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ABSTRACT

An ensemble Monte Carlo simulation has been carried out to study atom
displacement damage in ZnO crystal of different sizes and at different dis-
tancesfrom aneutron source. Therate of atomsdisplacement inthe crystals
has been cal culated using a Fortran program that was written based on NRT
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Model. The damage to crystal is proportional to the energy deposition of
neutron directly. Results show that number of atoms displacement in the
crystal isrelated to the neutron radiation damage and increased by enlarg-

ing of crystal size.

INTRODUCTION

Inrecent years, there hasbeen anincreasinginter-
est inusing thewide band gap semiconductor ZnO for
microwave power amplification and semiconductor de-
tectors. Although, High pure ZnO isvery costly and
must be kept at low temperature, itiswidely used for
gammaand x-ray spectroscopy™. Whenthiscrysta
islocated in acombined neutron-gammafield, neutron
interactionswith Gaand nitrogen e ement inducemain
crystal damages and distort its energy resolutionf®.
Depending on the energy, neutron interactions with
matter may undergo avariety of nuclear processes. The
maininteractionsof fast neutrons are e astic scattering
and inel astic scattering, but neutron captureisan im-
portant interaction for thermal neutrons?.

Whilst the preferred semiconductor isstill silicon,
industry isnow tooling up for wideband gap semicon-
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ductorslike ZnO production, which offershigh el ec-
tron mobility and hence the prospect of greater fre-
quency operatingrates. Itsdirect bandgap furthermore
alowseasier integration with optical devices. For this
reason ZnO devices havereceived much attentionin
theliterature, particularly with respect totheir smula
tion*4 in an attempt to understand thebasi c principles
of their operation. Monte Carlo methodshave been used
to agreat extent in this effort because they allow an
essentially exact solution of the Boltzmann transport
equation and are subject only to statistical errors, un-
likedrift diffus on mode swhich cannot accurately treat
the hot-electron effectsthat are present to ahigh de-
greeinother material.

TheMonte Carlo method hasbeenwiddy used to
study hot-electron problems®>9. Theprincipleof this
method isto simulate on acomputer the motion of one
€lectron in momentum spacethrough alarge number of
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scattering processestaking noteof thetimethat theeec-
tron spendsin each element of momentum spacedur-
ingitsflight, thistimebeing proportiond to thedistribu-
tion functionin the e ements. The procedure used for
thefollowing the motion of an e ectron requiresrandom
numbersto represent thetimewhich the e ectron drifts
before being scattered, and to represent thefinal state
after the scattering event. The probability distribution
for theserandom numbers can be completely specified
intermsof thedectricfield strength and thetransition
probabilities dueto the vari ous scattering processes.
Electronsin bulk materia suffer intravalley scattering
by polar optical, non-polar optical, acoustic phonons
and piezoel ectric scattering, inter valey phonons, and
ionized impurity scattering.

Acoustic and piezod ectric scattering are assumed
elagtic and the absorption and emission ratesare com-
bined under the equipartition gpproximation, whichis
validfor latticetemperaturesabove 77 K. Elasticion-
ized impurity scattering isdescribed using the screened
Coulomb potentia of the Brooks-Herring model.

Inthisresearch, wehave cal cul ated neutron energy
depositionon ZnO crystal usng MCNP code. Theef-
fect of damageand theatom displacementsrate of crys-
tal have been cal culated using acomputational code
based on NRT model. It iswell known that themain
damagesof thecrysta areatom displacementsand neu-
tron activation that varied for different neutron sources.

Theory of atom displacement

A primary recoil atom is produced when an ener-
geticincident particlesuch asfast neutron undergoesa
collisonwith alatticeatom. If theenergy transferred to
the primary knock-on atom (PKA) islarge enough,
E>>Ed, (where Ed=30eV; the average energy for one
displacement)*¥, the PK A can continuethe knock-on
atom processes, producing secondary recoil atom dis-
placements, whichinturn can displace additional at-
oms. Such anevent will resultin many collision and
displacement eventsoccurringinnear proximity of each
other. Themultipledisplacement sequenceof collison
eventsiscommonly referred to asacollision or dis-
placement cascade™. Transferred energy to a PKA
with atomic massnumber A, when occurred and that a
neutron of energy E recoiled, isgiven by
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wherev isthevelocity of scattering atom after colli-
sion, and v, isthe centre of massvelocity. Theorigina
mode for displacement damage, developed initialy for
simplemetds, isdueto Kinchin and Peasd™, and the
standard formulation of it by Norgett et al.l*3, often
referred to asthe NRT modd, is

1
T= E(vf +V+2v,V, cose)=

0 T<E,
v(T)=41 E,<T<2E,
08T/2E, T=2E,

wherev(T) isthenumber of displaced atomsproduced
by arecoil atom of energy E and damageenergy T, and
E, istheaveragethreshold displacement energy for an
aiominthecrystd lattice.

MCNPisagenerd-purpose M onte Carlo neutron,
photon, and electron transport code. It has continu-
ous-energy physicsandistime-dependent. Thegeom-
etry isany arbitrary configuration of three dimensiona
surfaces. Itisused for radiation shielding, criticality
safety, nuclear design, aerospace, medical, nonprolif-
eration, radiation dose and other applicationsby sev-
eral thousand usersworldwide. Thiscodeisusedto
simulate one neutron at atimeand recordsits history.
Theneutron energy depositionin the crystal hasbeen
calculated by tally F6:n for different neutron sources:
mono-energy, Am-Beand 252Cf sources™?.

)

Calculationresults

TheZnOcrystd isplaced a different distancesfrom
point neutron sourceswith constant mono-energy and
continuous energy spectrum such asAm-Be and %2Cf
source. Then, theamount of deposition energy per gram
of crystal wascal culated by F6:ntally of MCNP code.
Theamount of deposition energy per gramfor different
ZnO crystal for Am-Be source asfunction of distance,
per oneneutron of sourceisillustratedinfigure 1.

Aswell as, the amount of deposition energy per
gramin 2x2 ZnO crystd dueto different mono energy
rateinfigure 3b. Energy deposition and corresponding
point sourcesasA comparison of atom displacements
rate duefunction of distanceisillustratedin figure 2a,
andfigure 2b showsthe atom displacementsrate placed
on apoint 0.5 MeV neutron source as afunction of
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Figurel: (a) Energy deposition per gramin different ZnO crystal duetoan Am-Besour ce; (b) theatom displacementsrate
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Figure2: (a) Energy depostion per gramin different ZnO crystal duetodifferent mono-ener gy point sour ces, (b) theatom
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Figure3: (a) Energy deposition per gramin different ZnO crystal dueto a%2Cf sour ce; (b) theatom displacementsrate

distance. The corresponding result for a??Cf sourceis
shownfigure3a, and theatom displacementsatom dis-
placementsratein figure 3b. Energy deposition and
corresponding atom displacementsrate are decreases
mostly by 1/r? aswe expected.

A comparison of atom displacementsratedueto
different sourceslocated in 10 cmfar fromthe crystal
havebeenillustrated in figure4. It can be seenthat the
neutron average energy of the sourceincreasesaswell
asthe corresponding damage growing up.
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Figure4: Comparison of atom displacementsratein ZnO
crystalsthat placed on 10 cm of different sources

CONCLUSION

The simulation results show that the amount of
deposition energy per gram of ZnO crystalsand total
number of atom displacementsareafunction of crystal
sizes. Collision and displacement areimportant events
inlarger crystal dueto ahigher neutron diffraction rate.
Aswell as, atom displacementsincreasewhen theen-
ergy of the sourceaccrues. Theamount of deposition
energy per gram of crystal decreasesif the distance
between source and crystal get larger. It isbecausethe
reaction surface reducesthan reaction volume.

Therefore, by designing of proper shiddingfor ZnO
detectors, we can prevent of radiation damageinthis
crystd usinginmixed neutron- gammafield.
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