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Internal friction and symmetry of intrinsic point defects in GaAs
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To study the structure and symmetry of intrinsic point defects in GaAs, internal-friction measure-

ments on n-type single crystals of different doping levels were performed in the range 80—440 K for a fre-

quency of about 105 kHz. Actually, we detected damping peaks due to relaxation of point defects which

are shown to be of (110) orthorhombic symmetry. The present analysis of the peak spectra supports an

explanation in terms of midgap defect reorientations where charge-state effects seem to play a central

role. The determination of the kinetic parameters of the relaxations yields activation energies of 0.6—0.8
eV for the v» and 0.85—1 eV for the v» reorientation. Remarkably large 7O values of 10' sec ' are

found for the latter. They are attributed to activation entropies of the order 10k.

I. INTRODUCTION

GaAs is currently the leading member of the III-V
compound family. Therefore defect identification in this
material is very important as all the electronic and atom-
ic transport properties depend on the presence of defects.
This is particularly true for intrinsic point defects that
give rise to states within the forbidden gap. The ex-
istence of these defects is inAuenced by the mode of crys-
tal growth and the stoichiometry.

Because of their complex behavior, a variety of experi-
mental techniques such as deep level transient spectrosco-
py (DLTS) and electron paramagnetic resonance (EPR) is
necessary to describe the nature of a defect, i.e., its mi-
croscopic structure. Although several aspects have been
clarified recently, no clear picture concerning the
configurations of point defects has been achieved yet.
The controversy in the EL2 discussion impressively
demonstrates this unsolved problem. None of the pro-
posed structure models for EL2 (see, for example, Refs.
1 —6) has been unanimously accepted so far. Thus, this
task remains an intriguing challenge since high concen-
trations of EL2 in undoped bulk-grown GaAs provide
enough electrons to compensate intrinsic and residual-
impurity acceptors. Thereby the Fermi level is pinned in
the middle of the band gap. Almost no systematic stud-
ies have been performed on the microscopic structure of
other pointlike traps, among them the native donors EL3,
EL5, and EL6. Consequently, none of them has been
identified yet.

Internal-friction (IF) measurements as were carried out
here can contribute to the structural identification of in-
trinsic point defects in GaAs. The IF method is sensitive
to point defects which produce local elastic distortions,
and, in addition, whose symmetries are lower than that of
the perfect crystal. ' The advantage of IF is its capabili-
ty to resolve symmetries of such defects unless their total
concentration is too small. In semiconductor physics,
however, IF is not widespread. The application of the IF
technique was called for because several experimental re-

suits obtained by spectroscopic measurements support
the view that certain deep traps in GaAs have a low sym-
metry.

Best candidates for IF active centers are pointlike de-
fect complexes with a strong electron-phonon coupling.
Strong electron-phonon interaction can give rise to spon-
taneous distortion into additional atomic configurations
by lowering the symmetry, i.e., to the Jahn-Teller e8'ect. '

This especially refers to EL2 since this donor exhibits a
strong electron-phonon coupling. Its thermally activated
carrier capture with an activation energy of 0.0566 eV
(Ref. 11) and the value of the Huang-Rhys factor
S=6+0.5 (Ref. 12) indicate the existence of a non-
negligible lattice distortion. The variety of phenomena
associated with EL2, in particular its metastable state,
has led to numerous models invoking complex defect
structures. In this connection, we mention the EL6
donor frequently found in n-type material. From the
large difFerence between the optical ionization energy
(0.81 eV) and its thermal activation energy (0.31 eV) it
was inferred that this level is a large lattice relaxation,
too. ' In conclusion, we think it is quite reasonable to as-
sign EL2 and EL6 to IF active point defects in GaAs.

IF measurements on GaAs are the subject of this pa-
per. In Sec. II we provide a short introduction to the
basic concepts of this technique. Subsequently, we give a
summary of the defects in the samples investigated here
and of the experimental details of this work. The experi-
mental data are then described in Sec. III. Then, in Sec.
IV, we analyze the IF spectra. The damping peaks give
information about the structure and symmetry of the de-
fects. The defect identification shows evidence for IF
peaks due to midgap levels.

II. EXPERIMENTAL PROCEDURES AND SAMPLES

A. Experiments

IF involves a thermally activated and stress-induced
ordering of point defects whose local symmetry is lower
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r=roexp( U/kT) . (2)

U is the enthalpy of activation for defect motion, k is the
Boltzmann constant, and T is the temperature. The con-
stant ~p is related to the lattice vibration frequency vp of
the defect and an entropy factor:

ro '=v
eOx p(b,S/ k),

where AS is a vibrational entropy of activation. The im-
portance of such a relation (2) is that the quantity r may
be varied over a wide range simply by changing the tem-
perature. Thus, the peak is traced out while keeping co

fixed. The magnitude of the relaxation strength 6, i.e.,
the height of the peak, in single crystals of different orien-
tations provides information about the symmetry of the
relaxing defects.

The following expression for 5 is obtained, when the
stress is applied either along the (100) or (111)crystal-
lographic direction:

aEcouo(5A, )

kT
(4)

where E is the appropriate Young's modulus, cp is the
molar defect concentration, and uo is the atomic (or
molecular) volume. The product couo is a measure of the
strained portion of the specimen. 6A. is a dimensionless
quantity describing the difference in local strain around
the defect in different directions. a is a geometrical con-
stant which depends on the symmetry of the defect and
the crystallographic direction of the applied force.

Our IF measurements were carried out by the compos-
ite oscillator technique which is described in detail else-
where. ' We used the longitudinal vibration mode at a
frequency of 105+2 kHz. Unfortunately, we cannot

than that of the host lattice. ' Under the inhuence of an
applied stress the energetically equivalent defect orienta-
tions in the unstressed crystal can split. At temperatures
high enough to permit motion of the defects between the
various orientations, the defects will redistribute them-
selves among the orientations, thereby changing the
strain distribution in the host lattice. Such processes are

accompanied by an anelastic relaxation of the defective
solid. If the relative alignment of the applied stress and
defect orientation is altered, the measurable anelastic
effects contribute in varying amounts, thus revealing the
symmetry of the defects.

In order to observe IF, the sample is usually made to
vibrate in a fundamental mode at its mechanical resonant
frequency. The dissipation of energy because of defect
reorientation can be detected as a damping of the vibra-
tion in the crystal. The loss of energy per cycle, Q ', for
point-defect relaxation is given by the well-known Debye
equation:

Ci)1

1+(cor)

In this equation, co is the circular frequency of vibration,
6 is the relaxation strength, and ~ is the time for defect
reorientation expressed by an Arrhenius equation of the
form

change the frequency without a radical change of the
specimen dimensions. The strain amplitude c. was
2. 5X10 . For the glue that is necessary to couple the
piezoelectric transducer to the specimen, we obtained
best results with Devcon "5 minute" Epoxy (supplied by
Devcon Corporation) though it put the limit of the high-
temperature measurements to about 440 K. As a conse-
quence, the investigated temperature range was between
80 and 440 K.

B. Samples

As it is common practice for the detection of point-
defect relaxations, we cut rectangular bars from GaAs
crystals with the long axes along the (100), (110), and
(111) directions. For a vibration frequency of 105 kHz
the lengths were 19.1 mm for the ( 100), 22.4 mm for the
( 110)—and 24.6 mm for the ( 111)-oriented samples, re-
spectively. The cross section was 3. 1X3.1 mm for all
orientations.

Three different types of n-type GaAs, all grown by the
LEC (liquid encapsulated Czochralski) method (supplied
by Wacker-Chemitronic), have been studied. Their dop-
ing and electrical properties at room temperature (free
carrier concentration n and their mobility p) are Te-
doped (n =4X10' cm, @=5000 cm /Vsec), undoped
(n =10' cm, @=5000 cm /V sec), and undoped semi-
insulating GaAs (n = 10 cm, p =7000 cm /V sec).

For IF measurements it is of paramount importance to
know as much as possible about the spectrum of defects
embedded in the material that could give rise to IF peaks.
Firstly, we state that the densities of grown-in disloca-
tions, varying from 10 to 10 cm, are too low to pro-
duce significant IF effects as has been proven for ger-
manium crystals. ' Because the principal impurities
found in LEC GaAs, which are carbon, silicon, and bo-
ron, are known to occupy substitutional sites of lattice
symmetry, there is no need to take them into account
here. This is even true for isolated antisite defects with
tetrahedral symmetry and isolated interstitials on
tetrahedral or hexagonal sites.

In our case, it makes sense to assign an IF peak which
arises from point-defect relaxation to EL2, provided the
same peak occurs in all the investigated materials as EL2
is observed in concentrations in the 10' cm range in
all these crystals. Secondly, as a result of its considerable
electron-phonon interaction, we note that (at least at
room temperature) the charge state of EL2 is neutral in
all our samples. For deep levels like EL2, one is aware
that the electronic occupancy determines the structure of
the defect itself and that of the lattice which surrounds it.
An interpretation of point-defect relaxations in the Te-
doped n-type GaAs might differ from the former pattern
because it should include the EL6 donor. Non-negligible
EL6 concentrations about 2.5X10' cm have been
detected by DLTS measurements in this material. ' Any-
way, IF peaks in GaAs grown by the LEC method might
originate from the presence of vacancy defects of various
configurations. The concentration of grown-in vacancies,
either VA, or V~„are both estimated to be in the range
i017 —3 17
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Before and during the IF measurements the GaAs
crystals were kept in the dark, to eliminate contributions
to IF from interactions of deep centers with sub-band-gap
light.

III. EXPERIMENTAL RESULTS

The investigation of the low-temperature range was not
successful inasmuch as no point-defect relaxations were
found there at all. Therefore, we restrict the presentation
of the damping curves to those measured at temperatures
above 290 K.

For semi-insulating n-type GaAs, the IF curves of an
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FIG. 1. Internal-friction peaks in semi-insulating n-type

GaAs for (a) a (100)-, (b) a (110)-, and (c) a (111)-oriented
sample, tested at 105 kHz. The curves (b) and (c) are split; the
part drawn as a solid line shows the fitted piezoelectric-effect
peak (b) and roughly marks its temperature range (c), respec-
tively.

( 100 ) -, and ( 110) -, and an ( 1 1 1 ) -oriented specimen are
shown in Figs. 1(a), 1(b), and 1(c). The peaks drawn as
solid lines [Figs. 1(b) and l(c)] are not due to point-defect
relaxations. As they have been studied before, ' ' we
treat their origin only brieAy at this point. These peaks
arise exclusively in the piezoelectrically active (110)-
and (111)-oriented high-resistivity crystals. It has been
suggested that the redistribution of carriers ionized
thermally from deep levels, i.e., EL2 in our crystals, to
compensate the piezoelectric field accounts for the relaxa-
tion. SuSciently high densities of free carriers suppress
this effect. Since the relaxation process is controlled by
thermal emission from EL2 with activation parameters of
(4+1)X 10 ' sec for ro and 0.66+0.03 eV for the activa-
tion energy, the maximum damping of these
piezoelectric-effect peaks is localized at temperatures be-
tween 325 and 350 K for vibration frequencies of about
105 kHz. A more comprehensive discussion of these phe-
nomena is given by Mitrokhin et al. ' and Laszig and
Haasen, ' so we concentrate now on the other damping
peaks. Figure 1(a) shows a peak at 405 K which was ob-
served in (100) oriented samples of semi-insulating (si)-
GaAs. In the (110) direction a maximum of twofold
amplitude was measured [Fig. 1(b)]. Compared to the
(100) peak, its width is narrower by about 30 K while
the maximum temperature is shifted to 367 K. The
high-temperature decay of the peak is smeared out and
exceeds the expected increase of the background at these
temperatures. It is reasonable to interpret this high-T
shoulder as an overlap with a second-smaller peak at
about 405 K, which itself is not resolved. Figure 1(c)
shows the damping curve for the (111)-oriented speci-
men. The peak at about 370—380 K appears only as a
shoulder on the high-temperature side of the larger
piezoelectric-efFect peak. Due to its comparatively small-
er height the resolution is limited. The high-T extension
of the shoulder still allows for two Debye peaks.

Leaving aside small differences with regard to the max-
imum temperatures and with the peak heights collective-
ly reduced by a factor 2, we found the same IF spectrum
(without piezoelectric-effect peaks) in our undoped low-
resistivity n-type GaAs.

In the Te-doped crystals for each orientation two peaks
were clearly detected though their resolution is impaired
by their close superposition. The IF spectra of corre-
spondingly oriented samples are presented separately in
Figs. 2(a), 2(b), and 2(c). The maximum temperatures for
the two peaks in (110)- and (111)-oriented crystals are
at about 355 and 380 K for both orientations, though the
relaxation strength is anisotropic. The peaks are roughly
three times as large in a (110)- as in a ( ill )-oriented
sample. The peak temperatures of the (100) maxima are
located near 380 K and 430 K, respectively. One recog-
nizes their considerably larger widths ( —50—60 K) com-
pared to the ones of the ( 110) and ( 111) maxima.

For a quantitative analysis of the point-defect relaxa-
tions, i.e., for the calculation of the preexponential fac-
tors ro and the activation enthalpies, we exploit the
peaks' Debye shape. As will be shown later this assump-
tion will be justified by the good agreement of such a fit
with the experimental data. For a single Debye relaxa-
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tion the activation enthalpy is obtained from the mea-
sured maximum temperature T,„and the width hT of
the peak at half maximum. The relation is '

8 10

T2
U=2. 63k 4

Inserting U into the Eq. (2) with car= 1 at the peak, one
gets the preexponential factor vo '.

According to their orientation dependence and the
values for &0 and U, it is convenient to distinguish be-
tween two classes of peaks here. They are denoted as A
and 8. Cxroup A contains merely the narrow (110) and

0 I . . . 'I . r I . I
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FIG. 3. Internal-friction curve of a (110) undoped n type-
GaAs crystal (dotted line) with a peak at 377.5 K, as measured
at 105 kHz,' the fitted curve (solid line) is a single Debye peak
for an activation energy of 0.92 eV and a prefactor of 1.34X 10"
sec

4- (111)damping maxima below 400 K. Their parameters
are

Uz =0.85 —1 eV,
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of class B at around 400 K which were clearly resolved in
(100)-oriented samples (including the (100) peak at
about 380 K in the Te-doped samples) turn out to be

8~10 ~
~ T ~ r r t ~~ I ~ ~ ~~~~1

A (2)

U~ =0.6—0.8 eV

zo
' =10' —' secO, B

I ~ . ~ ~ I ~ . I ~ ~ ~ ~ I . ~ ~ ~ I ~ ~ ~ ~ I ~ ~ ~ I0
250 275 300 325 350 375 400 4 25 450

8 x)0~

As a consistency check, the Debye curves belonging to
the experimentally determined values are calculated and
compared with the experimental peaks. Except for small
deviations (caused by the background damping), the
agreement is excellent. This fact is exemplarily demon-
strated in Fig. 3 for an IF peak of a (110)-oriented un-
doped low-resistivity specimen although the peak s high-
temperature side lacks resolution. The latter e6'ect is just
the same for the (110) maximum at 367 K in semi-
insulating samples [see Fig. I(b)]. Especially for the A
peaks, it is worth emphasizing that one cannot fit the ob-
served maxima with any diferent combinations of U and
Vo e
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FIG. 2. Internal-friction spectra in Te-doped n-type GaAs
crysta1s oriented in the (a) (100), (b) (110), and (c) (111)
directions, as measured at 105 kHz.

IV. DISCUSSION AND CONCLUSIONS

For the diferent doping levels, all peaks of group 3
and B show exactly the same orientational anisotropy.
%'ithin 3 and B, respectively, the peaks are located in
the same temperature range, and actually, their activa-
tion parameters are of the same order of magnitude. Be-
cause of these correlations, there is strong evidence that
the same defect is responsible for the peaks of group A.
Identical conclusions hold for the B peaks. In the follow-
ing we will show that the peaks of A and B are due to the
two reorientation modes of only one ( 110) orthorhombic
point defect.
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From the three highest defect symmetries which give
rise to anelasticity in cubic crystals, tetragonal and trigo-
nal symmetry must be excluded. With trigonal defects
the largest peak heights should be observed for (111)-
oriented samples. In principle, trigonal point defects do
not reorient under a (100)-oriented stress. For tetrago-
nal defect symmetry the largest relaxation maxima
should be measured for (100)-oriented single crystals,
and the relaxation effect should nearly vanish for a stress
in the (111) direction. Above all, for both defect sym-
metries there should be only one independent reorienta-
tion frequency. Consequently, for a defect of trigonal or
tetragonal symmetry one should find a peak temperature
that is nearly unaffected by changes of the stress axis. As
a matter of fact our peaks do not fulfill these require-
ments. ( 110) orthorhombic symmetry is compatible
with the heights of the peaks belonging to class A. They
are about three times larger for (110)- than for (111)-
oriented specimens. The reason for the absence of group
A peaks in (100) stress experiments is the existence of
two independent reorientation frequencies for (110) or-
thorhombic defects. Conventionally, one denotes the rate
at which a defect along (110) turns into (110) with v, 2

while v» stands for the rate for the jumps into the other
principal orientations. For illustration, it is sufBcient to
introduce the relaxation rates for stresses applied along
the ( 100) and (111)directions: '9

—1
+(1OO) V13 ~

7 ( 111) 2V1p+ 4V13
—1

The two relaxation processes are depicted in Fig. 4 (for
simplicity, we have chosen a defect pair in a fcc lattice).
It is important to note that under a ( 100) uniaxial stress
only the v» reorientation occurs, but both processes are
allowed when stress is applied to (110)- and (111)-
oriented samples. ' Considering these preliminaries, it
can be understood that the 3 peaks result from the v, 2

reorientation while the B peaks are due to the v13 relaxa-
tion mode. The superposition of these two relaxations

[»oj
ORIENTATION 1

/

ORIENTATION 2

[110]

FIG. 4. Illustration of the reorientation frequencies v~2 and
v„ for a (110) orthorhombic nearest-neighbor defect pair in
the fcc lattice.

accounts for the origin of the shoulders on the high-
temperature sides of the A peaks as they are very clear in
the ( 110)-oriented semi-insulating and low-resistivity
undoped crystals [see Figs. 1(b) and 3].

Obviously, the Te-doped material is exceptional since
the IF of a second ( 110) orthorhombic defect is added to
the peak spectrum. However, the two A peaks and the
two B peaks are too similar in every respect to decide
unambiguously whether the ones with lower or those
with higher maximum temperatures are the relaxations of
this second point defect.

Next, we attempt an interpretation of the high ~o
'

values of the v, 2 reorientation. Values about 10' sec
are anomalously large and exceed the Debye frequency
by five orders of magnitude. Nevertheless comparably
high ~o

' values are known. Because atomic movements
with such frequencies must be excluded, we turn our at-
tention to the entropy factor in Eq. (3). AS corresponds
to the entropy difference between two states, one in
which the reorienting defect is in its saddle point, the
other in which the defect is in one of its equilibrium posi-
tions. To explain 10' sec ' in tems of bS, entropy
values within the range of 10k are required. For compar-
ison, similar values of the self-diffusion entropy of a va-
cancy in germanium have been derived by Seeger and
Chik ' as an explanation of the large preexponential fac-
tors. They suggested that this large entropy arises from a
spreading out of the vacancy over several atomic
volumes. Our interpretation of a large reorientational en-

tropy for the defects follows Seeger and Chik insofar as
we argue that the change of its axis from (110) into
(110) involves an appropriate spreading out of the de-
fect and a strong lattice distortion around it. Similar
high values for AS which may vary with temperature
have been derived by Lannoo and Bourgoin. ' The situa-
tion is quite different for the v, 3 relaxation. With values
of 10' —' sec ', there is no evidence for a large reorienta-
tional entropy. The latter conclusion is consistent with
the fact that for most (110) orthorhombic defects the v/3
reorientation is achieved by one nearest-neighbor jump,
e.g. , see Fig. 4, whereas the process for the v, 2 reorienta-
tional mode appears to be more complicated.

At a lower frequency (13.9 kHz) and much earlier
Chakraverty and Dreyfus measured in GaAs of the
then available purity two damping peaks, one at 360 K
and the other at 403 K. Both peaks did not always occur.
The low-temperature one appeared upon initial heating
whereas the other one was observed upon cooling. As
soon as the specimen had been kept for some hours at 620
K only the high-temperature peak was found to be stable.
The latter one shows an apparent coincidence with our
maximum at 403 K, although measured at different fre-
quencies (13.9 and 105 kHz). The activation enthalpy is
equal, whereas the ~o

' differs by a factor 10. The defect
symmetry that fits their experimental results is also or-
thorhombic. 13ue to its irreproducible behavior upon
subsequent heat treatment the other damping peak is not
discussed by the authors.

Because of changes in the peak height by heat treat-
ment of the specimen in arsenic vapor Chakraverty and
Dreyfus conclude that their peak is not related to impuri-
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ties but to an intrinsic defect. They assume for it the re-
orientation of bound pairs of Ga vacancies. For defects
in GaAs the latter statement cannot be maintained any
more. It is generally accepted, that either As intersti-
tials or As antisites account for the nonstoichiometric,
As-rich composition of GaAs. Both defects change their
concentration during heat treatment in arsenic pressure.

By this process maximum concentrations of 5X10'
cm can be reached for EL2. These new findings sup-
port our opinion to assign our peaks to EL2.

For a peak height of Q '=0.8X10 [Fig. 1(a)] the
quantity 5A, can be estimated according to Eq. (4). In
our case the quantity Uo has to be assumed larger than
the molecular volume. The EL2 model of Figielski in-
volving two antisites and one interstitial has a (110) or-
thorhombic symmetry. It is reasonable to assume Uo in
the order of at least one unit cell. With a=2/9 (Ref. 8)
E( ) )0) =8.5 X 10 N cm and po =2 X 10 one obtains
5A, =0.8. This is a large value representing a severe lat-
tice distortion but still acceptable.

IF measurements on n-type semi-insulating GaAs at a
frequency of 6.8 kHz, performed by Mitrokhin et al. ,

'

show only the large EL2 piezoelectric-effect peak
(Q,'„—10 ), but not our peaks. We must ask why our
point-defect relaxations are absent there. Assuming con-
stant activation parameters in semi-insulating crystals,
the v, 2 (U=0. 95 eV, ro '=8.37X10' sec ') and v, 3

( U =0.6 eV, ro ' =2 X 10' sec '
) reorientations should

be observed at 336 K and 349 K, respectively, when the
vibration frequency is 6.8 kHz. Therefore, it needs to be
explained why the defects do not reorient at these lower
temperatures. An approach to reconcile our results with
the damping curves of Mitrokhin et al. and our earlier
measurements at 50 kHz must be based on defect proper-
ties which change within the temperature range between
335 and 400 K. Transformations of defect structures are
not known to occur in the temperature range of our IF
peaks, so we turn our attention to the exponentially in-
creasing thermal emission of electrons from occupied
deep levels like EL2 to the conduction band. Thus, we
compare the thermal electron emission rates of EL2 (see,
for example, Ref. 23) at the maximum temperatures for
105 kHz (367 K for the v, 2 and 405 K for the v» peak)
with those at 336 and 349 K. In fact, the resulting ratios
are about 13 and 58, respectively. These large differences
suggest that the observed relaxations might be due to re-
orientations of deep level defects which are affected by
changes of charge state as they are specific to defect mi-
gration in semiconductors. ' Due to a high impurity con-
tent in the order of 10 ppm (Al, Si,O) in the CiaAs used by
Chakraverty and Dreyfus the charge state of EL2 and
other deep level defects may be completely different from
that in our specimens. The change of the peak formation
upon thermal cycles in their specimens indicate that the
material was not thermal1y stabilized. Even the state
reached after their heat treatment at 670 K may be an in-
termediate one. Further tempering at higher ternpera-
tures would shift their peaks again. Though the exact
thermal stabilization process is not known, it needs a
temperature treatment above 1000 K.

The most probable intrinsic point defect that fits the

experimental results of our peaks is a complex defect
which is related to a deep level. One recognizes that
our damping maxima meet the main conditions for EL2
IF peak discussed in Sec. II, and its predominant position
as a point defect in practically all our materials is gen-
erally accepted. This defect identification, however, is in
serious contradiction to a microscopic model that de-
scribes EL2 simply as an antisite Aso, and which has
been proposed by Dabrowski and Schemer and Chadi
and Chang. Equally, ( 110) orthorhombic defect sym-
metry is not consistent with the EL2 model of a trigonal
distant Aso, -As; pair with an As interstitial As; on a
tetrahedral site. The latter model is the most investigated
and discussed one. ' Recently, Bourgoin et al. and
Kambrock et al. extended the As&, -As; model by add-
ing an antisite GaA, . From our point of view, this picture
is not satisfying since the position of the GaA, and, there-
fore, the symmetry of the complete configuration remain
unsolved. However, the EL2 model given by Figielski
and Wosinski" has the symmetry suggested by our experi-
ments. Their EL2 center model is a complex defect com-
posed of two As antisites aligned along a (110) axis in
the second-neighbor configuration plus an As interstitial
in between on a tetrahedral site. A full discussion of the
degree of agreement of this EL2 model with our experi-
mental results cannot be given here. On the basis of our
IF data alone, the identity of the second defect in the Te-
doped crystals cannot be elucidated. Apart from a high
concentration of EL6, we must also take into considera-
tion experimental indications for the existence of a whole
EL2 defect family. Partly, the concept of an EL2 family
has been developed to explain the sample dependence of
the thermal and the photoinduced recovery of photo-
quenched EL2. ' Apart from looking at EL2 and EL6,
it has been shown that n-type Te-doped samples contain a
high concentration of vacancy defects. So, these defects
cannot be excluded here. Consequently, the identity of
this second (110) orthorhombic defect remains ambigu-
ous. According to the existence of such vacancy defects
like the Aso, - Vo, complex' of ( 110) orthorhombic
symmetry, the latter admission even refers to the identity
of the first ( 110) orthorhombic defect.

As a summary, we state that for a determination of the
microscopic structure of intrinsic point defects in GaAs
the IF technique is useful. The results for n-type LEC
GaAs suggest the relaxation of complex midgap centers
of ( 110) orthorhombic defect symmetry. Since the
damping peaks are observed only at temperatures high
enough to permit significant thermal emission from EL2
and other deep levels, this might be an indication that the
relaxations are controlled by a charge-state effects. We
ascribe a prefactor ~o

' of about 10' sec ', measured for
the jumps that take the defect from (110) to (110),to a
reorientational entropy of 10k.
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