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The interface layer has great significance on the potential barrier height of CdTe/GaAs heterointerface. In this work, 

electronic properties of the CdTe/GaAs heterostructure prepared by molecular beam epitaxy is investigated in situ with 

synchrotron radiation photoemission spectroscopy for CdTe thickness ranging from 3.5 to 74.6 Å. During CdTe deposition, 

As-Te and Ga-Te interface reaction happen and cause the out diffusion of Ga. A stable GaTe interface dipole layer (more than 

30Å) hence forms and reduce the potential barrier height by 0.38eV. The potential barrier height is in proportion to the 

chemical bonding density and thickness of Ga-Te interface layer. The results establish a more fundamental understanding of 

the influencing mechanism of interface layer on the potential barrier height of CdTe/GaAs heterointerface.
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1. Introduction 

As one of the most important heterostructures, CdTe/GaAs has attracted much attention in a number of 

important fields1, 2, such as infrared detectors3-5, solar cells6, and nuclear radiation detectors 5, 7, 8. In addition to 

these traditional applications9, GaAs and CdTe also offer interesting properties for potential applications in 

spintronics devices10, 11, such as nuclear spin polarization12, electron spin relaxation13, spin coherence14, and spin 

injection15, 16. These applications in addition rely on several unique relationships between GaAs and CdTe, same 

crystal structure and similar energy band gap17, the proper potential barrier height (PBH) at the heterointerface 

between the two plays a rather important role in device performance18-20. CdTe and CdTe/GaAs can be idea buffer 

layers for HgCdTe infrared detectors grown on the GaAs and Si substrate to integrate focal-plane arrays into 

Si-based readout electronics[21]. The performance of infrared detectors is mainly determined by the carrier 

generating from HgCdTe across the interface of CdTe/GaAs. In photovoltaic field, CdTe film also can be grown on 

the GaAs substrate to be solar cell[22] and proper PBH at interface of CdTe/GaAs can void the Ohmic contact 

problem between p type CdTe and metal electrode[6]. In a addition, CdTe film grown on the GaAs substrate can 

also be used as X-ray detector that the low PBH can make the carrier transport easily across the interface 

enhance the detector performance such as collection efficiency and energy resolution. In other heterostructure 

system such as ZnTe/GaAs23, ZnTe/GaSb24, ZnSe/GaAs25 and SiC/GaN26, the PBH also have great impacts on the 

carrier transportation and carrier density to affect the device performance. The Interface layer generally exist at 

the heterostructures because the abrupt interfaces are thermodynamically unstable27. For practical application, 

the properties of interface layer is the key factor to determine the PBH28, 29. Tuning the PBH through interface 

layer engineering allows more flexibility in designing devices. However, known from previous work, the detailed 

properties of interface layer of CdTe/GaAs heterostructure are still remain controversy. Several models have been 

used to describe the CdTe/GaAs interface layer. Cohen-Solal30 points out that there are two basic unit cells 

existing at the interface of CdTe/GaAs: tetrahedral 2Ga-Te-As and twin tetrahedral 2Ga-Te-Te-Te-2Ga. Bourrent31 

considers that there is no intermediate compound and the compound Ga-Te may be a transient structure. CdTe 

and GaAs are called “covalent” materials because their ionicity, which is defined by the difference in 

electronegativity of the two constituents, is relatively small32. Therefore, the valence-state energy is easier to be 

influenced by the surface state, chemical reaction and atom diffusion, which makes the interface layer formation 

more complicated. 

The investigation of influence of interface layer on the PBH at semiconductor heterostructure has a long 

history. Several different heterostructures have been investigated with special emphasis on changing PBH through 

changing the interface layer, such as adjusting the cation/anion ratio of the interface layer25, 33 and inducing 

ultrathin interlayer of a given group material29, 34. However, to our knowledge, little study has been performed so 

far on the CdTe/GaAs heterostructure. Moreover, a complete understanding of the PBH evolution as a function of 

interface layer formation during CdTe film deposition is still lacking. As far as this fundamental problem is 

concerned, the method of controlling PBH by interface layer engineering will be limited. 

In this paper, CdTe/GaAs heterostructure was prepared by molecular beam epitaxy (MBE) and electronic 

properties of the heterointerface were investigated using synchrotron radiation photoemission spectroscopy 

(SRPES) with CdTe coverage from sub-monolayer to multilayers. A stable GaTe interface layer is confirmed to 
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exist at the interface. We find that the PBH height of interface can be tuned by the electrons provided by Ga-Te 

bonds and thickness variation of GaTe interface layer. The bonding and dipole controlled interface layer model 

will be used to explain the corresponding evolution of the PBH of CdTe/GaAs heterointerface.  

 

2. Methods 

2.1 Experimental methods 

The SRPES experiments were carried out at the Surface Physics Station of the National Synchrotron 

Radiation Laboratory (NSRL) of China in Hefei. The endstation equipment has been described in detail 

previously35. The analysis chamber is equipped with a VG ARUPS10 electron energy analyzer for SRPES, a 

twin-anode X-ray gun, and an Ar+ sputter gun. The energy resolution (E/ΔE) is better than 1000.  

The CdTe (001) film used in this study was grown by MBE system. The exact growth conditions have been 

discussed in detail elsewhere[36]. Briefly, The vacuum of the MBE deposition chamber and the analysis chamber is 

better than 10−9 and 10−10 Torr, respectively. A polished n-type GaAs(100) wafer with Si dopant purchased from 

Hefei Kejing Materials Technology Co., China was used as the substrate. The sample was etched for 10 min with 

Ar+ at ionization voltages of 1.0 and 0.5 kV successively, followed by annealing in situ at 500 °C (thermal couple 

named temperature) for 40 min to obtain an oxygen and contaminant-free surface, the real temperature may 

exceed 600 °C and higher than others in similar research[37]. After several cycles of treatment, a clean GaAs (100) 

surface with 4×1 reconstruction was obtained[37, 38]. Then the CdTe thin film was deposited on the GaAs (100) 

substrate at 460°C using CdTe flux in the MBE chamber. Pressures ranged from the mid 10-9 to low 10-8 Torr during 

the CdTe deposition which are lower than previous research like Angelo[39] to obtain smaller growth rate in order 

to better observing the interface properties at initial stage. The quartz crystal microbalance located at MBE 

chamber was used to monitor the CdTe deposition rates. The Te4d, Cd4d, Ga3d and As3d PES spectra were 

collected using the photon energy of 90 eV. The valence band spectra were taken at photon energy of 28 eV. All 

Fermi levels were fixed using that of Au, acquired from Au foil attached to the sample holder just below the GaAs 

sample. 

2.2 Theoretical methods 

   An ab-initio pseudo-potential method based on DFT was used to simulate the partial density of states (PDOS) 

of valance band at the CdTe/GaAs interface, as implemented in the Cambridge serial total energy package 

(CASTEP)40. The geometry optimization was carried out using the Broyden–Fletcher–Goldfrab–Shanno (BFGS) 

routine. The exchange correlation interaction was treated within the generalized gradient approximations (GGA) 

of Perdew−Burke−Ernzerhof (PBE). All the atoms in the unit cell are fully relaxed until the force on each atom is 

less than 0.01 eV/Å. A 6 × 6 × 1 Monkhorst-Pack k-point grid was used for all calculations and a plane-wave basis 

set with an energy cutoff of 500 eV. The model of CdTe/GaAs interface is shown in Figure 1. The thickness of CdTe 

with 3 molecular layers is 5.9Å in order to keep consistent with the experiment result. The lattice ratio of CdTe 

and GaAs is 7: 8 in order to make the small lattice mismatch with a value of 0.26%. The electronic configuration 

considered Ga4s, Ga4p, As4s, As4p, Te5s, Te5p, Cd5s, and Cd5p. All the parameters were tested to satisfy the 

convergence criteria.  
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3. RESULTS AND DISCUSSION 

The Cd4d and Ga3p core level photoemission spectra of CdTe on the GaAs surface are shown in Figure 2, in 

which all curves have been normalized to the main emission feature to emphasize the line shape changes. The 

Ga3d core level moves from the beginning of CdTe deposition and gradually shifts to higher binding energy until 

the CdTe thickness is reached to 10.5 Å. The full width at half maximum (FWHM) of Ga3d first increases and then 

decreases during the deposition, indicating that a chemical reaction occurs and a new component forms, as 

shown in Figure 3. The spectra are fitted with specialized XPS-peak software using a Shirley background and a 

Voigt (mixed 10% Gaussian and 90% Lorentzian) line shape. The fitting results matche well with the experimental 

results. As can be seen from Figure 3, the binding energy of the new Ga component appears when the CdTe 

thickness reaches 3.5 Å is found to be about 0.5 eV higher than that of Ga in GaAs and almost stay as a constant 

during the CdTe deposition. The formation of this new compound can be ascribed to the Ga-Te reaction. The 

Ga-Te component rapidly dominates the spectra after the CdTe coverage reaches 6.1 Å. The binding energy of 

the Cd4d core level is almost a constant throughout the whole range of CdTe coverage. With the thickness of 

CdTe is 20.8Å, the spin-orbit splitting of Cd4d is clearly resolved, which differing from the substrate and the 

reacted interface, where the k-space dispersion of the shallow Cd core levels obscured the spin-orbit splitting41, 

indicating the CdTe film finally forms at a more even atomic environment.  

 

 

Fig. 1 Optimized geometry of CdTe/GaAs interface with 3 CdTe molecular layers.  

 

 

Fig. 2 Cd4d and Ga3d core levels of CdTe/GaAs heterointerface for various CdTe thicknesses measured by SRPES, recorded at 

normal emission with a photon energy of 90 eV. 
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Fig. 3 Evolution of Ga3d core levels of GaAs and Ga-Te reaction at CdTe/GaAs heterointerface for various CdTe thicknesses 

measured by SRPES, recorded at normal emission with photon energy of 90 eV. Black line: experiment results. Blue line: results 

of the best fit. Fitted with Ga3d from GaAs (green line) and Ga3d from Ga-Te (ren line) components. 

 

 The As3d and Te4d core level photoemission spectra of CdTe on the GaAs surface are shown in Figure 4, 

where all the curves are normalized to the main emission feature to emphasize the line shape changes. The 

peaks are deconvoluted since the closing peak positions of Te4d and As3d, as shown in Figure 5. The Te4d from 

CdTe appears at the beginning of CdTe deposition, while new double peaks with 0.2 eV lower binding energy also 

appears. This new component mainly be ascribed to the As-Te reaction42 and likely contains weak Ga-Te reaction. 

The As-Te component almost vanishes with CdTe thickness of 6.1 Å. Simultaneously new double peaks with a 

0.23 eV higher binding energy appear and gradually increase. The distance between the two peaks is 0.9 eV less 

than that for the As-Te component. Te4d from a Ga-Te component is likely responsible for the double peaks. In 

addition, the binding energy of the two Te4d peaks exhibits different shifts, a discrepancy that may be ascribed 

to differing relaxation and correlation effects43. The Ga-Te reaction may result in the formation of GaTe 

compound. The heats formation Hf of CdTe and GaTe are -90.4 KJ/mol and -123.4 KJ/mol, respectively44. As a 

result, GaTe is expected to be more stable at the interface.  
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Fig. 4 Te4d and As3d core levels of CdTe/GaAs heterointerface for various CdTe thicknesses measured by SRPES, recorded at 

normal emission with photon energy of 90 eV. 

 

 

Fig. 5 Evolution of Te4d and As3d core levels from GaAs, CdTe, As-Te, and Ga-Te reactions at CdTe/GaAs heterointerface for 

various CdTe thicknesses measured by SRPES, recorded at normal emission with photon energy of 90 eV. Black line: experiment 

results. Purple line: results of the best fit. Fitted with As3d from GaAs (blue line), As3d from Te-As reaction (black line), Te4d 

from CdTe (green line), and Te4d from Ga-Te reaction (red line) components. 

 

The sustained Ga-Te reaction should be attributed by the out diffusion of Ga, which can be proved by the 

evolution of Ga/Te ratio. By calculating the peak area of Ga3d and As4d core levels, the evolution of Ga/Te ratio 

of the interface is shown in Figure 6. The contents of elements are normalized ranged from [0,1] in order to 

better comparing the ratio of element at interface region. Consider the error from deconvolution and peak area 

calculation, results have been recalculated for several times and error bars are added according to the average 

and standard deviation of fitting process show in Figure 6 and Figure 7. As can be seen from Figure 6, the 

intensity of As3d is slightly larger than that of Ga3d until the CdTe coverage reaches 10.5 Å. Afterwards, the 

attenuation of As3d core level is far more rapid than Ga3d. This indicates that Ga out diffusing happens during a 

certain amount of CdTe deposition, similar results can be seen in ZnSe/GaAs heterointerface42. The evolution of 

the intensity of Te4d and Cd4d core level with CdTe deposition is shown in Figure 7. The intensity of the Te4d 

signal is larger than that of Cd4d during the whole deposition process. This further proves that Te reacted with 

the out-diffused Ga to form a stable GaTe interface layer. The Te4d signal from the Ga-Te component still can be 

observed with the CdTe coverage reached 33.7 Å, as shown in Figure 4. This result indicates that the thickness of 

GaTe interface layer is more than 30 Å. 
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Fig. 6 Evolution of As3d and Ga3d contents at CdTe/GaAs heterointerface for various CdTe thicknesses measured by SRPES. 

 

 

Fig. 7 Evolution of Cd4d and Te4d contents at CdTe/GaAs heterointerface for various CdTe thicknesses measured by SRPES. 

 

The evolution of the valence-band SRPES spectra with CdTe deposition are measured with photon energy of 

28 eV, as shown in Figure 8. All of these spectra are normalized to the main emission feature to emphasize the 

line shape changes. To elucidate the effects of As-Te and Ga-Te chemical reaction on the valence band in detail, 

the interface densities of states of electrons with 3 CdTe molecular layers are calculated with DFT and shown in 

Figure 8. The interface model is shown in Figure 1. In order to better comparing with measured results, the 

horizontal axis has been converted to the reverse direction for the calculation results. The thickness of CdTe layer 

calculated is 5.9 Å which is similar with the thickness of CdTe at second deposition time for better according with 

the experimental results. The valence-band maximum (VBM) is chosen as the zero energy reference. As can be 

seen from Figure 8, the densities of states in the energy ranging from 5.4 to 6.8eV correspond to the GaAs 

substrate45, and the features observed around 4.4 eV correspond to hybridized Cd 5s and Te 5p orbits originate 

from CdTe46. The densities of As4p and Te5p states overlap obviously in the energy range from 0.2 eV to 0.9 eV, 

indicating that a hybridization occurs between Te and As, and chemical bonds formation. The valance band 

ranging from 0.9 eV to 3.5 eV is dominated by As4p, Ga4p and Te5p states. As-Te and Ga-Te reaction should be 

responsible for these densities of states. The simulation results accord well with the experimental valance band 

result with the thickness of CdTe is 6.1 Å, which is shown in the upper half of Figure 8. As can be seen, the GaAs 
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feature gradually attenuates along with the CdTe sustaining deposition. The opposite evolution trend can be seen 

in the CdTe feature. At CdTe coverage is 3.5 Å, new electronic state related to As-Te reaction can be clearly 

observed until the CdTe coverage is 10.5 Å which can be ascribed to the Ga out diffusion. The features related to 

Ga-Te reaction gradually dominate the spectra along with CdTe deposition, which further confirm the sustained 

Ga-Te reaction occurs at the interface. The valence band maximum (VBM) shown from Figure 8 firstly shifts to the 

higher binding energy with a value of 0.46eV, then gradually shifts to the lower binding energy with CdTe 

deposition until a value of 0.38eV is reached. Without other core levels moving, the evolution of the VBM should 

be ascribed to charge transfer across the interface dipole layer41, 47
 and reflects the evolution of electron PBH 

which can be calculated by the equation(1),  

 

(1) 

 

∆Ec is the conduct band offset after the CdTe deposition with 3.5Å and the value equals to the difference 

value of GaAs band gap and VBM. ∆ϕ is the potential drop at the Ga-Te dipole layer. 

 

 

Fig. 8 Evolution of the valence band of CdTe/GaAs heterointerface for various CdTe thicknesses measured by SRPES compared 

with calculations of density of states. The SRPES spectra were recorded at normal emission with photon energy of 28 eV. The 

red and blue solid line is the calculated densities of states. The green solid line is corresponding experimental result. The black 

solid line is the experiment results with other thicknesses of CdTe. 

 

   The evolution of PBH with various CdTe coverage is shown in Figure 9. A large value of 0.46eV is reached and 

decreases with CdTe sustained deposition, and finally a small value of 0.08eV is reached. The large ∆Ep should 

come from large conduction band discontinuity ∆Ec causing by the strong As-Te reaction, which contained Te and 

As atoms and have relatively large electronegativity. Therefore CdTe deposition will result in a negative dipole 

φ∆ = ∆ − ∆
p c

E E e
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moment at the GaAs surface, which increasing the potential energy of electrons crossing the interface48 and lead 

to the large ∆Ec. Also, Ga atoms are driven by the negative dipole force to diffuse out and react with Te. 

Afterwards, the dipole  moment changed from negative to positive as Ga out-diffusion and Ga-Te reaction. The 

electrons provided by Ga-Te reaction will cause a built-in electric field pointing from Ga-Te (δ+) towards GaAs 

(δ-)49. Thus, a Ga-Te dipole layer formed at the interface which should be responsible for the reduction of PBH. 

Accordingly, the energy band alignment of CdTe/GaAs heterointerface is shown in Figure 10. The built-in electric 

field caused by Ga-Te interface layer makes interface charge situated at a fixed distance inside of the interface. 

Therefore the Ga-Te interface dipole layer can be considered as a microscopic capacitor50. The potential drop at 

the Ga-Te dipole layer ∆ϕ is calculated by Equation (2),  

                                         

σ
φ

εε
∆ =

0

d                                       (2) 

where ε and d are the sheet electron density and width of Ga-Te dipole layer. The ε and ε0 are the relative 

dielectric constant of the GaTe and permittivity of vacuum, respectively. The thickness of GaTe layer is 30.2Å, ε of 

GaTe is 12.551. Therefore the calculated σ is 1.41E14 cm-2 per Ga-Te molecular layer with the corresponding 

maximum ∆ϕ is 0.38V. The electrons are mainly provided by the Ga-Te bonds formed at dipole layer, each Ga-Te 

bond have an excess of one quarter electron for the lattice and act as donor52. The density of Ga and Te atoms 

per molecular layer is 4.87E14 cm-2 53, 54 and the corresponding sheet electron density is 1.22E14 cm-2. Therefore 

Ga-Te bonds mainly dope the interface and make GaTe interface layer a electron accumulation area which will 

increase the rate of electron tunneling through the GaTe interface layer and hence decrease the PBH25, 55. In 

addition, as the width of Ga-Te interface layer increase, the dipole moment fix more electrons provided by Ga-Te 

reaction in to the interface area, which increase the potential drop at interface and also decrease the PBH. 

Therefore, the PBH of CdTe/GaAs heterointerface can be tuned by the electrons provided by Ga-Te bond and the 

width of Ga-Te interface dipole layer. 

 

 

Fig.9 PBH evolution for various CdTe layer thicknesses measured by SRPES. 
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Fig. 10 The schematic of energy band alignment of a CdTe/GaAs heterointerface with Ga-Te interface dipole layer. 

 

4. CONCLUSIONS 

 Synchrotron radiation photoemission spectroscopy has been used to study the electronic properties of 

CdTe/GaAs interfaces with CdTe coverage ranging from 3.5 to 74.6 Å. As-Te and Ga-Te strong reaction is found 

during CdTe deposition. As-Te reaction leads to a negative dipole moment, driving more Ga atoms to out-diffuse 

and react with Te. The chemical reaction between Ga and Te results in a change in dipole moment from negative 

to positive and finally forms a stable interface dipole layer, pointing from Ga-Te (δ+) toward GaAs (δ-). The Ga-Te 

bonds formation results in the excess electrons with density of 1.22E14 cm-2 which has been fixed by the dipole 

moment and cause a voltage drop inside the Ga-Te dipole layer. The PBH hence reduced with the variation of 

thickness of Ga-Te layer and a value of 0.38 eV is reached with a 30Å Ga-Te layer formation. A bonding and dipole 

controlled interface layer model has been used to explain the PBH reduction. The results provide a guiding 

direction to control the PBH of “covalent” materials like CdTe/GaAs heterointerface by interface layer engineering 

and it is very meaningful for the designing of devices. 
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