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1. Introduction 
The size of magnetic particles is of the order of nano metres and it is well known that when a 

magnetic field is applied to magnetic colloidal suspensions, the particles form clusters in the 
direction of the external magnetic field via magnetic dipole-dipole interactions. The properties, 
structures and dynamics of the clusters formed by magnetic particles are so unique and controllable 
by external magnetic fields that they can be utilised in a variety of fields including particularly 
biomedical engineering and technology. The fabrication of nonmagnetic particles of arbitrary 
shapes by lithography technique has recently been reported [1,2]. The particles' morphology and 
size were precisely controlled by lithography. What is more, magnetic particles of arbitrary shapes 
was successfully synthesised using silica colloidal particles, iron oxide nanoparticles and poly 
(dimethylsiloxane) (PDMS) [3]. It is supposed that different cluster structures may be formed by 
nonspherical magnetic particles compared to those formed by spherical ones and therefore it is of 
great interest and importance from both scientific and technological points of view to investigate 
the cluster structures formed by magnetic particles of nonspherical shapes. 
  Here, I fabricate circular, triangular and square magnetic discs composed of nickel by the 
lithography and electroplating methods and investigate the structures of clusters formed by those 
discs. 
 
2. Experimental methods 
  I used the lithography and electroplating methods to fabricate magnetic disks of circular, 
triangular and square shapes composed of nickel as mentioned. First, I designed circular, triangular 
and square shapes on a photomask by electron beam lithography. I then exposed a titanium and 
cupper coated substrate, which was covered with a photoresist and the photomask, to ultraviolet 
light. I deposited a nickel layer onto the patterned substrate by the electroplating method and then 
removed the photoresist. I peeled off the discs from the substrate using copper etching solution, and 
dispersed them in water. Approximately one million discs were produced using a single substrate by 
the above procedure.  
  I investigated the cluster structures formed by the magnetic discs, which I had fabricated. First of 
all, I dispersed the magnetic discs in Pluronic F-127 (0.1 %) (Molecular weight : 8400) using an 
ultrasonic washer. I fabricated a hole of six millimetres diameter in the centre of PDMS. Washing 
the PDMS and a glass substrate by ethanol, the PDMS was attached to a glass substrate. Next, I 
filled the hole with 30 µl of pure water and 15 µl of hexadecane and dispersed magnetic discs on an 
interface between water and oil. Finally, I observed the cluster structures formed by the discs, 
applying a dc magnetic field of 9.55 kA/m for 10 seconds. 
 
 



3. Results and discussion 
  Circular, triangular and square discs, which were fabricated in the present study, are shown in 
figure 1. It is clearly shown that highly uniform micrometre sized discs were successfully fabricated. 
The magnetic discs were ferromagnetic according to the magnetisation-magnetic field curves 
obtained by a superconducting quantum interference device (SQUID) magnetometer. It was found 
that the remnant magnetisation and magnetic coercive force of the triangular discs were greater than 
those of the circular and square ones.  

The cluster structures formed at the interface between water and oil were analysed in detail. In 
the case of triangular discs, clusters were formed mainly via tip-to-tip and tip-to-side interactions, 
whereas in the case of square discs, side-to-side and tip-to-side aggregations were commonly 
observed. In order to clarify the cluster structures formed by those nonspherical discs, I carried out 
numerical simulations of magnetic fields produced around the discs by the finite element method 
(COMSOL). The result showed that the potential energy at the tips of triangular and square discs is 
lowest. 
 
4. Summary 
  I successfully fabricated magnetic discs of circular, triangular and square shapes by the 
lithography technique and electroplating method, and analysed and clarified the cluster structures 
formed by those nonspherical discs. 
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Fig. 1 SEM images of circular, triangular and square discs. 


