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5 This invention relates generally to sem conductor structures and to a
nmet hod f ovoohgiseo f abri cation, and nore specifically to cpeaposad4209

sem conductor structures and to the fabrication and use of sem conductor
structures that 10 include a nonocrystalline conpound sem conduct or

mat erial. Background of the Invention The vast nmgjority of sem conductor
di screte devices 15 and integrated circuits are fabricated fromsilicon,

at least in part because of (SEMTDONDUWITOR t3TRCTURKpPensive, high quality
nmonocrystalline silicon substrates. Oher sem conductor materials, such as
the so call ed conmpound sem conductor materials, have physical attributes,
20 includi ng wi der bandgap and/or higher nmobility than silicon, or direct

bandgaps that nakes these matefia dvant ageous.for certain types of
seni conduct or devi ces. Unf ort%h%i‘il?,? E@ﬁpgﬂmngéﬁpconduct or materials are

general |y much nore expensive than silicon and are not 25 available in

arge wafers as iy i@ {8 LIS YUl (1A% odifcdmdlclopdl |y
avai | abl e conmpound sem conductor materital, is available in Vel er s only up
to about 15@8trMAtiures énsl Gen imetdioshehar theiledmbrseat 5oni A WBPERS

are avai | ablsg el i@ 30Ut o3 RnPBRN e ARl v add Abd L1 R0s adn@0@omm  The
150 mm GaAs \gaferz are many tifres nore expensjve than are their silicon
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characteristics of “conpound 35 sem conductor materials, and because of
their present WO 01/59820 PCT/ US01/ 04209 2 generally high cost and | ow
availability in bulk form forBaskgmoyedrsefathenpnyentivenbeen nade to grow
thin filns of

The vast méjority of semiconductor discrete devices

15 and integrated circuits are fabricated from silicon, at
least in part because of the availability of inexpensive,
high guality monocrystalline silicon substrates. Other
semiconductor materials, such as the so called compound
semiconductor materials, have physical attributes,

20 including wider bandgap and/or higher mobility than
silicon, or direct bandgaps that makes these materials
advantageous for certain types of semiconductor devices.
Unfortunately, compound semiconductor materials are
generally much more expensive than silicon and are not

25 available in large wafers as is silicon. Gallium arsenide
(GaAs), the most readily available compound semiconductor
material, is available in wafers only up to about 150
millimeters (mm) in diameter. In contrast, silicon wafers
are available up to about 300 mm and are widely available

30 at 200 mm. The 150 mm GaAs wafers are many times more
expensive than are their silicon counterparts. Wafers of
other compound semiconductor materials are even less
available and are more expensive than GaAs.

Because of the desirable characteristics of compound

35 semiconductor materials, and because of their present



t he conpound sem conductor materials on a foreign substrate. To achieve
opti mal characteristics of the 5 conpound sem conductor material, however,
a nonocwabakdsecme fil mof high crystalline quality is deei/ued/ 04249 enpt s
have been made, for exanple, to grow |ayers of a nonocrystalline conpound
sem conductor rmaterial on germanium silicon, and various insulators. 10
These attenpts have generally been unsuccessful because lattice m snatches
bet ween the host crystal and the growmn @ ystal have caused the resulting
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if a thin {{dia-eh dHah iqiald {in mnaciys talyd e compoyngy i egn gonduct or
mat erial could be'realized on a bulk wafer ~ such as a"silicon wafer, an
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3 The present 1 nvention 1s | ustrated exan%
limtation icHystalabeyspansay fihsumesuliingilein | §idm ref epemre@dnd ndi cat e
simlar el egeRti®ondM@tior material to be of low crystalline quality.
If a large area thin film of high quality
15 monocrystalline compound semiconductor material was
available at low cost, a variety of semiconductor devices
could advantageously be fabricated in that film at a low
cost compared to the cost of fabricating such devices on a
bulk wafer of compound semiconductor material or in an
20 epitaxial film of such material on a bulk wafer of
compound semiconductor material. In addition, if a thin
film of high quality monocrystalline compound
semiconductor material could be realized on a bulk wafer
such as a silicon wafer, an integrated device structure
25 could be achieved that took advantage of the best:
properties of both the silicon and the compound
semiconductor material.
Accordingly, a need exists for a semiconductor
structure that provides a high quality monocrystalline
30 compound semiconductor film over another monocrystalline

material and for a process for making such a structure.

Brief Description of the Drawings
35



which: 5 FIGS. 1, 2, 4, 5 illustrate schematically, in cross section,
device structures in accordance with various enbodinents of the invention;
FIG 3 i Wost/smees graphically the relationship between periUSum42d9% ai nabl e
filmthickness and lattice 10 m smatch between a host crystal and a grown
crystalline overlayer; FIG 6 includes an illustration of a bl ock diagram
of a portion of a communicating device; FIGs. 7-11 include illustrations
of cross-sectional 15 views of a portiomof an integrated circuit that

includes a conpeppd 1 GANAUCH ¢ POK T oM 1 Bu bl POL & BQV&EQpra”d an MOS
portion; and FIGs. 12-18 includes i1]lustrations of cross-sectional views
of a porti orfXAMRIfOIEEE N9% et R £9R cifft ttRhRCOIPRRY L8 sE AIeERFcomBuct or

| aser and aryH¥h triansisdrendkd | 1edh edtd senwi Vet | e Bppesesat andhah
elements in the figures are illustrated for sinplicity and clarity and
have not ne 1ly been drawn to scale. For exanple, the dinensions of
some of She el en@GS.i Lt e f4,guF esl st 28 desahxagmei@a by r eiat cyesso ot her

el enents to he to rove j i E pr esent
Civent on. SRy AR U SRR SR TR Ohrh 85D Poe
schemat i cal lembadimardss afedtheorinentpidni on of a sem conductor structure 20

in accordance w tgyg an q@qygﬂgggeéﬁgﬁgghiéagqyigﬁb =e13 €PBHERI9r Structure
20 includes_a nonocrystalline substrate 22, acponnodatin% 35 buffer |ayer

24 conpri si MEARTHh FESEL 13 RARYS af Tl eassoane PeFFERB1/ 04209 4

a layeri126 efismatupyatsicdd] inassimanst sSerandngdugiown oByetadlinén this
context, the term "nonocrystalline” shall have the nmeani ng commonly used
within the OVerlayer;

FIG. 6 includes an illustration of a block diagram of
a portion of a communicating device;
FIGs. 7-11 include illustrations of cross-sectional
15 views of a portion of an integrated circuit that includes
a compound semiconductor portion, a bipolar portion, and
an MOS portion; and
FIGs. 12-18 includes illustrations of cross-sectional
views of a portion of another integrated circuit that
20 includes a semiconductor laser and an MOS transistor.
Skilled artisans will appreciate that elements in the
figures are illustrated for simplicity and clarity and
have not necessarily been drawn to scale. For example,
the dimensions of some of the elements in the figures may
25 be exaggerated relative to other elements to help to
improve understanding of embodiments of the present

invention.

Detailed Description of the Drawings
30
FIG. 1 illustrates schematically, in cross section, a
portion of a semiconductor structure 20 in accordance with
‘an embodiment of the invention. Semiconductor structure
20 includes a monocrystalline substrate 22, accommodating

35 buffer layer 24 comprising a monocrystalline material, and



sem conductor industry. The termshall refer to materials 5 that are a
single crystal or that are substantially a single crystal and shall

i ncl ude twosesgsederials having a relatively-snmall nunberpof/udafmEedss such
as dislocations and the |ike as are commonly found in substrates of
silicon or germaniumor mxtures of silicon and germanium 10 and epitaxi al
| ayers of such materials commonly found in the sem conductor industry. In
accordance with one enbodi ment of the invention, structure 20 also

i ncl udes an aanEyEMOWRES (o ex meshatry dtegkrine cpuzsoundneembetndenteubst r at e
22 and acco i 1 4. r r .16l ude a
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| ayer on_the 20 accommodating buffer I(ﬁger. The anorphous Lnﬁr medi at e
t
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doi ng so, aisdnhidle tdgygamandfisiall gihcludstithdsdemqualisysanaoingdat i ng
buffer |ayer. 1SL?I;bstrate 2%1, i_n._accordan efvvith an_.enbodi, ment o;.the 25
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15 Dbuffer layer 24. Structure 20 may also include a template
layer 30 between the accommodating buffer layer and
compound semiconductor layer 26. As will be explained
more fully below, the template layer helps to initiate the
growth of the compound semiconductor layer on the

20 accommodating buffer layer. The amorphous intermediate
layer helps to relieve the strain in the accommodating
buffer layer and by doing so, aids in the growth of a high
crystalline quality accommodating buffer layer.

Substrate 22, in accordance with an embodiment of the

25 invention, is a monocrystalline semiconductor wafer,
preferably of large diameter. The wafer can be of a
material from Group IV of the periodic table, and
preferably a material from Group IVA. EXamples of Group
IV semiconductor materials include silicon, germanium,

30 mixed silicon and germanium, mixed silicon and carbon,
mixed silicon, germanium and carbon, and the like.
Preferably substrate 22 is a wafer containing silicon or
germanium, and most preferably is a high quality
monocrystalline silicon wafer as used in the semiconductor

35 industry. Accommodating buffer layer 24 is preferably a



enbodi nent of the invention, anorphous internmediate |ayer 28 is grown on
substrate 22 at the interface between 5 substrate 22 and the grow ng
accomodavongsdsed f er | ayer by the oxidation of substrat er@PUduwidng t he
grow h of |layer 24. The anorphous internedi ate | ayer serves to relieve
strain that m ght otherwi se occur in the nonocrystalline accomodating
buffer layer as a result of differences in 10 the lattice constants of the
substrate and the buffer layer. As used herein, lattice constants refers
to the, di sﬁ@m@rﬁ@&mm@th@foﬁ ﬁetha@am‘ateﬁllhm thecpkanelef the
surface. If such strain IS rel |ev
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15 in the crystalline structure of the accommodating buffer
layer. Defects in the crystalline structure of the
accommodating buffer layer, in turn, would make it
difficult to achieve a high quality crystalline structure
in monocrystalline compound semiconductor layer 26.

20 Accommodating buffer layer 24 is preferably a
monocrystalline oxide or nitride material selected for its
crystalline compatibility with the underlying substrate
and with theé overlying compound semiconductor material.
For example, the material could be an oxide or nitride

25 having a lattice structure matched to the substrate and to
the subsequently applied semiconductor material.

Materials that are suitable for the accommodating buffer
layer include metal oxides such as the alkaline earth
metal titanates, alkaline earth metal zirconates, alkaline

30 earth metal hafnates, alkaline earth metal tantalates,
alkaline earth metal ruthenates, alkaline earth metal
niobates, alkaline earth metal vanadates, alkaline earth
metal tin-based perovskites, lanthanum aluminate,
lanthanum scandium oxide, and gadolinium oxide.

35 Additionally, various nitrides such as gallium nitride,



t he accommodating buffer layer. Mdst of these materials are insulators,

al t hough strontiumruthenate, for exanple, is a conductor. Cenerally,

t hese natveo oaks2@re netal 5 oxides or netal nitrides, andP@DUS01/04209
particularly, these netal oxide or nitrides typically include at |east two
different netallic elenments. In sone specific applications, the netal
oxides or nitride may include three or nore different netallic el enents.
10 Anorphous interface |layer 28 is prefer@ably an oxide formed by the
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11-VI conpodhidLerstimited@t G (RICMRE$ i untAr SRS dBPEERRET, “ gal |i um i ndi um
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(InP), cadm_um sul fide (CdS),.cadmummercury telluride (CdHgTe), zinc
sel eni de (zﬁ%br)‘%e ANER fclsfrffseeﬁeel?qg d‘éet‘i‘%%s‘"se‘?{,e‘&%‘at?he like. Suitable
t enpl atE0 mat er i alfsnorpihemiscdidtetfone timydre Zriagereferdel pceonueddei ng
buf fer 30 | gygt e%grhg}vwrﬁf‘émf‘o%{iﬁ%éﬂ £ ANCHPT QYL Ae-S1 S £SsiPE L0Ee BYCI eation

of the epitaxigl e subsequent _conpound sem conductor [ayer 26.
Appr opri at e angt @948 Pref@radiplidt WP dPE cusseH ¢l ooxifes Fhe

i 11 ustratesHiRkkeldEs c¥eQldy@dty 2B P tdhoff D i ént 3o SPdl Lopdust prigt ructure
40 in accorg%récr%bvl\iitte %of lrjr{’itsrr]n(?artc esojléeStgx?eZgn P&I’é L{Lsgg"é?élezogongtants of
15 substrate 22 and accommodating buffer layer 24.
Typically, layer 28 has a thickness in the range of
approximately 0.5-5 nm.
The compound semiconductor material of layer 26 can
be selected, as needed for a particular semiconductor
20 structure, from any of the Group IIIA and‘VA elements
(ITI-V semiconductor compounds), mixed III-V compounds,
Group II(A or B) and VIA elements (II—VIVsemiconductor
compounds), and mixed II-VI compounds. Examples include
gallium arsenide (GaAs), gallium indium arsenide (GaInAs),
25 gallium aluminum.arsenide (GaAlAs), indium phosphide
(InP), cadmium sulfide (CdS), cadmium mercury telluride
(CdHgTe) , zinc selenide (ZnSe), zinc sulfur selenide
(Znsse), and the like. Suitable template materials
chemically bond to the surface of the accommodating buffer
30 layer 24 at selected sites and provide sites for the
nucleation of the epitaxial growth of the subsequent
compound semiconductor layer 26. Appropriate materials
for template 30 are discussed below.
FIG. 2 illustrates, in cross section, a portion of a

35 semiconductor structure 40 in accordance with a further



enbodi nent of the invention. Structure 40 is simlar to the previously
descri bed sem conductor structure 20 except that an additional buffer

| ayer 32w@opssed i oned between accomodating buffer | ayepcP@sand2d%ayer of
nmonocrystalline 5 conmpound sem conductor material 26. Specifically, the
additional buffer layer is positioned between the tenplate |ayer 30 and
the overlying | ayer of conpound sem conductor naterial. The additional
buffer [ayer, formed of a sem conductor or conmpound sem conductor material,
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lowing non-limiting, illustrative examples
15 illustrate various combinations of materials useful in
structure 20 and structure 40 in accordance with various
alternative embodiments of the invention. These examples
are merely illustrative, and it is not intended that the
invention be limited to these illustrative examples.
20
Example 1

In accordance with one embodiment of the invention,

monocrystalline substrate 22 is a silicon substrate

25 oriented in the (100) direction. The silicon substrate
can be, for example, a silicon substrate as is commonly
used in making complementary metal oxide semiconductor
(CMOS) integrated circuits having a diameter of about 200-
300 mm. In accordance with this embodiment of the

30 invention, accommodating buffer layer 24 is a
monocrystalline layer of Sr,Ba, ,TiO, where z ranges from 0
to 1 and the amorphous intermediate layer is a layer of
silicon oxide (Si0,) formed at the interface between the
silicon substrate and the accommodating buffer layer. The

35 value of z is selected to obtain one or more lattice



constants closely matched to corresponding |lattice constants of the
subsequently fornmed | ayer 26. The accommodating buffer |ayer can have a

t hi cknessvobi/sdsout 2 to about 100 nanoneters (nm and preé¢evawlos2dvas a 5
t hi ckness of about 10 nm In general, it is desired to have an
accommodating buffer |ayer thick enough to isolate the conpound

sem conductor |layer fromthe substrate to obtain the desired electrical
and optical properties. Layers thicker tthan 100 nmusually provide little
10 addi ti onaoraanaiid offvdely nﬁamsémg:cmsdrmmi Lyttibewever,

t hi cker Iayers be f ricat ¢ i f nee ed The rphgus internmedi ate
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preferably aghhi %an%?c&:&ﬁm nd - Bu 2k M 10,0 mlameeﬁbugkneéslgsmatal ly
depends on the a n%tl on for %f{f“ ch the Iau% bei ng gregared To
facilitate tH& &5 "E FIBAPBIC Tt He ST %l?ﬁdﬁ BFETaF&ntRum

gal l'ium arsemuieimrtlieheiermrm ys]teaidrmlomnﬂe opt i¢ehppadperayes.is formed
by cappi ng the oxi i The yer r ly 1-10

nonol ayers O HE %%1@{&( t,&ls"ﬂl %gmsa&a ﬁ?r(a(l%g ﬂ@{f a preferred
exanpl e10 1agdmpyricn@lelensft il wksﬂcﬁ J&cm@rtm\momelmnsmmsaolly,
successf ul |y, glQw,CaAs, | Q¥EF 912,30 EXAAP IR ZFdvy Bcoidapsenubbga f-yﬁgher

enbodi ment of the ‘invention,_ nonocrystalline substrate 22 1s a silicon

substrate agdM@ERPEOUSed HSFREdIAte depsmnfatsinkt ¢RR X148 Fagchaye a

nmonocr yst al khAekogis@e oFf a3t WnDmmbardidn i £y 598202 PEHL &I50d 684369 9
zirconate or, haf nqt% i n.a cubl c or orthorhonbi c phase with

15 In accordance with this embodiment of the invention,
compound semiconductor material layer 26 is a layer of
gallium arsenide (GaAs) or aluminum gallium arsenide
(AlGaAs) having a thickness of about 1 nm to about 100
micrometers (pum) and preferably a thickness of about 0.5

20 pm to 10 pm. The thickness generally depends on the
application for which the layer is being prepared. To
facilitate the epitaxial growth of the gallium arsenide or
aluminum gallium arsenide on the monocrystalline oxide, a
template layer is formed by capping the oxide layer. The

25 template layer is preferably 1-10 monolayers of Ti-As, Sr-
O-As, Sr-Ga-0, or Sr-Al-O. By way of a preferred example,
1-2 monolayers of Ti-As or Sr-Ga-0O have been shown to

successfully grow GaAs layers.
30 Example 2

In accordance with a further embodiment of the
invention, monocrystalline substrate 22 is a silicon
substrate as described above. The accommodating buffer

35 layer is a monocrystalline oxide of strontium or barium



an anorphous internediate |layer of silicon oxide formed at the interface
between the silicon substrate and the acconmmodating buffer |ayer. The
accomodavongsdsed fer 5 | ayer can have a thickness of aboupPCPU@@420m and
preferably has a thickness of at least 5 nmto ensure adequate crystalline
and surface quality and is fornmed of a nonocrystalline SrZr(G3, BaZr G31
SrHf GB1 BaSnC3 or BaHf G8. For exanple, a nonocrystalline oxide | ayer of
BaZr3 can 10 grow at a tenperature of abput 700 degrees C. The lattice

structure ofzithh@dasldd Nh G ald i e deoexditbhdshemdde FrIsEEwi @hat i on
with respect to the substrate Slézi: con _latti Cﬁ styucture. . An ccongodatl ng
buf fer | ayel™ AMBEPRAUS HEEE e i3 TH A% oroh & et EOhe 6t 721 §°F8eSuRbabl e
for the growhe ioftecfigueune terdarc arttbicd i o eduladisratie tduedi tide um

phosphi de (InP) sysiem_The un em.gonduct or erial n_be, for
exanple, in |Cur%mp ooés‘_’lgchlln %ﬁfﬁt%)r{pglra}ge?rﬁdi u%%a?%%%%‘?%%ﬁé%gbffﬁ%%) havi ng
a thi ckness lefye20 cghodtave @ rohitakriess lof Foouti t2bl @0 tmnphade for this

structure i - I ’ .1 i sl & (L5

zirconiump g%&%rd;ﬂsm?z@%)as %&ﬁ%ﬁr%ﬁ %}%%As%,nﬁza? n(iard?#gﬁosphor us
(Hf-P), str @SandtexFgemtaiddme aust -pirirge q4abhiy imrdxygefopred phbr us
(Sr-OP), barimdncey@ealddnd S, ( Baa@rds) , stigd Umeddr)t bmeaxyeen
(In-Sr-0O, or Dbariu oxygen-phos)})hor S, (Ba-C%FQ, and pr fer?b y 1-

nmonol ayer s gProﬁé‘aS\prﬁerﬁle& MREC& a‘its"".lulB’g}"W a]rPY%&a‘Prﬁl%"’,‘ ¥dr Fbari um
zirconal® ageowradata ngnmpefrfagnurd aferagbdute BU0 fdapreess t@r m Tiad etlawnkt fbe 1- 2
nonol ayers . CQu fall | L4 of r

arsenic to %%F%%at%f;e-%? ;&e@ﬁpﬁjaetsgl\.ﬁ%r%n%gfﬁ%la]l]ﬁpeneé)f%g/geré%gﬂ?%&g %o?r%ound
sem conduct gegmgee ricglatiioomwilitd inedneat glospis dukststate i sithepngrown on

the tenpl at g Jkayel sthectigsul ting lattice structure of the conpound
sem conductor 35 material exhibits a 45 degree rotatjon with respect to the

VO 01/ 59820 PCT/ 880 #F629medatagng butfer layer formed of these
15 zirconate or hafnate materials is suitable for the growth

of compound semiconductor materials in the indium
phosphide (InP) system. The compound semiconductor
material can be, for example, indium phosphide (InP) or
indium gallium arsenide (InGaAs) having a thickness of

20 about 1.0 nm to 10 pum. A suitable template for this
structure is 1-10 monolayers of zirconium-arsenic (Zxr-As),
zirconium-phosphorus (Zr-P), hafnium-arsenic (Hf-As),
hafnium-phosphorus (Hf-P), strontium-oxygen-arsenic (Sr-0O-
As), strontium-oxygen-phosphorus (Sr-0-P), barium-oxygen-

25 arsenié (Ba-0-As), indium-strontium-oxygen (In-Sr-0), or
barium-oxygen-phosphorus (Ba-0-P), and preferably 1-2
monolayers of one of these materials. By way of an
example, for a barium zirconate accommodating buffer
layer, the surface is terminated with 1-2 monolayers of

30 zirconium followed by deposition of 1-2 monolayers of
arsenic to form a Zr-As template. A monocrystalline layer
of the compound semiconductor material from the indium
phosphide system is then grown on the template layer. The
resulting lattice structure of the compound semiconductor

35 material exhibits a 45 degree rotation with respect to the



accommodating buffer layer lattice structure and a lattice msmatch to
(100) InP of less than 2.50, and preferably I|ess than about 1.0% 5
Exanpl e 3voni/saseor dance with a further enbodi nent of the peTWeeIG4209, a
structure is provided that is suitable for the growth of an epitaxial film
of all-VI material 10 overlying a silicon substrate. The substrate is
preferably a silicon wafer as descri bed above. A suitable accomvodati ng
buffer layer material is Sr.Ba3. _XTi03, Mhere x ranges fromO to 1,

havi ng a t hi akeessodat abgubuff£é00laperahdtpietesalbhytarehiacidnesd asft iateout

5-15 nm Thf%ié?%&@%8%8&9%&@%@%@ HE! O %ega' af@ pieidpigram e

zinc selen zinc sulfur en| Sé) surtable-tenpl ate
for this natk¢$%1t%§%t@h@ﬂhcluﬁés 1- 10 nDnoIayers of zinc-oxygen (Zn-0O
foll owed by 1-2 nonol ayers of an excess of zinc followed by the 20

sel eni dation of zinc on the surface. Alternatlvely, a tenplate can be, for
exanpl e, >strontiumsul fur (Sr-S) fol F¥aBBL8y3the ZnSeS. Exanple 4 25 This
enbodi ment of the invention is an exanpl e of structure 40 illustrated in

FIG 2. Substrate_ 22 ocr sta ne_oxj de ocrystalline
conpound senicongﬂﬁf%? %5.%??%.w}ébe? E%régﬁr Mg? gpgt8fgg%ﬁhose

descri bed i nieremplen 1. a |l stadditrenisapradidedonhat baf Sedtlkhijer £832 serves
to alleviat ﬁ@x%fé&@%réFtQQt %ﬁ $§1aFe§9h& ggo?LgInb?nﬁgggr flthe crysta

| attice of t ccommodat I ng ayer an tice o
nnnocryépalIQY%I%E%W%o%d%%lb@oﬁaﬁébﬁérat%uff@helﬁyb$t32t35l§an be a gal lium

arseni de ph%%%mékaﬂ A§sﬁijgo&rwaﬂékuabVﬁé@éf§8§aoa85$éU50%!%ﬁ%@%bl%l
gal | i um phosphi de ( Gal strain co ensatje_dls SEerlattlce In the

gal liumars T &ﬁﬁg@pu fer layer materia Ba. .Ti0O where X
ranges from 0 to 1, having a thickness of about 2-100 nm

and preferably a thickness of about 5-15 nm. The II-VI

15 compound semiconductor material can be, for example, zinc
selenide (ZnSe) or zinc sulfur selenide (ZnSSe). A
suitable template for this material system includes 1-10
monolayers of zinc-oxygen (Zn-0) followed by 1-2
monolayers of an excess of zinc followed by the

20 selenidation of zinc on the surface. Alternatively, a
template can be, for example, strontium-sulfur (Sr-S)
followed by the ZnSeS.

Example 4
25
This embodiment of the invention is an example of
structure 40 jillustrated in FIG. 2. Substrate 22,
monocrystalline oxide layer 24, and monocrystalline
compound semiconductor material layer 26 can be similar to
30 those described in example 1. 1In addition, an additional
buffer layer 32 serves to alleviate any strains that might
result from a mismatch of the crystal lattice of the
accommodating buffer layer and the lattice of the
monocrystalline semiconductor material. Buffer layer 32

35 can be a gallium arsenide phosphide (GaAs,P,,) or indium



superlattice the value of x ranges fromO to 1, and in the indiumagallium
phosphi de superlattice the value of y 5 ranges fromO to 1. By so varying
t he val uavodi/398e6 y, as the case nay be, the lattice conBCrmUSOT/&®20ar i ed
from bottomto top across the superlattice to create a match between

| attice constants of the underlying oxide and the overlying conpound

sem conductor material. The 10 superlattice can have a thickness of about
50-500 nm and preferably has a thicknesaiof about 200-100 nm The

tenpl ate for émﬁuﬁtpméphed@amh@at he)sateadhn tda:atperdﬁsmd bed in exanple
1. Alternatlvel%ﬂathe buffe er, of gstalllne

ger mani um ha&HRGE w215 ¢ Rt ck%%sgﬁ%fgifgbmﬁn?ﬁﬁﬁ prgs Bf g%Py R%ving a
t hi ckness ofsupdolat2i@® nma valusi of 3 pangesai Grobubf &p [Layend an téepl at e

|ayer of el L\eg; T dRI WIKSLAOBLhYEL (oot 0L 5 OCLABNLYTLLI banium (Ge-Ti)

having a thi ‘ckriess out®one  nonol ayer can used. The tion of
the oxi dé | aasrge® fxomapped hit hBE| @%eYaEY#Bﬁth%VaéPesPlfont PémYor 3§

nonol ayer ofcfid tapsdinmdp BE! eBea18¢El €t EDHsBARE f8r vhReedasuheaquent
deposition of the rmnocr stal [i ne gernani u The nponol a\égr of st rglfntl um or

titani um pr RAHeN nﬁ%ﬂ’e%??ﬂﬁss @ FPGhi2htiRE FPr SFeRbRoPa@rc
ger mani um  ZhetGaderh ok t fx@npbes barlts so£xeahpl endesdyiihbuskideeandatéri al s

useful in a __30 tructure 40 as %iustcri&t:teg in Eég‘la;% S%R%trate mat eri al
22, accommodRtT iy BiF f S FAYe?F 23" GON0CT Vet al'fr et conpaotind semi conduct or
mat eri alol a;earp@ﬁtamhdzeenqaazathavé aeyethB@knaﬁs beft AbowamB0as0Phomeatidscr i bed

above in éﬂ@ di t ffer r i pgert efd35 between
t he acconmobdati ng %%]f)%gﬁ a%/etlfmlc}aﬁeﬁﬂ ((g)\%e 1{;@@(@ 2@\18) %?/0583120 I%?ClTl Us01/ 04209

12 nonocr ys AR IRE & oo UL S e FoREWES oF2 %rFBf-‘ Fayer of thetbuffer
| ayer, a furdé&rrlmcm%;aérhpr@ sem £ppeuss i ve IRt ekhal bug@srbeayber

exanple, a radﬁg léifgyer OP moé%crystalllne germanium having a

15 thickness of 1-50 nm and preferably having a thickness of
about 2-20 nm. In using a germanium buffer layer, a
template layer of either germanium-strontium (Ge-Sr) or
germanium-titanium (Ge-Ti) having a thickness of about one
monolayer can be used. The formation of the oxide layer

20 1is capped with either a monolayer of strontium or a
monolayer of titanium to act as a nucleating site for the
subsequent deposition of the monocrystalline germanium.
The monolayer of strontium or titanium provides a
nucleating site to which the first monolayer of germanium

25 can bond.
Example 5

This example also illustrates materials useful in a
30 structure 40 as illustrated in FIG. 2. Substrate material
22, accommodating buffer layer 24, monocrystalline
compound semiconductor material layer 26 and template
layer 30 can be the same as those described above in
example 2. In addition, a buffer layer 32 is inserted

35 Dbetween the accommodating buffer layer and the overlying



gallium arsenide (InGAs) in which the indiumconposition 5 varies fromO
to about 47% The buffer |ayer preferably has a thickness of about 10-30
nm Var yiwgot/hes20 conposition of the buffer |ayer from GaABCT/OSOIME2AS serves
to provide a lattice nmatch between the underlying nonocrystalline oxide
material and the overlying | ayer of 10 nonocrystalline conpound

sem conductor material. Such a buffer layer is especially advantageous if
there is a lattice msnmatch between accd@nodati ng buffer |ayer 24 and
nonocr yst al Inorescoygpoali se necopolued osembtendattbayeat@6iaRellaeyerng agai n

to FIGS. 1 t 22 i ' h
monocr yst al ik PuftEE TRt Lufend? ABRSCLYSLALILAE SURTLERRARE" ° °
nonocr yst al Inateewibbt reare be, cher sexanplred dygnadedt lageronst andiamd by a

lattice orieuipfi @R atdbrsidl | BIndRADL in REEOATPLA! 1A BMf E8hpbRYehoad IS
also a nonocrystalline 20 material and the lattice of that nbnocrystalline
materi al °i s \EHareRtBFIR Y 1Y 3PPYE 14 Te- cohde et Ean baxeyspacfegapdit ati on.

The Iatticlelr_facmsa aiﬁfclﬁieéé'l%ia(‘émfﬁ@b ?ﬁ@@@ nhuf L‘%ryﬂu@rﬁlca@d t he |
m)nocrysta | ne supstrate St e Cl Oose tche r,.alternative , _hust
bo Such 1 TR D gt Sk | HIF U Ghe TSXnI LErT CHeAF | b BRCAAPeBRETESt o
the other daoysmivicie entldtoige anstddstlaet ween nehe hundetrdyinge constants
i's achi eved ' text 1 t . ' ual "
"substantiaméﬁééﬁgﬁhéi¥%é§;?£{§%u£%€E;%f?ggé%??$%?%%%rgggﬁéa%??grbggmeen
t he | at19 ce MGQardtatlsinge gurAund remwrewmduetion nrghrgadlitfuch a

crystal | i negiayenr amidie iundesdac g 1ayedvart &gedud | { Bsthakesigrgphical ly
the rel ationship of °'the achievable thickness of a grown crystal |ayer of
i gh  cryst AAHIEPEITRF G R TR 1 17F OMRdRE tRE R CHebot BB 36 FRE

lattice consiommicyyaft 416 o sdonpoiaidl s emickdridu g O e D14 5982Per 26.
SO 06200 KLALA p QIS U2 LU L08R BELRGEL; 21 01
15 monocrystalline substrate such as a monocrystalline
silicon substrate. The crystalline structure of the
monocrystalline substrate is characterized by a lattice
constant and by a lattice orientation. In similar manner,
accommodating buffer layer 24 is also a monocrystalline
20 material and the lattice of that monocrystalline material
is characterized by a lattice constant and a crystal
orientation. The lattice constants of the accommodating
buffer layer and the monocrystalline substrate must be
closely matched or, alternatively, must be such that upon
25 rotation of one crystal orientation with respect to the
other crystal orientation, a substantial match in lattice
constants is achieved. 1In this context the terms
"substantially equal" and "substantially matched" mean
that there is sufficient similarity between the lattice
30 constants to permit the growth of a high quality
crystalline layer on the underlying layer.
FIG. 3 illustrates graphically the relationship of
the achievable thickness of a grown crystal layer of high
crystalline quality as a function of the mismatch between

35 the lattice constants of the host crystal and the grown



curve 42 represents layers that tend to be polycrystalline. Wth no
|lattice msmatch, it is 5 theoretically possible to grow an infinitely

thi ck, hivgbol/spsad ity epitaxial |ayer on the host crystal.P&sUSOIE4209% snat ch
in lattice constants increases, the thickness of achievable, high quality
crystalline | ayer decreases rapidly. As a reference point, for exanple, if
the lattice 10 constants between the host crystal and the grown | ayer are
m smat ched by nore than about 2% nonocrystalline epitaxial layers in
excess of abmgtst?é)l nm carvota beil hadt exeds theapoandangeodi hlighne

enbodi nent of t ventio 15 substr i ( ) rlented
nnnocrystalllﬂ% %%%n r?%ﬁ a.%Faccoﬁnndiﬁ?n%r%uf% EPSygsgéi I's a |layer
of strontlumdxﬂelﬁﬁtrepmﬁﬂantSiiﬁyewmlehahatehdngoobe lattice constants

bet veen hegfiy PR T1AlS. | SiAGh! gy oty DYct ohaLyBOchbeser Ysta

orientation of titanate 20 materi a resgect to the crysta
ori ent at Pon tdfeoneeiarl lx grratidzle aie g\n@@ranméfmet@ Yohhiigky high

structure ofqHMDIPhoMS: t HERUT A/ d Y 2he BoSt! £6p8rQXi deagl aper in this
exanpl e, serves to reduce strain in the titanate rmnocrys{’%‘FI i ne | ayer

that mght rESHAETR ol oA DS SORE IR %’Pn%r?%???cet]&‘ﬁnE 8E€§F Phe host
silicon wafsshianeabhle, giimn dudbitay echasyeallﬂﬁealayenl flecraasascor dance

wi th an enbqdi_nent of t he i nvention, hlghfoguallégl?[hlgkthe lattlc

nnnocrystalllﬁé Bfanéielre YRR }%53b referrlng Fl Gs.

1 and 210| apemsA@aritss doettag@n Udfe éprstaxtaysyayrand pbeogrywnalbyne emﬁpound
sem conduct Q{J]éﬁﬁét?éﬂé?d Qn&xf@ttr%{ﬂ%@é&t Ngs; ”%Sﬁééh{ééalﬂﬁe characteri zed

by a crystal lattice coristant an stal orientation. To achieve hi gh

crystal i ne SidIa¥32 BELa¥RLshiiN &§HILESF aFP$ y2Rewhn2 P a§Br caRRRt aBBomodat i ng
buffer. WO Qk&ﬁ&ﬁzﬂiPCT/U801/04209 14 | ayer nust be of high crystalline

quality. In addi n accordance with one embodiment of the invention,

15 substrate 22 is a (100) or (111) oriented monocrystalline
silicon wafer and accommodating buffer layer 24 is a layer
of strontium barium titanate. Substantial matching of
lattice constants between these two materials is achieved
by rotating the crystal orientation of the titanate

20 material by 45° with respect to the crystal orientation of
the silicon substrate wafer. The inclusion in the
structure of amorphous interface layer 24, a silicon oxide
layer in this example, serves to reduce strain in the
titanate monocrystalline layer that might result from any

25 mismatch in the lattice constants of the host silicon
wafer and the grown titanate layer. As a result, in
accordance with an embodiment of the invention, a high
quality, thick, monocrystalline titanate layer is
achievable.

30 Still referring to FIGS. 1 and 2, layer 26 is a layer
of epitaxially grown monocrystalline compound
semiconductor material and that crystalline material is
‘also characterized by a crystal lattice constant and a
crystal orientation. To achieve high crystalline quality

35 in this epitaxially grown layer, the accommodating buffer



in order to achieve high crystalline quality in layer 26, substantial

mat chi ng between the crystal lattice constant of the host crystal, in this
case, thavoonsmseystalline 5 acconmodating buffer |ayer, andrUke&/geewn
crystal is desired. Wth properly selected materials this substantial

mat ching of lattice constants is achieved as a result of rotation of the
crystal orientation of the grown crystal with respect to the orientation
of the host 10 crystal. If the grown cryst4al is galliumarsenide, alumnum
gal I'i um ar senager ﬁhﬁ@ B@| efi ﬁeghObrgz'saalsmhéumaaeltgzni dararddit€on,

dat i b f : t t Ti,CB, bst.gnti al
Tt ching of TRrYSPSF FaYErRiSsnBran: S P phd pgn dHatd VAR TEVER dh eved,
wherein the smlystaahtn)al emdtithongobetieegr bive clragerli satatiateeddnstdditwi t h
respect to tge ofleptationyglailnennontsmmager yehal kiap e gim arly,

if the host Stronti um or barium zirconate strontium or
bar i um h&f na@econneda t Lot PALékrdéayay. tﬁédc§h§09ﬁ@W20C§é’mt@dnd-@ct or |ayer

i's indi um phgsphi-de. orwgah! puapbrdi,uge1areeni Agrarialdmcpy® i ndi um
arseni de, substantial matching of crystal lattice constants can be

achi eved by FéR3ktdmgiat h‘BaB?FéﬂgaPifoﬁaB’F1FﬁecaP8mnEFy§tSalaqhé§?éﬁedo;?s45a with
respect CIto tf@sdﬂb&toﬂﬁ*dﬁaﬁi&ﬁt ak. the Sﬁyﬁtamsbaﬁléﬁﬁatao&Sdﬂ tHealdricie
sem con uctor

seni conduct of Ysugae ‘ﬁla'ﬁ g%egﬁéggeFSt Egﬁngg&gfl de anghgé%er g\rﬁ%vm conpound

nonocr ydoal IC_rnesta:brrpol;nfldtlsengcowducrpsthéyfes ghéﬂmmghnrse@sdlet, fromsmal |
differences éfhrﬁﬁ\ﬁrh Cc_?afPi"é&@%%éen?&ét eéhﬁEyéé?Ehiaé 3grq%§|n' t)éutZ)erutxhe

gr own nDnocrysta I ne Cco oun sem con ctor ayer Can t hereb
achi eved. Tt@k%#@ﬁu%@de&la%p@@cwm@%av@sbaféﬁécééyeru AS accordance with

one enbodi MBf¥nAYr¥dtenl Mueat $pBa, leio a@ub@@&hagaa fgntaeRguetror structure
such as the 35 stru;g es deglgtgants o%GShe tand . The grocess starts WD

01/ 59820 PCTH &b S wo material

15 achieved, whereln the crystal orientation of the grown
layer is rotated by 45° with respect to the orientation of
the host monocrystalline oxide. Similarly, if the host
material is a strontium or barium zirconate or a strontium
or barium hafnate or barium tin oxide and the compound

20 semiconductor layer is indium phosphide or gallium indium
arsenide or aluminum indium arsenide, substantial matching
of crystal lattice constants can be achieved by rotating
the orientation of the grown crystal layer by 45° with
respect to the host oxide crystal. In some instances, a

25 crystalline semiconductor buffer layer between the host
oxide and the grown compound semiconductor layer can be
used to reduce strain in the grown monocrystalline
compound semiconductor layer that might result from small
differences in lattice constants. Better crystalline

30 gquality in the grown monocrystalline compound
semiconductor layer can thereby be achieved.

The following example illustrates a process, in
accordance with one embodiment of the invention, for
fabricating a semiconductor structure such as the

35 structures depicted in FIGS. 1 and 2. The process starts



by providing a nonocrystalline sem conductor substrate conprising silicon
or germanium In accordance with a preferred enbodi nent of the invention,
the sem oooduseser substrate is a silicon wafer having a PaDOpoIOMR@Nt ati on.
5 The substrate is preferably oriented on axis or, at nost, about 0.5 off
axis. At least a portion of the sem conductor substrate has a bare
surface, although other portions of the substrate, as descri bed bel ow, may
enconpass other structures. The term"bar&" in this 10 context neans that

t he surface by phevpditgoa nbndbeyssabiinat sehdasohdentoreanedtirateenove any

oxi des, CO”&&ﬁ%Pf‘Qiﬁ 9519&&?0;0{3&%{9& MaLeri ah- aA% k30l W#EP\QP’ bare
silicon is higy reactive and readify Forms a native oxide. e“term
"bare" is | meaterred eneodpnest 16fstbe dnvantienextde. sAamikiondsictiogon

oxi de may als@,derat 8t £814L 088 | Yo" Q¥R PIHEDENGET GRBAYC LR eBithElAL
al t hough _such a grown oxide is not essential tdo _the process in accordance
wi th the2 nvefiorPstRabedef Peelepprblxi aFi§nErewcR ATASCP¥st &t Mestoxi de

| ayer overl yiswsu200t e JEMQGist aldd nesathsd rnedes idheonathye oxi de |ayer
must first be renoyed to expose the crystalline structu

r f the
Under | yi ng SMTARIICHHE FUPPORATE BrOLestaFe SHEEREFabPy LERNEPe@tHRT by
nmol ecul ar beartepdiaxyf (MiE) subdteataf | ¥ Qxsdeibad belbenowag by first

thermal ly 25 d Bﬁ? i n hin | ayver of strontiumi,p_an,MBE apparatus. The
substrate iserﬁ?e #é%t%tdﬁ‘?% %p‘?%np%?% ur e{‘%g él%gﬂt B?gﬁ ClPo%g%ﬁse t he
stronti b t coeatt inedns hehaat ive serfaceninxtbde bayeionThé sheontium

serves to requca the ﬁ&éiﬁgéh%igﬁ%@ £ &V EMGy S| 55908}(9&&@6-”66 surface.

The 30 resultant surface, which e Its an ordered 2x1 strfucture,
i ncl udes st rGRGAMANTEYert Hicher | FeoniITheaterédted 28116t Waddure forns a

tenpl ate forkrddwn Orsieredsi e hi OfhBghDyerdytbgvbayan ebaailpneeiyst al | i ne
oxide ~ The Lempiate providgs, the NeRsssary; Shem cabeand Paysheal 40
01/ 59820 P 17 &2 1 © omp
15 such a native oxide. A thin silicon oxide may also be
intentionally grown on the semiconductor substrate,
although such a grown oxide is not essential to the
process in accordance with the invention. In order to
epitaxially grow a monocrystalline oxide layer overlying
20 the monocrystalline substrate, the native oxide layer must
first be removed to expose the crystalline structure of
the underlying substrate. The following process is
preferably carried out by molecular beam epitaxy (MBE).
The native oxide can be removed by first thermally
25 depositing a thin layer of strontium in an MBE apparatus.
The substrate is then heated to a temperature of about
750° C to cause the strontium to react with the native
silicon oxide layer. The strontium serves to reduce the
silicon oxide to leave a silicon oxide-free surface. The
30 resultant surface, which exhibits an ordered 2x1
structure, includes strontium, oxygen, and silicon. The
ordered 2x1 structure forms a template for the ordered
growth of an overlying layer of a monocrystalline oxide.

The template provides the necessary chemical and physical



properties to nucleate the crystalline growh of an overlying layer. In
accordance wth an alternate enbodi nent of the invention, the native
silicon oxodeswsan be converted and 5 the substrate surfaererwso/daeodpr epar ed
for the growth of a nonocrystalline oxide |layer by depositing strontium
oxide onto the substrate surface by MBE at a | ow tenperature and by
subsequently heating the structure to a tenperature of about 750C. At this
tenmperature a solid state reaction 10 takes pl ace between the strontium

oxi de and tf}ﬂ:d};@éft\/ﬁas S d | 0F et det Bausipgr dheinedyebwen 6fF whe native
silicon oxide an ving an ordered 2x1 structure with strontium

oxygen, and Osﬁllé‘]%]rf‘ Z]r%‘f%fhg on the substrate surface. Again, this forns
a tenplate for the sadisecisente griovit hawfa liteanatoe denledd imentr pst ahki ne oxi de

I . Fol I a h d f th
ayer. ro i acco'k%‘ar R %t?:{vé §1%&%ﬁ0&§?&é é?aéVBé“ I:Bﬁve:?'ﬂ%ﬁia%ﬁdo the

substrate, nce w of the rnvention
substrat® | Shciukbtrate swpreattrr ba Ef@?@ﬁ?@ef©¥ sheusragtheofcaand a

llayer of 20 i patjdtmiifrhadeids g&fw 8ot LODhG! 8r F8ueR uRY oxABkecul ar
beam epi taxy. The 'MBE process is initiate shutters in the MBE

openj hg
appar at us t ®HEHIhe s‘-’t"rktﬁftlfalﬁﬁ syrags UWdﬁ%g{o%’%/g%nl%‘du?é@?er?ﬁér?aﬁpé of
strontium any, ilspuentlsy apdoxndraties ystdrdetdhe parai sémpeeasuie of 25

oxygen|3|n|t| || m _ni_mum val ue to ar w stochlonetrlc stronti um
titanate at XYt i Fysrp'%?at g‘rto%héﬁo&emp@r?t@r? r‘?m%p S WL T Ritiating
growt h ob t hmkesi rpdrddelhetivesnatiehe tmerqnatrimralmpxdassamé oheonygenel S

i d he, 3
causes the. SRana oo dste Aa R Vhe A efucclie, O MALPAZEEUES s 1 8KNOCT
bet ween t he oxifferdng Agasuing rat eorgrirethexgk o%lﬁgc@iir‘énvinm stranawm,

llayer. The grQudn OfaddW%lslﬂdcﬁPrké?ﬂ%ﬁ?lﬂfYc% t{l?é%&ﬁstﬁfé?{:‘é therdibf usion of
oxygen through the growing strontium 35 titanate layer to the interface

where the ofAger BRBTERL /% SEP 1 Ut/ i grbsequent growth of

15 an ordered monocrystalline ox1de layer.

Following the removal of the silicon oxide from the
surface of the substrate, in accordance with one
embodiment of the invention, the substrate is cooled to a
temperature in the range of about 400-600°C and a layer of

20 strontium titanate is grown on the template layer by
molecular beam epitaxy. The MBE process is initiated by
opening shutters in the MBE apparatus to expose strontium,
titanium and oxygen sources. The ratio of strontium and
titanium is approximately 1:1. The partial pressure of

25 oxygen is initially set at a minimum value to grow
stochiometric strontium titanate at a growth rate of about
0.3-0.5 nm per minute. After initiating growth of the
strontium titanate, the partial pressure of oxygen is
increased above the initial minimum value. The

30 overpressure of oxygen causes the growth of an amorphous
silicon oxide layer at the interface between the
underlying substrate and the growing strontium titanate
layer. The growth of the silicon oxide layer results from
the diffusion of oxygen through the growing strontium

35 titanate layer to the interface where the oxygen reacts



17 with silicon at the surface of the underlying substrate. The strontium
titanate grows as an ordered nonocrystal wth the crystalline orientation

rotated wo4dbsased h respect to the ordered 2x1 crystalli neCpUsuc4e0e of the
5 underlying substrate. Strain that otherwi se mght exist in the strontium
titanate | ayer because of the small msmatch in lattice constant between

the silicon substrate and the growng crystal is relieved in the anorphous
silicon oxide internediate |ayer. 10 Aftar7 the strontiumtitanate |ayer has

been grown twithheillésonedtt bhekgessackhefmopecuydkall/ing stubetirats .
LS uci.ve ubsequent

| h
E;Irg\?vtnﬁt gfl Znﬁz% %g%géﬁlwtnaeg?ég?atea%géw%egtsc8%86§8r§grﬂ“88ﬁ’85éﬁs§|a terial.
For the 15 smbsleqnbﬁtcgye)wahlmeaorayatabiogatrbtamear bgnit88, wihb MBE
growth of ”&e%%g%ggw%% { 3paL e O fr¥§%§l:%lh.']1.§nl axs&ug%grﬁb%fcwed by

termnating 't rmno ayer nmonol ayers of
titani unPoxydrdentying hsubstrapmol aS}‘érélDf tbar:omchawos?g@nghl‘éoI6I><(;L\ﬁatng t he

formation Zolrpftﬁ@@tfa@@im Eﬁ&/&ﬁaté‘@&?éi; bécgae@szatfeghgostna&m a Ti- As
bond, a Ti-O As bond or a Sr-O hese forman_ appropriate

tenpl ate forifRFRSTRi A LRkEies n%‘?‘il%"ﬂaBF Betysrni theapdéhrge substrate

monocr yst al ldme ey egrowrdhg O&tmtahelsf@émtav@a oh the hespbabes galliumis
i ntroduced to the 25 reaction rsenl c and gal lium arsenide forms.

Alternati velSEL T Uit dant Ib%e%?)‘%s tf%d B¥Sthe capping layer to forma
Sr- O Galbond, anoAfaI@emlmlss:ncrntrndmcleﬁtamte lapegahdsubeén §pownt he GaAs.

The St uct undd daistyad e 00FLG 2 RanBecLor Ipd, by, 30 Lhg Bl goess

di scussed above wt | t1on ayer deposi tion
step. The bififtenats ks ¢&:P£feeﬁri@d »veenylaget havyesnphat eipagendpefivee t he

deposi tion el thee W@@é@&l SO TPPURd . e serheoRduUEL oL baygr. If the
buf fer Iaye IS a oun cgem conductor 35 sugerl ttlce such a
R

super|l atti c&SEaF FETHF ctor materia the
15 subsequent growth of a layer of gallium arsenide, the MBE

growth of the strontium titanate monocrystalline layer can
be capped by terminating the growth with 1-2 monolayers of
titanium, 1-2 monolayers of titanium-oxygen or with 1-2
monolayers of strontium-oxygen. Following the formation

20 of this capping layer, arsenic is deposited to form a Ti-
As bond, a Ti-O-As bond or a Sr-O-As. Any of these form an
appropriate template for deposition and formation of a
gallium arsenide monocrystalline layer. Following the
formation of the template, gallium is introduced to the

25 reaction with the arsenic and gallium arsenide forms.
Alternatively, gallium can be deposited on the capping
layer to form a Sr-0-Ga bond, and arsenic is introduced
with the gallium to form the GaAs.

The structure illustrated in FIG. 2 can be formed by

30 the process discussed above with the addition of an
additional buffer layer deposition step. The buffer layer
is formed overlying the template layer before the
deposition of the monocrystalline compound semiconductor
layer. If the buffer layer is a compound semiconductor

35 superlattice, such a superlattice can be deposited, by MBE



WO 01/59820 PCT/ US01/ 04209 18 for exanple, on the tenplate descri bed
above. If instead the buffer layer is a |layer of germanium the process
above i swodi/fised to cap the strontiumtitanate nonocryspalriUseie4b@yer wth
a final layer of either 5 strontiumor titaniumand then by depositing
germaniumto react with the strontiumor titanium The germanium buffer

| ayer can then be deposited directly on this tenplate. The process

descri bed above illustrates a process forng 10 form ng a sem conduct or

structure i nEddd Rl &) | big Ofhe sy@ﬁ@l@t@ dés8PIBEdYsbal ki neTst hagtieud
titanate nﬁg.(lj ing buffer layer, and_a nonocr staIL| ne galllum

ar seni de corf%?ﬁj 17 FayRYehy°f hESHPaRLYE: oF PeBFREGFS beam
epi t axy. Thea]qsmm:ess madi flsd be caprike dSrowtiby theapaveess of cheni cal

vapor deposi |on D t h I e {tion (MOCVD),
m gration “E réon% e%li]t”@ %t%g‘gp%%mgcg a§§r1%%8? of %%EE%&’ or the
| i ke. Fubt heertrduytﬂalrslcm | tar t o bere sand ot hen mn@@pysmnngngeamgomdaﬂ ng

buf f er Iayerlseasafmiac% &%%Mﬁ@f’urﬁaﬁhﬂ@éﬁlu&' ta@ﬁée erfhh¢aARat es,

haf nat es at es, vanadates, ruthenates d niobates, alkaline earth
metal tin- bAAEE PFerRred (G FheR HageRPEHT ¢t @1 rerhiyhaRukhéBandi um

oxi de, and gagg@lidddim oxi de can also be grown. Further, by a simlar
process such as E, other 25 III-\{? | 1-WV nocry stal line conpound

sem conduct or PTOGESE Wy ee‘g RS y’r% %ﬁoﬁr9§?ﬁ?g?ng°roxi de
accomotat i rfg:ﬂmfrfgara Isaa,tﬁrcorﬁamd:t@f $the.1<vtaniat1m3u©ingoapsmmdcon

sem conduct Uub ﬂ%%ﬂﬂ‘% L%t?xem?%(i\grﬁ ﬁg&gﬁgpgatl ng buffer 30

| ayer uses an appro r| rown of the conpound
sem conduct @&cd éaaa%@ laygri @@c@dﬁ@@@%ﬁﬁ@abmn@r gpyapm s
al kal i ne eard;dypicl ccﬁdﬂcﬁﬁ{@té‘emicﬂﬁn&i‘é@@r cpa%@fa Eﬁp\@ﬁé BYogekli Btl ayer of
zi reoni um -rl;'l%e edc% %.Srl tbleoar?n ngiztlall’}g;m uT gagrc?cesgl clzgr\{vealsg be carried
15 out by the process of chemical vapor deposition (CVD),
metal organic chemical vapor deposition (MOCVD), migration
enhanced epitaxy (MEE), atomic layer epitaxy (ALE), or the
like. Further, by a similar process, other
monocrystalline accommodating buffer layers such as
20 alkaline earth metal titanates, zirconates, hafnates,
tantalates, vanadates, ruthenates, and niobates, alkaline
earth metal tin-based perovskites, lanthanum aluminate,
lanthanum scandium oxide, and gadolinium oxide can also be
grown. Further, by a similar process such as MBE, other
25 III-V and II-VI monocrystalline compound semiconductor
layers can be deposited overlying the monocrystalline
oxide accommodating buffer layer.
Each of the variations of compound semiconductor
materials and monocrystalline oxide accommodating buffer
30 layer uses an appropriate template for initiating the
grown of the compound semiconductor layer. For example,
if the accommodating buffer layer is alkaline earth metal
zirconate, the oxide can be capped by a thin layer of
zirconium. The deposition of zirconium can be followed by

35 the deposition of arsenic or phosphorus to react with the



35 the deposition of arsenic or phosphorus to react with the WD 01/59820
PCT/ US01/ 04209 19 zirconium as a precursor to depositing indiumgallium
ar seni de,wondsaseo al um num ar seni de, or indi um phosphi de prerpsati4@® y.
Simlarly, if the nonocrystalline oxide accomopdating buffer |ayer is an
al kaline earth netal 5 hafnate, the oxide |ayer can be capped by a thin
| ayer of hafnium The deposition of hafniumis followed by the deposition
of arsenic or phosphorous to react with ttke hafniumas a precursor to the
growt h of amzirchmuimgahsi anpracsesdresoi dabosi aing hnaiansgaldeumor i ndi um
hosphi de 10 er. respectively..ln a simlar manner,.strontium, titanate
(F:)an Be cappeadlls\?\né/r%%d%.’ |5’§§} rBfais TontTu r%?nl(g?focﬁfi GRfARE B ﬁgﬁlgﬁd bari um
titanate carrdapecppedlyw tSimilayky, oif balhé uncnocbystaiiland oxyden. Each
of these depqQsitd I byt kL LO 1 eni c or
phosphorus to re@%@%fﬁgtﬁgﬁ%%p%\%&m%lser%&gl Qﬁtg%ﬁ%%!ramgggicgrrgﬁgtgg for the
deposi ti®n drafdatedmorl OXEde ¢ t QRN g etrEPeHab¥r acbhpri $RHGTI A um
gal l'ium ar seyfirtam | NATkeN M pbd MHBRTSENen: @h {9dEgm BhearhideneFl G 4
illustrates chenatjcalté‘%/, in cross section, 20 device structure 50 in

a
accor dance WSRPSL TR AT RN PRPSRIT P 1S ehPi BRACBeYLER EPRucture 50
i ncl udes ahafmooysdsld ipeecerseonducilos grbethabe aR, ipdethar ghllyiam
nonocrystal |j ilico r ; ystalline semconductpr substrate 52
i ncl udes tvvoalrrggegnlsloénés', anrﬁ azlgll\@l}%‘i\na}e éerilz r?’ca?rs%%gﬁgrﬁ‘dﬁc?SPHééﬁponent
general 1§ ilediegat aednecthievelashedn ines 56l 1ar foameeri nsteghbhul3.

El ectrical ¢qmpopant o ) O ded 7S o 1 EAPSE! 0L onfBundELi Ve

sem conduct or conmponent such as a djode or & transistor or an integrated
circuit suclHtFORL IOSED PG ARH RaTun ttitpaekappnebecraepedcal
sem conduct @ithcenpeneit &6 kani e cr @S umteed abrplgeh ! CukhcroB8Ei gured to

per o 0 0 bl Bl EEO SN 0 AL el el S8 LR 1 cor

15 arsenic or phosphorus to react with the capping material
to form a template for the deposition of a compound
semiconductor material layer comprising indium gallium
arsenide, indium aluminum arsenide, or indium phosphide.

FIG. 4 illustrates schematically, in cross section, a

20 device structure 50 in accordance with a further
embodiment of the invention. Device structure 50 includes
a monocrystalline semiconductor substrate 52, preferably a
monocrystalline silicon wafer. Monocrystalline
semiconductor substrate 52 includes two regions, 53 and

25 54. An electrical semiconductor component generally
indicated by the dashed line 56 is formed in region 53.
Electrical component 56 can be a resistor, a capacitor, an
active semiconductor component such as a diode or a
transistor or an integrated circuit such as a CMOS

30 integrated circuit. For example, electrical semiconductor
component 56 can be a CMOS integrated circuit configured
to perform digital signal processing or another function
for which silicon integrated circuits are well suited.
The electrical semiconductor component in region 53 can be

35 formed by conventional semiconductor processing as well



The el ectrical sem conductor conponent in region 53 can be 35 forned by
conventional sem conductor processing as well WD 01/59820 PCT/ US01/ 04209
20 known vemdi/saseel y practiced in the sem conductor industrgr/US@/d4a09er of
insulating material 58 such as a.layer of silicon dioxide or the Iike may
overlie electrical sem conductor conponent 56. 5 Insulating material 58
and any other layers that may have been forned or deposited during the
processi ng of sem conductor conponent 5&0 n region 53 are renoved from
t he surface kiowegand Gidéby ppoacdicadbanethil semncsndfiater iindusatryr.egi on.

As is well »alad L . SUr - e_hiLgh e ilye and a native
silicon oxiggq¥%§%$ égn§h%ﬁ?c€f§af%?%?%ﬁ;?hsgbgpggs%¥fécg%&%¥l§§ér of
bari um or bR¥}iepandioxjydenct stidepbskeectapnoverhéenalipgbragiade | ayer on

the surface Qfn{&9h@icb8raGubSnésacEed wth the oxidized surface to form
a first tenplate layer (not 15 shown). In accordance with one enbodi nent of

the invention a TRFERYERS TR bl e8| aY8r 3By PEREEr ABYSTSVERRY AGY he

tenpl ate | ajeivdybeer PEEREd Obr NBEBEHE BEd BEahEgpthaXxproBeastagt £ ncl udi ng

barium titani um an oxygen are deposited_onto t tenplate |layer to form
The 20, monod ST PTG SY PSSRt T o R aFPY a0y P ERer SHEYEE) EEGH t he
parti al presshe eswffacygeh regkeptShear phevidenanbaraesédsapy sarffuldey

react with Ufie dall umandy (AN 4m,Lor T RBLADIBGLYSLALLERG BALUmE Lanate
| ayer 60. e parfial”pressure of oxygen is then increased to provi de
an over pP esanie ighky geenatnive canrd | dwnakygenst bicanf pyidet Aryegh ceme

growi ng NONQEIMSE B | £ &em O dend ayeFe sdPEalXYVeR Uh{E¥sbROphREQRIBLL he
barlun1t|tanate,react§ with sjlicon at the surface” of %Sglon_54 to form an

anor phous | A E2 19 XYM b P ERE SBEBNEIFQROAVEIOXAAG dBYERe
i nterface beinwadre therfadé cofh wedisdt at€ and iberecaovedrwsthl khae oxide. In

accordance %}git}liaznecfrgogfjéa{’rc?entté)ffcgrhrg énfllepéizogemplate layer (not
15 shown). In accordance with one embodiment of the
invention a monocrystalline oxide layer 60 is formed
overlying the template layer by a process of molecular
beam epitaxy. Reactants including barium, titanium and
oxygen are deposited onto the template layer to form the
20 monocrystalline oxide layer. Initially during the
deposition the partial pressure of oxygen is kept near the
minimum necessary to fully react with the barium and
titanium to form monocrystalline barium titanate layer 60.
The partial pressure of oxygen is then increased to
25 provide an overpressure of oxygen and to allow oxygen to
diffuse through the growing monocrystalline oxide layer.
The oxygen diffusing through the barium titanate reacts
with silicon at the surface of region 54 to form an
amorphous layer 62 of silicon oxide on the second region
30 and at the interface between the silicon substrate and the
monocrystalline oxide.
In accordance with an embodiment of the invention,
the step of depositing monocrystalline oxide layer 60 is
terminated by depositing a second template layer 64, which

35 can be 1-10 monolayers of titanium, barium, barium and



the step of depositing nonocrystalline oxide |ayer 60 is term nated by
depositing a second tenplate |ayer 64, which 35 can be 1-10 nonol ayers of
titani umwoar/sseg bari um and WO 01/59820 PCT/ US01/ 04209 PAT/OS¢1gap9 Or
titanium and oxygen. A layer 66 of a nonocrystalline conpound

sem conductor material is then deposited overlying the second tenplate

| ayer by a process of nolecular beam epitaxy. The deposition of |ayer 66
is 5initiated by depositing a | ayer of @&Isenic onto the tenplate. This
initial stepakggénlIomedibyndamoahdiagyggalIianﬂaw@ramﬁeMﬂ:JCJforn1

monocrystal ' ' Qﬁgétgﬂlﬁésﬁ%gguné' ESM@F%‘E' for® S @i s a1 4 Vt\:ﬁl?}ehn

substi t ut ed rrumint ove eXxa accor ance
further enbdéﬁmt@d @herlvmmgnthenseaoséntemnda@teorlaof@rxp@wem pryarestsal | y

i ndi cated hyr angpsbgdal BSaﬁBeb&éQ{rWEdThe 8@%%%%%9'&(3% G e dlayer
66. Sem conductor conponent can formed by processing Steps

conventlénaJ%@l%%%ﬁeﬁnthéePQBFFéﬁgl6n16YeI5°§aPF?G%%§r§@ﬁﬁdéh§r ot her

Lr-v conpowwinpﬁuondmnigrmwawrsaépd@w eaaloﬁg@ BN dleploRyi tGeygonent 68
can be any actjve or_passive, cogg gent and %re er. ny S sem conduct or
d

laser, |ight9&n1YTng?di 368 pho PERt BPROCR¥EER; &H@tﬁ&&iﬁPﬂblar
transistor (dBIgnide gh AleqnaatyvémyNE§EE6ntmnmotharbeompbmedtdﬁaﬂ for

utilizes and,12Kk&s i dgﬁ@tggg of ?£Q§%0Qy3|cal properties of conpound

sem conduct or naterlals et al nductor schematically indicated by
the 1iné070 canlﬁ?f%ﬁ¢ﬁ%ﬂ@@ﬂeeWe%hr@cémryhéﬁupmbodémecé 68 &he device 56,

thus 25 lwplﬁ{méﬁﬂf&lanalaéﬁgééﬁ&@c@'@ylésmfaeﬁéntnClge%%aqtl I%ﬁatlca%%
conmponent f rned in Sl i con substrate and one ~device ?brne t he

monocr yst al I$%h 1%%n§%ohﬂu€?ﬁmeﬂa%8rFQWPPH?QrSeﬂPFﬁBG&ﬁtor
illustrati V@.a}&tﬂ’ ugd ur eS&QldEk&Sdlb@@dStrd@ﬁtﬁpbhéﬁtaSSacahr bet gbembar gd on a 30

si | Tcon substyat.e, 52, and. hayi ng, g bariiim {or,SLRORL pL cLitanate Jaygr 60

and a gallléﬁ1arsen| )

15 gallium arsenide or other III-V compound semiconductor
material devices. Semiconductor component 68 can be any
active or passive component, and preferably is a
semiconductor laser, light emitting diode, photodetector,
heterojunction bipolar transistor (HBT), high frequency

20 MESFET, or other component that utilizes and takes
advantage of the physical properties of compound
semiconductor materials. A metallic conductor
schematically indicated by the line 70 can be formed to
electrically couple device 68 and device 56, thus

25 implementing an integrated device that includes at least
one component formed in the silicon substrate and one
device formed in the monocrystalline compound
semiconductor material layer. Although illustrative
structure 50 has been described as a structure formed on a

30 silicon substrate 52 and having a barium (or strontium)
titanate layer 60 and a gallium arsenide layer 66, similar
devices can be fabricated using other substrates,
monocrystalline oxide layers and other compound
semiconductor layers as described elsewhere in this

35 disclosure.



devi ces can be fabricated using other substrates, nonocrystalline oxide

| ayers and ot her conpound sem conductor |ayers as described el sewhere in
this 35 dveol/msar e. WO 01/59820 PCT/ US01/ 04209 22 FI G 5pcT/usstmaies a
sem conductor structure 72 in accordance with a further enbodi mrent of the
invention. Structure 72 includes a nonocrystalline sem conductor
substrate 74 such as a nonocrystalline silicon wafer that 5 includes a
region 75 and a region 76. An electrical 22conponent schenmatically
illustrated by theIglashetllluserdBesis é@mﬂednﬁﬂctegienrﬁﬁtuséng2 in

conventi onal ev aP n hni gues C ed in the
sen1conductoréé$%%gg?g iﬁg f%?gﬁéésggﬁgégmgﬂﬁiﬁgr95%0 %gg%&escrlbed 10
above, a noﬁﬁ%r@@t@t¢lﬁé Ducbedéayerm@@O@nﬂSaﬁl1hn€es¢mdb@nducammrphous

silicon oxidghayeit827ar suERr JEd, maﬁaéyygeamhensztil%nswgg&atc% “. A

tenpl ate | ayer 84. and subsequently _a nonocrystalliné sem con uctor ayer
86 are 5onﬁﬂF¥H@ﬁ$y?nﬁeﬁbﬁ6c7§s?%ﬁl?néeﬁkPHe7§ayeﬁn881eFﬁr}5aéccordance

with a furt f't%m;%@@:dtt n@@heﬁétiegllpvgnlu@@raaed B?dthboaalshaanqustml l'ine
oxi de | ayer s fo verlying |ayer 86 b EB §§ BP imlar to
I‘ n

t hose used %%)ﬁ?ﬁWﬁ a&%rr %loﬁnag anSHRi ToRERt evice
seniconductcprdqgﬁﬂlﬂ@ t schoi geels oventhyh g unedcinstablbeaiaendmbderlayer

88 b roce t t ye I rdance
mnthyoﬁe en%%ﬁﬁ%en% W?%fﬁg ﬁv%%%?%ngé ng%?é%ékgf 8§§rge§§§ %dQO are
f or med 1Prcnﬁb?%ﬁwqﬁnﬁ@h%@my%@@bhb@@romni%rl@YerABQeﬁndoﬁductor conponent

general |y i ngiicatith i@ afSeasheds ingy9204 sat o1 Hpdrabol ast rogfbbal 1y in

nonocrystal | i ne sem conduct or Iayer 86. I n accordance one enbodi nent
of the i nverRYSH Y S keRRI T Ok ofipoterit®27 dmy PnEPUBéaSefﬂéVéreﬁﬁect
transi stor had @b@@ﬁér@t]ﬂj’&i aedidEr¥ S AE né NsP@f tonBMciBROTAYEaBKI Nne 30
oxi de Iayeré?% 3}me Ié&é”&y{%gu%g 5%f§étéfilne oxide layer 80. 1In
15 accordance with a further embodiment of the invention, an
additional monocrystalline oxide layer 88 is formed
overlying layer 86 by process steps similar to those used
to form layer 80, and an additional monocrystalline
semiconductor layer 90 is formed overlying monocrystalline
20 oxide layer 88 by process steps similar to those used to
form layer 86. 1In accordance with one embodiment of the
invention, at least one of layers 86 and 90 are formed
from a compound semiconductor material.
A semiconductor component generally indicated by a
25 dashed line 92 is formed at least partially in
monocrystalline semiconductor layer 86. In accordance
with one embodiment of thé invention, semiconductor
component 92 may include a field effect transistor having
a gate dielectric formed, in part, by monocrystalline
30 oxide layer 88. 1In addition, monocrystalline
semiconductor layer 92 can be used to implement the gate
electrode of that field effect transistor. 1In accordance
with one embodiment of the invention, monocrystalline
semiconductor layer 86 is formed from a group III-V

35 compound and semiconductor component 92 is a radio



sem conductor |ayer 92 can be used to inplenent the gate electrode of that
field effect transistor. In accordance wth one enbodi nent of the

i nventi onwonosmser ystal | i ne sem conductor |ayer 86 is fornedrisam4209gr oup
[11-V 35 compound and sem conductor conponent 92 is a radio WO 01/ 59820
PCT/ US01/ 04209 23 frequency anplifier that takes advantage of the high
nmobi lity characteristic of group Il1-V conponent materials. In accordance
with yet a further enbodinent of the inwntion, an electrical

interconnectfﬁ@qﬁeheyaahpahtyeS thbusta&bedaayahhegbiﬁﬁ Hheelggh i cal |y
i nt erconnects cture 72 thus integrates

t_78,.a
conponent s tﬂ%?lgggg Sg ﬁf&gglg?lgﬁ§ uﬁFaﬁE 3# eFPm@?qﬁptthe t wo
nDnocrystaIIm@eeSEﬁieondmnteccondﬁaceahsttheByaw&yr@hemommbqﬂmménu:of

cxampl s, OPRE LoVERERLA] o6l LSUELSB0Y SYELERROAEECUUSAAIEL I LS,

6- 18. FIG. udes a Slﬁg ragram il lustrati
of a comfuni thlnagraesdcey1bbendinago4 §ﬂgﬁérlcﬁﬂéwsé@bﬁﬂﬂ?ﬂﬂﬁﬂﬂﬁ 101 an

i ntegrated Cd:dSrﬁ]_!a'd)ﬁell9278aé!néﬁc@klf)@ﬂénﬁnbb 103t rabdyaa iBpWhywnit 104.
Exanpl es of fhe transce|V|nﬁ means i nclude an antenna, a nodem or

n
any ot her %e%ﬁagﬁ?cﬂowﬂ?ﬁ?ﬁﬁ§l6 apr takea2d¥ATbBISRE tHS NI or from
an external prbpertbessefl theetwo hoaseeesvablihe bemdcbaddeneie that the
signal 20 tn%§§c %g%%g means nmay be capable of only receiving, only
transmtting, receiving and transmtting signals fromor to the
comuni &8t i ng deV$xewaﬂT@fom®petsyatif1©3exempléaclthea dingplayted

noni tor, a %H%%ﬁ%tscﬁn&rgyétgﬁs a%@eliﬂgg r8PLY ¢ANprRel ude g m grephone,

a keyboard or 25 the like, in alternative enbodinents the out put
unit 103 anc i HpRAUGRS t2 1@%‘“Iébhfﬁe@eb¥@‘ﬁka@é@gﬁ?maléﬂﬁéfié‘at&ﬁgt asuch as a

menory, or tgerdidee ofl e dEifRiyi 6@0ing NGbVdeer BO0ORLAEAGSS BBEREY Of
nonvol at i1 e JIeNor v, ; SHEN 25,2 DGLT G sy 8 Lash TRIRLY Cqhd o modul e, or
t he
15 output unit 103, and an input unit 104. Examples of the
signal transceiving means include an antenna, a modem, or
any other means by which information or data can be sent
either to or from an external unit. As used herein,
transceiving is used to denote that the signal
20 transceiving means may be capable of only receiving, only
transmitting, or both receiving and transmitting signals
from or to the communicating device. The output unit 103
can include a display, a monitor, a speaker, or the like.
The input unit can include a microphone, a keyboard, or
25 the like. Note that in alternative embodiments the output
unit 103 and input unit 104 could be replaced by a single
unit such as a memory, or the like. The memory can
include random access memory or nonvolatile memory, such
as a hard disk, a flash memory card or module, or the
30 1like.

An integrated circuit is generally a combination of
at least two circuit elements (e.g., transistors, diodes,
resistors, capacitors, and the like) inseparably
associated on or within a continuous substrate. The

35 integrated circuit 102 includes a compound semiconductor



30 like. An integrated circuit is generally a conbination of at |east two
circuit elenents (e.g., transistors, diodes, resistors, capacitors, and
the |i kewonsgygsar ably associated on or within a conti nuopeT/g8tisi4e@t e. The
35 integrated circuit 102 includes a conpound sem conductor WD 01/59820
PCT/ US01/ 04209 24 portion 1022, a bipolar portion 1024, and an MOS portion
1026. The conpound sem conductor portion 1022 includes electrical
conponents that are fornmed at |east partpally wthin a conpound

seni conduct orEitd 1122, TrANsi S 05 otk Lot 1®z4 ol £6d rdsalos oppLLshS

ithin th ' duct t 1022 . of [
Slgnal's at Madt f HLGHEIRETY S SR S G re ety 028 +eRBUPR o her
enbodi ment s e ltehe rsilggrilal congmneh e ttatl ovwer farmdd ghter léasyupact gsllfor
e ne TR TP d A AR A% AdLD AR LB AT OhL 0fs1 L6, G2RRN) © O

processing signals adi 0 frequency signal t~ appr oxI ha
The conpdunetder cddiictioralpareurenearo?® wikhierthe nedmplewnd dupl exer 10222,

a radio frequaneiladianeliand s b Lony elteTc0af (derpdubatLaggmeans or

denodul ating-circuit), baseband-to-radi o frequency converter 10
(Modul at | ng SHEER S SR R | P BITIHRY 0% HoukraSLrBPRTPEIN8958, Oafid an
i sol ator 10229.. The kifiedraremyal inedit sL,0hangt griel MEopDat benad 026wer
typically are_gﬁ{ d %p in a Goup IV senicoq@gptive mat eri al , _The bj pol ar
porti on 10287 fHEEs F FMEIATRY a1y (PETE24 200, TArEF bBLE o- PGP al
converter 1@244nddudi giatldli-umo-sanamigle c aerdapaldD246f pndcassiagsni tting
Pt SR SRS e, s £ gisiapery giocessng
avai | abl e DSHZcores available in the market, such as the Mtorol a DSP
566xx (from Mt 0f®led conRRRIP Yt i@brifuR Wi bn 11d2Nof e REE Texas
includes a duplexer 10222, a radio frequency-to-baseband
15 converter 10224 (demodulating means or demodulating
circuit), baseband-to-radio frequency converter 10226
(mocdulating means or modulating circuit), a power
amplifier 10228, and an isolator 10229. The bipolar
portion 1024 and the MOS portion 1026 typically are formed
20 in a Group IV semiconductive material. The bipolar
portion 1024 includes a receiving amplifier 10242, an
analog-to-digital converter 10244, a digital-to-analog
‘converter 10246, and a transmitting amplifier 10248. The
MOS portion 1026 includes a digital signal processing
25 means 10262. An example of such means includes any one of
the commonly available DSP cores available in the market,
such as the Motorola DSP 566xx (from Motorola,
Incorporated of Schaumburg, Illinois) and Texas
Instruments TMS 320C54x (from Texas Instruments of Dallas,
30 Texas) families of digital signal processors. This
digital signal processing means 10262 typically includes
complementary MOS (CMOS) transistors and analog-to-digital
and digital-to-analog converters. Clearly, other
electrical components are present in the integrated
35 circuit 102. '



Instrunents TMS 320C54x (from Texas Instrunments of Dallas, 30 Texas)
famlies of digital signal processors. This digital signal processing
nmeans 1036Qot/yysecal |y i ncludes conplenentary MOS (CMOS) peBmSHIs409s and
anal og-to-digital and digital-to-analog converters. Cearly, other

el ectrical conponents are present in the integrated 35 circuit 102. WD
01/59820 PCT/US01/ 04209 25 In one node of operation, the comrunicating
device 100 receives a signal froman ankenna, which is part of the signal
transcei vi ng nearsn Idtde rdwde Shfnapepasses, the ocghmbhecduphgxéeviez27 to

the radio fr ency-10 5 baseban nverter 10224. The anal og_datacor other
i nformation lﬁngarer T¥i e %ysjr%rgaelfivf%%ma%l ?‘?%%Ir%giozg ?%ﬁdiﬂst ggﬁgm%tft ed to
the digital Sgedgmbcossseeiring MO62. L0Af t eFhe heignglt pRssegnal
processi ng. AN As Mt RLACES2Esh I Neo | BHOT FRALONEPEBLABY -daLa, the
processed 10 m%?rratl on ‘or ot her d%tta ?s transmtted (tlo thg output unit

103. |If Phe kasinhant AN Eess ck0234 a phgeranahed @REPpuPrufthe®an be a
display. If il eeionon cod i il EVi&8 by Pe&elvih@ramgl ephenesobhe augput

unit 103 can include a, speaker,.a display, or both. 15 Data or _aqther

[ nf or mat | on KRR Shr it IHES A LomneiR LR T AGe SEPREeNe 8BS AOehe -

opposi te di redddmwrithelhigidedla ©igrd heprodd o hid i oeans | 10262ehas t hrough t he

i nput unit 104 el | ephone, i d incl i.cr ophone
P hbeddbd o | UALI S SR0008 LIS SOLLD LRSI UEE BaoTLCT 0P

or a keypad.” The 1'nfornation or data 1§ 2T esséd using the
di gi t al 18i griaif pmpdasyi my mddrsr dOR62is Afranspiocedstagtheheuspghal i s

then convertgd e ugNg the WdidShmlid; Rl 09 GOPVELt£E 402480 Theneconvert ed
signal is anplified by the transmtting ang%l fier 10248, The arrBI ified
r

signal is mSHERHtedTF (IR 22 FaEHIREY o- r B 0'e recBRiCRbAEr 8V1E6226
and further isanplddliled &y tRawghei®) i dherodzz8. udhe popl ¢dhednREudsi gnal

passes thr ous%réawa%’i %oldalts(%)rlalyo’ZZOQr akg]&}g.upl exer

15 Data or other information can be sent through the
communicating device 100 in the opposite direction. The
data or other information will come in through the input
unit 104. 1In a cellular telephone, this could include a
microphone or a keypad. The information or other data is

20 then processed using the digital signal processing means
10262. After processing, the signal is then converted
using the digital-to-analog converter 10246. The
converted signal is amplified by the transmitting
amplifier 10248. The amplified signal is modulated by the

25 baseband-to-radio frequency converter 10226 and further
amplified by power amplifier 10228. The amplified RF
signal passes through the isolator 10229 and duplexer
10222 to the antenna.

Prior art embodiments of the communicating device 100

30 would have at least two separate integrated circuits: one
for the compound semiconductor portion 1022 and one for
the MOS portion 1026. The bipolar portion 1024 may be on
the same integrated circuit as the MOS portion 1026 or
could be on still another integrated circuit. With an

35 embodiment of the present invention, all three portions



10222 to the antenna. Prior art enbodi nents of the conmunicating device 100
30 woul d have at |east two separate integrated circuits: one for the
conpound weni/ssaduct or portion 1022 and one for the MOS poTws@M4i®26. The
bi pol ar .portion 1024 may be on the same integrated circuit as the MOS
portion 1026 or could be on still another integrated circuit. Wth an 35
enbodi nent of the present invention, all three portions WO 01/59820

PCT/ US01/ 04209 26 can now be forned witBen a single integrated circuit.
Because al | @in trihew tbeanSomhed SwitEhin esi slenglhe ai st egraetedntegeatied circuit,

t he conmmuni le‘téan%geélifeofat%betr [ {%tlgrsm' igt#é'éfgg ggdaall:.L wlf or greater
portability of a commnica?ing evT ce - Attention Ts now directed to a
met hod for fiorregrptekemigteuit porthé orsmuini ¢t ing egevied cancbet 102 as

iITustrat edsg.txréﬂﬁﬁ-mfﬁi]étu:}f‘zé:ch Gnd a P11 HOF §POLMer ﬁBPESEigEg | bpe

silicon substrate "110 1 s, provided having a 10 conpound Sem con or
portion iOZE.%WLHb‘I%ﬁtWt@%WCQQM, and an MOS portion 1026. Wthin the
bi pol ar  portion,addndmROCIY Ak | AN Stdd COp suhsthaierbs depadngo form

an N buried region 1102. A lightl -type doped epitaxial_nonocrystalline
211 con | ay GHSTRIFIG RIS o A i Ehr S ERCY Bt DR2 1365 and ¢ he
substrate 1ldlusAmomdgirstEpss S THeEN. peid afFhed Tp &reatepa doghdly n-type
doped drift i 1.7 .above th ' i j on, . I tep
converts thg{ Oggﬁsgaylpleﬁg %hlel"‘%l’rglh?%%épf %Sgi‘gp%%;ﬁf% li-{géeﬁ%ﬁﬁi% a
secti onlof tdeundsivynsl @eRarehiairn @Xartioom 1025t |§ hipgparnpavtigst al | i ne

silicon regionn, Add el MeoIRtiond e, 14961 snthes £opgedy between the
bi pol ar portion 1024 and the "MOS portjion 1026. A gate dielectric layer
1110 is for RFRE FhHfomanarnfstahleingigiald eon | SyRPt1aba mﬁpﬂeﬂ/oéo

portion 102Gorancrd he Bhrgatierebgehr ade21112 insghitay Rk Avgied he gate
dielectric leaﬁ/iecrax]i]a]lo 'mo%o%ermf‘slt:lals.l.pﬂ%eerssi llilcloSn a]'.’aeyeff”) I’{Tf614 is then

15 formed over the buried region 1102 and the substrate 110.
A doping step is then performed to create a lightly n-type
doped drift region 1117 above the N' buried region 1102.
The doping step converts the dopant type of the lightly p-
type epitaxial layer within a section of the bipolar

20 region 1024 to a lightly n-type monocrystalline silicon
region. A field isolation region 1106 is then formed
between the bipolar portion 1024 and the MOS portion 1026.
A gate dielectric layer 1110 is formed over a portion of
the epitaxial layer 1104 within MOS portion 1026, and the

25 gate electrode 1112 is then formed over the gate
dielectric layer 1110. Sidewall spacers 1115 are formed
along vertical sides of the gate electrode 1112 and gate
dielectric layer 1110.

A p-type dopant is introduced into the drift region

30 1117 to form an active or intrinsic base region 1114. 2An
n-type, deep collector region 1108 is then formed within
the bipolar portion 1024 to allow electrical connection to
the buried region 1102. Selective n-type doping is
performed to form N' doped regions 1116 . and the emitter

35 region 1120. N’ doped regions 1116 are formed within layer



al ong vertical sides of the gate electrode 1112 and gate dielectric |ayer
1110. A p-type dopant is introduced into the drift region 30 1117 to form
an acti vevon1/s98e0 i nsi ¢ base region 1114. An n-type, deepPCDUREAM4QIY regi On
1108 is then formed within the bipolar portion 1024 to allow el ectri cal
connection to the buried region 1102. Sel ective n-type doping is
performed to form N doped regions 1116 and the emtter 35 region 1120. N+
doped regions 1116 are formed within |laye7 WO 01/ 59820 PCT/ US01/ 04209 27
1104 al ong adj @¢ealosgdadjatentesidée efetheodetéléleandodar aldQuiate

drain, or soq eldrain regions for L [ ans) . e N d
regi ons 111&%%5%?1‘?%?@r&fgéeglpbn(fn?ﬁéﬁgﬁgggr%&éogghsggéngégt thei gfr?%gf at
| east 1E19 dimmmsEsper. cubiie Bemidpnest eredicons [lovi ORAE okt ter sreside

formed. A priypengoped cﬁ%&iﬁ’{;‘ &SnkehPBdci8ncheahe 188stnNaghioVve Qs
extrinsic base region 1118 which is a_P+ doged regi on dopi ng

concentr 8t i RFEHICHPIF ERRLYTALLHT bRAs2HEPVcOBINEC EERERFEEEP. PEO fPFMese
enbodi ment dessrtPed, dSENEr BdgPbRCESSEBgmEeeps chaueebens paatbenred ut are
not illustrated or further descrigﬁf sgch as_the foﬁimat'on of well
regions, tHPESHOM T AdPaRs i R toml Hhi8, WBhahndf BuRcHRShigiedt?Rvent i on

i npl ants, fielabjumctidivenglatpiaventi an léasuplBhfsatamswekl asbacvariety

of maski ng '@é’rf‘r;ﬁneJ%&ﬁ) formati on of the device up to this point in the
process is erformed using conventional steps. As illustrated, a standard

N-channgéf MOS t r abisi Sheremeed et fdepedibedhi Aevehel MPBEOFEgBARI1626PSand a

Verzi cal 1’8‘;2115{3};&)%%n E%@f‘@éﬁﬁ&% B hase bﬁ_@t'ti‘ iP%]HBQr&V'céB:C Brt EgrE:th%! art ]
portion , is point, no_circuitry has been formed within the
conpound serﬁe&ﬁﬂ’?}&?%« HHHt i dh AR LoWPRE LRI AR Vayir §ePRSPShave been

formed duri nthrdehold RSt tighefimpiEabt o1 ehaandl Mdmpht hireuaghof the 25
I ntegrated %Jegx}gﬁtf‘éne inrt%)pvialt’netnso,vepie;Ié)ni‘attquh'gg{féggﬁ BI:evention
15 implants, as well as a variety of masking layers. The
formation of the device up to this point in the process is
performed using conventional steps. As illustrated, a
standard N-channel MOS transistor has been formed within
the MOS region 1026, and a vertical NPN bipolar transistor‘
20 has been formed within the bipolar portion 1024. As of
‘ this point, no circuitry has been formed within the
compound semiconductor portion 1022.
All of the layers that have been formed during the
processing of the bipolar and MOS portions of the
25 integrated circuit are now removed from the surface of
compound semiconductor portion 1022. A bare silicon
surface is thus provided for the subsequent processing of
this portion, for example in the manner set forth above.
An accommodating buffer layer 124 is then formed over
30 the substrate 110 as illustrated in FIG. 8. The
accommodating buffer layer will form as a monocrystalline
layer over the properly prepared (i.e., having the
appropriate template layer) bare silicon surface in
portion 1022. The portibn of layer 124 that forms over
35 portions 1024 and 1026, however, may be polycrystalline or



conpound sem conductor portion 1022. A bare silicon surface is thus

provi ded for the subsequent processing of this portion, for exanple in the
manner savohos48ko above. An accommodati ng buffer |ayer 124p¢EHUBHEA2d%r med
over 30 the substrate 110 as illustrated in FIG 8. The acconmnpdating
buffer layer will formas a nonocrystalline |ayer over the properly
prepared (i.e., having the appropriate tenplate |ayer) bare silicon
surface in portion 1022. The portion of 2Bayer 124 that fornms over 35

portions 102hcshdi2Gedtyiyert IBYE DD ey sd ahdteei ol ¥YERO14169828
PCT/ USO01/ 04209 28 anqggﬁgus q§f%¥§§ it is forned over material that is
not rmonocr VSERGIHRES2 & hét¥ e T IS ndtORuct eat B HoRbEr yst al | i ne
growt h. The maecaraypoat 1 hihduffertH ay eThe 12d4coypodat 1yg i sufifepndaygst al | | ne
nmet al oxi de it rd l.ayer I hi Ss.-i n:a..tange of
appr oxi mat ellggmf%%gln%ne%ra}s."?c{}lgo%%gé%%irjf?%%ﬁg?@aien%%gﬁﬁeﬁf Htlggaag
accommodat i Agysy fagrd |tagreircad sly & oxi et efye s 151 nan ¥amgk. oburing t he

formation of, £§1&, Acaqmpdati g duHdicdAyer . 1o pheysui a-er medi ate 10
| ayer 122 is fornmed al ong the uppernost silicon surfaces of the integrated

circuit 102e™hadingip AGGRAEIGHRT e PayEST 153Y8YptRal Iy incl udes an

oxide of  sidgga@kiattdias s thirgknasicland panpeg of happsexhopdel yflehe nm
In one particul ar e odinﬁyt t he thickness is 15 approxi mat lg 2 nm

Fol 1owi ng { REFOPIRET TPD U HE ™ Adbithrodat | FCTRATET 14581 9345 5Rd 1 he

ﬁnnrph?ﬁ$ kHMyannmﬁzuxsIﬁqnmedualongtmhquppermgﬁﬁ éiEﬁ¢ent?anfatesped and
as a thickngs ; nol ayers of a
merial . 1 st AR R ARNAY R Y R iRt e

titani um ar $atiegmediatentlianatoyFertvarisent by Brcbidry annpxddendferial s as
previously desGrdhedind tHad esRetlckredd Ghd lrdngd mwﬁw@kﬁ&\éte@ycgmound

sem conductor layer 132 is then epitaxiall rown averlyin he
nDnocrystaIPFhe %n one particéiar[%ébo ime tp ghe t 1ckXésg Es

15 approximately 2 nm. Following the formation of the
accommodating buffer layer 124 and the amorphous
intermediate layer 122, a template layer 126 is then
formed and has a thickness in a range of approximately one
to ten monolayers of a material. 1In one particular

20 embodiment, the material includes titanium-arsenic,
strontium-oxygen-arsenic, or other similar materials as
previously described with respect to FIGS. 1-5.

A monocrystalline compound semiconductor layer 132 is
then epitaxially grown overlying the monocrystalline

25 portion of accommodating buffer layer 124 as shown in FIG.
9. The portion of layer 132 that is grown over portions
of layer 124 that are not monocrystalline may be
polycrystalline or amorphous. The monocrystalline
compound semiconductor layer can be formed by a number of .

30 methods and typically includes a material such as gallium
arsenide, aluminum gallium arsenide, indium phosphide, or
other compounds semiconductor materials as previously
mentioned. The thickness of the layer is in a range of
approximately 1-5,000 nm, and more preferably 100-500 nm.

35 In this particular embodiment, each of the elements within



25 portion of accommopdating buffer |ayer 124 as shown in FIG 9. The
portion of layer 132 that is grown over portions of |ayer 124 that are not
nonocr ystvad bi/ses20may be pol ycrystalline or anorphous. Therpaomsewossasal | i ne
conmpound sem conductor | ayer can be fornmed by a nunber of. 30 nmet hods and
typically includes a material such as gallium arsenide, alumnumgallium
arseni de, indium phosphide, or other conpounds sem conductor materials as
previously mentioned. The thickness of t4%e layer is in a range of

appr oxi nat el hel -Gewpbaken lavdrnare piapeprbpentodnsobenarcesmpdathing

particul ar esboeh Fendyegaghs of c hBensh8ABPLEa M § HENc¥WR81:H99820 _
PCT/ US01/ 04209 , 29 the tenplate. | ayer are al so present in the acconmodati ng
buf fer | ayerSeMCORPRCHBRORRYSTARE | hd2 cofbobRbl - serPESRIGEEor ERgt eri al 132,

or both. Thelefiieatide bdewvésrathentbeplees thgekempbabadl ayer twdb and its
two 5 i diatelcil. a@%fcené.la%?eés di sappears_during .processi ng. Ther ef ore,
when a t PansiiIRYHA T8 cRPHRCTIE  bRKSRY CTERRPCBRS SOFARH PECEERSt "on
interface bellweenfohe, whennaodadnsmyibaiderelagerot2diandstbey (TEM)

monocr ystal lipg o und seRLEOndiCLaEeLaNer Bd2ubsnsegR: 10 AL this point

intime, sections of the conpound sem conductor [ayer and the
acconmodat i rFRAMedat i@ rbunber glayersnbyedandorhponeneasystadilyingg t he

bi pol ar  porddubuli? s e sH@uME PPaYE PN 3D26sage8A0Wn in FIG 10. After
the section is renmpved, an jnsu atlnrg | ayer 142 is 15 then fornmed over the

substrat® 110. THY | R | 2R 1184 25 eGH PRE | BHetBe nGABBPUBE nateri al s
such as oxi despicondudtes, laxyni 132 dasd tle kcdomhedat ing, baf feke lhiyikke. As

iacd her e Mgl Liuods Sk 9000 L est b, nEskaRLpn Y oher
deposi t ed, ipoltsarheé?2$oindhehe NPTl portfdhsasf shheni AsuFaGi.ngol-ayer
142 that oygidse vRNALysidh | HerSRposinda s efh ceDAUEhar 159¥er 14339
15 then formed over the substrate 110. The insulating layer
142 can include a number of materials such as oxides,
nitrides, oxynitrides, low-k dielectrics, or the like. As
used herein, low-k is a material having a dielectric
constant no higher than approximately 3.5. After the
20 insulating layer 142 has been deposited, it is then
polished, removing portions of the insulating layer 142
that overlie monocrystalline compound semiconductor layer
132.
A transistor 144 is then formed within the
25 monocrystalline compound semiconductor portion 1022. A
gate electrode 148 is then formed on the monocrystalline
compound semiconductor layer 132. Doped regions 146 are
then formed within the monocrystalline compound
semiconductor layer 132. In this embodiment, the
30 transistor 144 is a metal-semiconductor field-effect
transistor (MESFET). If the MESFET is an n-type MESFET,
the doped regions 146 and monocrystalline compound
semiconductor layer 132 are also n-type doped. If a p-
type MESFET were to be formed, then the doped regions 146

35 and monocrystalline compound semiconductor layer 132 would



A transistor 144 is then forned within the 25 nonocrystalline conpound

sem conduct or portion 1022. A gate electrode 148 is then forned on the
nonocr ystvad bi/ms20 conpound sem conductor | ayer 132. Doped PeDUsei#41eb6 ar e
then fornmed within the nonocrystalline conpound sem conductor |ayer 132. In
this enbodi ment, the 30 transistor 144 is a netal -sem conduct or
field-effect transistor (MESFET). If the MESFET is an n-type MESFET, the
doped regi ons 146 and nonocrystal line co®found sem conductor |ayer 132 are
al so n-type Wopediust whe-opppel MESEETingr eype - beTher hedyiemedoped doped

regi ons 146 ﬂ%‘ijs C I L C sS n ot | r 132 woul d
V\0901/ 59820 r%_ SO1 0%2%%%‘%0 i?trgg% j&g}s??g? e ggpggl 938 o%?ng}ﬁ?ype The

heavi er dope®PAFYYSERbibps IFBPANGWSSRAFeNdBAEREL $a¥6Tha 3RadeAto thie

nmonocrystal | ctteht_comoymesetméoaaaﬁt@rdéay@és132:;11% thes 1n@@%g@‘tat'e@ tinme,
the active devices thin the Lnt eg a 5 circuit have orned. This

particul ar &mggditentaVe nReeiietoTh 1ReERpEFICHIgE £ 891N9Ntb| pol ar
transi stor, iand Wi aamarnnt;zﬂsnarmmmrms aresst stal. NBEnypipelher types of

transistors |ncI i n anne tr.ansj sto e ertic bi pol ar
transi st ors - Sl&ﬂ% V\@glti' i“f‘arrlf"l cd ]i‘%% |%n@80f L Xglggprand Spa’nar
transi stors Otdm Ua/mdof Attts@nsmttrelrs el Battudang Eon’peneﬁﬂsMO§uch as

resi stors, i and-thes1 1k k8o1 SRy Pg fs%ggg in pQRgar nore
of the fortlons 1022 0§4 and 1026 15 OCESSannCOI’ltI nﬁes to"forma

subst ant P al MESTE e?t%‘?ﬂl ¢%@maﬁt&p%.%u‘rtr%9aésanﬂ| Biepated in FIG 11.
An insul at i nG-drayiedt 52, i Sald ek QYEer ATeo subsheat eleétl_glclme i nsul ati ng

| ayer 152 may incl ude an etch sto oI|sh stop regi hat is_no
i 11 ustrated OTRFER T TCH %%Jc% T nsUTREFhgCFdye 1? ﬁsrsaf‘ﬂeﬁhleor med
over the filikte, nsy dte n@::tm/cerlri&ﬂqe Rar tmons of thyepsrtbdnslhlp2,142,
124, and 122_L0§r4el rempVveshb 4 0 define contact openings
15 Processing continues to form a substantially
completed integrated circuit 102 as illustrated in FIG.
11. An insulating layer 152 is formed over the substrate
110. The insulating layer 152 may include an etch-stop or
polish-stop region that is not illustrated in the FIG. 11.
20 A second insulating layer 154 is then formed over the
first insulating layer 152. Portions of layers 154, 152,
142, 124, and 122 are removed to define contact openings
where the devices are to be interconnected. Interconnect
trenches are formed within insulating layer 154 to provide
25 the lateral connections between the contacts. As
illustrated in FIG. 11, interconnect 1562 connects a
source or drain region of the n-type MESFET within portion
1022 to the deep collector region 1108 of the NPN
transistor within the bipolar portion 1024. The emitter
30 region 1120 of the NPN transistor is connected to one of
the doped regions 1116 of the n-channel MOS transistor
within the MOS portion 1026. The other doped region 1116
is electrically connected to other portions of the

integrated circuit that are not shown.



where the devices are to be interconnected. Interconnect trenches are
formed within insulating |ayer 154 to provide 25 the |ateral connections
bet ween tWweoossst@cts. As illustrated in FIG 11, intercoPORPUSIILEAR
connects a source or drain region of the n-type MESFET within portion
1022 to the deep collector region 1108 of the NPN transistor within the

bi pol ar portion 1024. The emtter 30 region 1120 of the NPN transistor is
connected to one of the doped regions 1B1I6 of the n-channel MOS transi stor
within the MOS poktpassivV@tionhéagehensdopedfpegednolrei6thes el ectrically

V0 03 59320 HOTF YT Bab80581  al58dsi oER 2hEF,ghh Thbundtu gl 308 PPN
i nt er connects545620thes4elantrisas anuneasipasi agel apde tos4hey her

el ectri cal c@f@@@ié@aﬁsaag madgsteatba atgraeiusragréoa%thtelxuwe%t&qc%sl wel |
as to other el ectrlca 5 or electronic conponents with he i ntegrat ed

circuit Po2 OhRlerereeici FPURPREREE VWALRAB FP@UFE%GQF:&F@I@eFlr i t4i%nal

i nsul ati ng ther§r@mdot nie1cenpgeea maythe fﬁgﬁﬁ@d asrFoeeaesar y tO formthe

proper int erc_bé)%nectl on be ween the vari oua Fgonents gnthl n
i nt egr at ed FEoRE b%?u CEE HRYSERnAPPoMPt RECPPESCEEs "B (‘j’i ment ,
active devi Mné@ra@audﬂcemwnt:Ioséotmonuecpnopandiﬁteurpoh&iec&amncsonduct or

materials cagde dnteoated; boLooansbhohes LLRGHALED GhEeuiLy Because

there is sone ty In |nco pora |n I pola nsistors and
MOS trah8i sthersCUthﬁ% a same int egrat ed circuit, it may be possible to

move some of the gorponesd ssddh hipoRi PHéa]tBrQGEéhQneinﬂBalmEBQ CapRqyRd
sem conduct o ortl on 1022 or the MOS ion_ 1024. Myre specificallvy,

turning to t i HerkOHR SPMRRYRY | Bl GPrAUrESheddt GTRHR 18, the
amplifiers %mcﬂ@a%mlbm neyedbevent égrabedconpeuadssagieonduct or

portion 102%n€g§¥§@§ CAY c&%@rs gggésgnghégg4§sngmgedlfflculty in
15 1incorporating both bipolar transistors and MOS transistors
within a same integrated circuit, it may be possible to
move some of the components within bipolar portion into
the compound semiconductor portion 1022 or the MOS portion
1024. More specifically, turning to the embodiment as
20 described with respect to FIG. 6, the amplifiers 10248 and
10242 may be moved over to the compound semiconductor
portion 1022, and the converters 10244 and 10246 can be
moved over into the MOS portion 1026. Therefore, the
requirement of special fabricating steps solely used for
25 making a bipolar transistor can be eliminated. Therefore,
there would only be a compound semiconductor portion and a
MOS portion to the integrated circuit.
In still another embodiment, an integrated circuit
can be formed such that it includes an optical laser in a
30 compound semiconductor portion and an optical interconnect
(waveguide) to an MOS transistor withim a Group IV
semiconductor region of the same integrated circuit.
FIGs. 12-18 include illustrations of one embodiment.
FIG. 12 includes an illustration of a cross-section

35 view of a portion of an integrated circuit 160 that



noved over into the MOS portion 1026. Therefore, the requirenent of
special fabricating steps solely used for 25 making a bipolar transistor
can be ewobnsusedd. Therefore, there would only be a conppangssierR@onduct or
portion and a MOS portion to the integrated circuit. In still another
enbodi ment, an integrated circuit can be forned such that it includes an
optical laser in a 30 conpound sem conductor portion and an opti cal

i nterconnect (waveguide) to an MOS tran8izstor within a Goup IV

sem conduct dmabgiles afméhecspsealbiegraitlconrwatér 1FLGs. ah2- 18 i ncl ude

illustratio F 2.LhQc es_an_ il r ..on of a
Cross-secti orlﬁ“ ls\i/)ﬂglgs {T;I&)QQ{ %?%% %%’%% }%ge‘l"gl!rfgt% %FF%I&I ngnghat WO
01/ 59820 PCHUWISKHY OUpyreor 824» neimibar ateohbesgspuevinusiyyl desgriked, 161.

An amor phOl%?ax}é‘t@ééE?df@{«rﬁeéaa!@érJwﬁgf@Pdlélﬂ aCEHWHHE@t 's?em?%f er layer
164, simlar to those previously described, have been Tornmed over wafer

161. In Phi STRREIPRE 5 hadobRYiehe , neded ayer SorBellBa PBLi6RM LRESEDL I cal
laser will wae 1 q:sémbfmé&tflfgij Of‘@ﬂl&yecﬁhﬁﬂ@M6r§a§26€§eﬁleéa&d the MOS

t t F t he | 166 1 ncludes alternating

| yers of cOMoitE TR or ThlEF1 ot 2: Foe LOURDI BLYERE ARVEE. third,
and fifth filae iiclmdds nalttmrmttim@llimm mﬁycompcbudé aemdtendaktsuch as
gal Iium ars%{y%gnaﬁ@ ”f g&% 1 O%ﬁé‘agff‘u Si XD il 0gg %EPh“f&E‘r’ns' ower

mrror |ayer num m arseni e of Vi CE€ VE
Layer 158 i imditides tthfe opict¢ak k@@elonnaxhaxmvwdeb@ nakeeriat thhoﬁs

generation. Jailliﬁﬁerax"gér{ﬂe ! 3é/r?c§ 2O dScdd nefjoxhﬁtﬁ shAs! §£x8’ﬁn@§im§0 the
| ower m rror l'ayer 166 and includes alternating fi[ms. of compound

seni conduct 8 tHETe GRS SLOWSF JhrTRE t 1R arl 6 @ iR h%ﬁ%udf— h%lﬁ'ﬂibEPmm rror

| ayer 170 mapalle ym tam:merdmecbr c\mrwwwlr@em cmmblﬁtme mpheluaes, taad the

| over i 1700, 20 Jeayer; 166 MRy B 1y tPS, Hopepl SORROUDY semLegpduct or

15 Upper mirror layer 170 is formed in a similar manner to
the lower mirror layer 166 and includes alternating films
of compound semiconductor materials. In one particular
embodiment, the upper mirror layer 170 may be p-type doped
compound semiconductor materials, and the lower mirror

20 layer 166 may be n-type doped compound semiconductor
materials.

Another accommodating buffer layer 172, similar to
the accommodating buffer layer 164, is formed over the
upper mirror layer 170. In an alternative embodiment, the

25 accommodating buffer layers 164 and 172 may include
different materials. However, their function is o
essentially the same in that each is used for making a
transition between a compound semiconductor layer and a
monocrystalline Group IV semiconductor layer. A

30 monocrystalline Group IV semiconductor layer 174 is formed
over the accommodating buffer layer 172. 1In one
particular embodiment, the monocrystalline Group IV
semiconductor layer 174 includes germanium, silicon

germanium, silicon germanium carbide, or the like.



Anot her accommodating buffer layer 172, simlar to the accommobdating
buffer |layer 164, is formed over the wupper mrror layer 170. In an

al t er nat iwe ossdsodi nrent, the 25 accommodati ng buffer | ayer BC1/6801213d09l72 may
include different materials. However, their function is essentially the
same in that each is used for making a transition between a conpound

sem conductor |ayer and a nonocrystalline Goup IV sem conductor |ayer. A
30 nonocrystalline Goup IV sen conduct oB3l ayer 174 is forned over the
acconmmodat i ng buf¥rerFIGyek3 172he |MOBneorpheni tal proeadodiintat forhe

monocryst al |d e GFauP) | MomSSHt ceOMIEL R{n | @Y EL &%ée%ggbﬁegmemmm

silicon germanium_silicon gernmani um car bi de, t I kel WO 01/59820
PCT/ USO1/ 04503y eisonduckee MBS HotT4on AS ptdeessagedolinoFAl-

el ectrical conpeneftesldv idbTat hbs HEPESn MONDCL Y St etheédefr&GmOHPpbY¥tion

sem condgct or I]g_%/er 174 As_ill ust atfd in FIG 131 2 fi elfd i sgl ation
region 171 i FstHEd ¥1om £ 3T ot Bloft Yy et2ySh. 1 A3 ghB e EAFBPECPVEE | ayer
173 i s fornmetheoieryert Ne74 ayetd 14 dgataede e gat @de| £T5r bdef d¥medsofrernetieover
the gate diegl.ecty. ver 173, regi . r rain, or
sour ce/ dr ai r%gi%lneglér(%rrelt%el%%nsfg?br e‘%ﬁé@ a%gg}sﬁ%%tfgzi %gﬁaﬁg“s Sgéer S
179 are for fehigyj avermounce firdn vieegiers SPresheftramsgaterclédtrage 175.

Qther  compQiigRis, cal RevdRdesYAddd Pho | SRS rSrPaGta@fab8YEl tolffe These
ot her conponents include other transistors (n-_channel” or p-channel),

capaci t 8P s, Merdisiast gridesiidfuddie e thkeFtRede 1572 noRbRRYstal | i ne Group
|V sem condu@in@orleayt®y dafn mpiniadd abith O oy DyLst onepoitt 8 Uaped regi ons

L7 PR PO e Erndgherts At over, g0 oD d8ee LomRlns
be forned usihegrelsareg-icatlEdp teapadiprocessransi sherepbdiodeat, an
insulating Layehnhe(Nqtkeshown) is formed over the transistor 181 and the
15 A monocrystalline Group IV semiconductor layer is
epitaxially grown over one of the doped regions 177. An
upper portion 184 is P+ doped, and a lower portion 182
remains substantially intrinsic (undoped) as illustrated
in FIG. 13. The layer can be formed using a selective
20 epitaxial process. In one embodiment, an insulating layer
(not shown) is formed over the transistor 181 and the
field isolation region 171. The insulating layer is
patterned to define an opening that exposes one of the
doped regions 177. At least initially, the selective
25 epitaxial layer is formed without dopants. The entire
selective epitaxial layer may be intrinsic, or a p-type
dopant can be added near the end of the formation of the
selective epitaxial layer. If the selective epitaxial
layer is intrinsic, as formed, a doping step may be formed
30 by implantation or by furnace dbping. Regardless how the
P+ upper portion 184 is formed, the insulating layer is
then removed to form the resulting structure shown in FIG.
13. '
"The next set of steps is performed to define the
35 optical laser 180 as illustrated in FIG. 14. The field



field isolation region 171. The insulating layer is patterned to define an
openi ng that exposes one of the doped regions 177. At least initially, the
sel ecti vav@bi/sysed axi al | ayer is formed wi thout dopants. TheT/®@8t1/04209
selective epitaxial layer may be intrinsic, or a p-type dopant can be
added near the end of the formation of the selective epitaxial layer. If
the.selective epitaxial layer is intrinsic, as forned, a doping step may
be forned 30 by inplantation or by furnaéé doping. Regardl ess how the P+
upper porti drfdigtien frrgien 1he anduthe i agermpedatsngt huffesndar@rto form

the resul tingStIMCt AP ER ELE corpoud@es8RXEcR8LcObrSEBRE ibS of
performed to define the 35 optical laser 180 as illustrated in FIG 14

The field WOhRL/ Husearaied (BHFeks09 AGd1Eienal i phePegRrsR Perigrmedhso
accommodat i ni thiHd erhd ay@ser IfProde 1&yp@Y el Ovandt het coapoupdrsesscemduct or

portion of the integrated circuit. Additional steps are perfornmed to

defi ne t%e L]:ﬂbeeroé}:ilr‘gaof Ya8rr ]ié/jé) an %C?Jré/) 513 eT’B?LG‘épBFg Bifh8%opti cal

| aser 180. Theyest de®0 aind hectupperlayer o168 agee d7Bsbadtaelilye | ayer 168 are
substanti al | y,. Lot glfiyous. Contacts 186 and 188 are formed for neking

el ectrical Tcontact to the upper mrror layer 170 and the lower mrror 10
| ayer 166, respediantadats g8 188 R fopmednfartmaBénpaslaatanmalar

shape to al lQMdddahted R Aisped OnPRSSr Ollye ff 1 1 ead@PEhe M EWRE MAY¥EHr170
into a subse]%t;,ent |y formed optical waveguide., An_insulatin ayer 190 is

I
then fotfred YR Dat&%r FEFPAS Y ber i M2 T al ™ opEi nbé'exggﬁﬂf"ﬁﬁ £8%t he
contact | ayeras Hb andilene sHapdecslopelbw epigins pHoasnshows paskl GutlS.

The insul ati terial can be nu of different materials
e o 1 TR Sl SRS Sy IERAS | e d T AIRH auIBEEE Bea

conbi nat i on opitereedf waAfecaridkef i ni ng 20 t he openi ngs 192, a hi gher
refractive index q¥pti¢fdhAlat2%; 1ayer 190 is then formed and patterned

15 to define optical openings extending to the contact layer
186 and one of the doped regions 177 as shown in FIG. 15.
The insulating material can be any number of different
materials, including an oxide, nitride, oxynitride, low-k
dielectric,  or any combination. thereof. After defining

20 the openings 192, a higher refractive index material 202
is then formed within the openings to fill them and to
deposit the layer over the insulating layer 190 as
illustrated in FIG. 16. With respect to the higher
refractive index material 202, "higher" is in relation to

25 the material of the insulating layer 190 (i.e., material
202 has a higher refractive index compared to the
insulating layer 190). Optionally, a relatively thin
lower refractive index film (not shown) could be formed
before forming the higher refractive index material 202.

30 A hard mask layer 204 is then formed over the high
refractive index layer 202. Portions of the hard mask
layer 204, and high refractive index layer 202 are removed
from portions overlying the opening and to areas closer to
the sides of FIG. 16.



is then formed within the openings to fill themand to deposit the |ayer
over the insulating layer 190 as illustrated in FIG 16. Wth respect to
t he hi ghavo or/efse@cti ve i ndex material 202, "higher" is inPeEUStT/@R0% 0 25
the material of the insulating |ayer 190 (i.e., material 202 has a higher
refractive index conpared to the insulating |ayer 190). Optionally, a
relatively thin Ilower refractive index film (not shown) could be forned
before form ng the higher refractive indes material 202. 30 A hard mask

| ayer 204 is thenrlﬁ@rmph:w@roﬁ hm@ig@rmaei@ﬁcbfvehé nepxitayer 202.
h refract ve, i ndex 202

Portions of the har @'h \a}% 204, and hlﬁ 1 LOL é
are renoved a’freoc;fﬁup Tt :'sc ?I?/rl’n%p?hcéa%) ?%6Canrclie? a?’gagoE'P § tho
t he sides ofadzlﬂluﬁrmwlirsm PCT/ USB 1468299t 185 ghecedbarce of the

formati on of (Jdie, Apty Pl ac Gy SiacubL £NiL SoaPeoRiiactol BEELERTOESL, 19

conpl et ed a ust ate deposition procedure possi
dep- et chS pr ceeahe |%l<§ﬂéﬁb1f$re$ﬁ<‘éﬁ)l@1i$ eel? veI 9n5t1@4=%a¢reb@da@mmst§@cu ons

212, In thi et metder e siseyed I nggstbpnsneldams emgpdeighl tLie same

material as material_ 202. The hard mask | ayer 204 |s then rem)ved and a

| ow ref r act iMAE§Tkfek 3%8er B haty Raslkt 13%Y 02 Vhmt 2r FRFN 2HOMANE ayer
212) is formdi(a/elrovt hfbﬁuagfte:rvdolﬂ@éxamyaﬁ 21qlexlomt eelati2é2cand 202 and

exposed porti . atin The dash_lings {0 FIG 17
illustrate t"}‘?eeor eric{z cgthat %i%yrjé?r’g rf‘?/% ?\ﬁ%xthrraﬁég as 202 and
212. Thig dm@mum |131dmednatuﬁrndaeht21§’/ amdt 2Gdt dndrexpadedoporhaéossne
material but,@ %Jﬂ%ﬁ%ghﬂéée{%t LhRESqa £l OLfRSk Nl BreoNyynued to

form a substantl ntegrated circuit as illustrated in FIG

18. A passﬂﬂld-tqstifrrqta%/etrhezﬂpﬁdselt H%t%?r?»re*ah%v@gl? heepprFeare fadex 180 and
MOSFET t r angatledialil 204 tHhrugh not shoywnde 20gwdthesn el ecigégatoor opti cal

ConneCtlOnsfﬁé%g¥¥¥aéﬁ%éig%th are made of the same material but are

15 formed at different times.

Processing is continued to form a substantially
completed integrated circuit as illustrated in FIG. 18. A
passivation layer 220 is then formed over the optical
laser 180 and MOSFET transistor 181. Although not shown,

20 other electrical or optical connections are made to the
components within the integrated circuit but are not
illustrated in FIG. 18. These interconnects can include
other optical waveguides or may include metallic
interconnects.

25 In other embodiments, other types of lasers can be
formed. For example, another type of laser can emit light
(photons) horizontally instead of vertically. If light is
emitted horizontally, the MOSFET transistor could be
formed within the substrate 161, and the optical waveguide

30 would be reconfigured, so that the laser is properly
coupled (optically connected) to the transistor. 1In one
specific embodiment, the optical waveguide can include at
least a portion of the accommodating buffer layer. Other

configurations are possible.



conponents within the integrated circuit but are not illustrated in FIG
18. These interconnects can include other optical wavegui des or may

i ncl ude meoai/kiseo interconnects. 25 In ot her enbodi nents, POT/ISe/d4yPes of

| asers can be forned. For exanple, another type of |laser can emt |ight
(photons) horizontally instead of vertically. If light is emtted

hori zontally, the MOSFET transistor could be forned within the substrate
161, and the optical wavegui de 30 woul d kg reconfigured, so that the |aser

is properly Coupéfgafﬁptléﬁééa smﬂaa%eﬂisteft Eﬁtégeaébate&rchat%ne _
speci fic enbodi nrent, the ogtlca wavegui de can_ include at |east a portion

of the accorf@RY ngOBRPYRY FAPLFONGHAEPT BBAELGRPaRPENSTIFE B¥ssible. WO

01/59820 PClddis0ddRd2&8r S0kt eahkY, atbeaeantbedi mentistektient egr at ed
circuits havin %h{T%ﬁound sem conductor .portji ons an

Goup.lV
sem conduct oFH S Qf et HBaRTePEF| F¥EPLER™ 8 oﬁpﬁeﬁﬁ?l5ftpﬁé present
inventiof ansrewdnt iimventon. present aneemtlonplihéty afeomhketiplicity of

other combingiLans. 0ds oLher oenbadl AEOhSnal e LNSe PLESCRL o skent | on.  For

exanpl e, the conpound sem condu ht emtting
di odes, photigtiarici@rs, Faf oeeampbe, thbelcmpound ﬁﬁ@l@@dpcwr

Se”‘CondUCt%kd%ﬁbﬁfhéyciﬂgfuéégliéﬁt|QﬁiEtlﬂﬁnHEMdééraﬁﬁotéﬁ@t@%&brs,
structures ‘that can be forpmed in Tonvention MOS infegrated circuits. By

usi ng enbodiFHAASS ofOF heherbieht 27dehR® oRTOUPt IV sSRBHFSRABFEPTE 63t egr at e
devi ces1t hatlmd@é)edig:ttan 16@IPPUREmSENT £0PEYST OandBEEL Ak ruicthirelsher

conponent s t.hat etter in Goup |V duc rials. This
allows a de&ﬁb a%ﬁ?%h ?ﬁmgétﬁ% %%ﬂﬁg%Efﬂ ﬂ5ﬁ§§s%§ e?ﬁngggrease, and
yield and re:hlmmltmy tBy i weirgsembodd népughohothel pusseatednpvantion,
monocrystal |y 'ﬂ“elseﬁ{gct Wioky Prt&ai‘mp&l;i’é@é’ Jié‘v Qéén gﬁaenwrﬁogeetae@ in

sem conduct or conponents over hi's nanner, the
compound semiconductor materials Wlth other components

15 that work better in Group IV semiconductor materials.
This allows a device to be shrunk, the manufacturing costs
to decrease, and yield and reliability to increase.

Although not illustrated, a monocrystalline Group IV

wafer can be used in forming only compound semiconductor

20 electrical components over the wafer. 1In this manner, the
wafer is essentially a "handle" wafer used during the
fabrication of the compound semiconductor electrical
components within a monocrystalline compound semiconductor
layer overlying the wafer. Therefore, electrical

25 components can be formed within III-V or II-VI
semiconductor materials over a wafer of at least
approximately 200 millimeters in diameter and possibly at
least approximately 300 millimeters.

By the use of this type of substrate, a relatively

30 inexpensive "handle" wafer overcomes the fragile nature of
the compound semiconductor wafers by placing them over a
relatively more durable and easy to fabricate base
material. Therefore, an integrated circuit can be formed
such that all electrical components, and particularly all

35 active electronic devices, can be formed within the



wafer is essentially a "handl e" wafer used during the fabrication of the
conpound sem conductor electrical conponents within a nonocrystalline
conpound weni/ssaduct or | ayer overlying the wafer. Therefpewpyselmedyrical 25
conponents can be formed within I11-V or I1-VI sem conductor materials
over a wafer of at |least approximately 200 mllinmeters in diameter and
possibly at |east approximately 300 mlli meters By the use of this type
of substrate, a relatively 30 inexpensivegs handl e" wafer overconmes the

fragile nat %&n;%un&h§eﬁ9€8§&@ét§§%59@998&°év@ﬁf eheufh Bhackigsthemover a
relatively nore durable and easy to fabricate base naterial. Therefore, an

integrated cirSeit BaR bRCod%ed CXABR fNafemiroBRUEEPFCRRtESABonents, and
particul ar | yraabti 3ot b6k i ¥€s€s e£bF OBbEpdeNECceemicandhetber aedmet Bhoulllle WO
01/ 59820 PCT{ USO1/ 04389 37 ci)rTPound se%£co duct or terial evgn t hough t he
substrate i1EET*RRy TR0 A T bup PR E_RFRohalcPSr PRREEPFSF. moTe

Fabri cat bon mt@nimlbpn@mmosenre@dﬂhyt oomgdavedetehobkdredlacivaiy
because | ar ggf lcsiﬂg 2N ce e |1y and nore
readily conpare e re at?i\ie tie, gﬁgﬁe?ﬁgégn%tl)rgﬁgagl? conventi onal
conpound se&ﬁ%kﬁm@t@ttoma‘?%f%rsl n the f oregoi ng specification, the

inventi on has beﬁ!ﬂ Q@écféﬁ@g?oi%éhs EELEERSEILA, SPREI ihGeﬁH’?@H' peats. 10
However , $d| nay 3 e art appreci ates that vari ous

nodi f i catl o it lBer RESHFE hbot SPEEPaFEi RGPPASMERRE - scope of
t he present Howerdd oroms storditdbyiskihe thaths betomppﬁeemadeegtylatt he

specificati Qn laoqgs fnil Plca%e to at)redr arded innalr)te' gt&a%gve rat her 15
than a restrictive Sense, AT U~ NDEFT cations 4re At8RYEd to be

i ncl uded wi tdﬂpaltttﬁelgcﬁmn dfhepr%sam of et poeseBenthiestionhas set
advant ages, @}%erptdr%‘scﬁa&npé QUESE. NRYEPEENG I§SCERDedpaR9¥ 8t i Bn

regard to specif
and flgures are to be regarded in an illustrative rather

15 than a restrictive sense, and all such modlflcatlons are
intended to be included within the scope of present
invention.

Benefits, other advantages, and solutions to problems
have been described above with regard to specific

20 embodiments. However, the benefits, advantages, solutions
to problems, and any element (s) that may cause any
benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical,
required, or essential feature or element of any or all

25 the claims. As used herein, the terms "comprises,"
"comprising," or any other variation thereof, are intended
to cover a non-exclusive inclusion, such that a process,
method, article, or apparatus that comprises a list of
elements does not include only those elements but may

30 include other elements not expressly listed or inherent to

such process, method, article, or apparatus.



20 enbodi nents. However, the benefits, advantages, solutions to problens,
and any elenent(s) that may cause any benefit, advantage, or solution to
occur or veooss20more pronounced are not to be construed BeT/@ESEwd4Rical ,
required, or essential feature or element of any or all 25 the clainms. As
used herein, the terns "conprises,”" "conprising," or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a
process, nethod, article, or apparatus tjfgat conprises a list of elenents
does not include only those el enents bug; ARMg30 include other el ements not
expressly listed or inherent to such process, nethod, article, or
apparatus. WD 01/59820 PCT/ US01/04209 38 CLAIMS 1. A sem conductor
structure conpri s Ngemi@on@IOESY Stethéhgrsi bbappisuhgtrate; 5 an anorphous
oxi de material overlying the nocrystalline silicon substrate; a
monocrystal | i ne ﬁ%ﬂﬁ%% RSt %ﬂfif?%?no§%?F§Fﬁbe’the anor phous oxi de
material 5 and a ranoomystlabhs nex taepaater S8 cvadluging thkerial 10
overlying t |l ine.perovskite oxide material. 2. The
seniconductgﬁngggﬁg%%g%f%¢éc %?ﬁ?ﬁnmﬂ%P%Fﬁa Re nmonocrystalline silicon
substrate is ori enteRrecyystaklifd gogravskette onxids Bat&headeaivevhgdogor
structure ofg ¢l algpdfiiid NSFi aCORREL S 88, aghgpl ate | ayer formed between
the nonocrystalline perovskite oxide material and the nonocrystalline
conmpound sem conduAIFCTHRIErF Bl ingcampawed seRT EEPUGEEBPT shRteYéRré of claim
1 furthey comyliyping thdUidscrpéesl Binof paPoOSKkYELabkine maeakeanduct or
mat eri al forned between the nonocrystalline perovskite oxide material and

t he nonocrystalline conmpound
2. The semiconductor structure of claim 1 wherein the

monocrystalline silicon substrate is orientated in the

(100) direction.

15
3. The semiconductbr structure of claim 1 further
comprising a template layer formed between the
monocrystalline perovskite oxide material and the
monocrystalline compound semiconductor material.

20

4. The semiconductor structure of claim 1 further
comprising a buffer material of monocrystalline
semiconductor material formed between the monocrystalline
perovskite oxide material and the monocrystalline compound

25 semiconductor material.

5. The semiconductor structure of claim 4 further
comprising a template layer formed between the
monocrystalline perovskite oxide material and the buffer

30 material.

6. The semiconductor structure of claim 4 wherein the
buffer material is selected from the group consisting of:

Germanium, a GaAs,P, , superlattice

1-x

35



25 sem conductor material. 5. The sem conductor structure of claim4
further conprising a tenplate |ayer fornmed between the nonocrystalline
per ovski tweooxs®e0 mat eri al and the buffer 30 material. 6.pr@hESs@RR@oONduct or
structure of claim4 wherein the buffer material is selected fromthe
group consisting of: Germanium a GAs, Pl _X superlattice 35 WD 01/59820
PCT/ US01/ 04209 39 where x ranges fromO to 1, an InYGl _YP superlattice
where y ranges fromO to 1, and an InGaAs superlattice. 5 7. The

sem conductor structure of claim1l wherein the nonocrystalline perovskite
oxide material is selected from the group consisting of: alkaline earth
netal titanates, alkaline earth netal zirconates, alkaline earth netal 10
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8. The semiconductor structure of claim 1 wherein the
monocrystalline perovskite oxide material comprises Sr,Ba,.
,T10, wherein z ranges from 0 to 1. |

20 9. The semiconductor structure of claim 1 wherein the
monocrystalline compound semiconductor material is
selected from the group consisting of: III-V compounds,
mixed III-V compounds, II-VI compounds, and mixed II-VI
compounds.

25

10. The semiconductor structure of claim 1 wherein the
monocrystalline compound semiconductor material is
selected from the group consisting of: GaAs, AlGaAs, InP,
InGaAs, InGaP, ZnSe, AlInAs, CdS, CdHgTe, and ZnSeS.

30



I nGaAs, InGP, ZnSe, Al lInAs, CdS, CdHgTe, and ZnSeS. 30 WD 01/59820

PCT/ US01/ 04209 40 11. A sem conductor structure conprising:. a

nonocr ystvab bi/ms2eubst rate characterized by a first |attipeer/weos420%; 5 a
nonocrystalline insulator |ayer having a second lattice constant different
than the first lattice constant overlying the nonocrystalline substrate;
an anor phous oxi de | ayer between the nonocrystalline substrate and the
nonocrystalline insulator |ayer; and 10 a®onocrystalline conmpound

sem conductor |ayer having a third lattice constant different than the

first lattice, cogstantogyanbybhoethg ORUaCLystaliling | nsul ator |ayer:
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a third lattice constant different than the first lattice
constant overlying the monocrystalline insulator layer;
wherein the second lattice constant is selected to be one
of:
15 equal to the third lattice constant; and
intermediate the first and third lattice

constant.

12. The semiconductor structure of claim 11 wherein the
20 monocrystalline substrate is orientated in the (100)

direction.

13. The semiconductor structure of claim 11 wherein the
amorphous oxide layer has a thickness sufficient to

25 relieve strain in the monocrystalline insulator layer.

14. The semiconductor structure of claim 11 further
comprising a template layer between the monocrystalline
insulator layer and the monocrystalline compound

30 semiconductor layer.

15. The semiconductor structure of claim 11 further
comprising a buffer layer between the monocrystalline
insulator layer and the monocrystalline compound

35 semiconductor layer.



16. The sem conductor structure of claim 11 wherein the 5 nonocrystalline
substrate is characterized by a first crystalline orientation and the
nonocr ystvad bi/fs20 nsul ator |ayer is characterized by a seepongsSewossasal | i ne
orientation and wherein the second crystalline orientation is rotated
with respect to the first crystalline orientation. 10 17. The sem conduct or
structure of claim 1l wherein the nonocrystalline substrate conprises
silicon. 18. The semi conductor structure,9f claim 1l wherein the 15
monocrystal [ i ne substrate conprises a naterial conprising silicon, the
nmonocrystalline insulator conprises an alkaline earth netal titanate and
the nonocrystalline conpound sem conductor naterial conprises a nateri al
selected fromthe group consisting of: GaAs, Al GaAs, ZnSe, 20 and ZnSeS.
19. The sem_conductor structure of claim 18 wherein, the nnnocrystalllne

i nsul ator | dyer Sifpriducagdughiorsteciisre % ¢habeslt rdhsrets theos 20.
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with respect to the first crystalline orientation.

10 '
17. The semiconductor structure of claim 11 wherein the

monocrystalline substrate comprises silicon.

18. The semiconductor structure of claim 11 wherein the
15 monocrystalline substrate comprises a material comprising

silicon, the monocrystalline insulator comprises an

alkaline earth metal titanate and the monocrystalline

compound semiconductor material comprises a material

selected from the group consisting of: GaAs, AlGaAs, ZnSe,
20 and ZnSeS.

19. The semiconductor structure of claim 18 wherein the
monocrystalline insulator layer comprises Sr,Ba, ,TiO, where
z ranges from 0 to 1.

25
20. The semiconductor structure of claim 11 wherein the
monocrystalline insulator layer comprises an oxide
selected from the group consisting of alkaline earth metal
zirconates, and alkaline earth metal hafnates and the

30 monocrystalline compound semiconductor layer comprises a
material selected from the group consisting of: InP and
InGaP.
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