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Motivation and Method

• Motivation:

? Previous detectors use n-type Si

? The formation of deep levels limits their lifetime (V2O)

? Would these problems be encountered in p-type Si?

• Method:

? Boron interstitial defects and boron-impurity complexes

investigated

? Use DFT (AIMPRO) to study stability and electrical

properties

? Comparison with observed centres

Motivation and Method 3
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p-type Vs. n-type

L. C. Kimerling, IEEE Trans. Nucl. Sci. 23 1497 (1976).

• Many levels in n-type (left)

? Deep level of V2O acts a recombination centre

• Fewer levels in p-type Si (right)

? Mainly shallow (no deep V2O level)

p-type Vs. n-type 4
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Boron interstitial defects

(Tipping and Newman, Semicond. Sci. Technol., 2, 389 (1987))

• Bi (R-line) anneals ∼ 230 K leading to
BiBs (Q-line)

• BiBs stable to ∼ 220◦C
A. R. Bean , J. Phys. C 5, 379 (1972).

• BiBs is electrically inactive

Boron interstitial defects 5
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Boron-oxygen complex

• Ec − 0.23 eV level as Bi anneals

(p and n-Si)

• Production rate ∝ [B] and [O] but decays as [B]−1/2 for

high [B]

P. M. Mooney et al., Phys. Rev. B 15, 3836 (1977), L. C. Kimerling et al., Mater. Sci. Forum 38-41, 141 (1989).

• In agreement with experiment we find BiOi

? E(0/+) = Ec − 0.22 eV

? EA = 1.2 eV (using experimental WBi
)

J. R. Troxell and G. D. Watkins, Phys. Rev. B 22, 921 (1980).
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Boron-carbon complex

• Ev+0.30 eV level as BiOi anneals

(∼ 150◦C)

• Production rate ∝ [C] and [B]−1 but independent of [O]

P. M. Mooney et al., Phys. Rev. B 15, 3836 (1977), L. C. Kimerling et al., Mater. Sci. Forum 38-41, 141 (1989).

• In agreement with experiment we find BiCs

? E(0/+) = Ev + 0.24 eV

? Would dissociate at ∼ 400◦C

Boron-carbon complex 7



8

Boron-hydrogen complex

Boron-hydrogen complex 8



8

Boron-hydrogen complex
• Ev + 0.51 dominant level in hydrogenated, e-irradiated,

p-Si with [B] = (2-20) ×1015 cm−3

N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

Boron-hydrogen complex 8



8

Boron-hydrogen complex
• Ev + 0.51 dominant level in hydrogenated, e-irradiated,

p-Si with [B] = (2-20) ×1015 cm−3

N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

• Cz-Si after 170-370◦C anneal, Fz-Si

at room temperature

Boron-hydrogen complex 8



8

Boron-hydrogen complex
• Ev + 0.51 dominant level in hydrogenated, e-irradiated,

p-Si with [B] = (2-20) ×1015 cm−3

N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

• Cz-Si after 170-370◦C anneal, Fz-Si

at room temperature

• Defect concentration ∝ [B]?
O. Feklisova et al, Physica B 308-310, 210 (2001).

Boron-hydrogen complex 8



8

Boron-hydrogen complex
• Ev + 0.51 dominant level in hydrogenated, e-irradiated,

p-Si with [B] = (2-20) ×1015 cm−3

N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

• Cz-Si after 170-370◦C anneal, Fz-Si

at room temperature

• Defect concentration ∝ [B]?
O. Feklisova et al, Physica B 308-310, 210 (2001).

• BiBsHi most likely candidate for Ev + 0.51 eV level

Boron-hydrogen complex 8



8

Boron-hydrogen complex
• Ev + 0.51 dominant level in hydrogenated, e-irradiated,

p-Si with [B] = (2-20) ×1015 cm−3

N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

• Cz-Si after 170-370◦C anneal, Fz-Si

at room temperature

• Defect concentration ∝ [B]?
O. Feklisova et al, Physica B 308-310, 210 (2001).

• BiBsHi most likely candidate for Ev + 0.51 eV level

Boron-hydrogen complex 8



8

Boron-hydrogen complex
• Ev + 0.51 dominant level in hydrogenated, e-irradiated,

p-Si with [B] = (2-20) ×1015 cm−3

N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

• Cz-Si after 170-370◦C anneal, Fz-Si

at room temperature

• Defect concentration ∝ [B]?
O. Feklisova et al, Physica B 308-310, 210 (2001).

• BiBsHi most likely candidate for Ev + 0.51 eV level

? Two levels close to Ev + 0.5 (negative-U?)

Boron-hydrogen complex 8



8

Boron-hydrogen complex
• Ev + 0.51 dominant level in hydrogenated, e-irradiated,

p-Si with [B] = (2-20) ×1015 cm−3

N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

• Cz-Si after 170-370◦C anneal, Fz-Si

at room temperature

• Defect concentration ∝ [B]?
O. Feklisova et al, Physica B 308-310, 210 (2001).

• BiBsHi most likely candidate for Ev + 0.51 eV level

? Two levels close to Ev + 0.5 (negative-U?)

? EA = 1.8 eV (experimentally 1.4 eV)
N. Yarykin, O. V. Feklisova and J. Weber, private communication (2003)

Boron-hydrogen complex 8
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? May complex with O at R.T. ⇒ BiOi

∗ Ec − 0.23 eV
? If then anneal above 150◦C ⇒ BiCs

∗ Ev + 0.30 eV
? If high enough [B] ⇒ BiBs (below R.T.)
∗ Electrically inactive

? But if H present ⇒ BiBsHi

∗ Ev + 0.51 eV

• BiOi would be the dominant interstitial defect in p-type
detectors

? σn = 10−13, σp ≈ 10−20 cm2

P. M. Mooney et al., Phys. Rev. B 15, 3836 (1977).
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