Formation of vacancy clusters during copper diffusion
in semiinsulating GaAs
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H Introduction u
« Cu - most important impurity (contamination) in GaAs
o eletrically active as acceptor Cu,,”

o max. solubility: 6x10"“cm”
at 1100°C [1]
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« fast diffusion [1] via kick-
out mechanism [2]

This work: understanding diffusion process and related
defects (vacancies) in more detail
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Normalized annihilation momentum distribution

Shapes of GaAs:Cu similar to Cu but different from that
of V,-Sig,, high positron lifetime in annealed material
— Cu neighbored to annihilation site

Annihilation next to Cu also in as-quenched material and
lifetime < 7,

— direct idedntification of Cu as shallow positron trap?

Experimental m

e etching SI-GaAs with bromine-methanol and HCI
e covering by Cu with varying thickness (evaporation in UHV)

160 mm

Sample temperature 2.6 bar As pressurre

« Hall and thermoprobe measurements

« PAS: Lifetime spectroscopy (FWHM = 240 ps)

B Doppler coincidence spectroscopy (Ge-Ge, 1.03 keV)
« Transmission electron microscopy (TEM)
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TEM investigations of structural defects
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High resolution image:
Cu,Ga, [3] or Cu,As, [4]

vacancy cluster

+ All images: [Cu]=6x10"cm®, as quenched
« no further change during annealing
— no direct influence of extended defects on positron trapping
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Positron lifetime measurements

280——————————— 20
v as quenched o @ZE b “
270+ = 600 K ] %0 8 F
o 750K o EE 250+
4 900K 2401
260} 1 Bop
B 2500
=S
250} ] % oo
Q
“_g =300
L 4 200
240 § P T T T +
£
230} ] §5°
£2
n ; . . . S < st . . : .
0 100 200 300 400 500 I 0 T s %0
measurement temperature (K) annealing temperature (K)

Temperature-dependent measuremenst
after annealing

Behavior at high temperature (no
influence from shallow traps)

Conclusions

shallow traps are found which are directly related to Cu
during annealing vacancy clusters grow and dissolve above 850 K
vacancies and clusters are decorated with Cu
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after Cu-indiffusion and quenching no vacancy-type defects are registered

average positron lifetime (ps)
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Dependence on Cu
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Distance between possible annihilation centres seen in TEM is much longer than mean
positron diffusion length so they have no influence on positron trapping
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