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METHOD FOR FABRICATING SOI DEVICES WITH OPTION OF JN CORPORA TJNG 

AIR-G:\P FEATURE FOR BETTER JNSULATION AND PERFORJ.\'IANCE 

Background of Invention 

1) Field of the Invention 

This invention relates generally to fabrication of se:niconductor devices and 

more particularly to the fabrication of silicon on insulator (SOI) devices <'l.nd more particularly to 

a method for fabricating complementary silicon on insulator (CSOI) dev:ces that can be partially 

depleted and fully depleted using wafer bonding and more particularly to '1. method for forming 

optional air gaps in insulating regions in silicon on insulator (SOI) devices 

2) Description of the Prior Art 

lntegrated circuits (I Cs) include a multitude of transistors formed on a 

semiconductor substrate Transistors, such as, metal oxide semiconductor field effect transistors 

(MOSFETs), are generally bulk semiconductor-type devices or silicon-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 dram 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 cf the trnns1stor (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 ~echniques, the reduction of the depletion layer thic;<ness is realized by a 

super-steep retrograded well (SSR W) ion implantation process. However, this process is limited 

by the diffusion of dopant atoms during subsequent thermal processes ( e g., annealing) 

Conventional SOI-type devices include an msulat1ve substrate attached to a 

thin film semiconductor substrate which contains tranmtors similar to i:he ~[QSFET described 

wtth respect :o bulk semiconductor-type devices. The ::-anststors have supertor performance 

characteristics due to the thm film nature of the semiconductor substrate and the :nsulative 
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propenies of the insulative substrate. The superior performance is manifested in superior short 

2 channel performance (i.e., resistance to process variation in small size transistor), near-ideal 

3 subthreshold voltage swing (i.e., good for low off-state current leakage), and htgh saturation 

4 current. 

5 Silicon on tnsulator (SOI) devices have been dubbed as the next successor to 

6 the reignmg Complementary Metal On Silicon (CMOS) devices. Silicon on insulator (SOI) has 

7 excellent isolation properties. Silicon on insulator (SOI) has existed for almost two decades, but 

8 still improved methods for making silicon on in~ulator (SOI) devices are needed to advance the 

9 technology. 

l(} 

1 l The importance of overcoming the various deficiencies noted above is 

12 evidenced by the extensive technological development directed to the subject, as documented by 

t3 the relevant patent and technical literature The closest and apparently more relevant techmcal 

14 developments in the patent literature can be gleaned by considering US 4, 169,000(Riseman) 

15 shows a STI air gap and a wafer bonded thereover US 6,084,27l(Yu et al.) shows a silicon on 

16 insulator (SOI) process with wafer bonding and shallow trench isolation (STI) CS 

17 5,988,292(Black et al.) teaches a method to JOin multiple wafer using STI and 1,vafer 'Jondmg. US 

18 S,985,728(Jennings) shows a SOI process with wafer bonding and a boron layer US 

19 6,013,936(Colt, Jr.) teaches a double SOI device. US 5,484,738(Chu et al) teaches a Bonded 

20 SOI device/process. 

21 
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2 Summary of the Invention 

3 It is an object of the present invention to provide a method to form a silicon on 

4 insulator (SOI) device. 

5 It is an object of the present invention to prcvide a method to form a silicon on 

6 insulator (SOI) device that uses wafer bonding technique. 

7 It is an object of the present invention to provide a method to form a silicon en 

8 insulator (SOI) device that uses wafer bonding technique that can be use to fc:-m fully and 

9 partially depleted complementary devices. 

10 It 1s another object of the inyention to provide a method to form a silicon on 

11 insulator device that uses wafer bonding techniques that can be used to make fully and partially 

l 2 depleted complementary devices with optional air gaps in insulating regions. 
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To accomplish the above objectives, the present invention 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 insulatmg 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 second 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 mvention will be set fonh m the 

description that follows, and in part will be obvious from the descnptron, or may be learned by 

practice of the invention The obiects and ad vantages of the invention :'71.ay be realized and 

obtained by means of instrumental1t1es and combinations particularly pointed out in the append 

claims 



4 

Brief Description of the Drawings 

2 The features and advantages of a semiconductor device according to the 

3 present invention and further details of a process of fabncwng such a semiconductor device in 

4 accordance with the present invention will be more clearly understood from :he following 

5 description taken in conjunction with the ac:::ompanymg drawings m wh:ch lt'-e reference 

6 numerals designate similar or corresponding ~lements, regions and ?Ortions and in which: 

7 Fig•..ires l, 2.<i.., 3, 4A, and 6A are cross sectional views for illustrating a first 

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

9 

10 Figures l, 2B, 3, 4B, 5 and SB -are cross sectional views for illustrating a 
' 

11 second embodiment of the method for manufacturing a SOI device according :o the ?resent 

12 invention. 

13 Figures l, 2C, 3, 4C, and 6C are cross sectional views for .~lustratmg a thtrd 

14 embodiment of the method for manufactunng a SOI device accord mg to the ~resent mvenuon 

l 5 

\6 

., 
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2 Detailed Descriptio:-i of the Preferred Embodiments 

J 

4 The present invention will be described in detail with :-eference to the 

5 accompanying drawings The present mvention provides a method of form mg a 

6 The mvent1on had three preferred embodiments The three embodiment differ 

7 in the amount of oxide 20 that 1s removed (see FIGS 2A., 2b, and 2C) 

8 The first embodiment is shown m FIG 6A The first embodiment forms a SOI 

9 device without air gaps and without a buried oxide layer 

10 The second embodiment forgis a SOI device with air gaps See FIG 6B The 

l l second embodiment is s1miiar to the first embodiment, but forms a gap 16 between the fast 

\ 2 substrate l 0 and the insulating layer?. l 0 See FIG 2B ar.d 4B The second embodiment etches 

1 J back the first substrate l 0 after :he STI regions :oB are formed See FIG 2b 

14 . The chlrd embodiment (See ViG 6C) forms a SOI device w1th a buried oxide 

15 layer 20C between the ac:1ve are1 L OC and :he ox1de layer 210 

16 

17 

18 

19 

20 

21 

22 
....... 
.:...J 

24 

23 

29 

30 

A. first embodiment 

The final resuit of :he first embodiment 1s shown :n FIG 6A. 

Figures 1, 2A, 3, 4A, and 6A. are cross sectional v1ews for 11lustratmg a first 

embodiment of :he method a for manufactunng a SOI device according to the present mvent1on. 

As shown in FIG l, a first substrate l 0 1s provided having trenches 18 ma 

first side 11 The first substrate l 0 have :-. second side 12 

The first substrate I 0 1s preferably compnsed of manoc:-ystalline silicon The 

first substrate 10 is preferably comprised of monocrystailme silicon with a a-type doping of 

approximately 1El6 atom/cc However, a substrate (e.g, w::i.fer) with a ci~::crem doping 

concentrat\On and/or >f-type doping could be used, depending on the final device requirements. 

The trenches l S orefernbly have a top width l SB between 0 J 5 u.m :ind greater 

than 10 µm. and more prefer::i.bly between 0 .35 u.m :ind 10 u.m The :renches :s preferably have 

a bottom wtdth !SA between 0 JO and gre:.uer than 10 um and more Jrefer::i.biv oetween 0 J L!.m 
~ . . 

and lO u.m (depending on :he low-out&. ciept'.1 of trenc~) The trenc\-:es ;3 preferably have a 

depth l SC between 800 and 3000 A. 
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The first substrate ( e g, acttve area) between the top of the trenches \ 8 

2 preferably has a width 22B between 0 50 and 100 µm and the first suost:ate between the bottom 

J of the trenches has a width 22A between 0 6 .LLm and 100 µm 

4 Still referring to FIG 1, we form a first ~nsulating layer 2.0 over the first side 

S 11 of the first substrate and fi lI ing the trenches 13 The first 1nsulaw:ig layer is preferably 

6 comprised of oxide and has a thickness of between about 300 (for fully depleted SOI) and 3000 

7 (for partially depleted SOI) A (after plananzation) 

8 As shown in FIG 2A, the first insulating layer 20 is plananzed to expose the 

9 first side 11 of the first substrate l 0 to form tsolation regions ( e.g, STI) 20A. 

10 

11 As shown in FIG 3, we provide a second subst:ate 200 having a second 

\ 2 insulating layer 2: 0 over a f:rst side 20 l of the second substrate. The second Sl.ibstrate has a 

l 3 second side 202 The second substrate is composed of Si similarly to t'.'le first substrate. 

\ 4 The second insulating layer 210 is com?nsed of ox: de and has a th1cbess of 

15 between about 1000 and 10,000 .:\. The second substrate is comprised of monocrystalline 

16 silicon and has a thickness of between about 500 and 700 u.m 

17 As shown in FIG 4A, we bond the seconc insulating layer 210 to the first 

13 insulating layer 20A. 

19 :.i'ext, we thm the first substrate from :he second side 12. We remove 

20 pomons of the first substrate l 0 from the second side 12 to expose the first insulating layer 20 to 

21 form actJve areas l Oa between the isolation regions 20 A. 

22 The removal of ~ort1ons of the first substrate can co menses a gnncimg 

23 process, an etchtng process (KOH) or a smart cut process .-\smart ci.:t ;:irocess prerer1bly 

24 comprises implanting H2 tr.to a. wafer J.nd annealing :he wafer at about greater :han : OOC°C. The 

25 wafer will break into two at the lmplant depth/level 

26 Nex,, we preferably :hermally anneal :he ac:1ve are:is ! OA :hereby remov1r.g 

'27 defec:s in ~he acttve areas ~OA T;1e ~her:nal 1nr.eal is preferably per1:or-nec: at 1 :emper::..ti.:re 

23 between 1'200 and l40C°C for a time betwee~. 10 ar.d 30 mmu:es 

29 

30 

~1 
.) . 

. .:...s shown m fIG 6A. '1ev1ces car. be '.·abr:c2..tec ~n :hes~ :-eg10ns using 

convem:ona't ~recess ste;JS dtc:arec. '.Jy c~e cype or cy9es of devices c.esi~ec .\s s~own :: f'iG 6a, 
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we form devices m and on the active areas 1 Oa. In addmon, the active areas can be doped to 

2 form N-we!l and or p-weil so that l'HvlOS and PMOS (or PFET and ~rET) devices Obviously, 

3 other devices can be formed tn and on che active regions, such as resis"Lors a;:d capacitors 

4 8. second embodiment 

5 The second embodiment is similar to the first embodiment, out forms a gap 16 

6 between the first substrate l () and the insulating layer 210 See FIG 2B and 4B The second 

7 embodiment etches back the first substrate l 0 after the STI regions 20B are formed. See FIG 2b. 

8 The description above for the first embodiment applies to the second and third embodiments with 

9 the exception of the formation of the gap 16. 

l 0 The final resuit of the second embodiment is shown 1n FIG 6b Figures l, 2B, 

l l 3, 4B, 5 and 6B are cross sectional views for illustrating a second emboc;ment of the method a 

12 for manufacturing a SOI device according to the present invention 

13 As shown in FIG l, a first substrate l 0 ts provided having trenches 13 in a 

14 first side \ l The first substrate l 0 has a second side 12 

15 The first substrate 10 is preferably comprised ofmoncc;-ys-calline s:licon. The 

16 first substrate l 0 ts preferably comprised of monocrystalline silicon wnh a p-type doping of 

17 approximately l E 16 atom/cc However, a substrate (e g., wafer) with a different doping 

l 8 concentration and/or "N'-type doping could be used, depending on the final device requirements. 

19 

20 

21 

The trenches 18 oreferablv have a too width l8B oetween 0 35 and greater 
' J I -

than 10 um and more preferably between 0 35 and 10 µm, and a oottom width l8A between 0 3 

22 and than 10 µm and more preferably between 0 30 and 10 µm The trenches :8 preferably have 

23 a depth l SC between 800 :i.nd 3000 A 

24 

25 The first substrate between the top of the trenches havt:1g a w;dth 2:.3 

26 between O 35 and 100 u.m and :nore preferably between 0 35 and 10 u.m, and the flrst substrate 

27 between the bottom of ~he t:-er.ches '::av1ng a width :2A between 0 6 um and l 00 .u.:r. and iTIOre 

23 preferably betwee:', 0 6 and 1
• 0 !..J.m 

29 Sull refer:-rng to FIG l, we form a :irst rnsulat1r.g ~aye:- :o over ~he :irst side 

30 \;of :he t'lrst 3-...ostrate and f'.liing :r:e tre:iches 18 The tirst 1nsulat::>g ;ayer :s ~re~e:-J.bi.y 
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comprised of oxide and has a thickness of between about 300 (for fully depleted SOI (- no body 

2 Si) devices and 3000 A (for partially depleted SOI) after plananzation . 

.J As shown in FIG 2B, the first insulating layer 20 lS plat.anzed to expose the 

4 first side 11 of the first substrate 10 to form 1solation regions ( e g., STI) 20b 

5 

6 As shown m FIG 2b, tn a cntlcal step, we remove portions of the first side 1 O 

7 of the first substrate lO to form recesses l.O. between the isolation regions (e g, STI) 20b. This is 

8 a major difference between the second embodiment and the first embodiments 

9 The recesses 14 preferably have a depth 15 between about 200 and 1500 A. 
10 T\115 is intended to ensure total isolation so that there is no conduction across the oxide 

I l 

12 

l3 

\4 

15 

16 

17 

18 

19 

20 

21 

22 

24 

25 

26 
., ..., _, 

:?.3 

29 

30 

3 l 

As shown in FIG 3, we provide a second subst:::ue 2CO having a second 

insulating layer 210 over a fast side :.cl of the second substrate. T'.1e second substrate has a 

second side 202 The second substrate is composed of S1 similarly to i:he first substrate. 

As shown in FIG 4B, we bond the second insulating layer 210 to the first 

insulating layer 20A to form (air) gaps 16 between the second insulating layer 210 and the tirst 

substrate l OB 

As shown m FIG SB, we thin the first submate \0 from the second side 12. 

We remove portions of the first substrate l 0 from the second side l 2 to expose the first 

insulating layer 20 to form active areas lOb between the lSOlation regions 20b 

The removal of portions of the first substrate can be performed °Jy a grinding 

process, an etching process (KOH) or a smart cut process. 

Next, we thermally anne:i.l the active areas lOA thereby removing defec:s in 

the active areas I OA. The thermal anneal is preferably performed at a te::nperature be~ween 

1200° C and l400°C for a t1me between IO and 30 minutes 

As shown in FIG SB, aev1ces can be fabncated :n chese regions using 

convent:onal process steps d:ctated by t~1e :ype or types o{ dev:ces desired As shown m FIG 6b, 

we ~r:n devices in and on t~e ac:;ve areas \Cb b addmon. the active areas :an be doped to 

form >l-wel\ and or p-weil so that ~-MOS and P:VlOS (or PFET and ~E'T) devtces. Obvtously, 

other devices can be formed in and o;: :he ac:ive regions, sue~ as res1stors and capac:rnrs 
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2 c. Third embodiment 

J The third embodiment is similar to the first embodiment, but leaves a 

4 thickness of the insulating layer 20C between the active area 1 OC and the msulatmg layer 210 

5 See FIG 6C. In a cnt1cal step shown tr. F1G 2C, the second embodiment planarizes the back the 

6 insulating layer 20C to not expose the first substrate 10 The desc:-iption above for the first 

7 embodiment applies to the second and third embodiments with the exception of the formation of 

8 the gap 16. 

9 The final result of ~he t:md embodiment 1s show-: t41 FIG 6c Figures l, 2C, 

lO 3, 4C, and 6C are cross sectional views for illustrating a third embodiment of the method a for 

11 manufacturing a S01 device accordii1g to the pr~sent invention. 

12 

13 As shown in FIG l, ;i. ~rst substrate l 0 1s provided having :renches l 8 i:1 a 

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

15 The first substrate I 0 1s preferably comprised of monocrystalline silicon The 

16 first substrate l 0 1s preferably compnscd or monocrystalline s1hcon with a p-type doping of 

17 approximately 1E16 atom/cc However, a substrate (e.g., wafer) with a different doping 

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

19 

20 The trenches 18 preferably have a top width l 8B between 0 3 5 LLffi and 

21 greater than 10 µm. and more preferably between 0 35 µm and LO 1.:.:n; <'.:1d a bottom width 18A 

22 
.., .... 
-J 

between 0 60 and greater than 10 µm r . .-:c :nore preferably between .J 6 µm and 10 µm T1e 

trenches 18 preferably had depth 18C ~etween 800 and 3000 A. 
24 The first substrate between the top of the trenches having a width 22B 

25 between 50 and l 00 ~::• and the first suJstrate between the bottom of the trenches having a width 

26 ::A between 0 6 µm ::t=-:d i 00 LLm 

27 Stiil .-:fe:·:-ing co FIG I, we form a first insulating layer :o over :he tirst side 

28 1 l of the first substrate :i.nd filling :he :renches 18 The first insulating layer is preferably 

29 comprised of oxide and ::as a :hickness of between about SOO (fully depleted SOI) and 3000 

JO (pamally depieted SOI) .\. 



10 

As shown in FIG 2C, the first insulating layer 20C is plananzed to not to 

2 expose the first side 11 of the first substrate l 0 to form !Solat1on regions ( e g., STI) 20c. The 

3 first rnsulating layer 20C preferably has a thickness 22 of between about 1000 and 3000 A over 

4 the substrate 1 OC (after planar:zation). 

S As shown in FIG 3, we provide a seccnd substrc.:e 200 having a second 

6 insulating layer 210 over a first side 201 of the second substrate. The second substrate has a 

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

3 The second insulating layer 210 is comprised of oxide and has a thickness of 

9 between about l 000 and 7000 A. The second substrate is comprised of monocrystalline silicon 

1 O and has a :h1cbess of between about 500 and 700 µm 

11 As shown in FIG 4(, we bond the second insulating layer 210 to the first 

12 msulatmg layer 20c to form gaps l 6 betwee:1 the second insulating layer 210 and the first 

13 substrate l Oc 

14 A shown m FIG 6c, we :hn the first substrate 10 from che second side 12 

l 5 We removing pomons of the first substrate l OC from the second side i 2 to expose the first 

16 insulating layer 20C to form active areas lOC between the 1solat1on reg;ons 20c, 

17 The removal of portions of the first substrate can comprises a gnnding 

13 process, an etching process ( KOH ) or a smart cut process 

19 Next, we thermally anneal the ac:1ve areas l.OA. thereby remov1~g defects ~n 

20 the active areas lOA.. The thermal anneal is preferably performed at a temperature between 1200 

21 and l 400 °C for a time between 10 and 3 0 minutes. 

22 

24 

25 

26 

27 

28 

29 

As shown in FIG 6c, devices can be fabncatec m these regions :..ising 

conventional process steps dictated by t.he ~Y'~e or :ypes of devices des1~ed As sr.ov..n 1r. FIG 6c, 

we form devices in and on che act1ve areas l Cc. In add1t1on, the ac~1v~ areas ca:1 be ::ioped to 

form N-well and or p-well so ~hat ~(OS and PY!OS (or ?FET :md. :.i"FET) devices Obviously, 

other devices can be formed in and on the act:ve reg1ons, such :i.s resistors and capacitors 
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Unless explicn!y stated otherwise, eac~ numerical value and L"ange should be 

2 interpreted as betr.g approximate as if the word about or approximately preceded the value of 

J the value or range 

4 In the above descnption numerous specific detatls aL"e set fon:h such as t1ow 

5 rates, pressure settings, th1cknesses, etc., in order to provide a more thorough understanding of 

6 the present invent:on. It will be obvious, however, to one skilled in the art that the present 

7 invention may be practiced without these details. In other instances, ·.vet! known process have 

8 not been descnbed tn detail in order to not unnecessarily obscure the present t:1vention. A.Isa, t:ie 

9 tlow rates m the specification can be scaled up or down keeping the same molar% or ratios to 

l 0 accommodate difference sized reactors as 1s known to those skilled in the art. 

11 . .\!though this mvent1on has been descrtbed relative to snecific :'1sulating 

12 materials, conduc:ive materials and apparatuses for depositing and e~chrng these '7\ater:ds, 1t \S 

13 not limned to the specific :natenals or apparatuses but only to their spec\f.c charac:enstics, such 

14 as conformal and non-conformal, ar.d capabilit1es, such as depositing and etching, and ether 

15 materials and apparatus can be substituted as ts well understood by those skilled m the 

16 m1croelec:ronics arts after appreciating the present mvent:on 

17 

18 

19 

20 

21 

22 

24 

25 

26 

While the mvention has been particularly shown and desci:"ibed wich reference 

to the preferred embodiments thereat~ 1t will be understood by those skilled ~n the art that various 

changes in form and details may be made without depamng from ;he spmt and scope oc· the 

invention It is intended to cover var:ous modifications and similar ar.angements a:id 

procedures, and the scope of the appended cla1ms therefore should ]e 1c::orded t:-te ~rcadest 

rnterpretation so as to encompass all such modifications ::md s1m1la~ 1rranger..ems :i.nd 

procedures. 

What ·s claimed :s 
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A method of fabrication of a silicon on insulator (SOI) device; compnsing 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 satd first substrate and filling 

said trenches; 

c) plananzmg said first insulating layer to expose satd first s;de of said first substrate 

to form isolation regions; 

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 layer to said first insulatmg layer; 

f) removing portions of said first substrate from said second side to expose said first 

insulatir.g layer to form active areas between said isolation regrons: and 

g) forming devices m and on said active areas 

2. The method of cla:m l wherein said first substrate is comprised of monocrystalline 

silicon. 

J. The method of claim 1 wherein said trenches have a top w1dth greater than 0 3 5 µm and 

a bottom width greater than 0 3 µm. 

4. The method of claim l wherein the first substrate between said top of said trenches 

having a width between 0.5 and 100 Llm and the first substrate between said bonom of said 

trenches having a width between 0 6 and l 00 µm and said trenches have cepth between 800 

and 3000 A. 
5 The method of claim l wherein said first insulating !ayer is compnsed of oxide and has a 

thickness of between about 800 and 3000 A. 

6 The method of claim 1 wherein said second insulating :ayer :s cor.ipmed ::if oxide and 

has a thickness of between about l 000 and 7000 A. 
7 The method of claim l where1G said second substrate :s corr.prised of rr.onocrystalline 

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

S The method of ciaim l wherein the removal of pomons of said ~rst suos~rate compnses 

a grinding process 
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9 The method of claim l wherein the removal of portions of said first substrate comprises 

an etching process of KOH 

l 0 The method of claim l wherein the removal of portions of said first substrate compnses a 

smart cut process. 

11. A method of fabrication of a silicon on insulator (SOI) device, compnsmg the steps of 

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

second side; 

( l) said first substrate is comprised of monocrystalline silicon, 

(2) said trenches have a top width greater than 0 3 5 µm and a bottom width 

greater :han 0 3 µm., 

the first substrate between said top of said trenches hav1ng a width 

between 0 5 and l 00 u.m and the first substrate between said bottom of said 

trenches having a width between 0.6 and 100 µm; 

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

said trenches; 

c) plananzing said first insulating layer to expose said first side of said first substrate 

to form isolation regions , 

( \) said first insulating layer ts compnsed of oxide md has at thickness of 

between about 800 and 3000 A, 

d) providing a second substrate :i.::1.ving a second insulating \ayer ave:- ::t :"irst s1de of 

said second substrate, said second substrate having a second side. 

( l) said second insula:ing layer iS compnsed of ox:de anc nas a thickness of 

'Jetween about l 000 and 7000 .1.., 

(:) said second substrate ts comprised of monoc:"'fS!alline sdtcon and has a 

:hickness of betwee:i about 500 and 700 A, 
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e) 

f) 

14 

bonding said second insulating layer to said first insulating layer, 

removing portions of said first substrate from said second side to expose said first 

insulating layer to form active areas between said isolation regions, 

(1) the removal of portions of said first substrate comprises a grinding 

process, an etching process oC KOH, or a smart chut process; 

(2) 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; 

g) forming devices in and on said active areas. 

A method of fabrication of a silicon on insulator (SOI) device; compnsing 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; 

c) planarizmg said first insulating layer to expose said first side of said first substrate 

to form isolation regions (e.g., STI), 

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

said isolation regions (e.g., STT ); 

e) providing a s~cond substrate having a second insulating I.ayer over a first side of 

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

f) bonding said second insulating layer to said first insulating layer to form gaps 

between said second insulating l<1yer 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, and 

h) forming devices in and on said active areas 

The method of claim 12 wherein said tirst substrate is compnsed of monocrystalline 

silicon 
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14. The method of claim 12 wherein sai~~ :renches have a top width greater than O 3 5 µm and 

a bottom width greater than 3 µm 

15 The method of claim l 2 wherein the r rst substrate between said :op of said trenches 

having a width between 0 5 and l 00 µm ~nd the first substrate between said bottom of said 

trenches having a width between 0 6 and l 00 µm. 

l 6 l'he method of claim 12 wherein saic !:"irst insulating layer is comprised of oxide and has 

at thickness of between about 800 and 3 000 A. 

17 The method of claim l 2 wherein saiC: ~ecesses have a depth between about 1500 A. 
18 The method of claim 12 wherein said second insulating layer is comprised of oxide ar.d 

has a thickness of between about 1000 :-.-~d 7000 A. 

19 The method of claim 12 where:n sat(i second substrate is comprised of monocrystalline 

20 

silicon and has a thickness of between abc:.it 500 and 700 A. 

A method of fabncat;on of a silicon on msulator (SOI) device; comprising the steps of 

a) providing a first substrate hav1:-.; trenches in a first side; said fast subst~ate has a 

second side, 

( 1) said first substrate is :omprised of monocrystalline stlicon, 

(2) said trenches have a ~cp width greater than 0 3 5 t.:.m and a bettor.. width 

greater than 0 3 µm; 

(3) the first substrate between said top of said trenches having a width 

between 0 5 and l 00 .um and the first substrate between said bonorr. of said 

trenches having a width between 0.6 and 100 µm, 

b) forming l first !nsulating !2.yer over said first side of sa:d first subst:-ate and filling 

said trenches, 

c) plananz:ng said first insulating layer ~o ex?ose said fast Side of said first substrate 

to form 1solat1on regions, 
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14 The method of claim 12 wherein sa1z'. ~renches have a top width greater than 0 35 µm and 

a bottom width greater than 3 µrn. 

15 The method of cla1 m 12 wherem the C rst substrate between said top of said trenches 

ha vmg a width between 0 5 and 100 µm ~nd the first substrate between said bottom of said 

trenches having a width between 0.6 and , 00 µm 

16 The method of claim 12 wherein sa1c. '1rst insulating layer is comprised of oxide and has 

at thicbess of between about 800 and 3000 A 

l 7 The method of cla1 m 12 wherein sa1c. ~ecesses have a depth between about l 500 A.. 
18. The method of claim 12 wherein said second insulating layer is compnsed of oxide and 

has a thickness of between about l 000 :'ci~d 7000 .1... ... 

19 The method of claim 12 wherein sail; <;econd substrate is comprised of monocrystallme 

silicon and has a thickness of between abo~t 500 and 700 A. 

20 A method of fabncat1on of a sd1con on insulator (SOI) device; compnsmg the steps of 

a) providing a first substrate hav1 ~; trenches in a first side; said first subs~:-ate has a 

second side, 

( l) said first substrate iS :omprised of monocrysraliine stiicon, 

(2) said trenches have :i. ~op width greater than 0 3 5 µm and a bottom width 

greater than 0 3 u.m, 

(3) the first substrate between said top of said trenches havmg a wtC:th 

between 0 5 and \00 um and the first substrate between said bottom of said 

t:enches having a w·.cth \Je~ween 0 6 and \00 µm, 

'o) forming 3. first :nsulanng \ayer over said first side of said fast substrate and :iiling 

said trenches, 

c) p1anar:z:ng said first insuiatmg \ayer to expose said :irst 5ide of said tlist substr3.te 

to ~orm isolation regions. 
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(1) said first insulating layer said first insulating layer is comprised of oxide 

and has at thickness of between about 800 and 3000 A, 

d) removing portions of said first sidt! of said first substrate to form recesses between 

e) 

said isolation regions (e.g., STI ); 

(1) said recesses have a depth between about 200 and 1500 A, 

providing a second substrate having a second insulating layer over a first side of 

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

( 1) said second insulating layer. is compnsed of oxide and has a thickness of 

between about l 000 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 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 

h) 

i) 

insulating layer to form active areas between said isolation regions; 

(1) the removal of portions of said first substrate comprises a grinding 

process, an etching process of KOH or a smart cut process; 

thermally annealing said active areas thereby removing defects in said active areas; 

the thermal anneal is performed at a temperature between 1200 and l 400°C for a 

time between l 0 and 30 minutes; and 

forming devices tn and on said active areas 
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21 A method of fabncation of a stlicon on insulator (SOI) device, comprising the steps of· 

a) providing a first substrate havmg trenches in a first side, said first substrate has a 

second side; 

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

said trenches; 

c) plananzing sa!d first insulating layer and not exposing said first side of said first 

substrate to form isolation regions (e.g., STI); 

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 tayer to said first insulating layer; 

f) removing portions of said first substrate from said second side to expose said first 

insulating layer co form active areas between said isolation regions; and 

g) forming devices in and on said active areas. 

22. The method of ctaim 21 wherein said first substrate ts comprised of monoc;-ystall1ne 

silicon. 

23. The method of claim 21 wherein said trenches have a top width greater than 0 6 µm and 

a bottom width greater than l 0 µm. 

24 The method of claim 2 l wherem the first substrate between said top cf said trenches 

having a width between 0 5 and l 00 µm and the first substrate between said bottom of said 

trenches having a width between 0 6 and l 00 µm. 

25 The method of claim 2 l wherein satd first insulating layer said first •nsulattng layer said 

first insulating layer \S cornpnsed of oxide and has at thickness of between about 300 ar.d 

3000 A. 
26 The method of claim 21 wherein said first rnsulat:ng !ayer has a rhickness of between 

about l 000 and 3000 A 
27 The method of claim 2 l wherein said :>econd insulating layer ts comprised of oxide and 

has a thickness of between about l OCO ar.d iOOO A. 

23 The method of claim 21 wherein said second substrate ts com~msed of rr:onocrystalline 

sdicon and has J. thickr.ess ot'between about 500 J.nd 700 A 
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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 smart cut process. 

32. 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; 

( 1) said first substrate is comprised of monocrystalline silicon, 

(2) said trenches have a top widthgreater than 0 J 5 µm and a bottom width 

greater than 0.3 µm; 

(3) the first substrate between said top of said trenches having a width 

between 0. 5 and l 00 µm and the first substrate between said bottom of said 

trenches having a width between 0 6 and l 00 µm; 

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

said trenches; 

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

between about 800 and 4000 A, 

c) planarizmg said first insulating layer and not exposing said first side of said first 

substrate to form isolation regions; 


