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Thi s i nveoEoen o3al at g generally to communi cati devi ces i ncl udiyn .
sem conductor struct¥ges, and nore specificall Y@ o conpound seffl go'gHGcﬂwﬁ
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i ncl ude a nonocrystalline conpound sem conductor material. 10 Background of
the I nvention The vast nmajority of sem conductor discrete devices and
integrated circuits are fabricated fromsilicon, at 15 least in part
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The vast majority of semiconductor discrete devices
and integrated circuits are fabricated from silicon, at
15 least in part because of the availability of inexpensive,
high quality monocrystalline gilicon substrates. Other
semiconductor materials, such as the so called compound
semiconductor materials, have physical attributes,
including wider bandgap and/or higher mobility than
20 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
'} available in large wafers ag is gilicon. Gallium arsenide
25 (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
at 200 mm. The 150 mm GaAs wafers are many times more
30 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
semiconductor materials, and because of their present
35 generally high cost and low availability in bulk form, for



many years attenpts have been made to grow thin filnms of the conpound
sem conducyarsnateri a on a foreign subst rateh’i achi eve opti nal
characteristics of t conmpound sem conduct or rial, howeves 3 AUB 29104
nmonocrystalline filmof high crystalline quality is desired. Attenpts have
been nade, for exanple, to grow I|ayers of a nonocrystalline conpound

sem conductor material on germanium silicon, and various insulators.
These attenpts have generally been unsuccessful because 10 | attice

m smat ches between the host crystal and?the grown crystal have caused the
resul ti ng mamy Yeansokttompbanbavsebeeontadeotongrem ahirp fidmst afow
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nonocrystalline conpound sem conductor nmaterial was 15 avalilable at |ow
cost, a vatwesyratesenfeonaiiéese aptimad chaypgtsavshisdesdsityide

fabricat edcdipdhtadl séhitahddctoW maesl-iadNPaALGEvEe,t e cost of fabricating

such devices on a byl k wafer of _conpound sem conductor ,material or in an
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sem conducdesiyed er | &t t et @dBaté obeehf madehi forf ekampllehi g aguaki ty
nonocr yst all l.i ne cogpound ‘sem \(:’:\%£g¥§(taor materi.al_could be realized on a

bul k waf er 2XUch %5 A ETPEoh° aﬁOWB?SB?aFSE‘lESWESts‘?ﬁ ucture could
be achi eveshttdratal owk cehoeam fgre, o$il heohesandSvpropest iesudktioaish t he
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exists for a co ation de usi sem conductor structure that

provi dés datitgire dugnaschpmdestywesn| the kespotrrssak esAdE&EoPBTPWM over
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)Description of the Drawi ngs The present invention is.illustrated by way of
exanpl o aETHECIIYRHSH (T 474 he- A oo nPanyPRGCTYSERLLIIPNaBSHATYh || ke

ref erences i ndit¢atae 1simjd airead ateini Sfikbndof nhigh quality
monocrystalline compound semiconductor material was
15 available at low cost, a variety of semiconductor devices
could advantageously be fabricated in that f£ilm at a low
cost compared to the cost of fabricating such devices on a
bulk wafer of compound semiconductor material or in an
epitaxial film of such material on a bulk wafer of
20 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
') could be achieved that tock advantage of the best
25 properties of both the silicon and the compound
semiconductor material. _
Accordingly, a need exists for a communication device
ugsing a semiconductor structure that provides a high
quality monocrystalline compound semiconductor film over

30 another monocrystalline material.
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which: FIGS. 1, 2, 4, 5illustrate schematically, in cross section, device
structuresytgagegord e Wth various enbodi men‘eof the invention; 10
FIG 3 illustrates gﬁhi cally the relationship t ween mev AurhlSt Pgnabl e
filmthickness and |attice msmatch between a host crystal and a grown
crystalline overlayer; FIG 6 includes an illustration of a block diagram
of 15 a portion of a comunicating device; FIGs. 7-11 include
illustrations of cross-sectional views of a portion of an integrated
circuit that includes a conpound senicdnductor portion, a bipolar portion,
and an MOS portion; arRiriéf Megscriptieni el taesDravuBgsati ons of
cross-sectional views of a portion of another integrated circuit that

i ncl udes a sem conductor |aser and an MOS_ transistor, Skilled artisans wll
appreci at e t hatThe evegent ninvent ipgui8sihtestrptsdr BYeia¥oPLsinplicity and

clarity and.gmN@avghddotecassadt ion begntHe anBebRpsgiag Eaguexanplien  the

di nensi ons of sone of the elenents_|n the flggres gaé Ee exag?erat ed
rel ati e tdigiheliksd RARELIE Rt P2 L nPrBYLAENBLFYERhEr nd76F *Bnbodi ment s
of the preggeidh: i nvention. 30 Detail ed Description of the Drawings FIG 1

illustrates sc&%icall , Ancr section j of , L.conduct or
structure 20 i cordarfee i t5‘r:1 ]géf%%t%%%a%%%ﬁ&g{é%ggyf n%‘/gn??{%g
Senm condudeart isdir uctewice G d3res Bn AuGeDd4nde wdthnehydessa
rmnocrystae:n_:biorﬁn%qpﬁtroa# etrgez,.rgpgmgati ng buffer |ayer 24 conprising a
monocrystalline nmaterial, and " a ayer’ 26 of a nonocrystalljne conpound
seni cbduct or Fifgt-ed dillustnaties @mrbdcathe the rehahbeR§sialline” 5
shal | have,dihif 1 H: G P Y MhASE 7 1| thidene S€hea@nUyet okel ndustry.
)JThe termshall refer to naterials .
mismatch between a host crystal and a grown crystalline
overlayer;
FIG. 6 includes an illustration of a block diagram of
15 a portion of a communicating device;
FIGs. 7-11 include illustrations of cross-sectional
views of a portion of an integrated circuit that includes
a compound semiconductor portion, a bipolar portion, and

an MOS portion; and

20 FPIGs. 12-18 includes illustrations of cross-sectional
views of a portion of another integrated circuit that
includes a semiconductor laser and an MOS transistor.

Skilled artigans will appreciate that elements in the

) figures are illustrated for simplicity and clarity and

25 have not necessarily been drawn to scale. For example,
the dimensions of some of the elements in the figures may
be exaggerated relative to other elements to help to
improve understanding of embodiments of the present
invention.

30

Detailed Description of the Drawings

FIG. 1 illustrates schematically, in cross section, a
- portion of a semiconductor structure 20 in accordance with

35 an embodiment of the invention. Semiconductor structure



that are a single crystal or that are substantially a single crystal and
shal |l incl gdesthase erials having a relative smal | nunber, @l‘tﬁd b cts
such as dislocationsri and the like as are COmey found i i sk rg of
silicon or germaniumor mxtures of silicon and germanium and epitaxi al

| ayers of such materials comonly found in the sem conductor industry. In
accordance wth one enbodi nent of the invention, 15 structure 20 also

i ncl udes an anor phous internediate | ayer 28 positioned between substrate

22 and accommodating buffer layer 24. $tructure 20 may al so include a
tenpl ate 2ayencBodést aceonchryaczbhimdacithgtbatter 2l apecoamedacdmsound
sem conducy,of ¢ LAY eL 26 2 ASc¥hbl; BEnexp! AbnsHr9Qeaol entulby cbalbaw, dhe
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so, aids in the gro of a hjg cr alline quali accommodat i ng
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layer 28 is QE%W%a%%r éﬁ%J%ﬁ%t?%ﬁg ééﬁ%&IﬁéﬁE%&@ Qﬁémfﬁpention,
15 structure 20 also includes an amorphous intermediate layer
28 positioned between substrate 22 and accommodating
buffer 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
20 more fully below, the template layer helps to initiate the
growth of the compound semiconductor layer on the
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
25 crystalline quality accommodating buffer layer. ‘
Substrate 22, in accordance with an embodiment of the-
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
30 preferably a material from Group IVA. Examples of Group
IV semiconductor materials include silicon, germanium,
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

35 germanium, and most preferably is a high quality



substrate 22 and the grow ng accommodating buffer |ayer by the oxidation
of* substrageod2odyri ngethe gromh of |ayer 24. annrphousjiqi§QEEQMﬁFe

| ayer serves to reli 10 strain that mght oth i Se occur i'n
nonocrystalline accomodating buffer layer as a result of differences in
the lattice constants of the substrate and the buffer |layer. As used
herein, lattice constants refers to the distance between atons of a cel
measured in the plane of 15 the surface. If such strain is not relieved by
the anorphous internediate |ayer, the 8train may cause defects in the
crystal | i neosocugstuablbhet hélicoonwedari ag bekfledin [tdesenpdefaadustiar t he
crystallin ure > L.n fen i rN,5 Wwoul d
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partizthl atlhe stbhdfeee. If such strain is not relieved by the
' amorphous intermediate layer, the strain may cause defects
in the crystalline structure of the accommodating buffer
layer. Defects in the crystalline structure of the
accommodating buffer layer, in turn, would make it
20 difficult to achieve a high quality crystalline structure
in monocrystalline compound semiconductor layer 26.
Accommodating buffer layer 24 is preferably a
monocrystalline oxide or nitride material selected for its
') crystalline compatibility with the underlying substrate
25 and with the overlying compound semiconductor material.
For example, the material could be an oxide or nitride
having a lattice structure matched to the substrate and to
the subsequently applied semiconductor material.
Materials that are suitable for the accommodating buffer
30 layer include metal oxides such as the alkaline earth
metal titanates, alkaline earth metal zirconates, alkaline
earth metal hafnates, alkaline earth metal tantalates,
alkaline earth metal ruthenates, alkaline earth metal
niobates, alkaline earth metal vanadates, alkaline earth

35 metal tin-based perovskites, lanthanum aluminate,




nmetal oxide or nitrides typically include at least two different netallic
el'enments. Jdysosmpsspegific 10 applications, the tal oxides gorSrA[ﬂiBi,’_tﬂeffnay
include three or no different netallic elene . Anor phous interface

| ayer 28 is preferably an oxide formed by the oxidation of the surface of

substrate 22, and nore preferably is conposed of a silicon oxide. The 15

t hi ckness of layer 28 is sufficient to relieve strain attributed to

m smat ches between the lattice constants of substrate 22 and acconmopdati ng
buffer layer 24. Typically, layer 28 Ias a thickness in the range of

appr oxi rratl%iry:}far’ﬁ:rﬁ suandiian hex ichnpoamtl sedoomtuctoxidaterial of |ayer 26
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gal I'i um arsenl aI I Ium 1 ndi"'um ar seni de %ﬁ gal i um
al umi rfum aﬁrsaemrwel msas)alqhwahn%ﬂmrm% rl(‘ﬂi*ﬁp}at%ad ﬁn?%ﬁ‘lﬂ?iae (CdS),

cadm um W%Clér)botxﬁddtrdzde de%igﬂiq)y Zi NS S Qhand 9Ea { NSee , m&tat sul fur

sel eni de 30 (ZnSSe), the 1. Suit abl e te Iat erl chem cally
bond to t RELEEEt S MH-H C%-h od &1 f%af ‘3‘%? a"%%?ect ed sites

ang provi getsit Q)Sufdgf drhent&li@ieesatﬂyq:ﬁcmfllt}hel.m:mu@a(lat 1;1&3@5\#: hteé the
subsequent caondyct or Iaye 26, pr materials 35 for
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i || usta at eppliratioss,sede owtad pvgmtdetm af rdltesideominicieeledeucture 40 in
accordancghwe ho3 feedehes f%'l%?ﬂ' %gfal‘lf:,ct he dygrd ion. Structure 40 is

)S| mlar to e previous escrib sem.conductor_structure 20, except 5
that an addi t|éﬁalrpbmlﬁelmF&y'éﬁlCQZ1|a§e;¥o§8t igheFdanaly R FRdati ng
buf fer | aygeméd Bs}dthéygﬁclaat%ﬂoe;rfy&u@ | SUAEE 2 0 o Uiib Sierd eoneizic t or

materi al ggd % gglgre%ergblyhgs composed of a silicon oxide. The

15 thickness of layer 28 is sufficient to relieve strain
attributed to mismatches between the lattice constants of
substrate 22 and accommodating buffer layer 24.
Typically, layer 28 has a thickness in the range of
approximately 0.5-5 nm.

20 The compound semiconductor material of layer 26 can
be selected, as needed for a particular semiconductor
structure, from any of the Group IIIA and VA elements
(III-V semiconductor compounds), mixéd III-V compounds,

) Group II(A or B) and VIA elements (II-VI semiconductor

| 25 compoundg), and mixed II-VI compounds. Examples include
gallium arsenide (GaAs), gallium indium arsenide (GalnAs),
gallium aluminum arsenide (GaAlAs), indium phosphide
(InP), cadmium sulfide (CdS), cadmium mercury telluride
(CdHgTe), zinc selenide (ZnSe), zinc sulfur selenide

30 (znSSe), and the like. Suitable template materials
chemically bond to the surface of the accommodating buffer
layer 24 at selected sites and provide sites for the
nucleation of the epitaxial growth of the subsequent
compound semiconductor layexr 26. Appropriate materials

35 for template 30 are discussed below.



additional buffer layer is positioned between the tenplate |ayer 30 and
the overlyidgslgygr ofg conmpound sem conductor 10ggnterial. The additional
buffer |ayer, forned a sem conductor or conp d sem condugt @ AUG 2004
material, serves to provide a |lattice conpensation when the Igtice
constant of the accommodating buffer |ayer cannot be adequately matched to
the overlying nonocrystalline 15 conpound sem conductor naterial |ayer. The
following non-limting, illustrative exanples illustrate various

conbi nations of materials useful in stYucture 20 and structure 40 in
accordance wit mmrimu‘sllwstmmi vin ecbosls neacsioh, t AeppPutenni of. aThese
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circuits haddgmdast Agtsif 8dr abpé r 200- aﬁ@olﬁfﬁéﬂ afamaﬁbdapeeamﬂtmet hi s

enbodi ment of the_ inventi acconnodat i ng_buf
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)Iayer can have a thickness to about 100 nanoneters (nm and

pr ef er abl ymﬁoéiquwl%@r%@slftﬁ %%Rﬁmi@t%f?ﬁ ¥heReraf at 2t FECPs desired to
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SenlcondUCt%%JS@Qiy dé%gﬁégat [¥ﬁé6%§%£f§1ng monocrystalline

15 compound semiconductor material layer.

The following non-limiting, illustrative examples
illustrate various combinations of materials useful in
structure 20 and structure 40 in accordance with various
alternative embodiments of the invention. These examples

20 are merely illustrative, and it is not intended that the

invention be limited to these illustrative examples.
Example 1

25 In accordance with one embodiment of the invention,
monocrystalline substrate 22 is a silicon substrate
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

30 (CMOS) integrated circuits having a diameter of about 200-
300 mm. In accordance with this embodiment of the
invention, accommodating buffer layer 24 is a
monocrystalline layer of Sr,Ba, Ti0O, where z xanges from 0
to 1 and the amorphous intermediate layer is a layer of

35 silicon oxide (8i0,) formed at the interface between the




10 obtain the desired electrical and optical properties. Layers thicker

t han 100 L@:{:’ly provide little additional bgpefit while Ilﬂq%@ 2604
cost unnecessar wever, thicker layers nay@e fabricated if needed.
The anorphous internedi ate Iayer of silicon oxide can have a 15 thickness
of about 0.5-5 nm and preferably a thickness of about 1.5-2.5 nm In
accordance with this enbodi nent of the invention, conpound sem conduct or
material layer 26 is a layer of galliumarsenide (GaAs) or alum num

gal l'ium arseni de 20 (Al GaAs) having a t&hickness of about 1 nmto about 100
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amorphous intermediate layer of silicon oxide can have a

15 thickness of about 0.5-5 nm, and preferably a thickness of
about 1.5-2.5 nm.

In accordance with this embodiment of the invention,
compound semiconductor material layer 26 is a layer of
gallium arsenide (GaAs) or aluminum gallium arsenide

20 (AlGaAs) having a thickness of about 1 nm to about 100
micrometers (um) and preferably a thickness of about 0.5
gm 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

25 aluminum gallium arsenide on the monocrystalline oxide, a
template layer is formed by capping the oxide layer. The
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

30 successfully grow GaAs layers.
Example 2

In accordance with a further embodiment of the

35 invention, monocrystalline substrate 22 is a silicon



grow at a tenperature of about 700 degrees C. The lattice structure of the
resulting geystakhi negoxi de exhibits a 45 degr rotation with respect to
t he subst ratg silicof@@s5 lattice structure. ai)mmdatl ng bukfeilitay8ns
formed of these zirconate or hafnate rraterlals is suitable for the grow h.
of conpound sem conductor materials in the indium phosphide (InP) system
The conpound sem conductor 20 material can be, for exanple, indium
phosphide (1 nP) or indiumagalliumarsenide (InGaAs) having a thickness of
about 1.0 nmto 10 m A suitable tenplafe for this structure is 1-10

nonol ayer ssustzrateonasndassenbed(dbe#s) , Thei aconmuwdplidsghbuds efZr - P) ,

hafni um argepl ¢ {Li aAiﬁ%no%g},@%%lﬂ'%ggépQ?%BQOEJESsELﬂBnE)mm or pariu

strontiumoxygen-arsenic ront 1 un oxygen- osp or us (Sr-O P),
bar i um oxyzjerconattendt idnarAsin andibieseroartherb & phassr wdEh or

bar i um oXygenRaSnnes U:?ntﬁ@é‘méhfite ai‘Qy@feéPréPHcén oRae! #¥emegohtone of

these materials. By way of an le, for a barium zirconate
accombdatihfy Jﬂtﬁefléﬁfa‘:@ a@%‘ﬁwe@%etgﬁrﬂsh PR ’F’é]P?rFﬁéFédaWit kD€ 2 nonol ayers

of zi rconlaaacfnﬁdddy@ﬂquyb@pﬂ@ﬁliawrof the JOAOhMYEEEiaG bafgeri c to forma
Zr-As tenmpl at cryst |ne | ayer of the corrpoun em conduct or

mat eri al rﬁrc tﬁé—"l} in &5t e'I’”r?"t'ie %‘r‘ﬁl% 188n"Yr BRF on the tenplate
layer. Therd@S-:033, Hhd,a I RlEk2004 d:E) atf ebethét Ng hat tobcensturact ure of the

conmpound s cQ duct Qr er a xh| t d r rot.ati | respect
to the acc;%gr1 Sdat iT g}’sotu% ayer ﬁ?‘?:ee ruc?gr%ggn gakP%ﬁ?&cé@
m smat@h taorr(m@@!)rylsrtﬁldflriaas&rZMn Bazﬁoganﬂrbf@j,er%ﬁIyOﬁdre%Hﬂﬁan about

1. 0o. Examphe o3ahfd120CY GRS dé%ﬂhfﬂgt&ﬂd@i)%f’éi’%’f ﬁ&ﬁ&@

)lnventlon a structure 1s provi IS sult 1g{;rowth of an
epi t axi al IEPWAST 3a teMPET st ioff 2wy |3AhFeo%5ees cEn sURet LaEBiCthe

subst r at e gk gucRi@ke I lched 18 di1a0mgaiefs sl tass rdoede abRMebi AeSui 1 gbl e
degree rotation with respect to the substrate silicon

15 lattice structure.

An accommodating buffer layer formed of these
zirconate or hafnate materials is suitable for the growth
of compound semiconductor materials in the indium
phosphide (InP) system. The compound semiconductor

20 material can be, for example, indium phosphide (InP) or
indium gallium arsenide (InGaAs) having a thickness of
about 1.0 nm to 10 pm. A suitable template for this
structure is 1-10 monolayers of zirconium-arsenic (Zr-As),
zirconium-phosphorus (Zr-P}, hafnium-arsenic (Hf-As),

25 hafnium-phosphorus (Hf-P), strontium-oxygen-arsenic (Sr-0O-
As), strontium-oxygen-phosphorus (Sr-0-P}, barium-oxygen-
arsenic (Ba-O-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

30 example, for a barium zirconate accommodating buffer
layer, the surface is terminated with 1-2 monolayers of
zirconium followed by depogition of 1-2 monoclayers of
arsenic to form a Zr-As template. A monocrystalline layer
of the compound semiconductor material from the indium

35 phosphide system is then grown on the template layer. The




-accommodating buffer layer material is Sr,,Ba}_xTi O3, where x 15 ranges

fromO0 to jgohaytfg ag hi ckness of about 2-100 ngay and preferably
t hi ckness of about 5- nm The II1-VI conpound i conduct or nﬁfe'fi%fs CQQW‘

be, for exanple, zinc selenide (ZnSe) or zinc sulfur selenide (ZnSSe). A
suitable tenplate for this material systemincludes 1-10 20 nonol ayers of

zi nc-oxygen (Zn-O followed by 1-2 nonol ayers of an excess of zinc

foll owed by the selenidation of zinc on the surface. Alternatively, a
tenpl ate can be, for exanple, strontiudOsul fur (Sr-S) followed by the
ZnSeS. 25 &t ingt Tt tsi carbodiwentrof of hehe nvempoondi sean coxdrplterof
structure 4Q illust ol I S . 22, talli oxi de
| ayer 24, %&f%aﬁc%%%t%%n{ %:o%%%ﬁéjn%) %‘Se%tg%%%u‘g?glfl@ngggrgl}égl @'Iba;'{:g% 26 can
be sim | armrdamdibseinedorf e layverahptleide shradbnrgoandan aadicicenal

butfer |aygr, &?ré’c?sﬁf({%)alir@’i@f e Y StdRi NSs4 hahngi ghtrekapult froma

m smat ch of the crysta attice of the 35 accommodating buffer |ayer and
the | a%tidesst than BRI %r 0 ;, - 3 AUG 2004 11 nonocrystalline

sem conductor material. Buffer layer 32 can be a gallium arsenide
phosphide (GaAs,,P1_,,) or indium galliumphosphide (InYGi _YP) strain
conpensated superlattice. In the &gﬁ“m}rﬁ a-’rpseni de phosphide 5 superlattice
the value of x ranges fromO to 1, and in the indiumgallium phosphide

superlattice the val ue of r.anges fr to.,l. -B rying the val ue of
X or y, as th ncggé:oﬁéi]gmﬁé, Yre" 1at L}rgt(raﬂe%ones ST lr%(%&t\gaéé?e%hgr om bottomto
top acy ossnviemtsomer laatstiree thugree riea e v Ittt e biet weeht hiei €erconstant s

of the underl ¥'! NG, X nd.f; saverd ping, € ppng: sget cenduct or materi al .
)The supe(rE At qetggr?(%ﬁg?{le%g&tr{%xcl%\r?esésl 0 a%out 50-500 nm and preferably
has a thi ekeEdyins gbedtizor sobsthatFhe T fWREFdESt hfs structure can

be the sappe@brbbaly a silicon wafer as described above. A suitable

accommodating buffer layer material is Sr, Ba, ,TiO,, where x

15 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
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

20 monolayers of zinc-oxygen (Zn-0) followed by 1-2
monolayers of an excess of zinc followed by the
selenidation of zinc on the surface. Alternatively, a
template can be, for example, strontium-sulfur (Sr-S)
followed by the ZnSeS.

25
Example 4

This embodiment of the invention is an example of
structure 40 illustrated in FIG. 2. Substrate 22,

30 monocrystalline oxide layer 24, and monocrystalline
compound semiconductor material layer 26 can be similar to
those described in example 1. In addition, an additional
buffer layer 32 serves to alleviate any strains that might
result from a mismatch of the crystal lattice of the

35 accommodating buffer layer and the lattice of the



15 described in exanple 1. Alternatively, the buffer |ayer can be a |ayer
of nonocrystadloxe g ni um having a thicknessgaf 1-50 nm and preferably
havi ng a thickness o about 2-20 nm |In using rmani um buf f.gr3 | gyenppe
tenpl ate | ayer of either germaniumstrontium (Ge-Sr) or 20 |
germaniumtitanium (Ge-Ti) having a thickness of about one nonol ayer can
be used. The formation of the oxide layer is capped with either a

nonol ayer of strontiumor a nonolayer of titaniumto act as a nucl eating
site for the subsequent deposition of Hthe nonocrystalline germanium 25
The nonol ayercafysftabhtnaisericondud uor pnavedesla BuEfexnt layesi B3&€ to which
the first Foe OF L : 0 135, £ l e al so
illustrat e(%;gepn%ég)r/a?a aglluls_e %éﬁﬂad&:él}%%?%% asg’frﬁr’%st(')-rg(;{tlz-'l in FIG 2.
Subst r at e PdtldrimIPhosphige othmSas iyRy BhFRrép rayeensatesonocrystal line

conpound sRPGARMUGLQ . Bt LI gﬂﬁu@%%i@@%ﬁé%ﬁﬁdéayer 30 can be
the sane as thqose described above in J&@9-033.S 0 3 AU G 2004 12 g)fﬁarrpl e

2. | n AddSUPsT L s &g FRUS LT K iTRRIRRIETHR hekA LthedBEcdRnbESRt i ng

buffer | ayerdiand 4did iaedhysthi d@nagieslattiae cloapealde Sefi gonduct or
material |ayer. _The g)uftf er, | ayer, a further nocr¥stal i he_sem cgnduct or
5 nmateri aF2g8% 5ECT & "&anpl &Y £YrRfed- TRy of 2+ hdi O Xg8FI Yunt&r seni de
(1 nGaAs) kheweiesk tray ibrdi whec dmidside aronatantesid romrDed ofabout 470.

The-buffe r.prefer a | SNBSS o] -3 arying the
conposi ti %ﬁkg%%t ﬁg) %t?_f %?’Jr?éasysg% rc?gr%ﬂélﬁs to %\Cgcz;sé%%%‘g%sg @%EE%{ provide a
| at t ilde nhetWebat weslh icke congdenish et droandanlying oxide andefhgl and

the overl %i,8814a%8" cBhpolRAC SWS RIHdE GO TRAW Sem opigluct or materi al .
_)Such a buffer_layer is especially_gdvantageous . if there is a lattice
7 snat ch BEPRERACRAESNRBBAPANG BuFPerHRRRS 24 ARAPE S OmrOR (58 ARRI ne
conpound geafeeanlet hasmat ehiaknkageibf2@Gbout 200-100 nm. The
template for this structure can be the same of that
15 described in example 1. Alternatively, the buffer layer
can be a layer of monocrystalline germanium having a
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
20 germanium-titanium (Ge-Ti) having a thickness of about one
monolayer can be used. The formation of the oxide layer
is capped with either a monolayer of strontium or a
monolayer of titanium to act as a nucleating site for the
) gsubsequent deposition of the monocrystalline germanium.
25 The monolayer of strontium or titanium provides a
.nucleating site to which the first monolayer of germanium

can bond.

Example 5
30
This example also illustrates materials useful in a
structure 40 as illustrated in FIG. 2. Substrate material
22, accommodating buffer layer 24, monocrystalline
compound semiconductor material layer 26 and template

35 layer 30 can be the same az those described above in




Referring again to FIGS. 1 and 2, substrate 22 is a nonocrystalline
substrate H@sza nocrystalline silicon subgirate. The crystalline
structure of the no rystalline substrate is iraoteri zed by 3 AB t 2006
20 constant and by a lattice orientation. In simlar manner, accommodati ng
buffer layer 24 is also a nonocrystalline nmaterial and the lattice of that
nonocrystalline material s characterized by a lattice constant and a
crystal orientation. The lattice constants of the accommobdating 25 buffer

| ayer and the nonocrystalline substraté2nust be closely nmatched or,

al ternat i walampIaist . bers usdditbdn yporbuf beat layenf 3Bnéscipseakedri ent ati on

ith It t th i i b i i
Vit ti coF dirighit She AeriiaiRt Mo TR ERLE 1 fer BatdPERELLBRI RGN (1 1y
equal " anddrsuhststre1kineg oempdhetd milcomdna@t@he{n@tegié&f Lawpent
simlari tyr}PeEtB’ﬁﬂez_l rfagbéaét L€ f&&‘éﬁgﬁ@oégwéminérgeﬂge%{auef;o% hi gh

quality crystalline er’ on the und Ing layer. F Il ustrates
gr aphi Bal matewrialel atarorhi pfo exBple, Rl 2VPEKAESIPELUE gr own

crystal | augr Qf MR- OBfcakk) ~tn 3v&h 2004 iﬁdiﬁﬁlyamgbbmeianal ity as
a functiom of the msmatch between the |latti copstants_of the_host
crystal a@nigs Jrish 0 &3 kaut difve 4@%}?‘&1@5‘?& QYthePhB ﬁﬁﬁﬁ%yof hi gh

crystall j[ mﬁﬁsﬂ@kﬂlﬁ)&ﬁﬁﬁﬁ icgﬁ adhe ar®ea s quh he vaghingftbecurve 42
represents | ayer,s .t hat 0 olycrystalline, Wt aptl
mi smat ch, ‘%_OE“H)éélstﬂ?éb&é ?trcl‘ael W%ﬁ%&ﬁﬂ%‘% otsﬁ?%vé;%%s i t\:r%i ?‘?@%ﬁ*lﬁ %%%“%ES hi gh
qual ity epmict gicadidenyer] oot itdee nrosth dretstedn e tlederdghagch in lattice
._constants _jncr ~qt:he. this : AGp i q Li-y
,_)Cr ystal li h“é)%%é:%gfsec lgr%%}sedsyﬁrg;pl gle%flég are e?te)élf%rg%igﬁ?, y?%%keggnpl e, if
the | atti oenosaystadils nsetommmeuriste SRicardugtdr dtertalr owRUFRy8r are

m st Cheﬁuﬂe@&%ﬁe*ia&@fé@ﬁec%%llgowm ddwe EpitRxial ikayers in
excess Of13@%&Le2%ﬂgﬁ;ﬁ@ﬂ“ﬂgéﬁéeﬁLaé%ﬁ%ﬁ%’a-ing buffer layer 24 and
15 monocrystalline compound semiconductor material layer 26.
Referring again to FIGS. 1 and 2, substrate 22 is a
monocrystalline substrate such as a monocrystalline
silicon substrate. The crystalline structure of the
monocrystalline substrate is characterized by a lattice
20 constant and by a lattice orientation. In similar manner,
accommodating buffer layer 24 is also a monocrystalline
material and the lattice of that monocrystalline material
is characterized by a lattice constant and a crystal
:) orientation. The lattice constants of the accommodating
25 buffer layer and the monocrystalline substrate must be
closely matched or, alternatively, must be such that upon
rotation of one crystal orientation with respect to the
other crystal orientation, a substantial match in lattice
constants is achieved. In this context the terms
30 "gubstantially equal” and "substantially matched" mean
that there is sufficient similarity between the lattice
constants to permit the growth of a high quality
crystalline layer on the underlying layer.
FIG. 3 illustrates graphically the relationship of

35 the achievable thickness of a grown crystal layer of high



In accordance with one enbodi nent of the invention, substrate 22 is a

(100) or (3&3)-eshentgd nonocrystalline silico fer and accong?gﬁbiﬂ%4

buffer layer 24 is af{g@yer of strontium barium anat e. Subsfa

mat ching of 20 lattice constants between these two materials is achieved
by rotating the crystal orientation of the titanate material by 45 with
respect to the crystal orientation of the silicon substrate wafer. The
inclusion in the structure of anorphous interface |ayer 24, a silicon
oxide 25 layer in this exanple, serveslBo reduce strain in the titanate
nmonocr yst attyeealbime tthaliniyght aeSuhtticonplnyhenmingpmackhi betheemttice

constants t Ll e n e ti;t.an . As a
result, ihgﬁ%cg%?ggﬁéeég#%gggﬁsgﬁéogP%eﬁ?égfc%%g%?%vg%?igh% géﬁﬁgh 30
qual i ty, tdiyktahonoewyseatli hdélubtnatee tb@ebousdaavhpéanB@. Still

referring£%€¥£ﬂ§¥iiﬂe 5 2ity2¥%8FefPalS aTh@YEFeaOtoeRhbaxhghly odr own

nonocr yst ne conpound semnm conductor material and that crystalline
materi 8l iSBF A rePEeRREF| rarery Bhak yseRf FatPPce constant and a
J39- 033 .pAL My 2007 flde . Cryst Rl n®r 10t BEé onisni@corhi eveiBi gh crystalline

it I'n this epitaxially, I ,_th dat | ng, buf f. I
miot bo of MRS HREHALF | £5. ST st (PO EPRY oF BAF o P48kl eve hi gh
crystal | i neueiiady tepd thaztbyerlaper Sos ulist dmbstal crpschlng Bstwben the crystal
o comeaa Tk o | THRel St iee Ihdil 2o 685 Bnb EnTERACELOLE | 1 N

acconmodat™ig'%b I'dyert“an e grovn cr S désir
propetdy sethdeved et drigh squal Bty seiisttant 1 ine nka yer nde6reREESi ce constants

i hi 1 - f | ofi Lemiek th
i's ac IGV%P%%%.t %sr %%éf&eﬁﬁ%éﬂ&p fdheesdysial okl entatieriet the

)gromn crys respect to e orientatjon of the host _crystal. If the

grown crysSonstantg et ddig oSt L0 Rl | Flgn SFSER; 4a8yesi aee

sel eni de, pAlsmaitkhestdimcal atige bt e acsamrespstaylbuéfer |ayer is 15

o n(.)c ryst aelpliltrz]a.gci%.rlBa;Lla'y’e-ll_:lsCBi’n Seu)gzsé KL tc;f’jl | abnc?&tc f‘g %R f cannot be

15 achieved.
In accordance with one embodiment of the invention,

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

20 lattice constants between these two materials is achieved
by rotating the crystal orientation of the titanate
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

25 layer in this example, serves to reduce strain in the
titanate monocrystalline layer that might result from any
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

30 quality, thick, monocrystalline titanate layer is
achievable.

Still referring to FIGS. 1 and 2, layer 26 is a layer

of epitaxially grown monocrystalline compound
semiconductor material and that crystalline material is

35 also characterized by a crystal lattice constant and a



crystal lattice constants of the two materials is achieved, wherein the
crystal ori®sdagston o the grown |ayer is rotat by 45 with respect to
the orientation of host nonocrystalline oxi@. Simlarl Y 13f At/Ge2fidst
20 material is a strontiumor bariumzirconate or a strontium or barium
haf nate or bariumtin oxide and the conmpound sem conductor l|ayer is indium
phosphi de or galliumindium arsenide or alum num indi um arseni de,
substantial matching of crystal lattice constants can be achi eved by
rotating 25 the orientation of the grow4 crystal |ayer by 45 with respect
to the hostrystialk oristtticom. sohe ackieveesigh crygtadlinmrequediigonduct or

putter |aygl helyegh (08 IoRb o 05lde) 28| Nend! QuBorRBRANAMGSBTredRduct or
| ayer can be "Use 0 reduc _ssiral nin t:Fle grovm_nonocrystaIgU ne 30
conpound sawesormitet dre |of drighagrysght Lies uiivatbyh sndPl 2ddifiePences in

lattice coRstaMis: Bt SFyHAdh i PLysGaAl {hy dRalbeygiawnaperoREyst al line

conpound sem conductor |ayer can thereby be achiev The foll ow ng

d.
exanpl ® i FukataRtEal prdERg heFwesn Jelier gaveed fﬂtBhEeeﬁBBEFﬁ‘Bﬁt of the
i nventi onoff Ahal REOIFErald, AUGC 005 dise f abtié cadbhograsselildéaesduct or

structure such as.the tructures depict in FIGS. 1 an . . IThe process
starts b@SHERHaG Y ﬁﬂ‘}%ieﬁ/s]taa)ﬁlfhea%cggﬁ%%r%ﬁ%‘f%rcgﬁﬁg?iaf‘g conpri si ng
silicon odegdmeEni umMitdh racgendance:lvcted mapeeials edhiabodi ment of the

nventi on e $ 1 ST NUEhAng WPSIIAL £.d SedhldhLon: ¥aheh; Ba¥h D3, 100)
orientation. e Supdtiate % Preferably oriented on axis or, at nost,
about1®. Sreflaxiof matatdast of pdre iorysfal e s aobecebr thabgrPyle has a

bare surfagesraht RAWEN UNRIe 1 RAUd IS fadteh SUPStkat Bos@s descri bed
Jbel ow, may ~enconpass othér structures.. The term"bare" in_this context

means t haFrvREadyr f de the ORE"BoEiTFat Thea SLbEt riat2eha€ebeen cl eaned to
renove any1amides gaQQAu@aReREde) Mihersdleide, et eziat. s@sfus wel | 15

known, bare, st keoN S IV R i Bhe£Ad 14, {07 1E 2

15 monocrystalline Sr,Ba,  TiO,, substantial matching of
crystal lattice constants of the two materials is
achieved, wherein 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

20 material is a strontium or barium zirconate or a strontium
or barium hafnate or barium tin oxide and the compound
semiconductor layer is indium phosphide or gallium indium
arsenide or aluminum indium arsenide, substantial matching
of crystal lattice constants can be achieved by rotating

25 the orientation of the grown crystal layer by 45° with
respect to the host oxide crystal. In some instances, a
crystalline semiconductor buffer layer between the host
oxide and the grown compound semiconductor layer can be
used to reduce strain in the grown monocrystalline

30 compound semiconductor layer that might result from small
differences in lattice constants. Better crystalline
gquality in the grown monocrystalline compound
semiconductor layer can thereby be achieved.

The following example illustrates a process, in

35 accordance with one embodiment of the invention, for




e

native oxide. The term"bare" is intended to enconpass such a native

oxi de. A thtggspbhcongoxide may also be intentiggally grown on the

sem conduct or substr‘, al t hough such a grown e i s not essgnAU@ilzgq]@
the 20 process in accordance with the invention. In order to epitaxiall
grow a nonocrystalline oxide |ayer overlying the nonocrystalline
substrate, the native oxide layer nust first be renoved to expose the
crystalline structure of the underlying substrate. The foll owi ng process
is 25 preferably carried out by nol ecull& beamepitaxy (MBE). The native
oxi de can fhebrirmveny by $émstordectat| gtrdeposet snghaaththel ayer of

strontium T, ubst e,ls

t enper at urée o"?éhtb)@% a(?%ggéol%agggéf hz éﬁ?onfl u%]ﬂgop?gg%?g §]FF?e native
30 sili corbyoximieriding . a Thenstrystalbiser sepicondedues shbsts“altlec_on oxi de
to leave }r?%ﬁoafdl%c]@ gﬁééﬁ%f éﬂﬁsmme ERSHLESPEaREE! @G6H Whi ch

exhibits struct Includes strontium oxygen, and
silicoh. wyefaspd e@n@ql@@%&%rt‘eh%%weat%@w%h% senichadyrgered 35

growt h of baveidey/iing d averi@n &vé@é‘@cﬁéﬁiﬁé'én@l@m deridf®8t833. 16 The
tenpl ate prow des the necessarﬁ\;e hgg;ﬁcal and$ sica ropert| es to

nucl eate tHHe &ﬂ"&ﬁtﬁa}qene’-%rm 50 oplerts %)“I%ia? Fn 8EcBPFhmce with
an al t er nabewenmoadionest akikhe Bt Neeid Qfl,pd:d’iﬁd’iﬁtdﬂ/&:}&k | i con oxi de can be
converted and t bstr te surface e prepared fo rom h of a
nonocr yst &FHHTE ags}'g?'s 3&% 2%35? rd Eﬁl‘ﬁﬁbx‘—i‘%‘éﬁc"dﬁﬁo p@?

substr@t e psuitiiates b:y‘_ NzBE atulstdrat d erperdd seeilead bdolowubsaguent |y heati ng

the SiTUCLUCERbAcR LTSI LR Ll abhl JSAC At d01 5, eliper ature 2

)solld state re |on ace t ween estro lum oxrde and the
native scpncGKtow@SCmtnghawesuW|m tgie tprrtpien vef siheécon  oxi de

and | eavi BanafrQtdenhed BebnSiUeiidE M tfbrﬁ:@xfé)r&ﬂwffix1d%<éfgen and silicon
remai ni ng on the substrate surface. 15 Aaln 1;?2]- forng tefplate for the
subsequenfOBF8RERABL S - aRToPEEEEd TG oxiffe 1Ryerl

15 known, bare silicon is highly reactlve and readily forms a
native oxide. The term "bare" is intended to encompass
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

20 process in accordance with the invention. In order to
epitaxially grow a monocrystalline oxide layer overlying
the monocrystalline substrate, the native oxide layer must
first be removed to expose the crystalline structure of
the underlying substrate. The following process is

25 preferably carried out by molecular beam epitaxy (MBE).
The native oxide can be removed by first thermally
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

30 silicon oxide layer. The strontium serves to reduce the
silicon oxide to leave a silicon oxide-free surface. The
resultant surface, which exhibits an ordered 2x1
structure, includes strontium, oxygen, and silicon. The
ordered 2x1 structure forms a template for the ordered

35 growth of an overlying layer of a monocrystalline oxide.




Fol I owi ng the renoval of the silicon oxide fromthe surface of the
substrat e,geeo ageor d e wth one enbodi nent of gahe i nvention, the..,

substrate is cool ed a 20 tenperature in the r e of about 400¢600C ahd
a layer of strontiumtitanate is grown on the tenplate |ayer by nol ecul ar
beam epi taxy. The MBE process is initiated by opening shutters in the MBE
apparatus to expose strontium titanium and oxygen sources. The ratio of
strontiumand 25 titaniumis approxinmately 1:1. The partial pressure of
oxygen is initially set at a mninmum vakue to grow stochionetric strontium
titanate dthea gpmpidte gprovidedoihe MIe8ssryincheniohhuand phyedcedi tiating

growth of e SLIANIYMIIANA &nd Nerparsi plndressis oF gxygen is 30

i ncreased the inittial mnimumyv erpressure of oxygen
causes t heVrowindflayemnor phous silicon oxide layer at the interface

bet ween t he U'l@ﬁrdd@dlgiaﬂt_lé's_tvfiaetkﬁ a’&‘{‘%]ﬁﬁl@rxﬂé@é’“ SEbSE{ROhE uaftich@na_t € _
| ayer. The growth of the silicon oxide |ayer results from 35 the diffusion

of ~ oxygen WWEHP heé- B S g S 150t G im e 0330 BPAUeBBETe¢ apf: anat e
|l ayer to the isuenhace werfaddeaxygenraseted Pt htsé | geontht ofha surface

of the underlying substrate.., . The strontiumtitanate grows.as an.qrdered
nonocrystg'lon%rty%ttanglé’rey%qq Y575 gﬁfa ‘?%?'F’Jr%}ré?e%'g’b?nmgﬁbmvff{ﬁgg respect
to the ordetedthe subsstraltle mardaaecthy MRE dthea Llowderémpemgasubst aate.
Strain th L\ ' q I e t t. | ayer .because
of the srr%&l gh%gs?\%lt% %ﬁ%qﬂte&%n?é té{c?zst an C%’Il)lirélt)‘%]/ve&eéijnrgt hﬁeé@%%%%?éuggt rate
and tHe gababfig 760yEt ahti thie| tevparrhurke aaredifodsat® Fid9actdPmoxi de

| nt er Medi 8hgelayhoe bbflvebl® chi GRbidHRilid AalR | AP’ asbeppe or own to

~Jthe desired._t ness, e nonocrystalline strontium titanate |s capped by
a tenpl at B1Lager prace sapsiagetie redudid Quinfedihtnafrbig bt 1 aan
epi t axi al ockayer agll aei%idgshhedraerpdu s i ofi tRteftaht i@y the
subsequent, gromth.of 2;43%8h 2LndadhlihdMd 38l Windd1&dPhurtace.
15 Again, this forms a template for the subsecnient growth of
an ordered monocrystalline oxide layver.

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

20 temperature in the range of about 400-600°C and a layer of
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

25 titanium is approximately 1:1. The partial pressure of
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

30 increased above the initial minimum value. The
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

35 the diffusion of oxygen through the growing strontium




grow h of the strontiumtitanate nonocrystalline |ayer can be capped by
termnati ngzddep gt o with 1-2 nonol ayers of tiani um 1-2 nonol ayers of
titani um oxygen or 1-2 20 nonol ayers of str i um oxygen. FoBl

the formation of this capping |layer, arsenic is deposited to forma Ti- As
bond, a Ti-O As bond or a Sr-O-As. Any of these forman appropriate

tenpl ate for deposition and formation of a gallium arsenide
nonocrystalline layer. Following the 25 formation of the tenplate, gallium
is introduced to the reaction with th&7arsenic and gallium arseni de forns.
Al ternati \te'lt;a,nagza | iaymec aro bﬁl@lebnséltfacb@mhdmee chppi agygeayeeatdsf orm a

Sr-0O G bop ]Eﬁ%&g u cf t he GaAs.
30 The structure |1I oag':élrgtﬂe 2 can ébmlﬁorrrggi%% Eh%g gggléss
di scussed Tél@oxﬁé:r\mqtrmnhetletemam%rQW%ras @qu@lf@%@dbmw@?rlfagel deposi tion

step. The Jukf @hd %yz%rstauslfrrg Bk MEIH M G d e &P 2l 8° e before the
deposition of the nonocrystalline conpound sem conductor 35 layer. If the

buf f er5 | aFEEPEsta teoihsumrdaaad Gidu ctars trdbLER st rucBupRI Dobhe 18

super | at t heRlerayahga s%ﬂ!f&&laa:tetl C%t@:@ﬁrb%lﬁﬂ?%ﬁ@ﬂu@é’ Mﬁ@qtf@kléﬁaﬁm €, on
the tenpl ate glescrl bed .above. instead .the buff(ﬁé | ayer i | ayer of
ger mani umt™ & pF’GE@%l%&}éqn@% ek RFAFF (P SRS o antl tanate 5

nonocr yst alibmaechayar laitithi o2 fddafﬁtalzﬁyeremfeem tﬁhaé shliom i smbotratéani um
and t hen d Si i ermanlu t.h e s m, or titani um
QXd %R% g%gr e cry 1gn ﬁéé%' rh ém%%éh

The ger mani'um posi df r On t hi s
tenpllt e. s10iThs pxédessndtesmerdb@dteala@w@n | ustrat es a process for formng

2, sem conduct of e sLEUCHUT LBALYNN 18 5kEC By RS den o ystalline

' .,)St rontiumtitanate accommobdati ng er aye a rmnocr yst al I
gal | ium &ReedApaérednpbiRiNEERI C heuepélpcrragﬁ&aléyl%egfpr%%@ of 15
ol ecul ar ¢ peanuepi L ax¥aphta proaesempaatal a@yréec GaHdd etk @uHdlyivde process

of chert cal, ¥apor, deposition (VD) ¢ T5! 2, QLgANe £ ol yopo

15 desired compound semiconductor material. For the
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

20 monolayers of strontium-oxygen. Following the formation
of this capping layer, arsenic ig 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

25 formation of the template, gallium is introduced to the
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.

30 The structure illustrated in FIG. 2 can be formed by
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

35 layer. If the buffer layer is a compound semiconductor



enhanced epitaxy (MEE), atomi c |layer epitaxy (ALE), or the [like. Further
by a simlgsopresess, got her 20 monocrystal | ine ommodat i ng buffehAUG8bs
such as alkaline ea netal titanates, zi rcona‘s haf nates, tantal ates,
vanadat es, ruthenates, and niobates, alkaline earth nmetal tin-based
perovski tes, |anthanum alum nate, | anthanum scandi um oxi de, and gadol i ni um
oxi de can al so be 25 grown. Further, by a simlar process such as MBE,

other 111-V and I1-VI nonocrystalline conpound sem conductor |ayers can
be deposited overlying the nonocrystal |liBhe oxi de accomrodati ng buffer

| ayer. Eacumpériseties) atuchsaoftupenpatnicsenanohdudeprs3@edat dyi #MBE and

”D”OCWSta%AILI m"i?‘é%g o6 ﬁ@?@d@éﬂ\g\#ﬂaﬁgfégécrﬂSr Hage o" 18 En%%'a%ite

tenpl ate g € oung semi cof I"ayer. For
exanpl e, tile tbrefé@nohmiatmga bldyer cbéygermanaumal the papcesset al

zi rconat e, p e zirconium The
deposi ti on B%%gﬁ?ﬁﬁ%‘%ﬁ i ?gﬁg ‘gﬂm%as%’yhbl?’é%%ﬁ‘o%éeéngﬁe. 3 AUG 2004 19

t he deposimamsewfstakbine Ryphoehhiarasiieat ebeyewi PR €AEheE rconi um as a

precur sor 4¢q-AaPash téf‘@tilﬂﬂi% g@ﬁchlm&naas e@éﬂssltmagugeahlumnwrt@r seni de,
or indium phosphj res ectively. Siml arl he nmonocrystal |l i ne oxide

5 accomod&aty il etr ontium oF Kt Fart rthT t 9PYMABEH% e, the oxide

| ayer can b feappetydly dard hihen ayerdafos heddi diredbeydeposhtikon of haf ni um
is followed by the deposition of arsenic or phosphorous to react with the
haf ni um a l%ll""etc%r sor to the growmth of an indiumagallium 10 arsenide,

i ndi une al um nufher gemicdss cesauihed rﬁhmpﬁ]iiﬂelu$1alyzetesrespeocesel gorin a

.simlar ' Cﬁp(pf,g?_wl of strontium
Jor st rog?:agﬁn{lgﬁé%%gdeﬁ#agrﬁi%an um t| tanate can % ﬂg\;’{lh a |layer of
bari um or sp®staatend %W%ﬂo‘fnqg‘ttws@‘%p%ﬁi?ﬂé § can be fol |l owed
by the depegbhh@da@fi ncASAHG AlayRIOS R US rﬁcﬂlé@@ﬁét&\llbné hgaTap@inng

materi al agrge];lgrd@ %Otmer’rgl %t esefm%.rcc}nbieuc(%%proslé}lreoxn by s rTPoce-.(sjs, of
15 molecular beam epitaxy. The process can also be carried
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
20 monocrystalline accommodating buffer layers such as
alkaline earth metal titanates, zirconates, hafnates,
tantalates, wvanadates, ruthenates, and niobates, alkaline
earth metal tin-based perovskites, lanthanum aluminate,
lanthanum scandium oxide, and gadolinium oxide can also be
25 grown. Further, by a similar process such as MBE, other
III-V and II-VI monocrystalline compound semiconductor
layers can be deposited overlying the monocrystalline
oxide accommeodating buffer layer.
Each of the wvariations of compound semiconductor
30 materials and monocrystalline oxide accommodating buffer
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

35 zirconium. The deposition of zirconium can be followed by




sem conductor material |ayer conprising indium gallium arsenide, indium
al'um num aggesLggs orglndi um phosphide. 20 FIG | | lustrates
schematically, in cr(‘ section, a device struc@e 50 in accQr ﬂﬁﬁc@{]% th
a further enbodinment of the invention. Device structure 50 includes
nonocrystal |l i ne sem conductor substrate 52, preferably a nonocrystall | ne
silicon wafer. Mnocrystalline 25 sem conductor substrate 52 includes two
regions, 53 and 54. An electrical sem conductor conponent generally

i ndi cated by the dashed Iine 56 is forrigd in region 53. Electrical
conponent tS(z odmpdmi*aionsd:ﬁta)rseaicapacphosphanusat.bi yeasemwdaid udieor

component stchoAsuf 41000 oR-20;  (8NLALOL LB A LLRILANGY i ot t such

as a CMXS I'ntegra cir exa m conduct or
conponent &HFEemEidde IndMIB ahmmgmame@lreencdet @nnin@mumdphp@gbe.rd‘a)rm

digital sldigleq HFERP! N0s A BROIPCT S FUBGL! Abnol LYo bl #88! Lide | ntegrat ed

circuits are welI_suited. 35 ectrical sem cobnductor component in
regi on>53 agPBRCRDIRGIJiLen IuEpoba 20 atkrhbaebgasbhyBstrdnal

sem condugi{FndiOceassd r&cf&e VEdYer KEONMHLANEaphae! yypaaehhﬁeday@rt g -

sem condug"i‘?of(rﬂ A ndust r A | aye r of %C]é‘_;lj afing, m eig 8 such as a | ayer
silic 38 de e 13aP9sA REUR[ L FPLLPYS s@kﬁ EbRduct or

conponent dé@;oslmratdmgafﬁﬁd air iﬂammu@tttﬁrréayerﬁlthathﬁay “have

been for rr%d £ gne%03| t ed edcur the Lﬂ_iocess sem On%ucfa ,El .conponent
56 in region 53 are removed 11 9 HeS e o? &y bﬂ 54N g g dVide a
bare 0 1i amasemmdfeacarmunn glhmtimeyicosersde s orel indiawnphbapbidel i con

surfaces gg,glhl ghl q;é,&\ﬂﬁayer a‘af tniuyfalsirhélﬁ.g&o%ggo aygL can quickly

dformon t e bare su face arium or arium and oxygen is
deposi t edtdfnsatire g bfe CRERRS MayidY a okpyete alurdteee@nbiumegron 54 and is

react ed WstRohB@udd atvd @hdRMknS Wi g rtiunt Qf:”_fﬁaﬂqeftié Séaﬁ%@'é&ﬁpééyer (not
shown). In, g cordance wi_th one enbodi nent of i nventjion

monocr yst ¥t FPn8 J2VEE PhyEATE™ £% m an OXY gen. ' Each of

15 these depositions can be followed by the deposition of
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.

20 FIG. 4 illustrates schematically, in cross section, a
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

25 semiconductor substrate 52 includes two regions, 53 and
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

30 transistor or an integrated circuit such as a CMOS
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.

35 The electrical semiconductor component in region 53 can be



overlying the tenplate | ayer by a process of nolecular beam epitaxy.

React ant s @64 ugtHg lum titaniumand 20 oxy are deposited onto the
tenplate layer to folg@the nonocrystalline oxi %I ayer. |nit&a} A2
the deposition the partial pressure of oxygen is kept near the mninmum
necessary to fully react with the bariumand titaniumto form
nonocrystalline bariumtitanate | ayer 60. 25 The partial pressure of oxygen
is then increased to provide an overpressure of oxygen and to all ow oxygen
to diffuse through the growi ng nonocr¢dtalline oxide |ayer. The oxygen

di f f usi ng fidwmoaay oy heotreeniuional a%mtécwm@mttsorv@rbcessiingnaat wefld surface

of region Y, 6, o] he
second reg&gan&rp o a%%%g ﬁ@é ace bie]?v@éen %%GI%% %ﬂégggguéhgr a'(tegytand t he
nmonocryst & Ila‘}eeromﬂemsmlm deaieer gk h5 &inseplyods nenlapert P i nventi on,

the step @‘11%%‘%9?'&1&91&@%9%% aii]{é“%né%'cg@eff‘i’@reﬁgct§lc§§ term nated by
depositing a second tenpl ate | ayer ich J&9-033 3 AUG 2004 21 can be

1- 10 n®nolSefEcesiugtarn FQRRCMHt - bari um and oxygen, or titani um and _
oxygen. A | ayernne&1eftithg MRIIRGHSI 6st Eiisl cea{gp%measemy@ﬁgughat mayerial is

then deposi over |ng the econd | ate | ayer foces 5 of

o1 6cul ar TEYENRER St ohirbger He pRlcSRPind: 6g o
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ar seni de. t érnatively, i"im Ca
abovel &xanpl haknregdomdands ist fwed If kmcvay, drboali srehicok shefatasention, a

sem condugtar hGg %n‘?‘c%factg%e%ﬂd % 'r{é‘i'ﬁ%t %‘idut?:}’on’?‘ é}!?f&l@dlé)(é'f 88ni s for med

)I n conpoun sem conduct or . Sem conduct or conponent 68 can
formed byd®scklycESFTnGNs t&Ss m/é*mrf@f%ﬂ |y Fus¥ 9 @hePABBRTcaEi on of
gal | i um apsenifieagd ebkheen! bl \de@%mwad cEi i utdtoive Nk BAé al agleyi ces.

SenlconductOEh gﬁogggg g %281on %qyand is reacted with the
15 oxidized surface to form a first template layer (not
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
20 oxygen are deposited onto the template layer to form the
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 monccrystalline barium titanate layer 60.
25 The partial pressure of oxygen is then increased to
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
30 amorphous layer 62 of silicon oxide on the second region
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

35 terminated by depositing a second template layer 64, which




active or passive conponent, and preferably is a sem conductor | aser,

| irght em tidag- ¢t pde, gbhot odet ect or, 20 heteroju i on bi pol ar transistor
(HBT), high frequenc MESFET, or ot her conponen hat ut|I|zes chﬁ$§@§4
advant age of the physical properties of conpound seni conductor' “rat'er :
A netallic conductor schematically indicated by the line 70 can be forned
to 25 electrically couple device 68 and device 56, thus inplenenting an

i ntegrated device that includes at |east one conponent formed in the
silicon substrate and one device formdd in the nonocrystalline conpound
seniconducﬁarhﬁﬂkﬁl&ﬂmdm@&myeﬁéthﬁughtamiwmxrbarﬂemBObatiumtané 50 has

been descr' a i bstrate 52 and havi ng
a barium ron r%égéyéana§&q¥g§§r 60'§n%ég8 a€?|§%1§rsenlde | ayer 66,
simlar dmczt;@sfaita‘:nlluene bR wx@mﬂwosmtemé% ispbhesrystalline
oxi de |ay%@%d@%%é&rBﬂéf%?HHﬁ”EhécggbéﬁﬁgééﬁbIété f&&%gogf gzprocess

sem conduct or |.ayers as descri bed el sewhere in this ~disclosure.
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sem conduct or substra 4 such as a nnnogg talh%qg gallcon wafer t hat
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t he sem con rocess steps sim ose-déscri bed
abovel0 a heﬁ@umysnathﬁn@bmmakexamaka80 and an internedi ate anorphous

silicon oxide kaygroBzqaheel @il a %@t‘hﬂﬂ%w&ﬁﬂh%r?@ K Sybstrate 74. A

Jtenplate | ayer-84 15 and subséquently a nmonocrystalline sem conductor |ayer

86 are foRMBALAREY| §i AEVSHEUEECR IR Bete (28R8TBLY | indigebedance
with a fupy-hardgshed menRk 6l tike fiorved ieN corpoatlli ddiednd@aOsE ystal | i ne

oxi de | ayer 89 js fopred aver|yiNg Jayer 80 By RLOCess SLgRsa Sy far to

15 procesgssing steps conventionally used in the fabrication of
gallium arsenide or other III-V compound semiconductor
material devices. Semiconductor component 68 can be any
active or passive component, and preferably is a
gsemiconductor laser, light emitting diode, photodetector,

20 heterojunction bipolar transistor (HRBT), high frequency
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

25 electrically couple device 68 and device 56, thus
implementing an integrated device that includes at least
one component formed in the silicon substrate aﬁd one
device formed in the monocrystalline compound
semiconductor material layer. Although illustrative

30 structure 50 has been described as a structure formed on a
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




)signal transceiving nea

20 to formlayer 80, and an additional nonocrystalline sem conductor |ayer
90 is formegyovestyi ng nonocrystalline oxide | 88 by process steps

simlar to those use o formlayer 86. In acco nce with one eﬂ‘?gdm[ignt
of the invention, at |east one of |layers 86 and 90 are forned %5 o
conmpound sem conductor material. A sem conductor conponent generally

I ndi cated by a dashed line 92 is forned at |east partially in

nonocrystal li ne sem conductor |ayer 86. In accordance wth one enbodi nent
of the invention, sem conductor 30 conmBé@nent 92 may include a field effect
t ransi st orsdnaMianduet gat bayk et ezt rdeséonibed, elvephetre by hbhecrystal line
oxi de | aye §c810%1ﬂf ddition, nonocrystalline sem conductor |ayer 92 can be
used to inpteren e gate electrode of that field effect transistor. In
accordance 35 WiGh dnelnbeidiaes dfsemecinieioonst Fapbergsial Line

L TG9- 033 a%éb%%&%t%% a (Sﬁg%@ﬂ@ﬁ%di@aﬂ 86 thef ohiBALL6AM a group

[11-V conpoun sem con or conponent 92 is a radio_ frequency
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group |1 -gampanenis Ut efd ad smondcAesi URe i 1hcy/t waréur that

enbodi nent, of. the invention, an electrical J@t e:{grgnnfct  on sghemat ically
i | | ust r at dPRAaTRE 7 (FRIIGE ol 2 AT AITSFIM efonrfedt STeCHhpGRENt 78 and
conponent hpoRantctddtemnitt Idukly | 1t bgrtatased dnporieat dashed 1ake @fvant age

of the uni,que 10 aperties of the i S [ . C or

mat eri al s.l%Bfﬁcﬁﬂﬁf'p e SRS TN i%Slerllgrr%gl%e{ se%{%lt %iiﬁfleggg%egggg%cui ts and
syst en apeodelsssinoattedhimi s, c@ukslFuEed 6l ichedesmbcendpEEered bl ock
di agram i ;| st __nQU%ﬂ%SE%fédé&—, U L UTRIN £214 5O KloYE cgedOPiBaYI ng a

01, an integrated circuit 102, an output unit
103, and aRovgpuf MeMECKYStaEddist ecigie thayesi&fhaned r3hscei vi ng neans
i ncl ude appaBh-AREdate BRGFPhcUs SN BheSx RAMNS Ry Wt chré nformadli on or
data can B8e S§0%na0 2y 70 ¥ JAPALSHL MY Hlif1af8 HEFENEAS N
15 and subsequently a monocrystalline semiconductor layer 86
are formed overlying monocrystalline oxide layer 80. In
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
20 to form layer 80, and an additional monocrystalline
semiconductor layer 90 is formed overlying monocrystalline
oxide layer 88 by process steps similar to those used to
form layer 86. In accordance with one embodiment of the
invention, at least one of layers 86 and 90 are formed
25 from a compound semiconductor material. '

A semiconductor component generally indicated by a
dashed line 92 is formed at least partially in
monocrystalline semiconductor layer 86. In accordance
with one embodiment of the invention, semiconductor

30 component 92 may include a field effect transistor having
a gate dielectric formed, in part, by monocrystalline
oxide layer 88. In addition, monocrystalline
semiconductor layer 92 can be used to implement the gate
electrode of that field effect transistor. In accordance

35 with one embodiment of the invention, monocrystalline



transceiving is used to denote that the signal transceiving neans nmay be
capabl e of yegbypseceixing, only transmtting, o oth receiving and
transmtting signals romor to the comrunicati devi ce. The_ Qﬂwg 2pm t
103 25 can include a display, a monitor, a speaker, or the like. he "I nput
unit can include a mcrophone, a keyboard, or the like. Note that in
alternative enbodi nents the output wunit 103 and input unit 104 could be
repl aced by a single wunit such as a nenory, or the like. The nenory can 30
i ncl ude random access nenory or nonvol &3i |l e menory, such as a hard disk, a
flash mensemarudectondidgsr 086the forked AnomndegraupdIir¥uit is
general ly a, HB! i§~€ n

|o egéﬂ&) lc£ﬁ?$é%§£ & %éﬁy 52 ig?ﬁe&?dée) |nseparably

transi st OI’S res| stors capa ors and
JG09- 033 Xrequeney awel dhier whahipakes opdyamoage sebsthat Bigihe

I nt egr at edn gl Cul éf%amw@él@ SLBLH Gig ffn@oe@fwﬁéﬁéntportlon 1022, a

bi pol ar portion 1024, and MOS port 1026. The conpound senlconductor
porti of 10BLe%id@ifies B éf%%ctlf‘i%%ﬁe d@%%@%‘f sathf-é]ftlé‘FE eOPREA™SRE| st

partially tl'l’é tlhi\férﬁ:ﬁﬁffp%{lfbﬁaﬁfﬂﬁm@yqﬁef@éﬁé@&1oﬂ'r 86BEALOLGaaNY Ot her
el ectrical onen in the compound se onductor ort on 1022 are
capabl e oft er?gblfsl IS8% FadtboFT i e\ ?35‘5
approxinahﬂmpdhéhtﬂ?&HihdIdbmpdnﬁnmmhbdlmNMuntume 2 gohlis coul d be at

| ower or hut%@ r&l fer equs nC| e%tqu:rhaecxatn&e a&?ﬁ% ecgf atLﬁe sUgh eas indium
galllun1arsen| are cé’ 5t e “of processi ng radio equency

si gnal® aprv;pﬁmt)mermtoeﬂ )7:1‘@7 tu@mom&mm@mﬁmm@mmror portion
1022 furt ek o diRglqudes a dupl exer 10222, a radi o frequency-to-baseband
Yconverter 10224 (denodul ati ng nmeans_or denDduIatln circuit), '
baseband- t o- r a8¥o We¥e §iie Oy & S@sHifeic BRIl RIRET P heghated

modul at i ngigchue st hnda sPewens2 @ raall fifirakd2P8n m@n éspgat orr¢0229. The

bi pol ar Boﬁkhﬁﬂd%%24 %g%pag%iggs %k:l%ﬁég¥§%tfﬁlu§£ gtare IELL

15 portion of a communicating device 100 having a signal

transceiving means 101, an integrated circuit 102, an
output unit 103, and an input unit 104. Examples of the
gignal transceiving means include an antenna, a modem, oOr
any other means by which information or data can be sent

20 either to or from an external unit. Asgs used herein,
trangceiving is used to denote that the signal
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

25 can include a display, a monitor, a speaker, or the like.
The input unit can include a microphone, a keyboard, or
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

30 dinclude random access memory or nonvolatile memory, such
as a hard disk, a flash memory card or module, or the
like.

An integrated circuit is generally a combination of

at least two c¢ircuit elements (e.g., transistors, diodes,

35 resistors, capacitors, and the like) inseparably



in a Goup IV sem conductive material. The bipolar portion 1024 includes a
recei ving agpbibier 42, an anal og-to-digital ‘)nverter 10244, a

digital -to-anal og 25 nverter 10246, and a tran tting anplifigr %@éﬁﬁ
The MOS portion 1026 includes a digital signal processing nean Ai LY
exanpl e of such neans includes any one of the commonly avail able DSP cores
available in the market, such as the Mtorola DSP 566xx (from Mdtorola, 30
| ncor porated of Schaunmburg, Illinois) and Texas Instrunments TMS 320C54x
(from Texas Instrunments of Dallas, Tex¥d#s) famlies of digital signal

pr ocessor sasgp¢sateld gbn abr swbhinprocestiingonsassbs02eet.ypilda | y i ncl udes

conpl enent EVEE)- nghst aga =0z di |
digital -t o?lgé/n%, 0g %onver?gﬁg. f%?egfrl?%/,aagtshgr E?%ggg%gﬁhﬁgo%%é%%)(ﬂ 25
el ectri-calP@Bnime®32 ara bieabar partheni hPedrarrd agi MOS Pordion n one

node of opeg#4 i onrhd heo | §ahi BOndBYLEL pdPPibACELYESS idcugRy) from an
antenna, which is part o 5 the signal transceivi nggmeans 101. .The signal

passes>t hroWRFAFEHA L UpPBQrene2 et #he FauMEds REqLEREY- PEYtRadddand
converter Withih alhtomhalnl skahbeoidetber maoéei ARl i orrkssaepbirls etdy

i Vi | ifi 1022 d t 1tted. t he digital, si I '
mans. 1096 Fer) Sla i amaenSir gt Ehihoshe; RgnRREAS 30965 has oo
processed ste_hreldcrﬂcbmtmﬁ @womoriat 22 adse d:énpalpleceﬁspdociasfsdmgat | on or
other dat g5 fyrAngm L1 ad, tﬁ%&l?ar? Sty (‘;Q% t %%%%F a%/{ap{c%}ﬁgﬁggggm%' ng

device is a~pager, the Toutput unit can . nicating
devi cB015GHg .a d@l laiher tembgshgirnts hetlait plegnahpt ceeddcha phclowera

.Speaker, & diSpia% fHefpRidtidRl a @iy Ahahipldf OsomE | RALERNARE, Selknt hr ough
Jthe communicati.ng device 100 in the opposite djrection. The, data or other
| nf or mat | 8 WPAH W 8 1t i AR iR (4RO MOARHF {04 0ATOPRSRIBEI | Ul ar
t el ephonegibhbd scattl dadidd Fiequerthe raiphtdes cit safeyPaiimad8eyi pifor mati on or
ot her dat aHiz§ .
15 The compound semiconductor portion 1022 further
includes a duplexer 10222, a radio frequency-to-baseband
converter 10224 (demodulating means or demodulating
circuit), baseband-to-radio frequency converter 10226
(modulating means or modulating circuit), a power
20 amplifier 10228, and an isolator 10229. The bipolar
portion 1024 and the MOS portion 1026 typically are formed
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
25 converter 10246, and a transmitting amplifier 10248. The
MOS portion 1026 includes a digital signal processing
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,
30 Incorporatéd of Schaumburg, Illinois) and Texas
Instruments TMS 320C54x (from Texas Instruments of Dallas,
Texas) families of digital signal processorxs. This
digital signal processing means 10262 typically includes
complementary MOS (CMOS) transistors and analog-to-digital

35 and digital-to-analog converters. Clearly, other




then processed using the digital signal processing neans 10262. After
processi ngzodhessi gn is then converted wusing e digital -to-anal og
converter 10246. Thé‘bS converted signal is anp™ied by the q#éhdﬂﬂiﬁﬂhb
anplifier 10248. The anplified signal is nodul ated by the

baseband-to-radi o frequency converter 10226 and further anplified by power
anplifier 10228. The anplified RF signal passes through the isolator 10229
and dupl exer 30 10222 to the antenna. Prlor art enbodi nents of the

comuni cating device 100 would have &° | east t ar at nt egr at ed
circuits: elﬂ@ﬁri@@lt%@mﬁ@ﬂ%ﬁﬁﬁda§%nPE6ﬁ@BEt6P EggtﬁB e?@?% Shd one for the
MOS portion-J926.1dhe blpolar portion 1024 nay be on 35 the sane i ntegrated
circuit as the MOS port %026 or, J39-033 0 3_AUG 2 % coul d be
on still anot h&? ?%?e@? ?eﬂ cPPEEREIOW th ﬁnCOQWHS&FﬁgﬁPg the present

InventlOnho@lfeé@iﬁ@sp@réi@ﬂal £aomnaw hetéonapdwhiithi dsapsintglod i nt egr at ed
circuit Because e _transistor an i a le 5
|nteg?atéguilﬁ%%ﬁlf-Yﬂ%nﬁgﬁhﬁhF%aT?%ﬁsdgegce ?gﬁ gggggﬁe ?F%%nlnlaturlzed
and al | owt Hwsudgit echerdyol ¢xdr | 10929f toatbenmadicafiragugaeycéO-Attention is

di ted.t t he i nt ted
Ciroui 1 19 D SRR af oAy Qe SRABG Y oy, LBneLter D Goped.

a yp oped,
nonocr ystialfdrmeation con wupkifhed hxorﬁ?@ebeVGdéﬂthé@lﬁ’g" éozéénﬁalgin

Se”‘CommﬁgéHsﬂEHﬁéé”téigﬁb Qi i Pl asi gRali pRocéB24ngandans MOGepar ti on
1026. Wthin the bipolar _portion, the: nDnocr staII|B§6§ blcon Substrate is
y

doped0t o M- rHe Ig1tA | 2tERRY BRO9E891nA PRERE v &°doped

epi t axi al ﬁBHéEééﬁSttﬂiéIﬂ@f@trba&tﬁﬂﬁhl@:yedstﬂéﬁ4dasat,hehe pooredseder t he
bur 20 1 SULo LI U St g T saafioeRi oSk el bRk Pl ea ™
regi on 1162t 2M3The Wopily ctrepurbraeing daeidepast at ppeest the |ightly p-
Itype epi ¢ ?{9  hAYET 4 hHﬂ & &f‘ﬁ}igp of rfhendi pehAlinikeEiag 24 ded a
|ghtly n- §) nmonocrystalline silicon
is cellular telephone, the output unit 103 can include a
speaker, a display, or both.

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

20 unit 104. In a cellular telephone, this could include a
microphone or a keypad. The information or other data is
then processed using the digital signal processing means
10262. After processing, the signal is then converted
using the digital-to-analog converter 10246. The

25 converted signal is amplified by the transmitting
amplifier 10248. The amplified signal is modulated by the
baseband-to-radio frequency converter 10226 and further
amplified by power amplifier 10228. The amplified RF
signal passes through the isolator 102293 and duplexer

30 10222 to the antenna.

Prior art embodiments of the communicating device 100
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

35 the same integrated circuit as the MOS portion 1026 or



region. A field isolation region 110G is then formed between the bipolar
portion 1082%aM$3 he portion 1026. 25 A gat ielectric layer 1110 is
formed over a porti oMPof the epitaxial |ayer 1I04 within MOS popt 3oAUGO2H4
and the gate electrode 1112 is then fornmed over the gate dielectric |ayer
1110. Sidewall spacers 1115 are fornmed along vertical sides of the gate

el ectrode 1112 and gate 30 dielectric layer 1110. A p-type dopant is

i ntroduced into the drift region 1117,¢t0 forman active or intrinsic base

region 1114 n-t e d within
thg bi pol §°Y &?rlbeoﬁ%%%&lﬂo % %glv?relcieg{ rir%gie(a;c?r]%nec |on to e buried
regi on llesboSsmenti vé mhiey peredepitng niventdes.,03d 10 tglmaemczvs per f or med
to form N AoReq LROIAR%CHLHA % e I Sinrdcadlialy 1idl-y ¥, doped

regi ons 1776 are orrre ayer '1T04 al ong adj acent sides of the gate
el ect r odeBecansgnallapé §b§r @éfanﬁrlﬁt@rsoicaé"ome@éﬁ@r & & YA for the MOS

5 transisifte IQ%eH+CQQQQQtreﬂh%ﬂ%o%%ﬁ@ﬂ@%iﬂﬁ@idéﬁidéﬂhéﬁibéizo have a
dopi ng concen?r ation of at east I%ﬁ ataq er cubi c centi rreter o allow

ohni ¢ con@&eRE lyompaipsuxdged A vy &&d F@g"it(?r'i: iRO% eate the
I nactive Qrcomﬁhﬁh_aat@n?aa@vﬁ@gi on 1118 V\:hl ch is a P+ doped regi on 10

dopi t t. 1E19 . Inth
(enggljPﬁeﬁ?ngggéﬁgﬁlﬁggogeiﬁrQPW 65§§£eﬁgtt§{rgp§1etil?g\l¢g f‘Eeen per:'fr% (ranrezj bu'? arg
not ill uséxamptlapy porthens désthebedtegurait:e@is ctibeufidr 3 @8 of wel |

regi qRs: f ?ggg@g& d#gé%l ng._ Il_anl a&hsFI@haqnel EJU g%}éﬁ prevent i on

i mpl ant s, GanAch rou prevention | ant s, a variety of
maski ng Iracymsrystaellioe naﬁté;ﬁoaf Suhétéiéiiﬁcélep ifo Ptli@i‘@qw ri"caViWﬁ e

/ process 'éomé?ﬁﬁ@rE@ﬂlééh@ﬁc€99V§BEt98ﬁ|1§b§p3a Bs p1la#s tgeatteihn a 20
standard N-channel MOS transistor has hin. the MOS region

1026, and-22%erdafn NERE bPPEF 4Pt 848 st Hﬁtgﬁﬁsgﬁ'@e 1’?’63']7?% within the
bi pol ar pesti Don 1024e  WSnéfrystalline silicon substrate is doped to

15 form an N* buried region 1102. A lightly p-type doped
epitaxial monocrystalline silicon layer 1104 is then
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.

20 The doping step converts the dopant type of the lightly p-
type epitaxial layer within a section of the bipolar

- 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.

25 A gate dielectric layer 1110 is formed over a portion of
the epitaxial layer 1104 within MOS portion 1026, and the
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

30 dielectric layer 1110.

A p-type dopant is introduced into the drift region
1117 to form an active or intrinsic base region 1114. An
n-type, deep collector region 1108 is then formed within
the bipolar portion 1024 to allow electrical connection to

35 the buried region 1102. Selective n-type doping is




this point, no circuitry has been formed within the conpound sem conduct or
portion 10822926334 | the | ayers that have bee, ornmed duri Q,g3tngﬁ 2004
h

processi ng of the bi ar and MOS portions of t

|ntegrated circult are

now renoved fromthe surface of conpound sem conductor portion 1022. A
bare silicon surface is thus provided for the subsequent processing of 30
this portion, for exanple in the manner set forth above. An accommdating

buf f er

| ayer 124 is then formed over %Qe substrate 110 as illustrated in
e

FIG 8. The acconpodat ] bqffer Ia wi || nnnocr stalline
| ayer overP% %D yécb‘g% CIIPNG rjr&?‘t “%5% riate tenpl ate
| ayer) barleggﬁ;jdn m@urprcaop@dJ%@l%& @106, arg AU@H@@DMﬂ&lrpotay@n 1022.
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appr oxi matehy iteten:)Fol | ow ng the formation of the acconnodatlng buf f er

layer 124 and thQe gaof, gﬁimehﬁt%kﬁﬁﬂla} | BRferkA?: fbéé%@&ﬁ%esﬁéﬁgr 126

is then 20 fornmed and

cknessin a range o roximaiely one to

ten nonol hg¥esbetnapratermgl. bug gxe partt ildius r%%ﬂﬂxﬁ?mﬁﬁrt¥%§ materi a
includes Hbbapiveyar 88BKhCas the formation of well regions,
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25

30

35

threshold adjusting implants, channel punchthrough
prevention implants, field punchthrough prevention
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
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
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
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



strontium -oxygen-arsenic, or other simlar materials as previously

descri bed yabbhorgspegt to FIGS. 1-5. 25 A m)nocmt alline corrpougdAUG 2004
sem conductor | ayer & is then epitaxially gr overlying t he
nonocrystalline portion of accommodating buffer |layer 124 as shown in FIG
9. The portion of layer 132 that is grown over portions of |ayer 124 that
are not nonocrystalline may be 30 pol ycrystalline or anorphous. The
nonocrystal line conmpound sem conductor | ayer can be formed by a nunber of

net hods and typically includes a nmater?&l such as gallium arsenide,
al uni num gakkiom a0g@ni d&hei PeIrEFOPhOpRAYET di? &%Wér %ﬁ%ﬁ(ﬁr

sem Condufﬁ%%h Ee&'o%% 53 BD H"o%' Oushat 3T, MRy BReGoIThatdtiakniass of the

| ayer n-a range o 0 - 3 AUG 2004 29 appr,0 tel 000
nm and rramerph@flér bz@pgmﬁeo%oeSnﬁPrmeﬁi OYEE Farth tediaL )%rﬁ)ngcdl rr%n%og

the el e”e{%ﬁo%%rgtﬁllﬁﬁé t appl @hérte&yﬁre ard@easl mtprms:émaum the
accommodat i n

fer layer 124, nonocr I|
seni c@du@@épcﬁﬁﬁéﬁﬂéﬂnﬁgrow—hbot H‘%eﬂ?&c ttlﬁlfg’e ge: | neat | on bet ween
the tenpl atg hﬁsebalzej aBdal msnbmysmmm:m eleal’laidjca@@fﬂ QryrkEr g appear s
during processi There r m croscopy
(TEM phB?H‘g’FaBﬁdl E@éﬁ@ aﬁlaisn taj&%et \/\/ezlln%'?rﬁ:ﬁlrfp?%t acg:]ommdat i ng
buffer |aypprodrd4mandlyhe- nﬁnooay@tnaltﬂrﬁe IR PEEHCHYRIuct or | ayer 132
is seen. At tg%ﬁeggl ”Ehé”g gﬁmoaggtlh@ﬁguqffetlhq asd sem conduct or

at

| ayer 132 Eﬂa € atconmo I ng bufter |ayer e renmoved portions
over N ngapheokipatbaly15-por BMofhigks aﬁ)&llrtjﬁjéI ﬁ% gﬂﬁr’?%ﬁ 2%‘E 'ghshown in
]'f'G éo a&&ﬁ&o&Q‘élﬁgcbh%ekSlé ve@n amcrpgithet iinrdmayetids® is then
ornmed over t

e substrate 110..T sul at| Layer c de a
number of 1%@@ri§?sl§u§ﬁrﬁ§do§488§ %let Hpé’g os%ym A Ecg%l %f;ﬂﬁéy
dielectrigs, tRé ih§e§r56edA&1raﬂ1use@2herélhrls leowphions material having a

di el ect her, .t t
R R L T Wb

15 gilicon and has a thickness and range of approx1mately 1-5

nm. In one particular embodiment, the thickness is

each of

approximately 2 nm. Following the formation of the
accommodating buffer layer 124 and the amorphous
intermediate layer 122, a template layer 126 is then

20 formed and has a thickness in a range of approximately one
to ten monolayers of a material. In one particular
embodiment, the material includes titanium-arsenic,
strontium-oxygen-arsenic, or other gimilar materials as
previously described with respect to FIGS. 1-5.

25 A monocrystalline compound semiconductox layer 132 is
then epitaxially grown overlying the monocrystalline
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

30 polycrystalline or amorphous. The monocrystalline
compound semiconductor layer can be formed by a number of
methods and typically includes a material such as gallium
arsenide, aluminum gallium arsenide, indium phosphide, or
other compounds semiconductor materials as previously

35 mentioned. The thickness of the layer is in a range of




pol i shed, renoving portions of the insulating layer 142 that overlie
nonocryst agbbnesgonpgind sem conductor |ayer 2 32. A transistqr 4 1s
then formed within t nonocrystal | i ne conpoun eniconductor‘pgxébé 2004
1022. A gate electrode 148 is then formed on the nonocrystalline conpound
sem conductor |ayer 132. Doped regions 14G are 30 then formed within the
nonocrystalline conpound sem conductor |ayer 132. In this enbodinent, the
transistor 144 is a netal -sem conductor field-effect transistor (NES#ET)

If the MESFET is an n-type MESFET, t e doped re |on 14 n -
nonocr ystappiresivakpédndiss, §€ﬁ1€6ndﬁ€90W°F§yBFe §§a gp@d % ®fbe doped.
1T a p JGPY-P83s! past A 2P04mBBA i kiyfe , MESERToE LRE! @11&@emrsmthlhen the

doped regions 146_ and_nonocrystall d
doped ool ons, Sy panoaonectyst alLune coUReud SE oMl 192

146 al | ow,@bfi 6 gggégc§g4tothe flafdectosthélinroronppsind | i ne conpound

sem conductor | ayer 132. At S 0|nt
The | Bt egrATLaORERFEGT L MARGE B Por REaPOTHr o BReErLarS Shod ment

hncLudesl@ﬁig?fapeOﬁESEEWeea vbet templaPR bapeirad 26t BassiidtotWaand a pl anar
channe I | St y hgk gsref adbka % udi n

P- - channet™RES S ??Zﬁs?g?ocggg 1%€eggv§rf% g agl g ar@$¢§%§{sf§?ﬂﬁ#p tyge
NESFETS ThekeﬁobenawhensaotraéﬁmiéaFoanﬁ1§P5ﬁ8P mﬁF&ﬁ?F?ﬁ@?é n be used.

Al so, c ongpt .
and t he Qgﬁ?géiféég 9% t%Qgﬁ &R §nté9§9césbé€&é%h0tﬁﬁ capacitors, diodes,

ornmed_in ong_or t he por 022,
and 1026. a@r@@@@@@hgﬂﬁoﬁvﬁﬁ%s ?Be¥o}?r%aagab§P§nﬂ°5P|ch Sé%‘rrgﬁ‘ g 1024
i nt egr at eghbdeidt sdf2cegdhbtyst 1ayed 1R2FLE sekb. An |nsulat|ng | ayer 152

Is formed over_the substrate 20_110. Th I I
an etch-stop At HFF st bp P et B8R tﬁegtﬁgﬁ%ogklFgusgﬁg?e§5ﬁhnﬁﬁelEféﬁdil

A second sawwidatdngtbaybaydBf4138 ahdnther pegonpedatfiayg buffer layer

124 are removed from portions overlying the bipolar

15 portion 1024 and the MOS portion 1026 as shown in FIG. 10.
After the section ig removed, an insulating layer 142 is
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

20 used herein, low-k is a material having a dielectric
constant no higher than approximately 3.5. After the
insulating layer 142 has been deposited, it is then
polished, removing portions of the insulating layer 142
that overlie monocrystalline compound semiconductor layer

25 132. .

A transistor 144 is then formed within the
monocrystalline compound semiconductor portion 1022. A
gate electrode 148 is then formed on the monocrystalline
compound semiconductor layer 132. Doped regions 146 are

30 then formed within the monocrystalline compound

semiconductor layer 132. In this embodiment, the
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

35 gemiconductor layer 132 are also n-type doped. If a p-



first insulating |ayer 152. Portions of l|ayers 154, 152, 142, 124, and 122
are renovgdeobopdefi ngacontact openi ngs 25 wher egmhe devi ces ar@-atﬁ)ﬂtbkﬁ 2004

i nterconnected. Int onnect trenches are for within insulating |ayer
154 to provide 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 30 1022 to the deep coll ector
region 1108 of the NPN transistor within the bipolar portion 1024. The
emtter region 1120 of the NPN transi2dor is connected to.one qf . the
doped regiyms MEIBEBfwehe hochanherm&os FP%HSFEFO OPGA: AEFORE portion

1026. The f éngnggtéﬁghﬁa 2ddBodR9:s8@3cOndudtod APei3 132200013 s
V C

electrlcazil onnected to other portions of th i nt e |_IC U that
are not Stwv. J%ﬁba%@?vﬁPP@ﬁlFﬁyé?pﬁ% F¥Pfor nﬁ]ﬁe b SQE%E Aofe ted?(L:t(l)“tnnects

1562, 1564sqfHes 1566 andownsuhati sgntayes tb n>54ma@ehep é[h@ctrl cal

connect i ons ar e made to the transi stors a S d welyy §%ito ot her
el ect Bi ceﬂ‘on%‘Fr%%%}}bﬂ?cceﬂ%ﬁﬂgn?gmhc? au}:t:{%g ?% %gr %tgzzd circut 102 but
are not ijdiset raheding, t bref hguiee. dEuither withddi thenadntesd@te3 ng | ayers
and i nterconnects d C E ¥ull9rf empoliiteRitoper

i nt er conrfett $'ohs h%%%vxg%‘ﬁnt ﬁég{n/%?l oﬁ?hgg ﬁ%ggen?s Wi th IF?S' t he i ntegrated
circuit lﬂr?clﬁesaambn 1% L) MESHETheapV@VFéﬁéleHBHdPF@ Yactive devices

be i ntegrs : ” . nd-GheHhel VMdE seahsosduwet.or Maatyerial s can

e integrated circuit caus e is some
di f f Loul tq/thmr tm@? p@f aﬁrﬂﬁsb%f-ﬁr%r pbp‘éiu'fl?“ﬁﬂspsf: P?ngﬁd“lé%s transi stors

within asae|atess atllgdtﬂ)écuéftltél Wﬁypbﬂaapossahlsesltorsno\petm of the
corrponents W t hin bi fortlon i nto 20 1hg,cq ogq% $6m conduct or
portion BFst h%n%[%o Foheng %%, %re speC| turning to the

enmbodi rrerﬁraassmasm; bealnmbehuseépecalsg Fpthes, etlﬁété'ﬁﬁlal fiers 10248 and

10242 b d d t {1 @mdl d
2 i S i SR EdRgLRY SsphEsebes tohe) and ik o

15 like, may be formed in one or more of the portions 1022,
1024, and 1026.
Processing continues to form a substantially
completed integrated circuit 102 as illustrated in FIG.
11. An insulating layer 152 is formed over the substrate
20 110. The insulating layer 152 may include an etch-stop or
polish-stop region that is not illustrated in the FIG. 11.
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
25 where the devices are to be interconnected. Interconnect
trenches are formed within insulating layer 154 to provide
the lateral connections between the contacts. &s
illuétrated'in FIG. 11, interconnect 1562 connects a
source or drain region of the n-type MESFET within portion
30 1022 to the deep collector region 1108 of the NPN
transistor within the bipolar portion 1024. The emitter
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
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25 noved over into the MOS portion 1026. Therefore, the requirenent of

speci al fghyd gaid ng gteps solely used for neki a bipolar transistor can

be elimnated. Ther re, there would only be® conpound sem.nq?um;{; 004
portion and a MOS portion to the-integrated circuit. 30 In still another
enbodi ment, an integrated circuit can be forned such that it includes an
optical laser in a conpound sem conductor portion and an opti cal

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

seni conductor region of the same intedtated circuit. 235 FlGs. 12-18

i ncl ude iild wSltercatziaresl lof commeriRmdi HR Mt SRR PEPRs 32 FIG 12

i ncl udes ,an jll.ust i . sest | siown ew of a portion of an

i nt egr at é‘ﬂl%cei%a#%& mlg{ lﬂ%ﬁf)‘ﬁ%ées a _mpnocrystalling. silicon wafer 161.
An  anor phous A passietitian | REsr 152 Mng%rr%%%o%’mlda ing 5 buffer |ayer
164, sim.l Preyd oust s desnd | DBEk amdvingebat ipgmbdy6¥er waf er

e A brdiRSEs . ;
161. In this specific _ enbodi nent, the | ayer m t he opti cal
| aser5 will94 be qrdr%@#ﬁf%fil,"ﬁm&‘F%‘%é%c'b%/°‘¥%e§:fé;§§€§gn%§d{é§éf . the MOS

or
transi st Qrpadds fidss s iladtoneredi as ovelhyas 00 abker nel88ES &Prer nati ng

| ayers of conpound sem conduct or | ¢ apphecitrhaiti ne, third,
and fift % 94RCEIHIIG PR %a‘?ﬂggé?éﬁ%y 'ncfude a material such as

gal | i um apgenire, nand Thestsecoedl, 11 oble KEigwiesi xt hRUFFPfE within the | ower

mrror |ayer. 166 o e T thin the |
Lo s Al YL Layonn dd 9 .

Layer region that will be us [ on
generat i dormddopes megesHarnye? AN She oPHRReT nl%t%]f%gf%%cr?g%g%"r to the

lover m nror 1 ay&rnd 66 AKhd Nbigesent & evehingthe| istegkagefpound
|

sem condué?t or materials. In one particular 20 enbodi nent, the upper mrror
| ayer 17&imgpide 3R2ype doped conpound sem conductor materials, and the
lower mirror AQyedn 166 s@yn beromt yipe popetowsnpBirdiEsRte ofRCtST

material s, Anothes, aGEQILAL NG BULLAL cbakes 7 2anal Bibap TV

evices

15 gemiconductor materials can be integrated into a single

integrated circuit. Because there is some difficulty 1in

incorporating 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

20 the compound semiconductor portion 1022 or the MOS portion

1024. More specifically, turning to the embodiment as

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

25 moved over into the MOS portion 1026. Therefore, the
requirement of special fabricating steps solely used for
making a bipolar transistor can be eliminated. Therefore,
there would only be a compound semiconductor porticn and a
MOS portion to the integrated circuit.

30 In still another embodiment, an integrated circuit

can be formed such that it includes an optical laser in a

i i i interconnect
compound semiconductor portion and an optical

(waveguide) to an MOS transistor within a Group IV
semiconductor region of the same integrated circuit.

35 FIGs. 12-18 include illustrations of omne embodiment.



25 the accommodating buffer layer 164, is fornmed over the wupper mrr

layer 17Qygdd gd al tginative embodi nent, the ac dating bE]l‘ofer Iaygis
164 and 172 may inclge different materials. ver, their- funtGi 8004 s
essentially the same in that each is used for making a 30 transition
between a conpound sem conductor |ayer and a nonocrystalline Goup IV

sem conductor layer. A nonocrystalline Goup IV sem conductor |ayer 174 is
formed over the acconmodating buffer Iayer 172. In one parti cuI ar

enbodi ment, the nonocrystalline Gou J&9-033 0 1 3 AUG 2

seni conduct or H’Bg:erll?ﬂncmd@@e@ngélﬁ\iﬁi:ﬁﬁf—lgﬂl PEoR CHRFitaffh 1°§’| I i con

ger mani um %\'{bé L Ef@n'éfe "DnEé&r {aa I:'ﬂe NEB oot thati
form el ec]terl cai[d t Th = o ’ SPaeeosiy
onents within this HlFﬁB ggxstaﬁll ne 5 Goup IV

seni condwata)'lmd%@ea uqaocrgstal Lsne afe a freld isolation
region 171,14 xéaﬁ&i@%ééﬁﬂé@@@étlﬂﬁeromhaaﬁd aﬁ4acAogmbéauanect ric |ayer

173 is for over the |aye
the | fat uhfevectarer e 47ailShobd FOOPOnE S 17oAr e canict i urai n, o

sour ce/ dngdve r]@égéxpnﬁof@édtdaeefrmﬁest p61181Inashighspacifigewval | spacers

179 are forned ad acet t t he S t de 175.
QO her ¢ W%{%éééﬁa{ egg?ﬁaefﬁgr?ﬁggébg %E%@f??l eThese

ot her coRpanenses fcﬁlﬂheldiefnr@m fohhevedoby Fhel'&ﬁab‘ﬁﬁﬁnéﬁeéfe fO%Fannel ),
capacl L e, ﬁ\&cféa‘lst:?éﬁ’éf cdiodes, pppd §he LhkeloRerORneeipst ab|ylel?ce Goup 1V

sem cond yer~is _epitaxially grown gver one f t he doped
177. 180 LfHemqlordémnligarpat ng dbpEFr=safld GOMBREF pBF{“FSﬁ’n Irggzl ns

subst ant i alJ M- 4L T NSESy (epglRPed) eBei ELustr athdrdi naBAGLit8h 'fhétﬁlsayer can

be forne I
Phsubat | g URErthe Rt S A0eE T Re BB gaRe: Re MHF SRLAL BECHRRE L % e

field i sQjatiim regiamdd]. addethassbatndg Fayerhisapd gartdr fdd®o define
an Openlqg_apat %ﬁEQquagqglfiofhfayer 166 may include aluminum
15 gallium arsenide or vice versa. Layer 168 includes the
active region that will be used for photon generation.
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
20 embodiment, the upper mirror layer 170 may be p-type doped
compound semiconductor materials, and the lower mirror
layer 166 may be n-type doped compound semiconductor
materials.
Another accommodating buffer layer 172, similar to

25 the accommodating buffer layer 164, is formed over the

upper mirror layer 170. In an alternative embodiment, the

accommodating buffer layers 164 and 172 may include
different materials. However, their function is
essentially the same in that each is used for making a

30 transition between a compound semiconductor layer and a
monocrystalline Group IV semiconductor layer. A
monocrystalline Group IV semiconductor layer 174 is formed
over the accommodating buffer layer 172. 1In one
particular embodiment, the monocrystalline Group IV



doped regions 177. At least initially, the selective epitaxial layer is
. formed w_tho 5 dopants. The entire selective itaxial |layer may be
intri nsPIE;,996:25 a p pe dopant can be added n t he end of 'tzae,f-\fU%r i on
of the 30 selective epitaxial layer. If the selective epitaxT Iaml\‘is
intrinsic, as formed, a doping step may be forned by inplantation or by
furnace doping. Regardl ess how the P+ upper portion 184 is forned, the
insulating layer is then renoved to formthe resulting structure shown in
FIG 35 13. J®9-033 1* 0 - 3 AUG 2884 34 The, next ]ﬁe of steps is
per f or med, 10 Aefidter hayeaptitalitdsstes spE@t it istFat e n FIG 14. The

field isolation region 171 and the acoqgmmdatinogctheffekel ayer 172 are
r emoved ISVERTHERE ¢ Shipd it & rr%‘oﬁnl uctor portion of %{g thegiphergrated

circuit |ayerpnl #r@nd Bctihe MOE @OMEPHILS RFPHEET uppeilm 180. The
sides of the upper mrraqr Qpli€alhi @sespdBOmodbergsties i oRet he upper
mrror ST 'f%%an‘ﬁm&%? eﬁ\!%e Ve

Ve Tayer 168 are subst ' §Ot fr girgous. -10
Cont gt SrRfp and k8l coreldareed 36T makt ng Tejf:?ﬁ%gt}rgi[%ont act .to the upper

mrror |ayer .170 . rrdb{s@r17ayes f6Bnedefpedt AvEPYELI9E shown in
ok 21 b6 TR e e

FIG 14. as an annpul ar shape I  LokbrineAObLORS) tO pass
out of dtha@aysmperlM™rrdk g%%rd’ie/ge?‘fffjogal% %ge%‘agvn%'lby f

| [c:)lr nmed _. h]etS opti cal
vavegui dg- ﬁrhr?';&sq-%,i N$hd ay egatidlel scthede f bY redSah@rPstt 87&Fed "o define
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regi ons date ablskRmcih %ﬁ‘cY;‘?rl :“The Tnsul ating matetial cam,be a%ny nunber
of ~dif f ef,eNtn 20 esQuted Adraim| veghenanteXi B8S hFEPPAE, “Ocyni tride, |ow k
diefectric, or \6,‘53%' G 'gsgéégé'r%hfﬁ§’0£reAtbemedehHUbnfgntth@ &peni ngs 192, a
hi gher rigvEt i vEFIRR erral 202, is t enlkgr meg, Withi n the openings to
fill thepa@ikbdD stdpesef the gayeredFeF PHE Asul ating | ayer 190 as 25

illustrated i neljh:l%gca}&.bg\ﬂ' hiaé espenint att heabtgheparitePLad@RFE i ndex

Y. n , . -
naterlajl?gﬁf Theggeéthég égmpége% EOQnEQude other transistors (n

15 channel or p-channel), capacitors, transistors, diodes,

and the like. . .
A monocrystalline Group IV semiconductor layer 18

epitaxially grown over one of the doped regions 177. An

and a lower portion 182

er portion 184 is P+ doped,
ol i (undoped) as illustrated

20 remains substantially intrinsic .
. in FIG. 13. The layer can pe formed using a selective
In one embodiment, an insulating layer

epitaxial process.
. tor 181 and the

(not shown) is formed over the transis :
field isolation region 171. The insulating layer 18

i the
25 patterned to define an opening that exposes one of

doped regions 177. At least initially, the

epitaxial layer is formed without dopants.
e intrinsic, or a p-type

selective

The entire

selective epitaxial layer may b |
d near the end of the formation of the

If the selective epitaxial
g step may be formed

dopant can be adde

30 selective epitaxial layer.

layer is intrinsic, as formed, a dopin

by implantation or by furnace doping. Regardless how the

n 184 is formed, the insulating layer is

er portio
o . shown in FIG.

then removed to form the resulting structure

35 13.



the material of the i

hi gher r : e insulating |aye :

rel %g?%éﬁéléf‘ﬁt V93|0nflex mat eri al gorz 1?25‘te ., material 202 has a

bEfO!‘eformngthe hio}/]\er refracti\,eindexfi:ngIayer 190) - opt, |

204 is then forned ngre[hVEfractive i ndex natglfgft shown) dndfdﬂﬁQ?mQKheg

Bg hard mask |ayer 204 e hi gh refractive i ndex | 202. A hard nmask |ayer

9-033 3 AUG 2004 35 f and high refractive inde e 202. Portions Of
rom porions overlying:t é OgéginSOZ Sre r eroved
and to areas

closer to the si
format i _ si des of  FI.G .
t 1 orpyd Irfexen aﬁﬁ i%|SQqﬁ%5—éSO%e%%}ﬂm|%|d Jen%a ance of the

A depositio T 1 :

e el OB it HRETE L B o

ot ok emsireat AR e ofFL I8
e 204 |subhea sesoveds Sompaid, 38R% contackal O it s

i ons

| ow +é#r3ETi v
ive |ndex,laxgi_21ﬂd6&a®ongﬂa§¢§§£?%E%ﬂg%fﬁ@ﬁmddﬂﬂﬂ jo and a

%12) the toreed c
expoaed . par t eﬁggége ELEE i gher 1 efracting dawee o1 AlegQs and |ayer
P OSEring Fhe R rirpgul Y 1 ayer e at® 212 and 202 arid

€ the baqrder | Tayer_ 190, ! _
and 252 OSSP o o Ao Ooh e R e St er a5 2
erials 202

sanme i . i . )

to f&%g{eg{ iiado buid gacé:lwq)rlr?é((fraﬁ%(ﬁ %ﬁ@%ﬁbéyamh:aqll Sih are mad

. momg Bt on 12 mpl eted integrated cireui rocessing i's continued

apd MO iFETcaﬁmstbqe ey ﬁh%ﬁéhﬁbfmeﬂoﬁﬁgdmaﬁépgt Ackbhuennated in Fl G

e T i, a0 o

optlcgéyaavbgaidégsB?Eﬂ%géﬁk,lgs hese ﬁﬁtgpgén&hhe'daﬂﬂﬁdﬁfﬂﬁﬁircuif Lca
y incl qe ; connects can inc ut

has an annular shape to al ownﬁtiﬁlﬂt' C(phdﬁceTaﬁomfécq%s_s dyde 25 ot her

of the upper mirror layer 170 into a subsequently formed

15 optical waveguide.

An insulating layer 190
ings extending to t
7 as shown in FPIG. 15.

is then formed and patterned

to define optical opell he contact layer

the doped regions 17
1 can be any number of different

nitride, oxynitride, low-k
After defining

186 and one of
The jpnsulating materia
including an oxide,

combination rhereof .
ractive index material 202

hem and O

20 materials,
dielectric, ©T any

a higher ref

e openings to £ill €

he insulating layer 190 as

pect tO the higher

relation to

the openings 192,
is then formed within th
deposit the layer over t

d in FiG. 16. With res

25 jillustrate
202, vhigher" is in

refractive index material

the material of the insula
202 has a higher refractive index
Optionally,
film (not cshown) ¢cO

her refractive index ma

ting layer 190 (i.e.: material

compared to the
a relatively thin

insulating layer 190) .
uld be formed

30 lower refractive index
before forming the hig terial 202.
A hard mask layer 204 is

refractive index layer 202.
and high refractive index lay

then formed OVEL the high

portions of the hard mask

layer 204, er 202 are removed




I n ot her enbodi nen
. ts, other t

anot her type Of | types of lasers can b
ver t igea 123 { | o 00 o tted hor  cood @9F) nori zontal 1y instead of
coul d be fornmed™it hi ed hori zont -nst ead of
be reconfigured so EE'” the substrate 161, andy{héhg ?CSFET t LAnSAEE 0%)04
connected) to the tr at_the | aser is properly cou Ipdl cal wavegui de woul d
wavegui de can includanSIStor' in one specific enbgde (optically
EFe acconodat i ng buf?e?t|i§29_ogfﬁ% 0 - 3 AUG 2004 SEHEPéészhe optica

early, these. : r. r .confj i a portion of
O ear Lon pgpEsSabodvaRLySngl chat S5FALEE LhauER! bopacaEacpersii ¢
!llusﬁh@t%idﬁbogﬁngﬁps g d Goup IV 5 seniconduct or Lp?.conpound
i nventi on. Ege _th? Present i %GQ%:O P Ions, are meant to
enbodi ment & of bt%%%@emﬂ icplei EOEYA5- Bt R clgntrﬁgﬁj;td;mt limt the present
seni caategudder0 .12 eénntr%l ldﬁtq@ailorin_uémc@ggw,e i%ﬂ%o@%ﬂe@é@er
F%?g%,sng%ﬁfﬁﬂdt}é@ ’immq%éﬂguﬁi%{#%&%iﬁ?t :ircﬁ@ediﬁln@es,rmgﬁg?odet ectors
convert e e ?%%sp;ge%}g _ es@g_)rm@%fqﬂg?gg%(%r%gefagfwéwe digital
"”Ve”téz%hté%idewalmw%qq]ﬁr'éé C#'ié.s- By wisiogewhbdimabhest % "
compound, ser conguet 9 et 2ra o integrat ed devigesribat the present
Group 934 e tiraﬁésmw(?hogmg? &3Mponent s thawork better in
’Zgagluzrﬁé?&wimlg 208t s The %%%:Jg%sk;bgﬁeﬂ bowsia Gé@iﬂcéefnc?"%tg'!ﬁ:ﬁnﬁetzﬁr 'n
"1W(N?F#gaog§§ %%fﬂ%&tiﬁed;pdeﬁnﬁggﬁys?gﬁl#%gﬂg?gmaﬂﬂdathto i ncrease.
| n t hi gatenhat 2932&&2%?89‘ §QQ¢UQBOEOWE§cPWﬁ€alt¥€eO i ppder can be used
DI Cag pon o} sbhencerpUBRE=3aT CORIIL DL s i Aol GrOTSKT B g
n’DnOCI’§S%a?| ine c n.Q Epgané §'§'H‘| 8 ductor_ el ect.ri C£| x%SE‘f@ <B]n%l.lri ng the
Ther ef ofethg| éBFPﬁé‘aﬁ ) 18§ CQeduct ghe %h 0G yilng theﬂggzgpts within a

illustrate the border petween the high refractive 1nde '
This designation je used to

materials 202 and 212.
h are made of the same material but are

15
jdentify that bot

formed at different rimes.

processing is continued to form a substantially
completed integrated circult as jllustrated jn FIG. 18. A
er 220 is then formed over the optical
Although not shown,

o the

20 passivation lay
jaser 180 and MOSFE
other electrical oOr optica

e integra

These interc

ay include metallic

T transistor 181.
1 connections are made t
ted circuit but are not

components within th
onnects can include

illustrated in FIG. 18.

25 other optical waveguides or m

interconnects.
In other embod
formed. For example,

) horizontally instea
e MOSFE

iments, other rypes of 1lasers can be
another type of laser can emit light
d of vertically. 1f light is

(photons

emitted horizontally, th T transistor could be
ubstrate 161,
so that the la

o the transistor.

30
and the optical waveguide

formed within the s
ser is properly

Iin one
clude at

would be reconfigured,

coupled (optically connected) ©

specific embodiment, the optical waveguide can in



conponents can b
e f i t hi

over a wafer of _at e i
FosﬁGBPyoéé 3
ype of substa
(Yl rte, arelative
relativerstﬁ;e of the conpouné sem
ey re durabl e and eas condgtor

grated circuit can be fo¥ Lo e 20

\Y,
| east approxi mately 28r l

all electrical
conponent
can be f s, and
subs%?%?grQﬁgggF?bnnoﬁhéhecaﬁﬁ8ﬁ%éhsen1C
Ladena.Group 1V sem cond
napct .

Fabr gcaf ignrasdfys F%r conmp

hie

a | . .
ast approxi mately 300 niIIiLLLgEters e
rs.

J&@9--033 0_-

e;msccafdumt@g%ﬁ &

W

sem conductor materials

Llp

By the™u

I nexpensive "h
andl e" waf
er overcone
s the

e .
bag:r§5by pl aci ng them over

3 Agg}erlal, Therefore 2

37 such thét

Leyhar bufder 18¢Fve electronic devices,

material even though the

§%1y§g§r|al 5

ould decrease

be
pecause | e L
formmaﬁrdnéem B uctg{@;ﬁ?rﬂuqﬁaw P Cﬁ%%‘g Gnﬂg@@'owcal ly and nore
venihaR it rbeEs b e T ?‘ﬁém“@f%‘%ﬁg EE L od: i) Somvene i onal
modi far@%&?tqld%%acasngég'hﬂﬁéYPBtmmt, Ci LOYRE g{:?nﬁﬁdt fotpdemifct aghfpﬁanz he
L ered mﬁppbg{lggsSet@gﬁbﬁfraamelmpﬁggggegeg?ﬁx ot varf ous
than TLS3L100s oAadaha hdgofté-grap@gf,goﬁ\e rbnotfhahel départing from the scope of
:agcl ugedentiffn t é" SC m réd alnle g:aqu%{ﬂd Iclrbcﬁfaudﬂmstrat,ve 'rgg'hy t he
vant a ati ons er
?g Snaﬂﬁyscﬂnm hgcr (;%b%ﬁ@tﬂﬁg/mtqctﬁﬁ 1%63 acﬁ&%lét:@éﬁ@ded to be
sol ut mwesﬁem fi eﬁlsrm@,l racmi & DR haffhe Mﬁt@édcgﬁoeghs\;t )
a0vanagn UGN ity R i b
or achatEEEﬁiﬁg'féﬁﬁéd inegoRY@yt> beggiem @Brﬁnﬁégpa§ﬁg3ﬁcggy benefit,
circuits. By using embodiments o%ssgntl%EsgﬁﬁtWﬁ?aﬂt%&iﬁgﬂ?to$oabe
15 it is now simpler to integrate: devices that work better 1 Yy
compound aemiconductor materials with other components
that work petter in Group v semiconductor materials.
This allows 2 device tO pe shrunk, the manufacturing costs
to decrease, and yield and reliability to increase.
20 Although not 111ustrated a monocrystalllne group IV
wafer can be used in forming only compound semiconductor
electrical components over the wafer. 1In this manner. the
wafer is essentially @ vhandle"” wafer used during the
fabrication of the compound semiconductor electrical
25 components within a monocrystalllne compound semlconductor
layer overlying the wafer. Theretore, electrical
components can be formed within ITI1- v or II-VI
semiconductor materials over a wafer of at least
approx1mate1y 200, millimeters in diameter and p0581bly at
10 least approxlmately 300 millimetexs.
By the use of this type of gubstrate, a relatively
inexpensive vhandle" wafer overcomes the fragile nature of
by placing them over &

onductoX wafers
rable and easy to

relatively more du
Therefore, an integra

15 material .

ted cixrc

fabricate base€

pwit can be formed




the clains. As used herein, the terns "conprises,” "conprising," or any

ot her varimtdooiheregl, are intended to cover on-excl usi ve inclusion
such that a process, nmet hod, article, or appa us that conprises a |ist
of elements does not include only those el ements but may i acBulEG6o2ifér

el ements not expressly listed or inherent to such process, nethod,
article, or apparatus. J&9-033 . 0 - 3 AU G 2004 38 CLAIMS 1. A
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digital 1iQ@eq Mefdy dhalaup ed ddhery %nuicaandﬂﬁcﬁorﬁhatenmﬂml cating

device_of clai.m 1, mhereln t und serm con uctor r{ion

crystal &RREHAGISR Geats sth%t%ﬁ“gggo"gﬁffjfbeﬁjb% i) 4‘§gVIJf% Sir}%g;l)ect to a
crystal o@m@&b@bembaﬂédd&aknxgnnnnﬁhsunptdnﬁd&n b@yproceﬂsad mhee

comuni cating devi a r further
conpri ses €5 %Sﬁl&cégtyalal |An<5[{O eofﬁ%l?ugjs%m aa[tl:e%%%g%%ﬁpef Efy ound
sem conduetmadl Lear einch moared 2% aile acsomtstaanfgl lRATRGUNAy er has a crysta
or|entatlggm5?%5€h§tc91@gggrgy approximately 45 wth respect to a crysta

orientation o nonocrystalline Goup |V suhstrate. 30 4. The
commuHl cati ng d&vitde éPﬂﬁQﬂ%ﬂQBSRﬂﬁ%Q%Q?qqﬂ? the invention has

been described with reference to specific embodiments.
However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without
departing from the scope of the present invention as set

15 forth in the claims below. Accordingly, the specification
and figures are to be regarded in an illustrative rather
than a restrictive sense, and all such modifications are
intended to be included within the scope of present
invention.

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

25 pronounced are not to be construed as a critical,
required, or essential feature or element of any or all
the claims. As used herein, the terms "comprigesg,"
"comprising," or any other variation thereof, are intended

_ to cover a non-exclusive inclusion, such that a process,

30 method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expresgsly listed or inherent to

such process, method, article, or apparatus.




accommodating buffer |ayer and the conpound sem conductor portion have a

| attice m ggabcb3no ater than approximtely % and a thickness of the
conmpound sem conduct oﬁorti on is at least 35 ap ximtely 20 nm JG99-033
ie 39 0ti. 3 AU6- 2 C4 5. The comunicating device of claiml, Bmggem‘bét he
integrated circuit has a feature selected froma group consisting of*

the accommodati ng buffer |ayer has a crystal orientation that is rotated
by approximately 45 wth respect to a crystal orientation of the conpound
seni conductor portion; and the accommpdting buffer |ayer and the conpound
10 semi conductor portion have a lattice& tch no greater than
approximately 2.0% and a thickness of the conpound sem conductor portion
is at | east 2£proxi mateI%_ZO nm .15 6. lhg.commni.c%ti ng .deyvi ce of claim
1, whereinlthe® FATBYRLERELIRYr EGVECPULPRENALBHPpAPS SIS ystal line

G oup |V substdatenindestesddpn t fige nDNOEgyst &dl | ¢ hecutonpoupad isesi:conduct or

portion, wherein: the acc(gngodat' n? buL&er |.ayer has a crystal 20
orientdtion that™i3crITaLea b?gahﬂ ESEnat¥PY 45 with respect to a crystal
orientation of &hecmpoumodryshatbndecGoupotVisnbstveatlyirgndhehe

acconmodat i ng buf f !@X% oy%ae sep dyctae PBHbbRAghave a

| attice m smatch n(;qc ' gr%a g?é'tlﬁ‘éﬁP%pr |J?T’aﬁg#1§9%.0% and a Fhi ckness of
t he conpound seni caemictardyiiar writtion jrabedeqppr ExpREEEI $e26CRRA 7. The

communi cating devi Ge&-ff £l cIEI S Thd her 30 aegeiwpdati ag buffer layer
and the conpound sem conduct or portjon have a Iatéife m smatch no greater
t han &Ppr oxi mat el y mdyekatdidich 44 @hides S & fiemodulating circult;

and
a Group IV semiconductor portion including a digital

logic portion coupled to the feature.

15 2. The communicating device of claim 1, wherein the
compound semiconductor portion has a crystal
orientation that is rotated by approximately 45° with
respect to a crystal orientation of the accommodating
buffer layer.

20

3. The communicating device of claim 2, wherein:
the integrated circuit further comprises a
monocrystalline Group IV substrate underlying the
compound semiconductor portion; and
25 the accommodating buffer layer has a crystal
orientation that is rotated by approximately 45°
with respect to a crystal orientation of the

monocrystalline Group IV substrate.

30 4. The communicating device of c¢laim 3, wherein the
accommodating buffer layer and the compound
semiconductor portion have a lattice mismatch no
greater than approximately 2.0% and a thickness of the
compound semiconductor portion is at least

35 approximately 20 nm.



conpound sem conductor portion is at |east approximately 20 nm 35

J&@9- 033 37A6-8604 8. A, communi cating devi i ncludi ng: a signal
transcei vi ng neans; integrated circuit includ . a conpound

sem conductor portion having an 5 anplifier coupled to the_§hgggﬁ-2ﬁﬁ%
transceiving means; a Goup |V sem conductor portion having a digital
signal processing neans coupled to the anplifier; and 10 a unit coupled to
‘the integrated circuit. 9. The conmuni cating device of claim8, wherein the
comuni cating device includes a portabl%?telephone. 15 10. The

comuni cating device of claim8, wherein the communicating device is a

cel lul ar tel ephRBecoddunibgtr sAENMUBHE AL b dawime 10f wheaidnB tiwherein the
Group |1V sem conductor portion includes_a converter 20 selected froma

group sel ect edFeRFF LM (F1EFI16- BASI BgEeRbRYEr PEI S GREYah *aHaPo § P8 Yi gi t al
converter, wheigidistiigyeomverter is coupled to the unit. 12. The
comunicating device of claim$8 rein,the unit _25 is.selected froma
group consi stin %faﬁ%@%%%ﬁﬁggagnEQEESﬁo&8¥e£ gﬁgaﬁeFFygtfﬁSual di spl ay,
and a nenory neansorikhtafhieoronnami tat rogadediloe spprbaimagelwhds8in: 30

the & IV ' dyct ti i ng| | : [ d
el a-of Fect por | G IEd T bi B0l &r CbUr 1 bt henfiasLoB BF o R Todul at i ng

means coupl ed to thembiairtdlsegiigrandproeespongloneaasdand the anplifier. 35
J&9-033 10  tpe accommodating buffer layer and the compound

10 semiconductor portion have a lattice mismatch no
greater than approximately 2.0% and a thickness of
the compound semiconductor portion is at least

approximately 20 nm.

15 6. The communicating device of claim 1, wherein the
integrated circuit further comprises a monocrystalline
Group IV substrate underlying the monocrystalline '
compound semiconductor portion, wherein:
the accommodating buffer layer has a crystal
20 orientation that is rotated by approximately 45°
with respect to a crystal orientation of the
monocrystalline Group IV substrate; and
the accommodating buffer layer and the compound
semiconductor portion have a lattice mismatch no
25 greater than approximately 2.0% and a thickness of

the compound semiconductor portion is at least

approximately 20 nm.

7. The communicating device of claim 1, wherein the
30 accommodating buffer layer and the compound
semiconductor portion have a lattice mismatch no
greater than approximately 2.0% and a thickness of the
compound semiconductor portion is at least

approximately 20 nm.
35




3 AUG 2004 41 14. The conmuni cating device of claim8, wherein the
conpound sgisceRrAUCt portion further includes si gnal nodul ati ng neans.
5 15. The conmuni cat devi ce of claim8, vvhereb. the signal tragn iYi ng
means includes an antenna; the anplifier is a Goup II1-V sem aoﬂé‘?ﬁgﬂhg
power anplifier; the integrated circuit includes a bipolar portion 10
having a radio frequency to internediate frequency m xer coupled to the
Goup Il11-V sem conductor power anplifier and the digital signal
processing neans; the unit includes a4ficrophone; and 15 the conmmuni cati ng
devi ce fusthen icoaimuaas-zt ispealesrice incBCGMWINI CATI NG DEVI CE Abstract of

the Di scl osure_Hi q n%lialg]}%ﬁ%%i%ﬂ |l dBy$rs of conmpound sem conduct or

material s can Be® grown over . IFar ge silicon wafers by first growing an
accommpdat i ng abufifdredrated (Qupcwirt drtlyderd waf er (22). The accommpdat i ng

butfer layer is a 'aawmgguﬂ@%ﬂbﬁzﬁidét{@r Pes spaseeiagash fromthe

silicon wafer by an anorphous interface |ayer (28), of silicon oxide. The
anor ptous i nterface | apBpldifdsrpsospled &ion thfd PR LHIMSFHRITof a
high quality nonocrystakkhh@e oxide accommodating buffer layer. The
accommodating buffer Jayer is lattice matched to, both the underlying
silicon wafer and t ReCrsWa IV fE HGRRANL Iﬁ%tjc%‘?rp%?m]cfl%e%i conduct or

| ayer (26). Any |atticeaisissat eighelwpeodese iace omrodatdoupled fee | ayer
and the wunderlying sil "ﬁﬁon su ﬁggg&e_ ia% t aken care of by the anorphous
interface |ayer. Eaff"on*aévides (3100) may be fabricated in both the
monoaroyst al | i ne woipogwdprded dondiet dmtegratethd? orcudle- sil i con.

9. The communicating device of claim 8, wherein the
communicating device includes a portable telephone.

15 10. The communicating device of claim 8, wherein the

communicating device is a cellular telephone.

11. The communicating device of claim 8, wherein the
Group IV semiconductor portion includes a converter
20 selected from a group selected from a digital-to-analog
converter and an analog-to-digital converter, wherein

the converter is coupled to the unit.

12. The communicating device of claim 8, wherein the unit
25 is selected from a group consisting of keyboard, a

microphone, a speaker, a visual display, and a memory

means.

13. The communicating device of claim 8, wherein:
30 the Group IV semiconductor portion includes a bipolar
portion and a field-effect portion; and
the bipolar portion includes a signal modulating
means coupled to the digital signal processing

means and the amplifier.

35
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communicating device of claim 8, wherein the

compound semiconductor portion further includes a

signal modulating means.

The
the
the

the

the
the

communicating device of claim 8, wherein:

signal transceiving means includes an antenna;
amplifier is a Group III-V semiconductor power
amplifier;

integrated circuit includes a bipolar portion
having a radio frequency to intermediate frequency
mixer coupled to the Group III-V semiconductor
power amplifier and the digital signal processing
means;

unit includes a microphone; and
communicating device further includes a speaker.





