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Abstract 
Radiation damage in terms of atomic displacements in a typical CZT detector used in medical 
imaging applications was studied using the Monte Carlo statistical method. All detector structural 
and geometric features as well as different energies of the photons usually used in the application 
were taken into account. Considering the Mott­McKinley­Feshbach classical approach, effective 
cross sections of the displacements were calculated, including the number of displacements per 
atom for each atomic species present in the material and each photon energy considered. These 
results are analyzed and compared. Finally, the radiation damage on CZT detector is compared 
to that calculated in a similar detector manufactured with other semi­conducting materials. 

ESTUDIO DEL DAÑO RADIACIONAL EN DETECTORES MATRICIALES DE CZT EXPUESTOS A LOS 

RAYOS GAMMA 

Resumen 
El daño radiacional en términos de desplazamientos atómicos en un típico detector de CZT 
empleado en aplicaciones de imagenología médica fue estudiado utilizando el método estadístico 
de Monte Carlo. Se tuvieron en cuenta todas las características estructurales y geométricas del 
detector, así como las diferentes energías de los fotones usualmente empleados en la aplicación. 
Considerando la aproximación clásica de Mott­McKinley­Feshbach se calcularon las secciones 
eficaces de desplazamiento, así como el número de desplazamientos por átomo para cada 
especie atómica presente en el material y para cada energía considerada de los fotones. Estos 
resultados se analizan y comparan entre sí y finalmente se establece la comparación entre el 
daño radiacional que tiene lugar en el detector de CZT con el que se manifiesta en un detector 
similar, pero fabricado con otros materiales semiconductores. 
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Figure  1.  Schematic  representation  simulated  source­ 
detector geometry. All  the  dimensions belong  to a  real 
small  diameter PET. 

Introduction 
The study of the radiation detectors is a never- 

ending field in the experimental nuclear physics, 
determined not only by the constant growing 
applications spectrum, but for the permanent 
development of new materials with more advanced 
properties. 

In the last decade the use of Cd x-1 Zn x Te (CZT) in 
semiconducting radiation detectors fabrication has 
constituted an important technological step [1]. One 
of the fields where CZT detectors had found and 
extensive application is in medical imaging, as for 
example in Digital Mammography and Angiography or 
in Positron Emission Tomography (PET) [2, 3]. 

In this research we study some aspects of possible 
gamma radiation damage in CZT detectors working at 
room temperature as a consequence of its utilization 
in imaging applications, specifically in PET. 

To reach this objective the mathematical simulation 
of the interaction processes between radiation and 
matter was used. The Monte Carlo statistical method 
and some physical approaches were employed. 

Materials  and Methods 
Figure 1 shows schematically the basic detecting 

geometry typically employed in researching small ani- 
mal PET imaging system. One pixel (280 µm x 280 µm) 
of the CZT matrix detectors (5 mm thickness) with gold 
electrodes is irradiated by a point radiation source 
placed inside a water octahedron, which simulates a 
mammal body. 

Two different energies for photon point sources were 
selected for simulation: 1274 keV - source energy used 
in the real experiment ( 22 Na) and 511 keV - photons 
energy due to positron annihilation. 

For gamma rays transport simulation through the 
different experimental system details, the code Monte 

Carlo N-Particle version 2.6.B (MCNPX) [4] was used. 
This code system, based on the Monte Carlo statistical 
method, allows the study of spatial distribution of the 
radiation energy deposition in detectors and the 
calculation of secondary electron fluxes necessaries to 
evaluate the radiation damage. The transmitted 
electron spectrum was calculated using the *F4 tally. 

All the geometric details of the system, as well as 
constituent materials particularities were taken into 
account in the simulation. 

The data obtained from the simulation are 
normalized by number of particles emitted by the 
source, and all results have a relative error below 1%, 
which is guaranteed using 10 7 incident photons in each 
simulation experiment. 

The primary knock-on atom (PKA) displacement 
cross sections σ PKA for each atomic species were 
calculated using the Mott-McKinley-Feshbach 
approach [5]: 
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where Z is the atomic number of displaced atom, a 0 the hydrogen atom Bohr radius, E R the Rydberg energy, 
β = v/c, α = Z/137, T m the maximum energy transferred to the atom, m the electron mass and T d the threshold 
displacement energy.
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Results 

Obtained values of calculated secondary electrons 
maximum kinetic energy, using the photoelectric and 
Compton effects and pair-formation interaction 

This figure shows that probability of atomic 
displacements event is possible only for secondary 
electrons energies higher than 187 keV for Zn, 629 keV 
for Te and 645 keV for Cd atoms. It means that for the 
studied sources, atom displacements will be expected 
in all atomic species only for 1274 keV. 

When the photon energy overcomes the 880 keV 
for Zn it begins to take place the multiple displacements 
phenomenon, which happens when the primary knock- 
on atom (PKA) has enough energy to displace another 
atom by atom-atom collisions. The mentioned 
phenomenon is manifested by an obvious change in 
the curves behaviour. This threshold energy is 1380 keV 
for Te and 1450 keV for Cd, as it is observed in the fi- 
gure 2, where the curve inflexion points are indicated 
by black arrows. 

The dpa (displacements per atom) distributions with 
the detector depth were calculated starting from the 
secondary electrons flux values obtained by Monte Carlo 
simulation. Behaviours of in-depth dpa for the two used 
gamma energies are presented in figures 3 and 4. 

In correspondence with its lower displacement 
cross section, the Cd atoms show smaller number of 
atomic displacement defects. The highest radiation 
damage in the detector is observed for the source of 
1274 keV ( 22 Na). This damage in dpa terms is two orders 
higher than obtained for 511 keV ones. 

In up showed behaviours in the vicinity of the 
interfaces CZT-electrode a radiation damage increment 
is observed. This phenomenon is a consequence of the 
backscattering in Au electrodes electrons. These 
secondary electrons previously leaved the CZT, scatter 
in electrodes atoms returning to the active material 
contributing to the new displacements formation. 

E γ [keV]  E m 
PE [keV]  E m 

CE [keV]  E m 
PF [keV]  T m 

Cd [eV]  T m 
Zn  [eV]  T m 

Te [eV] 

511  510.99  340.67  ­  14.96  25.71  13.18 

1274  1273.99  1061.18  252.00  37.30  64.11  32.86 

equations (E m 
PE , E m 

CE and E m 
PF respectively), are 

presented in table 1. Using these data and applying 
the energy and momentum conservation laws it is 
possible to calculate the maximum transferred by the 
electron to the atom energy (T m ) which values are also 
showed in table. 

Values of maximum kinetic energy of secondary electrons and maximum kinetic energy transferred by secondary 
electrons to the different atomic species 

The threshold displacement energies of the different 
atoms in the CZT do not appear reported explicitly in 
the literature. Taking into account that some authors 
consider that strictly speaking CZT is an alloy of binary 
compounds CdTe and ZnTe, we will considerate in 
simulation the values of T d reported for these two 
compounds: 8.9 eV for the Cd, 7.35 eV for Zn and 
7.25 eV for Te [6-8]. 

Introducing the T d values and the calculated T m in 
(1) and taking in to account the Kinchin-Pease 
approximation for the damage function ν(T) [9], the 
behaviours of effective displacement cross sectionsσ dpa 

with the secondary electrons kinetic energy were 
obtained and are presented in figure 2. 

Figure  2. Displacement  cross section  behaviour with 
the  kinetic energy of  secondary electrons.
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Figure  3.  Dpa  behaviours  with  detector  depth  for 
511 keV photon energies. 

Figure 4. Dpa behaviours with detector depth for 1274 
keV photon energies. 

The calculated CZT dpa values become lower 
compared with similar calculations carried out with the 
same detector but based on other materials as 
crystalline silicon and gallium arsenide (see the figure 
5). This indicates that CZT is more resistant material to 
the gamma radiation damage. Quantitatively this 
affirmation is evidenced in facts that the dpa number 
obtained for CZT is 28% smaller than for c-Si and 38% 
smaller than for GaAs. 

In these results the defects recombination process 
have not been taken into account. These mechanisms 
are amplified at high work detector temperature, then 
the real number of displacements will depressed even 
more. 

The radiation damage study in CZT material as 
consequence of the photons irradiation is reported for 
the first time. 

Conclusions 
The radiation damage taking place in CZT detectors 

used in medical imaging applications was studied using 
Monte Carlo s imulation and some classical 
approaches. The effective atomic displacement cross- 
sections and the number of dpa were calculated for all 
atomic species and two relevant photon energies. The 
highest radiation damage in CZT detector is observed 
for 1274 keV source, where the damage in dpa terms 
is two orders stronger than for the other evaluated 
energy. Comparing with other detector materials, it was 
observed that in CZT the radiation damage is lower. 
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