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 Abstract–Cadmium zinc telluride (CdZnTe) and cadmium 
manganese telluride (CdMnTe) semiconductor nuclear detectors 
have the ability to operate at room temperature without 
cryogenic cooling. Thus, they can be fabricated into portable 
nuclear detection devices that can be used at seaports and border 
security, and at nuclear facilities to monitor radiation levels. In 
this paper, we present results from the use of X-ray 
photoelectron spectroscopy (XPS) to study the surface 
compositions of CdZnTe and CdMnTe wafers. Our results 
showed that Cd, Te and TeO2 are the dominant species on these 
materials. Zn was also present on CdZnTe wafer, and Mn is 
present on the CdMnTe wafer. CdZnTe samples that were etched 
with high-energy ion beam did not show the presence of TeO2 on 
their surfaces. 

I. INTRODUCTION 

ADMIUM telluride and its ternary compounds with high 
electrical resistivity have applications in the development 

of X-ray and gamma-ray detectors. These detectors are used in 
medical imaging, the detection of radiological and nuclear 
threats, astrophysics, and radiation monitoring in space travels 
[1]–[6]. The major advantage is the ability to operate at room 
temperature without cryogenic cooling. Thus, they can be 
fabricated into portable nuclear detection devices that can be 
used at seaports and border security, and at nuclear facilities to 
monitor radiation levels. In this project, we used X-ray 
photoelectron spectroscopy (XPS) to study the surface 
compositions of cadmium zinc telluride (CdZnTe or CZT) and 
cadmium manganese telluride (CdMnTe or CMT).  
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X-Ray Photoelectron Spectroscopy was used for surface 
composition studies. Surface composition affects surface 
current. High surface current is detrimental to energy 
resolution of the detector. Thus, it is important to study the 
surface composition of the detector wafer. We used two 
different CdTe-based wafers, CMT and CZT, during this 
experiment.  

II. EXPERIMENT 
The samples used in this study were cut from as-grown 

CMT and CZT crystals using a special machine equipped with 
a diamond impregnated wire saw. After cutting, the wafers 
were mechanically polished. The mechanical polishing is in 
two steps. First, the wafers were polished using 600-grit to 
1200-grit silicon carbide abrasive papers in successive steps. 
The second step involved further smoothening in successive 
polishing using alumina powder of sizes 3 – 0.1 µm. The final 
stage of a sample preparation involves thorough rinsing in 
distilled water and drying with compressed air. 

Two sets of data were collected: an unetched sample and an 
etched sample. Etching is a process where the XPS machine 
uses high-speed ions to remove very thin surface layers from 
the sample. The XPS system (Fig. 1) used in this experiment is 
equipped with a software that identifies the binding energies 
of the materials that dominate the surfaces of the wafers [7]. 

The XPS machine shoots X-rays onto a small area on the 
wafer. Photoelectrons from that small area are collected and 
focused into the analyzer. When electrons in the sample 
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Fig. 1.  High-performance XPS Surface Analysis System, by Thermo Fisher 
[7], equipped with software that identifies the binding energies. 



 

  
 

absorb enough energy, they are ejected from the sample with a 
certain kinetic energy. The energy of those ejected electrons is 
analyzed by a detector and a plot of these energies and relative 
numbers of electrons is produced. 

III. RESULTS 
The XPS results showed that Cd, Te and TeO2 are the 

dominant species on these materials. Zn was also present on 
CdZnTe and Mn on the CdMnTe wafer. The XPS result for 
CZT sample prior to ion-beam etching is shown in Fig. 2, and 
that after etching is shown in Fig. 3. These results show that 
after etching with high-energy ion beam, there was no 
presence of TeO2. 

 
 

 

The results for the CMT samples are shown in Figs. 4 and 
5. The XPS scan of Mn peaks for unetched CMT wafer is 
shown in Fig 4. The Mn2p1/2 and Mn2p3/2 peaks are not well 
formed in this scan. The Te and TeO2 peaks for unetched 
CMT wafer are shown in Fig. 5. This CMT wafer was 
chemically etched using a solution of hydrogen bromide in 
hydrogen peroxide and ethylene glycol mixture. 

 
Fig. 4.  XPS scan of Mn peaks for unetched CMT wafer. The Mn2p

1/2
 and 

Mn2p
3/2

 peaks are not well formed in this XPS scan. 

 
 

 
Fig. 5.  XPS scan of the unetched CMT wafer showing Te and are TeO2 
peaks.  

IV. SUMMARY 

We have presented results from the use of XPS to scan for 
the surface compositions of CdZnTe and CdMnTe wafers. Our 
results showed that Cd, Te and TeO2 are the dominant species 
on these materials. Zn was present on CdZnTe and Mn on the 
CdMnTe wafer. The CdZnTe wafers that were etched with 
high-energy ion beam did not show the presence of TeO2 on 
their surfaces. 
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Fig. 2.  Te peaks for unetched CZT wafer. There are TeO2 small peaks to the 
left of the Te peaks. 

 

Fig. 3.  Te peaks for etched CZT wafer. The TeO2 peaks are not present. 

Te3d
3/2

O2 
Te3d

5/2
O2 

Te3d
3/2

 

Te3d
5/2

 

Te3d
3/2

O2 

Te3d
5/2

O2 

Te3d
3/2

 Te3d
5/2

 

Mn2p
1/2

 

Mn2p
3/2

 

Te3d
3/2

 

Te3d
5/2

 



 

  
 

[5] C. Scheiber, and G. C. Giakos. “Medical applications of CdTe and 
CdZnTe detectors,” Nuclear Instruments and Methods in Physics 
Research Section A: Accelerators, Spectrometers, Detectors and 
Associated Equipment, vol.  458, no. 1-2, pp. 12-25, 2001. 

[6] A. Owens, M. Bavdaz, H. Andersson, G. Bertuccio, T. Gagliardi, V. 
Gostillo, I. Lisjutin, S. A. A. Nenonen, A. J. Peacock, H. Sipila, and L. 
Tröger, “Development of compound semiconductors for planetary and 
astrophysics space missions,” in SPIE X-Ray Optics, Instruments, and 
Missions III, Munich, Germany, 2000, vol. 4012, pp. 225-236.  

[7] Thermo Fisher. Nexsa Surface Analysis System: High-performance XPS 
with multi-technique integration, Thermo Fisher Scientific Inc. 2016. 

[8] S. U. Egarievwe, A. Hossain, I. O. Okwechime, A. A. Egarievwe, D. E. 
Jones, U. N. Roy, and R. B. James. “Effects of Chemical Treatments on 
CdZnTe X-Ray and Gamma-Ray Detectors,” IEEE Transactions on 
Nuclear Science, vol. 63 no. 2, pp. 1091–1098, 2016. 

[9] A. Hossain et al., “Effect of chemical etching on the surface roughness 
of CdZnTe and CdMnTe gamma radiation detectors,” Proc. SPIE, 2008, 
vol. 7079, pp. 70791E–1. 

[10] K. Chattopadhyay et al., “Surface passivation of cadmium zinc telluride 
radiation detectors by potassium hydroxide solution,” J. Electron. 
Mater., vol. 29, no. 6, pp. 708–712, 2000. 

[11] S. U. Egarievwe, J. O. Jow, A. A. Egarievwe, R. Gul, R. D. Martin, Z. 
M. Hales, A. Hossain, U. N. Roy, R. B. James, “Effects of Etching and 
Chemomechanical Polishing on the Electrical Properties of CdZnTe 
Nuclear Detectors.” American Journal of Materials Science, vol. 5, no. 
3A, pp. 16–20, 2015. 

[12] S. U. Egarievwe, A. Hossain, I. O. Okwechime, R. Gul, and R. B. 
James. “Effects of Chemo-Mechanical Polishing on CdZnTe X-Ray and 
Gamma-Ray Detectors.” Journal of Electronic Materials, vol. 44, Issue 
9, pp. 3194–3201, 2015. 

  
 


	I. INTRODUCTION
	II. Experiment
	III. Results
	IV. Summary
	References

