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INTRODUCTION
Standard relaxation spectroscopy density of surface
states is based on the generation of thermal electrons,
which can be easily observed only at high
temperatures. This and the limited resolution of the
method. To improve the resolution of the used
method of expanding the range of density of surface
states in a row, the derivative of the ionization of an
electron from the surface level of energy [1 − 3].
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The resulting delta function is asymmetric, so in
this situation, it took into account the additional
requirements [5].
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The purpose of this paper to show the suitability
of the derivative of the Fermi-Dirac distribution for
quasi-Fermi level from time to time as a delta func-
tion for the discrete spectrum of the density of surface
states and thus increase the resolution of the method.

QUASI-FERMI TIME
The density of surface states can be determined from
the loss of charge in a charge-coupled device [1,
2]. At time t = 0 from the surface layer completely
go all the free electrons. After starting generation of
thermal trapped electrons. Given the statistics of the
Shockley-Read-Hall process can be described as
follows [1, 2, 4]:
and            ρ(t, τ) = 1 − exp(−t/τ),                   (4)
where                      τ = 1/γnNc                                               (5)
electron lifetime. Equation (4) can be represented
as follows:
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If we consider that in this process each time the
surface layer is cleaned from the released electrons
generated from the traps, the changes over time
energy of the Fermi level Eft. In the future, this value
depends on the time t is denoted as the quasi-Fermi
level.

We introduce the notation:
Eτ = kTln(τ)                      (7)

electron energy of the lifetime τ and
Eft = kTln(t)                      (8)

quasi-Fermi energy by the time t.
Considering (7) and (8) may be (6) in the form:
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One can easily imagine the derivative ρ(Eft, Eτ)
on Eft  as a delta function at T → 0
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SPECTROSCOPY OF QUASI-FERMI
CHANGE IN TIME
The distributions function of the Fermi-Dirac
distribution for the generation of electrons:
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step function is known energy [6]. It is also known
that the derivative of the energy function of speed is
the Dirac delta function (see fig. 1) in T → 0 [6]. In
this case, the delta function is as follows:
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The resulting function (12) we substitute in (1)

and get:
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If we imagine that the quasi-Fermi Eft  level
changes throughout the segment gap in each relevant
electron energy Eτ  generated from the trap life time
τ, we get a peak delta function. Scanning energy Eft
for each specific temperature, perhaps because it is
theoretically possible to set the appropriate time τ
Eft∈ [ Ec, Ev]. Fig. 2 shows a range where the
shaded area are 10 discrete levels at different
temperatures. It is easy to notice that for the discrete
spectrum as in [1 − 4], we can use the derivative of
the Fermi-Dirac distribution on Eft a delta function.

TEMPERATURE DEPENDENCE OF THE
DENSITY OF SURFACE STATES AND
DISCRETE SPECTRA
We turn to the treatment of the density of surface
states. Fig. 3 shows the density of surface states of
[7], which shows the graphs of experimental and
theoretical fitting the density of states Nss(E, T)

Fig. 1. The derivative of a step function at the Fermi-Dirac
distribution of energy at different temperatures.
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obtained by the decomposition of the experimental
curve in a series of functions (12).

Analysis of fig. 3 Nss(E, T) shows that the
experimental plot at T = 300 K is easily decomposed
into a series of functions (12). Fig. 4 is a graph
theoretical model density of states that for T = 5 K.
From these figures one can see that even at a low
temperature in the graph clearly distinguish the
individual peaks.

When the temperature tends to zero, these peaks
are transformed into discrete levels, and the
continuous line Nss(E, T)  in the discrete energy
spectrum (see fig. 4). These changes Nss(E, T) are
due to the fact that the temperature is lowered by
reducing the thermal broadening of the energy levels
(12) becomes the Dirac delta function δ(E − E0).

Based on the study, it can be concluded that the
experimental continuous spectrum density of surface
states Nss(E, T) at a certain high temperature
relaxation method at low temperatures becomes a
discrete energy spectrum. Such a strong temperature
dependence of the density of surface states due to

the fact that the derivative of the Fermi-Dirac
distribution becomes a Dirac delta function.

The present method of determining the density
of the surface low-temperature conditions increases
the resolution of the transient spectroscopy and
surface levels of relaxation techniques used to
measure the energy spectrum of the density of states.

CONCLUSION
According to the study of surface electrons recharge
levels in their lifetime based on the principle of CCD
determined that the derivative of the ionization energy
of the electron is a ґ-function at T → 0. The
applicability of the derivative of the Dirac distribution
function of the energy of the quasi-Fermi level with
the time change as a δ-function at low temperatures
in order to study the temperature dependence of
the spectrum of the density of surface states. This
was possible because the derivative of a step function
is a δ-function. We propose a method of
spectroscopy of discrete states by quasi-Fermi level
with the change of time to improve the accuracy of
the results.
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