Brief information about the project

Name of the project

AP09058014 «Physical features of the formation of large-sized
silicon nuclear radiation detectors»

Relevance

Relevance and novelty: a deep theoretical study of the physical
processes occurring in large-size nuclear radiation detectors
with two-way diffusion and drift is a huge contribution to the
creation of a theoretical basis for the physical features of the
formation of Si(Li) p-i-n

Know-how: a new method of obtaining silicon detectors of
nuclear radiation by two-way drift and diffusion reduces the
time of obtaining detectors by 4 times compared to the
traditional method.

Purpose

The aim of the project is to study the physical processes in the
manufacture of highly efficient nuclear radiation detectors
based on large-diameter bulk silicon single crystals, as well as
to study and optimize the physical processes of diffusion and
drift of lithium atoms in semiconductor bulk crystals by
exposing them to a temperature and electric field

Obijectives

Study of the features of physical properties of silicon wafers
with large diameters and thicknesses.

Investigation of physical features of double-sided diffusion of
lithium into a silicon monocrystalline of large volumes.
Investigation of physical processes occurring in large-size
silicon-lithium structures obtained by the method of double-
sided drift of lithium ions.

Study of the influence of inhomogeneities on the properties of
silicon-lithium p-i-n structures of large sizes.

Investigation of the effect of a pulsed electric field on the
formation of large sized silicon-lithium detector p-i-n structure.
Determination of physical conditions and operating modes for
compensation of large-volume monocrystalline silicon.

Study of the distribution of lithium ions and the accuracy of
compensation for silicon - lithium p-i-n structures of large
sizes.

Study of the influence of interfaces on the electrophysical
characteristics of large-size detector structures.

Study of the electrophysical and spectrometric characteristics
of the detector structures.

Expected and achieved
results

Results of the work: the optimal lithium diffusion mode for
obtaining large-diameter detectors (> 100 mm) with width of a
sensitive layer of more than 4 mm was determined;
mathematical models of the electric field distribution profiles
during double sided drift were obtained, taking into account the
influence of the counter electric field.

A mathematical model of the particle trajectory under the
influence of potential fields of crystal lattice inhomogeneities
was obtained; it was found that a pulsed electric field
accelerates the drift process and reduces the inhomogeneity
degree in the distribution of lithium ions throughout the entire




volume of the silicon crystal; temperature and drift
compensation modes for silicon during detector manufacturing
were determined.

A flux density model of lithium ions in a silicon crystal with
double sided drift was obtained; a method is shown for
obtaining the optimal width of the dead layer of the detector,
due to which the detectors have a very high level of current
sensitivity.

An equivalent circuit of a nuclear radiation detector was
obtained, its electrical properties were studied, and simulations
of the effect of alpha particles on the constructed equivalent
circuit of the detector were performed.
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