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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
anyaiEvrREos Rl dpbie Vs s ISt (YaP gructures. More
partieBINIGORILGIRHABN ASHAIRS BIHetHEES iR aRRERLICHUINGDULDO) 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, structures
o SRR B G 0 e R L et S o [ Ftaare o
silicablbteviation SOl encoraph §sed BOGE S 2005195 @lied to such structures.
The Prce::-srelrg %%9&6%%@17&%6% tﬁ%ﬁé&ﬁﬁ&(&%@s‘&ﬁtﬁﬁd@éﬁé@ﬁ b@&ral incivding
§|I|cor]-on-|nsu ator technology is becoming increasingly important for high
silicperformareetRindiwetransistors, solar cells, and displays, such as, active
magiix gispla¥sestigRiican-RdnsHiatawalerssansishel sthindayes Ofiticon-

substantially single crystal silicon i , ) :
on-insulator structures. The Teferences to this particular type of semiconductor-on-insulator

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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- implapiatiseerpetiodsdnanigh PERSHREIe e, HsSXUEAR P

5 _(generally 0.1-0.3 microns in thickness but, in some cases, as thick as 5
microns) on an insulating material. Various ways of obtaining such a

WW%%E/M& de gpitaxial growth of Si on lattice matched subsiEgiesoas/004746
bonding of a single crystal silicon wafer to another silicon wafer on which

an oxide layer of SiO2 has been gr‘é’\‘“/vn, followed by polishing or etching of
the top 10 wafer down to, for example, a 0.1 to 0.3 micron layer of single

A o rtec atney o form a_buried oxide layer n tne S
/0 ‘ anted either to form a buried oxide layer in the silicon
waibeaBTca IR ISF AR RSB RR R ATOH B (5 dUEirate
perfoﬁ%%%ﬂ:@%ﬁﬂ ﬁi&tfalﬁa%giwﬁr, tolbortldosanalbsla, winfenithtiaa oxide dydaas
in the case of hydrggen ion implantatjon. Of.these three approa the
The o pTosee B PO TS T SH S e DN o0 T P o o
(genemﬁﬁhUCBb@memimlﬁﬁmﬁmm,sﬁmMmmmhimafi;rﬁ plagrtasonn an
. method has an advantage over the oxygen implantation process in that
insulafine ek atation energies required are less than 50% of that of oxygen
ioW aniplantsyand theitos aué reyafesdidudroepiteiel SR ﬁftﬁﬁ@ﬁi}l;mﬁ‘?
matcl%:{ifolll@qga@eg;yb%]%ﬂé%@agﬁﬁgg fﬁﬁ@ﬁﬁ%ﬂ%%%oﬁﬁfﬁé Ritialyiarebh
n, or% example, Bister et'al., "Ranges of the 0.3-2 MeV H+ and 0.7-2
whicivs\oride L sRsan P ahes ber srexdiaflo ERbEPATENSY: Fsgiag ol Higdop

wafeN@RREENHREREL dRMANsiated Ry MidhekBrogh B eeyBruslitdS oPrient
No. 5,374,564; M. Bruel, Electronic Lett. 31, 199%%34%120][-12 2

.and L

TRRls s ol 2

buﬂe&?mﬂ&%@y&ﬁnlﬂ;ﬁﬁﬂcbﬂ&a&&ﬂ'dp@d@%h@tﬁﬁymi@a&lsemmmmmﬂmmm' ot
steps. ermal oxide layer is, grown on_.a single crystal silico [, .-

o SRR B R TR E T AT A o B s 1 e

case HAWEd ke implaniation enadfyhdsicimmepthechieptheanpiiethenddtad/en ion

. are generated and the.d ed mi it i |

i T SRt S o AR e oo Bt S A S Ao gen

ion ingdmtsiopavethadhas foradengsive 36 bsHEeTRFRRe O fREn that the

Kﬂpig&gﬁgﬁe&}%gg ARAHLEANGIR £aHIRA OV OHDE 3eh S RES afiAvE I Be

use In separating a thin layer of silicon from the Si wafer. The resulting
dosaggzrsiiing is POOPGS 2055 19e 1% 2004/004746 -3 then heated to a

terppgrattie 8havenl R08% tonfullyibenddhen ShiwaithSiD? tngerayki to
example, Bister et al., "Ranges of the 0.3-2 MeV H" and 0.7-2 MeV H, " lons in Si and Ge,"
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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the support substrate, i.e., the unimplanted Si wafer. This process thus
forms a silicon-on- insulator structure with a thin film of silicon bonded to

Wgr&%lg;agg%%con Wafer Wi'Fh an oxide insullator Iayer ?n betwegh 2 Gasldei746
an important consideration for commercial applications of SOI structures.
To date, a major part of the cost of%uch structures has been the cost of
the silicon wafer which supports the oxide layer, topped by the Si thin
then l%lﬁ Ld ’t%‘% %&9&&9{@5@\@ ¢ SR ShReL IR R0 SHRSY @ underlayer to

oug use of quartz as a support substrate has been mentigned in
the suparit b aCRisatan thesernepauipd i taiRios IS ra sS4 ¢ stiicon-on-
insuldios Ondrle &3k 3 AR08 (0:336:234n BBAIR 39 Anbd): Ghevizvisfiseliiaan oxide

_ relatively expensive material. In discussing support substrates, some of
insulaios lakeve PeFiAces have mentioned quartz glass, glass, and

0lags: GeramighrRihesnsidepadisisbstiatecmnitbriaitdistens iof $@beructures. To

references incjude diamond, sapphire, silicon. carbi ili ithge. hich
date, E@?%é’gftrﬂ%é?s‘foe?ﬁa%%c e ?&sﬁ ?ﬁséeg?l&hgn%%%gﬁ%r%% |g%overégf it
suppdBNdkakalbaasimplemediterito $epiacia.ditconmajatararion Gt hpdgen the

PP

3%1% % I%ss expensive material in an SOI structure. In particular, it is

SUPPitficult (o replace a silicon wafer with a glass or glass-ceramic of the type
:

wiitthemh e usmeldaettredibs e FosHHcdeaPs Baioned i yerious
patentggfiggg ltte Pake.cRskeleativasOG MUCkressFbis IS becauseBIonto

resent invention ' [ i
€ present invention, the art has not had practical 20 techni ueg fo_il;}:g'ls%ll'gt%s,

6,391GT48% aratads il aielede Frsresrentaria ifndisnes
somd WA SHYStgS cd hB BresaHRY gRtioN Doy idasssuah dhehniguerantther

thus satisfies the longstanding need in the art for.lower cost substrates for
SUpDEE e AT A URIEO: B SACERTSS' B?%\%‘I Ao Saome oo

e HOVET oS Tor sue
carbigiUGTieERSifBONE e sy merty sapplisations for the invention 25 are

i A LT R A
wafeBRAIDL EiTs; whirosighifitantypenhancaidriiforminEstarpe deRmteyarn it
B ey o e o
mantiitredritidneermvetises csiemeridmidue SEReHIIdBER Sest ettt 90
structigificapily 30 werdhe cost afan-sl siuehse ardH S salibid thectical

continuing demand in the _semiqonductor field {)O{rltgé/g?é ge%g}cg%{i]% ‘%ﬂgﬂ_
techniques for using glass or glass-ceramics as support substra
insulator structures.

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.



Thus, in accordance with a one aspect, embodiments of the invention
provide 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; (b) the
second layer (20) comprises an oxidg 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

bongsitength RRIMRENaIS 8 MIRORIELOLIANRS AR AFIARS i@lention provide a

glass-ceramic_layer of an SOI structure is determined using an _
SCr AR OB UUUIRS, SHENTS SRR APEh B TSR 13 4563 b which
areadhesian e hataatetistics wbthidimsant-coglings te anviddnvatielyiat layers,
Whmrgterials, including polymeric, metallic, and brittle materials. The
Fecﬁhique provides a quantitative measure of adhesion in the form of the
interfacial sicafivenergy(idleasprates WOb2EOSHROSTGe-crystal semiconductor
ma§](US2004/004746 5 In the examples presented below, indentation
measurements of silicon coatings on glass were performed using a Nano
Indelibter 11 (TS Syktaras @Orperuiisas FHen traigss qmN) Gdifpdat-wirmnaic:
and3erkovich diamond indenter. Other equipment can, of course, be used to
determine bond strength values. As discussed in detail in Example 12
belo\) ind&Htaherd STHBRINIGHEEBYEing 8 raRge SFI4d LK HheFeliBh 8
jgd[@mﬁq&aﬁely surrounding the indentations was examined for evidence of
delamination. Calculations of hond energies, were made in accordance
it R RS PR ARG eEH AUV BOREAS B R RoAfcereneh b
a tacocpodated herein dydrefegenceoDgBssMarshall dmydAcG. SBVAKE, structure s
Measurement of Adheren f Residually Str d_Thin Fi .
e R, AR S el DR B g he
adiiegpp 6dRacte@giCEo84 tihiprocenliressbn ghidvefersitce vanetio e mgksdiais.
maﬁa&ﬂlg?!ﬁ;mgﬂb.mmce%ﬁﬁ%ﬂ%ﬁ%@@ﬁqﬁbﬁ@%@e@a H{RAH3 DglRkitative

When the SOI structure’is produced using, for example, the first aspect of
megmob s b diks fasrR civilicratrslar il riiRl (IBEBNEF RS i) farthest

from the second layer



10

15

30

which is an exfoliation surface. In this case, the oxide glass or oxide glass
ceramic of the 15 second layer will also preferably have: (a) a 0-300C

W&g&]‘ 5@13}60f thermal expansion CTE and a 250C resistivitygrMyiebk/s04746
saUs@ the relationships: 5xI0-/C <_ CIE <_ 75x107'/C, and p S 1016

52-cm, and 20 (b) a strain point T, ‘ofless than 1 ,000C. The oxide glass or
oxide glass ceramic will also comprise positive ions whose distribution

withihdhemeie glasaied oxide,Jlaksiensamiccanbenalter el 20ieeiia

fleld when the tem tur T. of th lass or xide glas ic.
slass Wi porsd pen e T S RS SRS N RS e
MN) d@gp@eé mt@%@%@ﬂdmépﬁenme@tﬁh&qwm ofthefbonde, be used

to det%gﬁn%eo%ﬁge @éﬁé‘ﬁuqfaﬂﬁss e&%@ﬁ'&se axk &e%mii &p £y ig ‘iﬁg% St’r blan gzgtatzons

, silicon aye attac thereto IS ey property

were m@fw bovriingre mepkcaridodds abilitaresicar yrimpdrateit sorarvagdiogitg the
indenRPnS FHS L EGAMVISNSIRRA NS RIPEERSING-ASERCIARA WIR W4 energies

manufacture of thin film transistors 30 and other devices on or within the

wers Bladetinacooataasa ety fbervna s irersiihe inporEpATiATS o e are

incorflQ¥ie8 HRIREI Y Autianceuting, Relishing.-and similandiesssingeaiens. A
igh WQ 2005/029576 PCT/US2004/004746 6 bond strength also allows

Adheg@?ﬁém%&mﬁmﬁ%f%ﬁ%@ém%&@ fRfine prdtesbasigvifatertace

Delaraftaghed 1%@@155’@59@6@@@%3&%(&%}]%@&@@@8 of this reference
emlc duc or films. It

S e e A R e

omfhenatha 6é}ﬁsg-uemem@eﬂﬂumg, the mmgple;ftﬂﬁzﬁr& pmyles/afﬁ éer'

fter 1100C ann See Se nduct Wafer. di
ives ot e %‘ EF n‘éf?yﬁl ons né“’e ew a‘ﬁ”\? %g'b% SEfB%%S[JaY“‘T
whiclng @em&iﬂt@@@ﬁ;@@hé@&ﬁﬂp@ﬁh@@f@iﬂﬁ&@m arideglosdamenivitf the

semn%%?&%ﬁ%%@ﬁ%?&%ﬂ@’ﬁﬁ@n bond strengths for SOI structures much

higher than those previously achieved are provided, i.e., bond strengths

of(at leagt B3BUEyasdlisiont 1l theanebrapameeow i B ahitd 3&pberestivity p
invention,Rioyidesd semiceRguaiae-on- insulator structure comprising first

and second layers (WJ,5 20) which are a_ttached to one
5x107/°C 2 < CTE £ 75x1077/°C, and
p 10" Q-cm, and

(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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another either directly or through one or more intermediate layers,
wherein: (a) the first layer (15): (i) comprises a substantially single-crystal
w§igpeshsctor material; 15 (i) has first and second substaptiaiysparadiedr4s
faces (11,13b) separated by a distangce Ds, the first face (11) being closer
to the second layer (20) than the second face (13b); (iii) has a reference
surface (17) which 1) is within the first layer (15), 2) is substantially
bond paralig tdsthalfivet fanecobdpcamdiB)d $>ﬁw'amsehli¢kmeﬁkmefhe@byessed while

¥)
attac}géciﬁnce fgrsgt%%ﬂ%lch %%Iﬁg%%%ég ?#%?lf%:% %‘%Qggé%exgg% S towards the
seléénkirree {eat): bad ragiar el atiekmadsios ravtioResdtisfiositpeocess

forp Itrﬁ%e fir %?gesﬁl{%ig%ggg surfacﬁet@ma) Wéll‘\l{]{?: 1)is Wlthln the first Iager (1%5%1 4

Jouieﬁ)q%t%ruﬁgﬁﬁtﬂdi Haciistio B5e J5E1egRd Hoading. Qrfbctong, Ul

Gosefartastwirmngdhmfisshiacedt Hdar whicl she ﬁsdgéwm (e98UONARIBetS onstrated
satlsfle? Co(x) -, Coixef? 50 percent, 0;- x<_ &H, where: 30 Co(x) is the

by the SRRBRIFAREH LRGSR BLEC RIS TSP dRE ey ?ﬁ@ﬁﬁﬂéthmge@m bond
strenfitl) fiC SRS thegeneentighieniohakygepratitigleicienea &Wﬁﬁ@ﬁc{&? ).e.,
and WO 2005/029576 ,PCT/U52004/004746 7 Co(x) and Co/Ref are in
bond§ a r’r%hper%éi Zté f%e s%%ond layer (20) comprises an oxide glass or
arﬁmxudergfaassw&ham]nrdtasmdzbmmemmvhbsegm@fxﬁnuanwd
. n | 310 b ished
msuiortg;{mg%uno%%(& Sl?l 8%rme on t e%it?t%%?se the SQS%mlglgn%@é%é? Ll
moﬂm@mmﬂvm Bopuhetsas Moreiviampidia Syeaterhawin’s,909,627)
in yslat thﬁerﬁgjgg}%;mg)present invention is within the semiconductor
materlal In particular, when the SOI structure is produced using, for
example (bhe firkERpES TPt ther g sPmieenhisiRe SR iTfSen

concentration is{emmaedin SileRSNRESIMNSEe 0t es (11,13) separated by a
distance Ds, the first face (11) being closer to the second layer (20) than the second 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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semiconductor layer and the oxide glass or oxide glass-layer is formed. 10
In accordance with a fourth aspect, the invention provides a '

wSSHigpagictor-on- insulator structure comprising first and SREONChIBYBHS746
(15,20) which are attached to one another either directly or through one

or more intermediate layers, whereir: (a) the first layer (15) comprises a
substantially single-crystal semiconductor material, said layer having a

sgf@eagﬁe@g d.faGe 3 iasthest-fra the second layer whichis 15 an
exioliation su#ace; and (b) '?ge second layer ( O%: i) has first and second
stistanthaisepdiREd: %9?%%"5%@53?3%&%&7 £ ﬁ@t?iﬂgg %}? SRS Tt
La&%m%ﬂ? bBe me@gﬁfrtﬁ@ ﬁbf&ﬂﬁiﬂ?m&ﬁbm@eﬁhmmgﬁbh@m?@g
~ has a reference surface which 1) is within the secon r (20),
the iGN BAPEVEIES FOTHE VAL (505, AT 8 st A
semidReROYrdistanceidd 22l (o sescamuilic & dlaBstort dfpokiele?,027) in
glass-ceramic which.comprises _pgsitive | I YRESBAC::
e
whennéfes@lcerstiace par@8 (sinbabacragiole,(28) iwissrpegihainrenties, the
. fa 1) and extends. towards ¢ face.d2hbixundrehthe
regt 0%8%8(%%#3%%8%#3% ﬁa‘%é’t one t%%%?@ggﬁ%%%%%js depﬁg%aé relative to the
semid@féuemmmw&ﬁ@ﬂ?@f%%ﬁgi%’ﬁﬁﬁ@eﬁb%fﬂ%%n depletion

region),18.accortanes.ith @ difthiasprehifie iruendion seravisiRu@or-on-
semiconductor-on-insulator "30 structure comprising. first and second
insul S B PORER SFES B ARRTRE BRETB L) BRI St B PBtigh

S b O
a) the first layer (15), comprises a.substantia

siﬁ@e-cr%@?&ﬁ%ahﬁ?g?pﬂ?g?e%i%?}ggﬁ%‘%esﬁéﬁﬁ Séa hic ncggé%cr% r_ .

matelR3SSHANE Raiarenss(pfefeabiynicisdhah) Farticvoheyr tiorecprefeiaisiyyhich is

less than 1 micron); and (b) the second layer (20): 5 (i) has first and
an exf@&?ﬂ@%ﬁh% ly parallel faces (21,22) separated by a distance D2,
thexfirst faresé2dyddeirg @ser to the first layer (15) than the second face

(22); @ 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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(if) has a reference surface (24) which 1) is within the second layer (20), 2)
is substantially parallel to the first face (21), and 3) is separated from that
witsa g distance 02/2; 10 (iiiy comprises an oxide glass Qr-an,0xj0lEo4746
glass-céramic which comprises positive ions of one or more types, each

type of positive ion having a referencé concentration Cixef at the

reference surface; and (iv) has a region (23) which begins at the first face
(2 ngcand X np+ ghds heireferencs sudaceted) pwhich i@ nductor
céja entrtgﬁé%so %gé?gls? g’rﬁrgp%pe of posﬁi}veﬁ& ic%r?%sépge@leted relative to

materinl seiftlericdoorge istnsob kst Birne PER ol 8dRton
micm%%g;%)e g}quﬁggptli&g withthisaspeshef the invention, it should be noted
t é_ . » . ?

t the 10 micron limitation of subparagraph (a) is substantially less than
thbdhickesewrd kamicdiductor wafer. For example, commercially

availablggilicon wafersdips@dhicknesaasoyeaian handq01 20)nsipuonsd by a

~accordance with a sixth aspect, the invention provides a )
O AP LA SR T 5 el
(15,20) which aigsatiehedieufiecape)herdithpisdiidttorstwoughoné20), 2)

s e A i LS (LR T% At ) RS S

Do/2:;layer (20) comprises an oxide glass or an oxide glass-ceramic which
comprises positive ins, of ne;0r MAre Pes; WHEIRIING S RE BSrprises
concentrgﬁgns %%ﬁ%?l%n s(?’glj?urﬁ andrpptassiu%@%o_ns in the oxide glags k

positve dide Hassraaniipon eashoiite ob aemktiva deshmunR 0SHERRT pereatation

Cmef%g%en:r&fa%ﬁg%uﬁé&lgﬁ@ 0.1 weight percent (i.e., wt.% 30 Li20 + wt.%
<20 + wt.% Na20 < 1.0 wt.%, preferably, < 0.1 wt.%), wherein the first

layer (15ikas Ao @PhBRSBDFEE At hithel ¢ 48 Grigpds
towafdiGulafJaysl.diaganabin thesagest aseeangidaoiay dfakih) gratdipositive
__than 10 centimeters. WO 2005/029576 PCWOOMPDM@ 9l ive ion
fon i@l i Be VIRTPPSE FRRE S TROcrito Britides oo Pos!
depl&iRMieeRAYCtor-on- insulator structure comprising first and second layers
(15,20) which are attached to ope .another either directl
or 8?8%%8% ga‘i]a %}i;aaysg%%c \(I)V %?e%gezmon, it gﬁoqu gg El%tg(ﬁ Egg.@d%hl 8% cron
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
IiCrons.

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 a maximum dimension (e.g., diameter in the case ofa

circular layer, diagonal in the case of & rectangular layer, etc.) greater than 10 centimeters.
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(a) the first layer (15) comprises a substantially single-crystal
semiconductor 5 material; and (b) the second layer (20): (i) has first and

wSSERd aypstantially parallel faces (21,22) separated by a gligigseRddd4746
the first face (21) being closer to the ?rst layer (15) than the second face

(22); (i) has a reference surface (24) which 1) is within the second layer
(20), 2) 10 is substantially parallel to the first face (21), and 3) is separated
fronathatdace: biih distantesdPR? ffiijcenpisas dd-exdergtasdetarn-
. xide glass-ceramic which compris ositjve. igns, of one ore types,
e T R Gl e T e to Lt ae e g
anothrefetenciirsuifaoeitéufit phasraorergionef23)dmdaybey mseatithe first face

(Z(Ja% an dtﬁ%( tf%%gff %?;’g?gf&%‘é%gei %Qﬁ&a%lﬂﬁﬁ%%}%%- L’E%%Ql' %Qﬁ%nducto

concentration o one'type of positive | epleted relative to the
matertefefethice concentration Cuxef for that ion (the positive ion depletion

re‘fq,ipn), ﬁ%@g&g{@&p@f #yg.a distal edge (23a) (i.e., the edge closest to the
reference surface); and 20 (v) has a region (25) in the vicinity of said

distal edfe of thesgusiind ssronfepratianidlisnedis) frrmrthdhlseparated by 2
disiazfée/rggf@]gz@ﬁﬁm ﬁE@t(iﬁ?ﬁé;?@@l&B@t_@ﬁ@lﬁiHV%j%g(@)Qﬂﬂﬁﬁ&%@d@&&é{&e@m;
I/Ref for. that ion (the_pile-up region). In accordance with an eight
epoet, T v GBI P L ARk TR A= CER TN 20 2
is sutcompiBing:fils anthsearfela@ans A5 D03 vehichtal -attiatheldoboned@Bance
Dzm‘another either directly or through one or more intermediate layers with a

bond strength of at least 8 joules/meter2, preferably at least 10
joules/méier2, anchpriest prefedalpirsatdeasbiblegldsstameterdy salddirsprises
positi o B 1%)0%35@ %%'J%Q@ ‘,JQEEE‘@%‘X@B%%%%t%'a%%@h"%?&%&é%oncen ation
material and said sec layer (20) comprising an oxite glass or an oxide
Cirergtdbe rebaraniie swiiain at least a portion of the first layer (15) proximal to

the secondyer A0\ aTpriyes 30 egasoasdLBWHED oidE Ao

portion into substantially isolated regions (19) which can expand an
towargs fieaiFEtah W adpenasTiigiohs sensrpmErn Y G dows rrpgsre of positive
ion isRep L8 20044004 bt etRimnpigisied.cmbesimentme s aspect
dep}e?i]::uxtlhr%éin%%:‘l Eegcri] }ég%ﬁ%%sggeg cgé‘?gl edge (23z) (i.e., the edge closest to the reference
surface); and :

(V) has aregion (25) in the vicinity of said distal edge of the positive ion
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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extend through the entire thickness (Ds) of the first layer (15). In
accordance with a ninth aspect, the invention provides a

silicon-on-insulator structure comprising first and second layers (215&.2%?1745
WHHRHIAT tirectly attached to one 5 another, said first Iayer}éfgfs 00/

comprising a.substantially single-crystl silicon material and said second
layer (20) comprising a glass or a glass-ceramic which comprises silica

d . th id .a., B203, A1203
o SR OIS R A B I St er st )
extenghigrougb ek lenyiane (200kansk Ompfidesieiidarenidds (i.e., SiO, where 1 <_
X9, 2) RUEAQES Dok SOMREISS,LRE BB LMEN f&bl%zr"%g’éiﬁﬁ%?-%@-ﬁ%@i%&rlo

having a thickness which is’less than or equal to 200 nanometers. In

structgrccepRfci g it banshteranp boetié Jre M Rhprs direstly attached to one

anothSE @H@ﬁﬁﬂ@f&f‘é@ﬂ%ﬁﬁ%@h@&%ﬁﬁ&%&pﬁﬁ?@%&%ﬁ%ﬁ'%mﬁa} and said

single-crystal semiconductor material (material, S) and an oxide glass or

second 133t {& B ICRRRLT R FoBlfR AR B SIADRECHE STV GrERFStTlsagpd one or
more \MREF Q)lf.}cgs |?§lﬁ§é’c&f@@d E@{ﬁﬁg @.@Pﬂi@ﬁﬁﬂ@!j%&/&_glﬁ%}; %ﬁﬂrﬁﬁﬁgﬁ?&g& 5)
material S with an enhanced oxygen copfent; materi with a reduced.
S A A P e e R
(i.e., 9ilh whepnhanced pbsitive saot congent atishios:ahleastianetifpe, ehidteion
._positive ion; and materia] G. In connection with each of the foregoing
hamggptéﬁ%‘gﬁﬁ%"\%%éﬁ?&% ?%ﬂ%fﬂa%éo%‘%@e’&arfﬂ]ﬁefﬁ@”'insulator" component
ofla semitand wctbraonsthsistator Htrictertds prateideaticadiyi condvidedday the
. invention through.the use.of an exide alass or an oxide glass-ceramic as .
s s B R P A e
S) andy msgxa'ﬁfrahﬁe 05 @V@Mﬁ@rﬂ@ﬁ-@ﬂﬁ&%&@@%@ﬂwﬁ@ (83 mem),
wheréﬁeag'f%s?%é%?ﬁ%§HQ§§&?§%§:£¥JQS_%9M’B?B&9?S a positive ion depletion

region (23). As a specific example, in the tenth aspect, all of the G
material&8t&i#stilators. In addition, the S material with enhanced oxygen

concent@g@ﬁngvi@gtﬁggﬁggc@@@@gég%htgﬂqction as an insulator
depending on the oggen concentration 30 achieved. In_such cases,

everythifFIERat the SR STEPRtRATEIVEISE ARBSHTHHRS 1oF fidegibyns type of
positisﬁrwﬁpre. WO 2005/029576 PCT/1JS2004/004746

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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11 This automatic provision of the insulator function in accordance with
the invention is to be contrasted with conventional SOI structures in which
a semiconductor film is attached to a semiconductor wafer. 8’ Q
. : » { p PRGN G3
W%%%Fé?ﬁ%?functlon, an insulator layer, e.g., a SiO2 layer, needs to be
sandwiched (buried) between the semiconductor film and the 5
semiconductor wafer. As discussed above in connection with the first

aspashekineoueREaNn thenpethade: ofibSoRresERIRYERIIQRC AR PRrention is

practic%g tqtgeroduce multig§ SOl structures.on a single oxide glass or
to be SRR P S DT RO P SRS AR R hriRFRudvely difBdsAbached
to a sefeendlbtcifemRnt, Ty soneedthe isameianthoonag, dbfereniSimally.ohe sio,

product aspects of t 0.inyention can have multiple first layers (15) on a
taves R B B AR i L STV M B the
semigatheialkdifferent, or some the same and some different. Whether a

single.first | plurality. of fi are used, the resulting,SOI

S B e L S R 2 Bermods
of thfgeesqlipvinthen secbadhajiced20 patdachot:laitledi Ol stutboesthrougihgimexide

olassOF FAQUE intermediate lavers) toione o Lo 9L mee kinds of sybstantially .y

single-crystal semiconductor materials, or can have substantial areas of

differns fiFsome &g ensyuprdddwnh rimdnds brpadicsserseiibaly
inverSiRICRYStahRRICORAUSIGE Majeralsihsainalienalke (NENRIed 8gain, the

crystal semiconductor areas"). In the non-single crystal semiconductor

first Igyarsanay glfiRg s Al itienk T enme harenme et GiiEsator
mokedier madiateriayerfertor itexampleiameyphais ard/akr2@sulting SOI

sl ST T TRE DL L e SApEh B Aah B

secongdetyen [Afly dteviefiC{althedisplaly ap dlicaib necwherersitistartisdty layvers) to one

single-crystal semiconductor materials are, typically only needed for .
. O MOt dg ﬁ&s%ﬁﬁﬁﬁss&%e—ﬁgg%?smcon Guor m%ﬁhﬁ% Pldcan %ave substantlal

certain parts o electronics, e.g., for perip eral drivers, Image
areaspigbesesrictiisigreonteoirted, witiuratetikls, tiraregoimrbiingiplly single-crystal

sermiRRIRYDANCR,SAUVRQRAINEIA! MAGHAIS,AS WOk A3 KDRWIH IS Alle

polycrystalline semiconductor materialsand,’in particular, polycrystalline
siltedheawn-BE g FMceRdraiepEtalliaiBr| &ee cusbe-pimdgd, either
girecthiaimalaorstalization atamenahous-raisrislsafiapthess patedalsihave

beeég applied to a substrate, such as, an LCD glass substrate, The entire’

PolyFYELEE STHA UM IIATER biechufRTHRES bt RapeitsEaliuselmg. The
use o¥tieh 1&ssehsiantialyatifiglecany/siglon noatsibglefnysial SeMicepeleftns
Wherer:nsu %{g%lg al yasgggfé-sc y%%&i ggnﬁconductor materials are typically only needed for
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 enttre 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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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 WO 2005/0@@15592004_,904746
W?’@ﬁ@%’%})MOOM% 12 sizes of such spaces can be large or small as

appropriate to the particular applicatiéd of the invention. For example, in
the case of display applications, e.g.; liquid crystal displays, the great

sizes MPARINGOLING HIBRSARES (B0 GUCBIEG Mhan PRIOKIRRIAN RO WM e
typically’not be assoclated with either substantially single-crystal or

inveryion. sy evenyeiealis Shaieess P B hTaRbeAO TR NP S HItR TR Rl he

geatfﬁﬁjdﬁﬁﬁ?ﬁgag?@%%%ﬁ(éﬁg é&&%ﬁ;'@ﬁﬁ’qﬁ@i‘c&ﬁr nstgoes) RaNHgically not
extensive areas composed 0 ,suﬁstantla y single-crystal semicondugtor

be aspegtERdidnsiber GEbsiARR! i atat anReR- Sl LT el ScRfegter

mateth@invention provides a semiconductor-on-insulator structure comprising

first and second layers (15,20) 10 which are, attached to one, anoth

e THERHB Lt OF BGOSR RO AR e O
structhediratlayexchseanspsisas o mdrlitytefaegiipsiegelrofwhiemiconductor

comprises a, substantially single-crystal semicond ?‘tf%@%v@i)c‘g}xe
B A 1O OO0 MO it i s B G e e
providiesla sen{Tptiiacegiondiveatos sifateraremprisin ol satskeend layers (15,20)
whickelal 'gg%ﬂgd &fohe ’E}E&h@!‘:ﬁ}tﬁg] %ffeél& 51’}&%18&?8}%% ik BRY-RERSe layers,

regions has a circular perimeter and AT = 500" centimeters2 if none of the
whengggyions has a circular perimeter. As above, the substantially single-crystal

S%Q}CO“%&Q@W [ ebtsivarioyefitesions Ganathle hecsameapales a

difierent, or some the same and some different. Similarly, if one or more

subsienEpiieeingleayeid sreiceadndiRereisali be the same, all different, or
sofgs thensameangyeome difigrentionthe dapRusdegiersdd glparietiaic; and
one or mare regions can have the substantially single-crystal. .
sekfilconditTsERRSEHS ﬂ'}%éﬁé’ﬁ”"f’c? t&ié" gé%bﬁ%ﬁ%/ﬁetﬁér%ﬁa **8ie or more
intermediate Iay%s, while one or more other regions can have the

semiconductor 254natétral Mitabhed directly to the second layer. In

connection with fhe fpregoing second through eleventh aspects of the
whenavertiGh) tieatimeters™ if any of the regions has a circular perimeter and Ap= 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 laﬁr.

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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one or more intermediate layers between the first and second substrates,
if present, preferably have a combined thickness of less than 100 run,

~__more Ereferably less than 50 nm, and most preferably, less than %04%13474(
W8Fitr4dtitfon to the above-listed individual aspects, the invBntich Ao ’

comprises any and all combinations 6fthese aspects. For example, all
embodiments of the invention preferably have an SOI structure which is

. . characterized by a hond strength, of atdleast 8 WO 2005/02957
oo B e TR s RS R e g 15
joulguiesimetend adndim S iptaforailyraictebbt itshided et Imeter2. Sflirtiopn
he tructure.preferaply; i t iatian: .su t
s o e e e P
semigonshietisdAvIcibe kpbiclprss éstieraidiasd faneEsenhan 10 microns. 5 The
reference ambers iseskia thesUummalias of the waliaysepedsef theuntion

invention are only for the convenience of the reader and are not intended

are opdafol SRy FREFRRS GhiBRRaAsd AY Rsitinbiatended froaat dhewid antivm.
interpQER aenenaly didsdepbe undessipaeihatohothaibelfpregoindgenemtood that

description and the following detailed description are merely . exemplary of
both 18 ARSI S LB RTBARE D Ul ST S R ey

exerdiau detstancingoth el enasid ehar anteidefaiheviervizstion fAslditioabr
d featui[es (%?d atcLil\I{]ant %%s oftthe %/grg‘if%n %Ele set forth in the detailed
undegRlEnGIE SRERATES oW a5 0 B Ba'readily apparent to those
skileditivthefestuirarandratvdesgaptibhomrendigni zecs gyipracticheyltteled
invention. ibed,herein.. T f ' ara i
L T T
that fiesoripGratetihragnized hymm&%ﬁwm@%ﬁ@a@mﬁm héhfatic
accoIANINGS AL&RRk RLepdeddednaicais ScRlener ﬁﬁ@yﬁﬂa@g%@t@ew&m@n, and
eleménts shown therein. BRIEF DESCRIPTION OF THE DRAWINGS

are imggTReracddTasdironiieteiramh g liftis sRamcatioy (Ao themiie sipiags are not
interBEIRO iR RIQALCgREN Stuphiams 20 higeentRJ s aahBpmmatic
draw{élr‘? iIIustratir;g stepg{BE of the_invention's method for producing SOI

BRILH 2 ) iEE‘Pe 1 B%Wﬁrsawing illustrating step (C) of the
iINVETien sAmeikobefastipraduting |Batstiy ctopash AT grawreitdhisfigiwel for

produaing SSTEHARN greater than T1.

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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Figure ID is a schematic drawing illustrating step (D) of the invention's

method for 25 producing SOI structures. Figure 2A shows a completed

SOl structure after step (D). Figure 2B is a schematic. drawj %g%[ﬁ}(i’@gmﬁ
Wgtzg%sg:)z(%g%ded scale the interface region 30 between the %(llr%t an

second substrates produced by stepi{C). As indicated in this figure,

reference surfaces 17 and 24 are at 1/2D, and'/2D2 of Figure 2A,

reapeee el A Haue 35 3 sehemalie A aMnodiuigling Jususa.ak me
recesses in the bonding SUrface of the first substrate to create regions
recesyehiohl cematedrzaamel Eagradt in relative isolation from one another. WO

20020299 %n%%%?%%ﬂﬂ%? LA drarerdiss Plan s ehibesd in

bonding surface of the first substraeilustratl_ng,the recesses and isglated
accordagierE1BF rgReTsionidure sesppd ubsBai e ok indudesRpin [dr M S ofsin

mobiRQhSiictyEe produced in accordance with the invention for a second
substrate which includes both Li" an KOK s 5.mopile positive i
f

FigiFassrdand 6B Aretpbrdiv &y sHRieD e F%%%%@Sé Spfgsed

in FigMResused rindateigre 5 after reheating. Figures 7A and 7B are ToF-SIMS

depth profiles qQf an S ructure produced in .ac ance, with the .
R e T i A RS CH
accoriBunobita feditivetion. fFiguresBlsa 88 which oRiSiMSdepinlnofipdaf as 2

an SOl structure of the type used in Figure 7 after reheating. Each of
mob Ié)osmv

ures %K),%A, 7A, and 8A shows SIMS signal intensity data, and each of
Figlges58A 681 ¥B aumBoSES SHGsnfepeflascfmpetfebstrtetapafibpree Heed

o Fi ggsﬁge?fﬂg% ) is a convergent beam elect_ron diffraction pattern
mH ustrating t%e smgggle crystal nature of the semiconductor |layer of an SOI

strBethief Braeaeédif Ackbraan &ivherin SDYES sismshintrnsibefaicomi faoh of

Fieu 516 BHS ARSE iz \0sRhaHss Hepeshslican 4Bk brigy iaeckifvalaiB, and
I0C are ToF-SIMS depth profiles of an SOI structure produced in .
acEBFIAITCE MATYTESHR SREDPIAe R 4T HAICRIATSR IR b SR8

crysialkaline-v2Gheasthi ienawrttheyeriile Boditvedans ploagurasitOecantid@Brith the
inver?ggg.v %Ia\eﬂsse%ggrﬂdg&:ngﬁx 1?1%?& case is phosphorus-doped silicon (S1).

Figures 10A, 10B, and 10C are ToF-SIMS depth profiles of an SOI structure
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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a_nd Figure 1 OC shows that data converted into atomic percent values.
Figure 11 is a schematic drawing illustrating an SOI structure which

comQrises multiple first layers on a single second layer. Fi i
WG 2005/029576 T . : rﬁﬂ%ﬁ
LHRENATY drawing illustrating a preferred process for prodggng t %ﬁzﬂgﬁ%

_SOI structure of Figure 11. Figures 1BA and 13B are schematic drawings

illustrating preferred approaches for assembling multiple first substrates

on.a single. secand substrate. In.particular, Fi 1achini

T4 TR Dby e S b S o) SR R B
substihte asustitgtebemtticfigurbel s fiow subriraiss deiisihasntiBetrstifubstrates
semic2n u&op}dn%%ﬁlﬁbacker 30 to, among other things, simplify repeated use

of the first substrates. WO 2005/029576 PCTIUS2004/004746 15 Figure

1Figracsthismatioedreiivife st Burr i aPpR ATSPIogpsratdrmyhe 2 thin fim

i:r(,msﬁ]%&:ond substrate assembly where the gaps between first substrates have

bee_'n filled with a semiconductor material. Figure 15 is a schematjc
IrBigHG ISR R BP B 13O SRR RS AaPITTE S “fﬂﬁﬂ"ﬁ?ﬁ%‘e’% Hga?sﬁ?ﬁ?ﬁess
aspecgﬁgggge]igg&ﬁéghematic flow chart showing a preferred embodiment of
the process aspects of the invention. In the,above drawings, like ..
A N R e e R
througByer aleiewsaFhessleMendstanvhiohwiiehréfereferennemibra yewsrally 10

correspond ar set,fo&h in Table 1. DETAILED DESCRIPTION OF THE
corre ﬁ(’(?él&ﬁf? %%shd?scﬁsseed above, a major challenge of using inexpensive

DETmﬁLm'BMMW SHEHAGMWENR Y$&Nicular, in using glass-based
materials, specifically, oxide.alass P98 CRIAMINS 283 8u
su%‘f)(()i}" %uﬁ%str%gq%éxtﬁ%%e 1100%? (k?:)%r{lgding treg%r%ﬁt EJI’eViQUS? 15 Sgggt

substimtifi@drixpatiorise setpaairgibesHandaotiensSitdimasidnasses and
oxidecgﬁgé:lwilm&@g JUQERsSIBRReaiies Blthinedoiade: Haeaevaeiionsly
bonding between the glass-based layer and the semiconductor material,
used énghesicenmogiie Hard iieeticnia %&W%ﬁ@%ﬁﬁ%‘éﬁé and
proc%@%ﬁ%ﬁiﬁ%f@?@f for lRwentempErRtvsesi alsbonie diteballtnrgihgstbased layer
. t%??%ﬁt@%ém %%e%ncon ‘;eztg?é#ﬁ%‘;e{,' 1o parts at a separation zane 19MSde:

temperatures. The requirement for lower temperatures also makes it challenging to separate

the semiconductor wafer into parts at a separation zone formed by, for example, hydrogen ion
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.
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20 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 semic §9 53%%46

WO €S & tructure to avoid separation of the semiconductor layer ?rom

the support substrate. Although somé@lass-based materials with

expansions close to that of 25 semiconductors, e.g., silicon, are known, an

exact matgh is difficult to obtain. Expansi ismatches are '

e TS e e e o e S s RS s
whichighpéoyaspocransetdetondingsef teksmbesedivetsrimy e ssvmmrgized above,
the p}tfgs%a{f%%‘e%%gé?&%m&ﬁsm endheslassshasedsuhsiataant

e semiconductor material should be freé of ions, such as alkali ions,

overshiehesmpiifleesinBzBrsdhidSndlefddii calirzetipn s dliegraippgrocess.
pr%ﬂl%{fﬁ%ﬁ&@ fhefunstioningafssemicondugiolHsNiess shhaatass based
materials known to have reasonably matched expansions to
crystaleIpRIGARRRSION FaieisT e § TR CHTaRAL B AR oI n WA
semiSARBIOZO5T 6 P SR AUSROOAIQAAEABu EEr Thiss, 43 dHiniE-promlBm siTeed tetc.
be addressed and overcome to provide SOI structures which employ
classgg, g composed of glass-based materials. As summarized
abpyenghe presrotibyedtinndgpidyidermethbdsdet furotiading S@rate include

... stryctures which address.and come.these problems.Fi A
S e R T A L B e s

of otfieskambstnatebfs which corhprsedoasulosthet iy sibgitetednpbidp Ge, GaAs,
Gﬂ’sa%@wigg%%@atenal. The semiconductor material can be a
silicon-based semiconductor or any other type of semiconductor, such as,

thelhe-wemianndneonofdhe fisthsdssoe sathhomdbetbmn phasprpangplly single-
arystallicanshased matesialsuabichirpnbausaddarthed slsphstalednehidare

10 silicon (Si), germanium-doped silicon (SiGe), and silicon carbide (SiC)

accopw el Tt SRERiCOPIFET SHTENh BRI AR L A Bt SRTTGY BT R°T

suridbedirstsunstiateninchigeGRfoads addal) sastdal Rt igsfads diefew grain

semiconductor of the first substrate will be in.the.form of. a substantially.
bouigfe. ST BT Wit A TRTARTAT S\ HBGRNETA e o
othefisicsatpsir die toytaketrhbiaecduhd bilihefacotivhicgemiconductor materials

e T L
external surface 12, and an internal zone 13 for separating the first substrate into a first part
14 and a second part 15, the thickness of the second part being Ds. As discussed above, Ds
will typically be in the range of 10 nanometers 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

escribed herein as being "substantially parallel” which includes both the completely p’arallei



10

20

25

30

boundaries. The word "substantially” also reflects the fact that certain
dopants may distort or otherwise affect the crystal structure of the bulk

Wg%ggg&?%ctor. As shown in Figure IA, the first substrate 195’19{?5‘%0@5%4746-.
external surface 11, a second 20 exi rnal surface 12, and an internal

zone 13 for separating the first substrate into a first part 14 and a second
part 15, the thickness of the second part being Ds. As discussed above,

and s%ﬁﬂ‘y%%(@&’%l%sb%@&5@%@&&9&@%@@*& BR0RN AP StREDility that
ith rre

prefe thicknesses being in the 10 nanometer to 150 manometer

one orarige off e seacaher dhe aRer FasY EShDSSIMBIZF YHEY 500 nanometers,
€.Gep e Rrlel Psard-ANP RanomptersiiRarel Siot adimifesertirdgh

part can be thinner than 10 nanometers, although excessijv in
e OB GRS SR P S8 15 RO S16 e SO R R e
presegtr,Qﬂél %%aﬁbﬁ%%@@@ﬁmwﬁﬁiﬁmﬁ ﬁﬁin%(rthe hgdni%ndom:ﬁmﬂﬁy&a@om ay
be cre via oxidatjon or other metha nown in the .art. Exter
R L TAPTS A S AATeR Dote iR oL i Py
incorp@anbiiyerftiaweveate takerttednnvofithnigoesvat lspdmaydie Somdhe
slight angle, e.g., up.to_.1- s e rfages
s e B e e o

borort setsstFitEtyep tedits aw ki chapriude Sipb svtRECO ARSIBENP P SFRMBPIR E 3o the
first %@%@é@ﬁ@ pAsRERAagA94(004 44 Gudd AR S9N UyaR iRk 68880 Pohe needs

rase "substantially parallel” also includes the possibility that one or |

to resproId tofiindeniraeEacE tRelEG RISy RobsroBas etk fatbadhafitisipn of
the fifQRBLL34% fRrmed sising inplantasieon/exfeliation techniques of the type

currently known to those skilled in the art or which may be developed in
hARRGRSIAT™ PrEUBAE e SB 3BT JOREC FEIBREIT (i ORI g tooe
21 athehyeiagemdondi mpfasiatiansdeehniques obthierferenteesidjstussedantially
ove, the relevant portions of which ar reby. incorporated _
pare G e Aot AT RO e e b Ay DAL BB
for eﬁﬁ@ﬂl@ﬁﬁn’m@i&hdisetﬁlpa%mdmpl&ﬂﬁf@ﬂ @Eh?@iﬁg&b&n@%ﬁ@mﬁﬁrﬁ Bre
mte; axd 2 egeg @rge &%{%ﬁ%@%@ﬁﬁ/ %%@ﬁl%ge &gﬁfﬁ)ﬁpﬁ%ﬁ{’p%&@? external

&libStraté needs to be separable’into the 10 first and second parts at the
surfasephlation komd ARring sep DR Tings) Y separablrkepiie nesreE

he: %%9&&%&%%@&9%%? GRQHAE: RINGESS R RRBMIRGWRAKEE Song o

_that the division of thg first substrate into_the first and second parts can .
straiopeis o 4ea1$Ba8HolRY T Fit iRy BRESRE Sk S St RS AhipHSEERAG ™
is thEWEHAlSHTASESch the glass or glass-ceramic has a viscosity of 10" poise (10'*

Pa.g). Asbetween 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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21 and 22 which, like the 'surfaces and separation zone of the first
substrate, are substantially 15 parallel to one another. In order to ensure

W(B%ML&? %%)I structure has uniform properties in, for exampiemth%f@q;@d 4746

9 , . ;

direction tor a circular wafer, e.g., uniform bonding strength at the
interface between the first and second substrates, any deviations from
parallel of external surfaces 11, 12, 21, and 22 and separation zone 13

to 1 iGN elefAbiANb iRAMINIPAURR (IR Resanehs URsIratauBamR iseman
oxide glass or an oxide glass-ceramic having a 20 strain point of less

mic'qPan 1,000C. As is conventional in the glass making art, the strain point is
thentesngeraduie, abydusihthelgiass acdglassteatdchierhagiatyisqonitythé first

1014.6 poise (1013.6 Pa.s). As.between oxide,glasses and.oxide .

S et PECR I i c e )
perfotypidaliytisiBplesttocmemnufdtioreh thas makiftpthamemprentidetyya vailfbidness
and less SIVR,. in Fi r S

or mE TS SRGIR Bida 68 SURAE I AR HE SEROR S SUBH Bl e

desireddit heefbitatsly FOhsTiarge Bi0BmiY rolmralenst SpeahaEpiiatitedigpkness
of the QI AUGHes. Insulatiedayatshiaving ebickness areRieibanQreayatey

to 1 micron are desirable, e.g., to avoid parasitic capacitive effects which
(C) forribe wmenmrbpdiXplfagroiE6i5eRsres having a silicon/silicon dioxide/silicon

configuration Ase ppartenat high 30 frearensie st baaasthsuhe mole
thicknesses have been difficult to achieve. In accordance with t%e afer sen%

pereaphRirtiGh 1 R B e 2Iais & RAIRG A% TSR P5 R REFHG mole%s
and rhdigreRfigbRAgiMREfieved bysimply tringsa spgandcsthsicatehabigsalline
thickpess js greater than or al WQ 2005/029576 .RCT/US2004/004746
Bhasq R DE THLHOn o LT P OBy TR B2 R AL P e S o e
for ghisbstrateids. tilis Flzrsiphese tf e rdrat-terms ctiimwddonuiSidistitdtehewds
to be thick enough t rt.the fi
mov g R e Shsian,
durin@@#pstiusture. Although there is no theoretical upper limit on the thickness

of the, sacand suPstiale. Adhickuesshexond hataaeded ion the.symport

function or that desired for the ultimate SOI structure isggeneral.ly not

invensietehit @16 BeReTAb R RREPIRE thickAEs L Ighaircigia rass apdivataliemr

perfdaMielthe slestricfieldssianaih mithindhpsubsisateduring stentfehies the
same applied_voltage diff reg{?‘.lﬁtr:e. 10 The _oxiqge gl ss or gQxide tes which
emplgidag EErsAREIE DT atREIY it h AL B2 TRogac substrates which are

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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percent of Si02 in the oxide glass or oxide glass-ceramic is preferably

greater than 30 mole% and most preferably greater than 40 mole%. In

the case of glass-ceramics, the crystalline phase can be mullite,

WRAIREHE 4northite, spinel, or other crystalline phases KnoWn i the 4pp+748

for glass-ceramics. The glass phase bf the glass-ceramic should be

sufficient to allow 15 movement of positive ions away from the interface
e.v. SEERhe st and secondsubiales, diona sien (e Norslis hased.

glasses and glass-ceramics can'be used in the practice of the Invention,

ions phierieryehetaitpiess praféa s etanberaiar i hisrerics seving /orlintddine-
. m@&ﬁ?%‘&ﬁsgﬁ‘ﬂqﬁéﬁﬂ%@& _gfigﬂg%%g%éome applications, e.g., for SOI

structures 20 employing semiconductor materials that are not .
silicemepBcaraties oh s abstiard WrrbiRearathitmser Baseyse gide range,

repreB@RaB¥ e AlasEESe AN BY IR KRS HabIE] brd 208,a8pplly NeLPIAIRII§eferred
because of their higher cost. For ce%tﬁin ap e.g.,_display,

lications,
allel ok lleline-coh o CongerniEAlORa pER Dl 10 THGTLrABR AT B BRP .l case of
alkalvisiblesndane UVt Bndlan bRAvduslehgti rmnges ik dinthadiasssor 25

I icl f ly t tinthe 350 ri 2 mi -
e TR e DR L e A SeS g B frsyetered
lamimgedeyrodsced t@meddlﬁdessirm a%awlmﬁtmﬁaﬁﬂm’;hgm mrisb_;d,dhe layer of
the 1AEHUNIHES. LMW !@:&P&%ﬁ?& BRI tﬁ@\%%@ﬁe‘% '%%Eu%e%?ﬂ%%m fora

glass-ceramic comprises at least some positive ions which ~during step

secoiiCyupsoves withhossdisdinaiagde stk erdilesstisneotithd appldardlochomifbkifirst
substh@e pRCkANVAY afgé?ﬁﬂa%r ae& gﬂoﬁ&%é%"lﬂﬁ{ dS:suiac ‘?e?af%e HdRNS RBuse they

Li+i, Na', +and/or K+' ions, are suitable positive ions for this’'purpose

do nosdieeats wistpeeREahy el eoRRING: nibBifndeidcntane.cisereppe SOEpasiive
consi@RELYPICANINGA oAt AR Oipssesand XIU6HI3SSERIRINGS W er

. 2005/029576 PCT/US2004/004746 19 e.g., alkaline-earth ions. However,
satisfigdye glasses and oxide glass-ceramics having positive ions other than
alkdlbignBee ganeXidesgtse sendhoxide-giasssqoranics bavingudslyurface

] alkaline- earth ig é.cantbe aLlsed in the gracticeé)flthe invention. .The ;
BT S EERHh oA G the ARAT ARd AIRSTHS: Safth OHS SarFVahy SvarAcirdacor:
Whengngentrepréserntatveubsteentfatiohs baifaghstwéerbfahtaitl, 40civtitiace

layerg rs‘h%ﬂlg)ﬁgﬁég%séscé)résé%f{gg dﬁeglggg @%ﬁ%&%ﬁ%%%ﬁ&g&%g tfgqgr%ﬂéson ofa

are 0.1to 10 wt.% o _ ions, an
strong/bondbetrconide BestinihsgserchsbBfaatkalinaatetidons oxide layer on the

semiconductor substrate having a thickness greater than about 100 nanometers can lead to

weak or no bonding with the glass or glass-ceramic substrate.

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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Although second substrates composed of a single glass or glass-ceramic
are preferred, laminated structures can be used if desired. When
laminated structures are used, the layer of 10 the laminate_c

Wi &5(B&ate should have the propergies discussed herein ?érg Zl? észe%égﬁ Fras
substrate composed of a single glass~8r glass-ceramic. Layers farther
from the first substrate preferably also have those properties, but may

hays: @%ﬁ%ﬁ%&ﬂ%&%@@%@&%e%xﬂ%ﬂﬁ@ﬁ%@@&&}eﬂ@%E%?ﬁgﬁéjng

substrate. In the latter case, the second substrate is ‘considered to have

surfagt b AR THPEBID bR FRES YR HRiBYITOR e SonsrRiTatina hatdere fvndnger
adva%ﬁg&aﬁﬁﬁ@ldeaﬂé@ﬁ%g&ﬁflméi%nﬂiﬂiﬁr%%&ﬁ&@%@ﬁ?ﬁ%{%@@%
cluae surrace. layers Qver part or all o their e>_<terna surraces,
S“bsté%ffgn%ﬂa%l?&%r BB B HOB R B PSR e prEakon B Sepmbsmd tafe
ofpasﬁmémampb&md/whmﬁmaﬂngfﬁﬁmﬁaﬁﬁsﬁﬁo@t@hﬁu@ﬁeﬁ QMﬁTélth]d with
t have a composition and/or a thickness which will prevent the
e 50 TORE N RS E UL A Shcbis SN ARt of

CORPEMC I QRPORATIEDC DAIREC GRABHINNONSUDIHALe CORDING
I G R S e e

bonding with the glass or glass-ceramic s
examipieibe nepBycting palitvidartkiebdjsplppetatidnlitisdiblicy eethtitatan hyddegen
concdfifer RN R SrsalRrigkness Pyides A hidh Lesistance to current flow

_and 25 thus diminishes the electrolysis-type reaction at & iftertace
pointhethre Bhibe firsE 4p 8 YBEora s, péich et wrpsitis believeddss! froBEce the

appli@lékﬁjfz@m&gsbﬁﬂg%%Qf@ﬁ%@%ﬁﬁc@ﬁo%!de layer is present on the

bonding surface of the first substrate, it should function primarily as a

P RtfTaifdiasResh Foedds ahemitieeg iepdmpinnsaicn, Bayuwiherof an
impldaydrfocoedge the Lopsngissdacertiraaacend subsia idnot
in&eglfere it CLdrrent féow and thus W:%fm pically (and preferably) have a
ConCeRTalTls o' BF NS RTh SORTR Y OAh B ACONHERTS thfhamdizpdrocsss and
thus ipreséntofothe bandblg wudacesiof subsialesdlanien 20MPaYplanted Si
: ] intermediate layers between the first and second substrates in
Wafertche Eln%%gséé Fgg’&%%u‘?}é%%%é%ﬂb%%&%@%6%6‘1? D6 For
transigs teaittpfis Stalatyufste/ Seegnid stipstraledormibnationse gre reatment ef theits
: ing: Ir t red ' rogen..
et s hooh e oo Ao Ao R e gl
during &as, app Peatian el aransd isat atbestevbrndined durio g ihppmicsiailows
unifofid GRrakRdH GRS RN GESA Gencantiajierhas been found to be

Quantitatively, it has been found that in the absence of a hydrogen reduction

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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5 of particular importance when transferring silicon films from silicon

wafers implanted with hydrogen ions to glass substrates containing

alkaline-earth ions, such as, substrates made of CORNIN%

; 5 : ; T/US2004/004746
YREGEBSRATED GLASS COMPOSITION NO. 1737 or CORNING

INCORPORATED GLASS COMPOSITION NO. EAGLE 2000TM, which

are used in, for example, the production of liquid crystal displays. It is

Wishgn%%@&ma%ﬁé@gg@cmdﬁﬁﬂQ%%Bé&f&i@%@e&@% ewgé%{)éﬁﬁn%jthese

antageous for glass and glass ‘ceramics having high strain point

treatgnenisif I SB0ERIDUOTVERER SWARSH BiEZe o duiEa bl Iseorpe ddd do R
mak@PRIGRHARS dpwirgless IRdPIRESIesIoNIGS ARRICAINS JRABIIEWALIbut at

has been found that after hydrogen ion implantation, the surface of an
ToODy HERRATERITS O S PR AR R4S MG h§ich CTRREE R R EEM 2 (POl highthe
amnf Y QgRRIERCLE EOREARL iRk khe fisvagasy erminagtioniat thasisuiace

inhibits the honding process and _thus it has been foynd desifable to, .

oI Ry BT R TR O T g WA Suiaetgres
that HgHIgiong &Nt edeagdizingdeeatmantvifl bedevinabiain &ffdstivessitaysianted

transfer to glass wafers of the foregoing types. Reduction in.hydrogen
A e S SR T g

hydhophiticceRigatidBs thie fpondiligatak gt ofthdprimythef dpplivatition in
wmc%t\g%'%&ea@&&%%ts;ﬁﬁ%agg"ma%ta% formed, during the precess alows . o

uniform separation of t rom the mother wafer. Quantitatively, it

surfivgs Yeand Dunt thariafawehpobadenshls Blhoenniéoudho irtteadaesnd
subsB%:POHE A0 %ﬂﬂt@s@ﬁ%ﬁ water iz eRyRIEHW Brok fipiaRd avenin theng

covered area, the Si film ténds to be non-uniform. However, when the

22 appdrbyend 15 cemsetitiditiordbing su e otmle gty bedrp ey thp first and

secoR¥iSiBRGHERMEeBIRIfonK: Bbiilh ecenesrattaciagd ahealass the first
wafer over its entire surface. Variqus appro ch%si can be u a%to re((ji%:e
and frEORG HBEEH SORCBRTRITOITORCRESUNSCR (Grairfsianti frifepondng

surfiegferrad appreaches inveltieiatmitshnxidatideisendiedetifihe «$utépde) and/or

.such as, treatment of E:w fer with an n plasma, treat t with .
R LB ToMRe Gy D IR AN A PR, o bt

is pmmmmam'i owebcrppimptirdye mmm@dé@rmfmracmdmce the
cesifARBINNANS 01 RS Rracesses: LRAMErLINan, pigen plasma is

e preferred approach, especially in a commercial setting. Although not

WG hops/3e957 bRy BSR40 TEG oIy FotBahoghEs Bl affp have a
vari DG SELUAE QYO epeLalionyitisbaligyed thabduing este sold by SUSS
MICROTEC of Munich, Germany, can be used as the processing chamber. 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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treatments, hydrogen terminated surface groups oxidize to hydroxyl
groups, which in turn makes the surface of the silicon wafer hydrophilic.

he tr ntis preferably carried out at room temperaturg forthe, . nos746
Wéﬁﬁ&%ﬁ%ﬂ“gma and at a temperature between 25-100C for the 5 ammonia

+ peroxide or ammonia + peroxide fallowed by acid + peroxide treatments.
Although the foregoing discussion has been in terms of silicon wafers, it is

suffi bgé%ff%e%é%‘étfa%%ég ns in hydragen concenrationauillbe Advaniageois:
or yérogen-lmp anted. semiconductor wafers composed of

bondpermicbductor aratepialsiathéh) trmbsinesiarmadriiig RFFWg e 1Esnfisand 90
minug%v r@fé#iséé 5196 9f the Rracesspbls ipvention i 10-vRikdthan 30

Irst and second substrates 10 and 20 are brought into contact at their

minufsshepdgn S eaERE Al SRR IS o prefiral iR irARRed & pygiorm step (C)
can HENMERIEN Q?&@d%@ﬁ@%ﬂﬁt%%@%&@ﬁ%é@ﬂiﬂ@ﬁ& sepiRlate

ed so that force-a surfaces 12 and 22 are at Ti and

e.g., are hea pplyin
mataﬁé?#é@ﬁ@ﬁﬁ&l@ﬂqﬁ@%ﬁﬁﬁ@%ﬂi 48858nsion between the first and
sesepiCHhgfatesly avaideddurifg ihelbandingnncesditibstepe(Ghamber 40
, Alternatiyely, the first 15 and nd sybstrates are not pre-heated prior. t
5 ) B b AT SHE Botdg ELARC T A SN AGE Py s ten
or eqhEbtightiilibeoatachastorioiois thedsabinmingqotte p Cpilibior. ddismptively,
initial part of ste ) hefar I j r
s L0 LR LR L E e W s e e, o
the lispacers which are removed once the desired temperatures of the first

agﬂ@&@g&g@@m@m bave-heanssached D ENE PLAsRSSINGENSIPEY, and

which is shown schematically at 40 in Figure'IC, can have a variety of
prefesanfiguithtiors TEoThexp i m@{ﬁm%r giveloiieiobrERATS pEETFITE
forced P in¥ KaR E2C-08 MURGhy GesmanyceAaRendSeutAs e RIasessing at
chamber. The same eguipment can be_used for commercial applications,
forceaRitigng BtHhTentRARaBTaeR SIMREb RS “ﬁr@@eﬂsgﬂ%?é FRERIERE Fre

locatsHbsitatelzeranchbuhat aletasee nltigsrwillyehbsaliy iRbdpepieferiedation can
Because the invention uses low to.moderate. temperatures, pressures, .
be usl R AETE AT AR TG Ro Pre (e Sl

desiggiocessing chamber needs to satisfy are not demanding, which is another

important. advantage of invention, 8., the invention can be practiced
Wit%ea&ll%b%grﬁfé W gi@hgﬁg}%%tw reE'}}tllvel?ytlﬁ expensive and widely available
or 30 eadily faticatet (¥ eaddh=afiplidatiolis/'cFigure 1C shows the

e L e SRS e i e O
A profetirad 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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WO 2005/029576 PCTJUS2004/004746 22 sufficient for the first and
second substrates to bond to one another at the first and second bonding

wSYKRGESs fzor example, step (C) can be performed for a perieg/bgiwigatés
and 90 minutes. Shorter periods of time are, of course, generally

preferred (e.g., times less than 30 r%%nutes) and in a commercial setting, it
is expected that the time required to perform step (C) 5 can be reduced to

fike @Wﬁ;%@éﬁﬁ@ﬁ%@ﬁﬁ desstheasip e pritizatienyolsuhstyate used in

~ materials, processing temperatures, and applied voltages. Step (C) is
variousrefEhaSRABOHS PHREGRHRF Moderate vacuum conditions, i.e., chamber 40

isrﬁﬁag&ﬁ}ﬁ?o%ﬂiﬁﬁ%(&hjml flﬁfﬁﬂﬁﬁk_”_ ﬁﬂ%ﬁwmm?mmmmwfs
. chamber Is less than or equa to 1 , and most preter SS than
discusspd AR Gol1 618 v IFEFLOSKREPRERVE ,‘E%‘;‘?%Baké%%% 3 p?a(iahf%rjlr]n%g? .ﬁ?
seconlal?dﬁﬁfh?brﬂpwh@éﬁnguﬁlﬁhasi:ﬂlh@pmﬂﬁmab@mbcﬁcmg@ms' tefagrmventidre the
ike, As disgussed above and shown in Eigure 1 C, ste ' I,
seconf QTS P ER ITAD AR EAa i e R (Rt oy
weak¢e spefiivalyhdhate ol segeratie temp &l st eraddor ce- 8PP sang egrakaethe
.and V2 T2 are, res ively, lem LReferably,
semi e B o S A ol
T, witiliesgrattenhan (Goarél Betod The vissheftanadhgslaHgpstBure 1 C,

although%@@ggsfthq%n@tion can be used if desired. Also, vertical or
other oriéntations for the substrates can be used, if desired.V 1 and V2

and ppristehdp rsrrisfiprrkipelationship: 20 100 volts/cm <_ (VI -V2)/D -< 40

kilovolts/?éncvghﬁrg Pl is {hg-ghistance between the first and second

force-applying surfaces during Stef (C). A preferred value for the (VI
VeBoatio therrpeSistaminefibmmat sxpaeipr AL i1 SR ol sreqargfstrates and

the cﬁr&%ﬁfy rolatonabiesiallwil B3 ferabbosdinsfy 36RaaREZind most preferably

,-390<T2ST,+350; where T. is the strain point of the oxide glass or oxide
both gf4he fellnwine BPBHDE and T2 are in degrees centigrade. As

discusseg-ghove ] is'lesx ban,L000€, canbmiéses taadi§00C, and may
also be less tlhan about 700C. Typically, both Ti and T2 will be greater
than or e(fuat T8O Eand1EsstRARF &F equar 1o

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 numiber 23. The thickness 8p of
this region can be defined in terms of reference concentrations for the positive ions.

Considering specifically the case of alkali/alkaline-earth ions, each of those ions
which the oxide glass or oxide glass-ceramic contains will 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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30 to 800C, although higher or lower temperatures can be used, if
desired. Within this range, lower temperatures are generally preferred,

W@-g:??t@g;%ratures of around 450C for glasses WO 2005/0%%'51«7[%209 /004746
04/004746 23 like CORNING INCORPORATED GLASS

COMPOSITIONS NOS. 7070 and 7740 used in various of the examples
presented below. In addition to their role in achieving bonding of the first

distaRR SRR IRURSHAISR BT AISAHSS 8l AROY S H ANA T 41318 SNRSAAHIA the

provide differential contraction of the first and 5 second substrates upon

secorbBiMGAe hds mrbaepidisrenaisdbiRaridiardngvertsh Ak et Bivd

sm»fa%??%&t%@ ﬁ%ﬁ%ﬁ%ﬁﬁéﬂ?ﬁ%ﬁ@%ﬁé@%@?ﬁ&ﬁ%&?@ﬂ%ﬁ%ﬁ%ﬂ@tﬁ
. 0 there weaken tne 1irst substrate at separation zone an .
satisfit ik HALOIE LR R S TR PP GlRge T oxide glass-

cerarBRIBEIRSSON, as opposed to tension. Typically and preferably, T2 will be

greater t I, with T, and T2 generally satisfying the relationship: 10
50C< TZE?QP}-%@é,O'gnGOp%éfeggbly the relationship: 10C <T2-Ti 5

wherg2 50C. Moreover, the coefficients of thermal expansion of the first and

second.sybstrates and the ch n temperature differential will preferabl :
e SR R A PR SRR R REIRRRY of
distavetatiGoships s@0hE] b@ERAHUCHHCTK? <- CTEL + 20xI0_ /C; and/or (T2 -

TI)%Q{(J U%J@é E—a%%ﬁ:‘c]%%éen{z > Ti; vyhere CTEl is the _OC coefficient
of therma expﬁnsmn of the substantially single-crystal semiconductor
maiernglthndChERis hovil2e0C8pstisioribofthdivnahigxpansion of the
20 oxide Ia}s§ Ora%)c()ir(le%t Iglss-ceramic. In applying these relationships, the
0-300C CTE o?fﬁe oxide glass or oxide glass-ceramic (i.e., CTE2)
and pitfdiabbpitiistie sedlbgarefaionship:- 5x10_7/C _< CTE2 < 75x10-7/C. As
discussed ab during.step (C), positive ions within the second
substrategf’e".g(if?ﬁlt_ai-nlr‘%,1 %%ai FFC+I Cs+i Mg+z Ca+2, Sr+2, and/or Ba+2 ions
(thasadisaliatihinevedithrionsi)adn! 26 proievaway frohntiies isteridcgbstrate
dun‘ﬂ;g the first andsecand, subslaias 1o oun & JRRISHOR LI HO Bile
. Eﬁ%ﬁ@.cjﬁ/ in Figure 2B by the re?x_egrenﬁc(:% %%grlnbe_r 23. The thickness 8D
positgfe inks rogiomehin e qaitfelars Riide BreTenesEBicoREER PHAGR 1810HTe When
pres@RUHINGAQDS 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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Considering specifically the case of alkali/alkaline-earth ions, each of

those ions which the oxide glass or oxide glass-ceramic contains will have

a reference concentration 30 CURef at a reference surfac hich 1) |
Wit e"econd substrate, 2) is substantially parallel to t (e“z‘éé\%zoér?é/ D%H%

bonding surface 21, and 3) is space@from that surface by a distance

D2/2. The thickness SD of the positive ion depletion region can then be

defined as the WO 2005/0 . EMI%%O 4 '
bz{?/vqggﬁ eeogg}élo%dg%%snéai%%%%%gge 21 anc %@8? ac’:gt %%agv%/%i%%%ditshat R
reduaiithinetpro cestuntbonbreitate fiR)dsstesteritkan cparaled i sepEcomene

bondgl InQ;RuLfAgE, ang %’ﬂ@ @?e%%%&ﬁf&@@é%[ﬂf@s%ﬁmolﬂ%}q.ﬂ% ion

urface for which the following relationship is satisfied for at least one of

movemsniikERraRaTEitbensenis whtbh Behsriael GRsscor oaad g Tealstype
bondGE ANIHERBIDSHEHHMUGIHRin < S muherRiGa (k)4 thesanceniiahonain

said at least one alkali/alkaline-earth ion as a function of distance x from

thosq gehigyed T B OARIRG STTEL e 5% PESHEStN RRESEKRII P 8inihe resulting

strucReEGRAdIBINGIcRISHd efiswtarnSiwill oeherna s Aisfystbehretpliansifssstly of
2?2 10 nanometers, and will often sajg%nthe rela&?ﬁfh% SD.? 10{/)(? e
the SOI SBATAER &L § V&?‘Ef&%@é"&t&rﬁﬁ&v A B ENt SRS HBR I 25T

deviaitfomibeseaandisutibtatd hdurig stdin e) ial e carfpred ook @hw artsodtbe

inve: "ﬁ(i)lg Qi . 1S &ia(sjsn 2 f%rr%ne%'srgg{aei gfdtéh e%&%bi‘la ?%oﬁlyc\)lr?n@dq At %Qenitrﬁg}?a%én
& oxids glass or oxide glass-ceramic. Such pile-up regions, when
betwpre Senfirsamd sse@rdthibkivess of 500 nanometers or more and a peak

prosert; DRSS of 500 nanometers or more and
e S e e b Qo

also pesfisietctinettid SeERdRIPRBEVECH SBYHEn caresntetpy Bhrel Dygikeat surface 11
and SERICEIRBNZERE0E SxamBlerHhialkRile-sipJegion- gl dHgM @ o fined in

below). The one or more pile-up regions, when present, are located in the
termyRijitpfeferce gpeentration for oxygen at a reference surface within the substantially

single-crystal semiconductor material.
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 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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25 i.e., they can overlap SD or can be just inside or just outside of S. In
particular, the location xeaak of the peak of a pile-up region typically
satisfies the relationship: 0.8(r)SD < xeeak <_ 1.2(r)SD, an n
WOHILHRENAR relationship: 0.93D < xPeak < 1-1 SD, 30 W&?&%ﬁ%’%ﬂ%ﬁ“eﬁ
distance of the peak from the secondonding surface and SD is as
defined above. WO 2005/029576 PCT/US2004/004746 25 In the case of

oxide gla&g)g%%)géainin%glk@@}?-(egrth lons, it has been found that by

reducing ?s?lﬁg émperaturé; time, and/or voltage employed in
stép {G)csemen Bondibgafavdlidors fillivin bagtd smdvasecaaisiesaakishech is a

sitea i aaRNNal 00 dbsecvabic o, LIRLARt pexalhip PORRINGS h
e echanic ype, e.g., van der Waals type 5 bonding, é_s pposed to
formetsemBadH ddlingaralet he sebaltiverisongierenytisshamdtsnierdias rasbue

whic %Blﬁx&fg with jon. movement Alsen Besausg itlacks:a deRlelianrediol other

~ the resulting structure can suffer from ion movement into the silicon film
oxidefafihesubecbied BB eSS BITaREES Ol structure at elevated

leMPSIATHLEES, W;%'({Ifb ¢aRImRRIReHRGHOBRG QhalRcHRNn MY SRS ubsrates
n

_formed on or in the silicon film. Accordingly, in the preferred embodiments
whichftarrodiveRRds) the PrRieE ReiR S HEd SO thath BREBIGCTITRGRor idnto
an interRes-atitha I ieHisEQrHehiep ook die myidisecgod s61bslratptetion region 23,

additjon to the ec%etion region and the one or mo]rexgyile-ug re]gi%ns,.ste ¢
and 1Y RER PIRLE BB P BB DB YRR e P SR 1 1o Viemity ©
the dasicetisatidne \debhibegippat surface 11 and extends towards separation

- zone, 13. The thicknes of this reqio defi in 15 te of a
' refereeﬁgée%%r:}i‘e{ﬁ?r% %%e%o%r(%{x% e%e?%na Fgﬁg’%%%ag%r}%%éﬁ oa?fﬁih{%g"

tempeuiistetisl ifhesinglendrsestaidparicOHdUDtof thaforaiiissuiansrpfaed deom

rface s, § in.Ei ich: 1) is. withi _
o B B S A e

this seperaien san SpaaioEnsepuithey dishriing tbadand g qyd/part and the

secol 85 A% R QB8 dSHbe:thickRes 20 0kdbs826RRhRAM URREIRIS, the
reference surface, the thickness SH of the hybrid regio_n wijll tyi%call
sepaEhifgyEFRL I BFBRRITRS VEHE e 550 HRSHRBRESS (115) of the st substrate 10

away from one another (e.g., lifting the second part 14 upwards as shown in Figure 1D), since
during the cooling, those 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



10

15

20

25

30

where 5H is the distance between bonding surface 11 and a surface
which 1) is within the second part of the first substrate, 2) is substantially

Wéaz@%gg.lponding surface 11, and 3) is 25 the surface farthestiramioos746

onding surface 11 for which the folloysgng relationship is satisfied: Co(x) -
Co/Ref > 50 percent, 0 <_x 5 SH, where Co(x) is the concentration of
oxygen as a function of distance x from bonding surface 11, Co/Ref is the

treat:BOMSSRIALIONRI Drvasial themhovsieisiancs sifase sad ok 8Rdor to

Co/xf are in atomic percent, 30 Typically, SH will be substantially smaller

its usg g hrspaRafasi el by TR WESGTE POPRG- d6eraaidRgtS:s. It should
beAngiegdthaincaleiwil fypfeaty ,bae;za@o@@:ﬂil% t/;lfme@a@a/ g etadi gD i widh
in most casges reduge to: W0O.2005/029576 PCT/US2004/004746 26.
(©) U e PR 6 B P A R S R St AR
separatiic fohms e .anvd sise tonfirsuiret retewilidis tsates siledvb as edeglashar while
. 5 mi ini e.qr ides, e.g., suc twork
cont O DI AL OIS & e R DE W e
applietharestarz Sudissepraiios SawHicevonpinbasiikgun paitierae trosgicstep (C). Ina
co If@@s&fﬁ ,%ﬁ&%t@@@%ﬂ 5@%@&?%@3@@ MQQ%&Me to shorten the

silica-based glass %é;lass-ceramlc. n summary, step (C) transforms the

overgllipiesess SERREEy tHa T PaRtrdat sr St stratesandriepriéne eraditiansdpe

bond{B) BHFMAIADRARBSSHIEICE dils Wil PO ReHRELaHTiaR R he IS A3 second

interface_region 30, which preferably comprises hybrid region 16 and
parts 4@ SRR B4 aditiogalSigp %P&fmw%ﬁp?@g@@ & dvsior 2

depldiesitived on Nieityd ilonsdn the vicinity of the distal edge of the
depletion region. After.st C),.the baonded first and secand substra
AR ERE o iR e, BRE (G T B B Basesor
structir, 155), diidisecliretsubstrain atecbepasatad fnbsiran earistvelsjeBedaosertier
the weakening.of the separati newhich occurs.duri 0oling. 15.this
proc g T SR 0 e ¥,
for exmupledbedreaindittremysisony seikeimase oraizenagirgithidose sostp Sxmtithe

separd6Q HLEHRSIERSR: AN MARY£ASEE o 6. SRRUANAR VAl YeSMELE 0N I0G ent

the first and second parts (14,15) of the first substrate 10 away from one

use 25O SRR, 3Ty (Hetibebirn g sl supWales as shown in Figure ID),

singeu AL rinadns Geeing « thesssparts willihayaheseme: camplelslyfieeof
delan?i%%ﬁ%%%g]e%bilﬂiﬁslgnoef the first and second substrates is a concern. Specifically,
delamination can occur if there is a large difference in the coefficients of thermal expansion
of the semiconducior material and the oxide glass or oxide glass-ceramic. It can also occur
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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20 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
wSShiadesthe two parts, but more than this is not needed begausemkiharss
differential contraction of the first and second substrates and the resulting
weakening of the separation zone. Ad'tan be seen in Figure 1D, the
separation will typically result in part of separation 25 zone 13 ending up

Sﬁ%@éﬁg Edéﬁﬁ»ﬁg%@ﬂis%ﬁb%ﬁ%ﬁﬂbﬁlgﬂi&%ﬂﬂwﬁa @aﬁ&wﬁv@dﬂp
assocjated with_ the secon rt (see 13 a and.13b.in Figur
mmate AR GG SR, RS AP TR e LS e eSS

of m&w%ﬁﬁsnﬁaﬁl‘eefﬁﬁtcﬁaéﬂﬁetfﬁndvmrts produced by this separation, i.e.,
h foI| tlons faces, ma euse ble r.ma |re subse 204
R e R S e

well mamhﬁﬁdchhz&wﬁemsoa tershssﬂnsttﬁamhwamfve ﬁltbeamﬂn@ﬁmefm@mer or

with Bt ecS)}%fdtQ fﬁfe)xg Lﬁ: %19%8{3]\%? rg%%? lgtfltfé%%ﬁwcﬂ‘o%@y 5)1% %JQ %%I’QQ Eﬁbsurface

conventional'to Ing to prowde a suffi tly smooth surface for

flawsh3hdimeplansed @Wfse@dhmsdb@ﬁe@é o elasp STk br b baRcaIipos next
to th@DANWZIFERLT Y2004 1004 /g6 2 ireatments may also be

appropriate for the exfoliation surface of the second part 15 r|or to its

usEheseE arrigTaste iboriasf MmBaRBRol BF BRter thepibgated

undeﬂ@ﬁ‘?&@nﬁ@ﬂ%ﬁ@ﬂéfﬁ@%a%ﬁ(ﬁﬁﬁdm&m@aﬁﬁ ﬁﬂﬂ@f@@ﬁgﬁeﬁéﬂttﬂ& $ighe(D)

into step (C) by, for example, partially cooljng the fi st and secon
tempaTRgaiF S B R AE S SR BT Og g gt losst

10@5&%@@3@6@!3@&@@&8@@&% Ohinierapatinet Wﬁﬂemhtmmgalcfmﬂm
the strat dtem er. ture an elec ric fi
ha%?)ﬁg@ a.ﬁ PAting ¢ ca?rlenfor exaﬁwar?e %gejéﬁd%%r}t&v\(fa%/the St

-wafeﬂ&m@fﬂﬁﬁna(@):ekﬂea. %Memmm&m@mﬁhamwm@ammg@@@e Si

IayeWth Step (G ma e&ssug@&k%{ﬂoﬁ@aaﬁ%m QveEy &Sh%g‘cﬁ:%@%ﬁéa”y if

orap par icUlar set trates and operating condition 10 bonding

tmmm%@mw%mm&sgﬁéﬁ@@m@?Wﬂ%ﬁﬁaﬁ@ﬁ%@lﬁrst
mec}%'ﬂgc Eﬁr@ﬁrﬁ? ﬂ&etcpﬁg%%%p le.additionglsippeteas tﬂ&@sure range is 1-

processing is continued to develop a depletion zone of a desired

50 pehickPRIESHAB AOHPEIBE B e & Bnd HRSERT StOHY Pansraierly sarated,
breﬂgg%rggggy@g@%@;ructure i.e., the second part and its attached second

St S ibeced o e 1o peceesias eniopice 0,
clecteRBptElbeisatakiar e argany ¢nugbhesTier piileninpeffdetionantial
differegrlxsclg gagges tﬁe alkali fons 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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separation process. Similarly, first part 14 of the first substrate can be
treated for subsequent use as, for example, a new (slightly thinner) first
» e, Figures 3 and 4 illustrate a modification of the fir. E?HR%H@EOM p
w(\?v%glgéﬁ%tgﬁge used if 20 delamination (de-bonding) of the ﬂﬁrst and secon
substrates is a concern. Specifically,28elamination can occur if there is a
large difference in the coefficients of thermal expansion of the
SR MM MASKR IS S SRS UOL R ISR ST iiAtve
mumg%o rgggﬂm\//t\sléé} %%l S‘L‘[lru tureS%%%g arge SUrtAce aréas are proeduced.

first agsHopesimEiglres ertintrlgwsdiiress thosPropraed Fetidases. 18 cdismesed
abové?ﬁ@%%ﬁ@m%%%@c@ﬁ sybsiighich Reoia-athrading suraggytl A0%e used

preferably extend into the first substrate to a distance greater than the
for a yemeky of SeEHESHHYIG RS RESPROEESEE e RE AP RYeEsiliRRich
semiGRaStRARd:andcontract relatively independently of one another. In this
W%y, high stresses dg not de{v@elop as aé]_esult o;égiéf?erences in th? CTEs of
thERRSE 2AIPCEE S FSTBEtia BT L N IRE AR S HRSFDATRIAG L6
invedfioA B ORomtingnempeatalisraref 30estep€)eeogd 14paGstendihssesdikisown
. ORNING INCORRPORATE LASS. COMPOSITIONS NOS. Z070 and
i the AR SR VeSO A IR BB PSR ChS FoRTroEet
impldempsinireiaie) 2006 MR85 SRR EISRE0AHB4Tblcd 8Forlaray glass-
applicatio he first. [ llicon-based semicendHE oL hich
“riRa 3r|%ﬁ:%{%\?ﬁtﬁ% %eco%%%g%%ﬁe \%ﬁ begég&%%ﬁ?ali-co?ltaining%%"s”ﬁ:o?

incluthistbasesahéproctsrs suhetirediivhichpoyerpridyioed. aaTeNn51ws akiref &
secolgﬁﬁﬁl F‘E&@é@'ﬁ‘)‘n@@ﬁ@ﬁ‘l{ﬂlﬁg LSRRGS jlionsithaexpRsioNsiakatyely

well matchéd to that of silicon is chosen. A silicon wafer either without,

substapes, el dai DElAMA Zlasessamic syideds dhanabissirbiarthsdumtgation of

heat M‘é@&ﬁ@d%@éﬁa@ essatarshstidasaudiaws tlhadnplagied walaidgthahe
_. placed on the glass wafer with the implanted surface pext to the glass .
i ST SAER Wi SHLC STSERME. ARESTRO0 AIErA S DA pracai®

altholiB CRarmksrbd he walbnassekticis chenddateded theindéridulfféeentiabn

temperature gradient, with the glass ,wafer being heated to a higher . .
com AR o ST SR HE PR S P eLEe belius vt
attacted yeafermihetbicfist 4O puatahsy vedasdtighdesitdGO5eCIcTis(see the right

tem ture differential. issgrucial for i tghed to
hendy R B IR BNl O SR I A A D

semiconductor films (see below)).

The advantages 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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wafer due to thermal stresses. Without the application of the temperature
gradient, the Si 15 layer separation cannot be performed without damage

W{)ozg}r(]};gm%%], trqgture. Once the temperature differential bet‘ﬁ’@?{%éﬂﬁm’eﬁ 4746
warters’is stabilized, the spacers are removed and mechanical pressure is

applied to the two-wafer assembly. Thé preferred pressure range is | - 50
psi. Application of higher pressures, e.g., pressures above 100 psi,

f icxamyé“ g ka0e0f Ihe QlassNaler: A0 NQHRMS. IS APPHESmity ma
Ontha TS e%\)?\%ﬁgrsgéi%r}%%y with the Si wafer at the positivg electrode aﬁyd Y

be ot igddy iatdy arethininaghaversroadseier Pt ipRestist ot ROBIRI R
i difference causes.ing alkali innsde-maveawaydiom hedalassdniedased to

_ _into the glass wafér. This accomplishes two functions -- an alkali free
mininyysfae 891 kyEHEHAHEMP§RESs becomes very reactive and bonds to

the;Slwates steanalvomth +he applicatiomefiieat elao? teliesaisest one

After the assembly is held undeéégﬁeﬁogidisﬂo%s foresomg %@neb%e.?é& fo 2
or mzﬁzﬁﬂ%@éﬁf FierEnkY GOHAY Tﬂ:etge éﬁ;ﬁi\ﬁai‘ég;assem Y g

d Ha:eR0t Ievadindsape i@t s W gdssioaf by

o are t en.separated,fwhi h ma (ixrjlc(%d Some p%ggré ifctyl& Igg enot .
soldegipg.) e eSmp 8%?%%/& 16 océa"%r[; Glass water vi%ﬂl a'%lhin fitm of
metaBhil er, o8Brthendesiredgiass ST ivater. wigeisol Syept ety EmpTetiein The
sermiERRIEALIONS O NSO UHONNDUOIE SOk SHUCHIASHEANRR IRHRREh A

Single setond layer. Figure 11 shows a stylized con_figuration forsuch a’

hydragt® 2085108 9576 ROTISSHO0 4D AT frigH & a5 appsrigRd above.
AfteSREINE LBV RS SEM BN RN REIR Abrfd the bdW:a62 IRNIGERDEREN oriHiRkes, the

layer shapes and 51 are optional gaps between closely-spaced first
expopagerfoliianBusasy oé@aﬁ/@,%rp%sﬁreﬁglﬁf%ﬁa PAPEF S WIRHTE HBO
polisASPRCIRIRS WiR R’ awes am DerpeddalaiN aRBEYOb M POIVEing process

__including as supports for amorphous and/or polycrystalline 5 .
with eaothien § %ﬁr%éﬁ@@:‘% aiezcgﬂg:\%geﬁlegtgﬁeﬁ%ﬁs B tt}ﬁee semiconductor

piecRplicatiarditbe precesslabpettsnt theS dhvantidactdsthenpuceliclidhofsing a
multiple first layer/single secand layer assemblies. hown._in the | R

condpelive SEpPT did %18%%1 ?Pﬁ%ﬁ%n ed éé%rt;alr Sriduc ogrﬁpsléé(é%su% ?Eggc.),gl pl6huced.
hyt&dgﬁmdirthdaﬂhéﬁgsﬂbbﬂwﬂ%esp@i@d@ﬂp@%p@%ﬁaﬁiZéthre

semiZoR u”@fgo'fr%af%é‘ﬁ%h%ﬁa%@gt Blase A0 £RLamicSHRBlERlE 20 AR bsiate

assembly step (hereinatfter referred to as "tiling," whic

using CVD or other deposition processes. Figure 14 shows the resulting assembly, where the
filled gaps are identified by the reference number 52. Filling of all gaps remove;s 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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includes the case of a single first substrate 10 which covers only part,

rather than all, of a second substrate 20). The resulting assembly of

multiple semiconductor (e.qg., silicon) substrates and a single glass or

WSS ¥ dMic substrate is then subjected to the applicatior% O HEAP Y 746

electric potential to bond the semiconductor to the glass or glass ceramic

(see the 15 middle part of Figure 12). All the semiconductor pieces bond

to the glass or glass ceramic although there may be no continyous

el LT BT B IEEH e ARERITHIER PR RS~ Oh ORI RN B e folly
deschieslingieyRiRofiagsemigsiaductor pieces and glass or glass ceramic with

at ed semicaond r film are.separated,to duce the desire I
TR TR e, S h e AR B RS S
secostowifiltedgspstntwee (Tibe J0/s0 mic predected. flnsyser ibétow)),. Tdie STMS

. advantages. of using a tili ' jJit ' I
s e e e N L o
fromgberivtrnthostetofitiedayithola setizaiation on size. For display applications,

the,size.afdheglasssubsiiale Needsd isRienlargesibanthe S0Q BBndary

diameter of semiconductor waférs. Similarly, photovoltaic 25 applications

ions grefuesdn dRPRIEFNE BOTSH At GTERCHify 2 S SHEWLe SuHats R fyto 2 time-

o AIRAI & ¥StakSRINIGONHEIQE MpRIBHAlm IR RIBESEIAN tHiesiedaiieste their
lass or glass ceramic substrates. Tg%%bilit allow% lacement ?{f, hi
Y "

gle ! ( .
velo G BB AL A S BFARSRORAL Y RO Y iR S AR e S o™ of
diffesbstatesyhgseedriveramatbmeiony Silsuisdpashbé placetearfb FREBVS is
voi?r% having to cover tltg]e entire 30 substéate with a tsemicog[l%uo%t%ré (flllart%r Al
capefll 8 AelE g IR T T B e P St b a8 e e
distrRingie gfakssesglasdceiamin spatistratelithensdisthatter femedn therons. Pulsed
emicepductor films of fini e :
ope e e gy S AR deutrtized
betwsenticbasusing sl rateey dlamgimitaiassembly. The proximity may be
corfiplied Ry finehinachining faesempiconducior pissesde preciaebiditn

close together. Figure 13A shows one way in which the edges of

becayspihsomalicis cafers PRE S HTESMHERNIOC IR LR Yahesunseenl

insuRHHACTUPISE Bsan Sk @3B WS pnethes Wapdatrasermdhertlingermittent
operation in which pieces of pne or more semiconductqr wafers 10.are , .
SDuiz 0 AGEEF JERAPBGHY BB TS0 TEAT) ADERAEgyaerormed sing

a TRIUDSI ad et i iehracistaratsuPhoit st Elettrenidd) Enbo fidingreainid @/ dane low
energ}/ Cs beam was used to sputter in synchronization with a pulsed Ga beam for analysis. A
small piece 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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soldering, brazing, or use of a refractory conductive glue. The support
structure may be a metal foil or other conductive substrate which can
wovithsiansh¢he process temperature. The 10 semiconductorRSiEGER W/t 46
conductive substrate are then implanted with, for example, hydrogen
ions, and bonding to the glass or gla%% ceramic is carried out as described
above. After separation of the semiconductor films from the bodies of the
deternoRBACRRALIGIaINR e stBedexhas et exfalitficrespmfaces. (itive this calibration
semiconductor pieces on the copductiye substrat i %
s R PSERIAEE PO LS B T R Sy, o Chekson e haaer
could processvhat Wiffeanothng) as sndiglad sncEignrie S Bsagh 8Bntbe depths, as
repeated. In this way, the semica e : -
el o B e S o A e A B B indicated on
Figure dddubevienibp pottaemie hentent vaBeriiHs i Brgemrda ool stpRENaste.
ake 19 he progieed,, J.desirech the soathasnsheimee tsRmiaendHsiar
pieces can be filled with semiconductor material after the pieces have
sequeneedi #3%Ebled on the conductive substrate 20 using CVD or other
d$gositim@;9gg§§e&i Figuser4 shews the resulting assembly, where the
filled gaps are identified by the reference number 52. Filling of all gaps
reﬁgr?ovessé}%?lhgﬁg conducting regions from the semiconductor substrate.
After thergiaschavaibeanvilleghritiesigionimplantation, bonding, and
separation steps are carried out to produce a continuous S truct
dbing O TS B ANy GG S AT S e

Exanfppadated by 25 gaps filled with amorphous semiconductor, e.g.,

amorphous silicon. The right.hai o0, QL Eige 2 SRoWSsUGhR 13
cminuo@siéﬁl%tF@c?ﬁ?g%%%&%g%%yggg%IIir‘T% prior to bonding. If the )
déppsitidiegregess is carried out at high enough temperatures, the

ar%ogsgggg_ @Fg{/ﬁjﬁ@%ﬁ tg,gggfglg, mgterial ey ey ilizer e PERA 6Qies such as

substantially crystal ‘semiconductor film on the glass oibglass .
silicacuhehies saBenatBaw o ths ) Gapeal A A1 B5eabracrrRRtE Yrifite>MS signal
is dud WERLIBR QAR PSHGY aful Wit lare e anep] SET"StBeUsEBcaIe oSl

produced. WO 2005/029576 PCT/USZOOM%%%%%&%%WWOU 'ntenfle'}ragf1

quanSieRHAnt Thea T eRE SOPiRE e ORRERR: Stéity R

wherbt the dellpwingiosanaplesi THoSIVS sivhiSandths peléemiesiglifiepttly larger
SRR S e Lo e o et
workahadyiinahteshniedie thathegestabidny bseiteliratinyel spralbr aletiers ofY e
used %Psrg%ect to delineate Si from silicon oxide, e.g., 10, in these profiles.

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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from the outermost atomic layer of a surface. In broad outline, a short
pulse of primary ions strikes the surface, and the secondary ions
roduced in the sputtering process are extracted from the

Wﬁﬁa‘}ﬁ‘.‘%@%me- of-flight mass spectrometer. These secon ary;i{c!)gr12336;31155@%2‘?46

dispersed in time according to their 18Bvelocities (which are proportional to

their mass/charge ratio m/z). Discrete packets of ions of differing mass

tected as a function of time at the end of the flight tube. ToF-SIMS
IS capable of detecting ions over a large mass range and can generate an

imadeiedhdentastaephainhpusdanstiriisenseatridbeirionicarefpandro as the
"siuos%ssaﬁfﬁpwﬁ%ﬁgﬁ&tﬁ{@éﬁa&é)&@@%ww%ﬁgﬁm%m@ﬁ}@&s%@nqem%g

beam allows insulating surfaces to be completely neutralized 15 between

KeV gl eriHatiatcV G g OB o A ATSESaHV &V b len tun fgnperature,
jon APANMZRINSGRIBLLCHEsRIpdsRABYhGTIRYEMNIGR (Pecarsitax107/2C

analysis could be performed without any char%e build-up at the surface of

and 34 A80T416rSE k338 béAm s weTesnips potrinss frere Sdiisnreans Sraiggiua,
NH, 2R€ {ordptenitient: spiiternganshangtheniaranalyzingihenentyon-doped

__ created surface. Analysis was performed using 20 a TRIFT Il instrument
silicomaifEcFed By PR) SRt Ablr sximples Jikh pruivRl MRSt the
phosSRBIEYIESHeARRAvVas used to sputter in synchronization with a pulsed Ga

beam for analysis. A small piece of the sample was cleaved {o fit t '
ok SIS CARTHE Ao e TR SR RS L R B b etereent
rinsed i tigtitigdnvern) wrutidnnniti b, £80 5%k 1Gaw besinfifalt vatralydigaiie
. ...£s beam was rastered over 5000m x 500 Om area of the sample; the Ga
s R R S0 O S S
C<Fapgttesetkfenins. riatead CHOBIEREMISOR BRI TIZD twbAFPes of plots:

. : t . . . f . . t agn .
co&%%%ﬁeﬁgiﬁgﬁfyiﬁe?%g ?%%g%%ﬂfﬁ’%ﬁﬁr?&%?% Soaghadnengiiessio,

ate ‘quantification of these ;
27 whiteBsitied fovettinic Qo aThe- horhin A dompbeitiohr BKii{e GhEebidad Owas and a
. used Ante ' r ith.the "relative sensitivity
reSIS?gic o?ﬁ%?hc%%gi e iongg%?ﬁgi%%v%%%g éwwe%'nd of the profile were
takér ghsonesponrsingers the BiiunglSwsuTsguaticoohivingieasitiesk
conn&eHER 5 WRSHESHD RESECRICHBHOa JIMEN A B AERIG A HBSSBS) with

component and Si représents the matrix element. The sputter rate of the

spacersHhasth R AR SPOBSTOR BT B E TRSSDERFAT 0T B6rss 2nddtedhihédragps of

aboulMERSUANG{BR:GLAIEG HRPIRAtREE0d RiptheBxReilRe kB IER IAIS gen-treated
calibration assumes that the sputter is uniform across the analyzed depth,

surfagetqpads dae %ﬁgagﬁnfa@é@e‘s ciamps 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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could be somewhat different. Thus, as indicated in Figures 5B through 8B,
the depths, as well as the atomic percent values, are only approximate.

Wégmgsg t explicitly indicated on 5 Figure | OC, the dept%@)@gﬁg}g}m}&%

percent values of this figure are also only approximate. Each profile of
Examples 5-8 and 13 is characterizeaqby the following general sequence
of layers: (1) Native oxide on the surface of Si (2) Silicon film 10 (3)

Ir;ierl:fa@mmr']@?fim mcidﬁ A f. E &&@516'3). (5) Alekr’ It'he desired
alinesearth depleted region ip.the case xample 1; ali
seoer O T AT R DI S EGToR 8 ERELOFERURBIE 2 S notbe
achieBaldeeglasstthhl wilieserSihs diepth wpafidlesnhigher Si+ signals are

observed fr xides such.as _silica and glass regions than from,the

.el?eﬁr%e\éﬁgtgfré%%m‘? TP R et ‘%ﬁ“%ﬁ%%m@%ﬁg%ﬁ%é% :%hﬁ,lglass and
the sibpeseriders Moxy seenalychis:ded slekoneala et narixasiie che infers

M asitieal hiseeifesris SOH “INHU the elemental
T Silicon film 15 10%2{%& whéer(gas the o%%guf;& é%g%?%%i?ﬂﬁﬁ%&g%ﬁ;m
with i95REP$EM the oxide is significantly larger 20 by more than an order of

X AMegsityde. The presence of oxygen at the surface increases the work

function thereby reducing the probability of neutralization of ions by
el 8&?%“%%@%%@%&%& Eeetbih Baithe bers, gags and

siticoRi@aeincliese ufilesl 400he Qusdrtiier; plots ekl iges @ﬁlé'&[ﬁz‘dﬂﬁ&%f%ﬂe

distribution is not in Iu%d as, it is. the. matrix element and was not
ﬂlwmq usén%ﬁgg?eirﬁgget? r%l,et grméﬁgi%%ql P SCPETRSERS BAnsR g R Bam the
silicosivoeaatfiettesdizign sHtindi i theisldriatisooncaditatiglbieglamagess the
tempdi Al ? h,.The depletion of alkali lea to,ﬁ!]? rB, I%@gg Sit+
— S|gna§s% rggrfgw% e ?gaﬁﬁpggq}]gﬁg%sté}g%ﬂet & intenst yqé tﬁbzlﬁﬁo |otyatues
represep et tnpstanisaditaliecdipietes aadibeg thotatieenptwastihadetomatidete of
the o118 hdoanaheliplaiementson e conaeriiaon ohi. 4l ARd.sl Sial
s considerations apgply to the depletednreg%ﬁ'fo%gtﬁe a @I}heé’-glaer Frigaures at
surfaqes, 2 and iAdmAERng sfightly broadened due to sputter-induced damage.
WP BRI 285658 il 22004000446 Fabbr rRiftclRch diemelsis guration)
ﬂPhosphodrus-i;zlttheql silicon wafer (lherelnafter referred to as the
and the remainder of the Si wafer were easily separated, and thus an SOT glass wafer was
successfully obtained. This result indicates that the thermal stress generated by a thermal
differential is necessary in generating a glass-based SOI 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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"silicon wafer") having a thickness of 0.525 mm was implanted with
hydrogen ions at 69 KeV at a concentration of 6x1016 ions/cm2 using
commercially available, room temperature, 5 ion implantation techniques.
WORRIANESBhorus-doped silicon had a 0C CTE of 24x1077/C %Hsaog%%ué
CTE of 38x10-7/C. The wafer was obtgined from SiliconSense Inc.,
Nashua, NH, and, as reported by the manufacturer, had a resistivity of
1-10 ohm,cm. Boron-doped silicon wafers were also used in various of
E‘%anples with equivalent results to the phosphorus-doped wafers. 10
A Tnittéhestiianpeichgitissafafenhavingcrtiickties pafeinnitinsatniaizhéd in
detergent, rinsed in distilled water, sqaked.in 10% nitric acid for 1.hour
st et T e O e Bt Gaaftemed
waferommibo otrdanded| kond ek totlo pr Jdees gibE s awaferd vees nsad coofOR Rl AN (Byer
2P : S ORI, '
o S R R S e
betwornohe Bidavenand. Slos vpakz0vas heestedGreBECCETE of 32x10-7/C and a
resiallabil AL RO ARAC R PRTLIE N MSRIC HSGRRSe waters

wafer was placed in a fixture for subsequent mounting on a chuc
wherg sriherebcr e on ey seteh his5EeTR Sreasberssdvie Rirraestidiiieio lead to

delartMagiel SEMWHRmspaesiBianad-amdRe top surface of the glass. The

spacers were brass and had a thickness, of 20 about 0.1 mm. The silicon,
T e ol TP i BAEL TR iR b B TE Attt
pattetawaiids thatglas solheifixidis Ckliaps. vidre dhe argnadathouebdotiiiliae
islan oIS Sie T@gﬁ%”%&@ﬁétﬁ‘eﬁ% laced in the bangder, }(az? U was 20plied me
15180 16 miﬁﬁacars, ¥nd the Whaters Were heated to XWnen the Y
be dapadees reachedhtt écedesieck e rspbiaturentiestsplydetsvasdalherclamyps the

. erg.re r {%QQ!';% t . (10 psi)
181Emt ioug%%%%ﬁ§é%%%%§§r%g &%?ga er; %Ttgfg%%vuaggn app ig?j' to the
EXANEREE through the plungers. Specifically, the difference in potential

beﬂ(@%ﬁ%@ﬁ;ﬁf&ﬁ Of E‘En%dl@’@fﬁﬁs angkihe befiom ARG Qlass WATeE MBS across

1000 volts. The (VI -V2)/D ratio was thus 6.55 ICV/cm. The wafers were

the vrdrasu ddrittese EoraitorearaidmatPopmaliy trsieatipe it rae geplication of
the vBIBSS WMo ANHOHRBE VY esadhtiiinesh off mpeihiesample was allowed to

- XA%%% I1‘%rf5a period of 2-3 hours. WO 2005/029576 PCTIUS2004/004746 34

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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It was found that the Si and glass wafers had bonded strongly. However,
the desired separation of the glass wafer with a thin Si film from the rest

of the silicon wafer could not be achieved because both wafers cracked

Wﬁl}ﬁ‘ﬁéﬂ%ﬁraﬂon. The experiment was repeated a number OPim&s With ¢

the same result. The glass and 5 the&ilicon wafers were strongly bonded
together but all attempts at separating the wafers resulted in cracking of

. both.the wafers. Varyin t%lic riod was inyestigated, but..with
s B i B e BB S0 G !
stable dpsatsiideapt thstitbendultimfiégsisglass and 10 silicon, were held at
EXA%?PEEaFd 400C respectively. This was done to take advantage of the

t

ermal stress generated by the thermal differential to separate the thin

silidsreRnerimsat HExampdnh AvsTeraraieéseing? Ties articnad RERIINING

INCOaRRChiens &by sslediing dRaTiemnerntyyes. ahihederae-pREMING s, this
plungers of the bonder. The 450C and 400C values represent the

glass RampeEsirds bFthe Billagkts aRdRtS e 8 mibebdtinds MAAe BotaAN220: 2s
well SiRcRbIRe Blass water@nd the lapsyureceref shexsdiaenwalad »

respectivggy. i.e., the temperatures at surfaces 22 and 12 in Figure 1 C In

resistifity €448 tHe-graasnRTeratftha o“4sRrid o $afer of silicon (an SOI
copfigsationdcaRthihe temaindacriithe téhpefaf&ﬁx\eﬁ%s%@mm@g%gm the
u

and thus an SOI glass wafer was successfully obtained. This result

same;Fater O RSORSHE MR Bl gBRlT ated by a thermal O differential is
nhe@e;sa?amsqm saéimgsgpbgﬂm ?@ae@%@dxﬁﬁrmcmﬁ% tie @@Eﬂmjﬁ% sHvn in
. __thermal .stress generate oling from a ther ifferentialis. . _.
Fieu o GRG0k 0g i TR LeAOPE SRR oL AR ACEY SR, e
7A aSibstivaterastfofmatisiisiniptiee’ prndtedurgRit thié epdrmplesgierecatiibalie:n in
this SOLUSE in electronic, display and solar cell applications. WO 2005/029576

T/1US2004/004746 35 EXAMPLE 3 In this example, the Si wafer was
EXARdHdEdhed with a pattern of circular islands separated from one another.

Theriglands, were 8&%&%9&3&8%8&1&%@@@?&%@‘%«Q?ﬂ%%’hec‘gotﬁ\@%r1

was ion implanted and then the process of Example 2 was used to

hour yiesret [dffersidibat 04 TaicroRd TR BHR3Y B dhghrsivansd. Ahemsults
are sIRIMMCIHE With R exealleRiReRdmenclature 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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‘between the Si layer and glass wafer was created in this case. This island
technique is expected to be of particular value when making large wafers

W&/%%%%%ermal expansion mismatch between the glass ang the.sibiSoo4746
most likely to lead to delamination or other damage to the SOI structure.

10 The pattern etched or otherwise fdfmed in the silicon wafer may be any
geometric pattern which produces isolated islands of silicon. The size and

lcera.tﬂﬂ? GSIRNGRAISPURRBHN OISR 6 DA RGN FEY ALESNGINLIQMS I devices is

requirements. If desired, aé%in layer of silicon may be deposited via

deposited 4 Riglash L AT (06 RER B R ORGP FRParrisiecst pleilica

and sifilandstIhasareeapptoacbcenide used wikbsethas ypes afim.
semiconductoys. 1 XAMPLE 4 The experiment of Example 1 was
repeate \%ﬂﬂ‘éﬁgt eS%BﬂcéJi?St yotf)vao‘?% e AGE8s C?ﬁaeﬁﬂ?a‘fpezﬁ%? m@me

migratasey fimiiidovhderi$iaiol whichovitl ad-aitseigieffinglbatiiten aprfbeatioreahd is

€ Across the. IS | . ntial part of the process.
s R B R e B e e syt 5
bondiggpreupietdepstble ToF- SIMS analysis in accordance with the procedures

d im?gg@s%ﬁe%;gﬁ%éﬁiﬁﬁ§&%% S i&f{e&%@é h‘é’&‘&i&%@ﬂé’s@aﬁtﬁé@m

plots SIMS signal intensity data versus depth and Figure 5B shows

tempYA e TIATACEIMEN TS eRBwRELPEtcéflesersplenibi Fugib apleatiens gte

procddR KEISQIRR;L 618 MRkes do&d%&ési@ﬁp%%g&&ﬁé@ﬂ%m ERGIQR:b]e.
25. Beginning at a depth of abgut 4 microns, all of the curves have

The g IAIO R ST B GHSETEIHES EANPE WOAR BOF S iRa R oules

comppkatesyihacenraan ea vt Fxamiplesiwas helBeakpB0Gtas Fhh@urere
undgr vacuum (10"3 millibars). A ToF-SIMS analysis was then preformed.

perforlxﬂ% results 30 are shown in Figure 6. A comparison of this figure with
EXAMGWE Bghows that the depletion and hybrid regions, as well as the Si, B,

o R B b A L T NE SRRk Crasy
COMSREWELPHIHS B stricthurssisbrisesfiwaviois willabelishatyeiliatingl4sstHEne
strain N AGE PR D Llimgte use.

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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EXAMPLE 7 The experiment of Example 2 was repeated using a glass

wafer made of CORNING 5 INCORPORATED GLASS COMPOSITION

NO, 7740, On a weight percent basis, this glass comprises,-81.3.yt, %
WS GSI L o6 8203, 519 Wt AL203, and 4.2 wt v Nasol pdlffaras

trace amounts of Fe203 and K20. It h&s a 0-300C CTE of 32.6x10-7/C

and a resistivity of 108.5 E2-cm at 250C and 106.6 0-cm at 350C. The

eEpir&gessing conditions, including temperature, pressure, and
voltage, and the 10 same wafer dimensions were used as in Example 2.
A ToreSiniSienialjSisamate proraiadnastid Bxaimplts seantheieafoswis masie of

R R T R S R U

abovejgureciByiranpzepilicaip Fegior kariBe seE i theid fitfleempssiirain At EC,

and RSB SShSHUCbe-RReRaked dBRcgarce with Example 7 was held at
500C for | hour under vacuum (10"3 millibars). A ToF-SIMS analysis W%?mt
0

th&AeTrETBTBIIFRRCA AT SPERBRIG I HigtIa% P HERs fha it
glassideBaarglature is used as in Figure 7. A comparison of this figure with

Figure 7 shows that the depletion, hybrid, and pile- 20 up regions, as well
E the H&rall shape of the individual concentration curves, are

subistastiatynhemahEigenbiythe wekegttmndEXAME bk Qire-carthergainto-

am electron. distribution j i ri
Do S oy P S e IR TR comQsITION
NO. EXdyins. *ﬁ@hm msmmmegmq ﬁgathapghxﬁ%‘lﬁhsmﬁm'gré@? Crand
thus %@%%%r%&%ﬂt '@atp @OHQ W %683@95&%!&}{, % Ttﬂﬁ g |§o%¥§§%ﬂ @Y@rsﬂ’fcﬁ 'ﬁlm o

excellent. EXAMPLE 10 Experiménts were performed to evaluate the

the ghesashofr B GHRENIPG STheREBASIAN STREGPPRAE BHIAIY rffgatment of the
surfAlATHESERNIE Walers iathermakbapding wihaut heeHearohateeIample 11

applied voltage or a temperature differential. One key issue in bonding a
belowjiicbeeinaneraraleade siligrsEieraR skt is the well- known problem

EXAQTPOAtapnation of the silicon with mobile ions from the glass or glass WO
2005/029576 "' P? /USZIO%)QOM%

e experiment of Example was repeated using a glass-ceramic wafer with an

E

alkali and alkaline-earth aluminosilicate 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
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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37 ceramic. In the display industry, for example, the silicon film needed for
electronic devices is deposited on a glass substrate after the substrate
wdanbegR-goated with barrier layers of silica and silicon nitgge {Qi8)8M s
migration of ions in the glass to the silicon film. Thermal bonding of silicon

directly to a glass or glass-ceramic wafer will cause 5 migration of ions
into the silicon which will adversely affect the silicon performance and is

mentiShkd RERSERbIGF lgPie-AISISRURLRYRE NGBS WS R i ayaluate

whether such a bonding process is feasible. The glasses and glass
tempEaREfH i dEa 94 R fioants hesinfe fdm Sexif gt be resolved.
ux Atemperaiures depending on. their composition. Glasses used in display

applications are 10 processed belovx% their strajn poipts to avoid .

dir¥R SR R SR EE R AR Hrotd ‘é%ﬁ%oﬁlé‘? BB AR RE LR the
surfa@Xpesinsehisnieceihusdimited to theeshaindaoiat afkidlmpattitidantaining glass

compositions evaluated. The following examples describe the experiments
or gl%SvSrTFc Were performed. EXAMPLE 10A 15 The glass wafer in this case
EXAWEY . MAddd of CORNING INCORPORATED GLASS COMPOSITION NO.

70 . . ced. : lkali- "

D o o o eve o

implapiek avagdsesshéd 10 A ‘sorsenTend pnsaslontgionmmcrasofil 8fliBeN whher
waferl QMG NSAbick wasiydsaeen o inplantedRiream-dDdemparatrsat 7o

a dosage of 7 x 1016 ions/cm2 and an implantation energy of 100 KeV.
degrogpindigaingrarenherbmbehie 6EfYy a standard method for cleaning

9'%2&5@@%@2 @%@%&gﬁﬁfgmmmm?m@wﬁwmmﬂosmw
treatment, and.a final distilled-water rinse rought into contact .
0. L A P el AT ol Lo 28 st p it asorie
bath flaissndnddhenithesinally fierlied tmxteb wniGoand hetdiat iempelatseifobdth.
Therer:]a%ég" @t t\gl%feernwda(s)ugs Q 1l“1|1r %HQ}E &Lgé]cagced\l%ﬁocoe%l %‘3, %chj[hctip 'Et!ﬁ‘lteds water
femoved. No bonding was observed between the gtass and the Silicon
washwater tilker whad wdowostieagh fittoteddgontioEiveiledetswoatdbeldbsivater

smfa%%.pé(%%‘ﬁga féfé Q?&E“%legﬁ sl 8@51&@%@%%&&9(9&@8?&%?%&’ RO A6 er

. a silicon filmon t ass. The experiment was repeated at 525C with
in a chepid@atal result, i.e., no silicon layer was observed on the glass 30

WBIRE-two wafers were then processed using the processing steps of Exampie 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



10

15

20

25

30

WO 2005/029576 PCT/US2004/004746 38 EXAMPLE 10B The
experiment of Example 10A was repeated but in this case the wafer was

Wg%c%%&%%%?RNING INCORPORATED GLAS‘S COMPQSI;@MQ@WMMG
, Which; as discussed above, is an alumino-borosilicate glass. The

strain point of the 7740 composition #540C, 5 and thus the bonding
experiment was done at 540C. The result was identical to that of Example

10% | %@t@@%@g@&”«tﬁta 8jlieon filmde glass g%ewéeqrééﬁﬁwtﬁw%

Kperiment o Example 1 OA was repeated with an alkaline-earth

very atmmm@am BB siisase burlpesie 8l vwarn eRoCoriy NG, as was desired.

EXAWﬁ%RATED GLASS COMPOSITION NO. 1737, a glass used in the
Isplay industry. The strain point of this %Iass Is 660C and thus the
experipResweR oREEPEEDIE: KERiRPTAlHiS Bk TS I Br Rasimesh

tmtggrmge e glass wafer was observed The experiment was repeated using
re- treatment of the surface of the s co%\/iyafer to reduce. t §surface S

B e clieeral AR BB e &RibF8 S EOTEIRR R AR B HaTSREF B de:
wateaatemmeﬁdwmrpﬁaem@dmﬁmmh&m&mxpea@emwmmpmamg

ated us Iass eramrc wafer Wlt n alkall
the wg Erllr?t gg$ moslﬂcza] 6 co(rit”rpc})sﬁl & Ma g?%l %targﬁtdg%?n?am

was WhsBADIA m@mmmemmmmma aiBLeC Attgtampmt the wafer
showtégn?%éf% 1t" Q.19 1eralasassy ANVE WIS URSOPIRREeon wafer

silicon wafer to reduce the hydrogen concentration of
was frersurdsiod (s@é:rﬁkamtﬂeclac@e lexdycienReTeHdAGEAtESRASIM 1B X ARIP L#tio

smﬂ% e experiments:ehramales dOAHY rugld i wera fereated MiBshed

silicon wafers upon which an oxide layer having a thickness of about 0.2
in digilledmetead been grown prior to 25 hydrogen ion implantation. As in

i@ﬁ%@tﬁ%dn%ﬂwm&&!anm 16561 R trer&ferasz{ea asitt@matﬂ:rpttor 1A.
The R BB SO AE AP oo A G R R & A
wafeWt@f@ ratm@ls%ﬂ@d withohy Giogensonhid ewgta%mt@ asseeramic wafer
O R s e D REIRR R RS R VAR A S dlResse
needed to carry out Si latyer transfer to a glass composition containing alkaline-earth ions.
EXAMPLE 11C

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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30 Higher bonding temperatures are not acceptable because they would
result in deformation of the glass or glass ceramic, e.g., sagging and/or

W@%‘[}l’?@% n of the material. Moreover, as WO 2005/02957(§’CT;’USZU{)4/604746
04/004746 39 mentioned above, even if such a transfer were

achieved at some significantly hlgher4femperature, the issue of ion
contamination of the silicon film would still not be resolved. EXAMPLE 11
. l H’QI %(?[gple demonstrates the value of reducing the hydrogen
E concentration at the 5 surface of a semiconductor wafer which is to be
botihid eaaanp ke lkhiime bat dxEzm e, flesmerdheiead ef amEnEsraRLE |

hydr#%ﬁs%ﬁ?& Ywalgh %%Q\'}‘Hgb@é MELeL ARFA0RICN S RiIck¥8Bhe hydrogen

gen ion implanted at a dosage of 8 x1016 ions/em2 and an
ion %ﬂ?ﬁéﬁﬁﬁﬁ@@%ﬁé@@%ﬁ@@@ﬂk‘é’@ ®The 10 wafer was then cleaned in

distille watehd %ﬁﬁﬁ%ﬁ&@%s%ﬁé& 80 QB S WAleRWaS I&n deareasure

indicating a very hydrophoblc surface. A glass wafer comp,
for o0 OHNIRICT INCISRIPEIRK LBy 65T &WB@@{%W*&%@%%}W&S then

dried¥a8Rews; Wikl E%&é%&&ﬁ@%’ﬁuﬁt@s@@&m@ﬁ deterngehtanmges 11 B and
uItraso

for 15 minutes f dlstlll Wat r wash for 15
11C, 2R et ?ﬂttﬁab gg?ﬂ?{?@%‘é} % g{a?% 7, t eW er v(\/?as washed in
EXAMMumCId followed by another dlstllled water wash. The silicon wafer

" a%g%_%i%Ed in the. detergent | ta(?ﬁ'% Qid comtanIgal cggl?{owgo\ﬁ/&fz?&aﬁon after

Wéc.%%rs were given a cleaning In' a spin washer d ryer
the swiftreistitetantdERapdtedn Acbravgthblivo wafEhs Wt gheaopesestens at

the sﬁgé%ég??ﬁh%ﬁ?&ﬂ%%%ﬂﬁe% Eé@éﬁfé@%ﬁ%‘lfﬁlﬁ: %M&MLC RQIEGzed

er of that example. Thus, the glass wafer was placed on the bonder's

intensa TR pIATg ebtainsdy SiTibnsihrndiss etk Srmup B iRl fgestal

interRRY DRI AW Z%@H By i elasHMBIER VIR SRAGEER: FREMPINBIRISINETRA, 2
heated to 5 silicon Wafer) and 575C %ss wafer) and.then brought
vﬂuﬁﬂ%%%@hﬁﬁ&ﬁ%}ﬂ vaiETP @ngp PY43ETe

con&ﬁﬂ}@go@j the silicon wafer 25 for a minute using the moveable center
S v pngetond ep s oled R s

nonmmecamghemﬁeﬂsﬁg fheﬂmasﬁemm rfabde. tehed dtageniasappiiebdone 118 was
102, wlkuuﬁer%pa}teégn sa 5‘ 59) e ucﬁon 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, end EAGLE 2000™.
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the voltage was brought to zero and the wafers were cooled to mom
temperature. As in Example 2, the bonding was performed under vacuum
w&ahditions, 30 At the end of the bonding process, the wafeig-gashpBoos746
separated easily. However, there was only a partial transfer of a Si film to
the glass substrate. In particular, onlﬁzabout WO 2005/029576 PCTIUS20
041004 7 46 40 10% of the glass was covered with a Si film and even

The dBriBEsaRMEsEeharRaothc F7HMLMAS; YRS YeheiHRHein e RIees3ihus
had not given a good quality Si film, as was desired. EXAMPLE 11B The

respegipRNrEn FORERIHAR B 1he RAGEE SI0STL aneibEit HrsssTicomannaes tdample

14 addQht SoifpaiRd ieihenfolewing warkntitel dRe SicoRaaiaregs placed in a
cold solution of ammonia: hydrogen peroxide: water In the ratio of 1:2:7,

antPHEIRHS LoRIS TRl A T TSRO SPaREENe AEr HUME WP the
additiwaler imite selutioncion Hheniatiies: alf eykcative.fthérs tutiqn Wead EAGLE
cooled and the wafer was washed in the ultrasqnic path with distilled
2000 R A UG8 SIS BT o heF 2 Gt PRGHRes or thes
slasshyceophitincharactedwite aigontagtaedieeebIEdegiees! F hatsHdietiveder
was washed.in a hydrochloric acid: hydrogen peroxide: wat
B LS o B P R hpa e o anictie St yrcen
couldTherd¢restedseilicl nnd afer gyas thermeashishrimdistiled tivatedeTtiatosilfrocedure

discu\évg%zf %’é’fi%%@%?@%@@@%%%Zu%%%%hvfl%%%’-?ﬁé?&@e Kg%g?{ﬁg@d%ﬁam

as In Example 11A was used.

publipgfirding cycle, the glass wafer had an excellent, uniform Si film attached

ovey s entire surtase.This sxampia:shonadhat SUEacs treatmantetheng

silicon wafer after implantation is needed to carry out Si layer transfer to a

surfagpfasing pwsibdihsornatinm srairesimas esatrsiors Dyeheimistier prebeolh
providis e¥BBRIRidRepNEle W@&ﬁ%ﬂ@m BUKBANANMSNIE ARG VIAE8AN sample

peroxide solution, but not with the acid solutjon used in Example 11B.
steb SRR IBORITERT BPEXAHIE L SRS REDESIRE d%%pt that the silicon
wafat wissayehieateskitcihg foll oamipy waie fhisstessdicoprodicinyas array
Gfinglaga%d in a.colgrsoluetigp 0 e%@%&%'iio%&?y ogen yeroxigll%‘:C tgdstwater intgée
FAHG OF 1.2 7 4nd then the sofution was heated 070 gra uacfl;sll.nXFtEr
coatihghatspgnse as a function of load and was carried out in more than a single general
iocation to check for variability in coating response across the sample. Using standard
nanoindentation protocols, the positions of the indentations were pre-selected using
microscopic observation to identify appropriate 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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_ Si film.covering the enti lass wafer w E
contrﬁgpcgarucgl crgscopeférrie é:g axiesmtaf’Jl Eﬁn c?e%ﬁ%nemsau .5%3% grﬁ

the wafer in solution for 15 minutes at temperature the solution was
cooled and the wafer was washed in the ultrasonic bath with distilled

W(\‘v?nt(%rmf%rq%S minutes. At this point the wafer showed a highdy: Ryasepiilis.s
character with a contact angle of 10 degrees. The treated silicon wafer

was then washed in distilled water arit} the bonding process was carried
out with a 1737 30 glass wafer washed as in Example 1 IA, using the

Safe ALACRSS YIS a5 AR ARG AfARIN bandind sYele -ihe Passng,
warer na

an excellent, uniform Sl film attached over its entire surface.

165 myiioapd 68006 AP P oo Guarebon teE AN Emipi g 2
indenBHRRPISANEWR RALNYURA. PiRsIBRtrpalneR b insteatafhanaranaamiaal

_and_hydrogen E)eroxide treatment, may. also be used to surface treat and
testingy R ARATEER HSIB O CIRERRtIEE SH A SBTBRT o Rder. 5

delanithifisnean et aeriw aden was reried dadasspaxgen plasma at room
temperature for ten minutes: This treatment wa f(i?gowg’%é)r}égﬁcgstilled

WA H4FE A e atgsft}gﬁa%dvgﬁedl%%%fe% edtd Rgee

delanfifatiessisisdridexarhplle thign Atk Xamples DI_B aliffetdn(s] anterkeretient

Obta!tri] ed &% Fé"‘n%d'élnl’:fagign sight
Iments were otit to measure ydrogen ion
are mbwmmomém@n&mng-l MotheshigRIC1B.
paricli DYEHGCR & 2UPY3 ALBE AUIACE R N ARG RNGHCHR WPTEry
meaSured using a TOF-SIMS analysis. Normalized intensity values were
smalldisigifcamgeniirgahasipdvictasiaareintristlyspahensdiad Sserprgsent, their
radii QIR S WiRlvieg Sy 100G Suraes Hearvan Rraee Gfed

Example 11A, a 15 value of 414 was obtained (hereinafter referred to as
aboverierudd havisBRTE #sH @ OEerrEnR SRESHIRITERpal AEatfiEe SparRY hat represents
a fun@XReReNtssare sahéadhing hahleidn Assbewvattherein fibebaaipalized

scnfgnErauLies e e yalg Leaige h aceiance M iR
interfaoiat éntratio aneain parasitionthel &y 26 umpligstedewdfénwmhieldorithton region
s EESLEIENSE A e SRER A 7% s v
intendityrmining eviaal 4 StcrantustionycBmparsetocththaishienplasited residual
coatiﬂ’gag&%séa‘& %&ﬁ(ﬂﬁe@&é@%ﬁ @!é.? 1 was 1s assumed that the coating was siress free)
and that the indentation 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 = (1-v)toi/2E (egn. 12 from Marshall ard Evans)
where:
| 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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performed in which an aqueous solution of hydrogen peroxide without
ammonia was used to treat the silicon wafer. The normalized signal
. o o Con

wi tzeﬁ{r}ls%t glsggthls case was 307 or 26% of the as- 25 implant %i‘ﬂf l};I; ese
examples demonstrate that a reduced hydrogen concentration on the
surface of a semiconductor wafer ledds to improved film formation during
bonding to substrates containing alkaline-earth ions. EXAMPLE 12 30
T %reg}gg]]ﬂ!% dg%%]gg %ﬁ%&%? {Qee i h\'%%ﬁ%%n%éc’tf&?(%hns %%Pl:l?%/ %d Dused for v and
accordance with the. invention for silicon fims transferred to glass watfers

E: vetrppEed]6h CORNINGYI NC ORPORAITE bl Gilet B3 COMPOBIT] @gble and

it is DNLP of YOl a0 LR AN GAGKE 2000 ThE WRAR0RIORR Bate point

. 1? b%%?ﬁ?s?%b‘“‘ffb%%#a 42 The composn_ion%;&the 7070 and 774Qagl sses

whilesifee Seictoress abSuesitioendassieEin septtme)suprottins - rEcsenh poaltiensest
the EAGLE 2000TH and 1737 glasses correspond to Example 14 and the
comparative example of U.S. Patent No. 6,319,867, respectively. The

ly, Tl
i 4 P el e S8 R Y AR A T
sﬂicoti‘%%rﬁé%m@g"’@c Fhydiogensechghing g{@f@%@%@i&bﬁﬁﬂm«y@f%@e
the 1737 and EAGLE 200QT asses which include_ alkaline-earth igns.
bond gt ey eI B TR PO 208 PLBA (e S U oo brokes,
Baseepoidanselyihdhemrade SurdeadExamptetiBeaihcugh kny. of |
Examples 11B thiough 11D, or.other,treatment approaches;for teducing g
sur aceﬁj%lrloggh cou ehave een useg On%f nergy values were
createlbte AN th S indentationrdesdam it iisctestdiabovamndite

. lati

v B A s
mdlstexbewithhtercs atirg tsuide & iy AP EY _&imsm?eﬂtém'gigésm&réleld at

575%%%3@&%%&9&1%?’&!}?éﬂgﬁf‘.t‘*’f‘hﬁ’{%ﬂ@s 50 PIOVIG & S1RD) Erklralﬂ I} SURROLhobite

e sample was bonded to a'1.25" diameter aluminum sample 15 stub

ions beippldkrlinthantisosnsddive b Eaivizdsdfe- S Horpairength apqserements
wereQARLREIGHSHGS RN S RIPRIEINRISHARER B33035PY BY R oakcinG 8k BURY

of indentations using a ragg; of indentation loads. The arrag was selected

energy R RsATGRes o sles A fetieh R rsathahent astesrndarsikcon
film HhdNQESstharausinglearnerad: lecatieniaghadsion vaitabiiviin coating

response across the sample. Using st rd
inventelvg process produces Veryr%?g% quash%g ang rﬂg 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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20 nanoindentation protocols, the positions of the indentations were
pre-selected using microscopic observation to identify appropriate regions
of the surface for testing. In particular, the positions were selected to
WENSIP&BNs of the surface which showed evidence of corfatfinAtidiigr4e
handling damage. The testing was carisducted using a diamond indenter
with the Berkovich geometry. 25 The loading of the indenter was
computer controlled using a programmed sequence of loading and

unloRdig TairaitTBHe, feriegt SRS TIRShdrhae Eam B SRS W SP s s-
The 2BRINAE K sCQMRANLZ) 1BaHsaament(eopsiRa Sirai faterof Hd iseeelatore

. maximum load) (3) unload s t (unlgad rate = 90% of maxinum
iner o AP A MR ESG LA ) oL e SHEHPAIG Bo0s oon The
wafeRGVEIEI 520 0ALQ04 T Cord o The peldetoaebliediep Rewas typinaipapplitecido of

attain peak loads of 8.5 mN .6m 16 and.405 mN. For each .
volssZ HERERAOR St L RO e SCa N O LRl Oh 8 o
two dorieacboliay i Be pendiegloss thefotwidhedresiions &ladditidabihtedtingdthe

sﬂio%‘;tfg a%gi‘%?epwg Hﬁ?ﬁlﬁ? identify the critical load required to induce

mination or to determine the delamination versus load response.

FollolviRd IvRe Apatios ithectosidbeatishdlnoresadpes gorssel iere e er
perf&RRING, delsavinationdsingilow todioh maanification NomatkiDizure 10,

(differential interference contrast) optical microscopy. When present, film

whergdiigpratih et dURPINESTGR MR Arsg Rty Aiayisresn e ArBI FroRC
shovRUgKline oriBrE St tasaisegdarities. Nomarski DIC is 10 particularly
sensitive o this type of surface disturbance due.to jts hi ensitivity t
o A L A B BT RS SR AEHL GRAge e Eigints [0A and
10C delaminations dhdibeeary esBNteiiefior acki omdw e dikve hdepmaaBurete
.the. model of the. Marshall and Evans. reference cited above would
b 0 TR T I S g el S atso
markepiteSeqws:s 4 fdnaahidBtaBrssasuged tptbodtitbguidifesionots.thié of the curves

havesl%ggg&{% {f‘eﬁg%@ﬁ?&g%ﬁﬁ 5 delamination, as occurred for the SOI
oft

structures e inv ntion, a fower bound to the interfacial fracture gnerg%/m
wab eibepdtsertnshesu mbagisorferipinimiryee & dprnedibe vegiohe fileds

and SlIORHY IREGEY 41t 2imicienshiban Be sieeLidhe-ipdantation elbctonic
components without concemn for ion migration into the stlicon fiim. 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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In determining interfacial fracture energy, it was assumed that there was
no residual coating stress in the samples tested (i.e., it was is assumed
that the coating was stress free) 20 and that the indentation sir [
WRAHLHIEE the sole driving force for film delamination. For thﬁ%s{;:[gggqgﬁéﬁwm
strain energy release rate was calculdted using equation 12 from the
Marshall and Evans reference: G = (1-v2)ta,2/2E (eqn. 12 from Marshall
angd Evans) where: 25 ai= V;E/[2n .‘((f -v) (egn. 10 from Marsha(l&and
watefy LS S R r R B S B e e e
and the Ydrtity s fiibelidos voitittieesbiited sactearmliesipitgmniebonded region 30 Vi

= ol vy o b . . :

WO e e s £ LR A BB SR e
cutoffh erineasriti onistHerfditowsatoredl e devere laxerdrardadiraegiann Bpegfically,
from 189 SR % Qe el ihe Bepovichidentenis anSxperRentalMariable and

it 1Is based on the identer used and thus was measured and varies for

processisn RBEApaRsEs (e albry i éRe 4o Bt ahiEg it st il e R Agion

for ﬂﬂ?%ﬁ@oﬂitgo‘&g‘ﬁ'%%gdﬂéék eRSESHWI A @¥pRlneitE ek peseaed a
with 7070 glass processed at 450C with the silicon wafer at 400C. The
cutofy 9 YSTEHIMAMS PIATRAEL R SIS eSS S Bgﬁa?é?ﬁéFay
altholegl iibepgtats vubfey {ailechbeatare heditinemyitotht Sefirandobldier AGLE
broken. Based on this result, a minimum in bond energy was estimated at
20007525653 /m'-. 10 For comparison, literature data shows the bond energy for
EXANPEII@L thermal bond created at 450C is 1 Jim2. Thus, at an equivalent
temperature, the SOI structures of the .invention. hayve.a hond energy that
o B R R L e SRt e R A i

transizithsE R EROO6 HydapE aatibuth érglad s gvafenivaidhitc B S alintitHOLED)
._.silico fe is gl oes not contain any alkali ions, the
sl Sl A

0 eing alkaline-earth ions, specifically, Ca, Mg and Sr. The
boRd Btrenythdriredispierm nesntrol the switching of individual pixel elements. For

optimum display performance, and also to enable integration of driver electronics, the TFT

material should have fast carrier mobility with high uniformity. Current state-of-the-art
processes rely on TFTs fabricated from amorphous or polycrystaltine silicon (poly-8i) films.
However the carrier mobility in devices made from these materials is one to five orders of
magnitude lower than in bulk silicon, with a variability 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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were carried out as before, and again it was found that only a lower bound
on the bond energy could be obtained because the glass wafer failed
before the bond between the silicon film and glass wafer br% ?US-I:'ZH&)&}YLV T

Wg&ﬁ?ﬁﬂ{’%@%ﬁagam 15-20 J/m2 indicating that the inventive process
produces very high quality and high streéngth bonds at low temperatures.
20 These experiments, as well as corresponding experiments with the

7740 an Iasses mmarized in Tabl In each ¢
boﬁ]@%i’%/%} 1ca1 he Lé‘i”a%t‘s““w% &r HIOKS %8%re°3W8te al% |%(éct(|) S%am"'
with didpeidil m-tfpemeﬁse I;iaisls fmsol6derreckelitseizondradERTy fieasusediathe

the poi breakage i
e S e
Si0; INGORBSRAIBEPGIAS S PCOHasI IO Nad 17 37raertnhthprooduares
1ayer9g%%i;g%&ﬁg&i&g%gﬁﬁ%@@@% 9@&&;&3@%@9@&@&1&@5@%0&

bove. A boron-doped silicon wafer 5

miéroisTRRad AR yRIECTEYF TG HUYRRIAR I EEFS @mra@?ﬁééﬁete@é gtéebtmng
subsgﬁémfs@&gm mgn%%%%@@mlemaﬂ@eemﬁ@y%%%% The

afer was then treated to reduce the %dro en |on concentration gn

ST TP B RrS B BEFRISr R Rl 11 RS AR Strgh dnyBRPrises 2

subst%ﬁﬁéﬂ@'ﬁﬁéﬂe&:ﬁﬁ@ﬂﬁhdd@f%@fh@b%ﬁﬁmsBﬁnmmdh%&ﬁﬁﬁﬁdﬂﬁtﬁ@ the
. sSurface §}%,620 n c uld have been us WO 02957 "

InveRERi§) H%mfﬁﬂ? T A %Pé%%%tso"rt BSappot,
smp&@&&ﬁatedvﬁmnrmc bmﬂemby’&iﬂeé rsats'&hﬂiaﬂmemﬂmmmmédhd prite gk

pVac umlg e reased (top
P mcmﬁcon Wafe ﬁ) was ralse @%ﬁ: that o%eg%gs%{wa eg?tto 75C). The
wallie peienatthion mﬁ@%pmmcé@emmﬁa@erémmé@ ddfnerrp gpation and

crystatt %t%g@%g%yg Rt RURg8 IR QAES RS JEmave dnand, heWaigiSa1ty

cooled The wafers separated into two during cooling, i.e., intg the

singlglasstaldramwitis SueinaniEhn JarByheleerTR FatBiHHes (co S0 sAbfYetec.

" The WAl RSN S AP RGP ANTOE M S-aRalEisiREGRIdRRERNItTHBS:

roce dures discussed above was performed_on the SOQI structure
SImpHSiCAHeRS i s WAy D FHEASLTNS RIS S APIgtrera el Seriame aroughput
adv&t%@%@&&l&@%%ﬁ@it&h‘ﬁﬁlmt inténdity stafarwersiss depth and

re 10 the data co ted t mic nt. Th%lﬁ?r um

?I{)eﬁ gﬂélﬁ#g Sp CI?C& Yy mar&ogeln |gureselnafft gﬁa
allow for miniaturization of electromcs 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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| OC, and the overall alkaline-earth (AE) depletion region is marked in

Figure 10B. The hybrid (silica) region at the interface between the silicon

film and the glass substrate is also -15 marked in Figures | OA and 10B.
WB YA 4t a depth of about 0.6 microns, all of the curvest hEVEFEHIE°

to their bulk glass values. As these figures show, a barrier (depletion)

layer is formed between the silicon film and the glass which will allow the

.. Structure to be used in the . manufacture. of electronic components without
P LTS S, P SECRBATat g aes mito
two pstabi|iyddfrtierh inepitape yean B0 dtactliie dieiiadedas, dasorivediabode

. . 95C far.2 hours in.vacuum and a TOF-SIM
e AR HERIEAL et E L A iy o
mﬁﬁﬂéﬁfe%:iééaihh?m%@n@iﬁmmm of ions due to the heat treatment
a“ﬂlm%s%iﬂg Esl?éfﬁﬁl‘f}’%@&@ﬂ AnREE FHAMPKE McEeoHiE SR RRIeThe

demonstrates how the formation of the depletion and pile-up regions

bondgfeppiRie skiploadsbe samsv aortae 4REO RPbRATE Bt Agignd
400°€ AMRQBLHIOM. N Gh EARL B 2000 L was HeeLIPHDESS 8P aHMSALSAnd the

The SOI structures were formed using the procedures discussed above

silicon g tREMRES FFEFEHen NEaUETF el ERRTEAT B HETSiREEIT afel ) 261
pressiRevialloywing preaess gondtinscytere sy ad (il-alaTs(amReraid®etpplicd

applied vpltage, and (3) bonding time., The sjlicon wafer was in all cases
ot R B o e B RO A btase was
remowedfeA{This paranébersideterenppiied/eréhthentincknéssod the depléfipheld
i ier | ei i f.the ions which exhibited a clear
anded B e BT A R Bl e M ORI e B ovea,
and typtkstimd anesterpdriaeremcgtoffer apisear to exist for the creation of a

bagrigr daysh and & plgrdpregian-arseliicaly 2 fRmhisidam it AR08, o

seen that the processing time needs to be above 2 mln_u%fas and the
silicop e st TeeRise e Heedistiawsdalisse Bsutns Bemihainasibeqapsces
was 2806 aPigmsegion for this glass. Although voltages less than 800 volts
were not studied, it is believed that a_ cutoff will also_exist for this process
val oS CHO TR WP IR TP OIErR) R RS sPRaBREh apaeien into
five pisdeesndrihexpasctastiobhel diiférentirem thosexeand farihe fEAeldeAound

1o ha\%? I%gg\éi Ie%zsisﬁlm behind on the glass wafer at the end of the process.

From the foregoing disclosure, including the foregoing examples, it can be readily
seen that the present invention provides new and improved SOI structures and new and
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.



. EXAMPLE 15 This example illustrates the applicatidn of the invention to
the production of thin film transistors (TFT5) for display applications,

includinég organic light-emitting diode (OLED) displays and |
{fCDs). 15 TFTs are used in displays to control th&
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individual pixel elements. For optimudfdisplay performance, and also to
enable integration of driver electronics, the TFT material should have fast
carrier mobility with high uniformity. Current state-of-the-art processes
rely on TFTs fabricated from amorphous or polycrystalline silicon (poly-Si)
films. However the carrier mobilifARIdevices made from these materials
is one to five orders of 20 magnitude lower than in bulk silicon, with a
variability of up to 30%. Bulk silicon represents the ideal material for
fabricating TFTs, but prior to the present invention, no practical process
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particularly well-suited for further processing to build TFTs. Since the SOG
comprises a substantially single crystal silicon film, the process to build
TFTs in accordance with the 10 invention is different from the prior art

WErHE843%97f particular, the process represents a simplificati8h’éVerittffnts
processes. Table 5 sets forth the varigius steps of the prior art process
which can be eliminated through the use of the present invention. In

particular, fer-the-TET-process-of-the-presentinvention-the
dehydrogen&tion angseseystaiizaHonl siepsuafecestamyuiredafince the
semiconductor film is @lieady.g-substantially 15 single crystal [form. As
such, the film can have electron mobilities of over 600 cm2/V-gec. The
rehydrogenation stepagmutitac-diticoPfioat RINERSSIfRlse 0t required.
These simplifications.in the TFT manufacturing process provide both
capital cost and thrq@ﬁ%lﬁmmgﬁ&s‘?fég‘i%‘ﬁ 18%fhe inherent

improvemengin devic rfQrmance. 1 ne resultig highrperformance TFTs
produced ingégcordar%e Wi %g%@ﬁ%%ﬁﬁgﬁ %ﬁ%é’?‘%?&iniau rization of
electronics, more unjifptedisplegigerformance, integration of driver
circuits on the-glass:substrate,.and-subsequent significant power savings
in the comPéted disptdsrenTherréasealting. higtfpenforniance displays can
be used inla-varietyef-preducts;-reludingpatm-teps.-ecellphenes, and
the like. FUrdier applieBrsi gt ssernstaybrires stanganvention can be

found in silicon-on-ingtator (QBLRIe G 23 EXAMPLE 16 This
example illustrates tiling of multiple first layers 15 on a single second layer

20 (see Figsge 11). Adagrosedoges iiseawiatesdd 0Gemm diameter) with
resistivity of 1-10 ohm-cm Was%!t# drogen.ion implanted at a dasage of 8 x
1016 ions/em2 and aﬁ“@ﬁ%ﬁf? ‘ll{I %‘&) An 30 alumino-borosilicate
glass wafer%gpecmcaﬁl ,.awarer composed of CORNING
INCORPORATED GL -|\‘§:565§ ION NO. 7740) of 100 mm
diameter wazﬁcleane%gmg‘% gggrd method for cleaning glass,
namely, a gdetergent,wash, a distilled-water rinse, WO 2005/029576
PCTIUS2004/004746 48 a nitric acid treatment, 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
to minimize the gap between the two silicon pieces.




5 The resulting assembly was then placed in the SUSS MICROTEC
bonder. The bonder was evacuated and the assembly was heated to

450C on the glass wafer end and 400C on the silicon waf
WBI&"é’é’%gﬁéﬁr was placed on the negative electrode and the

s

2-5@4? 04746

on the

positive electrode. After the desired témperatures were achieved, a 10 psi
pressure was applied to ensure good contact between the wafers. 750

volts were then applied 10 ﬁoi%ﬁé:? 8L ﬁg
start the bonding process and then t?]e v%[ftag

wafer for one m
was removed.

inute to
At this

point, 500 volts were applied to the entire wafer and the assembly held
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10

Number Element 10 first substrate (i.e., a substantially single- crystal
semiconductor material) 11 first bonding surface/first face of first layer 12
first force-applying surface 13 separation zone 13a sub-porti

“’8&8%%‘8%?&%‘520% after step (D) 13b sub-portion of separation {i:}(%%féog ter

(04746

step (D)/second face of first layer 145frst part of first substrate 15 second
part of first substrate/first layer 16 hybrid region of first substrate after
step (C)/hybrid region of first Iaﬁ%%g% g

surface of hybrid region 17 refe rface, e.g., a reference plane 18
optional recesses in first substrate 19 optional isolated regions of first

istal edge/thickness defining

substrate-20 second substrate (i.e..-an oxide glass qr an_oxide
glass-¢etamipitsoond layeragtesecon i bondia ce/fiestdtice of
second layer WO 2005/029576 PCTJ.US%Q : 47&6‘1?9“%6%1%%0 nd
force applying surface/second face of} secon f yer 3 deplétion region of
secondl substygte after stgp . (Lldepletion regipn of second gayer 28a
distal edge/thicknesg defining surfaceiof depletion region 24 reference
surface, e.gy1@referengg4eiane Ho02 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*)
ey
T070/81 1000 450 30 >15
T740/Si 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.




25 pile-up region of second substrate after step (C)/pile-up region of
second layer 30 interface region between first and second substrates
fter step.(C) 40 processing chamber 41 conductive supp

WA SHSIERE 6 PCT/US2004/004746 51 TABLE 1 (continue%?%%“@ﬁ’f%ﬁém
first layer/single second layer assembly 51 gap between closely-spaced
first layers 52 filled gap between adjacent first substrates 60 TFT 61 glass
substrate 62 metal contacts 63Qgfat gate 64 SiO2 gate insulator 65
poly-Si layer 66 SiO2, barrier layer 67 SiNX barrier layer WO
2005/029576 PCT/US2004/004746 52 TABLE 2 Example No. Treatment

_Normalized H+ % reductionintensity. wrt implant 11A implanted.414.0
11B3##MOH + HYORapeTVE & Poa2sTHG! |1C BasidHaydp02| 154e76p lons
Jrjeilﬁpg%.ﬂ!t%sma 144 65 (Minutes) Thickness

oy (Microns)

350 ‘ 1750 20 No barrier layer No pile-up
575 1200 20 0.08 Mg,Sr
575 800 20 0.046 Mg,Sr
575 1750 20 0.1 Mg,Sr
595 1750 10 0.08 Mg;Sr
575 1750 10 0.096 Mg, Sr
575 1750 5 0.064 Mg,Sr
575 1750 2 No barrier layer No pile-up
595 1756 2 No barrier layer No pile~up




5 TABLE 3 Glass/Si Voltage (V) Process Process Time Bond energy

System Temperature (Minutes) (J/m)

7070/Si 1000 450 30 >15 7740/Si

w§I4ER e >15. 1737/Si 1750 575 15 >15 EAGLE 1750 575 40s7h%004745

'Glass temperature; silicon wafer temperature was 50C cooler.
10 WO 2005/029576 PCT/US2004/094746 51) TABLE 4 Glass Voltage
(V) Process Time Barrier Layer Pile-Up lons Temperature (Minutes)
Thiclmess (C) (Microns) 350 176Q20d\p barrier layer No pile-up 575
1200 20 0.08 Mg,Sr 575 800 20 0.046 Mg,Sr 575 1750 20 0.1 Mg,Sr
595 1750 10 0.08 Mg,Sr 575 1750 10 0.096 Mg,Sr 5751750 5 0.064
Mg,Sr 575 1750 2 No barrier layer No pile-up 595 1750 2 No barrier

layer No pile-up 5. \WQ 2005/029576

CTIUS2004/004746. 54 TABLE 5

PrridniArt Present Invention 1) Starting

rRsgesd/mygbieated display Starting

L SO O ess display Starting material — silicon-on-glass
glass
2} Deposition of SiN, barrier layers by Unnecessary
PECVD
3) Deposition of Si0; bamier layer by Unnecessary .
PECVD
4) Deposition of amorphous silicon 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) 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

Depésition 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




glass 2) Deposition of SiNX barrier layers by Unnecessary PECVD 3)

Deposition of SiO2 barrier layer by Usdecessary PECVD 4) Deposition of

amorphous silicon 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 dHildry etch of Si 8) Deposition of gate oxide
Whifyis5#88%76 ‘Beposition of gate oxide by PECVD 9) Deposition of gate

metal by spetterindgubiepositioniabgatecnetadhyrspuyttesingdk8jond layers which

are E@&E&%‘H@&&(@BWP%PMQ£¥8&19%9%§%fgh%¥%' ?&b%@mﬁ@&waﬂ;&q% Rberein:

gate 11) lon implantation and do%f;nt activation lon implantation'an

dop@ht adhiv Ao MYERY DRSS ol St aHRRN SRIE6H BXidemisersisksition of
ma@Agapsulation oxide by PECVD PECVD 13) Photolithography and dry

O IRolheraRn AR teh ol coniact Vs pniect i 1t

Depasition of conta rrnetrg%y eposition o Contact metar by spu’tfierlng
spufteringhd B)rR seo ith beiragsinilzerid s apdserrod Rhotolittidepddhy and dry

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

commprising ARSI SIS TRYBIEAR FUR V5 & st o B SR alirfRortion of
theditiida@ireothinon thitbuglrond emoneiiste navesiatevlagieds; ivdaie purt{@) into

subﬁé‘}g%ﬁal l%XEEeﬁqgéR{ﬁg%&%ﬁygls&HM Yod '&91'{?:1‘8{}@%%'\/%8!‘{1{89&%&&99 of one
another. ’ :

3. The semiconductor-on-insulator structure of Claim 2, wherein the recesses
extend through the entire thickness of the first {ayer.

4, The semiconductor-on-insulator structure of Claim 2 or 3, wherein the bond
strength between the first and second layers is at least 10 jouies/meter?'.

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 < D, < 500 nanometers.

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



(b) the second layer comprises an oxide glass or an oxide glass-ceramic;
and (c) the bond strength between th 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 layer

secQshisE s A ERUb R ARH NI SR portion into substantially isolated

regions whith earcexpand andsabniracticetativdlyainde peadently stonayer is

tmn%é)rga?r. 3. The semiconductor-on-insulator structure of Claim 2, wherein

the recesses extend through the entire thickness of the first layer. 4. The
semidbndubte FaHRISHFBPSIRTEIIRS BREHImMI SIS Iwkissin fife bond

secSitRRgMbeiweandReliratiand seeenthiayetsisiat least-dd joules/meter. 5.
The ﬁemlc%ductor-o -insulator trgc%g oé%gg} 2.0r E»é wherein the

. ] £ Seric nnﬂ)lctor—on-msu ator s m | 1"61}1.
oxidée ‘glass or oxide glass-ceramic has a 0- coéfticient of thermal

expansion Gffich #x6afsr TRAR15CHE: cortEiEMCof thermal expansion
what Bessubstantiallysinglesens st RIceRAUGIRIMaalal Sndh8rystal

semiconductor-on-insulator structure ?F&Cflaim 1, wherein the  oxi %glas

sermif gy et g et Erblnia BF i lecsriifiaar (HeHEY SeRicr the oxide

glagogfticiénglefsthenmal expansion CTE and a 250C resistivity p which
satsly the relpATSNIRT R0 Uln 5 TS Tl Ol A B
51016n-cm; as a strain pomt%’, ofless than 1,000C; and (c)

strggisideaipdsitive 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 < D, <
500 nanometers. 8. The semiconductor-on-insulator structure of Claim 1,
wherein the first and



56 second layers are directly attached to one another. 9. The
semiconductor-on-insulator structure of Claim 1, wherein the second layer
is transparent. 10. The semiconductor-on-insulator structure of Claim 1,
wherein the second layer has a thickAéss D2 which is greater than or
equal to 1 micron. 1 %Léug 0 %gg structure of Claim
1, wherein: CTE, - Z&Et@sj%‘ggﬁ i%ﬁ%ﬁ&% 0-'/C where CTE; is
tk}\%&% goefﬂ(:lent of thermal expansion of the substantially single-crystal
semiconductor material and CTE2 is the 0-300C coefficient of thermal

%@ﬁ@&ﬁﬁc@r@@ﬁ&@ﬁo@@@ﬁ)%ﬁ%ﬂ%@%ﬁﬁ@%‘ge @eﬁéww&&@l are
PRSI R AR Rl By Sy
Smghc@ndt«ttmmndscﬂatcﬁc £S @bpstruiitores aifacheding dangpateal8Gfte (20)
SIHAGIHIES LG B5avigad, Wﬁéﬁhotl?d%eg&@&%%@ e{RaioNS EBQQ 939%%9%@&55-

layer (15) ofasubstantlally le- crystal semiconductor (e.g., doped
STHESH dtterefed zsfaagﬂﬁwh SR B 67 ot satiiot al%saefé%%g a
okgintioXide: QIS aksaimiessd ﬂﬁxﬂlﬁtdquia% o ioxide, giassaeﬁetﬁrmmave ions
p% erably; AnERALEIL ANd pIe(e E]Béa'& ASTANLR t% RldessiRn,

C, a resistivity at 250C that | ess an or equa 1016™-cm, an

cemanie poamiviiersig fad 2t glemted dramelaestfidnsy i @An%%\}@nd
vutt’eﬂgﬁh%@ka@@lomelasﬁummsﬂnayeﬁ@m@ﬁ@ ambeéaﬁwﬁ fielsh@dte (20) is
eIevfateb ta%ur ‘%ég h]éOS%OC() 'I{'ihetb th beltvge trée 4

micond ucto rlayer 4 the supipl)lcl)r SulS: é{e( ﬁs pre eraBIa n
leemo8 jOdlesimetoe. fhhess@m%@n@mct@ralayek @5) wartdfclute ammdons

"SRR (D) iRMNGh e semisanducialmatgialhan eacieda it PXYGERLy

|ons originating from_the glass or glass-ceramic. The support substrate _ .
SRR R TR L BIHBR A 3y HACH P Yo posidve

crons:entratlon of the mobile positive ions. Figure 16

Figure 16



