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WO éOOS/ 029576 PCTI US2004/ 004746 GLASS- BASED SO
STRUCTURES CROSS REFERENCE TO RELATED APPLI CATI ON 5
Wi pS/apsra cati on cl aims the benefit of priori tRCDUS2004/004746
.U.S. Provisional Application No. 60/448,176 fil-ed
February 18, 2003, the contents of which inits
entirety is hereby incorporated by reference. FIELD
OF THE I NVENTION This invention relates to
sem conductor-on-insul ator (S01) structures. Mre 10
particularly, tGELASSBASEDR SQISTBUGUREShet hods for
maki ng such structures and 2) novel forns of such
structures. To date, the sem conductor material nost

CROSYREFHRENEY TO REmAqu WL FCATIONS Ul at or
structures has been silicon. Such structures have been

r eflbisrapplication glaime the hepehit efinsicaity oEUIS. Poenigianal fnpliseidon No.

c0raRl 45 Bpba R ARy 208 S kb RS a iy R R

mcof@ramwa&aﬁdeor on-insul ator structures in general
i ncl udi n silicon-on-insul ator structures. For ease

FIEED QF AXNVESRIIONe f ol | owi ng di scu55| on will at
ti QN @@5 LUGL
Thgﬁ%]&gr enciéegétg?to?%@édédﬁfqaﬁg ar type o st "Mote
partiseiaiig,dhelinwtntionaslataasol 1 pirmethods forabking sashestipteestand 2) novel
facilitate the explanation of the invention and are
forms &f suohysEHEERSt 0, and 20 shoul d not be interpreted as,
| A0 B SNAAY B SRR Ry i ToicSctoron.
insulatiristocioies hawbean sﬂmnﬂ Stich statctured havesheen mfgmﬁbmah the literature as

i ncl udi but not d to, n-.on- |ns tor
silicof-pRransy Swquapﬁﬁhe éﬂ@ﬁ@n ’5&1’;5@% bﬁePé‘HP structures.

‘The pféséift if¥fenti g buQBr-On-AxRlatdr dukitk&sn 'g@neral including

enera |nCU|n not lrmted to,
sﬁm—bnmﬂ@rs{:rb&s&sstructur es. The SOG nonenclature is

i nt epded i ncl 25 .. . . ; . "
2 cRP e seniRiont e d0lfosfRe discussipvill wdimes heyin e of slicon-
uguiat&%&u&w%t e FFerefibdsite Y5 PAILRS Bype W s@licenductor-on-insulator
structures. The abbreviation”SO enconpasses SOGs. WO

struchge 8regneks frditatedhe explagetivadf thoinverionardsnonarntepied to, and

I\ co sulatar technolo I.S becom ng
shoufd ROFRE aithmred fip ot PR g limt ShE R AEREE (hin 11 P
t r eSO Mbevistindk usel héreinad defé H¥eAiGondse6R oA Snsulator structures
active matrix displays. The silicon-on-insulator

in geperpb incleding byt ﬂQifhmthCHiOn siliggrepn-dasulaterstaatires. |Simdlarly) the SOG
abbr SRk wBlh 90 ) SORRHORMDL B ghicdpfudBfs BBl fpetucing, b

not liditedto, sﬂicon-on—glass structures. The SOG nomenclature is also intended to include

semiconductor-on-glass-ceramic structures, including, but not limited to, silicon-on-glass-

ceramic¢ structures. The abbreviation SOI encompasses SOGs.
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‘example,

insulating material. Various ways of obtaining such a
waf er include epitaxial growh of Si on lattice

wobesaeksseibst rat es; bondi ng of a single crystaber/us2004/004746
silicon wafer to another siljcon wafer on which an

oxi de layer of Si Q2 has beeﬁzgromn, fol | oned by
polishing or etching of the top 10 wafer down to, for

i cron | ayer of single crystal
BACW@”%?“QF@@W‘% on nethods in which either
hygi1i 6612 6n-MsuRXot3€dhnblps ibeconilRg ditQdingiy ikglortuat fophigha

buried oxide layer in the silicon wafer topped by Si

performandeshindtm toansisiorgsalar sells, apd displays,snlos, agyegepiar siwlays.
The b bR bl oS BY £ e RO SR ion

(gendrally 0.090, Piti@bhoin. thicknéss BaE it Boree capy o @ddtiess 5 idierons) on an
approaches based on ion 15 inplantati on have been
pigeatedalbe nore practical commercially. In

P ax?éﬁ;]o%ﬂ lvf’aéfs of Bﬁaﬂ%@;@ﬂﬁ% waif&r‘_inlﬂil% gﬁt@ﬁeil%?o%tcl}%i of3stice
an advant dge over e oxygen I nplantatiofr process In
matcl&dﬂl&hb?tt’&t?]s; bﬂﬂiﬂgl b smglee:mﬁtglslﬂﬁcv:)neﬂt:alﬂax{_j te dﬁaﬂhefj sihemn whienon
. 50% o] at . 0X nion i ants_and..the osage
which gryexide daveso 50> biiibrea %’PWHQEWPW@EQYIPSWE petghingof fie top
Caen | ) _ . e i tial by
wafey Souil¥, XG4 6 TR AR 1B BESHA R oo A i
impldnkutiof n3etBodskiy wiichoeitheOhdragdbdt dBgen {mms ateninfilardted eitier fo form a
. Radjation Effects, 1982, 59:199-202, and_has been, .
burieg Gridh AR bR S 1oR @ﬁ%&om%m Sh i oS SLexygeR d¢n ingplaptation or
to seﬂ;ag%tg @ggg%e ih %gszﬁégeﬁ é%oﬁzﬁ einotifet 8FWaRP ‘wﬁiéntl-iﬁlte(?:}ildg’lzl.]ayer as in the

L. Dcioccio, Y.
case ¢fdtydragen jorCimplantstiad @fithedd thBreapiproaBhes; theapproachesthased on ion

. 32,. 1996, 1144-1145. 25 T hod i | ]
implapftioP diee hdh Tyl G Hegppin pragtbaL commaR iy b Sitglar b hydrogen

jon ithSlafta@¥mefiddhas kAl SdBinbiol D8 the ok VEindRAtion MEEQRS Bithat the
i'ons are then inplantedinto this"wafer to geénerate

implantation ehergiesirequired afthkess thph §A%cofi that of waygpr ign tmplantsemd the

th t.h, at i the.fl ted dth
dosaggSEaEd in iy s ARG This wafer is then

PIEEEKhtioA Y tRORY@6Een WhHApRRGEBAmsthdd FNInNNRHB tab gt @n, for
supEort substrate) at roomtenperature to forma
Q)

istarwbala(Ringas of thae0.3:% MeY Hr and $32 MeXi Hy rlens inSitand Ge,"

. 0 g r r
RacifGR IR o 8340208 A8 RofPoch TR HRlbh AR e by Sife) proct
See Bohel\Of® Pateht Mo £ST4, 5640 M BERIHIsctiopi MR 8051 BAY £201-1202; and
_PCT/,US2004/ 004746 -3 then heated to a_tenperature
L. Digiperie, Y. Igteg; ¥.d-efaiireyColenssad gad M- BruelyElgeiraniciagi. 32, 1996, pp
1144_%Q§‘rl ayer to the support substrate, i.e., the
unimplanted Si wafer. This process thus forns a
SiThegRsthedtyploaliy badsdsts 6f the fbllaveingisteps.aAtthermd] iokideddyer is grown
silicon bonded to another silicon wafer w th ap, oxide
on a single crystal silicon wafer. Hydrogen ions are then implanted into this wafer to

generate subsurface flaws. The implantation energy determines the depth at which the flaws
are generated and the dosage determines flaw density. This wafer is then placed into contact
with another silicon wafer (the support substrate)} at room temperature to form a tentative
bond.

The wafers are then heat-treated to about 600°C to cause growth of the subsurface
flaws for use in separating a thin layer of silicon from the Si wafer. The resulting assembly is
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i nsul ator layer in between. 5 Cost is an inportant
consideration for comrercial applications of SO

W) 20050295 ®s. To date, a major part of the costP@US0eN04746
structures has been the cost, of the silicon wafer

whi ch supports the oxide | ayer, topped by the Si thin

film i.e., a major part of the cost has been the
L diRrd o i layer to
ten SRS  GHRSHER oy RO b5 i sl Bty SOyt

the syppbetRiisthte e thS unRaplanted Sivmier 6 Thit(Gra@8s thud Farntwdsilicon-on-
309, 950, 8,56,.335, 2- and_ 6,
%ﬂfaﬁu&h%Wﬁ&éﬁpé:q&ﬁ gﬁ&fﬁé\%ﬁ%ﬂﬁmw&?‘ Wil fm oxide

insul&bSI%: Bawakppor t substrat es, sone of the above
references have nentioned quartz glass, glass, and

g|Gossisaaisupdaiant oﬁhhéﬁah@uﬁpoommdtapah@hms of SO structures. To

cate, 8GR G D0 SoR RO B e (LR E o B aFer which

supp&ﬁc{h@bﬁaé 1d5er, tdp'i;e&% YRESTPIMASEIR, i bl % i) 6Y Sartb 586 ¥64t s been the

I's not at al asurple matt er toreplaceaS|I|con
suppommtr&tﬁth a vvafer made out of a | ess expensive

ey s P aAroa PO E sybRaB s hichfikatiirea gt Gprious

patenf! (3637 SEPAShiS Nk, 6,180,009 6,2M061), 6309959, 6/388,108,6, gzs;mtal and

in |large quantltles at Iowcost i.e., it is difficult
6,391; 1 0Napeartz tsdtsel pireletivels GSQIBSI‘@tm&I@Iﬁl{ Endisquesing syppet substrates,

e RIRE BBt BASEgob BA 8o 18 ki Ot

suppdH SbSirae frferials Mﬁe&e&t&ﬁﬁw iatlade diamond, sapph:re silicon
sen conduct or - on- i nsul ator structures The present

carbide, sikisen Bifrids: eopmics, metals. prE RleFi¥es and thus satisfies
by O S ) s s

waferi \ﬁiﬂe lfwiam madeout dBslesowglenfive Mmatdial insanc$OBdtruotirar fsparticular, it

the nunerous applications for the_ in ntlon 2

is dlfﬁwdt fpﬁ@@écq gsilignw eéwaé a.8lass OF §@pLea AR @ithe gype which can be
manu?g[ ' u%ﬁhé@ dsg,rl@ 1&1@@%%%&%@@% effective SOG
ectron as vve spl’ay appl I cations, e.g.
structleBs ’Hmsjls@b E%,use\pﬁoetosthg prebént amxehglon ¢inhat basinot had pracﬁcal
erf ma,nce can achi eved corrp hou

tochnf3es, B P B8 #1955 05 B TERRIEIES 2 NPT PTGEEs IDROBSO BRI eer
insul e‘lﬁ?é cells with high efficiency are also enabl ed.

Both t I nvention's novel processing techniques and

i (Repoasent iBG@tion pravidesssick taghniyiescand| tbumﬁsﬁweﬁle {dngstanding

ned i o oG Rctash R S e A e 1 Ay pvention

prowh&%‘ilelcﬁﬁ'hs iR haestruchies 0.@15/09% Hrifintdedis ipplesidia 4drdie invention
- SUWMARY OF THE | NVENTION Tn accordancé with a

are thbser mtsuelsﬁdds as opteclecivaics, B ghectrenige.sand mised signaljanalog/digital)
eleotrglrn'%(sj %S IWQ: as display applications, e.g., LCDs and OLEDs, where significantly

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

semiconductor field for lower cost devices.
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SUMBbARI@EHE

sem conductor-on-insul ator structure, specifically, an
H2mbnemsyelr €, conprising: (A) providing first gagy
second substrates (10,20) wherein: 5 (1) the first 52004/004746
substrate (10) conprises a fi4st external surface (11)
for bonding to the second substrate (the first
bondi n surface%,i a second external surface (12) for

i WERION r st substrate (the first

01 s AR Dt P Bhet. ABAAIbALENRS 1480804 %@p(sl;ggcmga

separating the rst"substrate in irst part

semicnddectsreanivdulator stridble, épdeHically,emrB0G kGudores cérhplising:

hereinafter, referreq to gs the " atjon, zone, "

whi@® eeviding frpand secpnd gubstaies AT G20k whespint

i mpl ant g§y on {0 . ' '

surf ac eipl 1) t&?ﬁ? ﬁ%ﬁ%@c@%&éﬁ%& Eﬁ%@éggﬂ%g 1,) for
and t he sepabandiog to ese¢dd)substamte(ibs fimhbomdiby surface), a second

e Dot ween' t GEREUL AR SIAGr PHOSE e fhe SR pHIRe (o i
bondi NG_SU" 1 8380 ablnginke) ard s i 5HOEI) Bohchilin the

conpri ses a substa ally single-crysta

sem conduct offirstwtibstiatg inteamfrst pyrt (g apd esechndipast (18) @be infernal

20 [ t ter.nagl: f 1,22), .. 20 ..

for bond! ng. €574 1 FheEnRles StFrRER ee Epbnth Grr nybich, for
surface) andexafleh@in HeW hydRitet iOWint iR idzdRy, wikgead
substrate (the second force- ‘applying surface),

wherein: (a) ®he elmtbanding ag@(klgdbe fiest fomaadpplyéng surface

paral el to onb: aNbonE bR Zing [0 SRRl thratel o
?28; her by a di st @ﬁ@_@ndmﬁ and (b) the _sgcond substrate

conpri ses an oxi de ass or an oxide )
gl azls-ceram'f ) (Bﬂwgﬁepwgi(, ; w&lﬁblsfhemwﬂéh( @smb 20:11?(13) and the
ondi ng surfaces ; : once broug
into contact, theﬂ%r"éﬂ‘i %gg&rg%c%gg@?%%%di ng surfaces
form what i6&)30 weffst sibistiae (1€) ebihptises S ubstantiglly daglée-crystal
bet ween the first and s{&c@ond substrates); WO
2005/ 029576 PCT1USZBigandsiorappterial; and) for a period of

time sufficigpat ' .
bond t 0@2 ne ﬂ'!a%ns 8{: éi r&gt&dtt%gﬁ? f?@?n%% 3{7}2 %%%ﬁégﬁ%%% éiP,zz), one
surfaces (i .forboadinghettedirsirsubsteite (the second bonding surface) and -

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

applying surface), wherein: .

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

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

(B) . bringing the first and second bonding surfaces (11,21) into contact (once
brought into contact, the first and second bonding surfaces form what is
referred to herein as the "interface” between the first and second substrates);
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si mul taneously: (1) applying force to the first and

s medotssrce- appl yi ng surfaces (12,22) 5 to prassutdeeioos746
first and second bondi ng surfaces (11, 21) together;

(2) subjecting the first and™$econd substrates (10, 20)

to an electric field which is characterized by first

d L t V nd V. t th fi t d second
e o VA st B e dEand 5 DR ond to one
vol t agesanbgieng thdfifsp i &cohd BERIiBH ElrBaRs (W, 14 thé inf2ei268),

hi gher than V2 10 so that the electric field is
di r ect ecFimpléapeersdy’f i r st substrate (10) to the second

subst r atey (2Q).; ' '

subst r ar@h ( PR ol MRS B E0hd Foe AMBESRees 1222
by first and ts paesthetfpsiadatesrgisbohding e fhdesql 1,20 together;
first and second. force-applying_surfaces q8’12, 22), .

r espect i9k| y suljgptipgihe figthsad seqond subsirains (L9200 pRnglectric field
t hose surfacesg,; £35S . ;
cooling to a%ihéaim%r?ﬂtenper%%?igfsg?ﬁcgs%c?%?’d%gyéggﬁyzatthe
substrates (fitf,ad0 pecond doge-agplyimy emfaced (12(22), raspectively, said

Separ at 1 on » oAU Ypine forp e ripeeheiboduipk vigher than Va
and second subglaf aleQfectidfdd)is dfeded ?—Bﬁh e GRSk A g(lo)- to the

tenperature such as roomtenperature) and separatin
the first andeadousiratea@0¥ apd4, 15) at t he separation

ol acs ol BoHiRE T 5, o SR oo o -0 i Betingheine
char act o1 St frkidod A QPSR AP RErHE®, 400 T, of the it

gl ass-ceram ¢ has a straln point ) )
25 and conpr asésecpod fqrcw-epplg:hng_ stiefacgs (13 2Rp réspectively, said

nithin he s etunsoAtites e tntin AP oS Burfackt e ing aggected so that
from the secapsh &gk idasohbiae: éﬁaturé&ﬂeﬁ?éﬁ@ﬁ&i?%dgh& substrates

second force-applying surface (22); a_nd’/or (i)
oxi de gl ass O, 4}ivadergp differential eontrantiopitt gwschyyeaken the first

non- bri dgi ng b si.tivea.ionsg (e.g.,

al kali or al ﬁ%ﬁﬁ%@%}ﬁ%ﬁ%%ﬁéﬁa&&ﬂﬁeﬂe@ab’i% step (O,

nogR) W tbuling tBObdrded fiegtand seethdtstbiteitdsdD,200(efe., to a common
direction away frogmthe second bondi ng surface (21)

and t owERPSTRIIE Sy TgomdeRpeERbE) Ay Senaratngdhe %@; andygpcond

2005/ OZ@%%E%&H%QQ%&%%E@@ e(ﬁ‘)As known in the art,

non britlgi ng oxygen I n an ox1 deé grass or in the glass
wherphethe oride glass or oxide glass-ceramic has one or both of the following sets of
characteristics:

@) the oxide glass or oxide glass-ceramic has a strain point of less than 1,000°C
and comprises positive ions (e.g., alkali or alkaline-earth ions) which during step (C), move
within the second substrate (20) in a direction away from the second bonding surface (21)
and towards the second force-applying surface (22); and/or

- (i)  the oxide glass or oxide glass-ceramic comprises (a) non-bridging oxygens
and (b) positive ions (e.g., alkali or alkaline-earth ions) which lduxning 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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an oxi de gl ass-ceram c are those oxygens contri buted

WO 3009095Rss by non-network form ng conponent SP(f)lflUHa&/oM'm
gl ass. For exanple, in the case of comercially

avai l abl e LCD display glass-fsuch as CORNI NG

| NCORPORATED GLASS COVPCSI TION NO. 1737 and 5 CORNI NG

| NCORPORATED GLASS COQVPOSI TI ON NO. EAGLE_2000TM , the

nofks ksppadn the ask perbEdging oxysenstip g osideglass o thp ghasephase of

L ([T e —

comgﬁa@)ltsi of é:heh glagl. a8 examplosintthe ﬁmseﬂfbb%ﬂn@i’ciﬂgt availablieTaCId display
e boun an rticular theory of operation, it is
slastiiich g4 LORNAGS D ORECt A BED GERSS SOMBRRITI N b3 and
. ) el j .
CORINE YEORMOIELPED GASS EORPDSTHANING (mAGTEB00FH fhe pon-
bridgieg veggeas iddheleibedeloxygers|veldth afeattasf thdSlass through the incorporation
el ectrolysis-type_ reaction and that reactive oxygen is

of aﬂfﬂ@&cﬁ@gh ociflep K2s MEQ a8, Sreandiopa@lia m@éﬁ%ﬁéﬁﬁ“ﬁ%ﬁmﬂ-
R SRR U o i) LA et

to rea rra

that a1 dlectmdysis-opeirestion tekes place dutthydbstes! (Ce dhpartichBy, iofs believed that

B S SRS e e e et 0
o AR08 o Wl S08 35 WA B s
between thh dirspand se@ind sebstrates x Thés adygss isdediavédioaéact hdth the

R 45 A By 1 St
semiSSHAnERP gé‘?thQ Lili084 ﬁﬁﬂ@}:e g’én foke Q%i].idoh—%as%ﬁﬁé&tdﬁctobté r;faﬁs hybrid

bel i eve at such genération of reactive oxygen
regiontbegine abibeantexfacesntlextends 120 theciistabdinatt.o Theptesencalof nen-

i TFRREE A SRS e i Pt s e
fo plzfyi 4 ®lle BURS Eéﬁr@%&@tﬁ@@xy‘@éhg thafleastwith tﬂé?gegl?cong?ctor material of

gl ass-ceranmc o the second substrate, i.e., | east
the figst pulpstrateand potentially all) of the bond between the

figst, and . second substrates is through .t.he reaction.

ortt BTt BEER eBheeRieh Dot Sceie on BeERRe o o it the
semidhtigétbtnhReial 5@ FolRe of EROMGNE BBAE Which thoUERhfidE AHiévwés between

unlike prior techniques, this strong bond 25 is .
the segaipprdpster mpaterdal of fh‘?&fﬁfe@bsﬂ'fﬁﬁ and teghideglprsonogids glass-ceramic of

tho b TRt oSyt DER Aol DETREP Bl BB B st and
secondrsabsifies ig ilrbhgh e FORtIGR 601 sShsdndaéter inatekial With reactive oxygen
.materjal which can be manufactured_in | arge quantities

originghng gy fesecopdsubsteate. pSigaificanthn molike priontachnigisss tisgteong bond

) i . , b o e need
s ack R0 S oDt o EYGR U B B e o Gl o
tempdratmpestaive1c000Cer i al , such as, silicon, quartz,

di sapphi.re, etc. WO 2005/ 029576
pé%rlmi_ggbbﬂp @%&#A@gh temperature processing allows the second substrate to be 2

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, diamond,

sapphire, efc.
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In particular, the ability to achieve a strong bond

WO 2903029618 need for a high tenperature treat nEtUS2004/004746
all ows the second substrate tg be conposed of an oxide
glass or an oxide glass-ceramic in one enbodi ment the

gl ass or glass-ceramc exhibits a strain point |ess

th [ ' . ' di.spl .
pr P par R b PRl dchfedeAtrbng bBa BB Te necd for apie
tempyrpturatrbatmieatalioves tha secopdistbstiaras belkampBOAGT Akiddlass or an
further enbodinents | ess than 700C. For el ectronics

OX10fRasSTATErTIS M PRE sPeriment te slass ar glagsorqremicsexbibitsarsiginypoint less
) i: 0.t A [
R T e
ceraodc itpscadiychag astrain godntriessuhaci0dPe, addin fghbasesbodtents less than
005 ST ok e 5t T p ottt s
1,000P@S KGRI PR STHQHb glz@@m%ﬂﬁg a}@ﬁ]gggag Wed [glagé-g&aﬁﬁcgh%ng lower
co y of oxide

at least to some extent. T uct1 vi

 straig|peirde sregnsiento menghciss thaeglassos sndiglpesnctsamivs hiveing higher strain

oi enperature and thus in achieving a strong bond
POkt ween the sem conductor material and the oxide
9l Fofadlitafbeiflieg, #850:586 BBLCor thlﬂﬁere @aﬁs%e?aﬂgi?l s8B{8 be able to conduct

anong: 1) the conductivity of ass

elecigicity st leastaaisome 2xtent cThecrmenctivitye ofiftt plasdesTi)d axdéeiglass-

f. 15 (0),.3).th t t f ot electric field
BTV R R T E TR LN
semicbaductitinAdridl R8d WDl gfaf:§ éﬂ@u&ﬁl&%&eﬁ%ﬁbﬂﬁfﬁ@ altadance among:

i s perforned. a general guideline, the oxide glass

1) tb@@@@m&@ﬁg Dﬁﬁﬁgﬁs@nﬁlﬁsw@ﬂmﬁ B) tﬁdtampargﬁgess(’létahd iTeyused in step
i 1 Z- .
.3 S8 08 b 5 o e

(C),Gﬁﬂﬂﬁhﬁ@mbﬁnﬂﬁ‘tﬁh@ﬂﬁ%ﬁéﬁﬁichs%égr@)m}_ﬁ{rﬁﬁﬁ@hy, p at 250C

is less than or 20 equal to 1013 f2Z2-cm and nost

pr & @rzsperpl gyideling, thesoxidengipssor osifleglasseenamtie prefetablyrhas a

o ed + hat al t.houglh quartz has the. . o
s DI P28 16l bIRYF 4816, FA5phiy w250
is gréaiGithan BQSfub] 16610~ U15e ; b B HBBod §
" grand i?thus foll om@ﬁgﬁpﬁ%@@eﬁﬁwg) a%l'%gf(ggleissﬂelan or
equahto 10 eCQsen,omd et prafatably, it iplesetian ngedil te10'4e LuemSItishould be

é‘%or%nce with the above procedures. 25 Fq[,any

ﬂﬂtefg f #lfapugh quariz bas the requisiis qesisivinat 350561 o£1QS" Qpan.dblagks

S ks ' eadi. b ble.to determne.
ro At BB A SR YR o e o
use as thieesegéii substiate 34 PRod0ENSOIBHINGrdR £ Sedtldics GHASHUE Bbove

In particular, such persons will be able to sel ect
proc t nati ons of these paranmeters which create a bond

b ] r | r .

o 2y PR I o D S R Ao hagyy win
readityt barbietoeddiaming hutableccodibibdtiony af tidestehet@erepall field strength for

@ﬁv' ronnment al gio ditiops tg which_ it will be exposed
step .ﬁ‘ﬁ@ 8 Sg‘f’ﬁ‘&rés & ptigwar, spch pssmons il oS bizpset
mm?ﬁﬂoh@gg@l%%@ters which create a bond between the semiconductor 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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In addition to the above role in bonding, the electric

woebssapdsi ed in step (C) also noves positive | QSusI004/004746
(cations) within the second substrate in a direction

fromthe second substrate' s-8onding surface (the
second bondi ng surface) towards its force-applying

o Ve ot odhe Aol SR GUbY EleTiF Halg Poblid 1P (C) also
movEUERIRION! ofibns) EETIRISL AR HENARE D 4 Afocdoh Toud e seoond
substratesthondiog sw:fsce (thdwcdab]bmdﬁngsmﬁgé)dpwhﬂi;i itsfomde-dppbying surface
(tho SE8T PR bR AS: SBELHG POPLRrel5HDY fiyins rdepiégion region
(23) W ngﬂgtd\}im e BferBHE ety lﬁie@érb@dhdfs%%zge‘sdg?ﬁﬁéé’ﬂd &t into the

desi rabl e when the oxide glass or oxi ass-ceramc
secopd mbsirats, iad. ke idepletion regian beginsiat theNrecond boring sutfate and extends

o R Al ke oA G RS 1 1T

| O1THe foPm@tion MBsuéh alRphtionregion BEpQLialBEdRirabRRvlthIRe oxide glass

interfere with the operation of sem conductaqr devices
or oxadriglesscesrarhie copipinsta rongjieg, Il s Nap, ehdonKl yidngssince such ions

r ed.concentrations.of these ions. . Signiflcantl .
are KGR EUGIRS Pty 86 pRERGH of HERToueBERr perln AliEne-cattsions, e,
Mg'3, @alfedr'? sandlor Bat?, Qe hlsb initBrf& ¥ Atk the bp&ralbh ofbdniebithitor devices

is heated to an el evated tenperature conparable to, or
and thyssife depletion xeginn alsq puefernhly has rednend conbentrationsl of thest iops.

( Qi 1.ag.heen forne t .an,elevated ‘te ratyre

{ e B BRE R b R Blign ek R i stablo over
time B¢ the(RBY Atuichfie B lbated i6Rh eRRatet @ERSrafure 8smPHrabitho, or even to

structures. These considerations ensure that alkali
somegrdens higher thandhptused insiep (). |Haong beerrfomaedaicin dlevted

' ' eram c | h .
kA s lop A 55 il g omstin
tempéatubey o8OI steichirac Elmse gonsiderationk $ndiite tHaPp alkhlahd alkaline-earth
., bepefit 20 derived fromusing an electric field as
tons Wift potdeifpsedagh fgrtpe ass F oxideglgsereramic e the semiconductor
of b SOEBH A YR8 o AMCI RIS S L1 Byl ener
derivadfibmbistng anegjedric dkldasgest ofdhl bérdlihg prodess afeipr(€)l

rggs‘uc gsitive iop concentration, for all gf (ihe .

pds Yith sciPgine the OpeyAtas AemRteptio ASHisvP § SHong bnchdee epprating
perS BB Wl 85O P R8s rypos
positiyh someesneentsation foralt of the pbsitive 8@k of tontetnican I wdditedetemmined by

persESRIEFEe M bt S B S0 PoRbmiis B o reonis
charadRAMCRAA 0O $OEsttl @Gt g’k&a&é@iﬁh&@f&taﬁté%tg{ﬁﬁﬁmod aspects of

"pile-up" regions for oné or nore o
the pygsant invgatiomons cont ai ned in the oxide glass or oxide

I .ceran,c. n_prese siuch.reglions, are ate ,
o IR 3PRER " dleim PSS o bl ionoohsBE Heblc Al o oreate
"pile-hpT tpRIk forf B driigort O eid M6 IR ohd Sorlthihed AMRE oxide glass or
.. second substrates. Wthin the pile-up region, the
oxideyglass{Ceiami¢.o WHeagpresenb sedrtegions ere labatodai arsepyithie side (edge) of the

oot AR 5ol FRRR LB TSI BN i

the pild @ region, the positive ion has a concentration above its bulk concentration. For

~ example, when measured in atomic percent, the peak conceniration of the positive ion in the
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WD 2005/ 029576 PCT/ 1JS2004/ 004746 -9 pil e-up region
wanoisa2937ér exanple, up to 5 tinmes greater thaRCTHS2004/004746
bul k concentration. Like theg depl etion region, such a

pil e-up region, when present,”is a characteristic

feature of an SO structure produced in accordance

pﬁe’}ﬂ@%@)ﬁt‘%ﬁgﬁ fe;{%ﬁ:@)?%%?éc?fs ﬁ%‘%s%gond subst rat Eg&ﬁ‘dr Fﬁ%ﬂ Like

the ddpdeticnGegion, sach apﬂe—upabgleﬂ, wiien preseint, anal ch@actenisticdbaisept an SOI

to perfo .the ipporta t fun ti,on of keni ng.(e.q.
SRR T 2Rl TR s iventlon.
subglehiah, érat%}estoﬁ‘%] ée%@n@ SIbSirates &lﬁﬁ{ S} d(_? 18! the values of
substra can Ivided into first and secon parts,

Ty ahéh & sere clske & perﬁmmrtge fropokiht finctibe of wedeting (ot rfatoburing) the

bl bl S PR ST BN St co

be ﬁﬁ&%ﬁ@&ﬁmp&mwms e sRXHIY 8 bekly maam ﬁb%e&ﬂﬂ substrate.
nanomet ers and, IN sone cases,
In tlns Wam SN stivotnghhariug mﬁmcngduqtomrmﬁgl Cb,%lrathﬂncknws is

achiPie pnedhichis PR STl shiiileoto bl ¥ s0d fiffometers and

ms@ﬁ@@gﬁ u@ho 3@meroRs] marily occurs as the bonded f| rst
and second substrates are cool ed after step (O,

t o Althongh seiprishing tebe b@ynd hcamt paseuladhensy pﬁﬁpfa‘ﬂthn, %t is believed

e BB G B Pibcnulie SRy Pt FrdlepPlif ooours s

the ¥bnldb@ g8 bh@becofd hitRfrhied Era%bl@ldd&ﬁcﬁht%ﬁ@@),%fg 1B @odrh t&hperaiure.
substrate which mani fests itself

By theprapst selgetion of Ur pndyTnfsee helow)this “conlieg aises the firsiand sccond

bR RS e SRR Beh RS SRS g

subshitesiliich anifedtSitéedl &wmngﬁ&mm@oﬂmmﬁfst sstistrate at the

supbstrate. As used herein, the %grase ‘differential
ign 1§ gich that the

seooR Sl R R0 BRE o B Lhhe By SRS Contract Lo

di Wseisemherem; ﬁ]&tlﬁrzisy "él%lnermab bomgct:mmnfmplmg hea comeon

: fi rst an g)@ssubstr '}ﬂ{ﬂrét Bon Dgl?wgurlgg st S:ﬁ)tbonded,

they %outl@ @oﬂnga@% ¥l diﬂ'@ﬂen?éi@&&f» 9} SSch oG, aHB%%r}’sﬂ&é’ﬂﬂéﬁirst and second

ferent fromthat whi ch woul occur iIf

. substthes beceeseebanecd dudigstep (E) sldobre ﬁgt@mtenhbdbs ampuohef ehtraction

25

30

of the e e REh sty Seqnes wLPt ABRARh BoptpALHRlon would

occur HBBKR w&e 0 BbhdiAs. ThRMFSleRtd RAISBI0AS 85 tHRIsBbstFARSk experiencing
herein to reflect"the fact that the contraction of the

tension od thet aber mh@m&ebmn@e @ result ofi the genlinga Thipghutise f'saekn to contract”

*and G PGS Re A RS e A66 R maf o contiSion of ghesubstrates

whe€ B6ARIAWiEPTh %eﬁera%eahﬂe&ﬁt Froff théil 8o BehddatoBtthctidiR¥. ) Ghe
and, in general, wll not actually contract to that

substtedweinglisqussed st sesk theonitpchivrriestteinextat as gewtindithe cooling but
may %HP g’ﬁ({, al e géneral, 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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elass;gerppicrgforab

The values of Tl and T2 used during step (C wll

WeReRi st he rel ative coefficients of ther m%’ﬁTIUSZOMIOMMG
expansion of the first and second substrates, e goal

in choosing these val ues WO 4605/ 029576

PCT/ US20041004746 -10 being to ensure that one of the
ate, seeks to

IR oS BB S 0 b 2
o L LR QIR bt el MRS eBe), B30y strss
to, asdrthuyweakeh,i thesephratige menadhntigy emlingn or der for the

e R 7 B APROAESS 4 PP S3h re
B Sy Lot it 7L I ARECTS R AART

substregtes(CHs P CTES Eespectivety)shotid, satisfy thee :@liEbnsksp:t he 0C
coeffi ci f_t expansi on of the substantially
si ngl e- cc?@ié‘rf'g? > Eiﬁ‘i‘%nduct or material and CTE2 is the
x It i .. of i 2 ( g
whefl 8PRsGREHIC LBl ofmkxﬁ%ﬁgﬁﬁi}ﬁ% sﬂﬂst%ﬂ;ta}lg#g}ﬁl% crystal

oxide glass or oxide glass-ce s re
semigondirober mdterial tahd CTiEy $¢ thefd3 02 Conefficiarit of thatmal expansion of the

..cooled ta.a common reference. tenperature of. 0OC. In
oxid B P iR BT e anioo i Pt b IOR GBHUERS 813 Bt i gond
@k | Sﬁnﬁﬁ@ - mc
Subspr er g%ik%l()%ﬁﬁgg ca 0- 68f r%? %P%%ﬁ?é%ﬁﬁpﬁ er mal
ex hmagilying gﬁﬁdéﬁgmkhﬁ g,alt :s]gcfu;/é ge kgpttiﬁ enifidthat therosid eﬁglasg C(:)1' oxide
15 5x10-7 x| O- > Far_ conparisan, the 0 .
f}f hasipd-AE %%&ﬁ%lmf&myggWPaﬂ’gﬁ which satisfies
the rélafi@hpipr ystal silicon is approxi mately 24x10-7/C,
whi -

ile the 0-300C average CTE i s approxi mately
32. 3x105%10C/PRKtCER gY5a1CTRCt or the second substrate

For A s 7B ol St it gy
. \ o75x1 0- €. 0.,
o B L S PO Rl ol Sy

3238001/ C anith Blfeyf the 684l subSirASRHRA iSRENHRA el to
CIE2T2 > CTEITI rel ati onshi p, when the CTE of the

15x18X 1 Geisgengsllppretatred cinglonsseases, the CTE 6T H#i2)second sebstrith am be

t hat. 0% . t.he sem condugtor material (CTEl), _a | arger
above J5x16 3 S0 dbR 255i0F Podseli e gsersifer e dR Pushgppiietions as solar
celissecond substrate to seek to 25 contract nore than the

first substrate during cooling. Conversely, if the CTE

of At tan leedecte frogl the €10, » DX DA €TH, #BSreREibadhiss, wiendhe &% of the
., than that of the sem conductor material, a smaller T2
oxide. glgss arioxideelassseramic feTBods less Huadhnt of thetsemiconEugipr material

g R A TR —

coniract hor@ithdn@he ARE @RGSR 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 senﬁconductor material, the T, — T difference can become
zero or even negative. However, in general, the CTE of the oxide glass or oxide glass-
ceramic is chosen to be relatively close to that of the semiconductor material so that a

positive Tz - Ty difference is needed to ensure that the second substrate will seek to contract

‘more than the first substrate during cooling. Having T» > T; is also desirable since it can aid
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zero or even negative. However, in general, the CTE of

W0 010208760! ass or oxide glass 30 ceram c i s chasgisiods/oo4746

be relatively close to that of the sem conductor

material so that a positive-li2 - TI difference is

needed to ensure that the second substrate wll seek
. ,to.contract ._nore than the first, substrate during L i
in bopdipg o thegxide glassoroxyde giass:qernigda theasmicandyeter mategiph since it

i 4 7 el - J n i :

o A e PR oA B P o redklivel ARG RePig T, > T e
dessahie sinoctii cho facilithiemalensinhofpasitivetiond swip froakibe fiterface between

xi,de, gl as r oxi de glass-ceram c nore reactive.
ﬂleﬁr%af“_igﬁﬂ??‘iﬁ“ Tl is desirable since it can
facrild difftRnfiR\GHEAt AbRPSdn th Firdt ARG E8NAY s&ﬁé&ﬁt&'}ﬁnﬁng cooling
interface between the first and second substrates.
and Theeregiilfife weakérdahg/fracturiag of the fivsitswbsirate hicthé isemstratitmdzone can be

schREGRRh RgRHa oo g BRHpf 85 Pt e et Coplat moro than the

firstSOBRFA @i ZIBB 06K, DR paffdilRVie SaPle MRIHPGHSRa10 HIM Secks to

t han havi ng the second substrate seek to contract nore

confrant mare thanfthe spcoadipdhstratiee Adiain, this diferemtial icontraction is achieved

o e Pion o 5F TS Fembetabisn o Ul 67 et rgpd b rtes. In

gendril @rfl, ff&%ﬁ%géﬂcmnrc{rﬁée% RWbd gﬁ@b&@ﬁ@xﬂﬁ hrough

the selection of the E's and Tenperatures of the
f i Meherathd fs¥cubstratadzeks ot @miratimongdhmer the stesndmsubsteate, the first

bl T i SErat S ad Bt sehstreite Pl GRE up eafer tension,
rathbBaP BERP @oﬁ?&%&iﬁﬁ‘}e& thd 481 dfithSEoolRgb 3h @@ﬁeg’a% fids gi"e@erred for the

- particular, the second part of the firSst strate,
semgondlucerdilop(segradrpattaridhefirst substrate) to bramnden dempression in the finished

SOrSURH ) Bl o B b FERE Rl ks v

secopd stibstatd 0 @edl fodonEHEThorditRan the fR sUbdRie ﬁﬂﬁg}&iﬁh@ Breferred.
e

in the finished SO structure, which nmakes t
For ggape anpligationsylewever.Huvitigrthe semicpaductarfilmysndes somg tension may be
pref%zﬁ&. second substrate to seek to contract nore than
e first substrate during cooling preferred. For sone
aphus a6 nensiaribegwiiliedgh dth 88 dffeBnditiohe eatbchRa ih tHdPractice of
.under sone tension may,be preferred. 20 Thus, to

the iygptigr; indhe preforedgmbadieents of thednventinn T4 isaseaterthan T1 during step

. i ; . ¥ ) ) _
(C) 4503 ko d SIRKA o 18 conlrild mdiY Bl i irdt Bubffge during cooling
front the eleVated tompryatates msed Girirgedep (©). second substrate

contract_ nore_than first substrate during

seeks, t he
c oggﬂﬂg&ﬁ% RPfHcElas paRlicalign Pé%é?ﬁnﬁiﬁ’és(&ﬂs &8y garicalyr

BbER | i 086 bAL
St A O P AL A, o
skillerhinghé aift will dezsiily beabld towsekert wthadogTaasd 05 bﬁse'd;ibﬁ the present

. Jglass-ceramc),.persons,. . skilled in the arf_ wl]I
disclpg i“fhﬁo‘@'ﬁam)%w‘?& 185 of senttel coifrachon SRRt iy wesken the
sepaf¥fioh BEnd¥cPB&Ithe first and second parts of the first substrate can be separated from
one another o produce the desired SOI structure.
As discussed in further detail below in connection with Figure 1D, separation of the

first and second parts at the separation zone results in each part having an "exfoliation"

surface where the separation occurred. As known in the art, upon initial formation, i.e.,
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di scl osure which will provide a |level of differential

wodo kRN sufficient to weaken the separati

so that the first and second parts of the fi rs?pmzfﬁgﬁ)04"004746
substrate can be separated frbf one another to

produce the desired SO structure. 30 As discussed in
urther, detail bhelow in connection wth Fiqure |ID,

belgaamy shLAUGH SiHece reatgents el as Gripligiion Suriace indaracterized by a
surfa@P Fphh & WAREFis" ?%g? %ﬁaﬁ%ﬁ%@@f&r Hg?.S "Wn&leters RMS, e.g., in the

"extolT1ation" sdr ere the separati on occurr
rangs ok hd 00 nimonedters sartd, deppoading oh theaprotess eahditions ised, wilMGically have

2005/ 029576, PCT/,1JS2004/ 004746 -12 bef
a c?ﬁﬁﬁé%&@ﬂf %gmp;@ge:? }Oé’d%sﬁg # formghe ﬁ%ﬁﬂtg@?@ggég-ohﬁmgm above
thaledeBe R the bEAREARL Gl f dedbhaParS I ThEEERTANAIAERS. Wl SRy

i's generally at Ieast on the‘order o anoret ers

formebwilbalgo be charettetizaddnyedistoritd tHBtalatoctatecss SeerBb TEM. In typical
ependi on,.the process condjti,ons used, wl |
eI B f B, RicBiE BadBEAbR G e 5 ool KA masfoce rougmness

is refueel 1001 ARloMctddr 3R AL {LIRFANE T rvhygr
above 5 that pregent i% t he body oif%etg%u ?%s@qggorde“’fo‘l

nangstsrdop sleeisoniq Applications. ads useddwrdincthe phrabdxifaliation surface”

. il | als e.characteriz by,a distorted

mcl@‘?‘@i‘?%?&éﬁ"? aiuf Ya@f@séﬁn. e saaipe TPy eupsequent treatments.
apPriegaédsorespphi&roakt Ghitahl Q8o fsﬁﬁé%ﬁatés%i%@ 'év,geiﬁég gnsures that

prior to use so that its RIMS surface rou
thosesubiraipstage ip intimeteeaoatachwhile yadergoigg the Incah aRhBlestric fietdireatments

ot USR5kl hen T SHBEAE e

" ©)Gepbiatily] 18 sémicoadectordhbbiat (06 Firktiabsitiid)36ifl RSible to withstand
.Jnitially formed and the surface after any subsequent
higher lexelyof epphied pressprechbanithe sdgssior gliss-cemmic ibstrate{the second

sob 84T 10N SR S0 S bR g b i st
withpheddvegfingthd sedomdtstbgratd.el d treatnents of that step.

In this way, strong bondi ng between the substrates can
be AatHlcdags OfZE?%P@ﬁ cga. be Heeds dior esrmaple; Bre foreh per wnibarea P applied
t . # | i a 5 .
o o SO B Ao o e At b Mral3, respectivery,
preferhbly satisfieathecrelatibashipt e (t he second substrate). Thus,
t he pre?sure i s.chosen to provide intimte contact
bet ween tPﬁ’essPuﬁéggﬁﬁIés wi t hout damagi ng the second

_ | e of pressures can be used. For
ma BRSEIEHEY gkl o

e force p unit area P applied

first angsiserond0fpsi ce-applying surfaces of the first
and second substrates, respectively, 20 preferably
safigain; te sperafie pregsuro male fo be ugssli fob amspartionipsapplicatih of the

el 5 R 15 BRSO B e g,

anYhefirst aspebteot thphivesads 6 ¥ prh®ifced using a single first substrate and a
single second substrate. 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. Thereafer, 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 struciure. The second SOI structure may be the same or different from the first
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25 invention can be readily determ ned by persons
VO 2oUsHAF76 t he art fromthe present discl osur ePCTN2004/084746
first aspect of the inventiogscan be practiced using a
single first substrate and a single second substrate.
Al ternatively, the nethods of the invention can be

SOI geaéhute) e igQ B sebBHES ONGFLARE BPbe $hddd %&i‘ﬂ?% fRE sab§itkdld bémposed of
second substrate. For exanple, steps (A) through (D) :

a sulsigntisBy sinele-apstelpemieontnetor ne@irial hat isdhe sameabn differep0from the

' f .
semiSQ Rl SO of WAt S bl For B oS P  rhAiE BE B S0 stpgture,
r e[Vt pebfirablly Pl ipl SROD BeudhRles Std fofhed SmittaERbuSBVG Ssingle

all or part of the area not covered by the first SO

secord pihsitatedy pravdingaeiipkedi.cs two or moee) first substras inatep (4), bringing

il ' R 005/ 02957 .
all oo ERBB bRy S bt ety SRS Ao Sibstrate fn ston, (), pp then
perfdsfling stepel)raad CRNobthersidtitig hivrile fitdt StbsadRfingé econd substrate

cgﬁ)%em %ﬁEUbSt anti al I,g si ngl e-¢cryst al .
asserg & Evdienle Drst sulsirates praytidedsing siep @ohpan gl baithe seme, all different,

] ﬁg&hr material of the first
Orsogeggtb%%tﬁ%a%geg |(§1l proguci ng the first SO structure. _

MoWhigestreappidagh isnsed | the eestilingsinliple S @BstaictiréDoTE dingle oxide

Si rrul.({ﬁagqeousl y .on a si ngl %es@se_cond substrate by .
glassr Ox1q6 glassearamip Febsiratecan begontguons o pemerated as appropriate for the

: [ , L RQANG. ol [ .
arti UlAApAbonl o 130 0ercbh; 1PLHT Gaps Belwh sbilR altof He adiacent
Structurlllemwrbel(ﬂ}ed vty lfdbrh’_a_ lamp;tg Isémicmhggct&tt ma(/Snél@J lohtaéh 603 caﬂﬁore

.t-he resul ti.n tiple first substrafelsingle secon
COnINANS, SETG ﬂdaégﬁ%?rfy on¢poxidf glass o oxjdeglasgcpramig pubstrate of any
desired @¥éded in step (A) can all be the sane, all
different, or sone the sane and sone different. 10
Wiingiddition ta i forghinganetbed aspduts, thesovdntion alvoiproyities 180kl SOI

tructures on a single oxide glass or oxide

stro @ss-cerani c substrate can be conti guous or separ at ed

aSTRRPICREb@bfeeiWith 4 BRond @pdct 4h@fuvaRitd $1811deda emicBRductor-on-
invention. If desired, gaps between sone or all of the

insulatey seusiire cempriging fitt and sedvadiliydred 530) whidhoare estachetl do one

i ial to obtain gn r_nor .
anottSEOHESHIEH G FRYER o8 of Pl biethstate Poeiapiss or
oxhye ghafisst LELA(NSY codbEsdsH @ibsfan8ally siddle ¥kl @8nfdoAguctor
I'Eﬁ addition to the foregoi ng nmethod aspects, the
matenaly ent i on al so provi des novel SO structures. Thus,

R YR T AR A ——

es a semn
cqapr i sheordd siehgitdiwasohe dravedsedohd 12R)s oMk tdasteg €

) ttached to one ),0 another either directly or through
Joulesgwst%: DPReirably st lnastd @ ianiesimsper candipest pr @raglaz)attlmt 15
jouiesfllin layer (15) conprises a substantially
single-crystal sem conductor naterial;
As used throughout this specification and in the claims, the bond strength between a

semiconductor layer and a glass or glass-ceramic layer of an SOI structure is determined
using an indentation procedure. Such procedures are widely used to assess the adhesion
characteristics of thin films and coatings to & 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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(b) the second layer (20) conprises an oxide glass or

@0 seesgl ass-ceramic; and (c) the bond Stre%ﬂuszommo‘tms
between the first and second j yers is at least 8 :5

joul es/ neter2, preferably at ast 10 j oul es/ net er2

and nost preferably at |east 15 joul es/neterz.

I | on and in the alns
+ her bR bret Mt BARE. IE bl S Ry S5 fpatings on
glasylveare pe:fo@hahﬂnfgeﬂﬁmﬁﬂdaw@f IMB® SP$ekm$ H:fbﬁ-é:tfcﬁl Efen Prairie,
eterm using.an_indentation procedure.” Suc
couR 8% eilr%‘«'rw Jiappoad mdﬁnécgs &tberteqmpmnbm nf@:ﬁlrse, be used

to d%ﬁﬁhﬁﬂ%?%%a&t?gg? ?%PEJI | Alg &131:13@%(8 ei%ﬁ)élr]?)%m tl(*h%? B&PW@ indentations

variety o
weranthdercoverdng mmhge miﬂbsds afidetht esiod ik e@RRY AeBuAdin ?
f

indghiitidh ks Y uiBpA I Fidengs oF G eains 'ufn»m t@?ﬁwfg?nmrm s bogberergies
ted
Wﬁg%yg%&%gﬁﬁhm%nb ré&% ﬁ%o > 51 I ¥ con %glét{eonﬁagw%chare

bel ow, 1 ndentation neasure
mcogpcarg@d\lmem berdfermed DB damhhil aod ANGEPaE, MeasoMh$ent of

T SN T M A L ppedn%{;&face
Del£0MES6n, DAPPE T AR fh%ﬁ 065 n%@ggf’%@pfﬁﬂ@p}&a& ¢ ?fq%.; eference

di scussed in de ail n- Exa
are 1g brawed inaenbculaging therprel energjes aflleld dadsy the dlaihe sé Fai R Below.

oY A O SR R in b s Rt wpAc o te

mveﬁ@@i Ghefirst | ]
refer ence he rel e\?g%%ﬁ%‘gér) “rons 8& %/ﬁl)tf%ﬁ]egpﬁ&ﬁ%@&c‘md layer
whichyis ap giolieten svefaet.nliphis @be ke oxide BlasBor ddids Hlakd cerditlic of the

Se""@?% £V ’?'iﬁ?ﬁm?‘?‘ﬁﬁ %1 ndent ation. 1. Mechani ca. of
nr f ag@-ID°Erbefichat bermal d&p&lssiotf @?ﬁ and g@ %e%stnutyp

26 2 - 2638 (1984). The procedures o i'S re ere
are to b@ml@etisii'ﬂhmlammmpmg the bond energies called

for by the c orth belo Wen the SO
" structure |s%%lr0?)§£ {Er-r?gsxmof% 8¢l e, the first
aspect of th he first layer wll have a
surface (sec%n“dﬂr ce‘b%E%I}Jfarthest fromthe second
Ia@oér ablcail poiat Tnofisésahhmi joopegur face. I n this case,
| ass ceram c of the 15

@%&gl defg‘ﬂaﬁ/@ﬁg r"ﬁ!%glliggﬁaﬁbﬂ&@mflﬁapeslh(@ipnaw@lo%ﬁ@ibuﬁon .
‘“th’%gi‘fé’?.%.@%s o IR R LA 1Y ofiod ) SpGERAC Bield when the

temp@ntide T/of the ﬁE&e gass7<5'>oiﬂﬂe7él€ss @mahncrsa’é&ﬁ& Qh@re@dﬁonﬂﬁﬂ 50

(b) a s,},r_alsnog%|<n,}‘ -I358f [ ess than OOOC

- where T; and T are in degress centigrade.

As will be appreciated, the strength of the bond between the glass or glass-ceramic
layer and the semiconductor layer, e.g., silicon layer, attached thereto is a key property of an
SOI structure. High bond strength and durability are very important to ensure that the SOI
structure can withstand the processing associated with the manufactare of thin film transistors
and other.devices on or within the structure. For example, 2 high bond strength is important
in providing device integrity during cutting, polishing, and similar processing steps. A high
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(D,

The oxi de glass or oxide glass ceramic will also
Worpeo3/eessosi ti ve i ons whose distribution w t HoTAAS2004/004746
oxi de gl ass or oxide gl ass-cgfsqm c can be altered by
an electric field when the tenperature T of the oxide
gl ass or oxide glass-ceram c satisfies the

borlded@hith Ry ki r ARG Y&k 1 are :
in de%;fﬂees dglgmsi gr ade.aa—(%gr wi |l fk;éﬁgppr e(%rlt%ﬂ[sg%@dt}@gocessed while

attaghqdelqalass or glase-cerandc sbsttes, indiedigg fas saniconductor films.

o ot RN e BB oBREy. 1ot Ghe Suih bnd 6o @ndsid thermal process
o e St 0K o SR B OB ot 4
Jou@f[mfeq%?:%er@a}i%"@ lHeneehdSeempicondictor Wates Bondiag €. Yi Tdng, U.
oS TVARS St N PR APRSLE 10,0, B

evices on " or w

by the eturysleagiset forenhélbw, i dcoMAEAWith iHR sBERYI RHOS 0PN iifention, bond
o in eg}rgl tcﬁ during cutting, polishing, and simlar
sh‘e;bgtg% $ Sreet@pes muchhigher 0B/ 19e66Tdy achieved are provided, i.e.,

bo ggg%ﬁ&g% 9@%{ E'S;I? nd strength also allows
nsem’ onduct or ?ﬁ)rlrﬂs 0 etgrg'ri ous thicknesses to be _
pr do essedincbiwith a tirdasped theingbaioh Rbvidbas SerkiBbiticfor-on-
insuf{aﬁbs rateséql ncl.udi.ng thin sem conductor filns. It Is

TRrising Hrse Ard sppondlayensd] $20)ovideh brerattabhed toone
. . , . [ SO,
e erg 38 OR&E g%n]%%ﬁ}[‘%ééétgg%%g g‘[hﬁfcémand is

structures depends~on the
i n(@he tanfmst bfyed(18): 5 joul es/ meter2 after a 1100C
anneal . p.See Seni conduc er Bonding, Q Y. Tong,

or Waf
U. GoseMd, J SHWPWWEWM sigle-crysipl seomicondusior veatérial;
page 10@; (1 ; ex set
_ forth bgﬁ%maggﬁhg%égé an6£§%#%ﬁﬁ%ﬁ%&%%@%ﬁﬁxﬁzggLﬁﬁgﬁm“amdbya
distenpeDi,fhe first dace (ddnbking tlosargo He: sbeind I er{LO)BAMR SetBhd Tace
a3b?igher than those previously achieved are provided,
“1’.e., bond strengths of at |least 8 joules/neter2. 10

In accoHRNCHah tdferdndd k8l ich 138 WRhET YL 2 ,

rovi deg 2 sem condulclztor-oﬁ?alﬁzg‘{}}fca]ﬁ ﬁss ruc h?igstlayer.(IS),z)m
subsigatiglhyl paralipl to thetfirahes €d dradd |33 yseveparhtel, fRA) tiwb Fak byfaadistance
Dslzagﬁ@ched to one another either directly or through

’one or nore intermediate layers, wherein: (a) the

first T@yer hdsdieglon)(l md%x?é&%oﬁgér%nf’%ﬁ)w%héchbegms at

e-crystal semconductor material; 1

|
the figst fake (AP pndcexgamds semards theisetang facer @B kaifl aegion having 8Hickness

. di,stance Ds, the first face (11) being
aﬂw@]%@g%tﬁkﬁs[%gﬂ%gﬁgg%m | ayer (20) than the second face

(13b); gﬂggmgh%r@et&gference surface (17) which 1) is
within the first layer (15), 2) is substantially

whergén i the distamce betwiden slie figtRicé {111) and A 9uddos (165IPFER I PR within the
fr‘orﬂghg)t, face by a distance :
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 relatiohship is satisfied:
Co(x) — Corer = 50 percent, 0<x< &y,
where:

Co(x) is the concentration of okygen as a fanction of distance x from the first face

Correr is the concentration of oxygen at the reference sufface (17), and
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25

20 Ds/2; and (iv) has a region (16) of enhanced oxygen
QW RRELIRYd on which begins at the first face (ddgugdsyoosarae

extends towards the second face (13b), said region

havi ng a thickness SH whichléatisfies the

rel ati onship: SH 5 200 nanoneters, 25 where SH is the

di stance between the first face (11) and a surface

( 18z0xhpndFomy atedn ghonHs Rercpt; 219 r st | ayer (15), 2) is

sulgt anty . ok Se : brami
isqﬂwe s%?%%g@%?@?&ﬂP%%?na?he fi %tg%%g%éhgfgg?or .
whilt shoubEbé notedikiattheregian pHastanped exygean cefdentiaticiogbthis-aspect of

50 1, 0, SH, . . 3,0 j
the R 5t BoAnetistpd Srvman avide JRIET Bt onitat ateids ob e
semfidoRBhdtBEsubbiratb Piﬁelglg@ eboﬁ i ’(sééofﬂpeia%];i’ﬁ, ggsg@agne ol 8009/627) in

oxygen at the nce rface (1
that ThOfRERAE TIte REFontBReou¢DBRATTEn thel®mBmdpctanthatepial. baparticular,

O sEu G5t Rt AR S P pngion e
regioh 88LfhaiGedBlyath bhrbntdifon'iS GrBiedGh s RAMEREMPUMBLHY the

concentration of this aspect of the invention is to

semivendicior Inyeriant dht dxideglass anaxide glaspdrydras fraghedn t he
outside of the,5 semjconductor substrat.e prior.to
PorB g™ {ag M S et iy avethpab et s sbigh sy on-
insuldior diiehurd Senpra@hPRrsPind LRoRd RFERI(15,00PRhicARrd &tached to one
within the sem conductor material. I'n particular,

anothbreithehdirgtly asthroughiers drsmpreduisooedisisilaiers, wher@dranyl e,

the i t t he i tion.. t-he. ' f .

ol B AR R A B4 SR Sipel S35 Mcqapetor
mat&GHIPAR hferdavinde: aefte@acbiliface | 3h)FhrtlRefibinahe¥éddad layer which is

gl ass or oxide glass-layer is forned. 10 In accordance
an exfoligtion swircehengdspect, the i nvention provides a

sem.conguc -On- |, | at or structure conprising first
an )sec%edgﬁgé’_\}‘g@ef(@#zo) whi ch are attached to one
anot her (i t hewas dist e6d.becond sibztaughy paallelrfaoan(R1,22) separated by a

it b 56 S5k P L LiRBPTSR g BStleyen U BanTasaeonnd e (22

mat eri al~ sai hayif . . f _
13b) fali?%esthg?%gérﬁeﬂe secg%gzcﬁgilﬂé?f%ﬂgéﬁ&l%gﬂwfg arﬁllayer(zo)’ 2)
is subxthofidlyt pasailed tor tha diest fased2{ ) hnd Bpissepanidd |[fape tha¢ 2@ by a distance
2éi) has first and second substantially parallel faces
Do/ 21,22) separated by a

(i)  comprises an oxide glass or an oxide glass-ceramic which comprises

positive jons of one or more types, each type of positive ion having a reference concentration
Cyrer at the reference surface; and |

(iv)  has aregion (23) which begins at the first face (21) and extends
towards the reference surface (24) in which the conceniration of at least one type of positive

ion is depleted relative to the reference concentration Cyper for that ion (the positive ion

, depletion region).

30

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:




10

15

20

25

30

‘distance D2, the first face (21) being closer to the

WO 200502008 (15) than the second face (22); (iPQ¥Oam04/004746

a reference surface (24) whi c]1h] 1) is within the second

| ayer (20), 2) 20 is substanti‘ally parallel to the

first face (21), and 3) is separated fromthat face by

2 dista L)oo ! L de. 7

i L g1 B8 St (69 bRl b3 Rily M A1E oo Sexloolctor
materis, said byeehivnes thidkaeds dfiless thin pO&iitrone(prefarabby lasg thawn 5

. reference ﬁgﬁ}geqtr tion Cyj& at the reference
micEyss MOEe Pugfeapbyy, lesshan bmicionkandny (23) which begins at

th ir ; \d extends towards the reference

su%ace%ﬁ%@ﬁ%ﬁa\?ﬁ%@&t he concentration of at |east

one typeipf posifirshapd secndissbstapiatiyqadralle]l fices @1128) sdparated by a
. .reference. conce tion C for that io t,he positi
distfuge D i Tt e Lo P Clos t dhe, Fefh g6 (ho) Fiom the seepnd Face 22);

aspect, @he iNantlefRcdsR¥icde84Pwhich 1) is within th d layer (20
sem cond(lgjlgtor-on-i nsulcator go ):?r Sgtaﬁsemconpr?%ﬁc%% ayer (20), 2)

is subistantialiynpareBel do thel fuyiciree (215, 42d)3 )ihseparatedefiem ttled e tyoa distance
p./Rne anot her either directly or through one or nore
ntermedi ate | ayers, wherein: WD 2005/ 029576
PCTI US2Qfify 0Q4httRises shloxideo glabtfor duf $idé AL cekamik which comprises

conprises "a substantially Single-crystal sem conductor

positise emsaif one af motedypes, tavhitype of pdsitiveries baving heeferenba noncentration

10, mcrons (preferahbly, less than 5 microns, nore

%P@SF%F%WC& ¢H&n 1 micron); and (b) the second
layer (2R): %hab h}eéiéﬁngsb i chAbKhiOR MRS SERRE @Yl add leXtends
paral l el faces (21,22) separated by a distancé D2i

towarda thei refrericg sw gz (J0eivigcio theencentratipe of airlsast pag/Bipe of positive

. ne f 22) e (A .
fon & b P B2l R 5806 o
depléfion fegiotl)st antial |y parallel to the first face (21),

and 3) is separated fromthat face by a distance

D2y conmechion With dhipimesteaf thainysentien. gt shoyldhe notedtbptie 10 micron
Inm&'u@ﬁ %F &%ﬁfggfagﬁﬁbﬁa S ﬂﬁaﬁg fe{ss P tiﬂs Ytﬁcﬂn%gssof)g segﬁSOﬂ)Juctor
ypes, -eac y poSi

nore pe o Ive 10n naving a

wafere Fer exmeaple aneanirtially availableRliedn whierslefve tidioki®sses greater than 100
. surface; and (iv) has a region (23) which begins at

TMICPHE first face (21) and extends towards the reference

SUff Q&:%r(ﬁa%@ with 2 MY Qsﬁfgf M@Sﬂﬁéfengézjgt@igggg snﬁfnjcbﬁ(ﬂﬁttor-on-

one type of positive lonis rellative to
insulaher stretierecongpristrpcfist anet seomdpieks {(05,26)hwhich are 4ttaoked to one

_ osi.tive. iqn epl etion region). . .
another eltther (?JIGC%Y or%:rgu One OF 1M re?m?ermedlate layers, wherein:

(a)  the first Iayér (15) comprises a sﬁbstanﬁally single-crystal semiconductor
material; and
- (b)  the second layer (20) comprises an oxide glass or an oxide glass-ceramic
which comprises positive ions of one or more types, Wherein the sum of the concentrations of

lithium, sodium, and potassium ions in the oxide glass or oxide glass-ceramic on an oxide

 basis is less than 1.0 weight percent and, preferably, less than 0.1 weight percent (i.e., wt%

Li;O + wt.% K70 + wt.% NapyO < 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, efc.) greater than 10 centimeters.



In connection with this aspect of the invention, it
wodhslodosgnot ed that the 10 mcron limtation ﬂf"rm820041004746
subpar agraph (a) is substantiglly |ess than the

t hi ckness of a sem conductor”™ fer. For exanpl e,
connercially avai | abl e silicon wafers have thicknesses

0 I d t
9" SR oA iy A%l B i Becordange MLD Sy on

insuaor SARHe CompHsing rﬁmlahars@cronanay&& rrrs?zq) WHREN Sk BfalHelR6 one
tg]ﬁg second | ayers (15,20) which are attached to one
ano dér ﬂﬁé@f thrqugh ohg Obmommwfgmdmlagyersnwhe‘em

I n@l ses a su Q%?%ph%%nsggg% gﬁ){fl e % 8‘8%98&““0’;

mat@balpmider i al ; and (b) the second |ayer (20) conprises
an oxi de, gl ass_or an oxide glass-ceramc which
co&g)rl sé@e%@{a@ layer ¢28%s of one or nore types, wherei n

the sumgf thge (Eg)g{ &‘Eé&hg%ﬂ&lm ﬁalllazlﬁag%%fg}éacg’sogl lﬁ% separated bya

pot assi ions in e OXil
distayica B, therfast facan(al)ahemg( tlbeer tbaﬁdr first rayeeﬁr )lﬁhﬁ"ﬂlcls&ond face (22);

h d f bl |
ber o tt%e)rceqlt A pcr;;%% %’r}) pich t)JrSWhi%thlwgmdlayer(zo),Z)

percen

s B SIS 01 P o P T e

I ayer
D2/2t he case of a circular |ayer, diagonal in the case of

a rect azigbrl ar Iaéer et¢,) .greater than 10
centi mel®¥s. PFifsrassoranspadrglasacrtsnic wigch gomprises

pom@ﬁﬁ%ﬁg ah&te W ﬁl&e VEih tﬂ}gﬂé&ﬁﬁsﬁ}\;qun h&fﬁg tre%rence concentration

pr ovi des a sem co UCt or I‘nsul ator s

Cimerad ihe Teféragee surfate; and second | ayers (15,20) which are

attacheﬁgﬁ ne anot@s er . di rectly or throug
one or [ i extends

towatds thé réfaptBte £1ﬂ=fh}:e CRIRE bich tRe 3HA &Qﬁbﬁ‘{)f L3 least O typ of positive

é@gl e-crystal sem Conductor 5 nmaterra
ion igderdetad I‘d@@rﬂ t()ZlD? Iefe(rel)cermncéntranbnﬂyﬁeff@:cthﬂdon (the positive ion

et B0 o B 5% 5 B o e e

surfabé)t aid | ayer (15) than t he second face (22) (ii) has
a reference surface (24) which 1) is within the second

" layer (09), bgsamsgion (%@)astthmmcmltwoﬁ;azﬂamsrel edge of ke positive ion
T IO e
enhmdddagiraﬁ)sciﬁ&rf&mh@t iohi(@l pilety fegRon). POSitive ions of
o e or ret each type of positive ion having a
EFeremn e ¢lah1h@ﬁpecc the invehtion pfavidas esesicdnduetpr-on-
insulaior structure comprising first and second layers (15,20) which are attached to one
another either directly or through one or more intermediate layers with a bond strength of at
least 8 joules/meter”, preferably at least 10 joules/meter?, and most preferably at least 15
joules/meter?, said first layer (15) comprising a substantially single-crystal semiconductor
material and said second layer (20) comprising an oxide glass or an oxide glass-ceramic
wherein at least a portion of the first layer (15) proximal to the second layer (20) comprises
-recesses (18) which divide said pcr_tion into substantially isolated regions (19) which can

expand and contract relatively independently of one another.
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15 éi v) has a region (23) which begins at the first
4@ 200582957and extends towards the reference SuPCTUIS2004/004746

(24) in which the concentratigg.of at |east one type
of positive ion is depleted relative to the reference
concentration Cj for that ion (the positive ion

deplbe tértain ' tsoakigl f s ' '
%ﬁg% I b ohe edge cLosast 1 orLhe 1 ar i #dEeessen 18)
a0 the gatits shicknesp gas)of thejfishlayesii5).n the vicinity
¢ . : _ ¢ b Lon.. depletion .
e g BestoRlnt ki Bl op b OB L e S B EboR spto
strecfigre comppsing firstent eecond layenh @6 000 whedtadh Wl é?mﬁﬁ&{ to one
an&tﬂ t L&)gg%gge B{She- up .region). In accordance w th an
el %h%aﬁ PL (Loh EopRiing p syPsiandially swele-crystal silicon material and said
ot i _ i sina.first
G Secorh | abiing b BB, &) PN CHbid iR ERanires e wpd one or

mokg RFheraxidss mh optwiirk Sarteys @rg.,tmugnm,oaﬁ&rpfmg{, %aild ﬁrstt}ayer (15)
or a eas

j [ i_at avers wth bond stren
mﬂéﬁ%ﬁ%ﬁ%&e@hﬁ’ﬁﬁ &pRipcls e sgpondslayer (%@) jusl posayrises silizon oxide
1.eR8{D ref er ' s/neter?, said | .
Gop Pimrol X Sy Bacts sbF ahorks® td B GRRORIHher 0xids, said region
havingreghiskpesy sttaeh sdesdimarsraigasl to 70D ebhdhetdid sai d second

g an oxide glass or an oxide

| ayer. (2 conpri si

gl Zﬁg??‘(c“é%w 8”%‘&9‘—' 35pegt, the gmeng'mrmowim astmidoadhstosbon-
i i .20 [
L O RO SOl PR et

30 recesses (

- 5) and;pu paideighiss or drsotide glisy-egimitswhith boiblish podftives terial G),

ract r.el atively independently of one another.
Whe@%%@%@%i’@%’f’éﬁﬁéﬁ% Prpsey AOorden | n certain -
pr ef er r gght@idpgdi ments of this aspect of the invention,
the recesses g18) extend through the entire thickness -

(Ds) of matsial Srvith sragnhan¢diyxygbm cagestt dance with a

ninth a he, i nvention.provides a

sili con%ﬁ%%@ﬂ F‘?BWEY%‘OEGH%WHQH farrag {easfrahe type of
posiSexiony | ayers (15,20) which are directly attached to

one 5 another; said first |ayer (15) conprising a

subst anfariel Geyilyam erhapsedposifiveliom nomehisticl foratlesiode type of
posiﬁ‘%qg&danhayer (20) conprisikng a glass or a

gl ass-ceram c which conprises silica and one or nore

ot her omiatteal @s network fornmers (e.g., B203, A1203,

aggl]/ or F%gS) .,said first layer (15) <conprising a

r g CAPRCHER Wit <5k o6 thedetegoingaspentoviiht iywenti¢® stk be noted
that 16 MALL] ool d i . (e . SL.Ox.where 15 x:9 2)

26, iRtk (P Rfhiconnon pRiialor st igfagomatically

but does not “conpri se

 provided by thegiroantiof Ehrbanh the vae bPACERIAS SlAA0LCk ddl RS %ée}%?%c as the

In accordance w t

I 200 n t :
secon?ssblg%%?e.t ’hlge ﬁnﬁ%léaqagh ngggégﬂheglaas seglasssrmtarnicds eoen further

el e SLEFEL M 1EE ) 0, UL AL 102 s

_single-crystal _ _ :
positige ipredepbotiod eegjom €23).0 Asarspeoitid exathpleSmiRE IHIE as¥RLC Bl of the G
atelSVRLESES gos t |(¥ .ions (material G} ,
m ¢ msulators. 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

stracture.,




wherein at |l east a part of the structure conprises in

WolSosnie3zdgreterial S, material Swth an enhanclgé‘il,j,nsz004‘“}04_746
oxygen content; nmaterial Gwith a reduced positive on
concentration for at |east omd0type of positive ion;
material G wth an enhanced positive ion concentration

f . ane type af . 2 i ti.ve ion; and
ot 39 iR B s P iyl Bl in avercBopeyish oy invention i
to bRtk SiedivitienvaiRaLl SOI sticnthohvehilita BhREndlAF RS attached

“insulator" canponent of a sem conductor-on-ins
to asemieqnduetor wajgst dieeachisut by insphating Gemtiby, drhiesilavehiybns.g., a SiO,

oy, 50 5 95 e e

_ semicsdinaor mgfdrunct i on of the gl ass or glass-ceramc is

even further —enhanced when the interface (30) between
t herf Aiseyssehebaye dw aennsgtien withdhe fisbapeyt ofiihé investion, the methods

R AT VLM S T
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glasaroe oxids (glesb-oemmit subatidie] Wk thé'SOBstRit@ies Hay Wit the same, all
nhanced oxygen concentration may, at Ieas?r to sone

 diffgzel AF Some erSrn and seime ffEspi: Sinlese s prgciuct aspests of the

: ; - At d i eved. .ln sugh cases, .
o A S D 301 dlta L) e etk S e D whore again, he
firstilaysus mapell bk thdemBOall different uf SmoMRe 2205 LARSGAS different.
PCTJﬂ)ﬁgﬁJgEM.OOM% . -20 This automatic provision of the

i nstll a piggle firstlayer of aiwakifced it layarh ere used fhe msultimg SOF

| s@%@rﬁ?ﬁn%ﬁﬂéﬂﬁ%&ﬁg o%ﬁﬁ&téﬁﬂ‘ﬁ?ﬁnfﬁﬁi(f’ al g % o?fh%ﬁ%t%@édl%fme

a sem conduct or I's “att at
'secol?é Aa3tsD (20 @ﬁmhedm&:irer dilieclztlscdm' famghong Bﬁiéi_og iﬂ?@ml ediate layers) to one
uncti.on, an i atqr layer, e.g., a SiQ2 Ilayer,
or moRdindy of sybStentially stndler Segicopdsfrranaterials, or can have substantial
arca$ 6f1ihe FRstRdcthar drb B3 ' f&hn, AS 1.
di scussed above in %g%%éggﬁﬂgﬁaﬁ@%]@%gg %ﬁ%tgsﬁlb%%%%ﬂysbqgl&mtal

semieprductorarterialy (herrinafiar)ihd $nominpleerpita semicon@os Aeis™).
multiple SO structures on

o BB S gL G Tbch TS 5 P b ched, it
directlytes thiretigh o6 Bofe 1BteSRbdiRc 14 ,rt&sfoﬁaaanﬁ%é, BeebBSus and/or -

sane, all  different, or son¥ the 'sane and  sone
polyerysialling semicapeqicnngterialsce. g sutohonsmetospuifcryétellibd silicon. The

use of B z %@%@%ﬁé@é‘%{%&%@l @e%@@g&%ﬁgﬁ%ﬁg%%ﬁag{ aapplications

sin
whert aytestamtialy silple-&gsthlens aoRincRr matbrfad e %ic@fy oddaf for

sane and sone different. Wether a singl'e tIrst” [ayer
certay pagts ,51? theisnlgy electronies, ejgayfor peripheral deivierst inege @sodetdiony timing
contrstRrs, and the like, that require higher performance semiconductor materials. As well-
known in the art, polycrystalline semiconductor materials and, in particular, polycrystalline
silicon can be obtained by thermal crystallization (e.g., laser-based thermal crystallization) of
amorphous materials after those materials have been applied to a substrate, such as, an LCD
glass substrate.

'The entire first face of the second layer, of course, does not have to be associated with .

substantially single-crystal or non-single crystal semiconductor materials, Rather, specified
areas can have the semiconductor materials with the spaces between such areas being either

bare second layer or second layer attached to one or more non-semiconductor materials. The
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‘Structure can either have all or substantially all
Wi0.205029585% of the first face (21) of the sesEN0s2004/004746
| ayer (20) attached (either d%#ectly or through one or

nore internmediate layers) to™ne 15 or nore kinds of

subst antially single-crystal sem conductor material s,

ar e Ut S%J %t %gqasetlﬁ%% iog%m% g?%ypt%&%[t?zﬂe { *hrﬁ%%irt{c%a% af)pr].lactation of the
inventioal Fot epdrhyleSinth ease oy display apphitations . Mliquid teslabliisplays, the

herei.nafter, the "non-single crystal sem conductor

gregjpajerity ofjthe glags lager (Gign greaterthan pr%rma&hﬁ dér$0% will typically not
be %&?@aﬁe ?ﬁ%ﬂl@%ﬂﬂb@%ﬁﬁ%@ﬁo c?g}estzlﬁ %P Sgn—s a t 1 s&m%conductor

I'rect roug erne
matedalsf or exanpl e, anorphous and/or 20 polycrystalllne

t or terL hous and/or
pom;lgp @t elsR L ﬁ%ﬁm Jey@is afaehecttos fanely gacend layer, SOT
stru€RRE R Ne%!réas%@%ﬁrgr RS %%@g%@?&%ﬁl Smibshductor

di spl ay applications

. maismadg ban be glsthmled s @i am dmtchnca:mtﬁthramaaﬂmeaﬂleaspm thakdwention

cert arts of the

progfests ?e%ﬁdF@‘gduf rpr-ingpiop 8F8¥HPHPW$J§ aﬂﬁﬁa@@d layers (15,20)

whifH 2888 tolonBlaRétheCRM:f @Hcﬂm éﬁgﬂ%lﬁ Bfte bt f6re. ﬁf&%e%te layers,

requi re higher performance se or materia
Whemntl 35 known in the art, polycrystalline

' condyuct.or mat- al s and n rticul ar
poI Der ygﬁ%\%ﬁﬁtﬁa@’e‘ COPRIEES ¢ H;graﬁ %‘%Wg’ﬂ’nﬁﬁa@t@r‘@é@ comprises a
substArtalipsiriglabiyai] {&niBondiofts Saxdipzed ther mal

crystal lization) of anorphous materials after those
mat@) i althe sreend bayen(26) pbmpdsetsan@mwassamn osidelglas-ceramic; and

SolDn (S BRori AR HREE: aHS A7 Rt anbih e plifontiip! '

associated w 30 substantially single-crystal or
non-si ngl e crysdabP AeVedaductor materials. Rather,
speci fied arehs can have the sem conductor materials

Wheége%g—?giga%?ﬁ g%r{z%%ﬁadﬁ ayegl %%?l c?igg 1Elgr%.n "r']%%r af@%f: 300

cenhmmters%rﬁmnﬁdﬁﬂie&&gﬂﬂibﬂslaﬁd@ula‘f erittere2005/ 029576
PCTI ggzoogﬁ% 746 . -21 sizes qQf such spaces can be
| af’§&opye Sﬁgﬁalbb%glﬁcaﬁaltsmm petet aterials of the various

reglcﬂﬁ%ﬁﬁtbb%fgm app |ca Blls(b@net’}_igr aﬁ?%ﬁ%’%@n&ryeﬁ . Similarly, if

case of displa ons,
one am mm‘ea;lﬁtrmeﬂnate ]gymhreimpd; rthdyycanfal]t ecthg lsans, dlibdifferent, or some the

t t 75 09 I ,
samg Gicthom iRt fyhng rs%éé%%m y f@gq%mﬁtrpapm have
the sBbdaHtRll siiﬁilréll::r}@fal céhcﬂ&i& :51? ?ﬁ@#&&&d laYer through

materia hrough use o irst layers
one qtma@lm@nnodlat@ayegk sﬁlstacmn@br Imme b&eS&gorstdandlbw #& semiconductor

R PR 6 A SRt BV e v con e
ObItﬁédiﬁﬁcho'HWﬁh the¥op ﬁ{g%ﬂ&ﬁflth‘r Hevehf E&is éms%venuon, the

the i nvention pr OVI es a sem cor:%hct or - on nsul at or
one @tmqr@tmtlean@dmﬁ@rlmrmgemmthem sdsocuhd supstrateq, ifpréd@nt, preferably

v R0 A S e SR LA S0 e 5 et mos
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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joulogfm

wher ei n: (a) the first layer (15) conprises .a
Robdkiobas7@f regions each of which conprises a perms2o04/004746
substantially single-crystal sem conductor naterrial;
(b) the second |ayer (20) comp?ises an oxide gl ass or
an oxide glass-ceramic; and 15 (c) the regions have
urfa% ar§as A. ich_stisf{e'rztherelationship: N ~A
SiRE.» Rre &t lepstdOjgpey/mster nand most prefesshly atleastds
joll&AhORS, RaRIRIE I he s 5?1&%% &b X iati
1 centi neter sZali- ’ nongﬁo the%ﬁagl oﬁ}smﬁlégesaatg?a(rg%%qeaerﬁo}lauon
stfane] atdeast onegositiioa/ion depieticuisgioanst laddt yns pidghp rapiors tad/or a
sem condyct or .mater.ial s .of the various 20 regi ons can
Se%cf’mﬁ'l?t"fr ayeL Frhose %?W*‘Fiﬁs%ﬁ{a? 1@@%’6‘??@- the same and
S O e idfE:Rh B humbbrd ubd th Yhe dohmAN& inventi
i nternedi ate I%I?ers are useed, t hey %%Fmggsljteﬁgdmemvmum
aresghefor dhd cativehienenef thereadermmpd ahenotsatendahto and skould not be

iﬂt%lplfe@f 323 ]-Pgléﬁﬂgt 2 g gcg\ég hg g ?m{efe}gblg nl I%g{r% gﬁ%ﬁar 3{,%%'3 { be u%rgl%rstood that

bothithafRegeitB éHers AL GRAEH GhPthe TERGKIng! defilb8 8BL AP kdSnerely
second | ayer through™ one or nore internmediate [ayers,

exelaty od e ipventinne and #reinterdyd do pravade smeervibe or framework for

1 cpnduct o 25 terial..at.tached directly to the
uﬂd}%ﬁ%“&%@?ﬁ”?ﬁ“%%@é?i%@%Y% e foregoiyng second
t hr au@iioRAIERRINtdR 28 BEAnSagef of thE iENEBh bR bet fol in AREdMiled

more internedi ate | ayers between the first and second

dessxipfiany whish follgws rad érpart wilkbeeadily appazent teathosmskiliesiin the art from
thaf Qs AR or oo it o) Biachioma i i Bh sl G begtherdin T

acchipatihg deivihgs drbenchiled @ biovidth fufdbvhiliéftandspestithe invention, and

the invention also conprises any and all conbinations
are ghcopraled 4 pak eonstifnis a parhedihis spegificatifye Whesehematic drawings are not

- inteo R R T v R U s

BRIEP DESCORTBIHON Q82004 DIAWANGS 22 | oul es/ neter ?,
prgé,erabl .at |east 10 joules/neter2, and nost _
pr 18\1’&&1% is sqhgipatic duwingilnating:stap (A) it the igvenionispacthod for
§in] OVsitiseRr ef erably includes at |east one
PrOex O_%qlgatl on ggrface, at | east one positive ion
depfiguted3 isegichematit dinwigy iltosteatipp IsepU(B) b€ giediiventiva's aiethod for

.Se nduct or | ayer whose thickness is |ess than 10
-pm%‘}c&‘%%@fﬁg“ &-ref erence numbers used in the sunmaries

of HipgeMel is %%héﬁ?ﬁfﬁwﬁfg iggs?ragiﬁg %laélfpi of HeSp 'é%"; ?:gathod for

t he conveni ence o a € not 1 nten

- produsihgs$Qlstthiches.bAs showreinghistfiptre T lis prefaratdy geates tlemer.

8];1 cF‘éE“EfF I&E)\él%nt I Qﬁlat%b&fgwgl%n lrlgtl'alti%’g s’lcetp (b% o} (t)bet%gvention's method for

producing SOI structures.

Figure 2A shows a combleted SO structure after step (D). _
- Figure 2B is a schematic drawing illustrating at an expanded scale the interface region
30 between the first and second substrates produced by step (C). As indicated in this figure,

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

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

from one another.
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both the foregoing general description and the

follow ng detailed description are nerely exenplary

WP 26088295 ent i on, and are intended to provi de BEI/US2004/004746
overview or framework for 10,understandi ng the nature

and character of the inventi®n. Additional features

and advantages of the invention are set forth in the

de '

beiz%ggﬁ?lsy a%%girﬂ?ﬂtﬂ%%cgégg&tl I e in If‘ﬁig %mrohwﬁngthe
recesshnanddesleted pegions of Fiperedgni zed by practicing the

|n entl as ( g{ceL dgﬁgrel |Pc§TEe f)ﬁcc ?trngctgr%producedin
accoﬂﬁﬂ@é ﬁltﬁ'ﬂﬁ’é Aefon! 0La 5EBHEA Eﬁﬁ%&aieﬁ\i?ﬂcﬂ ﬁlc?.(d%ﬁ both Li* and K" as

incorporated in and constitute a part
mobé?)p@ﬂlﬁvwm;on The schematic draw ngs are not

 nE B o o R e S Rebthar kPO RBlghise B typo used

D

mF@BéWd%r&ieﬁtﬂﬁg 1A is a schematic drawing illustrating

step (A)_ of the invention's nmethod for producing SO

st Figares /ésand(B aref (P Y ;d.@th@r@ﬁlg%ﬁw%stmcawc pgoduced in
B h
xR R () o B R R Bty e s

mobil poMitha ibh] ustrating step (C of the i nvention's
rret hod for produc:| ng SO structures. As shown in this
g laf*"a&MS derth peafilesafpmS Ol strugtire of thejtgpe used

Q?@ wing illustrating step (D) of the
mF;?hré\}gn o# sat%egtahod for 25 producing SO structures.
Fi Eadle;fmgmh@m GA CTARInG BACShOWs SIMSUd il entersitgTdatd, 88d each of

|IIustrat|ng at

gure 2B is a schematic draw ng
Flgﬂlg?ﬁ%éx & @Wéhqtﬁﬁ@rqcawtqdégmﬁomweé% e% he

f I F g&g?]% aﬁ%ﬁ? gu regé(ﬁﬁn BL%&& surraces @g théglngle

crystﬁéhamre ofithe’ séﬁ&ondmtoﬁ/]ﬂﬁ& offan rscgmc@ﬁc proéa¢eddh iavedrance with the

. OF ure 3 is a sghematj cdra g.illustrating the
mny € SERLcoueucto asrpﬂaa%- DQFE g¥lison |($%t
24 6AL FOIS, ra%atmcra@a*r %nofs' &55 6850234 st
con ract |n re ative iso tl on one anot her.

prodired i mﬁ%ﬁci’@i’rh 32004461 6 secoRd sﬁbs@ateewkhch sompphamlka]ine—

cartnf o e B Ao 36 AL BB P 6 sty it
and FEg&a qoc%hmﬁs £H4E @ta %\%ﬁ@d fo afoRniE QercehiMRISIRPt h

profiles of an SO structure produced in accordance
wikiignred is aveheniagin dfasving illustroting suB6T stmaushwhith comprises
pcﬁrut es both Li+ and K+ as 5 nobile positive ions.
multlp [ ayers S 4 siigle con ayer.
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 subsirate. In particular, Figure 13A

shows machining of the edges of the first substrates to reduce the size of the gap between the

substrates, and Figure 13B shows the assembly of the first substrates on a conductive backer
. to, among other things, simplify repeated use of the first substrates.
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Fi gures 6A and 6B are ToF-SI M depth profiles of an

SO structure of the type used in Figure 5 after
wehastessge Fi gures 7A and 7B are ToF- SI M5 dept RCT/US2004/004746
profiles of an SO structure%%roduced in accordance

with the invention for a secefid substrate which

i ncl udes essentially only Nab as a 10 nobile positive

i . Fi A d. 8B. ar.e. ToE: SI MBS t fil .
| oBigare WGt o i il iR Rpfio frP bbirasBRigle second
substreie @addnitly wWhefdth® bagsitetv & s subbtratéfhavateB 1SN a

SIM5 signal intensity data, and each of Figures 5B,
semiggndurr materidB shows that data converted into atonmic

PRI B4 hand SRS R PSSl R i s

transgstysst al nature of the sem conductor |ayer of an SO

structure produced in accordance with the invention.
ThEiggead ¢isredghemnetir flowichart shaveng agsefered embodiment of the process

sdoped silicon (Si). Figures 10A, 10B, and I
aspe gg?%q#%%m%ﬁws depth profiles of an SO structure
pr hoihe @bovendrawings dikeaeferdrict nufidersriesighite ikt of carcspondidg parts
strate whi ch caonprises al kaljine- 20 earth ions as

b -
throughaul ibe seeral yagvs: idieielsmaentytaguhich theysiespnee pymberigggnerally
“ﬂegg%\@ Sk 9034 g},@m&ﬁ_y data, and Figure 10C shows t hat
a

converted into atom c percent values. Figure 11
DETALED DESCRIRTIONORDHE INVENTION an SO structure

which_conprises nultiple first |layers on a single
seld HW%?@ RDOVE; ZEpAior fga]f%lga o mﬁa@qxeeww#aﬂgls as a support

LLUSh nati _ . .

subsigip 434 6 phfibufe Bh 6% RN BROARCRAL, ARl g3 B1asts and

oxid? glassredrun Jrgg{am smggcluit ;ﬁl:;su‘a';e;aisi t?g tbdt:) é%(ﬁ]"tCehbndmgrlmtm _ enli previously
Lof, assenbl.in L tiple fir ubstrates on a single

used 3t i DSk Bt Sed With hass Opec W Tor aa 1o GRS Aot withstand

procdB e phritr fof € nB P S RRIeO THeRB VAl onBiHpYetRé@Shé Blass-based layer
reduce the size of "the gap between the ™ substrates,

and the senicgudustar 3mteirdywsg.; sibcers shusdiag tobe athievedrat significantly lower

B T8 ey Bp i BB P PR Pl B sepete
the s cERARIQAPHEOnIS Parls' 3R § 9 L3 {oiHFone fiindd 194 F&t ekdmipFe, Bydrogen ion

. .schematic drawing illustrating a nmultiple first
implapt@inm at e/ si ngl e second substrate assenbly where the

O30 Lo L BSER ey b s
mateﬂﬂgiﬂief&fabﬂdidiﬁéﬂ thé ;1aS-Bashd ndfterill Ehail@ be afatdhed td tieBxpansgion of the

thin film 5 transistor. ) . .
semiconductor layer of the SOI structure to avoid separation of the semiconductor layer from

the support substrate. Although some glass-based materials with expansions close to that of
semiconductors, e.g., silicon, are known, an exact match is difficult to obtain. Expansion
mismatches are especially troublesome for large wafers where the stresses can become
sufficiently high so as to cause debonding of the semiconductor layer.

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

semiconductor materials, e.g., silicon, often contain alkali ions.
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Figure 16 is a schematic flow chart show ng a
referred enbodi nent of the process aspects of the

‘?ﬁ’i%@ﬁi"?%ﬁﬁ. In the above draw ngs, |ike refer erR@I/US2004/004746

nunbers designate |ike or coggesponding parts

t hroughout the several views. The el enents to which

the reference nunbers generally 10 correspond are set

f omtis, imitigle | pRoblemPikbalth BB 2 i¥retsRl BRA OVrEbind Hprovide SOI structures

I NVENTI ON ‘As "di scussed above, a major chall enge of
whighsimmjoy suppptrsybsizatesspmposadsofgdasa-besgsroaterials.u Asisnamrized above,

] articular, . [ I Y ed, mat er.i.al
the 550t PelRpro B oot B BR A 3G S o airess mnd
overdGméatlesPpblentsl FSivrad BA, iB; 10)ahd 1 Deschdftfeall9 Mttishate the process.
treatment previously 15 used in the art cannhot be used

wi Thug Figse bAshawsa st substigicel wbich gpapsises aomhsiantially single-

i . ' i.t-ude, The
eyl it AR HRRERE  TRCRE OISR, Mol Sy PEL MO
semitctelvstoniot anplotheoiypeaf sehiiednduetod. suclk bd, iflgONT-Vi TIUSY, TREVY etc.

be achieved at significantly |ower tenperatures. The
CI”SF%Q&GPEWP"P&* | ower tenperatures al so nakes it

ch ' A . . ' 4 .

par gt DR ERA Ahferals B O (B bl nclude
silicdny($i)) genmanim-ddPed sititom(SaGe)pmd diticnxeide (Bi€hnuterials. Examples

| ass- bgéed material .is SébSt itlﬁut ed for_ silicon as a

of othierserpiqondugiessvegh ¢ pyed g thedystbgiate mchygde Ge, GaAs,

GaP 9a83sr By Jraterial should be matched to the
’expansi on of the seniconductor |ayer of the SO

st Thectenrieotdncty of the feganbsttatewill be¢ incthe forircafiaknbiantially single-

erystgf et S et FORRR S B GruRUins el gupate ke

" accodit o HY RONHMCER ndotsr mafetibls G8AnalRf SonkdiR Wleadt @oﬁxég&%mal or

match is difficult to obtain. Expansion msnatc

surfage defoesp eitharlinlierentin dyipsgmnelyfadded, angeasiattiee definbte oe atféwe grain
vounfS 965 R EASATE SR R 3S it

other@RUIfTeNBI orystal khadre e tha BBk E@aRoh@iciaen the _
gl ass-based substrate and the sem conductor nmateri al

shdushevaeinfigaedA, therfiyst sphstrate 30 hakafirst extemal swrfash 14 amsecond

oxterfishlfSfe 1 R ERMRBPRAS RO bbbt il o ot pan

14 arderdecasd ﬁ)a}'hﬁ, thebickhes off tivresidapaat keiyDs! AslddéBssed above, Dg
reasonabl y matched expansi ons to sem conductor

-will typicelly bg & therapge of 10 pannmetess te 0 nanomaters, with prefasred thicknesses

Tt T T T -

than S nadiofistdrs) leqs, onvhe 6ftie 64 0Y)00 upishiteWR Sidrat Shnilarly, the second

conposed of gl ass-based material s. summari ze

_ As d
part czp B dhinnqrribans | sasiemetany, affhough qroas vk thirssqmigendustor layers will
 generdlly Q8G09S Sh etk bt BP oMM o RS s@fbonductor devices.

Thinner semiconductor layers may be created via oxidation or other methods known in the
art.

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

described herein as being "substantially parallel" which includes both the completely parallel-
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overcone these problens. Figures IA 1B, 1C, and 1D
schematically illustrate the process. 5 Thus, Figure
wozesomws7a first substrate 10 which conpri ses BCTUS2004/004746
substantially single- cryst a% sem conductor material .

The seni conductor material ¢4 be a silicon-based

sem conduct or or any other type of sem conductor, such

-V, -1V -1\ tc. i f e
and G0k gl bk s mlfop soblentinFindinsE e Rl les e gossivitity that
one dhinote of e hefauerst thokoddfay hétte couptdteltei ncl ude 10
silicon, (Si), gerpmani um doped silicon igl_Ge), and
si Prragationzope glq rwopd peing implagtation/axioliation tsthrigwesrof the type

' ' he .firs
curGETHRORALS kP b B3 wARBLANT o bRl i . A
preschiteths separatiod tohels paéfetdby formed usit Helaideogwnibn Beplaftation

the formof a su _stantiailjly ingle- crystal material.
technjig the retssences Aispagsed abqvs, fi*@xé%emt nedions pf whichrase hereby

oo 4 R St e LGNS
separatibe zovel, sunh a5 cd-Anplantefiec bfhyeirogenranid hbBumariths/ordrydrogen and

I d . h | gtt] f ect f
b S 2, B b B bttt it e

dhas (=T S ' :
first Bt Bl paeif 1R opir Bt S g SRAANN.S THRN. e Splefiof bone necds
to respend twothd heatdreatmentSholimg procdss Hybecdmingtvinmkés gosthat the division of
th ﬁ%b trafe 10 h%]% a first external surface 11, a second

153 SB .reﬂﬁ th, S&@B i%onéﬁaﬁ%\?mww‘r nal zone 13 for
SERREIS v AFifineSia, IDORER SibsR4ie 20 cBh%giE%dg@ﬁ ex th?ltsurfaces

) f
and a second part 15, the thickness of t p

21 anged2ghic, likesheiswess sl separation Bane ofithe fitsy pulstdatey atssubstantially
parali) iy G BG IpBER IR g i b OB bk it gperties s,
for ed:thl6|aNOMRL 2 direat@for b birSi@s Wwals, old) rSREA SRR sHeAR at the

. be thicker than 500 nanoneters, €.g., on the order  of
interfacebebweenthe Sinsttand seeond Fubsirates; anyl @vgla}u,ons fronsparalied of Bxternal

it b ' n 10 oneters [ t hpugh. .
surta 811, £ 2075 34 IR epbidBn dere P PRIt G Binimmp.
nalhepecstiddabstiié tehprides AR bRIdetlask Of at BRidB hEsLebiatic Pdving a
. sem cqgnduct or de\él ces.. Thinner sem conductor | ayers

strainpogutiof less Eande000°G- #)6 i sonvsmtional dn fherglass makirg xhdbmstrain point

B e

Pa.s).HAwdbutwreen bRride ghassarcmd wrideqfladshRrdngics, theglhssel ¥ccprodeyilP ereferred
one, slight angle, e.g., up to 1-2 degrees, between

s ! A :
becaysp they arg ypically Simplerdgmanuiactadhuy mekiag feame more svidely available

nd ISYE and zone are described herein as being
aIldk%su st gﬁ?i ally parallel™ which includes both the :

c dryrhetwaliy Fiymiral Apthe 462 o2dGOb RSO JRETokbies3 W4 #BikhA4 Breferably
) - 26 ar}%nfl [ g{htl angci ed casgs. The phrase
in the rapgsQt Prkrpay P)l‘%’é‘il ¢ wost preismbiyim the sanzewé Opsamite ilpm.yFor
sometaﬂfjﬁcations of SOI structures, insulating layers having a thickness greater than or equal
to 1 micron are desirable, e.g., to avoid parasitic capacitive effects which arise when standard
SOI structures having a silicon/silicon dioxide/silicon configuration are operated at high
frequencies. In the past, such thicknesses have been difficult to achieve. In accordance with
the present invention, an SOI structure having an insulating layer thicker than 1 micron is

- readily achieved by simply using a second substrate whose thickness is greater than or equal
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one or nore of the surfaces or the zone nmay not be
conpletely flat. Separation zone 13 is fornmed usi ng
W "Qﬁ%géi’%/on/ exfoliation techniques of the typBCT/US2004/004746
currently known to those skibhked in the art or which

may be developed in the future. At 5 present, the
separation zone is preferably fornmed using the

to 1 myidroog dnpieterradripvantiaiti omrthe thécddnesspfake sdcohd) eubstrate is thus 1
. references di scussed above, the relevant portions of
ich are hereby incorporated by reference. O her

CUIH @8reral iR he! sRESHH GHESate ABdRhS Be Hffcly % &&&;B}t the first
h as 0

the “separation zone, suc , co-1 nplantatfon
subsiyptertbrpugh ghegprhedss aieps ofithednvenion,og evellasdubsequent pravessing

vertHE e SO S0hSH G 1 Defoheh Fie o5 thrindhoal haPaiihan th thickmess

of theaeédhdaubithee, aahRkadsk ®ByFNBaiebidiOos
the separation zone nee%ls t% respor?dﬁtﬁ%u? eﬁﬁ"g'%?énorthat

desiter don the mitimale SOl girpetotssis getsralliona profgrrodsines theqredarthe thickness

ook B 8ol 5k ARl b b s

(C) foAthetshme appliditivaltalgs Hiffdrence0 conprises two external
surfaces 21 and 22 which, like the surfaces and

se pas axide glaspproxde glass-perpmic ig prefemblyesilicarkased. Thus, the mole

t] . . ther. ..l d t
pereSHBT BRI T et Ui gl R pistoreh G S motets
and 1nost preferablyegrpater thah €0 masleal IoliHeanbd ONplh@lcoParhick GH Systalline

uni form bonding strength at the

fer, o unit [
Phasgﬁ?lg‘ir’? @g@%% Sphdeste; anorthyte.spineh or otes arystalline phasesknowmyin the art
LAt | | f 1
o o295 THEARDREAL B0 el BT R  ffo

movémers off positiveiond bway Goanthe sntbfhdeietw &AITRE SR and Becditil Gebstrates

. gl ass,_Qr an oxide glass-ceramic having a 20 strain
d‘m‘%(ﬁ? (Cgf |l ess than 1,000C. As is conventional in the

o TS DR dned A OBl o b et A7 RGP P

inven@img;tbt&_agmgwa(lml &8 fhefeRad b):%aués(l)bhbmgﬁeﬁxésﬂ an@bﬁﬁml r
an OX e aSS- ram,Ccs t he SSES are pr esent Yy
perfofiiancs chasiciorisicy, SR Tar 80T SRDAFRQASe - fas SQstructures

| b@sicoadu [ R 2 pYdede ' i
o gﬁggl ess exggﬂyﬁgﬁggﬂ’%& shov\ﬂ/ri{i‘e ?ﬁbé&%&éeﬁ?&l{sﬁ%ﬂ%wmch are
not oxide batedseibs nomosidegdasaey, hiaylealesirdble, baharelpeherally not preferred

[ rahl. in the range of 0.1nmmto 10mm and nost
becal%gg)%&eg&.xéhqrﬁo%the range of 0.5mmto 1mm For some
afmYr iceiddih apslictionOe. S dissthws 'caﬁ(fiﬁyﬂﬁglz{ég of BMEL-Seramic is

havi ng a thickness greater t'han or equ to"1l mcron
prefeably nsparant i thevigible, meaclV¥j ahdéenRswivetengipenies, ee., the glass or

el R B PR RBmiE B 330 B e waYA s oo

arFheqydas af glis@bertingdlo S0 bR SMSHER cah%etﬂﬂ?dl{a%& FronStiventional

t hi cknesses have been difficult to achieve. In
Taw mperiiteiesa yeety of tehpiguesimownrindbe less makingatt.

i Ng: ANl ing | hi ck han 1 :
o TS 13 6 G0 B AR Bt B NS betS6le podfig s which
during siep (Ch govehigen SibsteReRFBin the Giretof of odpplied eReRlc MR ie.,

. 005/ 029576 PCTI US2004/ 004746
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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-27 to 1 micron. A preferred lower Iimt on the

t hi ckness of the second substrate is thus 1 mcron.

WO 2gpsmeesaé terns, the second substrate needs tpches2e04/004746
thi ck enough to support the _g%_rst substrate through

the process steps of the invéntion, as well as

subsequent processing 5 perforned on the SO

e.g. AlFAHnEWahh idist rf?dbErQreL I’éﬁf(% Tél%%ﬁéb%ntdrb%?%ceé%%é eral gs’eﬁ%ving positive

_limt on the thickness e secon
ionstdfier Khepsalkdionn . g hatidn glesbesl adidoxitls glassippamicsthavietioaly alkaline-

desi for the.ultimte SO structure is

r that [ et?x@
e“ﬂg%’r%‘lﬂjﬁ? %8‘% 1), ne PEACHEHOIRR Hyeptn. gy eat er t he
t hi : sk at :
This REAGent@fioh BEME 8kaAR4nd HRSTihd H“grﬂ% fl?gg F% gﬁ%}ea wide range,

electric field strength withint i ng
reprefenfgtivg @ncesirationg begbetyrshiledandd@ ayes oh fif exidabasis. Meferred

alka} 36 8 fi5 By R Fon S Bortl 9 0135 1D g romaeapide popis n the case of
alkaB fordearid RIS vAI% Oxiaf Ox e dasis GEMR TS éﬁ%&feﬁﬁﬂ lidhs.

greater than 30 nole% and nost pref great er
t haktheuethssicend sybstrpties carapesed pf g mghe glassanrigtass-ceramic are preferred,

X ' b | i ] d ite; =
oA A RE oy PRASRTE0 8L YR i S oy e of
the larninkateeclogebt tofthe it agBtoe RGNS have the pidpsfesRliRifed hedellfor a
| ass-cerani c should be sufficient to allow 15

secor, HEREHE omness] ofiamngle esargasrosminie Layers fahonfrom the first

i bst rat duy i t
s AR A 10 oA, YR58t Pl pceus they
do ndtalinestiglinterattheitptiRdirkteabafatd, M thé DRPEALthe Bstond 8bstrate is

enerally | ess preferred because of their higher cost
wns‘%ﬁf?ﬁ&? hatg ended whepdhe prppestiensneridicd dora pesond substrate are no onger

satisfgn larly, for sonme applications, e.g., for SO

structures 20 enpl oyi ng sem conductor materials that

ar AlangtthesieIsime tinbg sk os Bothrud sabdisitdsaltoem I @b isdlele surface
1 not -oxi de ha etﬁl,_ e.g.,. nop-oxide gl asses, may be
ayery Q¥er PgH) 8 allitherr extyapleutlpess, &8+ ap o&idelpyes onfeaspmieonghctor.
W Ot S e S pE bl €6 bt AL ST Lk A A, puch surfuce
layerpshoiudd ndtibave nanswpasition andior ibickinsdswigich Rel préveit the frMktion of a

strong B e i o et n 10 Parionles g lotsr on the
semidBnehi@br AMbYRAR Mg ra%lgﬁles% gl%aﬁk fan agb?tgi MS&E%%E &n%ead to

t he second substrate can produce Fom conventi ona

weakognobanding atith sighags or glassieetamiofsubsiritieni ques known i n

o Saon B8 Bl RS 51 et Sy Fiertied et ok pgafiom it s believed
that amdixide Tayti hiati g St @ BatbBrick ARV grd%&églarhigy ﬁ%iesl&%tcs F@gﬁegt flgw and

the direction of the applied electri

thus dipnyishies g eleptralisis-type aprttivwakihd intenfadedstwas: théfikst bind second

[ or, KK ionﬁ, are suita
t

' .8 0., :Li H.. Nat' . .an | e .
substls 8 ytidh & bt o ebiuce TGS ER siewa B0 WEpSEsh ey an oxide
layer ispteselit @i e HBAIng sutfBSe SRS first substrate, it should function primarily as a
passivation layer, as opposed to an insulating layer. Likewise, any oxide layer formed on the
bonding surface of the second substrate should not interfere with current flow and thus will

typically (and preferably) have a thickness of less than about 100 nanometers. When surface

layers are present on the bonding surfaces of substrates 10 and/or 20, they constitute

intermediate layers between the first and second substrates in the finished SOI structure.
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15

ot her types of positive ions typically incorporated in

oxi de gl asses and oxi de gl ass-ceram cs, WD 2005/ 029576

VB I038297064/ 004746 -28 e.g., alkaline-earth i oRET/US2004/004746
However, oxide gl asses and agpde gl ass-ceram cs having
positive ions other than alkali ions, e.g., oxide

gl asses and oxi de gl ass-ceram cs having only al kal i ne-

eaoh cértais first anbdtetaiwechd subbtiete B6iabInal6nY brdtfSiment of the bonding
The concentration of the al kali and

i nventd.on.
surfagd 11, G sk sbrtiate 0o redwea iy dsrgen canogniratiomhascheen Sound
ot : i 0 d 40
B ST aRhic g WA o B SO FEIEHEY oot 6 sccona
subsipie 0 du particutarj sch e ocdnetion it liyainsgedl nBentration hes UE(jen %hund to be

I ons, an

oxide basis jn the case of_ alkali
of gl FigBnc kb rehsTog Shioon fises emesiliton waters fmplanted with

 hydragdteioh By Gad bR cobliiy Qﬁka%r?eggﬁ-ﬂl i%ﬂg,f#@?éf Substrates made of

conposed of a single glass or ss-cer
CO INCORPORATRRGIGA $$ OOMBOSITION N 173%dr CORNING

PSSR Sl st e o
exan?étg gi;%;ﬂgﬁ%ﬁdrngff éﬁgigfnlg%iﬁg?sﬁé}é? glrc'% g:lglé&gqﬁ%% aorgﬁuc?ion in hydrogen

concefteation 3l alrode adsgmageonafr pdass bnd plabdeerfitaics thaving h%)ghtstrain
u

. ta r al so haye those properties,
pointf, 0, 3 BRO, BXFe’ sied, whloh aes.tiwciclidy be Hosded or RF
applichtions inl WirtRECARCSthiM i bhRs ft)élféaﬁcciﬁg?s trate. In the

latter_ case, the second substrate 1s ' considered to

hdf ®adicakag, l&i\h@&bqﬂrléblmddhﬁrlagieehy&p fgﬁi Tjohdillpi@taﬁ%ﬁ,smg eidace of an
: no, J.ange sati sf] ed. ong these
impl AR S e B e wobocnintiont g o SoShlbvdecasndom

concentratioi €TEe ki fdr6gen teANRASorOM She Qﬁsgﬁ'faeé uﬁﬁﬂﬂs%% kge}ﬁiiﬁg process and

th .e@;ﬁrnal surfaces, e.g., an oxide layer on
us 1§ bas; dRreddglesirablp éhregu@stbﬁhydmgwcdmmdﬁbmfn the implanted Si

v SR il O s oS LA i

transfeihto glass smfwkof thesbidgoRi L Rteﬁﬁct{dﬁrlﬁfﬁ%rgﬁ%ﬁgé? foe %étion results

. a?itﬂr ng. b}gnd etween the first and seco

nm 83%59161? ted siligen wafenmoralywirophilic hed aBews theibdndingto take place
durinSthB ahHda8 i hekn reafer,than.gbqut 100

g R R ol Of VO ST 338 <D 8 bt oo Qi Ciopaocess allows
uniforg) seperation gf thesSi fimafom tsbstheaivater Al t hough not wi shi ng

tp be.bound .b ny particular theory of operation, it
i @“@tﬁ%‘(fg& it %/%jftee% wdithat in theeaabseneeiofig hyduigen tetuction
tr tnﬁﬁggﬁ[ [ ' resi.stance, tqQ.cuyurrent flow
O P el ¥ S iy & s v o
coveregared; ¢he Sitfilnf wods fodteumanniforn| Hosever) hisf drogen
trapes which.is _believed to produce the desiTed
°°n°e‘§$§ﬂ &?ﬁ’&ﬁb‘!v'gi&%%ha BHg |f94e*10ﬁ111 by ap exishaing treptayest, aiwmiform Si film
becomps SERAEd RIhePasE WRARYeSW diftSalbabhe first substrate
It should function primarily as a passivation |ayer,

a¥arssepprpachesauan basisedab irednce dlyelydrbsdtLoMndBntraliod ofthe Srrface

. for op the bonding surface of the second
ofan i BBlec ALCE o GoomAis Aol BRI dasion tremmematithe
surfacd, Btich ai treatment of the wafer with an oxygen plasma, treatment with hydrogen

- peroxide, hydrogen peroxide and ammonia, hydrogen peroxide and ammonia followed by

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

oxygen plasma is the preferred approach, especially in a commercial seiting. Although not
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30 typically (and preferably) have a thickness of |ess

t han about 100 nanoneters. \Wen surface |ayers are

V0 e@siee9so6 t he bonding surfaces of substrates BOT/US2004/004746
and/or 20, they constitute @termsdi ate | ayers

between the first and second3®ubstrates in the

finished SO structure. W 2005/ 029576

S A PoRPORY Y ol TonE BRI 3! icaet e these

treatmﬁerﬂ;d; bydogeh tegnmtadfsaﬂacdgmﬁf)s oxidk 16 i’;ﬂtﬁoﬂiﬁ {ich in turn
A i eI HGePatHF ROIORREn e froatmeend i fogfgrqbéy iod out
n o (20 1) garried out a
o i b B TSR P o

particul ar, suc
amnjmsa b @mxidmmdmmorbe +persxideafolloved By atidpopéraxide h‘éﬁlﬁibnts

errhﬁ&. siljcop films, fromsilicon wafers inp

ISHEsiemhag been instepms phslsonwakce mlﬁ@eheved

o A e M Py e
semmmomwafmmm@mu&m SGoASBIRBNRORH SN IHNDIhdaAGidon.
20Q0TH i, ad f le, th

or sttt wlgﬁareafﬁig gp%;gpgqhgagqsssg(pg% o? the prgcqgg pf thgdmvention in
whichithé fisst hedlsebh® a;usﬂaday do A0 3R 5}9&%#%& HphfBt é@ﬂtﬁéu bonding

al so be advant ageous for gl ass ass ceramc
surfages/ 1 hgmwlg hinghe piefierredoinshicsiimentsy of thennvdmdaoﬁfiﬁélﬁm aﬁﬂ) 8&ond
for RE

d b d
subs{ar%t% | ca | on ngﬁ%\/ﬁ%‘?ﬂ @‘étsg 'a%‘%’]{?s gﬁ detcgapplying surfaces 12 and

22 aepp|Ti aed TQ @éspe&ﬁirel{saﬂh'tﬁié'ﬂyf diﬁ‘eréh%m b:gﬁﬂs&ﬁ %@Qve!eﬁ% first and

after hydrogen ion inplantation, face of an

| secoqlc},ﬁ}bgmtgﬁisﬁqud@@ guripg the hoading moc@hs hi/sjep ©n Alternatively, the first

R T —

surfasesr Tloael 2iriikive ibeen bidegixanth ddaitet MESTorHe béditsing bf B8S (C) and/or
. been found desirable to reduce the hydrogen

d At EFﬁ“Il W@ﬁ stsp (Ehbefprasiubstantinl Sonding hay oeamriedc Vien pre-heating

15 e ect’lve mngggl@rigés??gans %ﬁ%ﬁgﬁt’ 2 ord%“r‘ggr%fl‘gglhgec{]oncethe

desnécbteagmraugres ybﬁs ﬁ:ﬁeﬂ& sédond substhysage BedORaEHMr at | on

ults elrrplanted silicon wafer nore
e&ﬁﬂ?ﬂ%&%ﬁ@n ' hiitghomahwhagatieallyzt 40 in BigsrelC, can have a

vmefé)ﬂg]ﬂdcﬁﬂﬁéﬁﬁ%&gg er:O?] 8& d é?lftalxméﬁ %EF%%ﬂd& q{ﬂ? tgrlé]g sol "By §ss

MICROPECatf] Mumol[l, Gdvmafy, danfbmufsthm theerovessigf chuaitRE.. The same

. %agtl tati 3/ it has be(i,n found that in the absence
equip, %ﬁgﬁ I CoER e igharnlicationse ﬁlﬂlouahlegumt capgblect
simultdRoslRaRC ﬁ%’mﬁlﬁp&oﬂ'ﬁf tE el gsu§§&3g3 %%ﬁl\f&%ﬁgeneraﬂy

the covered area, "the S mten

be preferredini f orm  However , V\/nen the hydr ogen 35
tion at the surface of the Si is reduced

t
o PSR D¢ R I . oeRis teAbFrafors PR Byelgotic feld
streng¥hd, 368 Q8buiuth fe08ls,the Seuieintfits W thbSHrédtbdih cBAHEE $Eeds to satisty

are not demanding, which is another important advantage of the invention, i.e., the invention

can be practiced with equipment which is both relatively inexpensive and widely 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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Vari ous approaches can be used to reduce the hydrogen
concentration on the surface of an inplanted wafer.

WP 2p2¥d6 appr oaches i nvol ve a mi | d oxidation PCT/US2004/004746
treatment of the surface, sgih as, treatnent of the

wafer with an oxygen plasma, “treatnment with hydrogen

10 peroxi de, hydrogen per oxi de and ammoni a, hydrogen

suffREne¥drd8e ﬁ%@ RTEES o | i a{r&t@ﬁ"ﬁ)% i YL EQEED R P54 second

and an aci fons o €se processes.
bonding aurfeoes. Wott dxagople, shey gE€ncal lmspmfmd Iﬂc& apeeibd begkten 45 and 90

minR G 5o PR A RSB SO PRelotsed o et 1968 than 30
min@es)ed e a%mﬁi&‘z‘mﬂ% &n t & expe6if Yha? hedRE %&gﬁﬁ&i td perfom step (C)

bel'i eved that during treatnments,
can beradnecst tod noviofl 9€5-1§ rrmnptes oxlegs #rough thy dpum;daugm ofiubstrate

ch in tur.n rf.ace of the silicon wafer
mﬁ% ERIFEse teEPﬁ’SraFJrr F‘?‘fi?ﬁpli’reg Vﬁﬁ@g"@r ably carried out
at Stdpq@)is ReRedbdy PérforhRl unlsr ASIGHR vEb AR BorRiGorl 1.8, chamber 40

tenperat ure between 25-100C for the 5 anmonia +

is eva@ﬁs@d vhilestepfrdn perfornedr Srefgrblyo thewessutnindls chamber is less than
h the f

or oL Ak BB ot ALY SO F B OS0 Biar, Atrmaivar,

step B€) éad\tetperfofinéd nemuaért SnfospRerbyRICR S @n%ﬁﬁ@?&feﬂiﬂ a®gbn, helium, or

a1 be advantageous for hydrogen-inplante
the Iikeri conduct or wafers conposed of sem conduct or

s A PR e ool Boah i i 15" B Ay b i 15z V2 and

preferﬁhly tithony < Ty, vﬂlﬁrﬁl\?ﬁ k Etid Th&ef 1ekiSdctiQEld, 1he GoRshedTbhpératire at
nd 20 are brou g into contact at_their bonding
f°1'°"§ Beg surface g gansh Va gnd Tmemea?e@kv@m, therpolipasend seraperature at

forcé-ggﬁhgﬁ SEFARDY. i fhe éx%%%le@'&gs&ﬁ) 2 be ﬁéﬁ{é g@de%ﬁgl{ﬁe was

prior to ste

locatedbelowethp Iﬁyst sepstratefaa skswil 2 Bigdre B2, altheugh thé bppoiite beientation can
differential expansion

be ugd i st 'ﬁ’%/ ﬁéYSP; {*%n?éaihﬁof}ﬁg%%%a@%@rrta@ subsirgien ge bewsed, if

desirBl®lr i ng the bondi ng process of step (C). Alternatively,
the first 15 and second substrates are not pre-heated

prYoand ¥ prefpallppatisuthe acletieshiped aft er bondi ng

surfaces..11.a a een_brou into contact and
bef ore t4¥eV %@%ﬂ%w ﬂ)&%ﬁogﬂﬁ ‘gﬁ'?ﬁ‘b during the

: Wheré 0 {sitRd diP@hd < &dnfe gﬁ?gl aRfEQhfa FHRS: ?@&Jnﬁes&@%'ﬂ%ng step (C).

has occurre en pre-heating is pe
A prdfmna‘i veduestor tlo@5 -08)Dhetis eppeabeteby abRAGATK Wanch are

noved once the desjred tenperatures of the first

a e lrcierblt setislydheelationglins:r eached. 20 The
pr oces%@iﬁw@qﬁgr}r g gmis shown schematically at 40

in Figur®e vari ety of configurations.

For expgrissyy el <aunpsges, a bonder of the type sold
SUSS~ M CROTEC of Mihi ch, Ger many, can be used as

wherg %elsﬂhtbm poigt cftherbride gHse osaxide ghqs*cq:mmm amlan ’ﬂ)‘g and T, are in

used for, c rcia at.ion h ui p o
degre Binelagy ATefcein Bl 1y BB Flp o thlesehhAs §00°C, and
may A5 lead Bhs ebaigogulst rate assenblies wl | gener ally

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



10

15

20

25

30

Li", maf, KM Ostle Mt ety sir Bearddder B4t
bet bout 5-20KV/
' movera%vna?reﬁom %hevﬁ?err]fage 8gtween %ne stcgd second substrates to form a depletion

lregion, shown schematically in Figure 2B by the reference number 23. The thickness 8p of

- 25 be preferred. Because the invention uses lowto
noder ate tenperatures, pressures, electric field
wonrersgésys and vacuum | evel s, the requirenent s pdid3004/004746
the processing chanber needs_to satisfy are not
demandi ng, which is another “##portant advantage of the
invention, i.e., the invention can be practiced with

ke GO N Brgion T8 GLASS HOMPOS AR, oaf s 740 usedin
variGB R kifeAddafiiples Présaifel belidw.shows the central step of the
process, i.e., step (O, where the first and second

s ubxsaddaierstogheir tde gearhieyingkonding ofghe fisit epd ¢epnd substrates, as

. f i od of tij 2005/ 029576

aisofiéd BloTBomy §H145. A8 thojn R bR ifrRal cRETRipp o st and

secof@ Rtz 0p bt edctingls A ndliHePrefeed BObHGncRts dfftBe fuivedtion, the
second bonding surfaces. For exanple, ste

d C
Secog‘gﬁlhﬁgaﬁ?&(}fséﬁlﬁéa cppirach te eregier Beienktban #s &nbs@g&éte )10 to thereby
; . . ;
cofBy T 5 BA0LL 5 oBEHORL 13 ERUc B 300 whers e

semibémiutes Xilanisuhder soproasivbs, a8loppesedits Gnsidh., i’@gﬁﬁuy @%@ fireferably,
e

W%lgat the tine reguired to performstep (C 5 can,
T, wiikhg geater than Tacwita d: ard 32 gepeplly saisfying the selationsbing h

t he opt L4p I_( strate materials, processing

t enper a Jl?’r‘észz gfﬁdgg%%@ed vol tages. Step (O is
and;aéﬁmlﬁﬂieye]@ﬁbﬁgmﬂred under noderate vacuum conditi ons,

i.e., chanber 40 is evacuated while step (C) is

per f or nEfC PAef-dnabl30°Ct he pressure in the chanber is

I t han . or ual to.1 m.llibar, t

or EPE B (e fos B i PmEh) papailon oo HRF apsrcgnd substrates and
the chbsef tedpériate/diffbRnBAIBRIIN Srkfctbly BRisBLAtT184sPBA: hdl ABst preferably

i nert atnosphere, such as, an Jatnosphere of argon,

_'bomﬁﬁﬁeiﬂﬂﬂ\ﬁiﬂgrﬁlﬁﬁomé As di scussed above and shown in

or of e 5151 wrDRLGFC 6P Sy M pdfor ™

res pectg\éeJ Yl})]awﬁz mm%3@ggg{5€§8gft ure at

f or ce- appl yi surface 12, and’T2 are,
where E5]biz ¢4 the OP¢ cotiiiziendbf thgeal rdpasiparfahe subshintidly single-crystal

o L o oSS Shar Bl epagon or
oxidd glas%tqr%mtgl@s%%eﬁiﬁé.hgg@ﬂ;@ngﬂ%%@%ﬁgggﬁ,fe{gg Egogg@ CTE of the

opposite orientation e use

- oxidegassior akiderglassicerantic (ient GTE) psefembl vt datisSasitheé ralatbenshipn

b I.f. Lred._ V1l and V2 f bl tisfy th
e o e S A S

r _ <_ (V1)

i QS ok R &ﬂs&fi’%ﬂfg‘géﬁﬁlﬁﬁes‘%@ﬁ%@ﬁ%@ Spgpete (s

idnVi(the ilYalifalklirieCearth ions)) can

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

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

- parallel to the second bonding surface 21, and 3) is spaced from that surface by a distance
' Dy/2. The thickness &p of the positive ion depletion region can then be defined as the
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Ti and T2 preferably satisfy the relationships:

T,-350-<T1 <T8+350; and 25 T5 - 350S T2 < Ts + 350;
WheWa02957¢ s the strain point of the oxide gl asBCBHUS2004/004746
oxi de glass-ceramc and T8, ik, and T2 are in degrees
centigrade. As discussed above, T8 is |less than 1000C,

can be | ess than 800C, and nay also be | ess than

dist@loo bbtwen e s'E)t@;hdJBéﬂ(ﬂng RRfabe 1 af8l silifadiidsly vfa:ﬁ }gg‘?étw‘f'ﬂhm the
a

t han or e%bg to 300C and | ess than or equ
secopg Gebstiate; Bhisgubsinufiadly naraliebinethe sesopé banding surfave, el 3) is the

e TR A S——

satisfiednfimrahlaastamendff the Sllalyaka0ke-Eath iBhaNaRS ﬂi@oﬁﬁeg RLF Ve glass-
PCT/ U82004/ 004746 -32 like CORN NG | NCORPORATED GLASS

C]\IS NOS. 7070 and 7740 used in various of
the exa € t l.o In addition to their
role in éc &é’%\f ge% ﬁQ’ESSB’f the first and second

whemubstrates, as di scussed above, Tl and T2 are chosen

to prow de differential contraction of the first and

Gilxbisdheemsentaation ofisaid at lsgstiomg allalitallealinereatthdon as a function of

: h nventi on, the second

dlStaB strg]te'ﬂ %&see &]%% 8&?’1‘% %&4 to a greater extent
thmymmmemw@ma to thereby weaken the
first substrate at sefﬁ‘:atl on zone 13 and produce an

sVsing s definstippedmewillgenexsdprisetiniy thetrelatibnghipi s under

con‘pres%?g% as.o osed to tension. Typically and
prefera °f:be greater than Ti, with Ti and

and Wil (ﬁﬁﬁ%ﬁgﬂl'méﬁldt&fn){h g the relationship: 10
5C<T2-Ti 50C, and preferably the relationship: 10C

< T2 Snﬁlaoom&ﬁﬁletemreover the coefficients of
ngs_Hfsnl ex nS| o of the f%tftgt and second substrates
- a fess ¢ Posiiiviops Within the second substrate
. Qj in
AR é’&‘?‘%ﬁ%"l ke B o ible G uB0teTR P LSL Y A og i mobite
Pom@EE@S&OGtEEled-m Wpxaxidea pidss mnd:idvz\lr}]glais%rmﬂ )Shﬁ% Bile-up regions, when
10- 2 > Ti ere CTEl is the 0C
Pfese&‘???ﬁ%“ &%%Peﬁswg’érﬁ’@ﬂa%%%tﬁ@.% Mose andha PealResHive ian | v

conc&itREbR CG. Y Siath sARReSARGMshiHshirt erial and CTE2 is the
0- 300C coefficient of thernal xpanS| on of the 20

oxi de dlmsdCatrd3i de gl ass-cer am c. I'n applying these
her rgﬁatl o$ hi ps, the 0- 300C CT t.he _oxjde glass_or
w e in Afoguip pergent, efﬁ? definegaspebiprthabpes In some

cases! ﬂ,ﬁ:mf(/@ﬂ?e} WADBE kRater than 2 (see, for example, the K* pile-up region of Figure 5B
below).

The one or more pile-up regions, when present, are located in the vicinity of X = 3p,

i.e., 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:
0.888p < Xpeax < 1.205p,
and often satisfies the relationship:
0.908p < Xpea < 1.108p,
where Xpeay is the distance of the peak from the second bonding surface and 8p is as defined

above,
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5x10-7/C < CTE2 <_ 75x10-7/C. As discussed above,

during step (C, positive ions within the second
wohesradxe (e. g., Li+l, Na+l, KKI, Cs+l, M 2, pE@iR2004/004746
Sr 2, and/or Ba+2 ions (the ﬁ‘] kal i / al kal i ne-earth

ions)) can 25 nove away from'the interface between

the first and second 'substrates to form a depletion

S0 T Sl A LB TP

- reduping the prietishegicipetatireptint, andfop veNGR @F6RH naldyq0Y, some

b f.or tfheﬂﬁg& ive ions. Consijdering specifically the .
onding of gilicpp flwyta piekiss Melw £ak he pehievedauignessentiallys dbseryable ion
[ : [ : -ceram_c [
ol R, R naR 0r B R i s e Vi gL Wl e
bondiap saserppesediio themicaAlbostding) ard theSesultiny bords@c66869 8@ lower than

oSSR Gt FhbSostn 308 Bl R  ptomnesion, hasutin
sl AR 28RSy USSR il OBBAG oot
the 3QDECRes 7l Ed 182 Pertaes] Thich ead 3mphf thafuechieiitg 6felectronic

dou BB S B, o B S 200 e i

inveBHGIE KR droddsk ¥s Raforne® so Bt & B ltéﬁdfifr)x%%o?ﬁg BrhkaSy iHedfirface

and 3) is the " surface farthes e second
betwsem terfiystandisaeand substwitech the fol | owi ng rel ationship

S L ST for .at | east e of the ) ]

o IR dafhe Sl e BioR anlife ek esg pileugiragionsy step (C) can
also prodiCe ghisidt repichErPoR IRl dse i i

7 g SD, vvherrengX) is the ?g@nﬁéﬁﬁogﬁg%%&%&smceu
and ¢xdends tepmrds bepatdtioalzent i he ThaithidknbasrBrast thisfregion canb®defined in
termgigt %gce x fromthe second bondi Eﬂ% surface, and 10 .

> P4 TAYTGRG, congpritatign et veen gl e friencesiHges within the substantially
singlékysil keritonditd hbteggneral |y satisfy the

relati onsl;%p: SD 210 nanoneters, and will often
s af\isyitgble raforentesurface fs, for ex@Bple, sutfiRO 17 amBigere?B whidh: 1)is

] ' t f. iti I
T SR TN
and Yiosepatcdteon thaRufacety £didRncd BI2 ORBerk s 8BB%e, P ig‘a{eechiclmess

of the nobile ositive ions contalned 1Tn the "oxi de

of theypagerd part. ol ring thik sefercoes surface, thuthickpiebssSy igf the tilridregion will

s . present,. can have a thickness of 500 nanoneters
typmm%ﬁg’tﬁﬁﬁaﬁﬁ%gﬁ‘ positive ion concentration C,/pek

whi ch spid 560 BshdnfiBese! ati onshi p:
where O is the distance between bonding surface 11 and a surface which 1) is within the
second part of the first substrate, 2) is substantially parallel to bonding surface 11, and 3} is

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

Co(x) ~ Comer = 50 percent, 0<x <8y,
where Co(x) is the concentration of 0xygen as a function of distance x from bonding surface
11, Correr is the concentration of oxygen at the above reference surface, and Cofx) and Coer
are in atomic percent.
Typically, 6y will be substantially smaller than 200 nanometers, e.g., on the order of
50-100 nanometers. It should be noted that Coer will typically be zero, so that the above

relationship will in most cases reduce to:
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20 G nmeak/ C Ber? 1. where Cgpeak and CgRf are in

atom c percent, and C /Ref is defined as set forth
- VUROEO295F6 sone  cases, C;,/C Rfwill be great erPEHESR024/004746

(see, for exanple, the K+ pikg-up region of Figure 5B

bel ow). The one or nore pile-up regions, when present,

are |ocated in the vicinity of x = SD, 25 i.e., they

can oveidygd) SBoYerdeal) & A ¥l i nside or just outside

of SD. In particular, the I ocation xeeak of the peak

of Imthgichse offn fisstsubstraty pibdchl is gilkah bafedemdtasecond substrate which is a
.. relationship, 0.85SD <  xeaak < 1.24SPp, and often
silicg FpiPg M3 Of BlaSFTAPICTBIRHE OBe GOBOE PRI, £-51 Figh network
form3fk , XBO, | snddir, Ok, g‘ﬁﬁ] it :

.secon_ml;(gélc}fi ﬁg surfécg&%ﬁ Sﬂegfoggaggj?il&%e etgg'oég\?dg.are ot
whichwosfagpedierraileaszocilica (s but ddesinvt tirgaindbeon or more other

osiof it HREDRRIRIBY O BStef i he processing.
t eIpein@haiyestep (ORrarRREng theialdrRe8 b&WRER MR 8kond substrates

sone bonding of a silicon filmto a glass wafer

.(Q) . ! ] :
Whlcéamfoa@eéwten 63) Wy eantactisg honding yurfesedswitly honding smface 21, into

. , ' i. is .qf t.h ' | .
A 50y SO BB S ro,
and thay albe piefabblyeotiprige o6k thbiR posHive idbmBilap feghdrlsqh HelBcinity of

are lLower than ,those achieved with ion novenent.
medﬁfﬁ&%%@%@&?&?@ﬂ% a depl etion region, the

cre ' S f rom.jon nment i nto

| et O e ob A LB bSOl 8 BBREER 1 o

temp@@tura tandthefiest add sicondpats (18)1Pp6EthY TRt subltigdare @Bparated from
tionjng of electronic devices forned

inpai r_the fu , A
one gyffist. Bersg.o £ WeateIing of thagengrationgope which areurs during cooling, -
. . e pr
i B SRR ) 0 R 5k U, SR an o
secondrmbitrate pf darsagitne thesecontiipartfdr tiss seeonll stbeeas. In many cases, the

v o B B s 04 o 1o

A BEE aothorqE kot ' f in Fi i
awa?yc oncent _?%% i on E\%hqi ch @g iséfgmgtp a@ﬁ?ﬁ%&éa?ﬁﬁ&ysgﬁgn&g? 15%%11)) » STce
during #heesaddingcthoscenarts will dave i oniBlrentpiételyrfesso foie ahothéd, In some

r egi n be,.def.i.n in 15 terns, of reference
°3S&"c%%icg§‘ﬁl’§‘§ﬂgoﬁ‘fﬁ?%#ﬂ‘83_€f‘d e Pty B Reldlis sgam o asmooth
object, iused s U AF e codlinPtCsephiifd b ti6 Pt mt'f&o% than this is not

material. A suitable reference surface I's, for
needed bgapise of terdifferentigl dontratignrof tirFinshamhsecond substrasies mdithe

rt of t.he first substrate, 2) is
resul%“%oevg%g(%@gloﬁﬁmpsgpg@lﬁ Z¥- bondi n g surface 11,
As can be seen in Figure 1D, the separation will typically result in part of separation
zone 13 ending up associated with the first part of the first substrate and with part ending up
associated with the second part (see 13a and 13b in Figure 1D). Depending upon processing

conditions and ultimate end use, the external surfaces of the first and second parts produced
by this separation, i.e., the exfoliation surfaces, may be useable as is or may require '
subsequent treatments, e.g., polishing, etching, doping, etc., prior to use. For example, prior
to reuse as a first substrate in another iteration of the overall process, the exfoliation surface
of first part 14 may be subjected to conventional touch polishing to provide a sufficiently
smooth surface for bonding to a new second substrate. Such i)oﬁshing or other surface
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and 3) is separated fromthat surface by a distance
Ds/ 2, where, as above, Ds is the thickness 20 of the
vwecesu2yast. Using this reference surface, thepct/us2004/004746

t hi ckness SH of the hybrid rggi on wll typically
satisfy the relationship: SH’”< 200 nanoneters, where

5H is the distance between bondi ng surface 11 and a
treafsiéh | | it N .second t of the .
reaitol Ay 160 B pdproblatt Pl Ri P BRGs BEhe sPeong part 15 prior to
its ubpindhemasufabireofld thinfith &xndistor Aboth&ecisdfohacvi@r t hest

fr bondi n rface 11 for which the follow ng

re & RO4 Preferr e one egy squceivesé integradngeier @MY into step

. ’ i f .
15BNt B8 SR AL S A
sepagbingiferce,eg.c bristimg thatfirstand ecnyl gabstatestriRtidORVéhe another, while

Jeferen syrface, and Co(x) and Co/Ref are in atomcC
contigi i SHbise the Bitsties o 2 igyated tsmneraecen eleotrig ficid, and on

applieiprdsSiire! Rath $ardRB R LSf nggxa“?ég, 'r?vgtbggm{( ﬂgq %Iég?ﬁvﬁ{;,q step (C). Ina

50- 100 nanoneters. Tt shou
comipgrsial settipe truch entegratien effsip @Hevittbstee (Cymbybe aasAbR to shorten the

OV"@#P E}?go%g%ﬁ%?ﬁ‘é& g E%Hgﬁﬁ%gt 9_@5&%24 0_2 gge_?@t@g@@dﬁqns, the
bonding Behecdthe seistatel besimaulshs %&c%f}}){s: gbgaﬁagiﬁﬁhlo&‘ st and second

based and a second substrat e whi i ca- bas

partsdo he perdprmpdyehilecadditirinel sian(@;nypa grovassing i; gwgﬁmmggg fevelop a
| ch net wor ormers as B203, Al ,
deplez;ﬁ)régggf?e %%hﬁbQW?d region can be characterized as
a Aegited aBovehbide tROAtRbAGscebhd SR ﬁé'sg[?aat‘éd,%e ﬁ%iéirtihE%OI

Si O2), but does not contain the one nore o
struclyyg, des thsrsepond part andiitsnsieshedpeassl mbsigite.smmbersabjected kofurther

forns e interface between the

proceSHATR! dppnSinlle kPt FRAREP RO HF st 3% RamioriGuefpes 13b oan,
for exaBlpld e trated ab rergoveningiroEgBEss thek bmpbitBoRRR giﬁ'éiﬂg from the

surface 21, into an interface region 30, whic
SepargonIpChss-y Sivpashy, S5yt past A od theslitsbsubsBatarcn tie preati for subsequent

' r.ably conprise one or

use a, K¢ i & F\]?gwﬁwtg%%ﬁ F‘ézggt%gﬁ%“’%?%yt he vicinity of

t iéguiess3 and ¢ dipstrate o hedidegtiodtdfake fif@ kabytraty WBth S4EPe used if

ot G e B e e Syl
delam®0§i0A aP 86D if théreiod Ié}%ef- %@?y@ﬂg@ % th%%%%fﬂc?%ﬁs %@w ﬁﬁpansion

separated from one an ecause
of the gemidendspramaterishanddheoxitle ghsoconie SliEd-Baa B0 It Bh aldPoccur
performed w thout disturbing

when Fm%‘ﬁ‘iﬁﬁgﬁgﬁ‘lﬂg& #ﬁ'ga : € 8vras peermroderedi he - second

21&%2%?\:21{1 ? P & rrg’ﬁ%dc g&e %EI%CSE gﬁi@ %r(ﬁﬁérh, I%Eestslé]sel & nedformed in
the first substrate which begin at bonding surface 11 and preferably extend into the first
substrate to a distance greater than the depth of second part 135. These recesses form isolated
regions 19 which can expand and contract relatively independently of one another. In this
way, high stresses do not develop as a result of differences in the CTEs of the first and
second substrates as those subsirates, after bonding, cool from the operating temperature of
step (C), e.g., 450°C for glasses like CORNING INCORPORATED GLASS
COMPOSITIONS NOS. 7070 and 7740 used in various of the examples presented below, to

room temperature.
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separation involves nerely noving the first and second
parts (14,15) of the first substrate 10 away from one
¥R3PH029Y7e. 9., |ifting the second part 14 upwaPOEU&2004/004746
shown in Figure 1D), since ?I‘I ng the cooling, those
parts will have becone conplé ely free of one another.
In sonme 20 cases, a slight peeling action, |like that
US &by bR’y PN &uhﬁél%ﬁé@séﬂysegtk W11 e ARy ]Idbﬁ'ﬂa@efg@ﬂﬁ&tductor
obj ect, is”used at the e t he coomgto separa
matesigd and@qmmmi substratmlé be hamalkpliiconfamimpglasn elﬁnleh‘is case, the process
of eca g d:@§efn ial contraction of, the first
AL Br?an olle"¥he resul ting weakeni ng of

t herige ﬁ@@&b&ﬁaﬁﬁ@%mﬁ\ﬁl &Beﬁ@g&‘cﬁ%ﬂmﬁ%ﬁé e%@momslauvely

separation will typically result in part o
welbmatebedeto fiat o dilisgn wrphasgx; ch atligon wiafen efther Withesit apagide ddyer or

wic QB L S LR LSBhg okl seprsontc

flawksi T Enplddted WeRE RAhAYPMBETorPhe GRES Waker viHE tnhﬂﬂlﬁteﬁ Rfrface next

ultimte end use, the external surfaces of the first
to theglass svedes é\lﬁﬁqet\glﬂpsmg@eubewanm s separation, i.e.,

th f sur f na us bIeaS|s

regall re suvgégiéfc%gléen ¢ %gagg‘?réunq ghmg’e f PYAfe ﬁ?sﬁ’ﬂlb?y is'thén heated
undetactiffagntisl oghpgatued gacheﬁ% weth the glil§§9wai%f3f)elﬁ§ ﬂ&ﬁb& to a higher

prior 30 to_reuse as irst substrate in another

temperatpes thighthe silicpr wadksr Jibe temprretsts diffrenesbeiivioen therwafers is at least
10°C,Hiok 85 be S high'ad 1083 5he R e B RIREE Etic B erucial or g slass

havmga@’ﬂTE mutchate tﬁﬁrofbimadn Rihck & eﬁsﬁiﬁy\s B of tHesi fAfnSfrom the Si

l'ishing or other surface WO 2005/ 029576
Wafqﬁ%‘vﬁ sBessas Withgt theanphiestion ofile tympsratere gradient, the Si
f
layeE RPRARE St B plcilip BTN b ee%#é%'ﬁ% o tpisHEe Gl

temperdtaretdi Hersnti bemnen didmafeﬂ ie stabibiaed, thespacers af8 feh@ivgd and

ene aII not o] can concej ve of
‘meciny ‘E;IS E{sﬁ{ ?ﬁ% V@?@ﬁsse(rﬂaly bihe prsferesd prpysare range is 1-

|_)

50 pRaA; Eétib FRkd {egﬁn %’d}@ e
p er?pgppl )Illl ng %1@9 sepairbéatlél%t ﬁorcg . 1%% @gﬁla &8
breakagesxfﬂwrg]metaﬁﬂd substrates rel ative to one anot her ,

ol ENaE P anpieliien S SARbEF epPbly Vith i Sigfier the posiive
electaielan@ %@%Wf& at%&&tbg%ﬁvé\éleéﬁd& q88 ’ap%]_cl’cfatl%ﬁ %meepoté?ﬁal

begun part way through step ( omrer cl a
differpmee canges theetkali ponsge adveravaly mp:he(smglass titefacerintoGhe glass

ot RSl S oS 40565 bl S e
becofRE Kalyirba:ti¢ Reld borR e tﬁéﬁ v?&’er@%%ﬁ?lgrgm Hig?ag?h&ﬁﬁn of heai at low

substrates becones strong enough I on
tempefaiges.and second parts to be performed while

cOR e B il B i B Tial oot Hopf (o, Agorimately 1

hr), thevelthga hontoved 821 theSydfer Sberbly iSATRNY tB3bbBto %sm temperature.
separ at ed theresultlng SO structure, i.e.

The Sisvaipcrngdhe glapmmaies amthenseparatedc whithsntsinchde somatpetlalg if they
have SUPHRGHS Hedobnd nldi&Ely free, to obtain a glass wafer with a thin film of Si, i.e.,

the desired glass SOI wafer.
As discussed above, in certain applications of the invention, multiple SOI structures
can be formed on a single second layer. Figure 11 shows a stylized configuration for such a
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15 processing as appropriate for the intended use of
the structure. In particular, surface 13b can, for
waamsioegs7be treated to renove any roughness or pOtrg5004/004746

“imperfections arising fromt hg separati on process.
Simlarly, first part 14 of tfie first substrate can be
treated for subsequent use as, for exanple, a new

.Sl i £ i, d .
i p8 e RS dnd tal o Ry B Phork il chier e e aresgmtative
firstdayrer lexpesatdl 51 arebtidahibgips dkivn cCHReRAPHtaAB sThydBe As discussed

first and second _substrates is a concern.

abows, theiportioms of secopd fayer A whigh ara nobrseemiated withey firsi Jayer can be used

for £ (et b RERL St 10k BE SRS B I s RE PR
sem@gbadiwtamatetiale gl ass-ceramc. It can al so occur when

SO.. structures having | arge surface areas are
r SIEHERH shewvsdn éé&wﬂ?ﬁ%@% thesappliggtionpf thepragess aspectsnfshe

p _ .

invefi PO plofRERAE sl bR ell: jobond Tyb hbfids. As shown
in thg lef¥ randlplayt of theefhghre,nitny léﬂheﬂh déeh[iﬁcﬁnd;:leﬁob §Idcget H), e chydrogen-
. istance greater than t epth_of second part 15.
impliafd Sliicn BetS St e Hﬁﬁlgeéi Sgﬁ%‘bandrsé%ﬁ %57 gssenblg onrp glass or glass-

B £Ontnach ' WeTale sl fu P
oer anot E{é{gﬁ@lﬁ% this mgf/s,%hﬁli%ﬁgéﬁegsses?g%@ﬁ%‘% b evgﬁg ; z‘aﬁéhmh
includes theghse affa sitiglé Srs maestraten] O WkicEirgero bnllytpartf tatisdr teamchll, of a

soooR B S UBE DR En Es e B Bl B oS Afon
st S 0 O b TG R 63 fion o
heat anchelpétes pplentia e band Blesamiconductoninthe glasy ait glass cekMic (see the
s B4R 1557 AP0 g 5 BB s o st i
althotiph tHeEmBPBEAo SEMtirRRNsl biskPical J¥RLRf betveditheilG Eees. On
substrate will be an al kali-containing glass. For this

complefion ofithebendingseysle, Hie semiconduetor pisnescand glassor glass ceramic with

. i I t al pi . | .
ot S el o, % SRR BB 0B b e o
hand\pattlof Figued £ thie phR@f Fifuré 12 6 Shows ENEBEhs bitwdenitRON

.wafer el ther withoyt an oxide layer or wth a thin
semigppduetor Hlms (s¢eskadowbove) is i npl anted with hydrogen

i ae rf I The..l npl_ant.ed

B T L N
glassicopahdatwbdirsios witheubtadtially Gidghecigbtalsenied ey flms &ithout a

wi th spacers _jn between. These two wafers are then

limitgiion qoizen Far displepapplicptionsthesizectibaslags subsiratemendasis ften

4 | . di_ent L1 he
larges ol B STo0Toil G LS Bt RGP bR SRS bl
applitdtiens also capiraddrge ared I3OTiseopareds ure difference between

J10C, but may be as high as

t Mmafers is at | eas )
18&%6‘@? aliqyyss Y%Bgiﬂiﬂ single grystad sepicpadudter reatgdalgto beplaced on
desiréll §He88R glass or glass ceramic substrates. This ability allows placement 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 structure depends
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having a CTE matched to that of silicon since it

ensures separation of the Si filmfromthe Si wafer

W 006/8295Fer mal st resses. Wthout t he appl i cat i BOT/FE2004/004746
the tenperature gradient, % 15 | ayer separation
cannot be perforned wi t hout amage to the SO

structure. Once the tenperature differential between

on tﬁe‘}ﬁo%ﬁ o?thése‘tﬁfé@h&dcﬁﬁ@ubs‘h‘%?es PBRE A Redr A §fle ARimity may

nmec anlcal ressure 1s applied e two-wafe
be controblai by fing pwbﬂmgrﬂmjsepnqmluct@r pmngeetou;geciselﬁﬁt ¢age together.

ation of hJ essure ressures bov
FiggORIA SO G e s Bl at SentiectiotBh G551 Bay B8 Madhined o
minSthe g b&w&hh@ﬁse picdgp! i ed across the wafer
assenb f/ with the Si wafer at the positive electrode

anBigureel 3 shoyvswrolirer atay o Berrﬁ@rgathe\témglopctanoa @& wirieh pieces of one

oo i ARSI Bt

conduttive subsirdg 4% svhiskeddtd as aTamp§oﬂ @ﬁ@éfﬁirel SR D ohil: fcufﬂ BE Hemshy
-- an alkali free interface is created and t gl ass

soldgringobragingepruseod areleciony sondnrtive ghie: Ahesppast @:ructure may be a
t
metaf SO er Hob Buditi sl hiLE B iliha e mibla€ Rpmeratee. The

semlmaldcﬁ)r pieses @r ﬂﬁmdﬁdﬁﬁé sitetrgte, arehieh SspRmted with, foexhmple,

the volta e ved and the wafer assenbly is
hydregendopsy apg)b Cgf%f: Telpts cerasni is capried ept aﬁalpacmba@ gbove.

A e A B A R A e,

expossingxifaliatiop sfn'fams off dldﬁehmﬂmdﬁctgi' pmeesvm:f the condudtiae ftbstiate can be
e. 30 the, de gl.ass SO vvafer As

f S
polished et e Toughnessy gug i " ?ff RSAIN.GHRSTEPORHie bonding process
with hﬁB‘cﬁé}tgl&@ or %Jsf b&b&é%sé&tée eate&nn{ﬁ S AR hidnductor
ws a stylized

si ngl € seco ayer. Figure
pieces dnmpgmedtto be réassersbicdh ea:h\&ﬁl@&ﬂsm Q@iﬁi‘ﬁ‘re is produced Tiling using a

condigy5 NP 5 PRLLARE oG8 Whgh Birge afen ST sEGhrc e et
I P HEFRA! Akl dabs B&%ﬂ%m%&ﬁﬁl%&r?)f/&e?éaﬂ@ﬁﬂ’&f

gaps bet ween cl osel y-spaced first layers. As di scussed
Semlmdv@or mpteripbafiérdhe pictesdarohebnl asyemblad ontlhedondnaivesubstrate
n, be

h f
SPUEF dfbgfadumotien Ty 43ndta B rPutpdy afembly, where the
ﬁ]ledagﬁpi &BQ&&@%@W th® fdfehoehiilek B2. FilERHLEAD g&iﬁ%tr@ﬁ:oves any non-

materials. Figure 12 shows in schematic formt

condygtige iregiensotionithe sranigensistos sulssbats SARMr thegapsi hwe ht:qrmﬁiled the ion

tnple b St SdaBiof e BSOS RGP Boigngus sor

strucﬂnﬁf ]iavﬁﬁg \",tvﬁ)eorf m@téfsﬁbsthﬂﬂh!l@@h@’e &S rRAHEsI®MEoP} k@@&ﬁ séphrated by

hydr ogen- inplanted silicon pieces, of th
gaps ’élé@dwgh ugsemigopdudieree. 85 suwphays silicangiThe s&gbfrhand portion

of FI@'J(I@§§ El;fg}' esq%zg;ytc%n& (ﬁ%r : elgnﬁgtugé] ob%gn}a@ hg 'gg | %ﬂf’ns&e;)%r Yo bonding.

If the depos1t10n process is carried out at high enough temperatures, the amorphous

semiconductor material may crystallize to produce a substantially single crystal
semiconductor film on the glass or glass ceramic substrate without any gaps. Again, these
aspects of the invention are parucularly useful when large area SOI structures are to be
produced.
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i ncludes the case of a single first substrate 10 which
covers only part, rather than all, of a second

WO ReS029536 20) . The resulting assenbly of nul ti pLeus2004/004746
sem conductor (€.¢.,, &ili con)4 substrates and a single

gl ass or glass ceramc substPfe i s then subjected to

the application of heat and electric potential to

Lo EMERA U5 oy gl Pk G mor sty

desaied byribefiflowing ecaspléiond to the glass or glass
t here maybe no continuous el ectri cal

cor BSR4 b ceserel daaih e deebratned g
S B O (L SRS RS ARl EER G ot ToF-s1s

is a furfave analyties) dechhizmpe ot pradnden béen tefinRe s@] numbers of atoms
ee.the ri hand part of Figure 12; this

spructure ( ht
ﬁonbé:retougegmgﬁ 918101123’%@%5&?%%5 filled gaps between the
20 15 8928 S fliHet | e ls : t of
| ol ormaBRle Rihirt pilfe AEAT Sk SRNEE BT oondary
ions|pgedysedintbe sputteripigasecesearawkragefomahe sarple Burface and into a time-

R L AR A T e e
velogipips gvﬂﬁ&]i fiRDropdifiosdl Z81Hlr rhAS/cBBS ﬁﬁ%.@%&eﬁ%ﬂf&s of ions of

. is often |l|arder than the 300 mm di ane
differipgimass aeddetacteddsey RnctBinmftimd at theobtut afithe flight tible. ToF-SIMS is
rea SO struyctures,

capa%%ﬁf%%g{:@%%g? Io%v%sa! @%‘St{l%ﬁ{r o %}3 S grueTaie 9 {mpge of the lateral
distribtios ftthesd @coh@ire idnd b _sﬁaﬁal%s&h@&%d)f%r ?r;*ﬁ%{)?ﬁﬁ tngbﬁoﬁs?. Pulsed

on gl ass or gl ass ceram'c substrates.
opergfiqnyidhgprimarchranpallosghsulyngsorfeesde bs eninpletay atuiralized

L . L] fiLlhs,., in the areas of |arge
betwé%‘t@?easﬁg%%@weén%% ?}%?@ng’ﬁammnor y circuits may be

p| BB STIMSdvas uhseoi sislyhe e ST BrubRYR prodiRed BY i Ein3thtion

substrate with a sem conductor film thus reduclng

becaysgdhe anghsis AN bppertumedsttheut au chargsdhildr wratdhesurfice df

s T8 B AT BTt RS o it

sputtéring ﬁgﬁﬁglgﬁ g%azammgghdﬁﬁgg@ﬁea% s&@ﬁt& Q%%@gsgs was performed using

- on the proxim 0 e

o TR S Eaditasiured tosPsicnh Blepoairs o BdmtiirieTHN. A low
i mi fi chiqi,ng the .

L ol 01 S5 D AL ol B .

smallffiienerof tHesvangfiewas oleevaddiy fit the /M6 F-BINIB Sam@ a1 @i (~lcm2?1. A 5KV

waf ers ay be machined to rriniJn' ze the )

133(2s$’§m conduct oirg o . ’
oBFH BESR 9pSRIERRE B ewinction Big Sk Vi §00pA Sikin” beam for
analyREOTIACs B&itn s RRIGQ! $9d: B0 4 @@@%&mga} &3fe 'i-egnél’g;'etﬁé‘ Ga beam

pi eces of one or nobre sem condu

analyzebe ik $00m widowead thpatkehier of e Cstdpaficldregdont 0 a
whi ch acts_as a suppo

c ducﬁ%lir(\éf% sub?t (rjig_e 4} por.t .
st PUEETH Y BRI Bond 2Rg T dmorBreor elat arcegspseatedigne type showing
the vaRlafi3h BOSTVIS il Rierflitfol i Pk Qitier AR MG oifarpiforid e

support structure may
quantification of these intensities to atomic %. The nominal composition of the base glass

was used as an internal standard in accordance with the "relative sensitivity factor" method.
The ion signals towards the end of the profile were taken as corresponding to the bulk glass.
The ratio of ion intensities X'/Si* was used in these calculations, where X denotes a glass

component and Si represents the matrix element. The sputter rate of the Cs beam was
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metal foil or other conductive substrate which can

wi t hstand the process tenperature. The 10

V@APEHIEt or pi eces on the conductive substr aPETAIS2004/004746

then inplanted with, for exapple, hydrogen ions, and

bonding to the glass or glass ceramic is carried out

as described above. After separation of the

' fui t i . . a

et B e e Tt L o B0 Budliephi¥ient, Since this calibration
assumgs theat S spbttarheurs forincamoksche angbyzed dspthytht: hisiclomessl o tdchdayer

could 5 SprEe o ferort, it i oS S HRovEh 8By St a
well RE @fefSmitDerdeh v ARt Q‘%r.or%' ofinagd, %ﬁhd’h?& 21@1 Explicitly indicated on

_ Substrate can be repeated. 1Tn this way,
Figuse G, dbridapthsrand piamsie pertenhwaluessddhis fighee are alse @nlyt guproximate.

each .ti A _strugtu i.s ,produce ild using a
coftuPBs Y Eximpies st i T2 i pBrRiHeEThy M vy et

sequaic®®dfHlersst ruct ures are to be produced. [|f desired,
the small gaps between sem conductor pieces can be

fi (Ded Nelve edds ewthessrfaee pflieri al after the pieces
ha bg% | ed on the conductive substrate 20
ustng or “ot her deposition processes. Figure 14

sh@)s theerfaeilbilicd glaghet Meiophere the filled gaps
are identified by the refere%lggb]nurrber 52. Filling of

al () gapsikalirispletedgagion dor alkelinerrarthidgpiectediregion in S1p qapeof
an@iﬁ hepnductor substrate. After the gaps have been
Ex P]lgj) the ion inplantation, bonding, and separation
st@ps aAlkali pileupdonalkalite-garththileumregidntih Mintsse SOExample 13)
styucture having two or nore substantially single '
cr\Pit al B&E&E®SSnduct or regi ons separated by 25 gaps

fild . : _
| WA SIRURNS, RS A fe v HRL P

si]jcafsanlsirglas wgimisrﬂmu&%]ﬁ&he elemmta]lch Séﬁlmbg’ﬂﬁmeﬂlabwe@an of the SIMS signal

. illin rior, to bondi.ng. _If the deposition_prgcess.

is du?ﬁﬂ%ﬁ@?ﬁﬂ@%é&é@#}é&e fis ﬁfﬁlﬂdw%@rﬁﬁ@mg%qﬂfe"g}awﬁ gifects" in SIMS

quan@ARARAOHSS eﬁ@dﬂsc&ﬁﬂ%é%ﬁﬁliﬁ'@élfe%&le tﬁ%ifzﬁéﬁiaf ﬁiiédréﬁlé:tﬁ £ 100 at% Si

produce a substantially single crystal semcon
wher¢ds|the oxide tsoondy 3% 8t% Bi. JhesiMSesigm! drosuths oriateds sighifivatily larger

oy AR 9 0 o R S ek AP B0 e
work tféndtRn tﬁr&@&%&%nﬁ@e%ﬂ@@iﬁﬂ@@%?ﬁe%zm%/ogpﬂ gﬁctréﬁ@ We

Wthout intending to'limt it in any nanner,
used Phivelist tq deliopate Snftam diliem onide efpy|Ji0,, iudsse phdidedy t he

fql L.owi na..ex €Syl N | es, 5-8..and .13. el enent al .\
R Rl e S RS Ao bl S e s
the maBDBOElEBEM 20 WalBEEQRREEE] TR éMYrel HRAntehd) pldisi.e., Figures SA
presented. As known in the art, ToF-SIMS™ 5 is a
througly B Aaghovambetier delineation bf fpuariohncongsalsation regimes @aross the

ot o RIODSE L PR ASE! B, S Byl o

region ks ﬁﬂg@f&d Rf iheadtyndigEstibitideplotsBoeldrafs thid Blkalil®pleted region,
secondar

no attempt was m)a/lde to correct for the loss of alkali elements on the concentration of B, Al

and Si. Similar considerations apply to the depleted region for the alkaline-earth case, Each

interface is slightly broadened due to sputter-induced damage.
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ions produced in the sputtering process are extracted
fromthe sanple surface and into a tinme- of-flight
W 60sppees ronet er. These secondary ions are di $peFi86ba/no4746

in time according to their 10_velocities (which are
proportional to their rrass/cﬁgrge ratio mz). Discrete
packets of ions of differing nass are detected as a
X;ﬁ@&{g!}s n of ‘tinme at the end of the flight tube.
E OF- 3/5 is capable of detecting ions over a |arge
MRgs4iaigHaneer SRRPAGNSIBHE] AlcdlRIRr GIeréiﬂﬁﬁérqlsi%ﬁ%h to as the

w..distribution of these secondary ions at spatia
siliperswpkst') baging e thiskunaess of AR5 ot Svasiimplanted with bgdtogen ions at 69

rati émary heam al | ows .insul ating
KeVolts ahltatafibn bPRARE Rt FatRe Ramiatls yilebESspom temperature,
ion ipplaRrgiciStesthiduek.0Whe PRéhoRls A é&glﬁ?fr/]m 1o
lgir?osen to ana ;ze t hg S 0st %%?%?lgg&g?%dd%—gg y e 1077°C
and 4 30@%6 CTE of B8xHUYECt Mhe aveditrywasobtaintdifrbe BBEdPeARdine., Nashua,

S o S T T T
silicRERaTesd WaleQW6 use@NEvdrus oP iRy Vﬁ?gfn@fé&%{%@%ﬁéaﬁéﬂt A& A9 the

anot her for analyzing the ne rea urface.

phosphemug-dppedwmaferser f or med using 20 a TRIFT 11 instrunent
Inc., Eden

b ARk W e eles Vot e AR/ TH9tes e dn detergent,
rinsefl fin SANET MiieZ 2bARR WITDM, AtASE @or%h&b‘?,azgidfiﬁ{ap?{}ﬁtsﬁcg hSain in

A _ small piece of the sanple was cleaved to

distilipdrovaten/dt wasihien plased & a clean cor) hood Sidallokddds drineam

ol RS s Ml bt oFEORARRTNGOREER AR GEASs

COMROSHION NOLT0700 Bhh bR Qeicehishsif il Was 2Rl fised: 2 gp% Si0,,

beam 25 anal yzed a 500m x 500m wi ndow at the center
27 Wi $eB2Ck, §5unt%LdaD, randi0chwi.FoKo@adtrhasfa (EXG0TR! @FE f 8281007/°C and a

ko LRipes of nlots arg presented:  one type show ng
resmtf‘ﬁg"{fg&l at"&ﬁl%'fzsgl'(f?&“@ﬁ@nl el es and the ot her

t hawi i i fi Lon. of these
Y 8 4 AR R REOB0 o
conngaiesl todbe "npigaiie" supmortisfalSHS SAMICROTECHondtriMiedell SBE) with

accor danc ith the “"relative sensitivity factor" _
spacefERTH Ot Mnstrlar of B et Bhpacens Mereassomahid a hickaoss of
about{V. Dich. e THE i ' i
outily lﬂ@hﬁcér@&%r%sf)ﬁc[?@gﬂwglgeg &%2@?9% @Jﬁ@n«eated

The ratio of ion intensitie

surfagedpwardsithogless. Wherfixtuteld etmpswere ghasagagahpaen both ths Svafers.
Sh..represents th it.rix elenment. The sputter rate of,. -
¢ PR LS 375 et Rigse2 op i ghmnson, Ve sz baplitore to- LT
_— j ' 8~C rodept.h at 1he end .of
il SRS VRGBT 148 ST B Bl
temperitere; fhet dpacers snd the linPsaedre 3embVed AFhZREk BRI K zgﬁ){ﬁgd to the

: t hj ckness of each |ayer could be somewhat differ .
Wafef?rﬂgesrba@r%sg ithepangder fplrngers e Thematien veltges®s aphbed to the wafers

throﬁ?ﬂ% ) : Eq: 1.¢c. percent,val ue ar e .
o&nl y ?’2’6‘ r'OX isﬁg%ﬂei. gi’ :t%o%lg e%]g% ]Igg?%%?%ﬁ& b PRVeER gl.?ectgp & thsS1 wafer
and the bettgr of hOElass Weferl®Rs DEORRS RTINS (V, R, TENVatiN Ha488us.55
this figure are also only approxi nate.
KV/cm.
The wafers were held under these conditions for 1 hour. Finally the temperature,
pressure, and voltage were all turned off and the sample was allowed to cool for a period of

2-3 houss.



10

15

Each profile of Exanples 5-8 and 13 is characterized
by the follow ng general sequence of |ayers: (1)
£9058295%¢ de on the surface of Si  (2) SiliconP€TNR2LH004746
(3) Interfacial silica fil mghybrid region) (4)
Al kal i -depl eted region (or al kaline-earth depl eted
region in the case of Exanple 13) (5) Al kali pile-up

5 In these g‘%ffée%g\g%er, the desired

Exampl.e 1 6) Base glass. 1
5P Eﬂﬁé’f’i"ﬂf ﬁ?,g?i%ﬁs Ff@tﬁaébleﬁaﬁémmm@méﬂmfmﬁmmﬁmm not be
hiSkedbedduse Bbikl ﬁ?g than fromthe
. el emgnt g?_gg?]vgﬁe%rwafg@aen %g%%gﬂ?‘ of the SIMs signal
| s ‘d@eexpoomeane wes epesied aatimbiy GRiimaNwith sheaWR! rbsfi) O glass and

Ta
le of "matrix effects” in SINS quantification.
the sHHE8Waferd wpere S wyded fpagther et ablattempts atisepashiimestht atafers
resulsdd ih @Bddkinigl ST both thAWadlr0 Gl lg’iﬂgl& ide is onl.
"33 at"/o Si. The SING signd r%%egh&é’q‘g&ﬁ?g&qé’ was invedtiated, but
“”th'§P§H?°F$Seantly | arger 20 by nore than an order of
-t;ude. The presence of oxygen at the surface
I ncreases the work function thereby reducing the
pr Bizedipbritogntadf M@l whd tdpeite bxd [S41,308
.. used this effect tgﬂdel I neate S{em%e?g?nmgﬁeﬁ{évg%ag%s’o%,assand
silicog, yere hojdegt 450FC end 4e0°6i respdctively] This was domntol thkealivah@j6 of the

' h Si . distribution is not
el PR B ol i sl fom
silicon weafiéri affier coolifige bk @i fereti® hbA@wistabhitl e@qﬂ
Fitglgre S5A 25 through 8A, showa bea%ét erg%g?rlsér%ea |gothﬁe of
tempgratures f the {orecrinpbieg plungers oéertosderc e e SOPE and a0z edues
Al+

letion of alkali Leads to hi gher B+,
repreibig tenl ot iR Ul bbb 18I ER Pl e Botoposurtace of
i e s M AL 1 s
sm{ac@%??@%‘% 91?@}1'?15%: {G3s of alkali el enents on the
o e o L G
oo e OB v e §th 48P K pagn TRt o G o o o aration)
and thegerain@eratf t1BOSi wafer fearaabity Spiaidd ind A3 4R BEA o€ walkr was

)

s A e e oo it e
o o " nal ferred
i 59 S ML SOESEIAN, oS58 5 e

stress gerppaeciby opalingrfinantiemimal differendnloigescdsaiy foita A8ss WY having a
CTEﬁc&dqgﬂ%l%nériﬁtl on of 6x1016 ions/cnR using

conmer PYSIEYAY | abl e, room tenperature, 5 ion

| Thd SOI sthicfted RERMBH H4A RLUs s doped. silicon
A had, a_0C CTE of 24)(10_%1:1762%&:&&{]&5 s SRamBIE Were suitable for use
in electronic, display and solar cell applications.
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and a 300C CTE of 38x10-7/C. The wafer was obtai ned
fromSiliconSense Inc., Nashua, NH, and, as reported

wo 200s020@auf acturer, had a resistivity of 1-10peRoeaos/ 004746
Boron-doped silicon wafers were al so used in various

of the exanples with equi valéffit results to the

phosphor us-doped wafers. 10 A 4-inch dianeter glass

Xgﬁiﬁ[ aving a thickness of 1 nmwas washed in
E e e_r%gnt_, rinsed in distilled water, soaked in 10%
ni th itlds 8Laablé,ahe $i Wafkk wad Mokt letdhall kithid SHeRe SO cilar Klands

distilled water. It was then placed in a clean room
sepagfed) frgppong angthen The istapds weee ajiout $5Qwieronsiasliamacier. (Fhis patterned

|: NG ASS oS T NO .7070. On
et R SHOFR 458y RSB TL  Ber T2 e & e
abodi 0GP micrdds RickwintdthB2 s waidr. WiPBOI R chad Hifh & Meel¥ent bond
hasa g 300C CTE of 32x10-7/C and a

K20. It
betw“-‘@git%qéldﬁxeya% glass wafepwagcepateddp thigeare109' 1 S2- cm at
35045, ; : f ' fixture far
g R AR RPN H vl i oing ergo waters
wheterethatnnal epansfrmonisnatchcbeBiSs v gREIiQ the 8¢ ﬁrmés]l}’lﬁgiﬁﬂy to lead to
e

d on the top surface o

SB6). with, spacers pl a
del P%ﬂ@eggﬁ%%&esfo é&ﬁtﬂé@rﬁﬂd had a thickness of

20 id 4 . 0 ;
O S RIS RS A e
patterpwaidhprodirey isaked iflaeds obdilivon. Thelsirepsd ey distahedbetween the

. ngaged over. both.the wafers. The fixture was then .
131@@? g?}?g%e?dﬁ“ FlaqsEring © e auiFPRaRtsa bislosier. adhn lever o siicon may
be défickitédOh Standed tééi‘;ﬁi(%ﬁ@é & ésta‘ﬁ‘ﬁél?c&}ﬁﬁkﬁﬂp} l?et\%égnc?lkw]s%%e of the

th he ature, e

) e wafers reached desired tenpe
islandp 5Ty spmerapprdach chmbpesedevith othontypes afwdmicondpetessur e

lied to the 25 wafers (10 psi) through the
EXA@@%&&?‘PS plungers. Thereafter, voltage was applied to
t hehy\efpRfitehf 6 OEEHNPIE € Wi YU witlkRe el a%?iitzﬁié)nt | oltage across

difference in potential between the top
the wafgrar In thiscras: shaora wallers did ot opreiszt allandicatispshatQBOapplication of

the el B et e b BB RRPEHE or 1 hour

EXAMPBEI5/ the tenperature, 30 pressure, and voltage were
all turned off and the sanple was allowed to cool for

a e pPd gtragtureprepares ingecondan@ositlo Esgmple 2 was subjected to a ToF-
s1- I s f.ound at t Si _and
S .
I e R AL St R el BRa ot e, el prastion in
FigursSpavhede Kigure 5 Al plotsl VIS siped] @iiteidifytath $dpiud ptd dddPifiesn
the rest_of the sjlicon wafer could not be "achieved
showp, dats goniyerte 1 agemaisiosteegtir i ng separation. The
e ' . I t . er.of tines.with t S
s ?@?@%%‘% ?ﬁ gg gsregsag %gﬁlaﬁl %E?on 18 bre'hitkad i1 lglgurehSe, 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
An SOI structure prepared 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 results
are shown in Figure 6.
A comparison of this figure with Figure 5 shows that the depletion and hybrid

regions, as well as the Si, B, K, and Li curves, are substantially unchanged by the reheating.
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hour yadeq el

5 the silicon wafers were strongly bonded together but
all attenpts at separating the wafers resulted in
WO HORDM§70f both the wafers. Varying the cool RGWES2004/004746
period was investigated, butyswi th no success. EXAVPLE
2 The experinent of Exanple 1 was repeated except that
the two wafers, glass and 10 silicon, were held at
Thsé&&ﬁrﬁptﬂtaﬁﬂ%ﬂt SBOCR khok) that HeISOMBBCARISFHR ﬁ@é&&lon will be
advantage of the thermal stress generated by t
stable darpg further pracessingandndtimatsarsat e the thin sili con film
fal silicon wafer after cooling. The
E 8 ”?Efrentl al heating was achieved by selecting the
t eTheeajerineat of Eidgplé 2 e rapuied wiethgd g!ﬁ.%%ﬁeﬂﬁadé‘@f CORNING

nder . The 450C and 400C val ues represent the
INCOBRORATIR CLATS COMPOSHIONNG 4760 Onmmeiehé poent s i

ot S e o

well azhﬁacteeimﬁmtﬁ 6fFeSOPind K40 BIRS 222360 (PR b EEA 0 afd 2
fer wth a 0.4-mcron |ayer

In this_case, the gl ass
Teﬂs%ﬂ@ﬂ%o@*@r&fwc’%‘(ﬁmﬂr%u&m%mﬁnd t he renai nder

of waf er wer g,.easi rated, and thus an SO

o T i B8 U R GRS nclucp D Rniheribire: Trassurt sadpolinge, and the
sameiwileCdiiREsibiPwerced G0 THanFflE @SS generated by a

thermal 20 differential is necessary in generating a
gl A deFrdyEramtysisvas nerformed jap ipBxample Sand thdresultsareshown in

Fe )t PG B3 8 PabE e i i
7A adlthe phixe8 it RciabdlicOlaysd”lih Fodhre TBY, an@a ﬁU%Egibﬁ ®an be seen in

formed using the procedure of "t hi s"'exanpl e
%able for use in electronic, display and sol ar
Xm@} ppl i cations. WD 2005/ 029576 PCTI US2004/ 004746
E Aﬂ'EEXAI\/PLESInthis exanple, the Si wafer was first

etmheer wiricture ppephtedrin adfor@adceubie Exahile ¢ SvasHRRE4306°C for 1
m one an%t3her The i sl ands were about 150 m crons

ﬁﬁilsbﬂfﬁa %T?%@Mﬁ@l@lysma@asrtb@n preformed e The results
0 fransfer
are s} b Boblrt W B8 Bl nck B Jo B8 s BERERS T A0
vvﬁmmpaﬁusoﬁﬁf thm ﬁgurb mﬁﬂ:rgm 'mho@stlﬁdﬂtﬁé’ldeﬂmm ybric brid, and pile-
bet ween the_ Si | ayer and fer was create
Up Tegions, ay Well as thyjaveral|shape 9 % @@ﬁﬁy&e@@ucweaser%f

substaﬁﬁﬁﬂyﬁh&}ﬁﬁ i \A@r]r]l%gnnﬁagakr ng | arge wafers where a

t hermal expansi on ch between the glass and the
EXAMPLE9nDst likely to lead to delam nation or other

mage to the S struct, 0 The pattern etched or
o PR Aest BT BRCeH GDTE Blaveayor the
semicGRRIFRIr ayer 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 tempetature 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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pattern which produces isolated islands of silicon.
The size and the di stance between the islands can be
va posstoees7according to the requirenments. | f despeeds2094/004746
thin layer of silicon may b_g deposited via standard
techni ques to establish conn g’tivi ty between all or
sone of the islands. The sane approach can be used
ceraydié.h ' : E he. ..
e o Blsploy el sy F PharBhIE 6l Son Hip BRGIH T leckoiic devices i

depogipd pe atglass sufstreislafiegtheaubsimte histRenabREbwith Batrel fayers of silica
i.ndi cating

he t di d t pbond at all
and 0360 piF (o dReveBl Pighatin ofiRas ohe alges Rebosibcanimat or s
I sTa i . 0
Tt e BRSSO F

., SQ structure prepared in ac
migrghen efjigpe inte thetsdlican vdfich SilMBhanalyaifet ihe sivon heEbeance and s
The results are

BYE ced s.di scussed above.
tios Shachckle. B SRR i G2 CBRTGARS ver dans o cwina Shaiher such a
bondiny prosédsys fhatiplever sus depth and Figure 5B shows the

S data converted to atom c percent. Depletion

r elR@lassgs aad glass copamiay Bseddn e expetinatsehadntiffedni dtrain point
: .1 h K+ .25 pil e- ion 25.
tempiglithe achenBinB O it hotosiso, (O1ars Bidd ool aaplieatins are
processedisdon dhvir steiiipdies tb avoill BahénsiitaK ciphads wﬁﬁ%}ﬁ?é Dot acceptable.

MPLE 6 An SO structure prepared I n-aécordance wt
The t%‘?& IIE'@n BEsPREreatsayers fos lzgiteclto thestraim piat of/the panicular
Ll Dars) E- SL MBS, anal ysi s, was t.hen .
comp%%igl;oiésr ne%‘%dt%ﬁ eﬂreefg@?@g “36"1&’}38 %% cxpegeats gvhioh were

perfounehari son of this figure with Figure 5 shows that the
B,

tigon and hybrid regions, as well as the Si,
EXAM’&O& curves, are substantially unchanged by the
r 49 / -45 This .
| o St PP B o e OGN ElRhaAgb G ass

COMBOSITIQN ¥0.651070 fwehich)es discassediabbve) & ansdlRd-BordlitRe glass. The
and ultinate use. EXAMPLE 7 The

. further . '
Stram@)%%’éloﬂmgrgpceéaligﬁil e 2 was repeated using a glass
ASS
waf m(OB liﬁ%?%glﬁlfﬁ%@%r . eai % %@éggs {0 f Surface rpyghuess of
0.1 nngy ras.s Actiligemi wsafer 108 mBrons. tBickiwaR hyddgbn W HpBRARI at2od

well as'trace

% 03 4 . % ha20,
tempefltrt F 4 8pe Bt kiRl i i GmplenioteTED 00 KeV. Both

amoun

the Wegﬁrg Gélﬁcl):g clgéldﬁgaggnlggai st%%i&:cfﬁlieﬁi'oﬁ%xoélea]n%é Qa&,zﬁa%‘ﬂél?r,t a gétgl%ent
wash, a distilled-water rinse, a nitric acid treatment, and a final distilled-water rinse, and then
brought into contact at room temperature.

The wafer assembly was placed between platinum plates and then thermally heated to
450°C and held at temperature for 1 hour. At the end of the hour, the furnace was cooled and
the plates removed. No bonding was observed between the glass and the silicon wafer other
than a low strength frictional bond. The wafers could be easily separated by inserting a razor
blade at their interface. There was no trace of a silicon film on the glass. The experiment
was repeated at 525°C with an identical result, i.e., no silicon layer was observed on the glass

wafer.
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The sane processing conditions, including tenperature,
‘Eqr)essure, and voltage, and the 10 sane wafer
AEIIEBAE were used as in Exanple 2. A ToF- S| REI/US2004/004746
anal ysis was perforned as ingkxanple 5 and the results
are shown in Figure 7. Again, a depletion region, a
hybrid region (identified by the word "silica" in
EXOviprre 10oBA and the phrase "interfacial silica |ayer"
in Figure 7B), and a pile-up region can be seen in
t hilheferprrneent 06 EExANRL IO Bwasrepeited butin this easertbpoafed was made of

CORSE BEORARABEE T A 0T R NG VR0, st o fipssed

abod) & antl@hRbRAesildite 5AS | THe stAlpcHOIh 7740 SiMiosfion is 540°C,
wher e the sanme nonenclature is used as in Figure /. A
and B bhe hondingsxpetignentt wapdanewt 640°E. gure 7 shows that the

a8 vy e B W B o, SERRERR et o ifom o

glasso¢cueed. are substantially unchanged by the reheating.
EXAMPLE 9 A convergent beam el ectron distribution
EW&EW(edf) was obtai ned for the sem conductor

I a Al I i _acgor.danc i th
e L e G P L
borobitiate Rbmposition]inaimely, GURNING (NCORP GRATED'GLAISS COMPOSITION
f gure, the guality of the single crystal |ayer of Si
NO.{1¢3 aceiess ared Indipiispiay odtsivge ThAERIS DREY of fias Plostie G60°C and

: f Lbkkdo : ]l i pal.e. cryst.al
s SOLEAEPAT EAS PO R 0L, ) BB KG0 o o
the getsls ks vios obsergedy T]Imﬁpehgm??was ﬁf)eaftdléd u%ﬂig @Ef&—iﬁr_ééiment of the
surfCR of G giifgn it b SR AN PO BAYITaE comogEn (aedaple 11
below%fﬁgaiﬁ?u&t!i‘aﬁasf&'ohs Wﬁ]ﬁrﬁﬂ&%&%com am nation of

the Silicon wth nobile 1ons fromthe glass or gl ass
EXAMPREOHIN 29576 PCT/ US2004/ 004746 -46 ceramic. In the

At ot s ISl B S8 S
alkalp s3Ik AtR-cafth AfunhinBsifERS %ﬁb&iﬁaﬁ ﬁf&ﬁa&ﬁ%}gag; at'%gfakh point of

barrier layers of silica and silicon nitri
810°granddins the epnsrinent whs perfiorniad at BE0°G]. aAgait,ond thenskirlof eailicon film

to thd el et MR T BEX Pl Pre-rEtRisno TR iier et 1 irigos the
hydrégdnQoh&@irgtidr SO pfaed gé@b |Exa£ﬁ\g}éeﬁsl§‘ellc‘ﬁvﬁ&iﬁ%f cha ﬁ%e the result.

silicon performance and is us ‘undesl r abl e. spite
EXAMPLE WK ssue, experinents were done to eval uate

M]ﬁgeh&rpeﬁl%%ﬁs B Examples 10A through 10D were repeated with silicon wafers

upon which an oxide layer having a thickness of about 0.2 microns had been grown prior to

hydrogen ion implantation. As in Exainples 10A through 10D, in each case, no transfer of a
silicon film to the glass or glass-ceramic was observed.

Based on these experiments, it has been concluded that thermal bonding of a silicon
film from a silicon wafer implanted with hydrogen ions to a glass or glass-ceramic wafer
does not occur for bonding temperatures up to the strain point of the glass or glass-ceramic.
Higher bonding temperatures are not acceptable because they would result in deformation of

the glass or glass ceramic, e.g., sagging and/or compaction of the material. Moreover, as
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bondi ng process is feasible. The glasses and gl ass
ceram cs used in these experinents had different
VEO 26051029506 Nt t enper at ures dependi ng on their porws2004/004746
conposition. d asses used in gi spl ay applications are
10 processed below their st r4Pn points to avoid
di mensi onal changes, which are not acceptable. The
: ' ipents were thus lim.ted to, the
e oy e ot B RS R b et ot oty higoer
tempgraticen thedssug lof idnoddntanhingti @ e §SicSe S ih WARId 881 not b
E ﬁiﬁnts whi ch were perfornmed. EXAMPLE 10A 1% 'F
i fer in this case was made of CORN NG

| NgRRR AoAseateS TRk NO 7070, which, as .
di scusse Bz;ettnaiove, nates ﬁé’l‘%%@%t&gﬁr@g@ cuuicentygtion at the
surfaperodipsepizonduatdr wifeswhlchds td be K10 dn ARAMBLAHPEGShing glass
| ass wafer 1 mmthick was polished to a surface
OTEPBUGHHESs of 0.1 nmrns. A silicon wafer 100 nicrons

EXAMietle yps hydrogen ion inplanted at room 20
tenperature at a dosage of 7 x 1016 ions/cn2 and an

i i sdlinoatiaser Wlenwpyinaliari@r deMOOBoIcons thiek Wak B8robeh fon

: l.eaned. usin anday d ,nmet hod for cl eaning ass,
implfi B8 A adg2l gt Pyl Pon e’ g amftaplentetion eperey of 190 KeVa The
wafefiva$ then dfeafled MRBITRAwat&N AR cfohgé%% %ngesxgltagpg% ré’@{h?sr wafer was 70

rinse, and then brought into C
degrees inshieating aeveryThpsiroptiobic msfaenbl y was pl aced bet ween

28 B s SR RINNC R O SRR ER G s SpOsTIION
NO. IMafl was h@hEAWIMTISHAR SOEATINEONTRAD 7 e/ RlIPY M uitrasonic

No bondi ng was observed between the gl ass an
bath fqr|1p apjRuigg fellowsd hyra distilted watbowasht for b trindtes i the Dittasonic bath.

T fers .caul easi |, arated by .. .

Ther 4006 the Ereb B st 00 mifel sad tea by amotbln dissitcdmster

washnTht silicen o/hfed weik b€ Barddd i ddidiSer 1@ §v0id £ 'nat?on of the wafer
experj ment was repeated at 525C W th an identica

surface, wafergwerqgivey # finalrcleanjng ingespinowsshey dryeo withhiistilled water

in a @SSy, 30 waf er. WD 2005/ 029576 PCTI US2004/ 004746 :

-47- &AI\/PLE 10B The experinment of Exanple 10A was

r dedtve dvalfiert were thbh provessed kg
5 e o O e TR o g%,x ample 2 and the

. I PORATE
SUSS\%&EM # examiplee, Thus, the glassiwiafes vips piasietlionabebonder's
. et ' f 7740 ition i
o e A8 S8 o 5 S e o
from the @lass Water méthiudphcera SThelng waftks WeretHeated 8 sEsaRiifoohYhfer) and
575°¢ (]glgsg %rtafe?)oa&dr tggl‘? r%:aglcl)tf in’?o gc;nltelxc%.on fiimto

In particular, a potential of 1750 volts was applied at the center of the silicon wafer

hrgsolved.

for a minute using the moveable center portion of the positive plunger and then the applied
potential was removed. The spacers were then removed and a potential of 1750 volts was

applied across the wafer surface. The voliage was applied for 20 minutes at the end of which

the voltage was brought to zero and the wafers were cooled to room temperature. Asin
Example 2, the bonding was performed under vacuom conditions.

At the end of the bonding process, the wafers could be separated easily. However,
there was only a partial transfer of a Si film to the glass substrate. In particular, only about




10

15

20

25

30

gl ass occurred. EXAMPLE 10C The experinment of Exanple
10A was repeated with an al kaline-earth alum no 10
We2eEYI20¥at e conposition, nanmely, CORN NG | NCORCOURSRED004746
GLASS COWOSI TION NO. 1737, 48 gl ass used in the
di spl ay industry. The strain point of this glass is
660C and thus the experinent was done at 660C. Agal n,
10% OF hBlghast 428 covifed Wit & K¢ iR lnd o9ed HiBDodVekdd &, 16 f1m was
gl ass "waf er was observed. The experinent was r peat
veryuainagniforpr. éflierpratase s bid nétegivena fombqualityt Bidile, bt ewandesired.
reduce the surface's hydrogen concentration
exfRhS e dn,

le 11 15 below). Agai n no transfer of a
Si ITHQRpéith B WEEx@RSR M ACwadrEpbAR g&gftﬂ%ﬂ%ﬂ%ﬁi‘%ﬁs now

of Exe:a\%l e | OA was' repeat ed usi ng ass-ceramc
treaigd fiw fhedotlpwing wask kal i and al kal i ne-earth

port e 0 ShSGRafbE MR asatE = sk Edthuti o it yPhvsan peroxide:

watdlin §ietio 60 Ri2FT, anditich @RSdoRitid wak idalddqoM0¢C gfma-mf OAfter holding
t he gl ass-ceram c _wafer was observed. Pre-treatnent ?

- the wafer & the é@lﬁﬁ%ﬁe A5 ginpies ait‘fémph@turbaythﬁ sejution was cooled and the wafer

(D

le 11 .
was %gﬁ e?(}b tﬁ% ang e fé“{ﬂ? ‘e"’i@f{‘ \r/ Lig%(?gp i Rﬂh?é’%omt the wafer
shov&dlemghgﬁﬁ}fdr@hﬂﬁwﬁﬂc&‘ﬁ with@ednltdcl bile 0T Wegrees! MR AIRGn wafer

gth silicon wafers upon which an oxide |ayer havin
was

epriyasherkinse ydreghénric asid hiyilroeen peroaiflenweter g@lumn ma B :8 ratio
sl o S pYCOLRT o ln RSB, P kled PuRRE B i washed

md1ﬁmlllemnw1et he gl ass or gl ass-ceram c was observed Based
hese experinments, it has been concl uded_t hat

FrailicpR wate @fﬂéiﬁhea bonded-tgrr 1137 glessvnferavashed avin Example 11A.
| |
The %ﬁ rolcB3 E‘lteedg e : @éf q iRg;? ds@f SAh?r fhe %gﬁ%lﬁ% gf/cle, the glass

cera 0€S no occur
Wafer hatﬂ)en axwlest m;nfd:rm Sifdnsittazherl gwr its epfiretshefagd. ass or
S- cer . 3 H gher bondi ng_tenperatures are not
RS EbilBie sttt Qe Lichn g At iremagption is

needEchﬁ) SHrASGut R 1 Pﬁ&sfe? "t@?‘gfas ﬁ%ﬂgosﬁ&g&l %@@%ﬁﬁm ~earth ions.

conpacti on of "t he nater over
EXAMBBEOLE76 PCT/ US2004/ 004746 - 48 nentioned above,

T ER i T —

solutﬁ!ﬁlﬂbﬁ{!‘ﬂdﬁ@hﬂﬁﬂe %d%&l@u&ﬁhéé&q{iﬁx ?lé’\ﬂl# d still not be
resol ved. E 11 This exanple denonstrates the

v amemﬂmmﬁ Ergxmﬂlael 1y tiras geneated e eeqtt il itwersilicontwafer was now
treated in the following way.

First, the silicon wafer was'placed in a cold solution of ammonia: hydrogen peroxide:
water in the ratio of 1:2:7, and then the solution was heated to 70°C gradually. After holding
the wafer in solution for 15 minutes at temperature the solution was cooled and the wafer was
washed in the ulirasonic 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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5 surface of a sem conductor wafer which is to be

bound to an al kaline-earth containing glass or
woasw/es7ani c. EXAMPLE 11A A silicon wafer 100pfWusioos/004746

di.anmeter and 100 microns thick was hydrogen ion

i npl anted at a dosage of 8 x00416 ions/cn2 and an

i npl antation energy of 100 KeV. The 10 wafer was then

EXEMERELIRS & “uas 70 “Gegr oes | ndi cating A very -
| CEP e SRR ol Bl ARl e R A e o aliilid

hyduigen petiogldeRreaoh & Thdt AlsCOBESADo B0rfaes tedag it thuf cédtrol the hydrogen
bat h f nutes foll owed by a

ul tr
10“89%?&?%@ %SS?H‘?%QW?OW $5 minutes in the ultrasonic
bath thid éxaﬂ(i}ﬁé eAdili&m, wéfgﬁwﬁ@ﬁﬁited‘gxsa%\@% pfa.@:iu& Q¢foom om temperature

nitric ac [ owed by anot
for topausytes. Jdis tzmcnt\hm foldowed b;am didtiilad Wb&r dateMhe IwaféIONas then

oo RSO AL bt B BB e v s 118 o
11Cydd éxcdiledtish Figd comdrRig thé &tﬁe@la%@@vafé%% obBfinddro vafers

wer e then processed u5|ng t e processing steps of
EXAMPLR 81B and the 20 SUSS M CROTEC bonder of that

oonaerzenty s e RS it B Bed hebnethpd Posergtaton e
the spﬁa@a@lemmﬁtb @fgﬁmﬂwm&lﬂ%ﬁgi 180d helgheqva ége% eg{?:&nons at

| ass wafer with spacers. Thé two wafers wer
the Spa”a@z o thessikicongraforsvesre nma:redsvmg @@oﬁmmysm rﬂ‘dormahzed

o 3o Yo 00l A S35 S e

intensit§ end m&ﬁlp‘lymg dyTO000. EFo1The Surkdee tRAMEMPhRLE@] bf:Example 11A,a

on of the_positive pIu er and theh the applied
valu$ 6} 414 Vas obiained iersresiier moferradbtscasithe lasrisiansse ortmged

conc@ﬂpatgnpotentl al of 1750 voI ts was appl i ed across the
wafer surface. The voltage was applied for 20 minutes

at Thekmesuitscbfdhes&impénmmax‘e%t 68 iMaablR0 U dhob tﬁg{eﬁ: the
in

norualigor atna) oy e ) com b eaieri ccemce Btbvample 115 was
102, %R%@&Qéﬂs 295%eddifofs gkgh éﬂ%ﬁeioﬂg‘@géeﬁ&aﬂf %cﬁéefdge%g)sthe as-

waf ers coul d be separ at Wever
implaswed/wafep avhilesfor theawaiﬁzmnt of Eaanﬁplef]]lb;ﬁlie@ﬁd&nﬂér&&? was 101 or

76% S Rk Bhinrtubed vail aﬁwﬁ%&%@%@%@gﬁggﬂ intensity

was JSfAtl4td% a%5%% rddubid PR Ry Yol he B{F P SaNEE G %913 :ﬁ)gfm%h% was also

| mwas very non- unlform process t
perfoghedin whigh ad agueains sgluiBin 6f iydrogen purcxidewithest ammAlREE used to

treat &w silicon wafer. 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 duﬁng bonding to substrates
containing alkaline-earth ions. |
EXAMPLE 12

This example demonstrates the bigh bond sirengths achieved in accordance with the
invention for siticon films transferred to glass wafers composed of CORNING
INCORPORATED GLASS COMPOSITIONS NOS. 7070, 7740, 1737, and EAGLE 2000™,



10

15

20

25

30

The experinent of Exanple 11A was repeated except the
silicon wafer was now 5 treated in the follow ng way.

VO 2006/0296Te si |l i con waf er was pI aced in a col d BGI/UBI084004746
of ammoni a: hydrogen peroxid water in the ratio of
1:2:7, ‘and then the solution was heated to 70C
gradually After holding the wafer in the solution

The E@:&lpas@um SEthe 0P al PRES gﬁl&ééésearefseﬁo&ﬁ iR Pé%?w?%ﬂ %91 7,

and he waf er was washed in the ultrasonic
reSPmtsfelyl; theccompoeitioh of i BAGLER006™ il Y787 $lgpsisnbrelgond to Example

T
t hgRe pRebRGtdR Etﬂﬁﬂfl; Jiked gxeﬁ‘lél?é gg&gﬁi‘iﬁﬁﬁhﬁ& 6 the

wat er solutlonlna rati o
addifipw Q%@hydragentméummqmtmaﬁnbmmf die: silidvm wafenfoe thes 737camd EAGLE

fer was.the she |ndjst|Ied e The silicon
2000 efiboc S TGARHE Aletne-6 198 SproLaeh i piiian Fam ot these
slassel veXoDL A %@.ﬁ%’-’dé%e?‘%@?"&ﬂ%g BRUEDE 138, kifhough any of
Exatgplas $1B tabegh Hdd onothexizedtinent a,ppmachezrm feiduting Burface hydrogen

could i BeER SR Band i vabios PHES AP IPTEIBRS e erindegation procedure
discds5ed a%Bﬂré‘hhdJihe'cﬁlcu&ﬁ‘Sﬁ ﬁ?oée&‘m‘é%’cf e %%&%ffei‘eﬁ)é&fb/&h@ﬂﬂfaﬁ& Evans

to a glass conposition containing alkallne-eart
publigatiwPLE 11C 20 In this exanple, the wafer was cleaned

ol RRRHTT B Ao s e s gabihe sAmpieatp Taounte it ghe conting

surfaeé tRAt thX 808¥ng slirfhéd WASAHEREAL 6 tlfe?ﬁﬁ&éi{telt be. To

the silicon wafer was now treated in the fol ng
Pfovﬂﬁyfl stable; sigid spport; the sunplearasibonded fol b2 dmmatel: eluhinum sample

stob b4, Bty the RERS RlaRneg M U B0 ons heat ed
t oTHEMahesias! ddrhoterighich Of tHe@haipROwerleiBer @EQked By ﬁ@dﬁ&lhg%n array

.. for 15 mnutes at tenperature the solution wds cool e
of indgmiptions usipg a rangeof indestatign lopdsh dhe larrey sen sdedted to wirvdy the

t At this i nt
coatifi Fsbonisf s WRESioh OF 1o ST LR od St e inBreBod ' siadfe peneral
locatioant eladckdogvaeiabilit} th cRgng eS&spordttackdss @i@ﬁnﬁﬂé | O§ifg standard
nanoi\gafer was then washed in distilled water and the

PRt MPtocelssthpesibans pidhe indentafions werppae-seectgd asisg

e
i oSSR 1l Ao g R RO 9605
partldulw the pesitiomf were Baldctad texwdll kagidns ofhé QirflcSiwhidi $howed evidence
attached over_jits, entire surface. W 2005/ 029576

of copgspingion o1 helingglamage. EXAMPLE 11D
'The testing was conducted using a diamond indenter with the Berkovich geometry.

The loading of the indenter was computer controlled using a programmed sequence of
loading and unloading conditions. The sequence of conditions used was as follows:
(1)  approach segment
(2)  load segment (constant strain rate of 0.1 sec™ to maximum load)
(3)  unload segment (unload rate = 90% of maximum loading rate)
(4)  hold segment
(5)  unload segment
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Thi s exanpl e shows that oxygen plasma treatnent,

i nstead of an ammoni a and hydrogen peroxide

woeedsreysre ey al so be used to surface treat apdrig_bda/ 004746
control the hydrogen ion concentration of a

seni conductor wafer. 5 In thi%8-exanple, a silicon

waf er was treated in an oxygen plasnma at room

t f tes. This treatnment '
ol R[5 0 S 2o SR Far 13 atim REmulonds oS m, 76mN,
165 tni1¢landdIDiSeAIN A By %rsgbﬁéfhﬁe&&%nhﬁ@ e AGRR

Exarrpl e 11A. As in Exanples 11B and C,’ an exce ent
mdegtatlpms weesonedd fiag eachdoaht Depengingsen ﬂrabbﬂenm'sresmmm raﬂdmonal

per i S..We arr t tQ asu
testf S rpcBla® oA FoP 1 RSB it 1o requiet g induce
delagtifReQr 6 &étéﬂi'ﬁﬁé theQleldRXRHROE Perbdlodd FeGhtgRe 1 1D.  The
hydrogen concentrations. at the surfaces o? t he

si FrBoWingindeniatipay @eMMMewgn@emmmence ofcoatmg

del |§: R theHgéggm% nsg\gcﬁn?rafliﬁ? (\fli@!faﬁvl alt%]‘%?rﬁmce

cont@pe olptied] mlbfd)teﬁﬁl‘-@l tWh&DﬁreB&ﬂtt filph Md;lﬁrﬂnﬁﬁoﬁs‘lﬁ@@nd fhe &ndehﬁauon sight
surf%ge tr nment _pr ot ocol of Exanpl e 11A, a 15 val ue
1ca] Hpmetckling ef ofhen ewfaceiregnlattien Iﬂemaiski DIC is

i ARSI Bl 5 v
smalbheight cthlangesu(as sthdibas afeAhidREnsg] GNlankiRAREHal bfeéi{ present, their
t he on vvaf er%‘i]r eated In accor dance wi th Exanple

radii gyl a#‘%ﬁéleé%@iﬂl of theMarshadlandtFvens reference cited
abovB mﬁ&g‘ H%E? GRAGE % ' e g:f %@M&r aesg%‘(r_)% that represents

i mpl ante
a ﬁmﬂmeniafme&ugimﬁ the rxbaimgl ddjaesaas tolﬁé sabistrafét %o biRsdbsbiarvs

For the oxygen pl asma

th t
delarppigh oot Tor ROl seevsrrth wenm, blovertsead o e

mterfa@iégrﬁ?!r:rtgﬁ WaEs5 ai%%gh& gjriarf rrre!cl] | ch a r’rmaq u@%ﬁgﬂmn region
that ig slightlydargsf (1hy 2 mgmm}ihmﬁahzmﬁth@ﬂideﬁﬁﬁ@ﬁt@lﬂvas used
t eat .the si.lli waf er. The normalized signal )
ﬁfPe‘f‘?iﬁ %Wﬂ‘f@lag Teaii Ensses Iowestsysed b et wasno residual
waﬁﬂ@ﬁk&@i@ﬂle\éﬁhﬁﬁs tebRAYEe SRS 3 B fl Ba ﬁﬁ%%va?stress free)

reduced hydrogen concenfratl on on e surfac
and that theindentation stuess Seldiveasdbug the |snhrdmvmg forderfof Sinrdtianiination. For

e e TN P —

and Blandiesdreadees t he high bond strengths achieved in

accordance with the i nvention for silicon filns

tr ansf €8 Fdd-hodREss vieghrrie ompdareihlbindFERMNG
I NCORP TED GLASS COWPOSI TI ONS NOSs. 7070, 7740, 1737,
and EAG{ n%OOOTM WO 2005/ 029576 PCT/ US2004/ 004746

= ViB/2nta®(1-v) (eqn. 10 from Marshall and Evans)
v = Poisson’s ratio of the coating materjal
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)



10

15

20

.. 2b

30

-51 The conposition of the 7070 and 7740 gl asses are

set forth above in Exanples 1 and 7, respectively,
Wh200882dsi ti on of the EAGLE 2000Th and 1737 gPCEEER2004/004746
correspond to Exanple 14 angl3the conpar ati ve exanpl e

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

process steps of Exanple 2 were used to prepare the

eaof i S Bpeclt Athe oAl 1R (B o PO BRrq e or v and

E: VHBZS dhd 16AGHR 0 ﬁ)O@l‘l’fm&' tled BesRewichMdeaiter iswl axgerimental variable and
Specifically, the _silicon wa

I h
it is Bispod o dhsudepiPrIatsA and, 6B WA SMAatrel And i ah CED R Helemaint
Whll@ﬂﬂﬁﬁ%!&ﬁ@s% oﬂ:he@ﬂ?d&ﬁ érilghn otaﬁﬂﬁt s oachnﬁé{%ﬁ?ﬁ?ﬁl cases,

11B through 11D or ot er treatne
reduci ng surface hydrogen could have been used. Bond

o i Bty Sy Dot Bk hed BB o
sxhc@{%ﬁ%{cﬁ)(ﬁfj tTAg 7600 ¥Riss %M@Eﬁ&d@ﬁﬁ?&ﬂgﬂ fs. Inthe

ublication. In particular, to determ ne

the gkass wafsir dailedsbefre thecebndi with thedi diltdonlgl be broken.

s e e AR 50

st &Y @mylatishr] LS4 RBLS data §1ilﬂvssl:ﬁ€'9!)1ﬁi 481410, fhermal bond
1.25" dlarreter al um num sanpl e 15 stu supplied with

createchat 48076 is hdiomt SFhor) at guienyivalsnbiewpsiative, tha SO strhcures of the

mveassjlsaggabé racéﬁ‘ﬁ@ﬁaﬁ 1?2@@@%@%3@%p%8u5| ng

a m&@eﬁhehmw&atwvvmmﬁeﬂ hgogr gfﬂiés VA Bebis §ﬁgfer held at

to survey the coating response as a nction of
575°§md\th€ss qmrwd’@r ahf25P@. Thiseglads ainesancﬂlcngﬂam aygradkadl i 1ons, the mobile

T L RN A A —

were%ﬁidd‘lﬁllt 8s bdibe, &Qﬁééaﬁx@ﬁ%va@ffoﬁﬂﬁhhﬂﬂﬁﬁﬁ ﬂiw&fb%uw b# the bond

pre-sel ected using mcroscopi c observation

energyd@ﬂid bgobipiped bmaaseethﬁ @@s@ watesffaiteddetore ﬂm:lwﬂdchetween the silicon,

ftm 5P Sp ol TSV RE vl £R2 BN SatEo R flne
inverfiive @astesd brodiided ReShifiagadlity endBiFh @R ength ®oh &4t 16V téSeratures.

conducted using a dianond 1 ndenter with the Berkovich

geblifee pyperimegisT R we a8l Prgesppuding cxpruatantt With hebidPund 1737

uh?%asgildr{g cont‘lﬁ]??]%ngr ﬁﬁ%uﬁ%@m O%YP&%g% %glass

waferrokea beford drvilanfibati@ppf the tilm Seaidisigldss jwas @bters€d nHiHbond
~ (constant strain rate_of 0.1 sec | to maxi mum | oad)

energy Jpeashred a theagint of breakagsis thusiad owenbmndronhe bandrenergy.
EXAi\ﬁﬂEri% rate) 30 (4) hold segnent (5) unload segnent

An SOI structure was prepared using CORNING INCORPORATED GLASS
COMPOSITION NO. 1737 and the procedures described above.
A wafer of the 1737 glass (0.7mm thick) was washed and cleaned as described above.

A boron-doped silicon wafer 500 microns thick was hydrogen ion implanted at room

temperature at a dosage of 7x10'®ions/cm? and an implantation energy of 100 KeV. The
wafer was then treated to reduce the hydrogen ion concentration on the surface using the
procedures of Example 11B, although any of Examples 11B through 11D or other treatment
approaches for reducing surface hydrogen could have been used.
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WD 2005/ 029576 PCT/ US2004/ 004746 -52 The peak load in
step 2 was typically varied to attain peak | oads of

w30 2008M29537. 6 M\, 165 nN, and 405 mN. For eachptegicedds/nod746
of interest on the sanple, a_m nimum of 2

i ndentati ons were made for eath |oad. Depending on the
observed response, additional testing at internediate

| oads ,was used to.identi the crjtical | qad regquire
t o 155 416 SrodSH S e fieA BlsH U & SOpraEh s Hed B cach tter by spacers.
The dSdeAHlY Whé RAIKEISS the OAfer! GRRY ! tﬁ%s'rg?eé% afng rtemperature

. indentation, the test locations were Inspe€
increagpdi€op siliopn walrivway raise] tarfi263C nod thas pfiglabowafeotd 3 IRC). The

warlfE 44 %"jﬁ‘%"}a %’S‘lgp#c\%%ﬁfﬂg %Pglzvgﬂx’%gé e g?@%ﬁllgtﬁlgu?ﬁr application of
volifiRl MEVRRAEONEs AIRE, dod¢hd RHRA Eol S h%‘]%e #hfers separated into

typically identifiable frombuckling or other surface

two dprggenodivR: i esintoNbaglask walor @ithe thin glicon flh howded thereto and the

o kot i fthigt of surface disturbance due to

Smcﬁfgl%ﬁ%&%g%w&ﬁ very snmall height changés (as
sl ToRSIMSTaulySRas hécerdhce With drd bPBScISEH A8 was
present, their radii would have been neasured and the

perfifingdiondhe SR stypgtatebiaingddin thia meayr dihereswis ars shown inlfiguae 10,
eGSR0 o ORGSR BBl i kot and Fiure 10C

shovfs thel damm cberttdas uomioperchi. coating adhesion to the
su%at{jate. In the absence of 15 del am nation, as .
oc 1% bagm depletien e pils-yn xegipns gretpectisally arkaddn Figures 10A and

I . | DR aci: 2 Ac r

10C; 25he BAAE il Gl (M5 0oLl Gh A BB ETH 0B, The

hybridvailica)regiongih they/inteafagebetwien theilivoaiiim dndahe plass sibgeate is also
nitself. In determni n% i nterfacj al

of, .t he ingﬁgat'f
markefl i1 Figpiesci0é e 10h. Dieainnin e denth af 20v 0 Mesgomspall of the curves
haverM%_ﬂlmk;‘[g%S§{,ﬁﬁ§Ss in the sanples tested (i.e.,

it was Is assu that the coating was stress free) 20
ands thea¢ figtwes since it berfiar(depleting 14yee ixfonmed bbiseet e silicon film

ole driving,farce for filmgdelangnation. For this .
and B8 gloss which il Aliawehe Fagetie o BE BoqLp dhe RamulzFioEn oA elgptronic
- T V
compBeitd vAthest itertéfol LATHRMONERRNA ilicH Al ¥ Nemoppirato the
stabiligychfithelprsiier hajrery an SOF staycture Yrépadsd asalesenbed(abgwe wadheat treated at

595°CRaY PPt wont o PO e e ot Secings o he oot treated
structieél UThiSarlysid 1@ veda! hBlther® wasthdverRdnt b forielRe 3@%% heat treatment

region 30 Vi = volunme of the indentation (base
and theybrurier lsyorawagperinatienit er

EXAMPLE 14

This example demonstrates how the formation of the depletion and pile-up regions
depends on process conditions. CORNING INCORPORATED GLASS COMPOSITION
NO. EAGLE 2000™ was used for these experiments. The SOI structures were formed using
the procedures discussed above and included a hydrogen reduction pretreatment of the silicon
wafer.

The following process conditions were varied: ¢S glaés 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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shape) WD 2005/ 029576 PCT/ US2004/ 004746 -53 For the
silicon-based filns of the invention, the follow ng
wakwss2a6e used for v and B: v =0.25; E = 168CTHS2004/004746
0.25. Vi for the Berkovich iggnter is an experinental
variable and it is based on-the identer used and thus

was neasured and varies for each test/data point,

i ] ' i:l4.con- film_ . .
et pfnd s S58B40 5 bbb egon i e
and thel idemity eX fieribmnewhish eekibitgdkd Elearnpib-w #egion070 gl ass
silicon wafer at 400C. The

procesgsglg at 450C wth the /
70 Abegess's apotionin Tebledn dhgcandersien thetsin, dot) fmp pnd temperature

sty ER DB 805 5k el A58-U Ll ettt
fronBéhisedhtit chiibs scopshidtithe proveéssingtime neddo tobeataive R idaites and the

estimated at 15-20 J/nR. 10 For conparisqn, literature .
PIoCSIg @eﬁéﬁa%e gﬁwﬁ%@ t objaing bprietlaysrand ggnlg-up region

rature, structfures o I'on have
cutoff witlrelsceewstdor thisgtrodess ¢AridblX Sinmlae cutbffawill beist foeothet glasses,

r ss. .The experi nment S, I ated with GL
althdyigh dRepegitiioielins are TREH e ¢ Rofdhege TowrEtor o EAGLE
gglas4 | i con wafer at 525C. This gl ass does not contain
200 gl % h . : .
any alkali ions, the nobile 15 ions-being

EXAMVIPAIE I®-earth ions, specifically, Ca, My and Sr. The
bopd, strength nmeasuyenents. were carried out as before, .
anﬁglégeémp % %ﬁ%atﬁrs&{mpnh?aﬁeorb?ﬁ the Fveptien toa@aawdsﬁmw thin film
:he | o}
trans6H (TETONGY G Splea DAL RSt GRS 1pliCorletg ol BOLED)
displgyasxwl himfié crystabdisplayh@.Cs)er bound was again 15-20

J/ @i ndi cating that the .ipventive progess produces '
veﬁTﬁPfaPs 1 PeRjavig Aol the Fetighine Bideidiel prg clements. For
opﬁﬁﬁmww&ﬁm&erwﬁs@mbﬁ%gmggg S%ga%;eggomcs, the TFT

correspondi ng -experinents with th
mategﬂah@mggl, hayviedast ganmer iwbility withdbglews forinitye £reatistate-affke-art

- for ttﬁféq%ées@dmoﬂ i eﬂag%illegs/ 8%n sd0Sits ‘? te%gt &Pﬁ\%ﬁt %%ﬁﬁved that a

kBB RS Y SR R R SRSl S GRS s

Howelsgehe @drier MEbileNE dedRes SinddBafhest Aitetifl® isteth % orders of
breakage is thus a | ower bound on the bond energy.

magEidrinweritBap@ btk sticors twithot variabitity ofue et 3oy Biullgsilicon
CORNJ.NG, | NCORPORATED) GLASS LTI ON, NO, 1737 and

repreFU P R\ AL G SRS R85 & DORBHAY g Preprt iavegon, no

practiiaPSocbdd hAT BT A Klop¥deapBRIE DA i Cagsﬁiﬁ\i&g?@aﬂly sin(gle crystal

. described above. A" boron-doped si er "50
silicon ftlnpers displayiglasaisutisiraiesgen i on i npl anted at room

I etk A—

. deposition of barrier layers of SiNy and 8iO, followed by amorphous silicon deposition and

dehydrogenation of the film. After dehydrogenation, the silicon film is crystallized via laser
or thermal crystallization fo obtain a poly-Si film with electron field-effect mobility of around
100-350 cm?/V-sec. From this film, the TFTs are built via 2 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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30 wafer was then treated to reduce the hydrogen ion
concentration on the surface using the procedures of

v aogsieesd B, al t hough any of Exanpl es 11B t hr oggfgdidessosras
or other treatnent approaches for reducing surface

hydr ogen coul d have been used@%- WO 2005/ 029576

PCT/ USZOO4/ 004746 -54 The two wafers were then placed

FiedIRShoraa SRR IET St R Sebnrer LCY) sonamcisdiin ageordance
mﬂ@ﬂxe&)hi@r at phts. an thik ﬁgﬁ%r 86 kb’p?esehﬁ%?@@ﬁg%l ThePs 1 ]lf%)i‘egglﬂs the

waf er was rai sed to 525C and t hat s waf er
glass yafgjrater A2 reprpstris sejal contabisn6 hrepugshnts launatairgaea; 64 mjﬁesents an

10y Bt RRIAREES Gro b EpaB-Tontrotnd 55 et dho two basrier
layeeO(3i@s) axﬂDS\.i!Nx, ﬁﬁ%cﬂ@élﬁtﬁaﬁ%ﬁ t&bE aelsaﬁted béﬁ‘}fé cge.:é[)élﬂgn of silicon.

cooling, i.e., into the glass wafer wt
si Isclscussadabpem deapresest Bventioripronides sptactloa:l mmhdﬂafor obtaining

sub acfgor%an%}ésﬁﬁ pkﬂﬁgéa%@gyﬁéﬂwg§zgﬁ%ﬁ tW§§ are

partipalaflgtwellsubied thefufidr psddessihp kbRl TN ASinBe HRISHMBYmprises a
The results are shown in Figure 10, 10 where Figure

substangially agleomysial siticop ﬁbnsﬁhgmceﬁmt@midtmagmedms with the
{
e 8 S R S R R st

: sm;ﬂlé'gafmrsom eus@d Pirddesses. | 'Yalil&ls&eﬁs fofth thed¥iiidBs behs GMfe prior art

nd the overall alkaline-earth (AE) depletion

Proc?sédi’k& F@%‘?h?é‘&atﬁﬁm% e psgpf thFWeWDmeO(I-lsl | ca)
[ h PtBlias B O PTLARESE HE BR L Inflorbii e i Edifation and

crystaﬂlzaﬂMer&g nofmequjregdtsimvedbediniocbndiotifitth 16 a]i‘beﬁl&@ﬂ Substantially
urned to their bul k

singlf st g £ e dinean W plestmpobiiic abReE 06 AV soc

T D 8 0 AR, o

| ass which will allowt
simphifipations i the THT mhpfictuing processprovit bothi chbﬁaltcost@ﬁﬂ eidughput

scvallies, 8wl 8¢ ettt i remcpayer | an
SCrhesieklfibg! h%h?eﬁﬁﬁﬁﬁﬁem%?&f{dc@&%é&% ‘ﬁﬁwﬁf@?‘}ﬂ@m

treated at C for 2 hours$S in vacuum an

allownfey F@l@iamgorp@ﬁ ¢lentn¢m¢s,anotehm1fwmdmpigapaﬂmnan¢a,l ittegration of
at. there was_.no. novenent of
arivef QoG Bef RS b St o ot B o e
&d f
complétsd Qieplagd eThe reﬁﬂ%’é }éridmmddreigt aﬁg%llg:l? bg ﬁﬁ%q?tgg%% of

how t he fornation he depl etion

produgs, mvémh@gx Delma tapsscell phanes, and thedibrRNRUGhENGDRBERATEDthe SOG

TI E 2000T" for,
struc h ese e Xpe r i C%lbe %déh%’ﬂ’? D3 @?‘Qgtoﬁéﬁfgﬁ F@F jcs.
EXAVRPIE 16
This example illustrates tiling of multiple first layers 15 on a single second layer 20

(see Figure 11).

A boron doped silicon wafer (100 mm diameter) with resistivity of 1-10 ohm-cm was
hydrogen ion implanted at a dosage of 8 x 10" jons/cm? and an energy of 100 KeV. An
alumino-borosilicate glass wafer (specifically, a wafer composed of CORNING
INCORPORATED GLASS COMPOSITION NO. 7740) of 100 mm diameter was cleaned

using a standard method for cleaning glass, namely, a detergent wash, a distilled-water rinse,
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t he procedures di scussed above and included a hydrogen
reduction pretreatnent of the silicon wafer. 30 The
Wn20080298% process conditions were varied: (1) RBEES2004/004746
tenperature, (2) applied vgg.}_age, and (3) bonding. .

time. The silicon wafer was inh all cases 50C cool er

than the gl ass WD 2005/ 029576 PCT/ US2004/ 004746 -55

. ¥ s or i s t.hi -
a nithOhGY trofinb SATTA] SisehHlol FiledlOF o SR WG RED foopd into
two piecesaad borkenvBhapicessiwdre thed cheankd ar digtill@l wigter, @@ bfinonia and
The resul,ts.,are sho in Table_4. As can be seen
hydrogtnefoids Saltion, Acd ey Benpemblidon b el walip pemralipto
minifidothe bAS berher iR Hb 8fticBh pfbcbar [T er | ayer and a
|

pil e-up region. Specifica , 5 fromthis data it can
beTkaxsmiting asschblypwacthss phged imthe SEERESMICRDTEGb bvsade?. The

bondBh % Seeq GBI E A DEAEY toykat Gk he plerecv aigr end and
400°C o@ithesilibe whith ndl| BESglad WheHehs ﬁ%h&@aﬁﬁl 'nﬁgémie'k@&tmde and the
800 volts were not studied, it is ellevegt at a A

silicog ppghe pogitive elpeftpdex iAdter therdesired temprratsres wers adiiaved, a 10 psi

i f i || exi.st,.f | , i
prssSh g B &bl 5 Rl B8 5B 59 v were thien pptiod
to thedichifee b€tHe Waforntor basmitiae frsth thd him &é@a@cﬁ&%ﬁ{e voltage was

| ass. . EXAVMPLE 15 This exanple illustrates the
remo‘gis‘p 14Mdhisinointo?0G rltsiwere applied to dhe ¢rgirp mafkrend the astertiiiyiheld

i ' y S i.spl ay, appl.i.catj ons,
e D g 0 S I Ag01 A BB B EES was removed,

and thi sspinabyly veastobled b thodd deaipRbatéiespl ays (LCDs). 15 TFTs
control the swtchi n? of
I

are used in displays to
" oty Pligen Disresciouis) ke il reomayed frqum tha assernblpleaying a thin film of
15 I 3 ' atkon of driver .
stiooff 5 U ARG BosTREE 130 iR ecy M AL B G p¥% iBon picces
was abewrtrli0enicnmisi | ity with high uniformity. Current
rocesses rely on TETs _fabricated

- of - t he-
f @%%F%ﬁ?%ﬁ iR wegmgat%ﬂ exceBt thpt the sikicom wiafer sras broken into
five plebbdtind thEOWEY SlschBRSAthd 60 HRElabd Yoabd) A& ol8 Were found

fromt_h_ese materials I's one I've orders
to havedefhi siliden fidmeéehind @n theglasd wafet bi thernd of the pRocess.

variahility of to 30% Bulk silicon represents the

! Bl pineo e 570 1P hTPrRE0 g el cor oo bagsadily
seen tht @SEptesdnd HRRhIi@ proflles RER Ghil $@br @%ﬁ%trﬁ&ﬁeg %fill new and

devel oped capabl € of producl ng *g substantrally si ngY’e

-

- improyed proegssessfor pragncibg lsnehostruthued. aiggieakesis aisbisdnigticefow Tivet

o) BB B853Sl PSS wB s SR b oS
ilicorPii-1288 sthay@es e ' Bty o PHRIRAN

S sil F%agéfhs depo_si’tﬁ%égﬁ%éda%glﬁ%a%ggﬁgﬁgon 0 t0 ﬁg}é [ mlﬁ%n'
Amongpther thiags, this fawmstillentratesthydsigen dominhplhmtetion, bonding through a

' o::o::nbiﬁé:ﬁ’o%to%J x}o'ltégéjaﬁ/d I‘fflealt, as%fa(ration through cooling, and reuse of the silicon wafer to

reduce raw material costs.

Although specific embodiments of the invention have been described and illustrated,
it will be apparent to those skilled in the art that modifications and variations can be made
without departing from the invention's spirit and scope. The following claims are thus
intended to cover the specific embodiments set forth herein as well as such modifications,

variations, and equivalents.



or thermal crystallization to obtain a poly-Si film
wth electron field-effect nobility of around 100-350
WoRlosees7s Fromthis film the TFTs are built Vi)érlﬁszoo4/004746
series of steps consisting of  photolithography,
foll owed by deposition of a §§Te oxi de by PECVD, netal
gate deposition, 30 and nore photolithography steps
foll owed by a hydrogenation step to obtain good
performance (by passivating defects between
crystalline regions). See PgRiEgd Surface Science,
9602, 1-13 (2003) WD 2005/ 029576 PCT/ US2004/ 004746
-56 Figure 15 shows a typical TFT structure for use in
an LCD constructed in accordance wth the prior art
process. In this figure, 60 represents the overal

TFT, 61 rlempRsentBichhgs 9l ass subsirate, 62 repr sents
netal contacts, 63 represents a netal gate,

repr esentfgpsan f ula W a

pol y-Si | ZI)C/)er, an %%%l%ﬁﬁﬁegs %’?’é@% #eglewo barrier
5 layers|(Si Q2 gnaysthiNémidoR@B&6E ny@ky)) that need|to be
deposi ted_beforg deposition of silico As di sclissed

above, theiprese %Sﬂwﬁ%&?st an?ﬁrjﬁ% %%EO?S*F%?C“ ca

nmet hod f ¢r obtailning su sSi'n st al
silicon al as< ST r ctu . 1hese structuy es
are part ?%ul arliy %%ce ?‘Jé—fa Furt her processing
to build £$— t>l nce (e SOGTconprises—a
subst ant Iy si &l silicon film the pfocess
to bui | di FFfs—maccordance—w-th-the-10 inventioh is

di f f er ent 13& om { ﬁ'éb'ppmcﬁﬁcpapﬁmae after gpgy @)cu] ar,
the procpss—+epiesents—a sinplification_over cufrent
pr ocessek13brabl ¢ seb-pettionfof seardtion 2086 bfusts) eps pf the
prior arf proce v\,hlcg1 can %{eehmnatedthroughthe
use of the presgl /'?'W farc&‘? si1ay8F ti cul ar, for| the
TFT proc of —the—present—rAventi-ep—the
dehydrogﬁefﬁ‘;ti on ﬁﬁﬁpaﬁpiﬁrsésubszatq on steps are npt
requi r ed~sinee—the—semiconductor filmis already in
substantfi® Iy _1Eﬂcsh«hghIeOﬁﬁ§ssklﬂdstrﬁWﬁfstléﬁerSUCh, t he
filmcan-have electron nobilities of over 600
cn/ Vseq.16The r ehytHd@sioatof $ist ShBdtralEattr s in tihe
prior art proces(s is_also not required. Th
si-npl i filcati ons| {Yykad regiomahiitsalayer i ng pr ocess
provi de ' ages,
as wel | (d9at he | dibial edpe/thickmesy defihg stirfsiR\vfce
per f or mance. ThvngIil 5ﬁu”| ng high performance TFTs
produced in acd EEQrth the invention 20 aljl ow

CT CCTT U ooy RBre ||n|fnrr

for m nifgtoriz |

di spl ay éérf or nef E@eﬂqeﬁtl’é'@q@aﬁgoﬁrﬂferen@cplaas cirguits
on t he g¢grass—sybstrate—and-subsequent significant
power sau8ngs |m11ti¢aalrcmspﬂsenﬁ®btdubm1¥aa¢/s The
resul ti mg—-hi-gh lperformance di splays_can be used

variety[d® prddipiosal isoletbd igiths GTHEPsuBRRge CO! |
phones, land the |ike. Further application for the SOG

structufeg of tlhecddav& a 0
si li confon-insyl ac.or g%%@g I%Gtrélrlg)%l{séi&g or dn
oxide glass-ceramlc)/second layer

42

n a

|21 second bonding surface/first face of second
layer |




25 EXAMPLE 16 This exanple illustrates tiling of

multiple first layers 15 on a single second |ayer 20
WGewsprggur e 11). A boron doped silicon wafer (AODUSI904/004746
diameter) with resistivity of,1-10 ohm cm was
hydrogen ion inplanted at a dosage of 8 x 1016
ions/cnR and an ener gy of 100 KeV. An 30

al um no- osTtTicate ass afer \prLlllLally,
waf er cor%gsed ofS ‘u”"";\‘“s“‘ :
COVMPGSI TION 756860 Bherl 00 nm di aneter was cl eqned
using a <tandard nmet hod” for cl eaning gl ass, nanelly, a

det er gent sh, ] ed- er_rins
2005 00878 e |chisihstaion APtethnd Sibiruie Her e
treatmeny, and g (O)depledbstdgidmestseedladnse. The
silicon wafer wds scored into two pieces and br gken.
The piecessuer e i dlseRmethdiadiabl bhpbppt o, an
amoni a and hydrogen peroxi de so 8r|ed and
t hen assé¢nbl ed (ridepletiogiregien waf er nanually to
mnimzelthe gap between the two silicon pieces. |5 The
resul ti ng2dssentjirgferase tindieps. 8G 8 deferentHBlamh)SS
M CROTEC| bhonder.| The bonder was evacuated and the
assenbl y| pgs hedt 5, AR end and
400C on the SilIg@%%%ﬁe%?ﬁgggﬁm%ﬁgm&hgss mafﬁﬁ was
pl aced op the ne@Gﬂbﬂ@uptegmlmﬁmmmMHMyhe silicoph on
the positive electrode. After the desired tenperatures
were ach|B@ed, 3§ idtorfpiregiondetiuen fitBisndRBédndd t 0
ensure gpod confact between the wafers. 750 voltg were
then app|ied 10 |#8Bbstystes@lat €ep §F) t he wafer for ope
thao

m nut e t p—start rdi-Rra—bBrocess—and—then the

hao
CITe Uullul ||3 | A A YA v Ew = |
voltage W48 re

Smngdmmﬂgmp0|nt 500 volts were
appl i ed tire wafer and the assenbly, hejd
under thp4k conglicondietivé suppbft m nut es. After 15
m nutes,Lithe eléctri¢ _potential was renoved, anf the
assenbly was cooled to roomtenperature. Both silicon
pi eces could be easily renoved fromthe assenbly
leaving a thin filmof 15 silicon on the entire gl ass
waf er. The di stance between the filnms fromthe two
silicon pieces was about 10 m crons. The foregoing
procedures were repeated except that the silicon wafer
was broken into five pieces and then was assenbl ed on
the 100 nm gl ass wafer. Al five pieces were found to
have left a silicon filmbehind on the gl ass wafer at
the end of the process. 20 Fromthe foregoing
di scl osure, including the foregoing exanples, it can
be readily seen that the present invention provides
new and inproved SO structures and new and i nproved
processes for producing such structures. Figure 16 is
a schematic flow chart




showi ng a preferred enbodi nrent of the invention in

whi ch SOG structures, specifically, silicon-on-glass
Wb Bosslodlses, are pr oduced usi ng various of the bepkMiRTe04746
of the invention. 25 Anong other things, this figure
illustrates hydrogen ion i n’pﬁ%‘nt ation, bondi ng through

a conbination of voltage and heat, separation through

cool i ng, and reuse of i,licaon fer to reduce raw
material costs. Nthoiﬁééﬁq%&u%oodi ments of the

i nvention have been described and illustrated, it
w Il be apparent to those skilled in the art that
nodi fi cati ons and vari ations can be made 30 w t hout
departi ng fromtie—+rnvention-s SP B—+++t—ahd Sasasssath The

fol | owi nd 30 ai ms| mpkiplerfirst lasieringle seanddager t he
specific errbodinﬁg l'fl t forth herein as well as|such
nodi fi catji ons, |vari attons, and equi val ents. WD

2005/ 029% & PCTHUSZQUA7 uu4

—58—TABEE—1—Nunb
El ement 10°fi rst| ZRHSHYeRE ‘(SFIYeSPaC%{i Gpblayerst i al |

Si ngl e- Téﬁbl at—Tsenrconductor—rat-er al S T S L

bondi ng $d¢f ace/|iilledizap hetvesn adjacent ﬂIMbSM@ fifst
f or ce- appt-y+ng—gurtace—13—separati-onzone 13a
sub- port é f qéfdrati on zone after step (D) 13b
sub- port {-on nf deparati.on zone after step (D)/second
face of {oHist | qypdass dubstratest part of first substfate
15 seconfd part of first substrate/first layer 16
hybrid rpgpon of nidifishnmetgstrate after step
(O /hybrid region of first |ayer 16a distal
edge/ t hi cgpess defin 'g% surface of  hybrid regropn 17
referencp surfage, e”g., a reference plane 18

- optional § ce33(§¢n TtIrS UbstTate— 19 optTonat
i sol at ed gi onsg bf2 strate F 2120 second

substratE §i CE | anrgxide—gtass—or—an
6 poly-Si layer

11

66 810, barrier layer

67 SiNy barrier layer




10

oxi de gl ass-ceram c)/second | ayer second bondi ng

surface/first face of second | |ayer WO 2005/ 029576
WQRIB20574/ 004746 -59 22 second force appl yi nBCT/US2004/004746
surface/ second face of secopd |ayer 23 depletion

region of second substrate after step (C)/depletion
regi on of second | ayer 23a distal edge/thickness
defining surface of depl et region 24 reference
surface, e.g., a referencgf%ggﬁéfZS pil e-up region of
second substrate after step (C)/pile-up region of
second _|ayer 30 interface region between first and
second ggibalenad. et aft&fmaher @&g 40 Df GCPSS] .
chanber 41§con dulcti ve support 'u65f%%9§%égﬂKMDn
PCTI U42004/ 004746/ - 60 TABLE 1| (cdntnsibped) %A implabi pl e
first yer/singlie secand layer assenbly| 51 gap

bet wegn cl Bl y- spacgsiplhhtest Ifayeraip2 fijled gap
bet wegn adj acent [first substrgtes 60 TFT 61 gl ass

substrjate 153 met q{]%%?ﬁféﬁépgyer gz %I gaf e 64,5 (2

gate ijnsul ator g5 barri‘er | ayler

& H202 +HCl
11C NH40H + H202 101 76
11D 02 plasma 144 65
TABLE 3
Glass/Si | Voltage (V) Process Process Time | Bond energy
System Temperature (Minutes) (I/m?)
‘e
7070/Si 1000 450 30 >15
7740/Si 500 450 15 >15
1737/S8i 1750 575 15 >15
EAGLE 1750 575 10 >15
2000™/Si |

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



67 SINN barrier |ayer WO 2005/ 029576 PCT/ US2004/ 004746

-61 TABLE 2 Exanple No. Treatnent Nornmalized H+ %
wedoBiches i ntensity wt inplant 11A inplante

T 05 10275 | GhpopsHCL 1 1 TE Nt fyneenas
101 76 11D 2 pl asma 144 65625 TABLE 3 d ass/ Si

Vol tage (V) Process Process Tine Bond energy System
Tenperature (M nutes) (J/@B%l 7070/ Si 1000 450 30

>15 7740/ Si 500 450 15 >1 /'Si 1750 575 15 >15

EAGLE 1750 575 10 >15 2000TM Si 'd ass tenperature;
silicon wafer tenperature was 50C cooler. 10 WO

O Aafa N O\ A =2 A

Vol RIS (V) |PBLESS R (JoPmares ey dfecres kaep | prie-Op oms

I?g%ﬁéggﬁﬁoetém Pgﬁ els?ayghl Rig p| (ﬁ ) (%&%%8%) 203(5).008

My, ’C) 575 400 20 0.044 My, St 575 175@Mifx€) 1 My, St
350 1750 20 No barrier layer No pile-up
575 1200 20 0.08 Mg,Sr
575 800 20 0.046 Mg,Sr
575 1750 20 0.1 Mg,Sr
595 1750 10 0.08 Mg;Sr
575 1750 10 0.096 Mg, Sr
575 1750 5 0.064 Mg,Sr
575 1750 , 2 No barrier layer | No pile-up
595 1750 2 No barrier layer No pile-up




595 1750 10 0.08 M, Sr
1750 5 0.064 My, Sr 575 1750 2

WD PWSMYST695 1750 2 No barrier |ayer |
WO 2005/ 029576 PCT/ US2004/ OQé 46

I nvention 1) Starti
si |

Art Present
display Starting materi al
Deposi tion of SiNX barrierp
PECVD 3) Deposition of SiO2

575 1750 10 0.096 My, Sr

YE'sS

arrier

575 .

No barrier layer No

No pi | ePOPUSB04/004746
-63 TABLE 5 Prior

ng materi al uncoat ed

i con-on-glass glass 2)

by Unnecessary

| ayer by

Unnecessary PECVD 4) Deposition of anorphous silicon

| ayer.
t he Unnecessary anorphous sil

Unnecessary 5) Heat treatnent to dehydrogenate

con layer 6) Laser

Péﬁ‘l'& crystallization of siTi(
ot ol

gI?re%qnt

Unnecessary rayer—7)
EWSP%?I} t hogr aphy

i t hography and dry etch
1P ey !

PECVD %engt&m guﬂ%ﬁf‘edg%i?@ggos' t

position o Xi de
glefs gat e net al

ot Blactft i Ep el

by sputtering Dgposition of gate netal

ottt ori Nnn 1.0)
o oerT T 1\]’

hy
2)gBepoition of BiMydgrziar

P%ﬁgbgopant activation
ncapst

Phot ol t hog

Rayeasibly dr y |
12) Dey

diefecedsaryat e
ntati on and dopant activdgtion lon inplantation
osition of encapsul ation

aphy and dry etch of
11) lon

0 . LI1on .of
R A R A A
PEDYDoO! i t hography and dry etch

vias 14) Deposition of contac

of

PECVD——

\,

T O _oxide by
LW of

contact vias contact

netal by Depgsition of

4)c Depagtionef ahoplhouslidondbidtd S

WHreBEss g

5) Heat treatment to dehydrogenate the Unnecessary
amorphous silicon layer
6) Laser (ELA) crystallization of silicon Unnecessary

layer

7) Photolithography and dry etch of Si

Photolithography and dry etch of Si

8} Deposition of gate oxide by PECVD

Deposition of gate oxide by PECVD

9) Deposition of gate metal by sputtering

Deposition of gate metal by sputtering

10) Photolithography and dry etch of gate

Photolithography and dry etch of gate

11) Ion implantation and dopant activation

Ion implantation and dopant activation

12) Deposition of encapsulation oxide by
PECVD

Deposition of encapsulation oxide by
PECVD |

13) Photolithography and dry etch of

contact vias

Photolithography and dry etch of

contact vias

14) Deposition of contact metal by

sputtering

‘Deposition of contact metal by

sputtering

15) Photolithography and dry etch of

contacts

Photolithography and dry etch of
contacts

16) Rehydrogenate pbly-Si layer

Unnecessary




15) Photolithography and dry etch of Photolithography
and dry etch of contacts contacts 16) Rehydrogenate
poly-Si |ayer Unnecessary 64 _ \Wat is clained is: 1.
A nmethod for producing a_gem conductor-on-insul at or
structure conprising: (A) providing first and second
substrates wherein: (1) the first substrate conprises
a first external surface for bonding to the second
wHabslclah® 6t he first bonding surface), a second

ext er nal surf?§$ for .applying force to the first

substr at &* PEH Pg’fiu“’f”dﬂs ’é%cm“é’ﬁﬁ‘f%fﬁg“‘%%faf%égﬁ‘cmfan d an

comprisingal zone for separating the first substrate into
a f| t part %h@m r]?lecon art (the. separation zone),
wher@n: Proyjding st 3np speop ‘.?éesgmcfcate the first
force-apglyi ntheSint b@sate cafshistEHSORAI 5@ hcZ AR Bordi to
substantial l'y

paraIIeI ) the second
part is betwells¢Rad §‘5’§‘éﬂ‘%€‘{1ﬂfs'§’8ﬂ%“%ﬁ’ﬂfa§$ea fepprghextemal
bondi ng surf aggfacafd a;(;ﬂ;)mg feceftd 1he firss bibsEataliBe GRNBFLSES
a substantlall S|n e al nduct or
material; and® %%ﬁ%ﬁ gﬁﬁgﬁpﬂF mE%Wﬁ?P@é@3QWh

external surf atbasatc rvea fisr parthadalsdegnd f@rtt(the ségafBion zone),
substrate (the second bondi ng surface) and anot her
for applying Wé?cg to the second substrate (the second
f or ce- appl yi n@) surthafie) bonving seiace, tl((ﬂ)rsttﬂ‘h&e apfling surface,

bondi ng surface an he second fo sur face
are substantially blgtrl 1RGP E™ 85?%@?% %mg’?g)o"e

separ ated from onemnathet her by a dlstance Dz; and (b)

o h.e second SU@) tr ’éﬁ,‘g qe%(?lg)ﬂ’agﬁsebutwwn )gtlsg;? logszgneoa d ML first

oxi de gl ass- ran1 st
second bondi ng surlfoadieg surfitq agdnt act ; (CD for a period

of [Lime SUffi &) entud Ak 4BGiald foithri®d HRERRMHRALL LGS

semiconductor material; and
(2}  the second substrate combn'ses two external surfaces, one for

-bonding to the first substrate (the second bonding surface) and

another for applying force to the second substrate (the second

force-applying surface), wherein:

(a) ghe second bonding surface and the second force~applying
surface are substantially parallel to one another and are
separated from one another by a distance D;; and

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

{B)  bringing the first and secund bonding surfaces into confact;

© for a period of time sufficient for the first and-second substrates to bond to
one another at the first and second bonding surfaces, simultaneously:
(1)  applying force to the first and second force-applying surfaces to

press the first and second bonding surfaces together;



one another at the first and second bondi ng surfaces,
si mul taneously: (1) applying force to the first and
second force-applying surfaces to press the first and
second bondi ng surfaces together; -65- (2) subjecting

- the first and second substfsates to an electric field
which is characterized by first and second vol tages V,
and V2 at the first and second force-applying

surf ﬁc es2yre ?ﬁ‘f&jﬁ:ﬁjn\g&h%ﬁm&ﬂﬂg@e&ﬁﬁ_‘s'hlﬂ:gﬁﬁeh s D& it id@Hiich
at those surfaces with V, being hi r than SO, ..
that the el ec'lsrcﬁ%mfu?rgf“bb:‘f %m(ﬂ“pg‘écf’% V‘ﬁ'la%ﬁqgl‘i‘ﬁygil pidpe first
substrate to #ddsecohe ROCappliiet sudha@s, rapettiidy, shidabitings

the first and second substrates; said heati ei ng

char act eri zed B3 ‘f“l“?’g? atztilﬁo eé‘é’%ﬁﬁd” ‘?’e b@f“&ttt\fﬁr}'g%t?‘ﬂ {}hﬁ’d

T2 at the fi.réntthaceusetdda drostaiirap e ird gubsuité aohs,

respectively, i d.. tenperatures being uniform at

t hose surface%e%(g“ﬁ%ugstéﬁa{r%‘mgel ected so that upon

cooling €3 a batmpthe (ismpe@rsatond eybstriies; fdid sdatignigbiigecond

substrates uggﬁr Lfferential contracti.on t .
~thereby weaken %gﬁ%rbg'thmtgﬁi)ssef?ngt% et ‘R'frﬁse ‘saélggf gt P fiest

zone; and ( D) agigotond fprecapplyorgdedades, respecinely,seiddaaperatures

substrates angd. flr and . secon rts

at the sopar at Bl hhel Aol bR SRR AT bl
oxi de gl ass- cenoling © acompon Sepepose, thofastiaphsecold shstrates
during step it i . £1in
a direction a&%%rg? ?g?%?‘i“ e cgg%ghgje%ﬁgeﬁﬁgvé%ﬁﬁlﬁé@g and
towards- the sugre 4t decepasghiph yonsgargiur f ace. 66- 2. The
met ft@(i ot:ocﬁin@'ﬂm blonmq{rsq lahl ge@&ld%bs@%eghfa}é a%ing)ﬁlle%‘st and
gl ass-ceram ¢ further conprises non-bri g?ng oxygens

- whi ch dusterpd Briept hoyepamirrerongit hi n the second _
whstbin iR Rie glegs & d?’(hfe%ﬁaﬁé%nﬁ@@%nérfs@@o%me %ﬁf/&ﬂl@h ETatate RATeY

surface and towards the second Torce- applying
(Quinpycthugthe spcendrbiietr iph dapaiomarayien giencné bondinge

GBS S WwRN fﬂ@s&&ﬁlﬁﬁfc&%%@mlg slface.t Ne second substrate
has a 0-300C coefficient of thermal expansion CTL and

a 250C resistivity p which satisfy the rel ationshi ps:
5x10el"C 5 CIB <_ 75x | 0-7/C, and P<_ 1016n-cm



4. The nmethod of Caiml wherein during step (C, the
first and second substrates, at least in part, bond
to one another through the reaction of the

sem conductor material of the first substrate with
oxygen origi nati ng from_tgf_second substrate. 5. The
met hod of daim4 wherein the reaction of the

sem conductor nmaterial of the first substrate with

Oxygenh@ﬁétgémdleﬁng ifwitRrsit ihe ofiae fgagé ols:] wiigt glaiseceﬁlhﬁcdfmetﬁ&
e e i d. region) of, enhance
Nk tMW ©R WS@B#?%%%% (2 TV A3 ﬁa%ﬁaﬂ’ substrate
in suiréca&eamd‘rmﬂﬁrselﬁm& BRI Suithe aBepanalk iletedmtigorbe- The
od.of Claiml wherein the novenent of the positive

_ 1
ap‘ir"g’ﬁ S4fiffng step (C forms a region which is depl eted
i n posi t'l‘!wenathmis:.f@atha Ipdigkdin the okide gldepdr ekido plasskee g 1S

o1 RSPARR o SORCRRSRE BRI B b EE ot e

resisOivieep wpnhyatm@mureﬂmmuwmr ein: (i) the oxide glass
or oxide s-ceram.c ¢ rises one or nore of the

fol | ow r@‘ B E’Fﬁ%?&ﬁ’%‘:"‘b%@d Na % Kb', Cs{', My+2,
Ca+2, Srpz, maﬁml/c@,r Ba+2 (the alkali/alkaline-earth

ions); and (ij) the positive ion depletion r (?IOF] S
depﬁet edt stk of Clapyiavhgrein dyring S?P@ thedirst and srsondar t h

subs@itSs, at/least HEpalEbdHato Se AbAEIThBuMNBE Riaftion(df Ihe@BBRoRbuctor
the al kali/al kaline-earth ions Which the oxide gl ass

maggrialgfthafing) sybslratec@ihpnygen-asipingting frpf dhesepqud subsiate-

consent IBreldihddedRICIdh @ww&élﬁﬁl@ RGBS RCRmMIh&ildtof nalefial
hin the second substrate, i's subtantlally

of B‘ér"é"rt F‘&S“’i“‘é“’ﬂ @xweeﬁanm¥% e Sreputbstipigprodiyces aregion
(ths B RIe £i6:910f ehithe Wkl @me o¥n@atidh ShRGRgihs &/t @Bithohding

i1) the 03|t| e ion depletion region has a distal
- S“‘%?f@é“(iaﬂﬁe ‘W?B‘%\%éji‘%ﬁ‘??arﬁf‘mﬁﬂ‘ée positive ions during

step. ( C)Tlfcﬁﬁaﬁoca)ﬂtﬂaﬁmql’wlhdihlﬁ e mbvehit by the posiddodordi dating
edge. (tile pile:up r_ é?lnwh h the.cancentr.ation
st o SeP A 0 psaotidfle pESYGRT deplrion
regi@i) &ﬁﬁdﬁﬂbeglhﬁ)dt@lé ﬁd)rfd%ndzh@iurﬁaéﬁhnd&xteﬁdhﬁnmﬁmm kubstrate
ein ste ‘i’g% erformed in an inert -
tmgi’%btg‘bf?é? defrﬁrce‘f‘ﬁ'é'y‘n’?gts 8’?"3’% "2im | wherein in step
(O (L), thhexnﬂeglas opendugila:ts-cafaeﬁ: d3mpeipgsl dne dr inoretoli the
st _and sec d | yi g r ?hz[lesthe
S U S e ey [
alk@li/aiknlire-oatth iaisy) a and ; V2 satisfy the relationship:
(i)  the positive ion deplctién region is depleted of one or more of said
alkali/alkaline-earth ions.
7. The method of Claim 6 whérein:
(i) each of the alkali/alkaline-earth ions which the oxide glass or oxide glass-
ceramic contains has a reference concentration Cyger at a reference surface which 1) is
within the second substrate, 2) is substantially parallel to the second bonding surface, and

3) is spaced from that surface by a distance D»/2 and



100 volts/cm- (V, -V2)/D <_ 40 kilovol ts/cm where D
is the distance between the first and second ,
force-applying surfaces during step (C. 1 1. The

met hod of Claiml wherein the oxide glass' or oxide

gl ass-ceramc's strain point T. and T, and T2 are in
degrees centigrade and sagysfy the relationships: (i)
Ts 3505T, < T, + 350; and (ii) TT-350-<T2 STS+350

TheeBliiedontic gl:sh glonWAes 8ikif edgl bid BORGvemeht ofthe

800C; d T2 800C.. 13. Th t hod of
pea?*gvem%%m@:r SO B STeapiin iy noisoio! g staLedeg (heil-p

regfin) HOvRAGHYERentGEE: off o8 Ichfl onOGpEORokitict RAs @ihardohEremiive
pansion.of the substantially single-crystal

“géﬁig f0¥%r naterial and CTE2 is the 0-300C

coefg.i ci amk nethoti RECTERA | VHRRIISHPCPTs peliEmeaXd dengt ass

or QX|de gl ass-ceram c. 14. The nethod of Caiml

AOSHE N prior to step (A), recesses are formed in the

firse sulidtnetied ofQladin 1 edesidn sl g the f@ie gehenif dréask

RSkl Pl e P e el SRkt A0 ER: o °

first bondisngPsaitdogse into substantially isolated
regi and cont ative

ich c and .

| aefibnad fpnodor SHER D RaerE v 88 V2 feish e ORI of
d ain1| woe ksltsient e VeXVHD ghakSovais/ax] de gl ass-ceramnic
S %F r %§W16 The nmethod of Clajm1 wherein the
“’IBB’FI&D gt éﬁ‘é‘t‘lﬁe fRdhe ¥rernd seopd Lowc-appbag G h NG stop
(©urfaces after step (D) is at |east 8 joul es/neter?.
17. The nethod of (I aiml ri sing repeating steps,
(B) thhr oﬁg‘h "te%)“ga{ a“@’éét‘”hc% dhe s Sl A oph CRg
shBRBInION andOinkdi 1o Akd in flégr&% cﬁiﬁ@ﬁxﬂé ﬂi(ﬁ;ahﬂ”y feremainstigast
one add|5|on%l ggﬂi % %?bonded to the second
substrat €0 187 TAY 7dt Add" 1% &4 m 17 wherein the
second paffs maygyﬁaﬁjaqg+§gpas Al which SatISfy t he
relatlonshlp N A, A, N> 1,

The method of Clalm 1 wherein:

{i) 300°C =T, £800°C; and

(i) 300°C < T2 £ 800°C.
13.  The method of Claim | wherein:

CTE; —20x1077/°C < CTE: < CTE; +20x10 7/°C

 whiere CTE, is the 0°C coefficient of thermal expansion of the substantially single-crystal -

semiconductor material and CTE; is the 0-300°C coeflicient of thermal expansion of the
oxide glass or oxide glass-ceramic.

14, The method of Claim | whefein prior to step (A), recesses are formed in
the first substrafe, said recesses beginning at the first bonding surface and extending from
that surface into the body of the first substrate so as to divide the first bonding surface
into substantially isolated regions which can expand and contract relatively indcpendent!y

of one another.



:=r where Ar = 750 centineters' if any of the second
parts has a circular perineter and AT = 500
centineters' if none of the second parts has a
circular perimeter. 19. The_ nmethod of Claiml wherein
steps (A) through (D) are perfornmed using at |east
two first substrates to provide at |east tw second
parts bonded to the second substrate. 20. The nethod
of Qlsai MThd matned ef Nlainh € whaemnkk Padd Gash avexidipldsaeaanic is
areas A, which satisfy the relationship: A >Ar, N>

“Tm“ﬂﬂ%Te Ay = 750 centinmeters' if any of the second
par t lS') haghantthod of @hainpé Kvihﬂ’étn&hc lond siength bebB40n the first and

ter bs has a

0
sEpAaPE RSy e i FoR AR B al m | “winer ei n
t he &T.ea Tbé ntethod sEChin | stitysisingt repehSnpgtepa (I throtigia(ld) A6Bast

one ar(}dltlonzh %mc uking at Ieast one addilional first substrate to form at least one
additional second part bonded to the second subsirate.
18.  The method of Claim 17 wherein the second parts have surface areas A;

which satisfy the relationship:

iA,. > Ay, N> 1,

il
where Ay = 750 centimeters® if any of the second parts has a circular perimeter and Ay =
500 centimeters® if none of the second parts has a circular perimeter.

19, The method of Claim 1 wherein steps (A) through (D) are performed using
at least two first substrates to provide at least two second paris bonded to the second
substrate.

20.  The method of Claim 19 wherein the seccond parts have sorface areas A;
~ which satisfy the relationship:
¥
>4 >Arn N> 1,
i
where Ay = 750 centimeters” if any of the second parts has a circular perimeter and Ar =
500 centimeters” if none of the second parts has a circular perimeter. _
21.  The method of Claim | wherein the area of the second substrate is greater

than 750 centimeters®.




