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ABSTRACT: Thin films of undoped and doped CdTe with thickness around 500±10nm were deposited by thermal 

evaporation technique onto (100) p-GaAs wafer. The effect of both Al and Sb dopant percentages (0.5, 1.5 and 2.5) and 

substrate temperatures (RT and 423K) on the optoelectronic properties of CdTe/p-GaAs heterojunction was studied. I-

V characteristics under illumination for the prepared CdTe/p-GaAs heterojunctions showed a good significant 

photovoltaic effect. The value of short circuit current (Isc) for CdTe/p-GaAs heterojunction doped with Sb was higher 

than that doped with Al. The effect of Al doping on the value of the open-circuit voltage (Voc) was more than Sb doped. 

The outcomes of all these measurements for various (Al and Sb)doping of thin CdTe deposited on GaAs were indicated 

that 2.5%Sb-doped CdTe/p-GaAs heterojunctions deposited at RT and 423K posses a good response to illumination 

which make it a candidate for heterojunction device used as basic for fabricating photo sensors.  
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I. INTRODUCTION 

 

The fabrication of II-VI/III-V heterojunctions has been a topic of great interest due to their potential applications in 

optoelectronic devices [1]. The most promising of these devices had cadmium telluride (CdTe) as one of the 

semiconductors in the junction. CdTe is a unique among II-IV group of binary semiconducting compounds, as it has 

both p- and n-type conduction [2]. This permits the fabrication of solar cells in both homo- and heterojunction 

configuration [3-6]. Its band gap about 1.5eV, just in the middle of the solar spectrum, and possess high absorption 

coefficient (α) (>10
4
 cm

–1
) for the visible solar spectrum make CdTe very good candidate material for photovoltaic 

conversion [7]. Moreover CdTe has attracted much attention for producing  X-ray and gamma-ray detectors operating 

at room temperature [8,9], as well as a buffer layer for the growth of Hg1-xCdxTe or Hg1-x(CdyZn1-y)xTe for infrared 

detectors [10-12] and it is a promising host material as doping with magnetic impurities such as Co, Fe, Mn for 

magneto-optic devices [13-15].  

 

The use of III-V semiconductors substrates such as GaAs has been largely explored in photonic and high-speed 

optoelectronic monolithic devices due to their direct band gap and the possibility to use them as high-quality massive 

substrates [16]. Thin CdTe films are usually grown on GaAs substrate, despite the high lattice mismatch between CdTe 

and GaAs, because the strain induced by lattice mismatch can be relaxed by misfit dislocations [17].  

 

Several techniques had been reported to the growth of CdTe on GaAs substrates, such as pulsed laser deposition (PLD) 

[18], hot wall epitaxy (HWE) [19], metal organic chemical vapor deposition (MOCVD) [20], radio frequency (RF) 

sputtering [21], molecular beam epitaxy (MBE) [22], and thermal evaporation method [23]..  
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The main focus of this work is to study the optoelectronic properties of CdTe/p-GaAs heterojunctions fabricated using 

thermal evaporation technique. This method is much less complicated than the techniques currently used for fabrication 

CdTe / GaAs heterojunction. The effect of dopant concentration of Al and Sb at both substrate temperatures (RT and 

423K) on the optoelectronic properties for CdTe/p-GaAs heterojunctions has been investigated. 

 

II. EXPERIMENTAL PROCEDURE 

 

Heterojunctions of CdTe/GaAs have been fabricated at both substrate temperatures (Ts) equal to room temperature 

(RT) and 423K by thermal evaporation technique at vacuum about 10
-6

 Torr using the Edward E306A coating system. 

The thickness (t) of undoped and doped CdTe with various weight percentages (0.5, 1.5, and 2.5) of Al and Sb was 

around 500±10nm.   The p-type of GaAs wafer (Zn-doped GaAs (p=(1-5)x10
17

cm
–3

)) with thickness 600µm and (100) 

orientation was used in this work. A GaAs wafer was clean and prepare with processes mentioned in ref. [24].   

                                                       

The illuminated current-voltage (I-V) characteristics at room temperature under forward and reverse bias voltages 

within the range and (–2.0-2.0)V for CdTe/GaAs heterojunction prepared with various deposition conditions were 

performed with different intensities (20, 60 and 100)mW/cm
2
 measured by solar meter by using a Halogen lamp type 

Kaiser at Sharjah University, Sharjah-UAE.   
 

III.  RESULTS AND DISCUSSION 

 

The current-voltage characteristics under illumination are one of the optoelectronic characteristic for heterojunction. 

The photocurrent is considered as an important parameter that plays an effective role in solar cell devices.  

 

The I-V characteristics at the forward and reverse-bias voltage in dark and under illumination from the CdTe side, with 

various light intensity (20, 60 and 100 mW/cm
2
) for undoped and doped CdTe/p-GaAs heterojunctions with various 

doping percentage of Al and Sb deposited at RT and 423K are investigated. From this investigation, it has been 

selected some of heterojunctions which are possessed more sensitivity to illumination than the other prepared 

heterojunctions. The current-voltage characteristics under illumination of the selected heterojunctions are shown in 

Figs.1,2,3 for CdTe/p-GaAs. It is observed that, in general, the forward I-V characteristics in dark of these 

heterojunctions show the exponential rise at low voltage (below 0.2V). This is due to the decrease in the width of 

depletion region at the junction as a result of an increase in the majority carriers injected by the applied voltage which 

lead to the decrease in the built-in potential. As the bias is increased the forward current (If) increases and the deviation 

from the exponential behavior is highlighted in these figures. At higher voltage the I-V dependence are linear due to the 

influence of appreciable series resistance on the junction characteristics [24]. Upon illumination of the junction, more 

carriers are generated and forward current increases.  

 

Figs.1,2,3 show the I-V characteristics for undoped and 2.5% Al-doped CdTe/p-GaAs heterojunctions deposited at 

423K and for 1.5% and 2.5% Sb-doped heterojunctions deposited at RT and 423K respectively. It is seen that the 

illuminated forward current increases with increasing the incident light intensity and with increasing the bias voltage. 
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Fig.1 I-V characteristics for CdTe/p-GaAs heterojunctions deposited at 423K  in dark and under illumination with various light intensity for             
(a) undoped and (b) 2.5%Al-doped. 
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   Fig.2 I-V characteristics CdTe/p-GaAs heterojuntions deposited at RT and 423K in dark and under illumination with various light intensity for 

1.5%Sb-doped. 
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Fig.3   I-V characteristics in dark and under illumination with various light intensity for 2.5%Sb-doped CdTe/p-GaAs heterojunctions deposited at 

RT and 423K. 
 

Also it is clear that illuminating the junctions increased the reverse bias current as expected from the electron-hole pair 

generation in the depletion region if the incident photon energy is greater than the smallest direct band gap of the 

heterojunction [25].  

 

The generated electron-hole pairs within the depletion width, and within a diffusion length outside of the depletion 

width are quickly swept away due to the strong electric field producing the photocurrent in the reverse-bias direction 

which increases with increasing of the incident light intensity due to the increase in the number of photo generated 

electrons and holes in the depletion region [25]. 

Another noticeable remark from Figs.1,2,3 is that, in general, the effect of illumination on the reverse current (Ir) for 

heterojunction doped with 2.5%Al deposited 423K is more than those for doped with 2.5%Sb and undoped 

Ts=423 K 

Ts=RT 
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heterojunctons. Also it is found that Ir increases about one order of magnitude with increasing of the incident light 

intensity to 100mW/cm
2
 at reverse bias voltage equal to 0.2V. 

 

The results of the current-voltage characteristics under illumination for CdTe/n-GaAs heterojunctions in earlier paper 

[23] showed more significant photovoltaic effect than for CdTe/p-GaAs heterojunctions in the present work. The 

outcome of above measurements indicates clearly a good response of these prepared heterojunctions to illumination 

which makes them a candidate for fabrication optoelectronic devices. This required a lot of investigation to enhance 

this response by look for other parameters such as thickness of film, annealing temperature and also to study the surface 

analysis of heterojunction with conjunction with various parameters.The short circuit current (Isc) and open circuit 

voltage (Voc) are among several main parameters used to describe device behavior and quality. 

 

Figs.4 (a and b)  illustrate the variation of Isc and Voc as a function of doping percentage of Al and Sb in the CdTe thin 

film for CdTe/p-GaAs heterojunctions, which deposited at RT and 423K and illuminated at a light intensity of 

100mW/cm
2
 (AM1). Fig.4 (a) shows that the increasing in doping percentage caused an increase in the value of Isc 

about one order of magnitude for Al-doped CdTe/p-GaAs heterojunctions deposited at RT and 423K, however opposite 

trend has been observed for heterojunction deposited at RT and doped with 2.5%Al, i.e., the value of Isc is decreased. 

The increase in doping percentage of Sb from 0.5% up to 2.5% resulted to an increase in Isc around a factor of five 

times and one order of magnitude for heterojunctions deposited at RT and 423K respectively. In general, it can be 

noticed that the effect of both Ts on Isc for heterjunction doped with Sb is clearer than for heterojunction doped with Al. 

The value of Isc for Sb-doped heterojunction is more than that for heterojunction doped with Al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4  Variation of (a) Isc, (b) Voc with doping percentage of Al and Sb for CdTe/p-GaAs heterojunction deposited  at RT and 423K. 
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In general, Fig.4 (b) illustrates that the effect of Al doping on Voc is more than that for doped with Sb at both deposition 

temperatures. The value of Voc is increased around a factor of five and four for Al- and Sb-doped heterojunctions 

deposited at RT with increasing doping to 1.5% and 2.5% respectively. An opposite trend is shown for heterojunction 

doped with 2.5 %Al and deposited at RT.On the other hand, the value of Voc is increased about one order of magnitude 

and around a factor of two times for heterojunctions doped with Al and Sb which deposited at 423K respectively. 

Another noticeable remark is that the value of Voc for heterojunctions deposited at 423K is more than that deposited at 

RT for both types of doping.  

 

The reduction in the Isc and Voc values can be attributed to various factors such as the presence of series resistance, 

doping concentration on both sides of the junction, and high defect density as a result of the large lattice mismatch 

between CdTe and GaAs which give rise to allowed energy states within the band gap and i.e within the depletion 

region and these interface states introduce very effective recombination centres for the photo generated electrons and 

holes [26, 27]. 

 

IV. CONCLUSION  

 

Studies of I-V characteristics under illumination with various light intensity ( 20, 60 and 100) mW/cm
2
 for CdTe/p-

GaAs heterojunctions were performed in an attempt to enhance understanding how processing steps including the 

addition of aluminium, antimony in CdTe thin film and substrate temperature affects the heterojunction's properties. 

From the results of these studies it can conclude that: 

 

 I-V characteristics under illumination for CdTe/p-GaAs heterojunctions showed a good significant 

photovoltaic effect.  

 In general, the value of Isc for CdTe/p-GaAs heterojunction doped with Sb is more than that for Al-doped.  

 The effect of Ts on Isc for heterjunction doped with Sb is more clear than for heterojunction doped with Al  

 The influence of Al doping on Voc is higher than that for Sb at both Ts.  

 The value of Voc for heterojunctions deposited at 423K is more than that deposited at RT for both types of 

doping. 

 CdTe/p-GaAs heterojunctions doped with 2.5%Sb in CdTe thin films deposited at RT and 423K indicate 

clearly a good response to illumination which make it a candidate material for fabricating optoelectronic devices. 

 

REFERENCES 

 
[1] M. ]  M. Kim, M. Han, T. Kang, and T. Kim, “Effect of thermal annealing on the structural and optical properties of CdTe (111)/GaAs (100) 

heterostructures”, Thin Solid Films, V.310 ,132-173,1997. 

[2] C.Panchal, A. Opanasyuk, V. Kosyak, M. Desai, and I. Protsenko,” Structural and Sub structural Properties of the Zinc and Cadmium 
Chalcogenides Thin Films “, J. Nano-Electron.  Phys., V.3, N.1 , 274-301, 2011. 

[3]  W. Mohamed and M. Shehathah,” Effect of Series Resistance on Photovoltaic Properties of In-Doped CdTe Thin Film Homojunction 

Structure”, Engineering Journal of the University of Qatar, V.14, 161-175, 2001. 
[4]  M. Radu, V. Ghenescu, I. Stan, L. Ion, C. Besleaga,A. Nicolaev, T. Mttran, C. Tazlaoanu, A. Radu, O. Porumb,M. Ghenescu, M. Gugiu, and 

S. Antohe, “ Photovoltaic Properties of the CdS/CdTe Heterojunction Solar Cell Before and After Proton Irradiation”, Chalcogenide Letters, V.8, 

N.8 ,477-485,2011. 
[5]  L. Tingliang, H. Xulin, Z. Jingquan, F. Lianghuan, WuLili, L. Wei, Z. Guanggen, and L. Bing,” Effect of ZnO Films on CdTe Solar Cells”,  

Journal of Semiconductors”, V.33, N.9,093003-0930036-1-6, 2012. 

[6] C. Li, J. Poplawsky, Y. Wu, A. Lupini, A. Mouti, D. Leonard, N. Paudel, K. Jones, W. Yin, M. Al-Jassim, Y. Yan, and S. Pennycook, ,” From 
Atomic Structure to Photovoltaic Properties in CdTe Solar Cells”, Ultramicroscopy, V.134 , 113-125,2013. 

[7]  V. Nikale, S. Shinde, C. Bhosala, and K. Rajpure,” Physical properties of spray deposited CdTe thin films: PEC performance”, Journal of 

Semiconductors, V.32, N.3 033001-1-7, 2011. 

[8]  N. Lovergine, P. Prete, L. Tapfer, F. Marzo and A.M. Mancini, "Hydrogen Transport Vapour Growth and Properties of Thick CdTe Epilayers 

for RT X-ray Detector Applications", Cryst. Res. Technol., V.40, N.10-11,1018-1022, 2005.  

[9]  V. Gnatyuk, S. Levytskyi, O. Vlasenko, and T. Aoki,” Electrical Properties of CdTe-Based Structures with an n-Layer Formed by Laser-
Induced Doping”, Journal of Advanced Research in Physics, V.2, N.2,021103-1-4,2011. 

[10]  D. Protasov, V. Kostuchenko, V. Varavin, S. Dvoretsky, and N. Mikhailov, “Determination of Shockley-Read recombination center 

Parameters in MBE p-Hg1-xCdxTe/GaAs via Photoconductivity in Magnetic Field “,Physica Status Solidi (c), V.7,  N.6 ,1633-1635,2010.   
[11]  M. Chakraborty,” Dimentional Effect on Optical Properties of Cadmium Zinc Telluride Thin Films”, International Journal of Engineering 

Science and Technology, V.3, N.10, 7402-7407, 2011. 

http://www.ijirset.com/


 
  
         

        ISSN: 2319-8753                                                                                                                                     
                                                                                                               

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

     Vol. 3, Issue 8, August 2014 

 

                          DOI: 10.15680/IJIRSET.2014.0308076 

Copyright to IJIRSET                                                             www.ijirset.com                                                                    15648 

   

[12]  M. Jaime-Vasquez, R. Jacobs, C. Nozaki, J. Benson, L. Almeida,  J. Arias,and J. Pellegrino, “Understanding the Evaluation of CdTe Buffer 

Layer Surfaces on ZnTe/Si(211) and GaAs (211)B during Cyclic Annealing”, Journal of Electronic Materials, V.41, N.10, 2975-2980,2012. 

[13]  I. Caraman, G. Rusu, and L. Leontie,” Photoelectrical and Optical Properties of Cd1-x MnxTe Single Crystal and Thin Films JOAM”, J. 
Optoelectronics and Advanced Materials, V.8, N.1, 107-111,2006. 

[14] U. Alver, E. Bacaksız, and E. Yanmaz,” Structural and Magnetic and Optical Properties of Co-Diffused CdTe thin Films”, Journal of Alloys 

and Compounds, V. 456, 6-9 ,2008. 

[15]  S. Gad1, M. Boshta1, A. Abo El-Soud and Y. el-Gendy,” Effect of Annealing Temperature on the Structural and Optical Properties of Cd1-x 

MnxTe Thin Films”, International Journal of the Physical Sciences, V.5, N.7,1004-1008, 2010. 

[16] C. Polop, I. Mora-Sero, C. Munuera, J. Garcia de Andres, V. Munoz- Sanjose, and C. Ocal,” Twin Coarsening in CdTe(111) Films Grown on 
GaAs(100)   “, Acta  Material, V.54 ,4285-4291 ,2006. 

[17]  A. Al-Douri, A. Alnajjar, M. Alias and F. Al-Shakily,” Morphology of CdTe Thin Films and CdTe/GaAs Heterojunction”, International 
Journal of Nanoelectronics and Materials, V.5, N.1 ,67-75,2012. 

[18] W. Shen and H. Kwok, "Crystalline phases of II-VI compound semiconductors grown by pulsed laser deposition", Appl. Phys. Lett., V. 65, N. 

17, 2162-2164,1994.  
[19] J. Wang, K. Kikuchi, B. Koo, Y. Ishikawa, W. Uchida and M. Isshiki, "HWE growth and evaluation of CdTe epitaxial films on GaAs",       J. 

Cryst. Growth, V.187.373-379,1998.  

[20]  M. Niraula, T. Aoki, Y. Nakanishi, and Y. Hatanaka, "Growth and doping studies of CdTe epilayers on GaAs substrates by low-pressure 
plasma-radical-assisted metalorganic chemical vapor deposition",  J. Cryst. Growth, V.200 , 90-95 ,1999. 

[21]  M. Melendez-Lira, S. Lopez-Lopez, Z. Rivera-Alvarez, and S. Jimenez-Sandoval, “ Optical and Structural Characterization of the 

Heterostructure CdTe/GaAs Grown by RF Sputtering “  ,Superficies y Vacio, V.8 ,85-88,1999. 
[22]  J. Kim, R. Jacobs, L. Almeida, M. Jaime-Vasquez, C. Nozaki, J. Smith,” TEM Characterization of HgCdTe/CdTe Grown on GaAs(211)B 

Substrates”, Journal of Electronic Materials,V.42, N.11,3142-3147, 2013. 

[23]  F. Al-Shaikley,  M. Alias,  A. Alnajjar,  and A. Al-Douri,” Current-Voltage Characteristics under Illumination for CdTe/n-GaAs 

Heterojunction”, The Twenth Scientific Conference of College of Education, Al-Mustansirya University, V.4 ,668,2013. 

[24]  S. Iyayi and A. Oberafo, "Studies on a-Se/n-Si and a-Te/n-Si Heterojunctions", J. Appl. Sci. Environ. Mgt., V.9, N.1,143-145,2005.  

[25] D. Neamen, “Semiconductor Physics and Devices”, 1992. 
[26]  R. Masut, A. Roth, J. Dubowski and L. Lenchyshyn, "Characterization of CdTe/GaAs Heterojunctions with Photo voltage Measurements", 

Semicond.Sci. Technol., V.1 ,226-228,1986. 

[27] P. Sarmah and A. Rahman, "Current-Voltage Characteristics of Ag, Al, Ni-(n)CdTe Junctions", Bull. Mater. Sci., V. 24, N.4 ,411-414,2001.  
 

http://www.ijirset.com/

