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According to all studies, the creep of homeopolar crystals (see, for example,
(173)) differs fundamentally from the creep of metals: whereas for the former
the initial segment of the creep curve is characterized by an incubation period
and a gradual increase in the deformation rate, followed by a stationary stage,
which is replaced by a creep stage with a continuously decreasing rate, for the
latter (see (%)), on the contrary, the deformation first slows down, then a
stationary stage occurs, and afterward there begins a stage of accelerated creep,
ending in fracture of the metal. In the first case, the creep rate is determined
directly by the resistance of the lattice to the motion of dislocations, and only
in the last stage is it affected by dislocation interactions, whereas in metals
this effect already determines the creep rate in the first stage. The question
naturally arises whether the difference between the creep of homeopolar and
metallic crystals is connected with the different type of interatomic bonds in
them, or whether it is explained by the fact that, in the case of homeopolar
crystals, only the initial stage of the process has been studied. In the present
work an attempt was made to obtain an answer to this question.

Creep tests were carried out under conditions of uniaxial compression along
the (111) direction in an argon atmosphere at temperatures of 900 = 1300° and
stresses of 2 = 10 kg/me, on specimens in the form of a rectangular paral-
lelepiped (6 x 3.4 x 2.6 mm?), prepared from an n-type ingot with a dislocation
density of the order of 103 cm™2. The specimens were first polished mechanically
and then, to remove the work-hardened layer (100 i), chemically in a mixture of
hydrofluoric (1 h) and nitric (7 h) acids. The accuracy of load measurement was
10 g, and that of deformation 5-107°. During each experiment the temperature
change did not exceed 10°, and the change in stress was no more than 2%.

Before loading, the specimens were heated for one hour at the test temperature.
After the test was completed they were cooled under load in order to avoid
redistribution of dislocations. The dislocation structure was studied by trans-
mission in a JEM-150 electron microscope on thin silicon films prepared by the
method described in (%), and by the method of selective chemical etching in a
solution of chromium trioxide (1 h), distilled water (1 h), and hydrofluoric acid
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Fig. 2. Boundary of misoriented blocks (steady-state stage of creep)
Figure 1: Fig. 2. Boundary of misoriented blocks (steady-state stage of creep)

Fig. 1. Creep curves of silicon single crystals. Temperature 1100°. Stresses 2
kg/mm? (1 and 2; curve 1 characterizes the early stages of creep) and 10
kg/mm? (3). The cross denotes fracture of the specimen.

Figure 2: Fig. 1. Creep curves of silicon single crystals. Temperature 1100°.
Stresses 2 kg/mm? (1 and 2; curve 1 characterizes the early stages of creep) and
10 kg/mm? (3). The cross denotes fracture of the specimen.

(2 h). To obtain reliable data on the regularities of creep in silicon crystals, the
results obtained on several specimens deformed under identical conditions were
averaged.

Figure 1 shows typical creep curves of silicon for the investigated range of tem-
peratures and stresses. At low stresses, creep of the specimens initially devel-
oped in a manner analogous to the data of works (173) (curve 1), but then,
in contrast to those works, the deformation rate became constant, and for the
overwhelming part of the time the specimens deformed at this rate (curve 2).

The duration of the characteristic portions of the creep curves decreased with
in—
To the article by M. M. Myshlyaev and V. I. Nikitenko, p. 549

Fig. 2. Boundary of misoriented blocks
(steady-state stage of creep)

with the magnitude of the applied stress and the test temperature. At suffi-
ciently high stresses the initial portions of the process disappeared, and the
creep curve became similar to the creep curves of metals: the deformation of
the specimens under loading was followed by unsteady, steady-state, and ac-
celerated stages (curve 3). The process ended with fracture of the specimen.
The deformation in the steady-state stage was usually 3-8%. Structural studies
showed that the initial portions of creep are characterized by a rapid transi-
tion from the motion of individual dislocations in intersecting slip planes to a
cellular structure formed by tangled dislocation networks with numerous dislo-
cation dipoles and loops in the region of retarded creep. Steady-state creep of
the specimens corresponded to a disoriented block structure (Fig. 2, see insert
facing p. 559) with a large number of hexagonal dislocation networks forming
block boundaries. The block size was about 2u. The dislocation density within
the blocks was of the order of 10 cm™2. According to (7, 8), this structure is
similar to the structure of metals deformed in the steady-state stage of creep at
moderate temperatures.

Fig. 1. Creep curves of silicon single crystals. Temperature 1100°. Stresses
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2 kg/mm2 (1 and 2; curve 1 characterizes the early stages of creep) and
10 kg/mm2 (3). The cross denotes fracture of the specimen.

Thus, the creep curve of homeopolar crystals described in the literature is far
from complete. It should be supplemented by two stages, one of which proceeds
at a constant rate and is the longer of the two, while the other is characterized
by accelerating deformation and ends in fracture of the material. The portion of
constant deformation rate at the beginning of the process (see Fig. 1, curve 1),
interpreted in works on the creep of homeopolar crystals as a steady-state stage,
is not such a stage, but is a constituent part of unsteady creep. In this short
portion the dislocation structure changes sharply. At the same time, throughout
the second portion of constant deformation rate the characteristic block struc-
ture remains unchanged. It is precisely this portion that corresponds to the
steady-state stage of creep. Consequently, typical creep curves of homeopolar
crystals and of metals are qualitatively similar, except for the features at the
very beginning of the process.

The change in the rate of steady-state creep (¢) of silicon single crystals as
a function of the test conditions is illustrated in Fig. 3. It is seen that, in
semilogarithmic coordinates, the dependence of the rate ¢ on the reciprocal
temperature 1/7 is represented by a family of straight lines, each corresponding
to a definite value of the external stress. Extrapolation of these straight lines
to 1/T = 0 showed that they converge at lgé, ~ 11.

From the results obtained it follows that, in the investigated range of external
conditions, the steady-state creep rate of silicon obeys the kinetic equation

€ =éyexp (—%) . (1)

In this equation the height of the energy barrier is U, = 5.6 eV; the activation
volume is v = 2.7 - 10721 cm?; o is the external stress. It is known (°, 1°) that
an analogous dependence describes the steady-state creep of many metals under
uniaxial tension in the region of moderate temperatures and elevated stresses.
Apparently, the indicated commonality in the description of the steady-state
creep of silicon and metals is due to the similarity of the structural state of
these materials.

In (9, 1) the conclusion was drawn that the activation energy U, corresponds
to the sublimation energy. In (11) it is noted that the value of U, is close both
to the sublimation energy and to the activation energy of certain mechanisms
of plastic deformation associated with the interaction of dislocations at block
boundaries. In the case of silicon, the parameter U, = 5.6 ¢V is comparable
both with the sublimation energy (4.87 eV (12)) and with the activation energy
for self-diffusion of vacancies (5.13 eV (13))* but it considerably exceeds the
barrier for the motion of dislocations in the Peierls force field (2.2 eV (14)). An
estimate analogous to that performed in (1) showed that the barriers impeding
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Fig. 3. Temperature dependence of the rate of steady-state creep of silicon at
stresses of 2 kg/mm? (1), 4 (2), 6 (3), 8 (4), and 10 kg/mm? (5)

Figure 3: Fig. 3. Temperature dependence of the rate of steady-state creep of
silicon at stresses of 2 kg/mm? (1), 4 (2), 6 (3), 8 (4), and 10 kg/mm? (5)

the motion of dislocations are associated not with dislocations inside blocks,
but with dislocations of interblock boundaries. Thus, the steady-state creep of
silicon cannot be limited by the motion of dislocations in the force field of the
crystal lattice (as occurs at the beginning of the process), but is determined
by the collective interaction of dislocations at block boundaries, apparently by
the same mechanism that is responsible for the steady-state creep of metals at
moderate temperatures.

Fig. 3. Temperature dependence of the rate of steady-state creep of silicon at
stresses of 2 kg/mm2 (1), 4 (2), 6 (3), 8 (4), and 10 kg/mm2 (5).

The authors express their deep gratitude to S. N. Zhurkov and V. L. Indenbom
for useful discussions of the results of the work, and to V. I. Nesterenko and A.
A. Polyanskii for assistance in carrying out the experiments.

Institute of Solid-State Physics
Academy of Sciences of the USSR
settlement of Chernogolovka, Moscow oblast

Received
23 11969

CITED LITERATURE
1. Van Bueren, Defects in Crystals, Moscow, 1962.

2. P. Haasen, Festkorperprobleme, 3, 167 (1964).

3. V. L. Nikitenko, in: Dislocations and Physical Properties of Semiconduc-
tors, Leningrad, 1967.

4. Yu. N. Rabotnov, Creep of Structural Elements, Moscow, 1966.

5. V. L. Indenbom, M. A. Mogilevskii et al., Prikl. mat. i tekhn. fiz., 1, 160
(1965).

6. V. G. Govorkov, Yu. V. Malov et al., Crystallography, 11, 259 (1966).

7. M. M. Myshlyaev, FTT, 7, 591 (1965).

sovietrxiv.org/items/ru-196901.31957 Machine Translation


https://sovietrxiv.org/items/ru-196901.31957

8. M. M. Myshlyaev, FTT, 9, 1203 (1967).
9. S. N. Zhurkov, T. P. Sanfirova, ZhTF, 28, 1719 (1958).
10. S. N. Zhurkov, T. P. Sanfirova, DAN, 101, 237 (1955).

11. M. M. Myshlyaev, Author’ s Abstract of Dissertation, Institute of
Crystallography, Academy of Sciences of the USSR, Moscow, 1968.

12. V. 1. Vedeneev, L. V. Gurvich et al., Bond Dissociation FEnergies.
Tonization Potentials and FElectron Affinities, Handbook, Moscow, 1962.

13. J. M. Fairfield, B. J. Masters, J. Appl. Phys., 38, 3148 (1967).
14. V. I. Nikitenko, V. N. Erofeev, N. M. Nadgornaya, in: Dynamics of Dis-
locations, Kharkov, 1968.

* Elucidation of the physical nature of the energy barrier U, is the subject of
further investigations.
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