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Interface structure dependent deformation twinning in Cu/Nb multilayers 

W.Z. Han, N. A. Mara, A. Misra, J. Wang, I,J. Beyerlein, and S.N. Luo 

Los Alamos National Lab, Los Alamos, New Mexico 87544, USA 

We investigate deformation of CuINb nanolaminates (synthesized via physical vapor deposition) 
induced by flyer plate impact. The peak shock pressure is about 6 GPa and the targets are soft
recovered with proper momentum traps. The as-deposited and shock-recovered samples are 
examined with high resolution transmission electron microscopy for comparison. Abundant 
deformation twins are found in the Cu layers, and only dislocations and a small amount of 
stacking faults, in Nb layers after shock. Most of the deformation twins in Cu layers are at 
certain angles with the CuINb interface plane. Our results demonstrate that most deformation 
twins nucleate at the sites of interface dislocations induced by the distinct atomic structure and 
properties of Cu and Nb, a particular effect of the hetero-phase interfaces on plastic deformation. 
Interface-driven twinning as revealed by this study shows promise in tuning the plastic 
deformation mechanisms through the design of hetero-phase interface structures. 
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Background- Key factors for deformation twinning 

Stacking fault energy 

Key factors for twinning in metals 
High strain rate Low temperature Crystallographic 

orientation 
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Background-grain boundaries characteristics VS twinning 

• l!.ili'~nds on GB misorientati~iran I" 

Adjoined twin pair at GB; 

Twins prefer at low misorientation angle; 
GB dislocations play important role. 
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Motivation- Phase interfaces VS twinning??? 
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Nanolaminates are a type of very important metallic materials 

*The idea sink for the radiation induced interstitials-Good radiation 
resistance 

*The strong barrier for slip transmission-High strength and good ductility 

I Deformation mechanism I 

What is the role of heC:enlaeJ 
A of CuINb multilayer? 
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PVD CulNb multilayers-Type I (Flat layer structures) 
----------~---------------

I. PVD Cu/Nb films with the total thickness of several micrometers 

1. Relative flat layer structures with strong fiber texture along the interface normal; 

2. The orientation relationship is predominant with Kurdjumov-Sachs (K-S) 
<011>fcd/<1l1>bcc and {lll}fcd/{IlO}bcc 

Interface plane with {lU}fcd/{llO}bcc 
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PVD CulNb in multlayers-Type I-Rolling 
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PVD CulNb multilayers-Type II (Curved layer structures) 

Z. PVD Cu/Nb films with the total thickness of tens of micrometers 

sOOnm 
z 

twins with (111) twinning 
A plane p~ra11el to t~e interface; 

~ Los Alamos K-S IS the dOlDlDant OR. 
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PVD CulNb multilayers-Type II (Curved layer structures) 

Local grains and interface structures 
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Local interface structures can.be {111}fcc//{110}bcc or {l1Z}/ /{l1Z} or other types . 
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PVD Cu/Nb multilayers-Type II-Shocked 
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PVD Cu/Nb multilayer-Type II-Shocked 
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1. Deformation twins tend to have an angle with respect to the interface plane; 

2. Deformation twinning is the main deformation model in Cu layer, while no 
A deformation twins were found in Nb layer under shock loading • 
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PVD Cu/Nb mUltilayer-Type II-Shocked 
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ARB Cu/Nb multilayer-SPD method prepared 

Accumulative rolling bonding (ARB) prepared CulNb multilayers 

polycrystalline 
sheet Cu 

polycrystalline 
sheet Nb 
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ARB Cu/Nb multilayer-Deformation twins 

Once layer thickness down to <50 nm, deformation twins appear. 

1. Deformation twins can be readily found in Cu layers; 

A 2. The interface plane at Cu layer side is -{1l2} plane . 
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ARB Cu/Nb multilayer-Interface structures 

1. Deformation twins initiate from CU{1l2}/ /Nb{1l2} interface; 

2. The initial interface structures has a facet feature with two to 
A three atomic layer thick • 
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ARB CuJNb multilayer-Interface structures after twinning 

Interface altered from 
Cu(112)//Nb(1-12) 

to Cu (SS2)//Nb(1-12) 
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Interface region 
disordered after 

twinning 
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ARB CuJNb multilayer-Interface structures after twinning 
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Why {112} K-S interface? 

Local interface structures 

A Nucleation stress for partials Interface dislocations 
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Why {112} K-S interface? 

Special OR facilitate slip transmission 

Classical KS {112}KS 

High slip 
transmission factor 
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Symmetrical slip 
Uniform deformation 

A 
• LosAlamos 

(101,1\11 1) 

NATI ONAL lAaOIl:ATOIIV U N C LAS S I FIE 0 

Operated by the Los Alamos National Security. LLC for the DOE/NN$A 

Slip transmission 
Shear localization 

Slide 18 

NA~SP. 

10110/2011 

9 



U,I . DE~ARTMf.HT 0' 

ENERGY 
Office of Science 

UNCLASSIFIED 

Summary 
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1. CU( 112 )/INb( 112) type interfaces are the favorite sites for nucleating 
deformation twins, instead of the classical KS orientation relationship 
interface Cu( 111 )/INb( 110); 

2. Twinning can modify the interface plane and forming new local facet 
features via the evolution of residual dislocation configuration; 

3. Both the interface local structures and the OR play a role in the 
deformation twinning process in Cu/Nb multilayers. 
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