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A detailed spectroscopic study of the 2.087-eV bound exciton (BE) in GaP, related to the Li, -

LiG -Op neutral "isoelectronic" complex defect, is presented. Zeernan data for the BE lines have
been analyzed with a complete Zeeman Hamiltonian, giving accurate values for the electron-hole
exchange-splitting parameter a =0.77+0.02 meV and the crystal-field-splitting parameter
D =1.66+0.02 meV. The isotropic g values for electron and hole are evaluated as g, =1.76+0.05
and E =1.1+0.05. The relative oscillator strengths for the BE substates have been computed from
the Hamiltonian and the assumed wave functions, in good agreement with experimental photo-
luminescence excitation data, if the experimental broadening of the higher-energy BE components is

accounted for. The decay times for the different BE substates have also been measured at zero field

at temperatures up to 50 K and compared with expected values from the oscillator strengths.

I. INTRODUCTION

Complex defects in semiconductors are still largely an
unexplored field of research, mainly due to the fact that
very few such centers are positively identified (meaning
that atomic and geometrical structure is known) at
present. For example, only a few cases of neutral
"isoelectronic" defects, where the identity is known with
a large degree of confidence, exist in semiconductors;
among these are the substitutional nitrogen (NN) pairs at
P sites' and C~ -Op pairs in GaP. An even more
complex defect is the Li, -LiG -Op trigonal defect in GaP,
which involves both substitutional and interstitial atoms.
This defect was studied in early work in sufficient detail
(with the aid of both 0- and Li-isotope doping) so that
the above-quoted identity can be regarded as well estab-
lished.

It appears important to investigate the few cases of
complex defects where the identity is firmly established in
sufficient detail, to understand the electronic structure of
such defects. In early work a tentative discussion on the
electronic structure of the bound exciton (BE), which
constitutes the excited state of the Li;-Lip -Op defect at
low temperature, was given, based on luminescence
spectroscopy, including Zeeman data taken up to 3.2 T.
Although the data presented in Ref. 6 can be regarded as
accurate, the analysis was incomplete, and good agree-
ment with the theoretical model for the electronic struc-
ture was not obtained. In this work we have repeated the
Zeeman data reported by Dean, with very good agree-
ment. %e have employed a sufficiently complete Hamil-
tonian for the BE, together with simple but realistic basis
functions for the bound electrons and holes, to analyze
the Zeeman data. This gives reliable values for the
electron-hole (e-h) exchange-splitting parameter a, and
also the local-field splitting parameter D for the bound-
hole states. The g values for both electron and hole are
also obtained accurately. Consequently, a complete set of

accurate parameters for the electronic structure has been
obtained for the first time for such a complicated defect,
composed of three impurity atoms. This defect is a mod-
el complex neutral defect in trigonal symmetry, with a
dominantly electron-attractive potential, caused by the
deep substitutional Op donor being part of the defect.

By employing a tunable dye laser, photoluminescence
excitation (PLE) spectra" could be used in this work to
measure the relative oscillator strengths of the observed
BE substates for the Li;-Lio -Op defect. These data were

compared with a simulated spectrum, obtained with the
aid of the employed zero-field Hamiltonian, and the wave
functions derived for the BE substates. In addition, tran-
sient measurements were performed, detecting the decay
of the BE emission with excitation from a mode-locked
dye laser. These data can be explained within the model
for the electronic structure derived from the Zeeman
data.

The paper is organized in the following way. In Sec. II
we give a brief description of samples and experimental
procedures. In Sec. III the theoretical formalistn used in
the evaluation of the data is discussed, i.e., the BE Hamil-
tonian and the wave functions. Section IV contains the
experimental results from the various measurements with
laser spectroscopy, including Zeeman, PLE, and transient
PL data. In Sec. V, finally, a discussion of the data is
provided, with reference to the theoretical framework
developed in Sec. III.

II. SAMPLES AND EXPERIMENTAL PROCEDURE

The GaP samples used in this work were small
solution-grown platelets. Originally they were nominally
undoped, but contained residual impurities such as S, Si,
N, and 0 in concentrations estimated to be around 10'
cm . Li doping was performed with a one-step diffusion
process in evacuated quartz ampoules. The diffusion
source was Li-metal pellets, which were placed on a
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quartz support plate inside the ampoule, to avoid attack
from the Li directly on the wall of the ampoule. Typical
di6'usion temperatures ranged from 600 to 800'C, during
1 h.

For the photoluminescence measurements an
exchange-gas He cryostat was employed, where the sam-

ple temperature could be accurately regulated between
1.5 and 300 K. For the stationary PLE experiments a
Coherent 590 dye laser with a Rhodamine-6G dye was
employed. Spectra were obtained with either an S-20
type or a GaAs-type photomultiplier, together with a
Spex 1404 0.85-m double-grating monochromator. Zee-
man data were obtained with an Oxford Spectramag 4 su-
perconducting magnet in the Voigt configuration and at
fields up to 7 T. . PL transients were obtained with a
time-correlated photon-counting system, where the
luminescence was detected with a cooled GaAs pho-
tomultiplier tube. The laser system used for the pulsed
excitation consisted of a Coherent Innova 100 mode-
locked argon-ion laser together with a dye laser and a
cavity dumper. The time resolution of the system was
better than 1 ns, which is much shorter than any of the
measured decay times. The excitation was made both
resonant with the BE energy levels, and at higher photon
energies, but always below the band gap.

III. THEORETICAL FRAMEWORK
FOR THE ELECTRONIC STRUCTURE
OF A BOUND EXCITON ASSOCIATED
KITH AN ELECTRON-ATTRACTIVE

NEUTRAL DEFECT

H,„=—aJI, s, , (2)

where J& represents the total angular momentum of the
bound hole, while s, is the corresponding quantity for the
electron. The other term represents the inAuence of the
local crystal field on the bound hole, which for a low-
symmetry defect can be written '

~LcF D[Jq, . ,
' J„(Jq + 1 ) ]——E (—J„—.—Jy )

Here the set of axes (x',y', z') refer to the local defect
axes, while x,y, z refer to the cubic axes of the crystal.
Further, E is nonzero for a defect symmetry lower than
trigonal. For trigonal symmetry, as appropriate in this
work, only the first term in Eq. (3) needs to be con-
sidered.

If the external field is a magnetic field, H, denotes the
Zeeman Hamiltonian. It can be divided into the linear

For an electron-attractive neutral "isoelectronic" de-
fect the relevant bound-exciton Hamiltonian HBF in GaP
typically involves a spinlike (s, = —,

'
) electron and a p-like

(Jz ———', ) hole. ' ' Including external perturbations,

HB~ can be written

HBE ——Ho+H ),
where Ho is the zero-field Hamiltonian and H, represents
the external perturbation field. In this case Ho has two
dominant terms; one of them is the e-h exchange interac-
tion

term

HLz ——p~ [g,B s, +KB Jh +L (B„Jg„+ByJ„y +BzJI z ) ]

(4)

HBE =H,„+HLcF+HLz+Hq (6)

with the terms given explicitly in Eqs. (2)—(5) above.
In order to use this Hamiltonian in connection with ex-

perirnental data, suitable wave functions for electrons and
holes have to be used. In the case studied here the I 8

basis set (J =—,') for the bound hole is appropriate, if the
hole is shallow and effective-mass- (EM) like. ' ' For
the spinlike electron a simple s = —,

' basis is considered ap-
propriate, ' ' even for strong localization. As long as
absolute values of matrix elements are not computed, the
details of the radial parts of the wave functions need not
be considered. The Hamiltonian HBF is diagonalized
with this basis set, which yields explicit eigenenergies and
wave functions for the BE substates, which are split by
the local and external fields. Without external field, ex-
plicit expressions can be derived for the eigenenergies and
wave functions. ' In the general case [Eq. (6)] a numeri-
cal technique has to be employed, as discussed in Ref. 7.
A computer program was developed to perform the fit of
the theoretical model to the data, including at least-
squares-fitting procedure.

In the case studied in this work, it is possible to derive
explicit expressions for the BE zero-field substates, which
are split by the e-h exchange interaction and the local
crystal field. In Ref. 7 such explicit expressions for the
BE energy levels were derived for C2„symmetry, and the
corresponding expressions for C3, symmetry, as ap-
propriate for the Li, -LiG -Op defect, are easily obtained
with the aid of Eq. (9) in Ref. 7:

E(J =1; m =0)=—,'a+D,
E(J=1; m =+1)=a/4+(D aD+a )'—
E(J =2; m =0)= ——,'a+D,
E(J=2; m =+1)=a/4 (D aD+a )'— —

E(J =2; m =+2)= ——,'a D. —

(7)

Similar expressions were derived in Ref. 17 (where the
notations used can be translated as D =co, 2a =6).

Once the eigenfunctions for the BE substates have been
obtained, oscillator strengths for optical transitions be-
tweer. the BE substates and the ground state (with no
particles bound) can be calculated. Such oscillator
strengths are proportional to the square of the electric di-
pole matrix element:

where e is the dipole transition operator, lt, is a particu-

and the quadratic term

~gz=C, B +C2(JI.B)

The total Hamiltonian HB& in the presence of an external
magnetic field can therefore be written
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lar BE substate, and $0 is the BE ground state. Such
computed oscillator strengths are a critical test of the
adequacy of the assumed model for the Hamiltonian and,
in particular, for the chosen basis set.

IV. EXPERIMENTAL DATA
COMPARED WITH THE THEORETICAL MODEL

FOR THE ELECTRONIC STRUCTURE

tions are not observed in this case.
The measured values of the decay time as a function of

temperature are shown in Fig. 6; the circles correspond
to values obtained with resonant excitation. The detec-
tion of PL was done in the BE phonon wing about =50
meV during the BE states. No difference in the decay
time was observed during resonant excitation in the J = 1
and 2 substates, respectively. The squares correspond to

The zero-field PL spectrum of the 2.087-eV BE is
shown in Fig. 1 at two different temperatures, for easy
reference. Similar PL spectra were also presented in
great detail in Figs. 1 and 2 of Ref. 6, and our spectral PL
data are in complete agreement. We note, however, that
in our samples the thermal quenching of the BE occurred
at much higher temperatures (about 200 K) than reported
by Dean (=77 K).

Experimental Zeeman data were obtained for fields up
to 7 T including a full angular dependence in a (110)
plane. Since the natural linewidths of the BE PL lines in
our case were broader than in the data previously pub-
lished by Dean, the set of data summarized in Fig. 5 of
Ref. 6 for 8 =3.2 T were actually of similar accuracy as
our data obtained for 7 T. To illustrate the development
made here in comparison with the Dean's work, we have
therefore chosen to show a fit of the data from Fig. 5 in
Ref. 6 with a complete Zeeman Hamiltonian [Eq. (6)].
The result is shown in Fig. 2 for the fan diagram, i.e., the
development of the energies of the BE substrates with ap-
plied magnetic field along one direction, in this case
[100]. Figure 3 shows the angular dependence of the Zee-
man splittings, with the magnetic field B rotated in a
(110) plane. The lines shown in Figs. 2 and 3 are ob-
tained from a best fit of the Hamiltonian in Eq. (6) to the
data (shown as dots), with the resulting parameters given
in Table I.

The set of PL Zeeman data just described only includes
the two lowest zero-field BE lines, due to thermalization
in the PL spectra. Figure 4(a) shows a PLE spectrum ob-
tained at 2 K, with detection in the LO-phonon replica,
showing all the BE transitions, with strengths propor-
tional to the respective oscillator strengths. As a com-
parison, shown in Figs. 4(b) and 4(c) are the theoretically
simulated PLE spectra, using the same zero-field parame-
ters a and D as derived from the Zeeman data (Table I),
but with different broadening for the higher-energy BE
sublevels. A good agreement is obtained between theory
and experiment, if the different broadening observed for
the different BE transitions is properly accounted for in
the comparison.

The PLE spectrum for the 2.087-eV BE was obtained
over a wide photon-energy region above the electronic
BE lines, as partly shown in Fig. 5. The structure ob-
served above the electronic lines can be identified as due
to various quasilocalized phonon modes, which are also
observed in PL emission (Fig. 1 and Ref. 6). An interest-
ing observation is the apparent absence of any discrete
lines due to single-particle excitations of the shallow
bound hole of the BE, as has been previously observed,
e.g., for the NN BE's in GaP. The strong phonon cou-
pling for the 2.087-eV BE may be the reason these transi-

(a) GaP:Li,O
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FIG. 1. Photoluminescence spectrum of the 2.087-eV bound

exciton in GaP, obtained at two temperatures, (a) 2 K and (b) 10
K, with 5145-A Ar+-laser excitation. In the low-temperature
spectrum (a), the two lowest electronic lines LiLl and LiL2 are
resolved, together with a broad phonon wing. At 10 K, panel
(b), the weak LiI l line is not seen, while now, in addition to the
strong LiL2 line, the broadened LiL3 and Li« transitions also
appear. The rich spectrum of phonons coupling to the electron-
ic lines is discussed in detail in Ref. 6.
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TABLE I. Synopsis of the parameters in the perturbation

Hamiltonian describing the Zeeman splitting of the 2.087-eV
Li, -LiG -Op —related bound exciton. The error bars are entirely
due to the observed width of the higher-energy BE lines.

a =0.77+0.02 meV
D =1.66+0.02 meV

g =1.76+0.05
K = 1.1+0.05
I =0
C) ——Cq ——0

I

O.O I.O 2.0 5.0
MAGNETIC FIELD (T)

FIG. 2. Fan diagram for the splitting of the 2.087-eV bound-
exciton sublevels with magnetic field, ranging from 8 =0 T to
8 =3.2 T, in the [001]direction. Solid lines are computer simu-

lated from the spin Hamiltonian given in the text [Eq. (6)], while

the experimental points are taken from the data in Ref. 6.

By assuming thermal equilibrium between the different
BE substates, which is obtained if the spin-lattice relaxa-
tion time is faster than any of the characteristic radiative
recombination times of the BE substates, it is possible to
express the measured decay time as a function of temper-
ature according to

—
(, E, —E1)lkT
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0)
E

O.O-
Ct
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GaP: Li B in (IIO) Plane
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FIG. 3. Angular dependence of the Zeeman splitting of the

2.087-eV bound exciton obtained at 2 K with 8 =3.2 T in the
Voigt configuration. Only the two lowest BE sublevels can be
studied at 2 K. The magnetic field B is rotated in the (110)
plane. Solid lines are computer simulated from the spin Hamil-
tonian given in the text [Eq. (6)]. The experimental points are
taken from the data in Ref. 6.

values measured in the BEJ =2 no-phonon line, with the
excitation 30 meV above.

The decay curves are exponential at temperatures up to
30 K, as shown in Fig. 7; above this temperature a nonex-
ponential decay is observed. This is partly due to an
overlapping emission with much longer decay time which
becomes relatively stronger compared to the Li-Li-0 BE
emission at high temperatures. Whether this overlapping
emission is connected to the Li, -LiG, -Op center has not
been established. The measured values of the decay time
as a function of temperature are in agreement with the
values obtained in Ref. 6, measured only at two different
temperatures, r=200 and 720 ns at 20 and 4.2 K, respec-
tively.

~i —(,E, —E[ )]/kT—e
rE

(9)

V. DISCUSSION

The parameters for the zero-field Hamiltonian in this
case, i.e., a and D, could be obtained from the computer
fit of the Zeeman data with the complete Hamiltonian
[Eq. (6)]. From an inspection of the Zeeman data and the
zero-field PLE spectra, it is obvious that D & 0, and then
Eq. (7) gives an explicit solution for D and a, using the
measured energy positions of the BE zero-field substates:

where the label i =1—5 corresponds to the different sub-
states counted from lower energy. g, , F.;, and r; are the
degeneracy, energy, and radiative lifetime of each sub-
state, respectively.

It is not possible, however, to make a complete fit of
the measured values to Eq. (9), due to thermal quenching
of the total luminescence. This quenching can be viewed
as a fast thermally activated, nonradiative recombination
which decreases the observed luminescence decay time.
Unfortunately, this is happening in the same temperature
range where the higher-energy substates become thermal-
ly populated. The equation above must be adjusted with
a term for the thermal quenching, which gives two new
parameters. It is not meaningful to fit the data to an
equation with seven parameters. It is possible, however,
to fit the data at low temperatures where the thermal
quenching as well as the three higher-energy substates
can be neglected. The best fit is obtained for r, =2500 ns
and r& ——100 ns. The curve corresponding to these values
are inserted into Fig. 6 as a solid line.

The lifetimes r, and rz are inversely proportional to the
oscillator strength of the particular substates, and the ra-
tio of the oscillator strength between the allowed m =+1
(J =2) and the forbidden m =+2 (J =2) state is thus
found to be 25.
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E(J=2; I =+1) E—(J =2; I =+2)=0.99 meV and
E(J=1; m =+1) E—(J =2; m =+2)=3.86 meV. In-
serting these values in Eq. (7), two sets of values can be
obtained (a =0.77 meV, D =1.66 meV) and (a =1.66
meV, D =0.77 meV), respectively. Only the first set of
these values is consistent with the oscillator strengths,
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FIG. 5. PLE spectrum as in Fig. 4(a), but for a more extend-

ed photon-energy region, covering the one-phonon sideband in

absorption for the 2.087-eV BE. The structure above the elec-
tronic lines can be identified with a variety of different quasilo-
calized phonon modes, as also observed in PL emission spectra
(Fig. 1 and Ref. 6). No single-particle-excited hole states are
observed.

i',b)
however, as seen in Fig. 4. Hence, once the different sub-
states are identified by Zeeman measurements, the com-
puter evaluation of the zero-field parameters can be
avoided in this simple trigonal symmetry.

The electronic structure of the 2.087-eV BE is summa-
rized in Fig. 8, which is drawn in a scale proper for the
experimentally observed energies for the BE sublevels.
The development of the sublevel split tings for the

0 f,
'C',

1

IOOO-

at 2.087 eV

at 2.II7 eV

-5 0 5 10
BOUND EXCITON
ENERGY {meV}

FIG. 4. (a) Photoluminescence-excitation {PLE) spectrum of
the 2.087-eV bound exciton, obtained at 2 K with a tunable dye
laser. Detection is in the LO-phonon replica of the bound exci-
ton {see Fig. 1). The energy position of the different electronic
sublevels, as obtained from PL data (Fig. 1), are shown at the
top. The bound-exciton energy scale at the bottom is a relative
energy scale, with the zero point taken at Li0 I. (b) Theoretically
simulated spectrum, as described in the text [Eq. (8)], with the
same Gaussian broadening, o.=0.38 meV, applied to all sublev-
els. (c) Same as in (b), but with a different Gaussian broadening
for different sublevels: o& ——0.38 meV for the J=2 sublevels
and o.

I
——0.7 meV for the J= 1 sublevels, respectively.

+ IOO-
LLI
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FIG. 6. The photoluminescence spectra of the 2.087-eV BE
system, plotted as a function of temperature. The circles corre-
spond to data obtained with resonant excitation in the J= 1 BE
lines, while squares are obtained with nonresonant below-band-

gap excitation. The solid line represents the theoretical simula-
tion according to Eq. (9).
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FIG. 7. The observed decay curves for the 2.087-eV BE, at
three different temperatures: (a) T =2 K, (b) T = 10 K, and (c)
T =45 K. The intensity is given on a logarithmic scale.

relevant value of' the e-h exchange interaction is illustrat-
ed.

Although the data obtained for the 2.087-eV BE in the
previous work by Dean were in excellent agreement with
our data, the analysis presented in Ref. 6 was
oversimplified, yielding an overly small value for the a
parameter, while the D value was similar. It was also
noted in Ref. 6 that the derived values for a and D did
not give a good fit to the observed relative oscillator
strengths of the BE substates, and the geometrical model
for the defect was therefore questioned. The simplified
analysis of the Zeeman data in Ref. 6 yielded values for

g, and E in good agreement with our data, obtained from
the full Zeeman Hamiltonian, although the error bars on
these parameters could be reduced in the present work.
The reason of the success of the earlier analysis for the
magnetic parameters is that in the high-symmetry (trigo-
nal) crystal field the mz ——+2 (J =2) quantum numbers
can be regarded as proper, so the procedure used in Ref.
6 for evaluating g, and K using these states gives approxi-
rnately correct values. The same procedure is not possi-
ble to use in the fitting of the m =+1 (J =2) substates,

3,0-
m

0
k

485 meV
+ I
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0 ' 386meV
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'3~ 3I me
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2a= I 54meV
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FIG. 8. To the left is shown a plot of the bound-exciton ener-

gy vs crystal field for a trigonal crystal field, relevant for the
2.087-eV BE. To the right the electronic structure is drawn for
this BE, including the sublevel energies, as obtained from exper-
imental data in this work.

since these mix strongly with the higher m =+1 (J =1)
substates. Therefore the use of a complete Hamiltonian,
as done in this work, is the proper way to analyze the
Zeeman data presented in Figs. 1 and 2.

The value of K is typical for shallow hole states in
GaP, such as, e.g. , in BE's bound to substitutional
donors. ' The fact that the constants C, and Cz in Eq.
(5) were found to be zero in this case is strong evidence
that the electron is strongly localized, as already conclud-
ed by Dean. This defect therefore constitutes another
example of the validity of the Hopfield-Thomas-Lynch'
model for an isoelectronic defect. The g, value
1.76+0.05 is considerably reduced compared to the value
2.00 found for most shallow donors, and also expected for
very localized electrons. It seems that a strongly-
electron-attractive low-symmetry potential in GaP gives
rise to a g, value for the bound electron that is
significantly reduced below 2.00. A similar observation
was made for the (NN), BE (g, =1.85, Ref. 7). Such a
reduction cannot be predicted by simple arguments, since
it must be calculated via deep-level theory for the local-
ized electron state.

The fit of relative oscillator strengths presented in Fig.
4 is encouraging, since it gives a good agreement with ex-
periment if a larger broadening of the higher BE sub-
states is accounted for in the comparison. In earlier work
no such agreement was obtained. This agreement gives
confidence that the Hamiltonian used is realistic for
describing a BE at a complex defect with a dominantly-
electron-attractive local potential. Further, the simple
basis set chosen must also be realistic, as may be expected
if the hole is EM-like. For EM-like holes the p-like Bloch
functions characteristic of the valence-band top should
be a reasonable approximation of the wave functions.
Details of the spatial parts of the BE wave functions are
not discussed here, since they occur as common factors in
the evaluation of relative oscillator strengths.

The conclusion that Op dominates the defect potential
for the Li, -LiG, -OP complex is maybe not surprising, con-
sidering the strong potential of the deep Op donor, which
gives a one-electron state at 0.90 eV, ' and, in addi-
tion, can bind a second electron in another deep state
(0.57 eV). ' Li; is known to be a shallow donor at
tetrahedral interstitial sites, ' while LiG, is probably a
quite deep double acceptor, not yet positively identified.
It appears that the presence of a Li, close to LiG, reduces
this acceptor potential to a large degree, so that Op is by
far the dominating impurity potential in the complex.
This is similar to the previously studied case with the tri-
gonal Zn~ -Op and Cd&, -OP complexes in GaP,
which both have a BE with a shallow EM-like hole. The
fact that the Li, -LiG -Op BE is slightly shallower than the
Cd-0 —and Zn-0 —related BE's can be understood by a
somewhat larger cancellation between the LiG, and Op
potentials, which is expected since Znz, and Cd&, are
shallow acceptors in GaP.

The observed large broadening (=0.5 meV) of the
high-energy BE substrates Li3 4 (Fig. 3) is interesting, and
consistent with similar observations on the GaP:(NN),
BE (Ref. 7) and the 1.429-eV BE in GaAs (Ref. 15). Two
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effects may be important in causing this broadening. One
of them is a lifetime broadening due to a fast spin-lattice
relaxation time for the high-energy substates. It is noted
that for the J = 1 substate of the GaP:N BE at 2.318 eV a
short relaxation time of about 25 ps has been measured.
Another contribution could be a broadening due to spec-
tral overlap with a rather strong background originating
from the coupling of the lower-energy BE lines to acous-
tic phonons in the optical-absorption process.

VI. CONCLUSIONS

This work presents an improved analysis in the previ-
ous work of Dean on the Li;-LiG, -OP defect in GaP,
spectroscopically observed via the 2.087-eV bound exci-
ton. The Zeeman data are complemented by novel mea-
surements of photoluminescence-excitation spectra and
transient decay times in this work. The analysis uses a
proper Zeernan Hamiltonian, with an adequate treatment
of the zero-field part. The values derived for the ex-

change parameter a =0.77 meV is substantially larger
than that estimated by Dean (b, =2a =1.1 meV), while
the local-field parameter D is similar. %'e find D =1.65
meV, while the earlier value was given as 2eo=2D =3.4
meV.

In addition to PL and PLE data, relative oscillator
strengths for the BE substates have been computed, and
compared favorably with the experimental PLE data, in
contrast to what was found in earlier work. A large
broadening of the upper BE sublevels is observed, prob-
ably due to a short spin-lattice relaxation time and also a
rather strong phonon coupling for this BE. The mea-
sured decay times are in agreement with the observed rel-
ative oscillator strengths, assuming a short spin-lattice re-
laxation time.

The accurate evaluation of magnetic data (g, =1.76,
K =1.1, C, =Cz ——0) provided here confirms the model
of a strongly localized electron and a shallow effective-
mass-like hole for this BE. The reduced g, value for such
a case in a low-symmetry potential is interesting and calls
for theoretical investigations.
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