
Available online at www.sciencedirect.com
www.elsevier.com/locate/actamat

Acta Materialia 57 (2009) 4866–4873
Stick–slip dynamics of coherent twin boundaries in copper

Qiyang Hu a, Lan Li b, N.M. Ghoniem a,*

a Mechanical and Aerospace Engineering, University of California, Los Angeles, CA 90095, USA
b Microsoft Corporation,1 Microsoft Way, Redmond, WA 98052, USA

Received 9 June 2009; received in revised form 28 June 2009; accepted 28 June 2009
Available online 29 July 2009
Abstract

The migration kinetics of coherent twin boundaries (CTBs) and the underlying atomistic mechanisms are determined through molec-
ular dynamics (MD) computer simulations. Details of motion dynamics and associated effective migration of CTBs are examined for
nanotwinned copper crystals under externally applied shear loading. The present study reveals that the magnitude and direction of
the resulting CTB migration velocity is dependent on the shear-loading orientation. It is found that h112i-type shearing on {111} twin
boundaries maximizes their transverse migration velocity. Shearing at directions which remain parallel the TB plane but are inclined to
the h112i-direction results in a smaller degree of coupling, and finally to twin boundary sliding alone when the shear direction is along
h110i. It is found that the dynamics of CTB motion can be described as a two-step ‘‘stick–slip” process. Analysis of atomic configura-
tions indicates that the ‘‘stick” phase of the dynamics is associated with accumulated strain in the crystal, and that such strain is suddenly
released by the nucleation of 1/6 [112]-type twinning partial dislocations. In atomic layers adjacent to the twin boundary, coordinated
shuffling of atoms is found to take place immediately before dislocation nucleation. The ‘‘slip” phase of the dynamics is shown to be
controlled by fast propagation of nucleated twinning partial dislocations and their spreading along the twin boundary.
� 2009 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The motion of grain boundaries (GBs) in response to
applied external forces has been the subject of investigation
for the last few decades, mainly because of the direct rela-
tionship between GB motion and macroscopic mechanical
properties. It has been realized for some time that atomic-
level mechanisms are in fact responsible for GB motion,
and that there are strong correlations between GB struc-
tures and their ability to move under applied stress. Ashby
outlined atomistic aspects of GB sliding in relationship to
diffusional creep [1], and concluded that in order to accom-
modate creep deformation, GB sliding motion must be
associated with other types of GB displacement modes.
GB sliding results in incompatibilities, which must be
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accommodated either elastically through the deformation
of neighboring grains, or plastically through the motion
of dislocations [1]. More recently, Cahn and Taylor pro-
posed a unified approach to the motion of GBs, where
GB sliding is a special case of motion, and that in general,
the relative tangential motion of two adjacent grains is
associated with a proportional motion normal to the GB
itself [2–4]. Moreover, the relative translation of two adja-
cent grains must also involve grain rotations [3,4]. Utilizing
molecular dynamics (MD) simulations over the entire mis-
orientation range and a wide range of temperatures, Cahn
et al. determined the coupling factor between the tangential
and normal motion for a [001] symmetrical tilt GB in cop-
per [4]. They also found the coupling factor b, defined as
the ratio of normal-to-tangential velocities, to be multi-
valued, and that it can be positive or negative. A simplified
geometric model of coupling was proposed on the basis of
crystal symmetry by Cahn et al., and was found to be in
good agreement with MD simulations [4].
rights reserved.
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There are four modes of GB motion: (i) motion normal to
the boundary, (ii) coupled tangential/normal motion, (iii)
rigid-body GB sliding, and (iv) GB rotation [4]. Several
experimental studies have explored these modes of twin
boundary motion, especially the coupled tangential/normal
motion under applied stress. Kizuka et al. observed that
shearing of nanometer-sized gold contacts results in coher-
ent twin boundary (CTB) coupled motion [5]. Using channel
die deformation and imaging, Field et al. experimentally
observed CTB migration in copper during severe deforma-
tion [6] and concluded that twin boundaries are sources of
dislocations. Detailed experimental observations of twin
boundary migration via twinning partial dislocation emis-
sion from twin boundary/GB intersections were provided
by Wang et al. in their investigation of nanotwinned copper
[7]. More recently, Molodov et al. performed an experimen-
tal investigation on the migration of low-angle tilt GBs in Al
bicrystals [8]. The measured values of b were found to be in
very good agreement with the Cahn et al. model [4]. In a sim-
ilar experimental study, Winning performed in situ observa-
tions of coupled GB motion in Al bicrystals with h11 2i- and
h100i-symmetric tilt boundaries with X-ray diffraction
[9,10]. They inferred from their study that the migration
mechanisms are the same for the coupled motion as for pure
boundary migration, and that the primary mechanism is GB
dislocation climb.

The coupled tangential/normal motion of GBs has been
the subject of recent theoretical interest in order to uncover
the conditions and generality of such motion, and to ascer-
tain the nature of dynamics taking place. MD simulations
were carried out by Zhang et al. on a Ni bicrystal for both
low R and general [010] tilt boundaries [11]. These com-
puter simulations revealed two critical stresses: one for cou-
pled shear/boundary motion and the other for GB sliding,
and for general tilt boundaries, the critical stress for cou-
pled shear/boundary motion was found to be smaller than
that for sliding. While the atomic structure and modes of
GB motion have been investigated in detail in recent years,
few studies have focused on the atomistic mechanisms and
ensuing collective dynamics of GBs under external stress.
The atomic motion within stationary and migrating asym-
metric tilt GBs has been revealed by MD simulations, cou-
pled with atomic trajectory analysis methods by Zhang
et al. [12]. Two types of dynamic events within GBs were
found: a string-like cooperative motion parallel to the tilt
axis, and atomic motion across the GB plane occurring
on a longer characteristic timescale of �150 ps [12].
Dynamic analysis of GB motion using MD simulations
indicated that, at low velocities, reversals of GB displace-
ments were observed, indicating the presence of a crossover
between the stick–slip and driven Brownian regimes [13].

The objective of the present work is to investigate the
atomistic mechanisms responsible for the migration of
symmetric R3 CTBs. In our recent related work, we inves-
tigated the structure and motion of junctions between
coherent and incoherent twin boundaries in copper [14],
and the competition between dislocation and twin bound-
ary motion in determining twin size effects on the deforma-
tion of nanotwinned copper [15]. In the present work, MD
simulations of the shearing of isolated R3 CTBs will be per-
formed for a variety of shearing directions parallel to the
plane of the GB in order to understand how CTBs migrate
in response to an applied stress field. The atomic mecha-
nisms responsible for the coupled motion along the shear
direction and normal to the twin boundary plane [2–4] will
be discussed. Those mechanisms will be further elucidated
to ascertain the origins of an observed z‘‘stick–slip” motion
that controls the boundary migration rate. We will present
an analysis of the stick–slip process to show that twinning
partial dislocation nucleation is the initiating event respon-
sible for twin boundary migration. Following a brief
description of the computational procedure and numerical
methods in Section 2, the results of MD simulations of an
isolated CTB will be explored in Section 3. The atomic
mechanisms responsible for the coupled motion along the
shear direction and normal to the twin boundary plane will
also be discussed. In Section 4, detailed analysis of the
atomistic mechanisms responsible for CTB migration will
be presented to ascertain the origins of the stick–slip pro-
cess that controls the boundary migration rate. Finally, a
summary of the present work and conclusions are given
in Section 5.

2. Computer simulation procedures

Atomic interactions in Cu are modeled here using an
accurate embedded-atom method (EAM) potential con-
structed by fitting to experimental and first-principles data
[16]. MD simulations were performed using two different
codes: LAMMPS [17] and XMD [18]. A methodology sim-
ilar to that described by Cahn et al. [4] was followed in
order to simulate the shearing of an isolated boundary.
The chosen R3 GBs were initially created by standard geo-
metric constructions of the coincidence site lattice (CSL)
model [19]. MD simulations were performed in the canon-
ical (NVT) ensemble, using a constant-temperature Nose–
Hoover-type thermostat. Prior to beginning an MD simu-
lation, the computational block was subjected to a uniform
expansion corresponding to the the chosen temperature.
This a priori process takes into account the thermal expan-
sion that would take place naturally, and so maintains the
simulation block at zero average pressure. The thermal
expansion factors were determined by Mishin et al. [16]
using zero-pressure Monte Carlo simulations. As shown
in Fig. 1, fixed boundaries were imposed in the z-direction
by creating thin slabs of fixed atoms at the top and bottom
of the simulation block. These thin slabs were allowed to
interact with their neighbors, but the atoms in the thin
slabs were moved as a single unit. By applying a constant
velocity to the upper fixed region while holding the lower
region motionless, an external shear stress parallel to the
GB was introduced. The statistics of defects and twin
boundaries are recorded utilizing the central symmetry
method [20].



[110]
[112]

[111]

Twin Boundary

Fixed Layer

Fixed Layer

V//

-

x

y

z

(y)

V//
(x)-

Fig. 1. Twin boundary shear simulation block geometry used in this
paper. The areas labeled ‘‘Fixed Layer” indicate a layer of atoms which
remain fixed relative to each other and move as a rigid-body. Periodic
boundary conditions are imposed in the x ([110]) direction. Simulations
were performed with y ð½�112�Þ planes periodic in Section 3, and free
surfaces in Section 4. vðxÞk and vðyÞk are the velocity components along x and
y directions applied to the upper fixed slab.
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Fig. 2. Dependence of CTB transverse displacement on the direction of
shear loading on the f111g plane at a strain rate of 1:5� 109 s�1 and
200 K. Thick lines are MD simulation results, while thin lines are linear
fits to simulations. Four different directions on f111g-planes are denoted
by (a–d), as shown in the inset. Directions (d0) and (d00) have a statistically
equivalent motion as the (d) direction.
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To investigate the detailed mechanisms of twin bound-
ary migration, we set up a simulation box as follows. The
x; y and z axes of the simulation cell were selected as
[110], ½�112�, and ½1�11�, respectively, with twin interfaces
on x–y planes ð1�11Þ (see Fig. 1). The simulation box is
20 nm along all the x; y and z directions, and consists of
0.5 million atoms, and uniform shear strains on the
ð1�11Þ-plane were applied.

3. Stick–slip dynamics

Stick–slip motion is generally associated with the sliding
of two contacting surfaces or the peeling of soft matter off
of a hard surface. Nonlinear dynamical models show that
the resulting motion is jerky, and leads to well-known
instabilities. However, the physical details of the mecha-
nisms responsible for such motion are system dependent.
Recently, Mishin et al. demonstrated a close relationship
between coupled GB motion in crystals and other cases
of stick–slip dynamics by applying accelerated MD simula-
tions [13].

The standard simulation case here is set up with a uni-
form shear strain rate of 1:5� 109 s�1, along the ½�11 2�
direction at a temperature of 200 K. In these simulations,
we applied periodic boundary conditions along both the
x ð½110�Þ and y ð½�11 2�Þ directions. The simulations reveal
that the transverse migration of a coherent twin boundary
can also be regarded as a stick–slip process. Initially the
system stays in an inertial stick stage, followed by a slip
process that occurs suddenly, resulting in boundary migra-
tion normal to its plane over a distance of one atomic layer.
This process is observed to be repetitive, though not exactly
periodic. Thus the nominal migration velocity of a twin
boundary is an average result of both the transient slip
speed and the stick incubation time. To determine average
(effective) migration speeds of twin boundaries, we utilize
least-square statistics on multiple slip and stick processes.
The average slope of the transverse displacement vs.
elapsed time gives the equivalent transverse twin migration
velocity, while the standard error would provide informa-
tion on the physical nature of the stick–slip process. Larger
fluctuations in the displacement–time relationship indicate
that twin boundary migration is highly discontinuous, with
obvious stick–slip motion, while lower values denote less
significant influence of the stick stage of motion.

The migration profile of the CTB is shown as a thick
dark line in Fig. 2. A coupling constant, b, for the bound-
ary was introduced by Cahn et al. as the ratio of the CTB
migration velocity (transverse) to the grain translation
(slip) velocity [3]. The present simulations indicate that
b ¼ vt

vs
� 0:81� 0:009. This result is consistent with the dis-

placement shift complete (DSC) theory [19], in which the
ratio of transverse to sliding speed is calculated as
b0 ¼ ða=6½�112�IÞ=ða=3½1�11�IÞ ¼ 1=

ffiffiffi

2
p
� 0:71. An impor-

tant finding from our MD simulations is that the magni-
tude and direction of the CTB migration speed are
strongly influenced by the direction of the shear stress on
f1�11g-planes. We selected four different directions on the
ð1�11Þ plane, denoted by (a), (b), (c) and (d). Direction (a)
is ½�112�, (d) is [110], (b) is 15� clockwise to ½�112� and (c)
is 45� counterclockwise to [11 0].

As shown in Fig. 2, the downward maximum speed of
the CTB migration occurs along the direction of ½�112�
and every 120� to ½�112� on f1�11g planes. If the shear is
along the [110]-directions, no CTB migration is observed.
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For every 60�, the CTB would change the migration up–
down direction. This relationship can be illustrated more
clearly in Fig. 3, where different colors (white, light grey,
dark grey) denote atoms on three consecutive f11 1g-
planes. The maximum absolute value of positive migration
velocity is reached for off 30� to [110], while the maximum
absolute value of the negative migration velocity is reached
at 90� to [11 0], as shown in the figure. Since CTB migra-
tion induced by (111) shearing strain exhibits a 3-fold sym-
metry in an face-centered cubic (fcc) crystal lattice, the
coupling constant is thus a function of sinð3hÞ, where h is
the angle of the shear direction relative to [110] on
ð1�11Þ-planes. The simulation results for the coupling con-
stant, b, are given in Table 1. Note that coupled motion in
response to shear in [110] is prohibited by symmetry, since
h ¼ 0.

Further investigations indicated that while the details of
GB migration are time dependent and show stochastic
behavior, the overall average velocity is essentially con-
trolled by the crystal geometry and shearing direction. At
a shearing angle of 90� to the [110]-direction, Fig. 4 shows
the twin boundary displacement vs. the top layer displace-
ment during shear loading at 200 K, in which it is clear that
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Fig. 3. Illustration of crystal geometry on ð1�11Þ-plane under various
shear loadings with different directions denoted by block arrows (a–d).
Dotted lines with arrows denote two possible twinning parital directions
which correspond to Da and aC in the Thompson tetrahedron. ‘‘0”

denotes base middle layer atoms, while ‘‘+” and ‘‘-” denote upper and
lower layer atoms, respectively. Da partials result in the moving-up CTB
migration with the maximum velocity; aC result in the moving-down CTB
migration with the maximum velocity. Full dislocation DC statistically
results in no migration of CTBs due to the cancellation effect of the
vertical migrations of CTBs from Da and aC.

Table 1
Statistical analysis results and comparisons of CTB migrations at different she

Angle h to [110] 90� 75�

vt (m/sec) �10.745 ± 0.121 �6.214
b ¼ vt=vs �0.81 ± 0.009 �0.468
b0 � sinð3hÞ �0.71 �0.5
the migration velocity is proportional to the slip velocity
resulting in b being constant. The fluctuation in the migra-
tion velocity ðr̂vÞ, which can be regarded as a measure of
the driven Brownian component of the dynamics [13], is
found to increase with the strain rate. Our statistical anal-
ysis shows that the equivalent migration velocity is
10:745� 0:121 m s�1, where 0:121 m s�1 is the standard
deviation in the boundary velocity ðr̂vÞ, shown in the figure
inset. It is interesting to note here that the higher the strain
rate, the faster the TB migration speed, and the more dis-
tinct is the stick–slip nature of the motion. For example,
the gray dotted line in Fig. 4 clearly shows a much longer
stick stage and a more distinct slip displacement.

The temperature is found not to influence twin boundary
migration, as can be seen in Fig. 5, where the migration
velocity is about 10:7 m s�1 in the range of 200–600 K. How-
ever, the displacement steps become smaller as the tempera-
ture is increased. This is not very surprising, since thermal
fluctuations tend to smooth out the discontinuous stick–slip
process. These observations are consistent with the recent
analysis of the transition from stick–slip to driven Brownian
dynamics of stressed GBs, proposed by Mishin et al. [13].

4. Atomistic mechanism for stick–slip CTB migration

To reveal the atomistic origins of CTB motion and the
influence of crystal free surfaces, MD simulations were
ar directions to [110].

0� 45�

± 0.173 �0.2 ± 0.157 6.616 ± 0.159
± 0.013 �0.015 ± 0.012 0.5 ± 0.012
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performed with the bounding ð�112Þ planes in Fig. 1 taken
as free crystal surfaces, while the x-direction has still peri-
odic boundary conditions. Simulations were performed in
two stages: first, the system is elastically preloaded up to
6.9% uniform shear strain, and then constant strain rates
in the range 5� 107–5� 109 s�1 were applied. While atoms
in the bottom layer of the MD cell were fixed, the positions
of atoms in the top layer were constrained to those obtained
from simple shear displacements. MD simulations of all
atoms within the cell in response to the prescribed displace-
ment were conducted at a temperature of 300 K.

The stick–slip mechanism is found to be essentially a
two-step process, where the ‘‘stick” phase is associated with
the accumulation of significant strain throughout the crys-
tal, and is terminated by strain localization near the CTB,
leading to the nucleation of twinning partial dislocations.
This first phase is relatively long, lasting on the order of
20–50 ps, and is mainly dependent on the applied strain
rate. The second phase proceeds at a timescale that is 1–2
orders of magnitude smaller, and is mediated by the rapid
expansion of nucleated twinning partial dislocations across
the twin boundary interface. Fig. 6 shows a time sequence
of the process of twin boundary migration as a result of the
nucleation and spreading of a twinning partial dislocation
loop, initiated at the intersection of the twin boundary with
the two opposing surfaces of the simulation cell. The white
atoms are those with the number of nearest neighbors dif-
ferent from 12, indicating departure from equilibrium posi-
tions associated with severe lattice distortions or transient
atomic ‘‘shuffling”. The red atomic plane is the original
twin interface, while the green atomic plane is the new twin
interface, after the original interface translated by one
atomic layer. We can clearly see several stages of the twin
boundary migration mechanism illustrated in Fig. 6. The
twin boundary is shown before migration in (a) at 0.2 ps.
Clusters of shuffled atoms are first nucleated close to the
left side surface and move towards the right side in a coher-
ent motion, as shown in (b) and (c) at 1–1.8 ps. At 4.6 ps,
the coherent group of shuffled atoms moves along the
ð1�11Þ plane, and then disassociates on the front and back
surfaces, as shown in (d). The motion of this wave of shuf-
fled atoms localizes the strain and results in the nucleation
of a twinning partial loop (two half-loops because of the
periodic boundary) at 5.6 ps. At 7.8 ps, the two twinning
partial dislocations slip over the ð1�1 1Þ plane adjacent to
the twin boundary leading to transverse translation of the
twin boundary one atomic step, as seen in (f). The two
curved partial dislocations then merge in the middle of
the cell at 8.4 ps in (g), and at 9 ps, a new partial disloca-
tion loop nucleates homogeneously at the merging point,
spreading outwards, followed by the formation of a second
twin boundary that is one layer above the first one. We
examined the distorted lattice structure and the Burgers cir-
cuit for the white atoms, and found that, except for the
ones adjacent to the new twin boundary (green atoms),
the white atoms are in regions with closed Burgers circuits
with no net Burgers vector. This indicates that the atoms
showing coherent group motion do not actually form dislo-
cations, and that they are shuffled atomic clusters on
atomic layers adjacent to the twin boundary plane.

In order to better understand the nature of shuffled
atoms that are precursors to twinning partial dislocation
nucleation, we performed a Burgers circuit analysis across
the twin boundary interface. Fig. 7 shows the Burgers cir-
cuit to identify the partial dislocation along the twin
boundary interface, leading to step generation (a twinning
dislocation), consistent with the schematic discussed in Ref.
[21]. In Fig. 7, white atoms are in perfect lattice positions,
blue atoms mark the twin boundary, yellow atoms delin-
eate the dislocation core, and the two small yellow arrows
indicate the position of the new twin plane. The Burgers
circuit construction in Fig. 7 clearly shows that the closure
failure vector is 1

6
½112�, and that the nucleated twinning

partial dislocation has an edge character.
Fig. 8 shows a sketch that illustrates the twin boundary

migration mechanism as a consequence of twinning partial
nucleation and motion in an fcc crystal [21,22]. However,
our current MD simulations clearly show the precursor con-
ditions leading to twinning partial nucleation, and the
detailed dynamics of motion that result in CTB migration.
Suppose we have a twin boundary with layers ACBjAjBCA.
If a partial dislocation glides over a ð1�11Þ-type plane adja-
cent to the twin boundary, it will move all lattice atoms in
an area below its slip plane a distance equal to the magnitude
of one Burgers vector. So the layer of atoms in B positions
will be moved to a C position. Simultaneously, atoms in C
positions will move to A positions, and those in an A position
will move to a B position, etc. As the twinning partial glides
over the twin boundary interface, all atoms in the lower part
of the crystal will be moved according to the described
sequence outlined here. Finally ð1�11Þ-type atomic planes



Fig. 6. Visualization of dislocation nucleation and motion on the twin boundary. The white atoms are in highly distorted positions (nearest neighbors
different from 12). The red atomic plane is the original twin interface. The green atomic plane is the new twin interface which is one atomic layer above the
red plane. The shear direction is along ½�112�.
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in the crystal lattice will have the sequence CBAjCjABC, and
thus the upper half of the lattice will still have the layout of
ABC, while the lower half remains in the layout of CBA,
but the twin interface has moved one layer downward and
C is the new twin interface. While the mechanism of CTB
migration is confirmed to be controlled by the nucleation
and spreading of 1

6
½112�-twinning partial, its nucleation is

induced by the coherent motion of shuffled atomic clusters
in atomic layers adjacent to the CTB. Nucleation of twinning
partials involved in the CTB migration mechanism is found
not to be homogeneous, but is initiated at the layer directly
adjacent to the twin boundary at the surface of the crystal.
When two twinning partial dislocation loops with the same
Burgers vector merge together in the middle of the twin
plane, a new dislocation loop nucleates at the merging
region, and on the plane adjacent to the newly formed twin
boundary. Thus, the mechanism is repeatable with alternat-
ing nucleation sites of twinning partial loops between the



Fig. 7. Burgers circuit identifying a twinning partial dislocation (see text for details). Note that the white streaks represent rows of atoms, indicating a
slight local lattice rotation, the yellow arrows delineate the position of the new twin plane, and the large white arrow shows the beginning of the new twin
plane. The closed-packed layer sequences are illustrated on the graph.
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crystal surfaces and its interior, and leads to the overall jerky
motion of the twin boundary.

5. Discussion and conclusions

The present MD studies reveal that twin boundary migra-
tion can be described within the framework of stick–slip
dynamics. Recently, Ivanov and Mishin have shown that
coupled GB motion occurs by increments and can exhibit
dynamics similar to the stick–slip behavior [23]. It is found
that the initial stick phase is significantly longer than the per-
iod associated with the slip phase. While ‘‘stick” is controlled
by the accumulation of localized strain to nucleate twinning
partials, the ‘‘slip” phase corresponds to the spreading of
nucleated twinning partial dislocations on the twin bound-
ary interface. Another observation of the stick–slip dynam-
ics is that the period associated with the stick stage gets
shorter once the crystal is activated and once the twin bound-
ary moves. Since the migration of twin boundaries corre-
sponds to plastic deformation, the initial stick behavior
can be considered as an accumulation of elastic strain energy.
When the slip occurs, the system acquires kinetic energy due
to released phonons, and inertial effects result in shortening
of subsequent stick periods. It should be noted that during
shear deformation, only one top layer is subjected to a con-
stant displacement velocity externally, and no additional
velocity gradients are imposed in the simulation block. In
our simulations, we noticed that during the stick process
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there exist significant energy fluctuations, which are found to
be correlated with stacking sequence shuffling within the
twin regions. The shuffling takes place in a transient way to
achieve metastable equilibrium during the dynamics of
stick–slip. The discrepancies between our simulated cou-
pling constant b and the DSC b0 may be attributed to this
phenomena. In calculating the coupling constant b, we use a
constant slip velocity imposed on the top layer, which in turn
is transferred to the twin boundary interface through the crys-
tal dynamics. As a result, the coupling constant is not purely
geometric, as predicted by the DSC theory, but is somewhat
dependent on the stick–slip dynamics. While the ratio of the
tangential to normal speeds is dictated by crystal geometry,
its instantaneous value is dependent on the CTB dynamics.
Several twinning dislocations may be nucleated within a short
duration. Thus, the normal translation of the CTB contains
transient components that result in brief deviations from the
geometric value. Another interesting phenomenon possibly
related to the transient dynamic effect is the strengthened
stick–slip motion during high-strain-rate loading conditions.

The stick stage of the dynamics is found to be controlled
by twinning partial dislocation nucleation, induced by
coordinated motion of shuffled atoms in a coherent ‘‘wave”

that is initiated from the crystal surface. Nucleation of
twinning partials involved in CTB migration mechanism
is found to be heterogeneous adjacent to the twin bound-
ary, at the surface of the crystal, and at stress concentration
regions associated with shuffled atoms within the crystal. It
is concluded that h112i-type shearing of the GB (along
Shockley partial dislocation directions) maximizes the
velocity of boundary migration, and that shearing at direc-
tions which remain parallel the GB plane but are inclined
to the h112i-direction results in a smaller degree of cou-
pling between tangential and transverse motion of CTBs.
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