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Dot-arrays of Co/Pt multilayers with perpendicular magnetic anisotropy T. Ono *, H. Miyajima , K. Shigeto, T. Shinjo Faculty of Science and Technology, Keio University, Yokohama 223-8522, Japan Institute for Chemical Research, Kyoto University, Uji 611-0011, Japan



Abstract Fabrication and magnetic properties of dot-arrays of Co/Pt multilayers with perpendicular anisotropy are reported. The magnetization curve of dot-array has a smaller saturation "eld and a larger remanent magnetization than the continuous "lm. MFM measurements revealed that the size of the magnetic domain in the dot is smaller than that in the continuous "lm.  1999 Elsevier Science B.V. All rights reserved. Keywords: Dot-array; Perpendicular magnetic anisotropy; MFM; Lift-o!



1. Introduction Metallic multilayers have recently attracted a lot of attention, as these systems exhibit new outstanding properties, such as perpendicular magnetic anisotropy and giant magnetoresistance, (e.g., Ref. [1]). Reducing the lateral dimensions of those systems is an attractive challenge to explore novel magnetic properties and to investigate fundamental physics in mesoscopic systems. A possible application of submicron patterned magnetic materials is in future high-density magnetic media. In such media, magnetic bits are geometrically de"ned by a lithography technique and the direction of their magnetization is restricted to be parallel or antiparallel to the axis of the shape anisotropy in the dots [2]. Dots with up or down con"guration can also be achieved by utilizing the interface-induced perpendicular anisotropy in thin "lms and multilayers. However, reports along this direction are still only a few [3}6]. In this paper, the fabrication and the magnetic properties of dot-arrays of Co/Pt multilayers with perpendicu-
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lar anisotropy is presented. The magnetization curve of dot-array has a smaller saturation "eld and a larger remanent magnetization than the mother continuous "lm.



2. Experimental Arrays of round dots with a diameter of 0.5 lm and a lattice periodicity from 2 to 8 lm were patterned by lift-o! method from evaporated Pt(50 As )[Co(4 As )/ Pt(6 As )] multilayers on Si substrates with 4.5;4.5 mm  area. Continuous multilayers were also prepared on the same substrates. The lift-o! method has some advantages compared to the etching technique by ion milling. The samples have almost no damage during the process. This is quite important since the outstanding properties of multilayers such as, interface-induced perpendicular anisotropy and GMR, are sensitive to the interface structure. The samples produced by the lift-o! method have no `crownsa which are usually produced by the redeposition during the ion milling [3,4]. However, an application of the lift-o! method to multilayers has some problems. Since more than two sources are used to prepare multilayers, there is a di!erence in the deposition direction to the substrate between sources. This di!erence



0304-8853/99/$ } see front matter  1999 Elsevier Science B.V. All rights reserved. PII: S 0 3 0 4 - 8 8 5 3 ( 9 8 ) 0 1 0 6 4 - 6



226



T. Ono et al. / Journal of Magnetism and Magnetic Materials 198}199 (1999) 225}227



Fig. 1. An image of scanning electron microscopy of a 0.5 lm in diameter by 2 lm spacing dot array consisting of Pt(50 As )[Co(4 As )/Pt(6 As )] multilayer. 



Fig. 2. Magnetization curves of a continuous "lm (dotted line) and a dot-array (solid line) at 300 K with the magnetic "eld applied perpendicular to the substrates.



results in the incomplete layering structure at the edge of dots and the deposition of the evaporated materials on the resist wall which produces the crown structure. In this study, to overcome this problem, the substrate plane was kept normal to the deposition direction of each material by turning the substrate before every deposition of each layer. The layering structure and the arti"cial period of the samples were characterized by X-ray diffraction. Magnetization measurements were performed by SQUID magnetometer at 5 and 300 K with the "eld applied perpendicular and parallel to the "lm plane. The magnetic domain structures of each dot and the continuous multilayers were studied by magnetic force microscopy (MFM) at room temperature.



3. Results and discussion Fig. 1 shows an image of scanning electron microscopy (SEM) of a 0.5 lm in diameter by 2 lm spacing dot-array consisting of Pt(50 As )[Co(4 As )/Pt(6 As )] multilayer. The 



Fig. 3. MFM images in zero applied "eld for (a) the continuous "lm and (b) the dot-array. Before the MFM measurements, the samples were magnetized with the "eld of 10 kOe perpendicular to the substrate.



SEM image shows that the sample has the designed shape and size. Fig. 2 shows magnetization curves of a continuous mother "lm and a dot-array of 2 lm spacing at 300 K with the magnetic "eld applied perpendicular to the substrates. Di!erences between the dot-array and the continuous "lm appear in both nucleation "eld H where magnetic bubbles nucleate and saturation "eld  H . The dot-array has a smaller nucleation "eld and  a smaller saturation "eld than the continuous "lm. The smaller H can be attributed to the smaller demagnetiz ation "eld perpendicular to the substrate in the dot-array due to its "nite size in the sample plane. The smaller H indicates that the magnetic bubbles are harder to  nucleate in the dot-array than in the continuous "lm. In other words, the multidomain state in the 0.5 lm dotarray is not stable as in the continuous "lm.
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The results of the MFM measurements for the continuous "lm and the dot-array are shown in Fig. 3(a) and 4(b), respectively. Before the MFM measurements, the samples were magnetized with the "eld of 10 kOe perpendicular to the substrate. The MFM image for the continuous "lm shows a typical perpendicularly magnetized multidomain structure with the stripe period from 30 to 35 nm. On the other hand, the result for the dotarray indicates that each dot consists of a few domains with a stripe period from 20 to 30 nm. The results of the MFM measurements for the samples with smaller dot diameter down to 0.2 lm indicate that the stripe period decreases with decreasing diameter. Since the stripe period in the Co/Pt continuous "lm is comparable to the dot size in this study, the stripe period in the dot-array should be changed to "t in the dot. This results in an increase of the total energy of the system, since the stripe period in the continuous "lm is determined by the energy minimization of the system. Therefore, the multidomain state in the dot-array is not so stable as in the continuous "lm. This scenario is probably the reason why the dot-array has a smaller nucleation "eld than the continuous "lm.
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