17

up to a concentration N = 7.2 x 10 cm"3 at which the hfs structure lines at the frequencies

D
v = v, * A/2 practically disappear; the frequency Vo is determined from the relation hvo gBH.

The chrease of A following strong compensation is espec1ally noticeable for N 2 6 x 1017
cm 3, where strong exchange interaction exists, as is evidenced by the 1ntense line at the
frequency o [2]. The appearance of the hfs lines in a sample with ND =7.2x lO17 cm_3
K = 0.99 (sample 7 of the table) points unequivocally to the occurrence of localized states
as a result of the compensation. This effect was observed for the first time in [3] and was
explained theoretically in [4].
The decrease in the value of the hyperfine splitting in strongly-doped samples with

strong compensation can be explained qualitatively on the basis of the theory of Takeyama et

(5], who considered the electron states of isolated impurity pairs. Assuming that the
pair interaction is strongest in the strongly doped crystals and that compensation leads to
the formation of ionized pairs, we estimated the energy of the volume interaction at
Ny 26 x 1077 en”3
value, > 4 x 1073

by extrapolating the data of [5] to higher concentrations. The obtained
eV is of the same order of magnitude as the valley-orbit splitting of

phosphorus in n-Si, E,, = 1.5 x 10-2 eV [6]. 1In this case, according to [5], the ground

12
states of the ionized pair become mixed with higher states that make no contribution to the
hfs, thus leading to a decrease in A.
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If the point symmetry group of an impurity or a defect in a crystal does not contain
an inversion, then the linear Stark effect is possible in their optical spectrum in an exter-
nal electric field [1-3]. The first attempts to observe this effect in the spectra of complex
color centers in alkali-halide crystals were made by Overhauser and Ruchardt [1] for the broad
bands of M and R centers in KC1l and NaCl. The cbservation of an electron-vibrational strue-
ture in the spectra of the color centers, including narrow zero-phonon lines [4], uncovers
new possibilities for observing the linear Stark effect in spectra of inversionless color
centers.

We have observed in an electric field a splitting, linear in the field, of a number of
zero-phonon lines in the absorption spectra of complex electronic color centers of LiF. A

constant field of intensity up to €. = 300 kV/cm was applied at 4.2°K to single crystals of

¢}
y-ray-colored LiF along the (100) axis. The absorption spectra were photographed in a direc-
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tion transverse to GO’ u51ng a diffraction spectrograph with dispersion from 1.7 to 8.0 A/mm

The zero-phonon 4874 A line of the ionized F3 center [5] splits into a symmetric trip-
let, the outer components of which are polarized with E 1 eo; the width of the triplet is

8~ 2 x 1077 cm L/V/em (Fig. a). The F;

includes three neighboring vacancies in the (111) plane,

center, which

corresponds in symmetry to the trigonal inversionless

o
group C The 4874 A absorption line corresponds to

3v’
a transition of the A »~ E type in this group [6]. Ac-

cording to [T], the nondegenerate A-level of CSV is in

general shifted in an electric field (shift b, = A'e”),

and the doubly degenerate E level experiences, besides
a shift, also a splitting (AE = A"e” + B€1)5 here ¢
and e.L are the projections of the field on the trigonal
axis of the center and on the plane normal to it, and
A', A", and B are proportionality coefficients.* Thus,
the line of the A -~ E transition in an individual cen-
ter should split into two in the field. Owing to the

presence of eight groups of C3v centers in the cubic

lattice, with axes directed along several (111) direc-
tions (orientational degeneracy [8]), the summary spectrum from all the groups should yield
a polarized quartet when € Il {(100) (Fig. a). The observed picture of the splitting of the
L4874 A line agrees qualltatlvely with the calculated "quartet" picture if it is assumed that
the central component of the triplet is an unresolved doublet (this can occur when [A' - A"]
~ /2B).

One of the unidentified lines of the colored IiF, 6955 E, splits into a symmetrical
polarized triplet with & ~ 3.8 x 107 cm_l/V/cm (Fig. b). The picture corresponds to that
calculated for "pseudo-Stark"” splitting [3] of the lines of inversionless noncubic centers
with a constant dipole moment along (llO).** The line splitting occurs here exclusively as
a result of different shifts of the levels (and different transition frequencies) of the
orientationally-degenerate centers having different momentum projections on the direction of
an external field with € I {100). The orientation of the dipole moment along the (110) axis
is characteristic [7] of centers of rhombic I or monoclinic I symmetry [8]. From the polar-
ization of the pseudo-Stark triplet it follows that the linear electric oscillator corres-
ponding to 6955 A is directed in the center along [110], perpendicular to its constant dipole
moment along [11C].

Triplet symmetric splitting was observed alsoc for the unidentified lines 6935 E
(8 = 1.0 x 1.()"1‘L cm—l/V/cm) ana 4877 A (5 = 1.k x 1077 cm-l/V/cm). The 6400 A splits into an
unpolarized doublet (& ~ 8.3 x 1077 cmfl/V/cm), the short-wave component of which vanishes
with increasing field. For the linear Stark effect in O crystals, the picture of the split-

h
ting should be symmetrical relative to the line without the field (with all the splitting com-

324



ponents appearing in the spectrum) {7]. The vanishing of part of the 6400 A components, which
leads to the asymmetry, can be due to Boltzmann gquenching of the populations of the corres-
ponding energy states. The latter probably explains also the peculiarities in the behavior

of the zero-phonon 391 nm R, line of R(F3) centers in a field, namely that splitting into a

2 -5

poorly resolved asymmetric doublet is observed in fields eo ~ 300 kV/em (8 =~ 2 x 10
- *H%
cm l/V/cm).

The field exerts no influence on the zero-phonon 5234 ﬁ line of N. centers [6]; this

1
agrees with Pick's model [9] for these centers (an aggregate of four F centers in octahedron

plane, the point group C of FA center has inversion). Nor does the field act on the 3932

2h
A line, which belongs [6] to A > E transitions in centers of tetragonal symmetry.
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*
A general phenomenological calculation of the characteristics of the linear Stark
effect in spectra of inversionless local centers in Op crystals is given in [7].

The calculated picture [7] of these centers agrees also - in the number, polariza-
tion, and relative positions of the components - with the experimental splitting (incomplete-
ly resolved quartet) of 6955 A when €p 1 (110).

I

It must be noted that deviations unrelated to quenching were observed for the
lines for which the picture of the splitting was described above as "symmetrical"; the rea-
sons for this call for an investigation.
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Indium antimonide is the most complicated among the III-V compounds when it comes to
generation of coherent emission by electric carrier injection [1,2].

When the coherent emission is generated with the aid of an electron-hole plasma pro-
duced in pure indium antimonide crystals [3-5], additional difficulties are caused by the
pinch effect, since the contraction of the carriers into a pinch leads to a strong intrinsic
absorption of the radiation in the remaining part of the crystal [6,7]. We have therefore
used in [6,7] a longitudinal magnetic field to eliminate the pinch effect.

An examination of the conditions for the occurrence of the pinch effec leads to the
conclusion that the pinch formation should be strongly influenced by the geometry of the cross
section (form of the cross section and distance between contacts). By choosing crystals

having a definite geometry, it is possible to shift the threshold of pinch formation into the
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