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RADIATION-STIMULATED GROWTH OF THE ELECTRON MOBILITY IN SILICON
SINGLE CRYSTALS

Based on the measurements of infrared Fourier spectroscopy and the Hall effect, it was established that the main
radiation defects that affect on the electrical properties of n-Si single crystals irradiated by the different electron flows with the
energy of 12 MeV are VO, C,0, and VO;P complexes. The magnitude of the Hall mobility of electrons will be determined by
the phonon scattering mechanisms, electron scattering on the phosphorus impurity ions, charged radiation defects and
fluctuation potential. It was established that the irradiation of n-Si by the electron flow of @=5-10'° el./cm’ leads to an
abnormal increase in Hall mobility.
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PAIAIIMHO-CTUMYJIbOBAHE 3POCTAHHS PYXJIMBOCTI EJJEKTPOHIB B
MOHOKPUCTAJIAX KPEMHIIO

Ha ocnoéi eumiprosans ingppauepeonoi @yp’e-cnekmpockonii ma egpexmy Xonna 6yn0 6cmanos1eH0, w0 0OCHOGHUMU
padiayininumu depekmamu, AKi 6NAUCAIOMb HA e1EKMPUYHI 671ACIMUEOCHT ONPOMIHEHUX PIZHUMU NOMOKAMU €1eKIMPOHIE 3
enepcielo 12 MeB monokpucmanie n-Si, € komnaexkcu VO, C,0; ma VO,P. Beruyuna xoniecokoi pyxnueocmi e1eKmpomnie
0y0e guzHaUamMUCA MEXAHIIMAMU POHOHHO20 PO3CIAHHA, PO3CIAHHAM €/1eKMPOHIE HA IOHAX OoMiwKu (ocgopy, 3apadrcenux
padiayininux Oegzetcmax ma ¢gaykmyayitinomy nomenyiani. Bcmanoeneno, wio onpominenns n-Si nomoxom enekmpowie
@=5-10" en./cm npu3600uUmMb 00 AHOMAILHOZ20 3POCMAHHA XO0II6CLKOT pyXaugocmi.

Knrouogi cnosa: paodiayiiini oegpexmu, ingppauepsona @yp’e-cnekmpockonis, egpexm Xonna, xoniscoka pyxaugicmo,
MonoKpucmanu n-Si

Statement of the problem. Due to the well-developed technology of its cultivation and relatively
low cost, monocrystalline silicon remains a promising material for creating various elements of micro-
and nanoelectronics based on it [1,2]. As is known [3], modification of electrical parameters of silicon
single crystals can be done by alloying with various impurities. But often this method becomes
inapplicable due to the limited solubility of the necessary alloying impurities. Also, with significant
concentrations of alloying impurities, significant inhomogeneities in their distribution over the volume of
the single crystal and, accordingly, significant gradients of specific resistance may occur, which makes it
impossible to use silicon technology in the serial production of various electronic devices. The solution to
this problem is possible using the method of radiation technologies [4]. At the same time, the formation of
radiation defects in solids in a complex combination with other influences, such as temperature, mechanical
load, the presence of an external electric and magnetic field, illumination, allows to regulate the properties of
solid materials in a directed manner. The use of electron or gamma radiation allows to create point defects of
a given concentration and uniform distribution in the volume of a single crystal of silicon. Also, such single
crystals of silicon will have higher radiation resistance, which significantly expands the scope of operation
of radio-electronic equipment made on the basis of irradiated single crystals of silicon. Radiative changes in
both the electrical and optical properties of silicon at almost all temperatures are determined by secondary
defects (complexes of vacancies and internodal atoms with each other, with atoms of chemical impurities)
or clusters of defects [5]. Since the main properties of silicon strongly depend on the presence of a
defective structure, this, in turn, will affect the parameters of ready-made devices made on its basis, such
as sensitivity, current gain, operating time, stability, selectivity, dark current, etc. Therefore, it is of
significant scientific and practical interest to study the influence of electron irradiation on the electrical
and optical properties of silicon single crystals.

An important electrical parameter of semiconductors is the mobility of current carriers. As is known
[6], for example, the speed of the transistor is directly proportional to the mobility of the current carriers
and inversely proportional to the channel length. Since today the length of the channel has reached its
practically minimal physical limitation, the speed of the silicon transistor can be increased only by
increasing the mobility of the current carriers. Taking into account that the mobility of electrons in
semiconductors is usually greater than that of holes, in this respect, n-type semiconductor elements of
conductivity are of more practical importance for semiconductor electronics.
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Setting tasks. Obtain the temperature dependences of the Hall mobility for n-Si single crystals
irradiated with different streams of fast electrons with an energy of 12 MeV and establish the irradiation
and temperature conditions under which it is possible to increase the mobility of electrons.

Presentation of the main material. The researched n-type silicon samples were grown by the
Chochralsky method. The concentration of the doping admixture of phosphorus was 2,2-10'°cm™. In work
[7], based on the measurements of infrared Fourier spectroscopy and the Hall effect, we found that for the
same single crystals n-Si basic radiation defects that were formed during electron irradiation with energy
12 MeV and flow F=10"" el./cm’, was A-centers (complex VO;), complexes C;O; and complexes VO;P
(A-centers modified with a phosphorus impurity). In order to check the possibility of the formation of
other defects during the variation of the electron irradiation flow, we also measured absorption spectra for
irradiated by different flows of fast electrons with energy 12 MeV single crystals n-Si (pic. 1). From the
analysis of the obtained absorption spectra, it follows that new types of radiation defects are not formed.
Electrically active defects at room temperature will be only complexes C;O;, which corresponds to the
absorption band 865 cm™ and a deep acceptor level Ey+0,35 eV, that will be deionized. The absorption
band 835 cm™ will correspond to the neutral state of the complexes VO; and VO;P. At room temperature,
the energy levels of these defects will be ionized. Therefore, in this case, the amount of mobility will be
determined by the mechanisms of phonon scattering, scattering of electrons on phosphorus ions, charged
defects, and on the fluctuation potential, the amplitude of which increases with the increase in the degree
of compensation of silicon single crystals during irradiation [8]. The increase in the intensities of these
bands indicates an increase in the concentration of these complexes in the volume of silicon with an
increase in the flow of electron irradiation.
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Fig. 1. Absorption spectra at room temperature for n-Si single crystals irradiated with
different electron streams F, el./cm’: 1 —3-10"7,2 —2-10",3 -1-10", 4 -5-10"°.

The results of studies of the Hall effect for these silicon single crystals are presented in Fig. 2.
Characteristic for all temperature dependences of single crystals irradiated by different streams of
electrons n-Si there is a decrease in the Hall mobility of electrons with increasing temperature in the range
T>200 K.

This is due to the dominant role of electron scattering by optical phonons responsible for intervalley
scattering at these temperatures [9]. The increase in Hall mobility with increasing temperature at T<200
K, especially at the highest radiation fluxes (Fig. 2, curve 4), is associated with a decrease in the
efficiency of electron scattering on charged defects and the amplitude of the fluctuation potential. Also
when exposed to radiation n-Si by the flow of electrons F=5-10"® el./cm® the Hall mobility of electrons
increases for the entire investigated temperature range. However, at flows F>1-10"" el./cm® the Hall
mobility decreases. Such an abnormal increase in Hall mobility can be explained by a decrease in the
concentration of phosphorus impurities, which are scattering centers for electrons. These impurities, as we
established earlier on the basis of studies of infrared Fourier spectroscopy and the Hall effect, are part of
the complexes formed during electron irradiation VO;P. With a further increase in the flow of electron
irradiation, the efficiency of electron scattering mechanisms on charged defects and fluctuation potential
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will increase, which will lead to a decrease in the Hall mobility of electrons. Based on the studies of
infrared Fourier spectroscopy and the Hall effect, the complexes formed during electron irradiation are
included.
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Fig. 2. Temperature dependence of the Hall mobility of electrons for n-Si single crystals
irradiated by different electron flows F, el./cm*: 1-5-10"%,2 -0, 3 -1-10", 4 — 2-10"

Conclusions. The variation of the electron irradiation flow allows changing the relative
contribution of various electron scattering mechanisms on technological and radiation defects and thus the
electrical parameters of silicon single crystals. The conducted studies of the optical and electrical
properties of n-Si single crystals irradiated with electrons with an energy of 12 MeV made it possible to
establish the mechanisms of defect formation and electron scattering for these single crystals, as well as
the optimal irradiation conditions under which it is possible to achieve a radiation-stimulated increase in
the mobility of electrons in silicon . The obtained results are important for radiation physics of
semiconductors and scientists who work in the field of radiation technologies of semiconductors and are
engaged in solving the problem of improving the parameters of silicon integrated microcircuits.
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