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Indirect electronic transitions in semiconductors occurring as a result of scattering of
charge carriers by dislocations in a quantizing magnetic field
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The light absorption due to indirect electronic transitions in a semiconductor in a quantizing
magnetic field is calculated under the assumption that an edge dislocation plays the role of a third
body. The characteristic light frequency and magnetic field dependences of the absorption
coefficient are determined for the mechanism considered19@8 American Institute of Physics.
[S1063-78268)01104-1

Indirect interband transitions in a semiconductor with a 22
dislocation mechanism for scattering of charge carriers v0=§f. ©)
(CCs9 under certain conditions imposed on the temperature
and dislocation density can compete with indirect transitionsHere a is the distance between the dangling borfdis the

due to the phonon scattering mechanisin. bond filling factor, anc:g is the permittivity of the semicon-
In the present paper we study indirect interband transigyctor.

tions of CCs in a semiconductor in a uniform magnetic field  Calculation of the matrix elememt®'S with the poten-

with edge dislocations playing the role of a third body. tial (2) shows that when the line of the dislocation is perpen-
The light absorptiorfAC) associated with indirect elec- dicular to the magnetic field, we obt&irthe following ex-

tronic transitions in an external magnetic field can be calcupression forM 'S:

lated in second-order perturbation theory as

2 v
2mwhc npS 27 MPIS= 0 ) (4)
= —_— . — 2 " ’ 2 N!’N!I,
a(le) nr(l) |AO|2 ﬁV LyLz)\ +|k _k |
|MPHOTIZ|\DIS|2 wherelL, and Lz. are _the Ijnear dimensions of the sample in
% the corresponding directions.
NK N”.K' N’ K’ [Eg+ sCN,(k;)—s”N(kz)—ﬁw]2 Using the expressio¥) and the well-known expression

for the optical matrix elemenit!""°T and switching in Eq.

X 6(Eq+ 8CN,,(|('Z')—8K,(kZ)—ﬁw), (1) (1) from summation ovek” andk to integration, we finally

where w and A, are the frequency and amplitude of the obtain the following expression for the AC:

incident light waven, is the refractive index of the medium, 27y [ e |2
np is the dislocation density on an argaV is the volume of a(w,h)= — m) (ep,(0))?
the sampleE, is the band gap, arﬂg is the band gap at the r 0
center of the Brillouin zonek=0):Y Since thez axis of the (mtm")¥2 eH
coordinate system is chosen in the direction of the magnetic Xv§ 5 PN
field H, while the vector potentiah= (0, Hx, 0), the state of h (A"+K%)
an electron in the banld(c or v) is characterized by the set 1
N, ky, kg, 1} (ﬁw—Eg— N+§ ﬁwﬁ)
In interactions of an edge dislocation with CCs the elec- XD - (5)
trostatic part of the potential of the dislocation always pre- NCTEOH N+ 1 hou—Ho
i ; ; H
dominates over the deformation part. In calculating the ma- g 2

trix element of the electron-dislocation interactidtP'S we . _ .
can therefore restrict the discussion to the electrostatic parf/heremc is the electron effective mass at the pokqt of
This potential in the dangling-bond approximation has the"€ main minimum,

form®
_eH 1 1 N _eH 1 1
V(p)=voKo(Ap), 2 OR=" ﬁ"'ﬁ and  wy=-— m_ﬁ+@
wherep is the two-dimensional radius vector perpendicular
to the line of the dislocationKy(x) is the modified Bessel are reduced cyclotron frequencies.
function of order O\ is the reciprocal of the Debye screen- As one can see from E), the dependence of(w, H)
ing length, and onfw—Ey for an indirect-gap conductor is of a step char-
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acter at the fundamental absorption edge. The jumps corraetic field H~10? G, the dislocation mechanism can com-
spond to values of w, for which transitions between ener- pete with the phonon mechanism even at temperaiure
getically more distant levels are excited. ~100 K.

In contrast to the generally accepted phonon
mechanisnt, the main characteristic features of the light ab-
sorption mechanism, studied here, in a semiconductor in alirpe expressior(1) takes into account the fact that the valence band is
external magnetic field are as follows: completely filled, while the conduction band is empty.

1. a(w,H)~H, i.e., the absorption coefficient for light At i§ easy to sho_V\_/ that dislocations oriented paralleitdo not contribute
is directly proportional to the magnetic field, in contrast to © indirect transitions.
the phonon mechanism where the dependence is quadratic:

2. The absorption depends strongly on the momentum
transfersik, (a~ 1/k%), which can give an additional possi- *A- A. *fifakf\?si’anAyliV'aKNKUIZ“Z‘SW&’]’ *é_-zfg- gﬂo'éh%’gnv and A. A. Sarki-
bility of Qetermlnlng experlme_ntally the displacement of the 2SE).lal\;I‘r Kz;l-zarsasri, K.aA.- Miﬁoyarrrzrr?clj' HI. A,. Sarliisya?; Thin Solid Films
conduction-band bottom relative to the valence-band top. 7, 302(1997.

3. The absorption coefficient is proportional to the den- 3v. L. Bonch-Bruevich and V. B. Glasko, Fiz. Tverd. Teleeningrad 3,

4 . .
The numerical estimates presented here show that, forE: -3 @nd S Zwerding, Prog. Semicori§. 221 (1960.

example, for GaP with densityp=3x10" cm 2 and mag-  Translated by M. E. Alferieff



