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VIETIiOD FOR F~BRICATIi`!G SOI DEVICES WITH OPTIOY OF L~CORPOR~TL~'G 2
:SIR-G:~P rE~'TLRE FOR BETTER L~ISL'L~TION :AND PBRFORyIA;`ICE 3 4
Background of Inver.tian  1) Fieid of the Invention 6 This invention
relates generally to fabrication ef se.^.Ziconductor devices and 7 mere
particularly to the fabrication of silicon on insulator (S01) devices end
more particularly to 8 a method for fabriclt:ng complementary silicon on
insulator (CSCI) devices that can be partially 9 depleted and fully
depleted using wafer bondinj and more particularly to a method for forming
10 - optional air gaps in insulating re2icns in silicon on insulator (SOI)
devices. 11 1=~ 2) Description of the Prior art 13 Integrated circuits
(ICs) include a mult;tude of tr ansistors for;ned en a 1-1 se;r,iconductor
sunstrate Transistors, such as, metsl oxide semiconductor aeid ~t~ec;
transistors l ~ (ViOSFETs)) are ge.^.erally bulk semiconductor-tvpe uevlCeS
or silicon-or.-~rsuiator (SOI)-tvoe 1 G devices 1 17 'In bulb
semiconductor-type devices, transistors, such as, V(OSFETs are built 18 on
the too surface of a bulk substrate. The substrate a doped to Form source
and dram regions) 19 and a conductive layer is provided between the source
and drain regions. The conductive lave: 20 operates as a gate for th a
transistor T he gate controls :urre;it :n a channel bet~.veen the source 21
and the drain regions ~s transistors become smalle-, the body thickness ef
the tr ansistor (or 22 thickness of the depletion layer below the inversion
caa.^.nel) must be scaled de~.vn to achieve suoerior shot channel
oeriormance '_'-1 :~ccordirg to conventional compiime^tarv metal oxide
se.^,aconductor (CWOS) fabrication techn:clues, the reduction of the
deoietion layer thickness a realized by a 26 super-steep retrograded well
(SSRW') ion implantation process However, this process is limited 2'' by
the diffusion of dopant atoms during subse:luent thermal processes (e g.,
annealing) =g Conve^tional SOI-type devices include an insulat:ve substrate
attached to a '_'9 thin ;ilrr semiconductor substrate which contains
transistors similar to trio V(OSFET described 30 ~.vnh respect to bulk
semiconductor-type dev;ces The .ra:,s;stors have s~~er;or per;ormance 3 l
characteristics due to the thi,^, film nature of the sem~conducter
substrate and .he msulatr~e iarnne   REPLACEMENT SHEET ~ 3 J U N 2002 1
properties of the insulative substrate The superior performance is
manifested in superior shot 2 channel performance (i.e., resistance to
rocess variation a small size ;ransistor), near-idea! 3 subthreshold
voltage swim (i e., food for low ofi-state curre;,t leakage), and high
saturation ~ current. Silicon on insulator (SOi) devices have'oeen dubbed
as t :e next successor to 6 the reigning Compiementar;i V(etal On Silicon
(CiVIOS) devices. Silicon on insulator (SOI) has 7 excellent isolation
properies. Silicon on insulator (SOI) has existed for almost two decades,
but 8 still improved methods for making silicon cn insulator (SOI) devices
are needed to advance the 9 tec;~rology. la 1 1J '; a importance of
overcomsng the various de:iciencies noted above is 1 ~ evidenced by the
exte:;sive :ethnological development directed to the subject, as
dccume.^.ted by 13 the relevant patent and technical literature T he
closest and aopare.^,tly ;,ore re!evarc :ec;:mcal l~' developments m the
patent literature can be ::>!eaned by considering L;S
-'',:59,~~CGf~a^-,ar,) I ~ shows a S TI air gap and a water bonded
thereover US 6,08:,'_? i(Yu et a! ; si:ows a silicon on I 5 insulator (SOI)
process wW ~ .vafer bonding and shallow trenc:~ isolat:en (S T ~ US l?
~,9SS,29~(Blacs et al.) teacaes a method ;o ;pin multiple wafer i!sing S i
I and ~.va>=er bonding. US 1 S 5,935, ; 23(Jennings) shows ~ SOI process
with water bonding an d a boron layer L~ S l9 6,013,93o(Colt, 1r ) teaches
a double SOI device. US 5,.8a, 38(Chu et al.) teaches a Bonded '_0 SOI
device; process. 21   REPLACEMENT aHEET 1 3 J U N 200Z 2 Summarv of the
Invention 3 It is an eb~ect of ;he present invention to provide a method to
form a silicon on 4 insulator (SOI) device 5 It is an cb~ec; of the present
invention to =-evide a r.:ethod to form a silicon on 6 insulator (SOI)
devrtce that uses wafer oondin~ technique 



7 It is an object of the present invention to provide a method to form a
silicon en 8 insulator (SOI) dev,ce that uses wafer bonding technique that
can be use to form fully and 9 partially depleted compler;.entary devices.
lft It is another object of the invention to provide a method to for? a
silicon on I 1 insulator device t`iat uses wafer bonding techniques that
car. be used to :hake ally and partially 1'_' depleted complementary
devices with optional air gaps in insulatin, regions. 13 To ac~omp!ish the
above eblectwes, the present :nve.^.t:er. provsdes a method 1.of
.manufacturing a SOI device. ld A first substrate is provided having trenc;
ies in a `rst side The First 1 a substrate has a second side. :~ :first
insulating layer is formed over the first side of the first I8 substrate
and filling the tre.^.c;~es. We plananze the t',rst insulating layer to
from aolauon t9 reasons (e g., STI). The threo embodiments of the invention
plananze t'tte first insulating layer 0 to different levels. In the second
embodiment, the ;first insulating layer is etchea back to form a 2l recess.
This recess later forms an ai: gap. We,~rovide a second substrate having a
second 2~ insulating layer over a first side of the second substrate The
second Substrate has a second side. _3 We bond the second insulating layer
to the first insulanng layer text; we thin the first substrate ?-1 from the
second side to ex?ose the first insulating layer ;o fern act;~re areas
bet:ven the isolation ~~e~:ons. Lastly, devices are formed':n and on the
active areas ?5 .additional objects and advantages of ;he invention will be
set loth in the = % descr ;poop that follows, and in part will be obvious
from the descr iption, or may be learned by 28 practice of the invention
The objects and advantages et the invention :;lay be realized and ~9
obtained by means of inst: ~mentalines and combinations particular ly
pointed out in the append 30 claims   REPLACEMENT SHEET ~ s ~uN 2002 Brief
Description of the D~awin~s Tile ieat'.:CeS 3:1G ~~V~i C3~CS Ot .1
ie`.111COUCl:CLOC C~CV;C 3CCOCGICy '0 ti a 3 present :n`%entien a: C
:uvllZ;' C:,.1!S Of 2 ~iCCCSS Oi :WCiC^.ta^j Si:C~;: ~ S2.^.ilC.7P~lIC~OC
uCV!Ce lit ac;.ordance :v,th tile prose^z mventlon wlii be ;lots clears ~
u::derstecG ;om tae ~eilomn~ dsc; ;at:cn :aken in con~u;,ctcn :vlt:: the
accom.,,^,anyir.~ ~ra:v~n~s ~;. wi::c;l ! i::e ; ...; nce "u,T.eC aIS
designate slrr.ilaC Or c; rresponcin~ C~e:Tl;ltS, Ce~IClS ~1C 70I i.!On5
a^C !i: W('11C:1: 7 F'.~L:reS 1, ..~, 3, s~., and ~~ are CCCSS SeCt!0C:2.1
vie':~5 for !lluStC2.tiP.Q'~ rlCSL 3 emocdi:nen; of the me:!:cc ~or
~lanuIact;.ir:rl~ 3 S~j ue'/1Ce aC :CCC'1~ :C ti:e I7CZSv'.^~L lnven:ion. 9
F:n',:C~S 't, ~3) ~, =~, 7 2^C 5'13 'dC W05S .iCCeiCncl 'Jle'.n5
:C-:lluSii?C:i.~ 3 1 ; SCOri,^. ~^'tOCC:rile:lL 0: tit' ile:::CG~ :vr
~W.,7.rit-ic'.CCL: itl~ ~ J~r ~e~/1CC ~CCs,C :l:ly '.C. :i,e ~C~S~.';u ! .:
:nve:.::cn ! j Fl~l~'eS v, ~C, ., lC, CPC Jl., c:  s.'s.SS S2CL:CCC!
'Jl~`.~p :CC ~ ii:;aC ~T.:^~ 3 :r:~i. `.^ j~;~ ~wtC 3CCCC~: . :4': ::SSn~
L-: ...:,cec:me:a of t:;e ;r.ethcd ..,r ;~:~^u~ac~~r:r.v a I nQ 'c :m;
ention. l~ i5   REPLACEMENT SHEET 1 3 J U N 2~2 5 1 ? Detailed Description
o. the Preferred Embodiments 3 4 The orese.^.t Lnvle:,;ion wii! ;e ~es:,:
;~e~ '.n u..Cal! w(t;, r~;er e;.ce t0 ~.ne acc;,r,~canyi;,~ dr4Nir,~s
T'.^.e ~~resent LnveILicr, wromdes a rne:;:od ci orwn~ a 6 The in ve.^.tion
nad :hree pre:e:-ed e:;.bodi".e:.ts The :ree e.;ibodiri.ent direr in :he
arnour,t of oxide 30 that is re:: cued flee =iGS ''.~, '_'b, and 2C) 8 T ie
:LrsL embodiment is shown in FiG 5~. T he ~ rst e^:bodiment ~or;~.s a SOI 9
device without air Laos and `mthout a buried oxide layer. 1 ^v T :;e second
~.^"bodime:a cr,:LS a SCI dev;ce with aLr saes. Sae FIG 63 T:Le 1 L seconc
ern bocim.eaL Ls sLr; :;ar to ;he ;Lr sL embcdi ze.^.t, ':,ut :cr-ns a ~aao
:5 be^vee.^, t;.e r:,L SuCStr ate I~ 3n a t ,-~c Via` or ~ l h a . L': -t a
,!',^ ~ 



d th insu.at.. ~) ~ !,. ~ Se =:G ~B a a B Ta 3e ,.r,~ (. codi:""e.^,t ..
:,es baCv ::a' CICSV SuC$trate ;~~ 3::er :::e 5 ! : 'C3LC:;S _.^.a lr
:Cf.WeC Cee : iC 1-1 . 1 (le :: Lr.'.^CCC:iTII.';:: L .~.c..',. .' :G O~. i
:ur.i.S 1 .~~r l ."-e`!1C 'NL:1 2. Our:eC CX:ae '.aver =CC oet-Nee.^. t;:e
ac::ve area :~:;C anc :::e  ee i~ ~~f =;C i ;6 A. first embodiment l7 T%:e
:ir.a! -esuit W t:;e rst e:;LbodLr;.e.^.t Ls siown Ln FiG 6.-~. 18 Figures
, =.y. ~, ==~, and o.~ are c-oss sectional ~~~e:vs iCr illustraun~ a i rS2
i9 e.^.:becimenc of the ,:,e:hec 3 :cr :;,anu:ac;unr,~ a SOi .amce
acccrdLn~ to the present Lnver,uon. 20 :~s shown in FIG 1, a :first
suostrate :0 Ls provided havln~ trenches i8 in a 2! Lrst sLde : ; Tae rirsL
~ubs~:ate ! 0 have second sLde ;= ?~ T:~e ~irsL substrate l0 ~s cre;erabiv
ccr,onsed of ",nnec: ~stalline sLl:con. T1e I:rSL SubSt.'CL., 1L LS
Cre:eraCly CCC,^,Cr:Se.^. Ci ,T.CnCC.^,iSt~:lln~ SillCOr, WIL~'1 ~ . -:;l~e
~ODL:Ij Oi n al 1 r C ~ a. ~ ::C~e !r _ ac;:rox:mat... f 1E,6 a.or-.;cc
However, suost-ate le ~ , wai...) .vLth a d.._ aL dooLn~ conce^tratton
and/or ~i-type dooLn~ co;:ia ce Lied) dece.^,dln~ en :he Lnai devLCe
'equLrerlertts. .6 Tle :r e..^.C::eS ~ ,~' ~ re: Jr~ b i `; ; ;a`! a .2 tC~
'vli.::1 i s a Oe:wee.'1 C ; : ',.;.m and greater tha:: !~ L_rn ar.d :':Cr
~rCL.:'2ClV i.e;',Ve~:l ~J ~~ ~_:CW,^,C :~ L1:'.; T::<'. ~rZ:,C^eS ~g
DreCeraO!'! have .) a bc;tLon :v:dt`: :SA':etwee.^. J ~Q aac T;ater :::an
l0 ~~.^;: a; d ;^ere cre:er5blv ~cetween 0 ~ L:.m aW . : v ~ :'! ' ~ n ^ ~
~ ~ C ?` ' - ~ ', ...C" ~ ~ ` ~ ~ a a 9 ,.l ~ ue'~7e ai,.n 'Jf: ::;c' ~O
:v-, 1. < :'<.'~i:l Ji .r ..^,C:; ) l a a C..^,eS , S ?reCer~C!! lc ! 30
ceot:i ! 3C be;~,ven 5:;0 :t.^.c ~CCC a.   REPLACEMENT SHEET 1 3 JUN 2002 -
6 1 T';,e ;first substrate ( ~., active ar2a'~ becvee;~ ;he :cp cf .';,e t;
enci^.es 18 2 preferaDiy has a w :dt;: 3S between 0 ~C and iC0 u.:, a;;d
~:^.e :first suostrate betuen ~.he bottom cf ;!;:: trnc;;es has a wldt~:1
22.i, ~cet'~een 0 6 ~.~r;1 and iGC :,.. ^T a St111 r 2fer-ing :o r.lG '. ,
w'e ;or.;. a :: st insulating lave; ;0 over the first side 5 ' i o~ t;ie
fir st substr ate and `.':fling the tr 2.r:c',^,es ;3 T^. -.-.":rst
:nsuiat::;~ favor Ls pr :erably o cor :praec ef oxide and has a th:c::ness
of betwee^ about 8C0 (i'or =slly 'uepieted SOI) and 3000 7 (`er ~ar:ally
depleted SOL) ~ (are; planarizauon) 8 .-~s s;~own :n FiG 3.~, the first
insulat:n~ iayer s0 a olanarized to expose the 9 first side 11 oz tire
first substrate ! 0 to form isolation regions (e.~., S TI) 30: :. 1 C^ 1 ;
>.s s'now;. In : IG 3, ~,ve ,rovide a secor.c subst. ate =CC :,a` ink 3
s2cc^d :'itT l ! ~ : ~ 'Cve:~ a - .: ~ ^ J, ~ ~ h n ' ^. ~ T ~ o ^-~ ~ .~ ~
' l .. :i.S:::c.L . _ la .. .:r St ~i~.. _ ..C u.e ~2cs"~... ~i:ust:..U..
::.. ~eC..Wd ~iiDStr~:~.. :~S 1 "'nC SlC2 =J~ T,le SeC^nC ~il~CSV:~C~ 'S
~:vmC^S2w Cr JI Si. a 'V :,^. :::2 :ii~t SuCSt,'a' 3 sec,. " ~ Mllar. iY T
^e SZCCnG :::SL::.'.L:n=' :a'ver _;Q l5 ~::"^.',Cr;52.^. C: J;i:,~'.Z
.'....^.G :WS ,1 ::~:C'a:leSS CL i..`, bet-ue:~ 3DCl:C 1~'C~ 1nC .~,~Wl~ Z.
L ne S2CCnC SL1DSL:at= .S COG;DriS~C OI .i.CnOCrJSta111ne 16 sliicon ana
has a thlc!c^ess of bet:.;een acout NCO and NCO u~: 1" :~s SMOw,^. :n =:G
s:~ .ve bcrc the seccnc :auLatln~ !aver 21C :e :he nest 13 :r.su:at;n'
layer =C<i. 19 ~iex:, .ve th:n ~::e ~rst substrate i'ro^ :: a seccnc side
IZ ~~Je remove 20 portions of the ::rsL subst:ate 10 from the second side
;= to expose t;le first :nsulaun~ Layer ZC to 21 i:or; ; active areas i0a
between t!:e aolatlon regions 20:1. ?= The ~2.^..oval of ~ortcor.s of the
first ~uostrat~ can c~mor;ses a Q: indin~ '_'3 process, an etc7:n_ process
( ~Oi-: ) or a smar ;,:a process ?, sma>, < cut ?recess preferably COr:;
Dr:SeS ITC : C' ,. t 3 3' r 3 3 e.'.! ~ ' 2:2r 3t abCla ~'.'23t2r :::ar.
l~iCl~C ., lant n~ c:= -: o ;v .e nc nn in~ :i:e a ~ ~;te 



wafer will creak Into two at the :mnlar.~ aectNlzvei ?5 ~iex:, we
prefe'ablv :5er.;.aily anneal :he ac;ive areas :C.=~ t;:ereov r.:,ovln~
Ar^. we act;ve areas ; C.~. ; :-:e -' a~:^ai i;;.^.eal a :re:e'~cU,
ce^or-:ec at a te;-I:,erature d,..,.,.~s : ~.. .:.,., , 8 between i =CC anc
i _CCC -or a .1.^.... ':e::ve~.^, i 0 a.^.d ~ : :mnutes .9 3C ~s s^.ew^ ;:~
; :G 5.~. dz`uces car. 'oz :abr:catec ;n -.;:ese r2,iens using 3 i ;,onve^
t:on:~ process steps ~:c;a:ec 'c,~ ..." :vDe er ;.~ pes of ~=z~, Ices
des.-~ ~s sa.Wvn : n iG Sa,   REPLACEMENT SMEET 1 3 JINN 2002 7 l 'Ne COr
CTi C.eV:C.S In anQ On ve aCtl`ie a: ~S 1 ~2.. IC; a.^.CItICi:, _s':~
aCt:Ve aCaS C::n ve CCCet: t0 C ;'orn: ~a-we:l and or o-'.veil so t:;at ~';
~iOS and P~.IOS fer PF~T and ~: ~T) :~evlc~s Obviously, other ^ev;cps can
'oe ~orme~ In aad on t;;e active ; ~~lons, suc;l as r esistor s a::c
caoac::or s B. second embodiment c I s_ 9 lG ll 1. l~ l= l~ l6 l7 is 19 .0
2l ~3 ~a .J =, Tne seconc e.~bcdinent is similar to tile tir st
e.,lboa..:.e.^,t, but ~or;ns a dap 16 ce:~~een :he :first substrate lG and
th insuiatir.~ layer .l0 See F iG 23 arid TB T:;e second ea.bocit;:e.^,t
etc:,es bac!~ t;le :Irst suostrate 1C aver the STI ce~ions .OB are Formed.
See FiG 2b. T he desc-:puon above Lor the ~:rst e;^bodiment applies :o the
second and third e:noodiments with t:-le ~xceptlon oc t!;e :-orn:al:en o~
:`;s Sao 1G . ., T he .Ina 1 'SUIt OC t::Z SeC,^,nC ~.aJOGICi.~.:.t :$
:0`.Vn :ii ~ iC 7b. '.jLIr~S l, =~ u, : 3i.C JG :?'~ Cr.^.SS SOCt:Ona:
'%le`.V'S :Cr :iii:a::.W :il~ a S~C.^.i1^ .T.CCC:C::C:~t Ji :4s Tet::CQ .3
:Cr .T.,3n11:3C~.:..^.~ S ~O1 de`:Ce aCCCrCIn~ `0 ti'.e 7r Se.^.t :n`%2.^a;
Cn. .~s s7ew~r. :.^. F:G l, a ;arst su;,strate l0 ;s ~ro~'lcen
iza`:1::.....c;:es l3 In a ClrSt OiGC ~ ; ~ne tlrSt S::CSt:-to ',G .:IaS 3
Sr.'C.^.nC Sids :_ T he ;first suostr ate l C !S ~r'.oraCl'J vOCTIJ!'IS2.C
on;orec:stalll;.e s;licon. Tae :St SL:bSer.~.:., :v lS ~s.'.:r~:V C,^,(;
l~r:SZC OI :T.C(1CC^.Stall:ne SlllCCn wa : 3 ,.^,-t'Jpe CiC',Jliy OI
approxlrnate:y l c i5 ator:icc. ~owe`;er, a ~sbstrate l~ ~., `Naier) with a
c:rerent doplr.~ concentration and: or ~-t,ipe doplna ;,ould ce used.
cepeadir,~ en the :lr.al dev>ce ;'eoulremeats. Ti:e :renc::es l3 ~re:erabiv
have a too `.vldth IsB betwe.^.0 ~~ and ~r~ate: t`;an :'7 u^~ and rrlor~
or~ieraoiyr be;'.ve~n 0 ;~ and IC ~i::1 , and 3 oottom width 18,a. be::veen
0 3 and t'~a^ i r ~am. and more pre:erabiy bet.veen 0 30 and 10 u:;. The
try.^.c;;es ' 8 pre:e:ably have a deot~. 13C 'aet:ven 3G0 aac ~GGG :~. T
;:e :first suostr ate be:we~n ~:~e :ep of the :re.^.caes havl::'~ a '.vic:h
__B ',^.e,wee.^. 0 ~ : and i':0 .:n: a:',Q ;"lCr~ or~:e.ablv be:'.~e.^. 0 ~
~ and l0 u.;:) and the ;:rst substrate ~7et'.VeC'..^, C~'1P. ~OOCtOrf'u ^vC
t`'.. .. .^.CW$ ."aV!;l= 3 wlC::i __.~ ~ue:'.Ve.^. '`~. C '.:::'l arlG~ :OG
.1.T1 and iTlOrc.' CrteraDiv ~e:`.veC.^. ~J J -.'.nG .: ~~;`,t .`-.i111
Ce:~. ...^,j :O 'Tl.; ;. We ;Cr i^. 3 rat !C:SUiat'"c la;:e.' =~ 0`%er ue
tlrSt S:de . ( of :a.e -;r;; ;::cst-at a^e '.;i:l~ ::;~ :-e.^.c'.~.es fig
T'"e ;first :nsuia::^~ ;a`.er a pre;er5olv .3 .9 .G   REPLACEMENT SHEET s 1
3 J U N 200Z 



comensed of oxide and ..a s a th:c:<:.2ss o` bet'~/een aoeui g!)0 (=or wily
c~~let~d ~Gi (- no bpd`: 5i) devices and 30C0 .y (:or par:a!lv depie:~c
~01) aasr pianarizsuon ,a.s shc`Nn In : iG =~, ti,.e :rst insulating layer
~0 is pla:,ar;: ed :o expose the '-' :lrSt SICe l l Oi the iiCSt Sl:CSt.'aL
1~ t0 10r:'.1 iSCIa::Cn i~?:CI1S (e ~., STi) _~b 5 6 .as shown in ~iG 25,
In a c; it:cal step, w ~e re.^.,ove por`:ons ethe `first side l0 ~ ?, =t
wet'Ne~:l :he tsolau ~~ I - C i the iirSt SllbSt...t,., l ~ t0 iv.r::a
r,.,.esses 1 On ""iGnS (...,~ , 5 L : ) _~b 1 011S t$ 3 a mayor dii'ferenc~
bet~~/een the second embcdiment and the first embodiments 4 The r ec~sses
'.4 ore:~rablv nave a depth 1 ~ be^weer. about .CC and 1 NCO .~. lJ .,:IS
:S !n:enCeC. .0 e.`lSL:r :Ct2l :SOi3t:Cn So that :filers lS ,,":O
COnduCt:Cn aC.'CSS tile C'Cld2 rl= ~.S Si'.Cw'r, :.^. =:C '.', 'aIe
~r0'~~C~ a SeCCnd SL:bSt,":?te ~~~ 'la`%1:;~ a ~2CCC~ i~ 'r:SLi3::"a 'a'~er
_ i'J C`ler 3 :.'St Site _~ : Ot :;ie S2CC;:C SLbSt:3t~ L.:e SeCCC:Q
Si:CStr3i2 :aS .'. i= 52C:nC pl.".-C =~_ T:'.e S2COGG Si.l:St'atC .S
:.ornCOSc.'Q Ct Jl ii:T:llar;'~ :0 tl: ::r St Si.lbStr3te 1. a.S Sa,O'~s.
t^ ' l: -a) 'Ne JCnd the SeCC~nd !nS~:at:n~ !aver =:~ LO the ilrSC 10
!i',SL:aLI.^.L~T :a;/8r ~~r~t :`^, tOr.'.", i a:r~ ?~.DS : ~ Ct't'.ve.^.
L~:G' pG'C.^~nG :r.S'n.ll..~.:IIlQ iFi~~C.'r _ iC and Clle :lrSt 1 ,'
subst-ate lCB l~ ~s SilCwn :n ':C ~B, 'Ne t1'iln the ::rSt Sl:bStr3te 10
.G": the Second side 1=. l ~ ~:v a -e:nove ocrtlons o: _ a ~lrst subst^ste
1 C r crn the secona side 1 ~ to expose the first 20 lnsulat:a~ layer 20 tc
:or: :calve areas 10b oe:~eea the isolauon r~lons ~Cb '_ : T ae -e^:oval et
potions or :he :first substrate can be per<or;ned by a grinding __ process,
an ztc;:lng process ( v0~ ) cr ~. s.;,a: t ;.ut precass. _., ~iext, '.ve
:he.-::Zai!y anneal the active areas L0.-~ there;,v ;ernomng de:ects In
^..j oo r ..er-., ; y ~I i ~ ~ .; -~.... ..a , o ~ o _ the actr~re tr..~s 1
J:~. T;Ze :.. , a: r ne,.. s ore.... ably r,e. `orre,. at a .,..::oe, t.lr
be.we,.a i=CC C and 1C0C ;or a :Ime ::,~t~.ven :C 3,^.d ~0 ;r.mut~s .5 ~s
;;,own :r: ~ ;G ~3, C2'/:cs san 'oe :abr:cated In :base re2:ons using .3
conveni:ona! ;rocess SLCS dic;a:~;: w ; he v.ne or types et dew,ces desm~^
a.s shown !n FiG do, -9 '.VZ ;Cr.'Tl C2`/;C~S C:, a:'.C JP :::.9 ?.C::Ve ar
~1S : ~:'~J 1;7 .CClL:Cn, t:;e ,lCt:Ve :.'c',''.S :,3n ~e dOCe'3 :0 :L
iCr.i: ~r-~.ve!L anc or ',^,-~.VC':! SG .;..: ~~/1G.S a^C L~~~1GS (Cr 1~ T
ai.C ~: r`. T ) s:c`%ICeS Gbv'1CL1S~~/, CC!^.zr G2`/ICeS can be :Cr:`.;2C
'^. .'...^.C C^ :^~' aC::'.2 i^_'IOnS, SiiC:l 15 reS:StOr S 3r:G Cacac;:OrS
REPLACEMENT SHEE`i 9 3 JUN 2002 1 6 8 C LO I i L. 1J l~ l~ 1.5 i~ is 19 30
9 C. Third embodiment Tae thLrc e:::bec:me^: .s slmLiar :o t:e cirst e;
I:bodirnea, but !eaves a r.l. w r:, L ar,.~r,~ iy; r r   : ~ 1 r. ~ r 7 i
t:~[...;.ess o. .~.e nsul....~ ~ , e. 3CC 5e:. e,.r, t!:e ac::ve _r ~ .~C
and th [nsulating lave. _.0 Sz FIG 6C. In a c.~t:cal s:ep s;:o~~n ar. ~:G
2C) t::e second e:nood;me,^a plarar;zes the bacthe insulat[n~ layer 20C to
not expose tl?e Frst ~ubstrat~ 10 The description above or the `first e^;
.bocic;:e.^,t applies to tae second and tl~:rd e.,.oodime^ts wnh the
except[on ef the rormation or the ~3D 16. L he ~i.aL 'e5illt vt :!1C ::?lrd
eInCCd:i..ent :S SilC~`J': ;n `IG 6C FlotlreS 1 , ~C, =C, nC JC ?Ce ^ C"^ a
` e'.VS '^ .S"'~:1.^.c 3 :~'[LrC e::L~G'CC';":. L CI :ilr.' :^e:::0i. 3 :Or
a . c:,.ss se .:,.n i ~[ ,.r ;ilu ~.~ v . , ,, n il:.~.r.Lli~.~.C:[~.riry
c1 ..~..~1 ~:eJ;'..'. ..~C:. ;ri~i: ~ :C ussk ~r ~~..:a 'rW~~tiOn. 



~.J Sl'.s.':J^ :,rs ~T~: i, ". r St ~VDSii:.w ~. ~ IS ~rOVIC..C ~:lu
iii^.'~ ::::C::v$ ~.J 1.^. 3 rS: ~sCP, L , T~1'L' ` rat ~i.:CSV.'~tv9 i0
naVC 3 S2CDnC SIC. '._ T he r;: si;bstrate l0 a preierabiv comcraed of
:'?onoc;;:stailine silicon. The ;:rst si:bs:rate l0 Is pre:er~~;v
c~^prise,^.^. oL'monoc.^~stailine sLllcon wat:[ a p-~;Jpe doclr.g of apprc;
umwtely ; ~ ; o ator:~ c:,. i =cwever, a 3ubst: me (e a., `.vafef) wm:~[ a
d:~lerent doom conce.^.tra::on ane;~or ~i-t,%^e dooLna.cotLlu be usea,
depe^:d:n~ on the nal cev[ce reuir e:,lents. .c .6 .% .S .9 The tre.^.c:;es
13 preferr,biv have a top w?cth 18B between 0 W ur:v and ;reate: t:?an 10
un~i. ar:d r;,ore ore:erabl V be:,~'een 0 ~ ~ ll:ii a..^.d 10 l.i:.';, anC
a bOttOsT, .vLdth 1 gt?t be:uee;, 0 60 and ~:ea:er :'.^.an 10 urn ..^,d .;
.ore pre:e.-ably betue^ ? ~~ fan and 10 um Tie :-e.^,c:,es I S JCCa'.rlClv
:~?ac ceoth I SC be;~.ve.^, g00 and :0C0 :~. Tile `Lrst substr ate bet.veen
the :eD of the Trenches ;Lav[n~ a :v:dti =~B be;vveen :1) and 1 GC v..
^.r.c t:?e :first s~:'cstrate betwen the oorcn of :he tre^c!;es havlna a
width =~ a. oe;;vee:~ 0 5 uL:~ :~:::'~0 ~::.^. Jt:!I ,'.^..,.; ."iil~ :C '
IC '.. We :Cr.".: 3 :irSt InSlll.l:L:l~ l3ve.' ~!J C`Jer :he u;r ~t Slae 1
~. Ct t!'e iirSt SllDStr<Tt`..":~ C ::IItC<T :use :,'v.^,C:leS i.g T~`[~.'
~;rSt ;ilSLlata.~ ia`Je,' 1S DrP,L..'aDIV 0 ( ~ : , iet~~ SCI) anc =000 . D
^ Ce .'..GC '2S 1 :ll::~:;eSS JC Oe:`,veC,^, w CL: S0 ~:.~ C'C co^ r:se.,
c~ oxi (r: i-:al!y c~:;a:.:~c SC~; v   REPLACEMENT SHEET i 3 JJ~ 2002 10 l
'tyS ShC:Vn In : lC =C, :::e ilr$C InSUlai:n? la`!er 2GC :S ~l3i.ar ia.~Ci
i0 nOC :0 2 e:cpose the tlrst side i l et tce ;:rsi subsi: ate l G :o :orm
!solat:on reasons (.? , STI) =Oc T'.^,e 3 `rst :;;sulat:n~ layer 20C
;,refe:aci;~ has 1 ::"c;t:~ess 2= of oetNeen aoout ! 000 and ~OOG :~ cver r
the substrate l OC Carer pla :ar:zat:on) 5 .~,s shcwn in F:G 3, Ne prev:de
a secc-c substir:e 200 having a second 5 insuiat:n~ layer 210 over a `ir sL
lice '_0 ; o f the second substr ate. T i^,e second substr ate has a 7
second side .0.. Tie second substrate is ~..omposed of S: si::z:lariy to
the first substrate. g The second insulating layer 2;0 !s compraed of o:4de
and has a th:c;:ness of 9 between about l000 and %000 .~. Tae second
substrate is compraed of monocrysta!line silicon 10 anc '-as 3
:!-:LC:c::ess JI ~etve~;; about :00 a:.a a00 um .~s ;ac~:~r. :n : iG aC,
~~~'e 'coed t::e secoed Insulating la;/er 2l0 :o the -.'.: st 1^_ :rsuiat:;
y !aver .Oc :o for-;, Vacs i~b 'oet,vee.^, the seconc Insu!at:^~ iaver ? iC
anC :`': r $t l~ su~st-ate ;^c i~: :5: ii.C'~Vr, :n FLC 7C, :V^- :;'...
:i'ie ;:r St Si:DStr,'.Ce :~ uO.Ti :::~ Sc3C:^G Sli.e i~. i S ~~~.'.
..,.WOVI i1~ ,^.Or::Cf:S 3t :~1~, :1: W SslCSi.'2L~ i';,C :i C:n :::e
SeCCnG S:C~ .... `C ~XvOSe :^.. t:r St 10 !i.Si:l3t:r:<3 ;aVe.' ~JC CO
:Or:".^. 3Ct:Ve areas 10C ~7e:Nee.^. ...c9 tSOUIt:On :e;:Of:S -~C, 17 T~.e
reToval ;.: per::ons CC i:'le i:rSt SubSti~tv :..r: i.Crny^.i:5..S 3
~r::lCin~ l3 process, ~.^, etc::mg process ; KO:: ) or a smar gut process.
l9 ~iext, we :?;er,:,aUy anneal :he active areas i Oil :;;ere5y -erzovin~
3e:ects :n 20 the active areas ;0:~.. The :i:er.;,al anneal a pre:erabiy
per;or;::ec at a ie:nperature bet:veen I200 2: and 1'-'00'C for a time bet;
veen :0 and 30 minutes. .", ~.S 3llC~.Vi. ;n F:C CC, ~ICV'CCS Can ~e
:aL'rlC3LeC :n these ie?:OnS ,LSIS.~ convle.^.t:ona: crocess steps
:::ctatec :v ~,he :lice or :vpes ec c:e~;;ces deskec. .~s s ow-: !n ; :G
oc, =5 we ;crm cev:ces :n and on :!:e active areZS l Oc. L, acd;uen, :::e
act;ve areas ;.an'ce doped co .5 :orr.; V-well and or p-~Ne:i so :::at
~'~.(GS ar.~d ?VfOS I;er'F~ L a:?c ~r~T) dwlces Obviously, =7 ot::er cwlces
;.an be for:::ec In a::d or. the ac::ve -2:ons, suc'.^. Zs -es:stor:, ana
capacator5 ,s .9 



REPLACEMENT SHEET ,~ 3 ,~ U N 2002 11 l L:nless e:c~~lic;tl;~ ;tatd
otherulse, eaci nu:;ler:cal value and range s;:ould be 2 ~~ ~~e5 as'oe~n~
ao? ^ ~^~ r' r ~ ~~ rlateiy prececed t':,e value oC lnt". ~; ... . ~ _ r
"x..,.~te as ;; :::e ~,vo. o abcu. ..r a~,.rox: , ti,.e ~rz i~.le or r
ange. . In t::e ~oove cesc; ipt:on numerous J,''.eCa.:. ~et3ils are set
`orh suca as :,ow ~ r ates, pressure sett:n~s, thlcl<:lesses, etc , in
order to proviCe a more t:;orouQh unrierstandin~ of 6 the cr_sent
invention. it ~:viil be obvious, `.lowevef, to one skiiled in the ar: t :at
the ?resent 7 vrvrerit;on rnay be prac:,cec without these details. In other
l:,stances) ~Nel.'.mown process have 8 not Seen described in detail in
order :o not unnecessarily obs:;,:re the present invention. :also, the 9
tow rates In the scec:ticat:on ;,a.^. '~e scaled uo or down ::~e~:r,Q :he
same mclar % or ratios :o 10 ac;.cmr,ecate c;ere.^.ce s:Led reac;ors as
;s'.<r.owrL to those si;:iie ;n :he ar. l l .~a::cu~^ t`:ls :r.ve.^,tion
has ~;eea des;.r:oec -e!at:ve :e si,ec:::c .^su:~::n 1. :~.a:er als,
ccne.:ct:ve w.ater;:.a ;r.c a~~a:a:.aes :er ~~e~es;t:::C a:.c e::".tn~
t`:ese ~.a:. :.is. :t a .^.CL ~l;".'.::eC :0 ::;e yeC:::~, '.':~Le.':P.1S
:r ~i.,,^.ar::L'.~SP.S ,`.u: (~.G1:: ... :::e:r Si.eC:i:C :..,~:~C::15C1C5.
Jui.,: l~ dS :,CnLGr,i.al d"C nC^-'~Dn:Cr;;:~l, 3..^.C l~.rJaCl:li.l..S,
SuC:: 3S u:.',CCSULirl2 3::v etC::iilQ, 3:v. CLher l ~ m:.:ef;dlS dflG
dDDaf?.i'::S i..~.:1 0~ Ss=DSi:tute.". 3S 1S Ne:l :r^.'~..~:'SeCCC D~% ti;
CSe .iKill~C :n :lie l5 m:c-ee!ac;-onlcs ars as: 3~prec;at:ng t:,e
~rese.^.t ;;.ve,^.t:e.^. 118 `yv :;lie t'.-.e ln~: ent:cn :las been oar
:cular iv s;,own and descr .bed w:Lh r e:er ence 19 to t:e ore:er-eC
e:noccir;e;:Ls :hereof, It ~.vill be llnGerSLCCd ';,,~ t::ose sit:lled :n ;
he art that various c..aC:~?es :n .Cr;T: and deta:iS may 5e made wlthOLt
de~ai an, r Onl C~ie Sutra anG 3COpe of ~.he ,r:Ve.^.L:Cn LL 1S ,r~Le.^.C.C
:0 C0~'er Var:OLS .T~OdiL;C3L;OC:S 3nC 3W.:liar W : ~::~e.T.e:,L3 3::C.
~rCCedures, anc tile 3CDGe CC ti a 3T~J~e:lCe,~.~ i.!al:ilS :here:0i a
Si.CL:IQ De aCCOrCeC :::e ~Cr~^.a~est ., ~nter:.,retwon so as to
e.^.ccr.^,pass a:l ;uc;l moci::cations a^c s;::;:lar .af~anQ.^,:e^ts a.^.d
?' procedures .5 '_' i 1~'v h a t is ~:alme~ a   REPLACEMENT SHEET ,~ 3 J U
N 2002 12 1 1 ,~ methoa e; :abr:cat:on e~ a s:i:con on insulator ;COI)
device, comonsing :he st~os of a) ~ ,d ? `: ^ - ~  ~~ ^~ tr enches :.^, a
:first side; sa:d ~:rt subst: ate cas a pro %. in~ a. : r st su"s~r,.t.. n~
i;"~ second sane) b) forming s F.rst insulating layer cv~r said asst s,de
oz said fir st ~,~bstr ate and >:!? ink 5 said tenches; 6 c) planaraz:n~
said first insulatinJ layer to expose Bald :ust s;d~ of sa:d ::rst
substratz r to form isoiauon re~:ons; d) promdin~ a second substrate hav:n~
a second insulating layer over a i:rst side of a said seccnc su~strate,
Bald second suostrate ;tamn~ a second side, ? 0 ~) ~orc:^~~ said se~~n~
;ns~.!ann~ laves to said :rst :rsulanr,~ lager; C r5i ? ; i~ Ce:;lOVW,y
OC~:CnS ~:C SaLd tlrSt Su.^JStr3Le :rCm SaIQ SeC.^,i:d Side :0 ~X~CSc'
~~~,.: i:lSi:lat:.^.~ 'aa`~e.' :^v iCa:'i1 3C:IVe 3rC3S ~7et`~Nefl Sa:C
:SOlat:on r'~!OW ; 3.^.Q 1.J j) vrW:i:Q .:.,`~;C~S i.^. .~.^a Cs bald
1C~:'ie ar2.S 1. _ : ~ ~ . 



_. Tne me~..od of ~ a..^., 1 vv;,ere;n sa;d tir s~ substrate ;s :.cmpr aer
~t monec-;,stailine s;llcon. 3 The methoc .of o!a:?-: i wrier eln said tr
a^c:;es 'lave a too wrath ~re3t~r than 0 3 ~ um and a bottom '.width
~r~3Lc.'r th3I1 1J ~ ~.LCit. a T ;,e method of claim I w herein the first
subst: ate 'oet-Ne~.^. said too of said trenc;tes havins a width be; :ve~a
J ~ and l00 ~.:m and the Lust SubStr ate between Bald bot`om of said t:
enches hav:n~ a :vidt:l be^~~ee.^. 0 6 and ! OC dam a;ld said :: eac;,es
hav a de,.^,th betaveen 800 and ;000 ~. T;,e ",et:-:od o~ o:a:~-; ,
w~:,erew swd ;;rst:esu!atm= :a;mr a comoraed of o~c:ce and has a ,, t;-;
;c!<ness cf'cet:veen :'~o;a 3C0 and ~, OG ~. o The method of ::lain: :
:v!-:ere;n said s~:cone :r,sulat;n~ !age- :s cccay sed ct .;xide a..^.d i;
as a thic!cness of be.-,~e~n abou: !00C anc ~GGO Z.. T;;e ~.;:ehod o.-',:i
a:r^ ! :vi;era:n sa id second subst:ate ~s oe~:,priced oc ,enecmscalline
silicon and has a :hic!<::ss o; bet~.ve~;l about NCO v:". .CC ~ .1 J l~.';e
;'letilCd CC CaP.l::u ~ :unere:!t the .','L:OW11 CC ~OC'.iOnS v; ial ::r3~
ji;OSU.'~L~ CCmpr;SZS a ~r:ndm~ ~rCC~SS   REPLACEMENT SHEET 1 3 J U N 2002
13 Ti:e ",ethec o~ cia!r.^, i wi;ere;n the removal o~ port!ons Wsaid nr~t
suostrate compr!ses an zt~;;m~ process oc KOF l0 Tae method of claim, 1
wi:ere;n the ~e:,zovai oF?oa!ons of sa!d First suostrate compraes a sma: ~
cut process , ~ , .. 1 i : .-~ method of Fabr:canon o~ a sii!con en
insulator (SOI) device, compns;ag the steps of . 2 a) prov~din~ a fi r st
substrate iavtn~ tr enc;;es !n a c!rst side, said ur st substrate has a
second side; a (;) sa!d rst subst:ate is comprise: of ~menoc^Jstalline
silicon, 5 ~=) sa!c :: ~nc;~es nave a tec wCt;! Qreater than O.J : um ar:c
3 ~oroc; '.v:dth ~TT~,'.at.'.r 'iian 'J ~ ',.:,T., . ' ., ' J. y;) tae :rs;
. ~u~strate ';,etver~ sa!e top ei saic trenc;.es 'na',:..~ a wtdt`: g
~e::ve~.^. C ~ a::d 1CC u, a.^.c :he cast substrate':et-ye.^, saga bo:~os:,
or sa;d 9 .-~.^.c';~.es '.^.amr.~ a w!dt;; bet`Nee^. ,J 5 and l00 !s;-!, 10
b) Tormina a r:rst !nsulattnQ layer over laic nrst side of said :first
substrate ar,d Lining l : said :r ..^.c:.es, 1= c) planartztn~ said ~:rst
msulat:n~ iaver to expose satd arst side o~ sa!d cyst substrate 1 ~ to term
isoiat:on reQ:cns , i s i;' ) sa!c rst !ns~lat!n~ layer a comprised of
ox:~e s.,d has at :aic:<:~ess of betve;, about 800 a..~.d JGCG :~, (;: d)
~rCViCI^~ 3 S2COnd SLCSira: ,'lMVlll~ 3 52C:W.`~. :nS`l~~t:^~ ~~Ve.' ~~P,"
1 vlrSi. SIG~2 OC Sa;d second SI:OSCr3C~, Sa!C St,'COnG~ SubSCr:L. i1~`Jln~
3 SeCCnC SlCe, l J l . ) Sa;C S2C.^.nC ;i,Slll?::y l1;/er :S ~:OIT10r1Sc.'C
^vt O:C:Ce anC .^.a$ 3 :i?:C:v:leS.S Ot l9 bet-.ven about :0C0 and -000 .~,
=0 ~=1 sa:c peconc substr to :s ccmpr:sed o~ cnonec:-~sta!i!ne s;i:con and
has a =! ;;:;c::;,ess o~ bet`Neen about ~u0 ;rid -CO .~,   REPLACEMENT
SHEET 1 3 J U N 2002 14 '_'2 e) bonding said second tnsulattn~ liver to sa;
d first insuiatir~~ !ayes; 23 ~ removing potions ;:f said tit st substr ate
;. om said second side to expose said ttr st 24 tnsulatin~ Layer to actor
active areas between said isolation r e~:ons; 



25 ('.) tl:e removal of portions of said first substrate compnses a
~rindin~ 26 process, an aching process oCKOH, or a smar chut process; 2 ;
(~) ther orally annealing said active areas thereby r emoving defects tn
said 28 . active areas; the thermal anneal is performed at a temperature
between 1200 ?9 and 1C0C for a tame between 10 and 30 minutes; 30 g) For;
ntn~ devices in and on said ac~:ve areas ' "' ~ methcd of tabnclt:on of a
silicon on insulator (SOI) ~' - ueVtc, Cv:.C:'IL`,'.$1n~3 the steps Ot ''
a) providing a Eirst substrate having tie,^.ches tn a ;:rSt Stde) ;aid
first substrate has a 3 second side; 4 b) forming a first insulating ! ;yet
over said first side Of S<<:G tlrSt substr ate and filling said trenches; 6
c) pla nartzina said ~trst insulating layer to expose said first side of
said first substrate i to form isolation regions (e g., STI), 8 d) removing
portions of said i'trst side of said first substrate to `ors;, recesses
between 9 said isolation regions (e.g., STI ); I C e) providing a second
subs:; ate having a second insulating layer over a ~trst side of 1 i said
second substrate; said second substrate havtn~ a second side, 1^_ t~
bonding said second insulating la yet to said first tnsulattna laves to
form caps between said second insulating liver and said first substrate)
l-1 g) removing portions of said `first substr ate from said second side to
expose said first 1 ~ tr.sulattng layer to form active areas between said
;solation regions, and 16 h) `ormin~ devices in and on said active areas l
~ The method or claim := ~.vheretn sate t;rst substrate is comonsed or
monoc; ~stalltne silicon   KI~PI.ACEMENT SHEE'~ i 3 J U l~ 2D02 15 I -: T a
~~eL`:od or c:alr': i2 whermn s21,'. :; ..^.ches :lave a too width ?reater
Lf;an 0 3 ~ ~.~m and a bottom wlcth ~reaLer _han ~ u::~ i j T^e methCd Cf
c:al;~ i= 'Nher.:n '.;'.e :.; 3t SLbSt:ate bet~,veen said top OC Said
tr:.C~les , ~la'rln~ 3 wldL ; OeL`Neer~ l~ J 3nQ i v~ ll"t '.::C Ll'le :!r
SL SuCSir 3Le'be:`.Vee.^~ said cotlor: OI Sa:d trenC:;eS ~l3Vtn~ 3 veldt::
bet'NeC;l J 7 a:lC ; 17C um. I5 i he method of ;.laim 12 wherein sale =lrst
lnsulatlng layer is comprised of oxide arid has at ;hlc!cness of'aet`ween
about 8C0 and :~CCG ~.. 17 T:le method of ctatm l'_' wherein ,ale :ecesses
have a depth benveen about ! Q00 :~. 18 Tae rnet`.:od er c;a!m I2 wherein
said second in5u;attn~ la;rer a con~.pr.se~ of oxide and has a :r.tc:::;ess
:i':,eLween about :u00 ~.:;d 70CC .~. l9 T::e ;net:;oc ~ot c;al:-: :'_' w;
,ere:n ;aL:. second subst:ate is cor;ionsec e; ~onec-:;tai;ire t._o . P"
~~.. ~ ^ SillC.,n 3nG ~1..5 Li'..Cw.,Sj JI ~t7C,'C.v,...:1 3,."._, j1.0 and
iv0 .-~. i .v ~. ,:u..LhGC JL :4Ci:C:~LIOn Ct i SlllC:,n .^.., .:lSi.:laLCr
~~s0n G'e'rlCe, ~:Qt:.,,^,r'.SinQ'Lhl.' SW~$ Oi c~.~ ,"JrO~% l~::l~ 5 ~rSV
Su~'JSU:.'3Le :,?.`%' , a e.^.C:leS l : 3 ;irW SiC., W:1G i irW Sll^vSV:
~:.) haS '~ 52C:~nd Slue, Satd :rSi SiiCSL:aie ;S ~O;VCrISed OL
mOnCCi,JSLalilne SIiICOn, ;aid :renc :es lave : ;;:o wtcth ~'reate: than 0
3 j ~.:m and a borem 'Nldth 6 z~eater t`lan i7 3 ~,m; L."iC' arst substrate
FJr3t':ve~n Said :00 CI S3ld irZtlCleS :l~V:itQ 3'vidtil 3 be.we~r ~ ~~ j
a^d l CO u.;, a..^.d La ;;rsL substr3Le be: ;vee.^, san~ bo!-.o^ of savd
..:uCWj :1P.~~1.^,~ 1'v'i~ C!'. Je::ve~:l U 0 anC 1~'lC l.ail, IJ ~7)
i0r,"ntnj 1 ::rSL :nSLltaLlr.j !~',vZr ~:v'e.' Sa!d ~iSV slde oL Sa!C tiiSt
S_!CSL:'1L~ :nd ;Lllln~ l i SaIC t.'~.^.C;leS,  _ C) 7I3.^.3r:Z:.^.j ialC
cIrSL '..^:SL::lC:;u<~ l3'Jer :0 .'.X~OSe Sa:C Lii SL SiCe Oi SalC ::,'Si
S:loSL:3C~ CO ;Cr;T. ;SOl3L:Cr1 .'~~!CnS, 



REPLACEMENT SHEET 1 3 J U N 2002 16 1= T;~le ~:e:;lod o; c:al-1 I? wherein
sa:,'. tr enches ha ve a too '~~ldth ~reai.' :'.'.~,an 0 3 ~ !a:7 and a
bcctom width great: :han ~ um i; Tie method ct clau;l i'_' :vhere:n :he
~-sL substrate bet~.vee:l Bald tec of sa:d trenches havln~ a `Nldt:l
beL-ue.^. 0. ~ and l00 :: ;n :ld :i:e ;;; st subst: ate between sale
'^,crom oz said tre^ches ;laving a.:vidt:, bet'~ee.^. 0 6 a:;` ;00 ~:m 16.
T;le rne;:~cd oclal:;~ I3 wherein sale ~:rst lnsuiat:ng layer is comprises
of oxide and has aL t:~ic:<ness of bet:veen about 80C and ~ CCO ~. 1- Tile
meLacd oc :.lal,;l I2 `wherein sa;d -ecesses aave a deoLh bet~~Jeen ai;out
100 :~. 18 The methcd or ciai^ IZ :vhere;n sal:: second lnsulatin~ layer is
comcraed of oxide and 'nas a :hic:::less of between a'oout i000 ~r,d ;CCG
.~. .. 19 The met::ec oi'c;aim t'? `Nnere:^ sa:c. ;ec '- ' t;nsec'
o:-once-gist ill,,^,e and su~strate ~s cor;, , a sliicon and 'nas a
::lick::ess of ce:',vee:; ahc~: NCO and AGO ~. ~~ .~ .ilet::oCl CL :awr
iC:~C;on 0: 3 Sill~:usl .^..': uSl:i3CCr i S~I) ue'JIC, Cvm~r:Sir,j tsie
SL~~S GL a) ,^.rCV'G:Cl~ 3 :l r St SL:'OSu ate : ~2.`Ji.^ ~ :r enC:;eS 1r1
3 :'Si. S:Qc`, S3ld ~r SL SLIuSLf ate has a second side, . Slid :IrSL
SL:bSLr3t~ :S CCTTIDrIS2C CL ~` OrICC:';JSLal~lr~C S111CCn, (=) said
trzrc:~es Hare :, ;,.;o `Nldt h ?reaLe. :has: v ~~ k:n a::c a bosom ~~~ldth
6 jrater t`~an 0 3 um. '/ ~:~ t::e :ir,iL SubSLraLe ~t':~.vee;1 Sald :CO
`:L Sald CrenCheS ^aV;r,c 3 :VICCn 02:'%de.^, ~ ~ and ll~~ Q1'1 and Che
C:rSC SllCStr3Ce ~JeC.vee,^, Sa:C ;.CLCC;T1 OC'sald 9 ..: e,^.c;les aavl; ~
z ',v;c::: be: ;veer ~.~ 5 and i GO ~.:n, IG 5) :cr,-nln~ a t:rst
lnsulatln~ ~,a,Jer o`:er Bald :first side c~ said ;:rst si:ostr3te ::nd
`iilin~ t L sa:Q :r enc',^.es, C) 71a:1f'.f:Z:i.~ .iald :IrSC
;nSuWC:n,;ZVC:,' :.~. .~.X_.^.OSe 531Q :irSt S.Ce Ci SaIQ :IrSC Su'~7StraC.
tc :or,;, ;sclat:cn re~cns i   REPLACEMENT SHEET 1 3 JUN ~i 17 1~ (1) said
;rst ;nsulating layer sa;d P:rst insulating layer ;s comprised of oxide 1 ~
and has at t`:;c~ness of between about 800 and 3000 ~; 16 d) r emoving
portions of said f;rst s;de of said rust substrate to form, recesses
between l7 said isolat;on regions (e ~., STI ); 18 (1) sa;d recesses have a
depth between about 200 and 1500 ~; 19 e) providing a second substrate
having a second insulating layer over a first side of 20 said second
substrate; said second substrate having a second side; 21 (1) said second
;nsulat:ng layer is comprised of oxide and has a th;cl:ness of 22 _ between
about i000 and i000 ~, 23 (?) sa;d second subst; ate ~s compnseu! of
monocrystalline silicon gad ;^.as a 34 th:cl:ness of between about 500 and
i00 ~, 25 t~ bond;ng said second insulat;ng layer to said :first
irsuiatmg'ayer to form gaps 36 between said second :nsulat;ng layer and
said first substrate; 



2'" ;) re;:zovin~ potions of said first substrate from said second side to
expose said first 8 insulating layer to form active areas between said
isolation regions; 39 (1) the removal of portions of said ~irst substrate
comprises a grinding 30 process, an etching process of KOH or a smar cut
process; 31 h) ther;nally annealing said active areas thereby removing
defects in said active areas; 32 the thermal anneal is performed at a
temperature between I200 and IaOGC for a time between I 0 and 30 minutes,
and ' 3s i) forming devices in and cn said active areas 35 36 37 38 39 =~0
~l   REPLACEMENT SHEET 18 ~ ~ J U N 2002 l 4 6 3 9 lG <i l l3 l -~ .l :~
method o~ :abr:cat:on o; a slllc;,n on insulator (SOI) device, com;.rlslng
th.e sie~s oa a) pro~~;din~ a ;ir st subst: ale ha~:;r.g t; enches in a
;lrsi side, said i':rst substrate has a second side, o) `ormlng a `r~~
insulating layer eve; said :;; st side of ;aid fir st substrate and filling
said trenc:les) c) pianariz:ng said first !nsuiai;ng lave: and not ex~csinQ
Bald ~ rst side of Bald first substrate io `;r-n isolation ;eglons (e.~.,
ST:), d) provldiag a second substrate havm~ a second insulating lave: Over
a first side of said second subs~rate; said second substrate hay lng a
second side, e) bon~:r,~ said second :.^.su!atlnQ layer to said ;list
insulating layer; ,'~.^. OV:"j :C.::onS JC Sald ;I;Si S~l~'JSt:ai~ iiOW.
SalO ieC.^rnC lice :0 eX~OSe ia;d :;rst msulat:a~ '.a;.e: :o :erra ac.ive
areas bet:vee:l said !soiatlen ~~~:ons; and or.:,ir:g ~e~:lces in and ~^
said active areas __ Tne ~;,et'.-lec of a:a:r: =; ;v;;e...... said :;r si
suost: ate ;s cor-:c- sec of :ronoc^~sialllne sll;con. '_'3 The r;:etl:od
of o;alm 3 a ~~ acre::: sale t: encr.es ':aye a too :vldth Greater that. 0
o um and a bottom width ar carer :han l0 ~.:":. s T;ne met::od oc c;al^: =:
wi^.ere;n t:;e :first subsirate be;:ve~n Bald too ei said :re.^.ches having
a wldt:: be:~ue~:, 0.~. arc i00 um and the ;:rst substrate bet:ve~,^. Said
boCOm of 3ald tr enc:les havlr.g a wld:h be^~~een 'J 5 and l00 ur,l. The
method of ~;al~.l =: :W,ere:^ said first lnsuiaunC layer sale :first
insulat:n~ laves said first lnsulatlZg lave: is comorlsed o~ oxide and ;las
at thlc:~:less ot'oetwe~,^, about 800 and ~CCO .~. .5 Tae method Wo;a:::~
=! ~,v^ere:n sa:c ;;rsi lr.su!at:na ;aye: :las a _illC;:::ess ot'~eeve~,^.
about 1GOG and ~CCG .~. ~7 T;le met;.od of ;.ia:::. =i where:.^, sa;d
second :^s::lat:n~ (aver is :.omonsed of oxide and Z has a th!ckness
:w~ae:;ve~:: abcut 1,00 and "C0o .~ 33 The r.;ethoe of a;a:::: _ . :v-;
ae:a;,^. ;a:c ;econe 5ubst; ate a corr.er;sec et ronec~: stalll~:,e silicon
and has a _I~lc~.-.ess o~ :;e:~.veon aoout ~CC~ i.^.d -~;C .~   I~EI~L/'-;
~CP~IENT SHEET 1 ~ J a N 2002 19 ~9 The method of claim 21 wherein the
removal of portions of said :first substrate cornowses a grinding process.
30 The ;method of claim 21 wherein the removal of potions of said first
substrate comprises an etchin; process of KOH . 1 Tae method of claim 31
whet ein the removal of portiocs of said first substrate comprises a smar
cup process. 



1 32 :~ met!~od of fabricanon of a silicon on insulator (SOI) device,
compr;sing `he steps of a) pr oviding a nrst substrate havi;~~ trenches in
a first side; sa;d first substr ate has a second side, (1) said first
substrate is comprised of monoc:~~stalline silicon) (^) said trenc;~es have
a top widthgreater than 0.;~ um and a bottom width 6 greater than 0 ~ um; 7
(;) the first substrate between said tan of said trenches having a width 8
between 0 5 and i 00 um and the First substrate between said bottom of said
9 trenches having a width between 0 6 and 100 um; 10 b) forming a first
insulating layer over said First side of said first substrate and Etllin~ 1
1 said trenches; l? (;) said first insulating layer ~s comprised of oxide
and has at thickness of bera~een about 800 and Q000 :~, l-~ c) planartzing
said first insulatin; layer and not exposing said rust side of said `~rst 1
~ substr ate to form isolation regions, .A.A.A@{l .AnY!.A?.AH.A .A,
.Ay.Ayy.ANlE.Aa,.A, .A;lr.A3 .AY .ASl.A@.A[Y*=lJTfhu
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