but does not comprise the one or
more other oxides, said region having a thickness which is less than or equal to 200

nanometers.
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114. The silicon-on-insulator structure of Claim 113 wherein at least one of the one
or more other oxides which are network formers is selected from the group consisting of
B,03, Al,03, and P,0s.

115. The silicon-on-insulator structure of Claim 113 wherein the substantially
single-crystal silicon material comprises silicon and germanium.

116. The silicon-on-insulator structure of Claim 113 wherein the substantially
single-crystal silicon material comprises silicon and carbon.

117. The silicon-on-insulator structure of Claim 113 wherein the second layer is
transparent.

118. The silicon-on-insulator structure of Claim 113 wherein the second layer has a
thickness D, which is greater than or equal to 1 micron.

119. The silicon-on-insulator structure of Claim 113 wherein the bond strength
between the first and second layers is at least 8 joules/meter”.

120. The semiconductor-on-insulator structure of Claim 113 wherein the first layer
has a surface farthest from the second layer which is an exfoliation surface.

121. A semiconductor-on-insulator structure comprising first and second layers
which are attached to one another either directly or through one or more intermediate layers,
wherein:

(a) the first layer comprises a plurality of regions each of which comprises a
substantially single-crystal semiconductor material,

(b)  the second layer comprises an oxide glass or an oxide glass-ceramic; and

(o) the regions have surface areas A; which satisfy the relationship:
N
> 4, >Ar, N>1,
)

where At = 750 centimeters? if any of the regions has a circular perimeter and At = 500
centimeters” if none of the regions has a circular perimeter.

122. The semiconductor-on-insulator structure of Claim 121 wherein an edge of at
least one of the regions contacts an edge of at least one other of the regions.

123. The semiconductor-on-insulator structure of Claim 121 wherein at least one of
the regions is spaced from at least one other of the regions.

124. The semiconductor-on-insulator structure of Claim 121 wherein at least one of
the regions differs from at least one other of the regions in at least one of thickness, surface

area, or composition.
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125. The semiconductor-on-insulator structure of Claim 121 further comprising an
amorphous or polycrystalline semiconductor material attached to the second layer.

126. The semiconductor-on-insulator structure of Claim 121 wherein the area of the
second layer is greater than 750 centimeters.

127. A liquid crystal display comprising the semiconductor-on-insulator structure
of Claim 66, 69, 70, 71, 72, 74, 76, 97 or 121.

128. A liquid crystal display comprising the silicon-on-insulator structure of Claim
113.



