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FePt/BO; multilayers were deposited by magnetron sputtering onto 7059 glass substrates. By
annealing the as-deposited films at 550 °C, nanostructured BEERfiBns consisting of FePt grains

with L1, structure, embedded in a glassy@ matrix, were obtained. Theaxes of the FePt grains

can be made to align with the film normal direction, which results in a perpendicular anisotropy
constant of 3.5 10’ erg/cc. The films remain layered structures after annealing when,Mgl@yer
thickness exceeds 16 A. The nanostructure of the films was investigated by transmission electron
microscopy. The coercivities and the average grain sizes of the films are dependent g®{he B
concentrations, with coercivities varying from 4 to 12 kOe, while average grain sizes vary from 4
to 17 nm. Strong perpendicular anisotropy, adjustable coercivity, and fine grain size suggest this
nanocomposite system might have significant potential as recording media at extremely high areal
density. © 2000 American Institute of PhysidS0003-695(00)01540-0

The growth mechanism, magnetic, and structural properef the particles are aligned along the film normal direction.
ties of FePt equiatomic alloy thin films with thel, ordered The magnetic and structural properties of these films were
structures are of great interest from both scientific and appliinvestigated.
cation viewpoints. They are potential high-density recording ~ FePt/BO; multilayers were deposited on 7059 glass
medid~2 and high-energy permanent magfiebecause of Substrates by dc- and rf-magnetron sputtering. The base pres-
their exceptional magnetic properties. The essential feature &ire of the sputtering chamber was 20”7 Torr and high
that they can undergo a phase transition from the disordergirity Ar was used for deposition at a pressure of 5 mTorr. A
face-centered cubidfcc) structure to the ordered face- COMPoOsite FePt target was made by putting some Fe chips
centered tetragonalfct) structure (1, phase after post- (99:99% purity on the Pt target99.99% purity. The com-
deposition annealingor when deposited at an elevated sub-POSition of the FePt target was adjusted by the number of Fe
strate temperature.The long-range ordering has critical CNiPS: The BO; target with a purity of 99.9% was obtained
effects on the magnetic properties of the filfnk.is well from Ta_rget Materials, Ini. The as-dgposned films were an-
known that the ordered FePt alloy has a very high anisotrop ilen?ée\(/jvg; \i/r?\(/:tlaj:trig;teg?y Sr;g;ri?s;?(')'; ;Zitf;r:cr;lféfoziégi

\/ 7
constantK, of 7x10" erg/cc, and recentlyK, values (TEM) and x-ray diffraction(XRD) with CuK«a radiation.
greater than 0 erg/cc were found in fully ordered FePt : . .
films grown by molecular beam epitaX¥BE) ° FePt thin Magnetic properties were measured by a Quantum Design

films d ited b i ttering tend t ith superconducting quantum interference device. Domain pat-
"ms deposited by magnetron sputtering tend to grow With §¢, ¢ \ere observed with a magnetic force microscope

(111) texture, placing the axes of the grains at an angle of MFM)

36° above the film plangBy applying the MBE technique, (FePt 32 A/BO;x A)s multilayers withx varying from 4
FePt can grow epitaxially on Mg@0D) single-crystal sub- 1, 48 & were deposited with the glass substrates held at
strates with thee axes of the grains in the film normal direc- 5 mpient temperatures. The as-deposited films contain a dis-
tion, resulting in perpendicular magnetic anisotr88Y.  ordered fcc FePt phase and are magnetically soft with coer-
However, this requires complex MBE technology and MgOcivity less than 100 Oe. After annealing at 550 °C, the Fe—Pt
single crystals as substrates. In this research, we successfulindergoes a phase transition from the disordered fcc to the
deposited the FePt;B; nanocomposite thin films on 7059 ordered fct structure, which is characterized by @@1) and
glass substrates, which consist of nanometer &izg,struc- (002 superlattice peaks of the XRD scans, as shown in Fig.
tured FePt particles embedded in 08 matrix. Thec axes 1. Compared with the FePt single-layer film, the intensity of
the (111 diffraction peaks decreases as thg@Blayer thick-

aAuthor to whom correspondence should be addressed; electronic maill€SS in_CreaseS_in the FePAB multilayers. As the BO;
dsellmyer@unl.edu layer thickness increases to 12 A and above,(iHd) peak
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FIG. 1. XRD 6-26 scans. The inset ift) and(d) are the(001) peak rocking

curve and the low anglé—26 scan, respectively. .
FIG. 2. TEM images of(a) (FePt 32 A/BO; 12 A)s, and (b) (FePt 32
AIB,0; 20 A)s annealed at 550 °C for 30 min.

disappears while théd01) and (002 peaks dominate, which
implies that thec axes of the grains are aligned along the
film-normal direction. The full width at half-maximum inten-
sity of the (001) peak rocking curvdinset of Fig. 1c)] is
about 2.9°, indicating the axes are aligned quite well along
the film-normal direction. The reason for thisaxis orienta-
tion is not clear, but presumably involves the growth mecha-

nism of the ordered FePt crystallites; further investigations 1200
are in progress. The broadening of {8©1) and (002 peaks

entation of the magnetic grains. When thgOB layer thick-
ness increases to 12 A and above, perpendicular anisotropy
was observed, as shown in Figgci3and 3d). The perpen-
dicular loops show a remanence close to 100% of saturation

800+
indicates shorter coherence length normal to the film as the
B,0s layer thickness increases. The films with@g layer 400+
thickness equal to 16 A or larger retain a layered structure 0

after annealing; an example of the low-angle XRD pattern is
shown in the inset of Fig. (d).

The nanostructure of the annealed FeR@Pmultilayers
was investigated by TEM. Figurga is a bright field image
of the 550 °C annealetFePt 32 A/BO; 12 A)s multilayer.
The FePt grain size was found in a wide range from 10 to 30 =

-400

-800+

-1200
6004

(emu/cc)

nm. As the BO; concentration increases, the grain size de- 8001

creases. Figure(B) is a high resolution TEM image of the 0-

annealedFePt 32 A/BO; 20 A)s multilayer. It shows that

fine FePt single crystals about 4 nm in size were randomly 001

dispersed in the 5 matrix. 60022 v |~ —®—outofplane
Hysteresis loops were measured with applied fields both | —O—implane

parallel and perpendicular to the film plane. For the ReRt -40 20 0 20 40 -40 20 O 20 40

phase, the axis is the magnetic easy axis. Similar hysteresis H (kOe) H (kOe)

loops were obtained in both directions for the FePt smgIeFIG 3. Hysteresis loops ofa) FePt single layer(b) (FePt 32 A/RO, 8

layer film and the(FePt 32 A/BO; 8 A)s multilayer, as &) (o) (FePt 32 A/BO, 12 A)g, and(d) (FePt 32 A/BO 48 A)s. These

shown in Figs. 8) and 3b), which implies the random ori- films were annealed at 550 °C for 30 minutes.
Downloaded 13 Oct 2006 to 129.93.16.206. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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FIG. 4. The dependence ®4, H,, andK, on the BO; layer thickness.  FIG. 5. The dependence of coercivity. and grain sizel on the BO; layer

thickness.

magnetization. The in-plane hysteresis loops diminish as the

. . T ) . In summary, FePt:BD; nanocomposite thin films with
B,O; layer thickness increases. This is consistent with thestrong perpendicular anisotropy were successfully fabricated
XRD measurements.

The saturation maanetizatidvl- of the films decreases on glass substrates. The fabrication of the films requires only
as BO. thickness incre%ses due tcs) the increase &,&o0n- conventional sputter-deposition and thermal-annealing pro-
cen?ratsion as shown in Fig(a. After normalizationﬁ/ the cessing. Under appropriate conditions these films consist of

" ' ; L1, FePt particles embedded in th matrix with thec
volume fraction of FePt, théM¢ of the FePt phase in the 0 P o

: . . axes of the grains aligned along film normal direction. A
FePt:BO; nanocomposites is about 1000 emu/cc, slightly, . . 7
less than theMg (~1100 cmu/ct of the FePt single layer high anisotropy energy was found, about 8H) erg/cc,

film. This might be due to the isolation of FePt grains by theThe grain sizes and coercivities were found to be dependent

. T on the BO; layer thickness. These films have fine grain sizes
B,O5; matrix, resulting in smaller moments for the atoms at BOs lay g

- d o i
the grain surface. By extrapolating the magnetization curves( 10 nm, adjustable coercivitietd—~12 kOg, and perpen

: . . dicular magnetic anisotropy, which suggest this nanocom-
the anisotropy fieldH, and anisotropy energht,=MgH,/2 . h anif il :
were obtained, as shown in Fig(bl. The H, values are posite system may have significant potential as recording

L media at extremely high areal densitfés.

around 70-80 kOe, which is close to thk value of the yhg
FeysPtss thin film measured by Li and Lairsof. With Mg This research was supported by the DOE under Grant
=1000 emu/cc, th&, value is about 3.5-4X10" erg/cc. No. DOE-DE-FG-03-98ER45703. In addition Y.L. and

The average grain sizéwas estimated by the Scherrer D.J.S. benefited from the support of DARPA/ARO and
formula'! from the (001) diffraction peak. The dependence AFOSR, and S.H.L. and L.G. were supported by ARO under
of d and coercivityH . on the BO; layer thickness are shown Grant No. DAAG 55-98-1-0014, and from the support of
in Fig. 5. The average grain sizes are well below the criticalCMRA and NRI at the University of Nebraska.
single domain particle sizé~300 nn). Since the coercivity
is much smaller than the anisotropy field {/{H,<0.2), an .
incoherent reversal mechanism is suggested. As shown igg ';- '-é’oﬁa”d EA- JASS””?(YG“ 'EEEJTLa”St- L"a@mf'féégg“(mga
Fig. 5, a small amounfup to 20 vol. % of B,O5; sharply M'AG'_31° 2873'?’)7(1'99'5). arer, and J. kent Howard, rans. Magn.
increases the coercivity from 5.2 to 12 kOe. At the samesN. Lj and B. M. Lairson, IEEE Trans. MagMAG-35, 1077(1999.
time, the grain sizel only slightly changes. Therefore, the *“J.P.Liu, C.P. Luo, Y. Liu, and D. J. Selimyer, Appl. Phys. L&®, 483
increase in coercivity might be due to the decrease of inter-5(1998" _ N

| hange coupling and/or the increase of the num M. R. Visokay and R. Sinclair, Appl. Phys. Le@i6, 1692(1995.
granuiar exchang piing ar °R. F. C. Farrow, D. Weller, R. F. Marks, M. F. Toney, S. Hom, G. R.
ber of pinning sites when #; is added. However, further  Harp, and A. Cebollada, Appl. Phys. Le®9, 1166(1996.
increase of BO; results in the sharp decreaseHyf. This is 70. A. Ivanov, L. \g So;na, V. A. Demshina, and L. M. Msgat, Phys. Met.
i in Qi etallogr. 35, 81 (1973.
pro_baply due to the sharp o_|ecrease In grain size and. thgrm@l‘A"_ Cebollada, D. Weller, J. Sticht, R. Harp, R. F. C. Fallow, R. F. Marks,
activation effect p!ays_ an important role in magnetization g sayoy, and J. C. Scott, Phys. Rev58 3419(1994).
reversal when grain size is below 10 nm. When th®©8  °R. F. C. Farrow, D. Weller, R. F. Marks, M. F. Toney, A. Cebollada, and
layer thickness reaches 28 A and abavesmains a constant mﬁ' 5- Hférlg JMAEIO_I- Phy?9A59|67F$9§93%. 6142(1999
; i ; . Li and B. M. Lairson, J. Appl. Phys35, .

va_llue, close to the FePt layer thIC.:kne_SS-_ This is ConSIStemB. D. Cullity, Elements of X-Ray Diffractior2nd ed.(Addison-Wesley,
with the low angle XRD scans which indicate that the film Rgeaging, MA, 1978 p. 102.

retains a layered structure after annealing. 12R. Wood, IEEE Trans. Magrg6, 36 (2000.
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