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A—decomposition of positron lifetime spectra 

Positron lifetime spectrum is a sum of exponential components convoluted with the 

resolution function of the spectrometer and a constant background originating from ran-

dom coincidences. In the present case the resolution function was described as a sum of 

two Gaussians shifted with respect to each other. Positron lifetime spectra measured for 

GaN films were fitted using a PLRF code [1]. Each component is characterized by its life-

time i and relative intensity Ii and corresponds to certain positron state in the sample. 

Three components were assumed in decomposition of positron lifetime spectra of 

GaN films: (i) a short-lived component with lifetime 1 comes from positrons annihilated 

in the free state (not trapped at defects); (ii) a component with lifetime 2 represents a 

contribution of positrons annihilated in the surface state or trapped at defects (VGa or 2VGa–

2VN ) in GaN layer; (iii) a weak long-lived component with lifetime 3 can be attributed to 

pick-off annihilation of ortho-positronium (o-Ps) [2] formed on the sample surface. The 

development of lifetimes and relative intensities of all components resolved in spectra on 

the energy of incident positrons for all GaN samples studied is plotted in Figures S1-S12. 

Upper panels in each figure always show the development of the components (i) and (ii) 

from free positrons and positrons trapped at defects while lower panels present the be-

haviour of the o-Ps contribution. It is clear that the intensity of the o-Ps quickly diminishes 

with increasing positron energy testifying that o-Ps is formed on the surface only.  

At low energies almost all positrons are annihilated on the surface. With increasing 

energy positrons penetrate deeper into GaN layer and the fraction of positrons diffusing 

back to the surface gradually decreases. It is reflected by a decrease of the lifetime 2 from 

a surface value of 0.3-0.4 ns to a value corresponding to the situation when all positrons 

are annihilated inside the GaN layer. The latter value agrees well with the calculated life-

time of positrons trapped in VGa for all films deposited below 1100oC. In the case of sam-

ples TMN3 (Figure S9) and TMH3 (Figure S12) grown at 1100oC the lifetime 2 is remark-

ably higher and approaches at high energies the value calculated for positrons trapped at 

2VGa + 2VN complexes. The intensity I2 gradually decreases with increasing positron en-

ergy reflecting decreasing contribution of positrons annihilated on the surface. The inten-

sity I1 of the free positron component increases with positron energy due to increasing 

fraction of positorns annihilated inside GaN layer and the lifetime 1 gradually increases 

towards the bulk value.  
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Figure S1. Results of decompositions of positron lifetime spectra for the sample TEN1 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S2. Results of decompositions of positron lifetime spectra for the sample TEN2 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S3. Results of decompositions of positron lifetime spectra for the sample TEN3 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S4. Results of decompositions of positron lifetime spectra for the sample TEH1 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S5. Results of decompositions of positron lifetime spectra for the sample TEH2 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S6. Results of decompositions of positron lifetime spectra for the sample TEH3 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S7. Results of decompositions of positron lifetime spectra for the sample TMN1 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S8. Results of decompositions of positron lifetime spectra for the sample TMN2 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S9. Results of decompositions of positron lifetime spectra for the sample TMN3 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S10. Results of decompositions of positron lifetime spectra for the sample TMH1 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S11. Results of decompositions of positron lifetime spectra for the sample TMH2 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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Figure S12. Results of decompositions of positron lifetime spectra for the sample TMH3 

plotted as a function of the energy of incident positrons. (a) the development of lifetimes 

1 and 2 of positrons annihilated in the free state and trapped at defects, respectively; (b) 

corresponding intensities I1, I2; (c) lifetime of o-Ps pick-off annihilation; (d) intensity of the 

o-Ps contribution. The mean positron penetration depth is shown in the upper x-axis. 

Dashed lines in the panel (a) indicate calculated lifetime of free positrons in perfect GaN 

crystal (bulk) and positrons trapped at various defects. 
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