10

15

20

25

-1- GLASS-BASED SO STRUCTURES CROSS REFERENCE TO
RELATED APPLI CATION 5 This application clainms the
benefit of priority of U S. Provisional Application
No. 60/448,176 filed February 18, 2003, the contents
of which inits entirety is‘1h'ereby i ncor por ated by
reference. FIELD OF THE I NVENTI ON Thi s i nvention
relates to sem'conductor-on-insulator (SO)

structures. Mdre 10 particularly, the invention
relates to 1) MBMEDT&QIS@‘MM'EUQE&MUWS and

2) novel forns of such structures. To date, the
sem conductor material nost commonly used in

CROSSREPRRENCE TO RELSYEB APPEICATIONeS has been
sili.con._ Such structures have been referred to in the

| i This samlicatiopsclaizs the benedit of praeritzoé .S tBrovisionakApplitationsNo.
i ation. " SQl 4 bee li.ed 1 .
604 Lo bR Uy I8 2003 AR RRR wifldh ittty js horeby

sfruc
incorpemied bydefetence.on- i nsul at or structures in general,

in j ilicon on-insulator structures. For ease
FIELD bﬁé@ﬁ%"é@%ﬁ!@he foll owi ng discussion will at

ti : ' [ :Sil 4 - - j t S.

Bk L R on ot i s

particslerlyclbe thveniion mhatestol)) adethiods $ormaiting endy ruehee 4nd 2) novel
l.itate the explanation of the invention and are

f aci
fomsr?%?“‘fhrﬁ“é‘ﬁ%‘?f'to, and 20 should not be interpreted as,
TGidate the sBRidoBI &R Jﬁ eral IS goxrhg}ogll}y?%\ﬂ% seiomtdetor-on-

. abbreviation i s use ereint
insulags strocigs besopeen silicosu Batlostiisturechave deen refergedieriakhe literature as
on- on-i nsuj at or

- including,  but not limted to, silli

silicon Pl strolures e 36 ShpFrviation SO has esn PBRLGLo el structures.
The peSerit &fv@htidrPrehdd tﬁ%@ﬁi&h&ﬁa&ﬂmﬁiﬁﬁﬁm@%&u&ﬁwﬁﬁ ghhbral, including
... general, including, but not Iimted to,

siliconspyp-insulatoy stra¢tuss. struct ures. The SOG nonencl ature is

so i ntended, t.o incl.ude .25 .. . . . . i
CE et e Rtelin, P8 BSR disemssion et at mes b dp tram gf silioon-
-instilator B@hcthied! TR kho B RRCAMASHE b S ¥ )
o str ll.;Ct ures. Therégﬁg?ﬁ!t%ti onémé%t]g enc%ﬁ%%%&lﬁg&%im}%umm
structugyar ardetpiacitateths seplaationNoSihe invention and arel rat intended to, and

.S _bgcam L ncreasi ngly. inportant for high
shoﬂdltong)? %&n%ﬁ%&eat% nt gr?rﬂ? }Dgﬁg?%sgﬁpg?%/%%g’rw%%l |'s, and
diterS Glybbrevididn 3S used Hetof® to Rt séi'ﬁi%@h&ﬁb‘éor—on-[ﬁl@tﬂator s%l%ctures

) silicon-on-insul ator wafers consist of a thin layer
in genesglpinchidingabyiynos lingted tesrsilicoatonsiniilaton siSugtupes.c Smhilaply, the SOG

-0 pcrons in thickness hut, in sonme cases, as,.
abbroviiion f Red e b s stfig i gengpL indiding, 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-

et

ceramic structures. The abbreviation SOI encompasses SOGs.
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Various ways of obtaining such a wafer include
epitaxial growh of Si on lattice matched substrates;
bondi ng of a single crystal silicon wafer to another
silicon wafer on which an gxi de | ayer of Si 2 has
been grown, followed by pol™3hing or etching of the
top 10 wafer down to, for exanple, a 0.1 to 0.3 mcron

licon; or ion- inplantation
BAC@%@QFWWO ydrogen or oxygen ions are
| Bifcaiioadnstilitbetech®ld B iFbacorhing ifdeRidgieinhpurant fon hidhe

silicon wafer topped_by Si in the case of oxygen jon
pﬂom¢@MMHmm$§®%wﬂﬁm Césplays, el s, 2cH¥g Malgx displays.

The 45 M PO B MR o

(generklly 64 -G piic@ab ésthiddhessduf 0 s6he sades e dhiok as S middns) on an
I.mpl ant ation have been found to be nore practical

insulatingpa | | y In parti cuI ar, the hydrogen ion

'On%llantﬁétyl g%)dg%s I'n t at t@%%?&)?ﬁ%‘om%f%ﬁﬂ?ﬁuw

matchﬁiuubgﬁrﬁes ibeqdmg efla amglel cmystaltsiimn&&ﬁ’eﬂb ahbther mhccmcvy@n on

i BT b B PR S S PSP o
wafer ddWa ﬁﬁ?&t 1152 UQ%Wmhé}bﬁ laf?e #&%ﬂe@%@g@ 51hEthﬂ\7 Olg—l} Son-

exanpl e BIS ef et al "Rangés

mplmnenéth@islmwmmﬂﬂmnhydmgﬁ oram«yg&mhs aRsitiphritaheither to form a
been. furt her

Ef f e 82,...59:199-202, S .
buried ggid] %)f%tt W@% Imee}éay@l ﬂsﬁg q8sq of oxyae%mﬂa}l%?ﬂtaﬂon or

ol o e G s s

case oﬁhydmsadm@iahtamrsr@’éﬂhpseﬁhm@tappmach&seﬂne apﬁmgches WGW 10n

implanfiop By peee P AR REOLGH Qe B 10 GrgfHen dhe hydrogen
ion mﬁhﬁlﬂﬁ@n et Fas §ﬂ hdveRfh ]g%f/ﬁ* the b&?éeﬁ%ldn%n%@cé@ﬂthat the

lanted into this wafer to generatée subsurface

lmplantabamnerm r@qmed atediessahae feYopyf thpdof pxygeedon frepldeisiand the

whi ch th re ated and the dosage
d°sagea%‘l"éﬁﬁﬁf% ?li %Ofmg%we% wafer is then placed
IEXESliation @Jse hmgenqaﬂhﬁﬁbnﬁubh mm@rnﬂdan?t@ga for

substrate roomte%raturetoformaten ative

examplgoBister Thal., V\Bmes ofithe Q. haMp¥ H -anddhi-3Me¥ Hab dens lats@end Ge,"

L0 .l a
Radiatip EERUSS MO0 folond Vind iy b Rifher Fofiiammibady iiged Broel
See Bm'QDQJSePétbﬁth'ﬂ SSREIAA V1. iBruel3Eldch8iciRat ST 1995 $p 1201-1202; and
rrperature above 1, 000C to fulTy bond the Si film

L. chlmq; Séulmc@rfdéctmﬂ JanssathandsMp @M 32, d996, pp

) uni mpl anted Si wafer. This process thus forns a
114412%% con-on- insulator structure with a thin film of

The hfe!ﬂibdkt??l ety EshsRBNdfiRe foﬁlobd%ﬁeﬁ@f& theptnlhoxite R grown
a

i nsul at yer in between I's an_inportant

on a singlmerysiel-sliconwafor. Bydragensions avgiher implenged inge tidowafer to
generate 8 LG Al Raws) %he 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 {entative
bond.

The wafers are then heat-treated to about 600°C to cause growth of the subsurface
flaws for use in separating a thin layer of silicon from the Si wafer. The resulting assembly is
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date, a major part of the cost of such structures has
been the cost of the silicon wafer which supports the
oxi de layer, topped by the Si thin film i.e., a nmgjor
part of the cost has been the support substrate.
Al though the use of quartz as a support substrate has
been nmentioned in various 10 patents (see U S
then h@ﬁ%@fbt SteMperatfe 4662080 CAS megﬂﬂondﬁché 89589 Qith Si0O, underlayer to
108, 6,335,231, and _ 6 quartz is
the wpm@bwbs@ie,eleaﬁhwmp@qﬁ@}ﬁuw@eméﬂm pracess Kmsdforss i silipep-on-

sl ARl 0 P B 9 SE0F, Glndb Ty QOGNS o B0 E bR Sl B ice

insulafk Mer inDepRent substrate materials listed in these
references include dianond, sapphire, silico

cepstiigan imporieeinensideratign for@@mmr@igl 3P@bt3«’éﬂ®3 0£ RO structures. To
date, ﬁh&jﬁ%}’gz&s«%f tﬂ[? f:éaég ois?lglfc F%’f%%n@ﬁs %ﬂlﬁt@é st ef ﬁ:l%vsﬁﬁcl%g gslgldfér which

suppoti@dhe oxite ldye tmfedrbymd 8i thiri fild, i@. |a6:§ﬁoﬁp<@ﬁ@§ﬂhv @ost has been the

material in an SO structure. In particular, it 1is
supporg sylsfratg) ¢ to replace a silicon wafer with a glass or

AP AT O Abart (% 4 SRRl ATl Beon OISR it

patentd @ead e Patests Nefsf 6,440,269 821,041 r&,m19995®$6 3IBj168,) 339231, and
because pr.oy. to the present invention, the art has
6,391, {45V, avaiz b‘rlége{ .acrslahyelyteéem#w&%% r I diSeRsSipEAERpQs} Substrates,

some FHRSHCErAT s %ﬁvé Sded Rt %ﬁ%s‘a ?le SQ aﬁl% glass-ceramlcs. Other

sem conductor-on- insulator str pr esent
support subsinate matqnain/]nsﬂei;uﬂhcsle referdnnésnelsdeadidmiohd ssapphire; filiesn

andi n ne in,the.art for | ower cost
carbidd, Yot BRLs: FPhtesy TErn A PBEE 1 aadi t L on L he
'AB’ﬁE bfe@éht nWeﬁfﬂrQ EcHRY&, itlihmit hRh S?F#%E neder & fébﬁée a silicon

m)ng he nunerous appl 1 cati ons I nventi on
wafer with a thafs endde osticha Ielsseemcnas;e mpteuel mcanr&mi shsictuRe: In partmular it

it R 4 A e PBRSEPBEE bk can e
- manufdefirsd RANGroPlaEhiRiticdBeIowN édsﬂri lef, 1iGAthMt @MMARCES effective SOG

performance can be achieved conpared to anor phous and

structurss! yidid is 6o hemsrtsmo:de\th@went inveufiting therart lm:;amhml praciiesl

and. sol.ar |ls vvlthhqh efficienc | so e
techniglEs 7 BRGE GBI Srinters JPe SUfaRh i oad g
insulatoristroftagl SO structur es significantly 30 | ower the

cost of an SO structure and thus satisfy the

dbapresent mgveu@mpmvudcstsndl techyriques aud s rsaﬁsﬁs dhe longstanding

_ t d R OF TH ON |
nood in R 5 TokeriioH Sy for SOTRATE R Qe BV SiOBes
provided nded] Fehs’ fof sihQfeiibds. Am éﬁﬁﬂéﬁahﬁ apﬂibaheﬁyf@wmvenuon

structure, specifically, an: SCISstructure conprisin

are thos(eAp sthcﬁ@ & fﬁg)pmﬂlmﬁom RE @bnmomeﬂ@ ond nuzed gigwal fmyplog/ d%gwl)
electrorflf:g, Y ng F.ﬂé?:%gll?ay élsl% f%J qT ed él]:]gbs, \ re'sic’g%ﬁc%nﬂy

enhanced 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

serniconductor field for lower cost devices. -
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bonding to the second substrate (the first bonding
surface), a second external surface (12) for applying
force to the first substrate (the first

force-applying surface), an? an internal zone (13) for
separating the first substrate into a first part (14)
and a second part (15) (the internal 10 zone (13) IS

Wﬁgﬁmﬁo as the "separation zone,
an be a hydrogen ion
| iphaebidaheconitl afiegt aspdes ties inver(tion ﬁrhﬁdés & miethod okt prgducmg a

surface (11), the first fo e- apg i ng surface (12),
emicgpipcioge HeE SBIF e R iegllyap SQ) s, gopyprising:

FREANQL t d t (15
P@%et@é (ﬁ%ghe gepar a{;ﬁ%ub%%agégj O%O?gﬁgﬁtﬂﬁe p?irrst( )
bondi n@)sur ﬂacfest(sﬁhs)t:ataﬂﬁ) (:m:)lpmsree affirststesnd) stnfatea(? { o)
conpri ses ta iall

sem conduct %ﬁew bg%tc{%gﬁgigﬁ@ngm??%aesecond
(20) conpri é&&nﬁgﬁnﬁlé D &r 4 ﬂygt%gﬁfce(tgﬁlezﬁ)st sxﬂﬁﬁate%ﬂe first

for bonding to e Tirst”sub he second bondi ng
surface) anfbroceapplying sirfacelappd g injerhairavge (13)tfrseperatingithe

her i nt - ( HCESCRE G SBOH ARG AL PR AR LD (gintermal

second for camappd)ié H&emﬁﬂérfzﬁﬁﬁ-eﬂ 12ds thb @se@uﬁ%ﬁ Bohét Wwhich, for

parallel to one another and are 25 separated from one

anot her by examipls, ancles Dydragen iphjmplhntation zone).swhereinat e

of abs- cor arfit; (S5 Prafing S g (D BT tus patying sufce
bondi ng surfaceg1f)l nd b sepirticiPtng ¢13)(#RE abstaatiaNyhirallel to

into contact, the first and second bondlng sur faces
formwhat is SOQD@faéﬁﬂl@d to herein as the "interface"

bet ween th and rat f

a period of f Eﬁ%’?‘i?%‘ﬁfgﬁ 63&' ﬁﬁg%?pagfﬁnoo nszng:lglqg{) and the
substrates to bcmﬁﬁ&dmg@pﬁagg(qg agd the first and

second bondi ng surfaces (i at the i nterface)

si mul t aneod@) y: tbﬂﬁrsamhsgfﬁfﬁgﬁlé)cﬂomm@ﬁ aﬁ@staphg]ﬂy sipgle-crystal
s_econd f orce- apge%ﬁc%g &éﬂ&fﬁ%?é%l 22) 5 to press the
I es

first and secon ng su 11, 21) together;

(2) syb) ecihe@cbi®substigtt (20) d:oﬁ@ﬁ@@dw@td&s&ﬁﬂtseﬁ‘aéeb@ £22), one

to an elec tf(rn! lfonfdlmegl tg the first substrate (the second bonding surface) and
another for applying force to the second substrate (the second force-
applying surface), wherein:

(a)  the second bonding surface (21) and the second force-applying
surface (22) are substantially parallel to one another and are
separated from one another by a distance D5; and

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

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

referred to herein as the "interface” between the first and second substrates);
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which is characterized by first and second vol tages VI
and V2 at the first and second force-applying
surfaces (12,22), respectively, said voltages being
uni form at those surfaces wkth VI being higher than V2
10 so that the electric field is directed fromthe
first substrate (10) to the second substrate (20);

g‘g@ (zg)k?r‘ﬁggiﬁb@ Gt {48 shitfohat 4148 KRBk B! Eibb@Sos to bond to one

d heating being characterized by first
and seeunotbertabthedirstitand esconid bemdingzuefaces iee. f4t tl integfage),
second force-appl ying surfaces (12,22), respectively,
said 18 tr‘?f’b‘-“élll’g’g'ures bei ng uni form at those surfaces

and befng s }ﬂﬁf] thr6@1tol tha first 4R Bed»B 8 Fbrog a GOrfes (12,22)
ten‘pergt)ure;%t egfi rst and second_substra%lggﬁg(lo, 20)

under go di f focressithefirstanst segend bending wntcesfy 12d hiegsthehe

(b o et e e o SRRRL AR 30 BB
(10, 20) ( e. @hichincharRetived by MsttaddBedont WoRages 31 add V, at the

roomtenperature) and separating the first and secqnd |,
parts (14, 1t and seepndfopseranplying sufaces (12)22). gesnestivelyreid

oxi de gl as ' . - Ti . hot
Che. ol | ow e et BifiE f SRR vl g Phigh han Vs
Igl ass gr ofﬁoohmoghaggetdegmﬂi@m. ed fiot the firg sibtratd (10) to the
ess than 1, and_conprises positive ions

(e.g., al kaerongsubstiase (298308 th i ons) which during

Cate | e ] &
i roctthn dudng Wil LR ARIAA 11620} Pul Beluigbdng
and t owar dschtuetesieaibyififso aundsarppd fempgraiunes T¢ end 223t the first

and/or (ii he oxi.de gl or id ass-ceramc .
conpri sés )(aa smﬁ_é'é?qca- 131313%&%%%3 (‘i%%b =?%Pe§b‘§=59fsiselél
ions (e.g. ge%@ﬁﬁ%\%eu%ﬁfdﬁ&eﬂ%sé BurfRRS dnd'$Mifid selected so that

during ste 30 the second subStrate
(20) in a dipprcooldg tawapnimemtetiperatweothd fi aud sepond substrates

S a0E (2o I A SE AL S5 P R o

OXygens i N ;gpuQxd £H11RS Sepfatiod RS (BhAsa phase of an
oxi de gl ass- ceran@g) are those oxyge%sbcont ributed to

(B glcaskingthe homdeddirsicmid seoond mubstraten(d0,26)(ess-ofo & ¢panmon
vai | ApPREERs SR i mop (ePSpebRR) i, SRRl s it and second

I NCOR %q %ﬁgﬁl ‘b . 1737 and 5 CORNI NG
I NCO?EO:\’A 1&%5&%@3 OSI.ZTI %h% EAGLE 2000M_ the
whereimthe-oxiidd glagis oy oxidy glass-cénanticbas anees bothaffba Hligming seis ef

chara aét}cs:Of t he gl ass through the incorporation

- () the oxide glass or oxide glass-ceramic has a strain point of less than 1,000°C
and comprises positive jons (e.g., alkali or alkaline-earth ions) which during step (C), move
within the second substrate (20) in a direction away from the second bonding surface 1)
and towards the second force-applying surface (22); and/or

- (i) the oxide glass or oxide glass-ceramic comprises (a) non-bridging oxygens
and (b) positive ions (e.g., alkali or alkaline-earth ions) which during step (C), move within
the second substrate (20) in a direction away from the second bonding surface (21) and
towards the second force-applying surface (22).
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of al kaline-earth oxides (e.g., MJO, CaO, SrO and/or
BaO in the glass conposition. Although not wishing to
be bound by any particular theory of operation, it is
believed that an el ectrol ygl s-type reaction takes

pl ace during step (C). In pdarticular, it is believed
that 10 the sem conductor substrate (first substrate)

' de_ f h
RS R B3 B3 blse oRSdR i Bhink dfer cdn g o mpaseof
an oxifé glisu;aﬁ‘amfc drb ¢hose gk gfens toritHBute tehedLRs bh abiaervdrk ©rming

first and second substrates. This oxygen Is believed

compangnis ethe Blpssh ForexaniRlsyiip St of coramescially availaple LCD display
elass S8 LFEORNINGETSoR POIGL D GLASSECAMOSHADN 1) 1237 3¢

0X |
CORNING m GG)RPORVA:’EHS e}LMTCC}MHDSHQON N@h EaGDID2060™,3he non-

regi on begins at the interface and extends into t'he

bridging qr@lge@m g those Yr¥Eeps @&mlme part pbthe glass dgmgh hryrperppration

of alkalile s SHEF (4 L aP! 5T MR B 57 Bty biBorion

gelderugh monwishirighte b@Wﬁﬁcﬁb}‘ ey pdrtiadlar fvedry df! h@eratlon 1t 1s beheved
m conductor naterjal .of _the first substrate,

that aﬂﬁchfreb@a- typereachipntakesrlacedusing step(Edc In pastienlyry é*—ﬁs hﬁwved that

theserlibonABE Bl Rk 2 Vo R BREMYC SbefiicTbi e 1o

elecﬁ'obasimtypte&gﬂ:ﬁiwuiﬂnhatgha:ﬁsre ﬂkp%ﬁildsl lpfdﬂuceﬂﬁh&h& gdgoif ofttheinterface
1 IS Su trat n t he oxi € gl,ass,_or _oxl ae
betwe %’éﬁ&@d;ﬁ%n ?u%sir#@s s Chis auyasnis beligved tq regct with thee a5t

semicofhRfrm, se'gﬁngfcggjost r a?glé%c,n I's %ﬁ ougﬂa‘%tuﬁ{;é ngg?:?%%ed

Irst an
semiaonduddre(c.ge 1 sdmodwcxicbarregmn dor aaﬁﬂxmﬂ-baseé aerhicurduexosy eThis hybrid

rson ST B RSB SRS T, Syl
bﬂdgin? %Qy% ‘ri]’.l:tl e glm%r BERA &E-C&aﬂ:hg Bt i TSI b &rate is believed

rea i.e., a treatnment at a tenperature above
to play 4 r@le ﬁlﬁheTgwnsrautm bf the okggeans dhad révictwith dhesnsitondnctor material of

roce si ng all ows ‘the second substrate to be a
theﬁrs%gg % whi ch can be manufactured in large quantities

Rlis i)éli’éfv‘é&’ #at such@lenbitioR ¥f Felarﬁ‘(}er@(g%exg and O GAREI A h the

processing, the invention e es the need for a

semlcoxsiup@o materishis # soveceatf thostpmpshwnd which thepevestion abliigres between
to el RGA A BN By o D 350 (L89B e corumic of
the secoRB 's{l‘bsftﬂété PedaiTes a part(hiPpdte ? alt) bbbl %eﬁ%ﬂ e first and

a high terrperature treatment allTows the second

second slbb@at&mséhmgb thegeagtioned thef seanicanducter glateil withamactive oxygen

originat{3 n e ot iR, BishieaRll BB iof B8tlafRa S strong bond

is achievedORiout MY 1ReB 61 4 Kigh @éﬂllyeratﬁlfb" tréht B2y e, 2P ReAtRRht A5

the oxide glass or oxide glass 5 ceramc typically has
temperatire abeverl ,H°6t | ess than 800C, and in further
ot h

S | han 700C. Far el.ect n| cs
R R o R bt esiporesine S Bl deropd Blafin fbe s
material which can be manufactured in large quantities at low cost. That is, by eliminating
high temperature processing, the invention eliminates the need for a support substrate

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

sapphire, etc.
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1,000C. As well known in the glass making art, glasses
and gl ass-ceram cs having lower strain points are
easier to manufacture than gl asses and gl ass-ceranics
havi ng hi gher strain pointsy 10 To facilitate

bondi ng, the oxide glass or oxide glass-ceram c should
be able to conduct electricity at |least to sone

exhqﬁirmuird&}ethé‘aﬁﬂ’fg%fd abhieve Bkt @ﬁ%%&&mﬁﬁ%@:{&d%ﬁﬂﬁ

| ass- ceramc pends on thelir tenperature an

tempmha@ m%@menfgalh)va the sepond stbshatede be composeéeman oridg glm or an

oxid PlficePlni B o B B A et R et goint s

than g,bams: (Moﬁl Iﬁsﬁaﬂm rranca.wpza iﬁjbﬁcitﬁim ethabﬂfd@?ge(sérbr afide glass-
T2) used . in step 1 0, 3) the strength
cerangp &ypi¢ally beg élsmm@mt s fhant80° CE,u andtin figrthes embadiments less than

700"(?i u P§1t él@ﬁ?%c% %If'l %gle? Eé}ﬁ.}cg&(é% o ; %aé%)p@ 1 grgﬁeé’?nlgpr?ess Ehan

1,0009Gi Ghslweiﬁmd“hﬂnahd: glassghaldag art, gadseeardl @8s-ceeindid Baving lower
preferably has a resistivity p at 2500 t hat |s | ess

strainoiHs g catierie Teafasiuge fianglasees and glagscaramies hayng/igher strain
poin 50C that is greater than or equal to 10716
Si enmens/cn). Mre preferably, p at 250C is |ess than

oTodBcikigteshoniling] ﬁl’b&)xﬁliﬂ?glassam dxﬂeglas%&faﬂﬁ@ﬁiquld bé ableto conduct
cmlt should be . noted

elecﬁ%cﬁit%t %Q%aﬁ%gf%ﬂg %& gl%ﬁlggn %@Vwéam@fi% glapses pd pyide glags-
ceranrcd Yep&Qids %thﬂeust Bap%gmx'etanh ﬁﬁllﬁr% é}flﬁ(ﬁ %( ﬂg‘lzor{dh%{tjvg&?%e

nnve during step and 1t

semicpmdugivs mateizl end the oxidecglass of bride g]mmdemuﬁ)@tﬂiab &5 4 Balance among:
i t he a ov e

o R 0 S S0t P B S e
), SPRESHE W LE L s S804 U 6440 4 Puboth g

be able to

(C), and f)she amnpmdttmeedmmgdﬂlﬁblektdp &Crie pgﬁbmﬁ@t step (O
f th nt ] . I
AR Lghieol Fiadibee 6 HAeF oo Bl s hroblphass

1'es1stﬂ§'i?j)c ﬁﬂﬁiﬁ)"@ Mﬁ'lé’fbsé:%hhﬁﬁlbie ecﬁla.t’ﬁ:nﬂ]'lbﬁt Lok B tehgmductlwty at 250°C that

seém conduct or and de gl ass o
is greatprdiss-oxeqaatitc 10HF Steniehs/oin).OMbre pREGIbIVOP af 280°6Gk less than or
structure to withstand 30 t he vari ous forcg and
e

equel @ﬂ@#r%m #nd mosbprgferatiysit isdesufiaptoriegualitp (1008 Repoisliould be
noted il clboe BRIy SoPRE b aEDc of RO 2P B st
positiveRord R chfrinode Wrin, g?&ﬁ ﬁC)O 913& jtiehgs fofl s Ha Elh&&sl)s u}ﬁhgﬁbﬁ for

t he second substr I rection e secon
use as thelsetandtsebsiratoindiroducing S@Edruchires inacondatenwitinthe above
edsurface) towards its force-applying surface (the

Proceluesond f or ce- appl yi ng surface). Such novenent

OB Y Bt Sares R Bl Kbl SR pPrspy Bl Elthe art wi
readllydlmblertatdetenam saitslela dembintitiorishof tinse cempbrastutes tndifield strength for
thed i on regi on pegins at the sec
step (C) SR thPEraP AL SI0EP R bartrulon; Sk pemeR SRR tlegt o
combifafi¥Ry &&h&s*é%aﬁﬁ?&&g WHKH GefPR 'b)f»h&‘ﬂet%%ﬁ ffeSemiconductor and the
oxide glass or oxide glass-ceramic which is strong enough for the SOI structure to withstand

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

processing and/or use.
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 positive jog concenpsption

The formation of such a depletion region is especially
desirabl e when the oxide glass or oxide glass-ceramc
contains alkali ions, e.g., Li+r, Na and/or K+1 ions,
since such ions 10 are knoyn to interfere with the
operation of sem conductor dévices. Alkaline-earth
ions, e.g., My 2, Ca 2, Sr 2, and/or Be 2, can also

T SEHEEE % BT, 4 BEPSRIEHSRY Y C6F o
moves dsitiecionoeations) atithim theabedrdatbstiaia a difdcdoh foak k¥cond
as ,been found that_the_depletion regi on once

it
substrals's homding swifags (hesiwernd bopding iarq) tewardaitp forop-applying surface

! _ | .
sk ng a5 BB UL e o
(23) wiGph begins at thelinlerfat obetaden thedirsteind vedond subgrparaat éktends into the

seoong SRRt A O RABEE i e SFBAond B sBrisescand extonds
into t1iY eUSldiBdratcTBRARISHRD SLARN MrbOBIpHE Uhiaddial al kal |

al kaline-earth 1ons w se back from
t Hbe Grinddorydfzmsh e depletide regiasis especiliy desirdbie tvhen the oxide glass
.gem conductor . of the .SO strugturg during,use or ]
or oxifg SYORG CORAE PPy S-Bnttl NP s '?rr@‘éﬁ%ﬁmce such ions
are knb®AeS interffe AR HNESHrtRIR dﬁbﬂ&oﬁ&&&ﬁfe&d&& Mﬁlﬁﬁ—%ﬁﬁh ions, e.g.,
4 PALY qg t he bOﬂdl ng process of step (C). As wt
Mg™, §ai e 81 1 ,ragdfoh Ba Speanealiminterforawith dhesogemtmnhifsemicanductandpvices

end A8 epigion B5io8 Al G bra Bl hisdedicat Fouatai e dH dege ous.
r SighiERshtlyDRThS i folRd %ﬂﬂﬁ%@ﬁ?@%ﬁ% orfek orRhed i gtable over

positive ions of concern ca determ ned by

time eyayif BieSQlstrnetue is heatad taan elevased temperatrs epmparable to, or even to
' t.the deplet] i on i 25
some U A fan, MO Dol BRER ., Mo e foieh 807 Botdedl

. temperafieq) titedeptetioh répibM e d¥pEAISILy A6 &l the Abrmdl DR KRS sﬁ gormation

invention. In addition to the depletion region,

tempergaes of 01 suetpres.h dhesexnonsiderations apsurg thatlafkalicndalkaline-earth
: " 00 @i i . f th bj | .
ons Bl BB bEACH AT B0R 080U BRA MBI i roncictn

of the $DEstfcties @iting usklbe furitiep devite poYsRing CFhRASs 2 BnpGrEak Behefit
or near the side (edge) of the 30 depletion region

_deﬁve‘#a é?l%lﬂlé@g ap eleptricriield as parf athe hendibg prachss dfistept(Cnd

t Jthi Kk e-up,region he .
IR s lodah R el plkdhor o i fBedoBE bft, thE Sperating
paramet@nsexded ol dchieve kdepletish pgtich o ERiroP#Edth 88d b desitdde8uced
percent, the EFak concentration of the positive ion in

b all of thapastiivebens of spnesrm an be re«aEily detﬁrmined by
pesond 1 U o 1 i M0 SR AL o

charactéristis fedtare of e SOS biracthRAruditeed in adtoRNahce With¥kd tethod aspects of
roduced i n accordance with the nethod aspects of the

P

the preggpligyentionnyent i on. The tenperatures of the first and
] - (O, b€ he | ues, of

BPGRREL Y 1 idnbiof S hifichion of el 8 breate

“pile-uf"utgibnofor ofie waakevititbe eble posifivicibbd tdi@dinéd the oxide glass or
) em conductor substrate (first substrate) at the

oxide B@é&sﬁ?‘%ﬁq% Vb TEeseat, sHeh reginus mre located phsonueaptheside (edge) of the
depletion region farthest from the interface between the first and second substrates. Within
the pile-up region, the positive ion has a concentration above its bulk concentration. For

~ exainple, when measured in atomic percent, the peak concentration of the positive ion in the
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be divided into first and second parts, the second
part being bonded to the second substrate. In this
way, an SO structure having a sem conductor portion
of a desired thickness is aghieved, e.g., a thickness
Ds between, for exanple, 10 ‘hanoneters and 500
nanoneters and, 10 in sone cases, up to 5 m crons.

pﬂeﬁ&@&g&nﬂﬁt fdi\/'eﬁé]:hﬂg Ptos t@f&d%ﬁl&a@&‘ t ha@ﬁﬂ%'cﬁﬂé&&auon, Like

egry of operation, |t is believed

the dﬁé’&l@@%m&@% suchisepilestiy} roginty when presinttis acharattetistie feature of an SOI
e bonded fi.rst

st BB STl BRIk o Sl i

t oThoRmptanpel ofiie first aff¥ sécbid BitRREEs SRERGY Tj
&see bel gw), this cooling causes th%p@l)rst ﬂlea,alue“f

Ssegls%@*fm@empaﬂw dunobion of weaksoing (e, frabhirmg) the
selms lf{giﬁ@t&e b@%te g@@{n%u% I;ré.tgf ﬁﬁ){) %eg E%hié%(gnsessottgatt eﬁlf'slt CShstrate can

strate

be dlwda&am figgt fnschseicomd p@‘tspfhetsba)ﬁdl paitibefigbonial © @b sédaﬁd substrate.

di scussed beI ow, preferabl

%ﬁf S&'Z“%g?g‘h’clﬁ“ﬂ%& # sppjcendugias Ppﬁmﬂ of igalesis ess is
acme%&) el %ttﬁlcﬁ%g Pslb 2, t foi1 &k @ 0 ol em%%fsf q,ugr@htqangetem and,

substrate use
in some pases Apite H mipons.c ool | ng to a commn 20 tenperature"

a% sigj{l@r .| hraﬁgée tha%ty i f theﬂ:{elgrSt angtﬂ%ecgndb fieved
ﬂ)ﬂg!pu ryeqfrapesations i is believ
thatﬂﬂﬂ\fréﬁéﬁﬁ% ofﬁlte%@ﬁnﬁzoﬁ&uc?&cﬁb&‘?ﬁ%hﬂﬂes onéﬁ go%ﬁyl haily, é:ﬁurs as

first and second substrates becone

the bondyd Brstiand @cmn@lﬁsﬁmt:sem @bsled tfier stepa(@)} 6.8 tocobiy REpeRAIre.
bstr.at es i ch_actual l occurs

By thpropdi3slelfion b K indP s e Bhaw),Hits Fpoiaa cttasep e fiet 4ndl second
substrades (rdifreRii AR AR Thid &lﬁ%reglghf dohfri&fon aﬁ@ﬁ?snstg%gfﬁgtpg birst

t he substrates experi enci ng tension a

substr@fswﬁn@s@mfmsgtsalfaea wepkerfing/frectoring of the fifd sulpvatsat the

s are used

- soparoBEENT- A5 FRMERADelon, Hererol e dfigenincoaceston oochiaat e

secondsidStrdiab@ks to\RrabaneRAnNM fh Frfl sIERGHA! behd' fferent
t he

from their non-bonded contraction, e.g.
stp uted deeein dhaphraied dlﬁ@'entlalragnimabn tporoaeling ¢ 2 tomaon

e e e L PSS P oo,

I'n-ge
they wouldeohtrats todiffornt bxtedts b 's gde%evéosﬁE@tthﬂ?&rand second
substrate. The values of Ti and T2 used during ste

substra(t@) egpme bended ﬁmg S@h €C) midaare wgldcmabﬁals; the amomtm‘ of contractlon
str

of the iAo SRRRS MR Ry eE obtrSaer aidR R Bomfbator B iowta

occur if fiete W&e nd fbohdiﬁg S Q‘Bi%tdiﬁél‘éﬁce B4Rt bALb¥the SHEsHS&S fjerig]encmg

. substrate seeks to contract to a great er extent
tensionang tan ether %)m@asmets apcs;ﬂfsrfeﬂw soolinge The phrtass tsesks tatopntract”

and Sﬂ&rgﬁm% ron Z o t it Oﬁrﬁﬂg%%h? E‘ﬁt tnf Hiﬁ 8?1‘3?@9?1(‘? QEﬁ%e supg{rates

separ
when bonMwﬂldﬁ g&ﬁ@dﬂﬁ@ﬂ&eﬁﬂﬁ% RdiEndRboiel cBﬁr&&ﬁBﬁ, L ﬂfeo

greater 5 extent than the first substrate
Subs“a@dﬂq%scuﬂﬁl myfoghtp eonracieasedfinteltent as asteselih of ﬂmcconhhg but

may not and, in general, will not actually contract to that extent as a result of being bonded to

_the other substrate.

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

of thermal expansion of the first and second substrates, the goal in choosing these values
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substrates (CTEI and CTE2, respectively) should
satisfy the relationship: CTE29T2 > CTEITI, where CTEI

is the OC coefficient of thermal expansion of the
substantially single-crystal, sem conductor materi al
and CTE2 is the 0-300C coef f1%ient of thermal
expansi on of the 10 oxide glass or oxide

beinf kG SSsuf Lo of Y t] j ssunes t.hat the
fioamstatlior IO Abheha, pRASHIE, BESHERI s Hey fiebato contrac

to a grefier extent thanthe vtieusubsedte (EefdrablpRhe Hishibshits, so as to apply stress
it should be kept In mnd that the oxide

to, a%cf@?{s, I“Pn %lixﬁ{'féepa@?ﬁéglslce@ﬂg@g cppliiger abl y has a 0-300C
O oo B 40800 L WA P Pt

the rel ationship: 15 5x1
extent deasthe Sioat substrete@igring eddling, A THoind the OTH's eDMRafifst 86 cond

10s i all ingl e~crystal . silicon is approximtely
subsERSNET, oo Clep, Ahei A benid atinldheviarionttip:
appr oxi pERTY > @1]3%3@131077/ C. Although a CTE for the
[ to

second substrate whi ch is less than or equal
wherg GTEp i the 0P € comffieient dfyhermel expeasion 0N R GIBtAARES singl€crystal
semi C-tliguc% t he . ecgggméubéter ate can be 20 above 75x10-7/C
miconductor matepial 4 s W5 95399 °frecogfiiioné of thermal supansion afithe
id Io€ 8kide SersBlc@Thi _ romthe
OIde RS b Oidb Slass Soraiflc Thicic 4“%318@3%5%1&%%%@@%%%3&@ second
substrgicis dee grioksisto arcomxictaefyrans t@Rpaute ¢fGFE2) is | ess than
t hat f.ti&s %im' conductor material (CTEl), a larger _
TN appryingthis eelatsonshup, if showld helsent dn mindyihaithe bxadeighass or oxide
- J " . ntract nore n.the .
glass- BN RO Bl (S0 E sk e of BROA o O ieh pstis

the relgtionship:oxi de gl ass or oxide glass-ceramc is greater

than t ai of .the sem conductor material, a snaller T2
r

- T dPFIEYERECTHRR 76810 98D, I ndeed, if the CTE of the

For o 5 PO o s

ove than t

siliconis Tppdiirhaelongel o z |
silicon-is Fpp: § HPC RAGRMe 0 Wmcﬁgexgg‘?ggﬁg?%}f%mately

Hopever, in general, the CTE of th
32.3x18xVe HlthenghICTR farthesdcend ustatetwehitieisiess alidnvst egual to
he sem conductor naterial so that a

Zlose to that of
751075 gtlnaly Drofired i pame s, o kaBieidbe ssoomb bstralesn be
re.than

t .| b. seek to.contract
above §HEL0ZY G b SRS B B e g b 5 SRedbitich apblisatignis 9 solar
celis. al so desirable since it can aid -11- in bonding of the

oxi de gl ass or oxide glass-ceramc to the
apede Bomthe €TEAT, st (EER o, rdlativiship owhekibe OTE of the
-ceyanic nopre reactjve.

oxide g%% g? oﬁilgg 3 q%ezglﬁ.{ ART ess; ofithesemigonsagtor material
(TR Byl b Yo U 0ot
contract more than the first substrate during cooling. Conversely, if the CTE of the oxide
glass or oxide glass-ceramic is greater than that of the semiconductor material, a smaller T, —
T difference can be used. Indeed, if the CTE of the oxide glass or oxide glass-ceramic is
sufficiently above than that of the semiconductor material, the T, — T difference can become
zero or even negative. However, in general, the CTE of the oxide glass or oxide glass-
ceramic is chosen to be relatively close to that of the semicondnctor material so that a
positive Tz — Ty difference is needed to ensure that the second substrate will seek to contract

more than the first substrate during cooling. Having T, > Tj is also desirable since it can aid




5 The differential contraction between the first and
second substrates during cooling and the resulting
weakeni ng/ fracturing of the first substrate at the
separation zone can be achieved by approaches ot her

t han havi ng the second substfate seek to contract nore
than the first substrate during the cooling. In

. rtigular,. it can he the first sybstrate that seeks . .

in bofih bF e Bride sl B ol el bl & BE bEBb iy ok gl simco it

tends td kel tHel dxid dlhsd or eRide ol b-coranis mdedieavegt, 1ss, MaoingiT, > T is
. the selection of the CIE s and tenperatures of the

desirabiq sincedhernsfaeititade moneneaof positife iogs pwps ronethedaterfage between

' %?&ﬁ% needs to be greater than CTE2T2.
thaﬁ}\ﬁﬁgé%&s( e Slurggtﬁlé%bstrate seeks to contract nore than
5 t Mhe defaattiab uhatactbe betineen therfirkt andwesdidasubstedteh during cooling
particul ar, the second p%t of the first substrate,

and thggresultingweakeningiraciusing; b ioe firshsubsirate ghhe gappsption zone can be

ochiofiRY PRl fher iR Ahethe tBnd A sop R DERRRR ot han the

first sﬂﬂhﬁnﬁflnﬁ&i c'bo(“joﬂiihg.s ibpdrtiaile) ittean be tha;]lﬁhst iub@muﬁdm iseks to

in the, finishe SA struyucture, ich, es the. .
contragfympricae fi SAFACEIPHEI A SRS el eaRrsegin s pbieyed
10 throuéhhrlge ?e‘i&‘iﬁﬂ%f WE@%EE%%‘?%%SF Bf R Hkaml sgg:ﬁﬁ Fsgl?ﬁsh(t)er?é In

I rst substrate I'ng preferred.
generd patiscfor thinease NOTBWEY nedidz\to be gtdater geim COB®Ist or film
under sone tension referred. 20 Thus

b
s Wheithe arst sibskase gwﬁ% izt o thaip fi Sﬁmd@ba;gﬁ%%éhe first
bS5 L 6L L0 g b1 NSO, il e e i,

rather tHsamndér abuipregion; sighe €63 ofthel codlings dn @anersl, itds patfared for the

1 oS e LA Al B i
SOIs e, (Wilich 5 %ﬁhe bSroAd inﬂﬁiif:ﬁ %%&eﬁﬂﬁﬂ'oﬁfﬂ%ﬁ%ﬁ& he '

I nvertion any particular sem conduct or
secondwbstritato seekl tacontmeat moxethan thefirsteubsters daingodoliag preferred.

| ass-ceram c), rsons., skilled in the aft will .
For SOE%S&BP %?UB%SEB%'E‘%&%’&%@P SgaicqR qt?fré]ﬂ seipe ffnsiog may be
prefer@§ {he present disclosure which will provide a |evel
of differential contraction sufficient to weaken the

20 SBpsy tatsimmaria,althougthathet debs dfi conditiansicaebowed jm thepradtice of
o it W3 S S PP DRI, LB BB B
(C) and the sbdonAQtibHRiAdcbkOR] @Wirhd 1AL ABmlthe Erét"sﬁﬁhu%t@%lﬁﬁg' ddoling

separation of the first and second parts at the
from theabevatedi temperetmeesnseditiorgng steéCh part havi ng an

A i atineTal e GHER OF FetuamtoB, e FORPRRICHEE 1
25  semicoB@ictbSnABNalSHA S8 BefcoRY bEiae §ldss %Jgﬁggﬁgs-ééiﬁﬁ%@!‘persons

exfoliation surface is characCteri ze sur f ace

skilled imthglarioxidl redilytbe ableytorselteat vatuestfotr Tasnd Tnbased oo thipressmt
disclos§ BRI S e ol RS bbbt RO woem e
separatién®@ne ¥ tHat HEFirSt@in ¥ettMdSarts of the first substrate can be separated from
one another to produce the desired SOI structure.

30 | As discussed in firther detail below in connection with Figure 1D, separation of the
first and second parts at the separation zone results in each part having an "exfoliation"

surface where the separation occurred. As known in the art, upon initial formation, i.c.,
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a concentration of the inplanted ion used to formthe
separation zone, e.g., hydrogen, above 5 that present
in the body of the first or second parts. The

exfoliation surface asinitlfa?l: formed will also be
characterized by a distorted“<rystal structure as seen

by TEM In typical applications, the exfoliation

befoR oy el Mo sRA Tl i G iR i ishamgtegzed by o

surfape goughhess whithiSs genéral e af 10sky bﬂ ﬂféiorﬂér dffoes ﬁ&ﬂ)%eteé RMS, e.g., in the
g’fgnﬁé ers for electronjc ap{%@l cations. As used
rangg, D%?@eb% depgrrding en thepreasss eopditions used; nill égpically have
I rface,after
a coﬂc@ﬁrﬁdgfoﬁﬁﬁ offed nfid 108 ds%% {oofoﬁ %}gaéﬁ§% o Fita BV gigBen, above

any subsequen

that prbsent inrthe bmiyobfstha firsd os umm paress Ther dxifliabiol Ruffide as initially
trates are in intimte contact

formg L b R en i tébwrpam e by TEM. In typical
apphée{tﬁﬁ& W@ﬁohﬁontsﬁﬁ,‘acéfs%hs dg é)trm‘ ﬁo eve gg\gs%ygﬁ{%gughnws

bet ween t he substrates “can
is redyeqd to d manemeier auless, e, o @RS fsirfade mugﬁe@@bm)he\mﬂér a7@.1

o8 A B S0 LBt
includek & saEBOI mﬁiéll %1%5&1) andtﬁéiﬁmc ol ﬁﬂ&raﬁlgss%%gk,g%tq{e%gag&w

to DTOVIde |nt|nate cont act tween

wiltp Bteﬁmmam:gxed do ﬂtaeﬁm?dmbcmmmws dlﬂt]lcﬂg sép (Cregeured that
t
those SR G5 Rlgtc 5k ileaPIBTRG ot e SEh o s

of thabstés. Aaakis Hfa ,té’cﬁ)xf &a9Rd
re?pect i vel )5; g prg‘neg}%tbv?y sat flg%ﬁggsegt ¢ achieved.

e sgmigonskuictor sulptrgte(thepfirst substm:temﬂl be able to withstand

h
hlgh“‘ﬁ%‘%lse fppHed prdnt? Rl BE Bl elpsaibereans rtiats (sscaony
subshm) T the pRERAIrt 6PEH0Rsn R prbiifle ARichdlY %Eth&%eﬁ@é%n%‘? substrates

readlly determ ned by persons skilled in the art from

“cho‘-ttlﬁ’éméglé therseepmhsubsiuate.  The first aspect of the
f| r st

ﬁ‘(ﬁ?&r taa@ge 8@%’6?3%1' { ac X e%% ﬁﬂ{n gatggfer ﬂ% orce per unit area P applied

subs

to the st mmm@om-éﬂp@m% Eﬂilﬁﬁ:’és 6f thk st ia0¥ 88dong @uﬁﬁfht&eres%ectlvely,

ed to form nore than one SO structure on a sin

preferagy felatioashipyr  exanpl e, steps (A) through (D)
structure which 30

can b orma first SO.
does %&%‘éf%g[(/ gobt?é; ’entire area of the second

and mostpeferaly; theRpitRAkkpr . steps (A) through (D) can be
repeat e to form a second SO structure which covers

al | od psartP 8650tgseé area not covered by the first SO
he second, SO structure ma be the sane or

....|

struch@
i$Peqi squﬂgefvﬂa@tto ¢ Yseddoy awy pastieulpeapplication ofithe
mvenugtﬁ bstr ar?@al onpose s u b@gﬁt]ij ﬁ’ie{‘l"?t @?‘%&*‘gi’ ’ce?%td(‘;ﬁdome

Tberificsh aspect ceﬁthanmnham caﬂizaet practidell @simgaRsigile Girdt kabstfate and a
single seconr&] sugs%'ate Alternatively, the methods of the invention can be used to form
more than one SOI structure on a single second substrate.

For example, steps (A) through (D) can be used to form a first SOI structure which
does not cover the entire area of the second substrate. Thereafier, steps (A) through (D) can
be repeated to form a second SOI structure which covers all or part of the area not covered by
the first SOI structure. The second SOI structure may be the same or different from the first
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sem conductor material of the first substrate used in
producing the first SO structure. Mire preferably,
multiple SO structures are forned simnultaneously on a
single 5 second substrate bysproviding nmultiple (i.e.,
two or nore) first substrates in step (A), bringing
all of those first substrates into contact with a

SOI sti , SE0h8 Secdtid) ' i
stiegire, SEohe decdh (Sg[ %ﬁz{él)e;ahg% Iééﬁlg%g%ﬁr%%gﬂsnﬁt? ?%IP%OS¢d of

a m@%&&&@éﬁ%m@@u@m mer;iaal tﬂaut isthesanssseratifienent ﬁ?iﬁ the
semni a8 SateHARSE RS} bR Roll 1 Efheineos Bt OIS

e sane,
diWibeer proferably) il 618 OF tradifed afd Yolhied/siBMItarddBsly on a single
ltiple SO structures on a single 0xi oflle

ot
Sem"&esiﬁg} %ﬁr’]%()&r%a@l@ﬂ eltiplecli-gaiwo otmwre) fire subatratss in step (A), bringing
0l o YR s D Y300 UL Gl i, g e

parti cul ar application

perfoxgeing steps (Bend {Djren tire redulting niuliehletish a@RtrateSinp W dedbRPsubstrate
nél?]]e flh){ile with, for exanple, sem conductor ]
assemﬁ;gsf. & egﬁﬁtgﬁﬂ}sﬁrgﬁgpg}w ia stepdA) cenallbe the same, all different,
or sonSeHeGRARE HEd fhnd difBeRt ON an oxide glass or -oxide
gl ass-ceram ¢ substrate of any 15 desired size. In

adiéhicheyer apprasble isfusedghe regultivihoaliiple [SOTisEuctiRS on a single oxide

ti.on al sa provides povel SO structures. Thus,

glass ‘%rnrb\;‘i(&:%?saé’ﬁ@@l_ traje can be &o@@@a or seprated\as appropriate for the
particylioapHesiod oF Y iGRREURT O dé&ﬁé?,%%é%‘é&%r%] %}%eu(\%z\;{tqa:ﬂé% the adjacent

conprising first and secon
structuges eanthedilled vdthe fo3 @xamplehsmiediduetor hat@ il to/olddin lohE o fdre
- .nmore i nternedi ate |ayers, wherein: (a) the
“n“ﬂ'?ﬁ';{rﬁs’“?ﬁ’ﬁ%%‘%“?f?@jef%m pxide elass QpeTde glass-gegamic substrate of any
desired¢ipgl e- crystal sem conductor material; (b) the second
| ayer (20) conprises an oxide glass or an oxide

dradditien tathe foregoing mett)od dspedirite Bivertivgtdisonrbwdenndved SOI

- Sh'uctuI'éert and second layers is at least 8 :5

Joul es/meterz, preferably at |east 10 joul es/ neter?2,

diaks i Stcopd@be withlaseddnd £pdt, the _indeﬁﬂ&?ﬁtfo%é 's%rpjiaé?)ﬁ%uctorﬂn-

] used throughout this specification and
insulatonrugigrrromrising firstrmd weeonddayers (i 55:20) dhithoare kftycied 30 6ne
Y
[

; I -cerani c | ayer of O styucture is
amothrihEP aRbenloP BT B o mel terondiy boem v betemicn
(e)oc e ther st layes (15)dBhiprivees iR tARIBS Snlib! &thf¥3

,a‘c;haracteristi cs of thin filns an%lf}ioa%li %@gﬂt?g a etor
matetiaharj ety of materials, including polyneric, nmetallic,

d bpj.t il s. The techni e ]
e ek TR 7 oD ppoith Arcnl s &g orieraiae-cerenics and
(ot er firbiond stpénpt Bot@BeH M Frét AASEcdndlSyers ik 4t 1ch & he f

joules/ o s ol ot feist jouleameter) md st oreforatly at loact 15
joules/meter?,

As used throughout this specification and in the claims, the bond strength between a
semiconductor layer and a glass or glass-ceramic layer of an SOI structure is determined
using an indéntati_on procedure. Such procedures are widely used to assess the adhesion
characteristics of thin films and coatings to 2 wide variety of materials, including polymeric,
metallic, and brittle materials. The technique provides a quantitative measure of adhesion in

the form of the interfacial strain energy release rate.
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gl ass were perfornmed using a Nano Indenter |1 (MIS
Systens Corporation, Eden prairie, M) equipped with
a Berkovich dianond i ndenter. O her equi pment can, of

course, be used to determng bond strength val ues. As
di scussed in detail in Exan‘BfA@ 12 bel ow, indentations

5 were nmade covering a range of |oads and the region
| NIRde akshyies ege%glqpueﬂg”t- Lndent at i ons xani ned
for evi den%lg %h]{ del am ndt]?%ﬁi. %WWH&%F goatings on

glassgiare gedfermedarsing reldand IndertterH RTESS Witdohs ChPorfalibh, Pl Prairie,

ortions of which are

t l,ey.ant
MN) f@@%ﬁ@%@?ﬁ% %’é‘i@?ﬁ%@‘g%@%&l@r eipmentsan, df cantse, be used

to defrBineToan SreARSAHATRN 4i  Resi dual | .
° eStresf}sed_ Th‘iedn@%i e by ?%@%ﬁ?ﬁ%n. T B glgﬁ')gio%ﬁndentauons
were made coweringlaraggs efifoadstand the thgiodipimedRdly surrGhdinhg 632

: ; 4) .. Th of this refe
indenfatiofS et Exfihed B EvRftornt SeiniBasinn. rdiions 08 ood chages
were hdé headtbRiafite Wi ﬂﬁ%ﬂéﬁﬁ@&%&!ﬁﬁ@ﬁé}@ﬁ%ﬁéﬁéo UL are

] IS prgduged usi ng, for exanple, the aspect
Incorpagated Rere pyoieferense: D. Bs Marshadk andi A G, Bawes, Meastrbnes of

L e R T AT
Delangnatibm, gl Asl. DhysQ)S6qe0ASS- @@Jaaqw?@? &g\:& g_?o:%g%%i? 6Pk reference

Ea er, wl] also preferably have:
are to be lisad; ig; laging thedond pnesgies callahfoCbiE tharlaims 2&F6rth below.

o5 bl Vi ' thsfy t | ati hi ps:
SRS OY bl BR0) Riike GF exirudle B Bt peatf tho
nvention) the fixtrlayen witthino dsurfabe (@8end 1488 130)dAest £ B Séifnd layer

1
.. glass or oxide glass ceramc wll also conprise

which 8%%‘} ?’ifvlféaqoaﬁgrfmo%ﬂm ease; the oxiste glass bhoxide plesodratric of the

Seooncﬂh?é%dﬂral&?ﬂr?%ragi; ASRe.ceramc can be altered by an
electric fi'e en%f:‘ne tenperature T of the oxide
dehss 20-3009Cieeffician of BeAfbCexpabdist C§ °C resistivi
rel ati onship: . Ts- 3505T< T, +350, 35 IR dnllS 250°C pesitiyity
i n dedruehsatisittheralationships:wi | | be appreci ated, the

strength of alo) e 4t he glass or
gl ass-cera XE&Q/I §y{&€r<rtdy§‘ﬁ@ 7t°@fn'aé‘é)nduct or |ayer,

e.g., silicorib¥elm ached thereto i-s a key
property o?&an SA é?‘rrl%cture. H gh bond strength and

tir abelstraip peim Ty ef dess o1 090®CL 0 ensure that the SO
an W thstand the processing associated with

Theoxifi%rgf(:t ure é J A . . .
FRRLLT 8PS cgremin WALl plspreompaise pesibvesiogOwhosk distribution |
within 118 wkide B1R8 oPbxilh HRisbel N GHERA bl O ofts

hi gh bo%# d st rxé%\égélﬁgsirbs i Z)r%%' g%taﬂeﬁeﬂ bBlaB\?ﬁ’ﬁﬁﬁgéeg@W%GE the
temperatyre dopf] thy oxide plags arutxidengasspeirarhiti sisficd Mtk 181abhin:

processi 3%@ S(t’)l‘%s' A high -15- bond strength als

al | owss Séry & Eﬁféﬁosfi | s of various thicknesses to
where TP 8nPTAFER R rell) &én%igrade.

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 pi'operty of an
SOl structure. High bond strength and durability are very important to ensure that the SOI
structure can withstand the processing associated with the manufacture of thin film transistors

and other devices on or within the structure. For example, a high bond strength is important

=

in providing device integrity during cuiting, polishing, and similar processing steps. A high
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attached to glass or glass-ceram c substrates,

i ncluding thin sem conductor filnms. It is known that
the bond energy for the Si-SiQ2 bond for the standard
thermal process for producijgg SO structures depends
on the annealing tenperature and is in the range of
1-4 5 joules/nmete? after a 1100C anneal . See

b dSS&ml i
bat Binobd tﬁ{@” e e}%‘iﬁ fh? -ﬁﬁ’@%ﬁﬁ%ﬁéﬁgﬁmﬂ process

i nventi on

for preiduging SOR stmuttiues denmndyomﬂmla;mmiﬁgwﬁﬁe@m@e R1d9Y 4B€ range of 1-4
oul es/ meterz. g

Jomeﬁ”l’?gtggc%‘% ﬂ&gb‘\[&re?l%egls o ‘ t t séeriBonding; QnY. Tong, U.
Gosele] Jobh VPHeP&SSeHs GRS [, @Fo ay eﬂé %%g%l%)(f%y . ﬁﬂ demonstrated

conprising first and seco
by theexamplasget @rﬂwi:@lovannatwrdaam ith thk seeoid ¥spast dfhid?:ﬂﬂéhhon bond

SO T P HSeS v e ey i, .

bondmgﬂhgoﬁmmlglgﬁeyﬁ@mctor material; 15 (ii) has
f| rst and second substantially parall eI faces (11,1

ceergdance with pyhizd aspeets the wemson prowides b semfcanductorion-

fosila aﬁ&t@f%&ﬂ%ﬁgﬁ}%ﬁ"%@%@ b1 530 phishars dephahiosme

anothet pithes divetily 8r thbsughions br }n%i/@ihtéﬁéamte%%l 1S, V%hleﬁn and 3)

supstantially parallel to the first
|@)seﬁh$§¥%é33fer61ﬁ)t hat face by a distance 20 Ds/2; and

c(:io\rllzze@r at i o%%ﬂ?s?%%s@ggpﬂgfnha ced S%Fg‘f’lcpﬁ‘@@t‘{fﬂ*}t%ﬂ%d

exten H) t oviRis distiadng seR6e
g )a thi ckness — SH \ilﬁsf:%ﬁgug %?jlel ﬁ&lﬁglf £48)QBparated by a

dlstﬂﬂ‘%e s &%m@ (1dyibeing olyserdn thesecort lapsr (Rb)cthen fid seeonidHface
(13b); di stance between the first face (11) and a surface
’(16a) which 1) is within the first layer (15), 2) is
bst pefethtedurfa
s the U face T TERED s SR e Kt 1 1, 2

IS, the cefarthest fromthe
Hﬂ‘?ﬁé fage (1d).pnd 3) ésrreparated St gHat fte bEa(distance
Ds/2a£EP 50 percent 0 Sx SSH where: 30 Co(x) is the
concentration of oxygen as a function of distance x

from €ivle f hasd rdghee(16) dflehharicdd 8Rydeh dfh)selﬁl%gﬁagmtue%ﬂm at
and el

1

at the reference surface
the ﬁrst%ce (f ¥)ganr}:l extemﬂ towards the second face (13b), said region having a thickness -

dn which safisfies the relationship:
O < 200 nanometers,
where Oy is the distance betweep 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, 0<x < 8p,
where:
Co(x) is the concentration of oxygen as a finction of distance x from the first face

Comer is the concentration of oxygen at the reference surface (17), and
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Co(x) and Coi xe are in atomc percent; and (b) the
second | ayer (20) conprises an oxide glass or an oxide
gl ass-ceram c. It should be noted that the region of
enhanced oxygen concentration of this aspect of the
invention is to be distinguﬂ@hed from an oxide |ayer
formed on the outside of the 5 sem conductor substrate

prior, t ondi ng (.see, for exgnple, U S. Patent No.
5588) 83 o (AT RETRBEAN Of 1 he pr eoont

| EYENt it scledndajdi(POY db%:giﬁ@& S086UE BRss FRhRkid gladslberamic.
particular, when the SO structuré is produced using,

f 8t sheyldrsinotedithat the regionaafismbencefl oxygenicanesnitation of this aspect of
il &H f tration is f d i
the infifHoRs B b TBROS ROV, FRNCE- B bePe pEGIR ot
semichiductotistbst@tesfor & ?@dhﬁ(s@é,éfﬁﬁeia@iiﬁé, U.S. Pt ®b. 5100)627) in
our

accordance with a aspect, the invention

that theregipr ek the peeseridayrmtion &3 within the semigensiucter material.eIn particular,

v S 0 LB R O s L om0
regioncufanbancen DRy gentcendeathadreis| foxaedsin sith s fieRompoditd Gfthe
semicéti Sit‘_’é ll%ﬁé‘ldéﬂllg )Qél(ég %Iﬁa'g‘?s’@‘ge ;ﬁg‘g@?&% %I@&ﬂdl A | ayer

B oD GUIHEE Bt BASHRG R obfth prb P e Smipbcldion
insulatobjtridhere semprising fiyst ind 8@pnd ldyprs(25,20) which archttekatd one

supstantially parallel faces (21,22) separated by a
anothe P@ﬁegﬁnersct?}z?ly thiogeh pRgr mgreinfepmedigisilansrs; WESEIN o t he
ficst ] _ _

o) 5 JnEIB 14yt ) Dl G RAal Sl it deldoriiSor
materidlasaid lay2Ohavig)a @0facs (ssodxl face 130)|fyrthpar fbhdhe sevohdnyer which is
first face ), and 3) is separated fromthat face by
anexﬁglagpgtsg&%c@, 12; (iii) conprises an oxide glass or an

Q) de 1k send Riyaf26):Whi ch conprises positive ions of
one or nore tyges, each type of positive ion having a

ref erdijce daniisshtndisdcond subistaatialiyparalbd] dacen (21 ,22)rsepareted by a
. a 541V a.region 3) i ch jns_at th :
distench B 8 triioc) ) Shing Sore e shaven LD thaty P spiond ace 22

sur f agg) ( 24hs b FefhéedsukfiSe A SRR Blis AR the Sedofi@ Hyer (20), 2)

one type of positive ion Is depleted relative to the
is substentialypacallet torfbe first fadedR1)Cand 3) istshparated frofat thet foosby a distance
D,/%; ion depletion regi'on). In accordance with a fifth

* aspect, the invention provides a

sem C @iy uC toapSdts lafl %Hidé@&ﬁss o8 QI)L 8%ifk glakd-BerRiPWhith R8mprises

first and second | ayers (15,20) which are attached to
positivenegs ehoneemae types, cadh typetof positive fondaygingarrefevencewoacentration
Cimer o the REGRHUA Gl QY5 S wherei i - 17-
(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 Cyg.r for that ion (the positive ion

- depletion region).

In accordance with a fifth aspect, the invention provides a semiconductor-on-insulator
structure comprising first and second layers (15,20) which are attached to one another either

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

single-crystal sem conductor nmaterial, said | ayer

having a thickness of |ess than 10 microns

(preferably, less than 5 mjgrons, nore preferably,

less than 1 micron); and (b) 'the second | ayer (20): 5
(i) has first and second substantially parallel faces

( Z(&g 22)ths Gpdlaybed SPorAprishs atsabagntiaRl s sef:ﬁ&ﬁlductor
21) being closer tot e first layer ( ) han

matelé@c%ﬂﬁ@ aEIC Q@V{szathlckwsspf tess ﬂwmwmmméprgtwﬁtéﬁéeqszhan 5

ayer (20 2) is
mao‘é%brgxpre#% ?alby i%%%g cgmﬁ 4‘i¥st gacze (2)1), and 3)
|s(b)sepaha§eadndra9m(m)at face by a di st ance D2/ 2; 10
(iii) conprises an oxide glass or an oxid
gl ass- dBr ambes R 8 ssomi Febstantighe prreile facn 21612) aparated by a

distad{B15, IERES: fa&@pt I c18er aietﬁggtﬁgkeflgqgérng%g Jecond face (22);

tence conce

s ur f ac egn) anaias(a seferbme sarﬁae@(m whidh) 1)ubrintthinkg setondtlayer (20), 2)
the a(”}iff ééﬁ and extends. towards the reference
is subgigniially tojthe fift Ea7e (D). ardhdbivseraraterh rom that faeely a distance
D,/2; One type of positive 15 ion is depleted relative to
the reference concentration C,/Mfor that ion (the

posi ti (@) i ommlmspb et oxide igiagh ondm otide glapnehmizrwhich Romprises
ect of the inventio i.t, shoul d be noted that

..this a
p osm\'q"ﬁgnﬁ@fs e GHPTe YPRY €ath e of Pesibpriondering 2refFrenge concentration
cm&a%wgﬂ@lshﬁadeeﬂ than the thickness of a

sem conductor wafer. For exanple, commercially
avai | a@ive shﬁlweglommﬁmbhbegmhawkmﬁmmeglleahdrextdndm

towardife e e G4 etk Sinrnshtinton of # 6o% REb e positive
ionis ééﬂlét@d i ive o RielrsfeRficd b&ﬁéengﬁ%w ﬂﬁ@%ﬁél he 1)%?%9% ion

whi ch are attached to one
depieuonmgno one or nore ifternediate |layers, wherein: (a)

gy xfthis et SR eaion, habeald banoted thet e 10guicron

Iimatatﬁﬁ&%ﬂbﬁ pH@Pis s%&%iﬁaﬂ?flesi FhaR4hd %Qﬁﬁ%ﬁse@ﬁc&ﬁﬂu@ﬁ)r

| ass-ceram’'c Wwhich conpfrises positive Ions one or

wafer. nifgrexemplescommhercislly avaitabnsiliodn whlersduwe thicknzsses gseatér than 100
micro lithium sodium and potassiumions in the oxide glass
T8r oxi de gl ass-ceram ¢ on an oxide basis is |ess than

Tin Qoowed ek witBlaGenh aép\%@t, i ﬁf\@ﬁ Z@fowusssa?séxﬁleéh&cﬂor-on-
wei ght percent (| . e, % 3
insulatqy stogBpecommri /gndmegqsm} bmf:ly (15;2(0) vihivh al%a;tavlmitelwne

amfhe%ﬁ%ﬁ%ﬁ%%ﬂy'ﬁ‘f‘ﬁgu%a@b Bt iR e FhoRit gonal | n
(e canefief lafer (85 ANPHBE 2 kdb®intiaBY Sin)let PN YerliERAuSRr

centi neters.
material; and

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

which comprises positive ions of one or more types, wherein the sum of the concentrations of

lithium, sodivm, and potassium ions in the oxide glass or oxide glass-ceramic on an oxide
basis is less than 1.0 weight percent and, preferably, less than 0.1 weight percent (i.e., wt.%
LiO + wt.% K30 + wt.% NayO < 1.0 wt.%, preferably, < 0.1 wt.%),

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

circular layer, diagonal in the case of a rectangular layer, etc.) greater than 10 centimeters.
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-18- In accordance with a seventh aspect, the

i nvention provides a sem conductor-on insul ator
structure conprising first and second | ayers (15, 20)
whi ch are attached to one another either directly or
through one or nore intermedi&te | ayers, wherein: (a)
the first layer (15) conprises a substantially

Si st al., sem conduct.o material; and (b) the
se?:]%% gé%? WP:E&) eV %3 {I}e,ngyengﬁg pEQVIdesE semgm)nductor-on-

st 5 NS o

anothqr eithen digestly o1 Sroughameton snoge bubertnddinte IayaR) whergint ) has
e second

| a{/ ; er%ﬁst;?{,efgfﬁ &m?saanﬁq 5@%‘9‘3];%1\,“ slpurys hS%IW@onductor

mateﬁ&l;aﬂtdface (21), and 3) is separated fromthat face by
a)@' stapce D2/ 2; gl i) conprises an oxide glass or an
0 dfihg second dagier 200hi ch conprl ses positive ions of
one or re ositive.ion ving a
ref er ence collr%e ) ?%‘%’na%g% Pﬂ@hlle&h@?se@égz) separated by a

distanpe Dhathe: ﬁrﬂﬁ‘a(;e (21) being alos@db et £2Blay! &Wﬂ shiaf didecdtd hiS2);

and extends towards e reference

f ast f
Q 24)21‘5)5 A TGiRTcRSE Sustace &‘ﬂ)é’i’hlclaﬂ) isrwitiin thte seeradtlayer (20), 2)

surfac

is sub@t@ﬁu el RO HriGace (9&7 'a:?% fslﬁ»% & g@h%@v g@tgg [)}tr gglstance

fereénce concentratl on
‘Dz/2,| on depl etion region), said region having a distal

edge (@31? S’?Bme t he edge cl osest to the reference
PESes AR %a&s@gmnxr(dga)lasswenatmc whmhrcompnm

surfac
osith®f iofRbElodd G LY Ao
P ré& on (23) Iﬁ&e\%ﬂ E%éqjcong’é%#lyﬁﬁwvﬁg %%F§F°’6?P€tra“°n
Cimer atflporeffrenuessiutfaces i on is  enhanced rel ative to Cuxef
region). In accordance with

f t hat th
n ei ﬁﬂwl ogi‘ﬁéac’i"e b 23 bP@ﬁS pitho ifigssface (21) and extends

an eig

towards@he %f&@ﬂé‘és‘i&faeé‘ %%gl %v%&)tnh ﬁogtﬁoggﬁ%%}& n%@:ﬁlé)rf%gsmve

and second Iayer
ion is %’lﬁtﬁh’d@ml’t@ thedﬁfela&ncb yomentriti 1O BE tHat ioRtHR p031t1ve ion
t

L d strength of at
depletlgﬁ' E%%@ e 6}3}/%: é‘ﬁﬁaﬁ“&en P%ésd g 2 g Eﬂ;ﬁ Ggﬁﬁ:sé to(;%; reference

mfac@;rui]drmst preferabl y at least 15 joules/neterz, said
tirst layer (15) conprising a substantially
si ngl dvkr y s region (25) duihe vicinitpb sdidbistl 8d S fAhSHRERAE fon

an aoxid | a or an oxi de
depletn'ﬂffye On(ési}ﬁ ‘gﬁ%}m@@gﬁwﬁaﬂ& ot %tglﬁasg ore 1¥pe o potifise ohiist
enh tivels | | ayer (20) conprises
ancm ve b,;EJﬁiftﬁ@hoﬁ@zé(};}Slfe-%?&%g&a p)c;rtl E)n |)ntoer

30 recesses (18) whic
Supecordance i ansmglwh aspectethicdnventibA )providedh SeaficorieiBen-

ntract.rel I ependent | of one anot her.
insulatd? gﬂ“ compnsmg ﬁs& an% s%oon%q ayers (15, 20)ywh10h 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
joules/meter?, said first layer (15) comprising a substantially single-crystal semiconductor
material and said second layer (20) comprising au 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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-19- In certain preferred enbodi nents of this aspect

of the invention, the recesses (18) extend through the
entire thickness (Ds) of the first layer (15). In
accordance with a ninth aspegf, the invention provides
a silicon-on-insulator structure conprising first and
second layers (15,20) which are directly attached to

Ontn ExainOprbfetvod 2aibAdindabl of (B4 Bpdod 0 6 HIWELS), We Bocssos (18)

Icon na

taptjal |y single-crystal
eﬁe@é@%ﬁ%ﬂ ; _y? %ﬁ&g]@&eﬁ&s{gﬁahg fastdims {151 a
o RSl SRR P HySlion il acaeonmmosuiator

ot her oxi

struchnei¢anprir@bHist and skebihd Berk @/520)(Wikh gl%qm%ﬁf %@%}19% to pne

' 6 ich h I
TSR M ENNGE SN L S
i . h ' ,
s 020 AL 158 o LB A0S A U T 2 e

sai d region

more gthes gxides aTnPEOrknamerB{EE.SB,0) AARTH a@aap%&y?,tsaidmm}é} (15)

t, .the i ti i d ' - -
compfiSiE reeion (16) hich contashhe seond Javer30) and bathpryses silicon oxide
e, Si t i . mater] al terial, S). .
(o, SIORWIERCT X320 0 DA Uhilisd B She Bt mbivhe st aid region

having o thicknesswhichiis levetha® 0SeqraBloeI00HanShetergther i N at
| east %agarémﬁf the structure conprises in order: 15
HPPpace wita p et pspertyiheneantion peovidss asepgmmductor-on-
insulaf®® ' il ] reduced posi.tive ion = )
et gl ShMdup soBle el Siconpior retrighmatera

concentrati On

S) andrmmtazidecglass oniat loxide ghrbeaanit ﬁﬁﬁ;htcbﬁﬁjﬁis%q%ﬁg%g&sr (@t ),

for.at |east.one type of 20 positive i
wherelp g It paésoﬁ tﬁe E‘E‘F%&EPP@HWW oglgth of the foregoing

aspectgaefiatdle i nvention, it should be noted that the

"insul ator” conponent of a sem conductor-on-insul ator:

st r uctmrterialsS with emenhanatd oxygen ovite@e by the invention

t hrough_,th se,of an gxide glass or an oxide

gl ass q%%tf’%ﬁ]# wih atrﬁ‘g-‘cgg PeBtivpiPnepesntration foFiak least one type of
positive fgll ating function of the glass or glass-ceramc is

even further enhanced when the interface (30) between

the fiateriahfiiwith on auhasotibpositivedos ¢6nceiratiditlor $6%8ask one type of
posiﬁvé’f&ﬁl &}dle ion depletion region (23). As a specific

exahple, in the tenth aspect, all of the G materials

are iagkdmal ors. In addition, the S material with

enhanced oxygen concentration may, at |east to sone

Exsasection wich pash oféhedfureigoiniglaspents clthe NtlieRSor Bt $HBEId be noted

chi eved. In such cases,

) concentration 30
tht fhe gi\%?g@{bﬁi ‘g‘pdn%‘?‘}er"ft A Emicapdueipr-ap-hsslen Suclge isawtomatically
provided by thein0éntidh thid@gPHe uss bf HFSHHE plass 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). Asa specific example, in the tenth aspect, all of the G
mateﬁals are insulators. In addition, the S material with enhanced oxygen concentration may,
at least to some extent, function as an insulator depending on the oxygen concentration
achieved. In such cases, everything after the S material constitutes the insulator of the SOI

-structure.
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-20- This automatic provision of the insulator
function in accordance with the invention is to be
contrasted with conventional SO structures in which a
sem conductor filmis attached to a sem conductor

waf er. To achi eve an insul ar?‘hg function, an insul ator
| ayer, e.g., a Si | ayer, needs to be sandw ched

o)
bty . i conductor fil d the 5
S Slon L DR Ge A8 el Ghconh pdboRiunce Bl ention i

to bagontrastbdwith cetveatiped SOTfstribitrds BY SBchW berti QR AIBLPRES is attached

to a it h gtr e%gpt jrnventi on can be practiced to produce
o aﬁ?ml?‘?‘@fl OREpICE fo achipvesanshsiating ighetiony anlinsulgtordayenre.g., a Si0,
layerQNéeds tc%@é?aﬁdﬁﬁzh@cm gé AN ere th

4 structures nay a eﬂfﬁe Sahe’T glp{oonéxfc?qr%ﬂthg?

semiggductohwakame and sonme different Similarly, the
cts, of the 10 jnvention can have multiple

t
P REYStusf RS Sisycopnecionvrgh thodise gnerc e Hy20Mon themetiods
of th?‘féﬁfdﬁt invBionfdah Bk @é@toﬁ%)‘%tﬁégln%%ﬁ%femggm{gc}n a single oxide

er ent, or so the sa
glass ppexide glags-erramicsubstrate, wheyethe SOIatribiufes midy)alle thi khe, all

SO structure can

. d. ih ]
ditfergf ol o MBf ing s Bpent, Al the prodiucs aspeoye
inventidrecdni Ha9é it £t JayBs (ﬁ%?]n 2E60R4ed AN byl ) SHLACHSD e

either directly or thro

(
first Iygtpapay) alt by the eame, 3lltifferent ok sords thefsameasd Bothé diffident.
or can have

S P L h B S B oo v o the resing So1
el Tyt al e el P 2PE S AR AR ) of e

(ﬁarngpl e-crystal X
second Jager(g rhegl (either direetly exiiraughdne bomore @esinkdiatdla &8) to one

=S | .sem cqnduct or, areas, .the first face
or m°0‘§§"§h%g?a sl SagB ity Grpinoptycibn st dag con bmer substantal
areas cefitstifzes thatlira k@obRKA Wi rtgﬁ%ﬁlé'ﬂ i

. aHd/ or 20 polycrystalli néhgfea%l{alo%n uct orét%?%{]%éﬁﬁ?,%ﬂfgl&mm
semicopdyctor HAEHYR Gisseinafinrothe foonysingletcaystil semitohdheser: ardde),

R on il LR PR o A il i oot oot
directlysortthtoagh bad bymereriglefmedine iders WlGOAAMO ??%kﬁ’ﬁ? %lé&/or ;

Tversd .typically only needed for ~ certain pa

polyerygiadgieafmgoadiciermatetials, 2., amorphpus andheelycrysialinssilicon, The

f ShbRRS <4 ] ontrollers, and.the |ike,,
e hat ?reéw reé%?%ﬁ%frs ‘%lé?? 8?'&’& yé’@?ﬁ‘%&ﬂd’& y applications
where snbstantially singlsorywthll seiniConkoM P atbrfald%réfypically only needed for

. po %Jél{qséi_al I |é1e sem conductor materia ang, I"n
certain %&H q solay,lpgreanjes; eug), iforeperipheriab dnivers imbge picadsoeyitiming

., laser-based thernal

controlIg, m%%ﬁ%?] or Ih}%{ r?lﬁ 8%#%?%0%@0%*%3@%%345 well-

crystal
known ingheat, golychatellintaemicnidut of SHas Iﬁ}ﬁ}?,] ;
o an ch .gl.ass substrate, Thgiagbrﬁ?ilre %nrst aa?gﬁ%?@@ﬁtglhne
silicon cap be 9 mpgggy’m%makgyp@ﬂgzau@e@.mdasdnd}ase&thm crystallization) of
j i 30..5 tially, single-crystal or
amorph R SR Pé e rillo AR el mpeficd 10 oG elemictis, an LCD

glass subspretsi f i ed areas can have the semi conductor materials
'thﬁ} S acefs bet ween such areas being either
e entire nrst 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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. materjals eanhepbieiaed. oY yss

bare second | ayer or second | ayer attached to one or

nore non-sem conductor materials. The -21- sizes of

such spaces can be large or small as appropriate to

the particul ar application _&; _the invention. For

exanpl e, in the case of display applications, e.qg.;

liquid crystal displays, the great mpjority of the
s i 809
sizes BERh b e O SRAIELe CbhAREIS FREe diptiich of e
inverdioips tFan exahply, withgtase of display applications ieng|lenit orpdtalldisplays, the

s R B G, A i ol b
be asBddiat6d WithithaysubStafdIB S IE kR S AHIRASIE ¢ryRfal semic%rfdg.lctor '

substantially single-Crystal "sem conductor ~ materi
mateg@® be obtai ned. Thus, in accordance with an el eventh

o | ! o .
£ TG e e Der OL RMeX rsPlpyers S te 2 sivglssosmmiddevar Q1
structaitd haei@gratdnaive hfeat $ompéibd dOsMiitmBaRy Sindlel R dethRoffiRtor

another either directly or through one or nobre

: in aogprdprgerwitli ay eleventh aspoct, ﬂm’_eveﬁﬁon
provi%eé%)p sefi QR 3foT-of %t%‘qhémﬁ% %ordﬁ L3 ”g?; gﬁggﬁh oot a§ls (15.20)

rrses a
whiclssrenttauhdd ¢6 one amitiesrieither ditedtly AEshelorYifire Inféhinediate layers,
conprises an oxide glass or an oxide gl ass-ceranmic;
whereiig 15 (c) the regions have surface areas A, which

i sf i L. E . >AT . N2l T.= .
SB' ool st lSednsPRaiRes RpliFa i L riitdns ABEE ity Pogpprises a
substantialiysingle-andalAbndcon@iotocastetiset er s2 i f none of the
rﬁ)gi onsg has a, circular perineter. As above, the
S

st affeserend layerdPQ) compsisey anseifle gleauon sy oxids glasspemmic; and

Oft he j j NSasCAR el-pne |

dltc? fer gh\r%tqééfgﬁts%‘%e t J(;eeos arrejggﬁgu% one l%Ijlal\‘@"fr %l%@%sl.ﬁ.

Simlarly, ici:ﬁ’fone or. nore internediate |l ayers are

used, they « al Arp¥ T he sanme, all different, or some

the sanme arfd sone different for the various regions.
where |4} PPS0 EiintersOf 8nPbf AR t&id iR %ifcgﬁr =

§Aﬁb§t antially si nglfz- crys‘fgla lﬁgiezzargngcon uc?%%ﬁ%ta iehﬁﬁé 500

centimgtersh dfieahetof théreegioms hagla tiagodar ehinmigh  one or nore

% TR s o ALY bty Mg dho varions
region$ltdn@t be/the Qa8 O PEERRA: 'of‘é’cfiﬁc tﬂe‘?sﬁﬁﬁ%ﬂ Ghin@ 'a*ﬂﬁtrﬁg SBfilarly, if

foregoi ng second through el eventh aspects o
one or meyenisrorediate: nyersaee wed theyecandlbbarthdisaie, dlbdiffierent, or some the
het ween.t.he first and second substrates, if present,
same aBﬁT 1By %?enttfg’{/ © JAROHIEHERS. (1Y &, Gfe pruQrefpgipns|¢sp have
the subSiEhtiAIBF SinPe - Pital deﬁﬁ%%t%r?nﬁﬁeég MAchéid Pskond layer through

preferably, less
one or more intermediate layers, while one or more other regions can have the semiconductor

material attached directly to the second layer.

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

In addition to the above-listed individual aspects, the invention also comprises any
and all combinations of these aspects. For example, all embodiments of the invention
preferably have an SOI structure which is characterized by a bond strength of at least 8
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30 In addition to the above-listed individual aspects,
the invention also conprises any and all conbinations
of these aspects. For exanple, all enbodinments of the
invention preferably have SO structure which is
characterized by a bond strérmgth of at |east 8 -22-
joules/neter2, preferably at |east 10 joul es/ neter?2,

: I t Lheast 35 Joul es/neje?.

joul G etk Lo Bopt EPber e Bln e PRb D et

jouldsémster” 0 fimitacTso HicS OT¥iruchid Href@ablindl@RS bt RAS oRO& bii¥Eon
pl etion_region, at |least one pile-up region,

S"Ifalggfgﬂf : LPneqositive der deplation syion. b nast anisipilenpaegion, dndéx a
) - . » nb din th
seonit SRR P e PR (el i R SRAL FOBUOBE %, LVent i on are

summari e € varl ous as

onTle fefareddeanvariereused icthe shintnaties 6B@E Valhie A3p& 1y WHithe invention

interpreted as limting

intended to and shqul d not pe
ave oY 5L amapmai of Mipamdsan o et gnaedfa sl souldgol be
BB Pl o Byl 16900010 s pppyeod

 both therfetegoing gengribdegcriptiontad ittty dailbddeseriptibe aftederely

t rpyi de ap overview or framework for 10
exempfiBpEiis Aot o i ieaded fa TERHRG 68 eversiom ordramework for
undelsAUGRE dUhatiié dhll hiiEde: GFhdibsaflt! advantages of the

invention are set forth in the detailed description

V\mcthildn@l featmps andcdivantges of thielihvdntion aseckict Sorthiip aliceddtailed
descrp8 Splo g er Pe L b ot BoRare i ot Shecgoghe art from
that dBRREBtioh orlidBoerSEUMICE e BeRSh A desllaifledn  Phe

go e I nvention, and

provide a further “understandin
accompnying dravdiogpencdndadeddrio arovidecnBirihertualesstymiig @ffthé fivention, and

are infiB6ilst G5 b PonafitBe £ 5alE G isroer Biatty o sclyratioslramings are not
intendet] €0 RIGRAR HcBle TR IRt 1R6FdHond BT the elmlsﬁgwe%-r HE

DRAW NGS Figure IAis a schematic drawng i1llustrating
BRIEFRESCRIPTIONHF THE DRAWINGS:t hod for produci ng SO

R P BB O ting b g R CAY o L3 BY b apetiod for

produgii @ 90T stagendek, Sstructures. Figure 1Cis a schematic
iIlTlTustrating step (C) of the invention's

drawi n
‘ r@gﬂl@d%f isre schemetindrayingdlustrating step£B) ofhe sivention'sumetticd for
: | IS preferably greater than Ti. Figure 1D is
pmducgﬁggﬁg%%e%raw ng illustrating step (D) of the
i FigeetliCos aschehfiRtdirkwin iﬁ&uﬁﬁﬂé‘h’&? Q) fdhe RlveHGédY %%thod for
S

. Figure 2A shows a conpleted S ructure after step
producing SOstgichuses BAs shosvisin iikisfigiee, Tx isirefyrably grettenthian T at
I he. i nperface region. 30 betwgen {h
A EE AR B E R dr e e fre B 2h) B e fuygttion s Meiod for
producinpoSObdtedtires. t hi s figure,
Figure 2A shows a completed SOI structure after step (D).
- Figure 2B is a schematic drawing illustrating at an expanded scale the interface region

30 between the first and second substrates produced by step (C). As indicated in this figure,

 reference surfaces 17 and 24 are at %D and %D, of Figure 2A, respectively.

Figure 3 is a schematic drawing illustratixig 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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reference surfaces 17 and 24 are at %O, . and %2 of
Figure 2A, respectively. 30 Figure 3 is a schematic
drawing illustrating the use of recesses in the
bondi ng surface of the fir substrate to create
regi ons which can expand and~Contract in relative
isolation fromone another. -23- Figure 4 is a plan

| A L IR o i s o

recessegpanddsatedragions of Figmaed. 5B are ToF- SIMS dept h
accor dance

profiles,of S tructure produced in .

W DR 8 Y SR B oR SHIMS i Fpisisd 6n S8 sFioFe prodaced in
FRALAANRIS (HO %ot Ry R Bl A3 i |

acco_Fi gures 6A a‘}r%lﬁg%%g?degé'la%l:- Ib dg%%cﬁl%?g#slbé@l %’?r%ﬁyas

mobilposiivedensure of the type used in Figure 5 after

o Ok B pd R e ToE IR arblh Bl ocan Sh siptoretfbetype usod

in Figiré b afteerehdtitigpt i on for a second substrate which
i ncludes essentially only Na+ as a 10 nobile positive

i dAgurey h pad 78 Arce el -SBVISr depthaioSlel/Bf ate SO stpnaitiel produzkd in
. UCH Uk f the t used,,in Figure 7 . after
accorBhee utthE HEbAMich BF » sASn MRS inich oludl ehsedifl gy Na' as 2
mobilBlpbfitisé paal i ntensity data, and each of Figures 5B,
6B, 7B, and SB shows that data converted into atom c

pE1guEeH 8 A and &R areBoH-F BB depthipzofiles of ancS @bstruchera i the type used
T LEfraction pattern illustrating the single
legE}re%%%ﬁ%%ﬂa%%éé of the sem conductor |ayer of an SO

s EndrofiFigurps SAUELTA MindSROSHMAGIMY difnd Rftendity R, bfideach of

| o?%s@é&@e‘éwﬂﬂfh@dﬂta@p?eﬁadi ifgt@r@@gmcemwuemd
ol g ion b e et MBKGH ojfidciiin SRR Ce gt

. The sem conductor film'in this case’is
Flgurcﬁr%

crystabedtst odthe sehiohdeaspliyacs aal S0t st 0@@dcin h8¢btd@te with the

; t he bile sitive,ions. Figures | and 1013 show
inventigny e semiephdyrtcs dm ip thiicase iS Bhesphpwendeped slicon (%)t hat

' { . Ei 11
(Blgtel DX TGEE aniy T, o PO S TR B prd ek 8 S Sfoppee
producetiihecontaped with thenubértivneof 4 s@bnd sbRiateWhish S6rApti&es alkaline-

. | ayer. Fi 2 i hemat d
carth G A0 TP Pos pRGPES HerHs bubend H0B Shars BOAS gensh intersty dta

. and Figleh 16C S dita 31180 do ol DiBent S0 R0° 195 €

Schematic draw ng

fRigure 43 seavihemgticrdtawiing Hlubiratirg SISO staichse Which Gnfases
mulﬁpl?aeiﬁ‘sc,)trigyé"sugg atx gigtgl%'se(l;or;ld%g{rér.l cular, Figure 13A

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

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

.o, among other things, simplify repeated use of the first substrates. |
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shows machi ning of the edges of the first substrates
to reduce the size of the gap between the substrates,
and Figure 13B shows the assenbly of the first
substrates on a conductive backer 30 to, anobng ot her
things, sinplify repeated us®-of the first substrates.
-24- Figure 14 is a schematic drawing illustrating a

4] fir siratel.singl.e. sec bstrate .
LA R T e et -
substioete asstinblyewhedetthe gaps befiiceR Hictt GhBrARIRNE Bben FllddWhiRh 45

s _a schematic drawing illustrating a prior art
semivondpelormatsnial.or ing a thin film 5 transistor. Figure

" crnBensar daeidio ding Ak Kol B Ris¥e forormin o thin fim

transistort he above draw ngs, |ike reference nunbers
ondi ng parts throughout the

designate like or, corresp

S dEtei 635 & aetemptic Horcsbon ebow i dnbpreforredmborlanahofiho process
aspechWTIRE mvagigL al | y 10 correspond are set forth in Table
1. DETAILED DESCRI PTI ON OF THE I NVENTI ON As di scussed

abbo the, abaverdfaovings) lik¢ efigenc@fnunst epgdésigmRailai of @orresponding parts

tepials .a s or,t substrate and, in particular,
throughuffhe e vVesALidEns o Lt lemments fouviichdhesetvrercammbers gaerally

correspbib SR Seffdrth iR {lpg 19! ass- ceram cs, as a support
substrate, is that the 1100C bondi ng treat nment

DETAM &I AIESGRIBTIGN OF THRENVENTIONOt be used with

Lass-based, wafers,si nos | asses cannot wi.t hst and

oS BBeSPa e F i chiflonsp of HAlpA RRETSIT Benva AR Fupport
bstréle BAd, 5 i -

e oAt or v ang e85 Bada ol Speciffly. Bide lasseg and

oxide glaps-earamics: a5 YMpeIt substrhp, isdhmirthe 1 005 whding dreaffiiat previously
kes it

. i t, for.lo t ratures al so .
used i At RO b v5ed Wil elpse bl vatier stusenest gfasvea peamot ithstand
procesp &igferatired of BAfAEAIRINeZ TRE chPHIERSoRYin fb%fwvﬁﬁ%;élﬁss-based layer

hydrogen ion 20 rnplantation. Moreover, en
and theyfegaisonghstan mederial,i e, sikicosyithas hnsiteee dohieveil bi dgiifismily lower

0 at terial, the expansi on_of the
trnpe B0 e SR o IRy S PP SRS 0 separte
the sentisqatugiod Wwadér iidSarts 814 SPRAHEA 2bnd Pifled g&ﬁ fol @xdaéglg,rhydro gen ion

structure to avoid separation of the s con

implanfafioRr from the support substrate. Although sone
se to that of

: ferial i Lh, expansi cl, :

YR TRRLbA iy F BB Jor i asd et Fubstate

materialEthe bxpansidh fof e plissbasedhabial HEERRIGY Ahchdl ﬁ;@é &gﬁﬁ?]ion of the
. are especially troubl esone for |arge vva?ers ere the
semicordycfordayer of theRQltmoctugs fofavoidssepksation gif eemiconductat Bager from
g t em conductor | ayer. A further

the s?up equl T ggrr%h ?{1 fio t&?ﬁ g‘F“? %lasﬁ’df?ﬂsg‘?%g}/@%?%g@ﬁp@ﬁ’é’m close to that of
semicogrhuetuns, e peflicoh &l labem MitlexabEmatch is difficult o obtain. Expansion
mismatches are especially troublesome for large wafers where the stresses can become
sufficiently high so as to-cause debonding of the semiconductor layer.

A further requirement is that the interface between the glass-based substrate and the
semiconductor material should be free of ions, such as alkali jons, which can diffuse into
semiconductor structures and cause serious problems with the functioning of semicondictor
devices. The glass-based materials known to have reasonably matched expansions to

semiconductor materials, e.g., silicon, often contain alkali ions.
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sem conductor material should be free of ions, such as
al kali ions, which can diffuse into 30 sem conduct or
structures and cause serious problens with the
functioning of sem conductops devices. The gl ass-based
materials known to have reasonably matched expansions
to sem conductor materials, e.g., silicon, often

C OTing] MuBipiéproblefiihecd @be secmﬂdtdv%}(ﬁg%r 18 ?%o% %k?lgéslrucmres

‘i‘g be addressed and overcone to provi
whichgmployauppary subsptes eonapassd phgless-asedomtedialt As smmanzed above,

the pRSER T RARSY REPIER ol B PN O, it agd@as and

present

overcehreithdse pashlwhs, Chgatié 18$$BAIT angVey {:lﬁﬁr‘ql
Flﬁfgl e%miﬁaA) 113, 1 C gnd I Daé,lcherrél;l"{ﬁ?%g#l ﬁstratggmcess
dA @wasﬁrstraugw I(AWbmb\mna)ﬁscs 25$ubstahﬁalbadmgle-

crystzﬁgeﬂﬂ%bﬁ& rmitbﬁ > Tﬂeﬁ&gﬁ{% aII 3 n?%ﬁ 5 ‘gf‘seéan

sem condu OI‘ ma eria

semidopductaridri |anp otheaspd of S@dﬁb@xﬁiﬂﬂtdﬁtﬁbh a8, tRé‘MI—V}, fery, tII(-P\?-‘P fetc.
-1V - 1V-V

condugctor, such as, the III-V,
dasseétogls ‘Hﬁ'é‘@é‘of sem conduct ors. Exanpl es of

S !Ekhlﬁﬂlés BASEEoA1BYs8d | fzﬁ fﬁw ?&ﬁﬂ% l?s(eé%s?rdthf Brst S0trate include

first” substrate 1'nc

silicomyEirgenmaniuttueedsiliconqSiGD; &) silicackamilie (50) SatdRialle Examples

terial s Exgnpl es of other sem conductors
°f°th§&ﬁe€‘%1 Bdrctes qreployedelor the dirstsybsiratemneluda Sleu GeAs,
GaP; ﬁgmﬁﬁﬁ%nalsGaP and InP materials. The sem conduct or
of the first substrate will be in the formof a

s'ﬁbsseanwﬁlur?or of 1ﬂng tfiest snlnsjnate&ivﬂ]lwlgrth@forﬁ'ﬁf? substehtially single-
I a scribing the ti1rst
erystal 831 e Spr yplbSeaiy idusd Vs floserBimedbe ftsh ibstrate to fake

. accouﬁ%ﬂlfe%&@ﬁét%mi%h&ﬁdtﬁj at&?ﬂ?ﬁ&ﬁal&%&%é at"’i%e]sk ?o"?}ﬁé intetl& or

internal or surface ects el

surfacg mt%@lﬂ;er indgeailyou pmpasely addedcanchief (kﬁﬁleel dﬁfecﬁs 61@él\few grain
ntirally

bound%fe 1 2@? ‘ﬂ%é{g’?ﬁﬂﬂlﬁa tfeﬁprﬁ%?ﬁ?gﬂ’%w @p}@p@rmaMStort or
ommmwm@m%mﬁu&.ﬂ@omméseaﬁ Pg\&) tgg ]tclhfstbulk

sem conductor. As shown in Figure
Ansbovade FiEnre b4, the first substratecOriais asfirst externdl burfacsEG @vecond
ne 13 for

externaf Sl 501530 RT3 s G et g apt part

separ a

14 and a8etond pea a50the WibknbSs oft od &
bei n% %saﬂ As di scusse%l tgﬁg%/ogh&gsm%mg])s typl cg(ﬁ)(lgggbal'%(ﬂ15 Ds
&

will typigadly bs i thegrugenfi@manemeiess tb 06 @anometerspivith §refbm'éd1thmknmses
o f afidhnb Sses bei n t he nano er tQ
being %g 1ﬁan o(g% tgf Pok]&?? teﬂ’@gg‘? eﬂ: BWFRP% cagdye thicker
than 500 eaidingée) .l Bﬁlﬂle@@er%@ﬁcﬂ Ui‘foel‘:[aﬁom@t r:ﬁﬁr el @ﬁnﬁﬁ%ﬁ é]%@éecond
OOO nanometers or noré. Simlar e secon
part Cang%ﬁ'r thae 10 nasoseqtersialihough exvessivdly tlnn sahicondighor layers will

g@m‘lﬁ’%‘f’?ér R Aol BT S Rapottio foBlcondudler denpet

Thinnerssenti@ptakt6r e @bybRTreatelia Bﬁﬂaﬁﬁﬁ?éfaﬁs’&ﬁ&gadi@g% rm]:hé

may be created via oxidation or ot
art.  the

External surfaces 11 and 12 and separation zone 13 preferably are parallel to one
another. However, to take account of the fact that there may be some slight angle, e.g., up to.
1-2 degrees, between one or more of the surfaces and/or the zone, the surfaces and zone are
described herein as being "substantially paralie]" which includes both the completely parallel-
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art. External surfaces 11 and 12 and separation zone

13 preferably are parallel to one 30 another. However,
to take account of the fact that there nay be sone ‘
slight angle, eg., up to 1-2 degrees, between one or
more of the surfaces and/ orZhe zone, the surfaces and

zone are described herein as being "substantially
aral | el

and sﬁ%fé@ %r%éédst?@%sgt ;‘ﬁrb g g‘gub%%tgggﬁ}p Sggl?egﬁ %ﬂgé §1|c¥u es the possibility that

one drsudve bEthe isadfaaes pathizlZoat magnsobé BsihpleREy fidte possibility
e or nore of the surfaces or the zone may not

_tb é@%ﬁ%ﬁg%f@}eylfifiﬁ &@%Wm@x@mﬁntmmmgwe
e o iF R Q3P 5 e Phedcied it e A

currently
presentathetsepateatical mmpe ds proferitdy fotmed@singithShyi6S@ITon ifaPRntation
' rably forned using the

o G B BT Lo By oo of s by
. ' [ f
mcorﬁv\(ﬁéiéd BY 6¥erefildeS m&@&:&%ﬁg%ggg@%%{/hﬁir@;égga‘ghagg{ 6@’{‘@8 form the
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~ 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. Inthe 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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sonme applications of SO structures, insulating |ayers
havi ng a thickness greater than or equal to 1 mcron
are desirable, e.g., to avoid parasitic capacitive
effects which arise when stapglard SO structures
having a silicon/silicon dioxide/silicon configuration
are operated at high 30 frequencies. In the past, such
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Fhé bRide ‘,aﬁ? 245 or oxd 33 glass-geralmc comprises at 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 ions, e.g., Li'!, Na*, and/or K ions,

are suitable positive ions for this purpose bécause they generally have higher mobilities than
other types of positive ions typically incorporated in oxide glasses and oxide glass-ceramics,
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The gl ass or glass-ceram c of the second substrate can

be produced from conventional raw materials using a

vari ety of techniques known in the glass nmaking art.
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. _ i t AL i shi
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bondmgasHEféce otS éle ICs)eoond substrate shguld 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 SOI structure.
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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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covered area, the Si filmtends to be non-uniform
However, when the hydrogen 35 concentration at the
surface of the Si is reduced by an oxidi zing
treatnment, a uniformSi film beconmes attached to the

gl ass wafer over its entire-¥hrface. Various
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e AR B g, SR o

\ bret et wid by SIS
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contact and before€ 't he begi nn
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sl R il e e o ity Gt Wihgeneraly
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8 Hierinvastianivess lowttp aodemistemperabures matssores) glecttic &6ld
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t he processi ng chanber. The sane
can be practiced with equipment which is both relatively inexpensive and widely available or
easily fabricated for custom applications.

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

- second substrates are bonded to one another. Step (C) is performed for a period of time
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equi pnrent can be used for commercial applications,

al t hough equi pnent capabl e of sinultaneously
"processing nultiple first substrate/ second substrate
assenblies will generally :5 be preferred. Because
the invention uses |ow to nbdérate tenperatures,
pressures, electric field strengths, and vacuum
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C nber 40 |s evacuat ed while ste
fomwﬁmgﬁag Tx 348 1659REcHVRlE the vekageend iseperstyre at

e A

located\belewntht ifire Isybsthf: a8 bﬁcpmﬁ o) Figare 1, abohgl the dppoditd Brientation can

here, such as, an, atnos here of argon,
be eﬂé’fe ﬁi‘?ﬂﬁe&o 0y ertifq! ppothprorigniatipns dor the Caomserlyif

desiredl gure 1C, step (C) is perforned vvlth V| > V2 and
preferably with Ti < T2, where Vi and Ti are,

résaatVi pmlfqrably atisfiolht &d&fl(ﬁﬂﬂlﬂ. enper at ure at
|ng surface and V2 and T2 are,

force- 12
respecfﬁ@'ﬁlcn%%éVWUyﬂwd‘m@lQ%@hture at 15

where OSSR APRadk AR GERSY At ol Rip SR EuiRRS HndE sp O
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first and secohd force appl yi ng surfaces during step

where Tp the strain point of the oxide glass or oxide glass-ceramic and T, Ty, and T are in
degrees centigrade. As discussed above, Ts is less than 1000°C, can be less than 800°C, and
may also be less than about 700°C,

Typically, both T; and T, will be greater than or equal to 300°C and less than or equal
to 800°C, although higher or lower temperatures can be used, if desired. Within this range,
lower temperatures are generally preferred, e.g., temperatures of around 450°C for glasses
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A preferred value for the (V1-V2)/D ratio ranges

bet ween about 5-20KV/em Ti and T2 preferably satisfy
the rel ationships: Ts-3505Ti _TS+350;and 25 Ts - 350
< T2 <T: + 350; where T. is _the strain point of the

oxi de gl ass or oxide glass-@@ran1c and Ts, Ti, and T2
are in degrees centigrade. As discussed above

e RSB AR MRS A5 st

vmombfthbexgﬁplaﬁglr esdda@l@beléwequal to 300C and | ess than or
equal__ 30 to 800C, although higher or [|ower

t dision te theirsplerie aghiexing bending pf g firsiantisecontt |Sgbstrates as

o 0850y 94847 RS LY S BER LBOh St

second- embstrates—upon codlzhg sokBatGROIRN preTel @B dak (@{ﬁesﬁventlon, the

IIQO\QE’OSIT ONS. NOS.” 7070 and 7740 used in various of
seco wekyioLoptac do pereer extentthan thedfirst wbsih@f: A0 to thereby

weakéxp%l% firkt sﬁﬁéﬁa?é’ét@%;a?%%’ i?yge 9% g%/lg Sr&f'ifcé%ﬂl §§gs gﬁvggeg%’rhe

strates Scusse

senncpndwpmmﬁldﬁs dndér@nﬂptﬁsﬁbn,casrdppﬁ.ﬂddl t0mer@ion! MBpidally andPeéferably,
on cooling so that in the

t
Tz W”ZPseco BrkotiinTazad 3t gmﬂw&m@ﬁetﬂ@h%hmd

subst r ab < S contract to a greater extent
t han ta @ st Is_gsqor%é\te 10 to thereby weaken the

andp:ﬁfaralﬂyﬂiehﬁlaﬁaﬁshilﬁt separation zone 13 and produce an
SO structure where the sem conductor filmis under

corrpreégl(bﬁ T2 aslicspli®8€d to tension. Typically and

p Wi, | | Leater.th T tha
T&ﬁgener’zﬁ@ ?eﬁ??n& %tﬁﬁmgﬂg APTS; %%b’ﬁt
the chesenh ierkpéture diffdreptidivalighfrdble '
QCST2-T1: 9 150C. Mor e%ﬁr t hsedﬁg'g’gétfl%ﬁﬁe%?dﬁ ost preferably

tes and

bmho%ﬂ’@rfﬁ]&‘l’w@gﬁﬁlﬂmft&hlpﬁ the first and second substrates

E?g{qeﬁ R Hiegf&f%%?lﬁa f@ﬁi%ﬂ%@%eraw 15
CTEl - 20xI el OC

5OE:TngT§ug$‘HQJTE§0x| ‘4[’ %ﬁg/s ? Bﬁ‘f’rz i T1)|(:Z(r!£2e

where CTREIs the 8°C 80efficitt oF thaitnak eXpansion &f éheStbktanttallyend)é-crystal

semioo§ubLEhERk 0 L o B3 %Efo'q%ﬁicgén of Supgalcoppansion Yoo
oxide Fas3 Qa@@xﬁ@%f:fsk—@élﬁﬂlc % ng'iﬂf_ﬂh QE%SO h} NS0 CTE of the
s-ceram c prying these

oxi de g ass or oxid

oxide glass ar pxids glags-certinic (ﬂe.s OB, e farfbly katisfies the relationship:

5x1077/°C < CTE, < 75x107/°C.
As discussed above, during step (C), positive ions within the second substrate (e.g.,

Li, Na™, K, ot Mg?, Ca®, Sr*%, and/or Ba*? ions (the alkali/alkaline-earth fons)) can
“move away from the interface between the first and second substrates fo form a depletion

region, shown schematically in Figure 2B by the reference number 23. The thickness Sp of
this region can be defined in terms of reference concentrations for the positive ions.
Considering specifically the case of alkali/alkaline-earth ions, each of those ions

which the oxide glass or oxide glass-ceramic contains will have a reference concentration

Cimer at a reference surface 24 which 1) is within the second substrate, 2) is substantially

paralle] to the second bonding surface 21, and 3) is spaced from that surface by a distance

Dof2. Thethickness 8p of the positive ion depletion region can then be defined as the
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oxi de gl ass or oxide glass-ceramc (i.e., CTE2)
preferably satisfies the relationship: 5x10-/C - CTE2
5 75x1 0-/C. As discussed above, during step (O,
positive ions within the secgfid substrate (e.g.,

Liil, Na+l, K+1 Cs+1 My 2, Ce2, Sr 2, and/or Be 2 ions
(the alkali/alkaline-earth ions)) can 25 nobve away

distanegpbetwien ﬂlstsewdnﬂdﬂnﬂﬁg\&ﬁﬁhbetileaﬁd d Sk faB0 §%§ﬁﬁﬁﬂ<i) is within the
epl etion regi on, shown

' . f
Se""i‘g ﬁg’tﬁﬁﬁ t{@l 1% 311@%%@&:»@@ tp $he seeonddfendingsariacerind 3P the
it b ) tined i .
atEEr s !c;)f r efﬁt}r enc’g{%ooncegzst r a?ﬂé gdr%s‘&?%’rt%f%ﬁ%f%ggﬁlétg’nsmpm

satisfieshifor at leash onelof theglistignti Aline @it iddiqvifas MeWxide gIa\tl\sE or pxide glass-
1 C

Gﬁf&uﬁg@hﬂaﬂ%l kal i ne-earth ions, each of those ions
€ OXlI'de glass or oxide glass-ceramc contains wl|

have a ¢y m\jlﬁg 0 tusation 30 C at a reference
e g? |c%160'$t’) reji:%gv_vlat?ljhi n the second substrate, 2)

surfac
wherg¢ s substantially parallel to the second bonding
fromthat surface by a

sy face, 21, and 3) is spaced I
d h‘é&i fede %ﬁ%ﬁ%tﬁ&é hrastorgligfli/alhalingesithiiveas ofunction of
distare RfRIh € oGHAWBRY 1l Bfig def 1 ned as the 33

secon %ondi ng surface 21 and a

di stance between t

s fikhewd Omer anhircatomc pescent.t hi n the second substrate,
arallel to the second bondi ng

2}.is suhbstantially. ]

SHSW S 0g u??’a‘%")s nesllysaliey the relaionship:om t he

secondgbongi ce for which the foll ow ng

rel ati g'g's'ﬁi%ﬁﬁlggﬁg%gs?i sfied for at | east one of the
and will ddidni satisfiyahé feat@agkip: | ons which the oxide gl ass or

oxi de glass- 5 ceram c contains: C, (x)/CyRef50.5,

OSx SSDPp 2 R8P Banomefers.s t he concentration of said at
rth.ion as a function of

I | kal i/ al kal i ne- . a_ |
| aﬁg?‘tﬁ%‘é&g% A Hé"@%%trﬂf ithvp ions withia the sepond substrate
duringGep(I”) alRd chn pdALLond brIhREI*GIIDGHE nyﬁ?' gl :
_definition, .gD Wil A P])I/Q-ggtfééoy {¥he!d2nfore of the mobile
posttve gngicopiaiier in thegpride 1a ananiiea sssweranricl BidH piw-ﬁm%ions, when
' t akikQuship: . SD > 1000 nanoneters. 15
Presen%seéd | %&ssegﬁ%gggwm%mﬁmmﬁﬁw@ﬁ ons
concentriationi Oyst R WIBECARSH GBSt AoRshiflur i Ng step (CO) also can
produce one or nore "pile-up" regions for one or nore
of t h&uraadfiire = bositive ions contained in the oxide

e T A A
cases, CbeallOfrer VAMCheArBASKhRAPS (deb Vior b%]npﬁlg,%g ﬁ”p?]tel-u%nregqgg of Fi gure 5B

whi ch satisfies the relations
below).

The one or more pile-up regions, when present, are 1ocai:ed in the vicinity of x = &p,
Le., they can overlap 8p or can be just inside or just outside of 8p. In particular, the location
Xpeak Of the peak of a pile-up region typically satisfies the relationship:
0.808p < Xpeak < 1.208p,
and often satisfies the relationship:
0.9¢8p < Xpesr < 1.108p,
where Xpes is the distance of the peak from the second bonding surface and 8p is as defined

above.
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20 G /Peak/Ci/Ref? | where C ,pSC and Cl1,1 are in
atom c percent, and Cipf is defined as set forth
above. In sone cases, Crneak/C wll be greater than
2 (see, for exanple, the K+ pjle-up region of Figure
5B below). The one or nore™pil e-up regions, when
present, are located'in the vicinity of x = SD,

[

D, 25
| e PR OT S W ot B o e SO, s et by

reducingtiiceprpesskingfierapdzhugs, titel ﬁﬂii/&'\romi%é é&ﬁ%ioye&ﬁi dt&f (C§Ssome
.he ttsqeli.@tl opship: 0.8"SD 5 XPeak 51.2'SD, and~often .
bon‘fé’éﬁ PisF § %Ontﬁél toct glessovafen g0 be @cljewmbnith stsentidlyd, otdervable ion
e | s j t he .peak fromthe_secaond

moviRBHT HoRcloh Bt oAb W lepbotflIFR i S hfpe
bonditg; aceyesaf toctietttod) bosding, a6 tHeatilties BoAPHABHS &ellBwer than
thosd og%, gét .has been found that by reducing the }

oSG WHBI?%W@@PI&% é\ls, paeansedh tacks 2 depietioreregingl theeesulting
structife SdOR A FromSi9 eo%ﬁfei\gga %M sipﬁﬂe@?g d ﬂll.l'f}a;ﬁ:?,'l S%Cﬁlegt processing of

g%ass waf er can
the SO swojurd labelevated temyperatmies, wmwzemrimphhitlse heegonife bfel&dtronic
er Waal s t

. ]

. .th hani type, .e. 0., S
dovic R B3 e 25 50 o e bt it o e

inventi6f,thé proBe SO e firRASH Mt 8 ﬁ@p&#@dﬁeﬁl‘eoggg g%rh 4% the nterface

achi eved wi th 1 on novenent.
betwaga thesfinsoandrsegomshsubstngtes. esul ting  structure can suffer

f i N . th i filmduri
o e Y5 teblecon vsBion 254 fhe cnerer soreilene regions, sep (C) can
B oo e BT {0 O aliaH SRy boh patioh Whioh hesing o tice 1

and extpndsdowartls beparatiacmode i3l Fhe thivkhése SyoFithk kegon can be defined in
process 1S

4 eg‘oo‘%u ments of the 10 invention, the S )
ormns GF 2 FAPIISE OpCenation Terqmveen #he tefeapnsa shefageowithia the substentially
ingleldtytdl @R @,ﬁ&&e{g e first and second substrates. In
singl apldi;ison t%_the gtgtlgelti on region and the one or nore

p suitahle referencmssurfabe 5, {(Eexamnple, satface PY adPRAreH i#h.[dhg 1)is

within Bt Bnd ol i B Bubstiies Sk subrRURaplcb xhonding mcce 1,
and 3)39§Parhied I8 tﬁd’t‘k&[‘f&&%ﬁv 3 cetﬂég'/f whee %g ﬁ?‘?"g‘% IJb;)ce?ﬁs the thickness

defined in 15 terns o reference con

of the gpegugbpertit Using éierefercaceswr ey thehickhesstSie rendmitaatiegibh Yill

. i ngl g-crystal sem conductor material. A suitable
- W‘“ﬁ%ﬁ%ﬁ@ﬁﬁé‘%’cﬁ@ﬁ@@:is, for exanple, surface 17 in

Fi gur ich: is wthin the second part of the
fi rst%gasl?s% g?neée;m,is substantially parallel to

where S@isdhe\@isaed @aﬁeéﬂbondﬁgs@a éwgl SEPRALRRRY “frﬂiai‘gsig i@‘é‘tbﬁtg&

c
surface by a distance /2, ere, as above,
secondipart ok thesfirst substrate, 2) is substantially parallel to bonding surface 11, and 3) is

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

Co(x) ~ Comrer> 50 percent, 0<x < 6y,

. where Co(x) is the concentration ofoxygen as a function of distance x from bonding surface
11, Copreris thg concentration of oxygen at the above reference surface, and Co(x) and Comer

are in atomic percent.
Typically, 8y will be subétantially smaller than 200 panometers, ¢.g., on the order of
50-100 nanometers. It should be noted that Co,s will typically be zero, so that the above

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

the thickness SH of the hybrid region will ‘typically

satisfy the relationship: SH 5 200 nanoneters, where

SH is the distance between bgnding surface 11 and a

surface which 1) is within the second part of the

first substrate, 2) is substantially parallel to

bondi ng fsa a ¢S 25 the surface f.arthest

from boﬁgﬁ*?wg‘?ﬁlr’%é%né’ RS o the ol l o ng

r ehncthé oaretof p firss seldttate whidh is $li¢on) based@idd Scbfd RHEEABwhich is a
ere Cnéx i S.the concentration of oxygen

silicache3hd plgRar Slper
Seesed elanten glessgerag mesHsER aibegoxides see sudnnetwork
| i . t, the a .

reference surface,

whicleenjeins siligon gxige,ced.) silicafBi0d)) butdeesnatsbaiain thb bite or more other

oxide GRS el ST eSS hic be ot ed ¢ hat Coner wi ||
t Y sedhlayy, BRpTEY BansFonishal %ﬂg&?acg @9%%? )E(r?é st ggféél:&d substrates

..Wll in nost cases reduce -
whichyis forapad ingtep £BX b c@acting bohdinganefacef 1 lawith betdiag batica2e, into

i ch s SiT] d . sub i ch
w e S S BB S e T5hShtoion,

d map alsorpreferabl is@'6f it fi
O AL205, o) o ool BB pIE ol letons ' IR Sinity of
the digip) fdge pEthe depletien wegicngi on 5 whi ch contains silicon

' RSN i @), byt .d t' taip th
oAEREstof (S, icHoMERGPybdegont sSis 28 caleer. &) Fasoowy

tempegitwre samcethefirst and secoadPRE(1435F6f h&¥irdt sAbRI0 ﬂ%ts%;g‘fmed from

i nterface between the first and second substra
oneanaﬂ:'

eEnBpeausgelfbe weakaningof thy separationzene whirhheodisrgring cooling,

. . : - f 21 | i f '
this seAtatiot apite QlrtobinB BRNOR S RETE Pond e the sepmipesioend the
secondanbbstdatp oedimagin g (ieesoodd padbr @tskedtnd fibsatl! & P bakes, the

be

_ cong{yi@,e one . or npre positive ion pile-up regions In
-separafiqpuinyplves megelypmovingaherfirst and seegad parts (16,189 pf theifisst substrate 10

ey AR b 1o B D s o84 MR a1, s

during theecoolingtthesecpaste el tavebideome bémbRtelp firek BE ofid Exfdther. - In some
sub rgﬁhe ar e sii%ar ated from one another. Because of

cases, %ﬂ’&i\%@ BgiaRem ke that esddp semeve hasehald plastioweap &om a smooth

bieot. thAid ' A ¥ | e performed .

oo ot “aret o ol O SRS B SR, B BBleg B s no

needed pachush of the eliffiercintial bettraation of thd BGindGetdHd suBSRNS Bdlthe
substrate. In many cases, the

mmm%&ﬁ%ﬂgﬁgﬁ%%mmwa y noving the first and second
R D Mo Fidte 1 DPae oA TRl 1T R a6 Ation
zone 13stnding ymassogated witb)the Sishpsrt 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 a new second substrate. Such i)olishing or other surface
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during the cooling, those parts will have becone
conpletely free of one another. In sone 20 cases, a
slight peeling action, |ike that used to renove
househol d plastic wap from,ag snooth object, is used
at the end of the cooling to Separate the two parts,
but more than this is not needed because of the

troatheble S te ABRIEAR 10 ekaliifioh) b S B2t 15 pror o

substr
its us;eep éheanamﬁam ®f aAlsindHm mlss&ﬁe dr biheF b8t dhid Bbvildle
pically result in part of separation

R%%{agh ém?jéll(ﬂ@‘y riptered. e sam gongeive aflietegiating siep (D) ifto step
©wpn T okl RN B 0 thehr S Aol or 0 Ofbi e had oo applying o

assocl ate

separpiing fogcel Bg., tWisfing tierfyrstmmnseprmoRBSkA6s rehHRE | W bﬁb?a?mﬁ{bii while

h | f
contifihl TS el PiSsmpl o o8 elovalg meraamannclociic ﬁe'léiud an
appliédreSiie0 | Sudh s&hratitf 36 Sfr eﬂﬂéplg ebe"lfé%ﬁ% 8%‘ &y Brodbh S8 (C). Ia

require subsequent treat nen

q
commey i sginggweh dgegration of yep @) wmh sep (CHaky B¥ d@fa@le to shorten the

bstrate 1 n anot her

’
overaﬂ? erary gs% %i?l“¥ ﬁ‘e*sﬁq,ﬁ%gﬁwaﬁ% strples ardpparating eomditions, the
bondisgbétaeen thelubstiatds beddmhes skbn &fgélrsfgv' %gl'agﬂrsl S?Fl:f ﬁrgh’ﬂcvecond

nventi onal touch p0|IShIn

parts fggm’ﬁ Homuadrvikite 4dditiaehstem @C)Hypa progessHeeie RentiiilRd 6 dbwilop a

treatments nay

denl or, ot her surface -36-
epet@ﬁ%ng%éﬁ&'m@gﬁl% $or the exfol | ation surface of the

€ approp
sAs ooidd pbdve, dfcelthé Sfst bfd sdch
v ﬁd %ﬂggnl [ e%%%lgngsgl

a thin fllmtran5|stor or oth

Structusg, g, Hsegenskpat angd It&ﬁtap]a@fmmmbsubm@aaﬂ begnigiested iofurther

proceskﬂ?%@éﬁryﬁ@aé%f?ﬁhgéﬁegdﬁ 5 Stfgﬁgsétg%\gtﬁ) g%rg eg:gg&!fgwd?»b can,

for exanipde, barehield n reandve@p 26@dtnBe drofiEs imPerBectiohihe} %ﬁ-ohhtﬁe

first and_ second substrates relative 'to one an
separaijgn ?fgwéoﬁﬂ‘lfﬂ& Yn§rst part i jo€ the firsisubstiosie cat bsirézﬂecﬁfbr subsequent

and an

use as, %% H” Eﬁwﬁg@ﬁg%’ﬁﬂ g’éﬁ‘ial?sltt@ef:;ﬁl OIf or exanple, be

appl |e press
Bégyues pand 4 illytritb nenahifisdton of e ﬁllsf‘mﬁstr&@ %&1&&&' bgused if

ration of step (D) wth ste

de: lm‘?sf‘g{?t @eghfé‘li‘#ﬁ(@? l?lffggece %‘%@%‘r&e@fm& fvbstratesis al dongaroc SPGGIﬁcalIY:
delamif$iBg hRbdcir iffﬂaérg s z?‘lap BC%I&{EP ﬁﬁ&ﬁé{%&é@%ﬁg expansxon

operating conditions,

of the semisonduwtarsndterialnd ﬁmm&g el8RUPride a@ﬁ&%ﬁb' BaBlaldoMocur

rst and, second parts to be perforne
Wheﬂs@&ﬁ#‘fqt'ﬂf lmglﬂ %@%@G@s@mgdl s continued to

8 VB APinErigfleDs Shd Ao 4R i SRt S G802 fimed in

not ed abov nce the

the ﬁrstm‘ehiph begin ntbetldingerfiick 11 %hdi ﬂfe‘f‘é&ﬁﬁy extéhd: mt‘ggﬁe Erst

art and_its attached second subStrate

substratg fpg O&EFE?P grgates thap the depth @&9@@5@&1@1 f'asTImsp rexpssea fernd isvlated
I
roglons {3 BhIc A SRl PRnd i b o8oonBoiit enasohtive B

way, hiphstrgtseede notrdevtlopras aﬁ‘ﬁ@lﬁ(ﬂ'@]ﬁﬂfﬁ'@ﬁc@@ﬁﬂ TS &mg h‘?ﬁ and
second Sﬁ arati ngr cess. Simlarly, first part 14 of the

P #?P“?ﬁg%‘ls 5?'@“@% Bé‘@rbp@a@mopbﬁ'omtgs epereting 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

room temperature,
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use as, for exanple, a new (slightly thinner) first
substrate. Figures 3 and 4 illustrate a nodification
of the first substrate which can be used if 20

del am nation (de-bonding) ofsthe first and second
substrates is a concern. SpeC| fically, delamnation
can occur if there is a large difference in the

C oFbf mneneappdicafiodsheie FRét sEMRARSK I be LLilitdibased semiconductor
sem conductor material and the oxide g ass or oxrde

matesiah and the pecend substratespillhese aliadiseontaimiag gthss. Borrthistcasepthe process
as are produced. As shown in
Ofthgﬁweﬂ%ﬂ%{ug%&ﬁ%cgﬁ% 3@3 this problem recesses 18

I gures toa

caRirtiga glasmm?mng E?I]Jffal] @gfcbﬁts e éﬁbgiﬁéﬁ ﬁahtﬁf ﬁﬂ.hrelanvely
rrace and prefrera yexe
well Ptalt@ﬁg a et siconds c@sm.sﬁaﬂ@en graderteither ithoutlas odigielayer or

orm i sol at ed

e e ioe B MR FEERAE R B 029 4 ety spbouctace

regions 1
flawy. THe repldated Wwafafis thee paiaed bﬁﬂ:te gldds WalfE widiethe ibRRlted surface next

-tothqﬁrgs%%[e%‘ér do.. not ﬁevel op, as aresult of differences in

YFfacqwithspagersip petwegBond substrates as t hose

S Uftiehd ﬁttoeﬁafeﬁfefr egzﬂg%bﬁ%s gﬁ%&be; ig%%afego s%rrn}i)étégaen heated

tenperature of

under 4 didfecaall tmummﬁemmmmm&gm higher

» 7070 and,7740 use various of the exanples
tempeatute. R fheiicon, wals. The dempcsrper diffoeace befweetrthe waeny s at loast

° ik frer
B g e = 100 U R Sl terdfidis i fr o s

ilicon-based sem condu

hawng atsigltﬁ maished tol thigeofailicah kiabé it eonired stpagtigh 88the SF@lmHinsthe Si
ventign can be practiced

W afer%?g ?do t he 0] {rﬁc P%t 1 %%Pgwalqﬁﬂ%@e@%mp g[adlent, the Si
layer fpEAEDA étﬁﬁo@f)e h med 'y f g Yﬁﬂgfglﬁgl)f@ ﬁ%f]so(glgstl[u%@

well matched to t

tempegptyre ﬂl@r@mﬂ befivteen the waferis std)ngcb thespacatk bife ramb’md’md

e mw -

SOPSI Iicalﬁ%nbh ace next %o teﬁééﬁ%ssg%?gh’@gh?ﬁxwmes

ant ed sur
ﬂé@ém 4rn betvveen These two wafers are then
t hen heat.ed

p‘% q’ﬁﬁ%@ oA o P e LAY S e Sarafe & tPHSIFM%
electrodt asbtheqlas v@ﬁdr@ﬂtﬂé%é@ﬂrete%cﬁ'o@é OPRd o prﬁflﬁ:m&{ 6"1‘%5 P oteni

the silicon wafer. The tenperature di'fference
differep¢ecaptses dhasalkali ions temeve awariotnthe Bﬂglass imserfuicg inta the glass

rature ferentl ]S cruci for
wafer. 11%9? as sIgip Hé{%’sﬁ‘@’ ﬂE‘GL %lsﬁ?ait@oﬁﬁﬁ

becomestveejﬁﬁabt@tfe @Abvhds t(ﬂﬂe Siwﬁi%? tedngly With'
waf er due to thernal stresseg \%thouttﬁ?%ﬁ app‘ﬁll%fgleiatoantlow

temper@qmaphe tenperature gradi ent the Si 15 | ayer
out dama eto

t fo W t
2R U st Wl RO TR Lo ricls P Strné R dnen approximately 1
hr), themmgm rezﬁ@veaainartﬁe Whfes hs%@xhbly%@ dilowEP i & ool mperature,

repoved and
The Si water and the glass wafer are then separated, which may include some peeling if they

have not already become completely free, to obtain a glass wafer with a thin film of Si, ie.,
. the desired glass SOI wafer.

As discussed above, in certain applications of the invention, multiple SOI structures
can be formed on a singla second layer. Figure 11 shows a stylized configuration for such a
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mechani cal pressure is applied to the two-wafer
assenbly. The preferred pressure range is 1- 50 psi.
Application of higher pressures, e.g., pressures above
100 psi, typically causes breakage of the glass
wafer. 20 A voltage is applt across the wafer
assenbly with the Si wafer at the positive electrode

i e e AR L RN

*first liybrashapdscind Sbmﬁmpﬁomlgﬁﬁs‘ﬁdﬁﬂhéﬂtﬁos%ﬁ-%ﬁééﬁ%s'ﬁle@r%xfs?‘%% discussed

b into the glfss fer. i s acconplishes two fdnctions
above, the porfpRGed seppreblayer 28 whisk ateqiot pssaciatedavith 2 fitst fyesean be used

A e oS-

str

- semi¢oadpetoomatedsls. After the assenbly is held under these

caondi tigns for sone t,ii:ns (e.qg.,. approximately 1 hr),
t ﬁ*‘é@%ﬂ?aﬁw 0 ﬁcgﬁ%% ogmdhe #wpligafias ofihs prasess aspects ofﬂée
et R PISUEREE of Rl BRI CHRE Bhel Soctnr ety ithfif, A shown

in thed gftbangipsirt ofighe fightegimplnsted semnitoiucRePiedes LOEL., hydrogen-
|ass wafer with a thin

S o, St R B et B
ceranfié Sb¥ERE 90 @M%ﬁ?%&%ﬂﬁm@é&%g&%ﬁg@% i Wiiling. " which

invention, nmultiple SO s ures

includgs ﬂf@ (@Scsfﬁiﬁcﬂmgl? ﬁ]ﬁrsubd:iagaﬂog\gnim slljms loﬂly?;ayﬂ, fatiest than all, of a

I, | or,.suc a. - < | (S I rst
secong g@’éb%u iz% | Theassiitige P%?@P%%%%%P[ﬁ degnicapdaster fg.2. silicon)
substrates afia Shgle 'oPRE 85 BRLPLdrMBic shbdidle s &GS sé% i st%O ?:ge?/ag?];(caﬁon of

are optional gaps between closely-spac

heat apd elgetsie potsatdal tabond thetsemiguadudtarts thé ghecanlassay@mmi® (ee the
t. | ayer, can be

midad i B Efe%), ATOREGhendtclor pleccs fond forthe s ofals cemgmic
althoubB thesMEPBOHS camitidis Blektiealohak! Betfeth &g%ﬁ%ﬂ%{%é&-& On

materjals. Figure 12 shows in schematic formt

- complefign ofdtha bosding oyl e soxesdagipepipsesaindtghess of glesteranic with

st B, 5053 U Ao i

sec
hand ppatbf Figlird 128 thik et of Fi SIS : m@eﬁ'. 10,
an.pgiﬂg. ,@id{%geﬁ? i rrgl gg;ﬁaée?ﬁslﬁtlgi con piece %ng t gfes
Smco&é%?*?‘é&%i{wé’e&m))si ze are assenbled on a gl ass or
Is trate 20 i ninitial a nbl
S Ssyitlades o8 hife 8 WPl pRisfio(iotde B2 bty o5 oo fass or
glass ceramicibstrateewith sebseintially biﬁ%ie%rfs'tdli | sbmidoRabéiat ﬁln#’m Mt R
an all,

covers only part, rather t of a secon

limitatigp 9a sizg: EoDdipplay ppplicetions; thegizeos éirbglassufubstnite npdded is often
; oo Skl bsty. d a singl
R o L T TR L

S Or

applicatibes dgpleipitd 1a6ge &ba SOESuchies.el ectric potential to
t}g@% the sem conductor to the glass or glass ceramc
alsocalloys substpetiablysingls crpstahsemiaanducttic matdxials to be placed on

desired %g%gadrinf)@% O Yash ic%%ﬁﬁc 829850 ’f‘hqs(? al:%i@yséc'ﬂoovsrrs !age%ent of high
performance semiconductor films, e.g,, silicon films, in 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 stracture depends
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al t hough there may be no continuous electrical contact
bet ween the individual pieces. On conpletion of the
bondi ng cycle, the sem conductor pieces and gl ass or
~glass ceramic wth attacheg sem conductor filmare
separated to produce the des Pfed SO structure (see
the-right hand part of Figure 12; this part of Figure

. e . e .
o By o By P B e Rl by A ity may
be COpfroB@islsy fimedy nmehmbixg thbsdrhicyn c:]lmtqrgpﬁnceﬂ' ] Iirlafi@y éit allsse gether,
. s.ceram c substrates with _substantia si ngl e .
Flg“‘gr@ SHEWE Ot WaR B Pish the pes GF SHBiGenRClor PiRTTR FIAg ke sfachined to
minirfizé the F2beBvshl AVacaRidceat i ons, the size of the glass
substrate needed is 6ften larger than the 300 nm
difagee d 8 Bshowse anatierdvaytto pesfafne s tiligrapesation in which pieces of one
tovoltajc 25 applicatians.alsq require |large are
or s e i oGert P e Bherabioafin & et putetn pfd g Boied o
condiBting bbstrate ] A hisleAs S Wistppef: sHRLEE. At Hoﬁdﬁg cBh BE BGnPYy

desired sites on glass of "glass ceram c subStrates.
soldering, braging, pr yseaflagufagiorycenduntiveigiie e spppdrbstrmzhremay be 2

' Ll . Oy g SiL fi ., inth
st T B P o 5 S B
semicomduct? pidcas el Rrdnditiive st He el SmpRnfed\@th, tf(%keexgmple,

entire 30 substrate with a sem conductor film thu
hydrogenjgey. 9gd beeding tyha glass o1 gass coramic inctadedoutsg desaritied sbove.

. . S I s Gl &ss-ceram ¢ . '
Afer Epfalioh BE ik AR RS o T ticpcpor picces, e
exposéd éxfelistfontshefadds of HeadmRIndaétbrflebdsDnABRS BitctiviPsubRate can be

. it}(pe tg%q%m mty of the seni conductor substrates during .
polished,fo;remove swrEics rouehmess, domplinted agajn, wherepan.the berfling process
. ' i ni j C i . 10O ecisel
with a8 R B Bl S OCHEA BB 550 PR ffdntr
pieces dbaotngpdso bt ressinbledieachaime'@i SOBstRyurd & progidede dikisk using a
nmnimze fhe gap between_ad]acent pieces. 5 Figure 13B

conductiyg SEPRASHIS PaFIcRiRsyse L hen fargmares SO Hgucbies axeito he produced.

' i f . ] cl.qr rs,10
P el 6 Sihafl pafl boon Ol S Cortfillof BRCH Calioe Wiel i D
semicoaductommatetialvfies tHegtiemt havilbeshiastentitédsortthe 208d1EOE bubstrate

. cg#éuct re., The, bondi ng c%n be_done b so] dering,
usIng 4y 3 Pr Hﬂl,ef Bepasdion processess Figurg 14 s @ rgsyling|aggembly,avhere the
filled gBpRE identi Poh ik I 7 ' i

S cn B by MR ufbof 83 il of o eofh Rhoyes gy non
conductingpegicrs firen fiEvsemiéndectbrabdirate 0 Aflei teampohavd teen filled, the ion
strate are then jnplanted with, for

. léﬁnd cti,ve s i f,
mmplan %Bmsimgh HRRLOHFEDS AF Gamisd Guhip nrodydsa gniinwousSOI
| nfort nee 7

s TG0 rt NS B3l SRR g g by

gaps ﬁltwdwiésambrphbns m];nﬁbmniudm:,teﬁg., ghephsus ditieon. ERpaight hand portion
. exfoliation surfaces of the senm condyctor pjeces on .

of Figufa i igacor § Eouihaers g@éstem’rsgbtﬂa&gh@ﬂ filling Bgie bonding.

If the d%sgﬁg@%gr%@gggsms g HifR LAl APG hfres/ 1" ust Ne

semiconductor material may crystallize to producé 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 structures are to be’
produced.
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15 with another glass or glass ceram c substrate can
be repeated. In this way, the sem conductor pieces do
not need to be reassenbl ed each tinme an SO structure
is produced Tiling-usiftg a conductive support is
particul arly useful when |ar§® area SO structures are
to be produced If desired, the small gaps between

u ces.can be filled with sem conduct or
‘51(! ‘{%’Pé) hﬁeﬂﬁ B ey RroBerp e Rresertdntsingion ovill beenore fully
ah51e€0 using CVD or other deposition

desdfibﬁdb?the‘&ﬁﬂ@ﬁﬁ@te&
processes. Figure 1? shows the resulting assenbly,

whéi mees $-814nd d 3g elpmeatabdépdle pofites e tanediditng 10heo et

secoi3 80n e spedtiori b INES Be metrmiie Ahernds fastsst, ToF-SIMS
isa s%‘r&ed& aﬂﬂﬁac@ﬁﬂ%&hﬂi@l@h@ﬁ%&s b 10 dam ) Perh AR small numbers of atoms

npl ant ati on, bondin and separation steps
ﬁom&ﬁ???%ﬂn%ﬁtﬂmcw acont i nuous SO structure

sem conduc oraggéﬁ?é’ﬁ% antl B l%@%\ﬁ&ﬁfm&ﬁ@ﬁmﬂy

ions prodngeddn shespitefipdpobark ,areﬁe:ﬁ'acteé %ﬁﬂ'ﬂ@ Hé:nué elsh&Q&: anlifito a time-

ﬂlgjg ht hand portion of Figure 12 shows s
#55 §perérometersThase sepoadaytiensracel dﬂspermbnMé acvgrding ortheir

veloc‘iﬁ’esk{ﬁﬁh P o%mg&;ﬁﬁa i gﬁengxgéss%‘ﬁﬁ%r OGS ) SRl e Oy fions of

| dlﬁ'emgmessmwmted‘rm @ﬁm@ﬁorﬂ@ﬁmﬁé ¥5th@bhd S/ht ﬁ@ft C o SIMS is
m on

b? %fs ntially single crystal sem conductor
capai'e, ‘iﬂ? olag &ﬂnsg)ﬁfﬁ%aslaé&ﬂr@ﬁsse‘ammrcam genmatheutmagwofgh@hieral

istrIASRRYE (heSE Reorihed TS ot S el e SR i 5 F%igmaﬁ Puised
operation bfthe pnnﬂqc‘m‘hm alldivs Misilent sumb@rts 'bB @oﬁaﬁlétél?‘nfeu

i nvention wl be” nore

nner he present
betweﬁ’éﬁﬂg%d@b“gcﬁ/ W¢@¢ lettrangbeaseanyl es. I n Exarrpl es 5 8

P IOEEiMs, s eg%%r ?/{el(%c?lll Sr%ggp 2’15% “1985&:@??% invention

time- of fl |
becaugeTthe asil ) ccaﬂtbb@pﬁﬁﬁﬂieﬂ@hdﬂ&&t kyobardebuiliQiPdiithe sr*]urface of -

NS ,5 is a surface anal ytical technique t

mmﬂa'iﬁ’?eﬁ 0 iOR Bramewereennlaygd using the fual basse statey atomeforfintemittent
sputteliAEa P Kir BhSing thoUEl1y Mool MR AC Al s A iorformed using

outline, a short

a R@Hﬂw@mmhmmmﬁcmmmymmal Elﬁa:rdiﬁ@ﬂltﬁ:e Edeft Frlﬁiﬁe MN. A low

cess are extracted fromthe sa

energy X dsBL v hBh B Spikef T mispoleaiavith pulsed Gachesmebeanlysis. A
small plBRSE Hs 10 it HoRALEARAS bbb FRIBEC A B stev

to their 10 velocities

3Cs™ boran wasm@dtfonwugmgm @njunzdion With 15RVE6IRK B Bbarh &S

tected as a function of tine

analymg-tmﬁﬂ’fgf rf s Sﬁl‘ﬁa*{‘%ﬁg ACimgex S0p6m arewmf the samgestheGeabeam
i SOOI PP PRSI

enerate an I nmage o
reeachod Exanipley Skdard 13, twpaypeabfplewr@?rc@aﬁe@foné ehowing
ation of the primry

the ‘”ﬂ%ﬁ °§$ﬂ*€%@gﬁﬂ3€%&vﬁ“' 25 ?a@éW@SW@ewapp@pqmaie

quantifie@fidn ¢ th&Gntensities to atomic %. The nominal composition of the base glass
was used as an internal standard in accordance with the "relative sensitivity factor” method.

The jon 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 i represents the matrix element. The sputter rate of the Cs beam was
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15 between pul ses using a | ow energy el ectron beam

ToF- SI M5 was chosen to anal yze the SO structures

produced by the invention because the analysis could

be perforned w thout any charge build-up at the

surface of insulators. Two i'On beans were enpl oyed

using the dual beam strategy - one for intermttent

i , i e. ne create .

deterfid ) hEguaE R AN Iepbe OB G B ISRl o B Glfration
assurhessthat the sputienisuhifotm pe@sdthe mayk@m?ﬂi, &led thivRkh6ss,of esdh: layer

o3y e S S G
el A pog B 5 0 R 5 AN o

fit the
Figure 39Csthiodgpihvand atomic parcent yalubeof thiy figure arejalsacirlp apprbkimate.
15kV, 6 9(3e beam f.qr,, anal ysis. .The beam was
r ?ét“%?’é‘gﬂg@%ﬁx%ﬁ%?g 2983 5 r&edtbaréh%gilemg gomeral
sequeiide HEARRES anal yzed a 500m x 500m wi ndow at the center
of the Cs-sputtered region. For each of Exanples 5-8

af) 13 Natixe oxidpes thefurfacovfSiar e presented: one type

si%wi nﬁ. .ctoh variation of SIMS signal intensities and
t ot élf' showi ng an approxi mate quantification

o(3)t heﬁﬁeﬁfmg@mchim(hyb@g@(ﬁ)% The nom nal
_ conposition of the base glass "was -used as an internal
sf4indaAdkalindeplatest regivndonplkhlineresnrthrdspletedregionis e caise of
r" method. 30 The ion signals towards the end of
Exam{)l%glggrofi |l e were taken as corresponding to the bulk
g(®ss. Alklligilealp (or Mkaki@Dedrt RSk fe@forh AR cas¥BSEXARSe 13)
in these cal culations, where X denotes a gl ass :
c®ponBaTe g8 Si represents the matrix el enent. The

S r - . he was .-41- .dete ned . .

LG Rl ol BT, M 0 1 Bl s
silica andpgtuss vegivns thimfrom!the slefithiab SRfiln® WhiR&H4ABSnddt AF tHeSIMS signal
) sp#]teter is uni formacross _the analyzed depth, the
is due {q-the presercedit 0g%RIR qod\iep welldmownsaampleanimatm effentsirin STMS

. i _di.c ' b QUL t hrou t . o7 Q@
aunnt S, P L 20 B R e 100
wheremrihy oxifipiscotily33 &% 5i. (The SIRISHinat kBhi e bkideiidsiihifcasylrger
SHE gure | CP the depths and atom c percent val ues of
by morethan 3 erderoinagngnde lgﬁpy%ﬁmﬁqumt thesprfacgiinmeases the
: - h S j.zed t
work A L8l DR S i grons. e
used thindftbet tordelibeats 81 framesilidonTixide( 8.5., Si(h4, é@thebe profilés. ( 3)
)Ikrlnerfac',al siliog‘a,film hybrid region) (4) . ) o
A iba quepifedplel of diguses Y fhronghSh, ibutiondp et ingluded as it is
- - . . . Li. pid.e-
e B0 o Y3 SO i A1 By QA Epifisn.
througlE8Ayghlosr dBstter delineation of the various concentration regimes across the

analyzed depth. The depletion of alkali leads to higher BY, AI* and Si* signals from this
region as reflected in the intensity distribution plots. However, for this alkali-depleted region,

' no attempt was made to correct for the loss of alkali elements on the concentration of B, Al

and Si. Similar considerations apply to the depleted region for the alkaline-earth case. Bach
interface is slightly broadened due to sputter-induced damage.
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(6) Base glass 15 In these SIM depth profiles, higher
Si + signhals are observed from oxides such as silica
and gl ass regions than fromthe elenmental Si film
Thi s enhancenent of the SIM5 signal 1is due to the
presence of oxygen and is a™Wwel | known exanpl e of
"matrix effects” in SIMS quantification. This effect
ter-intuitive because the elenmental silicon

! m(i?Jg 100 at% Si  whereas the oxide is only 33 at%
Si A 4Hreh Siddeter phosphokliso @l &iliveh Safbri(hele bt £fBtddto as the
mpre than_an order of magnitude. The

L=y B | 1" b : .
slicgR UL SRR JOCBh OB St wesikplomecwilh e ot 69
KeViat Bebhptrhite! %9 %132 g@%@%&%&%ﬁg@&@ fP¢me temperature,

. neutralization of ions clt : _

jon implaatation cectintiquere altR phospHERMR-8bpddcfoR tal §.0°€-GFE oShAB0~7/oC
in these profilegs. In the quantified plots of Figures

and as¥0P G ok pf 38x105/°Ci Bterwafiot ves obtained fronnSilicosStnss e, Nashua,

e R
silicohvwaderg veBdalss hpd it vReSdsiT tﬁ@éﬁﬁﬁ&aﬁgﬂﬂ %uel{drﬁlg%t\é%ﬂﬁﬁ the

I@lgncentrati on regi nes across t
phosphenisedapsd weferal kal i | eads to higher B+, Al + and Si+

PR el o b Rnd € ol it s Wshod in detergent,

ntens

rinsedainldidtilled epike] eakedai 100 mm@aaamﬁomdmﬁ%&sed again in

. . %grrect for the loss of alkali elements on the
distilled water Ftatas dhengrlaged imp cleando®n hosil and dilowitsidder at i ons

1B UshOwh R wCRAR} FECORINNG PYFORFOIPALRDIGEAREE [,
COMRQSITION NOJUOE) Cheamaeht AN dlad cﬁﬁeﬂ;pgﬁgs: 72 wt.% SiO,,

dj aneter_phosphorus-doped sili con wafer ( I naf ter
27 wit.vePddy df WoVdd2Q.rad 0:5wit.PeKoOndi eas'5)0-3R0PCQTE of 32x107/°C and a
anted with hydrogen ions

IESiSﬁ%iw %{;ﬂﬁfg\}g{ﬂ gtﬁ%ﬁ@%ﬁﬁ?t#% 8t3¥%%016 i ons/cn2 usi ng
CIRGHIRE st il & SRGRT, oseg{%%%&gl_s%%g;o%;‘q ehuck

i nplantation techniq _
conneqﬁ%todh@ egrtivel fsuppbrti 6f 78 USSMICROBBOGoadE Miodel SB6) with
ained fromSiliconSense

‘ SPacefﬁz Igl)é&e%_ q%fgﬁ 6q}h St f g%th\é\%fagg AcEY WETe hrpes and had a thickness of

about 0YRft AThe!§iBbon WAkl Fak BBEad by ;t;éfbrfoe ho dabds %gﬁa‘l &8hydrogen-treated

Boron-doped silicon wafers 0 use

surfacedpwerds thgglagst dhetixture's glamyps|veat theasnlhgedidvet beth the wafers.
10 A 4-inch dianeter glass:,. .-

AR ERNE s St?eﬁ%?#@%ﬁéégboaﬂfquﬁwmm@d down 1o 16°
N & AL LS o o 102
rlibafie i 86 Haters Mo Nl TG Wikaiths Srfrdacigub crsped

temperating thelspacenpd the blamg;ﬂﬁve}é‘%&}ea %58 rir g?es&llr@%r gﬁfé%d to the

od.and aJ l owed to y. The gl ass wafér was nm
wafers @%m) ougletirondesploigrss Tisores viliohe Was aflid to@e wafers

. : . . ; . 0,
through‘éliﬁ%gfﬁhg&%.r %s&lﬁi&ﬁr', fhe d‘i&e':rs’ené:]eI ﬁ%%te%%%éh%ggﬁ thz %o%f tl/zoe Si wafer
and the bottom of the glass wafer was 1000 volts. The (V1 ~V2)/D ratio was thus 6.55

KV/em.
The wafers were held under these conditions for 1 hour. Fimﬂly the temperature,

pressure, and voltage were all turned off and the sample was allowed to cool for a period of |
2-3 hours.
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15 27 wt. % B233, 1.5 w.% Li20, and 0.5 w.% K20, It

has a 0-300C CTE of 32x1077/C and a resistivity of

10112 52-cm at 250C and 109'1 S2-cm at 350C. The gl ass

wafer was placed in a fixturg for subsequent nounting

on a chuck connected to the "negative" support of a

SUSS M CROTEC bonder (Model SB6) with spacers placed

Ot ke fdupl SSaraf S ‘
ol A0 el B o SRERRL r10fer,the desired

brass and had a thi ckness of

separgtion efthe glasswalon withl atbioSidilut fbem die reftofshasiBiceh whiehcould not be
: -treate surface towards the gl ass. The
mme?%&xﬂe%%%&%? #ar BEFRFENOB over both the

ures ¢
Vell@rekperidi wasXepiafdiPiuhide Br i
yacuum was a i ad down o 10 @%ﬁ%%%&aﬁ%ﬂ?ﬁ@eg%SMd

pp -
the siffgon.y dfersavese Hsenaby bendedsogtherbunalt ttenyts o sparatiohihe wafers
A r t.ne.spacers and,the cl anps
s GRS RS AT S RS E S td u
with wefueesss.( 10 psi) through the bonder's plungers.

Thereafter, voltage was applied to the wafers through
Emwz‘ﬁg?unger s. Specifically, the difference in

PTHhEBideRineREs f.lhe Si er,_and.th

bot t om of tﬁeﬂ%%;ﬁlsﬁslg\?av\gag?%%ehfﬁf)@t gj\g?{l?m?%%m’ glass and

silicor;, wero/ld & 4580 Cand@00espéutivlly. Tk Gl d3REt0Vak S5 aNBEE of the
onditjons for 1 hour. Finally the

el d d
' thm{i%hﬁ% E’l‘%{“@& gggﬁb dditfergmiinl {oyepangts the thin alticon dilmdibm the

Sl oy oSl TG AR B e Bl

tempemstifres of theafdréseapplying phuopglsywf tHebuRie! THelS00€ 8hd 800°C values

ar,ation of the glass wafer with a thin Si filmfrom
represghf ertﬁl&?e%‘f““’tsﬁ’ﬁ%? Plagss ki Gps Bisdraperatureset taedbritioneairface of
the glaReRafessh p\RERE TR ' ation, The
°g experi rredg:tﬁév\ﬁjas repigfglg%a nugr}éfeéfn%?p%?ﬁﬁég’ it e{e}qg)eraturesat
surfaces 22nd 42 in FigulenkC gl ass and 5 the silicon wafers were

S RS AR e bl st
Ml S8 B B 5 gt

I nvestigated, but wth no

successilbyeqtitained: Hﬁf @sal#@djcalelsgm_ﬂll@ﬂem& d&ascgﬁalbrgtdamy& i(l;l%rmal

s . . ass .an Sl , WwWere e at
diffored s {858y i e BTt el tesedSOlimete Topetiauon hedbemal
stress gaferdtbEby tdging#Hons b &%&E&%&ﬁﬁﬁfﬁ% H%’cl:e(rsgl}g% %‘3}]?&[ é‘%sf"}’%fﬁﬁ having a

differential to separate the t

CTE matphed ta that efsiliopt.er after cooling. The differential
t.he tenperatures of

' ’ hi eved by, sel ectin
B e e o S oceghre Ghahis Grarmplo wore St for use
in electronid, diGSI6Y wal s024 cellQPpRSAIdhs.t he tenmperatures of the
pl ungers and thus the tenperatures at the bottom

surface of .
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15 the glass wafer and the top surface of the silicon
waf er, respectively, i.e., the tenperatures at
surfaces 22 and 12 in Figure 1 Cln this case, the

gl ass wafer with a 0.4-mcron |layer of silicon (an SO
configuration) and the remeddder of the Si wafer were
easily separated, and thus an SO gl ass wafer was
successfully obtained. This result indicates that the

EXAMPI¥e3 stress generated by a thermal 30 differenti al

| SIREESSAL. | ratj | -.has SOk . .
structure. p ?éhﬂ%agﬁ ﬁ%?ﬁl %%sfﬂfﬁ%&feﬁm%m T gg%u'cular islands
sepagptsiEfiarh ede byothero The gslindswete bt T80 ndbroh infdibiodler. | Phis patterned
necessary for a glass wafer having a CTE matched to |
wafer jap iz W@cﬂﬂd%h%’fhwm@ﬁ% Qfcdixample 2 yrapueedfoitragsienaSi layer
' [ e far_use i
ebouE AT 80k b I BT 2 SO e il et pona

betwEot thPBElaged andighass vefanpisaredtébinghiswadecr was first
| ar. i.sl ands _ separ.at ed

Fr ERF SIAB SRR 15 Secied o heso! etieniomislie Wi g g vafe
wherk B {HrREES@hnsidt inSnbAH tgg% n%]@giagé aflPihels? ggfggat@gﬁgﬁ lead to

and then the process o was use
delangingion cayogher Bambga to the 8OFsitnckme. t hi ck onto the gl ass

er. . An structure . W th. an excellent bond .
%@W@%‘ of g@mﬁ@%ﬁggxﬁéﬁaﬂn CrARALReRRY grometric
paﬁeﬁmﬁcﬂﬁ%ﬁuceﬂﬁ&a&@v\%ﬁﬁ% Bfﬁh&n'g Ufthe! s‘ﬁeea?n@ 86l &ahOe Béwiin the
] articul ar val ue en maki ng | arge wafers ere a
islandsivan hepdjustpdasontingriostive requiteaientse fif ddsired;|adhin layet of kiticon may

R e
islanda! TRE YArB@arpRb 4P Eah Be bER With beP &f ﬁe%é’o Iﬁgﬁﬁ% ds of

eonetric pattern which produc I sol ate
E LiE4n. The size and the distance between the

| o B SRR ) St TEpealed withuhd e oG Ha B s across
the wafe. it hileakel theSFIWREASdiH QBRI iafl ind dMhé ¥ licgiﬁon of

between all or sone of the islands. The Same approa
the voltage aseosg Seegwaierstis an hesential per ofthegwotassnduct ors. 15

E 4 The experinment of Exanple | was repeated
EXADV\;%@I!%& the application of voltage across the wafers.
| An\SOISIre@6R; préfited MBcHHERER ﬁ@ﬂfgﬁﬁ;glﬁ ORFasBiubleted to a ToF-

i ndi cating that the application of e vol tage across

SIMS aprdysiganeaceordance withsthe proogiunss discussed shwovpr The sesults are shown in

. . uct ur.e pr red i cor,dance
Figure s K e S OBV e S B SRR s AcRE SR e 5B
shows ife sagRAltROeid S atdimichereadur es di scussed above. The
results are shown in
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 bulk glass values.

- EXAMPLE 6

o An SOI structure prepéred in accordance with Example 2 was held at 500°C for 1
hour under vacuum (10 millibars). A ToF-SIMS analysis was then preformed. The resulis
are shown in Figure 6. |

A comparison of this figure with Figure 5 shows that the depletion and hybrid

. Tegions, as well as the Si, B, K, and Li curves, are substantjally unchanged by the reheating,
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Figure 5 where Figure 5A plots SIM signal intensity
data versus depth and Figure 5B. shows the sane data
converted to atomi c percent. Depletion region 23 as
wel|l as hybrid region 16 ar_%ésr_mrked in Figure 5,
along: with K{ 25 pile-up région 25. Beginning at a.
depth of about 4 mcrons, all of the curves have
This {sednibi}Retak ide i n o
e o A O o i il ve
stable\@eringfrtbeqeotassing andhaltimaiedsr.  vacuum ( 10- 3

EXA% ?ars). A ToF-SI M5 anal ysis was then preforned.

F sults 30 are shown in Figure 6. A conparison of
b Ao o ot oY Rl uifigh glfueRiale 8 cthtNG

IN CCB{RQ%TE& ‘gLéSSQQMPD&IT;ON N0 Cya whightrpebent bas, this
-A5- .Thi $41 . t I [ i.it _sh t hat

stoss il 3 53R R TD ot B S S hoR 2 3 N0, o

well afaioB Gmbiits BEFe, 0% SERSONT: B &bgg@éﬁpea 249 $2 6K15C and 2

_ The expsesri nment of Exanple 2 was using a glass
resistigiy of 10rdde-coif at QORI M@ 1055 KNCERRGRONED GLASS

CﬁP(BI TION NO. 774Q. On a \/\Eéjget;]:tl percent basis, this

g 4% SaIe,propessing corditians, inajydingfemperatyreppresure and veltagy and the
waRPdi well as trace anpunts of

Same FeL@%ﬁ%@%ﬁ%@%@%&zﬁE of 32.6x10-7/C and a
r ASToit-BIMS gnadysis 98 gerfitmethas in Bo@fple 5tnd @6 BdR-£688wn in

. 0C. .The, sane processi condi tions, includin
Figur ef’fg né:%% qﬂegfeﬁﬁp 8%‘:’5% é,shy %é TogPR QQ@I}WYT%WOE%‘SM igat in Figure

A et SR S By PR i B

. _analysis was perforne
this figgg® shown in Fi gure 7. Again, a depletion region,
E Bﬁisdregion(identified by the word "silica" in
i'gure 7A and the phrase "interfacial silica |ayer"”
| An BOYufiiiBre, iR aBldr@aréR wifot |
oA AR fekR Bl ] RS HEEE e for 1

this figure.

a

hour unges saemLd OwimiHibarshnl EoFSHMS dnelysis atas BDGréformed. Theesults

[ 1Q-3 mllibars). A ToE-S] N5 anal ysis was
are shoifd ¢ & hord tidat cotpiptiabine & wRg aninMERPdur o 5,
heurRpdrien SEME: MARE HithFie 7 sh lepiek| ifl; affd pile-
.conparison _of this fi gurlgem\?vi t h°§i§ggdfgﬁ7d°§ﬁgld‘g’ hg?’ %Iﬁdepﬂe
up regiopsy povelbas the pBerall shapedfith¢ individual concentration curves, are
substantially unchanged by the reheating.
EXAMPLE9
A convergent beam electron distribution function (edf) was obtained for the

semiconductor layer of an SOI structure prepared in accordance with Example 2. Figure 9

shows the resulting transmission micrograph. As can be seen in this figure, the quality of the
- single crystal layer.of Si is excellent.

EXAMPLE 10

Experiments were performed to evaluate the feasibility of obtaining single crystal
silicon films on glass and glass-ceramic wafers via thermal bonding without the use of an
applied voltage or a temperature differential. -

One key issue in bonding a silicon wafer to a glass or glass-ceramic wafer is the well-

. known problem of contamination of the silicon with mobile ions from the glass or glass-
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20 up regions, as well as the overall shape of the
i ndi vi dual concentration curves, are substantially
unchanged by the reheating. EXAMPLE 9 A convergent
beam el ectron distribution function (edf) was obtai ned
for the seniconductor |ayer#of an SO structure
prepared in accordance with Exanple 2. Figure 9 215
0 resultin ransm ssi on_m crograph, As can be
ceraBlt? 13 b\ ES htiPe o1 QRIS e icon Hineodoihfg elevironic devices is

depositedsired glasystbstadte Sher the SubeRhte BRS¢ b Meh lan&:fooa.rﬂer layers cg/f silica

d ,&J)eri_rrpnts were perfornmed to evaluate the feasib
an BEdR thpreyertgnigration of igns issthieighass td fhenilicon filhass
a - } & Waf vi a thermal bondi ng wjthout
bR il R 0% g o Blast orramer el canse
migraiohfodiestintal the Qlicork wiichS#ill adVetsdiPBEtb At sifibdd SLBrRlRand is
i t %}_aghﬁaglfsl of glass-ceramc wafer 1s the well- known
us ‘b"?’& - P spEp phisiafucoprpstiments veire domertowivalnateowdietter such a
bonding Podes A8 A9 ass or glass -46- ceramc. In the
drsplay 1 ndustry, for exanple, the silicon filmneeded
f dihe glassrisrand igtassl ecrbumics vised indBRe Tk @i &its BadBiB®Rmnt strain point
e after the substrate has been coated wth

sybst r.at _
tempepapnes depanding an their corpesitions rolasses hsadrinidisplaycpplications are

L QR: [ i e glass to.the siljcon
proceifb Belbk (4B Riih pDin 10'e00 diflehdiinefp DR Bet. rich S polacgeptable
The therme] hesdingexperimenta fvere third limitedi®Hahs st!i‘é:ﬂ;p?iﬂt t@ﬂ{ﬁ%fpai"tﬁﬁﬁar

affec e

into th iligcon ich will “adversel
°°mP°s‘-‘ﬁ°P8 8%5}5%?‘%-0%@@@%@@1%%@ expepiments| whiglpivers
perfor@bdt his i ssue, experinents were done to evaluate
whet her such a bonding process is feasible. The

EXAMPEEI®A and gl ass ceramics used in these experinents
er at ures dependi hg on

i ff { St [ [ L
+ P s PR R e utle ot CORNRN G IVGIQRPORATED GLASS
COMPOSITIONINO! i t hel t rai
i ot oo narey Akl & s Spove, Wkl SR ikl glass. The
strain poitafthip plass isT58°Cher el  bondi ng experinents were thus

|4 m o the strai oi nt. of the particular
00, BBmERE gt Sl moicbipl e e ighec togmidace roughness of
0.1 nma@sC A dikicdniPafeX R iitRersthitk [
EXAMPLE 10A 15 The gl ass 8 B Yo B RV AR o oo
tempa@pre@qﬂpmmqﬂ@@%@o’ﬁm GEIARERTNT b N6 100006V, Both
[ i scussed above, i.s. an alkal.i-borosilicate
the w3 yidte e B finRiinepd B ocpinggassonaraoi a delament
wash, ardistllied Vel Timb St trdath ' sthfdal .19 a
surface roughness of Hﬁ‘t,&ﬁlie?ﬁné(ﬁﬁ @ﬁgrqmse, 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 howz, the furnace was cooled and
the plates removed. No bonding was observed between the glass and the silicon wafer other
than a low strength frictional bond. The wafers could be easily separated by inserting a razor
blade at their interface. There was no trace of a silicon film on the glass. The experiment

was repeated at 525°C with an identical result, i.e., no silicon layer was observed on the glass

wafer.
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0.1 nmrnms. A silicon wafer 100 m crons thick was
hydrogen ion inplanted at room 20 tenperature at a
dosage of 7 x 1016 ions/cn2 and an inplantation energy
of 100 KeV. Bot.h the vvafer§47/vere cl eaned using a

standard nethod for cl eaning glass, nanely, a
detergent wash, a distilled-water rinse, a nitric

EXATPEE (@t rent, and a final distilled-water rinse, and
then brought into contact at roomtenperature. The

wafbe expesiment §f Bxesnple 20Advdseeneated bt ar thiswasgpiha vegerand made of

oIt MEGRBbRATS L S0cofin AT T, g

abovb ik B aRmIBSbeRRIRM MM, THE stliA b6t bEWEY940 Hiip %gf&ﬂ #%40°C,

was observed bet ween t he gl ass and the silicon
andté%@P @E&C@Wnémﬂgﬁﬁiﬁﬁﬂ‘tﬁlonal bond. The wafers

at %&Rrﬁ |n er a%‘ggoa#%te(ﬁ%’%ﬁ?h%g g?%?&ﬁg&nﬁlmm

glassfoicturredln t he gl ass. The experi nent vvas repeat ed at
525C with an identical result, i.e., no silicon |ayer
gﬂggrved on the glass 30 wafer. -47- EXAVPLE 10B

ted b in .
¢ Febe SRS R B T el el Bt R it g
borosiﬁcé@&oﬁi@dﬁiﬁﬁh,ﬁa@ﬂmom INOORPORA TEDSGLASS COMPOSITION
i s ap. al um no-horosilicate glass. The strain
NO. @gﬁﬂq Elass userbinztha displuriadustyo ﬂ‘hpgtr@nwnt sfﬂnsjgtasms 660% and
d 4 [0t
thus OB PES AR I R 0354, o ish3 e afEpp fim to

the glasts veaferi wasmbserbed. rﬂh@ex@hmt RECIEPERED ﬁ@:@&ﬁeﬂhﬁ'the

ri ment of. Exa OCA was_ re eated
S“Ifacﬁrog ﬁt ﬁm@sﬂ#ﬁ tﬁlf%"ﬁ thepyrizes’ %&Ydrgmc@nemgn(sesﬁxample -

belowhla SHRNENGs gggg s, COMPCSI TION NO,
eowﬁl‘ Kglnﬁ”angl ass used In gﬁﬁ%sp ay I ndustry. The strain

EXAMBIRIGP this glass is 660C and thus the experinent
no transfer of

2e FEReRt Phbprle ﬁ@ﬁgralﬁgﬁe%ﬁééﬁ%;@%g@m wafreith an

alkahﬁiipﬁkdlfﬁ%%:ﬂ&@ﬁmhﬁ %6&%
810 Csuaﬁ;gheof the sili cgﬂrﬁv\c%i? to’ re uceg’?ﬂe surgglgﬁ?m"f
° cpetmeht was rmed aEXH0L e\, bdIrdaek
to th éh% t r.ansfer, of \ |acon f| I r?t%\.;a;l Obseresgﬁaasﬂlconﬁ]m
© g avg e as &Pﬁ%‘iy?ﬁe the sthoon wafer ogeducedhe
hydrogés icBbeRtrdfi S IW F tIIT b@fb adu!fﬁ!)f h%: gethe result,

al kal i ne-earth al umn |ca e Conpo
EXAVERELEADE! had a strain p0| nt of 810C and thus t he

eri nment er f.or 10C. Again, no transfer
€ eXporfipents o fﬁfemlples ir&g 10D wexge 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 ionsto 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, ¢.g., sagging and/or compaction of the material. Moreover, as




10

15

20

25

. 80

20 to the glass-ceram c wafer was observed.
Pre-treatnent of the silicon wafer to reduce the
hydrogen concentration of its surface (see Exanple 11
bel ow) did not change the result. EXAMPLE 10E The
experiments of Exanples | OA*%hrough | OD were

repeated with silicon wafers wupon which an oxi de
.2 mcrons had been

. i i ck f
et BB BR 6reh AL 8 0 Rl ooty higher

tempEraturp) the issud¥f ibh contgRinatioPof ik SRR AASFould il b \Ac;‘; feSolved.

f ilicon filmto the glass or ‘glass-ceramc
EXA%@@FV@OI Based on these experinents, it has been
comgggﬁﬁp gl ndi of. a,silicon filmfrom

a silico l&g er n'{peggrlﬁ gagu%f%dﬂ%g thedrydragen corpegiration at the
surfacg efsssemicaidastor wafep hichia ke be bgﬁﬁﬁofbﬁtall&ﬁﬁé'-re%él‘? %c})]%taming glass

bondi ng tenperatures up to the strain polnt
orglaaﬁ-gg@mg?. gl ass-ceranic. 30 Higher bonding tenperatures
EXAMIELRNqiAaccept abl e because they would result in

deformation of the glass or glass ceramc, e.g.,

s dygjlinen walét $00 moninatisieter aid 10TmIGREERY thidk waVBYBREER ion
implafind af S r;enttggigsabo e, even if such a transfer "were

plagied kg dosage 0 s Fogion’ @sghanyimplagtagion energpof 30@IKeY. The

wafer W thénSdksuned il ASIRA A8, "ld the silicon film

woul d still not _be_%@gﬂ'@(ﬁ&gﬁgﬂﬁwgn%%weéw” 70
degreqsdndinatingza sy hydroptaibiesmfaceeduci ng t he hydr ogen

A ef S heSteg o CORINGUB R EPR AR GEASSCOMPOSTTION
NO. 173Mvad Wi i ' | : 11A .A .
B o g Sy A TORTRATHH tteasninaptgssonic

bath fog$ mipgies fallowed by a digtilledtwestertash 00 38 868maks D404 Brasonic bath,
[ at.ion energy of 100 KeV. The 10

: d_an i ml :
e e Bl T 0 o 0,

"er wWas

wash. JthglsHicoR & s A6t d1Bired r .
i ndiscati ng a ve_ryt éhlydr oﬁ%%@?ﬁ%%&qﬂ“g’ﬂ%ﬂﬁ%ﬁ the wafer

surface: B geafers wereqRMnNGEnUCRRRERAT ERpR Wah 17 0N Tled water
37 was washed with FlI SHER SCI ENTI FI CONTRAD 70

etergent in an ultrasonic bath for 15 minutes
b rwurafdy wererther phobdled Bk (5 WL SRl
" t é trasonic bat%. 15 Thelrﬁ%a te??ésgﬁ%&%g%fﬁ%a%ple%andthe
SUSS 1\@ ECponderafithat ies?]rapjeg 'Iﬁmb,: the\ghsbw?ﬁﬂ abfiplaced on the bonder's
. digti \ T siligon wafer_ was not
zega‘“? Pl 58 B on VB et PlaoSdon fity hobiova iunaen w14 sid evey
om thevglass wafer it GpaceRO 'TheWvbak Sfeldsl e i . ili
o aﬁgani ng in aps_pi n vvqesher %-r yer&&g?%g%fogzﬁo?g%ﬂlﬁ%? Yafer) and
S75°C _%Wéfe%aﬁ@drf@@ﬁm‘_IMMmmms were then processed .
el BEOSET 3 50V GTR W apehiad B the serimeof he silicon waer
for a minute using the moveable center portion of the positive plunger and then the applied
potential was removed. The spacers wete then removed and a potential of 1750 volts was

inacl

applied across the wafer surface. The voltage was applied for 20 minutes at the end of which

the voltage was brought to zero and the wafers were cooled to room temperature. As in

- Example 2, the bonding was performed under vacuum conditions,

At the end of the bonding process, the wafers could be separated easily. However,
there was only a partial transfer of a Si flm to the glass substrate. In particular, only about
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© was

20 SUSS M CROTEC bonder of that exanple. Thus, the
gl ass wafer was placed on the bonder's negative

pl unger and the silicon wafer was placed on the
positive plunger and held a fromthe gl ass wafer
with spacers. The two wafers Wwere heated to 525C
(silicon wafer) and 575C (gl ass vvafer) and then

10%1{114@@@:*%@@@%%&&{51&% St the'bo %&H{ %eggﬁlmwas

1750 volts was applied at
verypgngpifops. {Ide procassitnschadgiot giviehe gvow gailite St il efs was desired.

EXW?H? the positive plunger and then the applied
was renoved. The spacers were then renoved
anu"haem&tamﬁh POA Wik kSRl ot
fer surface. Thep:l/% | t age S app 9@3‘% (%8 m%ru‘%gsgnow

treategd in the follawviag Wahi ch  t he vol t age vvas brought to zero
erature,

d
g"n%! e gﬁ&?‘{% %aﬁég%’gf R%o "’:)‘(?)e‘?l‘;‘o Offig; gen peroxlde
watcriatHe ritionst.1: 89, 2t thddtheistuén ﬁﬁ&h&&&% T0°CeRfifaly. AREr holding

w?ﬁrers coul d be separated easily. However,
the waigryn theseytiog for lrSan@p@s ablempegititej fhensolotiomwag btmied a.nd the wafer

s BB oA o BB st B b o

['ass was cover e
showeiba mgmy hydraphilit\ehafictdrivith #\edntact @hyle BP0 H@%&é&r 'TheE'ﬂfcon wafer

oce 1;hu]sJ gad not gl ven a good quality
y bydmigen rrexidenwater mluiﬁbmmm 13;2 8 ratio

similgt 0 i f‘ﬁéﬁ%ﬁé’?ﬁ%ﬁ‘% Thp il Bl e B tpepapasted

treated
mdlsnﬂsiwhtmed in a cold solution of amoni a: hydrogen
and then the

d h f 1:2:7
C 0 el ot bopdedo ot rafertsshodhet g 14,
The st phehSlcye b REBRRD 1B wilstd ROBHbRRoRins upte o glss

t.enperature

waferhaé awazs@adnn, vnifdrm Silﬂlmamabh&l @&k fts hiirb sekifisdel | | €d wat er
his point the wafer 10 showed a

t
?BW B‘?ﬂg ﬂ]iaES ¢ Hestmentpf the silicomwater afenjmplatiation is

needed-ﬂJ é&@r ARSila H%agnbf‘ehﬁgz[‘%l‘é%{] 1 e?dggfog c%ﬁ%:‘é‘% Qggﬁﬁ?aaﬁl ions.

drochl ori c™ aci
E LElilQSratlo S|mlar to the process for the
ed_silicon wafer was then

m a oi H&}l on,. The ‘?J

‘ S FRampieyihe wafer yyps with@nammenim andhdrogaaaperonide

solutxob,ob\.&&iét Weth thelefcRl soBhifhusia tEEx quals | " IE;;a"D' iy
e was use

The sane process cycle as |
ﬁheeﬂxpﬁlh@elﬁmf Exemmpleyid Aewad tepeated escept/métethe Bidido¥afer was now

e unlformS| filmattached over its entire
mted%?l?atlgo Wexampl e shows that surface treatnent of

tHiet, 3hé &iEEH WakLY, athm
carry out Si layer lécgefgsﬂfmgﬁ:'o%§ a % sfls coén}”]g%gl' af‘%ﬁ?n peroxide:
water ig g 1atinof §:2:4, ked thee thesoltiiononss heafedAVPOIC gibually, 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 11A, using the same process cycle as in that example.

. After the bonding cycle, the glass wafer had an excellent, uniform Si film attached over its
 entire surface.
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20 In this example, the wafer was cleaned with an

ammoni a and hydrogen peroxide solution, but not with

the acid solution used in Exanple 11B. The experi nment

of Exanple 1 I A was repeated except that the silicon

wafer was now treated in tH@—foIIomﬁng way. First,

the silicon wafer was placed in a cold solution of
nla hydrogen peroxide: 25 water in the ratio of

LE I1hd then the sol ution was heated to 70C

o PRk pleBAGES mBOLHIeBOpIaE ABLRL: [0l dHah AL BFs d

M nut 68 At enper at u
hydroﬁnq:emm tmmhﬁdrmap alsb de ubddrte Sarfhée et Bnd Wb control the hydrogen

ter r nutes. At this point the
10“%‘?68 WH%BFFP ﬁf}j&rophl lic character with a
C%t%*e oérﬂw%l%ﬂ ;ﬁ% 1%5%
waf er V\/}é In di st %“&é%%?l)an h%ﬁfbomtemperanne
for tepawidities; ’ﬂnsntwmenhzirascfaﬂowaﬂbpm tisvilled watet vidge. The grafesvas then

cried R S B Bnding pipes s iprioncle A e AN R B 4 and
11C, & 6xcRllert's: Min3se 188 ofME ohils PARE w3 Dbtz ,fcé;(rAp ng -

filmattached over 1ts enfire surface. -

EXAMIR.FRIE exanpl e shows that oxygen plasnma treatment,
oxi de

« PIRFRBA vl AHRLN 1 icam B Hithed )5 boasiion peneptgion ater
the suefabé fr@itmetS oR EREAGRE 1 1A Piof %ﬁpﬂﬁt rat igg hg&ro%tan concentrations at

sem conductor wafer. 5 In this exanple,
the supfagasiof fapssilicomawalersiwerameasuyesbwsing aToB-SIMS mtysm Normahzed

. t t t t

intens§ TRBEEN Do AR S b6 Bisivitid ponk Riagy b7 Theotal spectel

mtensttyaﬁﬁ miiltipein A B§ 16000, SRdraBe sRfach eABRAL PHRLPEER e11A, a
nple IL1A. As in Exanples 11B and 11" C, an excell ent

value sf 41f4| was isined thereinafter raferred tgiag thee teafimplantes!” biydmigaed.

conw‘ﬁﬁﬁgﬁtE 11E 10 Experinments were carried out to neasure
e slrface hydrogen ion concentration after the

STihé meewltst feldsEeRrpinRintd0 S8 fBth in Tébik b %%o%%er@iﬁ,ethe

t he surfaces of

B-Emfﬁr ogen concentrations at
norm ty fordhe silipens wated trg@mhgl accusian th Example 11B was
e obta

102, WA s g'\P?-ﬁE 8 ek flon i el fon Fol SRRt g o

mplamqahvafeﬁ Iwhillerforcthe mmmdofrmatmlﬂb ngthbx E%M%nsffpﬁm& 061 or

surface treatnment prot ocol of Exanp a 15 val ue

- 76% 1@5# thay theasd nelne Hhior dhensyeen plaeme treaimeant, the sighal intensity

Th I
v 3 At A0 0T T i s

pmfommmwmuemaqueonmmm dfdlydzspen peaiale wildn §inh¥orﬁ£ﬁras used to
SI I | on vvafer treated in accordance w th Exanpl e
treat thg §ilicop, The normalized signal intensity in this case was 307 or 26% of the as-

implanted value.
These examples demonstrate that a reduced hydrogen concentration on the surface of

a semiconductor wafer leads to improved film formation during bonding to substrates

containing alkaline-earth ions.

EXAMPLE 12
This example demonstrates the high bond strengths achieved in accordance with the

invention for silicon films transferred to glass wafers composed of CORNING
INCORPORATED GLASS COMPOSITIONS NOS. 7070, 7740, 1737, and EAGLE 2000™,
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102, which represents a 75% reduction in hydrogen ion
concentration conpared to the as 20 inplanted wafer,
while for the treatnent of Exanple 11 C, the signal
intensity was 101 or 76%less than the as-inplanted
val ue. For the oxygen plasma’treatnent, the signal
intensity was 144 or a 65% reduction conpared to the
The &SinpdsRich Y i erfor med
s 728D RS P Bt P e By pR G Toba 7,

respagtively) he sompositomatithe EAGLD 2000 ahd 1 187 slatses €dtradpbad to Example
in this case was 307

T lized s Ot onai 1
14 anf{ Vo ROk s ouagie ot VS PRV LSO nepestinampl o
d ration on
TRt oo Ay AOYSAS S DB S e
additiompf@hydrdgen neductiompretmatehent ofithb eilidbn eafep fsiihe 1737 &1 EAGLE
20005l i el mpreani g speet ol ot Hicomomfowsd hese
s BEISIEAE B LW AT AL 8] Dy o
ExamphSORBORATED ] CDABSIEONERG!ht EfEoMBEs fof ficing BABER3T Birogen

nd GLE 20Q0w -51- The conposition of the 7070 and
mﬂd%ﬁﬁ%ﬂd?ﬁésg%%e%@ YQF%W%&?@W@MRE thesindentadoryprocedure

discudses Resle a6 cal diffatio b g ' _and
, _,7137'37 gl asses corresggﬁgﬁggﬂe%gﬁn%%m%%&%%mﬂ%dEvm
publicaiomar ati vé exanple of U. S. Patent No. 6,319, 867,

respecti,vel The ocess steps of Exanple 2 were used

¢ S RBRuI, tq drterarn hond Riren s i semplaTsasmeienied Wish the cogting
uefach e L
S g B i BB AT A oMb F i mb G B To
providg agiatle gigidsuppoitoths saSpleaidsitwallbdto 4 hes'sdiknesen als@fiaim sample

+ stub syt {Bhe ReRS HienE Mot GroblestigedBhg, of | mxarpl es
5 np

1Tke idlesiofl bhard&leRdticd b file S%W%%&%m%%aﬁ%ﬁ gn array

.. .reducing surface hydrogen
of indeniatiogy ubiag @ sangrenf indeotabionilorsls. The aray es selebeedt @t supvey the
. s i scussed above and the cal cul ation
contin FGEGHERE o Kol TR0 ond B Pal sl Simmibarcatinglo apgerel
locatiop b chevkifbovariabilitP af doatitih Mspohsd AfdsS HHE ARpRO ing standard
. Strength, the sanple was nounted wth thg coatl%g
nanomé toeplsctha posidonsnfithe indentationswyers prd-selectodinsing

miceosSE SRRt LU LR 0084 of e oAb i o
particullar, 268 podiBomtvedre 84lBETbd VA RIgfork D f e bwhicﬁ%%w evidence
the Nano | ndenter 11 using doubl e-sided tape. e

Ofconté‘aﬁ?@ép@ﬁrbmiagﬂ@mpgq. ics of the sanple were then

IR TATEE o RIS e BB ineBer ph HhodBPichsmmony.
The loddingsofrti€indeiter was computer controlled using a programmmed 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)  unload segment (unload rate = 90% of maximum lbading rate)

(4)  hold segment

(5)  unload segment
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coati ng response as a function of |oad and was carried
out in nore than a single general |ocation to check
for variability in coating response across the sanple.
Usi ng standard 20 nanoi ndentation protocols, the
positions of the indentati on¥-wer e pre-sel ected using

m croscopi c observation to identify appropriate
articul ar

b Betbad 8 S e Fil e wﬁamrr@@fmgsefsmw 37.6mN,

165 iV, bad 205ING ¥ oz easbbeR HSRERst 8 16 95{@@
ed usi ng a

handl i ng danmage. The testing was cond

indenfutignsyrere Agde g:meavh lond:t Pep8slitwoi t’da ohsavel zreyponsaadmmnal
t troll
testﬂg%?ﬁt%ﬁ%%ﬂgg%ﬁgsﬁ“gﬁg? R TN
delarinntion omsieteﬂimemaﬂﬁﬁmabn 9&@% loh®RSpstRed vas as
fall ows: ) .approach segnment (2) |oad segnent
%ﬂl&% pritation, the testdecations wers inspeviod denevidenct obchating

aﬂfﬂ%ﬁ’““gs doRO TR madlin S Sem IO Chriihal iiphmnee

contrmﬁ)z;pﬁﬁhlammlsolbp M hea pfetsém Airidelainiidtiend dr¥unBihi %heh%tmn sight
m\, 37.6 nl\, 165 mN, and

are fyﬁ{ﬁ%ﬁl %FBEE‘@H g’%is'&%{ibmg pretberuriagpiragalagtion| béomamk: DIC is

pate el BB B v

Depéndi ng on
small helght wi:gngtts (ammmlhmh fene Ahgarbing)a st des@sinktfons W8A bedn/preliit, their

dto |nduce del ami nation or to

A B hed Rairara @Puweb@ftthMM amddivans wference cited
= t
above ve&m@w&eea%a tag‘ence o% coatin “’%"‘glé %?ﬁsrw\glteeﬁlg’igy&?tﬁﬁpresents

i nspected for evi

a fundﬂmmta?mha@m ofithe céatmgtar]hémcﬁioﬁﬁlhs kmbsﬁhi@ ([ﬂtli‘efa%@ﬁb odl
nt.er f erence optical_ nj croscop en
delamBlEh f oSpirr (s SOl atmeiiees o hmavention, #lbiver Bowahto the

resernt

interfadiall BhctuR @etoyRh&aslidated kling.or. .
ot her surface irregu arl%?t éhﬁ%g%%%é%m%dl ation region

that is pbghﬂ}dmmr (ly- 2 enisionibar thetsivesofthiadetatioarifsare

s{ ur banc its high sen3|t|V|tyto very small
dt&&g s ngmgerfa(:@i FRETS ensEyn 16 way assuyadd althere|vas no residual

coatin R S2ARe0AGATED, #4648 Moo BPHHb thE Allrn WO dress frec)

ave been neasured and the
and that(heigdentationetress ff6ld sds tiaisdhesole dtiving dvee fareilm ddgnination. For
fracture energy that

eher a critical, interfacia
this cadde IR on Bl ol el i ol TaleH wsings cquiiion CAGPHLfhe Marshall
andEv&ﬁb‘l%ﬁdr@ﬂ:eto the substrate. In the absence of 15

del am nation, as occurred for the SO structures of

the i Greft-vOm/2B| owdeqrb B ibrk Mzl sbdBREdgCi al
fracture energy was estimated by assum ng some nini mum

del am"ﬂﬁf‘? on region that is slightly larger (1- 2
m crons) t%anvﬁénﬁllzaev)of (t he Ib'%i-oenfvlat' 0 an&%%laz;s)

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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In determning interfacial fracture energy, it was
assuned that there was no residual coating stress in

- the sanples tested (i.e., it was is assuned that the
coating was stress free) 2Q.and that the indentation
stress field was thus the sole driving force for film
del am nation. For this case, the strain energy rel ease

r et m@aheaﬁ-sbﬂeamgs HBIhR G RAHEL 88 fa}%v&ﬁgwlﬁ%%%e l(lsed for v and

Marshall and Evans reference:
E: v 9. 25 G M0 SRalI25aVd fenvthe Berkowivhrident&Ss an experimental variable and

it is QR e icnlde 5 B s WS veaes o eadhutbstidaiagpoint,
whild the GEIaRSs 67 the ¥Didbdbasc | (béx g Wasawﬁb'mcr@asmaucasm

radi us of the debonded reglon 3 = volunme of the
i ndent ati on (based on i ndent size and i ndenter shape)

: aftal Plack DR A BRTARRA T 1O lhes RS UG P et o
silicod 6R:f&RA 40025. Thé 70701gl4sB Sorftgink 0 b K1 49 AbbilSalRali ions. In the

experinmental variable and it is based on the identer

bond gacsay tash thnglassigaferailed baforedhelbond Witk tiieoH fdacteuld be broken.

Basedt |c%%%@ se m?m@{? oa |ngﬁ); Chy %IE%J@POns in

alFbr campaisoﬁ, litotatriradate Xievs thie bbAd wRkLy BRTal$19704 thetrhdl bond
I ass pcessed ‘at 450C with the silicon wafer

Gfeafegtatg HBE s Hridm WSg#t@@ﬁEWﬁleat {emperatupothi SEN stregsures of the

mventg%’fés v(ag# er la? g?@%ﬂ: ore H@%%ﬁ%@ﬁm{mﬁ%@%l I m

CcThé dxlkmmmlﬁa@repcﬁaé%hm@hEQOO %léss vAthhE LR WhfRr held at
.ond energy was estimated at 15-20 n2. 10 For
575°Coandihe piligent Wafer 8k R0 e Thistelass idows netirontaimanysikaliipns, dhe mobile

ions b%g aﬂéhﬁg'an eq ul N%%%é%%ﬁ@ 4&%&@& W%Weﬂw

were cafndd‘{mt ak beford, aedagiiy R vas Bad My a 1dWdr bosind &n #%ond
r than the thermal process. The experiment was

eﬂergw bfc‘ea Wbmqhzamigbd\hefmm@c@ﬂdvgmmm silicon

_ﬁxmaﬁlfggss%afe?&%ﬁ Ber Bhkdaigi o {520 1 B3 dicaihe that the

§2 4065 Not contain any a

inventivepsodess prodeades abdytigiequdlity ahkigh %ﬁ@ﬁgtﬁ b@ﬁﬂs' at lovicemp¥htures.
d Sr. The bond gﬁrength measurenments were carried

&‘%@XRW@ BN @%WPQH dipg exnstimentssith te/A74@ and 1737

Bl R THIE 0 FEPoch SRR, FG S oo o B Y A e
wafer tirblee beforecany, 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'¢jons/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 freatment
approaches for reducing surface hyd:ogeﬁ- couid have been used.

,_
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filmand gl ass wafer broke. The | ower bound was again
15-20 J/n2 indicating that the inventive process
produces very high quality and high strength bonds at
| ow tenperatures. 20 These experinments, as well as
correspondi ng experinents wth the 7740 and 1737

gl asses, are sunnarlzed |n Table 3. In each case, the

oo e Ay S BHIRRS i PG el g i other By spacers.
The assarablyashs 1d4dediandhe mgm&aﬁﬁ ﬁﬁﬂé& & thelkgstBR! MMd teperature

breakage . is thus a | ower bound on the bond energy.

increpses @@nmfpmwsam@d #5237 Ceangietbatof gfrss wafanm ﬁ35°0) The

Waft e prl%%ég:a urys descrl %ﬁaﬁa&%ﬁwaﬁ% f'l‘ﬁﬁ’?“’aﬁon‘)f

voltage,dbs vqlge nmms térheved, wabthemafias c@dl@d gbRANgte %fers separated into
escri bed above. . A _boron-doped silicon wafer 500

two s&ﬂgh%mk%@%} epder Wigha thmsm@mtbonmmo and the
of 7x1016 ions/cn? and an

s:hcoh |ant ati1on enéﬁ}gy o@ Y00 Kev. The 30 wafer was then
t r!e ALBSIMS anabjsisan iberduade ogirthe procedineedistidbéibodd was

he, su usi ng the dures of Exanpl e |1B,
perfolgict 31 s S partutb ehinecindis vt chgtremi® aey shovipen Figure 10,

e RN o e SN 0

colul have been “use

'Showqatbademconvelteddppm;;pezeﬂm ated from each other by

05 i S5 e o ek s 10A
10G, é.dﬂ%@@ﬁe@&h smméarm@);a%gw%m&gg%@@ﬁ 208, The

hat of glass wafer
hybndafsdwghtegm at thetinterfacebetwodrt ﬁxgesﬂmpp filmchndAhé¢ glasssubbtrate is also

tea I|c f .5 .vol tage the voltage was
marke?éﬂ% a‘i@ﬁaﬁ%ﬂﬂ%ﬂ% Bi% 8-6grcens, all of the curves
haveréﬁﬁﬁ{d&bﬁ{émmglagm%rl ng cool i ng, i .e., into the

gl ass wafer w athin silicon filmbonded thereto
afa thenefigeres shoon arlmnh'm(d@lﬂétmn) ayeriis fohaed bétwebn theisilion film

o o] B A1 LS o B i

obiita maleut ddnbéth K
0, 710 where Fi Sﬁ?ﬁém Ao%%%t&%% D otﬁ%?m’ksi%ﬁwmhe

stability,ef &gbamerdam s QU strugbe prepartd fai gascm"bw @baeowss Hidabtreated at

595°C 30 P RE sty B3 0% SIS Ry Pt o etgek tpeed

structui'e %e&ﬁldlysih @&veaRiAGhatHRere WAk 8b md¥ekfiht Qﬁgﬁéq_#‘to(tﬁggeat ércatment

depl.etion region is marked in Figure
mﬁihqhmnﬂﬂaw%wegm@nnakmthe interface between the S|I|con
E nd the glass substrate is also -15 marked in
i'gurés 10A and 10B. Begi nning at a depth of about 0.6
ey @faspledémtistrblds hew iNSHrmBEYFof e depefod Snd Hifl-fip regions

bul k gl ass val ues.
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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As these figures show, a barrier (depletion) |ayer is
formed between the silicon film and the glass which
will allow the structure to be used in the manufacture

of electronic conponents vvig#;out concern for ion
mgration into the silicon Tm To denonstrate the 20

stability of the barrier layer, an SO structure

wafe?.r FREpBImBRrARIGHIRG AR ?%e%ﬁﬁg\e?ﬁgﬁyggg t‘o% Qanser layer)

or 2 hours in vacuum an
and the ideptityenf theionh whivkaixhibitled heiftar plle-ugtagion. The anal ysi s

reyvgal ed that, ther s _no novenment of igns due to the
he bR TR iR OV RITEDN A AT FaTbbe Jegky Bergimbotie Himgraad temperature
toffeddyeitto ki ' ap&gq . :
cuc.f ormat i.co)#ilgfﬁtrjhagé %gp %[E?I 823 an %ﬁ éﬁﬁ?éelgﬁ%%é&' Specifically,
fromdhip datd it @n boseaethst ihe pohcessinpstimCHRME Mhd MHVSPORATES and the

prooHaE BRI PRl DGO 0 CPUA P b a8 pile up region
for thisiag. AlRugl O6IHEE Rls Hiad QU6 961 \2@@%&% &Eﬁeﬂﬁﬂs‘ﬂéﬁa é'eﬂrthat a

hydrogen reduction pretreatnment I‘con
cutofBwillplse exsh fondhimprpeess varable nBiintilao astoffe will exist fod othed plasses,

althol 58 BN ek olmeled b flatbofiine otad £ tipacrE
2000@q@ddser than the glass -55- wafer. The paraneters
deternmi ned were the thickness of the depletion region

EXAMBLE 1%r layer) and the identity of the ions which
Its are

exiibiLed anclear pi | @%%egéggm%rtgig%ﬁm@qwfmmm

S

transigiof (T_Bmefbll?&ib*ﬁlﬁy afplicafibiss, ARARAy Jr@atﬁ? iigﬁt-&ﬂftﬁli{é;ﬁode (OLED)

. creation of a barrier |ayer and a“pile-up reg
displagpend quid riystal displayothGDd)s data it can be seen that

 RETE RS ERL e io PR el e i tubhoplorslodenents. For

optimaiidisplayepebfaimhate, &Y Ao RNAaBle RitbSatith SRR eleb@bnikd) idse TFT

gl ass. "Al though vol tages | ess than 800 volts were RHot
materig} shepldchave fast earier mebiity withhigh unifotroity. Giirentatate-of fhiesart

' iable. .Siml tof.fs will exist
procespl rely U PRSPy dnfnptiond i By Spltioe sl con Boly S fims,
Howeex figcdagerifotiiktydh ide ity thadd 26 tAS fal1alis 0AE td A%e orders of
EAGLE 10 2000"" glass. EXAMPLE 15 This exanple

magnifude l@quéh@én]ttbﬁﬂ{ %Eﬂﬂi, l@@hiaonﬁabiﬁwupm d30%0 r?tlk siliven
i . [ ' [ TFT
repres Bt O T4 b B ftinl B Butontie: P Bt do e vt meation, g

o ! g I ol
practicdl] 30€esk Bhd deh depulSpdspaLef %“:Oggdfl%g E%E@gﬁtﬂ#g g %cZy"stai

(LCDs). 15 TFTs ar’e used In

silicondilmronrdispjaoglassmubstradesal pi xel el enents. For optinum
0 to . enable in rajiqQn of

gﬁsé&)lgjl%i{ Sﬁi’%{%%%’g ﬁxeddpﬁingg S consists ofa a series o%gt s 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 Iaser
or thermal crystallization to obtain a poly-Si film with electron field-effect mobility of around

- 100-350 cm?/V-sec. Froin this film, the TFTs are built via a series of steps consisting of

photolithography, followed by deposition of a gate oxide by PECVD, metal gate deposition,
and more photolithography steps followed by a hydrogenation step to obtain good
performance (by passivating defects between crystalline regions). See Applied Surface
Science, 9602, 1-13 (2003)
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material should have fast carrier nobility wth high
uniformty ., Current state-of-the-art processes rely
on TFTs fabricated from anor phous or polycrystalline
silicon (poly-Si) films. However the carrier nobility
in devices made fromthese n¥erials is one to five
orders of 20 nmagnitude |lower than in bulk silicon,

oo 7S bhkal ke st L6 gt inacortncs
o B ay B e POl T, Rf Fpresents the

process has been

glasswbstraint (2aepsesentsybiel ompacts63 represontra mhetihgne 6dirsprests an
SN TSR T e e
layers (fliﬂa%d 1S109)) ré@&bediively) Biat heé@tb%gg%gtﬁiw befede §ép9§iﬁon of silicon.

fol | gwed % am)rtghous silicon sitron and™"
defy disewsphehaye, ?Pteﬁ@ltﬂlrvenﬁpn\prcadc_iwe{pﬂhﬁnghnah?ﬁfor obtaining
j ). . Crys ized via er or er m
substay ys@ a%ull‘%q gg?lg%i ngﬁt‘%‘)%o%téﬁﬁgbﬁél neiures; Iﬁ‘?% FRCRESAS on
partidula]ydwell-beiedd fopfurthed pro6dssp s Beild T89s 38806 B/ 95E@ Comprises a
Fromthis film the TFTs are built via a series o

substagtially sl erywtal sificon filph Breqrroeass tyr bt TF Fsoinlacoardartey with the
it

. §: b ' by . PECVD, tal gate
mvmggg%; { on. ﬁ%%%% noa?@rgﬁeg gﬁ?%ﬁ‘ﬂ% pEsS represents a
simplifiiationederioyrantiyoicogen Thble3 setsofrth ShWrdinb s@POSF the prior art
erformance (by passivating defects between
procegsr ‘Vé‘f’g et h%eli'@@ﬁgﬁ hyrougiuthe nge pf the pBesehtiowentidoi ence.
9 e = El hows.,a typi,cgal, TFT .
o P FE ST bl AHARE phReR R ufe: HP 4ERreRaton and
crystallization Seppare aot @yiirel shesethie sdnichhdutdrifS alrSiily 11|1 substantially

. . represents the overall TET, 61 represents the "gl as
Smgle§6%§§§a%, Aeéuqheﬁae@%ma@ hawe electzemmabilisies eBoves 6@ o PO
t : i te insul gt
The rehyUtgBhatehsfp redhifeRih BRAHS o brachsBo88 shiiief, Show
simplifingionsdn theer FH Ematfhctyén s proSessprevide Sothapit £0&Ghil gbighput
& hat neeﬂa‘tﬁglb d%oa ted before deposition of
Acvanigeys, BoR> edﬁ%‘?_ Yaproxpeet indericp pedfermancayent i on
pmy ! %QE& | . . .
subs}?ﬁgﬁtﬁ?%{:% Si ngﬁéen cr ys% gﬁ%ﬁ&%}ﬁi g’g ea‘ggh %&Yenhon
allow for migietirigstionofeeletohicaahorcamifarm digphiytpegfomindg, integration of
driverWel I.-suiﬁéeé&for furthe ‘ﬁjrocessi_ng.to build TETs.
arqyats ophe slags subsite, apd subsequand sigrificant novesr seviags in the
1GEd/. S | THGREIES ' E in.
i ac c%%%g)r(}% emvw th %ée%bugﬁ?@???‘?g%@%%%?%#{? PSRRI f

products; ingluding, pplootops,sell iphopa sadthedike. FhgthdappRasion for the SOG
cat.ion over current processes.

represents a sinplifi 5
structutes of fhenyention can B%%@ iy sificopren-dnaaiorfSQlh elepironies. ar t
EXAMYIOE8S Which can be elimnated through the use of the

present invention. In particular, for the TFT process

dhis ¢xempledlostratestiling dfamiltipledirsidaysts 05 enatsile eend layer 20

_ .Cr [lization steps are not required since the
(S%Flggﬁi)gnduct or filmis already in substantially 15

3 BYIbR d6peEiidon AR (1 eia& ;h R E -om w
el ectr oﬁl5 nmobi | il_lt I es (o gﬁ\%r %&Zﬁ’é Sec. £:10 ohm-om was
hydrogen ion implanted at a dosage of 8 x 106 ions/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 detergent wash, a distilled-water rinse,
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The rehydrogenation step required in the prior art
process is also not required. These sinplifications
in the TFT manufacturing process provide both capital
cost and throughput advantages, as well as the ..
i nherent inprovenent in device performance. The
resul ting high performance TFTs produced in accordance
a nitoie ddid tréetmicnly gid 4 Gfal BSHTRAL M 19ise T The &ilidbh §aFdr Whs Ybored into
nore uni form di spl ay performance,

el ectronics, :
two Hl?ﬁeéﬁ’i“g Tok . dihe pigces werecthen ol in distifled wates, an ammonia and
, S e t significa ower savin in
by . tgﬁe%lg)%iﬁ% I Sg?lggn’ ISP "g‘ﬁﬂeﬁﬂ’?&gﬁ@% ke atin o mamially to
minirpize fher gaprietwetn 3 Myssiiech plecagsed in a variety of
pr.oducts, including, palmtops, cell phones, and the
| .Wiﬁl}&?éﬁena%ﬁmaé shanalagedrin thesSEREMIERQIRC rheadert The
bondd [ ' [ il :0nsinsul at or
ﬁ%s)e‘%{“é?f‘%%% s Ao 0 45 s Waltt end and
400°G o1 thetsilivoe svafferlendg Thé ghast Wafdr vak ipldted bﬁﬂ%n%g&@v@élecﬁmde and the
silicots | n&ll?e s&g{ong %a%gr 0 '(see Figure 11). A boron doped -

SIUCOIL PRt SYRRYP Srecir 4&?&% feraparptures syare achiewedod 10 psi
ressute Was r ' el a ,dosa of .
PSP re e AR Sk BRI, 2 Fol S8 k apptica
to the genfieri ofsharwafos furionatminufe 4 stastali bordmesrobéss ahd hendbe voltage was

| NCORPORATED GLASS

f f
+ removif BHEFRRRRE REY Vol sre apliestforts entieiadis ol Srctseeanbly held

; . 3 .@ | |
e e e T ISP 1L 15 SEBER, e B pollAR, s moved,

and the,pssemblyagascopled 40 room tenspedataref i nal di stil | ed- wat er
cored into _ two pieces

i . The. sili f
ARl iR oo i b Sty e vl dFore Rhsphsepnil leveng ¢ el of
siliconwatths entid gREFWRFCR THRMist N rﬁegpg%ngﬁé %QEP@:{L%{&% §PP?P pieces

dried and then assenbled on t ass wa
5

was abpy 10#nierensze the gap between the two silicon pieces.
LN ssenmbly wa hen aced jn the_ SUSS .
VSRR B S et ol ant btB iden WA v broken into
five pieessanithyn wasahigabld ohhé P6fms gfa%.ew S i
00C on the sili conovvafer end[? The gegséﬂﬁ?gjﬁec\%gg’e%md
to haveg'P%éé’éw% film beliad anitheglossevafenatche entl ofthe paickiscon on

A Bl g S B dhloe PEniine capppleadt e be eadily

k
were acC
seen that tispresepoisetvn R6vidbehewe aid fhisroved SO Hd SeWahE

cal
en applied 10 to the center ‘of the vvas'%—%r or one

. t he .
lmpmv?éjl??e?@s?scfo’éf@ﬂl‘m@&@lmwgem Higured 6ana s¢henatit flow chart
0 volts were

AT LTSV R R

silicon-emgiass sthetees; 0RYréded ubil vaiBold StHhE Feanftbd tg‘ thd fay ntjon,
m nuh;gq?, the_ electric potenti a] was renoved, ang %e
Among gther tings, thisfignse insirates hydropemivariaplantetioBobdnding themiph a
. 1 [ i |v. f th I
combmﬁ?igg&?ﬁ'gﬁéééta%fi Elg?t? ?%a%%oﬁ %ﬂ%ﬁ% cOOlng, and reuse of the Yilicon 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 modifications,

variations, and equivalents.




The di st ance
was

15 silicon on the entire glass wafer.
between the filnms fromthe two silicon pieces
about 10 m crons. The foregoi ng procedures were
repeat ed except that the siléﬁgn waf er was broken into
five pieces and then was asSefbl ed on the 100 nm gl ass
wafer. Al five pieces were found to have left a
silicon filmbehind on the glass wafer at the end of
the process. 20 Fromthe foregoing disclosure,

i ncluding the foregoing eTARIES, it can be readily
seen that the present invention provides new and

i mproved SO structures and new and i nproved
processes for producing such structures. Figure 16 is

a schematic flow chart showi ng a preferred enbodi nent
of the i pXNeaibepN HldnMfpi ch SOG struct ures,
specificplly, gilicon-on-glass structures, are
produced| ugi ng IQH@EQI e features of the
i nvention. 25 mg#gt 0 erC(i'E’r%S%SEatﬂﬁa@yﬂné]&?e
i I'lustrates hydf ogsial senticoniubphatd-an bondi ng thr ough
a conbijpation bf voltage and heat, separation tfhrough
cool i ng,| ©nd r elfigst BéndittEsudfabl/figd re uce raw
mat eri all_costs.| Al t hough specific enbog{g‘rmﬁ t he
i nventi qnahave begprges I TTustrated, |t
w || be lapparent toog%sé;@iﬁﬁgfﬁg%el n the art that
nodi fi caykhons aQﬁgva |at|ons cam bemade—306—w-{ hout
departipg fromit M on' s spirit and scope| The
fO||OMArq crars—are—thusthtenrded—+to—cover the
speci fi ¢ #hbodi r%ﬁ rtﬁ)@tf’fﬁwﬁtfmmnﬂasstmm) ag such
nDdifiCalluna, var-atHehs——and-—equival ent s -5 -
TABLE | mber SEb-@nﬁmof@eﬂammtnmbsﬁw (i. a
substantially 5 S n1conductor naterial)
11 firs bondlr&Bg%F?ﬁgg%P ?Qngﬂ@é of first layer 12
first fpree-ap r-Face—13—separat+on 7nﬂ% 13a
sub port! n of §%ﬁ Rtk Of Grst sahstrates 1 or step (D) |13b
sub- portton—oft+separatien—zone-—after step (D)/jsecond
face of{ Frst Wendmmﬁfﬁstsmnhtalﬂrsﬂ‘lhy&t subdtrate
15 secgpd—partioffirst substrate/first |ayer |16
hybri d [riégi on Ghytridsgion oSt stlktrafe fifer SfcfP
(C)/hybrid region of first layer
16a distal edge/thickness defining surface of
hybrid region
17 reference surface, e.g., a reference plane
18 -optional recesses in first substrate
19 optional isolated regions of first substrate
20 second substrate (i.e., an oxide glass or an
oxide glass—ceramic)/second layer
14 second bonding surface/first face of second
lmwx




(O /hybrid region of first
edge/ t hi ckness defining surface of
ref erence surface,

opti onal

recesses in first
I sol at ed reglons of first substrate

| ayer 16a di st al

a reference plane 18
bstrate 19 optional
20 second

e.g.,

hybrid region 17

substrate (i.e., an. oxide glass or an oxide
gl ass-cef c)73econga er 21 SET bon ng
surface/ [ tfst fASEoHf i éyggmg <§ and
force appl ying <g&%ﬁggﬁ@gcond face of second Iayer 23
depl etion_region of second substrate after step
(C)/ depl gp3on reg, St
edge/ t hi ckness %ﬁgﬁl%re %gg%&gﬁ%gé%&eﬁ%ﬁépe gi on
24 referfence su (@)ﬁﬂch:pleemgreganbﬁﬁeﬁ:bﬁ@la@eﬂ ane 23
pile-up region of second substrate after step
(O /pil 282 r eg| BistabEdgeARRRAsk AéBhin g ace [region
bet ween ffirst apd second substratesS a ter step!(C 40
processi|ng chanpépletionregipmuct i ve support -60- TABLE |
(conti nled}—50-fattiplefirst layer/single second
| ayer eé%bnbly:@ﬁxgmpsbﬂmweeg @h&&ﬂh&ephﬁéed first
layers 32 filled gap between adj acent first subtrates
60 TFT §25gl ass ;ﬁlﬂ%ﬁifegioﬁ of second substrate after step
(CYpile-up region of second layer
30 interface region between first and second
substrates after step (C)
40 processing chamber
41 conductive support




62 netal contacts 63 netal gate 64 SiQ2 gate
insulator 65 poly-Si |layer 66 SiQ2 barrier |ayer 67

SINN barrier layer -61- TABLE 2 Exanple No. Treat nent

Normal i zed H+ % reduction I:,& ensity wt inplant 11A
i nplanted 414 0 11B NHACOH OF|202 102 75 & H2O2 + HCI

11C NHAOH + H202 101 76 11D 02 plasma 144 65 5
TABLE3 d ass/Si Vol t r ogcess,. Process Ti me Bond
energy System Tenperaggﬁﬁ’ﬁl(&oﬂﬁ’?@ (J/m2) (01
7070/ Si 1000 450 30 >15 7740/ Si 500 450 15 >15

1737/ Si 1750 575 15 >15 EAGLE 1750 575 10 >15

2000TH Si ' d ass terrper at ure; silicon wafer
16 ko) FABLE 4 4d-ass

t en'per at Was UUI [ 7D t=—%
Vol t age Pr o E’%’;ﬁlﬁF ﬁﬁtkaierfﬁlegle@awd Ipidre- Up Ilons
Tenperature (M p alﬁb Thi ckness (C) (Mcrons) 350
1750 20 No barrjer Tayer No pile-up i

51 gap between closely-spaced first layers

152 filled gap between adjacent first substrates
60 TFT
{61 | glass substrate

62 metal contacts

63 metal gate

64 Si0, gate insulator

65 poly-Si layer

66 8i0; barrier layer

67 SiNy barrier layer




5751200 20 0.08 My, Sr 575 800 20 0.046 My, Sr 575
1750 20 0.1 My, Sr 595 1750 10 0.08 My, Sr 575 1750 10
0.096 My, Sr 575 . 1750 5 0.064 My, Sr 575 1750 2 No
barrier layer No pile-up 59§L;750 2 No barrier |ayer
No pile-up 5 -63- TABLE 5 Prior Art Present |nvention
1) Starting material - uncoated display Starting
material - silicon-on-gla ss 2) Deposition of
SiNX barrier |ayers by Unﬁzgggizry PECVD 3)
Deposition of SiO2 barrier |ayer by Unnecessary PECVD
4) Deposition of anorphous silicon | ayer. Unnecessary

5) He tExtafrpdd RBNY{ t 0g h NECESS
amor phous Si Iliqgm I;.I;er La?g:‘r?’&]fa@%ﬁfﬁﬁ]yg’trﬁ‘ﬁw%ét on
of sificon Unnecegssary |ayer|{7)inigitpl i hﬁgrigl?mﬁtand
dry etch.of S Phatolithography and dry gtch of Si §8)
Depos] tionlaf gaje emprarcdy PECVD4pgposiiion gf gat
oxi de{. by PECVD P) Deposition] of gate nefal

by
Sputtleri ngypepos Nﬂg' 996 et by Sputt ng— {L0)
Phot %I i t hography} an @5}.}&/ etczﬁ of EQ%e Ph*otol ieﬁhogrjphy

D

and dry etch of [gdB202HHCbn i npl antatijon and dopant

acti at4+on-lon ijlopl antatjon gnd dopant gctivation [12)
Depodi ti ohl@f enQWIsOHat HRO2qxi dejpy Degosi tign of
encapsul ati on oXide by PECVD | PECVD 13)

Phot gl i t hogy aphy _ay@zﬂaéymgt ch of ﬁﬂpt ol ift nog%gpny and

dry ¢tch of '
TABLE 3
Glass/Si Voltage (V) Process | Process Time | Bond energy
System Temperature - (Minutes) (3/m?)
‘cy!
7070/Si 1000 450 30 >15
7740/8i 500 450 15 >15
1737/8i 1750 | 575 15 >15
EAGLE 1750 575 10 >15
2000™/Si

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




contact vias contact vias 14) Deposition of contact
nmetal by Deposition of contact netal by sputtering
sputtering 15) Photolithography and dry etch of

Phot ol i t hography and dry etch of contacts contacts
16) Rehydrogenate poly-Si Ia@%r Unnecessary - 64-
CLAIMS What is clained is: ,

sem conduct or - on- |nsulato;&§éﬁﬁture conprising first
and second | ayers which ached to one anot her
either directly or through one or nore internediate

| ayers, wherein: (a) the first |ayer conprises a

subgst anti al Ty stat eln onductor—trat-eria:
(b)é' g secpn Ohaa%e&)c ﬁzﬁ ime, [ oxBawiegLaye of of Bife-Up Ions

OPengheragr@s st cer am c; (Mngl) bongy 8§ [ &0at h
bet ween thef first and secon ;} 'S 1S azgﬁ%east 8

jou\k‘?@/ meterz. 2. The fpeni conduct Dr - oQviichens) at o
Fml wherein at |past a_ portiop of

llayer 1Tfi0oxi nel t @@ he SECHBBatriy $yef 0PNy
h divide | said portijon i nto subBstanti al

up

y

i soba ed re
relatively | i ndependently of one |another. 3. Th

gi onggoehi ch can gxpand and Cppd r act Mg,Sr

sengppnduct]or - opgd Nsuljat or gt ractjure of .
oo f?eéﬁt ird MsgSr

wherein thg recesses {extend thrqugh t

_thl%nm ess of tgﬁ' TSy Taygr. 4 —[The
seni ¢onductor - -Sb'n'éu"l' at or‘ig't ructfure of%ic aim 4 or MgSr
er. el —bgng-stre¢ngthbetwegh—t-he—fi+st—aHd '
sechnd | ayers ild°8t |¢ast 10 jouljes/ me0dB2. 5, [TheMgSr

semcondtetor—oen—-aswlator—struciure of Caim2 aor 3

1”4

whe¥’8in the oli78@ gl ass oiOoxi d¢ gl ase086r ami ¢ hamesr

ficient aflthermal expansion which {is

grédber than thgs®C cpeffia ent of theom' expansi fiy op

af the subgtantially bingle-crysta sem condugt or

matsgsi al .- B. Ajgsgn copduct @r-on-jn }ﬁ;@ ru¢ .
conprisinglfirst and pecond | ayefs ﬁd %rl%? 1tig°cW£°duP

t 0 sp8€ anotherﬂﬁd her|dire try of ALl erhé);é? BU'xfe«‘up

intermediate [ayers,| wher P




(i) conpri
sem conduct or

(a) the first |ayer

si ngl e-cryst al

maxi mum di mensi on greater than 10 centi nmeters;

the second | ayer conprises
gl ass-ceram ¢ which
nore types,

ses a substantially

material and (ii) has a
and (b)
_oxide glass or an oxide

conpri sés positive ions of one or
wherein the sum of the concentrati ons of

lithim, sodium and potaggiyf4ons in the oxide glass

or oxide glass-ceram c on an oxl de

1.0 weight percent. 7. The se
structure of aim1l or 6 whe
t he oxide glass-ceramc of th

basis is | ess than
m conduct or - on-i nsul at or
rein the oxide glass or
e second layer (a) has a

P C coefficient of thermal
ré?ﬁgtiv”v p which satisfy t

. Ha—250€
RS YR ps: 5¢ |0

1) 78fertfnglmhBeat ‘SnchBed afsplag

strairnm point T., st han

2) JRensisistonraf SilN; bardeniapers bize t ¢
s or oxide glass-ceramc
- 3505TST. ,

PErie'lfati onship: T.,

glaspnpri ses positive ions whoseg distribution within the
aeaﬂ—de—gka&%ev—eee—de—y-ass_ajwi can-be.altered by
npetedessay T of the oxide

p§1,< i 10%&:’?1%%}0__ n%‘]%é_o%% %I)rlglsassa

satisfies the .
+350, where T, and T are

con
PEGNE ei n the bond

5 DaleEgGT sy

strengt h.
8

O bl faSer by '2%

\

(RACEFSSESF O ai m 6
etween the first and
oules/neter2. 9. The

second layers_is at |east

4) eposition ufteorphtud AEednAbPdsr. S! f daim6
wherein-the-first layer: (i) has firSt _and second

5) $Hepbtreatmient th ehpiragdnate thaces | thpesdatag by a distance

bei ng closer to

is. separated fromthat face

layggaral lel to the first face of

Ds, the %Jgrst face of the fifst |ayer
AOTRNOUR HHCPRLIAHET { han the skcond face of the first
ery I 5 IS tayerTeference—sturface—whi-eh——]
6) !‘[’?XE’F@W ﬁ%)’ﬁgm‘?@é‘???é?t‘l’%yer Unpgeessarg ybst anti al |y,

the first layer, and 3)
by a di stance Ds/2; and

7) Phatolithog&phy &ﬁg&?‘;&t@f ofdihanc
e

S AT

whi-ch hpgl ns__at first f

9) Degositinatfi gateshetpl by sputtering

| 8 Depasititn sfwsnr sksaé Bepsevond f
———sai-d—regi-on having a thick

ace 0 ne” _
e il Sl By PV

C
Deposition of gate metal by sputtering

10) Photolithography and dry etch of gate

Photolithography and dry etch of gate

11)Jon implantation and dopant activation

Ion implantation and dopant activation

12) Deposition of encapsulation oxide by
PECVD

Deposition of encapsulation oxide by
PECVD

13) Photolithography and dry etch of
| contact vias |

Photolithography and dry etch of
contact vias

14) Deposition of contact metal by | Deposition of contact metal by
_sputiering sputtering

| 15) Photolithography and dry etch of Photolithography and dry etch of
contacts , contacts

 16)- Rehydrdgenaie pbly-Si layer Unnecessary




Sir < 200 nanoneters, where SH is the distance between
the first face of the first |layer and a surface which
1) is wthin the first layer, 2) is substantially
parallel to the first face ¥t~ the first | ayer, and 3)
is the surface farthest fromthe first face of the

er for whi ch t B&AESI owi ng relationship is
sat -- Conet >_ 50 percent, 0S x5 8H,

wher e: C]"o ( X) éeﬁ;{ E} ha%ct%o 0 q%@ltﬂgt?%sléﬁ?ttlrg §?mq_r§gx§ IPirsg?ndtaSﬁ%ond layers

function of distance x From

f i rvgech|aggatiachegrppe fnoiher difher diorttyam thradzh ome @ inoBxiyigaiedate

t hgaykisr wherdipyer reference surface, and Co(x) and

Co/ Aef are in atomc percent. 10 The

seni con@lct &b layprsompnsse 2 subsigrstally gnghd-crgitalisemigonductor

V\h@ﬂ’a&iu@l the first layer has a thickness of |ess than

10 m c&ggs -66- 11. The sem conductor-on-insul ator

struct ofeerardirer somumisgirerasida glasrer pr) exide dlasyregrarhiggand

a thickness Ds which satisfies the relationship: 10

nanomst(@)r s te by swengBOtwrantbmitsesrs sechid layRlRsis at least 8

se Egﬁlgtg,@tor on-insulator structure of Claiml or 6
erein the first and second |layers are directly

at t aChea t oTisrsamiggndpgi@ron-mplalofgleucture of claim 1 wherein at least a

S epirGEAYH Ul iRt a9 -pro'x Psloah Odecsiit et ddfn ns%g re%?és W‘ﬂ?h Avid

mher in. the %econ | ayer is transpare

ST EBAIBD LR Sﬁ‘“?‘P/slﬁﬂl%%ddﬁgig&Ser@eex@md@@mctmiat@eiy
whigd@kmledtlyef osaahd. Iayer has a thi ckness D2 which is
greater_thap or .eq to 1g}(cron

sem contluct OFF SEHY H‘é‘ rRpdpsuletor EfE’ﬂH‘Feé’fEB’I‘fﬁ % Whetgin e
s ubssantital iiyough figletire hickadsabl hefilsagrduct or materi al
mat eri al
g(gl ass- cﬁr a?hg g&l\/\%ﬁngﬁ?or_o%'}s%?éStB’B‘élfet(ﬁ?ggmi‘ oh® ¥ e he
- G bongkieength hetaten thedtt aad pemt] laybrs e fesd: Il(ﬂ,lﬁ)tlIHf/ﬁeter
conpri 3€s '"Irl]le Qerrrgc%ﬁduc[gggﬁ Hs@ltato%tm?gart‘éeo% bfaﬁn ? qr e’, d JV&‘I&I&]I} the

~enhancéd oxygen content,
pO¥ide glps or o kst emmamia hasord-309PC adeffoasds Horeal eyasiornhich

P QS irbdtdt @nah AR (}°@'§Jeﬁfclc§4 ofﬁxe%zh Q}éﬁﬂﬁ&ﬂl} %%gb%tagtlﬁllyts%n\él%—crys&l
concentration for at | east
semiconductor material.

6. A semiconductor-on-insulator structure comprising first and second layers
which are attached to one another either directly or through one or more intermediate
layers, wherein:

' (a) the first layer (i) comprises a substantially single-crystal semiconductor
+ material and (ii) has a maximum dimension greater than 10 centimeters; and
(b)  the second layer comprises an oxide glass or an oxide glass-ceramic which -
comprises positive ions of one or more types, wherein the sum of the concentrations of
Lithium, sodium, and potassium ions in the oxide glass or oxide glass-ceramic on an oxide
basis is less than 1.0 weight percent.
| 7. The semiconductor-on-insulator structure of Claim 10r6 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:
5x107'/°C < CTE < 75x1077/°C, and
p < 10" Q-om;
(b) has a sirain point T; of less than 1,000°C; and




type of positive ion; and material G 16. The
sem conduct or-on-i nsul ator structure of C aim15

wherein the at | east one t$/§e of positive ion
conprises an al kali or al katifhe-earth ion. 17. The

sem conduct or-on-insul ator structure of C aim 15

wherein the oxide glass or oxide glass-ceramc has a

0-3 Q)C cggl{;IfILngi egt.t.of. theyml -exgansi on CIE and a )

250C 71 esi SEPVIT VOB hICRHWEats Upibptnn widhia theqide ghass or oxide
glBx-taimidad beblered by ax EReiricGicl@Mien BT terdGtRuel S he Sad
QX de .gl e}ss or oxide glass-ceramc having a strain
£33 Phex gk Blpsssranpg ratistigpde relatigishiphe

sem condgct QR-Lpsukagor structure of Caim15

wher ei n ﬁegs?ﬁmRﬁéﬁggg’f material Sis less than 10
wheiecFsemd T drs in dgreed BentiEh@lesenmi conduct or - on- i nsul at or

strycture, of Claim 15 wherein the bond strength

bet ieen naY EFHEICECGRAN-REAGrAueuresof ilaime fswhgein the bond
ste¢r@t eswemi 8é Arst 24 sek 5§ ufldldasul at or

sntg:}uct ure of Claim 1%}%\/\%%%%?%&?%%{%{?% o’;nllctaefsfhe

condent r hiG sHgcapdugipr-on-insplatmirustpreaf Clagot &seharain danfrst
Jayb. Material Gis less than 1.0 weight percent and

material S has a maxi num di nensi on greater than 10

centi met(@r s. 124 firsfhed seond antdtsatigly SfalicD ik ddeBhirated by a
rein material G is

. ture. of . Cl ai 5 whe
st e e, R, AR LYot it Gotse iahe serons Savor than the
secoid facd offthe Gfst @yal.m 1, 6 or 15 wherein: CTE - 20x
10-'/C 5 CTE2 < CTEL + 20x 1.0-'/C where CTE, is the

0C coef f(iti erhes afirst fyereferengeamsfacnwioth 1 hie within the first layer,

2i | N4l e- cryst sem conductor material =~

)18 MR el B B o e ST g P agparated hom tha
facelopadisiance 19§/234meé  oxi de gl ass or oxi de gl ass-ceranic.

23. A sgm’ conductor-on-insul ator structure conpri sing

first aft)sedBhar9SiRpeH &nhapiced Rxyaes canceatiion which hegins at the
firstofaed drahe Bist Qe Hidr I ~

Jinternedi at 69 I ayeerﬁ %%a%)g{are(%sﬁ@%%?m?%ge ?ftp E?l tﬁ%%}[g? said
regip hpring e thickngdsufavhicly satif fiesethe edsjcealsp: of whi ch

conpr i S§S<32(9 substanti al ly single-crystal

sem con§UGH P DABYBSIETS) - (b) the second | ayer  conpri ses

whefd 6,0 iE1i gh RS Hellech e 069 l)iatﬁg il i 'ia%/@ Sid aasqgface which 1) is
within the first layer, 2) is substantially parallel to the first face of the first layer, and 3) is
the surface farthest from the first face of the first layer for which the following
relationship is satisfied:
Co(x) - Comer= 50 percent, 0<x< Oy,

where:

Co(x) 1s the concentration of oxygen as a function of distance x from the first face
of the first layer,

Comes is the concentration of oxygen at the first layer reference surface, and

. Co(x) and Copes are in atomic percent.
10. The semiconductor-on-insulator structure of Claim 6 ‘wherein the first

layer has a thickness of less than 10 microns.




(c) the regions have surface areas A; which satisfy
the relationship: N> A > Ar, N> 1, where AT = 750
centineters2 if any of the regions has a circul ar
perimeter and A7 = 500 c€l STeters2 if none of the
regions has a circular perineter. 24. The

sem conduct or-on-insul ator structure of C aim 23.

further conprisin an anor phous or polycrystalline
senildondUdesemisgrdiciatongrsdainestructire pEClaise oher ¢ ayberein the

firdSayck e SEIGAMNLALR AikBsHl duRtosgpuct ure of O aim

wherein the area o e secon er is greater
t han 750 l0entomettedd; < 360 néndmefitts.d. crystal di spl ay

co I Si t he. sem conduct or-on-insul ator structure
of ai m1Pe sghicy ugjor-sg-insulator structure of Claim 1 or 6 ~wherein the
first and second layers are directly attached to one another.

13. The semiconductor-on-insulator structure of Claim 1 or6 wherein the
second layer is transparent.

i4. The semiconductor-on-insulator structure of Claim 1 or 6 “wherein the
second layer has a thickness D, which is greater than or equal to 1 micron.

15, A semiconductor-on-insulator structure comprising a substantially single-
crystal semiconductor material (material S) and an oxide glass or an oxide glass-ceramic
which comprises positive ions (material G), wherein at least a part of the structure
comprises in order:

material S;

material S with an enhanced oxygen content;

material G with a reduced positive ion concentration for at least one type
of positive ion;

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

material G.

16. The semiconductor-on-insulator structure of Claim 15 wherein the at least
one type of positive ion comprises an alkali or alkaline-earth ion.

17. The semiconductor-on-insulator structure of Claim 15 wherein the oxide
glass or oxide glass-ceramic has a 0-300°C coefficient of thermal expansion CTE and a
250°C resistivity p which satisfy the relationships:

5x107/°C < CTE £ 75x1077/°C, and
p < 10" Q-cm,
said oxide glass or oxide glass-ceramic having a strain point of less than 1,000°C.

18. The semiconductor-on-insulator structure of Claim 15 wherein the

thickness of material S is less than 10 microns.




-B7 -

19. The semiconductor-on-insulator structure of Claim 15 wherein the bond
strength between material S and material G is at least 8 joules/meter”. ‘

20.  The semiconductor-on-insulator structare of Claim 15 wherein the sum of
the concentrations of lithium, sodium, and potassium ions in material G is less than 1.0
weight percent and material S has a maximum dimension greater than 10 centimeters.

21.  The semiconductor-on-insulator structure of Claim 15 wherein material G
is transparent.

22.  The semiconductor-on-insulator structure of Claim 1, 6 or 15 wherein:

CTE; —20x107"/°C < CTE, < CTE; + 20x107/°C
where CTE; is the 0°C coefficient of thermal expansion of the substantially single-crystal
semiconductor material and CTE; is the 0-300°C coefficient of thermal expansion of the
oxide glass or oxide glass-ceramic.

23. A semiconductor-on-insulator structure comprising first and second layers
which are attached to one another either directly or through one or more intermediate
layers, wherein:

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

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

(c) the regions have surface areas A; which satisfy the relationship:

N

>4 > A, N>,

]
i=]

where Ay =750 centimeters” if any of the regions has a circular perimeter and Ay = 500
centimeters® if none of the regions has a circular perimeter.

24.  The semiconductor-on-insulator structure of Claim 23. further comprising
an amorphous or polycrystalline semiconductor material attached to the second layer.

25.  The semiconductor-on-insulator structure of Claim 23 wherein the area of
the second layer is greater than 750 centimeters?.

26. A hquid crystal display comprising the semiconductor-on-insulator

structure of Claim 1, 6, 15 or 23.




