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ABSTRACT

A ssimple model is put forward to express the experimental behaviour of alpha-particle interaction effects in CVD
diamond detectors. The model depends on the stripping methodology adopted, which makes it suitable to routinely
analyzed alpha-particle spectra. The spectra, each with different width/peak broad due to the presences of
defect/impurity were stripped off using MATLAB. The performance observed for the detectors illustrates two
possibilities: a response around the mean spectrum height (good resolution) and a response with inferior
performance (poor resolution). This showed improved information of the actual interaction effects of the different
diamond grades when used for alpha sensing applications (detectors).

Keywords. CVD- diamond, alpha-particles, Specific ionizati®tripped spectra, Defects/impurities

INTRODUCTION

For alpha-particles to traverse any material timeust be an interaction, which will affect its detec in two ways:
first, the energy spectrum is distorted becaus¢hefenergy loss associated with the interactionany mass
interposed between source and detector. Secongigsticle entering the active detector volume witeract, at
least once with the detecting medium and henceetectéd [15].

Energy loss outside the detector is undesirabke;takk of an experimenter is to design a spectemwith zero
mass between the source and the detector. Sucteahsiystem cannot be built, and the only practttatnative is
a spectrometer that results in such a small eresgyoutside the detector, which allowed relialdlgrections to be
applied to the measured spectrum [15].

In certain measurements, the particles do not btigghey go through it and emerge with only a facof their
energy deposited in the detector. Then a corre¢tiche spectrum of the existing particles will bawe be applied
because of energy straggling; a term used to destine statistical fluctuations of energy loss [15]

The detector performance and stability are detegthiby structural imperfections and impurities ie tiaterial,
which influence the induced current signal. In poygtalline diamond detectors, it was known thairgboundaries
act as charge trapping centers, severely limitimg $pectroscopic performance [7]. Diamond slabsvgrby
Chemical Vapour Deposition (CVD) comprised of maiigmond crystallites of different orientations aeparated
by grain boundaries. These may affect the elettrmaperties of the material by acting as traps/and
recombination centres, thus degrading the chartiection efficiency [1].

Devices based on single-crystal high-presshigh-temperature diamond (HPHT) were found to b@téd by the
small area of the available substrates. Moreov@ndepitaxial growth does not rule out completely phesence of
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defects as in natural diamond or in other singystat materials. The study of defects with manyedént solid state
and nuclear techniqudsas given a deeper insight on the physics of thesport in CVD diamond [8], yet a
thorough picture of defects and their influencecarrier lifetime in CVD diamond was lacking [9].

Severe detrimental effects of defect levels mayioat diamond. These effects can significantlyraikee detection
properties of devices. In fact, it was clear theg tesponse of devices was reduced through defadt$mpurities
[2]. If the device state is to be optimized eitliere to ionization mechanism (trapping), or a sigaiit rise in
temperature (trap release), the internal elecieid fas well as the carrier lifetime of the devizan be modified
thereby influencing the detector response to giketter result for the problem [8].

With the progress in the technology of personal maters, PC-based software packages started tapay-role in
the control, acquisition and validation of the datany nuclear experiment. Because of the rangmplications of
alpha-particle spectrometry, analysis software pgek were among the most used software in any arucle
laboratory. They were being used in such importpglications as environmental studies, low levehitasing,
radioactive waste analysis and safeguards [3].

Alpha-particle spectra were usually very complexatalyze. Only a few radionuclides emit monoenécgapha
particles and very often two or more lines from slaene radionuclide overlap. Most alpha emissiong lemergies
between 4 and 6MeV, and with the energy resolutiohievable in realistic conditions, a typical algizaticle
spectrum contains one or several groups of overiggdnes. The difficulty of the analysis dependsthe amount
of information that one tries to obtain from theespum and reaches its maximum when a full analyss
performed to obtain the energies and intensitiedl&pectral components [3].

An unavoidable fact in diamonds is the presencdedécts, including CVD wafers. These affect thepoese of
diamonds to radiation in various ways. In this waquile-up, background noise or fluctuations, ioni@matand
excitation energy losses effects were strippedisifig a high performance language Matrix Labora{dtTLAB)
to model a simple stripping procedure considerh measures of likelihood formulated analyticakythe CVD
diamond detectors interact wittrparticle radiation. The CVD diamond detectors weharacterized [8] and
information about their levels of impurities and tinaterial quality were established. To correcttf@se losses,
(the collisional and radiation losses, backgrouaide and/or fluctuations) a method must be sorttiounfold the
information in the measured spectrum to yield the spectrum. Modeling of spectra such as thatpdfeaparticles
requires a thorough understanding of it interactigth matter.

MATERIALSAND METHODS

To realized the needed stripping model, as alpinécfeess interacted with diamonds observed fromdkperimental
spectrum. The combining measures of likelihood lfphilities) of an incident particle in a given egeiinterval
producing an electron-ion-pair and the likelihoodtlee scattered (interaction losses) and pile-igetfon also
deposited in the diamond wafers was considered as:

+«The likelihood of an incident alpha-particle inteing and get deposited within the detector voluwes
measured,;

+The likelihood of an ion-pair was produced (by &ation) due to energetic electrons (secondary reles} and
result to subsequent release of bremsstrahlung @omScattering) to deposit Compton recoil energgsw
formulated; and

+The likelihood of the excited ions (pile-up andctiuations) detected by the detector was computed.

These three measures of likelihood above madestiple to calculate the fractional error. To d thire observed
electron-ion pair produced was stripped off in ortdeeliminate pile-up and the electronic noisatffstical) from

the background. Interactions of charged particlén \&i detector can be defined by measure of likelihid 2] but a
more useful definition used was in terms of thepgiog power or number of ion pairs formed per whsttance

(specific ionization). The analytical functions posed here to describe the model consist of thewoig:

+The number of ion-pair formed per cm of travel (8fie ionization) in the diamond was calculated as:

Ei(KeV)

I(EL) = WX Rgi

(ionpairscm™1) 1)

where
E; = incident energies of the alpha-particle,
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W = average energy expended to create an ion otr@bekole pair in diamond (for diamond the value of
12.8eV/ion-pair was reported [10],

Ry = range of alpha particle in the detecting med{&op. 2 & 3),

i=1, 2,3, - , h integers referring to eaclesippum energy.

This equation was used to calculate the specifizagion for each 12.8eV enerdy;) interacting with the diamond
detector.

+The range or energy loss characteristics was egtitia assume that the specific ionization or stuppower per
atom of CVD diamond is additive. This assumptiokriswn as the Bragg - Kleeman rule [5].

Ra _ payAd
Ra pa~Aq (2)

whereRy and R, are the ranges in the detecting medium andpgiand pq are densities of air and the detector
material andA, andAy are the atomic weights of air and the detectoenlt

+The range of alpha particles in diamond was contbuging a simpler equation for range (cm) of aliphair in
the energy range 4E < 8MeV [13].

3
R, = 0325E? ;Ryincm 3)

+The fractional energy input of the alpha partidlest as radiation to create the electron-ion ppicgluced that
interact with bremsstrahlung was expressed as:

E;
Epin = 7 . 4
min /(1 + 12012;12) )(

where
Enin is the minimum amount energy of the outgoing phatthiich escapes the detector or lost as radiation.

+The energy that may have contributed to the ionlypeced charges was expressed as:

2
2E]
1022 +2E;

(keV) (5)

Emax =

where the factor 1022KeV of the scattering equaitidihe energy of two electron rest ma&s,c? = 2 X 511keV
[6].

+ The spectrum correction factor of the detectoss feamulated as:

(B ~I(Emax-Ei
I(Ey)

foi ) (6

wherel ; _r+; = the number ion-pairs associated with radiatiosh eallisional losses [4].
( max l)

+ Corrections due to electronics and statistical eneigre estimated assuming a Poisson distributiothabthe
fluctuations (excitations) and pile up are chandogéel by a standard deviation in the number of ghaarriers [14].

+The corrected number of ion-pairs or stripped (jaz@unts expression that takes into account allidhepairs

produced either by collisional, radiation lossesl axcitations that have to be stripped off the Bpet was
expressed as:

L = |Io(E) — (Io(E) * fei + 24/16(ED). )| (7)

where
1,(E;) = the experimental counts (ions) at enekgy
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fz: = the fractional error causing the background atffe(collisional and radiation losses), pile upeetfand
fluctuations (excitations) observed in the spectramd it is defined based on the spectrum corredtator as

fei=1— fpi,

I, (E;). fg; = the mean or average number of ion-pairs,

2.1, (E;). fgi = the standard deviation of the ion-pairs duedbisional loss that causes the pile up effectd an

fluctuations (excitations), the factor 2 is intraéd to account for each ion-pairs created.
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Figure 1: Variation of alpha count rate with energy for a Detector Grade CVD diamond (DG)
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Figure 3: Variation of alpha count rate with energy for an Optical Grade CVD diamond (OG)

DISCUSSION

Each of the figures consists of two plots, the eixpental plot and the stripped plot after correcti®he Detector
Grade and Single Crystal CVD diamonds (Fig. 1 &ggctra are observed to have an improved and nafireed
peak value, while the Optical Grade CVD diamondy(Bj) spectrum is observed to be wide; without i defined
peak value.

The stripping methodology put forth made it possitd resolve fine details in the incident energieshe alpha-
particle radiation and that has obviously improikd width of the spectra. The performance obsefeedhe
detectors illustrates two possibilities: a respoasrind the mean spectrum height (good resolutiad)a response
with inferior performance (poor resolution. Thelugince of the pair produced counts that causesrasymy in the
spectra (OG in particular) could be related todbfects levels of the diamond wafer.

To illustrate a typical application of this mod#ie spectrum for the variation of alpha count rsidn energy of a
Detector Grade CVD diamond is presented in Figl'He spectrum closely follows the experimental datd the
stripped spectrum shows no evidence of systeméferehces. The reduced number of peak parametekesnthe
fit easier and more stable than using complex nzgodeh the other hand, the statistical descriptibthe peak
resolutions of the spectra is out of the scopéisfinodel and can only be obtained with more refidescriptions
which require intensive calculations.

Software that can code all the probable interastminalpha particle with CVD diamond grades shalllgong way
in bringing out completely the true and exact infation needed for better spectrometric performariaiamond
detectors (Fig. 3).

CONCLUSION

The spectrum stripping model was observed to haflaeinced the broadness of the CVD detectors atigtrbe
resolved the spectra. It has provided improvedrinédion of the actual performance characteristfahe different
diamond grades when used for alpha sensing agplsat
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