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ABSTRACT

It’s determined that a phasic dynamics of deformation strengthening of single-crystal silicon irradiated by y-quanta
(with energy ~1.27 MeV) in the range of radiation absorbed doses from 10 up to 10’ rad by the internal friction mea-
surement with widely known ultrasonic resonance method. We have detected appearance the maximum on the depend-
ence of internal friction (Q") from dose at 5 x 10’ rad in the specimens of p-Si with a density of the dislocations more
than 10° cm ™. The instability of the dislocation structures has been established in the range of doses from 10° up to 10°
rad, due to the formation and accumulation in the crystal lattice of the point like and the continuous radiation defects.
On the time dependence of Q'(t) per 1.5 - 2 hours after irradiation, the maximum has been established which position
depends on dose of radiation. The monotonic decrease of Q '(t) dependence was observed at the increase of the obser-
vation time after stopping of the specimen irradiation, which is connected with decreasing of the radiation defects den-

sities as the result of their annihilation.
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1. Introduction

Some physical properties of materials are connected with
their dislocated structure. Dislocated structures of mate-
rials can be created by the plastic deformation or under
influence of the gamma irradiation [1]. Radiation defects
are closely connected with the dislocation strengthening.
Mechanisms of the deformation strengthening and of the
formation of fragmentary dislocation structures in the
metals have been theoretically discussed in the previous
studies [2,3].

Although the processes of the multiplication, of the
diffusion, and of the annihilation of dislocations in the
metals and semiconductors have been considered in [1-9],
but the main goal of majority investigations consist in a
possibility of analysis those effects from the kinetic posi-
tions.

However, the dynamic processes of dislocations and of
radiations defects in the materials at interruption in the
irradiation still are not well understood. Information
concerning this will be allows us to predict a resource of
the semiconducting material, and a time behaviour of
curves of deformation strengthening, and of specific
structures at the mechanical fatigue of crystals. In this
connection it’s interesting the investigation of dynamic
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of radiation defects in the semiconductor after stopping
of influence of the radiation.

In present paper, the dynamic of radiation defects into
single-crystals silicon are investigated in the range of
doses from 10” rad up to 10° rad by the internal friction
measurement with the ultrasonic resonance method [10],
step by step.

2. Methods and Objects of Investigation

Measurements of internal friction (Q') of the single-
crystal silicon have been made with the ultrasonic
resonance method before and after irradiation. The sili-
con specimens with gauges of 35 mm length, 3 mm
width, 1 mm thickness, and of 28.7 mm length, 4.1 mm
width, 1.2 mm thickness, and of 20 mm length, 1 mm
width, and 1 mm thickness were used. The values of
intrinsic resonances of the longitudinal vibrations of
specimens were in the frequency interval from 50 kHz to
300 kHz. The amplitude of input signal was approxi-
mately 7 V to 7.2 V for launching of vibration into the
specimen. Method of fixing of the specimen is shown on
insertion (a) (see Figure 1). Measurements were carried
out at a room temperature (~25°C). After stopping of
influence of the radiation during 10 minutes, the specimen
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Figure 1. Dependence the internal friction of single-crystal
of the silicon from the radiation absorbed dose. Curve #1 is
measured on frequency 149 kHz, curve #2: 69 kHz. I: first
stage, II: second stage, I1I: third stage. On inset are shown:
a: method of fixing of specimen where 1 is transfer acoustic
line and 3: receive acoustic line. 2: specimen.

was set up between acoustic lines 1 and 3. From that time

the measurement of the internal friction (Q") was started.

Value of the internal friction was calculated with the
following equation Q™' = Af/f, (root-mean-square error
8%).

The bandwidth (Af) is the width of the range of
frequencies where the signal is 0.707 of the maximum
signal amplitude, f, is the resonant frequency. The basic
resonant frequencies f = 69 kHz and f = 149 kHz were
used.

The alloyed single-crystals of silicon of the p-type
conductivity with density of dislocations more than 10°
cm * and with specific resistance 10 ohm meter and 50
ohm meter were used as initial specimens. Specimens
were irradiated into y-channels of *Co gamma source
with range of dose rate from 10 rad per sec to 500 rad per
sec. Above mentioned intensity of gamma rays quite
enough for study of a dynamic of radiations defects in
the single-crystal silicon where a slight concentration of
defects exerts important influence on the acoustic wave
absorption

3. Results and Discussion

3.1. The Dependence of Internal Friction from
Dose

The irradiation was used in order that to create a defec-
tive structure evenly in all volume of thin specimen.
Then we had observed the time-dependent behaviour of
internal friction. Dependence internal friction from the
irradiation dose (Q '(D)) is shown on Figure 1. It’s can
to divide on three stages: I: first stage where the internal
friction essentially not changed with an increase of the
radiation absorbed dose (D) from 10 to 10° rad; II: sec-
ond stage where the internal friction reached maximum
with an increase of the D from 10° to 5 x 10° rad; III-
third stage where the internal friction dropped down at D
= 10° rad and further it is slowly rising with an increase
of the D from 10° to 10° rad.
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First value of Q"' (see Figure 1) depends from dislo-
cation density that initial specimen contains. The more
initial dislocation density, the more value QL

Dependence the internal friction from of the radiation
absorbed dose Q'(D) (shown on Figure 1) and time
dependence of internal friction Q”'(t) (shown on Figure
2) were observed in the specimens that have density of
dislocations p > 10° cm ™.

Q (D) and Q7'(t) dependences didn’t observed in the
specimens if they preliminary anneal and then irradiate.

Dependence Q '(D) obtained as result of irradiate (see
Figure 1) correspond to such process of deformation
strengthening that observed in the silicon at the tempera-
ture around 750°C [11,12].

We suppose that the generation of the deformation
strengthening in the silicon at temperature around 750°C
and a similar process at room temperature in the irradi-
ated specimen of the silicon are connected with a mecha-
nism of formation of the dislocation loops. This depend-
ence Q'(D) demonstrate that there are three stage of the
deformation strengthening in the silicon with an increase
of the radiation absorbed dose. As known the internal
friction Q™' is very sensitive to the little changes of the
location of the pinning point of dislocations and it is the
measure of strengthening of specimens [1,4,5]. Seem-
ingly, anew arising dislocations bring in the dependence
Q!(D) the basic contribution. For example the radiation
defects didn’t exert important influence on the Q™' at the
first stage of irradiation (until 10° rad) but they make a
flat slope of the value of internal friction at the depend-
ence (D) that connected with a speed of formation of
dislocation loops. We suppose that growth of quantity of
unsteady dislocations in the interval of doses from 10° to
5 x 10° to facilitate progress a new dislocation loops
which found up the dislocation band structure (see Fig-
ure 1, II: second stage). Whereas size of loops particu-
larly not depends from dose of radiation [13], the second
stage II of the curve Q (D) (see Figure 1) demonstrate
the generation of dislocation cell structure and as result
the irradiated specimen have the radiation strengthening.
Dose of radiation 5 x 10° rad generate the critical density
of dislocation loops that create favourable conditions for
forming free from defects channels [2,3] and thereby
bring to sequence transition from dislocation structures to
annihilation structures. Whereas the radiation doses
modify the density of loops in accordance with law [2]: p
oo D", where (n = 1/2 — 2/3). The parabolic dependence
Q!(D) at I and I stages of radiation strengthening dem-
onstrate that in this interval of dose: Q™' o0 p*°.

However the behavior of radiation strengthening cor-
responds to similarly process in the single crystal of
metal at I1I stage.

Decreasing of the value of the internal friction is
shown in Figure 1 at the radiation doses over 5 x 10° rad
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as result of the strengthening of the specimen. Such drop
of the value Q' is connected with an increase quantity
loops that have density p ~ 10° - 10" cm™ [2,14] at dose
over 5 x 10’ rad.

3.2. The Time Dependence of Internal Friction

The plastic deformation of irradiated crystals has a fea-
ture that connected not only with a strengthening influ-
ence of radiation defects but and with an unstable nature
of behavior of plastic deformation [2].

As known, the energy of dislocation have approxi-
mately value ~ 10 x 107" joule (or around 6 eV) at the
distance between atoms along of the dislocation line
(~2.5 A). For single crystal silicon the amount of energy
of such dislocation is 19 eV [12]. There is a strong prob-
ability that such high energy will increase the annihila-
tion of the dislocations. Also, it has been reported [2], the
generation of cell structure is connected with an action of
a few systems of glides at second and third stage of de-
formation strengthening during the process of plastic
deformation.

Two competitive process are developing at the interval
of doses over 5 x 10’ rad: on the one hand with genera-
tion of dislocation cell structure, on the other hand the
annihilation of dislocation loops that create boundaries of
extensive formations (channels without dislocation) [2].

Though both of the processes are developing at the ir-
radiation but their equilibrium state depend from dose of
radiation and temperature.

Probably process of annihilation of dislocation loops
prevail over process of formation of cell structure and
internal friction Q' has moderate growth into interval of
dose from 10° to 10° rad.

When the radiation absorbed dose of the initial speci-
men had a value in the range of doses from 10° rad up to
10° rad, the internal friction increased till its maximum
value during 1.5 - 2 hours after stopping of the irradiation
(see Figure 2).

It was as result probably of the intensive progress of
process of annihilation of dislocation loops, which has
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Figure 2. Time dependence of internal friction of the single-
crystal silicon: 1: at value of radiation absorbed dose 10°
rad; 2: at value of radiation absorbed dose 10® rad; 3 :
without of the irradiation.
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cooperative nature of the evolution.

It should be noted that value of internal friction was
changing through 7 - 8 hours and even through twenty-
four hours from starting point of observation.

The process of annihilation has the further develop-
ment in a random way as result of a sequential activation
of dislocation kinks within a boundary microstructure by
fields of internal tensions and process of annihilation
steadily tend to its equilibrium value. Such long process
of annihilation is connected probably with more late a
diffusion of delayed defects to dislocations and to bound-
aries of cells.

4. Conclusions

It has been demonstrated in the present work that
received dependences of internal friction from the ra-
diation absorbed dose (Q (D)) have characterized the
staging step of the deformation strengthening of alloyed
single-crystal silicon.

We have detected appearance maximum on the
dependence of internal friction from dose Q'(D) at 5 x
10° rad in the specimens of single crystal of silicon with
density of dislocations more than 10° cm .

It is the critical dose that characterizes the yield limit
when the cell structures and the defect-free channels are
formed into specimen. The generation of defect-free
channels depend from energy and properties of defects
which interact with each other in the structure of irradi-
ated silicon.

The activity of dislocation loops is changing with a
growth of the radiation absorbed dose. Destination of
maximum on the temporal dependence of the internal
friction (Q '(t)) depend from the radiation absorbed dose
by specimen (i.e. the more radiation absorbed dose, the
later arise maximum Q'(t))-Q (D) and Q '(t) depend-
ences didn’t observed in the specimens if they prelimi-
nary anneal and then irradiate.

The monotonic decrease of Q '(t) dependence was
observed at the increase of the observation time after
stopping of the specimen irradiation, which is connected
with decreasing of the radiation defects densities as the
result of their annihilation. The long process of annihila-
tion is connected with more late a diffusion of delayed
defects to dislocations and to boundaries of cells.
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