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A.D. Lavietes, J. H. McQuaid 
Lawrence Livermore National Laboratory 

Abstract 

In the past few years, significant developments in 
cadmium telluride (CdTe) and cadmium zinc telluride (CZT) 
semiconductor materials have taken place with respect to both 
quality and yield. Many of the more recent developments 
have occurred in the area of CZT crystal growth. This has 
resulted in an explosion of interest in the use of these 
materials in ambient temperature gamma-ray detectors. 
Most, if not all, of the manufacturers of CdTe and CZT have 
acquired government funding to continue research in 
development and applications, indicating the importance of 
these improvements in material quality. 

We have examined many detectors, along with the 
accompanying manufacturer's data, and it has become 
apparent that a clear standard does not exist by which each 
manufacturer characterizes the performance of their material. 
The result has been a wide variety of performance claims that 
have no basis for comparison and normally cannot be readily 
reproduced. 

In this paper we will first, support our observations and 
then propose a standard that all manufacturers and users of 
these materials may use for characterization. 
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I. INTRODUCTION 

CdTe and CZT semiconductor materials have been used 
in radiation detection instrumentation for many 
years[ 1,2,3,4]. Experimentation with these materials 
indicated that there were a number of methods being used to 
determine performance by manufacturers. This was mainly 
due to a significant low energy tailing phenomenon 
associated with the slow charge collection characteristics of 
these materials. Example spectra are shown in Figures 1 and 
2. Both of these spectra have the same FWHM, but have 
significantly different tailing profiles. 

Most manufacturers were not sure how to consider this 
tailing problem, some choosing to ignore it completely. 
Differing characterization methods led to arbitrary 
performance data that was not verifnble without prior 
knowledge of the method that was used. To obtain a 
complete description of the detector performance, it is 
necessary that both the FWH?4 and tailing information be 
reported. Without considering the tailing as an integral part 
of the detector characterization, the performance could be 
misrepresented. 

'This work was performed under the auspices of the U.S. 
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There are currently three methods. known that 
manufacturers use to characterize their material; software 
analysis, high-side FWHM x 2, and absolute FWHM from the 
baseline. 

A. Software Analysis 

The software analysis packages that are commercially 
available are designed to take advantage of the well behaved, 
almost perfectly Gaussian pulse shapes obtained from a 
germanium detector system. In fact, most analytical software 
is designed specifically for the detailed analysis of 
germanium spectra. The algorithms implementedin these 
analysis tools do not model the tailing effects characteristic of 
CdTe or CZT detectors. The result is rather optimistic 
resolution and performance data. 

B. High-Side FWHM x 2 

A second method presents the FWHM data as though the 
spectral line presented itself as perfectly Gaussian. The 
centroid of the spectral line is determined and then subtracted 

Energy (keV) 

Fig. 2 2 x 2 ~ 2  mm CZT detector 



from the absolute half-maximum point on the high energy 
side of the spectral line. This result is then multiplied by two 
and reported as the FWHM of that particular energy line. 

trapping problems that result in spectral broadening and, 
again, gives optimistic resolution and performance data. 

C. Absolute FWHM From Baseline 

Table 1 
Comparison of Characterization Methods 

Obviously this method ignores all charge collection and Characterization Method 
Software Analysis 3.27 

High-side FWHM x 2 2.7 
Absolute FWHM 3.98 

FwHM Otev) 

The third method simply takes the FWHM measurement 
across the spectral line of interest at the absolute half- 
maximum point of the peak. This method is the most 
accurate and descriptive, in that it takes into account all 
phenomenon that result in spectral broadening. The only 
information that is missing from this characterization 
technique is a tail profile. A comparison for the CZT 2 x 2 ~ 2  
mm detector using each method is shown in Table 1. 

1x1. PROPOSED C€IARACI'EREATION METHOD 

We have proposed a method that characterizes CdTe and 
CZT detectors in a way that is both reproducible and 
descriptive, such as the procedures in the IEEE Standard For 
Germunium Detectors (ANSI/IEEE Std 325-1986). We 
determined that a method similar to the IEEE Standard For 
Semiconductor X-Ray Energy Spectrometers (ANSIIIEE Std 
759-1984) could be used. This standard incorporates 
procedures for characterizing tailing phenomenon and could 
be modified to address the features found in CdTe and CZT 
detectors. 

Using existing standards as a model would serve to 
accelerate the consideration and acceptance of the proposed 
standard by industry. Many domestic manufacturers and 
several individuals involved in IEEE standard development 
have been consulted. They have either implemented this 
proposed method (or a subset of the method) or have 
acknowledged the need and have expressed their support for a 
new standard. 

A. Method 

The absolute FWHM method for resolution was adopted 
since it is the most representative and also already 
implemented in all other characterization methods. 

The emphasis in this work was to determine a descriptive 
method to profile the tailing associated with CdTe and CZT 
detectors. The X-ray standard mentioned above contains a 
method for profiling the tailing of silicon detectors by 
calculating tailing ratios at three positions in the tail relative 
to the peak. By applying this same process, the tailing of 
CdTe and CZT detectors could also be described. 

Reproducible tailing inforkationcan be obtained using 

2Monte Carlo N-Particle Transport Code System (MCNF' 
4A), Los Alamos National Laboratory, Los Alamos, New 
Mexico. 

s7C0, therefore we recommended the implementation of the 
122 keV line of "Co in this method. An M C W  Monte 
Carlo simulation was performed as part of the process used to 
determine this energy. The simulation provided information 
to help determine positions in the tail that would be free from 
interference. The detector model used was a 10 mm diameter 
x 3 mm thick CZT detector with no enclosure. Furthermore, 
the spectrum was optimized relative to peak shape in order to 
study the escape peaks. The resulting spectrum is shown in 
Figure 3. 

The X-ray escape peaks for cadmium, zinc, and tellurium 
are clearly visible below the 122 keV peak. It is important to 
ensure that the method that was developed not be limited by 
future improvements in material technology. For this reason, 
the energies of 120 keV, 1 16 keV, and 102 keV were chosen. 
If the resolution and performance of these detectors improve 
in the future to the point where the X-ray escape peaks can be 
resolved, they will not interfere in the characterization. 

The recommended method for reporting resolution is as 
follows: 

Use the 122 keV peak of s7C0 in all measurements. 

Determine the absolute FWHM of the peak. 

Determine the tailing profile by reporting the peak-to-tail 
ratios for the three energies as follows: 
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Fig. 1 Optimized MCNP Monte Carlo Spectrum for CZT 



Peak Amplitue (1 22keV) 
- Tail Amplitude (120keV) 

Peak Amplitude (122keV) 
- Tail Amplitude (1 16keV) 

Peak Amplitude (122keV) 
- Tail Amplitude (102keV) 
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T P -  

T P -  

Where: 

Tp, = Tailing Profile for each tail energy 
position. 

IV. CONCLUSIONS 

Applying this method for the characterization of CdTe 
and CZT detectors result in reliable, reproducible, and 
accurate resolution and performance data. This method has 
the benefit of being based on proven IEEE standards and 
shows that it is flexible enough to accommodate technological 
advances without significant modifications. Several 
manufacturers and members of the IEEE Standards 
Committee have expressed their support. 
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