
Journalof CrystalGrowth48 (1980) 367—378
© North-HollandPublishingCompany

GROWTH OF AISb ON INSULATING SUBSTRATES BY METAL ORGANICS CHEMICAL VAPOUR
DEPOSITION

Mathieu LEROUX, Annie TROMSON-CARLI,PierreGIBART andChristianVERIE
LaboratoiredePhysiquedesSolides,LaboratoiredeMagnétisme,CNRS,F-92190Meudon—Bellevue,France

and

ClaudeBERNARD andMarie ClaudeSCHOULER
Centred’In formationdeThermodynamiqueChimiqueMinéraleENSEEG,BP44, F-38401SaintMartin d’Hères, France

Received21 July 1979;manuscriptreceivedin final form 5 October 1979

Aluminium antimonidethin films were grown on different insulating substrates,i.e. silica, CaF
2, BaF2, A1203, GaAs, by

metal organicschemicalvapour deposition(MO-CVD). Epitaxial AISb thin films were successfullygrownon CaF2 andGaAs. In
the process,the metal alkyls trimethylaluminium (TMA) andtrimethylantimony(TMSb) arethe sourcesof Al and Sb, respec-
tively. The thermodynamicstudy of the systemAl—Sb—C—H shows that AlSb couldbe depositedfor givenvaluesof thepartial
pressuresof Al, Sb andC in the vapourphase.Other condensedphasescould appear,A14C3, Sb.

1. Introduction Considerable etching of the quartz tube occurs and
this method is not reliable to grow pure large single

MO-CVD hasbeenshownin thelastdecadeto be a crystalsof AlSb.
reliablealternativeto thetechniqueusinghalides [1]. Crystal growth of AlSb from the melt was not
Single crystal thin films of GaAs were grown, with sucessfull: molten aluminium and antimony have
electrical quality comparable to those obtained large differencesin density so that a good homoge-
fromhalides. neity of the ingotcannotbereached[3] andaninter-

In the MO-CVD process,111—V compoundsare granularAl-rich impurity phaseis formed.AlSb was
usually formed by reaction of a Group III element evententativelygrown from the melt in theApollo—
alkyl in the presenceof a GroupV elementhydride. Soyuz test project (ASTP) [4]; the quality of the
However, in the case of antimonide,SbH3 is instable ingots obtainedwas much better than on earthbut
at room temperatureand is therefore not available, theresultwasnota realAISb singlecrystal.Theinter-
In the presentwork TMSb was usedas Sb source.In granular phasewasalmosteliminated.
the case of aluminium compounds,usual growth AISb thin films were grown by vacuumevapora-
methodslike vapour phaseepitaxy (VPE) or liquid tion by severalauthors [5,6].Films were eitherpoly-
phaseepitaxy (LPE) are difficult to achievebecause crystalline or inhomogeneous, and atmospheric
gaseousaluminium chloride etchesthe quartz tubes deteriorationoccurs after some time. Homogeneous
and molten aluminium etchesall commoncrucibles. stoichiometricAlSb films were depositedby Johnson;
In VPEof Al compoundsan aluminareactoroughtto the high resistivity of thesefilms did not allow any
be used. In both processes,special precautionsare transportmeasurement [7]. A1Sb thin films, with
to be takentowardspreventinganytracesof oxygen. semiconductingpropertiesclose to the bulk samples

In the past severaltechniqueshavebeenusedfor wereobtainedby coevaporation[8].
growing AlSb. Singlecrystalneedlesweregrown from Strong photovoltaic responsewas obtainedwith
the vapour using chlorine [2] as transport agent. AlSb films on Ta contactspreparedby evaporation
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368 41. LerouxCt al. / Growth of,llSh on insulatingsubstrates

191. Polycrystalline A1Sh wasobtainedby dc sputter- their weak ionicity have consequently few native
ing in high purity argonatmosphere[10]. defectsor impurity defectcomplexesand practically

To our knowledge,iso \‘PE study of AIS’b hasbeen no self-compensationeffect. The Ill V semiconduc-
reportedso far. This paperdealswith thegrowth of tors are the most promisingcandidatefor achieving
AISb using a MO-CVD method.After a brief survey high effIciency solar cells. The Ill V compoundAISh
of tIme characteristicsof this compoundasa potential is expectedto sharethesegeneralproperties,provided
photovoltaic material [11,1 21 . the thermochemistry a suitablecrystallization techniquecould he set up,

aspect is discussedin section 3. The resultsobtained avoidtngsegregationeffectsinducedby gravity effects
under various conditions are reported in section 4, at the liquid—solid interface 141 . hindopedA1Sb was
emphasizingtheprecisecontrol of the growth pararn- alwaysfound to he p-type with p 1017 cui3. This
etersneededfor high quality epitaxy. native defect, probably due to high Sb vacancycon-

centration,maybe relatedto thesesegregationeffects.
A methodlike MO-CVD couldavoid thesedifficulties.

2. AISb as a candidatematerial for photovoltaic solar Furthermore,as shownin thedepositionof GaAs by
energyconversion MO-CVL), the control of the ratio Sb/Al in the gas

could allow a control of the stoichiumeiry. As a

After the pioneer work of Loferski [131and result, tins Sb/Al ratio control might have a strong
influenceon the p-typenativedefectconcentration.

Rappaport [14] devotedto the electronic structure
and materials aspects of the optimization of high

2.2. Availabilitv of photovoltaic materials
efficiency solar cells, a number of lI---VI and lll---V
semiconductorshavebeenproposed.A1Sb, which has
already been mentioned [14], offers interesting Among the nearly ideal band-gapcompoundsfor
properties. However the great difficulties to grow solar energy,i.e. lnP, GaAs, CdTe and AISh 141, the
AISb single crystal or thin films have limited the latter has no problem of constituentelement abun-
investigationsof AlSb solarcells. This paragraphdeals dance,even in the case of large scale photovoltaic
with a survey of the niain propertiesof this corn- central station power plants working without con-
pound having someimportancein the framework of centration(seetable 1 restrictedto the III- V family).

solar photovoltaics,i.e. ionicity, availability of rim- Note the necessityof high concentration(C ~
tovoltaic materialandbandstructurefeatures. 200) for materialslike GaAs and lnP and hr any

alloy using Ga or In. This implies the achievement
of very high efficiency solar cells with such elements

2.1. Jonicitv
since this parameteris crucial for high concentration
converters.

Comparingthe resultsobtainedso far with various
materials, it appears that Si, GaAs, and InP, i.e. 2.3. Bandstructurefeatures
covalent or quasi-covalent materials, exhibit the
highestefficiency. This propertyindicatesthat among Solar cells are usually parametrizedthrough three

thematerialselectioncriteria for high efficiencysolar main qtiantities: the open circuit voltage V
0~.,the

cells, ionicity is a basic parameterwhich wasunder- short circuit current Is~and the “fill factor” [131.
estimated. As a result the Ill—V compoundswith Usually the optimized efficiency of a solar cell is

Table 1

Abundance(in metrictons) of elements

Elements Al Ga In As Sb

World reserves 1.17 X l0~ 1.12 X l0~ 1.4 X l0~ 3.7 x 106 7.7 X 106
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2.0 eV, taking the GaAs solar cell parameters,i.e. a
quantum efficiency of 0.9, a fill factor of 0.80 and

E(r6) F(Voc)= 0.77, the conversionefficiency is about
12% for AM1. A detailed discussionof the use of

E(X) indirect band gap Ill—V semiconductorsfor pho-

E~2,2eV tovoltaic conversioncanbe foundin ref. [16].

E~:16eV

E(r8) .,,~,,.J 3. Thermochemistry

The useof MO-CVD of AISb from TMA andTMSb

Fig. 1. Band structureschemeof AlSb. The arrows illustrate in H2 atmosphereraisesthe problem of the A14C3
opticalabsorption,thermalisationandrecombinationproces- phase formation. A thermodynamicanalysisof the
ses. system Al—Sb—C—H allows to determinethe differ-

ent condensedphasesin equilibrium with the gases.
This is a reliable starting point for the depositionof

mainly the result of a compromise between the AJSb.
achievementof thehighestopencircuit voltagefactor The rate limiting processin MO-CVD could be
F(Voc) = eVo~/Eg(Eg is the gap of the semicon- either mass transfer (diffusion, convectionturbu-
ductor)and the longestlifetime of minority carriers lences) or surfacereaction. Different processeshave
related to a diffusion length LD compatiblewith the beendiscussedin detail in recentpapers [18]. In the
optical absorptionlength. In a p—n homo-junction presentstudyno systematicstudy of the speedof
device this is achievedat a limited doping level of the depositionwas carriedout as a function of different
n- andp-typepartsof the cell, parameters.

It hasbeenproposedto usean indirect gap mate- A proposedmechanismfor the growth of GaAs
rial having a band structureclose to the direct— from organometallicsis the formationof complexes
indirect gap transition, but with Edmr > E~~dand of such asGa(CH3)3—AsH3with subsequentpolymerisa-
about 1.4 eV [14]. Such a situation(fig. 1) allows to tion and desorptionof CH4. Such a mechanismcan-
combine strong optical absorption (mainly due to not be consideredin the caseof the growth of AISb
transitions acrossthe direct gap) and long intrinsic fromTMA andTMSb.
lifetime of the minority carriers(dueto thethermali- The complex A1(CH3)3—Sb(CH3)3 is weakly
sation in the indirect gap configuration).Therefore bound and Sb(CH3)3 starts to decomposeat a low
the above limited dopinglevel of the p—n function temperature,beginningto form elementaryantimony
may be substantiallyincreased,since the low doping well abovethesubstrate(this a causeof incertitudein
material would havea longer lifetime. Recentphoto- the knowledgeof the actualSb pressuresin thereac-
luminescencestudies of GaAs under high pressure tor). The reaction responsiblefor the crystalgrowth
have beeninterpreted,in the indirect gap configura- of A1Sbis then
tion with a lifetime higher than valuedeterminedin
the onebarcase 17. Al(CH3)3 + ~ Sb4 + ~ H2 -~ (AlSb) + 3 CH~. (1)

An examination of Ill—V ternary alloys with This reaction is competitive with the well known
appropriateF—L crossoversin the conductionband pyrolisis of the TMA [181:
has stressedthe importanceof A1Sb-basedmaterials
as good candidates[16,18]. In the frameworkof the ~ Al(CH3)3 -+(A14C3) + 9 CH4 . (2)

above considerations(section2.2), AlSb with ,nd = The dimerisation of the TMA in the gas phasemay
1 .6 eV and = 2.2 eV is attractive since it allows also be relevant by preventingthe formation of a
to avoid the useof ratherrare elementssuchas In or Ill—V complex such as (CH3)3A1—Sb(CH3)3andby
Ga. Restricting the thickness of AlSb to a few mi- enhancingthe aluminiumcarbideformation.
crons which correspondsto an optical cutoffat about In order to estimatethe relative strengthof reac-
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Fig. 2. Schematicequipiiiant for MO-CVD of AlSb and InSb.

tions (1) and (2), thermodynamiccalculationshave cal speciesconsideredare: Sb, Sb2, Sb4, H2, Al, [H4
beenperformedon theAl—Sb—C—H equilibriumsys- and C2H2 in thegas phase,and AlSb, Al, Sb, A14C3
tern by minimisationof the system’sfree energy func- andC in thecondensedphase.
tion, using the computation proceduredescribedin No mixing is supposedto occurin the condensed
ref. [211. Considering,in accordancewith theexperi- phase,so that theactivity of eachcondensedspecies
ments, that the pyrolysisof the trimethylaluminiurn is 1. Thermochemicaldata were takenfrom ref. [22]
and the trimethylantirnonyare complete,the chemi- for A1Sb, from ref. [231 for A14C3, from ref. [24] for

CH4 and C2H2 and froni ref. [251 for the other
species.

_____ I I

tã
2 A[Sb+Sb 47 “s-

~- AISb/,,//’A(Sb+A1
4C3 - ~ ~ ~ ) -

1o1610~4:i___ ~

Fig. 3. Phasediagramof the Al—Sb—C—H system.Thex and 10-6 10—2
y axesgive the molarfractionsof Al andSb, respectively(or Al —

the partial pressuresof TMA andTMSb enteringthereactor). Jig. 4. Phasediagramof the Al—Sb—C—H systemof fig. 3.
T=900K. T=1000K.
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I I I and to the fact that Sb/Al ratios larger than 1 are

AI4C3.Sb+C needed to grow AlSb, presumably due to kinetic
-~ - - effects that our equilibrium model cannotaccount10 Al,C3.C

for (seesection4).

Sb- 00/000 \~\

0 4. Experimentalresults
- AlSb 414C3

AlSb 4.1. Experimentalconditions
- AI4C3 MO-CVD of AlSb was obtainedfrom the reaction

between TMA and TMSb on a hot substrateat high
AtSb.~L temperature(1000—1100K). The system used in

106 Al—n 1O”2 theseexperimentsis schematicallydrawnon fig. 2.
A vertical reactor was used with typical dimen-

Fig. 5. Phasediagram of the Al—Sb—C—H systemof fig. 3. sions: diameter5 cm andheigth 50 cm. Gasesare
T= 1100 K. (X) and (o) are experimentalresults around introducedin the reactorat the conical end to avoid
1100K: (X) A1Sb deposit;(0) AISb + A14C3 deposit. turbulences.The graphitesusceptorwas heatedby a

radio frequencyinduction heatingsystem.The tem-
peraturewasmonitoredby a Pt/Pt—Rhthermocouple

Figs. 3, 4 and 5 show the Al—Sb—C—H phasedia- enclosedin a quartztube insertedinto thesusceptor.
gramsat 900, 1000 and 1100 K respectively,as a The metalorganics(Alfa) weresuppliediii stainless
function of the Al andSb mole fractionsin the inlet steelbottlesfitted with bubblertubes.The concentra-
gas phase,which is a mixture of Al(CH3)3, Sb(CH3)3 tion of TMA and TMSb in thegas phasewas deter-
and H2 (i.e. the total compositionof the inlet gas mined by controlling the temperatureof the bottles:
phaseis determinedby the Al andSb mole fractions). TMA was kept at 25°C(12 Torr) whereasTMSb at
Figs. 3 and 4 showthat at temperaturesrangingfrom 0°C(29 Torr) or —32°C(6 Torr). Vapoursof the
900 to 1000K, the domain of AlSb formation has metalorganicswere transportedto the reactor by
the rough shapeof a triangle limited by the stoichi- bubbling pure hydrogen through the liquids. 112
ometry line (Sb = Al) and the Sb deposition line passedovera chemicalpurifier.
(Sb = ~P0(Sb4),where P0(Sb4)is the equilibriumSb4 Thedifferent hydrogenflows (saturatedwith TMA,
vapour pressureof elementalaniimony). Thismeans TMSb andthecarriergasrespectively)wherepremixed
that AlSb depositionoccursunderSbsupersaturation, beforeenteringin the reactor.
which is limited by the low equilibrium vapourpres- All gas lines and valves are in stainlesssteel.The
sure of antimony, Po(Sb4).The A1Sb domainis then different flows were accuratelycontrolled by mass
limited to a small areaof the diagramwhichincreases flowmeters.Specialeffort wasdoneto avoid anyleak
with temperature,togetherwith P0(Sb4). in the tubing system.After leaving the reactor, the

At higher temperature,however,a further limita- exhaustgases pass over chromium kept at 1100K
tion appearsdue to strongaluminium carbideforma- (free Sb reacts with chromium) and different bub-
tion, evenat very low Al concentrations(see fig. 5). blers.
Interpolatingbetweenthesetwo limitations leadsto In a standardrun, the reactoris first evacuated,
consideringthat the AlSb depositiondomainhasthe then flushedby N2 and finally by H2. The insulating
largestareaat a temperatureof approximately1070 substrateis heatedup to thedepositiontemperature,
K, whathasdirectlybeenobservedexperimentally, then the TMSb flow is admittedinto thereactor,and

On fig. 5 are shown some experimental points, 5 min later the TMA flow. The insulatingsubstrate
showing a good qualitative agreementwith theory. was mechanically polished with diamant abrasive
The reasonsof the discrepancymay be attributedto endingwith 0.5 jim grade.A specificstandardetching
an overestimationof the Sb contentof thegas phase processis donefor eachkind of substrate.
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Table 2
Deposition on amorphoussubstrates:influenceof thetemperatureon thenatureof thedeposit

Run H
2 flow p(TMA) = 2p(A12(CH3)6) p(TMSb) Sb/Al T(K) Result

(mI/mm) (10~atm) (10~atm)

135 4000 0.15 3.5 23 1123 AlSb
136 4000 0.15 3.5 23 1073 AlSb
t54 4000 0.15 3.5 23 1023 AISb
145 4000 0.t5 3.5 23 1023 AISb+Ah1C3
141 4000 0.15 3.5 23 973 A14C3+AISb

4.2. Deposition on amorphousand polycrystalline partial pressure is overestimated (this has been
substrates checked experimentally). Partial decomposition of

TMSb occursbefore arriving on the substrate.Partial
No AlSb substratesare available;MO-CVD experi- pressuresin tables2 and 3 are overestimated.The

mentswere carried out eitheron amorphousSi02, or nature of the substrateis of critical importancefor
on insulatingsubstrateswith lattice parametermatch- thesurfacereactionsoccurringon the substrate.
ing asgood aspossible. After this discussion it can be concludedthat a

The first experimentswere carried out on amor- thermodynamicanalysis is a useful tool to definethe
phousSi02 or sinteredA1203 to define the deposi- deposition conditions of AlSb. Formation of AlSb
tion condition of AlSb. Pertinent data of different occurs at T> 1000 K for Sb/Al ~ 20; for lower val-
experimentscarried out in the systemTMA : TMSb : ues of Sb/Al, A14C3 is formed. Theseresults are in
H2 are given in tables 2 and 3. Table 2 shows the good agreement with the thermodynamic condo-
influenceof the depositiontemperatureon the nature sions.
of the deposit, the flow conditionsand the partial
pressuresof MO are the samein all runs. Table3 4.3. Depositionon singlecrystal substrates
gives results for different H2 total fluxes (in all
cases<4000mh/min) andfor different Sb/Al ratios. Severalinsulatingsubstrateswith unit cell parame-

It canbe deducedfrom thesetypical resultsthat a ters as closeas possibleasAlSb were chosen.Table 4
qualitative agreementwith the theoreticalphasedia- gives the lattice parametersof the differentsubstrates,
gram does exits. However, the calculations were which were used,and the results, the conditionsof
carried out assumingequilibrium,which is, of course, growth of AlSb on thesedifferent substratesfor T=

not the case.Furthermore,hydrogenpassingthrough 1073 K.
the MO is not completelysaturatedso that the MO CaF2. Smooth epitaxial films were grown on

Table 3
Depositionon amorphoussubstrates:influenceof theflow conditionson thenatureof thedeposit

Run H2 flow p(TMA) = 2p(A12(CH3)6) p(TMSb) Sb/Al T(K) Result
(ml/min) (10~atm) (l0~atm)

52 1100 6.13 18 3 1223 AI4C3
50 3100 2.1 6.3 3 1123 A1Sb+AL1C3
47 2100 0.31 12 38 1123 A1Sb
53 1250 0.31 7.5 23 1023 AlSb
93 2100 0.32 7.6 24 953 A1Sb
13 2100 1.1 9.3 9 948 AlSb+A14C3
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Table4
Latticeparametersof possiblesubstratesfor A1Sb epitaxialgrowth

Material Substrates a
0 (A) a (K~) Results

AlSb 6.1355 4.88X l0~ No substratesavailable
CaF2 5.4626 10.53 X 10~ Epitaxial films with high
f ii i} degreeof strains
BaF2 6.2001 18.4 X 10~ Decomposedby the vapour
~11l}
Ca3Mn2Ge3O12 12.320= 2a AlSb ~-9 X 10~ Decomposedby the vapour
1~111}
A1203 a = 4.758 c 7.7 X 10~ Polycrystalline or textured films
40001} c = 12.991
GaAs 5.6419 5 X 10~ Epitaxial growth
{ioo}

(111) under the conditions reported on table 2 Thicker ifims cracked during cooling, but were
(sample No. 192). However, due to the large mis- specular at the depositiontemperature.Fig. 6 shows
match only very thin films ~ 1 pm, slowly cooled the surface of an A1Sb film grown on (111)CaF2 as
from the deposition temperature,can be grown. viewedby scanningelectronmicroscope(SEM). The

ii

Jig. 6. SEM analysis of AISb on (11l)CaF2 (sample No. 192): (a) surface morphology; (b) and (c) X-ray dispersive analysis
(Al(K0) and Sb(L0) respectively).
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Fig. 7. SEM anal~sis of AISh on (al 2 (sampleNo. 62) Sb micronodulesappearat the surfaceof thel,myer: ( ~i) surfacemnorphology;
(b) and (c) X-ray dispersiveanalysis(Al(K

0) and Sb(L0) respectively).

surface shows separatedislands with {l 1 l} facets. The X-ray analysisgives no evidenceof carbon
This is expected from the large mismatchbetween contamination (fig. 6) and shows a remarkable
both the lattice parameterandthe thermalexpansion homogeneity of the film. Fig. 7 shows the same

coefficientof theCaF2 substrateand theAlSb film, feature as sample No. 192, but some extra Sb was

— [iii]S 333• • S422 -242 •222• 313 •133•311 .131 S• 111 S•400 .202 S’)22•200 .020 5 pbFig. 8. Electrondiffraction patternoF AlSb on CaF2 (a) with indexation(b). Satellitesnearthe main diffraction spotsshow the
presenceof twinning.
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~ sphereup to the depositiontemperature.ThenTMA
is admittedin thereactor.The flow of AsH3 is slowly

set to zero whereasthe flow of TMSb is increased
from zero to the experimentalvalue (table 3). This
alloys to grow an intermediatefilm whichaccommo-
datesthelattice mismatchbetweenAlSb and GaAs.

Fig. 10 shows AISb on GaAs (sampleNo. 214).

X-ray analysisof Al and Sbshowgoodhomogeneity.
Ga and As appearin X-ray analysis as well as in
electronicmicroprobe,which resultsfrom interdiffu-

sion in the depositoccurring at 1055 K. The deposit
containsa slight amountof As.

To avoid partial decompositionof the substrate,
an H2 + AsH3 atmosphereis usedbefore the deposi-
tion of AISb. However,a slight decompositionof the
GaAssubstrateoften happensandGaA1AsSbhillocks
appear. Fig. 11 shows AlSb on 1100 IGaAs with
microinhomogeneities.

Fig. 9. Specular film of AlSb on GaAs(sampleNo. 211). . .Quantitative analysis by electronic microprobe
showedthat these hilocks have approximatelythe

depositedwhich appearsclearly on SEM photographs. compositionGa0.6Al0,4Sb0,9As0.1.
Fig. 8 showsthe low angleelectrondiffraction pat-

tern of AlSb epitaxially grown on CaF2. It appears
that the main diffraction peaks correspondto an 5. Discussionandconclusions
azimuth 1110 I; the weak peaks correspondto the
symmetrical orientation 11101 with respect to the MO-CVD was found to be a reliable method to
11111axis. grow thin films of AlSb and to avoid all the problems

BaF2. BaF2 seemsto be a bettersubstratethan of aluminium reactivity and inhomogeneitywhich
CaF2 and it has a lattice mismatch,~a0, of 1.1%. occuron growth from the melt. HoweverMO-CVD is
However BaF2 is less stable than CaF2andreaction possible for T> 1000K and for a high Sb/Al ratio
occurs with aluminium gaseousspeciesand the sur- (~20),otherwise a parasitic phaseA14C3 appears.
face of the substrateis decomposed. Analysis of the systemAl—Sb—C--H gives a thermo-

Ca3Mn2Ge3O12. The lattice parameterof Ca3 dynamic background of the experimentalfeatures
Mn2Ge3O12is more than twice the lattice parameter connectedwith the depositionof AlSb, A1Sb + A14C3,
of AlSb (tao = 0.4%). Unfortunatelythe substrateis andAlSb + Sb.
decomposedby thegaseousspecies. Epitaxial films were grown on [li1]CaF2 and

Al2O3. Al2O3 is known to be a good substrate [100]GaAs.However, the lattice matchis not good
for many semiconductors.Thin films can be grown enoughfor highcrystallinequality films. An improve-
on (0001)Al2O3, but thesefilms are polycrystalline ment is expectedwhen a substratelike GaSb with
(slightly texturedfor low thickness<1 pm). ao = 6.095A will be used.Unfortunately this corn-

GaAs. Semi-insulatingCr doped(l00)GaAswas pound starts to decomposeat 550°C.The use of
usedas substrate.In spiteof the differencein lattice triisobutyl aluminium as MO, whose radical is more
parametersmirror-like epitaxial AlSb films (fig. 9) stable than CH3, for the transportof Al could allow
were grown when a graduate AlAs 1_~Sb~inter- to grow AlSb at a lower temperaturethan in the
mediate film was deposited betweenthe substrate presentwork. For instancethe growth temperature
and the film. The experimental procedurediffers could be 900 K where it is thermodynamicallypos-
slightly from the abovedescribedprocedure.Thesub- sible. Theseexperimentsare in progressandwill be
strate is heatedunder a H2 and AsH3 mixed atmo- reportedelsewhere.
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Fig. 10. SEM analysis of AISh on GaAs (sample No. 214)showinggood homogeneity.howeverslightdeteriorationof the surface
due to instability of AlSb in air occurs. Due to lattice mismatchthedepositis under high degreeof strain. Ileating in theIlux of
electronsmay sometimesresult in separating the I’ilin from thesubstrate(a) surfacemorphology:(6) (d) \-ray dispersiveanal~-
5iS (Al(K&. Sb(L0),Ga(Ka) and As(La) respectively).
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Fig. 11. SLM anabsis of AlSb on GaAs (sampleNo. 216) showingGai_~Al~Asi_~.Sb
3,micronodulesonthe surface: (a) surface

morphology;(b)—(e) X-ray dispersiveanalysis(Al(K0), Sb(L0), Ga(K0) andAs(L0) respectively).
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