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Size quantization of excitons and determination of the parameters of their energy 
spectrum in CuCl 
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A. I? Ioffe Physicotechnical Institute, Academy of Sciences of the USSR, Leningrad 
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Optical spectroscopy methods were used to investigate the size quantization of the energy spec- 
trum of excitons in CuCl microcrystals dispersed in a transparent dielectric matrix. The size of 
microcrystals grown by diffusion-type precipitation of a new phase in a supersaturated solid 
solution was deliberately varied from tens to thousands of angstroms. It was found that the profile 
of a luminescence line of free excitons was due to the dispersion of the size of microcrystals 
described by the Lifshitz-Slezov distribution for the recondensation stage of the growth of micro- 
crystals. A theory of the size quantization of excitons allowing for the complex structure of the 
valence band was developed. A comparison with the experimental results yielded the energy band 
parameters describing the energy spectrum of excitons in a CuCl crystal. 

I. INTRODUCTION 

It has been recently demonstrated that ultradisperse 
semiconducting microcrystals can be grown inside a trans- 
parent dielectric matrix.' A method for the growth of micro- 
crystals by a diffusion-type precipitation of a new phase of a 
supersaturated solid solution developed by Golubkov et al.' 
makes it possible to control the size of the resultant particles 
over a wide range from tens to thousands of angstroms. The 
silicate glass matrix is transparent in a wide range of wave- 
lengths from ultraviolet to the near infrared part of the spec- 
trum, so that it is possible to use optical spectroscopy meth- 
ods for investigating the properties of microcrystals. 

Heterophase systems of this kind represent a new class 
of objects for investigating various "size" effects in semicon- 
ductors and, in particular, the quantum size effect. In fact, a 
semiconducting microcrystal in a dielectric matrix repre- 
sents a three-dimensional potential well of size which limits 
the region of motion of quasiparticles. Consequently, free 
motion of quasiparticles in a microcrystal is possible only for 
certain values of the energy and the energy spectrum in 
q~an t i zed . ' ~  

The problem of manifestation of the size quantization 
effect in the exciton and interband absorption spectra of 
spherical semiconducting microscrystals is considered 
theoretically in Ref. 5. It is shown that the influence of the 
quantum size effect on the absorption and luminescence 
spectra of microcrystals depends strongly on the ratio of the 
exciton radius a,, to the microcrystal radius a. In the case 
when a,, ( a ,  an exciton is quantized as a whole and the influ- 
ence of the boundaries of a microcrystal on the exciton bind- 
ing energy is exponentially small. In the other limiting case, 
when a,,%a, we can ignore the Coulomb interaction 
between electrons and holes. In the interband absorption 
case we should observe aperiodic oscillations associated 
with transitions between the size quantization levels of holes 
and electrons. 

The exciton size quantization effect was reported for 
CuCl microcrystals in Ref. 2 and preliminary results of an 
investigation of the effect were published in Ref. 3. The other 

limiting case ofa,,  )a was also studied using CdS microcrys- 
tals, which exhibited oscillations in the interband absorption 
spectrum due to the size quantization of the energy spectrum 
of free  electron^.^ 

In the case when a,, ( a  the position of the exciton line 
maximum considered as a function of the average radius of 
microcrystals ii is described by the following expression5: 

where Eg is the band gap; E,, is the binding energy of an 
exciton; M is the translational mass of an exciton; K is a 
numerical coefficient governed by the size distribution of 
microcrystals. However, the model of a simple exciton ener- 
gy band with a parabolic dispersion law considered in Ref. 5 
does not describe the real band structure of CuCl crystals 
and gives only the first approximation to the experimental 
situation. 

We shall report a detailed investigation of the depen- 
dences of the position and profile of the exciton lumines- 
cence and absorption lines of CuCl microcrystals on their 
size. We shall show that the shift and broadening of these 
lines are due to quantization of the energy spectrum of exci- 
tons and can be described allowing for the steady-state size 
distribution of microcrystals established during their 
growth. We shall develop a many-band theory of the size 
quantization effect allowing for the nonparabolicity of the 
exciton subband. We shall compare the experiment and the- 
ory to find the parameters of the energy band structure of 
CuCl crystals. 

II. INVESTIGATION OF THE DISPERSION OF THE 
MICROCRYSTAL SIZE 

Microcrystals of CuCl were grown in the interior of a 
silicate glass matrix to which compounds of copper and 
chlorine were added in concentrations of the order of 1% 
(Ref. 1). The microcrystals were grown by high-temperature 
annealing of such glasses via diffusion-type precipitation of a 
new phase in a supersaturated solid solution. The microcrys- 
tal size was varied deliberately by altering the annealing 
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