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Optical absorption under conditions of uniaxial compression of GaAs single
crystals makes it possible to identify the model of an EL 2 center. In this model the
charge states of a double donor (D°, D *,and D * *) reveal a C;, symmetry and
are formed from the wave functions L, I', and X, respectively, of the conduction
band valleys.

A deep double donor EL2 and GaAs (D°/D ™ —E, —0.75 eV-EL?2 level,
D*/D**+ LE, +0.52¢V) is a system which constantly is being studied in various
ways, since its presence in single crystals and epitaxial layers simultaneously accounts
for the high mobility of the carriers and for the semi-insulating properties of the
material." The basis of EL 2 center is the antistructure donor AsGa, which manifests
itself in the total correlation of the spectral dependences of the “family” quenching
(1.0-1.3 eV) of the photocapacitance, of the photoconductivity, and of the corre-
sponding ESR spectrum.’? According to the data on ESR, DENR, and piezocapaci-
tive spectroscopy, the EL 2 center is associated with the Asg, + As, complex. As a
result, it has a C,, symmetry.*® The results of experimental studies of the optical
absorption under conditions of uniaxial compression of GaAs single crystals, which
contain EL 2 centers, are interpreted, however, on the basis of the model of an isolated
Asg, defect of the T, symmetry.”® The behavior of the 1.039-eV zero-phonon sug-
gests that the optical transitions responsible for the quenching processes indicated
above, which are attributable to the transition of the EL 2 center to the metastable
state, occur inside the center.” The nature of the metastable state and the symmetry of
the EL 2 center thus remain unresolved problems. In our study we have identified the
model of the EL 2 center on the basis of the data obtained in a multifaceted study of the
optical absorption under conditions of hydrostatic and uniaxial compression of GaAs
single crystals. A correlation has been established between the metastable properties
and the symmetry of the various charge states of the deep-seated defect with a conduc-
tion-band structure.

Piezospectroscopic studies of the optical transmission (0.8-1.3 eV) of the n-type
GaAs samples [#(77 K) = 1.5X 10'® cm —? ], which were synthesized by the Bridg-
man method, were carried out at 7=4.2 K under conditions of hydrostatic and
uniaxial compression. In the case of uniaxial compression we used GaAs single crys-
tals (3 3.5X 7 mm in size), whose longest side was oriented in the direction of one of
the crystallographic axes ([111], [100], or [110]) and corresponded to the direction
of compression. The measurements were carried out in parallel and perpendicular
polarizations of light with respect to the direction of uniaxial compression. It should
be noted that the intensity of monochromatic light was maintained at a high level in
order to avoid a transition of the EL 2 center to the metastable state.

In the course of the experiments we obtained optical absorption spectra (Figs. la
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and 1b), whose emission has made it possible to determine the changes in the energy
positions of the zero-phonon line (at 1.039 eV) and of the optical transition of the EL 2
center to the metastable state (at 1.18 ¢V) as a function of the hydrostatic compres-
sion (Fig. 1c). We see that the energy of the optimal transition to the metastable state,
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E, (in the 1.0-1.3-eV band) decreases with increasing pressure, while the zero-phonon
line (E,) shifts up the energy scale. The phonon repetition frequency (at 11 €V) in
this case remains constant. The results we obtained are in good agreement with the
data of Ref. 8 and show that the optical transitions (E, and E,) are induced by
different charge states of the EL 2 center in GaAs. The magnitudes of the shifts AE,
and AF, correlate completely with the corresponding changes in the energy gaps
between the valleys of the conduction band® of GaAs (Fig. 1c): AE, = A, (p) and
AE, = —A;r (p).

Such a relationship between optical transition with a structure of the conduction
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band can be explained in the terms of the model of the deep center in which the
electron-vibrational coupling constant depends nonmonotonically on the charge state
and the spin state (Fig. 2). The deep-lying defect in this case is a tunnel system, in
which the lattice sites of different charge states are characterized by different symme-
tries and belong to the corresponding valley of the conduction band. As applied to the
EL?2 center in GaAs, the D * state occupies a lattice site and is formed from the wave
functions of the I" valley of the conduction band, while the D° and D * * states are
situated in the tetrahedral and hexagonal interstitial lattice sites and belong to the L
and X valleys, respectively (Fig. 2). In other words, the state D° = (As; V5, )° has a
C,, symmetry, while the £L 2 level is formed from the wave functions of the L valley.
At first glance, D ¥ and D * * states should have T, and D,, symmetry, respectively.
The symmetry of the D * state is lowered, however, to C;, symmetry because of
restructuring of the nearest arsenic site (As; V 5, ). This is reflected in the DENR data
which identify the EL 2 center as the Asg, -+ As, complex.® The symmetry of the
D+ 7 state also tends to C;,, but now because of the Stark effect which is induced
because of the presence of the compensating acceptors.'® The optical transition
D°- Dt , whose optimum corresponds to the zero-phonon line (Fig. 2a), is thus
accompanied by a tunneling of the EL 2 center from the tetrahedral interstitial site to
the lattice site, which gives rise to intervalley scattering of electrons
[AE, = — A, (p) ], which are photoexcited from the EL 2 level to the L valley of the
conduction band. This process manifests itself most clearly under conditions of hydro-
static compression of GaAs single crystals (Fig. 1c). An electron which is photoexcit-
ed to the T valley of the conduction band as a result of a D+ /D * * transition
[AE, = Ayr (p)] undergoes an intervalley scattering in a similar manner.

During continuous light pumping Av = E;, two-electron capture processes,'”
which stimulate a transition of the residual concentration of singly charged EL 2
centers to the metastable state, begin to dominate (Fig. 2a):

DY + hv(By) - Dttt e

Dt* 4 2¢— D° | 2D* + hv(Ey) — D° + D, (1

A transition to the metastable state is accompanied by an abrupt decrease in the
lifetime of nonequilibrium carriers as a result of the formation of auxiliary Auger-
recombination channels because of the presence of interstitial arsenic near the anti-
structure donor

Asga® + As{ +2(e + h) —rAs$&+As:-+3e+h—+As}Sa+As:+2e+h

— Asga® + As] +2¢+h — Asg,® + Asl + e+ h. (2)

Such a superfast recombination of nonequilibrium carriers may account for the
quenching of the photocapacitance, of the photoconductivity, and of the ESR spectra
in GaAs with EL 2 centers.*® An adequate verification of the model of metastability of
the EL 2 center of GaAs turned out to be, on the one hand, the detection of the optical
generation of the D * state when hv = E, — E, (Fig. 2c):"

D+t + hy(E, — E;) »D* +h

D° +h— D+ I[D° + D** + ho(E, — Ey) ~»2D*,  (3)
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and, on the other hand, a good agreement between the experimentally determined
energy of thermal annealing of the metastable state® and the height of the energy
barrier of the reaction D°+ 2h—~D * + h (Fig. 2¢) which is responsible for thermal
generation of the D * state.

The structure of the conduction band also has an effect on the optical absorption
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due to uniaxial compression of GaAs single crystals with EL 2 centers (Fig. 3). The
strongest splitting of the zero-phonon line was observed upon a compression in the
direction of the [111] axis. Compression of a single crystal in the [100] direction did
not lead to a splitting of the zero-phonon E, line, whereas three of its components,
whose behavior is evidence of the presence of the dynamic Jahn-Teller effect, were
observed when 3| {110]. The characteristic features of induced splitting of the spectral
lines, which correspond to the resolved transitions in a system with centers of different
symmetries in the cubic crystals, were calculated by Kaplyanskii.'?> The principal con-
ditions for the splitting are the intensity, the degree of polarization, the number of split
components, and the magnitude of their displacement from the position of the spectral
line which was not split. Taking into account the data of Ref. 12, we conclude on the
basis of our results (Fig. 3) that the EL 2 center in GaAs has a C,,, symmetry. The
whole pattern of splitting of the zero-phonon line is in good agreement with the results
of hot-photoluminescence studies of the effect of uniaxial compression on the splitting
of the L valley of the conduction band.’? In particular, the displacement of the zero-
phonon line with &||[100] (Fig. 3b) corresponds to the intervalley splitting:
A = — 1/3A,; . This circumstance is an independent confirmation that the EL 2 level
belongs to the L valley of the conduction band. It also accounts for the presence of the
zero-phonon line in the spectral dependence of the photocurrent.'* The study of the
optical absorption under conditions of hydrostatic and uniaxial compression of GaAs
single crystals thus has shown that D°, D+ ,and D * * states of the EL 2 center have
C,; symmetry and are formed from the L, I, and X valleys of the conduction band.
The transition of the EL 2 center to the metastable state is a consequence of the optical
charge exchange of the type 2D +* —D°+ D * * and is accompanied by a tunneling of
an antistructure donor from the lattice site (the D * state) to a tetrahedral interstitial
site (the D° state).
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