Journal of Modelling and Simulation of Systems (Vol.1-2010/Iss.1)
Arabshahi et al. / Monte Carlo Simulation of Atom Displacement Damage in ... / pp. 50-53

Monte Carlo Simulation of Atom
Displacement Damage in ZnO Crystal
Structure by Fast Neutron Radiation

Using MCNP Code

H. Arabshahi*, A. Mowlavi** and M. Jafarizadeht

* Department of Physics, Ferdows University of Mashhad, Mashhad,
Iran
tel/fax: +98511 8796983
e-mail:arabshahi @um.ac.ir
** Department of Physics, Tarbiat Moalem University Sabzevar, Iran

Submitted: 16/12/2009

Accepted: 03/01/2010

Appeared: 16/01/2010
[Hyper Sciences.Publisher

Abstract— An ensemblévlonte Carlo simulation has been carried out to satdyn displacement damage in ZnO
crystal of different sizes and at different disesidrom a neutron source. The rate of atoms displacein the
crystals has been calculated using a Fortran pmoginat was written based on NRT Model. The damageytstal is
proportional to the energy deposition of neutrorecly. Results show that number of atoms displacenmethe
crystal is related to the neutron radiation damaggincreased by enlarging of crystal size

Keywords: Ensemble Monte Carlo; crystal size; atom displacém¢RT model.

1. INTRODUCTION Boltzmann transport equation and are subject omy t

statistical errors, unlike drift diffusion modelshigh cannot
accurately treat the hot-electron effects thatpesent to a
high degree in other material.

In recent years, there has been an increasingesttar using
the wide band gap semiconductor ZnO for microwaweey
amplification and semiconductor detectors. Althgugtigh
pure ZnO is very costly and must be kept at lowgerature, The Monte Carlo method has been widely used toystod-

it is widely used for gamma and x-ray spectroscopglectron problems (Makino et al. 2001), (Foster &dght,
(Hamdani, 1997), (Chen et al. 2001). When thistatys 1977). The principle of this method is to simulaie a
located in a combined neutron-gamma field, neutrocomputer the motion of one electron in momentumcspa
interactions with Ga and nitrogen element induceinmathrough a large number of scattering processeadakote of
crystal damages and distort its energy resolutiefen! et the time that the electron spends in each elemdnt o
al., 1996). Depending on the energy, neutron ictemas momentum space during its flight, this time being
with matter may undergo a variety of nuclear preessThe proportional to the distribution function in theesdents. The

main interactions of fast neutrons are elastictesdag and
inelastic scattering, but neutron capture is an oirignt
interaction for thermal neutrons (Foster and WridtQ77).
Whilst the preferred semiconductor is still silicamdustry is
now tooling up for wide band gap semiconductors 0O
production, which offers high electron mobility anence the
prospect of greater frequency operating rates. ditect
bandgap furthermore allows easier integration vafitical
devices. For this reason ZnO devices have receinadh
attention in the literature, particularly with resp to their
simulation (Kim et al., 1999), (Tsukazaki et al003) in an
attempt to understand the basic principles of thp&ration.
Monte Carlo methods have been used to a greattartéms
effort because they allow an essentially exacttswiwf the
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procedure used for the following the motion of dec&on
requires random numbers to represent the time wttieh
electron drifts before being scattered, and to asgmt the
final state after the scattering event. The prdigbi
distribution for these random numbers can be cotelyle
specified in terms of the electric field strengthdathe
transition probabilities due to the various scattgr
processes. Electrons in bulk material suffer intaley
scattering by polar optical, non-polar optical, @t
phonons and piezoelectric scattering, inter vajdypnons,
and ionized impurity scattering. Acoustic and pideatric
scattering are assumed elastic and the absorptimh a
emission rates are combined under
approximation, which is valid for lattice tempenasi above
77 K. Elastic ionized impurity scattering is debed using
the screened Coulomb potential of the Brooks-Hgrrin
model.
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In this
deposition on ZnO crystal using MCNP code. The abffef
damage and the atom displacements rate of cryata been
calculated using a computational code based on MRdel.
It is well known that the main damages of the @alystre
atom displacements and neutron activation thatedafor
different neutron sources.

2. THEORY OF ATOM DISPLACEMENT

A primary recoil atom is produced when an energeticdent
particle such as fast neutron undergoes a collisiith a
lattice atom. If the energy transferred to the pynknock-
on atom (PKA) is large enough, E >> Ed, (where H&¥3
the average energy for one displacement) (MitcH&g7),
the PKA can continue the knock-on atom process
producing secondary recoil atom displacements, hvhit
turn can displace additional atoms. Such an evdhtregult
in many collision and displacement events occurimgear
proximity of each other. The multiple displacemsatjuence
of collision events is commonly referred to as Hision or
displacement cascade (Kinchin et al., 1955). Teansél
energy to a PKA with atomic mass number A, wheruoed
and that a neutron of energy E recoiled, is given b

4AE

—(A+1)2 1)

T =%(vf +V5 +2V,V, cosé?) =

where v1 is the velocity of scattering atom aftellision, and
vO is the centre of mass velocity. The original elotbr
displacement damage, developed initially for simpietals,
is due to Kinchin and Pease (Kinchin et al., 19%5®)] the
standard formulation of it by (Norgett et al., 197&ten
referred to as the NRT model, is:

0 T<E,
v(T) =141 E,<T<2E,! (
08T /2E, T > 2E,

where v (T) is the number of displaced atoms preduty a
recoil atom of energy E and damage energy T, and Ehe
average threshold displacement energy for an atorthe
crystal lattice.

MCNP is a general-purpose Monte Carlo neutron, @hot
and electron transport code. It has continuouseggnghysics

and
configuration of three dimensional surfaces. Itused for
radiation shielding, criticality safety, nuclear sim,

aerospace, medical, nonproliferation, radiatioredarsd other
applications by several thousand users worldwides Tode
is used to simulate one neutron at a time and dscds

history. The neutron energy deposition in the alysas been
calculated by tally F6:n for different neutron soes: mono-
energy, Am-Be and 252Cf sources (Briesmeister, 2000
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research, we have calculated neutron energy

is time-dependent. The geometry is any arbitrar

3. CALCULATION RESULTS

The ZnO crystal is placed at different distancesmfrpoint
neutron sources with constant mono-energy and rooodis
energy spectrum such as Am-Be &mCf source. Then, the
amount of deposition energy per gram of crystal was
calculated by F6:n tally of MCNP code. The amoufit o
deposition energy per gram for different ZnO criyfda Am-

Be source as function of distance, per one neudfaource

is illustrated in Fig. 1.

As well as, the amount of deposition energy pemgia 2x2
ZnO crystal due to different mono energy rate ig. RBb.
Energy deposition and corresponding point sources A
comparison of atom displacements rate due functén

CGistance is illustrated in Fig. 2a, and Fig. 2bvehidhe atom

displacements rate placed on a point 0.5 MeV nawource
as a function of distance. The corresponding rdeula ?><Cf
source is shown Fig. 3a, and the atom displacenetots
displacements rate in Fig. 3b. Energy depositiord an
corresponding atom displacements rate are decreassty
by 1/¢ as we expected.

A comparison of atom displacements rate due toewdfit
sources located in 10 cm far from the crystal haeen
illustrated in Fig. 4. It can be seen that the r@utaverage
energy of the source increases as well as the sponeling
damage growing up.
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Figure 1: (a) Energy deposition per gram in differ&nO crystal

due to an Am-Be source; (b) the atom displacemeites r
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Figure 2: (a) Energy deposition per gram in différénO
crystal due to different mono-energy point sour¢esthe
atom displacements rate.
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Figure 3: (a) Energy deposition per gram in déferZnO
crystal due to a 252Cf source; (b) the atom disptants
rate.
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Figure 4. Comparison of atom displacements ra#nio
crystals that placed on 10 cm of different sources.

4. CONCLUSION

The simulation results show that the amount of dijom
energy per gram of ZnO crystals and total numbeatom
displacements are a function of crystal sizes.i€loi and
displacement are important events in larger crydted to a
higher neutron diffraction rate. As well as, atom
displacements increase when the energy of the sourc
accrues. The amount of deposition energy per gfatnystal
decreases if the distance between source and Icnysta
larger. It is because the reaction surface redilnz@sreaction
volume.

Therefore, by designing of proper shielding for ZnO
detectors, we can prevent of radiation damageigadtystal
using in mixed neutron- gamma field.
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