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• Ionization level greatly influences the electrical properties of doped silicon,

such as carrier mobility and resistivity [1]

• Indium is a semiconductor dopant with a large ionization energy, and

therefore is incompletely ionized at room temperature

• There are no ionization models for indium in silicon, despite the interest in

indium-doped silicon wafers which possibly can solve various degradation

processes, such as light-induced degradation [2]
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Table 1 Parameterized incomplete ionization model for indium-doped silicon

Sensitivity tests

Figure 1 Ionization curves as a function of dopant density for different temperatures

based on fitting of literature data. Best fit values are summarised in Table I.

• The fitting parameters (Nref, c, Nb, d) mainly influence the ionization

fraction at high dopant densities across all temperatures

• The theoretical ionization level of dopants at lower dopant densities is

highly dependent on the parameter Edop,0 .However, it is a value known

with only a little uncertainty (± 0.02meV) for indium

• Our parameterized model can, therefore, sufficiently predict the

ionization levels at low doping densities (<1018 cm-3) across all

temperatures

• The data of Murphy et al. demonstrate much higher levels of incomplete

ionization than what is theoretically expected from our model

• More experimental ionization data, especially from heavily-doped

regions, is needed to parameterize a more accurate model
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o Four fitting parameters (Nref, c, Nb, d) that are obtained by fitting the

experimental ionization data using the theoretical ionization fraction

o The ground state doping energy (Edop,0) and the degeneracy factor (g)

that can be found in literature [3]

• According to Altermatt et al. six key parameters are required in order to

establish an ionization model [3]:

• Nref for indium is estimated by plotting Nref vs Edop,0 for known dopants and

extrapolating from a linear fit following the method of [4]

• Experimental ionization data from Linares [5] and Murphy et al. [6] are used

to extract the rest of the parameters (c, Nb, d) by fitting using the least-

squares method

Methodology

• Our parameterized ionization model indicates that indium in silicon

experiences significant levels of incomplete ionization across a wide range

of dopant densities

• Modelled ionization curve closely fits the experimental data from Linares [5],

but not the experimental data from Murphy et al [6].

Figure 2 Theoretical ionization curves at (a) T= 300K and (b) T = 200K modelled using

an upper limit (c = 1.4, Nb, = 4.5x1018 cm-3, d = 2.4) and lower limit (c = 3, Nb, = 1x1020

cm-3, d = 3) indicate that fitting parameters mainly influence the heavily-doped regions

Figure 3 Theoretical ionization curves at (a) T= 300K and (b) T = 200K modelled using

an upper limit (Nref = 6.3x1019 cm-3) and lower limit (Nref = 7.1x1018 cm-3) show that the

fit quality is insensitive to Nref at low dopant densities

Figure 4 Theoretical ionization curves as modelled using (a) Edop,0 = 155.58 meV and

(b) Edop,0 = 175 meV. Only with a higher value of Edop,0 a lower ionization fraction at

lower dopant densities can be achieved (in order to fit Murphy et al.)

• A parameterized ionization model calculates ionization fraction as a function

of dopant density and temperature

Parameter Si:In

Edop,0 (meV) 155.58

Nref (cm-3) 2.45x1019

c 2.4

Nb (cm-3) 2.7x1019

d 2.4

g 0.25


