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1. Introduction
Compensated Semiconductor

Conduction band

Ge:(As;Ga) — e+ © —©—ChAs

major impurity is As
minor impurity is Ga -
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Valence band

Ionized impurity concentration: N; = 2[Ga]
Neutral impurity concentration: N, =[As] — [Ga]
Compensation ratio: K =[Ga]/[As]

(our samples are K=0.6)




Distributions of Ionized Impurities
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Ionized Impurity Concentration
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Can we change
e distribution of ionized impurities
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Objectives

Experimental observation of
the correlated to random ionized impurity distribution
as 1onized impurity concentration (Experiment 1)

and functions of the temperature (Experiment 2)
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2: Experiment
Determination of the ionized
impurity distribution
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Determination of
the horizontal axis of Fig.2

2(Np=-N,)

N : Carrier concentration
Ny, : Donor concentration
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N,) E, Ny Acgeptor concentration
€xp T Ep, : Ionize energy of donors
# kg : Boltzmann constant

T : Temperature
\ B=2

Find Ny, N,, and K
for each sample
(Compensation ratio : K= N,/N,)

\

N, (Tonized Impurity Concentration)

N=2xN,

Absorption Coefficient [cm™']

Temp : 4K
st As:1s—2p.

Determination of
the vertical axis of Fig.2
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Experimental Results
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3. Monte Carlo simulation of the linewidth for
correlated and random distributions
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Experiment and Theory (1)
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Effect of raising Temperature
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Excellent agreement between A and kT J

Thermal Energy > Coulomb Gap : complete random distribution
Thermal Energy < Coulomb Gap : correlated distribution




Temperature - Induced Transition
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N, =n(T)+2N,

(n + [Ga]) L l N, exp(— Ry' /

~[Ga]-n) 4

T-=5K in agreement
with the prediction T=4.1K

Conclusion

 Experimentally observed Random-Correlated transition
for the first time

* The transition occurs around N, = 7.5x10'3 cm™ at 4K
in excellent agreement with the theoretical prediction

* thermal energy > coulomb gap : completely random distribution
thermal energy < coulomb gap : correlated distribution




Appendix 1 :
Monte Carlo calculation of the linewidth for

the correlated and random distributions
Monte Carlo Method

Distribute more than 100 donors and acCéﬁf&é

in the cell randomly

Create distribution of
~ neutral and ionized impurities randomly

Repeat for 8000 central

Random
distribution

Create
correlated distributionl

Calculate electric field
fg_;ﬁjhe neutral donor at the center of the cell

donors to calculate the
Correlated  inhomogeneous broadening
distribution '
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Creation of the Correlated
Distribution (2)
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Counts of Data

Calculational Results
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Distribution of the Stark Energies
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Appendix 2 :
Other broadening mechanism

1: Phonon life broadening* = * 0.066 cm'!
2: Concentration broadening* = * 0.04 cm’!

3: Dislocation broadening* == 0 cm-!

4 Electric field broadening

«——Broadening of electron states




Electric field broadening

Quadratic Stark effect

Quadrupole interaction

Linear Stark effect

Full width at half maximum of
1s—2p absorption peaks [cm™']

Ionized impurity concentration

1s—2p, : Linear Stark effect does not occur

E : electric field strength
A € : The increase of linewidth
N; : Ionized impurity concentration




