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Enhancement of coercivity in nanometer-size CoPt crystallites

S. H. Liou,¥ S. Huang, E. Klimek, and R. D. Kirby
Department of Physics and Astronomy, Center for Materials Research and Analysis,
University of Nebraska, Lincoln, Nebraska 68588-0111

Y. D. Yao
Institute of Physics, Academic Sinica, Taipei 115, Taiwan

In this study, we showed that a magnetic coercivity.) as high as 37 kOe was obtained in a CoPt

thin film that contains separated nanometer-size CoPt crystallites. We prepared CoPt thin films with
thicknesses of 5 and 175 nm by magnetron sputtering. After annealing in ap arttbsphere at
temperatures from 650 to 750 °C for 3—12 h, we measured the magnetic properties and found that
magneticH . relates to annealing temperature, annealing time and film thickness. From atomic force
microscopy and magnetic force microscopy studies, the magnetic single domain size of CoPt is in
the range of 100—200 nm. The high is likely due to the well-separated nanometer-size crystallites
and the well-ordered fct phase of CoPt alloy. 199 American Institute of Physics.
[S0021-897€99)51108-7

I. INTRODUCTION CoPt films were annealed under an As/etmosphere in the

Many magnetic devices are required to have high mag'g_emperature range of 650750 °C, ar_1d the range of ann(_ealing
netic coercivity H.), such as magnetic bias films of time was from 3to 12 h. The magneyc properties c_)fthe films
magneto-resistive elements, magnetic tips for magnetic forc&/€T€ measured by a superconducting quantumn interference
microscopy, high-density magnetic recording media, andievice magnetometer. The morphology and the magnetic do-
magneto-optic recording medta’ The CoPt binary alloy is main structure of the CoPt films were examined by atomic
an excellent system because of its chemical stability and higfPrc® MicroscopyAFM) and MFM.
magnetic anisotropy. The anisotropy of CoPt compounds is
as high as & 10’ ergs/cmi and the saturation magnetization !l RESULTS AND DISCUSSIONS

is about 800 emu/chh From the calculatic_m of Stoner— The observed highi,. in the CoPt film can be explained
Wohlfarth theory,H.=0.98K/Ms, whereK is the anisot- py the presence of the well ordered nanometer-size crystal-
ropy constant andis is the saturation magnetization. Thus, jites. These crystallites are noninteracting and form a random
anH, around 49 kOe is expectéd. single-domain systerHowever, there is no direct evidence

It has been shown that the ordered fct structure can bgom early studies. In this article, we present the direct mea-
obtained in the temperature range of 600850 °C. The trangyrements of the magnetic domain structure of these High
mission electron microscop§TEM) result also established copt films from MEM and the comparison of the magnetic
that CoPt samples with ordered fct structure were achievedgperties of the CoPt films with different annealing condi-
after being annealed at 750 °C for 30 min. tions.

As shown in the previous article, the high coercivity  Hysteresis loops of CoPt films with different thicknesses
value of about 30 kOe was observed in a CoPt film withon quartz substrates, measured at 300 K, are shown in Fig. 1.
nanometer-size crystallites. For this article, we directly meaggth of the samples were annealed at 750 °C for 3 h. Figure
sured the magnetic domain structure using magnetic forcg(a) is the sample with the thickness of 175 nm. Ap of 12
microscopy(MFM). We also show that a CoPt film with @ \Oe and a saturation magnetization of 734 emd/evere
much higher coercivity value was prepared by a two-stepyhserved. Figure (b) is the sample with the thickness of 5

annealing process. nm. AnH, of 16 kOe and a saturation magnetization of 680
emu/cn? were observed. The small variation of the satura-
Il. EXPERIMENT tion magnetization may be due to the difficulty in the thick-

i ness measurement for the 5-nm-thick film. The major differ-
The CoPt alloy films were prepared on fused quartz subgce petween these two films is theiit, values. We

strates by dilrejct current m_agnetron sputtering. The_target Washserved some variation dfi, values from samples that
made by mixing high-purity Co and Pt powder with @ 1:1 \yere not prepared in the same sputtering run. However, the
atomic ratio and sintered at 1050 °C for 24 h. The base presy y3jye of the 175-nm-thick film was always much less
sure before introducing the Ar gas wax 20 ®Torr. The  than that of the 5-nm-thick film when they were annealed in
chamber pressure during sputtering was 40orr. The film the same conditions.

thickness was in the range of 5—17_5 nm. To imp_rove the Figures 2 and 3 are the AFM and MFM images of the
ordering and to control the separation of crystallites, theg;me films(annealed at 750 °C for 3 h, with thicknesses of 5
and 175 nm. As shown in Fig.(®, the 5-nm-thick film
dElectronic mail: sliou@unlinfo.unl.edu contains well-separated nanometer-size crystallites as indi-
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FIG. 1. Hysteresis loops of CoPt films on quartz substrates and annealed at . . .
750 °C for 3 h and measured at 300 K. The film thicknessegat75 and ~ the sample with the film thickness of 175 nm. The roughness

(b) 5 nm. of the film surface is in the range of 50—-100 nm. The crys-
tallites of the 175-nm-thick film are not separated. However,
the size of the crystallites is in the range of 100—400 nm, as

cated in the AFM image. The sizes of the crystallites are irindicated by the arrow in Fig.(8). This is also consistent
the range of 100—400 nm. The height of crystallites is in thewith the results from the TEM study that was reported
range of 20-80 nm. The MFM image, Fig(b2 was ob- previously® As shown in Fig. &), the magnetic domains of
tained using a CoPt MFM tip magnetized parallel to thethe crystallites with about the same direction are coupled
sample surface. The light and dark contrast corresponds t@gether so that they form much larger white and dark area.
the strength of the stray-field gradient on the sample surfac@he size of the magnetic domain, as indicated by an arrow in
The lighter color represents a frequency shift in the MFM tipFig. 3(b), is about a few hundred nanometers. The major
when the magnetization of the sample and that of the MFMlifference between these two films is that the 5-nm-thick
tip are repulsive. As shown in Fig(d, crystallites with one  film contains many noninteracting nanometer-size magnetic
light and dark area are single-domaas indicated by S’);  domain and the 175-nm-thick film has more magnetic inter-
the grain that may contain a few crystallites with two or
more light and dark areas are multidomé&as indicated by

“M"). The size of a single-domain crystallite is between 100

and 200 nm. Figure 3 shows the AFM and MFM images of
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FIG. 2. The topographi¢a) and magneti¢b) images of a 5-nm-thick CoPt
film on a quartz substrate, annealed at 750 °C for Blfindicates a multi-  FIG. 4. Hysteresis loops of 5 nm CoPt films on quartz substrates, annealed
domain grainSindicates a single-domain grain. for 3 h(a) and 12 h(b) at 700 °C, measured at 6 K.
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8oof applied magnetic field. We have noted that the hysteresis
—~ 600 (a) )’7 loop is not symmetricalit is a minor loop. The variation of
(J
»

the saturation magnetization may be also due to the fact that

£ M0t r-ex  § J . e ;

£ 200F 5nm ‘ s the applied magnetic fiel(b5 kO was not high enough to

2 of ‘-’ 3 saturate this sample.

QL 200 d 8  annealed at As shown in Fig. 5, this sample was first annealed at

= 400t & ,./' 650°C 650 °C for 12 h. It was observed with &, of 23 kOe and
-600 - 4—-—" for 12 hours the saturation magnetization of 712 emufcifihen it was
-800 ————— S annealed at 700 °C for another 12 h. THe value was as
800 high as 37 kOe. It is very clear that the hysteresis loop is not

600 (b) symmgtrical. For a higher applied magnetic field, a laiger
400 f’? value is expected. Through two-step annealing,Hhevalue

was improved by about 4 kOe as compared to one-step an-
nealing. This may be due to the formation of smaller crys-
tallites in the films at lower temperature and an ordered

‘:' o annealed at structure after annealing at 700 °C for 12 h. However, the
400
= 700 °C for reason needs further research.
-600 another 12 hours
_800 N L 1 I 1 1
60 40 20 0 20 40 60 IV. SUMMARY
H (kOe) We showed that CoPt thin films with well-separated

FIG. 5. Hysteresis loopsf@ 5 nmCoPt film on a quartz substrate measured CryStalllteS_ and the well-grde_red fet Strucwre were achieved

at 6 K. (@) The film was annealed at 650 °C for 12(h) The same fimwas DY controlling the annealing time and annealing temperature.

annealed at 750 °C for another 12 h. As observed by MFM, noninteracting magnetic domains are
important in achieving higli . values. We also studied two-
step annealing. From the experimental results, we have en-

actions between the crystallites. The magnetic interaction ifanced the magnetic coercivity of a CoPt film to 37 kOe.

likely to reduce theH. value. The coupling magnetic do-

mains may have incoherent domain rotations. ACKNOWLEDGMENT
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