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Objectives

Microcompression stress relaxation tests

 Development of microcompression stress relaxation tests to study time-dependent
plasticity
 Study deformation mechanism(s) in nanocrystalline Ni from the extracted activation
parameters

Introduction
Nanocrystalline and ultrafine grained materials show enhanced time dependent plasticity
in comparison to their coarse grained counterparts. This manifests itself as a high degree
of strain-rate sensitivity and susceptibility to creep and stress relaxation, even at room
temperature. With electrodeposition and sputtering emerging as promising techniques for
fabrication of controlled nanocrystalline and nano-twinned microstructures in thin films and
coatings, it has become imperative to adapt these transient tests to smaller length scales
[1]. The current study proposes a micropillar stress relaxation technique to study the time
dependent properties of nanocrystalline materials, especially thin films. The developed
microcompression test was directly validated with microtensile stress-relaxation test
results with both these tests performed on the same sample. Elevated temperature tests
in the range of 25-125°C were performed to gain insights about the dominant and rate
deformation mechanism(s) in these materials from the determined activation parameters

Experimental
Electrodeposited nanocrystalline Ni with grain size of ~ 30nm, determined from TEM
measurements, was used in this study. The elevated temperature tests were performed in
decreasing order of temperature from 125°C to 25°C to keep the microstructure constant.

Microcompression repeated stress relaxation tests were performed both below and
above the 0.2 % offset yield strength. The observed stress relaxation is significant
even well below the yield strength, with stresses relaxing by ~5% within 5 minutes
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Grain structure of electroplated Ni characterized by bright
field scanning transmission electron microscopy.

FIB channeling contrast image
of the nickel film
After compression
Apparent and effective activation volumes as a function of strain

Apparent activation volume (Va) is dependent on the microstructure. It stabilizes to a
constant value of ~ 7 b3 at high strains when the dislocation structure is fully evolved.
Effective activation volume, calculated from constant microstructure, remains constant
as a function of strain suggesting the same deformation mechanism operative
throughout. These results are consistent with microtensile results on same sample.

Apparent activation energy

Miniaturized tensile stage for uniaxial testing of
micro-tensile bars (inset) produced using LIGA
process.

Large micropillars of nanocrystalline Ni
machined in the undeformed gripping section
of a micro tensile bar using FIB

Microtensile stress relaxation tests

First stress relaxation segment as a
function of temperature
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Apparent activation energy values calculated from
log(stress drop) vs. (1000/T) plots

Extensive grain boundary sliding can be
observed in the top half of the deformed pillar.
Slip traces are also observed in the larger grains
Deformed region at the top of the pillar

Repeated stress relaxation tensile measurements
performed on the nanocrystalline Ni. Stress-strain curve
of a typical tensile test is shown in the inset

Good fit was observed for the
relaxation curves yielding apparent
activation volumes of ~ 10 b3

Both apparent (Va) and effective (Ve) activation volumes measured from microtensile
tests were found to be ~ 10 b3. This is consistent with tensile stress relaxation test results
(Ve = 10 b3) reported in literature [3,4]
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 The apparent activation energy values are in the range for boundary diffusion in Ni.
This suggests grain boundary diffusion to be the rate controlling deformation
mechanism
 The effective activation volume value of 10 b3, in the cross over regime from
dislocation glide plasticity to boundary diffusion, seems to be the dominant (most
contributing) deformation mechanism
 These two observations seem to suggest that dislocation plasticity and grain
boundary diffusion operate in sequence during deformation of electrodeposited
nanocrystalline Ni

Conclusions
 Microcompression stress relaxation test was developed for small scale transient
testing and validated with direct comparison with bulk test results
 The deformation mechanism in electrodeposited nanocrystalline Ni seems to involve
both dislocation glide plasticity and grain boundary diffusion in sequence
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