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OBJECTIVE 
 
The objective of this work is to understand the sequence of events controlling the interaction between a 
stacking fault tetrahedron and gliding edge, screw and 60 degree mixed dislocation using molecular 
dynamics simulations. 
 
SUMMARY 
 
Interaction mechanisms between stacking fault tetrahedra (SFT) and gliding screw, edge and mixed 
dislocations are studied using molecular dynamics simulations.  For the interaction geometries 
investigated in this study, different reactions are observed upon contact of the gliding dislocation and an 
SFT, depending on dislocation character. 
 
1. A screw dislocation constricts and cross-slips on the inclined face of the SFT, partially absorbing the 

SFT. 
 
2. An edge dislocation induces a reversible instability and partial collapse of the SFT by the inverse 

Silcox-Hirsch mechanism. 
 
3. A mixed dislocation dissociates into a stair rod partial and Shockley partial dislocations on the inclined 

face of the SFT. 
 
However, independent of the dislocation character, the trailing partial ultimately detaches from the SFT by 
an Orowan-like mechanism indicating that an SFT is a strong obstacle to dislocation motion.  Following 
dislocation passage, the resulting defect cluster consists of a smaller perfect SFT and a truncated base, 
which later forms a sheared SFT with the anticipated extrinsic and intrinsic ledges.  The SFT–dislocation 
interactions are analyzed in terms of the governing partial dislocation reactions. 
 
PROGRESS AND STATUS 
 
Introduction 
 
It is well established that high energy particle irradiation leads to a change in mechanical behavior of 
materials [1].  For low-to-intermediate temperature irradiation, the characteristic changes include a yield 
stress increase and ductility decrease.  For face centered cubic (FCC) metals like Cu, the yield stress 
increase is attributed to the production of a high number of irradiation-induced defect clusters in the form 
of stacking fault tetraheda (SFT).  The SFT act as obstacles to dislocation motion, thus changing the local 
constitutive properties, observed as increases in yield stress and decreases in ductility. 
 
However, the underlying mechanisms responsible for the ductility decreases in irradiated materials is still 
largely unresolved.  TEM examinations of irradiated materials prior to and following deformation reveal 
the formation of defect free channels, which appear as a cleared band with a very low visible defect 
density [2].  Early models proposed that a single dislocation interaction with the radiation obstacle led to 
sweeping or annihilation, producing decreased resistance for subsequent dislocation glide.  The defect 
removal mechanisms are believed to include: (i) drag of mobile defects like interstitial loops via elastic 
interactions or absorption into a dislocation core, (ii) transformation of the defect cluster to those with 
reduced resistance, and (iii) shearing of the defects to an invisible small size [3]. 
 
In Cu, about 90% of the observed radiation defects are SFTs [4], which likely form directly within 
displacement cascades, or shortly thereafter, by a Silcox-Hirsch mechanism [5–7].  Generally, the 
observed radiation defect sizes vary depending on the radiation type, dose and temperature.  However, in 
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neutron as well as ion - irradiated Cu, the average SFT size is 2.5±0.5nm over a fairly wide irradiation 
temperature regime of 20 ~ 200ºC [8].  Given the uncertainties on the controlling mechanisms of (defect 
free) channel formation, molecular dynamics (MD) simulation methods can provide understanding of the 
interaction between the SFT and dislocations, which govern (defect free) channel formation, irradiation 
hardening and ductility loss. 
 
Previous MD simulations have been used to understand the interaction between an SFT and an edge 
dislocation in Cu and shown that the SFT is neither absorbed nor destroyed by the interaction [9,10].  
Upon further interactions with the edge dislocation, the SFT is sheared further and separated into two 
pieces, a smaller perfect SFT and a truncated base.  Osetsky et al. reported that the critical resolved 
shear stress (CRSS) increases as the glide plane of an edge dislocation gets closer to the base of the 
SFT and the temperature decreases [10].  These results are in qualitative agreement with in situ-TEM 
observations [11]. 
 
A screw dislocation is presumed more effective at annihilating SFTs, due to its ability to cross-slip and 
remove the stacking faults, as initially proposed by Kimura and Maddin [12].  Indeed, early in-situ TEM 
observations by Johnson et al. [13] and more recently by Robach et al. [11] show that screw dislocations 
are more efficient than edge dislocations at removing radiation obstacles.  Additionally, Matsukawa et al. 
has reported the annihilation of an SFT base portion by a moving dislocation in in-situ TEM experiments 
of quenched gold [14]. 
 
However, the atomistic details of the interaction between dislocations and SFT are not fully known.  In this 
report, we present the results of MD simulations, which investigate the interactions between SFT and a 
moving screw, edge and mixed dislocation and the detailed interpretation of simulation results. 
 
Simulation Methods 
 
The MD simulations were performed using the MDCASK code [15] with an embedded atom method (EAM) 
potential by Mishin and co-workers [16].  The material properties obtained from the Cu EAM potential are 
summarized in Table 1.  Note that the stacking fault energy obtained with this EAM potential (44.4 mJ/m2) 
is very close to the experimental value of 45 mJ/m2.  A realistic stacking fault energy is important because 
this property controls the width of Shockley partial dislocation separation, as well as SFT stability. 
 

Table 1.  The physical properties of Cu 
 

 Experiment [17–18] EAM [16] 
α [Å] 3.615 3.615 

Ecoh [eV] 3.54 3.54 
B [GPa]  138.3 138.3 

C11 [GPa] 170.0 169.9 
C12 [GPa] 122.5 122.6 
C44 [GPa] 75.8 76.2 

γSF [mJ/m2] 45 44.4 
 
The comparison between the experimental data and the values obtained from the EAM used in this work 
[16–18].  Here, the lattice constant α, cohesive energy Ecoh, bulk modulus B, elastic constants Cij, and 
stacking fault energy γSF are shown. 
 
A simulation cell with FCC crystalline structure in orientations of x = [ 111], y = 1/2[110] and z = 1/2[112 ] 
is used.  For a screw dislocation, a simulation cell with 31.4 nm in x, 22.5 nm in y and 44.3 nm in z 
direction, which is (50 x 88 x 100) in unit cells and contains 2.6 x 106 atoms is used.  For an edge 
dislocation, a simulation cell with 31.4 nm in x, 25.5 nm in y and 39.0 nm in z direction, which is (50 x 100 
x 88) in unit cells and contains 2.6 x 106 atoms is used.  For a mixed dislocation, a simulation cell with 
12.5 nm in x, 22.5 nm in y and 35.3 nm in z direction, which is (20 x 88 x 80) in unit cells and contains ~ 
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0.84 x 106 atoms is used.  Thus, the dislocation line length and inter-particle (SFT) spacing is 22.5 nm for 
a screw and a mixed dislocation, while 39.0 nm for an edge dislocation. 
 
The screw dislocation of burger’s vector (b) 1/2[ 1 10 ] is introduced using the elastic isotropic 
displacement field [19].  The edge dislocation of b = 1/2[ 1 10 ] is introduced by removing two [110] half 
planes.  The 60 degree mixed dislocation of b = 1/2[0 1 1] is introduced by introducing an 1/4[ 1 10 ] 

screw dislocation in y direction and removing three [112 ] half planes (
1
2

011 1
4

1 10 1
4

112[ ] [ ] [= + ] ).  

To generate an SFT, a triangular vacancy platelet of 153 vacancies is inserted to the system, which forms 
an SFT with edge length of 4.6 nm, about twice as large as the experimentally observed value of 2.5 ± 0.5 
nm [8].  The snapshot of the simulation cell containing the 4.6 nm SFT and a screw dislocation is shown 
in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  The interaction geometry between a screw dislocation and an SFT. 
 
Periodic boundary conditions are used in the y and z directions, while the x direction is a free surface, 
subject to an applied shear surface traction.  In the case of a screw dislocation, the periodic boundary 
condition in the z direction is modified by shifting atomic positions by ±b/2 in the y direction to ensure the 
continuity of the [110] plane across the periodic boundary in the z direction, following the work of Rodney 
[20].  In the case of a mixed dislocation, the amount of shift in the y direction is set to ±b/4.  The 
simulation cell was equilibrated for 50 ps at T = 100 K using an NVE ensemble.  Following equilibration, a 
shear stress of 300 MPa is applied to the system by adding forces parallel to the corresponding Burger’s 
vector direction to the atoms on the free surface x. 
 
The visualization of the interaction process of the SFT and dislocation are performed using the common 
neighbor analysis [19].  This method identifies the local atomic structure as a sequence of three integers 
(ijk) for each first nearest neighbor pairs (root pair).  The first integer (i) is the number of nearest neighbor 
atoms shared in common by the root pair.  The second (j) is the number of nearest neighbor bonds 
among the common neighbors.  The third integer (k) is the length of continuous nearest neighbor bonds 
among the common neighbors.  For example, the FCC structure gives only 421, while the hexagonal 
closed packed (HCP) structure gives equal amounts of 421 and 422.  Using this information, the atoms 
are color coded to represent different local order.  The yellow atoms are atoms in HCP structure, thus 
corresponding to stacking faults, and blue atoms are neither FCC nor HCP, corresponding to dislocation 
or stair-rod partial dislocation cores. 
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Results and Discussion 
 
For the interaction geometry used in this study, the resulting SFT structures immediately after the 
interaction with screw, mixed and edge dislocations are almost identical, even though the sequence of 
events during the interaction processes are different.  As shown in Fig. 2, the SFT is effectively 
decomposed into a smaller perfect SFT and a truncated base regardless of the character of the 
dislocation with which it interacted.  The truncated base is a sessile defect, composed of four Shockley 
and six stair-rod partial dislocations. 
 
 
 D 

C 

B 

C 

B 

D 

C 

B 

D 
(a) (b) (c) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  The structure of SFT immediately after the detachment of trailing partial (δA) when the gliding 
dislocation is (a) Screw dislocation (b = BA), (b) Edge dislocation (b = BA), (c) Mixed dislocation (b = CA).  
The δA tailing partial detached by an Orowan-like mechanism, leaving δA segment on the SFT. 
 
Shortly after the detachment of the trailing partial, which occurs by an Orowan-like mechanism, additional 
dislocation reactions occur between the small perfect SFT and the truncated base, resulting in 
transformation to a sheared SFT structure containing ledges.  These structures are shown in Fig. 3.  The 
ledges shown in (a) and (c) are consistent with the anticipated interstitial (I) and vacancy (V)-ledges 
formed as a result of shear of the SFT [22].  Notably, the ledges are often unstable and can self-heal 
through dislocation glide reactions, as expected from the relatively high ledge energies. 
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Fig. 3.  The structure of SFT 5ps after the detachment of trailing partial (δA) when the gliding dislocation is 
(a) Screw dislocation (b = BA), (b) Edge dislocation (b = BA), (c) Mixed dislocation (b = CA).  Note that 
along the burgers vector, no ledges are formed on the sheared SFT surface. 
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The interaction mechanisms observed in the MD simulations are summarized as below: 
 
Screw dislocation (BA) interacting with an SFT (Fig. 4) 
 
The dissociated partial dislocations (Bδ and δA) of the screw dislocation (

r
b BA= ) intersect with the SFT 

as they glide on the (d)-plane.  Initially, the segment bounded by the SFT constricts on the inclined (c) 
surface of the SFT.  Subsequently, the screw dislocation re-dissociates on the (c)-plane as Bγ and γA, 
following cross slip (Fig. 4(a)).  Immediately thereafter, γA moves towards the base, eliminating the 
stacking fault on the lower portion of the SFT.  When γA meets the stair-rod γβ on the AD edge and the 
δγ stair-rod on the AB edge, it forms βA and δA Shockley partials on the (b) and (d)-planes, respectively.  
These two Shockley partials move on the (b) and (d)-planes, eliminating the stacking faults of the SFT on 
the (b) and (d)-planes (Fig. 4(b)). 
 
As a result of the applied shear stress, the screw partials on the (d)-plane outside of the SFT bow around 
the SFT.  Around the constriction point E, Bδ glides inside the SFT and forms δγ on the (c)- plane, which 
is an edge of a smaller SFT.  At the same time, the trailing δA partial glides along with Bδ and forms δβ by 
a reaction with βA (δA+Aγ→δβ) on the (b)-plane, which is also an edge of a smaller SFT (Fig. 4(c)).  At 
the constriction point F, Βα is formed on (a)-plane and reacts with the leading Bδ partial, forming δα stair 
rod dipole.  The trailing δA is detached from the truncated base by an Orowan-like mechanism, thus 
leaving the δA Shockley partial attached to the δα stair rod of the truncated base. 
 
Edge dislocation (BA) interacting with an SFT (Fig. 5) 
 
The leading Bδ partial is constricted on the (b)-face of the SFT as the dissociated partials move toward 
the SFT (Fig 5a).  Upon continuous applied shear stress, the stair-rod partials of SFT around the point A 
dissociate into Shockley partials by a reverse Silcox-Hirsch process.  As the SFT opens up starting from 
point A, the Bδ glides inside of the SFT while dragging the γA and βA Shockley partials (Fig 5b).  Then, 
the trailing partial δA moves towards the SFT and reacts with the Shockley partials γA and βA, forming 
stair-rod partials δβ on (b)-face and δγ on (c)-plane, respectively.  The resulting stair-rod partials are 
edges of the smaller SFT. 
 
As both partials constrict on the (a)-face of the SFT, Βα is formed on (a)-plane and reacts with the leading 
Bδ partial, forming a δα stair rod dipole.  The trailing δA detaches from the truncated base by an Orowan-
like mechanism, thus leaving a δA Shockley partial attached to the δα stair rod of the truncated base. 
 
Mixed dislocation (CA) interacting with an SFT (Fig. 6) 
 
The dissociated partial dislocations (Cδ and δA) of the mixed dislocation (

r
b CA= ) intersect with the (c)-

face of the SFT as they glide on the (d)-plane.  They first constrict on the (c)-face of the SFT, then 
dissociate into Shockley partials Cδ and γA and the stair-rod partial δγ.  δγ forms an edge of the small SFT, 
while the γA starts to move toward the base of the SFT, eliminating the stacking faults and edges around 
the point A.  The reaction of γA is similar to that observed for the screw dislocation. 
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Fig. 4.  Screw dislocation (b = BA) passing the SFT at applied shear stress 300 MPa. 
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Fig. 5.  Edge dislocation (b = BA) passing the SFT at applied shear stress 300 MPa. 
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Fig. 6.  60 degree mixed dislocation (b=CA) passing the SFT at applied shear stress 300MPa. 
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As the leading Cδ cuts through the SFT, the trailing δA forms δβ on the (b)-face of the SFT, producing an 
edge of the small SFT.  When both partials constrict on the (a)-plane, Cα is formed.  Cα reacts with Cδ, 
forming a δα stair-rod dipole.  Identical to the previous two cases, the trailing δA detaches from the 
truncated base by an Orowan-like mechanism, thus leaving a δA Shockley partial attached to the δα stair 
rod of the truncated base. 
 
Conclusions 
 
The interaction mechanisms between an SFT and gliding screw, edge and mixed dislocations are studied 
using molecular dynamics simulation methods.  Each type of dislocation exhibits a different interaction 
behavior upon initial contact with the SFT.  A screw dislocation cross-slips onto the inclined surface of the 
SFT.  One of the cross-slipped Shockley partials moves toward the base of the SFT, thereby partially 
eliminating the stacking fault of the SFT.  An edge dislocation induces SFT instability and partial collapse 
by a reverse Silcox-Hirsch process upon contact.  A mixed dislocation dissociates into Shockley partials 
and a stair rod partial dislocation on the inclined face of the SFT.  However, in all cases, the dislocation 
bypasses the SFT prior to complete absorption or annihilation of the defect.  The trailing partial detaches 
from the truncated base by an Orowan-like mechanism, independent of dislocation character.  The 
detailed SFT–dislocation interactions are explained in terms of the governing partial dislocation reactions.  
Regardless of the dislocation character, an SFT is transformed to a smaller perfect SFT and a truncated 
base as the dislocation passes through the SFT, which then finally transforms into a sheared SFT with I 
and V-ledges. 
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