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ABSTRACT 

ZnO (wurtzite) samples were implanted with Ar+ ions to generate intrinsic defects within the samples for fluences  

ranging from 10^4 to 10^18 ions/cm^2. Doppler broadening of the annihilation centroids were obtained to determine S- and W - parameters which 

are associated with a quantity of defects. X-ray diffraction (XRD) method was employed to determine any structural or phase change associated with 

Ar+ implantation. The positron annihilation spectroscopy results were correlated with Optical absorption spectra of the crystals to investigate vari-

ous bands at different fluencies.  Theoretical calculations for potentials and wave-functions for both positrons and electrons were calculated. The 

electron-positron annihilation momentum density was also calculated for positron annihilations with core electrons up to low momentum electrons 

in valence states and vacancies.      

[ DUE TO LOCKDOWN AND DELAY FOR THE ARRIVAL OF SAMPLES, ONLY THEORETICAL APPROACH IS REPORTED IN THIS PAPER] 
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CONCLUSION 

 Although the experiment is not yet completed, the theoretical analysis based on LDA and GGA shows 

that Zn vacancies have sufficient potential to localize positrons for annihilations with electrons, figure 3 

shows exactly the probability for a positron to be trapped in a Zn vacancy and the potential in figure 6 

confirms the attractive nature (negative) of the Zn vacancy which makes it easy to trap the positron. The 

density of defects per ion implantation fluence is determined by knowing the depth profiles as shown in 

figure 5. Doppler broadening as shown in figure 6 is used to determine the concentration of defects. S-
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Figure 3 .  The square of the wavefunction at Zn vacancy  

 

Figure 5. Makhov profiles in ZnO for positron beam at 

different beam energies 5, 10 , 15 and 25 keV assist in 

identifying the extent of radiation damage caused by ion

-implantation 

Figure 2.  3p electrons dominate the annihilations with posi-

trons between (0—25) x 10-3  moc. These low momentum 

electrons contributes towards annihilations in the vacancies.  

Figure 1. Positron-electron annihilations with core to valence 

states in Zinc. From (0-5 )x 10-3 moc, 4s electrons dominate the 

annihilations with positrons at Zn vacancies. 3d electrons domi-

nate between (5—47) x 10-3 moc.  

 

 

Method of calculation 

Figure 4. Total electron-positron annihilation momentum den-

sity [Doppler broadening] at Zn vacancy. The experimental pro-

cedure is also limited given the background noise 

[1] 

*  Model the positron beam to determine depth     

profiles of positrons at different beam energies us-

ing Makhov profile equation: 
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Where 

* A = 4.0 micro-gram cm-2 keV-r 

* m = 2, r = 1.6 

* E  is the positron beam energy 

* Rho is the density of ZnO 

Figure 6. It is clear that the potential at Zn vacancy is favoura-

ble for positron trapping and annihilation 


