18 WHAT IS CLAIMED IS: 1 1. A silicon-on-insulator chip conprising: 2 an
insulator layer; 3 a first silicon island with a surface of a first crystal
orientation, the first s' icon island 4 overlying the insulator |ayer; and
5 a second silicon island with a surface of a second crystal orientati n,
the second silicon 6 island overlyingethe insulator layer. 1 2. The
silicon-on-insulator chip of claiml1 and further co rising a first
transistor of a first 2 conduction type formed on the first silicon
island, and a sec nd transistor of a second conduction 3 type formed on

t he secon A [ . 1 3. The silicon-on-insulator chip of claim2 w
rein the sygéiqiggéygﬁﬁggientation is (110) and 2 the first transistor is
a p-channel transistor, an herein the second crystal orientation /s (100)

3 and tthe 1secoAdilicobsirstiefr tifp donfrigh@nnel tra sistor. 1 4. The
silicon-on-insulator chip claim2 wherein the first crystal ori
(023) and 2t | ansistor is a p-channel t nsistor, s
orientgtion isgﬁﬁé%§agﬁ%£%he second 3 transistor is a n-chan
1 5. Tge silicog-gnfi thor hip of claim1 wherein the firs
i sl and “conpr i sESHSHconIs

ntation is
ond crystal
| transi or.

) ) £ silicon
and with a surface of a first crystal orentation, the first syficon island

4  overlying the insulator layer; and

5 a second silicon island with a surface of a second crystal orientatign, the second silicon

6 island overlying the insulator layer.

1 2 The silicon-on-insulator chip of claim 1 and further corgrising a first transistor of a first

2 conduction type formed on the first silicon island, and a secfnd transistor of a second conduction

3  type formed on the second silicon island.

13 The silicon-on-insulator chip of claim 2 whérein the first crystal orientation is (110) and

2 the first transistor is a p-channel transistor, and/vherein the second crystal orientation is (100)

3 and the second transistor is a n-channel trafistor.

1 4 The silicon-on-insulator chip ¢f claim 2 wherein the first crystal orientation is (023) and

2 the first transistor is a p-channel tyfnsistor, second crystal orientation is (100) and the second

3 transistor is a n-channel transigtor.

1 5. The silicon-on-ingulator chip of claim 1 wherein the first silicon island comprises a

2 plurality of silicon layers, each with a different crystal orientation.

i 6. The siligbn-on-insulator chip of claim 5 wherein the plurality of silicon layers comprises

2 a(110) silicgn layer overlying a (100) silicon layer.



2 plurality of silicon la ers, each with a different crystal orientation. 1
6. The sili n-on-insulator chip of claim5 wherein the plurality of silicon
l'ayers conprises 2 a (110) silic n layer overlying a (100) silicon |ayer.
19 1 7. The silicon-on-insulator chip of claim6 wherein the (110) silicon
| ayer has athi ess of 2 about 10 to q@out 500 angstrons. 1 S. The
silicon-on-insulator chip of claiml wherein the first and second sil' on

i slands each 2 have a thickness in the range of about 10 angstronms to

about }00(7.angThe ﬁmon-oh-iasuléfé}%h@idfhraﬁﬂﬁ%e}egﬁglé fi]hgjr sggct'ahpﬁlé’htgg&ﬁ{i dss Yprerein

the first and se and silicon islands have cknes
The si |5 cofs I r jp.of claiml wherein the firs and
sili con2 igﬁ@%‘%gg&g&gh@é@ aﬁg{gﬂg&r&ounded or faceted corners. 1 11/ The
silicon-on-insulator chip of claim1l wherein he insulator |ayer conprises a
2 dielqctr'c. &h12. The silicon-on-insulator chip of claim¥l herein the

i nsul ator & ayer M& SR @gasuator shipiof glaum | iwhereisi tae Stst andsecond gifonTtlends each
silicon-on-insulator chip of ¢ im1 wherein the insulator
crystal? | Aeve aifisknespinghe tahge dfbent fl Aasgswbink td ddeutsiodd Qe

-

9. The silicon-on-insulator chip of claim 1 wherein the first and sefond silicon islands have

2 different thicknesses.

1 10.  The silicon-on-insulator chip of claim 1 wherein the firsfand second silicon islands each

2 have rounded or faceted corners.

1 11. The silicon-on-insulator chip of claim 1 wherein fhe insulator layer comprises a

2 dielectric.

112, Thesilicon-on-insulator chip of claim 11 Avherein the insulator layer comprises a

2 crystalline dielectric.

1 13.  The silicon-on-insulator chip of c}aim 1 wherein the insulator layer has a crystalline layer

2 atthe interface with the silicon islandy/

1 14 Thesilicon-on-insulator cifip of claim 1 wherein the insulator layer comprises silicon

2 oxide.

1 15.  Thesilicon-on-inslator chip of claim 1 wherein the insulator layer comprises aluminum

2 oxide.



1 14. The silicon-on-insulator c ip of claim1 wherein the insulator |ayer
conpri-ses silicon 2 oxide. 1 15. The silicon-on-ins lator chip of claiml
wherein the insulator |ayer conprises alumnum 2 oxide. 20 1 16. A
silicon-on-insulator chip conprising: 2 an insulator layer; 3 a first
silicon island with a surface of the (b10) crystal orientation, the f st
silicon island 4 overlying the insulator layer; and 5 a second silicon
island with a surface of the (100) crystal orientat' n, the secgnd silicon
6 islarid over| yisigrontve-insuktdr ahiprompysig: 1 17. The silicon-on-ipsulator chip

of claim 16 and further comising a p-channel transistor 2 for/med on the
first silicon wsingMetor RP&G: @ n-channel transistor for ed on t second
silicon island. 1 18. The silicon-on-insulator chip of claim 16 wherein t

e first, and se Sili.con, 1Sl ands e have a thickness/in. the range of

about 10 angstgg#@mﬁghﬁggﬁ%Wﬁ%ﬁﬂ“éﬁb@ﬁﬁ%ﬂip)%yﬁﬁpﬂmﬁ%m§ﬂhﬁ frsilisAn iskad| at or

chip of, claim16.wh rein the first and second silicon islahds 2 have

di f f er ént VHIAERNBE Wisulaton layey; anfhe si | i con-on-i nsul ator chifp of claim®

wherein the first and second silicon islands each
5 . asecondsilicon island with a surface of the (100) crystal orientatién, the second silicon

6  island overlying the insulator layer.

117 The silicon-on-insulator chip of claim 16 and further com ising a p-channel transistor

2 formed on the first silicon island, and a n-channel transistor forfhed on the second silicon island.

t 18 The silicon-on-insulator chip of claim 16 wherein tlfe first and second silicon islands each

2 have a thickness in the range of about 10 angstroms to ajfout 1000 angstroms.

1 19.  The silicon-on-insulator chip of claim 16 wherein the first and second silicon islands

2 have different thicknesses.

t 20.  Thesilicon-on-insulator chip of claim/A 6 wherein the first and second silicon islands each

2 have rounded or faceted corners.

1 21 Thesilicon-on-insulator chip ¢f claim 16 wherein the insulator layer comprises a

2 crystalline dielectric.

1 22.  Thesilicon-on-insulatdr chip of claim 16 wherein the insulator layer has a crystalline

2 layer at the interface with the first and second silicon islands.

1 23.  The silicon-op“insulator chip of claim 16 wherein the insulator layer comprises silicon

2 oxide.




2 have rounded or faceted corners. 1 21. The silicon-on-insulator chip f
claim:16 wherein the insulator |ayer conprises a 2 crystalline dielectric.
1 22. The silicon-on-insula r chip of claim16 wherein the insulator |ayer
~has a crystalline 2 layer at the interface with e first and second silicon
islands. 1 23. The silicon-o -insulatoy chip of claim16 erein the

i nsul ator | ayer conprises silicon 2 oxide. 21 1 24. Th
silicon-on-insulator chip of claim16 wherein the insulgtor la er conprises
al umi ndm 2. oxlbesilic@@-ondnsdltor Ahipwf blaih 0f wheERiRAnslddr Gar QRpHRS HhAlRk, chi P,
t he met hod conprising: 2 providing a silicon-on-insul gtor substrate

i ncl udiang oaidsi | i con layer of a firs crystal 3 orientation overlying an
insulator layer with a crystalline surface', the silycon 1 er including a

4 first and a second region; 5 form ng an anor phous/silicon region over the
second region oft e silicon layer; and 6 recrystal/Aizing the anorphous
silicon region to forma region ith a second crystal 7 orientation.




1 26. The nmethod of claim25 and further conprising, after e
recrystallizing the anorphous 2 silicon region: 3 formng a first silicon
i'sland of the first crystal rientation and a second silicon island of 4
the second orientation; and 5 formng a transistor of the first conducti
type on the first silicon island and aytransistor 6 of the second
conduction type on the second licon island. 1 27. -The nmethod of claim25
wherein e first crystal orientation is (110) and the second 2 crystal

orlent ti where' the transjstor of the first conduction type
is 6%c h?rﬁn A%%O?dé’ﬁ r’%’f%rSﬂéFﬁH OpARSUtaos S sthemelspd ¢HRPTSEIENd cdnduct i on
type |s a n- channel transistor. 1 28. The nethod of claimwheyein the first
crystalk ori ent Bovigmgiasilican-o)-isnidtor hebsate othding aciligat laperof i &ryaystdn i s
(100). 1 29. The method of |aim25 wherein the insulator |ayer conprises

al um nam axietetion oderBlng éﬁhﬁsdﬁﬁéﬁ'la}&fr v@th%'c%s?aﬂm\é/@lﬁfa% @héﬂ%oﬁh a1 inyaigpd de has
a crystal orientation of 2 (O he thod of claim 25

wher ei n tﬁﬁst%héé&é@&drgg‘ﬁﬁ has a th| ckness in t range of out 10 2
angstrons to about 500 angstrons. 24

5

forming an amorphous silicon region over the second region of the silicon layer; and

6 recrystallizing the amorphous silicon region to form a region

7  orientation.

126, The method of claim 25 and further comprising, after fhe recrystallizing the amorphous
2 silicon region:
3 forming a first silicon island of the first crystal drientation and a second silicon island of

4  the second orientation; and

5 forming a transistor of the first conductiga type on the first silicon island and a transistor

6  of the second conduction type on the second gilicon island.

1 27 Themethod of claim 25 wherein fhe first crystal orientation is (110) and the second

2 crystal orientation is (100) and wherejfi the transistor of the first conduction type is a p-channel

3 transistor and the transistor of the gecond conduction type is a n-channel transistor.

1 28, Themethod of claim 28 wherein the first crystal orientation is (110) and the second

2  crystal orientation is (100),

t 29, The method oflaim 25 wherein the insulator layer comprises aluminum oxide.

1 30.  The method of claim 29 wherein the aluminum oxide has a crystal orientation of

2 (0,1,-1,2).



1 32, A nmethod of form ng sem conductor device, the nethod conprising: 2
provi ding a workpiece including a first silicon |layer of a first crystal
orienta on overlying 3 a second silicon |ayer of a second crystal
orientation, the second silicon |ayer ov rlying a 4 sem conductor |ayer;
and 5 removing a portion of the first silicon layer to expose the second s
icon layer in a 6 predetermned region. 1 33. The nethod of2claim 32
wherei n the sem conductor device onprises a silicon-on- 2 ifsul ator device,

and wher e3n t hend MaMdaIrelairh 8 §herMShd éi%nq‘ay%gha;,s 8%@1&%%{ LR 5 18 34.

The met hod of claim 33, further conprising: rmng a irst silicon

i sl and,w f th first crystal orientation apd a second 3
siIico% iéﬂ%ﬁ%§§#€§&§5§@@¥%%%n%f the second orientatio/, and 4 formng a
transi stor of the first conduction ype on the first sylicon island and a
transistor 5 of the second conduction type on the sgcond si con island. 1
35. The nethod of claim34 whereint first crystal fbrientation is (110) and
the second 2 crystal orientation is (100), 1 36. /The nethod of claim 35 w
rein the transistor of the first conduction type/is a p-channel 2

transi stor and the transistor oft second conducyion type is a n-channel
transistor. 1 37. The nethod of clai 33 whereipfpi the first silicon |ayer has
a thickness in the range of




2 about 10 angstrons to ab ut 100 angstrons. 1 38. The nethod claim 33
wherei,n the second silicon layer has a thickness in the range of 2 about
I0 angstro s to about 1000 angstroms. 25 1 39. The method of claim 33
wherein the insulator |ayer conprises a electric. 1 40. The nethod of claim
33 wherein the insulator Iayer conpri s silicon oxide. 1 41. The nethod of
claim33, wherein the first silicon lay is fornmed by epitaxial growmh of 2
silicon on the second silicon |layer, the nmethod further co prising: 3
formng, a girst siIi&oP island with a surface o e first crystal orientation
and secbnd®%4 < MEtghof Bramg sinicpndictondgvissethomethhdcasaaising: or i ent/ i on; and 5
formng a transistor of the first condu ion type on the first l'icon

i sland and a t rraeisdisg eworkpieot inchdingedondiliconey of 9first ypealemieit neeE&lEhg
silicon island. 1 42. The nethod of claim4l1 wh ein the first/crystal
orientagi onsdesnd sUidh lFBEofaNeC i - - LA1ibd0) - 1 43.
The nethod of clai 42 mhereiﬁﬁ?%§H?%gﬁ?ﬁ??%&ﬁ%?&%ﬁgﬂ%?%%?ggbngéégﬁon type
is a p-gha r i,skor and the trans' tor of the secohd conduction
type is@a %ﬁgkgﬁﬁgﬁlﬁggﬁgﬁstor. 1 44. The meth d of claim/@B2 wherein the

first cgystal orientation is 81%0),and the second 2 crystal orient ionis
(100) . removing a portion of the first silicon layer to expose the second sificon layer in a

6  predetermined region.

1 33.  The method of claim 32 wherein the semiconductor device omprises a silicon-on-

2 insulator device, and wherein the insulator layer overlies a semifonductor substrate.

1 34 Themethod of claim 33, further comprising;
forming a first silicon island with a surface of the/first crystal orientation and a second

3 silicon island with a surface of the second orientation/ and

forming a transistor of the first conductionfype on the first silicon island and a transistor

5 ofthe second conduction type on the second sil{fcon island.

1 35, The method of claim 34 wherein th¥ first crystal orientation is (110) and the second

2 crystal orientation is (100).

1 36.  The method of claim 35 wherein the transistor of the first conduction type is a p-channel

2 transistor and the transistor of thé second conduction type is a n-channel transistor.

137 The method of clainy33 wherein the first silicon layer has a thickness in the range of

2 about 10 angstroms to abdut 100 angstroms.

1 38.  The method of claim 33 wherein the second silicon layer has a thickness in the range of

2 about 10 angstronfs to about 1000 angstroms.



26 1 45. A method of formng silicon-on-insulator chip, the nmethod
conpri.sing: 2 providing a silicon-on-insulator substrate including a first
silicon layer o a first crystal 3 orientation overlying a second silicon
| ayer of a second crystal orientation, s 'd second silicon 4 |ayer
overlying an insulator |ayer; 5 annrp@gsizing a portion of the first
silicon layer in a predete ' ed. region to forman 6 anorphous silicon
region; and 7 recrystallizing the anorphous silicon region to forma re on

with aseonnd Chysbdbd ol BURL:R: inbudfy TR IBEAOH L gbal m 45, further

@ Y lectric.
conprising: 2 formng a first silicon s

ace of e first
crystal orientation and a second 3 silicon island wAh a surface of the

second jorig@nt aty. . ; f.orm a transistor of a.fArst conduction ype on

o1 L .
the first 43 | i gg%mF@ch%Iécla Wdﬁ]éwr}gfeéfh@? w@ptobﬁyergogp SYhPROSKauct i on type on
the second silic island. 1 47. The nmethod of claipm 46 wherein e first
cryst'al1 or i .ent ﬁél on Igﬂf( 110) and the second 2 cyystal orientation is
(100). "1 48: ThEe methedef dHmaP avheray therwstailichrelaygfanfomsaddy epitaxidherofitr st
conduction _type is a p-channel 2 transistor d the transistor of e second
conduct?i omilicgpen the seond Shemnnsler, theanshst forther co prising: ‘

3 forming a first silicon island with a surface offhe first crystal orientation and second

4 silicon island with a surface of the second orient lon; and

5 forming a transistor of the first condugfion type on the first silicon island and a transistof

6  of'the second conduction type on the secofd silicon island.

1. 42.  The method of claim 41 whefein the first crystal orientation is (110) and the second

2 crystal orientation is (100).

1 43.  The method of claipf 42 wherein the transistor of the first conduction type is a p-channel

2 transistor and the transjtor of the second conduction type is a n-channel transistor.

1 44 The methg of claim 32 wherein the first crystal orientation is (110) and the second

2 crystal orientafion is (100).



1 49. The nmethod of cl ' 45 wherein the first silicon layer has a thickness
in the range of 2 about 10 angstrons to out 100 angstrons. 1 50. The neth
of claim45 wherein the second silicon |layer has a thickness in the range
of 2 about 10 angstrons to about 1000 angstrons. 27 1 51. The method of
claim45 wherein the insulator lay comyises a dielectric. 1 52. The nethod
of claim45 wherein the insu or |ayer conprises silicon oxide. 28 1 53. A
met hod of formng silicon-on-insulator chip, conprising: 2 providing a

siliconyongknsu inclu er of a ffrs crysta

.3 orlentatlgn oégé fpﬁyﬁgﬁIﬁﬁgﬁP%f%PBW5®§anRﬁ%%mﬂﬂgi PEFPEne Aurface, the
silicon_1 er including a 4 first region and a second region;/5 renoving a
portionZof the EPYACEH sliggrspn- irﬁulﬁqqés@étmmchué@g@rﬁr&t glieon laseofaigsticnstal at or

| ayer; 6 and 7 performng epitaxial growth of silicon of second crystal
0 ent at Bon oopntetivs overkinge sseondilicery Byer of a Sebond. bgstamiionetionf s &bdﬂd@ﬁw&urt her
conprising, after pe ormng the epitaxial gromh of 2 sili

4 layer overlying an insulator layer;

5 amorphosizing a portion of the first silicon layer in a predete

& amorphous silicon region; and

7 recrystallizing the amorphous silicon region to form a regfon with a second crystal

8 orientation.

1 46 Themethod of claim 45, further comprising;

2 forming a first silicon island with a surface of fhe first crystal orientation and a second

3 silicon island with a surface of the second orientatigh; and

4 forming a transistor of a first conduction £ype on the first silicon island and a transistor of

5  asecond conduction type on the second silicof island.

1 47.  The method of claim 46 wherein fhe first crystal orientation is (110) and the second

2 crystal orientation is (100).

1 48.  The method of claim 47 wherein the transistor of the first conduction type is a p-channel

2 transistor and the transistor of fhe second conduction type is a n-channel transistor.

149, The method of clajin 45 wherein the first silicon layer has a thickness in the range of

2 about 10 angstroms to About 100 angstroms.

of claim 45 wherein the second silicon layer has a thickness in the range of

2 about 10 angstroms to about 1000 angstroms.



3 formng a first silicon island of the first crysta orientation and a

" second silicon island of 4 the second orientation; and 5 formng a
transistor of the first conducti n type on the first silicon island and a
transistor 6 of the second conduction type on the sgcond ilicon island. 1
55. The nethod of claim54 wherein hef7rst crystal/orientation is (110)
and the second 2 crystal orientation is (100). 56. The nethod of claim
55 erein the transistor of the first conduction/type is a p-channel 2
transi $t oblandltemecthadadsiash 65 whérei hesnatact 16RPOMEIIs@k didiRgid S a n- channel
transistor. 1 57. The nmethod of cl m 53 wherfin the insulator |ayer.

conpri ses of alum numoxide. 1 58. The od claim57 wherein the

al um nym @xi deTHaget i t:] f P . 29 1 59. The
met hod of cl ai m53 ﬁ%ﬁ?ﬁ?ﬁﬁ?ﬁgﬁé?@?%gﬁ d@é@@ﬁg@%gm%nmuéngé%ﬁe of about 10
2 angstrom angstrons. 18 WHAT IS CLIAVED IS: 1. A nethod of formng a
silicon-on-insulator chip, the method conprising: providing a
silicon-on-insulator substrate including a silicon layer of a first crystal




orientation overlying an insulator layer, the silicon |ayer including a
first and a second region; form ng an anorphous silicon region in the
second region of the silicon layer; and recrystallizing the anorphous
silicon region to forma region with a second crystal orientation. 2. The
met hod of claim1 and further conprisihgg, after the recrystallizing the
anor phous silicon region: formng-a first silicon island of the first
crystal orientation and a second silicon island of the second orientation;
and formng a transistor of a first conduction type on the firsy silicon

i sl and 'and’a f%%ﬁ%ﬁ%ﬁﬁﬁ”@%g%h@@d@nﬂﬂ@@ﬁ@hmtmmnﬂﬁyge on the sefgond silicon
island. 3. The nethod of claiml1l wherein the first crystal orientation is
(110) &hd the pmosing a siliopsioatinmidteBhatrhe hdiEingkQ)coR Berwie fiey
transi stor of the first conduction type is a p- channel tranpsistor and the

transi sg orofitatidifoveREansh FONSHEL]L Qvitth%%g){sgal?ﬁn% sﬁﬁ&t@, p@&im&ﬁ

met hod of claim 1l wherein the first cr orrentation 1s
second 4 cr : i Lon.is (100). 5. The nethod of cl
i nsul at or ?af%?mg%%¥$%§%§9 'Uhi num oxi de. 6. The met hod

t he alqyinun1oxide.has a.crystal orientation of (O,
removing a portion of the silicon layer in the second region to expose the insulator layer;

f claim5 wherein

6 and
7 performing epitaxial growth of silicon of a second crystal ofientation on the insulator
8 layer.

1 54 Themethod of claim 53 further comprising, after pefforming the epitaxial growth of

2  silicon:

3 forming a first silicon island of the first crystal/orientation and a second silicon island of

4  the second orientation; and

5 forming a transistor of the first conductigh type on the first silicon island and a transistor

6  of the second conduction type on the second £ilicon island.

1 55.  Themethod of claim 54 wherein the first crystal orientation is (110) and the second

2 crystal orientation is (100).

1 56, The method of claim 55 wherein the transistor of the first conduction type is a p-channel

2 transistor and the transistor of/the second conduction type is a n-channel transistor.

1 37.  Themethod of clgfm 53 wherein the insulator layer comprises of aluminum oxide.

1 58 The method of claim 57 wherein the aluminum oxide has a crystal orientation of

2 (0,1,-1,2).




1, 1, 2). 7. The method of claim1l wherein the silicon | ayer has a
thickness in the range of about 10 angstrons to about 500 angstrons. 19
8. The method of claim 1l wherein the form ng the anorphous silicon region
conprises inplanting ions into the second region of the silicon |ayer. 9.
The met hod of claim8 wherein inplanti Bg ions conprises inplanting silicon
ions. 10. The method of claim 8 wheré‘n the silicon | ayer has a thickness
and wherein inplanting ions conprises inplanting ions to a depth of about
hal f of the thickness of the silicon layer. 11. The method of claim1l
wher ei il pr¥vi diThgmathed bfdamiﬁnwhm&ult}&tsdrcoﬁup&t}ram dickaeshrthsBagduTavading a
silicon-on-insulator substrate with 2 0 ayer overlying an insul ator
| ayer thatangsimhgdeshoaeFymcatrdmsne surface 12. The met hod of claim 11
wherein recrystallizing t he anorphous silicon region conprises
recrystallizing using the crystalline surface of the insulator |ayer as a
seed. 13. The nethod of claim 1l wherein providing a silicon-on-insulator
substrate conprises providing a silicon-on-insulator substrate with a
first silicon layer overlying a second silicon layer, the second silicon
| ayer overlying the insulator |ayer and wherein




form ng an anor phous silicon region conprises anorphosi zing a portion of

the first silicon |l|ayer. 14. The nethod of claim 13 wherein

recrystallizing the anorphous silicon region

using the second silicon |ayer as a seed. 15. A nethod of formng a
silicon-on-insulator chip, the method conprising: providing a _
silicon-on-insul ator substrate includid§ a first silicon layer of a first

crystal

orientation overlying a second silicon |layer of a second crystal

ori ent at IWVHA TSI GLIAMEDNS: sil i con | ayer overlying an insulator |ayer

anor phosi zing a portion of the first silicon |ayer
to form an anorphous silicon region; and 20 recrystallizing the

anor phoug. si | iAPfh@th"o@%if%hﬂi% agﬁieb@pﬁsﬂéu@ﬁomﬁ;g thd 1B B8 e&ﬁﬁri% stal
orientfation. 16. The netho g:

regi on

of claim 15, further conprisi

conprises recrystallizing

in a predeterm ned

ormng a

first |siliconpreiiding awilichngnsosiflatoesubitrataéndlidisg a silipen hlyewof acfitsttrystal and a

second

form ng

and a

sil.ico

i sl d with )
qriet@fiot By ngrin ot lavBl Bursiic Tl ancotife,

surfac OtFth% second cré§tal rientation;

stped a8¢99neon i sl and

and

t fedigd;stor of a second conduction type on the second silicon island.

forming an amorphous silicon region in the second region of the silicon layer; and
recrystallizing the amorphous silicon region to form a region with a second crystal

orientation.

2. The method of claim 1 and further comprising, after the recrystallizing the
amorphous silicon region:

forming a first silicon island of the first crystal orientation and a second silicon
island of the second orientation; and

forming a transistor of a first conduction type on the first silicon island and a

transistor of a second conduction type on the second silicon island.

3. The method of claim 1 wherein the first crystal orientation is (110) and the second

crystal orientation is (100) and wherein the transistor of the first conduction type is a p-

channel transistor and the transistor of the second conduction type is a n-channel transistor.

4. The method of claim 1 wherein the first crystal orientation is (110) and the second

crystal orientation is (100).

5. The method of claim 1 wherein the insulator layer comprises aluminum oxide.

6. The method of claim 5 wherein the aluminum oxide has a crystal orientation of (0,
1, 1,2).

7. The method of claim 1 wherein the silicon layer has a thickness in the range of

about 10 angstroms to about 500 angstroms.



17. The method of claim 16 wherein the first crystal orientation is (110)
and the second crystal orientation is (100). 18. The nethod of claim 17
wherein the transistor of the first conduction type is a p- channel

transi stor and the transistor of the second conduction type is a n-channel
transistor. 19. The nethod of claim 15 wherein the first silicon |ayer has
a thickness in the range of about 10 afigstrons to about 100 angstrons. 20.
The net hod of claim 15 wherein the second silicon |ayer has a thickness in
the rpnge of Thbmethddofanigat I otmsreiotha famiing GeMneorglsdusaitizon 2dgionThe net hod of
claimp5 wherein the .insul ator layer conprises g dielectric. 22. The

net hod OFOIEIPH§%HTQP%88 215 1iRdhs seepndregion ofythe Sl@%WV@es silicon oxide.

23. A pethod of fabricating a silicon-on-insulator chip, the nethod
conpripging: providing a substrate with an insulator |ayer disposed

t her eon; 9 or mlhg nzethad eficlain § wbercimygplamgingrionsh@nmprised amantingysdrcontidre. f i r st
silicon layer having a thickness of |ess than 50 angstrons, the first
silicon layer having a first crystal orientation; 21 formng a second

silicon hayer Toy@kethdiPof dldift 8 ShblefiPife kAX6h layelBasSBGRRAesS bhd GRBrelAyer having
a thickness of |ess than 50 angstrons, the second silicon |ayer having a

second| dénplentng vn epmprisesamplating onditd & dewth of aba half of thertkickmasy of the

orientation,, layer.

11.  The method of claim 1 wherein providing a silicon-on-insulator substrate
comprises providing a silicon-on-insulator substrate with a silicon layer overlying an

insulator layer that includes a crystalline surface.

12.  The method of claim 11 wherein recrystallizing the amorphous silicon region

comprises recrystallizing using the crystalline surface of the insulator layer as a seed.

13. The method of claim 1 wherein providing a silicon-on-insulator substrate
comprises providing a silicon-on-insulator substrate with a first silicon layer overlying a
second silicon layer, the second silicon layer overlying the insulator layer and wherein
forming an amorphous silicon region comprises amorphosizing a portion of the first silicon

layer.

14.  The method of claim 13 wherein recrystallizing the amorphous silicon region

comprises recrystallizing using the second silicon layer as a seed.

15. A method of forming a silicon-on-insulator chip, the method comprising:

providing a silicon-on-insulator substrate including a first silicon layer of a first
crystal orientation overlying a second silicon layer of a second crystal orientation, said
second silicon layer overlying an insulator layer;

amorphosizing a portion of the first silicon layer in a predetermined region to form

an amorphous silicon region; and



formng a first silicon island with a surface of the first crystal
orientation, the first silicon island overlying the insulator |ayer and
being forned fromthe first silicon layer; and form ng a second silicon
island with a surface of the second crystal orientation, the second
silicon island overlying the insulator |ayer and being fornmed fromthe
second silicon layer. 24. The nethod 8P claim 23 wherein the first crystal
orientation is (023), and wherein the second crystal orientation is (100).
25. THe net hodewystdliaingtiziamenphbus sitkiem regiopité Kirme fegioniwith the pecndnnel
transilstar | .tﬂe.first silicon island and form ng an n-channel transistor
I n thg s&@@kﬁogfﬁﬁt%h I sl and. 26. The nethod of claim 23 wherein the
formrg of the second silicon |ayer conprises formng a (110) silicon

| ayer foverlying a (100) silicon |layer. 27. The nmethod of claim 23 wherein

t he firsﬂ6andTgé@ﬁﬁ@@ﬁﬂd@@hﬂi§Wﬂﬁm§0@mnﬁngave rounded or faceted corners.
28. THe nmethod of claim 23 wherein the insulator |ayer conprises a
crystdlline dielectric. 29. The method of claim23 wherein the insulator

| ayer |has a ciyatiag bifing sllikpRlislaid wiiea siffdRIof acerig drsthingtidntdiivh aadd second
silicgn islands.

second silicon island with a surface of the second crystal orientation; and
forming a transistor of a first conduction type on the first silicon island and a

transistor of a second conduction type on the second silicon island.

17.  The method of claim 16 wherein the first crystal orientation is (110) and the second

crystal orientation is (100).

18.  The method of claim 17 wherein the transistor of the first conduction type is a p-

channel transistor and the transistor of the second conduction type is a n-channel transistor.

19.  The method of claim 15 wherein the first silicon layer has a thickness in the range

of about 10 angstroms to about 100 angstroms.

20.  The method of claim 15 wherein the second silicon layer has a thickness in the

range of about 10 angstroms to about 1000 angstroms.

21.  The method of claim 15 wherein the insulator layer comprises a dielectric.
22.  The method of claim 15 wherein the insulator layer comprises silicon oxide.
23. A method of fabricating a silicon-on-insulator chip, the method comprising:

providing a substrate with an insulator layer disposed thereon;

forming a first silicon layer over the insulator layer, the first silicon layer having a

thickness of less than 50 angstroms, the first silicon layer having a first crystal orientation;



30. The nethod of claim 23 wherein the insulator |ayer conprises silicon
oxi de. 31. The method of claim 23 wherein the insulator |ayer conprises
al um num oxi de. 22 32. A nethod of fabricating a silicon-on-insul ator
chip, the nmethod conprising: providing a substrate with an insul ator |ayer
di sposed thereon; formng a first silicon island with a surface of a first
crystal orientation, the first silicoRlisland overlying the insulator

| ayer; and forming a second silicon island with a surface of a second
crystal ori entfatnioga st¢vad soonayes obérahe firs siioon biver, khel ssgoridnsilidondayeat or

| ayer,| wherein the fir and cond silicon islands haye different
t hiycknles %ﬂ@%l,ng\mﬁlfgﬁ‘%s Pgi‘*ﬁ% ﬁ]@ngﬁéngﬁtmsa 1o eeBH Siliqoarey & bATIPE 868006y i ng a
pl ur al | t yryafal SHkha06h HaRe SeroNaRhY iHRGiraNSy M RRGAYSI N & wafer bonding

technijgue ‘that includes a hydrogen inplant step, and wherein forming a
pluralfty of doiminga firstysdicondglanst withs siuface ofghafi(sl diftal siidnitation, tha st

I vl ng..{ 100 i I ... 33. Th t.hod of .claim and further
conpr |51 SHE08 Glaitety B9 Pe BY Ssiiahe ruedindBete foried eod B v ey Jetn ¢ e
first [silkhhgon island; and form ng a second transistor of a second

conducftion type on the second silicon island. _ '
forming a second silicon island with a surface of the second crystal orientation, the

second silicon island overlying the insulator layer and being formed from the second

silicon layer.

24, The method of claim 23 wherein the first crystal orientation is (023), and wherein

the second crystal orientation is (100).

25.  The method of claim 24 and further comprising forming a p-channel transistor in

the first silicon island and forming an n-channel transistor in the second silicon island.

26.  The method of claim 23 wherein the forming of the second silicon layer comprises

forming a (110) silicon layer overlying a (100) silicon layer.

27. The method of claim 23 wherein the first and second silicon islands each have

rounded or faceted corners.

28.  The method of claim 23 wherein the insulator layer comprises a crystalline

dielectric.

29.  The method of claim 23 wherein the insulator layer has a crystalline layer at the

interface with the first and second silicon islands.

30.  The method of claim 23 wherein the insulator layer comprises silicon oxide.

* 31.  The method of claim 23 wherein the insulator layer comprises aluminum oxide.



34. The nethod of claim 33 wherein the first crystal orientation is (110)
and the first transistor is a p-channel transistor, and wherein the second
crystal orientation is (100) and the second transistor is a n-channel
transistor. 35. The nethod of claim 32 wherein the (110) silicon |ayer has
a thickness of about 10 to about 500 angstrons. 36. A nethod of formng
semni conductor chip, the nethod conprisildg: providing a silicon substrate
having a first crystal orientation; formng a silicon |layer of a second
crystal 4ei entfatiethod@f fithizating b sibidos-ohsiisubdter, chif)ehe iefhod @dmpdyiag: i ncl udi ng
a firgt and a second region; form ng an anorphous silicon region in the
second regi onPEIVI¢IRE asspgﬁt@%wa%ﬁnsum laYeé@FS}a@%eélth‘?rﬁ‘Pfhg t he amor phous

silicgn regi Omort(r)lﬁn%?rfﬂ%t%ﬂfc%ﬂ' ur ! ﬁatsnﬁa(fe' c{f%tﬁrggéf?&%![oer}eﬁt[faﬁgﬁ',ttﬁé hfp. 23

37. The net hod alm 3 er conpri sing,
recr ydt alsilicen ijpandroyerlpmgrthhimsslagr layegrandegi on: forming a first silicon
i sland of the _fir.st crystal,. ori. nt tJona a second sili.con i.sland of the

d
second cryst afO'GHP&ASEOd r?lhcaﬂas withas "l‘cteéﬁ &jse¢ cgysta] opieptation, dbjuct i on
type an &&@nhisliRbn MAddcRRrly HlgaRdiRIMIR layer, wherein the first and second silicon

islands have different thicknesses;

wherein forming the first silicon island comprises forming a plurality of silicon
layers overlying one another using a wafer bonding technique that includes a hydrogen
implant step, and wherein forming a plurality of silicon layers comprises forming a (110)

silicon layer overlying (100) silicon layer.

33.  The method of claim 32 and further comprising:
forming a first transistor of a first conduction type on the first silicon island; and
forming a second transistor of a second conduction type on the second silicon

island.

34.  The method of claim 33 wherein the first crystal orientation is (110) and the first
transistor is a p-channel transistor, and wherein the second crystal orientation is (100) and

the second transistor is a n-channel transistor.

35.  The method of claim 32 wherein the (110) silicon layer has a thickness of about 10

to about 500 angstroms.

36. A method of forming semiconductor chip, the method comprising:

providing a silicon substrate having a first crystal orientation;

forming a silicon layer of a second crystal orientation on the silicon substrate, the
silicon layer including a first and a second region;

forming an amorphous silicon region in the second region of thé silicon layer; and

recrystallizing the amorphous silicon region to form a region with the first crystal

orientation.



transi stor of a second conduction type on the second silicon island. 38.
The nmethod of claim 37 wherein the first crystal orientation is (110) and
the second crystal orientation is (100) and wherein the transistor of the
first conduction type is a p-channel transistor and the transistor of the
second conduction type is a n-channel transistor. 39. The nethod of claim
36 wherein the first crystal orientati@d is (110) and the second crystal
orientation is (100). 40. The nethod of claim 36 wherein the silicon |ayer
has a t hi3@kneddicimethdnbof daige3®nd Gibtheit cobibrishgs hftanhe terablitind e angst r ons.
41. A nethod ,of formng.a sem conductor device, the nethod conprising:
provi di ngTRTRAPNS sHISPR IR udi ng a semi conductor | ayer overlying the

substrpte, th%rnﬁﬁgigffﬁé}dsﬂ%ﬁrisléﬁy@mh@ﬁﬁt R8st bbbt éfﬁtaaéecg{r]dﬁ%o%ti on;

inplanting ions in a portion of the sem’conductor |ayer; _
recr ysi aligland ofghe besopd ctyistah ooéntatim; sedri conduct or | ayer so that the portion

has a | second crystal_or.ientation that .is differepnt than the first crystal
orientlation. & P*?%étﬁ%ﬁﬁ88°€?hEﬁé?%ﬁ%&é%ﬁ@F@Pﬁm% §t§EﬂFbﬁgﬂﬁ€? ? layer
CoNpr i sesrafsisibt bEHEECLAY B6ndudtish WRELRIHKE d0PhPALiENislaNS conmpri ses inplanting
silicon ions. 43. The nethod of "claim 41 wherein the sem conductor | ayer

conprifses a silicon | ayer
38. The method of claim 37 wherein the first crystal orientation is (110) and the

second crystal orientation is (100) and wherein the transistor of the first conduction type is
a p-channel transistor and the transistor of the second conduction type is a n-channel

transistor.

39.  The method of claim 36 wherein the first crystal orientation is (110) and the second

crystal orientation is (100).

40.  The method of claim 36 wherein the silicon layer has a thickness in the range of

about 10 angstroms to about 500 angstroms.

41. A method of forming a semiconductor device, the method comprising:

providing a substrate including a semiconductor layer overlying the substrate, the
semiconductor layer having a first crystal orientation;

implanting ions into a portion of the semiconductor layer; and

recrystallizing the portion of the semiconductor layer so that the portion has a

second crystal orientation that is different than the first crystal orientation.

42.  The method of claim 41 wherein the semiconductor layer comprises a silicon layer

and wherein implanting ions comprises implanting silicon ions.

43.  The method of claim 41 wherein the semiconductor layer comprises a silicon layer

and wherein implanting ions comprises implanting germanium ions.



and wherein inplanting ions conprises inplanting germaniumions. 24 44.
The nmethod of claim41l wherein the sem conductor |ayer conprises a silicon
| ayer and wherein inplanting ions conprises inplanting argon ions. 45. The
met hod of claim41l wherein recrystallizing conprises recrystallizing the
sem conductor |ayer using an underlying sem conductor |ayer as a seed

| ayer. 46. The nethod of claim41 wheré#n recrystallizing conprises
recrystallizing the sem conductor |ayer using an underlying insulating

| ayer jas4d. sedthe haflerd ofklaimidlewh@atinatle eémicbaduttot layen dorhpiiideb @rsilizondyiesi ng,
after {the recrystallizing: formng a first silicon island of the first
crystal B8R§ SRELE BRPIAHINEAORTEBRRYISST IMRIARING AEAKWNSf t he second orientati on;
and farmng a transistor of a first conduction type on the first silicon
island and a transistor of a second conduction type on the second silicon
i sland. 48. THbemethmidofaflainl Hi whet@inwhenystahizidgecohriprisés recrysthlizingrthent ati on i s
(110) |and the $e oqd cQﬁstal grbgntatLoqgls(%}OO and erein the

t r ansi|st SFUGPREURETF NS USRE A JRETORNE Ricprdugtop layehasaaed {3YShsi st or and t he
transi|stor of the second conduction type is a n-channel transistor. 49.
The mgt hod of claim 41 wherein the first crystal orientation is (110) and

t he sgcodfl. cdhemgthaskofetaint 4 lowhérsin(re@@ytallizing comprises recrystallizing the

semiconductor layer using an underlying insulating layer as a seed layer.

47.  The method of claim 41 and further comprising, after the recrystallizing:
forming a first silicon island of the first crystal orientation and a second silicon
island of the second orientation; and
forming a transistor of a first conduction type on the first silicon island and a

transistor of a second conduction type on the second silicon island.
48.  The method of claim 47 wherein the first crystal orientation is (110) and the second
crystal orientation is (100) and wherein the transistor of the first conduction type is a p-

channel transistor and the transistor of the second conduction type is a n-channel transistor.

49.  The method of claim 41 wherein the first crystal orientation is (110) and the second

crystal orientation is (100).



