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A B S T R A C T

Three micro mechanical testing geometries including micro-pillars, micro-cantilevers and micro-shear specimen, 
were employed to measure the twinning stress of the Cantor high entropy alloy. This study presents a 
comparative analysis of the challenges in specimen preparation, effectiveness in activating deformation twinning 
and complexity of post mortem analyses associated with each geometry. Our findings demonstrate that micro- 
shear testing represents the optimal approach for twinning studies, offering direct activation of the twinning 
system with the superior reproducibility compared to other geometries. Micro-pillar compression is also suitable 
for twinning investigations, providing statistical analysis of mechanical data with relatively faster sample 
preparation. However, micro-cantilever testing presents challenges with a lower success rate in twinning acti-
vation and the stress gradients, which complicates quantitative interpretation, resulting in the least favorable 
geometry for twinning studies.

1. Introduction

Outstanding mechanical properties have shaped the Cantor alloy, 
and its derivatives, into the most studied high entropy alloys (HEAs) 
thus far [1–5]. Deformation twinning plays an important role in their 
mechanical behavior, especially under cryogenic temperatures 
contributing to an increase in tensile strength and ductility [4–7]. The 
extensive mechanical twinning observed is attributed to their low 
stacking fault energy, which is reported to range from 20 to 35 mJ•m− 2 

[8–13]. It is well-established that twin boundaries may act as barriers to 
dislocation motion dynamically, which delays necking instability and 
rupture providing additional ductility [6]. In room temperature, dislo-
cation slip is dominant, as the lower tensile stresses require higher 
strains for twinning activation, by work hardening, only being observed 
close to fracture [6]. Therefore, twinning is envisioned to be a stress- 
controlled mechanism and this particular stress that should be reached 
for its nucleation is known as the twinning stress [14]. Deformation 
twinning is often attributed to improvement of mechanical properties, 
consequently, comprehensive understanding of the mechanism, also 
quantitatively (i.e. measuring twinning stress), is crucial for develop-
ment of not only HEAs but also new advanced alloys.

There have been attempts to experimentally measure twinning stress 
in the Cantor alloy in respect to effects of stacking fault energy, 

temperature, grain size and orientation [6,8,9,12,13,15]. The experi-
mental work typically involves interrupted macro-scale tests, followed 
by post mortem analyses using techniques such as electron backscatter 
diffraction (EBSD) or transmission electron microscopy (TEM) to 
confirm the activation of twinning. However, such measurements per-
formed on macroscopic polycrystals may fail to provide the twinning 
stress quantitatively, as local stress depends on the local microstructure 
and resulting stress heterogeneities. To explore the mechanical behavior 
in the micro to nanoscale and gain quantitative understanding of 
mechanisms, focused ion beam (FIB)-based in situ micro mechanical 
testing was developed [16]. This technique allows for measuring me-
chanical properties locally and, therefore, to target specific grains or 
grain boundaries, while simultaneously observing the deformation 
behavior, finally enabling the investigation of underlying mechanisms 
individually [17].

In situ scanning electron microscope (SEM) micro mechanical testing 
has been applied to study deformation twinning of FCC alloys, but only, 
to the authors' knowledge, on TWIP steels and CoCrNiFe HEA using 
micro-pillar compression [18–23]. Besides typical micro-pillar 
compression, other established micro mechanical geometries, for 
instance micro tensile or shear tests, are suited to study twinning 
mechanism and measure twinning stress maintaining a uniaxial stress 
distribution. Micro-pillar testing generally suffers from experimental 
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limitations, including non-uniform stress distribution due to tapering, 
friction between indenter tip and top surface, sample buckling leading to 
aspect ratio limitation, and compliance issues [17,24,25]. Micro-tensile 
experiments offer an alternative; the ability to fabricate samples with 
higher aspect ratios reduces experimental constrains as in micro-pillar 
application [26]. However, sample fabrication is relatively time- 
consuming which so far has restrained this geometry from wider use 
[17]. Alternatively, micro-cantilevers could be considered for mechan-
ical testing. Fabricating a cantilever is faster than a tensile specimen and, 
additionally, this geometry allows to explore anisotropy with intro-
duction of both tensile and compressive stresses, however, the stress 
gradient can complicate quantitative interpretation of mechanical data 
considerably. Another relatively unexplored uniaxial test is micro-shear 
testing which has been successfully applied on a few occasions in the 
micro mechanical field [27–30]. The advantage of this geometry is that 
it can directly activate the desired slip system, by applying pure shear on 
{111} planes, with no contrains, allowing free dislocation glide [27,28].

Therefore, this study aims to investigate and compare three different 
micro mechanical geometries with different stress states, and determine 
which is the most suitable for twinning stress measurements and 
mechanism studies based on effectiveness, sample preparation and post 
mortem analyses. A comparison between micro-shear, cantilever and 
pillar tests are conducted. By choosing a geometry dependent grain 
orientation, the resolved shear stress will be maximized on the leading 
partial dislocation favoring twin nucleation in each geometry.

2. Materials and methods

2.1. Fabrication of alloy

The equiatomic CoCrFeMnNi alloy was prepared with high purity 
elements (99.95 + %) on an arc melting furnace under Ar atmosphere. 
After the melting process, the sample was cast as rod-shaped ingots in a 
water-cooled Cu mold. The sample composition measured by an 
inductively coupled plasma optical emission spectrometry was: 20.4 at. 
% Co, 19.7 at.% Cr, 20.3 at.% Fe, 19.2 at.% Mn and 20.4 at.% Ni (ac-
curacy of 0.1 at.%) [31]. The as-cast material underwent homogeniza-
tion in a glass tube at 1473 K for 72 h followed by water quenching. A 
reduction of diameter, from 14 mm to 6 mm, was performed by rotary 
swaging. Subsequently the sample was annealed at 1273 K for 1 h 
obtaining a fully recrystallized microstructure with a grain size of 
approximately 60 μm. A more detailed description of the fabrication 
process can be found in references [31, 32]. TEM bright-field in-
vestigations confirmed a low dislocation density for the annealed sample 
[32]. Pieces, 1 mm thick, were cut with a diamond saw and metallo-
graphical prepared to obtain a deformation free surface. Sample surface 
preparation consisted in grinding up to 2500 mesh and polishing with 
firstly diamond suspension of 3 μm and 1 μm, and finished with oxide 
polishing suspension (0.02 μm particle size).

2.2. Fabrication and testing of micro specimens

2.2.1. Micro-shear testing
Micro-shear specimens shown in Fig. 1(a) require a precise align-

ment of the sample geometry with respect to the crystallographic 
orientation in both, the in-plane and the loading directions. The in-plane 
alignment, more specifically the ligament-normal direction, should 
correspond to the twinning plane, {111}, while the loading direction 
should be aligned to the twinning direction 〈112〉 to maximize shear 
stress in the ligament thus activate deformation twinning. Therefore, 
crystallographic orientation analysis was done using EBSD (Symmetry 
S2, Oxford Instruments) at acceleration voltage of 20 kV and a current of 
8 nA in FIB-SEM (Crossbeam 550 L, Zeiss). Once the [112] (surface- 
normal direction) grain was chosen and correctly aligned with (111)
plane in transverse direction (TD), a large cut was performed with 

femtosecond laser ablation, also in the same Zeiss Crossbeam 550 L to 
expose the grain desired for milling from side. Specimens were then 
micro machined using the FIB with an acceleration voltage of 30 kV and 
currents starting with 3 nA for coarse, 700 pA for intermediate and 50 
pA for fine milling. Sample dimensions were based on literature [28,29] 
keeping the same aspect ratio with D = 500 nm, W = 750 nm, and H = 3 
μm. In situ deformation tests were performed in an SEM (Merlin Gemini 
II, Zeiss) with a Hysitron PI89 NG SEM Picoindenter (Bruker) with a load 
transducer with maximum force of 0.5 N and noise floor of 5 μN, 
equipped with a 2 μm diamond flat punch tip (Synthon-MDP AG). All 
tests were conducted in a displacement control mode with a shear strain 
rate of 1.33 × 10− 2 s− 1. Engineering shear stress (τ) and strain (γ) were 
calculated according to equations respectively: 

τ0 = P/2⋅H⋅D (1) 

γ = Δ/W (2) 

where P is the load and Δ is the displacement applied, W is the width, D 
is the thickness and H is the height of the shear ligaments.

2.2.2. Micro-pillar testing
In FCC crystals, deformation twinning activation under compression 

is expected in near a 〈001〉 orientation, where resolved shear stress is 
maximized on the leading partial dislocation. Therefore, EBSD analysis 
was performed in the same FIB-SEM with the setting as mentioned in 
section 2.2.1. Micro-pillars with diameters of 0.5 μm and 1 μm (1:2–3 
diameter-height aspect ratio) were micromachined in grains with 
[2 1 12] and [1 1 10] normal orientation, respectively, using the same FIB 
at 30 kV and varying milling steps. For 1 μm micro-pillars, currents 
started with 7 nA for coarse, 1.5 nA for intermediate and 300 pA for fine 
milling. And for the 0.5 μm micro-pillars, currents starting with 1.5 nA 
for coarse, 700 pA for intermediate and 50 pA for fine milling were used. 
In situ SEM testing was performed with the same indenter used for the 
micro-shear experiments. Two different transducers were used for each 
diameter; one mentioned in section 2.2.1 was used for the 1 μm micro- 
pillars, and another transducer with maximum load of 10 mN and noise 
floor 0.4 μN was used for the 0.5 μm micro-pillars. The indenter was 
equipped with a 2 μm diamond flat punch tip and micro-pillar com-
pressions were done in a displacement-controlled mode with 10− 2 s− 1 

strain rate. To calculate the engineering stress (σ) and strain (ε) the 
following equations were considered: 

σ = P
/

πr2 (3) 

ε = Δl/lo (4) 

where P is the load and Δl the displacement applied, l0 is the initial 
height and r the top radius of the micro-pillar (Fig. 1(b)).

Fig. 1. Micro mechanical geometries applied to measure twinning stress and 
their corresponding cross-section view with internal stress state represented by 
arrows: (a) micro-shear, (b) micro-pillar compression and (c) micro-cantilever 
bending test.

C.A. Teixeira et al.                                                                                                                                                                                                                             Materials Characterization 217 (2024) 114314 

2 



2.2.3. Micro-cantilever testing
EBSD was performed (similarly to described on section 2.2.1 and 

2.2.2.) to select a grain with a TD near a 〈111〉, which favors deforma-
tion twinning under tensile stresses. Five cantilevers were prepared from 
three different grains of which TD orientation is [312], [132] and [111], 
respectively. As shown in Fig. 1(c), micro-cantilevers with dimensions of 
W = b = 2 μm and L = 10 μm were then micro machined in the same FIB 
operated at 30 kV using ion beam currents of 3 nA for coarse, 700 pA for 
intermediate and 50 pA for fine milling. In situ deformation test was 
performed in a SEM (Merlin Gemini II, Zeiss) with a Hysitron PI89 NG 
SEM Picoindenter (Bruker) with a 10 μm diamond wedge tip (Synthon- 
MDP AG) using displacement-controlled mode and a displacement rate 
of 10 nm/s. For the micro-cantilever stress (σ) calculations the fully 
plastic case was assumed (schematically shown in Fig. 1(c)), which is 
calculated by the equation: 

σ = 4⋅P⋅L
/
b⋅W2 (5) 

where P is the applied load, L is the length, b the width and W the 
thickness of the cantilever.

3. Results

3.1. Micro-shear testing

Micro-shear testing in general is a unique technique from a me-
chanical and physical point of view, considering that it is not only a 
simple case of multiaxial loading condition (σ1 = − σ3 ∕= 0,σ2 = 0), but 
also enables activation of a specific slip system by pure shear [28]. As 
seen in Fig. 1(a), during the test the flat punch tip compresses the central 
loading block which, if well aligned, slides parallel to the {111} plane 
and causes activation of the desired slip system by pure shear. In this 
work's specific case, the micro-shear geometry is implemented to acti-
vate deformation twinning, which has a {111} twinning plane and a 
〈112〉 twinning direction. Therefore, the sample in Fig. 1 is aligned with 
the (111) plane on the in-plane TD and the [112] twinning loading 
direction.

An experimental overview of the micro-shear test and a representa-

tive engineering shear stress versus strain curve are shown with the 
corresponding to post mortem SEM image (Fig. 2(a) and (b)). After elastic 
deformation, the shear stress reached a plateau of around 300 MPa, 
which is slightly higher than the twinning stress reported in literature, 
around 240 MPa [6,33]. The average plateau stress or critical resolved 
shear stress (CRSS) for twinning from four samples is 339 ± 16 MPa. 
Note that throughout the manuscript, the mean value of all tested 
samples and the standard deviation are provided. Shear sliding on the 
(111) plane parallel to the loading direction is observed, suggesting a 
good in-plane alignment, as well as a slight indentation impression, 
which indicates some plastic deformation on the center loading block 
prior to sliding of both ligaments (Fig. 2(b)).

Then, EBSD analysis on both shear ligaments was performed to 
identify deformation twinning. Note that “L” and “R” labels each liga-
ment on Fig. 2(b) and 2(c). 1.5 μm thick of top layer was removed by FIB 
to guarantee a flat top surface and avoid possible shadowing on the 
EBSD detector. As a result, nanoscale twin lamellas were observed in the 
shear region “L”, highlighted by the red arrows on the inverse pole figure 
(IPF)-Z shown in Fig. 2(c), which was confirmed by both misorientation 
of 60 degrees and [111] pole figures from the twinned lamella and the 
matrix which share one common pole which corresponds to the twin 
plane. For sheared region “R” no twin microstructure was observed with 
EBSD analysis, which could be explained by opposing shear crystallo-
graphic directions in each ligament as shown in Fig. 2(b). Contrary to 
deformation slip, twinning is polarized which means that opposing 
twinning direction will no longer trigger twin formation due to similar 
reasons for tension-compression asymmetry in deformation twinning 
[34]. Therefore, the imposed shear direction in one of the sheared re-
gions will always be contrary to twin formation.

The contribution of deformation twinning to overall shear strain can 
be estimated with the micro-shear geometry. This contribution was 
calculated with: (i) the twin displacement computed by the known 
crystallographic orientation relation between twin and matrix, and 
measured twin thickness (from EBSD IPF-Z maps); (ii) divided by the 
total displacement of each micro-shear specimen. The total displace-
ment applied was in average 851.59 nm, and the shear displacement 
introduced by twinning was in average 18.20 nm, which corresponds to 

Fig. 2. Micro-shear test representative engineering shear stress and shear strain curve (a), post mortem SEM image (b), EBSD inverse pole figure (IPF-Z) (c) in regions 
“L” and “R” and [111] pole figures from twinned lamella and matrix (the red arrows on the IPF-Z highlights the twin lamella). Note that the blue (twin lamella) and 
red (matrix) “x” on the IPF-Z indicates the positions the pole figures were considered. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.)
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2.13 % of overall shear strain. It should be noted that this contribution 
provides only the lower bound due the resolution limit of EBSD which 
could be unable to resolve possible nanoscale twin lamellas formed. 
However, it is clear that the majority of the shear deformation is 
introduced by dislocation slip and twinning has only a small 
contribution.

3.2. Micro-pillar compression

Under compressive stress state, as represented in Fig. 1(b), defor-
mation twinning activation in FCC is favored near a 〈001〉 crystallo-
graphic orientation. In this case, the highest Schmid factor is for leading 
partial dislocations, consequently the resolved shear stress increases the 
separation width between two partial dislocations and promotes defor-
mation twinning [19,20]. To compare the results with the other micro 
mechanical geometries tested, two different micro-pillar diameters (0.5 
μm and 1 μm) were tested and in each case 3 samples.

One of the advantages of micropillar compression is easier inter-
pretation of the mechanical data as the raw load-displacement curve can 
be easily converted to an engineering stress-strain curve as shown in 
Fig. 3(a) which is representative for 1 μm micro-pillars. Since the micro- 
pillars were fabricated in a grain with a normal orientation near 〈001〉
which 8 possible slip systems have similar Schmid factor, activation of 
more than one slip system is likely to happen (Fig. 3(b)). In multiple slip 
activation conditions, slip direction identification via post mortem SEM 
analysis is challenging, but the slip planes observed were analyzed to as 
(111) and (111). In both slip plane cases, only one slip direction under 
compression can trigger deformation twinning that would result on the 
slip systems of (111)[112] and (111)[112]. Further post mortem analyses 
with EBSD of the micro-pillar top surface and cross-section imaging with 
the backscattered electron (BSE) detector, Fig. 3(c) and 3(d) respec-
tively, identified a twin formed on the (111) slip plane and consequently 
the [112] twinning direction. Afterwards, CRSS is calculated as 294 ± 46 

MPa based on the slip analysis which results in the Schmid factor for the 
activated twinning system of 0.46, and the yield stress taken with a 2 % 
offset. For the micro-pillars with reduced diameter of 0.5 μm, the CRSS 
calculated was 425 ± 197 MPa. A higher CRSS compared to the litera-
ture values [6,33] and larger scatter of the data can be explained by 
mechanical size-effects, expected in small scale, that leads to a stochastic 
behavior [17].

3.3. Micro-cantilever bending

For the micro-cantilever bending test, 3 samples in 〈123〉 and 2 
samples in [111] TD, in other words the long cantilever axis, were tested. 
Therefore, under tensile stresses two distinct conditions are expected: on 
(i) 〈123〉 orientations a single slip system is expected with a higher 
Schmid factor for the leading partial dislocation; and on (ii) [111] is a 
multi-slip system orientation resulting in 6 possible slip systems to be 
activated and 3 possible twinning directions.

Figure 4(a) shows a representative load-displacement curve and 
Fig. 4(b) is its respective post mortem image for the cantilevers with [312]
TD. In this single slip orientation only slip systems on the (111) plane 
was expected to be activated due to the highest Schmid factor, on [110]
full slip direction of 0.46 or on [121] twinning direction of 0.47. How-
ever, as shown in the SEM post mortem image (Fig. 4(b)), two slip planes 
were activated: (111) and (111). For this specific case, a 3.5 μm 
displacement was applied, most likely increasing strain concentration 
near the cantilever base and consequently leading to activation of a 
secondary slip system. Further EBSD analyses, seen in Fig. 4(c), have 
identified a twinned microstructure in the (111) slip plane with the [121]
twinning direction and a Schmid factor of 0.30, which results in a CRSS 
of 237 MPa assuming a pure tensile stress in the cantilever in fully plastic 
condition.

However, for the other two cantilevers tested in the [132] TD 

Fig. 3. Representative engineering stress and strain curve (a) of a 1 μm diameter micro-pillar compression test and corresponding post mortem SEM image (b). EBSD 
IPF-Z analysis (c) on the micro-pillar's top surface and cross section SEM imaging (d). Cross section viewing direction is highlighted by white dashed line and arrow 
on EBSD IPF-Z (c).
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orientation, no deformation twinning could be observed with EBSD 
analyses. In this case, SEM post mortem imaging identified only slip on 
the (111) planes and no secondary slip was triggered during deforma-
tion. It is important to point out that there was a difference in the 
maximum displacement applied, ranging from 0.5 to 1 μm each. Ac-
cording to the slip analyses, the (111)[110] slip system was activated 
during the test, with a Schmid factor of 0.46.

In the case of the 2 samples on the [111] TD orientation (Fig. 4(d)– 
(f)), as expected, multiple slip systems were activated. Post mortem SEM 
imaging analyses showed two slip planes activated for one sample and 
all three possible ones for the other. Note that the samples were arranged 
within the same grain similarly to [132] TD orientation ones. They were 
loaded to a maximum displacements of 1 μm and 2 μm each. As seen in 
Fig. 4(e), three slip planes were observed on the cantilever with largest 
displacement (2 μm). EBSD analyses (Fig. 4(f)) were carried out and 
twin microstructure could only be observed in the cantilever with largest 
displacement on the (111) slip plane and [112] twinning direction with a 
Schmid factor of 0.31. For the full slip case the Schmid factor is 0.27. 
This resulted in an average of 301 ± 63 MPa for samples which activated 
deformation twinning and 292 ± 26 MPa for samples that did not.

Assuming twinning as a stress-controlled mechanism, those results 
could be considered as conflicting once comparing cantilevers of same 
orientation and respective reached stresses. Which leads to believe that, 
under bending, additional criteria need to be met for twinning nucle-
ation. For instance, deformation twinning was only observed in canti-
levers with the largest displacement applied, from 2 to 3.5 μm, thus it 
seems that a particular stress concentration near the cantilever base is 
required, and it was not reached in some cases. Additionally, the absence 
of twinning could also be explained similarly to the micro-shear ex-
periments, which would hold true for one cantilever in both [111] and 
[132] orientations. For each direction, the two cantilevers were arranged 
one in front of the other, hence the bending moment sign is opposite in 
each case, which favors twinning in one case but suppresses it in the 
other. Therefore, even if the required stresses were reached, twinning 
could only be formed in one of the directions and, once the moment sign 
is reversed, it can no longer occur.

4. Discussion

4.1. Comparison between testing geometries

In this work, three different micro mechanical geometries with 
different stress states during deformation were applied to study defor-
mation twinning and measure twinning stress. Deformation twinning 
was successfully activated in all geometries, however, each presented 
challenges in terms of preparation, post mortem analyses and geometry 
efficiency that will be discussed and compared in this section.

The micro-shear geometry could be considered as the optimal 
approach for deformation twinning studies. This geometry enables 
direct activation of the twinning system without constraints, allowing 
free dislocation glide and with comparably low resolved shear stress for 
competing dislocation mechanisms (e.g. slip on other slip systems). In 
terms of quantitative mechanical data, results have shown the smallest 
standard deviation indicating good reproducibility compared to the 
other geometries, as seen in Fig. 5, which compares twinning stresses 
measured from each geometry. Hence micro-shear testing does not 
require many tests for a meaningful statistical conclusion. In addition, 
post mortem analysis was relatively straightforward; after removing the 
top layer by FIB side-milling to provide a flat surface, EBSD analysis was 
easily performed, and the twin microstructure was observed in all tested 
samples. However, as previously stated, several factors should be 
considered when applying this geometry for deformation twinning 
studies. Perfect alignment with {111} slip planes is required to activate a 
specific slip system, otherwise any misalignments could result in addi-
tional slip system activation. Additionally, it can be time-consuming; for 
instance, in polycrystalline samples, a large material removal might be 
required to expose the desired grain for the study, adding to the 
complexity of working with this geometry. Also, since twinning is 
polarized, it will only be activated in one of the shear regions due to 
opposite shear direction in respect to twinning direction, which may 
result in asymmetric loading.

Some of the drawbacks associated with the micro-shear testing such 
as alignment challenges, time-consuming fabrication and twinning di-
rection issues for activation can be address by micro-pillar compression. 
Among the geometries tested, micro-pillars are by far the fastest to 

Fig. 4. Micro-cantilever bending force and displacement curves for samples of [312] (a) and [111] (d) TD orientation. Corresponding post mortem SEM images of 
sample [312] (b) and [111] (e) (red dashed rectangle in (b) highlights the region EBSD analysis was performed). EBSD IPF-Z analyses (white arrows pointing to the 
twin lamella) and [111] pole figure of twin and matrix is shown in (c) for [312] and in (f) for [111]. Note that the blue (twin lamella) and red (matrix) “x” on the IPF-Z 
indicates the positions the pole figures were considered. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version 
of this article.)
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fabricate with easiest crystallographic alignment, since only the normal 
orientation needs to be considered which can be quickly analyzed using 
EBSD. Then, micro-pillars can rapidly be milled with annular milling 
techniques, which allows statistical data analyses. The mechanical data, 
as seen in Fig. 5, in average was consistent with the other geometries 
within the same dimensions, although it presents a large deviation as 
expected in a micro to nanoscale testing and already discussed in section 
3.2. Micro-pillar post mortem analyses, however, can be challenging 
particularly when the formed twin lamella are nanoscale, which might 
not be resolved in an EBSD scan performed at the top surface and may 
require further lift-out and TEM investigations. Please note that similar 
challenges may arise with other geometries. Nevertheless, micro-pillar 
compression is a unique tool for size effect studies, as it enables me-
chanical tests in a micro to nanoscale and provides important insights 
into underlying mechanisms. Therefore, micro-pillar is a suitable ge-
ometry to measure the twinning stress and investigate twinning 
mechanisms.

In the micro-cantilever case, investigating deformation twinning and 
measuring twinning stress is more complex compared to the other ge-
ometries. Sample fabrication can be as tedious as the micro-shear 
specimens in terms of milling time and TD alignment, considering a 
polycrystalline bulk sample. In the experimental test set up, contrary to a 
flat punch tip, the wedge tip requires a good alignment with the micro- 
cantilever to avoid activating unexpected slip systems. Results have also 
shown that, under bending, there seems to be additional criteria besides 
stresses reached and TD for twinning activation. The mechanical data 
was consistent with micro-pillars of similar dimension, as seen in Fig. 5, 
but only 2 out of 5 samples activated deformation twinning. As discussed 
in section 3.3, a careful analysis of the bending moment and twinning 
direction, or larger displacements might be necessary to promote 
deformation twinning. Finally, tensile stresses may be easier to apply 
through micro-cantilever bending test, rather than time-consuming 
micro tensile experiments, however, it is no longer a uniaxial stress 
distribution, and the strain gradient complicates data interpretation and 
correlation to the twinning mechanism.

5. Conclusions

Three different micro mechanical geometries have been applied to 

investigate and measure the twinning stress of the Cantor alloy. In 
summary:

• Micro-shear tests represent the optimal conditions for mechanical 
twinning activation with superior reproducibility compared to the 
other geometries. This geometry allows for clear discrimination be-
tween twinning and dislocation slip. However, due to the opposite 
shearing direction in each of shear region, twinning can only be 
nucleated on one side.

• Micro-pillar compression is a suitable geometry for twinning stress 
measurements and mechanism studies, particularly because of its 
ease to be applied. Overall, it showed an average mechanical data 
consistent with other geometries within same dimensions, coupled 
with fast and uncomplicated crystallographic alignment for sample 
preparation. However, due to mechanical size effect a large number 
of micro-pillars should be tested to obtain a meaningful mechanical 
data and the twin lamella formed, once nanoscale, may require 
extensive post mortem analyses.

• Micro-cantilever has shown to be the least suitable geometry to 
measure twinning stress, considering that twinning was only acti-
vated in 2 out 5 samples tested and due to stress gradient the cor-
relation of stresses and deformation mechanism is complex.
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