
Author’s Accepted Manuscript

In-situ observations of the fracture and adhesion of
Cu/Nb multilayers on polyimide substrates

M.J. Cordill, A. Kleinbichler, B. Völker, P. Kraker,
D.R. Economy, D. Többens, C. Kirchlechner, M.S.
Kennedy

PII: S0921-5093(18)31100-6
DOI: https://doi.org/10.1016/j.msea.2018.08.043
Reference: MSA36814

To appear in: Materials Science & Engineering A

Received date: 5 March 2018
Revised date: 7 June 2018
Accepted date: 13 August 2018

Cite this article as: M.J. Cordill, A. Kleinbichler, B. Völker, P. Kraker, D.R.
Economy, D. Többens, C. Kirchlechner and M.S. Kennedy, In-situ observations
of the fracture and adhesion of Cu/Nb multilayers on polyimide substrates,
Materials Science & Engineering A, https://doi.org/10.1016/j.msea.2018.08.043

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/msea

http://www.elsevier.com/locate/msea
https://doi.org/10.1016/j.msea.2018.08.043
https://doi.org/10.1016/j.msea.2018.08.043


1 

 

In-situ observations of the fracture and adhesion of Cu/Nb multilayers on polyimide 

substrates 

 

M.J. Cordill
a*

, A. Kleinbichler
a
, B. Völker

a1
, P. Kraker

a
, D.R. Economy

b2
, D. Többens

c
, C. 

Kirchlechner
d
, M.S. Kennedy

b
 

 
a
Erich Schmid Institute of Materials Science, Austrian Academy of Sciences, and Department 

of Material Physics, Montanuniversität Leoben, Jahnstrasse 12, Leoben 8700, Austria 

b
Department of Materials Science & Engineering, Clemson University, Olin Hall, Clemson, 

SC 29634 USA 

cHelmholtz-Zentrum Berlin für Materialien und Energie (HZB), Albert-Einstein-Str. 15, 

12489 Berlin, Germany 

d
Max-Planck-Institut für Eisenforschung GmbH, Max-Planck-Str.1, 40237 Düsseldorf, 

Germany 

 

 

 

Abstract 

Cu/Nb nanoscale metallic multilayers have been extensively investigated to understand how 

their mechanical behavior is influenced by the individual layer thickness. The general 

observed trend is that the yield stress of the multilayer increases with decreasing layer 

thickness. Important mechanical behaviors that have not been studied in-depth are the fracture 

of these multilayers and adhesion energy between the multilayer films and their substrate. 

Here, the influences of the layer thickness, layer order, and initial residual stresses of Cu/Nb 

multilayers on polyimide were examined using in-situ x-ray diffraction and confocal laser 

scanning microscopy under tensile loading. With these techniques, it was possible to calculate 

the stresses developing in the individual materials and measure buckles that could be used to 

evaluate the interfacial adhesion. Layer thickness, deposition order, and the initial residual 

stresses were not shown to influence the initial fracture strains of the Cu/Nb multilayer 

systems under tensile loading conditions. However, the adhesion energy between the 

multilayer and substrate was affected by the layer deposition order and by the initial residual 

stresses.  
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