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Background 
Advantages of CdZnTe (CZT) — ideal candidate for 
room temperature X-ray and gamma-ray detectors 
High average atomic number  efficient radiation-atomic interactions 
Large band-gap (1.4 -2.2 eV, tunable by Zn composition)  high 
resistivity and low leakage current 
Good electron transport properties 
Available materials with acceptable cross-sectional areas and thickness 
Flexibility with different electrode configurations 
 

One major challenge in the development of CZT 
detectors —Issue of material defects 

Examples: dislocations, sub-grain boundaries, and Te inclusions  
Especially, dislocations interact with point defects and impurities,  
affecting the uniformity of charge-collection and deteriorating the detector 

performance. 
                                     (*Csaba Szeles, IEEE IEEE Trans. Nucl. Sci., 51,1242, 2004) 

 

* 



Plastic deformation (e.g., by micro-indentation) to study 
different types of dislocations in semiconductors 

Cathodoluminescence (CL) of GaSb, showing the 
rosette structure and the dark ring 
surrounding the indentation 

SEM-CL micrograph 
of deformed CdS  

CL image of the dislocation pattern around an 
indentation on CdTe 

*(1) M. F. Chioncel, et al., Semicond. Sci. Technol. 19, 490 (2004)  
  (2) N. I. Tarbaev, et al., phys. stat. sol. (a) 110, 97 (1988) 
  (3) H.S. Leipner, et al., Scanning Microscopy 12, 149 (1998) 
 



Micro-indentation experiment and PL mapping technique to 
investigate the spatial distribution of dislocations in CdZnTe 
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Different 4.2 K PL spectrum from the studied area 
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Non-uniform spatial distribution of feature emissions was observed! 



4.2 K PL intensity map of all peaks from 1.35eV to 1.66eV 

Various line features (different types 
of dislocations) were revealed around 
the indent. It is consistent with the 
panchromatic cathodoluminesce (CL) 
micrograph (see below). 
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J. Schreiber, L. HoÈring, H. Uniewski, S. 
Hildebrandt, and H. S. Leipner, Phys. Stat. 
Sol. (a) 171, 89 (1999) 



High spatial resolution PL maps provide detailed information 
about different feature emissions 

Intensity map of (D0,X) peak 

Donor-bound exciton (D0,X) peak and acceptor-bound exciton (A0,X) 
peaks are very sensitive to the presence of dislocations 

Intensity map of (A0,X) peak 
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4.2 K PL map of donor-acceptor pair (DAP) emission 

Intensity map of DAP peak 
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The corresponding dislocations are not clear in the PL map 
of donor-acceptor pair (DAP) emission. 



Previous assumption for explaining contrast features in 
panchromatic CL micrograph of CdTe 

(1) Te (g) dislocations behave as 
centers of radiative recombination 

(2) Cd (g) dislocations behave as 
centers of nonradiative 
recombination 

Panchromatic CL micrograph 

* J. Schreiber, L. HoÈring, H. Uniewski, S. Hildebrandt, and 
H. S. Leipner, Phys. Stat. Sol. (a) 171, 89 (1999) 



Effects of different types of dislocations on PL 
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Origin of dislocation-related D1 and D2 peaks  

A center + D2 

D1 

The peak at 1.480 eV is consistent with the well-known Y line, which 
was related to Te (g) 60o dislocations by some researchers. The peak at 
1.527 eV could tentatively be assigned to Cd (g) 60o dislocations.* 

*V. N. Babentsov, et al., Advanced Materials Research, 276, 195 (2011)  



4.2 K PL map of D1 emission at 1.527 eV  
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D1 (A0,X)  

Distribution of white region and dark region is opposite 
in PL maps of  D1 and exciton peak, supporting the assignment of D1 
peak (Cd (g) 60o dislocations) 
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Temperature Dependence of PL 
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The D1 peak at 1.527 eV is only distinguishable under 25 K. 
It diminishes much more quickly than another dislocation-related peak at 1.480 eV 
with increasing temperature. This can be due to the fact that the defect complexes 
related to D1 and D2 have different binding energies. 



4.2 K 4.2 K 

Stability of D1 peak after storage at room temperature 

This is different from some report that D1 peak in CdTe only exists within 
several hours after making an indentation. The possible reason is that the 
addition of Zn restricts the movement of dislocations due to lattice hardening. 

D1 peak can still be observed after 4 day’s storage at room temperature.  

after 4 days 



Summary 

Our preliminary results show the spatially-resolved low-temperature 
PL mapping technique can be used to investigate the spatial 
distribution of dislocations in CdZnTe. 
 The donor-bound exciton (D0,X) peak and acceptor-bound exciton 
(A0,X) peak are very sensitive to the presence of dislocations. 
The peak at 1.527 eV after the indentation could be related to Cd (g) 
60o dislocations. 
 The peak at 1.527 eV is relatively stable, compared with that in CdTe. 
 

Future work: 
(1) Conduct micro-indentation and PL mapping on CdZnTe with different 

orientations; 
(2) Conduct PL mapping around the indentation at elevated temperature to 

compare the mobility of different types of dislocations 
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