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VAPOUR PHASE GROWTH OF AISb FROM THE CHLORIDES
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Polycrystallineand oriented A1Sb films weregrown on GaAsorGaSbsubstratesfrom chloridesin analuminareactordesigned
to hold gaseousaluminium halides.The bestepitaxiallayerswereobtainedat655°Con (11 1)GaSb,howevertheyremainair sen-
sitive.

1. Introduction growth. Antimony is transportedmainly as Sb4,
andaluminium as a mixture of Aid3, A1C12 andA1C1,

This work is part of a programdevelopedto study in proportionsthat arefunctionsof thetemperature.
AlSb as a material for photovoltaic conversionof
solar energy.A recentpublication [1] of experimen-
tal results discussesthis topic and reviewspublished 3. Experimental
papersconcerningthis program.

Among severalprocessesavailablefor the synthesis In this method volatile aluminium compounds
of AlSb the vapour phasegrowth by chlorideshad (MCI, A1C12 and Aid3) are produced by direct
neverbeenusedto obtain AISb, althoughthismethod gaseouschemical reaction of HC1 with liquid alu-
has been successfullyused to grow various Ill—V minium. The chlorides obtained are separately
compounds,in particular AlP [2] and AlAs [3,4J. brought to the reaction chamberwhere they react
Thesemay be comparedin some aspectswith alu- with thegroup V hydride. In the caseof antimonyno
minium antimonide. stable hydride is available,thus aluminiumchlorides

reactwith a flow of antimonyvapour(Sb4).
The presenceof very reactivecompoundssuchas

2. Thermochemistry aluminiumchlorides,meltedaluminium,hydrochloric
acid andhydrogenat hightemperatureimplies severe

Previous thermodynamicstudies [5,6] of the dif- selectionof materialsandspecialcautionin planning
ferent chemical equilibria involved in the Al—Sb— the reactor.
Cl—H systemin the temperaturerange 650—1000°C The aluminium and the antimony sourcesare
give indication for the conceptionand choice of respectivelyheld in two aluminatubes(16 mm OD)
materials for crystal growth. For instance, the low placedinsidethemain aluminatube(47 mm OD). An
equilibrium vapour pressureof elementalantimony external silica tubing continuouslyswept by pure
has led to the use of separateAl and Sb sources, hydrogen prevents eventual leaks of tightness of
togetherwith low hydrochloric acid concentrations, alumina after temperaturevariations. The whole
i.e. 0.5%in H2. This featurehasbeenpointedout by systemis placedin a multi-zone furnacethat ensures
Jakowetzet a1. [7] in the caseof GaSbvapourphase a suitabletemperaturedistribution alongthe different

parts of the reactor. The internal temperaturesare
* Present address: Laboratoire de Magnétisme, CNRS, measuredby thermocouplesintroduced in a one-

F-92190Meudon—Bellevue,France. endclosedaluminatube.
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The two compartmentscontaining the source obtained when a critical thicknessis obtained.For
elementsAl and Sb are connectedin their cold part instancein the caseof GaAssubstratesat 780°C,on
by PTFE tubing andat the otherendareprovidedby which a quick AISb epitaxial growth occurs, the
graphite plugs boredby many holes to increasethe surfaceis notwholly coveredby 20~zmhigh islands.
gas velocity andthusthe reaction.

In this way, any part in contactwith aluminium 4.1. Polycrystallinesubstrates
chloride in the hot zone is alumina or graphite
preventing any chemical reaction with the main Polycrystalline depositshave been obtained on
reactor. In the same way all parts in contactwith sintered alumina in the temperaturerange of 650—
Hdl (gastubing, fittings, etc.) in the inlet part of the 980°C.The most efficient conditionsfor a regular
reactor are stainlesssteel. The whole aparatus is andgood depositionare describedin thetable 1. The
heliumleakfree. depositsare mainly composedof tetrahedralcrystals,

The substrateholder is shapedfrom a piece of the dimensionsof the largest dependingon the
graphiteand fixed at the closedend of an alumina temperatureof the substrate.Identical resultshave
tubewherea thermocoupleis introducedto measure beenobtainedon (0001)sapphire.
the temperatureverycloseto thesubstrate.

4.2. Singlecrystalsubstrates

4. Experimental results GaAs and GaSb have beenused as substratesto

obtainepitaxialdepositsof MSb.

Thelayersof A1Sb were studiedusingmicroscopy,
X-ray diffraction and Laue photographs.The thick- 4.3. Growth on GaAssubstrates
nesswasmeasuredby opticalmethods.

On all the substratesusedin the presentstudy, The lattice mismatchis large: &z/a = 8.5%, and
growth of AlSb seemsto becontrolledby nucleation without anaccommodationfilm ahighqualitydeposit
process.Crystalline islandsappearon the substrate, cannotbe expected.
the thickness and surface of which extendsimul- As substrates,(100) and (ill) orientedcrystals
taneously. The coalescenceof crystallites is only havebeenused.With similar experimentalconditions

Table1

Experimentalconditionsofdepositionof AlSb ondifferentsubstrates

Substrate Sources A1Sb results,growth-rate

Nature Temperature Aluminium Antimony
(°C)

Temp. Flow Temp.a) Flow
(°C) (HC1O.5%) (°C) (H

2)
(cm

3/min) (cm3/min)

A1
203 650—980 900 500 850 200 Polycrystaflinedeposits,sizeof

crystallites,10 <1 < 40 Mm/h

(100)GaAs 700—850 — — — — Very roughorientedlayers,
(111)GaAs 17 Mm/h at780°C

(111)GaSb 650—683 948 400 900 120 Orientedlayers,

4 Mm/h at655°C

a) This temperatureis notvery significant,vapourflow mainly dependson thegaseousexchangeabovetheantimonysource.
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Fig. 1. Layersof AISb on GaAs substrates: (a) (111)GaAsat 805°C;(b) (100)GaAsat 850°C.

of gaseousflow and temperature,thegrowth velocity substratefor AlSb epitaxy in the 6 50—680°Ctern-
is of the sameorder of magnitudewhateverthe sub- peraturerange.With the experimentalconditionsof
strateorientation.For example,17 pm/his measured temperatureand gaseousflow reported in table 1,
on substratesat 780°C. (111) substrateshavebeenused.The whole surface

Every layer is built up with crystallites,the orien- is covered and relatively smooth layers can be
tation and shapeof which are characteristicof the obtained as shown on photographsof surface and
orientation of the substrate, as shown on the cleavedsection(fig. 2).
photographs(fig. 1). X-ray photographsconfirm the The oriented nature of growth is confirmed by
optical observations. The only reflexion peaks of X-ray analyses (diffractometry and Laue
A1Sb are those of crystallographicplanesparallelto photographs).The low melting point of GaSballows
the substrate. only a relatively small range or temperatures.Below

With (ill) substratesthe B-face (non-metallic 650°Cantimony vapours in excess in the gaseous
atoms)gives different resultsfrom the A one(metal- flow condense.Althoughin our experimentalcondi-
lic atoms). The layersseemsmootheralthougheven tions nothingelse but A1Sb depositwas observedin
in this case the roughnessof the surfaceis always the reactorzoneabove620°C,depositionshavenever
visible, beenmade at lower temperatureto preventconden-

In someX-ray photographsstrongreflexionpeaks sationof antimonyvapoursin excessand formation
of GaSbwere observed.We assumethat they are the of GaSb—Sbeutectic(590°C).
result of substitutionof surface As atoms by anti- Besides,as alreadynoted,the lengthof the forma-
mony. A liquid layerof GaSbat thegrowth tempera- tion zoneof A1Sb in the reactordecreasedwhenthe
ture should, in this case,be an importantelement temperaturedecreased.AlSb is synthetizeddirectly
of the growth process.Although such lines are seen on the graphite ending of the tube containingalu-
whena largeexcessof Sb occursin thereactantgases, minium, blocks it, andstopsthe chlorideflow. Such
a more or less thin liquid layer probably actsin all behaviourhas alreadybeen observedin the growth
casesin thenucleationprocess. processof AlAs and mentionedby Ettenberget a!.

[3] as a proof for non-equilibrium in the chemical
4.4. Growth on GaAssubstrates reactionof the synthesis.

In all cases the layers of AlSb obtained on the
A1Sb and GaSb havevery closeunit cell parame- different substratesmentioned are very moist-air

ters. The lattice parametermismatchis only 0.65%. sensitive. Kept in air, they gradually get darker,
Despiteits low meltingpoint (710°C),GaSbis better separatefrom the substrateand finally turn into
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Fig. 2. Optical micrographs of oriented layers of AlSb on (11 l)GaSb substrates. (a), (b), (c) Different aspectsof surface mor-
phologies of layers obtained with experimentalconditions reported in table 1. (d) Cleavedsectionof a 8 pm thick AlSb layer on
(11 1)GaSbsubstrate.

powder in less than one day. To keep them for a before epitaxiallayersof AISb are to be obtainedby
longer time, they are protectedin chloroform or thismethod.
trichlorethylene.
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