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The cross section of the in terband electronic Raman  scattering in the two band gap and with 
the allowed dipole transit ion is calculated. The exciton effect was taken into account. 

The electronic Raman scattering in a semiconductor was the subject for the 
theoretical and experimental studies in many works [1 - 10]. In particular, the authors 
of  Refs. [3, 4] have considered the interband electronic Raman scattering in a semi- 
conductor with a direct band gap. In the final state of  this process there is an electron- 
hole pair. In the papers [1 - 8, 10] however, the Coulomb interaction of the electron 
and the hole in the final state was not taken into account. In the article by Enderlein 
and Peuker [9] the Raman scattering with the creation of excitons in the discrete 
spectrum was studied. In this paper we study the influence of the Coulomb interaction 
on the shape of the cross section near the high frequency edge of the spectrum, i.e., 
study the role of  the exciton effect on the scattering cross section in the continuous 
spectrum. For simplicity we consider a model with a two-band semiconductor with 
a direct band gap and with the allowed electrical dipole transition. 

By means of the standard calculation it can be shown that if  we neglect the Coulomb 
interaction then at the edge of the spectrum where the difference of the incident and 
scattered photon energies co 1 and co 2 is nearly equal to the band gap Eg the cross 
section of the interband scattering process is determined by the approximate formula 

[10] 

dao = A I M o l  2 - 
dO dco z 

(1) 

where: 

(2) A=x/2e4N2(~) e o2 m~ o9, 

1 
(3) M o = - - ,  

&2 

(4) o5 i = Lo_~/ ~g = --,Eg R - 1 , mere h 

R ' R 2gag # - ' m e ~ m h 

mo is the free electron mass, me and rn h are the effective masses of the electron and 
the hole in the semiconductor, e o is the background dielectric constant, e is the 
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electron charge, a0 is the exciton radius, ~ denotes the interband transition matrix 
element with the photon in the same polarization state e~, as the incident photon: 

(5)  : = <ck:l ~>. 

Due to the Coulomb interaction of the electron and the hole the intermediate and 
final state of the scattering process may contain the electron-hole pair either with the 
discrete energy or with the energy in the continuous spectrum. For the cross section 
of the scattering process with the creation of an electron-hole pair in the continuous 
spectrum, by applying the reasonings as in Ref. [11] we have got the following 
approximate expression of the cross section: 

de 2~(O5/- O52- ~, + 1) 
( 6 )  ~ = AIM(k)I2 

d~ do~2 1 - exp - x/(o51- o52- ~g) 

where 

(7) + (It/ . . . . . .  e z V  

�9 I rd.' + h" ,,..(.:] .2,, ","t- ' ,  
t J  L m' 

i 
k2 = O 5 I -  O 5 2 - i f g  = i f k ,  i f , - - -  n 2 ,  

F~(r), ffk(r) are the exciton hydrogenic wave functions of the discrete states and 
continuum states, respectively. 

In the case of the scattering process with the creation of an exciton with the prin- 
cipal quantum number n we have the cross section 

(8) 

where 

(9) 

d ~  _ 2xA ~ iM(n)i2 (osl _ o52 _ ~s) 6 (1 - 1 ) 
dQ dr.o 2 .>z ~/(E, + O52 - OSi) 

M(a )~  r + i f j  e2V F.P(r) �9 

�9 {:dr'  [ ~  F~,(0)F~,(r ' )*+ ~dq'  ff~,(0)P~,(,')*] e2V F.P(r')} -1 �9 

At high values of os1 - ifg the amplitudes Mo and M are almost equal one to another: 

Mo ~- M , O51 - i f ,  g>> 1. 

Therefore, the exciton effect is significant only near the high frequency edge of the 
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spectrum 

602 ~' (.D 1 ~ Eg 

where do'0/dO dco 2 decreases as (~1 - ~32 - ~g)S/z with 092 ~ 091 - Eg but da/df~ d~o 2 
tends to a finite constant 

d~ -~ 2~IMI= " 
dO dw2 

For the comparison we represent the values of the cross section do'o/dO do92 and 
da/df2 do92 at (D 2 < (_D 1 -- Eg in the Fig. 1. The relative values of the cross section 
dajdf2 at the discrete spectrum were also given in the same figure. 

d6 2 -I 

2O 

d6o 2 -I Fig. 1. Solid line: scat ter ing cross sect ion in the presence o f  ~.*.a~ (AtMol2)* . . . . . .  
the  exciton effect (result o f  our  work).  Dashed  line: scat ter ing " "  L~.~2 

7o 

sect ion when  the  exciton effect is neglected (Ref. [10]). ~ - _  I[] cross  
I "1" 

Note that in the final state there may be the exciton bound to a neutral donor, 
for example. Denote by ~0(r) the wave function of this exciton as a point-like particle 

in a potential field. It is easy to check that the cross section of the scattering process 

with the creation of an exciton bound to the donor is equal to that with the creation 
of a free exciton multiplied by a factor [12] 

N = - - I  ] f  2 50~ao 3 
Vo IJ~~ dr ~- Vo 

where Vo is the elementary cell volume. For CdS: 

V o = 5 • 10 -2s cm s , ao ---- 2"8 X 10 -7 cm 

this factor equals 
N ~ 6.9 x 10 r . 

This means enhancement of the cross-section due to the existence of the exciton 

bound to the donor. 
In conclusion we note that the exciton effect in the two photon absorption was 

considered in a series of papers [ 1 3 - 1 5 ] .  The interband electronic Raman scattering 
in an electromagnetic field with the creation of an exciton was also considered in 
Refs. [ 1 6 - 1 7 ] .  However, in these papers the authors did not compare the cross 

section in two different cases where the exciton effect is or is not taken into account. 
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