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present invention relates generally to the for
of gallium arsenide (GaAs)-on-insul ator.

m croel ectroni c applications, conplenentary metal  *159159*

oxi de sem conductor (CMOS) devices that are built on

an insulator exhibit inproved characteristics over
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i nclude higher drive currents, reduced source/drain
capacitance, reduced short channel effects, reduced
parasitic | eakag8aCKGROUNSr OFulTHENTeBENTECON opes and

no | atch-up. The inproved characteristics achi eved by
CMOS-on-insul ator are particularly desirable for
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characteristics achieved by CMOS-on-insulator are
particularly desirable for gallium arsenide (GaAs) devices
built on germanium (Ge) bulk substrates and Ge containing
substrates because at temperatures greater than about 250
degrees Celsius (°C), the Ge Dbulk substrates or Ge
containing substrates begin to conduct significant amounts
of current due to their small bandgap. Accordingly, it
would be desirable to have a method of formlng GaAs-on-

1nsulator
SUMMARY OF THE INVENTION

Accordingly, 1in one aspect, the present invention is
directed to a method of forming gallium arsenide (GaAs) -on-
insulator including the steps of providing a substrate and
forming a diffusion barrier layer of a compound of formula

Al,Ga;.xAs on the substrate. A layer of GaAs is formed on
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*@00002* the diffusion barrier |ayer of Al xGal _, As.
The layer of Al,,Gal xAs is substantially conpletely
oxi dised to transform the layer of Al Gal ,As into an
electrical insulator as well as a diffusion barrier.
I n anot her aspect, the present invention is directed
to a gallium arseni de (GaAs)-on-insul ator structure
|nclud|ng a substrate, a layer of GaAs and a
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structures grown on a

Other aspects and advantages of the invention will
become apparent from the following detailed description,
taken in conjunction with the appended drawings,

illustrating by way of example the principles of the

invention.
. BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of preferred
embodiments of the invention will be better understood when
read in conjunction with the appended drawings. The
present invention is illustrated by way of example and is

not limited by the accompanying figures.

FIGS. 1A through 1C illustrate a method of forming
gallium arsenide (GaAs) in accordance with an exemplary

embodiment of the present invention;



substrate at a tenperature of about 650 C, FIGS. 3A

t hrough 3D show secondary ion mass spectroscopy

(SIMS) profiles of the GaAs structures of FIGS. 2A

through 2D; and FI G 4 shows phot ol um nescence spectra

of GaAs structures. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON The detail ed description set forth belowin
connection wth the appended drawings is intended as
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e only forns in presen ention may be
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Referring nowto FIG | A a substrate 10 is provided

£ SHEMHIh PR haéshbodi nent shown, a first |ayer of
gallium arsenide (GaAs) 12 is formed on the substrate
10, following which a diffusion barrier |ayer of a
conpouRids of 4f ostwiva Alphdinlutlinddedrscd or spdcepat hef  caas
s%bstrate 10 over the first layer of GaAs 12. A
o sfer of GaAs 16 is formed on the diffusion
barrler | ayer of Al,Gl ,tAs 14, and a mask 18 is
formed on the second Iayer of GaAs 16. 3 The substrate
10 may be a eI RETGRIRDN AR BHRE MNEENT IOV
exanpl e, a germanium (‘Ge) bul k substrate, a silicon
(Si) bulk substrate, a germani umon-insul ator (GeQ)
subst rHtee det asil et glesonriptsidratsrt (S6A) salhst riat esorthection

with the appended drawings is intended as a description of
the presently preferred embodiments of the invention, and
is not intended to represent the only forms in which the
present invention may be practiced. It is to be understood
that the same or equivalent functions may be accomplished
by different embodiments that are intended to be

encompassed within the spirit and scope of the invention.

Referring now to FIG. 1A, a substrate 10 is provided
as shown. In the embodiment shown, a first 1layer of
gallium arsenide (GalAs) 12 is formed on the substrate 10,
following which a diffusion barrier layer of a compound of
formula Al,Ga,.xAs 14 1is formed on the substrate 10 over the
first layer of GaAs 12. A second layer of GaAs 16 is
formed on the diffusion barrier layer of Al,Ga;.,As 14, and

a mask 18 is formed on the second layer of GaAs 16.



silicon germnide (SiGe) substrate, a Si Ge/Si

substrate, or a Ge/SiCGe/Si substrate. Such substrates

are well known in the art and commercially avail abl e.

The substrate 10 may have a thickness of between

about 2 mcrons (gn and about 500 m Although an
unpatterned substrate is illustrated in the present

enbodi ment, it should be understood that the present
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enbodi nents where the first layer of GaAs 12 is not 4

provi ded, the diffusion barrier layer of Al,, Gl _,,As

14 mayhe first layer of GaAs 12 may be formed on the

substrate 10 using Molecular-Beam Epitaxy (MBE), Metal-

Organic Chemical Vapor Deposition (MOCVD), Pulsed Laser
Deposition (PLD), Liguid Phase Epitaﬁy (LPE), Chemical
Vapor Deposition (CVD), sputtering, or combinations thereof,
as are known to those of ordinary skill in the art. The

first layer of GaAs 12 may be formed at a temperature of
between about 550 degrees Célsius (°C) and about 680°C.
The first layer of GaAs 12 may be formed to a thickness of
between about 0.3 nanometres (nm) and about 50 nm.
Advantageously, the formation of an initial layer of GaAs
12 on the substrate 10 before forming the layer Al;Ga,.<As
14 helps to increase lattice matching between the substrate
10 and the subsequently grown layer of GaAs 16. It should
however be understood by those of ordinary skill in the art
that the first layer of GaAs 12 is optionally provided. 1In

empbodiments where the first layer of GaAs 12 is not



be formed directly on the substrate 10. In the formula

AlGal _"As, Al represents alumnium Ga represents

gallium As represents arsenide, and x may be greater

than or equal to about 0.5 and less than or equal to

1, nore preferably, greater than or equal to about 0.8

and | ess than or equal to 1. The layer of Al"Gl "As

14 may be fornmed by MBE, MOCVD, PLD, LPE, CVD
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ihcabracianperaysre fedetyeenyahyyd /PBC38de 10 and the
second GaAs layer 16, serves to block diffusion of atoms
from the substrate 10 into the second GaAs layer 16, as
well as diffusion of gallium (Ga) and arsenide (As) atoms
into the substrate 10, during epitaxial growth of the
second GaAs layer 16. This reduces contamination of the
GaAs crystals in the second GaAs layer 16 during epitaxial
growth and thereby enables formation of GaAs crystals of

greater purity.

Inhibition of the outdiffusion of substrate atoms to
the GaAs crystals, through the provision of the interfacial
layer of Al.Ga;.xAs 14, renders possible the growth of GaAs
crystals of greater purity at higher temperatures which is
desirable for optimum GaAs crystal growth. Consequently,
the second layer of GaAs 16 may be formed on the layer of

Al.Gai xAs 14 at a temperature of between about 550°C and



5 about 680C. The purity of the GaAs crystals forned

may be evidenced by the presence of abrupt

interfacial profiles between the layer of Al xGa, _7As

14 and the second | ayer of GAs 16, shown in FIGS. 3B
through 3D. The second |ayer of GaAs 16 may be forned

by MBE, MOCVD, PLD, LPE, CVD, sputtering, or

conbi nati ons thereof, as are known to those of
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ep051 ion (PECVD), spin coating of silica film or any

other known methed of mask formation.

Referring now to FIG. 1B, portions of the first layer
of GaAs 12, the layer of Al,Ga;..As 14 and the second layer
of GaAs 16 are etched away with the mask 18 as shown.

The first layer of GaAs 12, the layer of Al,Ga,.,As 14
and the second layer of GaAs 16 may be patterned using a
dry etch and/or wet etch process. Such etching processes
are well known to those of ordinary skill in the art.
Accordingly, detailed description thereof is not required

for a complete understanding of the present invention.

Referring now to FIG. 1C, the diffusion barrier layer
of Al.Ga,.»As 14 1is substantially completely oxidised to
transform it into an insulating oxide layer 20, and the

mask 18 is removed as shown.



6 The layer of Al Gal_xAs 14 nay be oxidised via an
oxi dati on process such as, for exanple, hydrolyzation
oxi dation, rapid thermal oxidation or oxygen furnace
oxi dation. The oxidation process transforns the |ayer
of A xGal xAs 14 into an electrical insulator as well
as a diffusion |ayer. Advantageously, oxidation of
the interfacial |ayer of AlxGl xAs 14 into the

i nsul ating oxide |layer 20 results in the formation of

a strygfur Sypsty aI pure GaAs.on
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capac1tance, reduced short channel effects and parasitic
leakages, better sub-threshold slopes and no latch-up. The

layer of Al,Ga;.xAs 14 may be substantially completely

oxidised for complete current insulation.

The mask 18 may be removed by a buffer HF or HF

agueous solution.

Although described in a particular order, it should be
understood by those of: ordinary skill in the art that the
present invention is not limited to the order described.
For example, the mask 18 may be formed on the substrate 10
before the layer of Al,Ga,;..As 14 is formed on the substrate
10 in an alternative embodiment. In another embodiment,
the layer of Al,Ga;.»As 14 may be oxidised immediately after
a portion of the second layer of GaAs 16 is etched away,

and before the layer of Al,Ga,.,As 14 is etched.  Further,



and before the layer of Al xGl _,As 14 is etched.

Further, 7 the steps may be repeated to form

repetitive layers and/or further layers of G oup

[11-V or Goup-1V materials or conbinations thereof

may be added. Referring nowto FIGS. 2A through 2D,

GaAs structures 50,.52, 54 and 56 grown on a Ge (100)

6 of fcut substrate 58 at ‘a tenperature of about 650 C
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rAcenoseapyer(sT EYe ey esmyofbe keidsaAs structures 50,
52, 54 and 56. FIG 2A shows a first GaAs structure

50 grown directly on the Ge substrate 58, FIG 2B
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graphs of FIGS. 3A through 3D are obtained fTrom

SEEHFAEES i nmezd: shechREsGEpy (ISIAB)2heabarenmentfsrst Gaks
r AT I r d.fourth Ga
e B0 0 aci 0 ot AMhedle, b0 e 2
Adowsare beeserd Gadm FtGuBAreCesat grdwdi fdnise bosanm thick
g%&%%#%%&%@ol%ﬁgﬁpgﬁé 5 &h{g2$£tgrgggigér%klggés60, FIG. 2C
shows a third GaAs structure 54 grown on a 20 nm thick

interfacial layer of AlAs 62, and FIG. 2D shows a fourth

GaAs structure 56 grown on a 29 nm thick interfacial layer

of AlAs 64.

Referring now to FIGS. 3A through 3D, graphs of
secondary ion mass intensities of each element in the
structures of FIGS. 2A through 2D at various depths are
shown. The graphs of FIGS. 3A through 3D are obtained from
secondary ion mass spectroscopy (SIMS) measurements
performed on the first, second, third, and fourth GaAs
structures 50, 52, 54 and 56 of FIGS. 2A through 2D. As
can be seen from FIG. 3A, Ge atoms diffuse to a depth of up
to about 300 nm into the first GaAs structure 50 when the
GaAs structure 50 is grown directly on the Ge substrate 58.
However, as shown in FIGS. 3B through 3D, outdiffusion of

Ge atoms to the GaAs structures 52, 54 and 56 1is



GaAs structure 50 is grown directly on the Ge

substrate 58. However, as shown in FIGS. 3B through

3D, outdiffusion of Ge atons to the GaAs structures

52, 54 and 56 is 8 substantially reduced when the

GaAs structures 52, 54 and 56 are fornmed on Al As

| ayers 60, 62 and 64 of varying thicknesses. In such

i nstances, the outdiffusion of Ge atons is largely
comfsitred itd yherdlAed ayees 6Re GarandtihctRf@I r£ng s4 and

to FIG 4 h of _phot ol um nescence_ (PL)
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the spectrum for a GaAs/Ge structure (see dotted line in
FIG. 4) 1is absent from the spectrum for a GalAs/AlAs/Ge

structure (see solid line in FIG. 4).

As is evident from the foregoing discussion, the present

invention provides a method of forming gallium arsenide

(GaAs) -~on-insulator and a gallium arsenide (GaAs)-on-
insulator structure. Although gallium arsenide (GaAs) and
germanium (Ge) have very similar thermal expansion

coefficients and are also substantially lattice matched at
room temperature, there is considerable difficulty forming
GaAs crystals of substantial purity for various device
épplications on a Ge or Ge containing substrate due to the
outdiffusion of Ge atoms to the GaAs layer during epitaxial
growth, resulting in contamination of the GaAs crystals.

Accordingly, in order to prepare a high purity GaAs layer



GaAs crystals of substantial purity for various device
applications on a Ge or Ge containing substrate due to

the outdiffusion of Ge atons to the GaAs | ayer during
epitaxial growh, resulting in contam nation of the

GaAs crystals. Accordingly, in order to prepare a

high purity GaAs layer 9 on an insulator on a Ge or

Ge containing substrate, an Al,&l ,As interfacial
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outdi ffusion of Ge atons into the GaAs | ayer. The

ARYEH| to beagriomyerat sitsubRRELUEHT | eBBavREREE RAt hgnAlxGas-
i asul At ide r 0, 0X| QN ,

FaSu THeY nThe S P SYeRRe o R IRk LR PEAATRR, stops che
desdifpusonnobft e medes r bdtenbbdi Medts fydhe The Al,Ga;.
Q§e32¢t i_nvention, has beeE present ed for, purposes  of .

T ustHET o SandUHESEPFBEL SN, CBUY ST 50t 111R efdbd if§ulating
egidex%fw raho difddcidie pPRRIION testiheihgrmen high
di scl osed. It %&II be appreciated by those skillgd in I
PHE 15Vt CRR&tr ONchRAYE3tOBuUl d be made to the embodi ments
descri bed above w thout departing fromthe broad

i nventive concept thereof. It is understood,
t her effbee,dadratipthian | aferthiconprefaoted| iembcad mtemtisheof the
articglan enb&ﬁinenks digclosed but _caver

a Ai 6

AT Cat BRETW-PHI ntRe P  PARASE60e OPT hEurposes of
plesentatibreindndasceebicaed, bybibhe iappested ngledide® to be
éghghé£¥§e or to limit the invention to the forms disclosed.
It will be appreciated by those skilled in the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.
It 1is understood, therefore, that this invention is not
limited to the particular embodiments disclosed, but covers
modifications within the spirit and scope of the présent

invention as defined by the appended claims.
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1. A nethod of formng gallium arsenide (GAs)-on-

i nsul ator, conprising: providing a substrate; formng

a diffusion barrier layer of a conmpound of fornula

Al xGl_xAs on the substrate; formng a | ayer of GaAs

on the diffusion barrier layer of A,, &G, _,,As ; and
substantially conpletely oxidising the |ayer of

Al XGl _ xAs to transformthe |ayer of Al xGl xAs into

an electrical insulator ascaeiMmsas the diffusion

barrier. 2. The nethod of form ng GaAs-on-insul ator of
claiml1l, wherein x is greater than or equal to about

9.5 apd heshodt hayk orsSaialg t o ;11§umThsrg§hEa@ of(Gaas) -on-
formi ng GaAs-on-insul ator % ?a|n1 wherein x is
gneaflecorhafsonpragiaab:t o about 0.8 and less than or

equal _to 1...4. The hod of form ng GaAs -on-
|nsulgf8¥lgﬁngl [ Et m%ereln the di ffusion barrier

| ayer fotmAhgGad _d;ﬁusiohorb&drléﬁ datykircksesa ofompound of
bet ween about 10 nanonetres (nm and about 2 mcrons
ERyMusa Fhelaneth® OB CROr FHAGEERRE on- i nsul at or of

Cla'”E@rmlwgeﬁeﬂﬁyEgeo@|EEE%'%ﬁ BAL 81 chaYOh arrier layer
A, , Gl xAs'is formed to a thickness of between about

0f52Mh@md-Apoland m 11 6. The method of form ng
GaAS gﬂbFEéﬂkégﬁﬁyoEo%%ﬁz%kiy 6&&%&%&%9IQ Feg%y%rat% Al,Ga;-

one O ger manirum
§M®StbateanafSEM(the(Iﬁgebubk A$ub5ﬁ;m@e1nao an electrical

er mani umon-in MOr Ge sybstrate, a
nsulator as we as thg dgkkus%on barrier.

2. The method of forming GaAs-on-insulator of claim 1,
wherein x is greater than or equal to about 0.5 and less

than or equal to 1.

3. The method of forming GaAs-on-insulator of claim 2,
wherein x is greater than or equal to about 0.8 and less

than or equal to 1.

4. The method of forming GaAs-on-insulator of claim 1,
wherein the diffusion barrier layer of Al,Ga,.,As is formed
to a thickness of between about 10 nanometres (nm) and

about 2 microns (um).
5. The method of forming GaAs-on-insulator of claim 4,

wherein the diffusion barrier layer of Al,Ga;.xAs is formed

to a thickness of between about 0.5 um and about 1 um.
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silicon-on-insulator (SiA) substrate, a silicon

germnide (SiGe) substrate, a SiGe/Si substrate, and

a Ge/SiGe/Si substrate. 7. The nethod of form ng GaAs

-on- insulator of claim1, further conprising formng

an initial layer of GaAs on the substrate before

formng the diffusion barrier layer of A ,&1 ,rAs.

8. The nethod of form ng GaAs -on- i nsul ator of claim

§. WrreeinmetdHel i 6ft ifalroliayercaks Godsinsulatordolfo @laim 1,
t hi ckness _of between about 0.3 nm.and about 50 nm 9.
)&hEEFFPunF%‘?se?H%tl(%s)lsonOlnﬁsuPSto‘?‘ FHIRR ueMprising  a

§QPREhSLAY: esubS&m&e, sAbbaysteOf @A BMbR (si)  bulk
Substanti al | y conpl etely oxidised | ayer of a conpound

ehbtoratiea ARX@Ermawiwetgreeinshasebst (GrQELangudsdrate, a

<h XeEo%f Gaé%su rel gsﬁtl%% Sush.%sat%tai ly C TP %8&3' erminide

lLa

Sxi-di sedoflayer of RFX an- e rical

i(BSGkat osubssraed) as sidefSusisamdmratiesr . afha dhee/siGe/Si
GaAs-on-insulator structure of claim9, wherein x is
§Hest&Atfhan or equal to about 0.5 and |ess than or

equal to 1. 12 11. The GaAs-on-insul ator structure of

claim 10, wherein x is greater than or equal to about

G 8 afittel enethdhnodr fgguials t @ads-9ep: irpelEhps afn-claim 1,

%%%%ntlﬁ gﬂ&g{e é?@j%Lﬁg?se {fﬂnl%$gf of GaAs on the

yco ayer
éhbs@&h;etABefSre forming_ the diffusion barrier layer of

Aleal-xAS .

8. The method of forming GaAs-on-insulator of claim 7,
wherein the initial layer of GaAs is formed to a thickness

of between about 0.3 nm and about 50 nm.

9. A gallium arsenide (GaAs) -on-insulator structure,
comprising:

a substrate;

a layer of GaAs; and

a substantially completely oxidised layer of a

compound of formula Al,Ga..xAs between the substrate and the
layer of GaAs, wherein the substantially completely
oxidised layer of Al,Ga;.xAs is both an electrical insulator

as well as a diffusion barrier.
10. The GaAs-on-insulator structure of claim 9, wherein x

is greater than or equal to about 0.5 and less than or

equal to 1.
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of a. thickness of between about 10 nanonetres (nm

and about 2 mcrons (gm. 13. The GaAs -on- insul ator
structure of claim 12, wherein the substantially

conpl etely oxidised | ayer of Al XGal XAs is of a

t hi ckness of between about 0.5 gm and about 1 gm 14.

The GaAs-on-insulator structure of claim9, wherein

the substrate is one of a group conprising a gernmani um

(&) Thel kaswwbshr-aheulatsd istactire Rl kisukstioat @hexein x
ermani um on-insulator (GeO) substrate, a

S | TOFROTE | FEaPatYr eSHel) tRuBBPHAt € - & 3pfi d&fs than or
gefurnicde 1(Si Ge) substrate, a SiGe/Si  substrate, and

a Ge/Si Ge/Si substrate. 15. The GaAs-on-insul ator

structure of claim9, further conprising an initial

lLayer -of formed op_the substrate Dbefore.the_ - .
é}%)k/ist g%tei a ysfzc%lr;rbjr e?%??/t%§i :ésrélé:qugferogf ClANGa]: xAdeTein
ithef GubstantGallie ccapSeveliviodialidestIadmirer fl1,Ga,.As is
claim9, wherein the initial |layer of GaAs is of a

Ofi cknddd FFS weEn PHINRRT 028%HM ahy ABSeMesFesm (am) and

about 2 microns (um).

13. The GaAs-on-insulator structure of claim 12, wherein
the substantially completely oxidised layer of Al,Ga;.As is -

of a thickness of between about 0.5 um and about 1 um.

14. The GaAs-on-insulator structure of claim 9, wherein
the substrate is one of a group comprising a germanium (Ge)
bulk substrate, a silicon (Si) bulk substrate, a germanium-
on-insulator (GeOI) substrate, a silicon-on-insulator (SiOI)
substrate, a silicon germinide (SiGe) substrate, a SiGe/Si

substrate, and a Ge/SiGe/Si substrate.

15. The GaAs-on-insulator structure of claim 9, further
comprising an initial layer of GaAs formed on the substrate

before the substantially completely oxidised layer of

Al,Ga;.xAs is formed.

16. The GaAs-on-insulator structure of claim 9, wherein
the initial layer of GaAs 1is of a thickness of between

about 0.3 nm and about 50 nm.
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