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Antisite-related defects in plastically deformed GaAs
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Optical absorption measurements on plastically deformed GaAs show that the total extrinsic absorption

increases with deformation, awhile the quenchable EL2 absorption stays constant. The nonquenchable ex-
trinsic absorption is observed to be proportional to the EPR measured Aso, containing defects produced

during deformation. Since the AsGa-related defects produced by plastic deformation anneal at T —650'C,
the implication for any correlation between EL2 and As~a antisites is that only those As~a-related EPR
centers which are stable up to at least 950'C can possibly be responsible for the EL2 level.

INTRODUCTION

Plastic deformation (PD) of GaAs introduces several de-
fects, some of which have been observed to give rise to en-
ergy levels deep in the band gap."These deep-level defects
have previously been studied by several methods such as
photoconductivity, ' space charge techniques, "and electron
paramagnetic resonance (EPR)~ ~ techniques. The most de-
tailed results on a specific center seem to come from the
EPR investigations of the antisite defect Aso, .' The large
interest in this defect is partly due to the fundamental in-
terest in native defects, and partly to its possible connection
to the controversial EL2 level. '~ In fact, the original mea-
surements which led to the AsG, -EL2 connection were per-
formed in PD GaAs. 5 The reason for performing these
measurements in PD GaAs rather than in as-grown "un-
doped" GaAs was thc observation that the AsG, signal in-
creases by PD. In strongly deformed samples the spin con-
centration has been observed to exceed 5x 10'6 cm, while
the concentration in as-grown material is as low as 10'6
cm ' or below. '0

In order to confirm the suggested AsG, -EL2 correlation,
an attempt was previously made to investigate whether there
was a corresponding increase in the EL2 concentration with
PD.' The only known method to measure the EL2 concen-
tration in semi-insulating material (which was required in
order to measure EPR on the same samples) was the optical
absorption method as suggested by Martin. " Hc had es-
tablished relationships between the absorption coefficient (at
certain photon energies) and the EL2 concentration as
determined by space charge techniques. Comparison of the
EPR measurement and the straightforward absorption mea-
surements gave a one-to-one relationship between the Aso,
spin-concentration and the apparent EL2 concentration.
This relationship was found to range over more than two
orders of magnitude by also incorporating data from as-
grown and neutron-irradiated GaAs. '0

By using an improved absorption technique' for EL2
mcasurcmcnts, where the absorption signal from the
quenchable EL2 center and the absorption signal from the
background could be separated, it was shown that the

quenchable EL2 concentration was actually the same in a
PD sample as in the material prior to deformation. '

Since this has important consequences for the Aso, -EL2
correlation, we will in this Brief Report present optical ab-
sorption data and EPR results on GaAs material deformed
by different amounts. Based on these experimental data,
we will discuss the origin of the observed absorption bands
and the relationship between A~, antisite defects and the
EL2 level.

EXPERIMENTAL RESULTS AND DISCUSSION

The experimental work, EPR and optical absorption mea-
surements, has been performed on semi-insulating GaAs
before and after plastic deformation. The deformations
were obtained by static compression (resolved shear stress
7 =30 MPa) along [110] at 400'C in an atmosphere of g

vol% H2 and 92 vol'/0 N2, resulting in up to 9% deformation
of the crystals. These deformations increased the disloca-
tion densities from low 10 cm to high 10 cm . For
comparison, neutron-irradiated samples of the same starting
material were also investigated. The experimental pro-
cedure for spin-concentration measurements has recently
been described. '4

Optical transmission measurements are typically used to
obtain an absorption spectrum. In the case of EL2, this
technique was used early on to investigate optical properties
as well as concentrations of this deep level. " This type of
measurement is, ho~ever, not suitable for EL2 characteriza-
tion when other deep-level defects contribute to the absorp-
tion spectra, i.e., when a = aEL2+a, (where aFL2 is the EL2
absorption and a, the absorption from other defects). In
the case of EL2, one can easily separate the o.EL2 contribu-
tion by measuring the transmission spectra before [ T(hv ) )
and after [To(hv)] bleaching of the EL2 levels. 'i This
bleaching of the EL2 levels is performed by strong illumina-
tion in the 1.0 eV& 1.3 cV band. The absorption coeffi-
cient aEL2 is now directly determined from

aEL2( hv ) = ( Il 0)ln[?'o( hv )/ T( hv ) ]
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FIG. 1, Optical absorption measurements performed on as-grown
and differently plastically deformed GaAs before (a) and after
(a~) quenching of the EL2 levels.

quenchable part increases strongly with deformation while
the quenchable part is, in magnitude, the same as in the
as-grown material prior to deformation. The shape of the
quenchable spectrum is similar to the shape of the EL2
spectrum in the as-grown material (Fig. 3), even though an
increasing distortion of the spectrum with deformation is
observed. This probably indicates a distortion of the ideal
EL2 centers by the increasing strain in the crystal. Similar
deformation-introduced distortions of electronic spectra
have been observed in PD silicon. " One can also see an
absorption band around 0.9 eV, probably indicating the hole
ionization process to EL2. It should be noted that the total
absorption in the PD samples is very large near the band
gap (104 cm '), which makes an accurate determination of
ca~2 difficult, especially in the high-energy region.

From this we conclude that the quenchable EL2 concen-
tration in the differently deformed materials is the same as
in the as-grown material before deformation. We also con-
clude that PD GaAs shows strong extrinsic absorption that
increases with deformation. This absorption, however, is
not related to the quenchable EL2 levels.

These results also show that the observed one-to-one
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In this way, assumptions about wavelength-dependent re-
flectivities, refractions, etc. , are unnecessary, thereby mak-
ing the measurement of aEL2 more reliable.

Typical results from such measurements in PD material
are shown in Fig. 1 where the low-temperature absorption
spectra obtained before and after quenching of the EL2 lev-
els are presented for several deformed GaAs crystals. This
shows that the total absorption in PD material consists of
two different parts; a quenchable part which is EL2 related,
and a nonquenchable part.

Comparing these two parts in samples subjected to dif-
ferent degrees of PD (Fig. 2), it is observed that the non-
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FIG. 2. The magnitude of the optical absorption after quenching
(0.~) at hv -1.24 eV (), and the corresponding magnitude of the
quenchable part ( ———) for different deforrnations. The error
bar indicates the spread of data for the ~hole line.
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FIG. 3. The spectral dependence of the selective EL2 absorption
for differently PD GaAs. The as-grown material used for the defor-
rnations (0%} is also included. The vertical scale is the same for all
spectra.
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correspondence between the Aso, spin concentration and
the total absorption in PD material is not a relevant argu-
ment when discussing a correlation between the A~, defect
and the quenchable EL2 level. The question is, rather, if it
excludes such a correlation. To answer this we have to con-
sider several recent findings concerning the origin of the
Aso, EPR spectrum. 9 The different annealing behavior of
the Aso, EPR signal in as-grown, PD, and neutron-
irradiated GaAs, ' as well as investigations of the tempera-
ture dependence of the Aso, spectrum, ' shows that more
than one A~, -containing defect can contribute to the EPR
signal. Investigations of the introduction rate of AsG, -

containing defects during electron irradiation also suggest
the existence of different Aso, -related defects. ' Unfor-
tunately, the different centers cannot be distinguished in
EPR measurements due to the complex (unresolved) su-
perhyperfine interactions. However, optically detected EN-
DOR directly demonstrated the existence of various AsG, -

containing defects in both as-grown and PD GaAs. '~' On
the other hand, the fact that both EL2 and the antisite de-
fect are "common" defects, formed in similar concentra-
tions under similar stoichiometric conditions in as-grown
GaAs, may suggest some kind of connection.

The conclusion from our data is, therefore, that the EL2
level cannot be related to all Aso, defects observed by EPR,
but it might be related to a part of the EPR spectrum, It is
interesting to note that a small part of the EPR spectrum in
PD material does not anneal at 650'C, where the major part
of the EPR signal disappears, but at or above 950'C where
the EPR centers in as-grown material also vanish. These
more stable EPR centers could, therefore, be the Aso, -

containing centers already present in as-grown material.
Furthermore, since EL2 is also stable at least up to 950'C,
and has the same concentration in as-grown and PD sam-
ples, it seems tempting to suggest that these stable AsG, -

containing defects are responsible for the EL2 level.
By comparing the spin-lattice relaxation times, saturation

behavior, and absorption versus dispersion measurements
obtained by EPR and optically detected ENDOR, it was only
recently feasible to experimentally exclude the possibility
that the EL2 level is the ideal undistorted A~, defect. ' 2

Moreover, the ODENDOR investigations sho~ed the ex-
istence of several different Aso, -containing defects in as-
grown GaAs as well as in PD GaAs. '8'9 Therefore, the
most likely possibility is that the EL2 level is an AsG, -

containing defect, the exact nature of which remains to be
determined.

It has previously been argued that the extrinsic absorption
signal introduced by PD is directly related to the dislocations
which are generated during the deformation process. ' This
is apparently supported by our optical data, where it is ob-
served that the absorption increases with deformation. On
the other hand, it has been shown that plastic deformation
results in the formation of dislocations as well as point de-
fects and point defect clusters. 22 Therefore, a change of a
physical property (like absorption) by plastic deformation is
not a strict proof that this effect is related exclusively to
dislocations.

Instead, based on the fact that the nonquenchable absorp-
tion is directly proportional to the total AsG, -related EPR
concentration (see Fig. 4), we suggest that the absorption
signal is due to A~,-containing defects produced during the
deformation and is not directly due to the dislocations. This
conclusion is further supported by the observation that this

o Plastic deformation

o Neutron irradiated
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FIQ. 4. The AsG, -related spin concentration plotted vs the ab-
sorption after quenching of the EL2 levels for plastically deformed
and neutron-irradiated GaAs.

proportionality is also observed in neutron-irradiated GaAs,
in which the dislocation density has not increased corre-
spondingly. In this latter case, the quenchable EL2 concen-
tration is the same before and after irradiation. It is in-
teresting to note that all of these Aso, -related defects seem
to give rise to levels in the band gap. These levels, which
are observed here by optical absorption and EPR, may be
the midgap levels seen by DLTS, but not the quenchable
EL2 defect, as originally suggested for plastically de-
formed '3 GaAs. The reason for this collection of different
energy levels is not understood, but it probably means that
we are studying almost identical defects with only slight
variations in microscopic structure. This is supported by the
findings by optically detected ENDOR. ' '9

CONCLUSION

Absorption and EPR measurements have been performed
on GaAs exposed to different levels of plastic deformation.
Absorption measurements show that the quenchable absorp-
tion due to EL2 is not (within experimental uncertainties)
affected by the plastic deformation and is the same as in the
undeformed material. The nonquenchable absorption is
found to increase proportional to the Aso, -related EPR sig-
nal. Contrary to previous suggestions that the increased ex-
trinsic absorption is due to dislocations, we suggest that it is
related to the PD-induced Aso, -related defects. This is sup-
ported by a comparison with neutron-irradiated GaAs. We
also conclude that a major portion of the observed AsG,
EPR signal in plastically deformed GaAs is not EL2 related.
However, our results do not exclude the possibility that the
thermally stable part of the A~, -containing EPR signal can
be EL2 related.
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