Recombination magnetism of electron-hole drops
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We estimate the magnetic moment of electron-hole drops, which is produced in a magnetic field as a result
of the recombination flow of carriers from the surface into the interior of the drops. The interaction of this
moment with the alternating magnetic field leads to a characteristic resonant absorption.

Recombination of carriers inside electron-hole drops
(EHD)!! leads to the appearance of a flow of electrons
and holes from the surface into the interior of the drops.
In the case of stationary excitation, this current can be
estimated from the continuity equation
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Here 7, is the concentration, v, is the radial component
of the electron and hole velocity, and 7, is the EHD
lifetime. Assuming that the concentration »n, varies very
little, we can obtain from (1)
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where r is a radius vector with origin at the center of
the EHD,

In a homogeneous magnetic field H, directed along the
z axis, the electrons and holes moving from the per-
iphery to the center of the EHD are acted upon by a
Lorentz force that causes the electrons and holes to
rotate relative to the z axis in opposite directions.
These circular currents of the carriers produce in the
EHD a magnetic moment M directed along 2. The mo-
tion of these currents can be described by the equations
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Here ¥, and v, are the velocities of the currents, and
F, and F, are the friction forces of the holes and elec-
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trons, respectively. Assuming that electron-hole scat-
tering predominates in the EHD, and that the interaction
with the crystal lattice is negligible, we can put

Fp=-F,=-(rxd,-a,]-2 “)
Th
Here w, and w, are the angular velocities of the holes
and electron subsystems, m, and m, are the effective
masses, and 7, and 7, are the hole and electron mo-
mentum relaxation times. From (3) and (4) it follows
that
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The EHD magnetic moment produced by the total cir-
cular current of the electrons and holes is equal
en"Rz n“czﬂokz r 14
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where R is the radius of the drop and V =47R3%/3 is its
volume.

If the EHD is acted upon not only by a constant field
but also by a weak alternating magnetic field H coswt
perpendicular to Hy, then the magnetic moment M of the
EHD will be inclined periodically from the direction of
H, through an angle 6. The equation of the EHD oscilla-
tions can be written in the form
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Here I=(2/5)(m, +m,n,R?V is the moment of inertia of

Copyright © 1975 American Institute of Physics 197



the drop. The damping coefficient A =1/27, may turn
out to be quite small if the electron and hole subsystems
oscillate as a unit and the damping is determined by the
interaction with the crystal lattice. This assumption is
likely, for owing to the finite compressibility of the
electron-hole liquid the magnetic field H; should cause
a certain increase in the carrier density in the EHD
from the poles towards the equator. Therefore indepen-
dent shifts of the electron and hole subsystems should
lead to the appearance of space charge and of electro-
static forces that prevent such a shift. Introducing the
notation w?=MH,/I and ¢ = (w? - w?)/2w, we obtain from
(7) the power absorbed by the EHD:

Mt A
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which yields under resonance conditions (w=w,)
2
Viw,) = Mo g, )
2/

To estimate the expected effect, we used several EHD
parameters typical of germanium, ' and put m, =1
x107%® g, m,=3x10"2 g, R=10"% cm, n,=2x10'7 cm3,
and 7,~2%10° sec. The momentum relaxation time 7
for a degenerate electron-hole gas can be estimated
from!®! and turns out to be of the order of 3x10° sec at
2°K. The characteristic time of the lattice scattering of
the EHD, 7,=10"® sec, was obtained in'®’,

Let us compare the recombination susceptibility x,
= (1/V)(aM/8H,) of the EHD with the susceptibility of a
degenerate electron gas. The Pauli paramagnetic sus-

ceptibility was given by the relation'! y, =n,82/¢,
where =10 erg/G is the Bohr magneton, and ¢

=3 meV is the Fermi energy in the EHD.!!! Substituting
the characteristic parameters in (6), we obtain x,/xp
=50, It appears that the recombination susceptibility
can exceed also the diamagnetic susceptibility of a de-
generate plasma.

The frequency of the resonant absorption is
eH r

o cRm(m, +mh)]1/z 3, (10)
It is seen from (10) that the resonant absorption can be
observed either at low frequencies, or else in stronger
magnetic fields and cyclotron absorption, inasmuch as
T< 15, Thus, at w,~6x10° sec! the resonances set in at
H,=6X10% Oe. Since the damping should be determined
in this case by the lattice relaxation time 7,, corre-
sponding to w,7, >1, the resonance should be quite
distinct. Hopefully, an experimental investigation of the
resonant absorption of EHD will make it possible to de-
termine both 7., from the width of the resonant peak,
and the characteristic electron-hole scattering time in-
side the drops, from the position of the resonant peak.
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