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Abstract 

Cadmium Zinc Telluride (CZT) detectors are the highest 

resolution &om-temperature gamma ray detectors available for 
-. 

isotopic analysis. As with germanium detectors, accurate isotopic 

analysis using the spectra requires peak deconvolution. The CZT 

peak shapes are asymmetric, with a long low energy tail. The 

asymmetry is a result of the physics of the electron/hole 

transport in the semiconductor. An accurate model of the physics 

of the electron/hole transport through an electric field will 

allow the parameterization of the peak shapes as a function of 

energy. In turn this leads to the abcli'ty to perform accurate L 

spectral deconvolution and therefore accurate isotopic analysis. 

The model and the peak-shape parameterization as a function of 

energy will be presented. 



Introduction 

CZT semiconductors offer an alternative for isotopic analysis 

to the currently available gamma-ray detectors. The current 

choices of radiation detectors for isotopic determination are 

sodium iodide and liquid-nitrogen cooled germanium. Sodium iodide 

has resolution that is not acceptable for isotopic analysis, when 

even slightly complicated spectra are involved. The resolution 
\' 

from ~ermYgiti&A d‘&tectors allows ver'y accurate ? isotopic 

determination, however, the detectors are bulky, expensive, and 

require a continuous supply of liquid nitrogen. CZT offers a room 

temperature alternative for isotopic analysis. 

The advantage to CZT detectors is that they provide 

resolutions that are within the requirements for isotopic 

determinations at room temperature. The disadvantage is that the 
" 

peak shapes for CZT are not simple Gaussians due to the physics of 

-electron/hole transport during charge c'ollection. It is our goal 

to parameterize these shapes through modeling, so that better 

isotopic deconvolution can be accomplished. 

The advantages of modeling are many. One can easily change 

parameters in a computer simulation such as electrode designs and 

electric field strengths. The model is capable of determining the 

effects of the changes on the peak shapes. This of course enables 

better and more efficient CZT designs without having to go through 

the manufacturing process. Another advantage is that the model is 
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able to determine material properties such as electron/hole 

mobilities and the trapping/detrapping times. In the model these 

are parameters that can be changed until the model spectrum 

matches the real spectrum+. Once the match has been achieved the 

parameters represent an estimate of the above physical values for 

that CZT crystal. 

We have developed a simulation *model that is capable of 

reproducing Q$pectra-yfrom several sources. 'This capability allows 
.- 

us to parameterize peak shapes as a function of energy. The model 

and the peak parameterization are presented here. 

Experimental 

Two sources (T'Co and 22Na) were place 0.4 cm from the front 

face of a 0.5X0.5X0.5 cm3 eV-Product CZT detector operated at 750 V 

with a 0.5 ps shaping time. Each source was counted until at 

least several thousand counts were observed in the peaks of 

-interest. A background was a%so counted' for a period of 12 hours. 

The background live time was normalized to the source live time 

and then subtracted from the source spectra. These modified 

spectra were then used for comparison to the model. 

Model 

Our modeling technique allows us to track electrons/holes 

through electric fields and calculate the resulting induced 

charges. The model consists of three steps in the simulation 

sequences. 

3 



The first step uses the MCNP code [ll to produce the xyz and 

energy interaction distribution one would observe if a gamma ray 

source were placed next to a CZT detector. MCNP will track the 

various interactions that .a gamma ray will have both with the CZT 

crystal, and any of the surrounding materials. The peak shape is 

dependent on the interaction distribution, so it is important to 

simulate the detector accurately. This means that the following 

information&ust--be+known: the electrode material and thickness, 
=: 

the casing material and thickness, CZT composition ratios, 

densities of all the materials (especially of CZT), CZT crystal 

size, source distance from the crystal, the materials surrounding 

the source, Be window thickness, and any other materials that may 

be around the crystal. Generally, all of the above parameters are 

know from the manufacturer except for some properties relating to 

CZT. The 'growth process is an inexact science [2]. Some of the 

CZT properties are dependent on the location in the boule from 

which the crystal is obtained. 

In the second step of the simulation sequence the Relax3D 

code [3] is used to produce the electric field map that exists 

inside of the crystal. The only parameter in this part of the 

simulation is the dielectric constant; its value will alter the 

field strength. The dielectric constant is CZT crystal dependent 

and is a parameter that can be changed within some narrow range in 

the model. Presently only a two-dimensional field grid map is 
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produced. The xy mesh size is chosen such that the electric field 

within all grid cells can be considered linear. 

In the third step of the simulation sequence the result of 

MCNP and Relax3D are merged to produce the expected spectrum. This 

means that the position at which MCNP produced an interaction, an 

electron-hole pair is 

to its corresponding 

crystal; Th&knduce&: 

are moving through 

[4,5,61: 

started and each charge carrier is migrated 

electrode following the field lines in the 

charge is calculated ,as the charge carriers 
-‘: 

the crystal using the following equation 

Q(t) = Qo T,/T, [t/T, + T,/T, (1 - eetim) 1 1 

Where Q,, is the number of electron-hole pairs produced. The 

value of Q. = E/E, where E is the gamma energy and E is the energy 

needed to create an electron-hole pair (4.43 eV) [S]. The number :- 

of electron-hole pair created is modified to fit Poisson 

-statistics modified by a Fan6 factor set to 0.5 [7]. In Eq. 1, T, 

is the trapping time, T, is the detrapping time, T, is the maximum 

transit time. This is calculated [41 using the mobility, electric 

field strength, and size of the crystal. The variable t is the 

travel time of the charge carrier in the crystal. Finally, T, is 

dependent on T, and Td as follows: 

T, = Tt T, / (T, + Td) 



Equation 1 is limited to t -C T,. This is not a problem since T, is 

longer then the shaping time. 

The simulated term in Eq. 1 is t. It is calculated by 

accelerating the charge carrier from rest to its corresponding 

electrode following the field lines. The time is determined using 

the mobility for the charge carrier of interest. 

The parameters in this part of the 'simulation consist of 
> 

electron/ho& -mobilL%%ies, electron/hole trapping and detrapping 
.- 

times, and the Fano factor. Some of these values have been 

measured and restrict the ranges of these parameters. Also, in the 

experimental measurements a shaping time was used, this alters the 

peak shapes. SO a" shaping time parameter was added to the model 

and set to 0.5 ps. Finally, because this is a room temperature 

semiconductor there is noise from the thermal electron vibration 
,? 

in the crystal lattice. This is taken into account by adding a 

-Gaussian random number for each individual event. 

An advantage to having a model representation is that all of 

the above mentioned parameters in each of the three parts of the 

simulations can be changed. This versatility leads to two 

important results. First, the parameters can be changed until the 

simulated spectrum matches a real spectrum as seen in Fig.1. As 

can be seen the match is very close. The parameters that are 

obtained from this match are a close approximation to the material 

properties such as mobility, trapping and detrapping times. This 



means that before the experiments to measure these constants are 

performed; the experimenter has an idea of the value of these 

material properties. Also, by matching the spectrum, the peak 

shape can be parameterizedi and complicated spectral deconvolutions 

can be performed. This will be further discussed in the next 

section. Secondly, the model representation will effect CZT 

detector design. It is much easier to change electric field 

geometry in4khe,model and observe the effects on the peak shapes 

then to go through the full design and manufacture to observe the 

changes in the peak shapes. 

Between the three simulation sequences there are many 

parameters. Most'-of these parameters are constrained rigorously 

because they are measured quantities such as densities, dielectric 

constants and so on. The parameters that have a greater degree of 

freedom (mobilities, trapping time, and so on) will show a change 

in the peak shapes with a -10s15% change'in‘those parameter. 

Peak Fitting 

As mentioned~ previously an advantage to modeling is the 

ability to parameterize peaks. We can fit a Gaussian with two 

tails using eight parameters to a given peak. The equation for 

this fit is as follow [8]: 

Fit = Gaussian + pl*(tails)*(cutoff). 

Where: 

Gaussian = pl*exp(p3*(x-p2)2 
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Tails = p4*exp(p5*(x-~2)) + p6*exp(p7*(x-~2)) 

Cutoff = 1 - exp(p3*p8*(x-~2)~) 

and 

pl = Net counts at the peak 

p2 = The mean of the Gaussian 

p3 = -1/202, o2 is the variance of the Gaussian. 

~4 F Ampl&ud.e of+the first tail 

p5 = Slope of the first.'tail 

p6 = Amplitude of the second tail 

p7 = Slope of the second tail 

p8 = Tail cutoff parameter 

Figure 2 show the result of the above fit to a simulated 150 

keV gamma-ray peak from a CZT detector. Figures 3 plots parameters 

2 through- 7 as a function of energy. As can be seen there is a 

functional dependence to energy for each‘ of> the parameters. These 

energy dependencies are very comparable to single-tail fits [81 

Now that these parameters are mapped out as a function of energy 

they could be implemented into a spectral deconvolution code such 

as CZTU [9]. This means that once a spectrum is obtained this type 

of software will be able to determine the isotopic content of 

coming from any samples. 

Conclusion 

We have developed a very realistic charge-transport model 

with a lot of flexibility that is capable of reproducing spectra 
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from several sources. This indicates that the parameters used to 

represent the physical constants are appropriate. Using this 

model we were able to parameterize peak shapes and observe the 

energy dependence of the ithese parameters for a given detector 

with specific settings. 

Presently all the calculations are for a two dimensional 

model. This works as long as the electric field is not complex in 

three 'dimen&bns: in many new detector designs this is not the 

case. We are improving the model so that it will work in three 

dimensions. 
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FIG. 1: The solid line is a 57Co source placed 0.4 cm away from an 
eV-product CZT detector with the background subtracted. The dashed 
line is the simulated spectrum for that detector. 
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Eight parameter fit to a simulated 450 keV gamma-ray peak. 
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Fig. 3: Peak parameters as a function of<gamma-ray energy. 
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