| 14 Septenber 2005 METHOD FOR FABRI CATI NG SO DEVI CES W TH OPTI ON OF

| NCORPORATI NG Al R- GAP FEATURE FOR BETTER | NSULATI ON AND PERFORMANCE
Background of Invention 1) Field of the Invention This invention relates
generally to fabrication of sem conductor devices and nore particularly to
the fabrication of silicon on insulator (SO ) devices and nore particularly
to a nethod for fabricating conplenentary silicon on insulator (CSO)
devices that can be partially depleted and fully depletqgsgﬁgﬁgmwﬁbgr
bondi ng and nore particularly to a ne{hod for formng optional air gaps in
insulating regions in silicon on insulator (SO) devices. 2) Description of
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sem conductor-type devices or silicon-on-insulator (SO)-type devices. In
bul k sem conduct or-type devices, transistors, such as, MOSFETs are built
on the top surface of a bul k gitRstdabes IdMatRHbst rate is doped to form
source and drain regions, and a conductive layer is provided between the
sour cel) dield of thednrendiomns. The conductive |ayer operates as a gate for the
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depletion | ayer thickness is realjized by a ‘super-steep retrograde

( SSRwWontignaliatraphindpsuaiing remensdn sileomeeinsulateor Q) dedess. is limted by the
di ffusi on of dopant atons during subsequent thermal processes (e.g.,
anneal i ng). Conventional SO0l1l-type devices include an insulative substrate
at t achBddsaription of the Prior Art

Integrated circuits (ICs) include a multitude of transistors formed on a
semiconductor substrate. Transistors, such as, metal oxide semiconductor fleld effect transistors
(MOSFETSs), are generally bulk semiconductor-type devices or stlicon-on-insulator (SOI)-type
devices.

In bulk semiconductor-type devices, transistors, such as, MOSFETs are built
on the top surface of a bulk substrate. The substrate is doped to form source and drain regions,
and a conductive layer is provided between the source and drain regions. The conductive layer
operates as a gate for the transistor. The gate controls current in a channel between the source
and the drain regions. As transistors become smaller, the body thickness of the transistor (or
thickness of the depletion layer below the inversion channel) must be scaled down to achieve
superior short channel performance.

According to conventional complimentary metal oxide semiconductor
(CMOS) fabrication techniques, the reduction of the depletion layer thickness is realized by a
super-steep retrograded well (SSRW) ion implantation process. However, this process is limited
by the diffusion of dopant atoms during subsequent thermal processes (e.g., anncaling).

Conventional SOJ-type devices include an insulative substrate attached to a
thin film semiconductor substrate which contains transistors similar to the MOSF ET described
with respect to bulk semiconductor-type devices. The transistors have superior performance

characteristics due to the thin film nature of the semiconductor substrate and the insulative




thin filmseni conductor substrate which contains transistors simlar to the
MOSFET described wth respect to bul k sem conductor-type devices. The
“transistors have superior performance characteristics due to the thin film
nature of the sem conductor substrate and the insulative 2 14 Septenber
2005 properties of the insulative substrate. The superior performance is
-mani fested in superior short channel performance (i.e., ‘resistance to

process variation in small size transistor), near-ideal g@@ﬁ@ﬁ@gﬁﬁb@
voltage swing (i.e., good for |low offsstate current |eakage), an [

saturation current. Silicon on insulator (SO) deV|ces have been dubbed as
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i nproved net hods for making silicon on insulator (SQ) devices are needed
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defi cigngjes noted above is evidenced by the extensive technol ogica

devel opnent directed to the subject, as docunented by the rel evant patent
and technical literature. The cl osest and apparently nore rel evant
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bondi ng an oron 6, 01 Jr teaches a 30ub e SO
devi cetechu8ldgy484, 738(Chu et al.) teaches a Bonded SO device/process. 3 1
4 Septenber 2005 Summary of the Invention It is an object of the present
dinvention to provide a nethod to forma silicon on

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented by
the relevant patent and technical literature. The closest and apparently more relevant technical
developments in the patent literature can be gleaned by considering US 4,169,000 (Riseman)
shows a STT air gap and a wafer bonded thereover. US 6,084,271(Yu et al.) shows a silicon on
insulator (SOI) process with wafer bonding and shallow trench isolation (STI). US
5,988,292(Black et al.) teaches a method to join multiple wafer using STI and wafer bonding. US
| 5,985,728(Jennings) shows a SOI process with wafer bonding and a boron layer. US
6,013,936(Colt, Jr.) teaches a double SOI device. US 5,484,738(Chu et al.} teaches a Bonded

SOT device/process.



insulator (SAO) device. It is an object of the present invention to provide
a nethod to forma silicon on insulator (SO) device that uses wafer
bondi ng technique. It is an object of the present invention to provide a
‘nmethod to forma silicon on insulator (SO) device that uses wafer bonding
techni que that can be use to formfully and partially depleted

conpl ementary devices. It is another object of the invention to provide a
method to forma silicon on insulator device that uses f '
techniques that can be used to make fylly and partially W%é%?g?@§9hﬂ@

conpl enentary devices with optional air gaps in insulating regions. To
acconplish the above objectiyes, the_present .invention provides a nethod

of manufacturing a SO devic f’mR’ﬂ‘rVr(’g?he(saﬁ'Sg‘??%{’te i s provided having
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insulatin axfr is formed over the first side of the first substrate and
fillidgsHser SPALEIYES: We planarize the first insulating layer to from
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pl anarize the first insulating layer to different levels. In the second

embodi insator (SK8) daviastthdt mses| vegfemgpnlimgdechniguet ched back to forma recess.

This recess | ategr. for i r_gap. . pr.ovi de, a second substr.ate having a
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secondnsuliast (SApddvas thatseaondeshoiiding tdddinky@a that b Iwase adformiullwdridng | ayer to

the firsg énsu}atin%@la er. Next, we thin the first substrate fromthe
“secondPa&ialy depleisd 58 alary deiceSnsul ating | ayer to form active areas
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active areas. Additional 0Objects and advantages of the invention will be
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means of instrunmentalities and conbinations particularly pointed out in the
append - clains. ﬁ) a%i:(i)glglis tﬁg arl%io teio jjg:ct?\fes} tpee pxgsgl%nrl/%gtion provides a method
of manufacturing a SOI device.
A first substrate is provided having trenches in a first side. The first
substrate has a second side. A first insulating layer is formed over the first side of the first
substrate and filling the trenches. We planarize the first insulating layer to from isolation
regions (e.g., STI). The three embodiments of the invention planarize the first insulating layer
to different levels. In the second embodiment, the first insulating layer is etched back to form a
recess. This recess later forms an air gap. We provide a second substrate having a second
insulating layer over a first side of the second substrate. The second substrate has a second side.
We bond the second insulating layer to the first insulating layer. Next, we thin the first substrate
from the se(x;md side to expose the first insulating layer to form active areas between the
isolation regions. Lastly, devices are formed in and on the active areas.
Additional objects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the invention may be realized and
obtained by means of instrumentalities and combinations particularly pointed out in the append

claims.



14 Septenber 2005 The features and advantages of a sem conductor device
according to the present invention and further details of a process of
fabricating such a seni conductor device in accordance with the present
invention will be nore clearly understood fromthe followi ng description
taken in conjunction with the acconpanying drawings in which |ike reference
numer al s designate simlar or corresponding el enents, regions and portions
and in which: Figures 1, 2A, 3, 4A, and 6A are cross sectjiyRalmbkeEmsft or
illustrating a first enbodinent of the nethod for manufacturing a SO
device according to the present invention. Figures 1, 2B, 3, 4B, 5 and 6B
are cross sectional views ﬁor&ﬁéLHsﬁgggiﬁglfaw§§cond enbodi nent of the

nmet hod for manufacturing a aeVPeY accord]né‘?o the present invention.
Figures 1, 2C, 3, 4C, and 6C are cross sectional views for illustrating a
third enbodine ?I t he net hod for nanujae%yrigg,a SA device according to
the present i nvengifepuresandadyimitagss pha sPispRastonfetisfrceprdingt i Enbodi ment s

14 Sepiefheihnvaidn ahd GurticPaaR s IR VRSt T bl datiRes B AGEMRSAd I bordRl b Iy Wi th
reference to the acconpanying drawi ngs. The present invention provides a

met hodacgerdprnenyitivithe presentinveptien will beadore sleedy pnédrsipediiiora tyolwilawings. The

t hree i I dn t 0x] 1S removed (see

i Go. 20Tl S Bleb e TR RbarBlne MR IR W &BRIRAC 1772,
enbodi mmndralt designage Sigllar ordenéspending blomenta) regigapsdaiottions bhd bt whickur i ed oxi de
I ayer. The second enbodiment forns a SO device wth ajr gaps. .See FI G 6B.
The second enbdd#HEh %ﬁsn%s‘;% qng o4 e FIo8s ?qc?l‘é‘%a?gﬁﬁfé rﬁhﬁ%“%“%? fif%r s a gap
16 bet ¥eBihER of tHeTheth&Hds iaml Bctin@N Ot B&viddRubdlnand Hed&entdhPentiohe FI G 2B
and 4B. The second enbodi nent etches back the first substrate 10 after the

STI regions 20B are formed. See FIG 2b. The third enbodi ment (See FI G 6C)
e B e et Ptk i DUB! Stk R crd RYEHIRAGIRR HP bl | Ve area 1

CC and the oxide IFa
- second embodiment of the method for manufacturing a SOI device according to the present

invention.
Figures 1, 2C, 3, 4C, and 6C are cross sectional views for illustrating a third

embodiment of the method for manufacturing a SOI device according to the present invention.




A. first enbodinent The final result of the first enbodinment is shown in
FIG 6A. Figures 1, 2A, 3, 4A, and 6A are cross sectional views for
illustrating a first enbodiment of the nethod a for manufacturing a SOT
device according to the present invention. As shown in FIG 1, a first
substrate 10 is provided having trenches 18 in a first side 11. The first
substrate 10 have a second side 12. The first substrate 10 is preferably
conprised of nonocrystalline silicon. The first substratgsdQehnbeddopterably
conpri sed of nonocrystalline silicon ynth a p-type doping of approxi mately
1E16 atonmfcc.: However, a substrate (e.g., wafer) with a different doping

concentration and/ ol %f&ﬁﬁasgﬁ {1&9(1@% praegﬁgwnﬂ%%g@dl ng on the final

devi ce requirenents. trenc ave a top width 18B
between 0.35 gm and greater than 10 gm and nor e pref erably between 0. 35

gmand 10 m The,trenches bI mW| dth 18A between
8 and gr eat ohE REe e ff St 3 T BER HERNGE B and 10 o
( depengdidgpRingiRaiaps. TUE plsélf Riven@dn }srbe]ﬂsdﬂamefﬁbsorfo%mg%s 18 preferably
have a dept 8C bet ween 800 and 3000 A 14 Sept enber- 2005 The first

substrate (e. Ta@tﬁve@tl%rf@éyhrﬁ@pmwdteﬁ@wWﬂ&f Thtaraereathorsrent differ

prefer, tﬂ@§ d and the first substrate
bet V\eelﬁm%a gfa%é’et@tﬁﬁﬁs”edﬁgﬁgsg@ﬁggs gﬂﬁ%g dggA bet ween 0.6 p. mand 100
p.m Still referThafrst embddiment iwehdvar mIdGFaA. Sthe ifing endodingnt fayres a 30T over t he

f t d 1fthf t d fill the t hes 18. Th
fiver Qg mifiondis spsand brhoRARRHETHREBNE | beu ot oxi do and has a

thi ckness of bet waeBecdh®thb&fiRehi ofmd 45OV ddleql vikiesr %s)S@mG%EJQhe( for
partially depleted SO) A (after planarization). As shown in FIG 2A the

first sepang eahodinenjssimiy tp shegfiratrranhogseent, d’“éf@é@% gﬁlhé6 betwear theifd 11 of the
First SHASL & &éﬂtﬂe FrRuib@h 1 gér%@t $RF16eH ﬁ%é. Fhd secord E%}b&géemf&ch%povm in

FIG 3, we provide a secon ubstrate 200 ng a secon insulating | ayer
210 oviexk theflirstistubgiratie] Rgiter dfe YHeesondtid geabsmedt $ee FTiébsecond substrat e has
a ' The third embodiment (See FIG 6C) forms a SOI device with a buried oxide

layer 20C between the active area 10C and the oxide layer 210.

A.  first embodiment

The final result of the first embodiment is shown in FIG 6A.

Figures 1, 2A, 3, 4A, and 6A are cross sectional views for illustrating a first
embodiment of the method a for manufacturing a SOI device according to the present invention.

As shown in FIG 1, a first substrate 10 is provided having trenches 18 in a
first side 11. The first substrate 10 have a second side 12.

) The first substrate 10 is preferably comprised of monocrystalline silicon. The
first substrate 10 is preferably comprised of monocrystalline silicon with a p-type doping of
- approximately 1E16 atom/cc. However, a substrate (e.g., wafer) with a different doping

concentration and/or N-type doping could be used, depending on the final device requirements.

The trenches 18 preferably have a top width 18B between 0.35 um and greater
than 10 pm. and more preferably between 0.35 pm and 10 um. The trenches 18 preferably have
a bottom width 18A between 0.30 and greater than 10 pm and more preferably between 0.3 pm
and 10 pm (depending on the low-out & depth of trench). The trenches 18 preferably have a
depth 18C between 800 and 3000 A.



second side 202. The second substrate is conposed of Si simlarly to the
first substrate. The second insulating |layer 210 is conprised of oxide and
has a thickness of between about 1000 and 10,000 A. The second substrate
is conprised of nonocrystalline silicon and has a thickness of between
about 500 and 700 m As shown in FIG 4A, we bond the second insul ating

| ayer 210 to the first insulating |ayer 20A. Next, we thin the first
substrate fromthe second side 12. W renpve portions of lf#/éptemper2005
substrate 10 fromthe second side 12 €0 expose the first insulating |ayer
20 to formactive areas | Oa between the isolation regions 20A. The
renoval of portilbadirgfubshetef(e.gs bctaeasta) btteeeathe caqnefithsesichegt ndi ng

process, et chi. cess ) a S CUT _process, a_process
conpr g@F%&_%QV g ai‘ﬁ%&%ﬁb%ﬁh‘&ee“&%ﬂ‘%%w L bocas Setpiean di dpitgm
conpr i sraf irdfhallkt BYidiR DANRNAMA FhmARd 16021 I ng_ the wafer at about
greater than 1000C. The wafer wll break into two at the inplant

dept h/ | evel . NeXtill referrpregd EE@BI we fdver aviuist insdlatedbydr6 osetthe Ersasidas 1 QA

t her eby, r i defects,.in.the acti areas. 10A. The t her anneal is
pref er glb?tsﬁr%}éﬁ’sp%bﬁ%age 3‘3& QIIP%%{JFQ% é\é?‘géet%telﬂs"%ﬁmﬁ%ﬂ lslmﬁfg%lb}yor atine
bet we egbrifdis&hel ¢Xidetind b es thidGicshuberwedn fdat 869 (feefil¢ aepleRd SO® nabbopgated in
t hese regi ons using_ conyentional process steps dictated by the type or

t ypes @9 ragiAlly deplged iSOANA (rlerphpariz4tiank|l G 6a, 7 14 Sept ember 2005 we form

devices in and o i N j L0 he.active.areas can
be doped to forﬂ% %E%ﬁkgdn?%gg?ﬂq%ﬁrag%gpﬁ%? ONﬁ/%mgﬁlzégﬁ&of%trh %PFET and
NFET) fievsidebl ofthy fisualibygtrate 00 heforiddwlaia regionsiye.of, STIEIDA. N and on the active

regi ons, such as, resisto nd capacitors. B. second enbodi nent The second
engodi ment is si‘?ﬁﬁ?‘a‘i“’“t“b%f%g’ W¥e Py Eﬁﬁﬁﬁnﬁéﬁfsfra‘i? O?‘BY‘H%aée‘@ﬂﬁ 16 bet ween

the fimstlathisdgid: 21 @old? aane stReoi R Heabidn shitwale. 2A0secH8EsubbiaiBisand 4B. The
second enbodi nent etches back the first substrate 10 after the STl regions

20B ar ¥opnshsiiaf026ble Fradybstiramis campesediof Sosimalady to the first mebstratest  embodi nent
applies -to the Sﬁa%%@(%na%jsu;alﬁhé gay@tn?lq}qg Mﬁﬁse&‘(ﬁ“ Bxide and has a thickness of

between about 1000 and 10,000 A. The second substrate is comprised of monocrystalline
silicon and has a thickness of between about 500 and 700 pm.

As shown in FIG 4A, we bond the second insulating layer 210 to the first
insulating layer 20A.

Next, we thin the first substrate from the second side 12. We remove
portions of the first substrate 10 from the second side 12 to expose the first insulating layer 20 to
form active areas 10a between the isolation regions 20A.

The removal of portions of the first substrate can comprises a grinding process,
an etching process (KOH ) or a SMART CUT process, a process comprising a H, implant and
anneal. A SMART CUT process preferably comprises implantihg H: into a wafer and annealing
the wafer at about greater than 1000°C. The wafer will break .into two at the implant depth/level.

Next, we preferably thermally anneal the active areas 10A thereby removing
defects in the active areas 10A. The thermal anneal is preferably performed at a temperature
between 1200 and 1400°C for a time between 10 and 30 minutes.

As shown in FIG 6A, devices can be fabricated in these regions using

conventional process steps dictated by the type or types of devices desired. As shown in FIG 6a,



the exception of the formation of the gap 16. The. final result of the
second enbodi nent is showmn in FIG 6b. Figures 1, 2B, 3, 4B, 5 and 6B are
cross sectional views for illustrating a second enbodi nent of the nethod a
for manufacturing a SO device according to the present invention. As shown
in FIG1l, a first substrate 10 is provided having trenches 18 in a first
side 11. The first substrate 10 has a second side 12. The first substrate
10 is preferably conprised of nmonocrystalline silicon. Th@SeﬁtbﬂhﬁérﬁJU?St rate
10 is preferably conprised of nonocrystalline silicon with a p-type doping
of approximately 1E16 atorﬂcc However, a substrate (e.g., wafer) with a

di fferen i.n tlona / ing could b
depena‘(enftﬁr%ﬁg‘f ﬁ% Rie) na eV| (]:Vee TE lr}:arenen?lrtlx'p%e rt%rvee%rc cand?? G%Pe(fté)r ably have
a t op fnindNhwdlBihdaetpweensOthaoN &S gideaies (bﬂlHTE”IlﬁadngHT\)Cﬁmﬂ Qle&fu@]yabl y
between 0.35 and 10 _gm and a bottomw dth 18A between 0.3 and than 10 gm
and mother geusescan 9@5@9%@@@@8 c &GkYe T¢It Suphas fesisiachad cRRacoE: er abl y have
a depth 18C between 800 and 3000 A. The first substrate between the top of
the trenches having a width 22B between 0.35 and 100 gm and nore preferably
bet ween 0. 35 sendnd@mbodinerithe fir st substrate bet ween the bottom of the

trenches having a width 22A between 0. m and 100 gm and nore preferably
bet ween 0.6 and 11 s¢Rpd %P?qlmﬁ@ﬂéﬁlml}@@tq ﬁrseembowenbbﬁﬁfaﬂmw&%p Insul ating

| ayer r ing the
e O bRt b ko BG5S Ll Ll 10 6

conpr i egdvdmicnbrichies tapklthedsstaubdtiatkideder dic é regens 28Bout f@HOd.(Seo FIG bl vy
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is pl an@é}ica@[@bria‘tﬁe(maidnhﬁ‘thégarpslté,S| de | | of the first substrate 10 to
formlsolatlonreglons in a critical

. q_ , STI) 20b. As shown in _FI G 2h,
step, we renove ﬁsfwldﬁﬁl“d% thergcpnd apbadiment 1phernim EG PhJtigwEbbtafat e 10 to
form reapssasd 4 aREGNBERH AR ViSR! R H1RBrABY :A88ord&nthodinht bf A0 fhethbidias 1S
for manufacturing a SOI device according to the present invention.
As shown in FIG 1, a first substrate 10 is provided having trenches 18 in a
first side 11. The first substrate 10 has a second side 12.
The first substrate 10 is preferably comprised of monocrystalline silicon. The
first substrate 10 is preferably comprised of monocrystalline silicon with a p-type doping of
approximately 1E16 atom/cc. However, a substrate (c.g., wafer) with a different doping

concentration and/or N-type doping could be used, depending on the final device requirements.

The trenches 18 preferably have a top width 18B between 0.35 and greater
than 10 pm and more preferably between 0.35 and 10 pm; and a bottom width [8A between 0.3
and than 10 um and more preferably between 0.30 and IO'um. The trenches 18 preferably have
a depth 18C between 800 and 3000 A. '

The first substrate between the top of the trenches having a width 22B
between 0.35 and 100 pum and more preferably between 0.35 and 10 um; and the first substrate
between the bottom of the trenches having a width 22A between 0.6 um and 100 pm and more
preferably between 0.6 and 10 um.

Still referring to FIG 1, we form a first insulating layer 20 over the first side

11 of the first substrate and filling the trenches 18. The first insulating layer is preferably



a maj or difference between the second enbodi ment and the first enbodi nents.
The recesses 14 preferably have a depth 15 between about 200 and 15001.
This is intended to ensure total isolation so that there is no conduction
across the oxide. As shown in FIG 3, we provide a second substrate 200
havi ng a second insulating |ayer 210 over a first side 201 of the second
substrate. The second substrate has a second side 202. The second
substrate is conposed of Si simlarly to the first substnatepefsesiioyn in
FI G 4B, we bond the second insul atingglayer 210 to the first insulating

| ayer 20A to form (air) gaps 16 between the second insulating |ayer 210 and
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from tdipdsecensd sombeA 1o partianpaghetthgol)iafist plahdistlidl i ng | ayer 20 to form
active areas | Ch between the isolation regions 20b. The renoval of
portions of the AsshawndubKi ?Bttbe Seshinselapes fayeridds blanarizgd kmepege ther ocess, an
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renovi ng def ect sAd showhheFHERb,uea arigad sikp Ave iEhevt bertions ofaha sk sids 19r ef er abl y
per f or t a.te at ure bet we 1200C and 1400C for a_ti bet ween 10
b SoPTiisk SS REE S Bl i e CBbenign e SO S agF ee ST Db BiABae

regi on@mgm BOferdhRd ¥R e keddh@ e@BEdiTAPMdIh LAl @FbRmbhie type or types of
devices desired. As shown in FIG 6b, we formdevices in and on the active

areas | ob. |n addietreesases fihereferably bave adeptic bnbdiweehorheut 209 anfldfpe A wel | and

or p -well .so that NMOS and PMOS (gr. PEET and NFET) deviges. . bviously,

ot hor W sdB@ndel SRR R ol o st el B Forbacidn e B Ginide e o) st or s
and capacitors. 9 14 Septenber 2005 C. Third enbodi nrent The third
embodinent is simlar to_the first, enbodi ment, but | eaves a thickness of

the insul ating I43&PWeoErHesweehrorks 2gesqndsubytate J98baying aserondnsul at i ng
layer @2%fating layer 210 over a first side 201 of the second substrate. The second substrate has a

second side 202. The second substrate is composed of Si similarly to the first substrate.

As shown in FIG 4B, we bond the second iﬁsulating layer 210 to the first
insulating layer 20A to form (air) gaps 16 between the second insulating layer 210 and the first
substrate 10B.

As shown in FI1G 5B, we thin the first substrate 10 from the second side 12,

We remove portions of the first substrate 10 from the second side 12 to expose the first
insulating layer 20 to form active areas 10b between the isolation regions 20b.

_ The removal of portions of the first substrate can be performed by a grinding
process, an etching process (KOH) or a SMART CUT process, a process comprising a Hj
implant and anneal.

Next, we thermally anneal the active areas 10A thereby removing defects in
the active areas 10A. The thermal anneal is preferably performed at a temperature between
1200°C and 1400°C for a time betwéen 10 and 30 minutes.

As shown in FIG 6B, devices can be fabricated in these regions using
conventional process steps dictated by the type or types of devices desired. As shown in FIG 6b,
we form devices in and on the active areas 10b. In addition, the active areas can be doped to
form N-well and or p-well so that NMOS and PMOS (or PFET and NFET) devices. Obviously, -

other devices can be formed in and on the active regions, such as resistors and capacitors.



See FIG6C. In a critical step shown in FIG 2C, the second enbodi nent

pl anari zes the back the insulating |ayer 20C to not expose the first
substrate 10.. The description above for the first enbodinment applies to
the second and third enbodi ments with the exception of the formation of
the gap 16. The final result of the third enbodinent is shown in FIG 6¢c.
Figures 1, 2C, 3, 4C, and 6C are cross sectional views for illustrating a
third enbodi ment of the nethod a for manufacturing a SCh4@@¥kﬁgmqgggrdlng
to the present invention. As shown ingFIG 1, a first substrate 10 is

provi ded having trenches 18 in a first side 11. The first substrate 10
have a secq first substrate 10 is preferably conprised of
nonocr yst al ?ﬁ% grﬁ%ggﬁ"e he first substrate 10 is preferably conprised of

nonocr yst al I i ne mehhlﬁmmwatrhelﬁlmhuwomﬂage;ﬁﬁoduamrmhmsea y IE16
atom cc, a substrate (e.g r) with a different dopin

concerﬁ"fcb’@‘?sé ﬁf té}ﬁwsslatmg {ayﬁr@()&blﬁﬁtwgendbw@\%éreaéeﬁ and disdpeniaedaver R0 i nal
devi Cesée%qé'éce'i‘f%‘%éncai Th& mo%thm 58 Bk %gc%Eagh%o&ﬂ}\éﬁt a%.}a% ywhgwdétgg% .

bet ween 0.35 m and greater than m and nore prefera Bet ween
and 10nsplatanedayer B@@ttcomthpmh tllerkst Jubstvate 0. (Thsﬁewndumdmwefortthmﬁrsﬂo m and

- b 0.6 d.10 , hes .18
o AR Sl B8R 8B Bh Hhe S p SRR aRe BT o,
the trs@eghess.having a width 22B between 50 and 100 m and the first

substrate between the bottom of the trenches having a width 22A between
0.6 mand 100 prhhedip) resyliggtdhy thivg ephogiment is shpwy B’r}%paﬁof Fegtesilndgl Bt¥tng

| ayer a%ﬁc@/é‘ré cfd@@sefch&?atl v%\wg%r likasu%n Q%;Fd'én%dﬁﬁ@?ﬂ;fﬁ%%eﬂﬂﬂ dfot!ing the

trenches 18 first insulating layer is preferab conprised of oxide
and hamalalfadwrmmeg@l dfvidsetweding &bbapred3O0 ifvfentiory depl et ed SOJ) and 3000

(partially depleted SAO) A 10 14 Septenber 2005 As shown in FIG 2C, the
first insulating |layer 20C is planarized to not to expose the first side
11 of the first sddhstvhai BIGLO, 4 frsf bbirdts 0b RtprenidddagivingSrencheg .18 iSd Fyst20c. The -

side 11. The first substrate 10 have a second side 12.

The first substrate 10 is preferably comprised of monocrystalline silicon. The first
substrate 10 is preferably comprised of monocrystalline silicon with a p-type doping of
approximately IE16 atom/cc. However, a substrate (e.g., wafer) with a different doping

concentration and/or N-type doping could be used, depending on the final device requirements.

The trenches 18 preferably have a top width 18B between 0.35 pm and
greater than 10 pm. and more preferably between 0.35 um and 10 pm; and a bottom width 18A

between 0.60 and greater than 10 pm and more preferably between 0.6 pm and 10 pm. The
trenches 18 preferably had depth 18C between 800 and 3000 A.

The first substrate between the top of the trenches having a width 22B
between 50 and 100 pm and the first substrate between the bottom of the trenches having a width
22A between 0.6 um and 100 pm.
Still referring to FIG 1, we form a first insulating layer 20 over the first side
11 of the first substrate and filling the trenches 18. The first insulating layer is preferably
comprised of oxide and has a thickness of between about 800 (fully depleted SOI) and 3000
(partially depleted SOT) A.



first insulating |ayer 20C preferably has a thickness 22 of between about
1000 and 30001 over the substrate | OC (after planarization). As shown in
FIG 3, we provide a second substrate 200 having a second insulating |ayer
210 over a first side 201 of the second substrate. The second substrate has
a second side 202. The second substrate is conposed of Si simlarly to the
first substrate. The second insulating |layer 210 is conprised of oxide and
has a thickness of between about 1000 and 70001. The seddéSdptembat208be i s
conprised of nonocrystalline siliconl0and has a thickness of between about
500 and 700 m As shown in FIG 4C, we bond the second insulating |ayer 210

to the first i nshaivhMOFIRYE th@Bst ulb@idlagaRCLé plriee ddig second
insulating |ayer 210 and the first substrate 10c. As shown in FIG 6¢c, we

thin t9¥of hatirsssiged | at e fit fytsirnteH 8 te Eewmrspiaiaaaegions (evip SIdhg hbe porti ons
AL o ! (
hsul b ShafiRh3be phertbil b bl BRO0N? bahiE, ol PoishBDB00 Mool !

r egi onde 2siraté NOCK e phinadfatipOy. t i ons of the first substrate can conprises a
grinding process, an etgching process (KOH) or a SMART CUT process, a
process conpri sithigigWrnblG 3.5 %rﬁt“daﬁéecé’ﬁﬂé‘étfs?m@f),ha‘ﬁég?H@P%I |y anneal

the achi&iens 2106vd REHra R 0MBY RGeRli SEbstrale ThEG AR duBGrA RS | OA  The
thermal anneal” is géfferably perfornmed at a tenperature between 1200 and

1400 Gerend sda2iFeThetepprahsubgrasmis c8Bpaded wf 8ssimilarly oo firsh sutisBatec, devi ces

can be fabr i cat ol LITRG o 881005 3L Do S ORY PO DR RO ER R oL DS

dictated by the Typé o evi ces desrired. 6cC,

f or m dgswvesmsaboiit @00 atd 70006A ATHd s6Eordl eBSirate ©Compiseddirionoétysthilige aiitdve ar eas
can be doped to form N-well and or p-well so that NMOS and PMOS (or PFET
and NREM)hagahieknsss dibgivengs plout 58¢ med /Mavinces can be forned in and on the

LYo L2 o1 SRS FETAE O Bt ARRE R M R D 2205
be insulating layer 20¢ to form gaps 16 between the second insulating layer 210 and the first
substrate 10c.
As shown in FIG 6c¢, we thin the first substrate 10 from the second side 12.
We removing portions of the first substrate 10C from the second side 12 to expose the first
insulating layer 20C to form active areas 10C between the isolation regions 20c;
The removal of portions of the first substrate can comprises a grinding
process, an etching process (KOH) or a SMART CUT process, a process comprising a H,
implant and anneal.
Next, we thermally anneal the active areas 10A thereby removing defects in
the active areas 10A. The thermal anneal is preferably performed at a temperature between 1200

and 1400 °C for a time between 10 and 30 minutes.

As shown in FIG 6c, devices can be fabricated in these regions using
conventional process steps dictated by the type or types of devices desired. As shown in FIG 6¢,
we form devices in and on the active areas 10C. In addition, the active areas can be doped to
form N-well and or p-well so that NMOS and PMOS (or PFET and NFET) devices. Obviously,

other devices can be formed in and on the active regions, such as resistors and capacitors.



interpreted as being approximate as if the word about or approximately
preceded the value of the value or range. In the above description
nunerous specific details are set forth such as flow rates, pressure
settings, thicknesses, etc., in order to provide a nore thorough

under standi ng of the present invention. It will be obvious, however, to
one skilled in the art that the present invention may be practiced w thout
these details. In other instances, well known process havé Seplemberaddfs
described in detail in order to not udnecessarily obscure the present
invention. Also, the flowrates in the specification can be scaled up or
down keepi ng th@rﬁ@ﬁexpmit@rst%cbmhém@eoSach@;urnaﬁceoWmuelaﬁceradgé ﬂ@nemee si zed
reactors as is known to.those séllled in the art AIthog%g th| vention
has beBIGTRIEIEE RS BdRe FRRFMYE af I tRoWEIKbeUs HSRPISKIEF!Y RECeder 4 valaslduct i ve
naterqﬁé§dg@gwgﬂﬁaratuses for depositing and etching these materials, it is
not limted to t ecific materials or paratuses but only to thelr

speci fic char actlietiegbpysdeseiption M@Wﬁﬁm‘:ﬁ% deganly arfotet foohifspelnasl flovand

capabll C

appara {eE pgéasrs]u %g&gﬂ éfhﬁ'?ﬁtg éﬁ%glngggv\i/g f ;ﬁ-b g?% %ge t%%ltz)%%]?]glg%ﬁ's?ir{dﬂgo in the
nlcroahep&mﬂmuﬁ&nﬁﬁtk\aﬂwembampfemumtmn@cmhemnmbmﬁhémtﬁmemépﬁﬁathlIe t he

i nvent.i on has been part arl.y sho nd descri bed th reference to the
pr ef er'pEdt ‘QW&%WFF[%QC‘T ‘@u‘é%‘F }%‘/3? Sr hﬁﬁ%?so&’&wﬁyo‘f"%%e%s ¢ ed in
t he arjor bbatde¥@ite@ W detSiNANGES tb Rof BB R8H S8k Shd PYseREnBARN VA [sHAHE
departlng fromthe sglrlt and scope of the invention. It is intended to

cover Ny ravsdn thsdippéioeationssn byerakadiplogdown kegidesbp samamalap Powddigsds, and
the SC&%@?m@ndétQQ f?e%%@g%’d Feh&bx%ﬁas‘ié“lﬁ{o%%‘ﬁm%‘g&lp RenAgEor ded the broadest

interpretation so to enco ications and sim|lar
arrangenents and&MmmghéﬂumesnuM%mtbuﬁchkamamdﬂmsmtdﬂwhﬁcSﬁpﬁﬂﬂ@er 2005 A
nmet hod of .fabri cat.i on

con on ul ator (.S . C r.i sing
The svaperigh conditiin? faftaRaht apfardp S S URPott ol iRy ne Bt e B i o
si de; gailichifel i$ihe SPOSAd MERriNASr BpafleOButDNHED their specific characteristics, such
| as conformal and non-conformal, and capabilities, such as depositing and etching, and other
materials and apparatus can be substituted as is well understood by those skilled in the

microelectronics arts after appreciating the present invention.

While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and
procedures, and the scope of the appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and similar arrangements and

- procedures.

What is claimed is:



b) formng a first.insulating | ayer over said first side of said first
substrate and filling said trenches; c¢) planarizing said first insulating
| ayer to expose said first side of said first substrate to formisolation
regions; d) providing a second substrate having a second insulating |ayer
over a first side of said second substrate; said second substrate having a
second side; e) bonding said second insulating |layer directly to said first
insulating layer; f) renobving portions of said first subsyrbembecsosai d
second side to expose said first insylating [ayer to formactive areas

bet ween said isol ati on regions; and g) formng devices in and on said

active, are d. cof |n1 r ai d flrst s rate is
conpr |elsed ﬁmﬁﬁlﬁg-(!:;??ab?%%&?]noef% sife On “48”%/9 ‘Fﬁbﬂ 2f Red 0P et tt vvhgr ein
said trenc hgaSpﬂoardaa@a ﬁn@psmbmdattdnhagﬁwmchédmm Dst3odemyaad frst a;bb@ﬁtt: am i dt h
greater than O. g] 4. The nmethod of claiml wherein the first substrate
bet ween sald $ﬁ3m8$ Said trenches having a width between 0.5 and 100 m and
the first Het WaaRinka d)ei:rlao&rtsgmﬂ}ét S o saliRAGHSSralaMiy MR W dt h
bet ween 0. 6 and 100 pm and sai renches have depth between.800 and 3000
A. 5. The netﬁ@d”@ﬂm@$aln1l wherein said first insulating |ayer is
conprised Q f 00 A 6.
Thgpnethod f c %ﬁﬁ%%gnﬂﬁégﬁﬁﬂégi ﬁﬂgﬁiﬁgmﬁggt %Pm&?ﬁa 5ﬁ%?%§@%ﬁ%$|sed of
oxi de and haayhnhMthme$§y@ﬁ,betmeen about 1000 and 7000 A 7. The nmet hod

of claim1l ereipn said second spbstrate i rised of nocGr. alline
oi1icon andDhBvidngs erRlabsra brieh pnlinSdatneairsue alisesiodsle et hod

of claim1l whefigkdtohdsubseievald &Eorﬂ%ﬁbét&f@h@fngsﬁde@oﬁd digt substrate
conpri ses a grlndlng process. 13 14 Septenber. 2005
onding said second insulating layer directly to said first insulating layer;
f) removing portions of said first substrate from said second side to expose said first
insulating layer to form active areas between said isolation regions; and

g) forming devices in and on said active areas.

2. The method of claim 1 wherein said first substrate is comprised of monocrystalline
silicon.
3. The method of claim 1 wherein said trenches have a top width greater than 0.35 um and

a bottom width greater than 0.3 pm.

4. The method of claim T wherein the first substrate between said top of said trenches
having a width between 0.5 and 100 um and the first substrate between said bottom of said
trenches having a width between 0.6 and 100 um and said trenches have depth between 800
and 3000 A.

5. The method of claim 1 wherein said first insulating layer is comprised of oxide and has a
thickness of between about 800 and 3000 A.

6. The method of claim 1 wherein said second insuiating layer is comprised of oxide and
has a thickness of between about 1000 and 7000 A.

7. The method of claim 1 wherein said second substrate is comprised of monocrystalline
silicon and has a thickness of between about 500 and 700 A.

8. The method of claim 1 wherein the removal of portions of said first substrate comprises a

grinding process.



9. The nethod of claiml wherein the renoval of portions of said first
substrate conprises an etching process of KOH 10. The nethod of claim!]l
wherein the renoval of portions of said first substrate conprises a

hydr ogen i npl ant and anneal. 11. A nethod of fabrication of a silicon on
insulator (SO) device; conprising the steps of. a) providing a first
substrate having trenches in a first side; said first substrate has a
second side; (1) said first substrate is conprised of nnnqqu§ﬁ@g}gng
silicon; (2) said trenches have a topswi dth greater than 0.35 mand a
bottomwi dth greater than 0.3 um (3) the first substrate between said top
of said trenches having a width between 0.5 and 100 .tm and the first
substrate between said bottomof said trenches having a wi dth between 0.6
and 100 pmTHe)mdthsdwfitpiam If whestinitiesrehabalng pbaipas ofwae! fisadubsitdte sdmsisde of
said first substrate filling said trenches; c) planarizing said first
insulat@hﬁdW3§8?m?ﬁoggg) e said first side of said first substrate and to
formisolation regions conprised of said first insulating |layer; (1) said
first insulating |ayer is conprised of oxide and has at thickness of

bet weel abolhe abodefctlamolorherg thy iwiioyplny partivng ehepidinss ubstraic peroprings a

second hﬂﬁg%ﬁﬁb@gﬁ{g%ﬁ&ngﬁgr a first side of said second substrate; said

second s aving a second side; (1) said second insulating |layer is
conprised of oxide and has a thickness of between about 1000 and 7000 A

EEPSRTIRGE ST A CRE R e R SR M
sai d seconda)i privhdtd Hfrst A6irate hiBhd frynch8s il fThsf dideS baid Bisd kdsirh@ nhayer ;
second side;
(O said first substrate is comprised of monocrystalline silicon;
) said trenches have a top width greater than (.35 pm and a bottom width
greater than 0.3 pm;
3) the first substrate between said top of said trenches having a width
between 0.5 and 100 pm and the first substrate between said bottom of said
trenches having a width between 0.6 and 100 um;
b) forming a first insulating layer over said first side of said first substrate and filling
said trenches;
¢) planarizing said first insulating layer to expose said first side of said first substrate
and to form isolation regions comprised of said first insulating layer;
(1} said first insulating layer is comprised of oxide and has at thickness of
between about 800 and 3000 A;
d) providing a second substrate having a second insulating layer o;fer a first side of
said second substrate; said second substrate having a second side;
(1) said second insulating layer is comprised of oxide and has a thickness of
between about 1000 and 7000 A;
2) said second substrate is comprised of monocrystalline silicon and has a

thickness of between about 500 and 700 A;




f) renoving portions of said first substrate from said second side to
expose said first insulating layer to formactive areas between said

i sol ation regions; said active areas conprised of renaining portions of
said first insulating layer; (1) the renoval of portions of said first
substrate conprises a hydrogen inplant and anneal; (2) thermally annealing
said active areas thereby renoving defects in said active areas; the
thermal anneal is performed at a tenperature between 120Q4 sapdmpé0ffgsfor a
time between 10 and 30 minutes; g) foum ng devices in and on said active
areas. 12. A nethod of fabrication of a silicon on insulator device;
conprising the st.eps.of rovidi ng.a first. strate having trenches in
2 Trst orab: boSiGE it ssconfihsPh i e L ST H T bR e W 0 g 2 T e

i nsul ati ng HayeahoaheporsiangbfshidSrsisublraes framisald kédoall siduséxpatesadtrst i | 11 ng
sai d trenches;, ci planarizing said first insulating |layer to expose said
first side of ISHAnEiyet todpiys peilyeareas Refween st 1iPlrlon Keioak SFEFCBIsESnpri sed

of said first cbﬁ?H&e%tdfﬁ‘&néiﬁiY@ﬁ)brt%s bEERYEADInBQAdOR%rof said first side of
said first substrate to formrecesses between said isolation regions; e)

provi di ng a sédond thetrempet ef pertipmpizaldosrnibitratadoaprises b hydegavigmlantf i r st
side of said sec&p&nﬁgbstrate; sai d second substrate having a second si de;
f) bonding said §EcHNg insulating layer directly to said first insulating

| ayer to formmaps teehwbemnsding ss@cetitk arasuhathyngmoaingrdefeod isadidl fir st

substrate; g) renoving poytions of sajid first substrate from said second
side to expose saftyerfsagitne theumdl 3pReRg ISR B?m?d&tﬁé?weé@?‘ie\}’@t%reéjgg%et ween

sai d isol ation reggh pARIC $&H iR bW BRI EAR 30GRMRkE:sed of renmaining portions
of said first substrate; and h) form ng devices i'n and on said active

areas. 15 148) Sempiagevrices(dand on said active areas.

12. A method of fabrication of a silicon on insulator device; comprising the steps of :

a) providing a first substrate having trenches in a first side; said first substrate has a
second side;

b) forming a first insulating layer over said first side of said first substrate and filling
said trenches;

¢) planarizing said first insulating layer to expose said first side of said first substrate
and to form isolation regions comprised of said first insulating layer;

d) removing portions of said first side of said first substrate to form recesses between
said isolation regions;

e) providing a second substrate having a second insulating layer over a first side of
said second substrate; said second substrate having a second side;

f) bonding said second insulating layer directly to said first insulating layer to form gaps
between said second insulating layer and said first substrate;

g) removing portions of said first substrate from said second side to expose said first
insulating layer to form active areas between said isolation regions; said active areas
comprised of remaining portions of said first substrate; and

h) forming devices in and on said active areas.



13. The method of claim 12 wherein said first substrate is conprised of
nonocrystalline silicon. 14. The nethod of claim 12 wherein said trenches
have a top width greater than 0.35 gmand a bottomw dth greater than .3
gm 15. The nethod of claim 12 wherein the first substrate between said top
of said trenches having a width between 0.5 and 100 gmand the first
substrate between said bottomof said trenches having a wdth between 0.6
and 100 gm 16. The nethod of claim 12 wherein said firsti4isephdtdi 70@s! ayer
is conprised of oxide and has at thijgkness of between about 800 and 3000
A. 17. The nmethod of claim 12 wherein said recesses have a depth between

about 00 e mfhode t - ¢l-al - el I i ating

| ayer 1|]3§ C(;ﬁr;ﬁrl seoé1 Jﬁ]@ilzgﬂggn%gg%}@ﬁ o ﬁ%%@%&%g?@g’g%%%%ﬁ{g 1000 and
70001. 4iBconThe met hod of claim 12 wherein said second substrate is
conprised of nonocrystalline silicon and has a thickness of between about

500 and 700 A. 20. A nethod of fabrication of a silicon on insulator

devi cef4. COMMHelrgdtR@l SiRifaislt 12RShcRdin s@Y trRAMNKE BARG tG%Widtﬁ breattb flah @B (BAYANY
trenches in a first side; said first substrate has a second side; (1) (2)

(3) sai abétians idtlibsteathenidspmonpri sed of nonocrystalline silicon; said
trenches have a top width greater than 0.35 gmand a bottomw dth greater
than 0.3 gm the first substrate between said top of said trenches having a

Wi dt h 19et vieRm&h& @ghih0Q Wieréin ehel fiet ubstidte Batwsdn saldttop of weeRerciégdl bottom
of said trenches haV|ng a wdth between 0.6 and 100 gm 16 14 Sept enber
2005 having a width between (.5 and 100 pum and the first substrate between said bottom of said

trenches having a width between 0.6 and 100 um.

16.  The method of claim 12 wherein said first insulating layer is comprised of oxide and has

at thickness of between about 800 and 3000 A.
17.  The method of claim 12 wherein said recesses have a depth between about 1500 A.

18.  The method of claim 12 wherein said second insulating layer is comprised of oxide and

has a thickness of between about 1000 and 7000 A.

19.  The method of claim 12 wherein said second substrate is comprised of monocrystalline

silicon and has a thickness of between about 500 and 700 A.

20. A method of fabrication of a silicon on insulator device; comprising the steps of:
a) providing a first substrate having trenches in a first side; said first substrate has a
second side;
(D said first substrate is comprised of monocrystalline silicon;

(2) said trenches have a top width greater than 0.35 um and a bottom width
greater than 0.3 pm,;

3 the first substrate between said top of said trenches having a width
between 0.5 and 100 pm and the first substrate between said bottom of said

trenches having a width between 0.6-and 100 pm;



b) forming a first insulating |ayer over said first side of said first
substrate and filling said trenches; c¢) planarizing said first insulating
| ayer to expose said first side of said first substrate and to form

i sol ation regions conprised of said first insulating layer; (1) said first
insulating layer said first insulating |layer is conprised of oxide and has
at thickness of between about 800 and 30001; d) renoving portions of said
first side of said first substrate to formrecesses betmq@@eiﬁﬁbggugglatlon
regi ons; said recesses have a depth Qhgtween about 200 and 15% e)

provi ding a second substrate having a second |nsulat|ng | ayer over a first

side of eyg o n(?jr%ﬁf?%g iﬁ?s'tj Hl%ﬁla a%kayé“%vgr S f'?fgfjs%eugfsstaraaﬁ su%v I&lrt] %@ Tl b d side;

(1) said se ating rised of oxide an B4 ckness
of between akmditrerkBe) and 7000 A, (2) sald second substrate is conprised
of nmonocrystalline s s, a .thicknes ep_about 500 and
20011y benair gL BEn R EE Wferh SRR ARG SRE g T Bt PERS

i nsul ating | aygr totfernf @f)ml&ﬁféglonb@&%ﬁ%d%ﬁbéih SREAREALIiRsMYat i ng |ayer and
said first substrate; removi ng portions of said first substrate from

said second sflde ¥l f@ﬁbé@%ﬁ@ﬁllwef paid first ingulgting laner is egraprised of oxide act i ve
areas between saig, |h?§)£tqf“8%8§ 8?‘!‘“’?‘0%5t rg@%ﬁ%ﬁh ?ﬁo %gl y are conprised of

remai ni ng portions of sal anneal i ng said

active area) tbasdhyportiendofishid fitafsaliof said fisisthsaaleity Boraf @afses Helieteh her nal
anneal is perforped at a tenperature between 1200 and 1400C for a tine
bet ween 10 anﬁ“@ﬁoﬁpﬁﬁﬁﬁgmsand i) forming devices in and on said active

areas. 21. A Mot Rod Qbst Ak GabbADcRlcc afdit 6P (Sopeul at or device,

conprising the steps o a) providing a firs ’e having trenches in
a first side; paliding als&‘toné uiistratathevinga second @soldngiagdes; ovira first side of

said second substrate; said second substrate having a second side;

(1) said second insulating layer is comprised of oxide and has a thickness of
between about 1000 and 7000 A;

(2) said second substrate is comprised of monocrystalline silicon and has a
thickness of between about 500 and 700 A;

f) bonding said second insulating layer directly to said first insulating layer to form gaps
between said second insulating layer and said first substrate;

g) removing portions of said first substrate from said second side to expose said first
insulating layer to form active areas between said isolation regions; said active areas
are comprised of remaining portions of said first substrate;

h) thermally annealing said active areas thereby.removing defects in said active areas;
the thermal anneal is performed at a temperature between 1200 and 1400°C for a
time between 10 and 30 minutes; and

i) forming devices in and on said active areas.

21. A method of fabrication of a silicon on insulator device; comprising the steps of:
a) providing a first substrate having trenches in a first side; said first substrate has a

second side;




14 Septenber 2005 b) formng a first insulating |ayer over said first side
of said first substrate and filling said trenches; c) planarizing said
first insulating | ayer and not exposing said first side of said first
substrate and to formisolation regions conprised of said first insulating
| ayer; d) providing a second substrate having a second insulating |ayer
over a first side of said second substrate; said second substrate having a
second side; e) bonding said second insulating | ayer dirqg@g¥ﬁﬁ@e§ﬂmg first
insulating layer; f) renoving portiong of said first substra romsaid
second side to expose said first insulating | ayer to form active areas
bet ween sai solatl re |on t rised t enmai ni ng
portions oqusgl 65 tmﬁ f“rga?yeerogﬁ A f%rf't&%l ﬁa Séflﬁgg%mﬁ a&ﬁ(@ug}g sai d
active areas. saz@irendhes;met hod of cIa|n121 mhereln said first substrate is

conprised of mpnocrystalline silicon. 53 The net hod of claim 21 wherein
sai d t rencHesPRAFEZINE saiking) nsyatipedayes and pelsxposngiriddigt side Wopiddistni dt h
greater than J@:@s addho f?o_ﬁﬁf1%?199%%&3%@1&3%%3&%@rﬁ?ét%shﬁﬁné la"yélf- substrate
bet ween said top of said trenches avin dth between 075 and 100 gm
and the firdt proyisig asesotsetuheteaic baing aassaptmdnn@ﬂatm layer preraciiretssideanti ng a

wi dt h bet ween_Q m od. of claim?21 wherein said first
insulating | aflaeldf 935(% 4° L%Qtrat? Sahdgsgfoﬁﬁgﬁg a%)jeavm asgcoq‘dl rq2 i nsul ating | ayer
is conprised béndingd Gl @ochdiasulaingtliyes Wiesk wkaib Gwieoladhollye$00 and 3000
A. 26. The thod_of claim?2] erein said first sylating |l ayer has a

thi ckness of FRSHWEREPOrds el Saié\élygstavhftrg‘@ msali$0%£%1§m&xp%6@ f%st 27. The

met hod of cl aifq@dnMAgEAb %Iﬁaac%vg%mtweéltﬁaﬁatlba%dmgang,§a;afaawela$&§ of
oxi de and has a thickhess of between about 1000 and 00 A.
comprised of remaining portions of said first substrate; and

g) forming devices in and on said active areas.

22.  The method of claim 21 wherein said first substrate is comprised of monocrystalline
silicon.
23.  The method of claim 21 wherein said trenches have a top width greater than 0.6 um and

a bottom width greater than 10 pm.

24.  The method of claim 21 wherein the first substrate between said top of said trenches
having a width between 0.5 and 100 um and the first substrate between said bottom of said

trenches having a width between 0.6 and 100 pm.

25.  The method of claim 21 wherein said first insulating layer said first insulating layer said
first insulating layer is comprised of oxide and has at thickness of between about 800 and

3000 A.

26.  The method of claim 21 wherein said first insulating layer has a thickness of between

about 1000 and 3000 A.



28. The nmethod of claim 21 wherein said second substrate is conprised of
nonocrystalline silicon and has a thickness of between about 500 and 700
A. 29. The nmethod of claim 21 wherein the renoval of portions of said first
substrate conprises a grinding process. 30. The nethod of claim 21 wherein
the renoval of portions of said first substrate conprises an etching
process of KOH 31. The nethod of claim21 wherein the renoval of portions
of said first substrate conprises a H2 inplant and annegl.sefmbé Foehod of
fabrication of a silicon on insulatorigdevice; conprising the steps of a)
providing a first substrate having trenches in a first side; said first
substrat e %n?btho%eo‘%%gh‘? %%eréiﬁaid Q&)onéﬁ?u@ﬁ#égxa L8 borBR2 R0 8L nd.
conpri'séd of ‘nonocrys arline Silicon: . sai renches have a top w

greater LhannhRisRs MhanterPetdal f00Man dbby Agreater than 0.3 gm the first
substrate between said top of said trenches having a wdth between 0.5 and
100 gmand the first substrate between said bottomof said trenches having

2 40U Detien, 005, A0 0, A Bl ot Ly st Instl et ng Layer, over
id first.. i I i i i kd d h hi ck f
car S Ml Sl OB SB Rl gahde and has at Ui cknecs o

first insulating | ayer and not exposing said first side of said first

substrate to formisol ati on regions comprised of said first insulating
| ayer.29.  The method of claim 21 wherein the removal of portions of said first substrate comprises

a grinding process.

30.  The method of claim 21 wherein the removal of portions of said first substrate comprises

an etching process of KOH.

31.  The method of claim 21 wherein the removal of portions of said first substrate comprises

a H, timplant and anneal.

32. A method of fabrication of a silicon on insulator device; comprising the steps of:

a) providing a first substrate having trenches in a first side; said first substrate has a

second side;
(1) said first substrate is comprised of monocrystaliine silicon;
(2) said trenches have a top width greater than 0.35 um and a bottom width

greater than 0.3 pum;
3) the first substrate between said top of said trenches having a width
between 0.5 and 100 wm and the first substrate between said bottom of said

- : trenches having a width between 0.6 and 100 Lm;

b) forming a first insulating layer over said first side of said first substrate and filling
said trenches;

(1) said first insulating layer is comprised of oxide and has at thickness of

between about 800 and 4000 A;



33. A nethod of fabrication of a silicon on insulator (SO) device;
conprising the steps of: a) providing a first substrate having trenches in
a first side; said first substrate has a second side; b) formng a first
insulating |ayer over said first side of said first substrate and filling
said trenches; c) planarizing said first insulating |ayer to expose said
first side of said first substrate and to formisolation regions conprised
of the remaining said first insulating layer;, d) providinsgpembecznd
substrate having a second insul ating jlpayer over a first side of said second
substrate; said second substrate having a second side; e) bonding said

second i nsykali.ng: I s t | i | i M et )

renovi ng pt)gr) t lgﬂgl%@y%gdl @Jsﬁlﬁ%lg%%sgl}gyse?rg}é(?régtfe%g%n{sgga?w gltg{c%%dé%lx eﬁrtSl](c) expose
said first i ssglratinfprinasedationgedionrsmoagptisadofzngdsstiasuleimg lo@r.d i sol ati on
regions; said active areas are conprised of remaining portions of said
first substrate; and g) form ng devices in and on said active areas.

33. A method of fabrication of a silicon on insulator (SOI) device; comprising the steps of:
| a) providing a first substrate having trenches in a first side; said first substrate has a

second side;

b) forming a first insulating layer over said first side of said first substrate and filling
said trenches; '

¢} planarizing said first insulating layer to expose said first side of said first substrate
and to form isolation regions comprised of the remaining said first insulating layer;,

d) providing a second substrate having a second insulating layer over a first side of said
second substrate; said second substrate having a second side;

e) bonding said second insulating ayer directly to said first insulating layer;

f) removing portions of said first substrate from said second side to expose said first
insulating layer to form active areas between said isolation regions; said active areas
are comprised of remaining portions of said first substrate; and

g) forming devices in and on said active areas.



