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Abstract. Spectrum of carriers in layer semiconductors under action of strong electromagnetic
field is analyzed. It is shown that obtained modification of the spectrum qualitatively differs
from modification in analogous problem in excitonic dielectric or superconductor with the
parabolic dispersion law of carriers.
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1. Introduction

Aim of the paper is analysis of an electron spectrum of
the sharply anisotropic semiconductors in the field of
strong electromagnetic radiation. Phenomenological
model is useless for the description the problem because
its some active constraints, and it needs the microscopic
description [1].

Let us consider layer semiconductors. It is known [2]
they possess by sharply anisotropic physical properties
caused by various type of chemical bondings (covalent
or ion-covalent and van der Waals) in various their
crystallographic directions. Let us the layers coincide
with the XOV planes. Then the electron and hole disper-
sion laws take the form
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are effective masses of an electron and a hole, respec-

tively; n=1); B,, B, are theelectron and hole mixings,
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respectively; z = k_d, . The origin is taken in the middle
of forbidden energy gap E,.

Description of the carriers in (1), (2) in the effective
mass approximation in the plane of layer and in the tight-
binding approximation normally to it shows noted pecu-
liarities of the layer crystals.

Let us insert the layer semiconductor into the field of
the strong running electromagnetic wave

E(r.t)= Eexp(iQr +ip). 3)

where Q is frequency of the wave. Since we will consider
resonance interaction of such field with the semiconduc-
tor, the frequency must satisfy the condition [3]

0<Q-E, <<E,- 4

2. Hamiltonian of the problem. Green function
method of its solution

Hamiltonian which describes the carriers of the semicon-
ductor in the electromagnetic field in the secondary
quantization representation takes the form [1]
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Here a; (ba+ ) is a creation operator, and a a; (b5 ) is

an annihilation operator of an electron (hole), respec-
tively.

The last term in (5) describes interaction with electro-
magnetic field, where a* b7, describes the electron trans-
fer from valence band to conduction band, and a-b-, —
reverse process. Matrix element A p may be presented as

App =255 (©)
where

A=Eppd,, (7
and

Egp = [EG)exoli( - 5 l*r, ®)

ev,
dey =% (c=1).

Matrix element A ;- connects two states p and p” in
¢ —and v — bands. Since p— p” =k — wave vector of the
electromagnetic field is much less than quas1 -momentum
of the electron (1k1=10*em™!, a 1 pl=10® em1[1, 3]), it
may be ignored. Taking into account this fact,

H(t)= Z {9‘» (ﬁ)a;af, +&, (ﬁ)b;b[; }4_
+ Z {ﬂﬁﬁa};b; exp(—iQr )+ h.c.} ©)

By unitary transformation proposed in [4]

U(t)=exp —%Z(a};aﬁ +bgbﬁ) , (10)

p

Hamiltonian (9) may be presented in the form inde-
pendent on time, namely:

1= SR s 60 5¥ o
+Z{;L payby +h.c.}

(11)

where £.(p)=e.(p)- 1o» & (p)=¢€,(p)— 1o With o =
_ Q-E,

2

Thus the unitary transformation leads to the shift p
of the bands and as result according to condition (4) the
bands will be intersect.

Structure of the Hamiltonian (11) looks like to the
Hamiltonian which describes superconductivity or
excitonic dielectric [4]. It is known that the Hamilto-
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nian may be diagonalized by alternative methods. One
of them is using Green function method.
Let us introduce Green functions [4]

G, (pt: p't')=—i <Taj(t 5 )>
Gy (pt; p't') =i <Tb3(t 5 t")>
F*(pt; pt')=<Tb (t)a, (") >

F(pr. p't')=<Ta; () (t")>

From equation of motion for Green functions
G,(pt; p’t’) and F*(pr; p’t’) in p,w-representation,
their poles may be obtalned Their equality to zero give
spectrum of the system taking into account the effect of
the electromagnetic radiation of the semiconductor,
namely

o1 = ()&, K. (12)

where K:J[MT P

Taking into account (1), (2), the spectrum takes the
form:

D12 = k‘opi —Bo(1—cos z)JJ_r

(13)
i\/bl?i"‘ﬂl(l—cosz)]zﬂﬂz,
where
(1) =l((X.—(Xh), oy, =l(a‘+ah)’
2° ¢ g e

Bo :%(ﬁc - B )

Thus bands (13) will be separated by gap 24, which
may be interpreted as electron-hole pair with the forma-
tion energy 2A.

Roots (12) were analyzed in [1] for semiconductors
with the parabolic dispersion law of their carriers. It was
shown that at noncoincident effective masses the carrier
parabolic bands (Fig. 1a) after applying electromagnetic
field change their topology, namely: there is a gap ~A,
and the band extreme are realized in another points (see
Fig. 1b).

B :%(ﬂc + B )

3. Results and discussion

Let us analyzed the spectrum reconstruction caused by
the intense electromagnetic field in the layer semicon-
ductor case. Consider an extremal problem of @; , from
(13) with regard to p, and z. For the upper band, w,
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Fig. 1. Electron spectrum of an isotropic semiconductor (E, is the forbidden gap) (a) and one of its possible reconstruction caused

by strong electromagnetic wave (b).
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(15)

(14), (15) are simultaneous equations, which may be di-
vided on the subsystems:

{ pL=
a)q.
sinz=0

From (16) it follows that critical point (in variables
(p1.2))is (0,0).

(16)

pL=0
0 10+ 2 p3 + 1 1-cos ) J=0 (n
and critical point is (0,4), where
A
A= [30—”' (18)
VBE - B3
o
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Here, the critical point is (£ ” ,0), where
1
oA
of —op
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And at last the simultaneous equations

o
K+a—1(a1pi +B1(1_COSZ)_IJO):O
0

K+ P2 4 By (1=cos2)- 1o )= 0, @1
Bo
are inconsistent ones.
In the case b) z is real on condition that

i—ﬁl —Up| €1 only or

Bi

AS‘LL()SA+2ﬁ1, (22)
and p, isreal (see case c) at

Ug = B. (23)

Thus, at various value intensity of the electromag-

8

netic wave intensity, pq = , it may be qualita-

tively different reconstruction of the carriers spectrum or
topology of their isoenergetic surface.

Bo
Let us A > B case, 1.€. ) 2 2 2 or
\//31 - B \/051 )
- o.—o
Be =P > e Th (It should be noted that in spite of
BB a0

the fact thatitself o, 0, > B,., B}, » the last inequality or
opposite one are possible as long as there are not only
values oy, B, ), » but their differences).
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Case1). Let’s B < A. Then the spectrum reconstruc-
tion is presented graphically as
- + + +
Z ¥ T *

I
A+2B Hy

0 B A

Here sign +(—) means possibility (absence) of such
reconstruction. The upper sign is connected with vari-
able p, ,and lower one with z.

Caseii). A< B<A+2f;.Then

— — + +
— + + —
i i i i
0 A B A+2ﬂ1 /u[)
Caseiii). B> A+2f;. Atthat
— - - +
z ¥ = —
i i i i
0 A A+28 B Hy

We may analyze the lower root of (13), @,. In this
case its qualitative change will be the same.

4. Conclusions

Obtained results allow to draw some conclusions. In par-
ticular:

The spectrum reconstruction of Fig. 1b type is possi-
ble starting with some intensity of the electromagnetic
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wave, namely oy > B (i) or yy > A (iii). Furthermore,
simultaneous reconstruction both in \p, p y) plane and
along z takes place at py from [A,A+2f;]() and
[B,A+2 [31] (ii) only. In case (iii) such situation impossi-
ble at any p, (and consequently and Q).

There are known simple external factors to change
electron interlayer mixing f3.., 3, in the layer semicon-
ductors (f. ex., hydrostatic or C-axis pressure). By these
factors may rule over topology of the energetic surfaces
in the layer crystals in the field of the intense electro-
magnetic radiation.

Existence of presented limitations on the spectrum
reconstruction in the layer semiconductors substantially
differs from analogous reconstruction in excitonic di-
electric or superconductor with the parabolic dispersion
law of carriers [1].
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