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Motivation
«__ 7

e Knowledge of exchange integral between
Impurities in the semiconductors Is extremely
Important information for development of solid
state qguantum computer utilizing spins of

shallow impurities.
e X.Hu and S. Das Sarma, Phys. Rev. A 64, 042312 (2001).

e B. Kolller, X. Hu, S. Das Sarma, Exchange in silicon-based
guantum computer architectures, cond-mat/0106259.
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Muon spin relaxation in silicon

For high relaxation rate of electron shell v,>> A

2
A= SA 1+ : >
4V 1+(,/v,)

V. N. Gorelkin, T. N. Mamedov, A. S. Baturin, Physica B 289-290, 585 (2000).
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Low Impurity concentration
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Comparison of exchange interaction
with acceptors and donors

o [P]5*10" cm” - donor
[B] 4*10" cm” - acceptor
10 3 pure samples - phonon relaxation
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High concentration of acceptors
(1017 ... 1018 cm-3)
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Estimation of exchange integral
S

v <T><>quva (T)n(T)

Exchange
with
neighbors

Dots corresponds to the low temperature
asymptotic in the previous figure.
| Line 1s fit by formula
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Asymptotic value of muon
relaxation rate at low temperature
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v (T)=CT +v,+0o,0.:(T)n(T)

Role of different mechanisms
(instead of conclusion)

e Scattering of acoustic phonons play a primary role for a
low concentration of impurity (less than 1017 cm-3).

e Spin exchange scattering of charge carriers is playing
a key role for a high concentration of impurity at high
temperature

e Exchange with neighbors limits a minimum relaxation
rate of electron shell for low temperatures and
concentration of impurity from 1017 cm- to the Mott-
Habbard transition.



Proposal for future experiment
-

e It would be Iinteresting to measure relaxation
rate asymptotic at temperatures below 10K
for silicon doped with Al
at concentration from 1017 to 1018 cm-3.

e This data will allow estimate exchange integral
dependence on mean distance between
acceptor centers.
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