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FIG. 3. Relationship among the coercivity, the surface roughness Ra and amount of the primary amines.

To discuss the micro structure of the films, we carried out a TEM observation. Figure 4 shows an
electron diffraction pattern, and bright and dark-field TEM images of an Fe-rich film (≈Fe80Ni20) and
an Fe-poor one (≈Fe20Ni80) electroplated in the DES-based baths with 3 g of ammonium sulfamate.
From the diffraction rings, the Fe-rich film and the Fe-poor one have the bcc structure and the fcc one,
respectively, which is consistent with the previous reported XRD results for the no-additive bath.12

The bright and dark-field TEM images suggest the columnar texture for Fe-rich film and the random
one for the Fe-poor film. Gu et al. and Yang et al. reported that Ni deposits electrodeposited from
a DES-based bath have a fine crystal structure,13,14 and the result for the Fe-poor film in this study
were consistent with that for the Ni deposits. As the texture of the Fe-rich film is clearly different
from that for the Fe-poor one, we considered that the change in the micro structure is another factor
to reduce the coercivity in the Fe-rich film.

FIG. 4. Electron diffraction pattern, and bright and dark-field TEM images of (a) an Fe-rich film and (b) an Fe-poor one
electroplated in the DES-based baths with 3 g of ammonium sulfamate.
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From these results, we found that the primary amines were hopeful additives for Fe-rich films
prepared in the DES-based plating baths since the coercivity and the surface roughness were reduced.
As shown in INTRODUCTION, the variation of the coercivity against the change in the Fe content
for the primary-amine-used baths cannot be explained by the change in the magnetocrystalline
anisotropy and the magnetostriction of the films. Our result suggests that the change in the tex-
ture is one of factors to explain the unexpected variation of the coercivity against the change in the Fe
content.

IV. CONCLUSIONS

We electroplated Fe-Ni films in DES-based bath with primary amines (ammonium sulfamate,
DL-α-alanine and L-glutamic acid), and investigated the effect of the primary amines on structural
and magnetic properties of the Fe-Ni films. The obtained results are summarized as follows:

(1) All the primary amines reduced the coercivity and the surface roughness of the Fe-Ni films
with high Fe content (≈ 75 at.%).

(2) Good correlation between the coercivity and the surface roughness for the Fe-rich films
(70-75 at.%Fe) was observed.

(3) The Fe-rich film has the columnar texture, and the micro structure was clearly different from
the Fe-poor film.
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