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Abstract 

Synthetic CdZnTe or “CZT” crystals can be grown under controlled conditions to 

produce high quality crystals to be used as room temperature radiation detectors.  Even 

the best crystal growth methods result in defects, such as tellurium secondary phases, 

that affect the crystal’s performance.  In this study, CZT crystals were analyzed by micro 

Raman spectroscopy.  The growth of Te rich areas on the surface was induced by low 

powered lasers.  The growth was observed versus time with low power Raman 

scattering and was observed immediately under higher power conditions.  The detector 

response was also measured after induced Te enrichment.   
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Introduction 

 The use of high quality crystals as room temperature gamma radiation detectors 

presents a significant advantage over other methods that require cryogenic cooling, 

high power, or larger volumes.  One such crystal that has been under consideration for 

use as a detector is Cd(1-y)ZnyTe (CZT)1-9.  Methods for growing high quality CZT have 

improved significantly over the last decade10-13.  As the reality of using CZT crystals as 

radiation spectrometers grows, so too does the necessity of having reliable and 

reproducible methods for measuring the quality of the crystals.  Characterization 

techniques include infrared (IR) transmission imaging, synchrotron X-ray topography, 

photoluminescence spectroscopy, and Raman spectroscopy1-6, 8, 11-14.  All of these 

methods have been used to test for quality to predict performance of the crystal as a 

gamma-ray detector.  In many instances one or more of these methods have been used 

to test the effect a treatment, such as annealing, has on the quality of the CZT  

crystal15-19.  

 Large localized defects can cause degraded detector performance across the 

entire detector1.  In high quality detectors, small defects are less likely to cause a large 

loss in performance when a large area of the crystal is being used as the detector.  

However, when high spatial resolution gamma detection is desired even small defects 

cause a noticeable decrease in performance2-4, 6-9.  A common defect found in most 

high quality CZT crystals is Te secondary phases, often located along grain  

boundaries1, 4, 8, 9, 19, 20.  The secondary phases can be both large inclusions (> 50 µm) 

and smaller precipitates (< 50 µm).  Tellurium has a relatively small band gap, 0.33eV, 

when compared with most CZT crystals, ~1.6eV1,21.  The Te secondary phases 
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(sometimes referred to as precipitates or inclusions) distributed throughout the crystal 

can cause changes to the detector leakage current resulting in decreased radiation 

spectrometer performance3, 4, 7-9, 22.  However, it is less clear how a large area of 

surface Te will affect the spectrometer performance.  In this study Raman spectroscopy 

was used to induce areas of Te secondary phases on the surfaces of the CZT crystals 

and the radiation spectrometer performance was measured. 

 

Experimental Method 

 The CZT crystals used in this study, labeled CZT3-7-5 and CZT3-7-8, were 

obtained from Yinnel Tech (South Bend, IN) and were both from the same boule.  The 

crystals were made according to the Modified Vertical Bridgman (MVB) method and 

have 10% Zn10.  The surfaces were polished with 0.05 micron alumina and they 

measured approximately 12 mm x 12 mm x 3.5 mm each for this study.  Prior studies 

compared the performance of MVB-grown CZT crystals with polishing and chemical 

etching versus polishing alone5, 23.  The results showed that polishing alone gives a 

smaller full width at half maximum (FWHM) for the peaks in the gamma ray energy 

spectra.  X-ray topography was also performed on these crystals showing the quality of 

their surfaces.  The results for CZT3-7-8 are shown in a previous paper5.  The X-ray 

topography measurements were performed at the Advanced Photon Source at Argonne 

National Laboratory (Argonne, IL) using beam line 33-BM.  The incident energy of 9 keV 

was used from the white radiation source using a Si(111) double crystal 

monochromator.  A rotating foam disc was placed between the sample and the 

monochromator to serve as a random phase object.  This removed structure in the 
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incident beam due to phase contrast resulting from imperfections in the beam line Be 

windows.  The face of CZT3-7-5 was parallel to the (111) surface and a symmetric (333) 

image was recorded with the diffraction vector pointing out of the image.  The image 

was documented on high contrast lithographic film that was positioned parallel to the 

sample.  This position was used to avoid image foreshortening.    CZT3-7-8 had a high 

quality surface as shown by X-ray topography and also was a high performer as a 

gamma radiation spectrometer5.   

Micro-Raman spectroscopy was performed using a Jobin Yvon LabRAM HR-

800-UV Raman microscope with a 50X objective and a cooled CCD camera detector.  

The micro-Raman spectra were collected using an Argon ion laser.  The scattering light 

used during data collection was attenuated using filters with resulting beam power from 

~2 µW to 20 mW.  The Raman system has an automated microscope stage with 

mapping capability which was used to probe the crystal labeled CZT3-7-8 for uniformity, 

surface contaminants, and the Te precipitates.  Additionally, the attenuated doubled 

light from a Spectra Physics Nd:YAG laser was used to expose larger areas of the 

crystal labeled CZT3-7-5.  After the exposure to 532 nm light the gamma radiation 

detector response measurements were also made on CZT3-7-5.  The method for 

detector response measurements used was described in detail in a previous paper5. 

 

Results and Discussion 

The X-ray topography image of CZT3-7-5 is shown in figure 1.  This image 

shows a number of defects present in the crystal.  The X-ray topography image of 

CZT3-7-8, shown in a previous paper, had very few defects5.  The corresponding 
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gamma radiation detector response measurements for this material confirmed that it 

was a high quality performer with a FWHM of 1.7% for the 662keV peak of 137Cs.  The 

X-ray topography image of highly polished CZT3-7-5 shows that the crystalline quality of 

this material is lower than that of CZT3-7-8.  Due to its lower crystalline quality, we 

anticipated that this material may have a lower gamma radiation spectrometer 

performance which was confirmed with measurements using an 241Am source (shown in 

figure 2a).  Current-voltage measurements of CZT3-7-5 (figure 2b) demonstrate that 

even though this crystal has some defects, it a moderate performer with a high bulk 

resistivity.  

CZT3-7-8 was exposed to the 514 nm radiation from an Argon ion laser with ~20 

mW power and had very intense peaks at 124 cm-1 and 144 cm-1 and a much less 

intense, broad peak centered ~ 160 cm-1 in the Raman shift spectrum.  These peaks 

were consistent with those previously reported for high quality CZT crystals13, 15-18.  

However, in different locations on the crystal, the 124 cm-1 and 144 cm-1 peaks were 

much less intense when lower laser power was used.  When the laser power was 

attenuated to below 100 µW these peaks were near background.  The intensity of these 

two peaks was highly dependant on the laser power and duration of exposure. 

The peaks at 124 cm-1, ~140 cm-1 and ~160 cm-1 have been attributed to surface 

Te precipitates, the transverse optical (TO) mode of CdTe, and the longitudinal optic 

(LO) mode of CdTe respectively13, 15-18, 21.  Figure 3 shows the growth of the 124 cm-1 

and 144 cm-1 peak intensity as a function of time with low power laser exposure.  The 

growth of the peak at 124cm-1 is not infinite as can be seen in figure 4.  A plot of the 

intensity of this peak versus time shows that the growth slows down and appears to 
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stop after approximately one hour.  The peaks at ~120 cm-1 and ~140 cm-1 are in the 

same peak shift positions and exhibit the same behavior that was noted when 

crystalline Te was melted and became an amorphous phase21.  These peaks became 

sharper and grew in at approximately equivalent intensities.  This observation indicates 

that a significant change occurred on the CZT surface in the possible form of 

amorphous Te growth.  It also indicates that the peak at 144 cm-1 that was previously 

attributed to a CdTe mode on the CZT surface is more likely to be due to Te secondary 

phases. 

A Raman intensity map of an area of CZT3-7-8 is shown in figure 5.  The map is 

of the 124 cm-1 peak intensity using a laser power less than 60 µW and short exposure 

time.  The three bright spots are areas where Raman spectra with a slightly higher laser 

power had already been taken.  Thus, the change in the surface caused by the Raman 

laser is permanent and is easily accomplished.  The figure also shows the 

corresponding Raman spectra from different areas of the map.  The bright spot has 

relatively more intense peaks at both 124 cm-1 and 144 cm-1, where the dark area has 

very low intensity peaks at both of those Raman shifts.   

An area of CZT3-7-5 was exposed to a low power doubled Nd:YAG laser to 

induce Te enrichment on the surface.  The crystal was exposed in one corner on the Te 

terminating face and the opposite corner on the Cd terminating face.  Figure 6 shows 

Raman spectra of the area of the crystal that was exposed, before and after the laser 

exposure with both 30 second and 300 second collection time.  Both crystal faces 

produces identical Raman spectra both before and after the laser exposure.  These 

spectra were collected using an argon ion laser attenuated to approximately 240 µW 
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laser power.  Figure 6d) shows that even with such a low power laser, a 300 second 

exposure is sufficient to cause growth of the 124 cm-1 and 144 cm-1 peaks.  The surface 

was probed in different areas prior to the Nd:YAG laser exposure in order to ensure that 

the surface did not already contain areas of high Te content.  It is likely that very small 

Te precipitates were already present, however none were found with random area 

sampling.  After the surface was exposed with a single pulse from the Nd:YAG laser the 

surface was again probed by Raman spectroscopy.  The exposed area exhibited a 

considerable increase in intensity of the 124 and 144 cm-1 peaks.  No other changes in 

the Raman spectra were observed.  These results indicate that Te aggregation and 

possibly CdTe bond dissolution were the only changes induced by the laser and 

detected by Raman spectroscopy.  The unexposed area of the surface was also probed 

in several random spots to confirm that no changes were induced elsewhere on the 

crystal. 

The crystal resisitivity and spectrometer performance was then re-measured.  

Figure 7 demonstrates that the detector response, with the gold anode on the Cd rich 

face, decreased noticeably from FWHM = 8.2% on the polished reference surface to 

11.7% at the laser exposed area.  No gamma detector response could be measured on 

the Te rich face due to excessive electronic noise.  Thus, laser exposure on this side 

was highly damaging to the CZT crystal’s use as a gamma spectrometer.  The resistivity 

of the laser exposed area on the Cd rich face was only slightly affected.  However, the 

resisitvity of the laser exposed spot on the Te rich face decreased by approximately a 

factor of 3 thus changing the leakage current and reducing the crystal’s ability to be 

used as a gamma spectrometer. 
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Conclusions 

 With a low laser power, (potentially) amorphous Te enriched areas can be 

induced on a CZT crystal surface.  The change in the surface is irreversible and can be 

confirmed with Raman spectroscopy without further damage by using an ultra-low 

power laser beam with short exposure time.  The peaks at 124 cm-1 and 144 cm-1 in the 

Raman shift spectrum both grow with increased laser exposure and it is likely that they 

are both due to Te secondary phase growth.  Although the exposure reduces the 

performance on the Cd terminating face, the effect of the laser exposure is more 

profound on the Te terminating face of CZT3-7-5.  This is likely due to the greater 

amount of Te present on this Te rich side of the CZT.  
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure captions 

Figure 1: CZT3-7-5 (333) X-ray topography image.  The image was recorded with 2 

exposures, ∆θ = 0.05°. 

 

Figure 2: CZT3-7-5, as polished with gold contacts on the surface a) gamma detector 

response measurement with 241Am source, 500V, 1 µsec; FWHM = 8.2% at 59.54 keV 

b) current-voltage measurement, ρ=2.3 x 1010 Ωcm 

 

Figure 3: Raman spectra were collected versus laser exposure time on CZT3-7-8.  The 

spectra shown range from initial exposure to 3600 seconds of laser exposure.  The 

laser power used was 60 microwatts.   

 

Figure 4: The intensity of the Raman peak at 124 cm-1 versus time of laser (514 nm, 60 

microwatts) exposure on crystal CZT3-7-8. 

 

Figure 5: Map of an area of CZT3-7-8.  The bright spots are areas where Raman 

spectra had been taken using higher than 100 microwatt laser power.  The map was 

collected using approximately 20 microwatts from an Argon ion laser with low exposure 

time.  The Raman spectra corresponding to the bright area and dark area of the map 

are shown on the right. 

 

Figure 6: CZT3-7-5 Raman spectra collected with an Argon ion laser with 240 

microwatts power; a) and b) were collected with 30 sec total Raman laser exposure 
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time, c) and d) were collected with 300 seconds Raman laser exposure time:  a) and c) 

before exposure to the Nd:YAG laser and b) and d) after exposure to the Nd:YAG laser.  

The beam size of the Nd:YAG laser was approximately 2 mm diameter.  

 

Figure 7: CZT3-7-5 Cd rich face gamma detector response measurement with 241Am 

source, 3mm gold contacts used as anodes: as polished reference surface FWHM = 

8.2%  and laser annealed spot FWHM = 11.7% at 59.54 keV 

 

 

 


