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CdTe/InSb/a-Snheterostructuresgrownby molecularbeamepitaxy
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MBE-grown CdTe/InSb/CdTesingle quantumwells were characterizedby TEM, FTIR and photoconduction.Even in the
presenceof In, Te relatedcompoundsandCdTe buffer-widthdependentFabry—Perotinterference,a step-likequantumsizeeffect
was observedin the SQWFTIR data.The photocurrentpeaksare alsoattributableto quantumwell intersubbandtransitionsdue
to highersubbandenergylevels.With theimprovementof theCdTe/InSb interfacein mind, we studied thecharacteristicsof a-Sn
layersgrown on top of CdTe.TEM picturesshowthat thepropagationof dislocationplanesoriginating from theCdTebuffer layer
is stoppedat the a-Sn/CdTeheterointerface.

1. Introduction problems,Williams et a!. [5] haveuseda modified
two-stepgrowth method to elevateCdTe growth

Heterostructuresbasedon InSb/CdTe layers temperaturesto as high as 310°C,Zahn et al. [6]
haveattractedconsiderableresearchattention in haveappliedexcesscadmiumoverpressureduring
recentyears,stemmingessentiallyfrom their near CdTe growth to inhibit the undesirable In, Te
ideal material parameters.Both have matching chemical reaction, Glenn et al. [71have used
lattice constantsto within 0.05% andcompatible separateMBE chambersfor the growth of InSb
coefficients of thermal expansionover a wide andCdTe to preventcrosscontamination,andwe
(77—600 K) temperaturerange.Owing to the low [81attemptedto reducethe growth temperature
effective massof the electrons,narrowgap InSb of InSbby reducingthe arrival ratio of antimony
has high electronmobility and quantumsize ef- moleculeswith respectto indium molecules.
fectscould occur evenin wide wells. Theseprop- n-Type inversion layersat the surfaceof bulk
ertiesare very promising for device applications crystalsor at MBE-grown interfaceshavealready
in low temperatureHEMTs and mediumwave- beenreported[9—121;however,to the bestof our
length infrared detectorsandlasers. knowledge,for this singlequantumwell material

However, formation of InSb/CdTe hetero- systema two-dimensionalelectrongashasnotyet
structuresby MBE hasbeenbesetwith consider- beenobserved.
able technologicalproblems.

Incompatibility of optimal growth tempera-
tures for InSb (300 < T~< 400°C[1]) and CdTe 2. MBE growth
(150 < I~<220°C[2]), cross-doping[3], and the
formation of In, Te-related compoundsat the For the growth, we useda speciallydesigned
interfaces[4] are the serious problems encoun- MBE chamber.A distinguishingfeature of this
teredin this materialsystem.To alleviate these chamberis thecryopaneldesignwhich effectively

separatesthe effusion cells from the epilayer
Presentaddress:National Physical Laboratory, New Delhi growth side with the exception of the narrow
110012, India. orificesplacedappropriatelyto allow the passage
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Fig. 1. (a)Photocurrentresponseof sampleA at 133 K, Left = 19.4 nm. (b) Photocurrentresponseof sampleB at 133 K, Leff= 33
nm.Thenumbersdenoteelectronheavyholeintersubbandtransitionswith selectionrule ~n 0 assumed.

of the incident molecular beams. This design As for the a-Sn/CdTe/InSb polytype het-
drastically reduces the background tellurium erostructures,CdTe and InSb were grown at
pressurein the vicinity of the substratewhile 220°Cand a-Snwasgrown at the lowertempera-
InSb is being deposited. ture of 70°C.The 13.2°Ca-Sn to metallic f3-Sn

The pressureof themoleculesat thesurfaceof transitiontemperaturecanbe raisedby the stabi-
the substratewasobservedright afterthe shutter lization effect [13].We havealreadyshownbefore
wasclosed.The exponentialdecaytime constants [14] that a-Sn can be grown at higher tempera-
for CdTe, In andSb were lessthan 2 s. turesif the layersaregrown thin.

The two CdTe/InSb/CdTe single quantum
wells investigatedhereweregrown on (001)GaAs
substratesat the following growth conditions: the 3. Photoconduction and FTIR
growth temperature,growth rate and V/Ill ar-
rival ratios were 220°C,0.1 ~.tm/h and 1.0, re- Fig. 1 shows the results of the photocurrent
spectively, and the growth rate of CdTe was 0.3 measurementsconductedat 133 K for the two
gm/h. Sample A had a 1.1 ~tm thick CdTe SOW samples.The peaksare attributedto elec-
buffer layer, while sampleB had 2.7~m. tron—heavyhole transitionsexcited by photons

Quantumstates in the SOW structureswere impinging on the sample. The broadnessof the
investigatedby infrared optical absorptionand peaksreveals the effect of quantumwell width
photoconduction measurements.These are irregularities over the sample area. Transitions
greatlyfacilitated becausethe underlyingGaAsis indexed by 1 and 2 do not appear in fig. la
transparentto the infraredregionof interestand becausethe lower subbandsare filled in these
the substrate’s high resistivity enables direct photoconductionmeasurements.In fig. ib, sub-
measurementsof photocurrentwithout shorting bandlevels up to 3 arefilled. Calculatingwith an
the currentsignal. effective well width of 15 monolayers(19.4381

Table 1
Parametersinterpolatedat 133 K from publisheddata

Temperature Valenceband Split-off band Bandgap Bandgap
(K) discontinuity discontinuity (InSb) (CdTe) (InSb) (CdTe)

(eV) (eV) (eV) (eV) (eV) (eV)

133 0.88 0.74 0.22 1.59 0.95 0.81
293 0.84 0.66 0.17 1.50 0.98 0.80
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the buffer layer (1.1 ~.tm)provedto be too thin,samething cannotbe done for sampleA because
therefore the interferenceperiod exceededthe
onsetof the optical absorptionthreshold.

~ If we attributethestepedgesto electron—heavy
hole transitions,then the computedarrowsshown-4

0 in the figure correspondto transitions n = 1 to
C,)

n = 5. The n = 2 transitiondoesnot seemto fall
I I I I near any observableedge;however,all the other

4000 3000 2000 1000 transitions occur near the middle of the step

edges,as was expected.The InSb fundamental
WAVENUMBER [cm-i] energygapcotnctdeswith the absorptionpeakat

Fig. 2. Fourier transforminfraredabsorptioncurvefor sample 1370 cm ~, asseenin fig. 3. A possibleexplana-
B at roomtemperature.

tion for the appearanceof this peakis theprecip-
itation of InSb islandsat the well interfaces.

The verification of the well width is a compli-
nm) for sampleA and 23.5 monolayers(33.0448 cated issue.For sampleA, the width is about 20
nm) for sampleB, we obtain the transition num- nm according to flux measurements,and this
berassignmentsshownin the figures. Even with agreesquite well with the theoretical effective
the presentuncertaintyin the value of the InSb/ well width usedto explain the photocurrentre-
CdTe valence band discontinuity, recentvalues sponse.But for sample B, if flux measurements
rangingfrom 0.96 eV down to 0.84 eV [15], the are to be followed, the width shouldbe approxi-
resultingdifferencein calculatedemissionpeaks mately 40 nm, which does not exactly tally with
is only of the order of 10 cm~which is not the effective well width usedto fit the photore-
enoughto changethe peakassignmentsshown. sponsepeaksand the FTIR absorptioncurve.

Table 1 shows the parameters[16—18]usedto
calculate the subbandtransitions at 133 K. We
used a simple non-parabolic conduction band
model with the heavyhole banddecoupledfrom

smoothed data
tiara Ce

the light hole, split-off and conduction bands izoo
accordingto the method outlinedin Bastardand

~ 1000 rz.riI:iI~.Brum’s [19] review article. The field used in thephotoconductionexperimentwas assumedto be 800small enoughto be neglectedin the calculations. .2 600
InSbEgapExciton effectswere also not included,owing to

the ratherrough resolutionof the measurements.

~2n=3.0Fig. 2 shows the Fourier transform infrared ~ 200(FTIR) absorptioncurve for sampleB. The upper = 1
0

curve in fig. 3 shows the measureddata after 500 1 500 2500 3500 4500
smoothing.The interference(which canbe varied wavenumber[cm-i]
by changingthe buffer layer thickness)is clearly Fig. 3. The smoothedFTIR absorptioncurve is shown at the
seen.We assumethat belowthe InSb bandedge top. TheFabry—Perotinterferenceis modelledby thesinusoid

absorptionenergy, only the sinusoidal interfer- whosephaseand amplitude arechosenso as to eliminate the
ence predominates.Hence, we can safely esti- first peak in the upper curve,the assumptionbeing that the

mate the period and amplitude of the sinusoid interferencedominatesthelow energypart of theabsorption

over this region, as shown in the middle curve in spectrum(below the F
0 optical thresholdof InSb). For easierviewing, the two topmostcurvesaredisplacedby 450arbitrary

fig. 3, andthe step-likeresponseis obtainedafter unitsand thelowest curve is a 180 timesmagnificationof the

dividing out the assumedinterferingsinusoid.The real result.
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makesit suitableas a possiblelayer locatedat the
SOW interfaces.

In this study, the a-Sn/CdTe/InSb(substrate)
~ polytype heterostructurewas investigatedusing

transmission electron micrographs (TEM) and
TEM energydispersiveX-ray (TEM EDX) analy-
S’s.

- .~$i Fig. 4 clearly shows the appearanceof planar
dislocationswithin the CdTe buffer layer grown
on top of the InSbsubstrate,and theypropagate

~- right up to the start of the CdTe/a-Snheteroin-
_____ terface. No propagationis observedwithin the

________ —~ thin greytin layer. The defectswhich originated

400 CA from thepolarbuffer layerareapparentlystopped
by the onsetof the non-polargrey tin layer.

Fig. 4. Transmission electron micrograph of the a-
Sn/CdTe/InSbheterostructure.Dislocations starting from However,we haverecentlymadeRamanstud-
theInSb substratearestoppedatthe a-Sn/CdTeinterface. ies that indicate In, Te relatedcompoundforma-

tion despitethe presenceof an a-Sn layer be-
tweenCdTe and InSb [20]. This result suggests

4. TEM the diffusion of tellurium andindium throughthe
a-Snstop layer.

Someeffort was investedinto possiblewaysof A TEM picture of a 200 nm long part of
improving the CdTe/InSbinterfaceand avoiding sampleA is shown in fig. 5. The irregularity of
the problems due to the formation of In, Te the InSb well width evident in the figure clearly
related compounds.For this purpose,we chose accountsfor the broadnessof the photoconduc-
a-Snas a candidatematerialbecauseof the fol- tive responsepeaks.Someclear planardisloca-
lowing properties:it hasa good lattice matchwith tions canalso be seen,andthis, coupledwith the
CdTe andInSband it hasa zerobandgapwhich precipitationof indium near the interface,causes

CdTel

J~dT..

250A ___

Fig. 5. TEM studyof a 200 nm partof theSOWsampleA. The irregularityof the quantumwell width spacingis plainly seen.
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100A
Fig. 6. TEM multiple wave interference picture of the CdTe/lnSb(huffer) interlace of the pol~t~peheterostructureafter
bombardmentwith a 300 keV beamof electrons.Damagedsites appearblacker than the surroundingarea. Both sides of the

interfacewereequallybombarded,but the InSb sidehasrelatively little damage.

degradationin the expectedhigh carrier mobility. CdTe/InSb interfaceafter irradiation. The dark
In fact, Van der Pauw measurementsshowed spotsare causedby the evaporationof tellurium
mobilities in the order of i0~cm2/V. s. atoms due to the electron bombardment.The

During theTEM EDX measurement,300 keV InSb layer side shows significantly less damage,
electronswereusedto irradiate thepolytype het- indicating that comparatively,RHEED measure-
erostructure.Fig. 6 shows a small part of the mentsduring MBE growth(thoughelectronener-

gies are considerably less here, about 20 keV)

T have less deleteriouseffectsduring InSb growth
Cd Cd as comparedto CdTe layer growth. TEM EDX

graphs(fig. 7) of a particular spot in the crystal

show quantitativelythe decreasein tellurium con-
centration as comparedto cadmium after the

Cd Te Cd bombardment.
H

to
z

Cd~

Te \/J~e~~~. Summary
~7i~

I I I In summary,we havegrown CdTe/InSb/CdTe
(a) ~ ENERGY (key] (b) ~ ENERGY (key] ~ single quantum wells on (001) GaAs substrates.

Irregularitiesin well width seenin the transmis-
Fig. 7. TEM EDX graphsof a particularregion in the CdTe .

sion electronmtcrographsaccount for the broad
layer before and after the 300 keV electron bombardment. . .

The evaporationof tellurium is seen by the decreasein photocurrentpeaksandthe low mobility is dueto
intensityof the tellurium peaks. the planardislocationsand the oft-reportedfor-
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