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In the paper the processes of accumulation of radiation defects, formed by fragments of **U nucleus fission, for
forming of amorphous phases in the bulk of single-crystal silicon and the influence of the temperature annealing of
defects on the properties of disordered structures are investigated.

PACS: 61.82. Fk

I. RADIATION MODIFICATION OF (C-SI)-
SEMICONDUCTOR

The experiment was carried out on a scanning beam
of y-quanta of the linear technological accelerator with a
maximal energy of the scanning beam of 12 MeV
convertible electrons. The object of research was a
series of two samples of the (c-Si)-crystal, cut out from
the wafer-plate of a 396 pm thickness irradiated
simultaneously with y-quanta of bremsstrahlung
radiation spectrum, the absorbed doze being 0.12 MGr.
The absorbed doze power in the site of the silicon
assembly location was 8 kGr/h. Before one of the
samples the target of 2*U salts was mounted for creation
of nucleus photofission fragments formed under action
of y-quanta. The schematic representation of the
experiment is given in Fig.1.
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Fig. 1. The schematic representation of irradiation of
the silicon assembly irradiation with y-quanta at the
linear technological electron accelerator (KUT-1)

The number of nucleus fission fragments implanted
into the semiconductor, under conditions of this
experiment, is determined from the expression
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where 0(E,) — the cross-section of **U nucleus fission
as a function of y-quanta energy (E,), n, — the number of
U nucleus per cm?, f(EynEy) — the transformed
spectrum of bremsstrahlung y-quanta, E, ..=5 MeV —
threshold of reaction of division the nucleus **U, Ey.—
maximal energy of y-quanta in the radiation spectrum.
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For the #*U target of a thickness Ol ug/cm?, calculated
by the program "GEANT", the value of Y was 5.401
10° fragments /cm?[ [1].

2. PROCESS OF DEFECT ACCUMULATION
IN THE SILICON STRUCTURE

To describe the process of semiconductor structure
disordering we introduced the function of state [2]
characterizing a nonannealed part of defects and
normalizing the initial defect concentration to unit
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where t, ti, t, are the values of lifetime of charge
carriers in the samples before irradiation, after
irradiation and after annealing, respectively. At t.~= t,
the value of the function f=0 corresponds to the full
annealing of radiation defects. At t,,=t;- the function f=1,
that means the absence of radiation defect annealing.

The lifetime of charge carriers was measured by the
phase method [3] with the help of light-emitting diodes
having a maximum of spectral radiation distribution on
the wavelength of 0.55um. Thus, the depth of
photoabsorption does not exceed the depth (L10pum) of
38U fragments penetration into the (c-Si)-structure of
the semiconductor. The crystal was placed in the cut of
the resonator actuated by the microwave oscillator at the
frequency of 37500 MHz and was illuminated with the
light-emitting diode supplied from the low-frequency
harmonic signal generator. The photoconductivity signal
was detected by the microwave diode, amplified by the
selective amplifier and was recorded directly with the
help of the synchronous detector.

The lifetime is determined from the relationship

1gh =04, 3)
where § is the angle of phase shift between
photocurrent and the light signal, arising due to the
photoconductivity process persistence, w is the

frequency of the low-frequency generator.
The phase method was used to record the decrease in

the charge carrier lifetime (t_f) from 28.6ps down to

19.4pus on the side of the sample under irradiation with
y-quanta implantation of **U fragments. The values of
the function of state, calculated by the experimental

179



results of measurements of the charge carrier lifetime in
the sample irradiated only with y-quanta (designated by
circles) and in the sample irradiated with y-quanta with
implantation of #*U fragments (designated by squares),

as a function of annealing temperature are given in
Fig.2. From various characters of functional
dependences of structures states it follows that, in the
region of fragment implantation in the semiconductor,
the process of defect accumulation is observed.
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Fig.2. Functions f(}) and f{y+ U fragments) versus annealing temperature

The defect accumulation will grow with the
increase in the irradiation doze, energy and y-quanta
beam fluency on the uranium target. The temperature
treatment of the semiconductor by annealing of
radiation defects enables to receive the values of the
structure states of the function f—1 for uranium
nucleus fission fragments and of the function f— 0 for
point defects from gamma radiation.

3. CONDUCTIVITY OF THE STRUCTURE
BY THE DAMAGES CREATED BY **U
FRAGMENTS

By breakdown of large complexes of disordered
structures along the tracks of heavy particles,

elementary defects are liberated and microcrystalline
structures with a grain size of some nanometers are
formed, resulting in the formation of conducting
layers. The conductivity dominates in such structures
and is defined by overlapping of separate disordered
areas [4]. Experimental results on annealing of the
sample structure after treatment it by y-irradiation and
U fragments are given in Fig.3. The resistivity (p) of
a sample was determined by the 4 probe technique and
estimated from the relationship
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where U,; is the voltage, 1,4 is the current in the
circuit between corresponding probes.
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Fig.3. Resistivity of the sample irradiated with quanta by a doze of 120 kGr with implantation of U
fragments as a function of the annealing temperature

4. CONCLUSIONS

In the sample irradiated with y-quanta and under
implantation of ***U fragments the process of radiation
defect accumulation takes place. For creation of
amorphous phases in the structure of lateral formations in
the (c-Si)-semiconductor the irradiation doze should be
increased up to [8B MGr at an electron energy of 12 MeV.
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The increase in the conductivity by the structure
damages along the tracks of uranium nucleus fragments
at low annealing temperature ((J100°C) can be used for
the output of charge carriers with a weak mobility from
the semiconductor bulk. Thus, the single-crystal
structure of a silicon matrix will be used as the transport
environment for the charge carriers being very mobile.
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BO3JIEVICTBUE y- OBJIYYEHUSA U OCKOJIKOB SAJEP **U HA CBOMCTBA MOHOKPUCTAJLIIH-
YECKOI'O KPEMHUSA

A.H. /loéona, B.I1. E¢pumos, I' /. Ilyzaues, B.C. lemun, H.A. /loéona, FO.E. I'opouenxo, b.I. bopooun,
C.B. baoviuenko, T.A. Cemeney

Hcenenyrorest mpoLecchl HAKOIUIEHUS PAIUAIMOHHBIX Ne(QEKTOB, 00Pa30BAHHBIX OCKOJIKAMH JIeJIeHus saep U,
st popmupoBanus aMOpdHEIX (a3 B 00beMe MOHOKPUCTAINIMYECKOTO KPEMHHUS M BIUSHUS TEMIIEPaTypbl OT/KUTa
JedeKkToB Ha CBOMCTBA pa3yNnopsIOYEHHBIX CTPYKTYD.

BILJIUB y- OIPOMIHEHHS TA OCKOJIKIB SIJIEP **U HA BJJACTUBOCTI
MOHOKPUCTAJIIYHOI'O KPEMHIIO

A.M. Jloeons, B.IL. €Egimos, I'./]. Ilyzauvos, B.C. [vomin, H.A. /J066n:,10.0. I'opdieuko, b.I'. Bopooin,
C.B. baouuenko, T.A. Cemeneun

JIOCIi Ky IOTBCSL TIPOIIECH HAKONMYEHHS palialliiHuX 1eeKTiB, yTBOPEHUX OCKOJIKAMU IUIEHHS siaep 2 U, mis
(hopmyBaHHS amoppHEX (a3 B 00'eMi MOHOKPHCTATIYHOTO KPEMHIIO Ta BIUTUBY TEMIEpaTypH Bikura Ae(eKTiB Ha
BJIIACTUBOCTI PO3YNOPSIIKOBAHUX CTPYKTYP.
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