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Abstract 
We studied two  separate as-grown CdMnTe crystals  by Infrared (IR) microscopy 
and Pockels effect imaging, and then developed an algorithm to analyze and 
visualize the electric field within the crystals’ bulk.   In one of the two crystals  the 
size and distribution of inclusions within the bulk promised to be more favorable in 
terms of efficiency as a detector crystal.  However, the Te inclusions were  arranged 
in characteristic ‘planes’.  Pockels imaging revealed an accumulation of charges in 
the region of these planes. We demonstrated that the planes  induced stress within 
the bulk of the crystal  that accumulated  charges, thereby causing non-uniformity of 
the internal electric field and degrading  the detector’s performance.   
 
Introduction 
CdMnTe (CMT) is an  attractive  material  for  room- temperature nuclear detectors that  
potentially might replace CdZnTe crystals [1-4] due to its  advantageously wider bandgap 
energy that is tunable with Mn concentration, high resistivity, good electron-transport 
properties and near-unity segregation coefficient that promises a homogeneous Mn 
distribution in CMT matrix and results in growth of more uniform and larger CMT single 
crystals [5-7]. 
However, in present-day CMT crystals the high concentrations of defects limit their 
performance. It is noteworthy that the major problem in realizing detector-grade CMT 
crystals is the lack of pure commercial Mn used for growing the crystals. Mn usually is 
supplied as 99.99% pure compared to Zn in CZT that offers up to 99.99999% purity. 
Also, CMT crystals  contain high concentrations of twins and twin boundaries that are 
profusely  decorated by Te inclusions and precipitates. Te inclusions  in CdTe crystals 
represent the solidified Te-rich melt captured at the interface of crystal growth due to 
morphological instabilities and incorporated into the ingot [8]. Often they are  ≥1 microns 
[9-11], and, at larger sizes, can distort the internal electric field and also act as charge 
traps thereby degrading the detector’s performance. A uniform distribution of the internal 
electric field in a detector is essential for good collection efficiency and resolution. In a 
recent paper, we presented our study of the internal electric field in CMT crystals, 
showing  how the observed characteristic planes of Te inclusions deteriorate the CMT 
detector performance. 
This work describes the applications of our Pockels-effect technique to study such defects 
in the crystals, and introduces an algorithm we developed for visualizing  and analyzing 
the Pockels images. We  detail and explain the effects of Te inclusion planes, which are 



responsible for inducing stress in the crystals, on the internal electric field at different 
biases.  
 
Pockels electro-optic effect and algorithm 
Figure 1 shows that CMT, like zinc-blende crystals, exhibits induced birefringence in the 
presence of an electric field in which the refractive index is modified anisotropically in 
the transverse plane [12, 13].  Incident linearly polarized light is filtered with a 1060nm 
narrow-band filter and passed through  a polarizer with the E vector oriented 45o with 
respect to the applied electric field, and then traverses the crystal and finally crosses 
through an analyzer on to a CCD camera. The polarized ray, in passing through a 
medium with modified refractive index, splits into an ordinary ray and an extraordinary 
ray parallel to the optical axis.  
 
 

 
Figure 1 Schematic diagram of Pockels-effect imaging.  

 
The resultant of these two rays determines the intensity of the transmitted light, I, that  
depends on the direction of the analyzer relative to the polarizer and the presence and 
magnitude of the applied bias. Figure 2 shows the resultant condition, and hence, the 
magnitude of transmitted light at different conditions. The intensities of both the 
transmitted light when detector is biased and the maximum intensity with an unbiased 
detector (Io) is related to the electric field according to the equation below: 
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where d is the optical-path’s length (thickness of crystal), r is the linear electro-optic 
coefficient, no is the field free refractive index,  λ is the wavelength of incident light, and 
E is the average electric field.  
 
 



 
Figure 2  Intensity of transmitted light as the resultant of ordinary- and 

extraordinary-rays with respect to the direction of analyzer relative to polarizer. (a). 
Optical axis 45o to polarizer P that is parallel to analyzer A gives the maximum intensity 
when no bias is applied. (b). P transverse to A, where light passing through the crystal 
vibrates in a plane parallel to P; no applied bias. Light is cross-polarized and does not 
pass through. (c). Cross-polarized with bias applied. The electric field induces 
birefringence. 

 
Experiment 
An algorithm was written in the Interactive Data Language (IDL) development 
environment for analyzing the  Pockels images and visualizing  the internal electric field. 
As the flowchart in figure 3 illustrates, the algorithm entails  five main processes.  
 

 
Figure 3 IDL algorithm for analyzing and visualising the internal electric field in 

CMT crystals 



The images first are read into the IDL environment, and the attributes of a display 
window  defined.  
Next, the images are converted to floating point arrays. For each image, two vectors are 
constructed containing the x and y position, respectively, of the array. Then, a 
bilinear interpolation of the image values is created. Thereafter, the vectors 
representing the biased crystals are subtracted from those for unbiased crystals 
with cross-polarized transmitted light, and finally, the internal electric field is 
computed and visualized. 
We studied two 6x6x12 mm3 CMT crystals cut from two different ingots (CMT A and 
CMT B) with different amounts of indium doping (4 ppm and 2.5 ppm  respectively)  in 
this experiment. The crystals were polished mechanically with Al2O3 abrasive papers 
with decreasing grit sizes and then  finally were polished with a 0.05-micron alumina 
slurry. The crystals were etched with 2% Bromine-Methanol (BM), cleaned with 
methanol, and dried in nitrogen gas to remove any etching residue. We studied the 
crystals with our infrared (IR) microscopy system, described elsewhere [14]. We selected 
the crystal from the second ingot, CMT B, that contained twins decorated by Te 
inclusions as the most suitable for internal electric-field profiling employing the Pockels 
effect. Gold contacts were deposited on its planar surfaces  using RF sputtering in argon 
gas. We measured current-voltage and the  Pockels effect  on the fabricated detector. 
 
Results and discussion 
Figure 4 shows IR images of both crystals. CMT A  has a higher concentration of Te 
inclusions than CMT B. Also, the sizes of Te inclusions in CMT A are much larger  than 
those in CMT B. By counting with another IDL algorithm reported in [15]  we found that 
the inclusions in the crystals from ingot A are two orders-of-magnitude larger than those 
in the crystals from ingot B.  
 

 
Figure 4 IR images of CMT crystals, showing that CMT A (a) has more and 

larger Te inclusions than CMT B (b).  
 



 
 Figure 5 IR images of CMT B a) view from the side, along (111) showing a thin 
plane of Te inclusions. b) view of the same position from the top showing the Te 
inclusions that form the plane  
 
We observed characteristic parallel planes of Te inclusions in CMT B representing twins 
and twin boundaries. One of such planes, shown in Figure 5, was chosen for internal 
electric-field profiling. Accordingly, we fabricated the CMT B crystal into a 6x6x6 mm3 
planar detector following the steps described earlier, ensuring that it featured the plane of 
Te inclusions. Figure 6 shows the Pockels images at zero bias. Figure 6a is an infrared 
image at zero bias showing the thin plane formed by Te inclusions; Figure 6b is a cross-
polarized image also at zero bias, revealing  the stress induced within the crystal by this 
plane. We note that the plane of Te inclusions is barely visible in Figure 7a, but it 
becomes more apparent with increased bias, as observed in figures 7b, c, and d, verifying 
that the line in figure 6b represents induced stress around the region of the Te inclusion 
plane, while the lines in figure 7 are due to the build-up of the electric field  around these 
planes. 
 

 
Figure 6 Pockels images of CMT B at zero bias obtained for a) parallel linear- 
polarization; b) cross-linear polarization  



 
Figure 7 Pockels images of CMT B with cross- linear polarization at applied 

biases of a) +400V, b) +800V, c) +1400V, and d) -1400V .  
 
Using the IDL algorithm described above, figure 8 visualizes the 3-dimensional 
distribution of electric field for both a positive- and a negative-1400V applied bias. 
The region of Te inclusion plane is evident as a non-uniformity in the electric-field 
distribution due to charge accumulation and buildup within region of the Te 
inclusion plane. Earlier, we showed that this charge buildup can cause the 
performance of CMT nuclear detectors to deteriorate.  

 
Figure 8 Electric field distribution within the bulk of CMT B at an applied bias of a) 
+1400V, b) -1400V .  



Conclusions 
We explored CMT crystals from two ingots with IR imaging that revealed a 
characteristic plane of Te inclusions in one of them.  The effect of this twin plane on 
the internal electric field of the crystal was studied by employing the Pockels effect. 
We  demonstrated that the plane  induces stress in the CMT crystal, and distorts its  
internal electric-field. We developed an algorithm  to verify  the three-dimensional 
distribution of the electric-field in the bulk of the CMT crystal;  the distortion of this 
internal electric field  reduces the crystal’s detection abilities,  such as its charge 
collection efficiency. Finally, our algorithm for electric field visualization might be 
applied advantageously to screen out poor detectors based on the internal electric 
field profile. 
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