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Indium interdiffusion in MBE-grown CdTe/InSb heterostructures was studied by optical and surface tech-

niques of photoluminescence (PL), X-ray photoelectron spectroscopy (XPS) and secondary ion mass 

spectrometry (SIMS). A correlation between the two types of investigations is established. 

© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 

1 Introduction 

CdTe is an important material for radiation detectors and photovoltaic (PV) solar cells [1], with various 

active research activities in recent two decades [1–18]. CdTe/InSb is a significant system because of the 

very close lattice mismatch (∆a/a ~ 5 × 10–4) between them [6, 18], and therefore, the dissimilar het-

eroepitaxy between II–VI and III–V compounds, such as CdTe on InSb or InSb on CdTe, is very attrac-

tive for applications in optoelectronics [6, 9–11, 13, 14, 16–18]. We have recently performed a series of 

investigations on CdTe/InSb heterostructures grown by molecular beam epitaxy (MBE) [9, 11, 16–18]. 

The crystalline perfection and optical/structural properties of CdTe thin films on InSb were greatly af-

fected by the InSb substrate growth temperature, Ts, and other growth conditions. It has been reported [5, 

6, 10, 13] that In diffuses easily across the CdTe/InSb interface and modifies the optical and electronic 

properties of epitaxial CdTe. In this work, we present a combined study of optical and surface science 

analyses on the indium interdiffusion in MBE-grown CdTe/InSb heterostructures. 

2 Experimental 

The CdTe films were grown in an MBE machine on (001) InSb substrates which were polished on both 

sides, ion beam cleaned and subsequently annealed at ~200 °C prior to MBE growth. Two typical sam-

ples involved in this study, No. 248 and 217, were grown at the same growth rate of 0.70 µm/hr to a film 

thickness of about 1.4 µm, but at different substrate growth temperatures, Ts, of 200 °C for No. 248 and 

265 °C for No. 217. PL measurements were performed at 2 K, excited by the Ar+-514.5 nm line with 

4.3 mW focused at 200 µm spot, and detected by a PL system with a 0.75 m spectrometer, a cooled 

GaAs cathode photomultiplier and a lock-in amplifier under computer control. 

 X-ray photoelectron spectroscopy (XPS) experiments were performed in a VG ESCALAB MkII using 

a Mg Kα X-ray source (1253.6 eV, 120 W) at a constant analyzer pass energy of 20 eV. The SIMS depth 

profiles were taken in a VG SIMSLAB connected to the ESCALAB via a preparation chamber using a 
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9 keV 20 nA Ar+ beam produced from a differentially pumped VG DP50B douplasmatron ion gun, de-

tected by a VG MM12-12 quadrupole mass spectrometer (0–800 amu). 

3 Results 

3.1 Low-temperature photoluminescence 

Figure 1 shows 2 K PL spectra of (a) the Ts = 200 °C sample (No. 248) and (b) the Ts = 265 °C one 

(No. 217). The former shows the free exciton transition X
n=1 at 1.596 eV, the upper branch of free exci-

ton-polariton XUP at 1.599 eV, the acceptor bound exciton Aα at 1.591 eV with its one longitudinal opti-

cal (LO) replica Aα-1LO, a donor-acceptor-pair (DAP) transition P at 1.548 eV with its 1LO phonon 

replica P1, and deep level recombination bands of B at 1.499 eV and C at 1.495 eV as well as their corre-

sponding phonon replicas, B1, B2, B3, C1, and C2 [18]. The latter with higher Ts exhibits PL spectra with 

only Aα similar to the sample with lower Ts. and more defects-related features, such as Dµ at 1.593 eV 

which is associated with donor-like structural defects or impurity-defect complexes, E and F bands 

which were assigned to excitons bound to acceptor-like structural defects or defect-impurity complexes, 

and defect-related 1.44 eV broadband [1, 17]. 

3.2 Secondary ion mass spectrometry (SIMS) 

Figure 2 displays the comparative SIMS depth profiles of these two samples. The In+ profiles show that 

the In concentration in the entire CdTe layer is higher for the Ts = 265 °C sample than that for the 

Ts = 200 °C sample, even at the surface. Furthermore, the In+ profile is consistent with In diffusing out-

wards from the InSb substrate and accumulating at the CdTe surface. Other Cd+, Te+ and Sb+ profiles are 

quite similar from two samples with only Sb+ shown in Fig. 2, for a comparison with In+. 

 

        

 

 

 

Fig. 1 2 K PL spectra of MBE-grown CdTe/InSb 

with (a) T
s
 = 200 °C (No. 248) and (b) T

s
 = 265 °C 

(No. 217). 

Fig. 2 SIMS depth profiles showing In+ and 

Sb+ signals of MBE-grown CdTe/InSb het-

erostructures at T
s
 = 200 °C (solid lines) and 

T
s
 = 265 °C (dashed lines). 



phys. stat. sol. (a) 203, No. 9 (2006)  2183 

www.pss-a.com © 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 

Original

Paper

         

 

 

 

3.3 X-ray photoelectron spectroscopy (XPS) 

Figure 3 shows the comparative XPS In 4d energy spectra, for these two as-received samples, while 

Fig. 4 shows their XPS In 3d spectra after light Ar+ sputtering to remove any surface contaminants. 

Strong In signals appear from the Ts = 265 °C sample in both figures while the signals are significantly 

weaker for Ts = 200 °C sample. Note that XPS probes only the surface region to a depth of about 5 nm. 

Since the as-received and sputtered In 4d and 3d XPS spectra are virtually unchanged for both samples, 

we conclude that these In signals are not due to subsequent surface contamination. 

4 Discussion 

From the present study, the following observations are obtained: 

 (1) The surface analytical techniques reveal In interdiffusion directly. The SIMS depth profile and the 

XPS In 3d and 4d spectra indicate that the In concentration in the CdTe film grown at high Ts is signifi-

cantly higher than that at low Ts, and this can be attributed to indium interdiffusion from the InSb sub-

strate. Higher substrate growth temperatures enhances In interdiffusion across the CdTe/InSb interface, 

leading to a higher indium concentration in the Ts = 265 °C sample. 

 (2) PL spectra from the two Ts samples are quite different. The low Ts sample possesses strong free 

and acceptor-bound excitons, and relatively weaker and sharper emissions in the deep level range of 

1.4–1.5 eV, characteristic of high quality single crystalline CdTe [18]. The high Ts sample has a dull FE 

feature only, a stronger donor-bound exciton like feature associated with structural defects, strong defect-

related E and F lines and a deep 1.44 eV broad band [18]. Previous TEM observations had shown that 

high Ts CdTe films contain a high density of dislocations [17]. The above PL features from the high Ts 

CdTe film have been associated with structural defects or impurity-defect complexes [17, 18]. The pre-

sent study shows that the impurity involved in these complexes should be mainly indium. 

 CdTe is well lattice matched with InSb. The lattice constant for CdTe, a(CdTe), is 0.6486 nm or 

0.6482 nm at room temperature (RT) [14]. The a(InSb) lattice constant is 0.6479 nm [18]. The difference 

between them is 0.1% or 0.04% with the lattice constant of a(CdTe) being slightly higher than that of 

a(InSb). The linear thermal expansion coefficient α of InSb is about 5.5 × 10–6/K between 10 °C and 

60 °C, while α(CdTe) = (4.70–4.90) × 10–6/K at 283 K which is lower than the value of α(InSb). 

Fig. 3 XPS In 4d signals, as-received, of 

MBE-grown CdTe/InSb at (a) T
s
 = 200 °C and 

(b) T
s
 = 265 °C. 

Fig. 4 XPS In3d signals, after light Ar+ sputter-

ing, of MBE-grown CdTe/InSb at (a) T
s
 = 200 °C 

and (b) T
s
 = 265 °C. 
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 We had previously varied Ts between 170 °C and 285 °C and obtained an optimum Ts of 185 °C. The 

CdTe films grown at this Ts and below 200 °C show high crystalline perfection [18]. Indeed, PL and 

structural features of CdTe films grown under 185–200 °C are quite similar. Growth at higher Ts within 

this range is better to avoid the Te-droplets. Their cross-sectional TEM (XTEM) images across the 

CdTe/InSb interface are very clean and without obvious dislocations. However, the CdTe/InSb interface 

of Ts > 250 °C samples were filled with numerous dislocations, stacking faults and micro-cracks, the 

density of which increased with increasing Ts between 225 °C and 285 °C. 

 To explain the above features, we may assume that there would exist an exact lattice match between 

CdTe and InSb at 185 °C (or below 200 °C) and that a(CdTe) > a(InSb) as Ts < 185 °C and 

a(CdTe) < a(InSb) as Ts > 185 °C or 200 °C. This difference in lattice constants increases beyond 

225 °C. As we grow CdTe on InSb at a higher Ts, the larger lattice mismatch would lead to dislocation 

lines into CdTe and the development of these dislocation lines. A large amount of In leads to the strong 

signals in the XPS spectra and SIMS profiles, and also to the strong In- and defect-related PL emissions 

from the top CdTe layers. 

5 Conclusion 

In conclusion, the interface properties of CdTe/InSb grown by molecular beam epitaxy (MBE) and the In 

interdiffusion were studied by optical and surface techniques of photoluminescence (PL), X-ray Photo-

electron Spectroscopy (XPS) and Secondary Ion Mass Spectrometry (SIMS). The In interdiffusion has 

been revealed directly by SIMS depth profile and XPS In 3d and 4d spectra, indicating that the In con-

centration in CdTe film grown with high substrate growth temperature Ts is much higher than that with 

low Ts. Higher Ts enhanced the In interdiffusion across the CdTe/InSb interface, leading to more indiums 

detected. These are correlated to the PL spectra from two Ts samples which are quite different. The low 

Ts one possesses strong free and acceptor-bound excitons, relatively weaker and sharp emissions in the 

deep level range of 1.4–1.5 eV, characteristic of high quality of single crystalline CdTe. The high Ts one 

has dull FE feature only and strong defect-related E and F lines and deep 1.44 eV broad band. It predicts 

that there would exist an exact lattice match between CdTe and InSb at the optimum Ts of 185 °C and 

that a(CdTe) > a(InSb) as T < 185 °C and a(CdTe) < a(InSb) as T > 185 or 200 °C. At higher Ts, the 

bigger lattice mismatch would lead to dislocations and In will diffuse more efficiently along these dislo-

cation lines from InSb substrate into CdTe layer. The big amount of In leads to the strong signals of XPS 

spectra and SIMS profiles, and also to the strong In- and defect-related PL features. Optimizing Ts and 

other growth conditions are efficient to depress the In interdiffusion during the II–VI/III–V growth. 
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