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Abstract

Using the method of Picus and Beer invariants, general expressions are ob-
tained for the total intensity J/and the degree of circular polarization P, of
the luminescence of GaAs-type semiconductors with the participation of
shallow acceptor levels in a longitudinal magnetic field H . Special cases are
analyzed depending on the value and direction of the magnetic field strength,
as well as on the constants of the g-factor of the acceptor ¢;,g, and the
conduction band electron g, . In the case of a strong magnetic field H //
[100], [111], [110], a numerical calculation of the angular dependence of the
quantities 7and P, was performed for some critical values of g,/g, , at
which P

circ.

exhibits a sharp anisotropy in the range from —100% to +100%,
and the intensity of the crystal radiation along the magnetic field tends to a
minimum value.
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1. Introduction

The study of the polarization of recombination radiation of semiconductors in a
magnetic field is of great theoretical [1]-[5] experimental [6]-[10] interest in or-
der to obtain subtle information about their optical properties and the dynamics
of crystal structures in the field of photonics and spintronics. In the pioneering
work [2], a theoretical analysis was made of the case of a weak magnetic field

(#oH /KT < 1) in semiconductors of the GaAs-type, when recombination radia-
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tion occurs during the electronic transition “conduction band-shallow acceptor”.
A simple expression is obtained for the degree of circular polarization of radia-
tion

HH
4kT

where ¢,,0,, g factors of a free electron and a bound hole in the acceptor,

I:)circ. :(ge+59h) (1)

Ho , Bohr magneton, 4-Boltzmann constant, 7-absolute temperature on

- 2mge
the Kelvin scale, A, magnetic field strength. As can be seen from (1), the polari-
zation of recombination radiation with the participation of small acceptors is
determined by the average moments of free electrons and bound holes, depends
linearly and isotropically on the magnetic field, and is also inversely proportion-
al to temperature. These conclusions of the theory [2] received their experimen-
tal confirmation in the works [6]-[8].

The authors of [7], studying the polarization of the 0.709 eV spectral line of
germanium radiation over a wide range of magnetic field values (from 0 to 50
kE), showed that the degree of circular polarization depends on the direction of
the magnetic field. The theory of Zeeman splitting of shallow acceptors in cubic
semiconductors, taking into account cubic contributions from the band struc-
ture and strong magnetic fields, was developed in [8].

The effect of magnetic field on the physical properties of hole states of the Mn
acceptor located near the (110) surface of GaAs and it was shown that the highly
anisotropic wave function of the hole does not change significantly under the in-
fluence of a magnetic field up to 6 T [9]. A study of magnetoresistance in the
Gayo,Mn, s As epitaxial layer showed [10] that doping with Be leads to a reo-
rientation of both the easy and hard magnetic axes in GaMnAs.

Recently, much attention has been paid to the study of the energy spectrum
and wave functions of holes in the valence band of semiconductor nanostruc-
tures, such as quantum wells, quantum wires and quantum dots, in an external
magnetic field [11]-[15]. Thus, a theoretical calculation of fine impurity states in
semiconductor quantum wells and GaAs-(Ga, Al)As superlattices in a magnetic
field along the growth direction was performed [11], which is consistent with
experimental results. Circularly polarized photoluminescence of A(+) centers in
GaAs/AlGaAs quantum wells has been detected, induced by a magnetic field
[12], which makes it possible to determine their fine, spin, and energy structure.
The anisotropy of the electronic g-factor for GaAs/Al,Ga,_ As heterostructures
at liquid helium temperature was studied, corrections to the g-factor compo-
nents linear in the magnetic field were determined, and a strong anisotropy of
their values was established [13]. Suris and Semina [14] studied the dependence
of the Zeeman splitting of the ground state of a hole on changes in size quantiza-
tion parameters, taking into account the complex structure of the valence band
and the magnetic field-induced mixing of hole states. It is shown that the hole
g-factor is extremely sensitive to the composition of hole states and the geometry

of the size quantization potential. Semina, Rodina et al. [15] theoretically studied
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the cubic anisotropy of Zeeman hole splitting in a semiconductor nanocrystal
arising from crystallographic cubic-symmetric spin and kinetic energy terms in
the bulk Luttinger Hamiltonian. The authors proposed possible experimental
manifestations and potential methods for measuring cubic anisotropy of hole
Zeeman splitting.

The purpose of this work is to obtain general expressions using the Picus and
Beer invariants method for the total intensity and degree of circular polarization
of photoluminescence at small acceptor centers of GaAs-type semiconductors in
an arbitrary crystallographic orientation and magnetic field value. We believe
that during the lifetime 7 free electrons have time to reach an equilibrium spin
distribution, 7.e. 7> 7 , where 7, is the spin relaxation time.

Let us analyze the role of anisotropic Zeeman splitting of the acceptor level and
the features of magnetically induced mixing of sublevels at critical values g,/g,
of the ratio of bound hole g-factor parameters in the formation of the intensity

and magnetic circular polarization of photoluminescence at shallow acceptors.

2. Research Method and Theoretical Calculation

Let us consider, as in our previous work [16], a GaAs-type semiconductor placed
in a uniform magnetic field, in which nonequilibrium carriers are created, and
their radiative recombination occurs through levels of shallow acceptors. We
assume that the directions of radiation and magnetic field coincide (Faraday
geometry). Then, due to the orientation of the spins of electrons in the conduc-
tion band and holes in the acceptor levels under the influence of a magnetic field,
the luminescence of the crystal turns out to be circularly polarized. For a theo-
retical description of such recombination radiation, we first note that the initial
states of electrons and holes, taking into account the spin, are two- and four-fold
degenerate and in the Luttinger-Kohn representations are described by wave
functions that transform according to the representations I'y,I'y, and the Ha-
miltonians of the interaction of free electrons and bound holes with the magnet-

ic field strength H in a first approximation are described by matrices [1]

~o 1 .
%()zzgeﬂOZGiHi’ (2a)

" =/10_Z(glji + gzj?)Hi (i =X y,z). (2b)

Here, G,,0,,6,, Pauli matrices, J,,J,,J,, matrices of 4 x 4 dimensions of

y’
projections of the angular momentum operator in the basis of states Y2,
0,.0, arethe Zeeman splitting constants of the acceptor level, which determine

the g, —g factor of the hole.

We consider perturbations (2a) and (2b) to be small quantities of the first or-

2.4 *2
m,e m
a7 7 )» Which
2e°h® my

removes the spin degeneracy of the state of the conduction band electron and

der with respect to the intracrystalline interaction ( E(()a) <

the hole in the acceptor. The correct wave functions of these states in the zeroth

approximation are determined accordingly by the following relations:
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Wi =Y Cl e [m=%;—%,M=1;—1j, (3a)
31 1 3

@ =S cMy¥? n==:2m2- 2 N=1,2:34]. 3b

v = 2G0T 227272 (30)

Expansion coefficients C&M),CgN) for complete sets of orthonormal the func-

tions y¥?, y¥? and the values of the split energy levels E,E,T), E,(f) can be de-

termined from the following matrix equations

e o

=0, (4a)

|5 -,

Je"l-s.

where fM and fN are 2 X 2 and 4 x 4 identity matrices, and c™ . cv

are
matrices columns 2 x 1 and 4 x 1. The first of them will allow us to find the
Zeeman splitting energies in the conduction band

EY =E® =mg,uH , (5a)

and the second gives for the acceptor levels E*) = E{*) expression

[ 9 YV 2] 7 13 V9 5 ),
9(91"‘292} +(91"‘%) +(91+Zgzj\/(gl+jgzj _Zgz(gl"'zgzj?/ )(Sb)

1_9( +g 2+ +& 2_—( +Z ( +E Z_g +E j’
0 492 9 4 g 492 9 492 492 9, 292 Vo

where y'=h?h] +hih? +h’h? =sin® 20 +sin® @sin? 2p (see Figure 1).

z
h
g 4
)l ¢
P\
X —
e

Figure 1. Choice of directions of crystallographic
axes X||[100] , y||[010] , Z ||[001] and unit
vectors of magnetic field strength h=H/H ,

radiation polarization e Le, Lh.

Generally speaking, the Zeman splitting for the acceptor, as can be seen from
(5b), has a complex anisotropic character, the analysis of which was devoted to
the work [16]. At g, =0 and g,/g, =—2/5,—4/7, the magnitude of the split-
ting of the acceptor level ErEa) does not depend on the direction of the vector
H in the crystal. Next, we are interested in deriving general formulas for cal-
culating the parameters of polarized luminescence. The intensity of recombina-

tion radiation associated with the conduction-acceptor quantum transition and
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polarized in the right or left circle in the direction of the magnetic field can be

determined from the following general expression
2
1, (e, H)= z O (v w) =

where e is the polarization vector (e, = (e, + ie2 / V2, see Figure 1), P isthe
quasi-momentum operator, C, =const ; o f@ energy distribution functions

m ' 'n

Coz fn(a) fn(f)Spg’jt"i (n, m) , (6)

for conduction band electrons and holes in acceptors. We will assume that it has

place Maxwell-Boltzmann distribution of electron and hole over spin levels
() (a)
exp(—pBE exp| —pE,
£ ( m (C)) , fn(a) - [ (a]) =, B=1KT (7)
Zexp(—ﬂEm, ) Zexp[—ﬂEn, ]
m’ n'

In (6) 2)5?(Ii (n,m) denotes a 4 x 4 matrix
o, (nm)=B"(n)R, B (m)R; . ®)

Here are the matrices B (n)=C!"C{"’* and B{'(m)=C{™C{"™"*, where
Cg") and Ci(m) are the expansion coefficients of the wave function of a hole in
state 17 and an electron in state m, respectively, in terms of the basis functions of
the representations I'; and I'y (see (3a) and (3b)); (RGi )ij , matrix element of
electron and hole recombination in state 7= 1, 2 and j = 1, 2, 3, 4, independent of
H,ie Iim -matrix of order 4 x 2 determines the selection rule for recombina-

tion radiation “conduction band-acceptor” in the absence of a magnetic field:

, _ J=lnm 12 “12
j=3/2;n
3/2 e.R 0
.2 . .1 .
1/2 —¢,R -i—¢,R
/ | 3o B
1 . 2 .
~1/2 —eR —¢,R
/ 35 Na
-3/2 0 -ie;R
e, 0
iie* —iie*
R 3 z \/§ +
= R 5 9
S BV Y
37 B°
0 —ie.
where e, =(e, iiey)/«/f, R, =const=(X|P,|S)=(Y|P,|S)=(Z|R,|S).
It can be shown [17] that, for example,
s P -EWs
(2) _ i n i
BJ]' (n) - E Esa) _ Ersa) > (10)

where E,(]j) (v=12,3) is the energy of a hole in three other states different from
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state n, &, -d Dirac symbol.
Substituting (9) and (10) into (8), and then (7) and (8) into (6) after simple
but cumbersome transformations, we obtain for radiation along the vector H
I=1,+1, =rF, (11)

Q'U
|
Q
I I
~L
—_
N
F
+
o
>
SN
o
+
/ﬁ\
+
gk
>
+
&
—
N

where

F =4%+A2f3+{4[1+5—]A1+A3f }

9 d, 7 g, 27 9, 7 9,
_Zg_l{{(Ai + Asfs) f +[l+zg—l]Az:|7+Eg_l[l+Zg_l]A3fol}

The following notations are introduced here:

2 2
1 79 1 1lg g 79
f =th| = H| f=6l14-92] 214292 199,78}
’ (Zﬁgyuo j ' [+491J +2[+491]+ 91[+491J
f,=1, +—(1+ 92] f, _7(1+992J —&[1 ngj
4" 4yg, 49,) 9 4g
2
f4:9(1+792j(1+992][1+13 g?j{lﬁij [1 592}
49, 49 49 49, 20,

(13)

2 al"” exp( BE )
f, = 2{10+37 9 2:5( J } A = :
0, 0, zexp( ﬂE )
(@p@E( @p@ , p@EE | @
w ESVEPEY o EVER L EWEW+EPEY
aO - 3 a3 'al - 2 a3
(g1zuoH ) (glﬂOH )
@, @, g@ 3
o = En En B o o (9.4H) |
GutoH (B -E)(E -EY)(EW -ED)

=4(hZh? +h2hZ +hZh?), y=16h’h’h?

x ' lytizo
r, =const, h, (i =X,Y, Z) , projections of the unit vector h onto the main
symmetry axes of the crystal.
3. Discussion of the Results Obtained
3.1. Analysis of General Formulas

As can be seen from (11)-(13), the intensity /and the degree of polarization 2,
have a complex angular dependence due to both the anisotropy of the Zeeman
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splitting of the acceptor level (5b) through the quantities (1=0,1,2,3) and the
anisotropy of the selection rules (9) through the quantities y and y. It is interesting
to note that at g, =0 the angular dependence in formulas (5b) and (11)-(13)
completely disappears, Ze. under the conditions assumed above, Zeeman splitting
of a shallow acceptor and the associated luminescence of GaAs-type semiconduc-
tors do not exhibit anisotropy. In this case, the expressions for /and P, greatly

simplified:

I (92 :0):%|R0|2 (1+a))exp|:%(gl - ge)ﬂﬂoH:|[1+3eXp((gl + ge)ﬁﬂoH ):' (14)

(15)

P (g =0)=1_—a) = l+3eXp(_(ge+|gl|)ﬁﬂoH)
T 1ve” T 3exp(2]g,| BuoH) + exp((|9,| - 0.) AoH )

In the absence of a magnetic field, the value w=1 and from (14), (15), as
expected, we obtain | = 8|R0|2/3 =const, P, =0.

General expressions (11)-(13) are also significantly simplified for certain cha-
racteristic values of ¢,/g, . So, for example, at g,/g, =—4/7 there is no ani-
sotropy for split levels Eﬁ,a), and they are pairwise merge, forming two doublet
states E1(,2) = —Eéi) =30,44,H /7 (see (5b)), whereas for 7and P,,. It is saved in

the following simplified form:

I (gz/gl = —;) =§|Ro|2 exp((%églJﬂuoH J(1+ exp(—9.Au,H))

X (l+ exp(—gglﬂyoH D(H (l—%yj fo fo’],

4) 1 fo+ Ty , 3
Pcim_[gz/gl:——]— — fozth(7ﬂgeyoH). (17)

! 21+(1—27J £,1

In the general case, the g,/g, #0,—-4/13,-2/5,-4/7 dependences of 7 and
P, On the constants ¢,,g, (or on g,/g, ) and on the direction of the mag-

(16)

netic field behave in a very complex manner.

It is of interest to analyze the general expressions for intensity (11) and circu-
lar polarization (12) in the limiting cases of weak and strong magnetic fields.

1) For a weak magnetic field ( Su,H <1) from (11) and (12) we find

4 H 5
|:§|R0|2(1+—geﬁé‘° j{2+ge(gl+ggzyj(ﬂ%H)z}, (18)
1 41\ pH
Pare. =~ 50, +— : 19
CIrc. 4 (ge + gl + 4 ng kT ( )

Here we immediately note that for the degree of circular polarization induced
by a weak magnetic field from (19) in the limiting case g, -0 we obtain the

result of Dyakonov and Perel (1), and the g-factor of the hole in the acceptor

41
coincides with the constant @, . In formula (19), the third term n g, in brackets

takes into account the more subtle paramagnetic interaction of the acceptor with
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the external magnetic field (see (2b)) and describes the additional hole contribu-
tion to the polarization. It can be seen that the Zeeman splitting constant g,
will make a noticeable contribution to the polarization even at such modest val-
ues as §, ~0.19, (for crystals with a diamond structure the following experi-
mental values are known: ¢, =-1.15+0.05, ¢g,=045+£0.05, g,=1.58 [4]
[7]) and it is necessary to take it into account for accurate interpretation of the
corresponding results of studies of recombination radiation through small ac-
ceptors.

In the case under consideration, although formally there is an angular depen-
dence for the Zeeman levels Ei(a) (5b) and intensity (18), it does not manifest
itself in the polarization of the radiation (19). This is explained by the fact that,
under the condition z,H <KT, the interval between the Zeeman sublevels of
the acceptor is covered by the thermal spread of phonons (AEi(ja) ~ gy tH <KT ),
and as a result, the induced orientations of the hole spins in the acceptor, on av-
erage, are practically independent of the direction of the magnetic field. There-
fore, it is natural to expect that the polarization of recombination radiation in
this case is not sensitive to the merging of the magnetic sublevels of the accep-
tor.

#H
KT
radiation intensity is practically independent of the magnetic field and

I z8|R0|2/3:const :

Under the (|g,.|g,|) <1 condition, as can be seen from (18), the total

HoH
kT

easy to satisfy at low temperatures with moderate values of the strength A. Thus,

2) The condition of a strong magnetic field (|g1|,|ge|) >1 is practically

for the temperature of liquid helium we obtain H >3KE. On the other hand,
the theory developed here is valid when the condition g H < E(()a), is satisfied
where Eéa) is the activation energy of the ground state of the acceptor, and at
Eéa) ~0.05eV we have H <« 500kE , which gives us grounds to consider mag-
netic fields with H >50kE strong already at the temperature of the liquid ni-
trogen.

In a strong magnetic field, the population of particles on split sublevels varies
greatly, which leads to a significant difference in the intensities of spectral lines
associated with quantum transitions between different magnetic levels of the
conduction band and acceptor. Thus, the probability of an allowed transition
between the lower electron and upper hole levels is much greater than the others.
Therefore, considering that the luminescence under consideration occurs only
due to the transition of electrons from the lower magnetic sublevel of the con-
duction band (m = —-1/2) to the upper acceptor sublevel (2 = -3/2) ¢ g, <0,
from (11)-(13) we obtain

1|R |2 (glluoH )3
g El(a)(El(a)z _Ega)z)

| = exp((|ge|,uoH +E® )/2kT)>< F, (20)
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(a) (a)2 (a)2
A PR PR A L
9:4,H gl/uoH) 49, (gpuoH)

(21)
(a)
_9gﬂ}+7%j3@jggqiiay -
29, 449 )2 49, 9,46,H
(a) (a)2 (a)2
ST S VI S 1‘4—4(1+§&J—E1 .
9,44,H (glﬂoH) 29, (glﬂoH) 22)
22

98, [[1+Z&j L J_r[fs— B ZHH 279, (1+ ! gljx :
49 4.9, ) 9uueH (gl/uOH) 16 g, 49,

where the upper sign (+) refers to the case g, >0, and the lower sign (-), to
g.<0, El(a) and Ega) are the Zeeman splitting energies of the two upper ac-
ceptor levels (of which El(a) is higher than Ega) ). Since according to (5b)
Ei(a) ~ H, then, as can be seen from (21) and (22), at ,uOH/kT >1 the degree
of induced circular polarization does not depend on the value of the magnetic
field strength, while at the same time such a dependence for the total intensity is
preserved due to the exponential multiplier exp((|ge|y0H + El(a) )/ZKT). At the

same time, / and P, exhibit complex anisotropy and dependence on g,/g,

with all the above-mentioned features at the beginning of point A.

3.2. Results of Numerical Calculation

Subsequently, under a “strong” magnetic field, we performed a numerical calcula-
tion of 1(6,9,/9), Puc (0,9,/9;) at g, <0, the results of which are pre-

sented in Figures 2-4. For these functions, regardless of the sign of the g, factor,

G 4 G A

ou can specify 3 characteristic ranges of values: —
y pecify 8 9,/% 0. 7 9 13

—ES&S—

Z 4 , in which they exhibit specific characteristics.
G

and

9,

4
Thus, when g, >0 at —>—E (region I) in arbitrary directions of the
1

1
crystal, the most probable quantum transition is - - —g and it is expanded

according to the selection rule. In this region, the total radiation intensity has
practically no anisotropy and is circularly polarized in the right circle (curves 1-3

in Figure 2(a), Figure 2(b)). And at &< —; (region II), the most probable
g

1
transition is prohibited and it can be assumed that in GaAs-type crystals with

such values of @,/g, in an arbitrary direction of the magnetic field, practically no

recombination radiation occurs through small acceptors. In the transition region
4 4
11 —7£ 0,/9, < 13 significant angular dependences of 7/ and P_,. lumines-

cence in a magnetic field are revealed, due to the anisotropy of the Zeeman split-
ting of the acceptor level and the direct anisotropy of the wave functions of the
energy bands of the crystal.
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1 ,arb.units
L8
a
6
L 4
)
g/gi
1 07 4 2 4 910 02 04 06 08 1
7 5 13
1 Pcirc., %
)\ b
- 80 I
F60
: - 40
F 20
g/ g
4 010 02 04 06 08 1
3 |k
[0
L 60
g L 80
| -100

Figure 2. Dependence of the intensity (a) and degree of circular
polarization (b) of radiation on g,/g, in the region of critical

values —4/7, —=2/5 and —4/13 for directions H // [001] (curvesl, 1°),
[110] (2,2’) and [111] (3,3’)at g, >0 (1-3)and g, <0 (1’-3’).

In the case of g, <0 (g, <0), as can be seen from curves 1’-3’ Figure 2, re-
combination through small acceptors in crystals of the GaAs type behaves com-
pletely oppositely in regions I and II of the g,/g, values, compared to the case
of g,>0 (g, <0). Thus, in region I there is no radiation in the sense indicated
above, and in region II there is radiation circularly polarized along the left circle.
And the significant difference in the transition region in the cases where g, >0
and g, <0 is that in the first of the latter, in the directions [001] and [110],

4 4
radiation is observed only at L3S 3 and 92 5 2 respectively, and in the

9 O
9, 4 9, 4 . o .
second, at —=<—-— and ==<-—. These results, in principle, can be easily
9, 13 9 7
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explained by fixing the position and course of the magnetic sublevels of free

electrons and the shallow acceptor dependingon g,, g, and g,/9; .

1, arb.units a
1
\_’/
0.8 1
— &/g=-413
061 —gz/g|:_2/5
04+ —gz/g|=’0*7
— &/g=-1
021
0 " '
1, arb.units b
1.00 A
\_/_
— 8/8 =01
— 8,/8 =05
0.98 | — 8 /g =1
— &/g =2
&/8 0
0 30° 54.74° 60° 90°

Figure 3. Angular dependence of radiation intensity for values g,/g, :
-4/13, -2/5, 0.7, -1.0 at g,/9,<0 (a)and g,/g,: 0.1, 0.5, 1.0, 2.0
at g,/9,>0 (b). Vector H lies in the (110) plane, @ is the angle
between H and the [001] axis. The value of z,H /KT is fixed.

| s a b
8. /gl >0
75
0 — &/8=-2/5
&/& < — /g =43

=X 501 — &/g =01
5 — &/8=-0.5
g — =-0.7
g 251 /8
k=

2 o 6 [111 ]
5 Y 0 0 ) 0 U
;; 30/ [111] 60 90 30°\ 547160 90
2

5.25
3 — g,/g=-4/13

Q

o — &/&=-2/5
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Figure 4. Angular dependence of the degree of circular polarization
for values g,/g,: -4/13. -2/5, -0.7, -1.0, -2.0 at g¢,/g, <0 (a) and
9,/9,: —2/5, -4/13, -0.1, —0.5, 0.7 at g,/g,>0 (b). H and @

are chosen in the same way as in Figure 3.
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Figure 2(a), Figure 2(b) show the qualitative dependences of 7and P,

circ. on

0,/9, in the vicinity of the critical values —4/7, —2/5 and —4/13 for the direc-
tions H //[001], [110], [111] at g,>0 and g, <O with features discovered
during the numerical calculation. Note that the cases g, >0 and g,<0
(g, <0) also differ in that for them the values of the matrix elements of the al-
lowed transitions do not completely coincide. It should also be noted that for
0, >0 the characters of the functions Pdm.[@,%,H] and I[H,%, HJ do
1 1

not differ qualitatively from the case of g, <0, in particular, the graphs under
study for g, >0 (g,>0)and g, <0 (g, <0) completely coincide.

Figure 3 and Figure 4 show the angular dependences of the total intensity and
the degree of circular polarization of radiation in a “strong” magnetic field, calcu-
lated for some values of g,/g, at g,/g, <0 (Figure 3(a) and Figure 4(a)) and
9,/9,>0 (Figure 3(b) and Figure 4(b)). The nature of the dependence 1(6),
P! (@) is determined by the sign of the ratio of the § factors g /g, and
0,/9;, . It can be seen that at g¢,/g,<0, 9,/9,<-4/13 or g./g9,>0,
0,/9, >—4/7 the values of 7 and P

circ.

depend significantly on the angle 8,
and the luminescence intensity decreases significantly. In the case when
9./9,<0, g9,/9,>-4/13, 0or g./9,>0, g,/9, <—4/7, in a strong magnetic
field Su,H >1, the radiation in the direction of the vector H is almost com-
pletely circularly polarized, regardless of the angle 6 (within 2%, see Figure 4),
Le., the anisotropy of Zeeman splitting in this case does not manifest itself in the

polarization of luminescence.

4. Conclusions

Based on the results of this work, the following conclusions can be drawn:

1) Using the method of Picus and Beer invariants, general expressions were
obtained for the total intensity and degree of circular polarization of photolu-
minescence at small acceptor centers of GaAs-type semiconductors in a longitu-
dinal magnetic field.

2) In a weak magnetic field, formally there is an angular dependence for the
Zeeman levels Ei(a) of the acceptor and the total intensity, but it does not ma-
nifest itself in the polarization of the radiation. In this case z,H < KT , the rad-
iation intensity is practically independent of the magnetic field.

3) In a strong magnetic field SuyH >1, the nature of the angular depen-
dences 1(6), P, () isdetermined by the sign of the ratio of the g-factors
0./9, and g,/g, . In the case when g¢,/9,<0, g,/9,>-4/13, or
0./9,>0, 0,/9,<—4/7 the radiation in the direction of the vector H is al-
most completely circularly polarized, regardless of the angle 6. At g,/g, <0,
0,/9,<—4/13 or 9,./9,>0, 9,/9,>-4/7, in a strong magnetic field, the
luminescence intensity decreases significantly, and the values of /and P, ,
significantly depend on the 6.

Thus, studying the dependence of the intensity and degree of polarization of
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luminescence in a magnetic field, caused by the optical transition of free elec-

trons to the level of a shallow acceptor, on the orientation of the vector H in

the crystal makes it possible, in principle, to find the values of the constants g,

and ¢,, as well as to establish some characteristic features of the functions
I (91 gZ/gl’H) > Puupk.(e'gZ/gllH)‘
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