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Thi s i nveoEoen o3al at g generally to communi cati devi ces i ncl udiyn .
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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



2 many years attenpts have been made to grow thin films 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
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crystal | | ne,Quabibbdund! beflib8hRcRbEAThRLR LN SMOA Nikghoiual [ 1Y
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
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JDescription of the Draw ngs The present invention is.illustrated by way of
') P semiconductor ma ergglrko be o% ow crystaliine qua&gtyuy y

If a large area thin film of high 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.

35




exanple and not limtation in the acconpanying figures, in 5 which |ike
referencesyenedigate spmlar el enents, and in whgah: FIGS. 1, 2, 4, 5
illustrate schematic y, in cross section, de struct ures3 AYG 2004
accordance with various enbodinments of the invention; 10 FIG 3
illustrates graphically the relationship between maxi mum attainable film
t hi ckness and lattice msnmatch between a host crystal and a grown
crystalline overlayer; FIG 6 includes an illustration of a bl ock diagram
of 15 a portion of a comunicating dev¥ce; FIGs. 7-11 include
illustrations of cross-Beisf descripeiwnobt atherPrawWivgsan integrat ed
circuit that includes a conpound sem conductor portion, a bipolar portion,
and an MOS portion; and 20 FIGs. 12-18 includes illustrations of

cross- sect i onal The | RY@Stt ol BeRRt beN of S ahbl HEErRRedgPYt ¥8YcPEcui t t hat

i ncl udes g.seprondustpie | BSEIc Adoani MOBhb T aBsbspanyidki Eigdrasti sans will
appreciate that elenents in the ,f'gures are,'llusirateg for g; licity and
clarith athieh peiee Forfereeneer PPYBRER 85T 0®SEIFB o™ gﬁple, t he

di mensi onsgiifcisone of the elenments in the figures may be exaggerated
relative to ot |l ements to help to _inprove u di E odi ment s
of the presentqg%ﬁgeﬁvigh.%ﬂ)%&ﬁiﬁ?%%rfggc??%ﬁmggf%gi?ﬂé Eﬁa&%ﬁgnglG. 1

i |l ustrat escckenatdesaldey , stirucnoesss stet dorerdanpervibh wAraoveni conduct or

structure i i enbodi ment of the invention.
Seniconduéﬁnggfgﬁggi%gpﬁggﬁﬁﬂggﬁﬁﬁ- é’AUG 2004 4 20 includes a
monock§st al | i n@I€ubst rdflasrxratas cfRRizt¢HELY bure erelageenshiBonprising a
monocr yst gldeiRed Sl inftin AthifhbRYoFi B Ohidn®secangt ahttneeconpound
)seni conduct or | .

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



material. In this context, the term"nonocrystalline" 5 shall have the

meani ng cogueblyizgsedgni thin the sem conduct or must ry. The ter m s
refer to materials (@t are a single crystal or at are sulfsta 6@1‘
single crystal and shall include those materials having a relati veI y small
nunber of defects such as dislocations 10 and the |ike as are comonly
found in substrates of silicon or germaniumor mxtures of silicon and
germani um and epitaxial layers of such nmaterials commonly found in the
sem conduct or industry. In accordance wkth one enbodi nent of the invention,
15 structuze dciiudesi ﬂcque&srﬁﬁtahblphOaBbSﬁtrétﬁeéﬂat ecceyapdagdng

posi t i oned% ffé!‘fei‘ 2 upsti aé@mﬁflé a&%BHBQ%S;bEQll?LHEf %étlefﬂ%rl 24na

Structure i nclude a te l'ayér 3Q between the
accommmodatd nlgaﬂf’)%ﬂ?f%? @Ey@rm%@@crﬁ%%bhhﬁes@WE@HHQC?GWWQ?@PCEG’I As will be

expl ai ned gO-ap1g1ful 1y bRl oVeohhext en@hét gekY emoRBkRgstallnileirat e the
grow h _of the conpound semn copduct or i on_the . acco dating buffer
| ayer . STheSkak phoYR Tt SReRRART ¢ Oq“&?’é YhePpe VAEPEPi EYE the strain in the

accommodat ¢t chuddetor a:M&ﬂu@li’lﬁyby Tiod Nge 8@, shalls rafeketgr mwn:lerdfala; hi gh

ggcg;ézaggl%qﬁﬁqéal I EI%’O‘?ﬁcf% "Erj'(ﬁ g buﬁ}%ﬁt %?g‘r%é bﬁ%ngg?}é%al li ne
sem conductinigaferystal eired aéi'haylbflmcalg@edthn“EEematﬁhea\Juaf baviag ke of a

mat eri al Jﬁ%%q%%ﬁ Jﬂ@ﬁ 5"‘? fablg <aBd 30 aas&sagkzh}sn@ mat eri al

from G ou es of sem conductor materi als include
silicdh, @Mﬁ%rﬂ;lke}n@@edﬂ?ﬁ |qcampla1m feundninnpulsikeater| Péon and carbon,

m xed si | Isqq&ccq@rd@@émmdmcaﬁb%x@weé h@f'éf@lcgﬁeiaﬁﬂaééifméh@&hr ate 22
}is a wafer containing.silicon or ermani u and igpreferably Is a

hi gh qual A FEIG-ER L Lapers AilfG BALRHHALT ySPAPPRLE SPPPEor™waf er as
used i n t &S eEntidifiicdor imdligitry . Accommodati ng buffer |ayer 24 is

preferably a In accordance with one embodiment of the invention,

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



nmonocrystalline oxide or nitride material epitaxially grown on the

under | yi ngggybstiate. gln accordance with one 5 e di ment of qh; inxfabéon,
anor phous i nt er medi at ayer 28 is grown on sub ate 22 at th AH e

bet ween substrate 22 and the grow ng acconmodati ng buffer |ayer by the
oxi dation of substrate 22 during the growmh of [ayer 24. The anorphous

I nternmedi ate | ayer serves to relieve 10 strain that m ght otherw se occur
in the nonocrystalline accomobdating buffer |layer as a result of
differences in the lattice constants of the substrate and the buffer

| ayer. As wemdchegseahlihat sidécoonwhfnrsasefieed tio the stimsicansmda@meen

atoms of a; &l% ﬁasufkggoﬁiﬁo&gelﬂéaﬂﬁf Er]@af,’gg SUr hacerdfe iR, ffrain is

not relieve anor ous I nterne |ate ayer, the strain may cause
def ects |*ﬁOltlfh‘érﬂﬁ?%thrm?n@xstiﬁu@!fuflété#d?h@aﬁéc‘z’éﬁ‘ﬁ@@é’ﬁtﬁ@‘l&lﬂﬁer | ayer.
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mat eri al . tHoroxidmpien ¢hesubserate zbuﬂdrbnganhexgdewmh|mﬂlﬁay£r'having a

lattice st‘yctqf erléﬁaﬁﬂﬂég 1he %M%ﬁ ate; grtggkggﬁs%g§ ygrtly applied
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15 the surface. 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 substraté

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,




alum numnitride, and boron nitride may al so be used for the accomodati ng
buf fer | aygigo Nps3 of gt hese materials 5 are insugators, althowgh AG digghum
rut henate, for exanp i s a conductor. Ceneral\@Qp, these materials are
nmetal oxides or nmetal nitrides, and nore particularly, these netal oxide
or nitrides typically include at least two different netallic elenments. In
sone specific 10 applications, the netal oxides or nitride may include
three or nore different netallic elenments. Anmorphous interface |ayer 28 is
preferably an oxide formed by the oxidation of the surface of substrate
2f2,I and r]mrﬂzl-mrair?r@damdmmn ccmifﬂrs,edamd gaa@cbli:mbmom’ctlée The 15 thi ckness
o] ayer .S .Su e vV, ' t t ches

bet ween tﬁ%‘#‘sﬁ c|’r%:aell o’nsq%aaIt %J%fdﬁle]b&% a%LgC}é a%%grrnmg g%?ﬁ% buf f er

| ayer 24. alTypiroal Indtaialeer 281 Hesren trmftlki@%sm&m aheorbagesed for

appr oxi mattﬁev Q:Cf%nﬁnéaau B{&m%serﬁ&wdyfteﬁea@tﬁatahaﬁsl ayer 26

can be selecte as needed for particul ar sem conductQr structure, from

any of5therer d@Fulatenehd e\mm%rﬁ@o@ww P RdrRucior €¥APBLAdS) ,
m xed |11 5% ORI or Gwéﬂa(l&w @e@wdn%é&ﬂp@eﬁé thdtaVl

sem conduct qr_ 25 corrpou ds a m xed, 1 |-Vl conp | es include
gal | i um aP¥éfiede X r1 1 ‘glrﬁ%'n(ﬂr{iimr%ﬂ%eerﬁ% nf% gg Fi um

al um num aegeani dﬁu(d@a/édn%])ltﬁmsumymwm}danc(luﬁ atr:a?daaaim swbfi de (CdS),

cadm um I uri Te sel zinc sul fur

sel eni de 6%(%?%%3) meLR g Cqugf' n)t*asw ta % er| als chenically
bond 100 t bpplurbadens!, the aeterinwdddesy dmfmérrldeayeay 2ingtude| ected sites
and provi dg sites fmg;&et '&?Lff'%g%h‘%atrde%%l@clct ha &Ridaxial growth of the

subsequen conpound sem conductor _| ayer . Appropriate materials 35 for
“tenplate 30 aremeirpbeg§ean§ér§wceJé;99’ﬁ@3§801@ e AFB Loty oxigec 2

i |l ustrat egymbB SHOSheSOKid@RIoR BRI WHAN RHrfice of substrate 22,
and more preferably is 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.



sem conductor structure 40 in accordance with a further enbodi ment of the
invention. ;&sustyre is simlar to the previ 'y described

sen conductor struct 20 except 5 that an addi tnal buf f er I\.a)aevi\UBZZi][E}
positioned between accomodating buffer |ayer 24 and |ayer of
nmonocrystalline conpound sem conductor material 26. Specifically, the
addi tional buffer layer is positioned between the tenplate |ayer 30 and
the overlying |ayer of conpound sem conductor 10 material. The additional
buffer |ayer, fornmed of a semn conductof or conpound sem conduct or
material, servesIGi @ pibiisteratésitivecrospensation, waeporhaohapti e

constant ol N ARGIIPSL 100 ULl £6 | Avec spangLebey cAdSAMLEhgaml ched 1o

t he overI NoCT I e oun sem conductor material |ayer. The
fol |l owi ng emtkmcllmmt ng the ubnyentienexafipresture| 48t gt 81Falpsuso
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accordance W vari ous ternative enbodi nents of .the |Bv%nt| on. These
exanpl 8s Zhaly emer@ditionabibutfer, laveri 82 §s1BPSLhieRgddPERYE S he

i nventi on R&drifBdadid n% Bhessr | 1dpst rad i yedexapptrest msaopkgsta2iihe
accordance with one e od| nt of the lnj{'eg i on gocrﬁt al kéne substrate
22 is a sﬂ@%ﬂﬂ?%b‘%%‘?lﬁ%n Wt BT R R %100‘7398?% cFfonY THéSsi 1i con
substr at e adzER mal Guksanpleyed ¢ | peoit Sohsdratewasni sheotrmplipteused in
nmaki ng co { t.al oxi sem r

Crrcurt o My AT Al SRR PG coRpb R L SkEARACERx
enbodlmrentnaﬁextm i MEhentadih t booohmipgtfenglavefer Lpuyed 2f ps a

monocr yst g forSe M'&sﬁda Eé‘f%&téfﬂﬂ\lo bevésand the
)armr phOUS%I lrrlerms Cgt{OeIO Oarier I's a C??%r of c ilicon OXI de (SS| OX)S f or med

at the i nter racyisis \ﬁeé@quﬂ@%@gum@w% %@F’G 589418 CLFR| con substrate
and the aggeimmgat g0 dhe fRfcdmmeiat e bwbtee Dhyeéri sasabecbed to obtain
one or nore |attl(i
adequately matched to the overlying 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, ,TiO, where z ranges from 0
to 1 and the amorphous intermediate layer is a layer of

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




constants closely matched to corresponding |lattice constants of the
subsequenty, f qyyed layer 26. The 5 accommdati nggbuffer | ayer. aitavela

t hi ckness "ot "about 2 o0 about 100 nanoneters ( and preferably has a

t hi ckness of about 10 nm In general, it is desired to have an
accommodating buffer |ayer thick enough to isolate the conpound

sem conductor |layer fromthe substrate to 10 obtain the desired el ectri cal
and optical properties. Layers thicker than 100 nmusually provide little
additional benefit while increasing cost unnecessarily; however, thicker

| ayers mayihg dabrdugatethtd diepdack adweommins tphoy sou ff er nkalyeate | Ager of
silicon oxide can have a 15 thigckness ,of. about 0O, 5- referably a

t hi ckness Y&f-“Cafbut? f%sf]]‘f%ﬁéﬂ%r? SR GHHAREE W h" 'lgrsqaé%g%?nent of the

i nvent i on constuamman c 1ser lgo mevcticrd rat evdatespyeiing latbitayer of gallium
ar seni de )..Qr. alum,nu ' I ' £ahs tng a thickness
of about gfg%%%taé&a (;%lﬁnpf%or&%%cér %ﬂ%@%ﬂ%g%#%ref e% a[)l?ﬂéa t hi ckness of
about 9. 5acmommotiethndT ke fifieic Keesy g@aterkavs %Ieﬁié?@énwmé alepti 2ati on

for whi Chtbh%b'o@eerldozn%%ma@f%oaﬁ%- I dacididte hde gpitaxial growth

of the galliumarsenide or 25 alum num gal I'i um arsenjde_ on, th
monocr yst ahickaess @ apouted Ak | AferIFERDy nelk byS IHPHHthe oxi de
| ayer. Thggvkegpl alcedmtydiatiisgd eiffcablMavied & Hinglo | eryaigh ofo Tisdbat &r -

OAs, Sr-G-0O, or Sr-A-0. By way of _.a preferred.exampl 1-2 nol ayers
of Ti-As bPESFOMER E“Fﬁ\’??"ﬁgé%dﬁ%\m tl@%d'ﬁ s%coé%g%l?%lsl’ 98‘?%% 'i\ésrol ayers.
Exanplee 2cbraaacehdades iwietih ed efcttrtier]l emsbdipteitabfprdperBbe$ nventi on,

monocrystalline substrat LS 02 S L jﬁ%ggzﬁ? i £t Be AUG 2004 9
) substrat eﬁageﬁgsg?{ilﬁsé&%agg\%é _ﬁenzdcggﬁnl%gc% titg bufter 'Tayer, isa
monocr yst afifliihéoorildbeok fetr vikilemiscsasing AstcomnacFSaaiHate in a
cubic or grihoLhombhG RARSE Y] may be fabricated if needed. The

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



an anorphous internediate |ayer of silicon oxide fornmed at 5 the interface

bet ween thgesblhegn sybstrate and the accommodaigng buffer |[ayer. The
acconmodat i ng buffer @ayer can have a thi ckness‘ about 2- 1OQ—r3nA‘Uﬁ12l3!]4

preferably has a thickness of at least 5 nmto ensure adequate crystalline
and surface quality and is fornmed of 10 a nonocrystalline SrZr(Q3, BaZrC3,
SrHf 03, BaSn(C3 or BaHf 8. For exanple, a nonocrystalline oxide | ayer of
BaZrG3 can grow at a tenperature of about 700 degrees C. The lattice
structure of the resulting crystalline ®8xide exhibits a 45 degree rotation
with respemibsgtorabhe ssbdésatribedl above l5That accemsibdactimge bufifier

acconmodaty Or“{%]eé &%mi?ﬁr{:&gf?lﬂé Bﬂgég of! EE%BEE%&LB apnatigymaterial s

i's suitable ound Sem con tor erlaIS|nthe
i ndi um pleisptonrR-€ |¢:P)h@§'mbm iffhe @@h‘p@u‘ﬁﬁ grhheoshombier phesgatditital can

be, for exymlg, rﬁﬁ%é‘r‘iﬂ@é’fﬂ@ag&é'i‘g eProf'Qﬂlﬂ%ﬁabth@ gbhlde L

(I'nGaAs) having a thickness of about nmto suitable tenplate
for thPs the ddttpeface 1bqweh%oﬂa<9e$slb¢0&|?%ﬁi:ﬁﬁwtar §8ﬁ| ghezr - As),

zi rconi ummmﬁﬂgrbﬂfefai@w arfﬁl@@l &cébhmdO8it 12§ bafFfewm phosphorus
(Hf-P), st ronti um o en- arsenl C %{% strontium oxgégen phosphor us
(Sr-0 - P) layss §H#% a fRugin “E% ’b utj figt Bth 80 BAET um oxygen

(In-Sr-0 px@fertaad]}urha{n(yagethmmﬁmrmts a(tBal@aP& sand poeéagabky 1-2
nonol ayers, e Q ese jmteri xapnl f E a
barium zi réig geacccr Sh: gﬁﬁrﬁeg iU fSZLFrP aye u‘ﬁ?‘ne suraag:e'g ?grﬁermgnat ed
Wit h 162 momonrenstefl line dhnZm.f, oBeEwdd, b§rdépasiBasnO pforl BaHfshol ayer s

of arsenigg, ! @, LarNA Zf &%&@:{ﬁ@émﬁf&@&é y$ 3%&4:'86 %ax% &fn the

Jcompound seni conductor material” fromt I ndi um phosphi de system I's then
grown on BKEW @fpPatemParatureheD @mW3F0Q qeg%e%dfzooﬁ ¢012EB46Pt i ng

lattice sgbbabdngeobst %émm@mmme oRigei akhenbtbi hsag 45
degree roﬁagkgg ﬁb at&%%P%%&i}%espect 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 lattice structure and a lattice msmatch to
(200) InP & thag 2.50, and preferably 5 le t han about 1.0q

31n accor'fj%%%eéisﬁth urt her enbodi nent of thei) i nvention, a=si r‘ﬁﬁfgﬁ@a
is provided that is suitable for the growh of an epitaxial filmof a
I1-VI material overlying a silicon substrate. The substrate is preferably
a silicon wafer as descri bed above. A suitable -accommodating buffer |ayer
material is Sr,,Ba} xTi 3, where x 15 ranges fromO to 1, having a

t hi ckness of about 2-100 nm and prefedd@bly a thickness of about 5-15 nm
The 11-VI renpoirmg beni o deictoetuee eof at he avotweouhdr serpanphduckonrc

sel eni de (ZnSe). i fur,se ] ;'P§§? B ul t e for
this mat e&?a%eély% e%l?%%%%eésj ﬁgl%g%&%o%p ayer% ﬁ}t};i %%ggé%eﬁg%ﬁ‘%@
fol | owed mecdornodatnigiayerifar kayexckattbte z#euecbirewandpg dREtice
sel eni dat i | NG, oy d egﬁ%ﬁf&‘?el bternatyvely, aaq peapkakeigan be, for
exanpl e, gﬁ%&%ﬁ"ﬁﬂm sulpurdﬂ)( r-S) fo?l owed by theyZ%SeSEj 25 Exarrp9?e 4 This
enmbodi frentless tthen Mot dn- 3%- an exanpl e of structure 40 illustrated in
FIG 2. Substrate 22, 30 nonocrystalline oxide |ayer 24, and
monocrystal i ne conpound sem conductor material |ayer 26 can be simlar to
t hose described in exanple 1. In a(ﬂﬁat“?%ﬁ 3n additional buffer | ayer 32
serves to alleviate any strains that mght result froma msmtch of the
crystal lattice_of the 35 acca datji ng.buffern |ayer and-t | attice of the
J@9-033 4P 0 En afcﬁﬂﬁafﬁ&‘qf‘?ﬁo nfc‘)lcl%yhsetralqﬁbﬁeﬂﬁﬁgoﬁﬁugﬁ%r mat eri al .
Buf f ex0 | ajewed icean sbetaugaiuricun sarsan idiepivephi te ¢@neblelfor) or
sindium gakLl WRRRESHE A 1Y aiP)e Sl B £OIPARE Ahgersaperl attice. In
Jthe gal | i um arseni de phosphi de .

overlying a silicon substrate. The substrate 1s

preferably 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



5 superlattice the value of x ranges fromO to 1, and in the indium
gal I i um phasepdu ges su | attice the value of y rgages fromO to 1. By so

varying the val ue of or y, as the case may b he lattice qgn?tﬁmgﬂm
varied from bottomto top across the superlattice to create a match 1

between | attice constants of the underlying oxide and the overlying
conpound sem conductor material. The superlattice can have a thickness of
about 50-500 nmand preferably has a thickness of about 200-100 nm The
tenplate for this structure can be theldane of that 15 described in exanple
1. Alternadnoginysttaiel indg fegmieyrducten hetariayer BRffienodayetral3i2 ne |
ger mani umdiayind R gd i NSt ide PhoRNGe PIELEEAR] Y 1213k furk N ckness
of about 2-20 nnlsin using a germani um buffer Tayet,™a _tenplate |ayer of
ei t her gegdddiivm thasmhigs (GL,8R) Bl SbrgénnERMERNERL&M um (Ge-Ti) havi ng
a thi cknessigefriahqutcone rimnpl ayer can Pesdsetde ghesprigati on of the oxide

| ayer _is capped with either a nonol ayer of sfrontiumor a nonolayer of

titanium SYPEL UL IEG Fie AN G &€ AN FEMsqu@nt - dBBEsif &57S0f the
monocr yst anldiitén GRIMERI BhoXphifte: nafsd et t Dée Sthientalae 0b£t iyt ani um

provi des a nucI%atin% %it to which the first nnnoia er .of germanium can
bond. ExaffPges 36°Fhils "&arpl &% YIS 2% Y "é'%’{i%f‘sxu &fdr P a
structurethe assikl magt bat,edhen IHGiR Substast eisretaried £28m '
acconmodat, ut.fe a , I sen uct or

mat eri al FgggPRZEOarﬁg%’t )é(r?r%logsiée tg%n %’gffgersg%oéﬂc{;% b"g&,{gf?é sa?regg?gggﬁgse
descrihedbabyeen AafEdge0sIns tant sAQIG oo smder sxiagp| @xde | andddbei on, a

buffer |ayger3dihg EB&?_BE%@ shetiwepidieaeerawdat | ngripwffer layer and the
Yoverl yi ng m)nocr\éstal i ne_conpound ,senm conductqQr material |a er.d The

buf fer | aBPETA3FhrFReFaRoREFFy & APHCFR eSS tor50-500 nm an
preferably has a thickness of about 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




5 material, can be, for exanple, a graded |ayer of indium gallium arsenide
(I'nGaAs) i pzydighst hed ndi um conposition variesglromO to about 470.
The-buffer Tayer pre’ably has a thickness of Q@out 10-30 nnw Yahlyb ngPléhe
conposition of the buifer layer from GAs to InGaAs serves 10 to provide a
| atti ce match between the underlying nonocrystalline oxide material and
the overlying | ayer of nonocrystalline conpound sem conductor material.
Such a buffer layer is especially advantageous if there is a lattice

m smat ch bet ween accommodati ng buffer H&yer 24 and 15 nonocrystalline
conpound semmEnsuz! orineddditeloh ayerb2bfer Redperi By againseotBdGS. 1 and

2, substrate 22 is .a nmonocrystalli t systalli
o1 oon sttt AU R SR BAes) LREr DHie BReS PGy Bl 1 e
subst r at e nenaheysicd Bl ire dcdyoeuidt senicotdeornst anatandabylayestti ce

orientati I j I nner j ' I
oneny ot e 1AL BBy BRSOTRBNSE P e Laetopiuceon oo o

: L e at nonocrystalline materi al
i s chabactatiezddloy can e, ckox grstemte amdl Fradsdt havesr PENLEEABR. . The

onoGr yst AT e L e et m o DeMb DB LEe oy, st
| _ y ed, or, alternatjyely,
be such t Farigsorfrawthtiriatorft’ tr ysTl'é%/' %?#é?ﬁa}?ﬁﬁrvﬁfﬁ%?ggbg& yton}tjﬁe

ot E_er Cay?zﬁa@ aﬁfﬂkﬁrﬁ}@iésﬁhoﬂi Sptst ard i3 ami clvaryisgtibe constants is
" Subst ani PP HEbAT i PR (RO | S 20 a7 oo “BHERPar P BS: veen
]the lapti ce pﬂc@ws'ldlmftas ]Ia:tqie:remm;udi‘e kgxtlorretdm dfhea m@arquaéngt y crystalline
1o naR RS e e S i e ey Lty
hi gh JGO9me3@crystalldngucoramuml semigandyqtfer quate¥iahs aSPahcdi on of
the ni smag,ch et WagRy tike dpddica 8ot tagoddei hoskese yssak and the
grown —cr ZE%Ebecﬂﬁéﬁé@%ﬂ'Qéﬁﬂééﬁ‘?%éé¥%§§£¥¥§§>£&’f@%gfayer 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



crystalline quality material. The area to the right of 5 curve 42

represent syhayepssthag tend to be polycrystalligg Wth no Iattbcg

m smatch, it is the tically possible to grow infinitely thec Uﬁhﬂ@ﬁ
qual ity epltaxial | ayer on the host crystal. As the msmatch in lattice
constants increases, the thickness of 10 achi evable, high quality
crystalline |layer decreases rapidly. As a reference point, for exanple, if
the lattice constants between the host crystal and the grown | ayer are

m smat ched by nore than about 20, nonodBystalline epitaxial layers in
excess of abpsetalDimen gaahbtybas aSfanhfderdeof| phacwosdatcd Wetwesme

enbodi ment ﬁg f&@ti?geg5ﬁ89 ntguggtﬁﬁéehgg a?rﬁséégo%nartﬁéléko%B!ented

monocr yst ar 1T ne acconmo llayer 24 is a layer
of strontiemydal umCirenate. iSlbstaateal th@tb@uﬁ@aw o6 bhaghi ce constants

bet ween ”@Eﬁééﬂﬂﬂ% ﬁ@ﬁtysméeeffyfd @uergf@aleg the eryskabs
on O

orientati thetlt nate “material by 45 with respect to the crystal
ori ent ati otrore 4herepresentsublyess cthak eFendnkoi el usion in the
struct ure f1 ANBFPHOUB hd! eI T BER hYBAt 2flce amBEhAEOR, othdQSZS layer in this

exanpl e, serves to reduce str ninthe titan ocryst e.l ayer
that mi ghttheEE1936h RS HRLFat TR # Jr%ﬁ?t‘:goggng‘éﬁfa( bfL Phe” host
silicon wafelri@nckgiteagialnldyéanat echaylesst Asryastai;ul t Asi hheaccor dance

th nh.odi t f ' |' ,
Vr;nonocfgsteérflloﬁnl}?e ¢l tlgnna#a e'?%c;%re C?%gtan @%féé)s 3 F%F‘Flﬁﬁess s 1

and 23101 ayerhiz@rakslen |haa qwillatwt@m%ﬂa&l%“}?@v&ﬁmo@ﬁ?g?aﬁﬁﬁne conpound

sen condu erjal A gl 2 | 1S neterbal '§f3§hé| 8cti
}char act erlciizag;du{)iy aplcS?yst %at t?é:ce c?s:}bnstant and af) @9-033 . 3 AUéCZeOO4 14

crystal oricHRtaTItE be’Fd"%hlfé% hepgih SrgRtal 137 %ﬁa% JFYWD; hayRrsare
epi t axi al ly H=@Whd@YRF mdde aeaonmsial i1, mdietrystalline

epitaxial layers in excess of about 20 nm 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



| ayer nmust be of high crystalline quality. In addition, in order to
achieve highoeryssal lgne quality in |ayer 26, 5 bstantial matching
between the crystal I§gptice constant of the hosW¥Fcrystal, inPIBiAUGagﬁM

t he nonocrystalline accommodating buffer |layer, and the grown crystal is
desired. Wth properly selected materials this substantial matching of

| attice constants is achieved as a 10 result of rotation of the crystal
orientation of the growmm crystal with respect to the orientation of the
host «crystal. If the grown crystal isldalliumarsenide, alumnumgallium
ar seni de, aiyetsk|eniew;atoioni ncTsukébicvel khgbecuydtahéinecamaddati ng

buffer | ay I.S: 15 I 1) , L8, | ' of
crystal | ajtq—'[ iﬂcl‘zl%oem{sg%}?ti%%ﬁ %g?i% S ?éé‘&g%%?%\{-;ggg%g?lee?ﬁ t he
crystal odissrmtiust dfe tdfe hfPwrrysyetline rgeat teyby 48 AAEAtAEFpect to

the orientqf ianof td hechnste ONRErySEathl NEnoOXhde1 i Synihankyeri et he host

20 material is a strontiumor bhariumzirconate Or_a_strontium or barium
haf nat® ofubEtanhiah waGeing P tHeeR npdt et YSedt chAbELEEr CPRFEATEs i ndi um
phosphi de oF tga! IHAHE idWidta] arsentlees ofasé Untieinhdndevisaaitnnde,
substantial matchjn oflgﬁystﬁl Iattic%ic nstants_can bg ichieved by
rotating 2% DA R A rY St R CYRyeFYBY2 A5 Rith  respect
to the hostesdredi cmitthalprdperslomese hstteetamterialgsthisi ne sem conduct or
puf fer | aygh petieen e sty e ail (s arans coapodndeser aanduct of
uce 5 I N ?I 0

| ayer can be use ore } traln e gro_wn rmn_ocrysta I ne
conpotihd sesudsndfc otataper afhdthariepirstal wrienters soml P Bhef gFeWBes in

lattice cpRSLANYS ., iBel LI RINStR e oitald 4t dm &hex s ouasEDNOCT ystal | i ne

)conpound sém conductor | ayer can thereby be achjeved. The_foll ow ng

exanpl e i FFy§tRdtes 1§ hec 68w ¢TYEale clot e Wi tFF BFR1€fbodi nent of the

i nventi ong1{RAndM09=033 1t ar@eMIA20Qinkb sdlahtidat oy aisensabfiduct or

Structuresggggi % %%% the accommodating buffer layer is

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




Y

e

structures depicted in FIGS. 1 and 2. The process starts by providing a
monocr yst akdbHegsenm cgnduct or substrate conpri sj silicon or germani um

I n accordance with aspreferred enbodi ment of t i nvention, _theays 2004
sem conductor substrate is a silicon wafer having a (100) orientati on.

The substrate is preferably oriented on axis or, at nost, about 0.5 off
axis. At least a portion of the sem conductor substrate has a bare surface,
al t hough other 10 portions of the substrate, as described bel ow, may
enconpass other structures. The term"B&e"” in this context neans that the
surface i nEdbwel gt ingna cdetheondubsovraserhasubeeaucheanetdhto renove any

oxi des, ¢ ] S ey f Lgn rial . | wn, bare
silicon i s%%%ééa%?ﬁ%%'?%gn Irleg&&%y ?‘gfg}r}é g‘ ng | v%ﬁgglgglg. éiﬁ?&%er m
"bare" i s hntrraieiding encorpessy s tathline naginyeongindeor Asuhhrekki con oxi de

may al so %mﬂﬁ%é%@iié’oﬂr _e;fm%lgfuaem Oﬂngasépaaﬁegsmeshea al t hough

such a_grown oxi S not_ essent the 20 process 1 n accordance with
t he i nbentir@fenrpdrafgrodignentyiehxihe | ynyeBhiar noklder §SParPRABCERTde | ayer

over |l yi ng sufth 0 Y S a1 oS URstéAt Raviig Aaliye) oxtdentayebnnust
first be r%rélove to expose the crystallinpe stéucture, of the underlying
Thehe q%ﬂaw%rm%%r%lmm&%%? bPy T&HFiQH ot BYShol ecul ar

substrate.
beam epi t apputMBE)s° offfe ardki.ve pgxildastam prtdmmaved mhdirst thermal ly

d i ti thin | f st ti [ VBE tus.. Th trate i
hen heat BETGSRERE: AR GLGIRR 5 07T 1% Fadse TRePeUPBnetORFto
reactlom t potrtd onat iofe t3@ siubstoratex] des | dyserild® ¢ Tom) i mayserves to
g th o , i i de. : T Th
ey GPPREY RHE RS Sitle oy Al fihene Tt

resul tant "surtace, S an_ordere ructureée, 'Includes
st ront i unFookggsnmeand $ihte e v fareleied i PEiier e thens a tenpl ate

for the opdgreds3s GR@WHRERl ARAMRT 4 NEdVeramf S Imaocrystal line oxide.

J&9-033 16 The tenplate provi des the necessary chenm cal a{lf physi cal
contaminants, or other foreign material. As 1s we

15 known, bare silicon is highly reactive 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.




properties to nucleate the crystalline growh of an overlying layer. In
accordancerm$ hoam alfernate enbodi ment of the Sganvention, the natjye ...,
silicon oxide can be nverted and the substrat urface can be H”ﬁér%ﬁ?
for the gromth of a nonocrystalline oxide |ayer by depositing strontium
oxide onto the substrate surface by MBE at a | ow tenperature and by
subsequently heating the structure to a tenperature of 10 about 750C At
this tenperature a solid state reaction takes place between the strontium
oxide and the native silicon oxide ca&éi ng the reduction of the native
silicon ialgewplicawregyidedrides ete@xdsatry uchendcalt andt pbreigml

oxygen. - andkddcons nemhkcan dhe SLpsLisl ensUbtanen 18 Again this

forms at I"at e for_ the subsequent an~ ordered nonocrystalline
oxi de | ayéVerHgiinghi kayehe renoval of the silicon oxide fromthe surface

of the SUb_St rat®y, ddtAEdanse widh ﬂ%rx@é"@@%rﬂ@@&ir@énﬁ heri pMention, the
substrate ,is coagled tqQ a 20 tenperature in, the range of about 400-600C and

a |aye? oftNVENFAT urhhe METHE 1S lrRh FRL9R SRR at @Y 8FERIn 20l ecul ar

beam epi t ane sTSUYBRE PIALEd Tcdildd givsbiyed opsRi fige ShtbwEhSoifnat he MBE
sources. The.rati o of

apparatus_to expose .st.rontiu titani.umand o en .
Stront i unTSRECEY AHALhi P e, kTl SPHOTL T ke PRF oia U 8P of
oxygen i sonmict ithlel wubett ratt e smnfianembaalMRE tat gr olow st @gbe varetrecastr ont i um

titanate I I f 0.3- ' Lpitiating
growt b of ¥ngSERHLtI S A eng Strb bR B T MG dLbEL b8
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 )bet ween t he_ underlying substrate an e grow ngq strontjumtitanate
| ayer. Th&ldis@Rhostdeheaysingokhgxirgsluchicin (s the Baohy 855+ hacahf f usi on
of oxygenckhaeughdt heagtiay Ba StdefiedumxiCr it JreAW: A 0de ddnt ium,

oxygen, and silicon remaining on the substrate surface.
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




titanate layer to the interface where the oxygen reacts wth silicon at
the surfacaezof-dhe u rlying substrate. The stgantiumtitanate grows

an ordered nonocryst with the crystalline ori ation rotat ee yAUBOZUU’t
with 5 respect to the ordered 2xi crystalline structure of the wunderlying
substrate. Strain that otherwise mght exist in the strontiumtitanate

| ayer because of the small msmatch in lattice constant between the
silicon substrate and the growing crystal is relieved in the anorphous 10
silicon oxide internediate |ayer. Aftei7the strontiumtitanate | ayer has
been growtittenatiee ldasinr ab ttthe kigssrfadwe wineoer e abkiygensreaatisum
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by termnating the growth with 1-2 nonol ayers, of titanium 1-2 nonol ayers

of titani FMSEPRFgekOLhA tqafdprzedzc?%rvcﬁwe%lslﬂéfe s%?%‘h‘?‘f—’ﬁﬁ?o‘i?g%he Fol | owi ng

the for mhh@l@rl@‘flnbms%kﬁﬁ:ﬁfatﬂ& | erai rA IR Gt ife SRPOS| heght Oekost a Ti- As
bond, a Ti,- ﬁs bond or, Sr-O As. g? of .t hese f?fhfn a}é rggﬁ)prl ate
tenpl ate £t §p§§|’rf3in5r’ru§hd:1ftt§q‘?§ﬁ S PeFHIT It aFRenf

nonocr yst atiknaechayer :LalE(er:JdaMdaagﬁt-JmemZ%e‘t@\rd&ﬁ | e oélli@omembateatgal lium
is introduced reactlon t.h th [ seni de forns.
g thg %Fgw1 rgg epo?iﬁ? e?ﬂe Cqﬂ%aggm §§ @

Al ternati V€ Y, PUm appi ng er to forma
Sr-O1& bsm@ilcandoanéenu@tnesmadmaa@ud@d'erw th the galliumto-formthe GaAs.
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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



superlattice, such a superlattice can be deposited, by MBE for exanple, on

the tenpl aggsgegsni b%above. If instead the bl;‘?ll’ layer is a6 @004

germani um the proce above is nodified to ca e strontiumtitanate 5
nonocrystalline layer with a final layer of either strontiumor titanium
and then by depositing germaniumto react with the strontiumor titanium
The germanium buffer |ayer can then be deposited directly on this
tenplate. 10 The process described above illustrates a process for formng
a sem conductor structure including a gi8icon substrate, a nonocrystalline
stronti umdupenbiet iaecosnoiaki sgpbnlietitayean heddapomsicedysba MBe

O by ASETLAESPUD 0 RETLERRILEL Ohiel 8YERCRY abG D" 03353 pak iy
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of chemi caiha/atpgff@epbsj’@roxs(@vayer nef ajevngahilw, chbei @a"locmaﬁor

deposi ti on, lf%’m5ﬁﬁﬁf%]cfb @Qﬁa@HédSEPbﬁéme(@EELna%bogbC layer epitaxy

(ALE), or t by 'a simlar process, other
nonocr?staﬂqT}Q%ﬂé‘é%Hmﬁﬁ%eﬁl}ﬁ@F ? abtral sliz¥ieRsOLaPRERPRe earth et al

titanat es,gzdmonat &sr thal1ahef, and Aheh WdPSdeyasatdahgs gekrbhenat €s, and
ni obates, alkaline £ earth netal.tin-based perovski ant hanum al um nat e,

| ant hanumEEE&Hdi i & e, S AR tGHY | 9 i b 33 8- caﬁﬁﬁlgﬁrﬁénigmgromn

Furt her, tnmfafeﬁ:r Mdyasr PNt aserns ush dspdBR edtderectli- ¥naotikl -

nonocr yst |IQ$ conpound sem conductor |ayers can be deposited overlying

t he nnnoc%f oxi de accommodating buffer layer. Each of the
vari até ons of d&wpgum@eaaﬁdaauhﬁh&ﬁ Byt erhedsrapes nanpregsesal Eprme oxi de

..accommmodatd ng ;buf ferg Hf@ﬁﬂa {%gﬁﬁgglfﬁéﬁ&&ﬂﬂ agesi$gcbﬁlt|at|ng the

Jgrown of the compound 'sem conduct o For exanpfle
acconnndaﬁpﬁgtﬁﬁﬁﬁerﬂzﬂﬂﬂOQQYQQQ&ﬂ%nﬁaﬁ%ﬁ9¢ﬁ¥ﬁmaﬁlt§F?E6nate t he oxi de

can be cappedmlyddthiig) el qf ZIarrga)ra uan@fey@I@@miheogamlﬁmrconl um
can be foll owed by J3&99-033 e

arsenide compoun semlcon uctor ayer by the process 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




19 the deposition of arsenic or phosphorus to react with the zirconium as
a‘precursofcbe-ggposi @ ng i ndiumgal lium arseni“ i ndi um al um num

arseni de, or indium osphi de respectively. Si arly, if & AUG 2004
nonocrystal line oxide 5 accommodating buffer layer is an alkaline earth
metal hafnate, the oxide |ayer can be capped by a thin layer of hafnium
The deposition of hafniumis followed by the deposition of arsenic or
phosphorous to react with the hafniumas a precursor to the growh of an
indiumgallium 10 arseni de, indium aluf®um arseni de, or indi um phosphi de

| ayer, respestdembyitionacsi arbanioanonephosphontisutn riebatated téarctse capped
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i ncl udes Ty SHME | FEROSHM Wb il RBF ISP F at @LESWey BYe Bl y a

nonocr yst alepod tsidr coh awdaiic Manasiysplabtone 25 seattowdunt ehesubstrate

52 includes wo regi ons,_ 53 and 54 An el ectric sem onduct corrponent
qeneral |'y il 6 B pretoite oF 61 ERSTR 4F el TG Griass
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Jcircuit suc integrated circurt exanpl e ectrical
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i nt egrat ed}ﬁ rcuits are \Aﬁlaﬁ .Suited. 35 The e]| ectri cal sem, conguctor

conmponent r Bgi 8 <53 < dUfoed pprium and oxygen.

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



~- 3 AUG 2004 20 forned by conventional sem conductor processing as well

known and wtélelyspracgliced in the sem conductor dedustry. A layer of
i nsul ati ng materi al ‘such as a layer of sili c‘ di oxi de or=theélG R§0ay

overlie electrical 5 sem conductor conponent 56. Insulating nmaterial 58 and
any other |ayers that may have been formed or deposited during the
processi ng of sem conductor conponent 56 in region 53 are renoved from
the surface of region 54 to provide a bare silicon surface 10 in that
region. As is well known, bare silicon28urfaces are highly reactive and a
nati ve silfiacoredxiyecdayant tamal geerckégnducneoonprheebaiesgsasf wedl A | ayer

of barium fows gﬂ&%f@&g}y %‘tiée&'eﬁﬁ’sé%é‘w %ﬁigﬂﬁﬁl‘ig%&i éﬁdﬂ%itg%rl ayer

on the sur r egi on I'S Teacte oxi di ze face to
forma fidstlavawpleh em%pybat:(mtmamm 58 nswele ondaacdavkrhodne enbodi nent

of the i @ﬁ‘%ﬂtdd}{‘ A SPNACTHS LAl | DB OXhe SAVEL18018-£058RE overlying the

tenpl ate layer by a process of nol ecul arr beam epitaxy. Reactants including
bariunf tiSSAHIGARAMRF D0 WERBHEH STeposited onto the tenplate |ayer to
formthe nonoamsiialdine n@ﬁéieiallam aﬂd“aiﬂﬁ'dﬁhéiﬂrlélﬁei’@ethﬂﬁpﬂé tion the

partial pressure of t ne m ni mum necessary ully
react wt I]?atvt‘?e Lﬁ%’é’%ﬂf 9 t ‘{H ‘?y@f%???ﬁénga?’%um titanate
| ayer 60. s%&l'&l@eldmﬁdﬁdxalcqmmmﬂte Eﬂif mwors I hesnre neereased fnomprow de
an over pr %%SU SUuy falcloex%%e % { %4a|t‘.|OOW O)%yl%en at % dld?lf fJL_lfJ_CCB hr 8&9?%&

gr owi ng rmnocrysta ne oxi ayer e ‘oxygen di fUsT ng ¥ hFou

bari uhd ti tanghetr eegion.wi As did iwedd dnavie shﬁrn‘ea@lbiccmegs;@nfsqeb‘o for m an

30 amrphgg@t éﬁﬁe{e%e(&fct%lvle' Xirfle 1972 fi-;flqhﬁﬁﬁ?%{&&'ﬁﬁr?ﬁngaﬂt t he

Jinterface he silicon s strate an rmnocryst Ine oxide. In
accor danc8uirkhyafoamhedi st Pere santarent i dh Laxeie af dprbiuBepbsi ting
nmonocr yst Bhl-i aﬁad@xh@é@.r J.ﬁodb@)os?&efderdﬂt@ﬂttefé Matleposbiidg Papeeond

template Iaygge hr%gce of region 54 and 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




J@9-033 3 AUG 2004 21 can be 1-10 nonol ayers of titanium barium barium
and oxygefgo®roiitangum and oxygen. A |[ayer 66 a nonocrystalline
conmpound sem conduct material is then deposit overlying thg eqan t?ﬂ
tenplate layer by a process 5 of nolecular beam epitaxy. The dep05|t|o 8#
| ayer 66 is initiated by depositing a |ayer of arsenic onto the tenplate.
This initial step is followed by depositing galliumand arsenic to form
nonocrystalline gallium arsenide. Alternatively, strontium can be
substituted for 10 bariumin the above2éxanple. In accordance with a
further erdzodilveert-Idf mdmblamaﬁmtbﬁntimasémmpdhdntumr banpomeanhd general |y

i ndi cat ed g d C nd.s onductor | ayer
66. Senlcoﬁgﬁgio q%%ﬁ%ﬁ%% 8 %%H&%gﬁggrng% %%y%g %rogggélng st eps
convent i omgnoenysdd )i nneecdmprirdt $omi edndypto¥ unraeseal désothenher 111-V
conpound ' $RINSARAIEC (Bfe r IPLES | e AQVESRS- téﬁ‘ﬁﬂ&@é‘dy%éf 59"ROpeBLEE can be

any active or passive conponent, and Ereferabl is a _sem conductor |aser,

i ght Bmi ©ff MPLEAISET Hes R ey - A F LnteR off bi PYEAr 6P r Afisi st or

(HBT), hi ghifieseenay, d@%@%lﬁ HiNsfe WP AN Babntibi thaes and takes
advant age of the phy5|cal ertles of, co und ﬁg$1$onductor mat eri al s.
A netal i £SBOR@EEror T SFEthdi® Ped FRCTHELEF be for ned

to 25 eIeghﬂﬂdahlﬁn@D@Ms@nﬁﬁnunaﬂﬂkmumbnhﬂﬂyxtéiﬂ1méuga11ﬁ@menent|ng an
| nt egr at eg Csi?\“ % t hat ltler]]f‘(%lla 1%5e . sq:%so tlQJne C?E&ngé"egﬁb tlf.rﬁgean E)he
silicon stbstrate and one eV|c f orire ot he nDnocrys i ne conp pound
seni cdhdubagiumatar thle ladppore eMamniqﬂ1lllustrat|ve 30 structure 50 has

been described;gs,a.sLEUaEY &t ‘%u%h%r %'xrgicﬁﬁ%e%ﬂp%f alyge 52 and having
Ya barium (or strontium tltanate ayer a galllunlarsenlde | ayer 66,

simlar aewe‘ééoeanabéef@m@amruﬁqwom@ér GANQFakBE  InGHFERERYst al | i ne
oxi de | aypysaandshbhen iene@ui¢ formed in compound semiconductor

layer 66. Semiconductor component 68 can be formed by

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




J@@9-033 0 0 ~- 3 AUG 2004 22 sem conductor |ayers as described el sewhere
inthis digghosuse. G S5 illustrates a sem co‘uctor structure 72 in
accordance with a fu er enbodi nent of the inve on. 5 Struc uﬁ\ﬁﬁﬁﬁﬂlf

i ncl udes a nmonocrystal line seniconductor substrate 74 such as‘a
nmonocrystalline silicon wafer that includes a region 75 and a region 76.
An el ectrical conponent schematically illustrated by the dashed |ine 78
is formed in region 75 using conventional silicon device 10 processing
techni ques commonly used in the sem codd&uctor industry. Using process
steps si mdenidandioser despeidess dbsveibed mhoevistral innghosgi de | ayer 80
and an in eé'ﬂadé@e anor phous silicon oxide |layer 82 are formed overlying
region 76 of rate 74. A tenplate |layer 84 15 and subsequently a
nmonocryst al | i n& BamTondusttoratey ez Senicerdieioposoveetyrag’/2 1n

”D”OCWStaAédc%a%@?; ayel A0-rhdr ARSOIHANCE YEthna {Hitherognbodi ment of

the i nvention It1onal nonocrystalline oxide |ayer 88 is forned
over | ybng StaIt B bi2 Grrtféjé!,@e%t%ﬁgo%‘i’cﬁﬁlrsa?ﬂH@%o%%mhgﬁﬁduﬁéo%’o form | ayer

80, and anasldiddianals @Rﬂ'@ré@t@'rhérﬁ@cr}sﬁfﬁlipﬂﬁjéméﬂllb@ﬁeﬁra:@@rl ghher med

overlying nonocrystalline oxide 88 by_ process s.simlar to those
used to FETHUERR FEIYIP act & r% F I offe r%%d‘?fr%ﬁ? Tifa ?h

i nventi onconlpdreasd suleneit ey BolLwsndeS:drley f oheedagbedlr bima Z8npound

duct . A
e conUcLOf T ST L8) 2 A SST AOTEL e SRV e eLby, h0d1Eat od Y o

seni cbmdupu:mcelsa;ﬂmg &&chmmrmlmuSﬁCbrﬂm e‘r&b%d$¢mh©01@¢1u@h@r
i nvention, %yduqfsqr éfg; é‘ﬁﬁ/lla&dt’f@etﬁoéé ehdsetiBEH

)t ransi st or nhaV| a gat ect r| C _f ornmed, in part, by nonocrystalline
oxi de | ay@Poge. Ian“@dl(mqliY@r?alﬁlﬂmr%?’thdél jqHer Bhviafetor | ayer 92 can be
used to i ppkermRdibhe glﬂ'k&‘pl‘@lﬁ:tgqu&:dﬁ dﬂ&ie figysl eff estet fonméator. In

accordancg 39 Wit 908: 2P0 TN e it d WM IR AR OCL YRLPLL! BE
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



LTG99-033 0 3 AU6 2004 23 sem conductor layer 86 is formed froma group

Il -V conpgyadgand sgn conduct or conponent 92 | radio frequency
anplifier that takes s:/ant age of the high nobi .ﬁy char acterw |A<Ug)f2[]04
group I11-V conponent 5 materials. In accordance with yet a furt

enbodi nent of the invention, an electrical interconnection schematl cally
illustrated by the line 94 electrically interconnects conponent 78 and
conponent 92. Structure 72 thus integrates conmponents that take advantage
of the unique 10 properties of the twoZ®onocrystalline sem conductor

mat eri al s.sByi amydwétonrbageEecsd i Ls ekampeésfronhargiroupgidfe¥ circuits and

systens ar(Te r@é‘yf?& rgﬁ&dsﬁ)rpl rﬁxc@o 8co Shenb égcigdgsrgd_%brrpl i fied bl ock

di agrami | Ing a Ion o nmruni catin evice 100 having a
si gnal trm@mmgamm?ah%lqmth@m t@k@gra@@@n%a%wf tbe, hagh output unit

103, and gy npity %ér%rfﬁs@i@l@? Q{‘oﬁﬁellﬁl\gn@émééﬁéﬁﬁe' ving neans

i nclude an antenna, a nodem or any 0t her neans whi ch. i nformati on or

data can HEtekabD o BhCIF FNGE o B ¥SE & n@-llr'hl?ﬁ’%' emogi@gnhepéin,
transcei V'tﬂﬁa Ilsm&&dldrp @aﬂ@ﬁémcéhenswf@énnéémsﬁes&he@a&eaaiway be

capable o rec in 0 ansmttin r both receiv ng and
transmi ttllr']rgh"s%/ esd \QT g:rﬁeo&‘)t/rt?téf}e %E]?T‘Fﬁﬁ%g%]tf%gna%%?‘égnn?ﬁt out put unit
103 25 cardrpeinsdr @ adisspl a.ygmpsmmmttm Stepeaiere D2 thesli ke. The input
uni t canln mcr han y rd, . t in

al ternati vé eﬁg:%é-’ Ctom%P e ust put}ae’C @ﬁf ﬁfo%‘; d:‘t?n Jit( Elrlnygﬁﬁbﬁn%oul d be
repl ak@d Wo@emtn@lseofuml‘te Sonsh M e rrstor 3l ing SEH@CI:CPIR@IJCWQE menmory can 30
i ncl ude rﬁgq%glgggess menory or nonvol atile menory, such as a hard disk, a
}flash menory card or nodule, or the like. An integrated circuit is

general |y a coBfi Wabi 6f SPreasHesidiq wxamnlant < ntRtegrgted
transi st okgrcdi@desind 89 stemss afes i Iapattdty® . irmrdde éike) ipseparably

6 includes a simplified block diagram illustrating a

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



J399-033 24 associated on or within a continuous substrate. The

I nt egr at edgebscot 104 i ncl udes a conpound senic uctor portion 1022, a
bi pol ar portion 1024, gnd an MOS portion 1026. conmpound senﬁc&z@%bgr
portion 1022 includes 5 electrical conponents that are fornmed atVl t
partially wthin a conpound sem'conductor material. Transistors and other
el ectrical conponents within the conpound sem conductor portion 1022 are
capabl e of processing signals at radio frequencies of at |east
approximately 0.8 10 GHz. In other enbddi nents, the signals could be at

| ower or dbgheiatedqoeneresitEdn axaepkénusvusesubseriges, Sbeh as i ndium
gal | | um arseiidea: 86 ecrapabt o0 PHOTEASLNG c8kBRAhY dbmiddhadieguency
signals at approximately 27 . 15 The conpou sem conductor portion
1022 furt Heertior| 1RRS, aa dobrekar ROPLRONAlPEdi oanfedieHEY- POXYdSEband

converter 19224 (flemodithsdbhid sBaDsoRGudesPdgbatipg 18bbCYnkludes
baseband-to-radi 0 frequency converter 10226 ~(nodul ati ng. nmeans Qr

modul aPi nGETEATIL COPRRRENDY Ehati #Ter £925998, ahndeafti ParEL6L 1¥0229. The
g pol ar pardhion a Qmpsehd h@erﬂmol @ﬁa&%@ﬁ rlhé)eériami.cairk&ngﬁetbﬁlrsrrgdld in a
oup |V sen conduct.ive terial. The bi ar ortion 1024 includes a

Ceoarvi ng Shhss s EAT  SmSanedor YHERHS! tuf CEbROBREEr 0o 5

di gi t al - t esmialcoghE: caonvertissn 102205, asadcapabhasoft prageasphiof i er 10248.
The MOS rij ' el sign o] ' 1Q262. An
exanpl e o%qgt%{(?ﬁ%rréa%g%#c udes anlgé%énéea%? é?hgé%%%ﬁﬁébggg?%gﬁ% P cores
avai | 89| e GHg -t hdmatbsy, emhadingntse Npe 0? b¥RabsPecegéixbef pbmimwesr ol a, 30

JI'ncor por aigd HagheehaWdidhcildd | NGty SRthd FXaSsohdStha8BNLS s TMEu3R0C54X
_)(f rom Texas I.nstrunents of Dallas, Texas) fam]ies_of digital signal
processor &8 FRAd unyigGilldims igfsan it 8 PRRRke 2D2BYOEGHFLELI y i ncl udes
conpl enmenkdpnaVeSatCVaR) d rarshsdrahs sithanal 2g- e thbihateB)d and
digital -tgﬁ%r]al og converters. Cearly, other .

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




J399-033 HH 3 AUG 2004 25 electrical conponents are present in the
rntegrat egicogiogait 2. In one node of operati t he communi cati ng device
100 receives a si gnaafrom an ant enna, which |s,a1rt of 5 the=s] 2004
transcei ving neans 101. The signal passes through the dupl exer 10227 to the
radi o frequency-to- baseband converter 10224. The anal og data or ot her
information is anplified by receiving anplifier 10224 and transmtted to
the digital signal processing neans 10262. 10 After the digital signal
processi ng neans 10262 has rocessed %he i nforpati,on or t er data, the
processecleal bt fat | eANBPIORREr 2Bt BTRECRFahBnfPPed MEIRES Ut put  uni t

103. If the-comuppsating device is a pager, the output unit can be a

di splay. If the connunl ati devi ce 15 a _cellular tele the out put
unit 103 can iRl oRR B %p%g %PerﬁtaPEplhé GPOELEA C2barg @E Yot
|nfornailxancggbé&w§§n& éh@@wghffhm anoantahnai i wWhidéviise page wﬁ the

t I h ! hrough th
DT 550 the Shapt | (renedifi8s erfh, A0L o [EhbORitngh, RaERcLN (hroudh the

nlcropmmﬁhxmughkew@aﬂqpﬂémernimzaﬁttontbe veflér daeguencyrien processed
eong U S P0BLe DL OF625A 0O TRENENA10208acal bR cRBEESSI Mg, L e

si gnal Hien conver ust ng the ital-to-anal o converter 10246. The
25 convenﬂmﬁbnm@ﬁm@n|SSamm@lifh@db?Ytﬁ@C?%3h§ﬁlPFP%@ 1&ﬁbﬂPP?éra{@§48. The

aﬂp"f'e&1:AﬂﬁatﬂéﬁrEB“Eﬁ%fﬂhﬁ&téhes1§ﬁ§Eb?ﬂécbgs&ﬁ§IQe&hequan@p .convert er

10226 an urther anplif ower a ier 102§§2 %hﬁﬁanpllfled RF
si gnaf pdﬂ@%%?tqﬁQnﬂﬂg%Wﬁ;|%&H%ﬁ rPi9229 éﬂﬂ UERrExar2S 222 to the
antenna.ﬂ%ddESéHd e oth ferthst Dbn tbe oon@nnﬁaaaunghdepkoeeE@@d.would have

t | t t t ted { t d
e conadet GBI TbP 105 S BFE Tr - ERERREES HorTi O oL0950 ihe bi pol ar

portion 134 e be In the communicating device is a pager, the
output unit can be a display. If the communicating device
15 is a 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 10229 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



35 the sanme integrated circuit as the MOS portion 1026 or J&®9-033 0 0 ~- 3
AUG 2004 Z&°%cA\A3d bgmon still anot her integrat&circuit. Wth an

enbodi ment of the pre®ent invention, all three rtions can now=b@ AQGNEN4
within a single integrated circuit. Because all of the transistors can
reside on a single 5 integrated circuit, the comruni cating device can be
greatly mniaturized and al |l ow for greater portability of a comrunicating
device. Attention is now directed to gethod for formng exenplary

ortions of e.integr ¢l g qq;[ . 7-11. In

IF;I G ! 7, Sa “%L)Elpgl d(%lg&%ﬁﬂ'o Iocrys ?fs]tl%ldccg']n su q-T[ratertllgo I's provided
having a embmﬁam&@tseil¢@nd@¢E@EqﬁnﬂnWﬁmtm@mz ad bitdutes grortiore 1024, and
an M35 p%%h%o%o%@ fg‘\%n'eégn ‘H&%ﬂ ROl 1@0&&&%1»4&% NG st al i ne

silicon substrate 1's orn1a N buriled region 1102. A lightly
p-type doBegaussi Bdti af EheosrpaIcdIStiors S @eS Iy &N B GANELS hen  for med

over tgfe QHEEEQaE%Q'QEr%%Q% a@%éja%ﬁﬁﬂﬁﬂdéﬁﬂ%giH@v1a%(HﬂﬂrEhStep is then
performed to Create a ? do ed drift ion 11, boyg t he N*
buri ed re@FGﬁtl}_’OE‘m%Gt‘FﬁéZ& ?H&y Sldow Weﬂ??attﬁggﬂ?atrﬁ J;ﬂptey t he
lightly pa t¥mRuaRthaxhgl dkavee. mnthln a section of the bipolar region
1024 to a ligh t ype.nonocr taII| e.silicaon ield isolation
regi on 110G isgkﬁg tFéBnéﬁ o1 ST 6|p8|gFt65? %%n f3§2J§1 the MOS
portion 1@26mp25rﬁ gareldnsleftth@ hayegrattd bsrb@nmediﬁheﬁsa portion of
t he Ita 1104 hi pert 1926, £ electrode
S8t aX) Rk puELa 1] F\tf'ﬁg 945 Pap! el 19260 and e g

1112°77s Tor fred“over di él'ectric Iaye ) demall spacers
1115 are mQMQQEYSQabhgneeE@léapnsB§b§t§ﬁt?hé1@aﬂ§ Prevtidase BBVENR R gat e

/30 d'elecéé7&0&@&eéeﬁi&@ndﬁb@okYB@rgQBﬁnﬁ0Q§ | ot begaed g itdie drift
region 111 forman active, or intrinsji¢ _base %Fgépncé6$4 An n-type,
deep col 1E33%r 2R¢i ¥ MABPPELERBN PSP med BN 5% ar portion 1024

to al |l ow wbeeisnrathe onoesttpatadline 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




35 the buried region 1102. Sel ective n-type doping is J&@9-033 0 3 AUG 2004
27 perforfEPe+@33 or doped regions 1116 and emtter regigpgl

N+ doped regions 111 re fornmed within layer 1¥4 al ong adj acent sides of
the gate electrode 1112 and are source, drain, or source/drain regions for
the MOS 5 transistor. The N+ doped regions 1116 and emtter region 1120
have a doping concentration of at |east |EL9 atons per cubic centineter to
al l ow ohm ¢ contacts to be forned. A p.type doped region is formed to

create the inactive or _extrinsic hase“r.egi o 18 i,ch is P+ doped

regi on 10 Fﬁf%%‘fo‘?&eﬁﬂ?%ﬁo OBfF a9 %‘I%% Ef’\gﬁrsé}?erer%%bq%r

cent i net erjegildh the@nbatti Aepeddesgriiched 1196veral fproees siiithist elwyehave
rned but are.not illustrate f e | b S as the

f or mat i on%&rBemqiorf%ga}%QenfS FHrESno d&g%j %%%?n%lel%f%%sﬂ%ﬁa%ﬁél

puncht hr ougte sgrevent idreimplantsgurdeldraumchrdraughfereviat MR i npl ants,

as weld ag.a.vardely ol ek ngréggfc%ng&oﬂ%? 11hQ" TRl %ictftéﬁerébel‘vdr%g up to

been perf

this point i n the process is )
i |1 ustrat d,20a h2ores taa i N IR TESR 1
the MOS r
within th i ) :
formed wi Bhior tYRe FRI iSO RIS Wort e

USICQ& conventi onal st eps.
AstbrasfasiBb@nakePfed wit hin

2@1_0 RHA%0 c et v tes! S a1 RN dhpid aorttf8ss SEOT be hasrhean for med
bi pol ar portion 1024., As_of hi s poi nt 0 CerUItr% has been
dzgﬁe. YBAAF VGt O he

| ayers thakthawe ke en sormd csuniing tWiei clprioce es $'ndopkd hediigol ar and MOS

portions

conpdu%d

foth I nt ted.ci it ( d f h f f
dBrPAa T BOrETON H22t ATG BT At b ra a Pl hus

provi ded tenttinetssbdsequent processing of 30 this portion, for exanple in

N
Jthe manner set . fo
R e

f ornmed over

e su st% B%%égiflfgﬁa?%l ustra'lt eq% @f&;éf@@%ﬁ&&aﬁggﬁgaﬂ ng

buf fer | ajparewbeenf pemtasmgdnbise Byst 4195 Hel lustrated or further
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35

described, such as the formation of well regions,
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



| ayer over the properly prepared (i.e., having the 35 appropri at

I"ayer) bapggsibkgon rface in J&9-033 0 O ,9 uG 2082 Zg ogtgggp%%%g
The portion of |ayer 4 that forns over porti 1024 and 1026 however,
may be polycrystalline or anorphous because it is formed over a material
that is not nonocrystalline, and therefore, does not nucleate 5
nmonocrystal line growth. The accommodating buffer layer 124 typically is a
nonocrystal line nmetal oxide or nitride Iayer and typically has a thickness
in a range of approximtely 2-100 nanéfreters. ne rtlcular

enbodi rrenporthlenaw@ﬁnnda‘heng@b‘@ﬂp@r dfa ey Sits 1]?(? FeIY'HE 15 nm

t hi ck. | Hg 8 Fati,an 18b st hgow i Tty d
anor phous®i Oggé%madlaa? F 1% 622 s ng@ t he gpﬁt?/ Slirnirzrcon
sur f aces amfarph@usnb@g,agﬁ@d 1@, AEuFOTTES OFigits &L?lsi 05 s 0’]1 a‘%e " yer

122 typlcﬁbhxckQQLQQQinan gﬁad@hg&ex5rglldmmm mm¢ mmrkeawackness and range
of approxinmately 1- e particular LB gde LKness is °
appro%ina@@ﬂ?cQYﬁﬁﬁlﬁépﬁoﬂFﬁUtgh % |5W‘Cgeﬁﬁrﬂfacg%nnodﬁg*ng buf f er
: Syteaeﬁzgég]@dtyggca[[gyphgus mbnbemmlaaﬂadeayr@rtaﬂszzalq enpBiteridger 126
or ne as |ck e
48 P@%&F‘}gp’ 0y ﬁu&[ 2 qgle Q¢ mately one to

ten nonol AF¥FE Bf%a dne particu enbo | ment the materia
i ncl udes hppaaxmmaaeignﬁel0Osnaowme@mn&mydéhLEK%éﬁﬁ?1QR @ her sinil ar

e s aRBr LAtk keI SBEhABMiLY LaTea! Iyl @8 1 5 25 A

rmnocrysts e CO oun sem conduct or Ia er |
over N ngapheorbmateyst aFLEnEM FHECkon 5PIé€EbﬁﬁﬁH§F1 Plé@erylgaogg
) Thoun 3, B peAcaiifopatEcae shyeptcont ciatis sk
anor phouslayag ﬁ%ﬁoé?ngEWFﬁnéioeghﬁgﬁn&é§ co%ﬂ%@f%%&¥gf§%é%%§ %e f or med
by a nunbge ghe DBRtbgdataddctypudal Lp2i.ncTides amargtherisal such as gal | ium
intermediate layer 122 typically includes an oxide of
15 @=ilicon and has a thickness and range of approximately 1-5
nm. In one particular embodiment, the thickness is
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




arseni de, alum num gallium arsenide, indium phosphide, or other conpounds
sem condugton-opaterigls as previously 35 nenti o’l. The thi cknes%l% t he

| ayer is in a range J@E9-033 0 - 3 AUG 2004 appr oxi mat ely ﬁoé&”
nm and nore preferably 100-500 nm .In this particul ar enbodi nent, each of
the elements within the tenplate |ayer are also present in the
accommodating buffer |ayer 124, the nonocrystalline conpound 5

sem conductor material 132, or both. Therefore, the delineation between

the tenplate layer 126 and its two i di at el dj acent _| rs, di sappears
duri ng prapesekhgateIrer éf oy B00wWABN éngrﬁﬁ§ﬁiEgﬁgﬁggﬁﬁgiﬁgﬁxﬁ¥%%5§5bpy
(TEM  phptographohsciakenr ampbateehaseehehvween thee el@mentemuiddtimg

buffer |ayer 124 and the nonocrystalline ¢ ound seni r.|ayer 132
i s seen. PeetheBPRBLAL LAKEEi AES BoEPi Bﬁ?SSF%{TﬁE Eg‘ %?r‘fg’%%eﬁ%ﬁttg@ duct or

| ayer 132,gpfletheageeonprdathagmbubteystajéinel2émposndenoved from portions

overlying the bigolar 15 portion 24 _an e et i..an as shown in
FIG 0. S%W%%?“@HEtQECF?Eﬁr?ggr%%gVeS? gﬁE?ﬁszﬁgﬁgﬁébfgye}g%SZ is then

fornmed ovgsliheasibatbateedhOthFheeinndatat Layeray@e angl idsn tMst| ude a
nunber of, materials sugh Xi Nigt Ll QX Y Frly de@ttlhg .
dieIectri%@meg}aeﬁzyl?§%§§§§9 Egﬁéggqa%é?g?%?rlomfkli?dgﬁﬁ%teri ghaving a
di el ect r i Thexefistant whenhaghernsnaAS 4PPr BARFEEERy M3 CFOSROPY (T )

| nsul at | ngh L a4erap2i BagaReRD dBPOREESEack! ESuickan thRol | shed, removing
portions | sy%atlng l'ayer 142 _that o Erlie nnnoc&¥5}%kjine conpound
seni d6ndrReepmnagakingsby §¢rA@?Y§ﬁs?§%o?n§4g PsTPRET ST fed Wt hin t he

nonocr yst abhbhHens 08BRYAEN&eBt 6oNUNgEDr 1pOr isosed@22. A gate el ectrode 148

is then forned on the nmonocrystalline ndeseqi.c | ayer 132.
Doped regi ons A4¢BI® B Thett ot Ry WF gggﬁghgfngggc?%g#%P Ge b

) I ne conpound
seni condugdmicoagrectdd2layert h32 andotheeaccompedating 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 is 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-



transistor 144 is a netal -sem conductor field-effect transistor (MESFET).

tf the MERE&EI-bHszan type MESFET, the doped rgm ons 146 and e
nonocrystal |l i ne combnd 35 sem conduct or Ioayer 2 are al so ril-tay[fgsdggﬂe!fd.
If a p J&9-033 |- 3 AUG 2004 30 type MESFET were to be forned, then the
doped regions 146 and nonocrystalline conpound sem conductor |ayer 132
woul d have just the opposite doping type. The heavier doped (N ) regions
146 al |l ow ohmic contacts to be made tq the 5 nmonocrystalline conpound

semi conductor layer 132. At this_poir®in tine, the active devi Wi t hin
the i nt egrapedMEGFEEUVerRate beeforBeftedtN¥Ri §PGaPPPE | EPOdABBd Rt

| ncl udes %ﬁ{)ﬂ@@rﬁ%ﬁﬁné ¥8hbbGAE ABhNibbpahatort lagsirstcr, wandda pl anar
n- channel [ransfstor. Many 10 ot her _types tyansi.stor lchgsli ng
P—-channelllaW@SJuﬁ‘_Faﬁ@?s?ﬁpg?léet913819%9% ¥ b?égl [é’?atransi@gr s, p-type
MESFETS, Adgi 60811 pat henswobhieet teataand pbahar matieatisi shers, can be used.

Al so, other electrical conponents, such ' ' . di
And i e TEReREYStagTbaer GPRBHSRT SRETGPoALeEoE TpRET, 130 MRS 2058

and 1026.p8REessi bgmepnthauastivef demiaesuwsthini they inEem3l

integrated circuit 102 as i at edy. i : ABmi |
is formedtRertt hléag'ﬁtz)lé’??%t gbgﬁéﬁlog%g E%&Ilg}}llﬁa %gygralili%?tggyl ?%glruégz

an et ch- stroplwdes pahi shtgpepMESEEBn ahuertscadt NPN BdPPaPEd in the FIG 11.

A second ,in ' I r LS.t Qe dmose i skiorst  Masuyt at |
| ayer 152t.r%%r#%ﬁis;' o@?a@éﬁg#lléﬁ,ﬂlgggﬁﬁ%fg% Z?hgﬁésigﬁs%re rerrgf/:aggto
define corther tyResngf DLanRLFECTRe YBGLE éngré—fzgaggei nf &rconnect ed.

| nter conpﬁﬁcgnsiéi%@gl,espaﬁﬁpé%éﬁﬂi@él hbbpbhaul arangikapes, 154 ty®epr ovi de

the late connect i ons_bet ween_the_confact s, 1 Ag, gl hllgﬁg&at ed in FIG 11,
FcB of the n-type MESFET

i nt er contERIFEES2 A NELPRIBALEBY of “ararn reégio
within partdem Sodd22can bheudeép cBléect othesgPdRCETAS3df the NPN

components, such as resistors, capacitors, diodes, and the
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
illustrated'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



transi stor within the bipolar portion 1024. The emtter region 1120 of the
NPN transjsfrpds cgonected to one of the dopgaaregions 1116 of the

n- channel” MOS transa or wthin the MOS porti 1026. The ot hgr3 qaEPa04
region 1116 J099-033 0 . 1- 3 AUG 13 ~ 2004 31 is electrically connected
to other portions of the integrated circuit that are not shown. A
passivation layer 156 is forned over the interconnects 1562, 1564, and
1566 and insulating layer 5 154. O her electrical connections are nmade to
the transistors as illustrated as wel Plas to other ele trjgal or
el ectroniig ednmonentsl by tdonmadied e PEted RITRTS 1 Ut are not

il lustrated in the, f] e neddiiidwnal insulating |ayers and
[ nterconﬁ@g:tesgﬁfaay %eéj%)&:ﬁzcr nﬂg(kjgtéﬁecessa to forégrt = Proper
i Nt er connect | gPadswivaePn NAaXar | k. 12 htL'Sh thin the integrated
circuit 102...A%, de saen e § hendresé o umanbosiihehindadfyeE devi ces
for both Conpound sem conductor and Gougnévallé %grg'ecggdgﬁgor materials can
be i nSegridtled iQthrn Sl CFhi SRt et Srclit. Because there.is_sone
di fficul tyfddk s dee0s poy atlingsthodtedi sl eell ramstetorBeBnglREE L AN st or s
wWithin a sane integrated circuit, . p Ll g t@ chievaisome2of the
conponenta¥ RS 4F Biifol OB SR ‘?’{ntf}g?%og'?%eﬁz%%r%tund sem conduct or
portion 1022 fe tiver MS yertdated 102vhe MpiguspRci FF¢EF§T turning to the
embodi ment . descri b Fuo 194 FL & e Beohhecasphiafi bes 10248 and
10242 may? %Wé%ol\/nesrqﬁ[%ﬁrg% %%Prr%%%nd seni conduc{;or Hﬂé%iﬂ% 1022, and
the gonvdidmes] B2 Mk carBam 45 EPrBetd% HHVRYE ovRFSTREG the MBS portion
1026. Th%eﬁjvpgeg-l é}f}_ﬁ vALBlid rERboRénspeeiahif abhe cantagreteps solely used
for making a bipolar transistor can be elimnated. Therefore, there would
only be aissnpgdunid®%eni conductor portion and a MOS portion to,
the-integratethgidsnlite SBfbn NEsdm| thanpréeioeabedbPagaienin Aftdditat ed

circuit  can be ffggmgkéﬁxgbéggﬁnétséﬁf&HﬂSﬁc@BroﬂﬁBCGkoh@S&N‘in a

devices

15 gemiconductor materials can be integrated into a single

integrated circuit. Because there is some difficulty in
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
turning to the embodiment as
the amplifiers 10248 and

1024. More specifically,

described with respect to FIG. 6,

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 circuilt

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 .



conpound sem conductor portion and an optical interconnect wavegui

an MOS traisd s§9f§ W fglin a Group |V sem conduct regi on of ighe sgmedE) te
integrated circuit. FI Gs. 12-18 include ill rati ons of- AUl 2004
enbodi ment. J@9-033 ' 3AURO4 32 FIG 12 includes an illustration of a
cross-section view of a portion of an integrated circuit 160 that includes
a monocrystalline silicon wafer 161. An anorphous internediate |ayer 162
and an accommodating 5 buffer layer 164, simlar to those previously
described, have been formed over wafé@ 161, In this specific .enbodiment
the layers neenisd. to2f onedudes opri thiushsakion Pf %eCFBFﬁéﬁeFFr'LSP, fol | owed

by the |ayers needed for .tHe M hfagshetarcitbuktGisd2thahe | :
| ayer 10 T6€'ificI Udes al ter hat | ng |a§g{l$ of coppau d, se : onduct('.)\(l)v(rar mrer
afPFL hot

mat eri al sindlordexaaphencergstatsinet Kt +4°8nt i within the
opti cal I%ch{%ms'ﬂ%@ﬂﬁe@w@éewﬁérsusb asd gal htuomapdshiidg, and the

;econd, f and sixth films. wthin the | Em
i ncl uBle é?‘-lﬁﬁ%rﬁ%ﬁeﬁa:l-ﬁun?%trfl%%‘?u?d'éoth9F'%epggégﬁigsgfg%%gbieﬁgfugzg t he

active ragiwn gdat Mbrhedecvsedwéberph6lon Fanthasi specifpper mirror |ayer

170 is formed in a siml manner t r v QLI ] e d
i ncl udes SRAFHRE Ny t[f??? rar-\{;ay%?'s c%?r%gﬁﬁdégeﬁgﬁﬁng%t grﬁgﬁg?gr :lgllsgﬁ ?2 one

parti cul afi120 whpstmedt £itse, ubptlowedrby Fhgelayessnigersdnffpe doped

conmpound em]wqylg QL opieriars, paRd §5e LR¥elolkEr A rroay etykat
n-type d orrpouén sem conductor  mat er i al s.OAno hefracgoﬁo@t mral)g; e
ot

buf f o | ayeer xR uddsn ahﬁer@atf%gt%%Y%EEO%GQFPHBH uPFEF CPaVEY i's
f or med O\éﬁtng edu]f,__lflppegﬁopéi&ﬁpi@yefhémirbﬁ,aﬁhaktieraatii te fembddilment , the

accommodat’| ng er layers 164 and 172 Lncl ' '
owever . widTyn e 19BALTEL LR8eht 1o | I REO8ae L RFRAL Ak P2 uced 1o

maki ng a R0 1tihANSitd et def weed she ospoand, séniicbhduapdr sEafér &
within the lower mirror layer 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



nonocrystalline Goup IV sem conductor layer. A nonocrystalline Goup IV
. sem conductor _|ayer 174 is forned over the a modat i ng buffer |ayer 172.
I n one Jﬁ&?t’l{)@al ar@@nbodi nent, the m)nocrysta‘)ne G oup IVIZJ%%-U%SEI? 13
AUG 2084 33 sem conductor |ayer 174 includes gernmanium sil¥T 00%
germani um silicon germanium carbide, or the like. In FIG 13, the MOXS
portion is processed to form electrical conponents within this upper
nonocrystalline 5 G oup IV sem conductor |layer 174. As illustrated in FIG
13, a field isolation region 171 is 3drmed froma portjon _of layer 174. A
gate di ?e‘?‘d}g&rﬁd@d&r 1k 9 forimedudes gereHYer 374-°%hd a gate

el ectrode 175 is for,r%d over l;[ %i&}ié&lcgﬁi@ptcﬂ-ctm@ymkdn. Doped regi ons
177 ar e JeoMEEEUM0 SHraiF™ Fd°S6trce/ drai n, regi ons fo {(?efé{.ﬁnsi stor 181,
as shown. Sigewald. SECcartse M DA FIRTHe '%%%%?e‘irio hgnhyertical si des
of the gate electrode 175 npeNE Nispeambeo et BPR at |east a
part of Q%rl%.coﬂ%osnee%%}g;ﬂ%%%onents ?le%ESQEQEédt fangigtors (n 15
changel @foup ahame)gondpedy ok&Yex rahsi st’of s, éofes, angrgggﬁlni ke. A
nonocrystal |l ine SE50 caukiued o171 ayer fosmedprraRi &l P over one
of the &@pecf‘ Pfglgelqoén)?E)Slé?]\?él An

. upper porti 4, depndd anera | ower
porti on diBA A6 ekith ns %L&%‘%%rﬁfgf??&fjh‘f r?%g%% Z?\dg%ed as illustrated in

: )

FIG 13..,The lLaver;fan hesfaorgece uslegtrodel &¢bi ¥& fepmedx PXP prdCess. In
one enbodi nment, an |n,sulft| n]g Jr er {008 $88YBhsi s 7f7ontredsovexet;he
transi stgatel SliakRFEREC $3¥F olation region 171, Thg insyhating layer is
25 pat t epned, { odeddnecapdopini nggieme ERPosds bREVGHSTRE gopﬁeé‘ r egi ons
177. A | east i“”'a"g %ﬁ&é@éefﬁbvsreeabméaahdﬁa;cemi $of &heed wi t hout
dopant s.Sha8 entTT4E¥ 3t RTVE epi t axi al I‘ggeﬁi pay Bejgtrinsic, or a
p-type -fopsital asnides adfiethaeartehelerb*8F <t &>for et on _of the 30
sel ective epitaxial LAVEE mhdetRecheheati Leaspi pappalc of layer

: r trangistors (n-

174. These other components include othe

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

epitaxial process. In one embodiment, an insulating layer

(not shown) is formed over

field isolation region 171.
25 patterned to define an opening that exposes |
At least initially, the selective
epitaxial layer is formed without dopants. The entire

i i i - e

selective epitaxial layer may be intrinsic, or a p-typ
dopant can be added near the end of the formation of the
If the selective epitaxial

the transistor 181 and the

The insulating layer is
one of the

doped regions 177.

30 selective epitaxial layer.
s formed, a doping step may be formed

laver is intrinsic, a
Y Regardless how the

by implantation or by furnace doping.

P+ upper portion 184 ie formed, the insulatin '
g structure shown in FIG.

g layer is

then removed to form the resultin

35 13.



| ayer is intrinsi
sic, as for :
or by fu ce . med, a d0p| ng s
_theJéﬁga{Sg?i n‘glygg. i SRegardI ess how t he iﬁ lrlnli%elrje formed by inplantation
the Tsuratinggpayer ' s, thep reqoved Lo formthe ot ng el T
??éfﬁr”’sd |t° define the opt ioc:au 3| QUG 2004 34 The next ste 2? tco( gﬂgﬂo"‘“
isolatio - ser 180 as i . steps is
renoved over thg Lgﬁ%gﬂ é71 and the aCCOnﬂDdZt:LguEL¥?t6d in FIG 14. The
circuit layer 170 and a(r:]tisem cogpguct or portion.of, 5 er layer 172 are
T, o S et e g i
r |ayer, 1 ; ical | ; . The
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gty égﬁhently formed

of the upper mirror layer 170 into & 8

15 optical waveguide.
patterned

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

£ different
low-k

is then formed and
to define optical opell he contact layer
the doped regions 17
e any number o

oxynitride,
After defining

186 and one ot
ating materia

20 materials, including an oxide,
combination thereof .

dielectric, ©T any
a higher refractive index material 202

e openings to £ill €
he insulating layer 190 as

pect tO the higher
relation to

1 can b

The insul
nitride,

the openings 192,
then formed within th

is hem and tO
deposit the layer over t
4 in FIG. 16. Wwith res
202, vhigher" is in
(i.e.. material

25 jillustrate
ctive indeX material
insulating layer 190
compared to the

a relatively thin

uld be formed

refra

the material of the
er refractive index

Optionally,

film (not ahown) cO
index material 202.

he high
hard mask

202 has a high
insulating layer 190) .

30 lower refractive index
her refractive

before forming the hig
then formed OVEL t

A hard mask layer 204 is

ctive index layer 202.
and high refractiv

refra Portions of the
e index layer 202 are removed

layeXx 204,




before formn :
: ng the higher - .
204 is then for J refractive index nateri
Che immas sk @ 204 and high refract i prer)a) 202, £ hard msk | ayer
Lhe meExprfesk  \ger 204, and high refractive index Vaver 2. Portions O
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of the insulating layer 190. The dash lines in FIG.

ate the border petween the high refractive index
This designation je used to
de of the same material but are

iliustr
materials 202 and 212.

jdentify that both are ma
formed at different rimes.

processing is continue

15

d to form a substantially

completed integrated circult as jllustrated jn FIG. 18. A
20 passivation layer 220 is then formed over the optical
0 and MOSFET transistor 181. Although not shown,
1 connections are made to the
t are not

laser 18
other electrical oOr optica
e integra
These interc
ay include metallic

components within th ted circuit bu
illustrated in FIG. 18. onnects can include

25 other optical waveguides or m

interconnects.
In other embod

iments, other rypes of 1lasers can be

another type of laser can emit light
d of vertically. 1f light is
4 be

formed. For example,

) horizontally instea
e MOSFET tranéistor coul

and the optical waveguide

(photons
emitted horizontally, th
ubstrate 161,
go that the la
o the transistor.

30

formed within the s
ser is properly

Iin one
clude at

would be reconfigured,

coupled (optically connected) ©

specific embodiment, the optical waveguide can in



30 enitted hori
ori zont
substrate_ 161, and ally, the MOSFET transi
the optical waveguide or could be formed wth
in the

| as@B9Ps Opro

e

p |. coupl ed (optically connect Ieg) b?or?ﬁonf | gureg gﬁstmtl’ Lo
e tran§i stor:
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sent invention. There argtS Ff (he present
multiplicity of

[ nat i, ons
exanpbefighEatd and gzenbarbodi ment s
ngndgghdgﬁqteg&eggcgcﬁ?eeg g)ef.}g%f‘etéﬁrs HE mﬂqéﬁ%%e%efi%%jatéw?nt i on. For
st_rummi@;t Mp%&g%f%éiﬂﬁdﬁ@&mg @% 146 ancroeie z;roﬁpl | ght enitting
usi ng, grRogiqurtiasr LR e Sy PRI T S B
“‘th%@@ﬁgfh%§#%%ﬁgﬁtbﬁé pneaenge%n£¥§€%b§gana5nbt Lamp &%@%ﬁpfé;crits, By
Sﬁafggxgéanﬂhmw%%go;*‘zfels%%fKrbewipﬂ%‘iﬁﬁﬂo caxbandctor maicrial
i||usgq@k%@ﬁé%%ﬁgldnandthérisﬁgpﬁgygggérb&nkhet@gegﬁﬁﬁﬂ};g?grfaor
fﬁgpoumg?eﬂeﬁv@end%“Lié%zﬂ%s”ffwww“ oAt coraianough 1o
e CB%géﬁgsg‘Sﬁfe"“qu%’ ggh;aﬁeﬁigﬁqmm/gmeew@h%@%éeﬁo%ﬁ; mng only
nonoc BoL&s!i & gg%-npgl%%@f aiddthg @o%e%% Uéérﬁ'iéid;mdngt@ﬁecagbr: zamigner,
un sem&éw5%§t@tragge??g%g&%étﬁ%t?hgt&n?s n of
war er .

Theref.glrcq. ﬁ o

. i 1 ectqiteat 1

M A B SN i

that can édoyercgnﬁﬁ?gfo%g at leasgngrﬁﬁﬁdlll “Vor Il - W
Tesent invention, )

embodiments of the P
jces that work be

th other components
materials.

By using
er to integrate-dev
tor materials wi

up IV semiconductor
manufacturing costs

circuits.
tter in

15 it is now gimpl
compound gemiconduc
that work petter in GYO
This allows 2 device tO pe shrunk, the
to decrease, and yield and reliability to increase.

20 Although not illustrated, a monocrystalline group IV

n be used in forming on eniconductor

over the wafer.

rnhandle" wafer used during the
conductor electrical
semiconductor

wafer ca 1y compouna S
Tn this manner, the

electrical components
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f the compound semi
talline compound
electrical

oY 1I-VI
f at least

fabrication o)
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e fo
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placing them OV
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Therefore, an integrated circuit €

fabricate base
an be formed

35 material.




approximately 200 mllineters in dianeter and possibly at 30 |east

appr oxi matgetegp 3D M | @neters. By the use of th'.]type of substarte, a
relatively inexpensi "handl e" waf er overcones e fragile nature of the
conpound semicondutor wafers by placing themover a relativel§ AbBe2004
durable and easy to fabricate base 35 material, Therefore, an integrated
circuit can be formed J&9--033 0 - 3 AUG 2004 37 such that all

el ectrical conponents, and particularly all active electronic devices, can
be formed within the conpound semi condéctor material even_ though Hhe

subst r at e sudlsdifatrel § el erfer icad ERMRORYERF ¢ GG PRFC HERERFAY . 23

Fabri cati Qp.iGQRt S ifelit LHROUNG, 5808 CHHI O T f Shave & ewShRLth dehdecr ease

because | arger substrates can be processed nore econoF' cal Ig nd_nor
f

} e
readi |y cORAEd FIHETHURERINAt SRt SVIhdRrE  Fagi PRUSEHAYENt i onal
conmpound SEOGNGHG! AmARiR & bl Thesdmieguingtspeaatéchalon, the
i nvention_has ., been described wth reference tonélg)e@élti%eegggdgﬁgﬂia.
Howeve?, SREOTIHCATEHHIP KiTTT i TP P HPpr et  ar el t hat -~ vari ous
nmodi fi cat iderseaind thargese dardsr rmdetwidtesitcan dparpiagefso mpeescope of
the present inventi,gn as set 15 h :an?a i ;ngly, the
speci fi caticon g |Yg€rnéiz mé’r%e tlf)e%[)%ﬂr)}eg%ar .eﬁc% E;% W‘%Sﬁ\%}%ﬁégyat her
than a resmeildeirvansenmsge dndaille s wsmviasti ianegk | @EPa@d i nt ended to be
i ncl uded @ehﬁicgnht&]%t%%o%f%frdqr esent invention. 20 Benefits, other

and so

advant ages, utions tq problens , have been described above with

regartP to specilfi EheedpEEianERTs SPRGMEHEAL e HeMe R eraAntages,

- Sgl uti onspekd a&g@&sm&&d N AR AR () stﬂh’ﬁi2ﬂ51ﬁy @ms@maéwts benefit, )

7 advant age, or solution to ocgcur or becqme_none ronounce e to be
const r uedq¥eYeLy | PPEAPE orgdtiardy s eslélg%thleala"?ﬂ;azi1 e olra%fﬂerr%ﬁ&of any

or all therdébasnmodASicsedoner eind, chaadgesr mart dehpradesyithout

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.




"conprising,"” or any other variation thereof, are intended to cover a

non- excl usggesi-neBuSI such that a process, 30 thod, article, or
apparatus that conpri a list of elenents doe ot include only those

el ements but may include other elements not expressly Ilsted og ﬁQEe%ﬁg
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38 CLAIMS 1. A connunicating devi ce including an integrated circuit,
wherein the integrated circuit conprises: 5 an accomodating buffer | ayer;
a conpound sem conductor portion overljﬁ% the accommodating buffer |ayer,
wherein the conmpound sem conduct or porﬁkgﬁmﬁncludes a feature sel ected
froma group consisting of an anplifier, a 10 nodulating circuit, and a
denodul ating circuit; ,and a C?ou |V,se onduct or, ortl ncl uding a

di gi t al Ibgchp6??WBﬁ1€69bP€ddF8 ﬁelpggbéFEg 75 i %gﬁ#nnucating

devi ce of cl aldmrﬂcuilmervatélré:he tls® npetiegr sesd cohdaat or cpaptiiershas a
crystal orientation 1 hat g.rohﬁ%gg by aggrOX|nately 45 with respect to a
crystaP ori ent att oA SPT TR LERG Erng®Yblffer layer. 20 3. The

conmuni cati ng d@vc@mp@mndlaémiaondheternporthenlnvegdau@@'dﬂﬁtuit further
conpri ses a nonocrys [ t ound
sem conduct or porti %@dﬂ%@f#}%{ﬁ%ﬁo}ét ih Mgg?%hﬁ Egee?eﬁagggacrystal
orientation that | semicarstrdionmeoidemt Bgl Smﬁtﬁeﬁ5§ﬁéc?eﬂécﬁe@rystm

orientation of the rNRNQEISHA |ddies FOty |V SabsakBle£180,4a The

conmmuni cati ng deV|ce of. cllaim3, wherei he
10 modulatlng circuit, and a demodulating circuit;
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.



accommodati ng buffer |ayer and the conpound seniconductor portion have a
lattice m sembeh3Bo eater than approxi mately % and a thickness of the
conmpound sem conduct portion is at |east 35 ap ximately 20 nm JG99-033
ie 39 0 ti. 3 AU6- 2 C4 5. The conmunicating device of claiml Ughﬁﬁﬁln t he
integrated circuit has a feature selected froma group coh5|st|ng of :

t he acconmmodati ng buffer |ayer has a crystal orientation that is rotated
by approximately 45 wth respect to a crystal orientation of the conpound
sem conductor portion; and the acconnnd%ﬁing buffer | ayer and the conpound
10 sem conductor portion have a lattice m smatch no greater than

approxi mately #n0%sRfuaitatckgesevake bife caarpoundwirimestandiigd or portion
is at least approximately 20 pm_15 6. _The commu i_ng device of claim
1° herein t ol R GHTAIGH < G L BB u: FERCRORpPF LBCCROaHGEY fo AR

C?oup | V. substdai<i andes [yf ng the nonocrystal line conpound sen conduct or
portion, wherei

. _the acco uf f | ay has a AR tal 20
ori entation thagh?sa?ﬁ?%T% napﬁaég ﬁgV gasmntﬁrpéspébt to a crysta
orientation of tkmaorﬁnnﬂagmﬁnﬂthm@ Ikonpt&tbéubstaapepxamatﬁﬂy 45°
accommodat i ng buffer ay.er the co ion have a
lattice msmtch nd t%% ég?q% thah g%%%%%%n%ff%ﬁegggéh gk%hlckness of
the conpound senlcanmumnnnipﬂﬂnlcmndgca@rlE@stlonpp@bdlnate!y 20 nm 7. The
communi cating dayl ce. ot f &‘é@l& phereinibher 3RaaenemeRapiou buf fer | ayer

and the conpound sem conduct or ortlon have a lattice msmatch no
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




greater than approximately 2.0% and a thickness of the conpound

sem condughQfy _RArRti ongi s at |east approxinmatel yg0 nm 35 JE9-033 3 AUG
2004 40 8. A, comu ating device including: i gnal transceivjn ns;
an integrated circuit ineluding: a conmpound sem conductor porti &M@ﬂﬁﬁg an
5 anplifier coupled to the signal transceiving neans; a Goup |V

sem conduct or portion having a digital signal processing neans coupled to
the anplifier; and 10 a unit coupled to the integrated circuit. 9. The
comuni cating device of claim8, where#fi the communicating device includes
a portabl .t erepbommn it tlithg Tesvicomumt badimg: devi ce of claim8, wherein

the comuni cati nqq%% i %%Arf%%%%ﬁ#@ ephone. 11. The comruni cati ng

device of claif § erein . oup, sem conductor portion includes a
converter 20 sehednéddredmadc qiusiptsalnekw@inigom a digital -t o-anal og

converter and an ang| %gsﬁp%&wiéé‘li&ﬁ{a@éé&f pIREI&h ThatDegCaAverter is

coupled to the unit. he communi cating device .of claim8, wherein the
unit 25 is selected fréﬁ@éléﬂéﬁpcé’b‘ﬁ’éﬁgtiqﬁ?g FrAFCHopRdne, a
speaker, a visual displgganand a menory neans. 13. The communicating

device of claim8, wherein: 30 the G o |V sem condﬁgt or gogti on incl udes
a bipolar portion &R étl‘ﬁ-sﬁnflé’&ndsg?tﬁ%rﬁoﬁtrﬁco? FHt¥d1 @r portion
i ncl udes a signal nodul aigagalneanaadoprioed stsd richenedingd tcugsieghato

processi ng neans and t@ﬁea%!piﬂﬁre.r;Bgnd

10 a unit coupled to the integrated circuit.

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



J399-033 10 3 AUG 2004 41 14. The conmuni cating device of claim 8§,

wher ei n t hEGEdnHdHrind m conductor portion furt i ncludes a signal
nodul ati ng neans. 5 Y The conmuni cating devi ce claim8, wherein; the
signal transceiving neans includes an antenna; the anplifier BsAkG Gl p
[11-V sem conductor power anplifier; the integrated circuit includes a
bi pol ar portion 10 having a radio frequency to internedi ate frequency

m xer coupled to the Goup Ill-V semc ﬂductor power anplifier and the

digital signal processin nmeans; .t he it ipc|udes m crophone; and 15
Che. commuritrat (5 GGUTER IGALIER JHE) GRIdSE o LpbRkar . WHETS1OONIEN CATI NG
DEVI CE  Abst r gotnpolintihechii gohdsidte rHpgir tieal ifurtdpet aidludeyes s of
conmpound sem %ongggt r dﬂgt %r.i al s can be grown overlying large silicon
waf ers by fir&togrow ng an aldoMrsddting buffer Iayer (24) on a silicon
waf er (22). The accommodating buffer layer is a layer of nonocrystalline
oxi de spacged apart f : i : r .jnterface | ayer
(28) o'f s;i%i'coﬁ%gxi SEWe%grS%J (k%l}’slv@él E:'Efer a%ignﬁﬁgnew(%#ésé#bat es strain and
pernmits the gr&hehsdgnalhitgangedivipg memsor yistaluder x| getesBarmodat i ng
buffer layer. The ampeiwadal iiRga USRS 1@Y8F deni Alddce HRIGHRE-1 0 both
the underlying silicon wafer and the “overlying nonocrystalline conpound
seni conduct or | ayeR™P2651€Rny | attice nismatch between the acconmodati ng

buffer |ayer agtethatedprdeellycigcsiilti Gor1sidess rateigsldakesreade of by the
anor ghous | nterface | aver. Comuplcation devi ¢ep (100); iy e fabricat ed
' mixer coupled to the Group III-V semiconductor
power amplifier and the digital signal processing
means;
the unit includes a microphone; and

15 the communicating device further includes a speaker.



N

nonocrystal li ne conpound sem conductor |ayer and/or the silicon.
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COMMUNICATING DEVICE

Abstract of the Disclosure

High quality epitaxial layers of compound semiconductor materials can be
grown overlying large silicon wafers by first growing an accommodating
buffer layer (24) on a silicon wafer (22). The accommodating buffer layer
is a layer of monocrystalline oxide spaced apart from the silicon wafer by
an amorphous interface layer (28) of silicon oxide. The amorphous
interface layer dissipates strain and permits the growth of a high guality
monocrystalline oxide accommodating buffer layer. The accommodating
buffer layer is lattice matched to both the underlying silicon wafer and the
overlying monocrystalline compound semiconductor layer (26). Any
lattice mismatch between the accommodating buffer layer and the
underlying silicon substrate is taken care of by the amorphous interface
layer. Communication devices (100) may be fabricated in both the
monocrystalline compound semiconductor layer and/or the silicon.
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