§5.5 Excitons of large-radius (Wannier-Mott excitons)
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For semiconductors we have at least two zones, one of these
completely filled by electrons (valence band) and the second is to-
tally free (conductivity zone) (see Figure 23), so that the minimum
excitation energy of an electron involves its transition from the filled
valence band to the free conduction band. Such a transition results in
the generation of charge carriers: of an electron in the conduction
band and of a hole in the valence band.

But as show the experiment and theory the electron and hole can

interact with each other and create a new quasiparticle. If the radius
of such quasiparticle is compared with lattice parameter then the
electron-hole interaction can to a good approximation be regarded as
Coulomb interaction of two point charges attenuated times, where is
the static dielectric constant of the crystal. As you guess the energy
levels of this new object (exciton) is located internal the forbidden
band and near the bottom of conductive zone.
So, we have two charged particles (one positive, and the other nega-
tive) interacting with a simple Coulomb potential. But we must take
into account the polarizability of the crystal by dividing by the di-
electric constant. The Schrodinger equation in this case is look like
SO:
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Here, m,and m, are the effective masses of electron and hole,k=1/4 7 ¢, £ -dielectric susceptibility of crystal,
r,,r,— vector of position for electron and hole.

Introduce the position vectors of the center of gravity of the electron-hole system R and of the relative posi-

tion of electron and hole r:
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Equation in the new coordinates is looks like so:
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here total mass M=m¢+m, and reduced mass of exciton:
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Now we can separate the variables, it is mean that we can consider the motion of centre of gravity and rotational
moving of exciton separately. The wave function of exciton can be presented so:



w(R,r)=x(R)g(r)
And the Schrodinger equation can be rewritten in new coordinates:
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The new substitution describing the motion of center of gravity:
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gives a new Schrodinger equation describing the exciton motion relative to the center of gravity:
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The solution of first equation is well known and look like so:
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| second equation looks like a Schrodinger equation for hy-
= drogen-like atom. The energy and wave function can be
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Figure 25 Photon energy (eV) iy be calculated by the same way: a,=
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is the kinetic energy of the exciton moving as a whole. The
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It is mean that energy levels of exciton are located in the
] forbidden gap near the bottom of the conducting zone and
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0.38} /' \ W it leads to the appearance of the set of lines near the edge

of absorption (Figure 23). The Bohr radius for exciton can

. As you

can see, large-radius excitons are formed in crystals with large dielectric susceptibility. What about the exciton
contribution to the absorption spectrum of dielectrics? Figure 25 shows the absorption spectrum for a copper ox-
ide crystal (Cu,O) near the fundamental edge. The band gap a T=10K is equal 2.172 eV. A series of spectral lines

associated with excitons can be seen in the forbidden zone.

It is important to note that exciton is neutral quasiparticles so cannot participate in electric current generation.

The binding energy



