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In this paper, we suggest a theory to describe the phenomena which arise from the
interaction between semiconductor and coherent light. Our work is presented in three
parts. In the first part, we neglect the interaction between the electrons and investigate
the problem in the framework of single-electron band theory. The intense light field
induces not only interband transitions, but also intraband transitions of electrons and
holes respectively in the conduction and valence bands. Hence our system is different
from the ordinary inhomogeneously broadened two-level system. For our treatment
we have adopted the “‘space translation approximation”, i.e. the approximate steady
states of the carriers moving within their respective bands under the action of the light
wave are taken as the base for treating the interband transition. This is effected by a
transformation, which renders the system formally analogous to an inhomogeneously
broadened two level system, but a particular type of multiphoton process will occur
here.

In the second part, we take into account the interaction between electrons. From
the point of view of the resonant coherent interaction with light, the interaction between
electrons can be partitioned into a part that does not change the total momentum of the
relevant electron-hole pair and another part that does change the total momentum. When
we are considering the coherent propagation, it is reasonable to take account of the former
while neglecting the latter. Because the intense light pulse can generate a high density
of excitons, we must treat the electrons and holes which make up the excitons, as
“Fermions”. This differs from usual treatments representing excitons at low density as
“Bosons”. We have introduced coherent states of the exciton to describe the process,
and obtained a set of non-linear equation which can naturally account for the saturation
of light absorption of exciton and the shift of exciton line in intense light field.

In the third part, we shall analyze the propagation of coherent light pulse in the
system, and derive the Maxwell-Bloch equation describing this process. The equation
provides a theoretical basis for treating coherent propagation problems. After ma-
king some approximation, we can represent this equation in a standard form which can
be solved by the “inverse scattering method”.

In this paper, for the sake of clarity and simplicity, we have adopted a simple two
band model. It is fairly obvious that the main conclusions will not be qualitatively dif-
ferent for more realistic band structures.
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