13 SO 25 1 METHOD FOR FABRI CATI NG COVPLEMENTARY SI LI CON ON INSUE@J e % '
DEVI CES USI NG WAFER BONDI NG 3 4 Background of Invention 5 1) ‘Fi‘el fofl¥he
Invention 6 This invention relates generally to fabrication of

- sem conductor devices and nore particularly to the fabrication 8 of a
Silicon on insulator (SO) devices and nore particularly to a nethod for
fabricati o e ~Silicon n insulator 10 (CSO ) devices that can
e par?%%?ﬁ?ﬁdgg#egggﬁgﬁ%miﬁ?l9O%BBF%§§EAR§13f%FC c%ﬂu%%ﬁ@H&TQBing waf er
2bonding. 12 13 14 2) Descrigtion of the Prior -Art 15 Typical prior art
bul k silicon such as dPBYESESt VEINC AFER{BO¥DINGNnsi st ors (FETs) and

bi pol ar transistors formed on a 17 silicon wafer are subject to parasitic
Jeffects resulting from 18 other bulk devices in close proximty and from
vertical 19 structural asymretry. These parasitic effects include voltage

420 limtations and cross-device interference. 21 Consequently, typical bulk
sem conduct or processes, Background of Invention

5 1} Field of the Invention

6 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 complementary silicon on insulator

i0 (CSOI) devices that can be partially 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 siliconrwafer 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,

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




22 especially FET processes that include both p-type FETs (PFET$), JﬁgﬁsgP
2005 1 and n-type FETS (NFETs) and commonly referred to. as CMY5Y tfe Q05r e
dedi cated structures to localize and reduce parasitic 3 effects. These

- specialized structures include providing surface 4 diffusions referred to

1

as guard rings, individual doped wells 5 (Nwells and/or P-wells) and

in i } } tor..6 Sidicon on_insulator (SOI) devices have
begl&gu%gte é)gﬁlﬁi"s{ﬁs@t L@%&e% L ETURL Y TRECFERYnF PP CompPement ary Metal On

2?53'4-&9@6(5]\@ lg?iig% |§§?T$€%é%g{1 on insulator (SOT) has excellent 9

ationh proper ¢ nsefat bfe (Toh) redscexpareditor 10 al nost

32%€§e(:a€es but still inproved nethods for making 11 silicon on insulator

4

5

deVf cet S TREUEY 1 peAdvaReetthes Incledtnptogydind Fhefaaport ance
of ng\éﬁcom ng the various 14 deficiencies noted above is evidenced by the
ext VR A% 1 oY i tal agever vpneingsli r bed edi doal heosedj eet 1sas
docunented 16 by the relevant patent and technical |iterature. The cl osest
17 Shvabparamd/9r nlbreclbs bvamd techniiad devel beaenisuiacshe 18 pat ent
literature can be gl eaned by considering US 6,084,271 (Yu 19 et al.) shows

ga silicon on insyl Q. LQCess i.ng wafer 20 bonding and STI's. US
Bk RO i

4,169, 000 (Ri seman
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devifes Warsr bssmdsttisst eover .
US &5 Ofe 8195’)(‘& %’\Séggaseér atl:é) soops; &

the reigning Complementary Metal On

Silicon (CMOS) devices. Silicon on insulator (SQI) has excellent
isolation properties. Silicon on insulator (S0I) has existed for

almost two decades, but still improved methods for making

silicon on insulator (SOI) devices are needed to advance the

technology.

The importance of overcoming the wvarious
deficiencies noted above is evidenced by the extensive
technological development direclted 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 6,084,271 (Yu
et al.) shows a silicon on insulator (30I) process using wafer
bonding and STI's. US 4,169,000 (Riseman) shows a STi air gap and

a wafer bonded thereover. US 6,071,803 (Rutten et al.) shows a

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




22 contact to a- buried SO process using wafer bonding and STI'$.4 £ %ﬁ]
SEP 2005 1 US 6,013;936 (Colt, Jr.) teaches a double SOT devi te” US i)
© - 5,484,738(Chu et al.) teaches a bonded SO devicel/process. 3 Thus, there is
a need for individually isolated 4 sem conductor devices that may be
integrated into a single 5 circuit on a single chip. 6 Summary of the
In td P | ect res i ntion to vide 9 a nethod
1 nantd qny B 44 ) Oy | yﬁ
to forma si Isltceo('floly ?%JI a’iega(rc %gio cgoe%nfc%-ﬁ%# V%%eanp[%%j ect of the
prese i ion to provide 11 a net %gi to forma silicon on insulator
2(s ’)%%vﬁ%&%%te%sae 1P %okh?ﬁcsn] t%%%n‘g‘aﬂje‘?e 1Br$¢e$%- an obj ect of
the present invention to provide 14 a nethod to forma silicon on

3insul ator (SO ) Tewi cehkthat igses nekd WahennBarRdidng 1tiechricque dshat can be
use to formfully and 16 partially depleted conpl enmentary devices on the

asangened@idudiot tdéei s ObhEEInSY bHei pFeSERE i NVEALT ONsi 9 pLovide .18 a

method to formsilicon on insul ator devices that use either 19 controll ed

551 sptaridack grinding prpgess or a controlled Wt S 20 wafer etch
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Summary of the Invention

It is an object of the present invention to provide

‘a method to form a silicon on insulator (SOI) device.

It is an object of the present invention to provide

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

wafer bonding technique.

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

partially depleted complementary devices on the same wafer.

It is an object of the present invention to provide
a method to form silicon on insulator devices that use either

controlied Si wafer back grinding process or a controlled Wet Si

wafer etch.




21 22 A 3 SE 2095 1 Briefly, the invention describes a nethod f?re-. a2

1

2

3

4

silicon on insulator (SA) structure by forming shallow trench® 3 otk HMS
i solation. (STI) regions on a first wafer, wafer bonding the 4 first and a
second waf er together, backside grinding the second 5 wafer, patterning
the second wafer to formsecond trenches in 6 the second wafer, and
depositing an !ﬁfﬁéég% ERst BEySEERad alstrensbes hochsg e Lhe active

areas (e.g., silicon e 9 remal ni ng second wa et hod

pr ef.er.ahl onprd.ses. t.he | owi ng..st.eps. Afirs bstrate i s provided
ha\%{lﬁ‘&%g)rgy ioglhsu a L?lnazcciray%é;ﬂc}vesr ra&ﬁuf(%oﬁ?%gfoosﬁnﬁél%fsﬁ%qw rt®¥dbst r at e.
The fi.rst. subs e has, a 12 second side. A second substrate is provided
havllsr?glafscllroéf)f 1@1161{% FECTH A 13 rstt i g Eofhre "IN PUHS 4t has a second

14 side. W . formfirst isolation regions (e.g., STlI) that fill 15 the
tr eﬁfﬁ?&s i t%@%%%bid”%f&%t#%@%?h%xt?a%%cﬂﬁ Mg sthe 132 second
substrate together by bonding the insulating |layer 17 to the first

5i sofaft§ion Radgr oisl i d- i eS eeduhd'atast Fat i rimhegcond Igrenaies alily t he
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second substrate is thinned by a process that

the second wafer, and depositing an insulator in the second
trenches to isolate the active areas (e.g., silicon) of the

remaining second wafer.

The method preferably comprises the following steps.
A first substrafe is provided having an insulating layer over a
first side of the first substrate. The first substrate has a
second side. A second substrate is provided having first
trenches in a first side. The second substrate has a second
side. We form first isolation regions (e.g., STI) that fill
the trenches in the second substrate. Next, we bond the first
and second substrate together by bonding the insulating layer
Lo the first isolation regions and the second substrate. Then,
preferably the second substrate is thinned by a process that
removes material from the backside of the second substrate.
Then, a stop layer 1s formed over the second side of the second
substrate. The étop layer and the second side of the second
substrate are patterned to form second trencﬁes in the second
substrate. The second trenches have sidewalls at least

partially defined by the isolation regions and the second




19 renoves material fromthe backside of the second substrate. G)gﬁin a
stop layer is forned over the second side of the second 21 sub tr "‘.zﬁﬁe
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
sidewal I s at |least 24 partially defined by the isolation regions and the

1seconth SEP GAMWsd EieNehes) Exposel dheseropd. | nsplatingiayer. The second

2 trenches define first active regions over the first Isolation 3 regions

2( SHaeriib fIeid it CEONG: BELLNE, A Q5; OYPL, LR el PSWI ALLNG, | ayer. Next,

t he second trenches are W i'nsulator material 1o from second
i's j r eghONs h fillin f_the second trenches with an insul ator
BWBﬁQ%?%ﬁﬂ% g?%fgr%.%&g%oﬁ%ﬁi%%%gb%r%g%bv%nr%&+%%sI%W%? B¥@r the stop |ayer

gﬂﬁkﬁé&#éﬁg%thﬁ Seco trenches. The oxide layer is preferably 9

chehi Tar2 methanf €t - porF she ¢ CRBJOLi MgeRFee St 82 | BfetedsvatioM™ 10 st op.
5Next tfe stgg Igger is renoved. Lastly, fully depleted 11 devices are
for MR ACRhdPdhet hal f 79 straRt $9eonegh ensat AP oreddoparti alhy depl et ed
devices are formed in and on the second 13 active regions. The fully
Sdept bt btdevf cbleapacend prenches ywitl depleselatevi maseaielconpri sed of
MOS FET devi ces conprised of 15 source and drain regions and gate
7e|e@¥¢5g§§b116compri§¢s forming an oxide layer over the stop layer

8 and‘filling the second trenches. The oxide layer is preferably
9 chemical-mechanical polished (CMP) using the stop layef 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 régions. Tﬁe 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 theée benefits in the
19 context of known process technology. Howeﬁer, a further

20 understanding of the nature and advantages of the present

21 invention may be realized by feference to the latter portions of

22  the specification and attached drawings.

23




17 18 The present invention achieves these beneflts in the fonpgxt
known process technol ogy. However, a further 20 understandi ng o @éj‘ngﬂﬂire
and advant-ages of the present 21 i nventi on may be realized by reference to

- the latter portions of 22 the speC|f|cat|on and attached drawings. . 23 A
Qu-, 2005 6 1 Brief Description of® t he Drawi ngs 2 The features and

ladvant ages of a semrGMFWHLIripEBH F aHOTHNAG s the present invention
and further details of 4 a process of fabricating such a sem conduct or
deV|ce in 5 accordance with the present invention will be nore clearly 6
2under st ood fronThRefraFPsapngndeseriptionst aken samgonpdnctpon 7 with the
acconpanyi ng drawings in which like reference nunerals 8 designate simlar

3or dsotirass pomdindjired diteritlss pregions danckret jpor tamshstarnthdm ddtiahls 1 Fi gur es
1A and 1B, and 2 to 6 are cross sectional 11 views for illustrating a

4 meteh ok s srenil f st kg anigi reg SQlcldev i i dh dociosdidgrice tire present
invention. 13 14 Detailed Description of the Preferred Enbodi nents

5 accordance with the present invention will be more clearly

6 understood from the following description taken in conjunction
7 with the accompanying drawings in which like reference numerals
8

designate similar or corresponding elements, regions and

9 portions and in which:

10 Figures 1A and 1B, and 2 to 6 are cross sectional
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 (SQI) device.

19_ 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 is preferably comprised of

23 monocrystalline silicon with a p-type doping of approximately




15 The present invention will be described in detail 16 wth r :enencgﬂ
t he acconpanyi ng drawi ngs. The present 17 invention provides a*‘

forming a silicon on insulator 18 (SO) device. 19 As shown in FIG 1A a
first substrate (e.g., wafer) 20 is provided having an insulating |ayer 24
over a first side 11 21 of the fifst substrate 10. The first substrate 10

1hasm e oony <22 Sidlpeddr, Thesld sl UDRLIRLE Jhed REShErAbly comprised of
23 nDnocrystaI i ne S|I|con mnth a p-type doping o apprOX|nater P 2005 7

1 1E strate wafers with a i fferent
2do§ﬁhg concen ratl%ﬁ And7 (§%e§noé|ng ot %Pl?ﬁtﬁf %ending on
the fi dev re U|{§ne 1 Referring to FIG 1B, we prOV|de a second
suH§FF q@ ﬁa %93 t?ﬁﬁl%%sr? 1 5teReR hes 218 in a first side

6 201. The second substrate 200 has a second side 202. The 7 second

gsubstrate 2.00 irefirefierakly raemn,sed ?)froszllldlecen sct@a 8u9eeend substrate
is preferably conprised of silicon with a p 9 type doping of approxi mately

SIEL0@t a1 g0, bovexervnac substaier Aok enge, o181 o) WELha: diLherent dopi ng
concentratlon and/or N 11 type doping could be use dependi ng on the .final
6devi&e, 127hEAYLEEABNLSbstrate 200 has a second side 202.  The
77 second substrate 200 is preferably comprised of silicon. The

8 second substrate is preferably comprised of silicon with a p-
9 type doping of approximately 1E16 atom/cc. However, a substrate

10 {(e.g., wafer) with:a different doping concentration and/cr N-

11 type doping could be used, depending on the final device

12 redquirements.

13 The trenches 218 have a width between 2000 and
14  30004.
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)

18 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



13 The trenches 218 have a w dth between 2000 and 14 3000A. 15 $t41]_.
referring to FIG 1B, we formfirst isolation 16 regions (e.g. .t é#l'tﬁﬁmﬁ
that fill the trenches 218 in the 17 second substrate 200. The first

i solation regions can be 18 fabri cgt ed using conventional shallow trench
isolation (STI) 19 nethods. 20 Referring to FIG 2, the insulating |ayer 24

1i s setbrhpndetafa faisard ties thaddd Stad S} AHONeTeg ansa220; and {he 22 second
substrate 200 The second substrate 200 |s inverted and 23 bonded to the

first,.su oh rst cond
2subfssltrr ate olndegrl{éacflng (%l rs dé%k%@ ‘?l?'reagi kfoizrl%(_t’gsubstrate
10 T rst nd ) ubstrates are bo ded usi conventi onal

Sponit gg tec Vrtptrclquleosna qtt:on i SHAr B n 40%?‘6%%@50‘?% BRI to form
the structure own in FIG 2 to the 5 insulating |ayer 24. For exanple,
the"%%%ee%rvr }%I%%%%dt%n%o%“tm‘ﬁ FEreTbi et B Jano’s%enZ ghs BhE a

erature in the range 7 of 850 C. to 11000 C. 8 9 Next, a portion of

5th RIEHHAL Y k2 Yo i - t FRF setdrRi-© 10t Rebat Famiel 0Ds | sleenededndsi ng
conventional techniques such as a

6 en is subjected to a oxygen gas and a temperature in the range

7 of 850° C. to 1100° C.

9 ' Next, a portion of the second side 202 of the second

.10 substrate 202 is removed using conventional techniques such as a

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.q.,

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




11 KOH etch back or a grinding process. Preferably a KOH etch b GK k2,1 S
used. After the thinning of the second substrate, the second 1 Js@ﬁﬁtewﬁe
200 preferably has a thickness 207 of between about 14 1000 and 2000 A. A

surface treatnent is preferably perforned on 15 the silicon face such as a

cl ean and anneal. The clean renmobves K 16 nobile ions which may end up in
the gate oxide. The anneal 17 repairs surface defects, especially if the
second substrate .18 undergoes backsi@y grinding. A large gap over the
whol e wafer 19 is preferred as it can taise only a "skin" |ayer of Si,
(e.g., 20 500A) to nelt and then followed by re-crystallization to get a

21 defect-free surface 202 faqr building deyices. 22 As sho in FIG 3, we
form a (bBEi Srer)s oo iy 2957535 296 LBYEE ek B F Tyt ) GUBr 't he
second side 202 of ' 2005 9 the second substrate 200. The stop |layer wll
be used &5°B BV tlop iTiiatlercchenitcal- Rechahi (aF ot EpriEasyion

pl anari zation step. The stop layer 230 240 is preferably conprised of a
| ower oxPHEPFayer 230 and an upper nitride |ayer 240. The |ower oxide

| ayer has a thickness of between about 100 and 200 A. The upper nitride
‘layer 240 has a t hTlekndls® dfaysst weén 248066 P1§66ranty 260 rised of a

lower oxide layer 230 and an upper nitride layer 240. The lower
~oxide layer has a thickness of between about 100 and 200 A.
The upper nitfide layer 240 has a thickness of between about
1500 and 2500 A.

As shown in FIG. 4, we pattern the stop later 230
240 and the second side 220 if the second substrate 200 using
conventional photeclithography techniques (e.g., resist, expose,
develop and etch). This forms second trenches 250 in the second
substrate 220.

The second trenches 250 preferably have sidewalls at
least partially defined by the isclation regions 220 and the
second trenches 250 expose the insulating layer 24. The second
trenches 250 define first activé regions 204 (e.g., where fully
FET depleted devices will be formed in a later step) over the
first isolation regions (STI) 220. The second trenches 250 also
define second active regions 206 (e.g., where partially depleted‘
FET devices willi be formed in a later step) over the insulating
layer 2Z24. Active areas are the remaining portions of the second

substrate.




- As shown in FIG 4, we pattern the stop |ater 230 240 and the gepqu si de
220 if the second substrate 200 using conventional photolithogfapkyi ﬂMﬁ
t.echni ques (e.g., resist, expose, develop and etch). This fornms second
trenches 250 in the second substrate 220. The second trenches 250
preferably have sidewalls at least partially defined by the isolation

11 egions 220 andAghghoﬁﬁcgﬁdpteengh%§h359e65ﬁ98%r5ﬁehbasgb?tb?g layer 24.
The second trenches 250 define first active regi ons e.g., where fully

FE i ater ste over,the first
2 Elg%@cgﬁt@gcgl %\#sg%ﬁ%géﬁg%g]tﬁe{%gco@n renc ecor}cgolsa & tloaréfl ne second
actlve Iﬁg 206 (e.g., where partially depleted FET devices wll be
ater step) over the insulating layer 24. Active areas are the
renalnlng portions of the second substrate. 3 SEP 2005 1 As shown in FIG

451. 0 the secondTheemehesng50 fatde? sbicbhed tWehbnak basulater .paterial to

form second isolation 3 regions 260. 4 The filling of the second trenches
5250 LA Sud o 2 06 JBL 1) 1 2DL Ve SORPY oxi de
| ayer over the stog&:ayer a%% %ﬁfﬁ?ng %hégsecd%dgﬁrégé es. ﬁgx

6 over the stop layer and filling the second trenches. Next, we

7 chemical-mechanical polish (CMP) the oxide layer using the stop

8 layer 230 240 as a CMP stop. The stop layer (e.g., oxide

9 nitride stack) protects the active areas 204 206 during the CMP

10 and acts a CMP stop. The stop layer is important in preventing

11 defects in the active areas from the CMP process.

12 Next, the stop layer 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 fegions 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 ocr n) in the channel

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

23 the level of doping in a depletéd FET device.



7 chem cal -mechani cal polish (CWP) the oxide |layer using the step, |layer 230
240 as a CWP stop. The stop layer (e.g., oxide nitride stack) ‘Er”otbé‘;é:t {005he
active areas 204 206 during the CMP 10 and acts a CMP stop. The stop | ayer
is inportant in preventing 11 defects in the active areas fromthe CW
process. 12 Next, the stop layer is renoved 230 240. The stop 13 layer can

1be renoved the f&%@ﬁ@@f@ﬁ,(@H@vs&%ebaréa§e&§ﬁ,ti>aedoééﬁw@é porflry etch.
15 As shown in FIG 6, devices can be fabricated in 16 these regions using

coventi-onal ; pr.oce: t eps .di %ﬁ%b?{f 7t t devi ces
Zde;&?/%&.l E%rd g)fg ﬁ%,lsl\/\ees%catglafcérm 1 u:ﬁyo%e(ﬁ%%?ﬁﬁycgz\ﬁgiﬁés 290 in and
,on the first. Active 19 regions 204 d formpartially depl eted devices 300
3i n %SYd 6§ félt%r%:\{%eéi?rﬁ)t%éti e nsdefﬂ@.ﬁlﬁé‘plaé’cde(?%@%}rﬁﬂ ated FET
21 devices differ_in the type of doping (p or n) in the channel 22 region
dof P FEF2PHE iTEHQ Rt airing waieideplBtEPydfer PTIEF the | evel of
doping in a depleted FET device. SEP 2005 lIn addition, the active areas
S caflE e ekt dF ranpNdl -iieldandimh drhg-awd i ve oradianNMEBiGn PMOS (or PFET
and NFET) 3devices in both (partial and full) depletion and accunul ati on
64stndsdiss wars end oramat oot hearsdmMomf srveGani ousl y, ot her 5devi ces can be
formed in and on the active regions,such as
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 arecas. 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. Thdse

17 techniques can be generally employed in the fabrication of the
18 structure of the present invention. Moreover, the individual
12 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



6resistors and capacitors and CMOS inverters. 7The fully depletegd devices
290 and the partially depleted devices 300 are conprised of NCSEPEﬁEEeQM§es
conpri sed 9of source and drain regions 270, center (e.g., channel) regions
10274 and gate el ectrodes structures 280. A gate dielectric and llgate

el ectrode are formed on the activé?areas. Then Source / 12drain (S/ID) are
foggﬁg: j agent t tur 380, r Y jon inplant
1proceségﬂ%hlt gﬁ%ﬁﬁ% éggiggéﬁ%ggﬁygﬁit naﬁ%ﬁgu ﬁ%%?f%ﬁgyE%géggribe t he
2deq§£gs fﬁ common techni ques used in the 16fabrication process of
integré%ed'circuit conponent s. Those 17t echni ques can be general ly enpl oyed
in the fabrication of the 18structure of the present invention. Mreover,
3t he individual 19steps of such a process can be performed using
comercially 20avail able integrated circuit fabrication nachines. As
21specifically necessary to an understandi ng of the present 22inventi on,
dexenpl ary t echni'®althgaE@odce desCHHie D MEG roPen SEECHTiendettédisol ogy.

Fut ure devel oprments in the art may call for 12 appropriate adjustnments as
o e beebbiP btk seclnesskldvedatas2 phesante dethninde, above description
nunerous specific details 5 are set forth such as flow rates, pressure
ésetthhgbnesses, etc., in order to provide a more thorough

7 understanding of the present invention. It will be ocbvious,

8 however, to one skilled in the art that the present invention

9 may be practiced without these details. In other instances,

10 well known process have not been described in detail in order to

11 not unnecessarily ocbscure the present invention. Also, the flow

i2 rates in the specification can be scaled up or down keeping the

13 same molar % or ratios to accomnmodate 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

21 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



6 thicknesses, etc., in order to provide a nore thorough 7 undejstandi ng of
" the present invention. It will be obvious, 8 however, to one ki %@df Q&ﬂﬁ
the art that the present invention 9 may be practiced w thout these
details. In other instances, 10 well known process have not been descri bed
in detail in order to 11 not unngcessarily obscure the present invention.
1Al $hqitdigs 44 « . rad i rﬁ@@ i | scal ed up or down
keepi ng t he clﬁglssaagrrid h%ngfl%foérﬂsaatl 0sS %ﬂoscgécdccg[hr%%cgﬁcﬁsf'f erence sized
»reactors 14 as is known to those skilled in the art. 15 16 Wile the
i nvention has been particularly shown and 17 described with reference to
the preferred enbodinents thereof, 18 it will be understood by those
3skilled in the art that various 19 changes in formand details nay be nade
Wi t hout departing from 20 the spirit and scope of the invention. It is
intended to cover 21 various nodifications and simlar arrangenents and
4pr re%, clavieghdi$he scope of the appended clains therefore should be 23
accorded the broadest interpretation so as to enconpass all such 13 1
nodi fications and si-m | ar arrangenents and procedures. 3 4 Wiat is clained
is: 14




1. The nethod of fabrication of a silicon on insulator (SOT) d@wi%gg
conprising the steps of: a) providing a first substrate having ‘ar? EF HMﬁ
insulating layer over a first side of said first substrate; said first
substrate has a second side; b) providing a second substrate having first
trenches in a first side; said second substrate have a second side; «c¢)
formng first isolation regions that fill said first trenches in said
second substrate; d) bonding said insuH ting layer to said first isolation
regions and sai d second substrate; e) tHhinning said second side of said
second substrate; f) etching and patterning said second side of said second
substrate to formsecond trenches in said second substrate; said second
trenches lhaveTaedewahdsd af faasitcatpamnt iodl ky sdéficnedobyisainthticol @GN
regions and said second trenches expose said insulating |ayer; said
second t Hernghes dehbnesfhd sthacitiare roggi ons over said first isolation
regions (STlI) and define second active regions over said insulating | ayer;

g) filling sakd ;&Qﬁﬂmﬁnfgr aenchestWstiBsBRat @Sk Aty J1Rt ersall attiagf r ogysecond
|solat|on regi ons; A 3SP2(5
over a first side of said first substrate; said first
' Substrate has a second side;

b) providing a second substrate having first trenches in
a first side; said second substrate have a second sidé;

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

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

e) thinning said second side of said second substrate;

f)etéhing and patterning said second side of said second
substrate to form second trenches in said second
substrate; said second trenches have sidewalls at least
partially defined by said isolation regions and said
second trenches expose said insulating layer; said
second trenches define first active regions over said
first isolation regions (STI) and define second active
regions over sald insulating layer;

g) £illing said second trenches with an insulator material

to from second isolation regions;



24 h) formng devices in and on said first active regions; 25 agq%hgwgnd on
sai d second active regions. 26 27 2. The nethod of claim 1 wheréi*h x4 g5
first substrate is conprised of nonocrystalline silicon. 3. - The nethod
of claim1l wherein said second substrate is a conprised of nonocrystalline
silicon. 4. The nethod of claim1l wherein said first trenches have a wdth
bet ween 00.and. 3000 A. 5. The shod of claim 1l wherein the thinning of

245 ai d sed%ﬁd f%f%%n%fgggfﬁeieﬁ%nﬁggu%%t?%}% %bﬁ%?i%%%l%ﬁcﬁ?%bogﬁfd second

25,)substrate in KOH so that said second substrate has a thickness of between
about 1000 2Rd 2B0BMA ©B.Sthe HBEABY BFCLEYRI Fedi9M@rein the thinning of
said second side of said second substrate conprises grinding said second

ubstrate so that said second substrate has a thickness of between about
1000 and 2000 A. 7. The method of claim1l wherein the filling of said
—second trenches with an insulator material conprises fornming an oxide

| ayer filling said second trenches; and chem cal -nechanical polish said
oxi de layer. 1V
2. The method of claim 1 wherein said first substrate is

comprised of monocrystalline silicon.
3. . The method of claim 1 wherein said second substrate is a
comprised of monocrystalline silicon.
4. The method of claim 1 wherein said first trenches have a

width between 2000 and 3000 A.
5. The method of claim 1 wherein the thinning of said second
side of said second substrate comprisés 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.



'3SE; @ 8. The nethod of claim1 wherein said devices are conpr i
FET devices conprised of source and drain regions and gate el éét

The nmet hod of claim1l wherein said devices that are forned

active regions are fully depleted FET devices
said second active regions are
souy ce afch

fabrica
of :

6b) pr
sai d

that fill

i st at i e |BgEROd oo Sas ot r stwhebe b i onidodeylons bhdtsard Seroad
substrate;

on said first active regions are fully depleted FET devices

10
11
12

13

13e)thi nni ng said second side of said second substrate;

and said devices formed on said second active regions are

partially depleted FET devices comprised of source and drain

regions and gate electrodes.

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

device; comprising the steps of:

a)

e)

providing a first substrate having an insulating laye£
over a first side of said first substrate; said first
substrate has a second side;

providing a second substrate having first trenches
in a first side; said second substfate have a second
side;

forming first isolation regions that fill said first
trenches in said second substrate;

bonding said insulating layer to said first isclation
regions and said second substrate;

thinning said second side of said second substrate;

S B

on said first
and said devices formed on
partially depleted FET devices conprised of

i regi : 6el e : . e h f
e o o A S T T L T8 steps
roviding a first substrate having an insulating | ayer 4over a first
o de 1P M G il AR o Gt il tiT i ot e K e,
a second substrate having first trenches 7in a first side;

ovidin
%ﬁﬁﬁﬁﬁﬁ@%%strate have a second side; 9forming first

i sol ation regi ons
said first 10trenches in said second substrate;

11d) bondi ng sai d



(1) the thinning of said second side of said second substrate EaanL§es
etching said second substrate in KOH so that said second subst* étéwﬁa§m5
t hi ckness of between about 1000 and 2000 A; f) form ng a stop |ayer over
said second side of said second substrate; .(l) said stop |layer conprised
of a lower oxide layer and an upper nitride |ayer; said | ower oxide |ayer
has a thickness of between about 100 and 200 A, said upper nitride |ayer
has a thi ckness of between about 1500 gnd 2500 A; g) etching and
patterning said stop layer and said second side of said second substrate to
form second trenches in said second substrate; said second trenches
havi ng sidewalls at |east partially defined by said isolation regions and
sai d second trendhes tégpssénsand of nsaldtseeprichydrde odi dasdcondondenches

def!ne first aCt!Ve5&%@&9Q§60¥8£p§§£95fé{éﬁiﬂﬁﬂgéﬂq %%c%%gigpﬁs£§g£g. and
define second active regions over said insulating ayer; filling said
second trenches wthianKoHasebatbatnabedi sdcotd futemrseeohdsi sol ati on

regions; (1) the filling, of sald gecond, tuenches,s thi2ooo 4;
f) forming a stop layer over sald seccond side of said

second substrate;

{1} said stop layer comprised of a lower oxide laver
and an upper nitride layer; said lower oxide layer
has a thickness of between about 100 and 200 A;
said upper nitride layer has a thickness of between
about 1500 and 2500 A;

q) etching and patterning said stop layer and .said
second side of said second substrate to form second
trenches in sald second substrate; said second trenches
having sidewalls at least partially defined by said
isolation regions and said second trenches expose said
insulating layer; said second trenches define first
active regions over said first isclation regions (STI)
and define second active regions over said insulating
layer;

h) filling said second trenches with an insulator material

to from second isclation regions:

{1l) the filling of said second trenches with an
insulator material comprises forming an oxide layer

over said stop layer and filling said second




insul ator material conprises formng an oxide |ayer over said %top | ayer
and filling said second -39trenches; and chem cal - mechani cal |&ﬂ$df
sai d 40o0xi de layer using said stop layer as a CVWP stop; 41i) renDV|ng sald
stop layer; 42j) formng fully depleted devices in and on said first
43active regions; and formng partially depl eted devices 44in and on said

!395econd active re@f&@éheélé?n gﬁg@gglﬁg ﬁ%giggi Bﬁﬁﬁ%ﬁ'nCﬁa d segond

substrate is .2conprised con clal erein
40said first substmai@elSaﬁenn@sLsedsmidsstopomayéiBasTheGHPhsdopf claim10

wherein said first trenches have a 6w dt hbetween 2000 and 3000 A. 714. -The
4lpet hod of!) cl BeeIDNGherednsTaRl LdEsrsai d devi ces and 8are conprised of MOS

FET devi ces conprised of source and drain 9regions and gate el ectrodes. 10

42 j) forming fully depleted devices in and on said first
43 active regions; and forming partially depleted devices
44 | in and on said second active regions.

1 11,

The method of claim 10 wherein said second substrate is

2 comprised of éiiicon.

3 12. The method of claim 10 wherein said first substrate is
4 comprised of silicon.

_5 13. The method of claim 10 wherein said first trenches have a

6 width between 2000 and 3000 A.

7 14. The method of claim 10 wherein includes said devices and

are comprised of MOS FET devices comprised of source and drain
9 regions and gate electrodes.

i0




