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FABRI CATI NG COVPLEMENTARY Sl LI CON ON | NSULATOR 2 DEVI CES USI NG V\AFERp

BONDI NG 3 4 Background of Invention *@)0002* 5 1) Field of the | ABHVNEH2s
This invention relates generally to fabrication of ~7 sem conductor devices
and nore particularly to the fabrication 8 of a Silicon on insulator (SO)
devices and nore particularly to 9 -a nethod for fabricating

conpl ementary silicon on insulator 10 (CSCI) devices that can be partially

depleted and fully depleted 11 (or accunul ated si ng.waf er nding. 12 13
TaT2) Des i BGRPQR EHEREA NG o bR ARY 5 51 O S B8 St
as diodes, field 16 effect_transistors (FETs) and bipolar transistors
fofmed on a 17 silicon wHeflGHS WRHFENAFER BYRI¥Fc effects resulting

from 18 otter bulk devices in close proximty and fromvertical 19
structural asymetry. These parasitic effects include voltage 20

.limtations and cross-device interference. 21 Consequently, j K
sem conduct or processes, 22 especially FET processes that iMMMﬂﬂmﬂmw M
p-lype FETs (PFETs) REPLREERERTUSHEET Ingenti@nN Zooz 2 v

FETS (NFETs) and commonly referred to as CMOS, 2 require dedi caoegpz”

StruCt Yy espl 9y °§§|Eﬂ8 heguge parasitic 3 effects. These specialized
structures 1 nclude providing surface 4 diffusions referred to as guard

rings, individual doped wells 5 (Nwells and/or P-wells) and including a
burd ed I nsulator. This invention relates generally to fabrication of

7 semiconductor devices and more particularly to the fabrication
8 of a Silicon on insulator (SOI) devices and more particularly to
9 - a method for fabricating complementarytsilicon on insulator
10 (CSOi) devices that can be part:ially depleted and fully depleted
11 (or accumulated) using wafer bonding.
.12
13

14 2) Description of the Prior Art

15 Typical prior art bulk silicon such as diodes, field
16 effect transistors (FETs) and bipolar transistors formed on a

17 silicon wafer are subject to parasitic effects resulting from

18 other bulk devices in close proximity and from vertical

19 structural asymmetry. These parasitic effects include voltage

20 limitations and cross-device interference.

21 Consequently, typical bulk semiconductor processes,

.22 especially FET processes that include both p-type FETs (PFETs)

*166166*




6 Silicon on insulator (SO ) devices have been dubbed 7|@EPEW T SHESET

successor to the reigning Conplenentary Metal On 8 Silicon evi ce
Silicon on insulator (SO) has excellent 9 isolation properties. I B8i¢tth2gy
insulator (SO) has existed for 10 -al nost two decades, but still inproved
for making 11 silicon on insulator (SO) devices are needed to advance the
12 technol ogy. 13 The inportance of ovkrcom ng the various 14 deficiencies
not ed above is evidenced by the extensive 15 technol ogi cal devel opnent

di Fecttad tho e ST %ot Fiaks Jd oRAre R Y bye e ekl e gt Pi%ent and
technical literature. The closest 17 and apparently nere rel evant techni cal
de¥el gmwrnitre idedimtis] patamtiieeri-urecchinz dbeayl ez dypaonsi er i ng US
6,084, 271(Yu 19 et al.) shows a silicon on insulator (SO) process using
waBer e¥duyli Mmhedw Hdcsalised, 469000 &% stmah)ds howsy 2d SIJ aurfgep and
21 a wafer bonded thereover. US 6,071,803(Rutten et al.) shows a 22 contact

toga kurfifds s PF OLLSSedIStd10a yadedr HoNThdg, antd SIidwal ddRL AEMENT SHEET
1 3J UNZ002 3 1 US 6,013,936(CAt, Jr.) teaches a double SO device. US

2 5, 48 A D84/ &t - -k EBLHESada bondedd 50 sewh££4@r 06888atJr Thus, there
is a need for individually 41solated 4 sem conductor devices that may be
integrated into a single 5 circuit on a single chip. 6

6 Silicon on insulator (SQI} devices have been dubbed

7 as the next successor to the reigning Complementary Metal On

3 Silicon (CMQOS) devices. Silicon on insulator (SOI) has excellent
9 isolation properties. Silicon on insulator (SOI) has existed for
10 -almost two decades, but stiil improved)methods for making

11 _silicon on insulator (SOI) devices are needed to advance the

12 technology.

13 The importance of overcoming the various

14 deficiencies noted above is evidenced by the extensive

15 technological development directed to the subject, as documented
16 Dby the relevant patent and technical literature. The closest

17 and apparently mcre relevant technical developments in the

18 patent literature can be gleaned by considering US 6,084,271 (Yu
19 et al.) shows a silicon on i1insulator (SOI) process using wafer
20 'bonding and STI's. US 4,169,000 (Riseman) shows a STI air gap and
21 a wafer bonded thereover. US 6,071,803 (Rutten et al.) shows a

22 contact to a buried SOI prccess using wafer bonding and STI's.



7 ' Summary of the Invention 8 It is an object of the pREPEMNCEMENT iISHEED
provide 9 a nmethod to forma silicon on insulator (SO) device. 10 It is an
obj ect of the present invention to provide 11 a nethod to for h&J¥NIL¥on on
i nsul ator (SO) device that uses 12 wafer bonding technique. 13 It is an
obj ect of the present invention to provide 14 a nethod to forma silicon on
i nsulator (SO ) device that uses 15 wafer bondi ng techni que that can be use
to formfully and 16 partially depleted conplenmentary devices on the sane
waf er .Usl®,Id1 3,9 3N @l tsctImf) tteqresentddublentdan deoripreovi dis 18 a net hod
to formsilicon on insulator devices that use either 19 controlled Si wafer
bagk o,iqui MBPIQEESS: M1 8 Cdddrdd ed ddRl R wadercStgibcedls 22
REPLACEMENT SHEET ~ ~ J U N 2002 4 1 Briefly, the invention describes a

met hod for a 2 silicon on insulator (SQ) structure by form ng shall ow
trénch 3 isolati onTR8%r) CREgRoAS Snn&erl For &éﬁéV}dﬂéﬁéﬁ B&RPRESt he 4
first and a second wafer together, backside grinding the second 5 wafer,
patt ersemigcanducTode Wetes 2t oray see ot egeniedresinie 6 thingeeond waf er,
and depositing an insulator in the second 7 trenches to isolate the active
aréas derquit sothizosdngietdirip3 renmai ni ng second wafer. 9 The net hod
preferably conprises the follcwing steps. 10 "A first substrate is provided
hawi ng an insulating |ayer over a 11 _ first side of the first substrate.
The first substrate has a 12 second side. A second substrate is provided

haying first 13 trenches in_a first side. Jhe second substrate has a second
14\§side. We formfirst iso|sé¥'l“l?ﬁ-‘yré>'&g'se(1é‘."e§’.st}°§T|) that fill 15 the

trenches in the second substrate. Next, we bond the first 16 and second

sulgstrate together My ibongi rihre: idBWrt igikdeaerinkerdtd dihad igrelvide
isolation regions and the second substrate. Then, 18 preferably the second

SUlS! [ At o soliNEONEd by 535 D1 0E8RSohNak A9, EEHOYEBT Mheyigh 1 om the
e t

backsi 0 e second substrate. 20 en, a.stop layer 1s forned over the
second side of the second 21 substrate. The stop |ayer and the second side
ofl he second 22 sulistirsatzen askejqpat toeef neck tpxr fsenmh siecand: tarenchescavidehe
second 23 substrate. The second trenches have sidewalls at |east

11 a method to form a silicon on insulator (SOI) device that uses

12 wafer bonding technique.

13 It is an object of the present invention to provide
14 a method to form a silicon on insulator (SQI) device that uses
15 wafer bonding technigue that can be use to form fully and

16 partially depleted complementary devices on the same wafer.

17 It 1s an object of the present invention to provide
18 a method to form silicon on insulator devices that use either
19 controlled Si wafer back grinding process or a controlled Wet Si

20 wafer etch.
21

22



24 partially defined by the isolation regions and the R&BM@EMEhéﬁLiéé@m
SHEET ~'~ JU N 2002 5 1 trenches expose the second insulating Iayerfgﬁhe
second 2 trenches define first active regions over the first ASoVHNiZR 3
regions (STlI) and define second active regions over the 4 insulating | ayer.
Next, the second trenches are filled with an 5 insulator material to from
second isolation regions. The 6 fillisng of the second trenches with an
insulator material 7 preferably conprises form ng an oxide |ayer over the
stop layer -8 and grléEDg, t BrReSeaOBALbANGBESritBe @xmdehbayeori &
preferably 9 chem cal - mechani cal polished (CW) using the stop |ayer as a

CVP 1Q,3ti0Ryn Nextindhe P dayersd sudamyved, tasting il depated 11

devices are formed in and on the first active regions. Al so, 12 partially

depl eted i gies aref Al dd a0, opy Lhe seeand Aaotiyearegians. The

pleted devices a y 14 depl eted devices are conprised

f FET. devi [ fi drai n. regi
e e T e R s e T

19_cont ext_of _known . t echnol ogy. further 20 under st andi
of 51 hE AT PANE HHVHhT Ghos: STOTRG I BECRt AT rartl brona B b | sed by

reference to the latter portions of 22 the specification and attached
dr Swi n"dée: SRCONGRER g{LEEEq-SLtJSHQ~%Ip\| plator in the second

7 trenches to isolate the active areas_ (e.g., silicon) of the

8 remaining second wafer.

9 The method preferably comprises the follcwing steps.
10 "A first substrate is provided having aé insulating layer over a
11 | first side of the first substrate. The first substrate has a
12 second side. A second substrate is provided having first
13 trenches 1in a first side. The second substrate has a séecond
14 side. We form first isclation regions (e.g., STI) that £fill
15 the trenches in the second substrate. Next, we bond the first
16 and second substrate together by bonding the insulating layer
17 to the first isolation regions and the second substrate. Then,
18 preferably the second substrate is thinned by a process that
19 removes material from the backside of the second substrate.

20 Then, a stop layer is formed over the second side of the second
21 substrate. The stop layer and the second side of the second
22 substrate are patterned to form second trenches in the second

23 substrate. The second trenches have sidewalls at least

24 partially defined by the isclation regions and the second



6 1 Brief Description of the Drawings 2 The features angﬁﬁﬂﬁﬁfé@ﬂfs of a
sem conductor 3 device according to the present inventi MErSHEET
details of 4 a process of fabricating such a senm conductor device in 5
accordance with the present invention will be nore clearly 6 u3diih2002d
fromthe follow ng description taken in conjunction 7 with the acconpanyi ng
drawi ngs in which like reference nunerals 8 designate simlar or
correspondi ng el ements, regions and 9 portions and in which: 10 Figures | A
and 1B;ramch@stexpfoaeetbeosscsedt innalatingi dagetor Theéusecahdng a net hod
for manufacturing a SO device 12 according to the present invention. 13 14

Detai | edeflesesi BtEOReOEithe Reelieer edgbghedbient enhd5cThetrpigsentibAvention
wi |l be described in detail 16 with reference to the acconpanying draw ngs.

Thg pr?é?ﬁ%%% é%???”EhB”dBEQ dgécﬁnHEEE99v8frEﬁEHhEgo@e§'Eh on on

i nsul ato devi ce own In a frrst substrate (e. g.

wafier) 20,1 $cprovh ded ha gggh nbnsuLabing Laver 24 gver a.li [slpside 11 21

I'rs |rs stra as a Séecon &l'de 12.
Th%\flrst ugstrat ferabl qnp g of 23 nmonocrystalline

" oot ar?ﬂ g mﬁ?ﬁala Ro t6PmapBral FSﬁ? 1CREPEACERENT SEEET 1 3 J U N
200 }E16 at.om cc. Fbmever a substr fer) with
di f ergh% 4BBi RS EBRcERCPREI 5heRABESK Wi tgyﬁ@ nguﬁ6t85uP6t8§l§lused

depending on the final device requirenents. 4 Referring to FIG 1B, we
pr&bld@r§f§éé8%§ SOPPLLEFE §°E96n€eang°X1ﬂ§fé@ythQVeﬁa§hﬁ|§§Ppt#éﬁéﬁes 218

inafirst side 6 201. The second substrate 200 has a second side 202. The
-8 and filling the second trenches. The oxide layer is preferably

9 chemical-mechanical polished (CMP) using the stop layer as a CMP
10 . stop. Next, the stop layer is removed. Lastly, fully depleted
11 ] devices are formed in and on the first active regions. Also,

12 partially depleted devices are formed in and on the second

13 active regions. The fully depleted devices and the partially

14 depleted devices are comprised of MOS FET devices comprised of

15 source and drain regions and gate electrodes.
16

17

18 The present invention achieves these benefits in the
19 context of known process technology. However, a further
20 understanding of the nature and advantages of the present
21 invention may be realized by reference to the latter portions of

22 the specification and attached drawings.

23



7 second substrate 2.00 is preferably conprised of silicon. The 8 second
substrate is preferably conprised of silicon wth a P REPL /gg? PISHEET
approxi matel y- 1E16 atom cc. However, a substrate 10 (e. (., Nﬂ?ﬂ with a
different doping concentration and/or, N 11 type doping could bq Jeu. 2002
depending on the final device 12 requirenments. 13 The trenches 218 have a
wildt h bet ween 2000 anBridéf3DeeAripBiShi bf tbkebramngnge FI G 1B, we form
first isolation 16 regions (e.g., STI) 220 that fill the trenches 218 in
the 17 second substr at 00. The ir isolatio |ons n be 18

f &bricated using é%?ﬁ/efﬁefﬁz%ﬁ‘?s SHAT | atr?%%%?rs i3S I%tg SCticgr net hods.
20Referringto FIG 2, the insulating Ia er 24 is2lbonded or fused to thefirst
|§bla9?8hcﬁe@F6ﬁ§§269aﬁa FH§2?§€68H& éﬁH@PF&P@ 200. FHE tE8CoRGtSdRSt Pt e
200i s inverted and 23 bonded to the first substrate 10. The first side 201
ofd t he PTREPEACEBNENTPSHEEFL1DI3SRCH R 2E0ZCenduseoandeyisst rate 200 is
bonded facing the first side 11 of the 2 first substrate 10. The first and
seérondcsabdenaeewishe thentae s@nisiimy eodrivanmwiiddalbebowdieng lteechyi ques. A
conventional bonding 4 process may be used to formthe structure shown in
FI&G 2ntlershecd ifmsuml ahiend dldyeri n2d deSarr igtdmml eakeane ias semjydtd otl eaned
and 6 then is subjected to a oxygen gas and a tenperature in the range 7 of
850 Cwit® 1hQ0aCcofplnaxly @ addigson mofwHite 366@NeeHeden@2 rifndrig ssecond
10substrat e202 i srenoved using conventional techni quessuch as allKOH
etghbaels19ha tar isAeiing rPeCeeTr BRIl Y iantedel, ch Radkkisnhised. Afterthe
t hi nning of the second substrate,the second 13 substrate 200 preferably has
a-§h'§%g%§%n%o%n%f ;hetygen .about 14 1000 and 2000 A A surface treatnent is
preferably perfornmed on 15 the silicon face such as a clean and anneal. The
cl ean renoves K 16 nobile ions which may end up in the gate oxide. The
ahtheal 17 repairs Bugfinee tafents]lBespedi &l by bf athecsessndestibshait e

11 views for illustrating a method for manufacturing a SOI device

12 "according to the present invention.

13
14 Detailed Description of the Preferred Embodiments
15 The present invention will be described in detail

16 with reference to the accompanying drawings. The present
17 invention provides a method of forming a silicon on insulator

18 (SOI) device.

12 As shown in FIG 1A, a first substrate (e.g., wafer)
20 is provided having an insulating layer 24 over a first side 11

21 of the first substrate 10. The first substrate 10 has a second

22 side 12. The first substrate 10 1s preferably comprised of

23 monocrystalline silicon with a p-type doping of approximately



18 under goes backsi de grinding. A Iarge gap over the whole wafer 19 is
preferred as it can raise only a "skin" |ayer of Si, (e. é UP(CBMENTCSHEET
melt and:-then followed by re-crystallization to get a 21 def ect - Sﬁ

surface 202 for building devices. 22_As shown in FIG 3, we fornﬂ N 2002
(optional) stop layer 23 (230 240) (é , CMP stop |ayer) over the second
silde B@26oitomFEflA(Eaﬁéﬁe8HEETs&b§tﬂdtbN(aL@Z,9w&féhe seechnd substrate

200. The stop layer will be used as a CMP 2 stop in a later

Cbe”T&ﬁff@?éﬂ@”ﬁ&ﬁin@okbﬁeenﬁ9%@109|éﬁé/b%aNLQQpé ébﬁ@ng4couIﬂeb§t0p | ayer
230 240 is preferably conprised of | ower oxide layer.230 and an upper

Nzt ri 4 h I r i e kness of between about
100 e%%e% 8%?% &hng on 9%§|€?P§{ §Sg%g¥ EigﬁﬁégménF |ckness of between
about 8 1500 and 2500 A ~9 As shown in FiG 4, we pattern the stop |ayer 230
1@ - 240 and the Sedtmkisiget@2U ®F1R heve goondi dibstsaten@ulst rate 1
conventional photolithography techniques (e. g., resist, expose, 12 devel op
argd ekob) (eThi.s wares)senandhbeemiches 2H@nchekhelsecand k3 rsibstnat e 220.
14 The second trenches 250 preferably have sidewalls at 15 |east partially
def i ngd1by thgei sebahioBubegir-ane 220 aae thecltbnseesnd boenchesng50 expose
the second insulating |ayer 24. The 17 second trenches 2SO0 define first

aeﬁlveeeeﬁaoeab%QQaEe z@o,l@h?&efé§akq&|£oﬁ§¥l§eele%e@qu%b%esvwelI be
formed in a |later step) over the first isolation regions (STI) 220. The

5%9°”§e&§ﬁ§¢§§% %gggéoﬁgTigGQ%E%%&%fﬁﬁ%@? %%h!%g s%Qh%%%.%QQh(% . Where

partiall Vi ces ornmed in a later step) over the

22,1 n atdi.n Iayer 24. act.iv e the r emaini n ortlon 3 the
st ot VBanePParE B A ARIEF aet & N 00D AL S oo T 5.

t he second trench s 250 are, 2 f|IIed w th an |nsulator mat er to form
setond Si-Sol at¥edR - &?’oﬁ‘s B ererfh doning rﬁj’n&fenttﬁé CJI/?Oéfné\hes 250
with an 5 insul ator naterlal preferably conprises formng an oxide |ayer 6
ovker THPesCop ingy &oudnd bfe Msath deredediad oar délehdsinaNedevige 7

chem cal - mechani cal polish (CW) the oxide |ayer using the stop 8 layer 230
1) agegudvemesttep. The stop layer (e. g., oxide 9 nitride stack) protects
the active areas 204 206 during the CVMP 10 ,and acts a CVP stop. The stop

| ayer is inportant._jn preventin 1 defects th ctive as_f,romthe

process. 12 hb;b EhgnSBSE ?é ePVg ?eW6928 gﬁ%ﬁﬁﬁn %ﬁb% £88 13 I ayer
can be renged t he CNP process (above) or by a selective 14 wet or dry
et¢h, 3000

15 Still referring to FIG 1B, we form first isolation
16 regions (e.g., STI) 220 that fill the trenches 218 in the

17 second substrate 200. The first isolation regions can be

18 fabricated using conventional shallow trench isolation (STI)

19 methods.

20 Referring to FIG 2, the insulating layer 24 is
21 bonded or fused to the first isolation regions 220 and the
22 second substrate 200. The second substrate 200 is inverted and

23 bonded to the first substrate 10. The first side 201 of the



15 As shown in FIG 6, devices can be fabricated in 16 th i [
conventional process steps dictated by the 17 type or tygggp%g@gg@;ggEEWﬂEET

desired. "For exanple, we can form 18 fully depleted FET devi ded JRI02, and
on the first Active 19 regions 204 and formpartially depl eted devices 300
in and on 20 the second active regions 206. Depl eted and accumul ated FET 21
devi cescehdf etivsAribe typeiof bdAREAIrERiNE Bhei RikBe shaaneh 2 tggi on of

the FET. Partially deleted and fully depleted refers 23 the | evel of doping

| Re” B PLE EhoEElaCeVL BT, mne TEFECLURNT s REBRD, SuBqdrdcls28rp tobiiaBdtl | PA
d PMOS PFET d NFET) .3 devi N b i al, | | depl
o R Ene berrrs el e bt e PR i e ne b HRRV AR LR PRI PG o her o

devi ces can beforped inand on the active regi ons, such as6 resistors

arfldc aBERFEBFsBAY PROBSFAVEPL EPE™ FRPhSCFUFEYGefhet'Bd i8etilfes 2286 &RE t he
partially 8 depleted devices 300 are conprised of MOS FET devices conprised
9 of 3$BEHEBTARE dr¥PA Fdgi BRS 276TPdent gﬁe( assgmblyhagnelpapedi 6rg 10 . 274
and gate el ectrodes structures 280 A gate dielectric and 11 gate el ectrode
are fohapdiensvhéeatedvéocareasydFheyaSoandea/ tempgraitnreSAib) thee rhogeed

adj acent to the gate structures 280 13 preferably by an ion inplant
proces$. 884°| C.shoulld0loe Cecogni zed that nmany publications 15 describe the
details of common techniques used in the 16 fabrication process of
infegrated circuit conponents. Those 17 techni ques can be generally
enployed in the fabrication of the 18 structure or the present invention.
Mor eover, the individual 19 steps of such a process can be performnmed using
cogmercially 20 avmékepl e potegoated ehécybtohabsigatpon sachh8esechdsd21
specifically necessary to an understanding of the present 22 invention,

eXeMlsahY the¢ninedl jdata are Sels iy tcﬁrp;]?egfchaﬁqn 2R RY dRehngl Qoy.

Fut ure devel opnents in the art nay ca

11 KOH etch back or a grinding process. Preferably a KOH etch back
12 is used. After the thinning of the second substrate, the second
13 substrate 200 preferably has a thickness 207 of between about

14 1000 and 2000 A. A surface treatment is preferably performed on
15 the silicon face such as a clean and anneal. The clean removes K
16 mobile ions which may end up in the gate oxide. The anneal

17 repairs surface defects, especially if the second substrate

18 undergoes backside grinding. A large gap over the whole wafer
19 is preferred as it can raise only a "skin" layer of Si, {(e.g.,
20 500A) to melt and then followed by re-crystallization to get a

21 defect-free surface 202 for building devices.

22 As shown in FIG 3, we form a (optional) stop layer

23 (230 240) (e.g., CMP stop layer) over the second side 202 of



REPLACEMENT SHEET ~ 3 J U N 2002 12 1 appropriate adj uRBPbASEMENTUSHRRET
obvious to one skilled in 2 the art. 3 4 In the above description nunerous
specific details 5 are set forth such as flow rates, pressurq SSUNIEls, 6

t hi cknesses, etc., in order to provide a nore thorough 7 understandi ng of
the present invention. It will be obW ous, 8 however, to one skilled in the
art that the present invention 9 may be practiced without these details. In
ot her thnstanceasd dibsetidt&ndid. pr otlesss bewel apér beehl descusdédas na deRi | in
order to 11 not unnecessarily obscure the present invention. Al so, the flow

12orat@seh nid he spectfigahi onl cRl-PELS6al efdo UPsRr (Eevn KeeRiPg:ihed3 sane
molar o or ratios to accommpdate difference sized reactors 14 as i s known

tostho eFr?killed inthe art. 15 16 Wile the invention has been
particularly shown and 17 described with reference to the preferred
enbodi nents thereof, 18 it will be understood by those skilled in the art
t hdt various 19 chdigestap flaverarddetd |iss maye flssrardde widnyouits ede el tai ng
“from 20 the spirit and scope of the invention. It is intended to cover 21
valsi ousowerdi éxtadei bagean?d38i antaanauppagenenrsdandlapeocedar esTh@2lawdrt he
scope of the appended cl ains therefore should be 23 accorded the broadest

i ntger peeiaéi DAys® Bast@ encerpass atlbsunBen HEbEREACEVENINGHEEF A.3 JUN
2002 13 1 nodifications and simlar arrangenents and procedures. 2

7 The upper nitride layer 240 has a thickness of between about
<

8 1500 and 2500 A.

9 As shown in FIG 4, we pattern the stop layér 230
10 - 240 and the second side 220 of the second substrate 200 using
11 ) conventional photolithography techniques (e.g., resist, expose,
12 develop and etch). This forms second trenches 250 in the second

13 substrate 220.

14 The second trenches 250 preferably have sidewalls at
15 least partially cefined by the isolation regions 220 and the

16 second trenches 250 expose the second insulating layer 24. The
17 second trenches 250 define first active regions 204 (e.g., where
18 fully FET depleted devices will be formed in a later step) over
12 the first isolation regions (STI) 220. The second trenches 250
20 also define second active regions 206 (e.g., where partially

21 depleted FET devices will be formed in a later step) over the

22 insulating layer 24. Active areas are the remaining portions of

23 the second substrate.



3 4 Wat is clainmed is: REPLACEMENT SHEET ~ 3 JUN 200 1 h
fabrication of a silicon on insulator (SO)2device; corrpl%{t:si CEMeggEﬁT

of :3a)providing a first substrate having an insul ating4l ayer &JedUl 2082 st
side of said first substrate; said5first substrate has a second si de;

6b) provi ding a second substrate haibng first trenches7in a first side; said
second substrate have a second8side;9c)form ng first isolation regions that

fill said first10tsenghgsni Insaird S§coRHesybsbrat erdidhbangdsngasai d
insulating layer to said first isolationl2regions and said second

lating |ayer 10 said | __ rons and Said_secon
1) oLaSe hd paT oP B S Lo s Ue aT < R Con(THe St rat e of

form secand trenches in said secondl6substrate; said second trenches have
si dewdi9% XS 1%%5t 17partial |y defined by said isolation regions and
sai d18second trenches expose said second insulating | ayer; 19said second

trgnches define firpk @aglilvBgred@i eAs gwepdBsairdnthest 2680kathoAnr egi ons
(STI) and define second2lactive region over said insulating | ayer;

22¢g) fijldd I 4y secong trenehes wt j I 2. rd.af second
SOl atl‘urjloérﬁﬂ %e%%og%; %PLFFACENENT E%‘Iﬁ} NIRRT €4d%d% glrir%?ér?‘?

deyi c | & Lr Y i ons; i d i econd,
2ot Vo vy g S A e PR RO e oy PR B0 R, e et r et o
i s,conprised of nocrystalline silicon.. 3. Th thod of. claim 1 wherein
sa7 0 B TR Pl Tl Orend aliSe Taveneleife it 510K e
negho of chﬁggk%ﬁ¥herein said first trenches have a wi dth befween 200G and
3000 5:3¥%fe o?S cF &R 15 WhRr ei ntR%eS tPR nhR Y of © s@i d SEEShd si de of
said second substrate conprises etching said second substrate in KOH so
thdt SHidF 5 oheR ShbsRFAEeChastae t HF BkHRs3X %S bet Weefl abdwF 1190BPand2000

A. 6. The nmethod of claim1l wherein the thinning of said second side of

saPd saxdmicsubat ¢4 estappri Bee gromdlagesald terondastbstrprevendtihdt said

second substrate has a thickness of between about 1000 and 2000 A
11 defects in the active areas from the CMP process.

12 Next, the stop layver is removed 230 240. The stop
13 layer can be removed the CMP process (above) or by a selective

14 wet or dry etch.

15 As shown in FIG 6, devices can be fabricated in

16 these regions using conventional process steps dictated by the

17 type or types of devices desired. For example, we can form

18 fully depleted FET devices 290 in and on the first Active

19 regions 204 and form partially depleted devices 300 in and on

20  the second active regions 206. Depleted and accumulated FET

21 devices differ in the type of doping (p or n) in the channel

22 region of the FET. Partially deleted and fully depleted refers

23 the level of doping in a depleted FET device.



7. The nethod of claiml1 wherein the filling of said sREmGEMENiIéSH\EEFE

an .insulator material conprises formng an oxide layer filling said second
trenches; and chem cal - mechani cal polish said oxide |ayer d? h?
SHEE1 i 3 J UN 200Z 16 8. The nethod of claim 1l wherein sala evi are
conprised of MOS FET devices conprised of source and drain regions and gate
el ectrodes. 9. The method of claim 1 Wherein said devices that are forned

deki ces formed on Lai BREGRA" acbrvact sOFORECEr cCpar rar eaeﬁ?efi‘%‘?pg
devi ces canprised of source and drain regions and gate el ectrodes. , 10.

The nbrHEd Lo amy Etiont of° - .W 69 RS e (BEEY andydVEda:
conprising the steps of: 3 a) providing a first substrate having an

i ndul seivigesayean padirer (Rafirast Fidefwil)salep e tisn subtacnunulsdiignfirst 5
substrate has a second side; 6 b) providing a second substrate having first
tréncheylas raa fug storsnald; orsailte secondvasidost r fievhavel g sedond 8 side; 9
c) formng first isolation regions that fill said first 10 trenches in said
sesondiestiksiy adaf; Bl £ rovedidimgarsdich i trsdiladt ing: | wyelon®, saich fdg st

i solation 12 regions and said second substrate; 13 e) thinning said second
si de essiitbsLey SAhsdé18d©€s and CMOS inverters.

7 . The fully depleted devices 290 and the partially

8 depleted devices 300 are comprised of MOS FET devices comprised
9 of source and drain regions 270, center (e.g., channel) regions
10 .274 and gate electrodes structures 280. A gate dielectric and
11 gate electrode are formed on the active areas. Then Source /
12 drain (S/D) are formed adjacent to the gate structures 280

13 preferably by an ion implant process.

14 It should be recognized that many publications

15 describe the details of common techniques used in the

16 fabrication process of integrated circuit components. Those
17 techniques can be generally employed in the fabrication of the
18 structure of the present invention. Moreover, the individual
19 steps of such a process can be performed using commercially

20 available integrated circuit fabrication machines. As

21 specifically necessary to an understanding of the present

22 invention, exemplary technical data are set forth based upon

23 current technology. Future developments in the art may call for



REPLACEMENT SHEE1~ 1 3 JUN 2~2 17 14 (1) the thinning oREZHACEMENE SHEET
of 'said second 15 substrate conprises etching said second substrate 16 in
KGH so that said second substrate has a 17 thickness of betweern hd8dt2008000
and 2000 18 f) formng a stop | ayer @ver said second side of said 19 second
substrate; 20 (1) said stop |ayer conprised of a | ower oxide |ayer 21 and
afl uppRPrebripbe| agenstuangs| everovkiddbel apgiogg hasoanet hkékhedsinf between
about 100 and 200 23 said upper nitride |layer has a thickness of between 24
alrout tis0Arand 2500 25 ~ g) etching and patterning said stop |layer and said
26- second side of said second substrate of form second 27 trenches in said
second substrate; said second trenches 28 having sidewalls at |east
pé}tially defined by said 29 isolation regions and said second trenches
expose said 30 second insulating |ayer; said second trenches define 31
figst active regi r | I . t i O ; T, define
séiond active reg?§§£9%€e?§€%€dé%%§%ﬁ%ﬁ?%?i%éﬁ?ﬁgﬁﬁ;§%%§%§£§i$%FﬁgP%aid
secon r h h t i_ns r teri to fr cond isol ation
rgbgi o%gte gg(&(%ar}ﬁﬂﬁegﬁ%ﬁ ia%g%lol?kgé:ia Séc %j(?st%r%é:r?cﬁeest%w %%’an 37 insul ator
eri_al, conprises formng an oxide | ayer. 38 over said stop |ayer and
(T8 11 SRR Reedin g Y RERAGEAaT [GHEEF L SE @ TG0 A0S D30T enches.  and
chem cal - mechanj.cal polish (CWP) sai d40oxi de | ayer using sai dstop | ayer as
a%%ﬁ?&ﬁnﬁlﬁ’@n&fi ﬁ&esé%(ic?&ﬁrﬁp INFFRCLAR Y 115t Miing £ 18P dER et ed
devices in and on said first43active regions; and form ngpartially depleted
de¥i c &044iVie Land 0 $aisk idd@shd radihies @ rte dibss . thel prsentetiisterdiiadt ai m 10
wher ei nsai d second substrate is2conprised of silicon.31~. The nethod of
cl ai mmby ee meiangaick d iwisthasutbsthrestee degdciolngpr | Sled odfhesi liircorariced,3. The
met hod of claim 10 whereinsaid first trenches have a6-w dth between 200
ahd 36060 IAKNewnT perametdwchaofe ol ek wireret ibatt | iudet: tsai Id idevaobsr ang8ar e
conpr4 sed of MOS FET devi cesconpri sed of source and drai n9regi ons and gate
el ect medesunt{eces AL 1A A A . A@ .ASserF(Invention. Also, the flow

12 "rates in the specification can be scaled up or down keeping the
13 same molar % or ratios to accommodate difference sized reactors

14 as 1s known to those skilled in the art.

15

16 While the invention has been particularly shown and
17 described with reference to the preferred embodiments thereof,
18 it will be understood by those skilled in the art that various
19 changes in form and details may be made without departing from
20 the spirit and scope of the invention. It is intended to cover
21l various modifications and similar arrangements and procedures,
22 and the scope of the appended claims therefore should be

23 accorded the broadest interpretation so as to encompass all such
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10t 4nPA.0% & () - 2940% & () -

5B~ @ #@10% & ()- G &10% & ()-, &10% & () - 10% & ()- z#10%
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&3$10% & (3! & BIOY4IENY) 2" 1H4F L (FuPSEHOL R §Vingpanpinsulating

4 layer over a first side of said first substrate; said
5 first substrate has a second side;

6 b) providing a second substrate having first trenches

7 in a firsé side; said second substrate have a second

8 side;

9 c) forming first isolation regions that fill said first
16 ) trenches in said second substrate;
11 d) Dbonding said insulating layer to said first isolation
12 - regions and said second substrate;
13 e) thinning said second side of said second substrate;
14 f) etching and patterning said second side of sald second
15 substrate of form second trenches in said second
16 substrate; said second trenches have sidewalls at least
17 partially defined by said isolation regions and said
18 second trenches expose said second insulating layer;
19 sald second trenches define first active regions over
20 said first isolation regions (STI) and define second
21 active regions over said insulating layer;
22 g) filling said second trenches with an insulator

23 material to from second isolation regions;
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&10%& ()-s &LOYP& ()-sl~D dE{\=! 0% 0%& ()- .&L0%& ()-, 109& ()-
y' $109%&' ()-y' $10%C& () -y% %0% ()- GH I J k , .
194\ =1 304.09&' ( foErtogReyiresoiR endapn 5% ELLFL@EG1Ye TOIGHEIR () -
LK #Us#aB{\ =! f $9409%&' ()-f @ $10%& () - P@&LOY%&' ()- S
@R10%& () - S@@&U0IN&ahy- 8n said second active regions.
39409k &' () - #$DBP$S$] SVSAE{\ =! 0- &LO%& () - 0- &LOY&' () - 0- &10%&' () - S- 109&' () - yF+
'BAO0YR ()-y' - #109& () - v$$$$$$SeF{\ =! 0- &109%&' () - 0- &LO%& () - 0- &L0%& () - 0- &10%
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4, The method of claim 1 wherein said first trenches have a

width Dbetween 2000 and 3000 A.

5, The methed of claim 1 wherein the thinning of said second
side of said second substrate comprises etching said second
substrate in KOH so that said second substrate has a thickness
of between about 1000 and 2000 A.

6. The method of claim 1 wherein the thinning of said second
side of said second substrate comprises grinding said second
substrate so that said second substrate has a thickness of
between about 1000 and 2000 A.

7. The method of claim 1 wherein the filling of said second
trenches with an insulator material comprises forming an oxide
layer filling said second trenches; and chemical-mechanical

polish said oxide layer.
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6<6NB@626{@%gEH%ﬂﬁﬁp%%&éQéL{ﬁ.wherein said devices are comprised of

MOS FET devices comprised of sogrce and drain regions and gate
electrodes.

9. The method of claim 1 wherein said devices that are formed
on said first active regions are fully depleted FET devices
and said devices formed on said second active regions are

partially depleted FET devices comprised of source and drain
" <

regions and gate electrodes.

1 . 10. The method of fabrication of a silicon on insulator (SOI)

2 device; comprising the steps of:

3 a) providing a first substrate having an insulating layer
4 over a first side of said first substrate; said first
5 substrate has a second side;

6 b) providing a second substrate having first trenches

7 in a first side; said second substrate have a second

8 side;

9 c) forming first isolation regions that £fill said first
10 trenches in said second substrate;

11 d) bonding said insulating layer to said first isolation
12 regions and said second substrate;

13 e) thinning said second side of said second substrate;
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27 trenches in said second substrate; said second trenches

28 having sidewalls at least partially defined by said

29 isolation regions and said second trenches expcose said
30 second insulating layer; said second trenches define

31 first active regions over said first isolation regions
32 (STI) and define second active regions over said

33 insulating layer;

34 h) filling said second trenches with an insulator material
35 to from second isolation regions;

36 (1) the filling of said second trenches with an

37 insulator material comprises forming an oxide layer

38 over said stop layer and filling said second
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