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Six pairs of magnetic nanowires are fabricated by using electron beam lithography and lift-off. Each pair is composed of two 

20 nm thick NiFe nanowires (width = 400 & 800 nm). The separation (d) between them varies from 2000 nm to 70 nm.

The magnetic hysteresis loops are measured by using magneto optical Kerr effect and the images of domains are taken by using 

magnetic force microscopy (MFM).

All wires show abrupt switching, which suggests the single domain-like behavior.[1,2] The MFM image confirms single 

domain state at remanent state. As d decreases, the magnetostatic interaction affects the switching field (Hsw) of the pair, 

which are summarized in figure 1. 

When d > 500 nm, Hsw does not change. But when d ≤ 500 nm, the two wires show different behavior. As the magnetic 

field increases in the opposite direction after saturation, the magnetization of the 800 nm wire switches first and then the 

magnetizations of the two interacting wires are antiparallel. 

The switched wire produces field to the neighboring 400 nm wire. This field is in opposite direction to the applied field. This 

increases the switching field of the 400 nm wire. The decreased switching field of the 800 nm wire is explained on the 

arguments of interaction of the two parallel magnetizations. In the conference, we will present the magnetic domain images, in 

addition to the detailed data of the above. The magnetic domain images are taken at the parallel and antiparallel alignments of 

the magnetizations.

Fig. 1. Variation of the switching field (Hsw) vs. separation (d). 
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1. Introduction

One of the most common techniques being used to align the Nd2Fe14B grains in the Nd-Fe-B material is a die-upset 

technique. The die-upset technique is usually applied to the melt-spun Nd-Fe-B material. The die-upsetting leads to a good 

texture of the nanocrystalline Nd2Fe14B. The formation of texture is known to take place via the stress-induced preferential 

grain growth. Considering the texture formation mechanism, the grain size before the die-upsetting is believed to play an 

important role. In the present study, the hot-pressed compacts with various grain sizes ranging from several tens of nm to 

several hundreds nm were prepared, and then they were subjected to a die-upsetting. The effect of grain size in the hot-pressed 

compact on the texture in die-upset magnet was investigated. The effect of dieupset temperature on the texture in die-upset 

magnet was also investigated.

2. Experimental work

Starting alloy of Nd13.5Fe80Ga0.5B6 was prepared by an arc-melting using high purity elements. The prepared alloy was 

melt-spun, and the obtained ribbon was briefly milled and compacted. The hot-pressed compact was die-upset in an open die at 

various temperatures to achieve height reduction of around 75%. Texture in the die-upset magnets was evaluated by a magnetic 

means. Demagnetization curve was measured along the direction parallel and perpendicular to the pressing direction using a 

VSM at room temperature after pre-magnetizing with pulsing field of 50 kOe. Texture in the die upset sample was evaluated 

using the ratio of M7(//)/M7(⊥), where, M7(//) and M7(⊥) are the magnetization at 7 kOe along the directions parallel and 

perpendicular to the pressing direction, respectively. 

3. Results and discussion

In order to prepare the hot-pressed compacts with different grain size, the powder material was hot-pressed at different 

temperatures. The compacts hot-pressed at 750
o
C, 770

o
C and 820

o
C had grain size of around 50 nm, 100 nm and 200 nm, 

respectively. These compacts with different grain size were die-upset at 750
o
C and the texture in the die-upset samples was 

examined. It was found that the die-upset sample from the hot-pressed compact with fine grain size (50 nm) exhibited much 

higher texture with respect to the samples from the hot-pressed compacts with coarser grain size (100 nm and 200 nm). 

Meanwhile, the effect of die-upset temperature on the texture in the die-upset sample was investigated using the compact 

hot-pressed at 770
o
C. It was found that the sample die-upset at lower temperature of 700

o
C had lower texture, so did the 

sample die-upset at higher temperature of 900
o
C. The samples die-upset at modest temperature range from 750

o
C to 850

o
C 

showed much higher texture. The dependence of texture in the die-upset samples on the initial grain size and hot-deformation 

temperature is to be explained based upon the dissolution and precipitation mechanism. 


