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We report on Ni-doped nonepitaxigl, FePt thin films with strong002) texture. The influences of

Ni doping onL1, ordering, orientation, and the magnetic properties of the FePt films have been
investigated. In-plane and out-of-plane x-ray diffractioiRD) were used to analyze the texture of
FeNiPt films. Fo{Fe(0.38 nm/Ni(0.04 nm)/Pt(0.4)],53 sample, the out-of-plane XRD data showed
only (00) peaks and in-plane data show@#0) peaks after annealing, indicating higd01) texture

of the FeNiPt films. In comparison with FePt, th@d) peak positions shifted to higher angle,
indicating partial Ni substitution in thel, lattice. The coercivity, measured at room temperature,
decreased as a function of Ni doping. For the film with a Ni layer thickness of 0.06 nm, the
coercivity is about 6 kOe after annealing, which is suitable for the writing performance of
high-anisotropy perpendicular recording media2@5 American Institute of Physics

[DOI: 10.1063/1.1855271

INTRODUCTION saturation magnetizatiofM¢~ 750 emu/ct. In this study,

Areal densities in magnetic recording have been increasl/® "eport on Ni-doped nonepitaxiall, FePt thin films with

ing at such a rapid rate that 1Thit/Andensities are now str_ong (001) te>_<ture. The_ Ni doping is “S?d to control and
targeted. In order for these recording densities to be ob@dJUSt magnetic properties of the FePt films for use as an

tained, the media must have small isolated grains and aéa_xtremely high-density perpendicular recording media.

equate thermal stability. The thermal stability factér
=K V/kgT must be larger than about 50, whefg is the  EXPERIMENTAL METHODS

anisotropy anaV is the grain volumel1, structure FePt ] o . . )
exhibits a high magnetocrystalline anisotropi¢,~5-7 All FeNiPt thin films in th|§ study' were sputte.red di-
x 107 erg/cn®) and has the potential for thermally stable rectly onto the thermally oxidized @00 wafer with a

1 Thit/in2 perpendicular recording media. Recently, Fept(Fe/Ni/Py, multilayer structure at room temperature. No
and/or FePt-based films withaxis perpendicular to the film buffer layer or seed layer was used. Figure 1 shows the initial
plane[(001) texturd have been obtained by two methods. In Structure schematlcally for the_ preparation of FeNiPt thin
the epitaxial-growth method, heated single-crystal, texturedms. The thicknesses of individual Fe and Pt layers were
substrates or seed layers, such as MgO, etc., have been u$edd and 0.4 nm, respectively. The thicknesses of the Ni
for the epitaxial growth of the FePt to obtainaxis perpen- layer were changed from 0 to 0.1 nm to adjust the Ni-doping
dicular to the film pIané:2 Another method is that of non- level. The sputtering pressure was 4 mTorr for all layers in
epitaxial growth. In this method, FePt and/or FePt-based

films were first deposited onto Si wafer or glass substrates (Fe/Ni/Pt),

with an initial multilayered structure, and then the as- | |

deposited films were annealed at a temperature necessary to —

obtainL1, phased films with(001) texture. The multilayer-

ing of Fe/Pt and dimensions of the Fe and Pt individual .

layers, annealing temperature and time, total film thickness, | ] |

alloy composition, etc., appear to play an important role in Ptlayer

obtaining the films withc axis perpendicular to the film M/Ni layer

pIane?’4 Recent modeling results suggested that the media
for future 1 Thit/in? should have small grain sizéd

~4 nm) and narrow distributioio/d~ 0.07), moderate an- d—— i Substrate
isotropy (H,~25 kOe, coercivity (H.~5-8 kOg, and

Fe layer

FIG. 1. Preparation schematic sketch of the nonepitaxially grown FeNiPt
dElectronic mail: myan@unliserve.unl.edu thin films.
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FIG. 3. XRD patterns of F&(0.38 nm/Ni(x)/P%0.4 nm],5 films with x
=0, 0.02, 0.04, 0.06, 0.08, and 0.1 nm. Films were annealed at 600 °C for
5 min.

0.04, 0.06, 0.08, and 0.1 nm. All samples were annealed at
600 °C for 5 min. For the sample witte 0, i.e., the Fe&PYys
e & - film, the XRD pattern shows a cleg001) chemically or-
i Al dered FePt peak and the @02 peak, indicating that the
() : film was strongly(001) textured. With an increase of the Ni
FIG. 2. (a) Out-of-plane and in-plane XRDs ant)) SAED patterns of layer thickness, i.e., Ni content, t80) peak positions of
[Fe(0.38 nm)/Ni(0.04 nm)/Pt0.4 nmJ;5 film. Film was annealed at FeNiPt films shifted to higher angle in comparison with
600 °C for 10 min. FePt, which suggested partial Ni substitution in tHg lat-
tice. The same result has been obtained by Thiek?® They

the film structure. The deposition rates for all layers wereobserved the change in the lattice parameters as a function of
around 0.5 A/s. The as-deposited films were annealed bii contentx in Fe;s Ni,PYs films. Figure 3 also shows that
rapid thermal annealingRTA) at 600 °C for 5—-10 min. the trends in(001) and (002 peak intensities of FeNiPt films
Magnetic properties were measured using a superconductirggcrease with the increase of Ni layer thickness, and the
quantum interference devi¢8QUID) in fields up to 7 T. A (111) peaks are visible when Ni layer thickness is larger than
microstructural evolution of the nonepitaxial growth was in-0.06 nm. The measuredy/ oo, intensity ratio in the XRD
vestigated by Rigaku x-ray diffractiotXRD) and JEOL patterns can be used to estimate the approximate order pa-
2010 transmission electron microscoi&EM). rameter in thelL 1, structure. If we assume that Ni and Fe
atoms were randomly distributed and partial Ni substitution
for Fe in the lattice site of thel, structure, the trend of the
ordering could be estimated by usitg,/1q9, ratio. The de-

Out-of-plane and in-plane XRDs and selective-area elecerease 0flgp; and |y, as well aslgg/1gg, ratio reflects the
tron diffraction (SAED) were used to characterize the phasechanges in either order parameter or texture with the increase
transformation and orientation. Figure 2 sho(@s the out-  of the Ni content. These results show that it becomes more
of-plane and in-plane XRDs an) SAED patterns for an- difficult to obtain the phase transform from fcc to fct in the
nealed FeNiPt sample. The sample was deposited witsame annealing temperature in FeNiPt films, and(€)
multilayer  structure  of [Fe0.38 nm)/Ni(0.04 nm)/ texture also becomes weaker with an increase of the Ni con-
Pt(0.4 nm],3 and postannealed at 600 °C for 10 min. As tent.
shown in Fig. 2a), (200 and(002 peaks were clearly sepa- Figure 4 shows the perpendicular hysteresis loops of
rated, which implies that the film is a singlel, fct phase, [Fe(0.38 nm)/Ni(x)/Pt0.4 nm];5 films with x=0, 0.02,
without a significant amount of fcc phase after annealing0.04, and 0.06 nm measured at room temperature by SQUID
The interesting result is that the out-of-plane XRD data showwvith applied field up to 7 T. The annealing condition for
only (001), (002, and (003 peaks except for the Si diffrac- these samples is the same as mentioned above. As shown in
tion peak and the in-plane data show orli10), (200, Fig. 4, hysteresis loop shape, coercivity, and remanence ratio
(220), and (130 peaks. This result indicates that the film is of the FeNiPt films are changed with Ni doping. The FePt
highly (001) textured. The SAED patterfFig. 2(b)] shows film has high remanence ratio and coercivity around 11 kOe,
diffraction rings corresponding to the indices{@iQ}, {200,  while the film with a Ni layer thickness of 0.06 nm has its
{220, and{130 of the L1, phase, together with the diffrac- coercivity reduced to 6 kOe and loop shows a lower rema-
tion spots of the $001] zone axis(two basic diffraction nence ratio. The dependence of coercivity on Ni content is
spots are indexgdBoth XRD and SAED patterns confirm shown in Fig. 5. These results indicate that magnetic proper-
the perpendicular orientatidiigh (001) texture of the film.  ties can be tailored with different Ni content, and FeNiPt

Figure 3 compares the out-of-plane XRD data forfilms may be prepared suitably for reading and writing in
[Fe(0.38 nm/Ni(x)/Pt(0.4 nm],5 films with x=0, 0.02, practical recording media. The origin of the decrease of co-

RESULTS AND DISCUSSION
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2] L JJX = 0.04 nm 2 -'ij = 0.06 nm tization M drops only around 10% and coercivigy, drops

4 gl steadily from 9.8 to 6.9 kOe when temperature changes from

O ey TR0 S0 s0 0z B 20 4080 %0 4K to room temperature. A similar behavior has been ob-

served by Thielest al® They measured Curie temperature of
FIG. 4. Perpendicular hysteresis loopgB80.38 nm/Ni(x)/P{0.4 nm];s  FeNiPt films with different Ni content and found that Curie
films with x=0, 0.02, 0.04, and 0.06 nm. Films were annealed at 600 °C fortemperature drops from 770 to 490 K when Ni content in-
5 min. . . . .
creases from 0 to 30 at. % in FeNiPt films. In comparison
. i i . ) with NiPt, in which the Curie temperature drops to 373 K
ercivity on adding Ni to FePt s likely to be a decrease in they e Nj content increases to 25 at s result shows that

anisotropy of the alloy. This follows because magnetizationye,engence of magnetization on temperature in FeNiPt films
of FeNiPt is smaller than that of FePt and the anisotropy iSg relatively weaker than that of NiPt.

proportional toM"(T), wheren=25
Based on NiPt phase diagram, the variation of CuriecoNCLUSIONS

temperature with composition in Ni-rich solid solution fol-

lows an approximately linear relationship and drops very In this paper we have studied the magnetic property,

quickly with the increase of the Ni content. So it is interest-Structure, and orientation of nonepitaxially growf, FePt

ing in understanding and comparing the temperature depeflms with Ni doping. XRD and SAED patterns show that

dence of magnetization between NiPt and FeNiPt films beFeNiPt films were highly(001) textured. Ni doping of FePt

cause Ni-doping level may affect the behavior of temperatur&vas effective in reducing the coercivity of the films. Tem-

dependence of FeNiPt. Figure 6 shows the temperature deerature dependence of coercivity and magnetization shows

pendence of normalized magnetization=M(T)/M(4 K) that FeNiPt films have suitable magnetic properties for per-

and coercivity H, for the [Fe0.38 nm/Ni(0.04 nny/ pendicular magnetic recording at room temperature.

Pt(0.4 nm],3 film annealed at 600 °C for 5 min. Magnetiza-

tion M was measured at 7 kOe. As shown in Fig. 6, magne'—a‘cKNOVVLEDG'VIENTS
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