
On the temperature dependence of positron trapping 
in semiconductors

On the temperature dependence of positron trapping On the temperature dependence of positron trapping 
in semiconductorsin semiconductors

Outlook:
Why T-dependent?

Model

Problems and discussion
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Trapping into a vacancyTrapping into a vacancyTrapping into a vacancy
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Negative vacancyNegative vacancyNegative vacancy
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Two-stage trapping modelTwoTwo--stage trapping modelstage trapping model
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Density of positron states per unit volume

Kd = Direct + Indirect two-stage trapping

KR / Kv ≥ 5 NCK vRR /µ=
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Temperature dependenceTemperature dependenceTemperature dependence
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Temperature dependence – negative vacancyTemperature dependence Temperature dependence –– negative vacancynegative vacancy
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Data: GS208_Tav
Model: negv 
  
Chi^2 =  0.13864
R^2 =  0.99459
  
Er 25.81764 ±7.65015
mue 8.11778 ±7.10844
kv 0.00194 ±0.00008
kr 0.00209 ±0.00016
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Positron trapping – shallow trapsPositron trapping Positron trapping –– shallow trapsshallow traps

• negative ions are also positron 
trapping centers due to small negative 
Coulomb potential

• term shallow relates to the positron binding
energy (few meV).
Therefore the trapping is significant at low 
temperatures only
• the electron density is not reduced:

bstτ τ=
(J. Gebauer et al. 1997)
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Positron shallow trapsPositron shallow trapsPositron shallow traps
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Trapping model: negative vacancy + shallow trapTrapping model: negative vacancy + shallow trapTrapping model: negative vacancy + shallow trap
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7 Parameters
(enough to fit a Chinese font):
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But there are some constraints:

54 1010/)20( −=RR K ηµ

NCKKK vvv /)20()20( µ=
NCKKK ststst /)20()20( µ=

116105.1)20( −×= sKvµ
116105)20( −×= sKstµ

(J. Gebauer et al. 1997)
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Undoped GaAs – negative vacancy + shallow trapsUndoped GaAs Undoped GaAs –– negative vacancy + shallow trapsnegative vacancy + shallow traps
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Data: c141K3_Tav
Model: V-ST-kor 
  
Chi^2/DoF = 0.27887
R^2 =  0.98527
  
Er 74.46767 ±134.34754
mue 0.83075 ±3.66577
kv 0.00137 ±0.01166
kr 0.01535 ±0.02032
Eb 43.90789 ±15.34259
cs 2.06221 ±4.6724
k0 0.05259 ±0.0353
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GaAs:Si - problematic fittingGaAs:Si GaAs:Si -- problematic fittingproblematic fitting
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 [Si] 1018 cm-3

 1.6
 2.6
 3.6
 9.7

(SiGaVGa)2- complex
but:

no decrease of τav
characteristic for 
negative vacancy

Fit gives unreasonably high concentrations of shallow traps
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Sensitivity to the defects charge state?Sensitivity to the defects charge state?Sensitivity to the defects charge state?
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Presented model does not differentiate between -e, -2e or -3e charge states

further developments are needed


