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In filamentary germanium crystals previously strained by torsion, the shape and struc-
ture return associated with reverse motion of screw dislocations towards the sources
thereof have been revealed under action of thermal field and elastic one generated only by
a constant uniaxial tensile loading. A change in mechanisms controlling the dislocation
mobility and the plastic straining in the microcrystal has been found.

B mpeaBapuTenbHO IIacTUYECKH Ne(OPMHUPOBAHHBIX KPyUeHHEM OIHOTO 3HAKA HUTEBUI-
HBIX KPHUCTA/JJIaX TepMaHUsA MPU BO3JENCTBUM TEPMHUUYECKOT0 U YIPYroro, IIOPOKIEHHOTO
TOJBKO IIOCTOSIHHOM OJHOOCHO! HATrPy3KOH pacCTS)KeHWs, IIoJiell o0OHapy:KHMBaIOTCS BO3BpAT
(bopMBI M CTPYKTYpPBI, CBA3aHHBIE C PEBEPCUBHBIM [IBUKE€HUEM BUHTOBBIX IUCJIOKAIMH K
couM mcrounmkam. OO6HapyKeHa CMeHA MeXaHW3MOB, KOHTPOJIUPYIOIUX ITOJBUMKHOCTD AVC-
JIOKANUi ¥ IJacTUYeCKyio AedOopMaIlui0 B MUKPOKPHUCTAJLIE.

A solid surface is known to act as a dis-
location source or as a dislocation runoff,
or as a barrier for the dislocation motion
[1-3]. This results in various surface ef-
fects [2—9] that influence considerably the
mechanical properties of bulk and filamen-
tary single crystals. The surface effects are
as a rule dimensional, and it is just the
filamentary crystals (FC) that are unique
model samples to observe and study thereof
[4, 5]. The two linear dimension being mi-
croscopic, the FC specific surface is one to
three decimal orders larger as compared to
the bulk crystals. In this connection, the
peculiarities of plastic strain associated
with the forward [4, 5] and reverse [10, 11]
motion of dislocations interacting strongly
with the free surface are seen most clearly.
In the FC, the effect of dislocation post-ac-
tion is more pronounced as compared to the
bulk single crystals. The stress relaxation
under annealing of plastically strained FC
is due mainly to the plastic shape changes
in the near-surface layers and is associated
with the motion of dislocations interacting
strongly with the free surface. These phe-
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nomena are universal in character and are
observable in FC with both low [12, 13] and
high Peierls barriers after the previous me-
chanical straining by torsion [13, 14], bend-
ing [4, 12], and tension [4, 5]. This unique
property of FC makes it possible to study
the thin structure of kinetics and energy
characteristics of the processes [4-11], and
to discriminate the contributions of disloca-
tions interacting strongly and weakly with the
free surface to the plastic shape change [4, 5],
all that using one and the same sample.

The growing, selection, the study of
shape and structure return and internal
friction (IF) in the p-Ge<111> FC were car-
ried out according to procedures described
in [10-15]. As the samples, Ge FC with the
growth axis oriented along <111>, of 3 to
15 pm in dia. and 1.5 to 3.0 mm working
length, the conicity being less than 1073.
The torsion angle measurement error at the
return was less than 1, that of tempera-
ture, +5 K. The axial stresses at the con-
stant tensile loading were 10% to 105 Pa.
The previous plastic straining by uniaxial
torsion was carried out at a rate of
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Fig. 1. Temperature dependences of Q1lay,4, 6),
6 (2), 2 (5, 7) for a Ge <111> FC strained
plastically by torsion. D = 8 pm, y= 0.035 %,
isochoric annealing rate 0.1 K/s.

5007° s1 at 1000 K and can be repeated
multiply. The FC was twisted through a
preset angle 6, by introducing dislocations
of the same sign therein, starting from the
surface, preferably the screw type ones [4].
Then, the stressed sample was cooled down
to room temperature, thus providing the
freezing of dislocations. The pre-strained
dislocation structure was controlled by the
IF method either immediately within the ex-
perimental setup or by x-ray diffraction
(XRD), selective etching, and metallogra-
phy. The uniaxial constant tensile loading
due to torsional micropendulum generates
the uni-sign stresses 0, with the long-range
stresses 0; in the dislocation accumulations
and the image force field stresses 0;. The
total stress 0, = 0, + 0, + 0; favors the re-
verse dislocation motion towards the sur-
face sources and annihilation thereof, thus
making it possible to study the kinetics and
dynamics of the dislocation ensemble decay
within the FC volume that was generated
due to the previous plastic straining by tor-
sion. The shape and structure return of the
pre-strained FC was judged from its de-
twisting angle 8 under isochoric annealing
at a rate of 0.1 to 0.5 K/s.

The high crystal structure perfection in
the FC selected to be studied is evidenced
by the temperature dependences Q 1(T)
shown in Figs. 1-3 (curves 1). A specific
feature of the initial thin Ge FC consists in
the low (1 to 50079 @ L(T) background
value, absence of any peaks in the @ 1(T)
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Fig. 2. Temperature dependences of @1 (1, 4,
6), 0 (2), 6/6, (3), 2 (5, 7) for a Ge <111>
FC strained plastically by torsion. D = 8 pm,
y=0.12 %, isochoric annealing rate 0.1 K/s.
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Fig. 3. Temperature dependences of @1 (1, 4,
6), 6 (2), 6/6, (3), f2 (5, 7) for a Ge <111>
FC strained plastically by torsion. D = 8 pm,
y = 0.42 %, isochoric annealing rate 0.1 K/s.

and squared frequency f2(T) (not shown)
within a wide (300 to 900 K) temperature
range. These experimental facts agree well
with the previous studies [4-11] and evi-
dence the absence of defects able to dissi-
pate appreciably the elastic vibration energy
in the initial FC. Above 900 K (curves 1),
the @ 1(T) and f2(T) dependences for in-
itially dislocation-free FC show anomalies
that indicate the microscale plasticity ap-
pearance under the axial tensile loading
(104 to 105 Pa) and the alternate-sign vibra-
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tions generated by the torsion micropendu-
lum of the IF measuring unit.

In the @ 1(T) dependences for Ge FC pre-
strained by torsion, some singularities are
seen in the 300 to 900 K temperature range
(see curves 4 for the forward run and 6 for
the reverse one) as compared to the initial
samples (curves 1). Moreover, the thin
structure of the return rate 0 (curves 2) has
been studied for previously unstrained sam-
ples within the 300 to 1100 K range. The
full return dependences 6/6,(T) have been
obtained (curves 3; not shown in Fig. 1). A
good correlation of anomalies is established
in the full @ Y(T) (curves 4) and O(T)
(curves 2) dependences. Three temperature
ranges have been discriminated convention-
ally where the activation volumes and ener-
gies have been measured for the return and
plastic shape change processes in the FC
caused by the reverse dislocation slip to-
wards the sources thereof. The experimental
data are summarized in the Table. The cal-
culated Peierls stress (Gp) for Ge FC has
been found to be of about 2109 Pa.

The experiments have shown that the
dislocation mobility during the reverse mo-
tion towards the surface sources is influ-
enced, along with the imaging forces, by
the dislocation interaction forces within the
accumulation and the internal stresses due
to the axial loading. The structure studies
using the IF and XRD have shown that the
dislocation density is lowered during the
annealing, however, no full structure re-
turn is attained in most cases. This is evi-
denced by the data obtained using XRD,
selective etching, and IF. The Ge FC pre-
strained plastically by torsion at T < 0.7T,,
revealed neither the plastic strain localiza-
tion nor a neck even after a high-tempera-
ture (>0.8 T,,) and de-twisting through sev-
eral radians.

In Ge FC pre-strained plastically by tor-
sion throughy <1 % at T ~ 0.7T,,, neither
the shape return (de-twisting) nor the IF
changes were revealed at room temperature
for a prolonged period ( 2008 s). This indi-
cates that at 300 K, the dislocations in Ge

Table. Energy characteristics of disloca-
tional shape return of a Ge <111> FC

T, K H, eV 91022, cm?3
400-650 1.0-1.5 3.0-13.0
700-850 1.7-2.4 8.0-27.0
850-1100 2.5-4.1 27.0-140.0
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FC are "frozen” and do not contribute to
the elastic vibration damping. At higher
temperatures, the shape return is started at
shorter observation times. The onset tem-
perature of the plastic shape change (T,)
depends on the FC geometric size and on
the pre-straining extent. The T, coincides
with the onset temperature of the @1 in-
crease and the f2 decrease. The highest dis-
location return rate ® answers to the tem-
perature position of the IF peaks. As the
initial FC shape is recovered at high tem-
peratures, the initial state of @1 and f2
becomes returned as well as the sample
structure that is judged from the decreased
asterism of the Laue spots. After about
95 % recovery of the initial FC structure,
essentially no peaks are observed in the
QI(T) curves, however, there is no full re-
turn of @1 and structure. This is caused by
that the FC is subjected to axial tension and
high temperature in the experimental condi-
tions that favor the dislocation generation
in individual local microvolumes due to the
internal stress relaxation. However, a com-
plete return of the crystal structure is re-
vealed in fully unloaded FC at temperatures
close to T,.

The possibility of an essentially complete
shape return in thin FC makes it possible to
use repeatedly one and the same sample to
study @1, fA(T), &(T), etc., under different
conditions of the plastic pre-straining, what
is of a special importance in accumulation
of statistical data on variations of a physi-
cal quantity for the samples with the same
impurity content.
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CTpykTypHa peilakKcamifa y TOHKMX HUTKONMOTiIOHHX
KpPHMCTaJIaX repMaHiio

A.Il.€pmaxos, A.1.[[poxcrxun

VY HUTKOMOAIOHMX KpHCTaJaX TrepMaHiio, MOIepeaHbO IJIACTUYHO Ae(OPMOBAHUX KPYTiH-
HAM OJHOTO 3HAaKY, IijJf BIIMBOM TEPMiYHOTO Ta IPYKHOT0, IIOPOKEHOTO TiJIbKU IOCTiHHUM
ONHOBiCHMM HaBaHTAYKEHHAM pO3TArY, IIOJIIB BUABJIEHO IIOBePHEHHA (OPMU Ta CTPYKTYPH,
oB’sA3aHe 3 PEBEPCUBHUM PYXOM I'BUHTOBUX OUCJOKAIiMl IO CBOiX mixepes. BusBieHo 3MiHy
MexXaHi3MiB, IO KOHTPOJIITH PYXOMiCTh AMCIOKAIIN Ta IJIACTUYHY AedOpMAaIlil0 ¥ MiKpo-
KpHucTaJi.
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