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ABSTRACT 
Full hierarchy of twinning including a-b twin laminate was 
directly observed by optical and scanning electron 
microscopy (SEM) in the vicinity of macroscopic, mobile 
a-c twin boundary in five-layered monoclinic (10M) 
martensite of Ni50Mn28Ga22 single crystals exhibiting 
magnetically induced reorientation (MIR). The submicron 
a-b twin laminate was identified by backscattered electrons 
in SEM. The projection of a-b laminate on two 
perpendicular sides in the vicinity of traces of mobile a-c 
twin boundary is shown and discussed.  
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INTRODUCTION 

High mobility of twin boundary aka extremely low 
twinning stress is, together with anisotropic (ferro)-
magnetic properties, basic condition for magnetically 
induced reorientation [Heczko, 2009], one of the magnetic 
shape memory effects [Ullakko, 1996].  In 10M modulated 
martensite the mobile twin boundaries providing the 
reorientation are of monoclinic Type I and II 
[Straka2011a]. These boundaries differ not only in 
magnitude of twinning stress but also in temperature 
dependence of it [Straka, 2011b]. The most mobile twin 
boundary is of a-c Type II boundary in 10M martensite 
which can exhibit the twinning stress less than 0.1 MPa.     
Although the origin for extreme mobility is not known, 
one of the reasons may be the complex hierarchy of 
twinning systems providing good compatibility. Based on 
experimental investigation of structure and microstructure 
by X-ray diffraction [Straka2011a], [Heczko, 2013] the 
complex twin hierarchy was suggested from theoretical 
model based on elastic continuum theory [Seiner, 2014]. 
Suggested hierarchy was partially identified by direct 
observation but observation of whole hierarchy is still 
missing. Optical microscopy using Nomarski contrast and 
polarization contrast, as it is usual in the field of shape 
memory alloys, was instrumental in the identification of 
the mobile a/c twin boundary and monoclinic twinning and 
the evolution of a-c and monoclinic twinning under stress 
was also studied. The limited resolution of optical 
microscopy, however, does not allow finding expected a/b 
twin laminate. Also the usual EBSD fails in identification 

of a/b laminate due to small difference between lattice 
constants and minuscule orientation tilt in this type of 
twinning. Recently we demonstrated that a-b twin 
lamination can be visualized by SEM using backscattered 
electrons (BSE) [Heczko, 2017]. This observation opens 
new venue for studying full hierarchy of twinning and 
comparison with a model. 
Here we report the observation of a-b laminate by SEM 
which completes the experimental observation of complex 
hierarchy of twinning in 10 martensite of Ni-Mn-Ga 
exhibiting magnetically induced reorientation.  

EXPERIMENTAL 

To visualize the twinning hierarchy we used optical 
microscopy using ZEISS Axio Imager.Z1m with Nomarski  
and polarization contrasts and scanning electron 
microscopy using Tescan  FERA3 GM FIB-SEM. The 
contrast arising from channelling contrast of backscattered 
electrons (BSE) was used to imagine slightly mutually 
tilted a-b lamellae. All observation was made on single 
crystals of 20mmx1mmx2 mm size with faces about [100] 
orientation. The single twin boundary was formed using 
mechanical stress.  

RESULTS AND DISCUSSION 

.  
Figure 1: The trace of Type II a-c twin boundary on top 
surface of [100] oriented sample.  Figure is composed 
from two optical micrographs; left - polarized light, right -
Nomarski contrast. 
 
Figure 1 shows single a-c twin boundary crossed by 
modulation twinning forming zig-zag pattern. A surface 
relief caused by slight monoclinic distortion is apparent. 
The model of the surface together with a-b lamination 



terminating on the a-c twin boundary is shown in Fig. 2. 
The thickness of the lamination is of submicron size and it 
differs in different monoclinic twins. Detail study shows 
that in the vicinity of Type II twin boundary the lamination 
branches [Heczko, 2017] in agreement with the model 
[Seiner, 2014]. Moreover, the width of the a-b laminate 
often changes with temperature [Straka, 2018].  On the 
other side of the boundary the lamination is present but not 
visible as there is c-axis perpendicular to the surface. 
 

 
 

 
Figure 2: SEM micrographs  of a-b lamination on top 
surface  (top) and on the side (bottom) and corresponding 
model of the surface with marked twinning and orientation 
of c-axis and modulation h(curvy arrows). Red – a-c twin 
boundary, green – modulation twin boundary, black thin 
lines – a-b twin laminate. 

The a-b lamination observed on perpendicular sample side 
(Fig. 2) has similar width, however, the connection over a-
c twin boundary is not simple as the model suggests. The 

lamination has different width in adjacent variants and 
consequently a-b lamina cannot be connected directly one 
by one. 

CONCLUSION 

We experimentally demonstrated existence of a-b laminate 
and possibility to detect it using BSE in SEM. In the 
vicinity of mobile a-c twin boundary the size of a-b 
laminate is of submicron size. Observed branching of the 
laminate occurring on one side of a-c boundary is 
puzzling.  
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