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The splitting of Landau levels by dislocations in a multivalley semiconductor is analyzed At
cyclotron resonance in a magnetic field parallel to the dlslocatrons, satellités appear at a
distance fw, from the fundamental line, where S~ 1. The broadenmg of a satellite line when

the magnetrc field devrates slightly from the direction of the drslocatlons is studled

1. INTRODUCTION A e

The customary approach in the analysis of interactions
‘between current carriers in an uncharged dislocation is the
strain-energy-approximation. In-a multivalley semiconduc-
tor,a dxslocatronals, roduces an effective vector. potentral
the el alley. 2 For example; for-a cubic
crystal, in wh1ch the valley vector k lies along an axis of
symmetry no lower than twofold, we. have ,

A d=—'lan rl"{i(wm'l‘win) kytyawiks +'Yaw5m(kjkm/k )km (n

where w;,, = du;/9x,, is the distortion tensor, and 7, ~ 1.
The first term' here is purely geometric, while the three oth-
ers result from a displacement from the valley vector in k-
space because of the deformation. In the most common case,
k=K/2 (K isa reclprocal-lattlce vector), there are no de-
‘ jon'is equivalent to a nar-
If the'quantum. If, on the
‘the dislocation will pro-
duce, in‘a noid field; an' effective magnetic
field which falls off as 1/ rl w1th dlstance from the disloca-
tion core. -

. Inthe present paper we analyze the splitting of Landau
levels by dislocations in a strong magnetic field (we assume
r. €n; %, 0,73 1, wherew, is the cyclotron frequency, 7. is
the Larmor radius, n, is the densrty of dlslocatrons, and Tis
the relaxation time). ‘

- The splitting of Landau levelsby a' lme defect was stud-
ied-in Refs. 3 and 4, but the interaction of the defect with
electrons was described by a scalar potential of small radius.

Such a potential would be a small perturbatlon in the pres-

ence of the vector potential (1), since all the wave functions

decay in power-law fashion as 7, — 0
In the presence of a dislocation, the Hamtltoman of an

electron in a magnetic field is
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The subscrlpts Al and L speclfy the components reSpectrvely
parallel and perpendicular to the vector of the bottom of the
oy, L(r):is the strain.energy;. and-A". = (1/2) inH)/2.
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The solutnon of th1s equatlon is

the very s1mp1e case in whlch there is
ntera _tron between the electron and the

he express y
| to'the dlslocatron. In thxs case, the dxslo-

‘units'of the quantum of flux' (b is’ the Burgers vector) We
mtroduce the d1mens1on1ess units
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Here ’
—(mfm") e m.,-—eH/cmc,‘ an= (me/ma)hc/eH

G /m 1 + sin? 0/m lm") 2 s the cyclotron
the angle between k and H In terms of these
nit : gauge, —p/2 the Schrodlnger
equation takes the form »
16814;621[:((8 :)‘ipz L

iog ) ===} -+ =();
b T 6p+ o2t o \g —ia > ) P Zmp 0

e exp(tp,z+tmcp p2/4)
“ppzmtlp (r) (ZIT,L,) Y

. no! )f/, ( P )lm-al - ( pz)
X ( I‘(np+|m—oc|+ ) G Lng 2

where I‘ (x) is the‘ gamma function, and L 2 (x) isa general-
1zed Laguerre polynom1a1 The energy exgenvalues are (in
dtmensronal umts)

E= P
2(m" cos2 6+mJ_ sm2 0)

+ﬁm¢[np+— (m—a+lm—ot|+ 1)]

The: dlslocatlon thus gives rise to new energy levels (at
m>0).E, =fws(n —a-+ 1/2) (Fig. 1), which are n- -fold
degenerate. For electrons from the opposrte valley we have

= #iw, (n+ a—1/2). If the valleys instead lie.at t
edge ofth 'lloum zone, wewillhavea.=:1/2,and the new.
levels-appear: precisely. halfway between Landau levels, .

.-When an alternating electricfield is imposed, the re

FIG. 1. Splitting of Landau levels by a dislocation in the topological ap-

ransrtrons between - Landau level and a sphtoﬁ‘ level
; © 1) Such' transitions can occur between statés’ w1th
=0 and m —1 (for the valley with @>0) or with

oL ere is a”s ngle ’ ans1tron at the shlfted
y per dlslocatlon, {the ratro of the mtensxty of the

_ mc((-))mc((P) (cos'cp+ K

Aw1th an. energy El

nant transitions between Landau levels may be accompanied
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: formally determm &'the fuiictions’ v,

+[p,+;(p;+ e

all, devratron of the magnetlc ﬁeld from the dlrectron of
islocation thus glves r1se to a perturbatlon Y

‘the operator ﬁ ca:m' be found from
fw} [(3/2) —a] (n, =0,
ince the Hamrltoman does not contain z, the elgen-

(e ) =L exp (ip) B (ri) .

The perturbatlon lifts the degeneracy at the Landau level for
the given p;. In' the absence of a dislocation, in terms of the
variables which we have chosen here, the states with
P: + xp, = const have an identical energy; i.e., there is no
degeneracy for the given p,.

We write the eigenfunctions as expansions in the unper-
turbed states:

()= Z.cm “Pn (1),

m-o

(2)

‘mo - {p mta
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ghe coeﬂicrents C"’ obey a secular equatlon of infinite or-
er:

Ym(ry) =

EC'" F‘ZVW..'C"M s - (3)

The'intensity of the transition accompanled by the transfer
of anenergy 1 —a + ¢is determrned by the square of the
matrlx element:

1y | Jar 0 (rr)m.,(rr) |
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Since the matrix element of the’ dlpole-moment operator is
nonzero only between the states with Am= + 1, wecanput
M(p,)mtheform = :

l f(p,)M (ps)V(e,pz)

where f ( p, ) lS the- dlstrlbutlon functlon of pz , and

1 p,2)M?] 1 ig'the state density. -

The secular equatlon' (3 can'bé’ solved exactly We can

ermit (,rl ) from (2)evenfor
era orp =i /ox 4 y/2 +ay/p?, Whlch is
‘the “perturbation’ V' by . V= (1/

"a: / 2 acts on these functlons in the follow-

Kenvectors of

- pCu? = [ (m+a )"'C,,._, - (m+¢x+1) "‘C,,.H

- This e,quation has two linearly independent solutions: -

82V, [6rdahiskirand




Ot (9) = e [T (m -+ 0+ )] D s —1:2D),

Pn <p)=% [T (mtart) 1 (—1) "Doeans (2%9);

here D, (x) is the parabolic cylinder function.s. The solution
of Eq. (3) can be constructed as a linear combination of the

four functions @ %, (p*); @2 (p™), @ 0(p7), ¢,2;,(p"),'

165°g°[ | Do (i-2"p*) |+ | Da(i2%p7) ]

where p* = —p, /% +q, ¢= (26 +p2)"%/x. The coeffi-
 cients in the‘ linear combination are chosen in'such a way
that conditions C%_, =0, C*_, =0hold. -
Each eigenvalue € is thus doubly-degenerate. We can
choose two orthonormal solutions: C}, and C . .
The lineshape is determined by the combinatlon
|CL[2 + |CY|? for which the following expression can be

derived:

ICOI|2+|COHI?

In the 11m1t1ng case x <p, ) the express1on for M ( p: ) s1m-
plifies:’

sin mor 1

Me(p.)=

aba(1—a) T (1+a) | Do (i 2"'3/%}1.) E

In this case the line remams .symmetric with respect to:the
frequency (1= ; and has .a width on the order of
' AP, Ay, (in d1mens1ona1 unlts)

. If only the z¢roth Landau level is ﬁ11ed 1n the ground
state, the 1nequa11ty P..< 1:holds for all: the important p,. In
this case there is a region of values of parameter x
( p, €% <1) in which’ the lmeshape is not glven by expres-
sion (4), but the 11ne is evertheless narrow In this reglon,

, w1th£>p,, : i o
(Zze/u’)|z L)
:,that in th1s case it:is

(4)
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lequilibrium conditions such that electrons are excited from
, deep levels. The deep levels dlsappear if reconstructlon oc-
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discussed.

: In the present paper we cons1der the macroscopic con-
:sequences of, and the microscopic mechanisms underlying,
the followmg relation between a current and a magnetic

1ng medla

(1)
“Stich a relation can be reallzed only ina nonequlhbnum me-
um. Indeed, the Onsager symmetry relations are vahd in

( : the g eral case. _
iIce % is a pseudotenso th requlres that the symmetry{
up of the nonequlhbnum medium, which is the intersec
of the symmetry group of the equilibrium’'mediui a%il
of:the agent causing the state f 1 ,

(3)
he three examples, (in the case of the photoelectro-
ctic‘effect the speaﬁed vector N is directed along the

“sS‘SV;‘?PhYs".‘iJETP 64 1), duly 1986

ﬁeld a relation wh1ch is possible in homogeneous conduct- ‘
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The 1nstab111ty, caused by magnetncally induced currents, of a nonequ111br1um conductmg
medium in zero external magnetic field is described. The mechanism of such an instability is,
in a sense, universal. The conditions for the effect to be observable are obtained on the basis of
an analysis of different physncal s1tuatlons, and the feasibility of experimertal observation is

normal to the surface ) The form (3) allows us to graphical-
ly intérpret the magnetlcally lnduced current as the result of

rustiFe of % is more comphcated than
(3)~Inthissense agoo ample isthe magnetically induced
current predlcted{ Y enko and Plkus should occurin a

- The form of ;c"” is mportant for the analys1s ‘of the
stabrhty ofd homogeneous nonequilibrium medium against
low-frequency, low-w ’e-number electromagnetlc excita-
tions. If x has the structure (3), then the medium is always
stable. It is Ehashbergfs idea that this type of excitation is
unstable in the case when % reduces to a pseudoscalar In
Ref::6:the: ;present.authorcarried outa Symmetry analysis of
x in:an‘anisotropic: medium inithe: presence.of a temperature
gradient,'and-demonstrated;the pOSSIblllty of the.convective
instability of: low'frequency electromagnetic excitations—
thermomagnetl swaves”*—in such-amedium, -
+This mecham m of instability deveélopment is universal,

in:the :sense: that, :whencertain" symmetry requirements,
which will be dlscussed below, are:met, it can be realized in
ucting medlum inan arbltranly weak state of non-

“In the ﬁrst section we consider the stability of electro-
magnetlc excrtatlons at the phenomenologlcal level, and ob-

( ) the passage of sound through he ma-
teria and the 1nequa11ty of the carrier and lattice t
lyze within the framework of a s1mp1e
model the questlon of the final phase of the dévelopm nt of
the 1nstab111ty In conclhsron, we con i

I
fatiis

o v 4w ’o““}i“’(
rotarotA, ~ o -c—( -

+x""rotpA) : 7(4)

. Here: A is the vector potential of the electromagnetlc field:
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