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The face-centered-tetragonil, FePt films with (001) preferred orientation has perpendicular
coercivity (Hc,) of about 2462 Oe that can be achieved by stacking a structure of
(FePt 4 nm/Ag 2 nny multilayer films on the 5 nm thick MgO underlayer and annealing at
600 °C for 30 min. It is found that both the perpendicular anisotropy and coercivity of
(FePt 4 nm/Ag 2 npy multilayer films are enhanced by introducing an Ag buffer layer
(=20 nm between thgFePt 4 nm/Ag 2 niy films and the MgO underlayer. When introducing
an Ag buffer layer of 20 nm thickness, the Hcvalue of the MgO 5 nm/Ag 20 nm/
(FePt 4 nm/Ag 2 nny multilayer films is observed to increase from 2462 to 4731 Oe, which has
significant potential as perpendicular magnetic recording media for high-density record2@)50
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I. INTRODUCTION netic properties, and orientation of the FePt easy axis of the
nanocomposite MgQFePt/Ags multilayer films are inves-

Due to the large magnetocrystalline anisotrdy ~ 7 tigated.

x 107 erg/cn?)* of the ordered.1, FePt phase, a small face-
centered-tetragond(ffct) FePt grain about 3 nm can over-
come thermal instability that results in superparamagnetismll- EXPERIMENT
On the other hand, perpendicular magnetic recording media |, order to obtain maximum intensity of the Mg@00)
has a narrow transition region between recordingaoivhjch eak, the MgO underlayer of 5 nm thickness is deposited
leads to a higher recording density than that of Iongitudina@nto naturally oxidized S{100) substrates by rf magnetron
recording. Therefore, thel, FePt film has attracted much sputtering at ambient temperature under(an+N,) pres-
attention to be applied as perpendigular magnetic recording,e of 10 mTor2 The flow rate ratio of Nto Aris 2:5. An
media for ultra high-density recording. Ag buffer layer with thickness of 0-30nm and
Because the highest atom density plan®se-packed (Fept 4 nm/Ag 2 niy, multilayer films are deposited subse-
plane of the FePt alloy is thé111) plane, thelL1, FePt film quently by dc magnetron sputtering onto the MgO under-
normally has(111) preferred orientation, which means the layer. The as-deposited films are annealed at 600 °C for
easy axis[001] is tilted 35° away from the film plane. In 34 inin vacuum better than>510~7 Torr. The composi-
order to obtain(001) preferred orientation, i.e., the easy axis tion of the FePt film determined by x-ray energy disperse
[001] is perpendicular to the film plane, FePt films grown ONgpectrum(EDS) is Fey Plo.s
single crystal MgO(100) substrate has been usgtiHow- The microstructures of the film are investigated by a

ever, large lattice misfit at the interface between the MgOpyjjing Tecnai F30 field emission gun transmission electron
(100 and FeP{001) planes is about 9%, the introduction of microscopy(TEM) and by x-ray diffractometefXRD) with
an Au buffer layer between the MgQ00 and FeP{00D ¢, i radiation. Compositions of the films are determined

planes is observed to decrease the lattice misfit, leading tBy EDS. The magnetic properties of the films are measured
the enhancement of the perpendicular anisotropy of Fepl}sing a vibrating sample magnetometer.

layer!

An Ag underlayer is found not only to induce epitaxial
growth of FePt films but also to decrease the FePt orderingl' RESULTS AND DISCUSSION
temperaturé. Furthermore, the Ag is immiscible with either Figure 1 shows the x-ray diffraction patterns of various
Fe or Pt. Instead, it tends to segregate at a grain boundary ®igo 5 nm/Agt nm/(FePt 4 nm/Ag 2 ni multilayer
FePt)'?and increases the grain boundary energy, which cafiims (where t=0—30 nm after annealing at 600 °C for
change the preferred orientation of FePt fifhin this study, 30 min. It is found that th€001) and(002) peaks of the FePt
the effects of an Ag buffer layer on the microstructures, madfjms are enhanced by introducing an Ag buffer layer
(=20 nm between théFePt 4 nm/Ag 2 nny films and the
¥Electronic mail: sscchh@ms28.hinet.net MgO underlayer. This implies that introducing an Ag buffer
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26 (degrees) FIG. 3. The high-resolution cross-sectional lattice image of
) ) . Si/MgO 5 nm/Ag 20 nm(FePt 4 nm/Ag 2 niy multilayer films after an-
FIG. 1. The x-ray diffraction patterns of various  nealing at 600 °C for 30 min.

MgO 5 nm/Agt nm/(FePt 4 nm/Ag 2 niy multilayer films (where t
=0-30 nm after annealing at 600 °C for 30 min.
netic layer and the MgO underlayer is a semicoherent inter-

. - . . . face, which has low strain energy. However, the lattice misfit

Iayer(§20 nm is benef|.0|a| for increasing the perpendicular i pe gecreased to about 4.5% as introducing an Ag buffer
gm_sotropy of the FePt films. However, as the Ag buffer IayerIayer between the FePt magnetic layer and the MgO under-
IS mcrea;eq (tjg 3(,) nm,hthe fcft Fe([;!tll)_ and.(200) fpehaks layer, and a coherent interface associated with high strain
;”_‘f’pe?re ,hm |cgt|fng the prelerre onendtatlon ?\ the Fepénergy is obtained at the interface between the FePt magnetic
iims is changed from001) plane t_o random. The worse layer and the Ag buffer layer, as shown in the enclosed area
(001 gepitexture when the Ag layer increases to 30 nm may ¢ Fig. 3
be attributed to the epitaxial growth of ti200)a, plane on Figure 4 shows the variations of the in-plane coercivity
the (20040 plane which cannot keep as the Ag layer thick- 0y and perpendicular coercivityHe,) with Ag buffer
ness is Igrger than 20 nm. This results in (B81).p;plane layer thickness of various MgO 5 nm/Agm/
not st_acklng well on thézpo)/\g plane_. . (FePt 4 nm/Ag 2 nny multilayer films(wheret=0-30 nm)

'Flgu.re 2 shows thg high-resolution TEM CrOSS'SeCt'On"’“after annealing at 600 °C for 30 min. It is found that both
Iattlc_e Image of Sl/MgQ 5 nmFePt 4 nm/Ag 2 .nr)g Hc, and Hc, of the film increase with increasing the thick-
multilayer films after annealing at 600 °C for 30 min. The ness of the Ag buffer layer. For the MgO 5nm/
enclosed area clearly shows a misfit dislocation at th?FePt 4 nm/Ag 2 nt, multilayer films without an Ag
MgO/FePt interface due to a large lattice migfit9%) at buffer layer, the Heand Hc, are 2190 and 2460 Oe, respec-
the interface. Therefore, the interface between the FePt Magely. When introducing an Ag buffer layer of 20 nm thick-
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FIG. 2. The high-resolution cross-sectional lattice image of FIG. 4. Variations of the Hcand Hc, with an Ag buffer layer thickness of

Si/MgO 5 nm{FePt 4 nm/Ag 2 niy multilayer films after annealing at various MgO 5 nm/Ag nm/(FePt 4 nm/Ag 2 niyy,  multilayer films
600 °C for 30 min. (wheret=0-30 nnm) after annealing at 600 °C for 30 min.
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10 MgO 5 nm/FePt 4 nm/Ag 2 niy multilayer films without
800 '\ 10¢ the Ag buffer layer, the Ms values is 800 emufgrand it
I will decrease to 620 emu/cimas the Ag buffer layer of
0 *‘*\;>< 107, 20 nm thickness is introduced. The decrease in magnetiza-
§ oo L . 0.6% tion of the FePt layer with an increasing Ag buffer layer
5 {os thickness is mainly due to the increase of orderég FePt
2 .l D i o.4’§ phase content in the fil and the dilution of no-magnetic
© 103% element Ag. On the other hand, tBg value is in the range
00 L Jo2 of 0.7-0.8, when introducing an Ag buffer layer thickness
" 1o less than 20 nm, wher8, is defined as the ratio of perpen-
P S T TR P dicular remnant magnetizati@ivir ;) to Ms. However, as the
0 s w0 1520 % N Ag buffer layer thickness increases to 30 nm, $evalue is

Ag buffer layer thickness (nm) decreased dramatically to about 0.33. The result is also con-

FIG. 5. Variations of the Ms an&, with an Ag buffer layer thickness of sistent with the observation of XRIsee Fig. 1 and the
various MgO 5 nm/Adg nm/(FePt 4 nm/Ag 2 njy multilayer films ~ coercivity measuremerisee Fig. 4.
(wheret=0-30 nm) after annealing at 600 °C for 30 min.

IV. CONCLUSION
ness, the Hcand Hc, are observed to increase to 2960 and
4730 Oe, respectively. When the thickness of the Ag buffe
layer is further increased to 30 nm, although the ldod
Hc, both increase to 5420 and 5300 Oe, respectively, th
Hc, value is almost the same as the HEhis indicates that
both the perpendicular anisotropy and coercivity of the FeP

flms ‘are enhanced by introducing an Ag bulffer Iayerfrom 2462 to 4731 Oe, which reveals that it is a promising

(=20 nm between théFePt 4 nm/Ag 2 nng films and the . - . ) ) )
MgO underlayer. However, the preferred orientation of thecandldate for high-density perpendicular magnetic recording

FePt films will be changed from tH801) plane to random as media application.
introducing an Ag buffer layer of 30 nm thickness. This is
consistent with the XRD observddee Fig. 1
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; Both the perpendicular anisotropy and coercivity of FePt
films are enhanced by introducing an Ag buffer layer
=20 nm between théFePt 4 nm/Ag 2 nny films and the
gO underlayer. When introducing a 20 nm thick Ag buffer
ayer, the Hg value of the MgO 5 nm/Ag 20 nm/
kFePt4 nm/Ag 2 npy multilayer films can be increased
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