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    Electron holography is a powerful tool for investigation of magnetic specimens because the phase 
of the electron wave is sensitive to magnetic fields within or around the sample. Here we apply 
electron holography to characterize the magnetic domain patterns in Ni-Mn-Ga films grown on MgO 
substrates with Cr buffer layers. Magnetic shape memory (MSM) alloys of the Ni-Mn-Ga system are 
considered to have a high potential for application in new actuator and sensor devices due to the large 
magnetic-field-induced strain [1,2]. Since the basic mechanism of the MSM effect is a reorientation of 
martensite variants in an external magnetic field, a ferromagnetic martensite with a large 
magnetocrystalline anisotropy is required. 
    In order to investigate the magnetic structure and its correlation with the microstructure of the Ni-
Mn-Ga films we prepared cross-sections of two different orientations by FIB milling (Figure 1). In a 
previous work, the films had been investigated by means of atomic and magnetic force microscopy [3] 
and a high out-of-plane lamellar magnetic contrast was observed perpendicular to the twin boundaries 
on the surface of the 14M modulated films. This suggests the formation of magnetic band domains 
with antiparallel out of plane magnetization. According to these results we expect to find 180° domain 
walls in the (010) cross section while we expect quasi-90° domain walls in the (100) cross-section. 
    For the holographic investigations we used a Philips CM200 TEM equipped with a Lorentz lens and 
a Möllenstedt biprism. For acquisition of electron holograms the specimen was tilted away from the 
zone axis for some degrees in order to get an orientation that provides low diffraction contrast, which 
is an important precondition for the correct interpretation of phase images. From the holograms the 
complete electron wave in amplitude and phase was reconstructed. The results of the holographic 
reconstruction for the (100) cross-section are shown in Figure 2. In the amplitude image, the twinned 
microstructure is still slightly visible due to some remaining diffraction contrast (Figure 2a). The equi-
phase lines in Figure 2b show the change of the magnetization direction at the twin boundaries. 
Obviously the direction of magnetization follows the magnetic easy axis as expected for a material with 
large magnetocrystalline anisotropy. The stripe-like shape of the magnetic domains becomes visible in 
the color-coded phase gradient image in Figure 2c. 
    The holographic results for the (010) cross-section are shown in Figure 3. The amplitude image 
shows very low diffraction contrast and the twins are only slightly visible. The phase image (Figure 3b) 
and the color-coded gradient image (3c) show magnetic domain walls perpendicular to the film 
surface. The direction of magnetization changes by nearly 180° across the wall. The observed 
deviations from this angle might be caused by several reasons, e.g. projection effects or charging of 
the sample, and will be the subject of further investigations. The shape of the equi-phase lines 
indicates that the 180° domain walls do not continuously run from top to bottom of the film. These 
observations are in agreement with the magnetic domain model [3] developed on the basis of the 
magnetic force microscopy results. 
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Figure 1. Orientations of the FIB cross-sections in the MSM film. 1a: Schematic drawing of the film and the 

twinned microstructure with possible orientations of the magnetic easy axis c14M. 1b and 1c: TEM bright-field 
images showing the twins in (100) and (010) cross-sections perpendicular to [100] and [010] directions, 
respectively. In (100) cross-section, quasi-90° magnetic domain walls, and in (010) cross-section, 180° walls are 
expected. 
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Figure 2. Holographic results for the (100) cross-section revealing quasi-90° domain walls. In the amplitude 

image (2a) the twinned microstructure is visible. Since the sample was slightly tilted out of the zone axis to 
minimize dynamic effects, the diffraction contrast is low, except for the two dark appearing twins in the upper right 
part of the image. The equi-phase lines in 2b show the change of the magnetization direction at the twin-
boundaries (remark: the upper right part of the phase image can not be interpreted due to the large diffraction 
effects). The color-coded phase gradient image (2c) shows the stripe-like shape of the magnetic domains. The 
color-wheel and the arrows indicate the direction of magnetization. 
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Figure 3. Holographic results for the (010) cross-section showing 180° domain walls perpendicular to the film 

surface. Amplitude image (3a), phase image (3b) and color-coded gradient image (3c). Deviations from 180° 
presumably due to projection and charging effects. 
 
 
 
 
 


