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Recently a number of works have appeared in which various mechanisms were
considered for the excitation by a current of high-frequency (10-100 MHz) os-
cillations in the plasma of a solid in the presence of an external magnetic field
(both parallel to the current and perpendicular to it). The extensive class of
instabilities considered in the works of L. E. Gurevich and 1. V. Toffe (!) is
associated with the excitation of potential oscillations, for which the inhomo-
geneity of the plasma is of primary importance. The frequencies of oscillations
of this type are usually not large, since the wavelengths are then of the order of
the dimensions of the specimen. In works (2,3) the excitation of nonpotential
oscillations of the helicon type was considered, with a characteristic threshold
value of the drift velocity of the order of the Alfvén velocity. A paper (*) is de-
voted to the same question. However, in all these works the intrinsic magnetic
field of the current was not taken into account. Below it will be shown that, al-
though it is small in comparison with the external magnetic field, it nevertheless
substantially changes the dispersion relation and the excitation conditions.

Let us consider, in the hydrodynamic approximation, the problem of excitation
of nonpotential oscillations arising when a current is passed across an external
magnetic field. Let us direct the z axis along the constant external magnetic field
H,, and the y axis along the unperturbed current j,. In this case, in a system
bounded in 2 (and unbounded in y and z), there arises the intrinsic magnetic
field of the current, for which 0H,/0x # 0. Bearing in mind low-frequency
nonpotential oscillations (with frequencies w much smaller than the collision
frequency v), we neglect the inertia of electrons and holes in the equations of
motion. Then the equations take the form

1
—enE —en—[v,H| — xT,,Vn —vnv,m, = 0; (1)
c

1
epE + epg[va] —Xx1,Vp —vpv,m, = 0. (2)
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Here n, p are the concentrations of electrons and holes; v,,, v, are their velocities;
X is Boltzmann’ s constant. Solving these equations together with the continuity
equations shows that there exists a stationary drift of the electron-hole plasma
along the x axis in crossed electric and magnetic fields, while the current, under
the conditions

W, > V> Wy, 3)

(the electrons are magnetized, while the holes are not) and n, > p,, is carried
by electrons moving with velocity v = j,/nge. Here ng,p, are equilibrium
concentrations.

Passing to a coordinate system in which the drift of the plasma as a whole
is absent, and assuming that the perturbed quantities (denoted below by the
subscript 1) are proportional to exp(—iwt), we obtain from (1) and (2), taking
(3) into account,

1 1 1 1
f%jl—ynlmnu = —enOElJrE[jOHl}Jr j1H0]+en1E[uHO]fxTnanfepOE[v}jHO}—anyppo;

-l
(4)
epo B! — XTprl —poumpv}g =0, (5)
where j = e(pv, —nv,,).
Taking into account the quasineutrality condition n' = p', it is sufficient to use
the continuity equation for holes
—iwp! + div(pyv,) = —vgp', (6)

where vy is the hole recombination frequency.

We shall also use Maxwell’ s equations, in which we neglect the displacement
current:

4

rot H = %j; (7)

rot B! = EHl; (8)
(&

divH! = 0. ()
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For what follows it is convenient to express the components V;J through H' and
pl. Substituting (7) into (4), we find

1

vm
+ vpym,v,, = = —eny B},

nC

z

1
t, H — —[rot H,, H!
e O 47T[r0 o HJ. +xT, 8

which, using (5), gives

1 e O0H,/0r v%, Op' ¢ m, (0H, OH!
Vpr = Hx——a—+4 N\ o . (10)
m,v 4mnge vng 0z Tnge m,, x Y

Applying the operation rot to equation (5) and assuming p, = const (below it
will be shown how the dispersion relation is modified for p, = py(z)), we obtain,
using (8):

ew

H'. (11)

rot vzlj =i
vem,

From (7) it follows that H, = H,(x); therefore we choose the spatial dependence
of the perturbations in the form A(x)exp(ik,y + ik,z). Noting that, according
to (7), 0H,/0x = 4wngyeu/c, we then obtain from (10) and (11):

1 ew . . euw OHL vi,9p' 1 ¢ O’H, i OH}
v, = —i ——Lr —
PEmpvek, Y myvck, 0x  wvny Ox  k, 47Tnoem 0x? Y Ox
(12)
7 v k, OH}
1 w H! — ik, Tp 1 ¢ m, v 1 13
Upy mvck, ! p s k: dmnge m, \ O e | (13)
where O = w —k,,; v% =X T—JrT
v P my, Po

Thus we have expressed Vzl) and E! from equation (5) in terms of H' and p'.
Substituting the relations obtained into the z- and y-components of equation
(4) and into equation (6), and using (9), we find the dispersion relation in the

quasiclassical approximation (0/0x ~ ik,, k, > 01ln H,/0x)

~ . 2 ~ . 4 o~
k2k2 + pam wtwg _ a2l “(@ +ivpg) _ Wp Ww
m n0w+wR—|—zk2va/1/ Avwtivg +ik?vg, vt Wi,

(14)
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Here wj,, = 4mnge? /m,,; wg, = 4mpge? /m,,. Tt is important to note that the dis-
persion relation obtained for nonpotential oscillations is valid for k? < k
win/c? (5)

On .
Equation (14) describes the natural oscillations of an electron-hole plasma of the

magnetic-sound type (k, = 0, u = 0) and of a helicon (k, > |/m,,po/m,ng, u =

0) (5). For p, = py(z) the general form of the dispersion relation is preserved,
with w in its last term replaced by w — k,udInp,/01In H,. Let us examine at
what velocities u the oscillations described by dispersion relation (14) begin to
build up. For this we use the fact that at the stability boundary Imw = 0.

max ~

Equating the imaginary and real parts of dispersion relation (14) to zero, we
obtain the following system of equations (w,u are the values at the stability
boundary):

Aw +Bo +C22g — Dup = 0; (15)
124

Alvg + kzv%p/l/) + Bvg — C&? /v — D(vg + kzv%p/y)(fj w=0, (16)

where
2 4
m,p Wy W 1
A=k B=k-—"0 C=k—; D="0——
myn c c* Wi,

Substituting A from equation (16) into equation (15), we obtain

C - *w - wrg
“ YY) yBle- YR
v (VRW * VRJerU%p/V) T (w VRJrk:Qv%p/z/)

Introduce the effective recombination frequency v = vp + kzv%p Jv. It is deter-
mined by both recombination and diffusion (v, /v is the diffusion coefficient).
Then from (16), taking into account the inequalities C' > Dvv, Cvg/v < B,
it follows that & = k2u?A?/(A + B)?. The final expressions for the limiting
parameters have the form

2 .2 2
w? = k§u2k4m—;p—g/ (kg + k2 mnp()) ; (17)
m2 ng m,ng
m 2 m w?
K2 = v <k2 + k?“po) (kzu + k2 lnlo VR) /% KL (18)
! m,ng m,ng ¢

Taking the concentration gradient into account, these expressions become con-
siderably more complicated; moreover, the threshold value of the velocity may
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increase substantially. It follows from (18) that the minimum value of the
threshold velocity

uzmin ~ py cz/wgp (19)

is attained for k, ~ k, ~ k; k,/k ~m,py/m,ng < 1.

Since v falls with decreasing k, the smallest threshold corresponds to the ex-
citation of the longest-wavelength oscillations. In this case the wavelength is
determined by the smallest size of the system, k_;, ~ 7/L,;,, if there is no
mechanism permitting modes with k < k,;, to develop (6). It is significant that
under real conditions the threshold determined by formula (19) corresponds to
velocities considerably smaller than the thermal velocities of the carriers.

The increment of growth of the oscillations near the threshold is found in the
usual way—by expanding the dispersion relation near the threshold in the small
quantities Aw=w—w,Au=u—1u

A
v = 224 (20)
u

We note that the expression found for the oscillation frequency at the stabil-
ity boundary refers to the coordinate system in which the plasma as a whole
is at rest. Therefore, in the laboratory coordinate system the experimentally
observed frequency spectrum should be

1 E
0< f S E (wp + kacminvdr) ) Var =c FO (21)

Let us estimate the threshold velocity u, and the oscillation frequency f for
InSb at T = 300°K, where m,/m,, = 30, v = 10" sec™!, vp = 107 sec?,
ng = py = 1.5+ 1016 cm™3. According to (19), (21), we obtain, for H = 3 kOe,
u, 106 cm/sec < vy, 0 < f < 30 MHz.

The authors express their gratitude to L. I. Rudakov for his constant interest in
the work.
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