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WO 2005/029576 PCT/US2004/004746 GLASS-BASED SOl
STRUCTURES CROSS REFERENCE TO RELATED APPLICATION 5
j ication claims the benefit of priority of U.S. Provisi : ,
Wﬁ?@ﬁ’ﬁ?ﬁ%. 60/448,176 filed February 18, 2003, the co%%grlﬁ%g’ ofwhich
in its entirety is hereby incorporated by reference. FIELD OF THE
INVENTION This invention relates to semiconductor-on-insulator (SOI)
structures. More 10 particularly, the invention relates to 1) methods for
malting such structures and 2) novel forms of such structures. To date,

the semiconductor rfFéSar PM(%@U%H‘E miconductor-on-

insulator structures has been silicon. Such structures have been referred

to in the liter licon-on:i res and the abbreviation
CRQY éﬁ%?gﬁr §£§e‘%ﬁ%&%ﬁ%@%ﬁéﬁ@%e present invention
reldles ippiemicontiretohobeingitlaferistitctiEsSinPgens raklidgidiatgon No.
50/4%@?98#1@&%%%%“ ?%i%&i?%&%ﬁ%@?f?%ﬁﬁ%ﬁ%@' wleifallowing
iscussion will at times be 1n terms of silicon- on-insulator structures. The
incorpfereddesttfethiwparticular type of semiconductor-on-insulator structure
FIEﬁffﬁi@‘fﬁ@ﬁ@@%ﬂtﬁm explanation of the invention and are not intended

to, and 20 should not be interpreted as, limiting the invention's scope in

anyhiajpvPRdos cRldBbi:EPPANHSE P HErSHAtEr (b gTuctures. More
partiSEINGORALGIRMARNIRSMAI RS BiruetHEas fin SeRREEENCHdiINgebuh0) novel
limited to, silicon-on-insulator structures. Similarly, the SOG abbreviation
formg ‘Efs%’&%%‘?@ir?&semiconductor-on-glass structures in general, including,
butTs@tdiniieddni @iticanes mglass sinsctwrasmohheuSQG nanenalative i8-
. Iso intended.to include.25 semiconductor-on-glass-ceramic, strugtures
s GG B BT SRrbh e e et St o el arre s
silicabhteviationSObencsmphiseh BOGSi oS Q00O pes@rlied to such structures.

The Er%-srérg %%9&6%%@17&%6% tﬁﬁﬁé&ﬁﬁé@o@%ﬁﬁs%tmﬁd&&@ﬁ b@&ral incivding

llicon-on-insulator tec ogy Is becoming increasingly impértant for high
silicperformarewtiireivretransistors, solar cells, and displays, such as, active

majrix displayses IS RHCOR-QMISHAWaIEE G A8 kel Bethindayesfilicon-

substantially single crystal silicon 5 (generally 0.1-0.3 microns in thickness :
On“liﬁﬁ}%l,%"iﬁ’%ﬁﬁ%%ﬁ%eg}la@ﬂcﬁ{&}%cﬁ%@ %&m&/‘%ﬁt type of semiconductor-on-msulator

structure are made to facilitate the explanation of the invention and are not intended to, and

should not be interpreted as, limiting the invention's scope in any way.

The SOI abbreviation is used herein to refer to semiconducior-on-insulator structures
in general, including, but not limited to, silicon-on-insulator structures. Similarly, the SOG
abbreviation is used to refer to semiconductor-on-glass structures in general, ncluding, but
not limited to, silicon-on-glass structures. The SOG nomenclature is also intended to include
semiconductor-on-glass-ceramic structures, including, but not limited to, silicon-on-glass-

ceramic structures. The abbreviation SOI encompasses SOGs.
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ins_ulating material. Various ways of obtaining such a wafer include

epltaxial_growth of Si on lattice matched substrates; bonding of a single
wol ¥ silicon wafer to another silicon wafer on which an oxjde Jaygr. :

SiO2 has Eeen grown, followed by polishing or etching of the to%%%o ﬁ'gf‘gﬁé

glowrl to, for example, a 0.1t0 0.3 (Hitron layer of single crystal silicon; or
ion- implantation methods in which either hydrogen or oxygen ions are

BAC v theriedaranatged oxide layer in the silicon wafer topped

y Si'in the case of oxygen ion implantation or to separate (exfoliate) a
thw@pmgeﬁ%%ﬂmsﬁaﬂaﬁéﬁ é?wwaﬁla&iﬁgﬂaﬁ?&f% case
perfoRhdregentian-implaatation: Qfithese dnieeyepproaehes;thenapprdaghss.

based on ion 15 implantation have been found to be.more practical , ...

The st ORI BAE IO T Ty ORI oA L ot halisgp

(gencRiiNaNIBgS aeverdieiitidarintplianiator proegss thithastheximplanmenon

. energies required are less than 50% of that of oxygen ion implants and

insulaiae BEIEES required is two orders of magnitude lower. Exfoliation by the
gy@aﬁgem\imgsi rripfaiaticgreuhert oo s ndgadtyiteadad T o Rop 20 ekdiiisre,

Ih Gk Ph Bl 3rosMaViiRhh AAR f-2MBY HiEbAnsdn i
ma‘_m}g"ndg Ié%ﬁ%ég%?gﬁ%sgﬁects,gwé 59:f99-§g§ a%d%l]as betlan further
whickjsmovderianat of Sifichar brerrosde Biasiedbs polibrenb s a Béhe W
wafeEoeh 51661 oRimbRlt: 83, b A05miRrAR Uy d200 AN chysRiGiDRGS, of idstiec,

F. Letertre, C. Jaussad and. M. Bruel, Electronic Lett. 32 99%’60 P
#%t% eb@.&ﬂn orm a

- implapiation methosts tPHENIRR BT ETERRE OISR D SRS S

burict @t MaldoR tayerisgraws: oprrdingk trystalsticdmmwateiotimipbgetion or
s St e e e SRR AR 05,

At Whic aws are
case gEneTatash andithel dosage Oftboswitiesdlawderdsity TFRHgNvafdeisbtseh on ion
. laced jnto contact. with.an r.sili
o T s v e s A
ion imphtatesaten¢thabbut BOGCaasa wIETGRe\OHY B uRlaBtaim PeTate fhpt the

impl4REHD S&f&%@é&@%ﬁﬂ@&l@x&s e siligon fomnthe Siysaiess Thgisasutinghe
assembly Is'WO 2005/029576 PCT[US2004/004746 -3 then heated to a
dosagerpsuiadie oo O EBIRAR BB/ the Si film with SiO2 underlayer to

the: SEIRBHSHPa{EaRsbeentt uaimRlantachRivsalets Thisdifoee ght ty sor
el 2,Sllcon- o0 Isulaier sucture i 2 i i, o{slieqp bonded 9.
Radiation Effects, 1982, 59:199-202, and has been further demonstrated by Michel Bruel.
See Bruel, U.S. Patent No. 5,374,564; M. Bruel, Electronic Lett. 31, 1995 pp 1201 ~1202; and
L. Dicioccio, Y. Letiec, F. Letertre, C. Jaussad and M. Bruel, Electronic Lett. 32, 1996, pp
1144-1145.

The method typically consists of the following steps. A thermal oxide layer is grown
on a single crystal silicon wafer, Hydrogen ions are then implanted into this wafer to
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 siticon from the Si wafer. The resulting assembly is
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insulator layer in between. 5 Cost is an important consideration for
commercial applications of SOI structures. To date, a major part of the

wﬁoz%%ﬁl%%‘ structures has been the cost of the silicon Waf?"&;‘f’/%jﬁﬁo 4004746
supporisthe oxide layer, topped by the Si thin film, i.e., a major part of the

cost has been the support substraté" Although the use of quartz as a
support substrate has been mentioned in various 10 patents (see U.S.

then hg%%?ﬁ%?@g@r&é%ﬂgv%?,%éo@é%%9%&§@t@agmtﬁ,@@,a§a@rm fo

uartz Is itself a relatively expensive material. In discussing

the suppppcnbsiBsirateshesarabTIRE AoBvET cldremeeraTiEmivhBH QU

insul RSB uBIRSSHARY glasaiResaiesn Bthesd SopREkGusitate Mateiialsdistedt
_ in these references include diamond, sapphire, silicon carbide, silicon
insulaips {ggerdBRFREE tmetals, and plastics. 15 As the present inventors

disgavaraditisnet abadsitopematierctoit piatiesisilioot S Ylaferonitksa To

wafer made out of a less expensive material in an t ~‘,‘I,Qf hich
s e e SR A AR A i i
supp@tassseideiicyef, topriypbwikicH tam e, ianafagiorparividbgeagubribess the

a}% |0\Q/ cost, i.e., it is difficult to make cost effective SOG structures. This is
supposos%l rate

ecause prior to the present invention, the art has not had practical 20
tedittiongrslicrmsivhyytasior GppeTtorarAris Ass Leppoie HSLHpus

paten§$(cl‘48‘%ﬂ§PEL%&EHNH%?BJ%@[&U%WQ%TBQMg@@ms,imm&rsg@;mmd
such techniques and thus satisfies the longstanding need in the art for

6,39 16k guatathitPhied doH St SHRGREIR DA Huifol SHE G SHRRSA" oS rtes

somdWOMEEEe Yefderps iorsush st ies-ATRO glthe, audngtaussramics. Other
applications for the invention 25 are th

t ose in.sych fields.as .. ..
oD BN OTHES R BSEBAMERS B e S Ao Sy ticon
carbigleclrepicsiag Vel asi cispiaylapptigations, e.g., LCDs and OLEDs, where
significantly enhanced pgrformance.can [ Ar
R e o
wafesolih aallsfovithadigbuefiicidrrsycapensitsorastetrd dn. :BS M ghaigventopaticular, it
is arfiOVR RIRgERRIng RN IR, 004eLSQl RS SIgRHEGARY A b
s dl%%yeﬁrt 1 %%%f %%gﬁgggﬁ lséf%jgﬁ% %%l%ot_hués satisfy the contig'g?n demand )
maniratifercddmicanduersitielrs fov IERvei Eost aeuEEuTt Ao e 09%%?6%%&‘8%%1% g
sruciiib 2 ege aspegt. snbodiments afdhadnxention, Brevifl@ s not bad practical

semiconductor-on-insulator structure comprising first and secon I%}/ers

techitig GO IHIRE BRESATEMEFIEBIRS Shithy bRAEFAIrE &y B iFsusH one
insuRtdnarecintesmediate layers,

The present invention provides such techniques and thus satisfies the longstanding
need in the art for lower cost substrates for SOI structures. In addition, the invention
provides novel forms for such structures. Among the numerous applications for the invention
are those in such fields as optoelectronics, RF electronics, and mixed signal (analog/digital)
glectronics, as well as display applications, e.g., LCDs and OLEDs, where significantly
erthanced performance can be achieved compared to amorphous 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.



wherein: (a) the first layer (15) comprises a substantially single-crystal
semiconductor material; (b) the second layer (20) comprises an oxide
glass or an oxide glass-ceramic; and (c) the bond strength between the
first and second layers is at least 8 joules/meter. 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
coatiings, te: acvidgvasieinioh matesiplk:, inahilingepanearicionaiadicpantde a
brittle materials. The technique provides a quantitative measure of _
Se@aﬂ%@fswriw*ehl@%wofwmﬁempgr%ﬁ?aiﬁfém@?éyﬂ?g s@¥die (pg) which
areZ000H2290 T £ enbib& 260d004etdle & IhihexRxaraplempresentacdielowyers,
hierllgl!%ntation measurements of silicon coatings on glass were performed
using a Nano Indenter Il (MTS Systems Corporation, Eden Prairie, MN)
equipped withfasBérkovith)diemprds adehtan Gie segibdpmetat sanjohductor
mabQUfse, be used to determine bond strength values. As discussed in
detail in Example 12 below, indentations 5 were made covering a range of
load® hnd the sesgiesh ireh ERANBUFES WA Nl ash Q& MEafidE wass-ceramic;
andXxamined for evidence of delamination. Calculations of bond energies
were made in accordance with the following reference, the relevant
portiShs ofiiAdre B SR hdPsin By rdfdrSRERID 1B e RaisRanieast 8
jouddighAdee? Evans, Measurement of Adherence of Residually Stressed Thin
Films by Indentation. |. Mechanpics, of Interface 10, Delamination, J. Appl
Py &S B St JAS RO P BB GRS U PR T pveen
a tonbiecngedidn dajeulatidgthelionadrepiesgieswalteddorrbyithe: clihswatture is
forth below. When the SOI str reqds.pro usin X le
e b S B S U B P AR IR e
adi3infarbhestdrotirshelsdoondiayesndvisiviiigaricedotiadiorysigface! mvatvgais.
inGaGH: D e dassier oxife -giass aeramiaff Bentqueeeotddayefititative

also preférably have: %a} a 0-300C coefficient of thermal expansion CTE

meghg aepadeTes g BT RS BTt SEratiERRIgIp sl case rate.
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5xI0-/C <_ CIE <_ 75x107'/C, and p S 1016 52-cm, and 20 (b) a strain
point T, of less than 1,000C. The oxide glass or oxide glass ceramic will

wiSQ50g¥pise positive ions whose distribution within the oxidegiaRs 84746
e glass-ceramic can be altered by an electric field when the

temperature T of the oxide glass or oxide glass-ceramic satisfies the
relationship: TS-350<-T<T,+350, 25 where T, and T are in degrees
cantigeagempryrlc-barrgirdciataticdhersienginhibadondibeieendhiton
lass or glass-ceramic, layer.and t iconductar layer, e. ilicon .
g e oS R b ANy 1 S A S
MN) streinpéh wiitl 2l Grabiityladevendimpertant Gthensauethatt e, 3Otostsacheresed

to det%%ﬁh‘ﬂ‘é%‘é&éggéﬁ‘%%%%ﬁgﬂg asseeiared withy %%Q}L%i}fﬁé 8ot Rl tons

transistors r devices on or within the st ure. For eXamp e,
were W@ﬁﬁ@&@ﬁgﬂg@fdﬂ?@ﬁm the preed ingnﬁé@i@éyim@gmdmm cutting,
indenBRIERING ARLLSUDA AL AU PERSSING SERSAHIIN WM RRORAZAR energies

PCT/US2004/004746 6 bond strength also allows semiconductor films of
wers (a6 s eSS the iotcusgaalivame. dhprsiedabnyrisappl which are

incorShASSICRIRINIG SHTsEAtes dneludingHhlin.se mieo Rduc o filhselhis kpown
that the bond energy for the Si-SiO2 bond for the standard thermal

Adbepe RSBl T SoRR RSy lsatrtion  thirdimies pgnterface
Delartifapiefatiira sdeisyin), tee[1angesaf-12436 (miey/mpteitatenaskle reference
nneal, See,Semicondyctor Wafer Bonding, Q. Y. Tong, U. Gosele, John

ere o 5505 B SRR A O BT B Bt LEBretAgres beiow
deRtomsira 0] dytieekamples:d etoglHd etounrite. abe didamgpewithittze

. cond aspect of the,invention, band st ths.f | structures mu

e A L R P e M ever

whiclyisatrleabtiBjonlagfanstel? tio drsadbodatreglwitioothiedapactathie of the

secoﬁ@‘l’af‘}%@%lpé%%iﬂ?e?&aﬁ gonhductor-on- insulator structure comprising first
an %ﬂ

second layers (15,20) which are attached to one another either
difattly drieNighcesiéieerhoféienamisaimadayels ant erdin” Caesimifitst o
layer (1%$%W%@M§Qggally single-crystal semiconductor

material; 15 (i) has first and second sg7bstantially parallel faces (11,13b)
separated by a’HistafieesBs! Fre frst$ac€(Bnibeing closer to the second

layer (20) than tgg §gmc§|§_%t£(é%d '

(b) a strain point T of less than 1,000°C.

The oxide glass or oxide glass ceramic will also comprise positive ions whose distribution

within the oxide glass or oxide glass-ceramic can be altered by an electric field when the

temperature T of the oxide glass or oxide glass-ceramic satisfies the relationship:
Ts—=350=<T< T+ 350,

where T; and T are in degrees centigrade.

As will 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
SOI 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 fransistors
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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(13b); (iii) has a reference surface (17) which 1) is within the first layer
(15), 2) is substantially parallel to the first face (11), and 3) is separated
w9t face by a distance 20 Ds/2; and (iv) has a region p&G)6h004/004746
enhanced oxygen concentration which begins at the first face (11) and
extends towards the second face (13b), said region having a thickness
SH which satisfies the relationship: SH 5 200 nanometers, 25 where SH is
bond thisenigtataes etweemitie drstofaickngld) vanid s sidaresdGa)behiobetjeis while

e ] Y . . ) n
atact TR O SaGVCL itk S S AE TR B RO RE AR (1)

follbiwieny val dieribniris sassgielrr ds(Ri-SiCoikerd 5u fersendand-trecma mrocess
for piVBEIE AP IS dba cRneeMration A axyden A AfUNEioR ﬂftgiﬁxtﬁk%eofl--ﬁi

~_from the first face (11), Coixef is the concentration of oxygen at the
joulesarsten cdan QS (e AnnsAl WroSEnsendesion WefeBgpding 6o 47 46me. U.
GosefeOl¥hand1G04RSf A AemicReNentyand h:thrseaond)axarid®nstrated
comprises an oxjde glass or an oxide glass-ceramic. It should be noted
by thiy (AHRRI TR b OR @B AR ec‘aﬁﬁéﬁ?ra\‘f?&ﬁdowﬁgf&;&%mﬂ%m bond
strenffivefit@UISstonfre-distinguisiake framtbssoxide: baypr foiieed arcthe-vatside:.,
of the 5 semicondyctor substrate prior to bonding (see, for example, U.S.
bondlﬁa%ﬁlgﬁl(%,%@ggﬁ A A the region of the present invention is within
thénsexnichndestdh ataiediatptatphdioviertiowbenitie $&hstructuceison-
insuBRSEANSING O X APIE, et asRTGL ol e ANy R e fegion
of enhanced ox gentoncentration is formed i <t as the composite 0
anothereesben bomductoiiopah and ehmosd degraed ae brids.gibsselayer is
for(g}ed. JdQe'E&?r‘iﬁ%fi e with a fourth aspect, the invention provides a
semiconductor-on- insulator structure comprising first and second layers
(15,20) Which af@RRiEeRadBshRE 20N sirEe eIt dreiesperdironatste
or more igtermegdiatesiayRr sedvhe saidR-lne Jistlavacdd b1 ComPIsesRd by »
substantially single-crystal semiconductor material, said layer havin

distargh e (GBS H A TAde A F S OSEIorBRT tHePS e 18) dieR fersseon face

(13b);

(i)  has a reference surface (17) which 1) is within the first layer (15), 2} is
substantially paraliel to the first face (11), and 3) is separated from that face by a distance
Dg/2; and

(iv)  has aregion (16) of enhanced oxygen concentration which begins at
the first face (11) and extends towards the second face (13b), said region having a thickness
&g which satisfies the relationship:

Su < 200 nanometers,
where Oy 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) — Comer = 50 percent, 02x <oy,
where:

Co(x) is the concentration of oxygen as a function of distance x from the first face

(1D,

Correr 18 the concentration of oxygen at the reference surface (17), and
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15 an exfoliation surface; and (b) the second layer (20): (i) has first and
second substantially parallel faces (21,22) separated by a distance D2,

wilgfisidage (21) being closer to the first layer (15) than the-seaapthiang s
(22); (i) has a reference surface (27) 4) which 1) is within the second layer

(20), 2) 20 is substantially parallel to'the first face (21), and 3) is separated
from that face by a distance D2/2; (iii) comprises an oxide glass or an

0@&9 fggrgggqnv&m% SHpBRssemdositive ions of one or more types,
eac positive ion having a reference %scentratlo Ref at the

réf@renc@%ﬁﬁ‘fﬁ%l%ﬁﬁ@@ GOTIRESSS PRGNS EShTER BR Fﬁg ACHRETE

fageH@k) 3pdaxienssninwardsdhetrirtnos surfared24jtionithstmpect of

concentration of at least one type of, RO itive.. ion is depleted relatiye to the
the mi"@?%hb“é%%é@ﬁﬂ%ﬁ?}ﬁeéﬁﬁﬁ P f’ﬁa? ioh t%e p%s(l)t?vfgllon gdéfpf)e%[\lfg

semic@ﬁlﬂi'ﬁér B&lﬁﬁ@ﬁ@ﬁﬂﬁ&)\kdﬁhd&@f (beasfwemﬁhplm\ﬁéﬁtlBﬂtmme%%9 627) in
semlcon tor-on- insulatar 30 struc first. and seg ul
HEEFOME B RIS De Aftached to one anotﬁél?g%ﬁe@%lrectly o?ﬂtét%rlgugz
Whmmmmmmmmgmwdmﬁlam forrexeaiplanice ZossrprobTiothe invention, the
. P $52004/00474 ar (1) .cmRrises,a-sdhstaatially
regiog s&g ngl){/:se ?}?’e%nlcoﬁgaé%g&%g{gﬁ{%sald layer havmggpa thickness of
semidesdutien 0maic e ipde e KL @é‘é@et&lﬁﬁséa}‘ﬁiéﬁdcﬁ@ﬁ%re preferably,

less thansl.[oicran): angib)esacandelayar f2Rkdes(d) dapsdirstand-on-
second substantially paralle faces (21 22) separated py a dlstggﬁe D2

insulatie HrSERISCIRDTBONEEIGES TroRE Krerrdyar Dy R PR SeSh e
anot2)iniiahess eterenge sy fﬁc@ﬁc(r%‘lhﬁ&hlh@h;iﬁel&wﬂh mr]ih&ﬁecond layer

(20), 2) is substantially parallel to the first fac ), and 3) Js se
fréf thaﬁﬁ@ésﬁiﬁﬁeﬂfgégﬁ@@%’ﬁﬁ 4y ﬁ%@ﬁﬁ')ﬁg ST g%lj ass o?ggﬁ
mateRX dﬁlﬁle&g@r&@mﬂg@ M@&Q@iﬁm&%eﬂdﬂmm ecméaw@@pch is

a}ch type g #osmve lon having a reference concentration Cixef at the
an €

and (iv) has a region (23) which begins at the first face
(2t))and ixtemdsd layer (20):

@ has frst and second substantially parallel faces (21,22) separated by a
distance Do, the first face (21) being closer to the first layer (1 5) than the second face (22);

(i)  bas areference surface (24) which 1) 1s within the second layer (20), 2)
is substantially paralle] to the first face (21), and 3) is separated from that face by a distance
Do/2; |

(i)  comprises an oxide glass or an oxide glass-ceramic which comprises
positive ions of one or more types, cach type of positive ion having a reference concentration
Cirer at the reference surface; and

(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 Cyret 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 Secoﬁd layers (15,20) which are attached to one another either

directly or through one or more intermediate layers, wherein:
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towards the reference surface (24) in which the concentration of at least
one type of positive 15 ion is depleted relative to the reference

once ion Cuxef for that ion (the positive ion depletion regi %Béﬁ‘m{mw
W@&ﬁ%’e’g%gr;{’owith this aspect of the invention, it should be noltrj;gg‘I ﬁwgat the 10

micron limitation of subparagraph (af;is substantially less than the
thickness of a semiconductor wafer. For example, commercially available

ickness ! . |
A e SR el Ronductor

matersénsiddriaiueloing dibiglaess s iRiureaad M pHSTAR RSP Yel SR PRy 8rs
micmgs,StﬁgpeV#pé@}a@[?, teehed tg,eRsanether either directly or through one

or more intermediate Iag/ers, wheréin: (a) the first layer (15) comprises a
s@%tantthﬁ?%é%@ tl'semiconductor 25 material; and (b) the second
layer (20 compisessamaxiiaass aaanoxisegidSacee (a1ie) wipehted by a

~ comprises_positive ions of one or more s, wherein the sum of. the .
st o ROh 6T (RO SOETo T PR e G e 2
or oxide glpss-taranit-pasafide (Dasishizlebs vt thomightdlesceri20), 2)
. and, prefera less than 0.1 weight percent (i.e 0 20+ Wi.
s SURBOE I RS BT o A Ot RO b et fdpeance
Dy/2;layer (15) has a maximum dimension (e.g., diameter in the case of a
circular laygr, diagonal | S Y EL B A eAE
than 10 QAo O S L D01 E AT a0 s e B oapriscs
positaredordadcasithnarsdyessticaiyore ti@oaiaistion rovmiescirence concentration

Ciret ggg clar-qn- insylator structure comprising first and second layers
ea ,zog which are attached to one another either directly or through one

or more ifitSrmédiadagipare A\ Hdiemb gt Mt Breds) o SRS
towaisiartialy singlerysiabsemigondusigttmrie iakit angt (netbeseconsitive
~layer (20): (i) has first and second substanti Ilyﬁg(lar Ilil.fac S %ls,%g% o
ion s SR B WA EE BT ORI (PO P HRe RSl
depiéﬁyﬁ&ég:@l}han the second face (22); (ii) has a reference surface (24)

which 1) is Withinﬂtjg .second | er?lzc% 2)10is s tanti%qxh%@{gg%t .

theHirSPREER P! §5‘3§C§8§ar‘3 ed r%?)nn’tha{’?’?glé%%yng istance D212
limitation of subparagraph (a) is substantielly less than the thickness of a semiconductor
wafer. For example, commercialty available silicon wafers have thicknesses greater than 100
MICTOnS.

Tn accordance with a sixth 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:

(a) the first layer (15) comprises a substantially single-crystal semiconductor
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 axide
basis is less than 1.0 weight percent and, preferably, less than 0.1 weight percent (i.e., wt.% '
Li,0O + wt.% K0 + wt.% NapyO < 1.0 wt.%, preferably, <0.1 wt.%),

wherein the first layer (15) has 2 maximum dimension (e.g., diameter in the case of a

circular layer, diagonal in the case of & rectangular layer, etc.) greater than 10 centimeters.
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(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

Wd;ezf&,g%g.,goncentration Cuxef at the reference surface; 15§y Ra@ 8004746
region (23) which begins at the first fgce (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 Cuxef for

thit dee0fthe ositive ieventie piptiantie dicrsaigagien havifgaddistalon-
. dge (23a) (i.e., the e closest ta the referepce surface); .and V.
e G 0 Sy AL SIS0 SO e SR g e
anotheegitbtiodiregipny 28pughuinie hrttrereonzentedimnlafas, s@stame type of

Pl B S AR el Sl e e i)

matergdhdiednductor-on- insulator structure comprising first and second layers

(1@)20) which arey ?é}%? .to one 25 another either directly or through
one or more intermediate layers with a bond strength of at least 8

joules/méier2, prafersRAacrendsrbsjaniedireie! asidst praqarseg By 2

distad 685, 1dcjauiesiagterdsaidiiiset lByeE (15 169mpTisins s Rstantiaile (22);
single-crystal semiconductor material a?g%;aid second layer (204
comprisii’}@ an R GRS HR Kt YU L AT HEP ST R dasgr420). 2)

is subsariem phHhe st ydr{lhrpoximali)thegecard fayet{20reobspridesince
D /9'30 recesses (18) which divide said portion into substantially isolated
¥“regions (19) which can expand and contract relatively independently of

one anoifidy. W 20002057 6RRIY 0S20QdiB0d et filiv eendimomprises
...pref di f thi f ir i .
s LS DS L RS, L3585 o

CireratBroRipsaapisiriaesnth aspect, the invention provides a
silicon-onal—‘igwisulﬁggra %&&{gﬁg)miﬁ%gQ%@ﬂéﬁﬁ%@@z‘ﬁyﬂééﬁéﬁ@)

which are directly attached to one 5 another, said first layer (15)

towargls thgiefaisree sBdesn il B inHieldRpan et oR Y d pash ansdip eiguntifive

ion i AYBEASDILANOPHS NG RBa%% 0b RS SELAMIGWRIEHi 60 Y ISaaSHceh
and one or more ather oxides as hetwork formersta%#éfgfoa A1203,

deplebRH RSRIBOST S BrE APt ASE A 8) b hre SRRt CyicRence

surfatBg @gtond layer (20) and comprises silicon oxide (i.e., SiO, where 1 <_

2 buees g cemplos 1 e Lo ol gt g saen I,
depletion region (23) in which the concentration of at least one type of posiiive ion is
enhanced relative to Cyges for that ion (the pile-up region).

In accordance with an eighth 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 with a bond strength of at
least 8 joules/meter”, preferably at least 10 joules/meter”, and most preferably at least 15
j(31.11&5/11:1&3*56:1'2 , said first layer (15) comprising a substantially single-crystal semiconductor
material and said second layer (20) comprising an 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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In accordance with a tenth aspect, the invention provides a
semiconductor-on- insulator structure comprising a substantially
single-crystal semiconductor material (material S) and an oxide glass o
WRHBXIES Hass-ceramic which comprises positive ions (materi éflw P04746
wherein at least a part of the structurélcomprises in order: 15 material S;
material S with an enhanced oxygen content; material G with a reduced

yve e concertaion or.aLleasl obe bRel Boslive I materol g
WI an enﬁanceg positve ion concent tlon or at leas onﬁe %

extend Guiovehithy, eniderfizitdried G @dhnécsidaywitti Bach of the foregomg
agReekRRLIE iRYe Qtﬁ?ﬁ!ﬁ'hﬁé’é atligbenated, g@@%ﬁ%@ HQ. %%%%%pent

of a semiconductor-on-insulator structure is utomatlc ally provided by the

structigoSRTBRitRD g te transt larrpdie Yhudish aredivgelylateched somiacas
auoth@i‘esg 2 826 0nd substEalen ] hes RSIatRg S eHoN0f NG, 0lARS O aterial and said

ng1ass ceramic is even further enhanced when the interface (30) between
88C0

B2 qeartrinanBLra e BByt ddd EsmvesiSH daprkann or

more EBOBAE3). agﬁaxﬁmcﬂbﬁ:ﬁ@{s @l%ﬁﬂ)ihﬁl&@ﬁﬂhﬁﬂl@@%@y okitherée 1ayer (15)
materials are s In addition, the h enhanced oxygel
connp R AT TAng i RS e B A B ARG, AP O

(i.e. Sﬁ@;ﬁﬁhﬁf@l@ﬂ@@h}@&ﬁb@@ﬁﬁaﬁﬁ;&iﬁﬂﬁ{bﬂém bihsti6hi€asesid region
eve ng after the S material constitutes the insulator of the SOI
baviog R CRBANO 05 55026 BETA 1S 20 BBGIAB 1 This automaic
prlmmsdemhevtﬂsalmhfaﬂpeuothmm@apmmﬁatkmmaemmmm@nto be
insu SO RIS WU P Uoal O PGSO LGN A SRR D
tac T arer atin

IS a semicon UC or |eve an insu UI’]Ct on,

S) andpnivgidaigeiayerrecyida i@ etayoe, wmg@mw@pm@hmﬁmmal Q)
wherﬁﬁ%?e%@t@fa?@&? '&%@%%ef%ﬁqgegqg gdgmiconductor wafer. As

discussed above in connection with the first aspect of the invention, the
methodsnafesia Present invention can be practiced to produce multiple

SOI strugiiies 09 @igingle-pxide] glassOraxige, glass-ceramic substrate,
where the SOI structures may all be the same, all different, or some the

same arf&aéﬁi%%ﬁf&Pe%’Ee@Wﬁﬂé’ﬁ?‘%%’?ﬁé’&&&i’%%{é@té%@fﬁ%w one type of

positive iom;

material G with an enhanced positive ion concentration for at least one type of
positive ion; and

material G.

In connection with each of the foregoing aspects of the invention, it should be noted
that the "insulator" component of a semiconductor-on-insulator siructure is automatically
provided by the invention through the use of an oxide glass or an oxide glass-ceramic as the
second substrate. The insulating function of the glass 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 insvlators. 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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10 invention can have multiple first layers (15) on a single second layer
(20), where again, the first layers may all be the same, all different, or
some the same and some different. Whether a single first ]@é{ﬁ% ]
» TUS2004/004746
W%I@Féfﬂ%ﬁ%ﬁ‘ﬁfirst layers are used, the r%ﬁulting SOl structure can egl)t{mr ave
all or substantially all (i.e., > 95%) of the first face (21) of the second layer
(20) attached (either directly or through one or more intermediate layers)

to0Re akBm A S PRI GkINOS ol Syksiant albcs ols wystalse g RdUC M tion is

materials, aor.can have substantial areas of the first face that are

to be gonBpsRG T TR FPASRPRR H1dk SHeCHBESROEH b AIRF SRS Efm 1s attached
to a sepkbicEncive ot iRt akh{her inaigatefinenoainglenstiysid layer, e.g., a Si0,

semiconductor, areas"), In.the.non-single crystal semiconductor. areas, the
s e e R e e
semi¢ntdrtedvetéetayers, to, for example, amorphous and/or 20 polycrystalline

semigon terials . rphous .and/o crystalline silico

T L e B O g
of thejjsprieryt apypHdations bwbmaisubitamitite sindiple/yelatsamicsmductbngle oxide
glass %ﬂd@lgl%rs@ctéf%% 'éﬁB_E%@S%H&Q IQé ﬁ@ﬂcﬁﬂ@r&g}t% g@ﬁ!@%’ame, all

electronics, e.g., for peripheral drivers, image processors, timing

differsgh @b ers hadame e sers Fiumd: nigRdafbermmisstasanes nditor
inverMHRHRIB AR EFKAMNR- 1RSI h HRlC IR SeMBORAURI Bain, the

materials and, in particular, polycrystalline silicon can be obtained by

first lgyepnBFLAjca B EReE@ ) B s ihBTTame-patspmaisiticamt
ampRiious maikrtals aiter haseumatenalsrhavedesn apaliatkealting SOI

substrate, sych as,.an LCD glass strate._The entire first face, of the
st Sy Po0F AL ToE T R 1 A0 IR ek (51 of e
secorslibgtaitialbitsihgibtatstalioeipnrsingleicrystal sermidotcnetbstaiatendls one

. or mdRPHIEs §Peu%£%%9ﬁﬁie%§n§f‘f‘cgy%¥§ e %89%%9&89&%%%% AerAS WD N8 vantial

spaces between su areas peing erther pare secon Fé)%r or secon
areas|ai/de dttsidhevithetoneassariotesd voth seatrcoln diriterernett evid iy \aiQele-crystal

sermid@rile 4B R Hbag0R4/08 440, 12 51265 QLiSUeh SRAGES caRLAe large

or small as appropriate to the particular-application of the invention. For
exarisiaomsipgle ssata waitayapincatin S eist fiepngaarystetakplagisher

directirIrediaNaiRr ity Rbib e RS sHlaNeh {8rd 1) RAISLINAR, RRIQMISAIBIN or
75-80%) will typically not be associated with either substantially '

Poly TR SRR RGIE El <tA SBRRBRH etV e RelYsraie i mmstighn The
use ofhtedisesobrputiipie firstiayecacbaphedidar Yugia SEcASSN hpPMations
wherg S ANg exiensive areas compoped of substanfall sindle crystal
certain parts of the display electronics, e.g., for peripheral drivers, image processors, timing
controllers, and the like, that require higher performance semiconductor materials. As well-
known in the art, polycrystalline semiconductor materials and, in particular, polycrystalline
silicon can be obtained by thermal crystallization (e.g., laser-based thermal crystallization) of
arnorphous materials after those materials have been applied to a substrate, such as, an LCD
glass substrate.

The entire first face of the second layer, of course, does not have to be associated 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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materials can be obtained. Thus, in accordance with an eleventh aspect,
the invention provides a semiconductor-on-insulator structure comprising

W(f)u.rstﬂgeéjgg,jescond layers (15,20) 10 Whlg:h are attlached to onﬁtﬁ%ﬂﬁﬁmmmﬁ
either directly or through one or more intermediate layers, wherein: (a)

the first layer (15) comprises a plurality of regions each of which
comprises a substantially single-crystal semiconductor material; (b) the

. second |a ' ' i ' _ i
s TS GOLCOIBIOERAN 215 Upsa 0n e dosppanivr oo

inversétatidiesioirmpias inthe casel oh AR R IPRlizg i sen B G diPRRtR GtiBRAYS, the
oreat BYIONS NA%E GUEHNReEBetRANGA] JR0QuAREHMEIers]) ikionpikiRamot

regions has a circular perimeter. As above, the subsgt:intiallyésin le-crystal

b R R A e R A s L R R R

matedifferent, or some the same and some different. Similarly, if one or more
intermediate layers are used, they can all be the same, all differen
oM ShE ALPSORIE RSO ERe ARG RS AR .
strucBiRes Oa MO exiegidnsatan havpotbeofisobiamiinliy single-amssthbemiconductor
semiconductor matetial attached.to the .second la gh - nore
SR i e P
provislemicenderstduc@5-onsterbdtatsoivse diheotyitngHg esd racrablavers (15,20)
whicf PN SEHON IR ANG IOHRE ARG RGORA 1 AON B BINARD AR ALANR: 1ayers,

Invention, the one or more intermediate layers between the first and
whersgtond substrates, if present, preferably have a combined thickness of

les@)thantﬂgg By Qﬁ%%@ﬂ%ﬁ@y 853 ia S dpanaastmask e Rmabhses o

less’than 30 nm. 30 In addition to the above-listed individual aspects, the

substerfisttioringlsraatabisasadr ks daittembinations of these aspects. For

exginple & epadine e ptdheivenionderelepdiuhaxidagSéderamic; and
structure which is characterized by a bond strength of at least 8 WO
206%/029%?635‘@15/%;@56 5645 %?F&ﬁ% %Eé}?r“?,%i%’foenrsa  at least

10 joules/meterZiand most preferably at least 15 joules/meter2. Similarly,

the SOI structure?o’?ef%r%‘blﬁrﬁ:ﬁades at least one exfoliation surface, at

least one positivé ion depletion region, at least one pile-up region, and/or
where Semitorntiostiayert wiosbitisickgiershios|asirenia noimiord Ar= 500

centimeters® if none of the regions has a circular perimeter.

As above, the substantially single-crystal semiconductor materials of the various
regions can all be the same, all different, or some the same and some different. Similarly, if
one or more intermediate layers are used, they can all be the same, all different, or some the
same and some different for the various regions. In particular, one or more regions can have
the substantially single-crystal semiconductor material attached to the second layer through
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 aiso 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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5 The reference numbers used in the summaries of the various aspects of
the invention are only for the convenience of the reader and are not
. intended to and should not be interpreted as limiting the scope of the
WRRRIBE Rore generally, it is to be understood that both tﬁé) rseg?) fig#740
general description and the following détailed description are merely
exemplary of the invention, and are intended to provide an overview or

kfo the nat d.ch ti
ot e et LSRG 07 e A csradiy S s o
joulesatatied smmamm&mmrammmniwsm Irasichiyeapfilietnto
surfa056 skillsglin th J?v%ﬂ i) 1&3@59&%%89%@@39{5% %gwmw

é invention escri erein. The accompan |ng rawings are

smm@m i@ypro’vﬁp@eeaikﬁﬁw ingersbandihgisFeme invention, and 15 are
incAIporAleH D ARG EANRUIE B PR RS m%'%éy@@asw&ssé?hﬁ@ﬁ%naon

drawmﬁqé are not intended to indicate scale or relative progor ions of the

are ol rfEEs SPiAR ReT SNDE rdRT BRISER B IEROgHoripg

interprieie i Bn3aRe RaaHe @'ﬂ'ﬁi@lB@éﬁﬁ%ﬁ%ﬂ@r@@ﬁdﬁﬁ?ﬁth@t&h@ﬁﬂ@m&ood that
method for producing SOI struc %J[GS ﬁg Figure 1B is.a schematic

both o, PR LR BRI SHSET RSB VTR E SREHEH dGroRB A gret
exer@[h@tumﬁe Higtiigod, Grid astbanied o gravidge ostaiing etéptEyofitie

d inve tlo method fqQr rodu0| OI s%ctures As shown in this figure,
un e’fsi grea & ?ﬁan T gure IS a schematic drawing

| IIuSﬂéﬁmgStﬁﬂat(@)s aﬁﬂmimmm@ nStmeativetfor apSsprduticingh8 @etailed
des str Ctuvfg f(%f'o \g l%%%‘ﬁfé%gi%ﬂ%' qﬁﬁﬁg%ﬁlﬁt&ﬁﬁ@e art from
CIﬂ-]f.’gure r

ISa SC ématlc awmg illustratin tan expanded scale the
that {essriatenreuiorrdizbbhyasrctivingidicantraden ael duybshettdspivdibed by

acooﬁifg&@ . Asdnpicated iBriRiigursviseterancs: SHEBSR &/ ANdRA AR AN, and
D; and'/2D2 of Figure 2A, respectively. 30 Flgure 3 is a schematic

are igpamaHUB At TgIRE IS BIteldaiscTAcetivondihg SiRmeEc Srame e not

interRidBI MGt creRe Jﬁ@@ﬂse/mﬁz%ﬁ@ma@ dianehepsnaet iRerelative
isolation from one another. WO 2005/029576 PCTIUS2004/004746 14

BM@H@WFE@N%@/WP% [rface of the first substrate
illustpatingAhe 2 rebesses anaviaglitedreegostsmof Bigltee3nvention's method for

producing SOI structures.

Figure 1B is & schematic drawing illustrating step (B) of the invention's method for
producing SOI structures.

Figure 1C is a schematic drawing illustrating step (C) of the invention's method for
producing SOI structures. As shown in this figure, T» 1s preferably greater than T;.

Figure 1D is a schematic drawing illustrating step (D) of the invention's method for
producing SOI structures.

Figure 2A shows a completed SOI structure after step (D).

Figure 2B is a schematic drawing ilfustrating 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 4D, and 4D, 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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Figures 5A and 5B are ToF-SIMS depth profiles of an SOI structure
produced in accordance with the invention for a second substrate which

includes both Li" and KK as 5 mobile positive ions. Figure% A g OB\ S
w?(%ﬁséqﬁgﬁdepth profiles of an SOI structure of the type useg In iggure0 5 ¢

after reheating. Figures 7A and 7B aré ToF-SIMS depth profiles of an SOI
structure produced in accordance with the invention for a second

substrate which includes essentall I tive. ian.
R R Ay e S g e s R e e
recestypendsedaied Fagiores DEfigrreBeating. Each of Figures 5A, 6A, 7A, and 8A
;@g@é‘ SO0 L nFiId driae Bt RAAR:QIE ﬁ%@%@%@m&mﬂ

ows that data converted into atomic percent values. 15 Figure 9 is a
accordanseriribp dxnertracirs s errrPacuhsPattt i Rrhiss et dibgfad &ryéal

mobi[éaﬁ%ﬁi@é thg.semiconductor layer of an SOI structure produced in
accordance with the invention. The semi ondgctor ilm in this c%%e is

pHUSBHBIRA AR SidSH CIYIHsarRE06S PHAR 34 Techre TorediRrersed
in Fideptaprafiesatan SOI structure produced in accordance with the
invention for a ond hich c rises line-, 20 earth ions
RIS S EATE e SR DT OB ah SIS S B
accorfdaesityt dia nandibigire kE6hs sobes thawtiaiaivdmdesteddniteltomjcNa  as a
ercent values. Figure 11 is a schematic drawing illustrating an SOI

mobi?efr%o s[ltlve

1 . . . .
SR which comprises multiple first layers on a single second layer.

Figtigeraotis. anddtRe maflotaviSglinibrefilgsaoprardRbetroeesy fbp type used

mﬁ%&%d‘?’%kg%ﬁeaaﬁg.so' structure of Figure 11. Figures 13A and 13B are
“Schematic drawings illustrating preferred agproaches for assemblin

mitgie fifieasb Shats. dioasih B shows FarinRnsin it rogigrife of
Figures ARS AV MAGNRIRaRfthacdges A the dirsisubsiaiReiareduse the

size of the gap between the substrates, and Figure 1§F shows the .

asEERISIY b aRenTaeetiermeleston SRR ATk ST e Mo g e
crystafhenieipgG:eSienalify depeatesetsemf30¢ first aubsitatesdM@ccordance with the

. 2005/029576.PCTIUS2004/004.746 15 Eigure 14 is a schematic, drawing
Vet R TR SR B T sn S A S ol

Ohd Stbatrate as
wheientei Qap $ (e tmel e rsteSIMISHBAES degpile eBlefitiéanMth atructure

produced in accordance with the invention for a second substrate which comprises alkaline-
earth ions as the mobile positive ions. Figures 10A and 10B show SIMS signal intensity data,
and Figure 10C shows that data converted into atomic percent values.

Figure 11 is a schematic drawing iltustrating an SOI structure which comprises
multiple first layers on a single second layer.

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 & conductive backer
10, among other things, simplify repeated use of the first substrates.
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se_miconductor material. Figure 15 is a schematic drawing illustrating a
prior art process for forming a thin film 5 transistor. Figure 16 is a
schematic flow chart showing a preferred embodiment of trpcgm S004746

W§ 2005/0295 . , : )
gsp_e(’:?s oﬁhe invention. In the above drawings, like reference numbers
designate like or corresponding parts throughout the several views. The
elements to which the reference numbers generally 10 correspond are set

forth in Table 1. DETAILED .DESCRIPTION .
e Badep TR B EAIAS scoond

substistppaembhbsiratetbndarin partenl Srsiubsirj ey heec base dlindeiibg

Smczéﬁéglf{gagyﬁgxgge glasses and oxide glass-ceramics, as a support

_ S ra%e, IS that the 1100C bonding treatment previously 15 used in the
arFigannds treasshenwiiin Grse o EBET AR PENEHOSEH ATSRERE g iun flm
transi\é‘EHPStand process temperatures of this magnitude. The covalent bonding
between the glass-based layer and the semiconductor material

siWégwr,etmés%h@w@%@ﬁ%&é%i@ammﬁ%%@mﬁﬁaﬁég THRgoss
aspecgﬁgym{mn[ower temperatures also makes it challenging to separate

the semiconductor wafer intq parts at a separatio e formed by..for

e IR SO ST A T Sre LR SR & BrSe ity pers
throuBnaierint iesetbbiieked Toe slieomasavsiiph dre sefostrateumatesigtngrelly

expansion oH%. lass-based material should be matched to the
COTLe ARih elgsgrgnalgo%ductor layer of the SOI structure to avoid

DETWRtDESER@WMrmNhe support substrate.
Altheyah some s hsac MAlEIEIS W LHRARSIGNS FaReda il Sbgen

semiconductors, e.g., silicon, are known, an exact match is difficult to
substotsteind Expartifolar,igningctess des ekpelTanlpFoRBIRESMO T ggeses and
oxid%égégg—sc&%@sﬂﬁ? SHEpeaseaR-becoma: awficiertly fishisomstasayssionsly

onding of the semiconductor layer. A further requirement is that the

used st BRRRERVEE iR el E A TRFE S BFRINE BRI SRRl bstand

procdbidigtishaheuid el en glions, Suehaslttabiohs, vévetcdir difisssbanidlayer
30 semiconductor structures and cause ser'ogsg Qr ble swith.%;c%ﬁ Hv lower
als

and th RIS W QeI icfor HEUe HEETHE RS BASEE Matenats Rnown
temp@dﬂ@*é@ Fﬂﬁ%&]ﬁbb@d&iﬂtﬁdﬁ@@a@xp&npmm demictnslicioioieddisswyate
the s_esl%fc%%aﬁﬁg?\%%%%@oa&éﬁg NS QR ARIPRRAEG T 3RO en iom
implantation.

Moreover, when a glass-based material is substituted for silicon as a support substrate
material, the expansion of the glass-based material should be matched to the expansion of the
semiconductor layer of the SOI structure to avoid separation of the semiconductor layer from
the support substrate. Although some glass-based materials with expansions close to that of
semiconduciors, e.g., silicon, are known, an exact match is 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 jons, such as alkali jons, 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 zlkali ions.



o

10

15

20

25

30

Thus, multiple problems need to be addressed and overcome to provide
SOl structures which employ support substrates composed of

lass-based materials. As summarized above, the present '
Wgrﬁ'{?ﬂ%’%ﬁethods for producing SOI structures which addre]'lses)f ?%8@4/004746

overcome these problems. Figures IA®IB3 1 C, and ID schematically

illustrate the process. 5 Thus, Figure IA shows a first substrate 10 which

c rises.a substantially single- crystal semicaon Qr materi

tructur

oL rarinar S s S e RN, MR e S0 sruotures
whichtiepltgpeppee muitsratksctonposeh efslasebistd magriplpy s somepeskebove,
the pkS Tﬁ%%ﬁé’é;&t?ﬁ% X AUBRIGE oSHGeRPASEEMAEHRLS WG LRRRSmd

Used for the first substrate include 10 silicon (S1), germanium-doped

overgitivoh(SiGeplems Sliganscerbid (SiepfbbrrrRnEiEpitsiErs theprocess.
emicoRAUCIors R GandesrRieMetRINE, sk DS AN Gfe-

s
GaAs, GaP, and InP materials. The semiconductor of the first substrate

crystolifepachndvet s mRiTials JBSEFRisny LintlemeryEal cATRE A PR VST

semicoHPSiARtRIM IsHsee e sreatibingdherfitatE Ul saEty fakev 16-acooust.
of the fact that semiconductor materials normally contain at least some

classgieb SEPEOLGHICE defects either inherently or purposely added, such as

|latigerplttecis o e femsgiaintdblndaivbscahite wmdl s ubs fastialhstrats gnclude
.. reflects the fact that certain d distart ar. otherwi tt
s e AR 700 P IR Lon SRS, B

S uctor.” As shown in Figure IA, the firs
of othuhstrdteriddias atiish extbmahsinfaddot thafsstohdr2p welodsdiairats

GaP 1a%’ ﬁ%ﬂ %%tir}%gﬂ'ual zone 13 for separating the first substrate into a first
’parc% 4 Bhd a sécond part 15, the thickness of the second part bejn%,D_s.
AsTdiscessethabtoro ke fist sbrizay pElihaie hafganelostbsariatersingte-

crysaPQ RaRameters. it pgiarad ficknesaes being mtherdQinrpamelento
150 manometer range. If desired, the second part can be thicker than 500
accoppirf et 18ay SSHHPRIRTERFBIEI A DTREND Arofatl Hlsatrems mrﬁ%f) or

surfihessesansd 25 Rateanshe thipaesthatadl) arnomBIeEs, difhougha few grain

excessively thin semiconductor layers will generally not.provide sufficient
boury{ER ol 5 B GHBH St SR ICURTEtGr BB G FH fRgFars mey stortor

otheSeIiCORALIEIOtIayer stayrbefatediellt wimddaticdnror other methods

s R T o e s
extefadt sindidhéfe maybetsoniewlight fnglepaatingihedirst subiegredsto a first part
T
will gadeae boin fhetetyes afdl fenanometers to 500 nanometers, with preferred thicknesses
being in the 10 nanometer to 150 nanometer range. [f desired, the second part can be thicker
than 500 nanometers, e.g., on the order of a 1,000 nanometers or more. Similarly, the second
part can be thinner than 10 nanometers, although excessively thin semiconducter layers will
generally not provide sufficient material for the production of semiconductor devices. _
Thinner semiconductor layers may be created via oxidation or other methods known in the
att. |

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 p’arallei
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WO 2005/029576-PCT/U52004/004746 17 and slightly angled cases. The
phrase "substantially parallel" also includes the possibility that one or

w'RLe, E% surfaces or the zone may not be completely flag SRR 746 -
zone 131s formed using implantationﬁxfoliation techniques of the type

currently known to those skilled in the'art or which may be developed in
the future. At 5 present, the separation zone is preferably formed using

and sﬁ@dyﬂ{gg&e QR irpplanialion isghniduesahihe ralereRaeR HREYssaBlity that
above, the reiievant portions of which are hereby incorporated by
one oaReTe AESCRCEH AHEIRTIR RALRT GoRR EEaIeS be used to form the

ﬁ%&%ﬁ@&%é%ﬂ%ﬁ%?p?ﬁe@w%ﬁ@ﬁ t ﬁ@?ﬁﬁg@ﬂ%@gﬁm aa&dt:ﬁ@l&s];_ rt:ﬂﬂt&iﬁfe
rogen and boron ions. atever technique is chosen, the fir
curregfihERoE Ffé@aé%%eééﬁ?}fs%%Yé%ﬁé%%ﬁ%r%ﬁ??@eﬁ?dﬂ@ﬁéﬁ%ﬁgt e
preseHE BR atiRRazen %(ﬁw 13 @ﬁﬁéﬁl&l?)fdf;hﬂ& RSy ines o) pﬁl}&?;iogezdm impéaigation
respond, to the heat treatment/cooling proces €COmi|
R A e ek i S B SRR G et
incorpaetyd Byafsestovitierkigumenkihestebniiseheiratb@decsninsenmiles
external surfaces 21 a Whi i e surtac | e
seper g R R s e e e T S 0
borortgoensibatutbrsiBBustiuchorenh s GisorhsEroparas thbesersapipiato the
first 40E SRTIR! SUIRCHON L A SHCH! AW AR S Sep YDOMRONAIBE SHEBY YO needs

the interface between the first and second substrates, any deviations .
to respond fefien aaSSRIEIPRA CARhRERRS OLES 19 DORCTRIG B5akst SR ifoH 8RB Of

the fils? MR PIRfaNRLN: kBBt 1aPsBiRiMms Jheseeond substrate comprises an
oxide glass or an oxide glass-ceramic having ?( 20 strain point of Ie%ls
"S] 2Ces

thért 0B AL SRR &t DK IS YIRS kG RIS The SiFATR POIRT T
21 adhhedernRer sy eakwhicks thel glasmtogiass-céfanficshadsruiscasiypipfantially
14.6 poise (1013.6. Pa.s). As hetwee ide glasses an i o
Paﬁléq @sqﬂgﬁqﬁ@g; O@‘?{%@%é%%%%%@ﬁt%%% erred %35%%3%1%%%6% o8
for etypiphllyhsimgilrdioentamufactisauy afakang theifomdrendieesirenaiiiabge

inte aagg;iggkiﬁgggegaﬁvigﬁ%ﬁ&é%é W Ei éﬁd%&a&%éﬁS%ﬁﬂﬁ%HP&%t@ﬁﬁl

is preferably in"the range of 0.1mm to 10mm and
surfaodil ptaferabiydiA2hed aerpeaspo By IoTRPHC TGP ¥ &R RFATERESHE of

S%%%Q&&H&%%E%é&éaéﬂ?ﬂp%f&@x&%@&@m&rgﬁgtd&a&m@%@a
to 1 micron are desirable, e.g., to avoid parasitic capacitive effegts which |

straigFeatohirsshatda A0SO S rRISEHAVh IR BT St TefEH

is theRRtiguEation:ars apaiaakabhighae-freguensiesisihe AL ‘Syatise (107
thicknesses have been diffigult,éo a[chieve. In ac&gl)rd nce with

Pa.s). As between oxide glasses and oxide glass-ceramics, the glasses are presently preferred

because they are typically simpler to manufacture, thus making them more widely available

and less expensive.

As shown in Figure 1A, the second substrate has a thickness D, which is preferably
in the range of 0.1mam to 10mm and most preferably in the range of 0.5mm to Imm. For
some applications of SOI structures, insulating layers having a thickness greater than or equal
to 1 micron are desirable, e.g., to avoid parasitic capacitive effects which arise when standard
SOI structures having 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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the present invention, an ‘SOI structure having an insulating layer thicker
than 1 micron is readily achieved by simply using a second substrate

W@%ﬁg@% kness is greater than or equal WO 2005/029576}*(:?/[}5200 /004746
04/004746 18 to 1 micron. A preferred lower limit on the

thickness of the second substrate is #fus 1 micron. In general terms, the
second substrate needs to be thick enough to support the first substrate

to 1 HERHONIBR RESSERSSIERS;PH NG MRRHEN 0FIHY H-BE StlsadtHEB thus 1
processing 5 performed on the SOI structure. Although there is no

micqPeoretical upper limit on the thickness of the second substrate, a
th *@Wwﬁha&mﬁo@dﬁm&mwm fhioktimnuhthasuptesired forst

the SOl structure is.generally not pref rred |nce the reater the
substg %lﬁ?‘f %%kfet RS SOSE Fate }io%w%rﬁﬁ fecfgng?enlop reng

e secon
perfowiihirvilkestbbttateteharird thteygh(Grfors wmtham@lepimm\lmngga the thickness

ofthglg% C8is %%@%%1&%@'9@;085 exde.g é’%ﬁsfo yikion @ésemrth

silica-based. Thus, the mole “percent of S or oxI

desirgiefestheuéﬁim@ﬁs &%M@eme@ﬁ&ﬂme@m&e@é B ﬁaegrﬁgﬁfefébakﬁwckness
of thOLEAIET than 4R mAeXinibecase pliglassiceranmics dbstysiAlingng step

phase can be mullite, cordierite, anorthite, spinel, or other crystalline
©) f@l’f%é@?@@&?ﬁ% YREag#R fgﬁeﬁl%%%-ceramlcs The glass phase of the

glass-ceirpiashnuidbeputficiontio @%eyfei@am@ﬂmmf st edense

away from the interface between the first and seco bstrates . durin
perc%ﬁy f): Rdhemede s ss iAo g z-fe?ﬁnﬁe«? ST 1o Thgles

and rﬁé@@l@@eﬂblb%rﬁamnﬂﬁm@ uicdeesg@neraliystess gliefersechectisseatlieis

r cost.and/or, inferior ormance characteristics. Similarly, for
phas%S%ﬂi’ i?&gtlfi?ﬁhséj > or ?s%rr’uce?ures erlr'?’p%};ng si,lemlciﬁxr‘\dw%tm the art
for chnatesiatsithaThreghes gﬂmm%s@ﬂassemms sbetidtes whicleere allotw
moveiaF ide a%a ¢ fnd a%% 8 g@&@%@%&%&%@ qsegs&es%g@bees

pref rred ecauseo er cost. For certain applications, e.g.,
d“mrtﬂs@k’}iﬁﬁﬂppI|cat|ons the glass or glass-ceramic is preferably transparent-

in {he visiole, NERE Héée@é}ﬁ{%{a@cwmeemmg%% e QI3BEer

25 glass ceramic Is preferably transparent in the 350 rim to 2 micron

invenjianehehain sanvgaiives gred s frrsiset it Sigher sedand/supdEae
perfRRlRe Bradueed:ie ”Bﬁ@ﬂ&@flt!@ﬂ @&nﬁ@%ﬁlﬁiﬁ{@@ HSiNGASETIaN @fres

techniques known in the makln ide r oxide
e S ORI G R SBRRe i S e hich re
not oxide based, e.g., non-oxide glasses, may be desirable, but are generally not preferred
because of their higher cost.

For certain applications, e.g., display applications, the glass or glass-ceramic is
preferably transparent in the visible, near UV, and/or IR wavelength ranges, e.g., the glass or
glass ceramic is preferably transparent in the 350 nm to 2 micron wavelength range.

The glass or glass-ceramic of the second substrate can be produced from conventional
raw materials using a variety of technigues known in the glass making art.

The oxide glass or oxide glass-ceramic comprises af least 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 ioms, e.g., Li™ 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-cerarnics,
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during step (C), move within substrate 20 in the direction of the applied
electric field, i.e., 30 away from surface 21 and towards surface 22. Alkali
ions, e.q., Li+i, Na', +and/or K+"ions, are suitable positive ions for this
WB&Pﬂ?fgéﬁécause they generally have higher mobilities tha Cg{HS%Ot%?i B4748
of positive ions typically incorporatedlii oxide glasses and oxide
glass-ceramics, WO 2005/029576 PCT/US2004/004746 19 e.g.,
o o AAINCEAID IR HNE B R lessPS A00 QIS RRRRANI SR itve
aving positive ions other than alkali ions, e.g., Oxide glasses an oxide

ions effesrsheraliabisdnaving. oridaslaise aebemide miasaprBaigsdgvingnaly alkaline-
carthREAE1ICH Bt e iy eRlign e.PenceRiatian of the alkali and alkaline-earth

ilons can vary over a wide range, 5 representative concentrations being

behkeEPreca g of Hreoeik aRdaldnrs RRRFRB J SRIFaR e range,
repreSdKAlRR-BMERIOR AN 6B MiaNSAR 0atdadlOAvE % @R S XEEDASISHRred

the case of alkali ions, and 0-25 wt.% on an oxige basis incg;e case of
alkal g Rl ARG TR RRD A LUHR QTS Lo BRI d5rog L igihe case of
alkalDless eidleaESeeran amoeifedeses, tHaminatddiBileiuet ¢ambe used if

desired. When laminated structure e used, the layer of 10 the laminate
g S R R S e S e
larnirfeled sectndsstindteateed ofdpsisat] 6Vbesihglengledstorcglessacarsmbiche layer of
I I e fi r fer I :
the LIS RNt o S AR B BN AR B i fora
secondterogstatfitbrtheosied of uinaiecsl msthe dareearasuc tHa vae dadbst botrateeisrst

subst&iB ﬂ%@é&%ﬂ'}@aﬁk%%@é‘%%‘%@ﬁéﬁﬁ@sﬁﬂﬁﬁ@%%?&@é@ fobR3R5¥se they

substrate are no longer 15’satisfied. AIong: these same lines, either or

do nejecs g istratas e SvosHdISe B S Le 6215y @ svad ksl Iof
consiNUIaYBI0ALSIIRG RS Bh8 proPaXid el BEO FthE SAMNCANENEO ke WRR cer

resent on surface 11 of substrate 10 and/or surface 21 of substrate 20,

%fth surface layers should not have a composition and/or a thickness
whigbnyith arevent thedasithationbofiac? Gusipngianeh etveanrdiiedirsitagd
second substrates. In particular, an oxide layer.on.the semiconduct
layerd RO AE PRGIY TOR 08 Pt ShOUCTOD R S gd
Whetgpreseakoorsnodzeriding seitirtie Ijlasd/ or gidasecdrafidhsubsttaiench surface

ishi ICUl ry. of ration..i
e A P I Bl o

strongdlapaid helevesrethe disstiiow seaend sutististeiminiBhiéis e eleexid/kivserypethe
semifBRAGHAR:ALIREMIEHARE PeiMeRR BRI RRO-BE6PTSh SIARSHRIES WRIE S,

believed to produce the desired strong bond. Accordingly, when an oxide
weak or no bonding with the glass or glass-ceramic substrate.

satis

Although not wishing to be bound by any particular theory of operation, it is believed
that an oxide layer having a greater thickness provides a high resistance to current flow and
thus diminishes the electrolysis-type reaction at the interface between the first and second
substrates which is believed to produce the destred strong bond. Accordingly, when an oxide
layer is present on the bonding surface of the first substrate, it should function primarily as a
passivation layer, as opposed to an insulating layer. Likewise, any oxide layer formed on the
bonding surface of the second substrate should not interfere with current flow and 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 SO structure.
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layer is present on the bonding surface of the first substrate, it should
function primarily as a passivation layer, as opposed to an insulating
layer. Likewise, any oxide layer formed on the bonding sur% fﬁh
WEABHE R Bstrate should not interfere}with current flow and %ﬁzn%vzl 0§804746
typically (and preferably) have a thickress of less than about 100
nanometers. When surface layers are present on the bonding surfaces of

sup&tr@&&%ﬂ&@&@!@a%%@%@%@ﬁﬂw%mﬁ%}%ﬂé&@i%@ﬁ%ff&@ M ding

first and second substrates in the finished SOI structure. W

surfase bk RIFYS B PEA IS0 09T Brs Ty BosER PRBstaREHrR kindsraEetond
advastdpesiati GORbInalenEIRER erisepiDbine bondigi sUHBee kb tistng
bst?%lg%a% 10 t% 8 duc_e its h%drc;@en glf%,ﬂ%:entratlon has been found
SUDSHAN ANtaG BTN A FERiR O Do P HHRSSE S RASEAEDS Brseshriaund to be
of pastithétratepmrise mmeﬁmh tﬁb':@siﬁb@%ﬂ@%@bﬁ%ﬁﬁb&fﬁ%@&ﬁ%ﬂhmed with
r concentration has been to be. 5. of particular importance
e s e L B e i i B R e of
CORMRIfo SRR (RRAB HERD StbsieoPaaliiapakalingifanCORSISGEh as,

{ A R S .
0 P R e SRR Te apasg = o
examgle e oS PR N NEiEAGHEtZcHgTas whistbelievad dthin, datua@xanpledrogen
concdfie:ReaClafipR ldigudheristal disniaue.isibeliewad hat g reduction I

. hydrogen 10 concentration will also be advantageous tor gYasgs and glass
pointg et gmiB S SAR G HRyRMTGiFRngeI TBih. are rpsetsbpd e et farfe,
applivisfs areaxnected tae deedat fopRR.agplications in wireless and

other electronics applications. In particular, it has been found that after
hydrBgERYGh higRtaRSA S A d wiraseirim snrlansiicon thrafar e fan
implaigh HjidsngaTeoRseIaliBRiregn ehighdaydrogen oh; IR 1RREaRtsatoN.

face inhibits the bonding process

The hyd t ination.at the Si
e IR SRR L 2 W e G D bndng bocess

thus itbackenationdatedheblimplantect Fie Wwaderggurtaacchy stkingatgeMHBlanted Si

' idiz] ment in order. to obtain effective, Si layer . transfer tq. glass

Wafer\?vagers%# t[h%e%%f%re %"l%% (%%({ézsl?l %%%%%ﬁ% %ﬁr%%%%r%ﬁﬂ‘é?%ﬁ{%?ults

transier gaaking whesirpi drtdorediitngtyvafe rRndretiopdrophiticeen doalbows:tie results

in maRARANGHOLIANEPIARS 7 Raglr fﬂ&éﬁﬁ/&gﬁﬂiﬁglﬁﬂi yollageand.neat. %?}e lace
strong bond formed during the process allows unitorm separaﬁd% o% e

during g spRissatigneotivtkarssabheau Thasrapandh febed duoun themapesthalows
unifoRSepaetRha Ml eoand educlirnigaimert, only about 10% of the glass

fer is covered with a Si film_and even in the covered area, the Si film

e o RCIFE FRORTLEE RS AFERFS B dguirogen reducton

treatment, only about 10% of the glass wafer is covered with a Si film and even in the
covered area, the Si film tends to be non-uniform. However, when the hydrogen
concentration at the surface of the Si is reduced by an oxidizing treaﬁnent, a pniform Si film
becomes aftached to the glass wafer over its entire surface.

Various approaches can be used to reduce the hydregen concentration on the surface
of an implanted wafer. Preferred approaches involve a mild oxidation treatment of the
surface, such as, treatment of the wafer with an oxygen plasma, treatment with bydrogen
peroxide, iydrogen peroxide and ammonia, hydrogen peroxide and ammeonia 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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15 concentration at the surface of the Si is reduced by an oxidizing
treatment, a uniform Si film becomes attached to the glass wafer over its

_Wenzf%%g%g%ce. Various approaches can be used to reduce %%58%&7 46
oncentration on the surface of an implanted wafer. Preferre

approaches involve a mild oxidation #éatment of the surface, such as,
treatment of the wafer with an oxygen plasma, treatment with hydrogen 10

. beroxi . . >0 . .
D e s e
treaitherys BrotessdsiinsiemBianftBrarpoRygEas pasiraisliEepmereitss n tum

chce8ParIally.| ialsetting. AllRguah et od
makgsg%aozgg?es PCT/U%%&%E%&L i dYteiérably carried out at

21 wishing to be bound by an
o0 SFOBTAIFTR 60 (76 PIETARIIE 06 & SRR R AR HTESS - Heosle R B
amn;lamog@@ok sgﬂﬁmﬁﬁgwg?qﬁeﬁf%mmw?@gpd&wwﬁe@&gam&ﬁa_in
turn makes t surirace o the silicon, wafer ydaropnilic. e treatment Is
R L BE BB LRt TR B G T Canih & e
that fed@ptipasdtiiedbeiwennbtilfRe Jall theadamnenia fopeytodendmplanted
ammonia + peroxide followed by acid + peroxide treatments... Although the
ST AT SRR N B LIPS G LR i Sheved
thdfwaﬂngﬁmﬁ@imdﬂﬁlr@@gﬁgwﬂdﬂémmmml(Bheddwmawaqﬁﬁminvmﬁon in
wmc*ﬁvtﬂao%ﬁg%@%@ﬁé%%uﬁ ieoneugtos yafars.compased of semieandueiar,

materi an silicon. Turning to Figure™1B, this figure illustrates

surfastespl (Bipdthelpibe peefestath erhasimontsre! toevmietinte frestiesh dnsercsper
subsiuRstrates A0iand 20 ae Bsought intoncontrgt AliNsIEoRSlNg. SHBCRS 2 and

11 and 21. In the preferred émbodiments of the invention, the Tirst and
22 exgetchicpnd s tiesrsstire heBasorier ¢ Sespia) cargnsicr hrbkeen 196 figskand |
secofi?!’%ﬁb&@ﬁﬁgéi ElQa?é'ﬂé@@ﬁr_%?g %wb@g%ﬁgﬁp@}g&meﬂsﬂég,(@ﬁ gﬁﬁagnfﬁlezvémlﬂi@ first
way, differential expansion between the first and second substrates is
and SRAORAETHORIFHIE tREORETY BRI & éf@pft}@é). WA s
surfasesl seeahtl substhatadareghoinisedieatesdbefdie tiepdfinbigt @ adpgaipshd/or

.after honding surface nd 21 have been.brought into ¢ t and ]
B R b Tt R S
is pdvifoneds tirstandaldronting desboceprrettd Wihengpre Wbatirge ispevfornied the
desi}Q&Egﬁgﬂ%@ggy g%%%?&%esé&%?g%sﬁQa*a%/@ﬂgﬁ%gggg%g%%ﬁf removed

once ired temperatures e first an strates have

bediheanetrseingormdyrddskivgivanisbematirelastowT sahefatiwaave o

ROl S Ml _
O er a1 o
MI 9&%9}?‘ DHiise: @%@%xﬁ%ﬂ&%&é@gﬁ%@b&ﬁﬁ?&wﬁﬁé@%ﬁ@ The same

equipment can be used for commercial applications, although equipment capable of
simultaneously processing multiple first substrate/second substrate assemblies will generally
be preferred.

Because the invention uses low to moderate temperatures, pressures, electric field
strengths, and vacuum levels, the requirements which the processing chamber needs to satisfy
are not demanding, which is another important advantage of the invention, i.e., the invention
can be practiced with equipment which is both relatively inexpensive and widely availabie 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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equipment can be used for commercial applications, although equipment
capable of simultaneously processing multiple first substrate/second

WS%%F tge:s%ssemblies will generally 25 be preferred. Beca FB§2004/004746
mvention uses low to moderate temperatures, pressures, electric field

strengths, and vacuum levels, the regéiirements which the processing

chamber needs to satisfy are not demanding, which is another important
st GHANARL ALIBEANUENON L o 0 DYENHORE B REAIAGIGEL Wl second

equipment Which is both relative y inexpensive and widely available or 30

bondigsily faesic Hte¢famples it Eppiraabione immerians SRR ¢artfaarddy
minu %ﬂﬁ;ﬁ?%?%%ﬁoh?uf’%ﬁﬁ é@dﬂ!@ﬁ%&b&ﬂ@&ﬁgﬂ?r&%&m%ﬁﬁi{@é%ﬁfﬁm 30

ne another. Step (C) is performed for a period of time WO

minupEghsIg i85 PeIETIRSotns/ 6o FABe S X hmtdhsHim i ta perisEpgr (©)
can bEYBSHAIES 10 2a0d 10 nne Anpie bAldRais andsasant hendingbstate

surfaces. For example, step (C) canﬂbﬁg] %Performed for a period between 45

materpie GO0 IR S B BT o ATO ARPGFH TR

&%6%0f course, generally

prefep ag) (e ettt fesdihan Ianimtes} andinmg coitersiabsetinghdt 40
, is expected that time required to.perform step (C) 5 can be reduced to.
5 v RGeS [ B IEs FIOUOR e S sy S ol toaa
or eqﬁhﬁ?@rialtﬁ,lmmf;aséingmprﬁm&ﬂér;éssmmmqi@g%@@eﬁ(@ﬂﬁ@mﬂﬁvely,

eraply,periormed un Aigvaskn canditignsele, e shambeidg,

step @%@%&%¥§§W% ls]?tea% %f‘i%ﬁ%egé)rmeégﬁ Preférably, I(t%% Sr%gsure in the .
the lifhkamber is less than or equal to 1 millibar, and most preferably, less than

or egualta 19-3 milibars, Alternatively: 20sai8RdC: SRRReREHAING SN, and

an Inert atmosphere, such as, an atmosphere of argon, helium, or the

prefeiRelystidersbe VhBEVE: 4Rl Thathrarerglyidn e s S HaReReg af
forceMEB Vide 2 BRND, BRETOTahlY Willke] fespdctiveliete bR Tddat@aperature at

respectively, the voltage and temperature at force-applying surface 12,
TorcegiRb YR RANFS . oL CTBR B GORE SNt i RSV PR RE TS et

locatfreerap Eiingsssisea?2:s dnthe BxRimple st edtiibehl thelmwotite séoaaidon can

substrate was .located helow. the first substrate.as wn in Figure 1,C
be u LR BlS0oCe G Eh G LA T R e b W B lsr

desirether orientations for the substrates can be used, if desired. V 1 and V2
Eirlo \}c)r?et}ls Ie r??%y&gé &L[l)fi% ggég%p&l%r}igﬁgna%:volts/cm < (VI-V2)/D -< 40
100 voltsfom < (Vy ~V2)/D < 40 kilovolts/cm,
where D is the distance between the first and second force-applying surfaces during step (C).
A preferred value for the (Vi —V,)/D ratio ranges between about 5-20KV/em.
T and T, preferably satisfy the relationships:
Ty~ 350< Ty €T+ 350; and
Ty =350 Ty £ Ty + 350;
where T is the strain point of the oxide glass or oxide glass-ceramic and Ts, T, and T are in
degrees centigrade. As discussed above, T; 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 termperatures 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 value for the (VI -V2)/D ratio ranges

qug\%g&gb@pout 5-20KV/cm. Ti and T2 preferably satisfy theprefatiosidpsiac
T,-350<_T15 T5 + 350; and 25 T,-350<T2ST,+350; where T. is the

strain point of the oxide glass or oxidé glass-ceramic and T5, T1, and T2
are in degrees centigrade. As discussed above, T. is less than 1000C,

ike cgﬁ{hﬁﬁ&?ﬁ%&ﬁ&%%m Grmay aspbeessithan RbsurFaDSd TyREalYd in

~ both Ti and T2 will be greater than or equal to 300C and less than or
variowsidhe3rraaBoo eresttheligi dtgher or lower temperatures can be used, if

desiteg WithinthisrRNEachiowss temfiaaiaras fre gehexallyl prbberes, as

. e.g., temperatures of around 450C for glasses.WO 2005/024576
disco BRSSO A01 776 SR ORI R B A Bt end
secon© MRS THONS NDSsorBzdim e prderssedibodiartotsb fithereseinpl dse
resented below. In addition to their role in achieyin i f [

secor P GEEGIA] S A G o Bonit SR LRy S 108, (heoy
weak@rdviderdifiérentiabtomratioroiaé firdtrandu® seSEHGEUBBTRGST Hom

. coqling so that in the preferred e nents inyention, the seeaady,
semcglibetrate 20 See égrtgggg%%rsgcgt%’o%%%ater ex%ﬁr%?ﬁlant e fi[}é_t sugg%trate y
T, willbetbrire Byanfaaketh hendststrmsnate wtisbpasdho rektinasi®and

produce %ngsgrﬂcygom@ere the semiconductor film is under

compression, as opposed to tension. Typically and preferably, T2 will be
and poriseabhytiaratatinighip; and T2 generally satisfying the relationship: 10

50C< T21,dd :élf'azO_Cfl%ngQ;eferably the relationship: 10C < T2 - Ti 5
150C. Moreover, the coefficients of thermal epranS|on of the first and

sedonebseb SreteeBrigninel Sivomsh saapeat0fdaiferendacarnd rapatatiy and

the cRalisReALGaREORE BRI RO IDFRlRablY daiboth: afiiedeliowingst preferably
relationships: CTE, - 20x10"/C'5 CTE2 <- CTE1 + 20xI0_ /C; and/or (T2 -

both yfyyjfoiiewing Teaenshipsk 10-5, T2 > Ti; where CTEI is the 0C coefficient
of thermat-expansiom df-te sutstantipty -singleschysipinaemiconductor
material and CTEZ2 is the 0-300C coefficient of thermal expansion of the
(To — T1)e|CTE, ~CTE:| £ 30 x 107, Tz > Ty;
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. In applying these relationships, the 0-300°C CTE of the
oxide glass or oxide glass-ceramic (i.e., CTEy) preferably satisfies the relationship:
5x107/°C < CTE, < 75x107/°C,
As discussed above, during step (C), positive ions within the second substrate (e.g.,
Li*t Na™, K™, cst, Mg, Ca*, s, and/or Ba*? jons (the alkali/alkaline-earth jons)) 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 &p 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 bave a reference concentration
Cyrer at a reference surface 24 which 1) is within the second substrate, 2) is substantially
parailel to the second bonding surface 21, and 3) is spaced from that surface by a distance

Do/2. The thickness 8p of the positive jon depletion region can then be defined as the
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20 oxide glass or oxide glass-ceramic. In applying these relationships; the
0-300C CTE of the oxide glass or oxide glass-ceramic (i.e., CTE2)

Wgrﬂ%@g’%’gaﬂsﬁes the relationship: 5x10 7/C < CTE2< Zéﬁ%—%&mﬁ% 46

iscussed above, during step (C), pasitive ions within the seco
substrate (e.g., Li+1, Na+l IC+l Cs+i'Mg+z Ca+2, Sr+2, and/or Ba+2 ions
(the alkalilalkaline-earth ions)) can 25 move away from the interface

distaRENEGRLDS @E@@&&%ﬁg{%@mmﬁ&% form @ 9epletion 1egion AN

schematically in Figure 2B by the reference number 23. The thickness 8D

secorst sHRETAsyibhit apbpeietinadleb iid oiserddnadisementanans Xét ke
surfaPOSitvesIons Gensidenngspeciicrly thewrss plakalialialingeant is

ions, each of those ions which the oxide glass or oxide glass-ceramic

satisfied fon oL Gt nas o Lihe kel aBREHT IR MR s ar o slatroeute glass-

cerarBldrfoaei2d: which 1) is within the second substrate, 2) is substantially

parallel t t(geééecogd bondi<n$ sgrface 21, and 3) is spaced from that
surface b%yf Hfremsied 2P FRthickness SD of the positive ion depletion
whergegion can then be defined as the WO 2005/029576 PCT/U92004/004746

24¢j's ance between the second bondin r 1 and g surface 23a. :

T R TR 8 S A S R ATy bt 45 o

distasecofichinahel regosurtacdranmiiBds e surface farthest from the second
bo %@ S&Jgace?; r. icxgjyk%g‘ éhqwing relationship is satisfied for at least
on@ t%?e afksiira kua%\:ng-ea h |%né which the oxide glass or oxide glass- 5
celtamiz thoriefnsti@i(Xy GjilletnerdlBsattip tbCelejitmshipconcentration of
said at Iegsgqrbe grlllg%lliégllgsaline-earth ion as a function of distance x from
the second bon(ﬂng surFac’e, and 10 C;(x) and Cvxef are in atomic

and werofet ddsuly tesadigfmision, SD will generally satisfy the relationship: SD
? 10 nangme and will often satisfy the relationship: SD ? 1000
nanometg?s". ﬁ&gsn%ﬁggﬁé%?éd above, the movement of the positive ions
withindthe:sedahd sy bstrateethenigf Stepqdialsonsanhrothesond srhsiore

o R e e e Sleh S e e i fobile
positive ions contained in the oxide glass or oxide glass-ceramic. Such pile-up regions, when
present, can have a thickness of 500 nanometers or more and a peak positive ion
concentration Cyrenx Which satisfies the relationship:

Cipear/Cirer = 1.
where Cypear and Cyper are in atomic percent, and Cygreris defined as set forth above. In some
cases, Cypea/ Cyrer will be greater than 2 (see, for example, the K* pile-up region of Figure 5B
below).

The one or more pile-up regions, when present, are located in the vicinity of x = dp,

i.e., they can overlap dp or can be just inside or just outside of 6p. In particular, the location
Xpeax Of the peak of a pile-up region typicelly satisfies the relationship:

0.8e8p < Xpeax < 1.268p,
and often satisfies the relationship:

0.988p < Xpeare $ 1:108p,
where Xpeak 18 the distance of the peak from the second bonding surface and 8p is as defined

above.
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present, can have a thickness of 500 nanometers or more and a peak
positive ion concentration Cjp~k which satisfies the relationship: 20

Cgpmk/C;ixef>- 1, where Ci/p ak and Cj/Rf are in atomic per C:
WQE&?’%ﬁqu as set forth above. In some cases, C;jp /CyR%rLQ Vf{ﬁf%g@&%oﬂ%

greater than 2 (see, for example, the2&+ pile-up region of Figure 5B
below). The one or more pile-up regions, when present, are located in the

LAl resent, are Jocated in !
b IDIRE S 51 SR MR EANANEHAR S0 @GR PR SRRy

redugiagithe typiestipstaisferstine falutiendieiprdtaze sTploebiakstep (C1(SB,

bondﬁ{pgdo?ﬁg]fﬁéﬁiﬁﬂﬁ%&q%@@gamg 1 3R Fea ¥RBAK sk SR o WS on

xpjk i1s the distance of the peak from the second bonding surface and SD

moveserf. dBRsHe R dovdo i of o onrbavical B Gon/ 064 it Waslryhe
bondfASe Qi NNR HaBESEPHRIING Alkaipe-aarhiensd ihashesn fowedman

that by “reducing the processing temperature, time, and/or voltage .
mos%%%&@é@ﬁ@%mﬁe%émw&L%ﬁk&ﬁ%?ﬁf%@& @%&%&%ﬁ’%‘&%
struchReachieved with esseliathenroabsesailen gimdoramentfaneyeceRisg of

bonding is of the mechanical type, e.q., van der. Waals type 5 bopding, as
the S SRR B VIS BOROTAGE S B0 R TG LR & B R e teae
devideaforiimise achiehedilidtn it avemém! Al so Heapaleseed ¢adksiments of the
: epletion region, the.resulting,, strugture fer f i ove
v B R e L s S E SRR O MR
betwem\ifheéttm@)em@uﬁe@mpan impair the functioning of electronic

det@%%&t%ms%%@glé%ﬁ%@'&%&'ma GG dipalyi10-{Be JU6Iered, (C) can

embodiments of the 10 invention, the process is performed so that a

also prepoNIIBEIOFFE TR AR O WS IARITAER CRBtREEoRSYINeh hagaiswgface 11
and SHOREAUSS 1 %q}ge&ﬁeo&k@@%ﬁmm%@ ﬁﬁ?@%ﬁ&&iﬁ%@d@ﬁﬁéﬂ@n

regions, step (C) can also produce a hybrid region 16 of enhanced )
termupg) geefEericcrmatR M dRTSayEmE at Suriacace s aReca R S fowhraatially

singleapaiationzonRdd.riigdhigkness SH of this region can be defined in 15
terms of a reference concentration for (@(n%gen at a reference surface

withiFPHRE IS B STERER MY & e LT SEITRERTEOATRILIGR FatERAP Which: 1) is
within the second part of the first substrate, 2) is substantially parallel to bonding surface 11,

and 3) is separated from that surface by a distance Dy/2, where, as above, Ds is the thickness
of the second part. Using this reference surface, the thickness 8y of the hybrid region will
typically satisfy the relationship:
8y £ 200 nanometers,
where 8y is the distance between bonding surface 11 and a surface which 1) is within the
second part of the first substrate, 2) is substantially parallel to bonding surface 11, and 3) is
the surface farthest from bonding surface 11 for which the foliowing relationship is satisfied:
Co(x) — Coer = 50 percent, 0<x <0y,
where Co(x) is the concentration of oxygen as a function of distance x from bonding surface
11, Comer is the concentration of oxygen at the above reference surface, and Co(x) and Comer
are in atoric percent.
Typically, 8y will be substantially smaller than 200 nanometers, e.g., on the order of
50-100 nanometers. It should be noted that Corer will typically be zero, so that the above

relationship will in most cases reduce to:
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A suitable reference surface is, for example, surface 17 in Figure 2B
which: 1) is within the second part of the first substrate, 2) is substantially
arallel to bonding surface 11, and 3) is separated from thg
5%?3?{%915%/2 where, as above, Ds is the thickness 20 of tﬁé%s}{e%%%ga}lﬁ%
Using this reference surface, the thickhess SH of the hybrid region will
typically satisfy the relationship 5H < 200 nanometers, where 5H is the
distance QPK ee ondln Qacg 1 and a surface which 1) is within the
second p the fﬁscen éﬂe 2)%s substantially parallel to bonding
SUHabe ddbeatid Bx)stsuﬁﬁ:ﬂdte Whrtﬁhoe Sittne st fedranlionaing entatets Wwioch is a
hic ge foIIo relation h isfi % G f>508& r
s111ca\3{3aser2l gﬁo Vg S % B sﬁacg 81dmo(%g ﬁer Q{&E &8 Work

IS the coficentration of oxygen as a f’unctlon 0
formelistarie)y, memﬂm@@fm@hﬁmmm teutihe Sermeeiatizadors afrogion

whcﬂ’%%%@%fﬁ&y%%‘& {3 r‘?ﬂf&% &6%?%@@9&8&&&&9:9@%@@ INALSE:

percent. 30 Typically, will be su stantlally smaller than 200
oxidesenioheandins-easpd 6lher Fa¥rS$TaH100 nanometers. It should be noted

thap, Galeiuill reicallyuhaszanas 30 thatihe. akave.d elaiRashio wilkia 518states
cases reduce to: WO 2005/029576 PCT/US2004/004746 26 Co X) >_50

whichardarted 3 sep BRI AMRELASP oG STEans L MNP S Tt s baked
an i@k S $EERRG GUBSHERIG SR SAnpilies asel gless ngia%p@aram@gmn 23,

con%omgﬁap e)’gémore other oxides, eg& such nelrg\fvork former%las B203 of
and REYHHE0 BRATL PO B IR Pe%]i%ﬁo R SR A Y
the dmtu‘x:bdgerowmsds;bﬂeamm@ene g., silica (SlOZ) but does nofcontain the

. one or ore(oef(%r OXI fthe ég%g %‘5%8 %??é § mjc. 10
5tan

summaryeps Qrans orms e |nter ace etween the second
tempeisteatad theiott mfbrenetlinaste ()5 yidbnathnstingbbiording sendeatedifom

one YSR,B0 é@&%é’&fﬂﬁg %éax&@ﬂ%lgamt@g@%ﬁ%g'9&@%&9@3%@&@%&@0@&%

comprises hybrid region 16 and depletion regtr;n 23, 10 and may also

this sssfatigmlgedee pazerord withrraliseuting fm b bptvegnoihs ﬁfqu»féi\ﬂeh@d the
secofld Shscisialedas ohthadeplaiionregion AlGicieRtGh. thehandeddirshe

and second substrates are cooled to room temperat nd the first
SGP%%&E’G%Y%&R?@W%%%éﬁﬁﬂé‘?ﬁﬁg%’fé’%‘f‘é @é’de??a‘igﬁl?r  Berate 10

awaphRethenhacausel haiweakopnagobihel separationzonewhichoesurs), since

dunggcoctﬁglgr,l%ﬁose parts will have become completely free of one another. In some

cases, a slight peeling action, like that used to remove household plastic wrap from a smooth
object, is used at the end of the cooling to separate the two parts, but more than this is not
needed because of the differential contraction of the first and second substrates and the
resulting weakening of the separation zone.

As can be seen in Figure 1D, the separation will typically result in part of separation
zone 13 ending up associated with the first part of the first substrate and with part ending up
associated with the second part (see 13a and 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 2 new second substrate. Such polishing or other surface
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15 this separation can be performed without disturbing the bond between
the second part and the second substrate or damaging the second part or

wihss85RR4, substrate. In many cases, the separation involyes- iRl eo4 746
moving the first and second parts (14,15) of the first substrate 10 away

from one another (e.g., lifting the second part 14 upwards as shown in
Figure ID), since during the cooling, those parts will have become

treat:BORRDISION 6% 9F 18 BROL LSRRI £AHRS (A BIGRLNREIAY ACHRB: to
like that used to remove household, plastic wrap from a smaoth object, is

its usg 4 s MARTEARPET Phe LoR R (PR rAE RS HEHARS Bi¥iShore than
thigimagh seedat hecauser-aidhadifferantizicoptiaaiomat e (St anel step
second substrates and the resulting weakeni f the separation zone.
Clas ettt e e
separsEpgriation ¢ 25 zeinegrbIlentisigupsassot mibed-avithrtheifiesb par afcther findtile
. t nd wit i jat ith the secon rt (se
cont L e e B AR e P Wi
appligdtipresmnen Fudescpreativg ranl sufaseslof thddizse and werdhdysaretp (C). Ina

comPLRIMCRE:RY L5 SRDALAION,{ ??ﬁ’% SR IAUOPrS WIRGRSAMAN G ISRANR the

as is or may require subsequent treatments, €.g., polishing, etching,

overglbprpRpsutesPpiditel dks PoteRansiolsHbaB end aeraing Fraditions, the
bondSUDSIRRATRNQINERIHREIOME! iR RValalbRrREas e OlRIGR: SR actnd

of first part 14 may be_subjected tg conventional touch pol_ishing to provide
parts fobpmadrped s rdditeRal TpGrdmg RCssieneds contragh Ly dgeiop
deplcbushrpelishingar-atherisdsiace WO 2005/029576 PCT/11IS2004/004746

27 treatment I iate for th foliati face,of
O BT A R BT @ B TR At
strucargther dlestrondcpeevicé i ktatigh genedathbsioitprede rednigeascain further
ive_of int ' t ' f | iall
P B B e R B R 30 oo
for exereplechg troniisting the Trsnandusboords oty atmsriskitives eoong Zemotier,
separfiie pRRBLNUAG:A-SURRCT D SURSHAIGS Q.5 GlEvalar MRS RIS :B0uent

electric field, and an” applied pressure. Such separating can, for example,

use s YFarPIar e (RYSHEH BiBpICirhsabeHfmercial setting, such
integration afsiandwithhsiem(Gionayhe slesiakiele SARHRRINE used if

overall process, e pgfcéji]aél%g for a particular set of substrates and .
C §

delargiafion g TR ML AR BrSiraTEs Brsestfisaly:
delarfif@tigneneugbuiar sepatation gf ditcfisstandisecosrttcpatis feheamal expansion

oroB SIS A 0SSR G e PIOConR B SO Ps cce
when SOI stmctures having large surface areas are produced.

As shown in Figures 3 and 4, to address this problem, recesses 18 can be formed in
the first substrate which begin at bonding surface 11 and preferably extend into the first
substrate to a distance greater than the depth of second part 15. These recesses form isolated
regions 19 which can expand and contract relatively independently of one another. In this
way, high stresses do not develop as a result of differences in the CTEs of the first and
second substrates as those substrates, after bonding, cool from the operating temperature of

step (C), e.g., 450°C for glasses like CORNING INCORPORATED GLASS

' COMPOSITIONS NOS. 7070 and 7740 used in various of the examples presented below, to

roorn temperature.
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As noted above, once the first and second parts are separated, the
resulting SOl structure, i.e., the second part and its attached second

wSYhsliate,gan be subjected to further 15 processing as apgrenriatedoss7se
the intended use of the structure. In particular, surface 13b can, for

example, be treated to remove any r3l§ghness or other imperfections
arising from the separation process. Similarly, first part 14 of the first

substratecam B@aﬁ&ﬁi&ﬂd‘ﬁ&ﬁ@ﬁmemﬂlﬁe@ﬁhﬁﬁﬁ@&@éﬂ@&nﬁdﬂﬁ‘ﬁﬁor

(slightly thinner tsubstr igyres 3 and 4 illustrat odificatipn of
maie“tﬁ%%f%ﬁ&ﬂ%gi A e B SO R A CTelBbmg Fprocess
of méhevﬁmmrudme@pmdtﬁmswate&msa concern. Specifically, delamination

ecur if ther |salar fference in t eff|C|en of thermal
e T L SR oy A ot L S0 SR epively
well giashed&natﬁmtoftsdmmisehmeur Mbnémﬁ@la&mdmemﬂmm@llaxgb surface
. as are W I85%
Wlﬂlp em recess §b gr?]b (é gln 25 fcgg? rgtg%l%igﬁate ﬁh?csﬁbggléfl%%
flawsaffbe m@wignstdfﬁe@mi o Prefst ap fpegtessainis wiefihs snlatatsudage next
to m@ﬁ@%@f%ﬂfﬂcmﬁﬁ@ﬁag&@% gtsegond part 15. These recesses form

Isolated regions 19 which can expand and contract relativel

indéysententiFsrone Bremlareitmshomlemighsiraises gﬂﬁﬁ%@%lhgated

undeRs @fentiafifferancesindbe: Ghifssiof thedirsirantiserentdisubsiiates

as those substrates after bondl cool fro he o ratl erature o
tempgeyE ) he S RB eI aihsé HRETES %@ﬁﬁ#ﬁﬁ el

10°COhASRY GQMB@&E l@dNSm%@?ﬁl@ﬁfmﬁ?@r&ﬁmdﬂmvacmmbfoﬂmglass

e AR S DD 48 2L g ATt RE R St P

wafeadibao mhbasﬂdmmsdﬁdhownhm@elmtmﬂtbeﬁm@nw@u@gtﬁdtmnhbéi

an alk I- contaln in jon.can
fayen bsgpgrracg ced as foﬁqgg\/@g?rg{t)&é%?agsﬁ%%ﬁ alnlr%gag ésj’r‘ina %%e%ée%%agg%f

tempetibtidchf et sanstorihe rtleis sivbdizathion cocsThar spsimeshard
mccﬂﬁ?@ﬁ nrAsHCRN WAL Githervithaut-an.oxide ayRreEMH 8- RneXER. is 1-

layer (See above) is implanted with hydrogen lons to generate subsurface

50 priaderiipein SRR PATETIS the & Jres I Bhe GIL0PHaRagaT fauses
breaid}ARtEd sutfapgrgext to the glass wafer surface with spacers in

oS HEE R AR DL & SO EnT i DEPRch & GPATeRt it
clecttbe:0lag hwalersheing hebteckiatbvhigberode. The application of the potential
difference causes the alkali ions to move away from the Si/glass interface into the glass
wafer. This accomplishes two functions -- an alkali free interface is created and the glass
becomes very reactive and bonds to the Si wafer strongly with the application of heat at low
temperatures.

After the assembly is held under these conditions for some time (e.g., approximately 1
hr), the voltage is removed and the wafer assembly is allowed to cool to room temperature.
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 81, 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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temperature than the silicon wafer. The temperature difference between
the wafers is at least 10C, but may be as high as 100-150C. This

»W{ﬁm&%{%t%e differential is crucial for a glass having a CTE }5%94;%4746

at of silicon since it ensures separation of the Si film from the Si water
due to thermal stresses. Without the &pplication of the temperature
gradient, the Si 15 layer separation cannot be performed without damage

.10 the SOI sir I ratu ifferengial b :
T By I canlative

first lapplibees tingl thbanvaipiicisd aamsl strrsprisrealeapras Ut P fssidissgssed
abov&%ﬁ {GRTIOPOL HENRILPIBSIHIGS 1R Hot BESSSHESARPY 8bPR RS can be used

typically causes breakage of the glass wafer. 20 A voltage is applied
for 2 yerets AhBUPRREE JESRHIBS AR RIPRoEISTOR ARGTRR NS BY&E PRSI ERIMS and

semidBgaglasspiaigriat the negative electrode. The application of the potential

difference causes the alkali igns tg move away from the Si/glass interface

AT AR R R S e S
invenfitariacreisrotaten anchihpildss lbpadinete\erynébotiveaadtitndgtehown
) the,Si wafer stro with.the application of heat at low 25 temperatures.
eGSR R e e R G
impiaammﬁimmtpiyc&s,mﬁmhé&bhéghai&mgv@mmwam astemnisgisss-
cerargi SRR ROMIBIRRIAIIE, dlie:sliplerand I0eoiassnalRicn

are then separated, may inc some peeling if they have not

includhetdyctrecomsing prifsta) frate 16 whishravgraselyarsh wilteathsmAing ot
secomdslifstrat0 20 RS EadAlASSSRLNAEMASHISCUISRBARPRY ¢e. 1), GAIERH)

applications of the invention, multiple SOI structures_can be formed on a
substspiesansbeonalfgiers Figites coranimwbsiyniethenhieraton e amlisgion of
heat YWPLRAH P10 FETAIIROH QM AAE: 02 D iH BRI Destllay eEiiRgIgsee the

., second |layer assemply 50, where Ai, A2, ... A§ are repre entatiéf first .
mid SE i) s AL TR G B e SRRy, S Gy coremic
althol@ytetSerA smalisstins ednibans dbenpeitians.of seoerd layerdRaduilipheare tnt

ssociated with.a first layer can be used far a variety of purposes, . .
com g A S 0 S ST o1 et B Lt B Bt it
attachednienhandtetonftermtssdpryeiel 10 shdws thedtrrmbioTomctiee (see the right

application of th ts,0 ' i jon of
b L B e et
semihemibglartidfhedigraievmplanted semiconductor pieces 10, e.g.,

hy%ﬁf%’aﬂiages of using a tiling process include the ability to provide large glass or
glass ceramic substrates with substantially single crystal semiconductor films without a
limitation on size. For display applications, the size of the glass substrate needed is often
larger than the 300 mm diameter of semiconductor wafers. Similarly, photovoltaic
applications also require large area SOI structures.

Tiling also allows substantially single crystal semiconductor materials to be placed on
desired sites on glass or glass ceramic substrates. This ability allows placement of high
performance semiconductor films, e.g., silicon films, m the areas of large 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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implanted silicon pieces, of the desired shape and size are assembled on
a glass or glass 10 ceramic substrate 20 in an initial assembly step

7%0%/5‘2?%?{ referred to as "tiling," which includes the caselg)éﬁvcg%[%gﬁk
strate 10

which covers only part, rather than all, of a second substrate
20). The resulting assembly of multip}¢ semiconductor (e.g., silicon)
substrates and a single glass or glass ceramic substrate is then subjected

on thc%g)%a}%n%%?%%g?e% AR BISCIG RAISIALINNANGANG SeRIBRAGNE Ay

ss or glass ceramic (see the 15 middle part of Flgure 12). All the

be cos@n&le@hﬁ@t@b’@b@@@@béﬁhﬁ@%’@l%‘é% pigsgste srsrely A feRgHamEher
Figurl RS 50 LU IRHO %ﬁ?&!ﬂ%@%@%ﬁ&&ﬁﬂ&%ﬁc&ﬁ?%@éﬂ% mqg@@l&ra to

completion of the bonding cycle, the semiconductor pieces and glass or
minitgiae e SramirREReH 3§i§§€ﬁ’éﬂe§8?mconductor film are separated to produce

the;desirerb SRIHHINER (asadherfight tﬁ@ﬁﬂr@%ﬁ&ﬁmm&cﬁbmmﬁﬂﬁm

Figure 12 also shows filled een semicon tor films (see
or R RRFORARCIVERE Y Hgﬁégﬁ@b@? iy SRR SR ek
condE@VidRIarEe: gnsSieh HIRIS cenppin smbm:ﬁemmwhgtm‘mlﬁ@ngbe
soldegg& Isg{}rg%%?%sduc rf|I astgwthou acékgg t|o %C?{%eofg(g é@ﬁ% bea

SS SuU stra arger t
metallisil30M then aiainetiee aﬂmmﬂ:whm@m wa?et:sn@mwﬂgesp srpeLtare. 2?5“he

sermi& :@“C?tlon?c SO TRANEARIBG A6RLIHEIER THRG A TR MR ple,

Stantial single crystal semiconductor materiais to be placed on

hydrefssi neasme@im@m@ Shaytlass eoRlath CUBBIE R ESTPHIQH BRidFENGREabove.
Afteﬂ!%ﬁﬁ%%ﬁt&ftﬁé%@nﬁ’ﬁﬁgﬂaépﬁﬁﬁ%ﬁ%g WelBEfirdeadnigiiaandt 'ﬁl@cé@ the

the areas of large substrates where drivers and memory-circuits ma

expoftA c&f HAPmEETAcRAS e s 1ePEaeier Bigcehfre s eRBstR SRt e
polisBEMICANEUI QLA iAo eHIG G RInMNaRI WiliRlewpomiteNdualos process
substrates are tiled on a si E%{F?g glass o glass C %J ri%%%substr%[e the ductor
with gRQthNE 8Lt e i e 8RS EOH R 57 §e&eﬁ1i fi U6 et
p1ecé§@@&ﬁd$1é«é(ﬁc2wﬁ/ﬂ2&5%d%ﬁaﬂ Hﬁﬁ@ﬁﬂ%é&dﬁu&)m&ﬂmp@oﬁ ity ofing a

thesemlconductors trate |n|t|al ass proxi a
COﬂdB%“EfSﬁﬁ%?Féf&%y% |n|ng e laRe SR tg%%(?ige%%ess to)%r;%eg%re%xﬁa

cldﬁéemg@trtée sﬁ@hgep:t Mmhmmmmdaytm wbﬁ@h atrebedyied sfith
semlco icon n{d i Esd{ge%}/epe% ﬂ%@g hingd 1o, MinMizeHh e 9aR-REUERR ate

Jacent pieces. 5 Figure 13B shows another W%to perform the tiling

us1n@§éf@tmmihew&ﬁphsme@@§0@peﬁe Biere e sBatieSheItretdigRsgby apgrere the
AleAesRmRled A desred RallerR AN e s RORAREIBA gaps removes any non-

conducting regions from the semiconductor substrate. After the gaps have been filled, the ion

implantation, bonding, and separation steps are carried out to produce a continuous SOI
structure having two or more substantially single crystal semiconductor regions separated by
gaps filled with amorphous semiconductor, e.g., amorphous silicon. The right hand portion
of Figure 12 shows such a continuous SOI structure obtained by gap filling prior to bonding.
If the deposition process is carried out at high enough temperatures, the amorphous
semiconductor material may crystallize to produce a substantially 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 siructures are to be

produced.
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conductive substrate 41 which acts as a support structure. The bonding
can be done by soldering, brazing, or use of a refractory conductive glue.

The support structure may be a metal foil or other conductive substrate
WRHEH®R&H withstand the process temperature. The 10 semicohbeaiye4746

pieces on the conductive substrate arethen implanted with, for example,
hydrogen ions, and bonding to the glass or glass ceramic is carried out as
described above. After separation of thetggmiconductor films %m the

boli 8 BH tHENERECONTRIE B BETE: B PBEE SR St S Hf 11y
descifvedsermieontustaizpiesasian the conductive substrate can be polished to
f , implant [ h 1, th i
BRI R N

ss‘ceramic substra
secondpeatadnnstecayding GeRiSbvifletopreieced. des fiobwedd e e, ToF-STMS

is  JEASSCIRIRA.F3Ch A6, A0 SQLSGH R BAgHGSE LIGNI0A B atoms
conductive support is particularly useful when large area SOI structures
fromahe coisenos diroeis layaediretes-small gaps between semiconductor

pi i | i&P%H’:H fonaletial Al Lihe RierRS AR ond
bgﬁﬁggﬁgﬁﬁﬁ%ﬁgﬁuc ive %tgbstrate 20 using CVD or other ey

ions gERsSROR e SELLEN S TIRAE A SHETHSRA & RS GG BB SeTRIRF e WHEIE g ime-
ot Afliechaans aretdentifierhy sthedeisrencartinpered irillind.cf atiaarstheir
removes any non- conducting regions from the, semiconductor substrage.
velogk s, GHA e FEEVETHEER! IS T RES OB IR ORGIG PAFGPS of fons of
diffes@parnation stiepsrtecafiadioutdtriprodite ancosftihe dishSOhesTUBISIBAS is
ving two.or more substantially single crystal semiconductor region
ooy AR IR RN CoREBRR ey g e
distrAmttrpbbtiesilieomdiheiighétpadkporibitiafskifuetct Zheh WS suctes. Pulsed
ontinpeus SOI structur ai filli rior i
oGRS S0 RE A S R D bl
betwaenqrphoussise micoretcleeiteriibamay crystallize to produce a

subgiRriRtl wiRgIe cLy SRl SR cRDdBe QR il QL the 8lass A dlassition

ceramic substrate without any B‘gaps. Again, these 30 aspects of the

becapgcheigrelirgssaridhany it Whepragechrsse Soldtn aidhssHiactobe

insuREOLUESR. B £LBAS/RZDSAH Ffed Ida2 BQANIAG, Jalkthouhdttangingnitient
to limit it in any manner, the present invention will be more, fully described .

SO RGN He PGS SHPLS ATERER BRI tsine

a TRIRTfile sebiaisgcsing dine: ofyflight cabEbnrdanidgimmasdspaeimadiy A low

(ToE-SINS) are presentcd, As known i e ot TOE-SINS. 55,8 SUTAcE i, o
oner §/ &ed lque%ﬁg}l UEES BN fon Deam to remove small Aumbers of >
smabitnes of the sample was cleaved to fit the ToF-SIMS sample holder (~lcm?). A S5kV
133¢s™ beam was used for sputtering in conjunction with 15kV, 600pA ®Ga* beam for
analysis. The Cs beam was rastered over 5000m x 5000Jm area of the sample; the (Ga beam
analyzed a 500 m x 500m window at the center of the Cs-sputtered region.

For each of Examples 5-8 and 13, two types of plots are presented: one type showing
the variation of SIMS signal intensities and the other type showing an approximate
quantification of these intensities to atomic %. The nominal composition of the 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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from the outermost atomic layer of a surface. In broad outline, a short
pulse of primary ions strikes the surface, and the secondary ions
wpreeiaeeshin the sputtering process are extracted from the sampleguriacss
and into a time- of-flight mass spectrometer. These secondary ions are
dispersed in time according to their 18 velocities (which are proportional to
their mass/charge ratio m/z). Discrete packets of ions of differing mass
deternikR dIBlaBtRCLAS RufunetieR Mitine bt thel efichobiiperflight tGbesToF SHustion

is capable of detecting ions over a large mass.fa a r n
S Pt e s L
could tesaiitenst ol fiettet. tTans) 45ndicredsn Pigesd Shibratich 3B 1Hee gepiizyas

beam allows. insulating surfac 0 le i :
wen SRS RAISINSEEgEs e some i agualia e
Figurahe(Zkethep S Orstniotoienepronfucedern g ithesifearion doceilzsppeximate.

a ljééo%l?f%ﬁaﬁ%ﬁg med.yithout ansharge buiksypstihe suktage of

insulators. Two ion beams were employed using the dual beam strategy -
sequenefeOfoRY§E&rmittent sputtering and another for analyzing the newly

crﬁgted RYfacsyARalyels wasqesfaimed using 20 a TRIFT Il instrument
manufactured by Physical Electronics, Inc., Eden Prairie, MN. A low

etﬁ%‘rgy S fHTas used to sputter in synchronization with a pulsed Ga
beam formaalysissiAcsmall(pigeal aéthe)sample was cleaved to fit the

ToE-SIMS, sample holder.(- em)..A.5kV_133Cs+beam w f

spgﬁ}teri %ﬁ?ﬁ]ﬁgdbr@fﬁfgf W(%%I%‘éé }re f%%e o%r%uﬁﬁa%l%g% Othe
Exanfol b8@am was rastered over 5000m x 500 Om area of the sample; the Ga

beam 25,analyzed a p00m .20 ﬂré- W06 CRREL0L Mk ample 13

Cs- putté?léfgl 1g?ou. 5?@%!%%?%%ﬁm% 5@% and 13, tv?/o types o plot% ‘

argpresBasediaspe type showing the variation of SIMS signal intensities

and the OderyRERIOWING ANANNPYMAE HapiiicalianaldRRes such as
intensities to atomic %. The nominal composition of the base glass_was .
slicnpsdct s arEiAT AP AP ENIHTRERSH SA B i (RISREEERTRS QQ%W signal

is dudaGiak pRetheds B0 The: ipRisianalstrisrd et gpd OhiheiprafitenrenSTMS
taken as caorresponding to the bull: glass. The ratio o%é'oq.inte ities
S

quantyEiRS oS RSP OB EATEI R RS S X BB R S A Gaddn 5 100 2t &
wherSATRONEN RIS BEpreSinEhEINBixnel droanth el tve depis tigmidtenithe ger

Cs beam was WO 200 /(%%9_&716 PCT/US 004/%0 49 etermined by
by mefg Fr‘i’gcﬁ%é’ éflearngZ% ‘atthe end of t %Xﬁp%%lzmerﬁ. Eigﬁce t%’s
workcialbraticherabg nedesitgah¢redphitsy if neiforhratroof wrs Analpeoeandeptp,
usea 12 (HEKN 0 ALEACH VAT SRWd dssomential, diferentprus, as

indicated in igures 5B through 8B, the dépths, as o ) .

In the quantified plots of Figures 5B through 8B, Si distribution is not included as it is

the matrix element and was not quantified. Therefore, the intensity plots, i.e., Figures SA
through 8A, show a better delineation of the various concentration regimes across the
analyzed depth. The depletion of alkali leads to higher B, Al" and Si" signals from this
region as reflected in the intensity distribution plots. However, for this alkali-depleted region,
no attempt was made o correct for the loss of atkali 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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well as the atomic percent values, are only approximate. Although not _

explicitly indicated on 5 Figure | OC, the depths and atomic percent values

of this fi%lrjre are also only approximate. Each profile of EX%E’P/FS? ;12}0@‘{1](25

W WA Kcterized by the following general sequence of layers: fr%

Native oxide on the surface of Si (2)3Silicon film 10 (3) Interfacial silica

film (hybrid region) (4) Alkali-depleted region (or alkaline-earth depleted
EXAWE% T the case of Example 13) (5) Alkali pile-up (or alkaline-earth

pile-up region in the case of Example 13) (6) Base glass 15 In these

SN %-tehispetieahoihrnSiertd siiscare viss ivEirfiomisiaues WAl
"silicolGAAPY glansregionsdhat 190 thaslemaniahRifimn Thisqrhancement

[
of the SIMS signal is dye to the presence of ox%/a;n and 1s a well known

KeV gka e eireion ik Ghectdony SIVISIgramtmestishy T1adabifecomn temperature,
jon iRBHAISEIAIMLMERecayse Slshsrs A nishsilisnnofilmds. 190 atPs S Jaberdas
l. e

the oxide is only 33 gt% IMS signal from the oxide is significantly

and 2| 3PSE LGB0l thaCaniSRICRSr ephtaided froeprdksentenst §16gRasaE:
NH, 188, svHacs:inareanes therwark fungtion here raducnghe prahahilibhed

__of neutralization of ions by electrons. We used this effect to delineate Si
silicopgraiemaprroRifeisGin oS ptfsepranss it auiyakntrrsa mdhsr
phospigHieacpRBathrgegh 8B, Si distribution is not included as itis the matrix

element and was nqt quantified. Therefore, the intensity plots, i.e,, Eigures
S S IRDAGER Show 4 BeRe R ANRRTB RO Pl VAN S COREL Ao
rinsefidgitiglag rossrhe alanbly 268.depth adiddod 6 dletia e Atdly ldads tedigher

. ...Bt, Al+ and Si+ signals from twts region,as reflected in the jntensity
disti qﬁ%tﬁ%tueﬁ’o%gpvl%stég ?géj\?\?’é:\?ér{n for 1his %%za il-lggélaél%e r(e)g%inﬁo %EY attempt was
mdtle thrcowelt forthmdoss GIRBRANSIEMENIS RIDRKE EDEEAtation of B,

cow@oﬁ'f*ﬁék %18‘.”%769 '@ﬁ%&?&%&%%%ﬁ%%ﬁ%ﬁt%@ Risteddegiondorthe, o, gio,

alkaline-earth case. Each 30 broadened due to

27 whpuBeintifioec dhirRgEdN O wobELe208 e PCOFRIS 004 726! (E'[E and 2
resisé\? -ir.égkllg#ior%%v% %%T?:#ﬁi%mpsfﬁi&% er (her_einaf?er referred to
g a thickness of 0.525 mm was implanted with

hy@hoggasiorafat'es Hevdina Sonueritatihaaextioranons e Ziugihg
comg&@g?@{ﬁéal%@fﬂj@%ﬂ&‘? A IR AHFR OTEC bonder (Model SB6) with
spacers placed on the top surface of the glass. The spacers were brass and had a thickness of
about 0.1 mm. The silicon wafer was placed on top of the spacers with the hydrogen-treated
surface towards the glass. The fixture's clamps were then engaged over both the wafers.

The fixture was then placed in the bonder, vacuum was applied down to 1():"3. -
millibars, and the wafers were heated to 450°C. When the wafers reached the desired
temperature, the spacers and the clamps were removed and ram pressure was applied to the
wafers (10 psi) through the bonder's plungers. Thereafter, voltage was applied to the wafers
through the plungers. Specifically, the difference in potential between the top of the Si wafer
and the bottom of the glass wafer was 1000 volts. The (V; ~V,)/D ratio was thus 6.55
KV/em.

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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5 ion implantation techniques. The phosphorus-doped silicon had a 0C
CTE of 24x1077/C and a 300C CTE of 38x10-7/C. The wafer was

Wg%?}ig gsf;g)m SiliconSense Inc., Nashua, NH, and, as repgﬁgg}@ﬁ&ggmmé

manufacturer, had a resistivity of 1-10 ohm,cm. Boron-doped silicon
wafers were also used in various of tHé examples with equivalent results
to the phosphorus-doped wafers. 10 A 4-inch diameter glass wafer

havingsddiniakhess ofilaninglueswehslied bodatargael Finsed R disiledsired
ater, spaked in 10% nitric_acid far 1 hour, and finally rinsed again in
s AP RS hi L SH RS dE R R OBATYO ot o
achieviey bEbeg dethwadferscascked dendf3EiaMNING INCORPORATED GLASS

CQMPOSITI NOQ. 7070..0n a weight.percer sis, this glas
oS Rt e sl R B S IR S s e
the sikgrm. WS w300y temkd 26t T¢ bahd latresistivityaphiblitd D rafarat
resuitgé%@aﬁﬂggf ﬂé@ﬂrﬂ?et\;éé@gf {'}M?ﬁé W&I il Sp%@&?gzég ;i,fan]:% Waef Mout
__ subsequent mounting on a chuck “connected to the™negative supp%rt of
with RO SPPSEIMICROTEC bonder (Model SB6) with spacers placed on the top
rxAasriace of the glass. The spacers were brass and had a thickness of 20

about 0.1 mm. The silicon wafer was placed on top of the spacers with the
ht%%ﬁ’é‘??%ﬁ%ﬂf Exrarle e arare g mespriatia imesvaaimpsloss rad

siticoth erengabediover hailrthecvaipesivilie Tedpynan thenRIBERAAR IR f the

bonder, vacu as applied n to.10"3 millibars, and the wafers were
e e e R ik S e o P fOFa FEE the
silicospefer sftmdehinglafipsdiférentabyeth ardy achipres surewassgnpiied to

it YRR R PSS SR Tl o

was appli
repregenp Bre e datwvece the rbpgirtasihnafbe tamgdhibstto thedbdtiengasice of

the glﬂ@%&féﬁ%&@@@lt&? Us-rI 60l VAV @@r}"f%!?ﬁ%lﬁ%eg}? gﬁ;f Veé%ergipgrha%nes at

wafers were held’under these conditions for 1 hour.
surfacesdd apdhdindigyressire, and voltage were all turned off and the sample

wastaitowed #0 corkfRhR:Pefied 0f 2:3:88 %ﬁ%@%@%@g%ﬁgonﬁ guration)
PCTIU_SEfOO /004746 34 It was found that the Si and glass wafers had
and the SRREPSHF SR, TS ETaroth e e e deparati o R I sleasersr Wi

successfiflity ShéilnedromhihesestofitaesticonsbéonePildn obhe RN ¥aHermal
g b%caﬁluse both wafers cracked uring sedog&tion. )
ifferential iS ecessary in générating a glass-Base structure. In particular, the thermal
stress generated by cooling from 2 thermal differential is necessary for a glass wafer having a
CTE matched to that of silicon.
The SOI structures formed using the procedure of this example were suitable for use

in electronic, display and solar cell applications.
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The experiment was repeated a number of times with the same result.
The glass and 5 the silicon wafers were strongly bonded together but all
attempts at separating the wafers resulted in cracking of both the wafers.
WQ&PWY%%W@ cool down period was investigated, but with nd SGECEEEH004746
EXAMPLE MPLE 2 The experiment afEExample 1 was repeated except
that the two wafers, glass and 10 silicon, were held at 450C and 400C
respectively. This was done to take advantage of the thermal stress
EXA&@ﬁE‘E\f‘ed by the thermal differential to separate the thin silicon film from
then silic exnurplie tiadter wafdings Thet difiesé ntidl b eating wiasradhicvkdday
selecting the temperagures of, the force- ing plungers of the honder.
sopas el FE AU, AT S e AL B THE Pl Rgeerned
wafeamdstiusithasndparhthce stettredso ttb Bxsmnftce widBtecgiassiwalsi kydr
t e.slli T [ ' e t
o A eI 0
between thcroavermdotlash v gans OrelsA g tikiiens and the remainder of the
SiyyalerRre 8asiy-3eRaFateth R MR R HaS S MARIMAS 1arce wafers

successfully obtained. This result indicates that the thermal stress

wherg arBesel Spantiosr FRsFrgherrten facrrlassadibm dnaesitidy to lead to
delarBiagsohasethSQhsHpC B (Haktisslas, the thermal stress generated by

cogling from a thermal differengjal is necessary for a glass wafer having a
e B T BEEESR TS0 St E dO Tt g o
pattepiGadchupeodiitbis exapiidanés e fuiliadle Theuse indlectivniccispiayothe
. olar cell lications,. WO 2005/029576 PC1/US2004/004746 35 ...
e R A G AP LR L e A e e
be dapbsiteiiian stadas sepdmpeddresntdnk anotvérifheisieandsweserabofithe
: lIcrons. in. diameter, Thi r r Tolal ted and
181a‘mt%;én téesr%[rloggg%éo E&Sa{rg%%%@v%g% Elgléqé %Btgr%a%\g%rﬁa% @Srll ajgg" 5 about 0.4
EXAMBloRd thick onto the glass wafer. An SOI structure with an excellent
bopdl. befueen e BIdayer adolasswaleriias Beaintkimilis At ed Rifoss

island technique is expected to be of particular value when making Iar%e

the Warsrsivibe @ sethe e Basahdid RrhismhitRIbBNedinathay hssppiisthen of
the voltigMesiikpiiarieal to delamnatioprarofiessgamage to the SOI

structure.
EXAMPLE 5

An SOI structure prepared in accordance with Example 2 was subjected to a ToF-

SIMS analysis in accordance with the procedures discussed above. The resulis are shown in
Figure 5, where Figure SA plots SIMS signal intensity data versus depth and Figure 5B
shows the same data converted to atomic percent.

Depletion region 23 as well as hybrid region 16 are marked in Figure 5, along with K
pile-up region 25, Beginning at a depth of about 4 microns, all of the curves have returned to
their buik glass values.

EXAMPLE 6
An SOI structure pz"epéred 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 i, B, K, and Li curves, are substantially unchanged by the reheating,
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10 The pattern etched or otherwise formed in the silicon wafer may be any
geometric pattern which produces isolated islands of silicon. The size and

the distance between the islands can be adjusted(accordin}%to the

WeHYerRts. If desired, a thin layer of silicon may be depd itETUia 004746

standard techniques to establish confectivity between all or some of the
islands. The same approach can be used with other types of

This SOIEONOUCIONS ASEXAMBLE 4 TG SopeLment of FHamBle L et ve
repelzﬁlgg without the application of vo?tage ACTOSS the walers. In this

stabledeangtforties wwatessintidmbulbordeatsall indicating that the application of

EXAHEJ]YE"?QG across the wafers is an essential part of the process.

EXAMPLE 5 20 An SOl structure prepared in accordance with Example 2
wadearpectaenic bEremp s R saa repaiedinvre s rlasicaaltmgds pfodaBIRNG

INCEHSYRSEEEARAY A SENEdRBISIRIO RN LT IBH S RAVRSISRIGWR R IS

plots SIMS signal intensity data versus depth anad Figure 5B shows the
glass camieridgta TonVerte §18:aldit hér &Rl BepIigtich Merfadhd Weip Ak20; as

well {VREI ERgiaR: Sratoamankiad, . Fidwe.%-abena with K 33%pile-Urrragion
. 25. Beginning at a depth of about 4 microns, all of the curves have
sesisERGIABHID e Bk Hladed e ERAMPIIES An SO Structure

PreRatash IhARSIINBNGRAMhE XAARIS £ WASAIHALRAAGChA VAAHE:, and the

under vacuum (10"3 millibars). A ToF-SIMS analysis was then preformed.

sameFiatef LRSS S TE SHSHTAHEERRAERC A comparison of this figure with
Figure 5 Showsnthalithend ppigtiaandih Hrchyiedians resrweltasthadinBe

. K, and Li curyes, are substantially unchanged by the reheating, WO, ., _.
Figurs o5 AP SR DI M SR s T e
7A sshthwolihaethetSQtistnitturesafl thedfipwertiv) il Heilsiablegthuricg herthen in
this ﬁorogessing and ultimate use. EXAMPLE 7 The experiment of Example 2

\/%‘é%'repeated using a glass wafer made of CORNING 5
EXAMUBJRPORATED GLASS COMPOSITION NO. 7740. On a weight

Pexcashbasis i Glass ﬁ?&%&&%ﬁb@%ﬁ%"ﬁx"é@i@%&é RV 8GR0 1

2.19 wt.% A1203, and 4.2 wt.% Na20, as well as trace amounts of Fe203
howr gpdeKorgih e pibgao)ic PEL6F SY 1 BNsinRgsdhen preformed. The results

are shown in Figure 8, where the same nomenclature is used as in Figure 7.

A comparison of this figure with Figure 7 shows that the depletion, hybrid, and pile-
up regions, as well as the overall shape of the individual concentration curves, are
substantially unchanged by the reheating.

EXAMPLE 9

A convergent beam electron distribution function (edf) was obtained for the
semiconductor layer of an SOI structure prepared in accordence with Example 2. Figure
shows the resulting transmission micrograph. As can be seen in this figure, the quality of the
single crystal layer of Siis 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 1ssue in bonding a silicon wafer to a gldss 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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‘resistivity of 108.5 E2-cm at 250C and 106.6 0-cm at 350C. The same
processing conditions, including temperature, pressure, and voltage, and

WH‘I%?}IQ sape wafer dimensions were used as in Example 2, A 153 P46

ana ysfs was performed as in Example 5 and the results are shown in
Figure 7. Again, a depletion region, aﬂwybrid region (identified by the word
"silica" in Figure 7A and the phrase "interfacial silica layer" in Figure 7B),

ceran@8d B RilCURESQILGAN Re SetpiB, thisifiabrenio R sMVIBLE B:ARiSRvices is
structure prepared in accordance with Example 7 was held at 500C for |
dew%ﬁ}roaﬁdﬁ?%%ﬁmﬁ & HANEF DS PeRMRISAZI L SIAR iR of sitica
and spiefpnmede Thereesuiai ard shefiphiiiigeg8s wheesihe same
nomenclature,is used.as in Figure 7. A compayison of this figure with
Fig DB T e i A Sh TSSSERHD VALTbRAL S%ai
migrathe overalicshapdiofdvehinkwitiualieoetbe affatioheaiiices parformance and is
tantially unchanged.by the reheating. EXAMPLE 9 A convergent
s S e S W R e o
bondisgnfeerriueisrdiyer of an SOI structure prepared in accordance with

EXa0RIS 2 £:9; 28-S 3 he: £RRUIING SN SN S SIONINIGIOgARN, At

can bée seen in this figure, the quality of the "single crystal layer of Si'i
temPEREERE AEPENAN P 190 et S Iaetes pepfbintrieyavatinuéonsare
proccl@38 Rt ehab RN sRole SryRiatlnaiicRnlRkaRRIRERRBR not acceptable.

- Yglass-cerar_nic wafers via thermal bonding without the use of an
e

mﬁgé@ﬁmb%m}%%ﬂﬁa@@mm@é@éw@a%%ﬁw@a

compsiicionsvaitided JasHNoelasS-CpIt GWaiRisthe yiekn kROWR Y ellem
of contamination of the silicon with mobile ions from the glass or glass WO

Peffo%ﬁg/oz%m "' PCT/US2004/004746 37 ceramic. In the display industry,

EXAMPERbEAle, the silicon film needed for electronic devices is deposited on

a glas te after the substrate i ier | rs.of
sil?él} %F%%?é%nmm fide. 8%?%\%&% r%?gr? ion o%ﬁéﬁ#@ %@ﬁo@éggg

COMERTATIM NDSHE ditding dssitsohairecth ta algéissorsgiass-ghsamicte

strajn"ié@fﬁf gfi{b@ggs%qggs@{ion of ions into the silicon which will adversely
affect the silicon performance and is
A 100 mm diameter glass wafer 1 mm thick was polished to a surface roughness of

0.1 nm rms. A silicon wafer 100 microns thick was hydrogen ion implanted at room
temperature at a dosage of 7 x 10*® iops/cm® and an implantation energy of 100 KeV. Both
the wafers were cleaned using a standard method for cleaning glass, namely, a detergent
wash, a distilled-water rinse, a pitric acid treatment, and a final distilled-water rinse, and then
brought into contact at room temperature,

The wafer 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

wazer.
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thus undesirable. In spite of this issue, experiments were done to evaluate
whether such a bonding process is feasible. The glasses and glass
ceramics,}Jsed in these experiments had different strain poj ,

WO 3005020570 . ) " IU%Z
emperatures depending on. their composition. Glasses used in di
applications are 10 processed belowstheir strain points to avoid
dimensional changes, which are not acceptable. The thermal bonding

qgts were thus limited to the strain point of the particular
compositions evaluated. The following examples describe the experiments

whloh enpeemeet fof FrednxX XM repied Tkdrglbisswafle mafsisrasgeade of
coﬂﬁ@mﬁk%@dﬁmﬁ%@ RBPROIERIRAGS A4S MEQSLE LN MO:

. | Iscussed above, is an alkali-borosilicate glass. The .
abovsstisi pominsrbeeglicats slasso S hastomppintindedr 4l sompeséen vi0°C,

and dCk R ARlishedim s yiiagsHomamess of 0.1nm ms. A silicon wafer
100 microns thick was hydrogen ion implanted at room 20 temperature %%mt
0

a dBsagEbrrsadotisabitaiahet SRararl i ittehe e o r1 66 ke,

glassBedhrtide wafers were cleaned using a standard method for cleaning
lass, namely, a detergent wash, a distilled-water rinse, a nitric acid
E éﬂﬂ:and a final distilled-water rinse, and then brought into contact

at Theexperaperaiiix Aytetatenassepaiisdwath piackdibetaatnaplatinom

d then th I .
R s o
NO. téhipvethshosbibinlihg dicatapisbived Bomasainiheiyiabine adsHiesn and
ths HEEHOMEL AR Atk ERRSAIONANRORA TP AURIRIS FALBRR SRS

sepa y inserting a razor blade at their intérface. There was no trace

the glapavsilfeoniatiabesmiete JihesxmabrenpeAMErtaiRAETEpeREIRREIBEW

surfB0dERRtSRAL IS Sk &) DR SIIERRIAYE: WA RRER MR QR ER8 0885 B0nple 11
wafer. WO 2005/029576 PCT/US2004/004746 38 EXAMPLE 10B The

below) pd Brife AP STAERER T 35200 B 858 AR BESin this case the wafer was
EXANGde0fo S ORNING INCORPORATED GLASS COMPOSITION NO.

7740, which; as di usseg ?ﬂ%bove, is an a mino-boltros_igcate.gI%sfc.érTr} an

stra§ BEIFESFmE oSBT R eé%%‘,s?%ﬁcg s theBondifg™
alkaibxplsiindnt washddneab&l6€s composition. The material had a sirain point of
810°C and thus the experiment was performed at 810°C. Again, no transfer of a silicon film

064/004746
Splay

to the glass-ceramic wafer was observed. Pre-treatment of the silicon wafer to reduce the
hydrogen concentration of its surface (see Example 11 below) did not change the result.
EXAMPLE 10E

The experiments of Examples 10A through 10D were repeated with silicon wafers
upon which an oxide layer having a thickness of about 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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The result was identical to that of Example IOA, in that no transfer of a
silicon film to glass occurred. EXAMPLE 10C The experiment of Example

w& Zgﬁle{g@%gepeated with an alkaline-earth alumino 10 borosii¢at€neamed 746
composition, namely, CORNING INCORPORATED GLASS

COMPOSITION NO. 1737, a glass dded in the display industry. The
strain point of this glass is 660C and thus the experiment was done at

mentR80E2 1098 1Bvd IS GRS GRS INSOL AR IQRHIB; o Hagairamuafer

was observed. The experiment was repeated using a pre-treatment of the
tempegFrRRSSTiReSfideh %%W?ea@é@m@w%@sw@ ERfREN
ux Afaee Example 11 15 below). Again, no transfer of a silicon film was
observed. Ei( MPLE 10Dé£he?ilx§e£im nt of E‘X mple | OA was re eategl
uSH & GERLE CEPAPRRE BRSPS AT TR M PRI 88 geRceniration at the
surfasdwhinesilicaitscompaiitiohichlie imbédiahtiad & sltaibneaintio todtEnandass
thus the .experiment was performed at 810C. Again, no transfer of a silicon

or ST

0 the glass-ceramic wafer was observed. Pre-treatment of the
EXAMIRDOR Wafer to reduce the hydrogen concentration of its surface (see

EXRURIS bl %@%&&ﬂ% 98109 66 3L, X AMPLE %av%ErJ 8 ion

experiments of Exa les 10A i rough IOD were repeated With Silicon
implagierbps adosrentiircab oo day ept animlEiERnessTeY A58 0P Gro\midksns
wafePRERIRET MU RINHE 2R ydroge adandrplaniation Aol FExamplesds 70

OA through | OD, in each case, no transfer of a silicon film to the glass or
degresisgicaingae W dwBeehesl BEEESH on these experiments, it has been

poﬂgw-gfé%‘%mawm@ mge;mlfd}mﬂna@lm? @%zﬁeposmoxf
Implanted with_nhydrogen lons to r -cer c wafer, does not |
NO. R PSRBT oS B B0 G AT P A B ossoni

bath glass-eerari oIl dddhes b@ﬁﬂbﬁgﬁﬂmpﬁfﬁitﬂ‘ms :"arﬁmn&aﬁcﬁptahlaon;c bath.
TherJSERUSE (N WoLId oult n deformation of (e dlass, or dlasoerAicy

€.0., 'sagging and/or compaction of the material.”Mareover, as
wash? 006/ 02067 6 H#E€ TSRO 0004 74 613 tergetioned @b cvstaveatifs ot ha wafer

suxfagé’.‘r!ég% ng&s%@ggf%ea m%@mg@% . highey, demperatirai e g water

~Issue of ion contammation of the silicon film"would still riot be resolved:
in a gRYAMPRE 11 This example demonstrates the value of reducing the

hygrQqen ¢aRceRLALoN A& ssed using the processing steps of Example 2 and the
SUSS MICROTEC bonder of that example, Thus, the glass wafer was placed on the bonder's
negative plupger and the silicon wafer was placed on the positive plunger and held away
from the glass wafer with spacers. The two wafers were heated to 525°C (silicon wafer) and
575°C (glass wafer) and then brought into contact.

In particular, a potential of 1750 volts was applied af the center of 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 voliage was applied for 20 minutes at the end of which
the voltage was brought to zero and the wafers were cooled to room temperature. Asin
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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5 surface of a semiconductor wafer which is to be bound to an
alkaline-earth containing glass or glass-ceramic. EXAMPLE | 1A A silicon

m in diameter and 100 microns thick was hydrggen-iQh. ne474s
Wﬁln%%ﬁ]%g%éq a dosage of 8 x1016 ions/em2 and an implantation energy of

100 KeV. The 10 wafer was then cledfed in distilled water. The contact
angle measured on this wafer was 70 degrees indicating a very

10% 0 %{é’%hﬁ%’g%%”r%ﬁr@d &glass; water.composed of. SSORNING the i film was

GLASS COMPOSITION NO. 1737 was washed with
very MSHERSC ENTPIPRSCIN PRINE 7 wate gxest dHaby Hirdeme Yhatfered.

EXA&?I’"EEHE@ followed by a distilled water wash for- 15 minutes in the
ultrasonic bath. 15 Thereafter, the wafer was washed jn 10% nitric acid

folldweansyapmiEE e d Wiatsrs traetied racentchR o Walstsrs now
reatdleABRAIN L daigygent to avoid contamination of the wafer surface.

Both wafers were given a final ¢leaning.in a spin washer dryer with .

i TS AT B A O PR E S SORERARL TGRS aRggyperoxide
watetisifigk g ProceERsingdteasthé bolativplevas apgitieo 20°CdRBuMIC ROEELH ding

bander of that.example. Thus, the glass wafey was placed on the bonders .
o AR NG TR 1B S SR WA P e Boatod Hsaret
was watdbtl thealraont thehglagsdistifbrdvities fac2rsnifdawivébie ok iee wafer

heated t0 525C (sili (Gass) t
ool SR TORG e an ) S e e o o Bt
was entensiicthis silivdrochidde 2BldrdratprRsTOZidg: thalehsvEEpld R8s ratio

simﬂﬁp{éi%g&&@&@%i&%%a&rﬁmiﬂae rrie-RpRies RAIGAE! WaShen washed
~_removed. The spacers were then removed and a potential of 1750 volts
in digtidled atgsted across the wafer surface. The voltage was applied for 20

mi@ﬂ&%ﬁ%ﬁﬁ@ﬁ&%@l % Eﬁﬂaipbo&a@d\@leag@,wmrw&l@w@fg@mﬁm@mb ; ple 11A.
wafers were cooled,to mom temperature. As.in Example, 2, the bopdi
The %a@?ﬁwaiﬁﬁw%a%%&m%w@&ﬁﬁﬁ% AP B s
wafePrRgessesibeiwalersicen sl Bensepariaié dweasilyettieyweviice there was only a

partjal transfer gf a Si film ta the glass subsirate. In particular, only about .

BB S CHRS6 SO0 BAG LU0 B e et i
neededverad-witlt & Siyiintransteeien guth ecvoveitidacestatheSilliingssrhepps.
EXMI?' . The process thus had not given a good quality Si film, as

e

was desired. EXAMPLE 11B ]
In this example, the wafer was cleaned with an ammonia and hydrogen peroxide

solution, but not with the acid solution used in Example 11B.

The experiment of Example 11A was repeated exoept that the silicon wafer was now
treated in the following way.

First, the silicon wafer Was'placed in a cold solution of ammonia: hydrogen peroxide:
water in the ratio of 1:2:7, and then the solution was heated to 70°C gradually. After holding
the wafer in solution 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 114, 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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The experiment of Example 11 A was repeated except the silicon wafer
was now 5 treated in the following way. First, the silicon wafer was placed

W?gﬂﬂ?;&%?@lution of ammonia: hydrogen peroxide: water in.theredif ffos716
207, and t

hen the solution was heated to 70C gradually. After holding
the wafer in the solution for 15 minutéd at temperature, the solution was
cooled and the wafer was washed in the ultrasonic bath with distilled
rEI%S[%S minutes. At this point the wafer 10 showed a highly
ydrophilic character with a contact angle of 10 degrees. The silicon wafer
waEhih enamakhawis Shifyoivedipirsaeitetyerogntpet oXideawaasya and

hydr&Qel.H%%jﬁc@ §:2:8 Latio, sinlartodhe By esassdakiP e AMMONiaR2 i drogen
The reated silicon wafer'was then washed in distilled water. The silicon
ion cppeRsYIRARPLRER Ssenerasvser F2387 glass wafer washed as in Example 11A.

15r] RESaMBHL0L eI QY Herasiasearmpla Ad Hv@s YeathAllesdhGemperature
bonding cycle, the glass wafer had an excellent, unitgrm $i film attache
for o9 BTRS S SPASRE TS BRSO SRR AR A Pob fidher
drieSHgoRMEIeH aftelcinplEnBionds ndedediprarnAoXShidyenilandls ma
glass compasition corntaining alkaline-earth.ions. EXAMPLE 11C 20 In
11CRscE g,l \ﬁ&‘fg%@%c?ggﬁee%? %?tﬁ%}ﬁra“rﬁ%%ﬁ%nggd hydrogen
EXARIXRiei Bolution, but not with the acid solution used in Example 11B.

The experiment of Example, 1 1A ‘ . ili .
A
the sptésedrintmenisicddintonles hivntnkethldlogen pdrokides2os watertigiipgs at

iﬁe&%&w%@'ﬂféqme%@ﬁg@%@.gﬁ@sm&@yy@ﬁﬁmm

the s[@fj[ag;,e%fojf s )
holding the wafer in solution for 15 minutes at temperature the solution
intenwids eheted em@tringdisr dading danidividnel anrhdpimsiaby WitH g areera!

intenMAehioh 218, MiRYSs 1 Addhisrapint thepnaiecashawss akiohhrRysmehils, a
character with a contact angle of 10 degrees. The treated sjlicon wafer

valugefienan abiarsineticn alran P Bontng Pt X8  rried
concebirayita 1737 30 glass wafer washed as in Example 1 IA, using the

S ReSE R ot oanal, Al etenng et e g
normR 20051 AX9ERSHF G/t S 200400 Beatdd EdoadRlatcd wigh Example 118 was
102, which represents a 75% reduction in hydrogen ion concentration compared to the as-
implanted wafer, while for the treatment of Example 11C, the signal intensity was 101 or
76% less than the as-implanted value. For the oxygen plasma treatment, the signal intensity
was 144 or a 65% reduction compared to the as-implanted wafer. An experiment was also
performed in which an agueous sohttion of hydrogen peroxide without ammonia was used to
treaf the silicon wafer. The normalized signal intensity in this case was 307 or 26% of the as-
implanted value.

These examples demonstrate that 2 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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This example shows that oxygen plasma treatment, instead of an
ammonia and hydrogen peroxide treatment, may also be used to surface

WH?@&S%QQSJ}QUS control the hydrogen ion concentration of a pepHeRR R 6
~wafer. 5 In this example, a silicon wafer was treated in an oxygen plasma

at room'temperature for ten minutes- This treatment was followed by a
distilled water rinse. The wafer was then dried and subjected to the

The RRNHINGROLASS850 2RI 8 A 2AS Foxanpies & Bandidd1Gnan,

excellent Si film covering the entire glass wafer was obtained. EXAMPLE

respepfiv el g rommRetonvefdhe S ASH-BANRY maad drd TridastrisoreRparsgerFimple
14 asfORe Bt A Glihig-YinaccireaimRN s N MBlssiAhrough 11D.

The hydrogen concentrations at the sgrfaces of the silicon wafers Weg]?1
: &

mE A OACE s HPLOT SRABIRNGZ AR SR RRPRIR AT theiR R P P S8 Ry
additRitainet iy giviciogethe individuadpedikbintdicityvafdheritoial Spocird EAGLE

intensity and multiplyin 10000. For the surface treatment protocol of
20008 i A7 e AP SN ob i Jeri SHEPTSTEREd o B
classthevipstimaplaniedtdiidiog entt dncprication ofThexiesulis Bf stesesh any of

experiments are_set forth in Table 2, As shawn therein, .the normalized
B PR oLt SR S DA e A By e
could iR etasn 162, vigtich cepnpsesiteavise/s eadudtiohusity/drogdrniphion procedure

discugout a%QH%%%EEt%%b?ﬁeiﬁﬁég HP&Q&_J_?EOQ. 4%@5%—%%%%%& 'ﬁa%gﬁ ®nd Evans

treatment of Examp , the signal intensity' was 101 or /6% less than

publigg@ias-implanted value. For the oxygen plasma treatment, the signal

BSOS A LA A58 154100 QUBAIALNOIIR AR RIS conting

wafer. An experiment was also_performed in which an aqueous solution

surfag FFRE FEADBA GRS SEERmBAT s e Bt e iadete Binken To

provid@fes.dRe-nonalized sigsahintensityinitiiscase yvas 300 hRe% e ohthanple
as- 25 implanted value, These examgle d§ onstrate that a reduced:

stub SRR YR o RE AT HORCBIF e g6nductor wafer leads to
imPre\wtdilon barrtaisdi ifyHeandipig teeruidsiiatesssedntaptinticing an array
. alkaline-earth ions. EXAMPLE. 12 30 This.example demonstrates the high
of in O e PR Rads i T oA SR P s e
coatitransizmesltoadlass ovafé isadomp vse daofi SOBRNINGTENCORPGRATKD]

Tocat{p e MR L, Bpln /el thd <A EASHE 4000TE'

576 PCT/US2004700
nanoindentation protocols, the positions of the indentations were pre-selected using

microscopic observation to identify appropria{e regions of the surface for testing. In
particular, the positions were selected to avoid regions of the surface which showed evidence
of contamination or handling damage.

The testing was conducted using a diamond indenter with the Berkovich geometry.
The loading of the indenter was computer controlled vsing a programmed sequence of
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)  unioad segment (unload rate = 20% of maximum loading rate)

(4)  hold segment

(5)  unload segment
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42 The composition of the 7070 and 7740 glasses are set forth above in
Examples 1 and 7, respectively; the composition of the EAGLE 2000TH

W@g&% ?'g lasses correspond to Example 14 and the compasativos oo4746

example
Example 2 we

U S. Patent No. 6,319,867, respectively. The process steps of

re used to prepare the ‘§OI structures with the 5 addition of

a hydrogen reduction pretreatment of the silicon wafer for the 1737 and

L2900 lassenhighinenlali samndans, Specifeals -~

the con wafers for these

ses were treate in accordance with the

165 n@%@éé&%st%NEﬁamré TRk B LSRRG 11D
indenPitOtREk e MR ARRICRENE i FrthicinaRsies By daaRB. GRauid have

been used. Bond energy values were eterm| d using the ndentatlon

testing 3 datrmedistaiccds Bea W Ve Wrathe el aﬂ ﬁzs‘@&a'a
delan@hoverrefes deaesiManshalland divansrpghliscatepctagarticular, to

determine bo
UL TRE RS

dst h, th I th t
PEBEISt 1 AR R IRk L S ioe

delantitigiptengirgliewto h}:glmmdgxﬁsmhim Nagierskidphitt(dHeesamp mwdsrence

dedto a.l.
ARG,

25" diameter alumln le 15 stub Sud%}.lb it
gl R R ARG AR R SHBE L i

are t}tpueaibnﬂﬂmﬁzdrb then bsddpseet b;hpv@dﬂmgrmgdmmﬂﬁmmu% is
fRnge of indeniatien loadssTheatiayias seIRUedIRiauNeY ey

at ng response as a functlon of load and was carried out in more thana

smalls;lnq@bt Gangen (% cadrite e ditpaRbiftjsliainatiogsrbap bererarays their
radii PERRMRLEnddaiRg-Staadad 29 RRACIRFNIAANHI0IRa XS liepasitians

the indentations were pre-selected usin mlcroscor%ac observation to

abovm@m}@,lgﬁﬁﬂgﬁyﬁ

retdgierninhe sterldor et i partia dFresents

a ﬁmmﬁgiﬁa!&ﬂ&@g%et&ﬁmia@vmﬂgﬁmqemfsﬁmﬁmﬁaﬁemweab@wd

evidence of cont r handling e. The testing.w
delerg AR B SSHEF K o TRt & et CHEBRRA R e
mterﬂ‘mﬂl figafitnendtdenter asanaodipubescointalied Hsmglarqndagnammed region

that i 1s g gh[t?CF Oﬁjsé

con

diggﬂac?d n&(‘)a El%q cf‘zoen0 ons c(}% e of

was as 10 OWS approac segment oad segment

(comstaestraip initswid fasore crrandmamasanied 8)atflosdree gmessidual
coatx&%r%@%g 6 sgglffegie@éﬁ(wrﬁ l@ggiggsgﬂ{ﬁ%d%‘ga{ﬁ@@gtﬁ%%g ey free)

segment
and that the mdentaﬁon stress field was thus the sole driving force for film delamination. For

this case, the strain energy release rate was calculated using equation 12 from the Marshall

and Evans reference:
G=(

where:

V)t /28 (egn. 12 from Marshall ard Evans)

o;=VE2xrta’(1-v)  (eqn. 10 from Marshall and Evans)

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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WO 2005/024576 PCTJuS20041004746 43 The peak load instep 2 was
typically varied to attain peak loads of 8.5 mN, 37.6 mN, 165 mN, and
wé%%ﬂs BNztésEc(s)r each region of interest on the sample, a mini %@/&%041094746

indentations were made for each load. Depending on the observe

response, additional testing at interrdddiate loads was used to identify the

critical load required to induce 5 delamination or to determine the

d inatian versus, lgad response. Eollowing indentation, the test

o TR e e T G e et iy and
E: v teOgheraliificsi 6 N ovh des kiDBe K diffdrd deratieiritorierarcenavnltrasible and
it is b%@ ieal gt éﬁﬁ%%éé’ Ref %E%%%@H&Pé%ﬁﬁﬁ'l@uﬁg

: Ce Qﬁ)@@gﬁ%w&aﬁ oint,
entation sight are typically identifiable from kling or other surface

whildferbigktiess. ciémaiidamhesd Shnfsanima) iy asshsian/d deoisreny pragfcases.
surface disturbance due to its high sensitivity to very small height
changes (as small as a few Angstroms). If delaminations had been

pre¥EAt SHRSTHREES WEGBHATR PR {822 glat arFRehibdel f Thth the
sﬂicogﬂawﬂaaﬂtam@@anfgrm?e@@f chigeh '@m\é@m&wﬁ@m&&eﬂm&%@ In the
etermine a critical Interfacjal fracture ener yt t.represents
bond oA ER AP L TR BF FLLBRTE BEES U Ihe S e heerken.
BaseabsahtaafikSdelaminatio bpas acepyredsfesithaiSOk $Huttumes. of the
invention, a lower, .bound to the integfacial fracture gnergy s, estimated
R T S U o d BELS e o oI G
creat@iraf e BITS) thh/thie §iresoft thvecqdval tati oenitseiftune, det SO stimgtimte 64 el

invedif tﬂg%eeyﬁégx'e&ﬁég%ﬁfﬁﬁwﬁo%éﬂ%%@@%&m 2hogqating stress
In the samples tested (1.e., it was is assumed that the coating was stress
freB)exnenititbwtt whe iepatrdiioh SSEHIBPWE sldvawitetboiadsivisgr held at
575280088 I@é £'{H&o‘¥ae$§ﬂ%'%t%°5 O VS 16858, DG FUAINEP SOV ISP AR Bemobile
was calculated using equation 12 ffom the Marshall and Evans reférence:

ions ing plydng 2l {ern snzifiert Varshig anddSE vahe Pond svengh gieasyrements
wereRPRIR Gl 6901 ST amarshalang Exans), YisWRessanssatiowfihe

coating material t = coatlnglthickness E = Young's modulus_of the coating
%]gi

energy £quldibe eriticd StER A FeRich SV TGO bR bR TEtTSrhe silicon
film fRasesonindentisizernapthindeiald was again 15-20 J/m” indicating that the

inventive process produces very high quality and high strength bonds at low temperatures.

These experiments, as well as corresponding experiments with the 7740 and 1737
glasses, are summarized in Table 3. In each case, the bond was very strong and the glass
wafer broke before any delamination of the film from the glass was observed. 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% fons/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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shape) WO 2005/029576 PCTIUS2004/004746 44 For the silicon-based
films of the invention, the following values were used for v and E: v =0.25;
E = 160 GPa 0.25. Vi for the Berkovich identer is an experimental variable
WarHOHRHased on the identer used and thus was measure§GHESAHEE §51°
each test/data point, while the thickng&ss of the silicon-based film (coating)
was about 0.4 microns in all cases. 5 Initial experiments were performed
with 7070 glass processed at 450C with the silicon wafer at 400C. The

70Ver ¥ ebRi e thamalaesdotha STRRSTE siraTpieh&om mek AlsE R TRRsTS-
The i@ﬁnb 5 e -@iass 3&@&@1‘}1}5@%@'6&@@3@@@ @dll%ﬂ@ﬁhﬁe%&ﬁiﬁhg@ﬁﬂdéﬁ@eramre
i roken. Based on. this result Inimum.in bond energy. was gstimated at
R A A R AR
wafehs Hlefsl Oz barnpht booshisreatédatadb@fpled. Jfi2r 4 hoisniatareeitsident?
temperature, the SOI structu of the inventign have a bond energy that
ol R A R e R o
two duithh G, 2G00THb ghasdasdthative withes thiafsilibeididn basigdahertheand the
- Sl i s does not contain any alkali ions, the
S1hc<% n%%%&lgsﬂ‘e%%%ii%éf Eiéﬁﬁ%% y r

0 ions being alkaline-earth ions, specifically, Ca, Mg and Sr. The

boAdlsireHiiR arebsirantepnsloierve B erparredyse fHseusaed g evas
perfdAHOAShatonh aowEL: Reundtomthe kand BnergvicoMd RsAbiaiRgd:. 10,

because the glass wafer failed before the bond between the silicon film

whergrfdegrasd Wafef diBkelor SOMGSErBbl R W agAfr S-S thans Fidread Ay
shoviBaltheaiRyenivg RIERsE praskaees very high quality and high strength

bonds at low temperatures, 20 These experimepts, as well as _

con S BERH BIRIABH R G HECPS A6 SREPFS 39 SRAGGRLRFgeres 10A and
10C saidhaszediinikabie-datih caghkabeidhepondsvasivel indigng SRl thae

Ss. wafer broke before a elamination of the film from the glass was

SRS e S i P e
merltetier Higues i thelddf SeemgyingaXAMPLBHA$H08 Ak BQstsuinEiragives

hm%gg@%q?u@%gth%%%%% ulllll\égORPORATED GLASS COMPOSITION

an res described above. A wafer of the 1737 glass

(0. 2mireshiBRyweRE AR sh baraeid dplatien) sy aeisciiradrbysenbe silicon film
and RRTOR:EIRGG: SHgomwalss SARRICIOBs thiskvias hydiagandosy implanied

at room temperature at a dosage of 7x1016 ions/cm2 and an implantation
comgw witho reogerpdr ion migration into the silicon film. To demonstrate the

stability of the barrier layer, an SOI structure prepared as described above was heat treated at
595°C for 2 hours in vacuum and a TOF-SIMS analysis was performed on the heat treated
structure. The analysis revealed that there was no movement of ions due to the heat ireatment
and the barrier layer was permanent.
EXAMPLE 14

This example demonstrates how the formation of the depletion and pile-up regions
depends on process conditions. CORNING INCORPORATED 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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30 wafer was then treated to reduce the hydrogen ion concentration on

the surface using the procedures of Example 11B, although any of

IExam les 11B through | ID or other treatment approaches f
“%&Pf’éé%sﬁyﬁrogen could have been used. WO 2005/029576 6{[%92%47&]4746

PCT/US2004/004746 45 The two walérs were then placed on a support,

separated from each other by spacers. The assembly was loaded into the

d II d th t dt
wateg DDt R VS R L B o RS e ayer
and mmwmmmhmm@pmmmmppned After a 15

tg 3&9 %v%l vpliags, the voliade wassemay, &gt&?@m YiAlslSure

he wafers separated into two during cooling, i.e., into the

cutof@a assanéfepwtrfca thiresiticon dfimbeoiddey tn ensie @zﬂwm EegieoRnvrafisaly,
from WRIRLMIPUS.De iR filnaf ToESiVRRAYSI 10 FeaRsJan R the the

procedures discussed above wa 3airgerformed on the SOI structure

procesHgARBnT e wasdstad5akaNe 2% SHO R Lig I L By F Gt fopde-up region
for ﬂfé%‘ﬁi&s 10Aed JOB Rlo1SIME-StgDabiRisnsiy saadeisus deptkanthat a

Figure 10C shows the data converted to. atomic erc nt TI%HJie
cumfé&&lsﬁaﬁa% Mt PrRGREH R Y amf]‘*ﬁ? %%1%3&&%%%&
althob@Chagedife oxrialalkaierepiitb ¢ Alfecten |ﬂtlﬁﬂ]ﬁ6@(fhﬂﬁdrftﬁrﬁed€IHGLE

Flglill’e 10B. The hybrid (silica) region at the interface between the silicon
20007#'958d the glass substrate is also -15 marked.-in Figures | OA and 10B.
EXAB&EE\E@ at a depth of about 0.6 microns, all of the curves have returned

elr bulk As these fiqur ssho a ier (depletion
R T A S Rt RO R Xy
transmst{.ﬁﬁ"ﬂsj frer dusgdmplpﬁautwnsfan@hxémg‘ mig@tioh@tm@mgGMme)
Gspisongern % % &1&95% gﬁ%ﬁ S|I|con film. To demonstrate the 20
bR BE

“barrier er,’an S )| structure prepared as described above

wa’@iﬁ‘earqmtbm disaBUdepib e SFikkins Al B KITOPIS) plgnents. For
optirBRAMES #ﬁ&&%@@%@@ﬁ@g faeabiieated. StuCHHIE;EReIANANRIS the TFT

revealed that there was no movement of ions due to the heat treatment

mategalshea! P Reveraal errs i Yok sk ARPIRID, SEreREsEiae-art

procEleBaon ;t@tﬁm{&{rﬂammm@@a IsbigB-AnapilesRER VNS Si) films.
depends on process conditions %% IW%INCORP RATED gLAS@? ¢ of
HowetSi s GERTOR NG, B ABE 8867 11T AE B T0P thE SR i B ETTE:

mag ARSI struetUirebuveseiformedhusingability of up to +30%. Bulk silicon
represents the ideal material for fabricating TFTs, but prior to the present invention, no
practical process has been developed capable of producing a substantially single crystal
silicon film on displey glass substrates.

The prior art process for producing TFT's consists of a series of steps beginning with

. deposition of barrier layers of 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 o obtain good

performance (by passivating defects between crystalline regions). See Applied Surface
Science, 9602, 1-13 (2003) '
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the procedures discussed above and included a hydrogen reduction
pretreatment of the silicon wafer. 30 The following process conditions

were varied: (1) glass temperature, (2) applied voltage, and c‘?)ﬂ?%%&}gmﬁ

> aSSZVV

WEREPHESilicon wafer was in all cases 50C cooler than the g
2005/029576 PCTIUS2004/004746 4% wafer. The parameters determined
were the thickness of the depletion region (barrier layer) and the identity

of the io hich exhibit clear pilezup region. The results are .shown in

e PR R S SR TS A R SRS S R dnce
with dppedortareptistdor thetidseigion, cDadparstmitd dye vegrel AlE-Siprepgiomits the

S ifically, 5 from.this it C en rocessi i
st B e e e e S s
Si0; @atpie 350E. toSobrateatb apdySileyemend pllemshorotionssfor Thadvepdzstier

Iayefg‘@%%&’gﬁ@g?&ﬁ%ﬁ@%ﬂﬁ&%’éﬂ%W@@;gﬁﬁtéﬂ%ﬁﬂe ifdshalicyeeinatn.

a cutoff will also exist for'this process variable. Similar cutoffs will exist for
otHs GResaws, 2kt PIRESpErrtioR ey idRs eRFsERd webediiferbitining
subsﬂ‘éﬁﬁ%ﬂ?%ﬁ%l@b'ﬁgtﬁ%ﬂ%ﬁeﬁ%s@@@?@%‘t@f@ﬁ%ﬁtﬁ%&%ﬁﬁe&ﬁﬁhiS

_example jllustrates the application of the invention to the production of thin
partigpiarli radleteied o Fo o IRGREPEID REfohs InctRfin J B rfaHicomprises a
subsilﬂﬁﬁﬂﬁs Lol yitislg eipge " é%_bﬁil:ﬁhﬂ,ﬁpﬁyﬁo%ﬁﬂtﬂwdqhy_ S@ird&%bdﬁ&f i p _d&iﬂf@.ﬁlﬁl)ﬂle
) reu In, displays to control the switching of individual pixe
inve LT S e Ay BEMon A R A AR GhABEeac o
simpitfegtiatiavefdriver elestronict atheSTRE fndtehial stowl dtbesvef fastreanr st

mobility, with.high uniformity. Current state-of-the- cesses rely on
PO ¥ abrica gg%ﬁag%%ﬁ u§1 %?J[S)% y(?rkilgs}[ja ?ﬁ&ﬁ%@ﬁ%poly-sn films.

Holwgaeiciiercéribe FIBH mxydmj@f/ﬁhesrmamém@m_imeﬁee dﬁmeﬁa@m@t@mand
cryst%%ﬁ%%&{ g@%@ %e%%@&ﬁﬂf&ﬁ%&vﬁé Ihania Rk SHGO WIDS YaraRliM: 211y

up to 30%. Bulk silicon represents the ideal material for fabricating

singlpRmsta dertio A forEe, [Fre St SRR BATROA SRBO T FAREIEEICH RIEE PRIL B & sec-

' The f&&ﬁl@g&%&@@%@&@f&ﬂmﬁ%m@%@é@@mg;l%@fy&gaim%ﬂicm;ialm

~ondisplay glass substrates. The prior art process for producing TETS
SImpLAiRABSOP APt Tos RS HRGIRTIFG WY 196 REpSaRIEh Srbarrndi R
advaatapi X% andISIORSollened ibyparvanphousisiice paipositian and

o T o o & N S R RS B R
allow for miniaturization of electronics, more uniform display performance, integration of
driver circuits on the glass substrate, and subsequent significant power savings in the
completed displays. The resulting high performance displays can be used in a variety of
products, including, palm tops, cell phones, and the like. Further application for the SOG
structures of the invention can be found in silicon-on-insulator (SOI) electronics.
EXAMPLE 16

This example iflustrates tiling of multiple first layers 15 on a single second layer 20
{see Figure 11).

A boron doped silicon wafer (100 mm diameter) with resistivity of 1-10 ohm-cm was
hydrogen ion implanted at a dosage 0of 8 x 10% jons/cm? and an energy of 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 defergent wash, a distilled-water rinse,
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or thermal crystallization to obtain a poly-Si film with electron field-effect
mobility of around 100-350 cm2/Vsec. From this film, the TFTs are built
via a series of steps consisting of photolithography, followed b
WHEPLEHEd bf a gate oxide by PECVD, metal gate depositioﬁ?%%%ﬁ?&?@é
photolithography steps followed by atRydrogenation step to obtain good
performance (by passivating defects between crystalline regions). See

... Applied Surf i 9602, 1-13 (2003),\WO 2005/029576 ]
it D A0 A€ R0 16 Bh e m WS RFTE PR Eas e testisee
twWo pii_rq:@a @ Droberstilictethins avoerden cieavithithdi piied avbiprome ssniortiaisnd
hydrggﬁferg%&g%ﬁ?%sd@% %ﬁr@

éélTa'éérergb]iéE%e %g%ﬁsalst?%a%gssa%ﬂ gt‘a%te’
presents metal contacts represents a metal gate, represents

minirgize SO g Ariinsuldprre Silisprayests a poly-Si layer, and 66 and 67
repiRsnihe buaharieho iy e and N Knkaspegv Al iBat fred

to be deposited before deposition of silicon. As discussed above, the

bondgrwae sy asveiRd gh sy Ripraeabariekin 6690F eptmpiessstrsiandand

400°SIpYBLERIA, HHEQRRN TRSS1RFSIHEHIESTHASR SLMUERAEde and the
. particularly well-suited for furthergro_cessing to build TFTs. Since the SOG -

silicop gy fisRe i e AiRgimeRIg-SRghe BRFLes EmBsrRirRS Te prokisxshaBliRst

pressiife Faiupsical dapcanyifodheckiainbentien isdiferent Tormdne RERrBEh applicd
rocess,. Jn particular, the process represents.a simplification over current

0t GG SE e £ LBHS PR TS VATIGLR SR EPIREPH A ot ageee was

removddic_h&t‘éﬂs peielibdfateis theow ghptie mmmmmmmmmw held

undm&%%ég%'é}{di@%n‘%J T RIeeesSQldhespresent igve Qg%bthcgmmiai was removed,
ehydrogenation and  crystallization steps are no?requn% since the

and thericoridyster dilpcs talresdydmperbitentially 15 single crystal form. As

S%@&x@ﬁéﬂ%‘?&!&&%‘é@d@@_ cron mobiliiesafaver. 800, 628G Tiﬁ?rﬁelén of

__rehydrogenation step required in the prior art process is also not require
silicomgadbe §figatigHETn the FRtmasdhrtisenisdibrsdees Protdesiisan pieces
was sbapitah egstand throughput advantages, as well as the inherent
'mféovement in device performance. The resulting high performance TFTs

r

|
profRESARE RINCRINES WRF fiSRSRIGE et SPhis fom bt M2a baeR nto
five mitesiraiicbeimaie dsifobraddiapiay 1 pearaareayinie gratigneafsdeivaere found

o Sl RS SR SR 00 stbocment ol can pover savns

befusedhin farvarietydofclpsoch,) cisludcig thadopairm topsnogisp tane beaslily
s My S IR U SO BtUEheEs A D o
mproved processes for producing such structures. Figure 16 is a schematic flow chart
showing a preferred embodiment of the invention in which SOG structures, specifically,
silicon-on-glass structures, are produced using various of the features of the invention.
Among other things, this figure illustrates hydrogen ion implantation, bonding through a
combination of voltage and heat, separation through cooling, and reuse of the silicon wafer to
reduce raw material costs.

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 modiﬁéations,

variations, and equivalents.



. 25 EXAMPLE 16 This example illustrates tiling of multiple first layers 15
on a single second layer 20 (see Figure 11). A boron doped silicon wafer
100 mm diameter) with resistivity of 1-10 ohm-cm was hydrogen ion
(5574t a dosage of 8 x 1016 ions/cm2 and an energy Sf 1B R&(L4746
An 30 alumino-borosilicate glass wafetqspecifically, 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, WO 2005/029576
PCTIUS2004/004746 48 a nitriclasRLEcatment, and a final distilled-water
rinse. The silicon wafer was scored into two pieces and broken. The
pieces were then cleaned in distilled water, an ammonia and hydrogen
peroxide solution, dried and then assembled on the glass wafer manually
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showing a preferred embodiment of the invention in which SOG
structures, specifically, silicon-on-glass structures, are produced using
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oxide glass-ceramic)/second layer 21 second bonding surface/first face of
second layer WO 2005/029576 PCT1US2004/004746 50 22 second
force applying surface/second face of second layer 23 degij ' [
Wgég%sﬁ?;%u%éstrate after step (C)/depletion region of secon %%@%@%’8&%6
distal edge/thickness defining surfacglof depletion region 24 reference
surface, e.g., a reference plane 25 pile-up region of second substrate after
step (C)/pile-up region of SEQEQ%I nggn%gdg(tﬁrface region between first
and second substrates after step 40 processing chamber 41
conductive support WO 2005/029576 PCT/US2004/004746 51 TABLE 1
(continued) 50 multiple first layer/single second layer assembly 51 gap

between closely-spaced first layers 52 filled gap between adjacent first
substrates| 60 TFT 6inglapk Sndidtnatesifdlervetahddayacts 63. metal gate
64 SiO2 gate insula.ogssgr%ﬁsgly-Si Iayer 66 SiO2, barrier layer

51 gap between closely-spaced first layers

52 filled gap between adjacent first substrates

60 TFT

61 glass subsirate

62 metal contacts

63 metal gate

64 Si0; gate insulator

65 poly-Si layer

66 Si0, barrier iayer

67 SiNy barrier layer
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67 SINX barrier layer WO 2005/029576 PCT/US2004/004746 52 TABLE
2 Example No. Treatment Normalized H+ % reduction intensity wrt

?imé)lant 11A implanted 414 0 11B NH40H + H202 102 75
WO ERPASR+H202 101 76 111) 02 plasma 144 65 5 TAB

Uil

Voltage (V) Process Process Time Bdhd energy System Temperature
(Minutes) (J/m) 7070/Si 1000 450 30 >15 7740/Si 500 450 15 >15

1737/Si 1750 575 15

temperature; silicon wafer tempe

>15 EAG

R

575 10 >15 2000TM/Si 'Glass
\%/as 50C cooler. 10 WO

2005/029576 PCT/US2004/004746 51) TABLE 4 Glass Voltage (V)

Process._Time Rnrripr.l ayer Pile=Up lons Temperature (Minutes)
ThicimeBs2@)it\orons) BS8tEs0 20 Notbalided Byer Moegiletiop 575
1200 20 0.08 Mg,Sr 575 800 20 0.046 Mg, 3r 575 175 .1 Md,Sr
595 1750 10 0.08 Mg,Sr Sﬁ; %gﬁ%l%m
11A implanted 414 0
11B NH40E + H202 102 75
& H202 + HCI
11C NH40H + H202 101 76
11D 02 plasma 144 65
TABLE 3
(lass/Si Voltage (V) Process Process Time | Bond energy
System Temperature (Minutes) (T/m*)
oy
7070/81 1000 450 30 >15
7740/51 500 450 15 >15
1737/81 1750 575 15 >15
EAGLE 1750 575 10 >15
2000™/8i

‘Glass temperature; silicon wafer temperature was 50°C cooler.




575 1750 10 0.096 Mg,Sr 575 1750 5 0.064 Mg,Sr 575 1750 2 No barrier
layer No pile-up 595 1750 2 No barrier layer No pile-up 5 WO
005/029576 PCTIUS2004/004746 54 TABLE 5 Prior Art

WhVERtioh - Starting material - uncoated display Starting m%@?gﬁoumﬂcmé
silicon-on-glass glass 2) Deposition 6f SiNX barrier layers by
Unnecessary PECVD 3) Deposition of SiO2 barrier layer by Unnecessary
PECVD 4) Deposition of amorpheus;sitigon layer. Unnecessary 5) Heat
treatment to dehydrogenate the Unnecessary amorphous silicon layer 6)

Laser (ELA) crystallization of silicon Unnecessary layer 7)
Photolithography and dry etch of Si Photolithography and.dry etch of Si_8)

Depdigition of gatiebiaitd ¥y PEGYBIEpes|tiorfefigtbaykide byPBEEYEPns
%eB?QI%ﬁan pf gate metal by SR ing Deposiipnnf.gate metal by
sputtering 10) Photolithography and dry et¢ch of gate Photolithography
and dfy etch of gate 11) lon implantation ahd ddp&staestivation lon

ratiarrn-—g anecanct

mamnlantatian—aba-Adeanant ook N Ny HHPNa-N 4 latinna-anadae
rrrETrdal atur ariidaupartactyvatiorn 1L 2 ) DT PUSTHUTIT UT CTitap surattornmUATUT

by Detlosition [of enéapSulation oxidd by PECYDPBEENpyam)| No pile-up

Photolithography and dry etchof Pilﬁtuiith grolphyfjmu' dry-etghrof _contact

vias Tbhtact vigs 141)219gposit on of &8ntact metal b B%position of CoBtct

metasi Ry SPUTTEring SpuUttering ISy Jphotoiit ograp‘rzyo%d dry etch of o
Photolithography and dry etch of ' &

575 1750 20 0.1 Mg,Sr
595 1750 0 0.08 Mg;Sr
375 1750 10 0.096 Mg,Sr
575 1750 5 0.064 Mg, St
575 1750 2 No barrier layer No pile-up

595 1756 2 No barrier layer No pile~up




contacts contacts 16) Rehydrogenate poly-Si layer Unnecessary ,5
CLAIMS What is claimed is: 1. A semiconductor-on-insulator structure

W

rising first-and second layers which are attached to ofea0QHehos 746
rectly or through one or more intermediate layers, wherein:

(@)

the first layer comprises a substantiafl§ single-crystal semiconductor

material;

(b) the second layer comprises an oxide glass or an oxide

glass-ceramic; and (c) the bondistigngth between the first and second
layers is at least 8 joules/meter. 2. The semiconductor-on-insulator
structure of claim 1, wherein at least a portion of the first layer proximal to

the second Iayer comprises recesses

Pnndﬁpbndently of one another 3. The

which divide said portion into

s%immidmb%n |nsulator

e 1eces

U?i%%ggéﬁh%l#@q\%}gﬁ cﬁlp'i[ﬁ% sem

gl&skaim 2 or 3 wherein the bond stren

lavarc 1o
S

eSS ,exten%#l L 1C%|e EHU (S
ié‘?i&&&%i% Ihsaratorsthietiite of

gth between the first and second

ho caminn

Db G bagies S T6iRE B e

pE@s1a 0-300C coefficient of thermal ex

0C. coefficient-of thermal nvnnncmn of

M P
IC-STTTITCUT IUUbLUI Vil II IDUIQLUT

XIBRESGRET or oxide glass-ceramic
pansion which is greater than the

fhn cubhstantialbhs.sinale-crvstal
LA~ \JMM\JLM"‘-'M'I] \Jlllvl\d vl]u‘-\/\.l

3)séivositivuctbpi thawrial. ByPHeysemid
1, wherein the oxide glass or tt
layer: (a) has a.0-300C coefficient of t

drEiEseRsB-insulator structure of

e oxide glass-ceramic of the second
ermal expansion CTE and.a 250C,

4) res'@idmitioﬁ dﬂ&iﬁbrghd@#)&iﬁt@mé@mns

higan&oettiC < CTE < 75x 1 Q -7/'C,

1N0\1.n L Lo
anre--p-otdroh-ehr (B nas-a-stratin-po ;
S)Céiﬁﬁr@%eémw@aﬁ%%% ribUutdRPeRE

9l@88rphous silicon layer

nt-Foftess-than-1;666€-and-(c)
the oxide glass or oxide

6) Laser (ELA) crystallization of silicon

layer

Unnecessary

7) Photolithography and dry etch of Si

Photolithography and dry etch of Si

8) Deposition of gate oxide by PECVD

Deposition of gate oxide by PECVD

9) Deposition of gate metal by sputtering

Deposition of gate metal by sputtering

10) Photolithography and dry etch of gate

Photolithography and dry efch of gate

11) Ion implantation and dopant activation

lon impiantation 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) Deposttion of contact metal by

gputtering

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




ceramic can be altered by an electric field when the temperature T of the

oxide glass or oxide glass-ceramic satisfies the relationship: T, - 350 < T<

T, + 350, where T, and T are in degrees centigrade. 7, The

semiconductor-on-insulator structure of Claim 1, wherein the first layer

has a thickness D, which satisfies the relationship: 10 nanometers < D, <

500 nanometers. 8. The sekfit¥Rductor-on-insulator structure of Claim 1,
Whilir &l testirst and 56 second layers are directly attached to one

another. 9. sehécssinicondioialsom-snsctatorcstiucingdiof @lairscdndihensiwhich

arem&c%%s%gg@{%tﬁ% éﬁage@é@@&%rmg] %ﬁgﬁmsw&t@m&ﬁmés@%[v siherein:

structure of Claim 11- wherein the second layer has a thickness

is gi®aterttaaRsblasgtame teimdardstaniatF i gbmigaGRISRy NSRS ulator
mattisicture of Claim 1, wherein: CTE, - 20x 10-/C < CTE2 < CTELl +

20x10-'/C where CTE: is the OC coeffi iepat of thermﬁleei%ansion.oft e

sub antigfﬁ/sglcﬁa ei?’éf§§t%qlp§gﬁrsii%%ﬁ>§u% Fmaterial and CTED 1S the"

0-300C cdefficidritiofigichetitexibafisiorndtthendkiders glasseoit Sxide
joul@ssegeramic. 12. Aliquid crystal display comprising the

semiconductor-on-insulator structure of Claim 1. 57 GLASS-BASED SOl

STRUCT U ES Ay SRS ERR SheliBtdr Ya8%) st iprortion of
theificiudirg jangedneahs @ sttlieiuresrardseprosdcies withit klinales b gootion ore

sub@?%ﬁﬁfqgo@%gﬁ%ﬂoq% @vﬁéﬁ%a@@p%@a%ﬂ%%@ggga@j&glﬁf&%eﬂ@énﬂy of one

semiconductor (e-g., doped silicon) attached to a support substrate (20)
aniQ‘E@)‘F‘hposed of an oxide glass or an oxide glass-ceramic. The oxide glass or

oxide glagsrcerarBitlispreteraiyirenspaient @Mlprefenakiy has@stain
ext%c% of I%s§ th%n 1 OQC a_resi I¥\é{t% at 250C that is less than or equal to

rough the gntire thecknéss o1 I er. . . .
-Cm, and containe positive ions %e.g., alkali or alkaline-earth ions)

whidh carlmoveiwitdirtheoglmss!gpgtassiee ririein 2resporisects thp bond

sr&IREHGTIEl AL alevated-temNeralies (8:9+B3AArdARA6): The bond

5. The semiconductor-on-insuiator structure of Claim 2 or 3, 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.
6. The semiconductor-on-insulator structure of Claim 1, wherein the

oxide glass or the oxide glass-ceramic of the second layer:

{a) has a 0-300°C coefficient of thermal expansion CTE and a 250°C
resistivity p which satisfy the relationships:

5% 107/°C < CTE < 75x 1Q7/°C, and
o=l 0*n-cm;

(b)  has a strain point T of less than 1,000°C; and

(¢)  comprises positive ions whose distribution within the oxide glass or oxide glass-
ceramic can be altered by an electric field when the temperature T of the oxide glass or oxide
glass-ceramic satisfies the relationship:

T =350 <T< T, + 350,
where T; and T are in degrees centigrade.
7. The semiconductor-on-insulator structure of Claim 1, wherein the
first layer has a thickness D; which satisfies the relationship:
10 nanometers < I3, < 500 nanometers.

8. The semiconductor-on-insulator structure of Ciaim 1, wherein the first and



strength between the semiconductor layer (15) and the support substrate
(20) is preferably at least 8 joules/méter2. The semiconductor layer (15)

can include a hybrid region (16) in which the semiconductor material has
reacted with oxy en ions orlglnatl Hg from the glass or glass-ceramic. The

WplpsTtine DI ARBI HEfudes a depletion region (23) which
has% redufbﬂsﬁnmmhtmh@n -ostheomobierpos§itien iDreekipguhe t6ond layer is

transparent.
10, The semiconductor-on-insulator structure of Claim 1, wherein the
second layer has a thickness D, which is greater than or equal to 1 micron.
il The semiconductor-on-insulator structure of Claim 1, wherein:
CTE; - 20x 107/°C <CTE, < CTE; +20x107/°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.

12, A liquid crystal display comprising the semiconductor-on-insulator

structure of Claim 1.



