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Expressions are derived for the absorption coeflicient of light by electrons in b
non-degenerate Semiconductors at low temperaiures (T << Wy, W, is the -
energy of optical phonon) in the presence of a strong d.c. electric field and a |

weak magnetic field using the distribution function of the carriers. The
inclastic scattering of electrons by optical phonons has been considered to be
the dominant scattering mechanism. The results have been compared with
earlier theoretical resulis in the last section.
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INTRODUCTION

THE study of hot-electron transport and optical phenomena in semiconductors are
of great interest because they form an important source of information concerning
the process of scattering energy and momentum of charge carriers. The reason is,
first of all, that the form of the nonequilibrium stationary distribution function
depends considerably on the scattering mechanisms. In the previous papers (Bonch-
Bruivichand El Sharnouby (1972), El Sharnouby (1972, 1982), an analytical expression
for the absorption coefficient of hot electrons has been obtained without applying a
magnetic field. The elastic scattering of electrons by acoustic phonons was con-
sidered (El Sharnouby, 1972). The elastic scattering of electrons by impurities and
cal phonons was taken into account (El Sharnouby, 1982). Since, at high
tric feld the scattering of electrons arc considered to he elastic and isotropic
Irift velocity was considered to be small compared to the r.m.s. velocity of the
-m},f the'distrihutiuﬂ function f (p) is nearly isotropic and can be pu 4

uctors of ﬂt:rang interaction the carriers wrth eptmaL Pt onons
as in p-Ge, tlieiﬂ‘é‘rﬁg;at, at low tempnmflm‘is (T
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scattering with optical phonons (anisotropic distribution function) was

- absorb optical phonons, do not reach the boundary of ‘‘active’ region (e
3 : this absorption leads to spontaneous emission of optical phonons. The s

~in this case is nearly clastic and the distribution function is isotropie. For
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ergy of the electron of momentump, & is the gﬁg{é;:.::
and field. In absence of magnetic field H, the dependence of a
1t on d.c. electric field E, and on frequency of light W, in case of .
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(Bonch-Bruivich & El Sharnouby, 1972). The purpose of this paper 1s to study the
dependence of the absorption cocfficient of light on E, and W in presence of
magnetic field 7. In the next section, the Boltzmann transport equation has been
discussed and solved to obtain the distribution function of hot CATTICTS.

THE TRANSPORT EQUATION

Consider a semiconductor sample of one type of carriers at low twa'ﬂll?"‘5_’1""-"-“”1G
(T' < w,), subjected to a high d.c. clectric field Eo, small parallel a.c. electric field
E,e~#! and a perpendicular magnetic field FL

E=E, + E e, E, € E, -(2)
let
fp. ©) = fulp) -+ Ap) e, fi(p) < fo(p) )

Suppose H = 0 and the electric field strengths are restricted by the condition

E;, €E,< E,, where the characteristic field strengths £, and E are determined

from the relation

EE;; pk= Py .(4]

Here e— charge of the electron, P, — momentum of the electron with energy e = W,
=t and =~ — relaxation times corresponding to the emission and absorption optical

phonon (Conwell, 1967). Since v~ ~ ¢”o/T 77 5 <¥, then £~ < E7. For simpli-
city we consider that at E, = 0, the electrons exist in a sphere of radius = Pr
(Pr — thermal momentumy; Pr <€ Py). Incase of E, < E, most of the el&ctrons' '-
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i ﬂﬁngeqns (10) and (11), we have w4 S
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; i Cn 1 i ¥ - 1 ; ..1:: EI"_-.'IIE ,. .
W)= e T ) {cxp[— Ay — 1P,y > 1 Bl q

where W) = \[ 2-———?:: Y, e() = ’—-—”f[i:}g;ay ,cos B(y) = A1 — iy, fi-Planck

constant, i = H/H. < land y — W,

. . o) TEu
A is a large parameter given by A — e Er «'}- — 7 mie =1
..(19)
L n
0= - AT (33)
p,esing Py A*EL(5/3) | ..(20
[ i | 241 — ¢ | )

If we neglect the second term in the denominator of Cy mm (20), the distribution
function {, () becomes that obtained (Vosylius & Levinson, 1966) using eqns. (13)-
(16), and applying the condition of continuity of ,(e) at e = W,, we have

() = s i oxp ()l (v < 1) .(21)

Fory =1 o

_ [ K + AGE/E(y — 1)%2 exp (— itn) ; e
h0) = | TGRS I exp [iti(3) — Ay — 1]
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Re a(W, By, H) = ——- I[I],(l — €08 ty) -+ T2 sin th

AT R
.- . bl _},_&?. 1 =1
+ Il — AT —=i%] .(30)
where
I=[(2— {1+ 2842 (1 — costp) + 281, sin fa}] s L) ;
I =241 — 7 (15 — 1)
_Bh _
Toln In
L=zt —ni
: W= — ) sints
Ty
12— Ao
A Bsinta 0 32
IB = + in rn{?.l

In case 1 = 0, taking into account of eqns. (20), we have

N g nels [ (B — 1) (1 — cos fp) = ifs Sin 'ty :I £
R'& 31(1'1‘: El_'l! {D ';t ..'?']Eu rn + 2 ﬁg{l- — cos IHJ + 25“ 5111 Iu |

‘which is the same as was obtained (Bonch-Bruivich & El Sharnouby, 19‘?2)
absatptmn coefficient is expressed in terms of Re 3(w, E,, H) as

. m'=, ’{;'\/en Re 8.1(“?!.‘81}1 H}



gl *:’ﬁaé‘*ﬁﬂ_mﬂ 1) + I, sin tn + fé(_l —AT—=79
= @B, (1 — cos ta) -+ Basin tn + Ba
o 3men
B=TEm ~ TR
Ba = 1o + ru—?g%
and By = 3 1% (1 — 1/2 2P T'(5/3) 15)
It is obvious that L, and hence the corresponding (W, E,, H), changes its sign for 1
the value of f restricted by the condition ; ‘
MM(21 - 1) [1 — 4] < tn < 21121 - 1) ...(36) ,
where ;
- B 5 o
and B0 109, s :
The presence of the magnetic field decreases the interval of 7x for which (W, E,, H) 5.!

changes sign as compared with the absence of magnetic field Bonch-Bruivich & El
Sharnouby, 1972).

The changes of sign in the absorption coeflicient «(#¥, Ev, H) is due to the fact
that after a time

Ao te arcsin fi
= RIO21 - 1)}

the;a.c, field E, changes its direction i.e. E,and E, become opposite in direction.
i rding to this consideration the electron gives its energy obtained from E, to T
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