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Abstract: Silicon is a preferred material in the design of medical imaging
detectors. It enables reliable and inexpensive detectors to be produced.
However, the operation of this material is compromised when irradiated with
high radiation of more than 5 x10%* particles/cm?of high energy neutrons.
The defects caused transform the electrical properties. Therefore, this loss of
information compromises the reconstruction of important events. This
research paper aims to make a scientific contribution to the reduction of this
radiation effects. The proposed solution is obtained by changing the silicon
material generally used to design the detectors by a carbon nanotube material.
The use of carbon nanotube material allows the detector to reduce the effects
of radiation and leakage currents. A particular observation was made on the
linear attenuation coefficient 4, the radiation length X, and the width of the
forbidden band E4. Our results show the best characteristics for a carbon
nanotube material compared to silicon. For a cross thermal section equal to
osi = o = 2 x107%b ,the carbon linear attenuation coefficient is great her than
the silicon (usi = 9.979 x10°cm <z = 3.533 x10~*cm™?), For a maximum
effective cross section of equal diffusionoc = 1009 x1073h, (usi = 0.503 x10~3
cm <pc =1.732 x1073 cm?), for a minimum effective cross section of equal
diffusion osi = oc = 10.09 x10-3p, s = 0.503 x1073 cm! <uc=1732 x1073
cm. X,, = 22.009 g/cm? and X, =42.969 g/cm?, E =12eVand E_=

5.5e.V. From these results, the carbon material has an attenuation coefficient
at least three times higher than that of the silicon material.
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radiations (Wunstorf, 1997; Claeys and Simoen, 2002).
This subsequently leads to the deterioration of the sensors,
thus modifying the information of the expected results.

Introduction

With the progress of microelectronics, we are

witnessing the improvement of the living conditions of
human beings in several areas such as communication,
transport, medicine (Lanzarotti, 1990; Bulletin, 1985;
Lemoine, 2015) etc. This is why man is always in search
of well-being in the face of the difficulties encountered. It
is in the same order, for example, that Research programs
in particle physics, nuclear physics, astrophysics and
medicine are growing in number (Evariste et al., 2010). In
biomedical imaging, most of the detectors used are made
from silicon semiconductors on a microscopic scale
(Davia, 2003). However, the radiations resulting from the
collision between the electromagnetic radiation and the
matter very often affect the detector by its effects of
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However, by virtue of its properties, diamond being
essentially made up of carbon, we find that the latter is an
excellent resistant to radiation (Besson, 2015;
Bortolamiol, 2015). For this purpose, we propose in this
article, the change of the silicon material generally used
by a carbon nanotube material. According to the research
of Chantepie (2008; Besson, 2015), it emerges that a good
detector is chosen according to the thickness of the
substrate, the width of the forbidden band, the density of
the material. Despite the wealth of recent research on the
characteristics of a good detector, no paper has noted the
change in technology from silicon material to carbon
nanotube material. Therefore, our study focused on an
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analytical and numerical analysis of the characteristics of
carbon nanotubes. This article is structured as follows,
firstly, we will do an analytical and comparative study
where we will compare the attenuation coefficient, the
length of radiation and band gap width of silicon material
relative to carbon nanotube material. Then the
continuation, one will make a numerical study in which
we seek the variations of the coefficients of these two
materials according to the thermal effective section and
maximum and minimum cross sections of diffusion. To
better understand our work, the results obtained and the
interpretation of these results will be the subject of our
attention in turn. At the end, we will make a conclusion.

Analytical and Comparative Study

A study has shown that two effects of radiation damage
detectors when exposed to electromagnetic radiation
(Wunstorf, 1997; Claeys and Simoen, 2002). As we said
above, this study is based on the analysis and comparison of
three determining parameters for the choice of a good
detector exposed to electromagnetic radiation. We will begin
our study with the linear attenuation coefficient of a material
given by formula (Chantepie, 2008):

=N, 2o(cm
H A AG( ) (2)

where, wu is the linear attenuation coefficient, p is the
density of the material, Na is the Avogadro constant and o
is the cross section and A is the molar mass of the material.

Then, the coefficients of silicon and carbon are
respectively given by:

Hsi = Psi % O (Cmil) (2)

o= e (em) ®)

By differentiating these coefficients, we obtain the
following expression:

He — Hs; :NA[GCQ_GSi /Z:] (4)

and the simplest case, with equal section this expression
becomes:

He = Hs;i

= NAUEZ—pS‘J(ch) (5)

where the values of the constants p. and psi are taken from
the Table 1 (Chantepie, 2008; Besson, 2015).

Another determining parameter for the choice of a
good detector is the length of radiation noted Xo, which is
actually a physical quantity of choice of a material relating
to the loss of energy by electromagnetic interaction
(Isabelle, 2009)

The expression for this length is given by
(Eidelman, 2004):

716.4x A
Z(zZ+1)In"=

7z

where, A and Z are the molar mass and atomic number of
the material, respectively.

Then, the radiation lengths of silicon and carbon are
respectively given by:

Z4(Zg +1)In
716.4
Xo, =—XAC287(g/cmz) (8)
Zo(Z +1)In

e

and by differentiating these two lengths X —X_ , we get
the expression:

716,4 A 287 A 287 ©)
2o (2. +1)In "= zg(zg +1)In"—

Je =

In addition, it should be noted that the choice of the
material to be used will be that which has the greatest
length of radiation. The choice of a detector also depends
on the band gap Eg, the larger this width the considerably
good and the leakage current considerably decreases
(Chantepie, 2008). By observing the Table 1, we can
easily note this width and make the difference between the
width of the forbidden band of the material with the
carbon nanotube and that of silicon.

Digital Study

For this study, we will approach three cases of figures.
In the first, given that we are in the high frequencies, we
will work with the thermal cross section, the order of
magnitude of which varies between 2 x10-?cm? and 3.4
x107?"cm?. With equal cross section of carbon and silicon,
we collected the data in Table 2. These data will allow
us to simulate on MATLAB, the variations of the
attenuation coefficients of carbon and silicon as a
function of the cross section. The second and third




Essesse Songa Auguste et al. / American Journal of Engineering and Applied Sciences 2021, 14 (3): 364.370

DOI: 10.3844/ajeassp.2021.364.370

numerical study relate respectively to the reading of the
attenuation coefficients maximum and minimum cross
sections of diffusion the data of which are recorded on
Table 3 and 4 (Thiolliére, 2005).

Presentation of the Results

Tablel (Chantepie, 2008; Besson, 2015) shows the
characteristics of some semiconductors. These
characteristics permitted us to determine the values of
the densities and the widths of the forbidden bands of
the materials.

With an equal cross section, the difference uc-usi of
Eq. (5) isequal to 2.5351.10~% cm™2. The ratio between the
attenuation coefficients of carbon and silicon determined

is #c ~354.

Xos = 22.009g / cm?
Xoc =42.9699g / cm?

The difference and the ratio between the two radiation

lengths gives us respectively:

Xoe = X5 =20.969 / cm?
and

Koc _ 1.952337

0si

Moreover, using Table 1 for the widths of the

forbidden bands, we note that:

L E,s =1.2eV.

On the other hand, the radiation lengths of silicon and and
carbon are respectively: Eqc =5.5eV.
Table 1: Inventory of the main characteristics of materials used for particle detection
Material Density Eqg Ep i 3 y73 Iy
Unit z glem™3 eV eV Cm?/Vs s cm?/ (Vs) s
Si 14.0 2.32 1.12 3.60 1450 1.10°3 450 21078
Ge 32.0 5.33 0.67 2.96 3900 1.10°3 1900 1.10°8
AsGa 32.0 5.32 1.43 4.30 8000 10.10°° 400 100.10°7
CdTe 50.0 5.85 1.52 4.43 1100 3.10°® 100 2.10°®
Cdo,9Zno,1Te 49.1 5.78 1.57 4.64 1000 3.10°® 80 1.10°®
diamond 6.0 3.52 5.50 13.00 1800 1073 1200 <1073
a-Si 14.0 2.30 1.80 4.00 1 7.107° 5.1073 41076
a-Se 34.0 4.30 2.20 7.00 5.1073 1.10°® 14107 1.10°®
Hgl2 62.0 6.40 2.13 4.20 100 1.10°® 4 1.10°5
Pbl> 62.7 6.20 2.32 4.90 8 2
Table 2: Statement of the attenuation coefficients of silicon and carbon materials as a function of the cross section
o(cm?)x107?7 2 2.1 2.2 2.3 24 25 2.6
uc(cm™)x107®  353.3 370.965 388.63 406.295 423.96 441.625 459.29
wsi(cm™)x107° 99.796 104.7858 109.7756 114.7654 119.7552 124.745 129.7348
o(cm?)x10~%7 2.7 2.8 2.9 3 31 3.2 3334
uc(cm™)x107®  476.955 494.62 512.285 529.95 547.615 565.28 582.945 600.61
wsilem™)x107®  134.7246 139.7144 144.7042 149.694 154.6838 159.6736 164.6634 169.6532

Table 3: Statement of the attenuation coefficients of silicon and carbon materials as a function of the maximum cross section of
diffusion

o(cm?)x107% 9.830 9.790 9.74 9.86 10.09 9.810 9.780 9.840 10.08
uc(em™)x1073 1.735 1.728 1.719 1.741 1.781 1.732 1.727 1.737 1.779
usi(cm™)x1078 0.490 0.488 0.485 0.491 0.503 0.489 0.487 0.490 0.502

Table 4: statement of the attenuation coefficients of silicon and carbon materials as a function of the minimum cross section of diffusion

o(cm?)x10725 9.230 9.390 9.340 9.220 9.650 9.250 9.740 9.240 9.360
uc(cm™)x1073 1.629 1.658 1.649 1.628 1.704 1.633 1.659 1.631 1.705
usi(cm™)x1073 0.460 0.468 0.465 0.459 0.481 0.461 0.468 0.460 0.481
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The difference and the ration between the forbidden
bandwidths give us respectively:

E,c — Eyq =4.3eV.

and

gC

Eyc

=4.9107

gsi

For the numerical study, with an equal thermal cross
section and variable between 2 x10?” cm? and 3.4 x10~%
and. We have recorded the values of attenuation
coefficients of silicon and carbon materials as a function
of the cross section in Table 2 (Bauer et al., 1998).

By also making the ratio of the means between the
carbon and silicon attenuation coefficient for Table 2, 3
and 4, we find respectively:

Hez _ 3540, Hes —3548and et —3.544
Hsip Hsiz Hsig

Interpretation of Results

The analytical study allowed us notice that:

According to these results for this study, we find that
the carbon nanotube material has a better attenuation

He — g > Oand e

M
radiation length and a greater band gap compared to the
silicon material. We can therefore say that the carbon
material biomedical imaging detector will better reduce
the effects of radiation and leakage currents compared to
silicon material.

Numerically, the Fig. 1, 2 and 3 below, showing the
curves of the attenuation coefficients of carbon nanotube
materials and silicon. We notice that in these three cases,
the curves of the attenuation coefficients of carbon
radiation are always above those of silicon whatever the
nature of the nature of the effective section. On the other
hand, we find that the attenuation coefficient of the carbon
nanotube material increases with the cross section for Fig. 1
but, with a few exceptions, can even reach a peak
following a certain value of the effective section. At the
same time for Fig. 1, the attenuation coefficient of silicon
material first decreases and then increases slightly with
the cross section. For Fig. 2 and 3, the variation in the
attenuation coefficient of the carbon and silicon material
varies very little as a function of the effective section. All
these remarks lead us to say that with a few exceptions,

coefficient ( 1}, has a greater

The

P the attenuation coefficient of a material increases the
=< >1 effective section of the latter. Therefore, the greater the
He — Hg >0 Hsi cross section of the material, the more the detector can
Xoe = Xoq > 0and Xoe o q considerably reduce the effects of radiation.
E _E._>0 Xosi maximum value of the radiation attenuation coefficient of
gC gSi . . . .
s g the carbon material is reached when the effective section
E,q > of the latter takes the value 28 x10-% cm2.
3
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Fig. 1: Curves of the attenuation coefficients of carbon and silicon as a function of the thermal cross section
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Fig. 2: Curves of the variations of the attenuation coefficient of silicon and carbon materials as a function of the maximum cross section
of diffusion
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Fig. 4: diagram of the biomedical imaging detection device
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Presentation of the Carbon Nanotube Biomedical
Imaging Detector

In a simplified way, here is the functional diagram of
the detection device (Legou, 2002) this diagram is a
representation of the general operating principle of the
detection chain by semiconductor detectors in imaging,
see Fig. 4. This principle can be summed up in four steps.
The first step is materialized by the interaction of incident
radiation in the active material of the detector. This
interaction is accompanied by a partial deposition of the
energy of the incident radiation on the one hand, but
also by the creation of charge carriers (electron/ion
pairs) on the other hand. The second stage is marked by
the transport, the collection of a signal and the
measurement of an induced current linked to the
movement of these charge carriers created in the first
stage (Knoll and Wiley, 1989). The third step is marked
by the processing and amplification of the signal
delivered by the detector by an electronic circuit
(Lemoine, 2015). In other words, this part is reserved
for the reduction of the disturbances which accompany
the signal to a certain extent but also the amplification
of the latter (Foulquier and Radiol, 2010). The last step
marked by the transfer of the signal to a data
acquisition and storage system for use.

Conclusion

At the end of our research, the aim of which was to
propose one of the solutions to reduce the effects of
radiation on the biomedical imaging detector. We recall
that the man goal is to reduce the effects of radiation on
the detection device. On the other hand, it was also a
question of reducing the leakage currents. The results
obtained show that the ratio between the attenuation

He
Hi
equal to 3.5. In the same perspective, the ration between

E
the forbidden bandwidths {EQCJ give us 4.9107. In other

Osi

coefficients of carbon and silicon { ] is approximately

words, the car material at least three and a half times more
resistant to radiation than the silicon material on the one
hand. On the other hand, the carbon material can
significantly reduce the leakage currents five times
compared to the silicon material. In view of all
observations, we can say thatcarbon nanotubes are more
resistant to the effects of radiation compared to silicon
material on the one hand. On the other hand, because of
the large value of band gap, carbon nanotubes reduce
leakage currents that can affect the system. It is therefore
possible to reduce not only the effects of radiation on the
imaging detector, but also to considerably reduce the
leakage currents which can disturb the information
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expected when using the carbon material. We can say that
carbon nanotube is near future and reliable solutions for
biomedical imaging. For the moment, the limits of our
work lie on experimentation. This is why, in a near future,
we would like to work on themes such as: Experimental
study of data from carbon and silicon detector intended
for medical imaging. General study of materials to
determine the best medical imaging detector et where
possible, design the best imaging detector.
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