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1. INTRODUCTION

n ordinary semiconductors, the influence of quantizing magnetic field on the absorption of a
! has been investigated in detail by many authors [1-6].

n semiconductor superlattices, the quantum theory of absorption of EMW by free electrons
ut the presence of a quantizing magnetic field has been investigated in [7,8]. In [7], the
um transport equation is used to obtain the absorption coefficient only in the gquantum
mcy region (Aw » koT, w is the frequency of the EMW; ko - the Boltzmann constant;
he crystal temperature). In (8], the Kubo-Mori method is used to obtain the absorption

sient in the whole frequency region from classical frequency (hw < koT) to quantum frequency
P kﬂT)

‘o make a further step on the problem, in this work, using Kubo-Mori method we study the
ilce of a quantizing magnetic field on the absorption coefficient of a semiconductor super-
}e in the case when electrons scatter on nonpolar optical phonons. We shall calculate both
terse and longitudinal components of the conductivity tensor and the absorption coefficient.
!

Ve proceed from Kubo's formula for the conductivity tensor [9, 10]

o) = lim, [ dee 4z, 10, (1
0

Jy, - the p-component of current density operator (4 = z, y, z) and J,(t) - Heisenberg
sntation of J,

Ju(t) = ¥ J,,n:iJIEL ; (2)
amiltonian of the system.

he Hamintonian of the electron-nonpolar optical phonon system takes the form:

H= Hn +U Z (3)
Hy = Zsa ata, + Z hw@'b;.'b,r, (4)
o T
U=)_ Usagagaa(bz+b1,), (5)
an'
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where a = (kz, ks, n, s) (with n - the number of the Landau subband, s - the number ¢
miniband, k. and k. are the z- and z-component of electron’s wave vector) is the set of qua
number characterizing electron’s status in SL; Awy is the energy of phonon with wave vector ¢
the energy spectrum of electron; a} and a, [bq‘i' and by) are the creation and annihilation ope:
of electron (phonon) respectively; Uyq's is the matrix element of electron - nonpolar optical pl
interaction. "

The time correlation function used in (1) is defined by the following formula

a
(A,B) = fcu(e*” Ae *H B)
¢

1 . ; ; ;

here § = T The symbol (---) means the averaging of operators with hamiltonian H .
0

system.

In [11] Mori pointed out that the Laplace’s transformation of the time correlation functi
can be represented in the form of infinite continued fraction. One of advantages of this rep
tation is the the function will converge faster than that represented in a power series [11].

Using Mori’s method, in the second order approximation of interaction, we get the foll
formula for the components of the conductivity tensor

opn(w) = a!-ig-lou.m Ju) [6 —i(w+n)+ (;.-,)2Um J)7 f dee* (U, Ju), 10, J"hm)] §

with
N = {[Jus Jo M Sy Jvlul .

Here Giny is the interacting representation of the operator G; (A, B| = AB — BA.

In the calculating process, we assumed that phonons are in equilibrium state and ele
are present in the lowest §L-minivand. The EMW is assumed polarized perpendicularly
magnetic field £ L H (E is the electric vector of EMW and H the magnetic field vector).
case H || Oz, we choose the potential vector A = A(-Hy, 0, 0). With these assumptions,
strong coupling approximation, the energy spectrum of electrons takes the form [12]

£q =(n+%)hﬂ—&cosk,d==ei + €,

here 1 = eH/m,c is the cyclotron frequency; ¢ and m, are the charge and the mass of el
respectively; 2A - the width of the lowest energy miniband and d - the § L-period.

Our results of calculation are as follows.

2. THE CONDUCTIVITY TENSOR

722(0) = oy () = 3O {[i(w = Q) + T1 ()7 + [i(w + 0) + Lo (@)] ),

res(®) = 0y (W) = 2O {li{w ~ ) + TL(@O)]F — [ilw+0) + TL(R)]7},
azz(w} = C‘||{w + P”{ﬂ)]_l 3
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2 .9 1/2
G ; (r:‘;) 0, (13)
_ mpe?A%dpelr n
= "%t Sh(AAa/2)’ (14)
Logp = (i/h)? J_[”]!I‘_]_”“(n] + P_l_“”(ﬂ]], (15)

2Eg,elnchuo (2 1\302(1- ) o opAO
= op
e epulyx /2 Ad? (m,xﬁ) % ( )N Z(n +n' +1)

xe-ain+d) [oa 3 (2BAPT 41 (16)
[ z=:1 (2m)!2m ]

A
o Ezpe n,Awg (2m¢)% 1 - gPhu n{i " 1 - ¢Ph0 ARlwFuwo) )3
I cpu? mx 8 hZw? Ba 2

x 30 e M x M3 Io(8A) + m(MyBA e )Il(ﬂﬁ)

n,n'

= (2m = 1)1t (m + 2) 2m+3 3 _(84)?
"EM*Z Zm)1 ZIRIES g mt s )

(2m— (2m - 1)1t 2m+3 1 _(8A)?
"22 (2m)1! 1Fa g gAY )

¢ i'%mlzi‘l_l’me “t2- M2 - oy + G =54t} 0

o gl BT = 2m+1-0)(2m+2

co I<2m
A= PaM: {ﬂg(m)+ Ex 2 “(2’:::)}'”‘]! M=
cl(=0) # 1 p(EEL 1) g (11, 1 123, S
o0 (€2m
[(2m = UP o
mz_:l g @m- M M
2
-0+ ()R (R L B ER)) e
My = [(n' — n)A0 - Aw £ Awpl/A, (19)

is the Bessel function of complex variable; B(r, s) - the Beta function;

t1y -y Qp; B1y.ey Bqi 2) - the generalised hypergeometric function; n. - the electron concen-
m; x - the electric constant; wg - the limit frequency of optical phonon; Ny - the phonon
ntration; E,, - the deformation potential for nonpolar optical phonon scattering; u - the
| velocity; p - the crystal density; u - the chemical potential and ¢ - the light velocity.

[he + sign goes with phonon emission and the - sign goes with phonon absorption in the
ss of absorption of the EMW.
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3. THE ABSORPTION COEFFICIENT

Knowing complex conductivity tensor, the absorption coefficient of EMW in semicondi
superlattices can be found by the common formula

a(w) = Reo(w).

So we get: " "
: 1 w*+0 L
aea(0) = oy (w) = 5 m}?lfi(ﬂ} + I (D)),
. need ngr? 2
e ay,(w] = d mﬁ N2 — w?

@ (©) = = [T} (@) + T (@)

Expressions for I‘f (Q) and I'|"'|t(ﬂ] are (16) and (17).
~ In our calculation, the law of conservation of energy imposes a constrain on the energy
trum of electron i
M; - -—l gt
‘ T K
This constrain leads to some new points in the process of absorption of a EMW in semicond
superlattices:

e Only electrons which satisfy the inequality
(n' = n)AD — hw + hwy — A < g < (n' — n)AQ - hw + hwy + A

can take part in the process of absorption.

® The number of the Laudau subband n' which electron can move to after the absorptio

in the interval

!

] 1
Nopax = 1 = N

with & e +MwFw) A

Ei“#‘h-w w A
N max =n + — and n! =n+~11———(——i——0]--

AN AQ AQ A
The width of this interval is An' = n'ynx — nyuin = 2A/AL.

4. CONCLUSION

Analytic expressions (10-12), (21-23) for the conductivity tensor and the absorption
ficient of EMW in semiconductor superlattices, in the case when the electron-nonpolar o)
phonon scattering is dominant, are obtained for the first time. They show complicate depe
cies on the temperature (T'), the frequency (w) of the EMW, S L-parameters (A, d) and o
magnetic field (H).

The law of conservation of energy leads to the condition (25) for the electron energy spec
It also limits the number of Laudau subband, which electron can move to after the absorpti
the interval (26).
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CHf KHOA HOC DHQGHN, KHTN, t.XII, n°2, 1996

SU HAP THU SONG DIEN TU YEU BOT BIEN TU TU DO
TRONG BAN DAN SIEU MANG KHI ¢O MAT TU TRUONG

Nguyén Quang Bdu, Nguyén Thé Toan, Chhoum Navy
Truong DH Khoa hoc tw nhién - DHQG Hd Noi

Phwong phép Kubo- Mori dwoe st dung d¢ tinh toin tenxo dd din cao tin vé hé s8 hip thu
: dién tir yéu (EMW) bédi dién ti tw do trong bin din siéu mang khéng suy bién khi c¢6 mit
tir trudmg lugng tir heéng doc theo truc siéu mang. Co ché t4n xa dién ti- phonon quang
2 cue dwge coi la chil yé€u. Céc tic gid xem xét su phu thudc cda tenxo do din va hé 8 hip
vio hién d3, vio cic tham s8 cda siéu mang va vio cudng dd tir trudng. Viéc xem xét cho
t 86 mirc phan ving tir Landau mi dién td c6 thé nhdy téi sau khi hip thu bj giéi han béi
ng 45 tir trudmg va dd réng cda cdc mini viing cda siéu mang.
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