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Nanostructure and magnetic properties of polycrystalline FePdPt /MgO
thin films
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Atomic ordering, nanostructure and the magnetic properties of polycrystalline FePdPt thin films
deposited with MgO underlayers have been investigated. The film thickness was fixed at 5 nm in all
films, a thickness where perpendicular anisotropy is dominant. Films deposited at ambient
temperature were postannealed at various temperatures to study the kinetics of atomic ordering. The
Pd additions to FePt were effective in reducing the temperature needed for atomic ordering. The
mean grain size determined by transmission electron microscopy is about 10 nm in annealed films.
Within the limits of our observations, FePdPt films do not show phase separation into more than one
phase of theL 1, structure. The maximum coercivitfH.) for annealed FePdPt films is about
~3000-4000 Oen situ ordered FePdPt films at 530 °C show no indication of a lower temperature
for atomic ordering. ©2002 American Institute of Physic§DOI: 10.1063/1.1453328

L1, materials are of current interest for magnetic mediatermined by energy dispersive x-ray analysis and x-ray fluo-
application because of their high uniaxial magneto-rescence method.

crystalline anisotropyK,, and high saturation magnetiza- 10 investigate the possibility of phase separation in the
tion, M, which make it possible to decrease the magnetidhin film, 20-nm-thick FePdPt films on oxidized Si substrates

layer thickness for better writing and high recording Were synthesized at ambient temperatu.re. The films subse-
resolution® There have been many reports on large anisotduently were annealed by RTA for 30 min at 650 °C. Based

ropy of L1, FePt and CoPt thin film&:*We have found that on previous reports and recent results, the terhdry films

; : e may be susceptible to phase separation into tih,
a polycrystalline MgO underlayer is beneficial in the control 9 . . .
of the c-axes orientations df 1, CoPt and FePt film3FePd phases:® In-plane XRD and selective area diffracticBAD)

. patterns for RTA annealed FePdPt films are shown in Fig. 1.
is known to order at lower temperatures than FefPih ad- These show a clear peak separatf@ig. 1(@)] and SAD
dition, it has similarM ¢ (1100 emu/cgbut much smalleK,, P P '

(~1.8x10" erg/cg and H, than for FePf:’ Therefore, Pd
additions to FePt can provide lower ordering temperatures : Y . .
than in FePt, highMg and also mechanisms for the easy (a)
tuning ofH,, for adequate overwrifdn the recording process

by controllingK,,. However, there have been few reports on
this ternary alloy in the literature.

In this article, the structure and magnetic properties of
polycrystalline FePdPt films on MgO underlayers are inves-
tigated. The comparison between the FePt and FePdPt will
be performed based on the same underlayer structure. The
composition of FePdPt was selected to be near the equi-
atomic composition in the pseudo-binary system, FePd—FePt
(near FgPdP}.

All specimens discussed here were fabricated by rf diode
sputtering on oxidized silicon substrates. The sputtering pres-
sure of the Ar gas was in the range of 10-50 mTorr. Rapid
thermal annealindRTA) as a postannealing procedure was
applied in an Ar atmosphere. Magnetic properties were mea-
sured using alternating gradient force magnetometry, in fields
up to 13-14 kOe. Structural analysis was performed using
x-ray diffractometry(Cu Ka). The analysis of the micro-
structure was accomplished via transmission electron mi-
croscopy(TEM). The chemical compositions of the films
were found to be close to E@d,,Phs and FePts® as de-
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FIG. 1. (a) XRD patterns andb) bright field image and SAD patterns f@a)
3E|ectronic mail: sjeong@andrew.cmu.edu FePdPt 20 nnibn oxidized Si substrateafter RTA process for 30 min.
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FIG. 2. XRD patterns after RTA process for 10 min at various temperatures
(a) for FePt 5nm films/MgO 10 nm anh) for FePdPt 5 nm / MgO 10 nm
films.
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patterns in TEM and also confirm the clear separation of!G: 3. (@) SAD patterns, bright fieldBF), (b) dark field (DF) images and
(200 and (002 peaks|Fig. 4. This mplies that these ©[E0Ee X pectany scaruin grag ncdencepean of

films consist primarily of a singlé 1, phase, without a sig-

nificant amount of fcc phase. In the bright field image, there

is no indication of phase separation lof, phase to within  gerfion that the ordering process has been completed at a
the spatial resolution of our observations. This is in contrasheany fully ordered phase within 10 min at 600 °C.

to observations of fine fringes with the length scale~c8 Figure 3 shows the SAD patterns, bright and dark field
nm due to twol 1, phase modulation in the bulk materidls. images in TEM for the samples annealed at 650 °C for 18
A detailed study on the phase separation based on the thegyin “The mean grain size is about 10 nm from the dark field

retical and experimental work in bulk FePdPt is presenteqlmage by(200) reflection[Fig. 3b)]. SAD patterns as well
elsewher€.Long-time annealing might be used to induce the; he in-plane XRD with grazing incident beam of 2° con-
phase separation in thin films. However, in fine-grained films;;med the perpendicularly orientdd01 orientedl ¢ axes.
prepared with short annealing times it is not kinetically fa- Figure 4a) shows the magnetic hysteresis of the FePdPt

vorable to achieve equilibrium. . samples annealed at 650°C for 18 min, showidg of
We have prepared a 5-nm-thick polycrystalline FePdPt

with a 10 nm MgO underlayer and a Si@apping layer.

Figure 2 shows XRD data illustrating the evolution of the 2 —
L1, phase starting from the fcc disordered structure in these ) 1/c0s8.”
FePdPt films. For comparison, 5 nmggeY,s films with an T
MgO underlayer were produced. The films were rapid ther-
mally annealed RTA) at various temperatures for a fixed
time of 10 min. The calculatethy/1 g9, (R) intensity ratio
and the measureldq,/1 o, ratio in the XRD patterns can be
used to estimate the approximate order parametdr lig
structure, considering the product of the structure and
Lorentz-polarization factord® Pd and Pt atoms irL1, —————
FePdPt are considered to be randomly distributed in the sec-
ond lattice site of theL1l, superstructure. The FePt/MgO
films exhibit a fully orderedL1, phase based ohyy/l o2
after RTA at 700 °C for 10 mifFig. 2@)].°> FePdPt films
were found to be close to the full ordering after RTA at s 4 5 ¢ 7 & s
600 °C for 10 min[Fig. 2(b)]. There is no standard experi- in {4t

mental data for fully ordered FePdPt available for compari-IG. 4. (a) Hysteresis loops antb) angular dependence of coercivity for
son, therefore it is difficult to confirm the order parameter.FePdPt 5 nm/MgO 10 nm films after RTA at 650 °C for 18 min. Angle is
defined between the magnetic field and perpendicular direction to film plane

However, Ionger anneallng more than 10 min or hlgher tem-(c) Coercivity vs field sweep rate for the fully ordered FePt 5 nm/MgO 10

perature _annealing thar_] 600 °C in FePdPt ﬁlm_s does not iNsm and FePdPt 5 nm/MgO 10 nm films, annel&A) at 700 and 650 °C
crease eithetgg,/1 g0 [Fig. 2(b)] or H¢, supporting the as- for 18 min, respectively.

M(a.u.)

Normalized He

-15 H{kOe) 16 2'0 4'0 slo 80
Angle (degree) 0

-

Hc (kOe)
o
H
s
2
2

Downloaded 17 May 2002 to 128.2.132.216. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



J. Appl. Phys., Vol. 91, No. 10, 15 May 2002 Jeong et al. 8815

~3500 Oe. The samples annealed below 600 °C shdied T T v T
to be smaller than 1000 Oe. The fully ordered samples an-
nealed at>600 °C for 10—18 min show B, of ~3500 Oe.
Longer annealing does not help increase lthe The Mg is
estimated to be~900-1000 emu/cc, consistent with bulk
values. Strong perpendicular anisotropy in the fully ordered
FePdPt films was obtained and an approximately perpendicu-
lar anisotropy field(Hy ) is found by extrapolation to be

about 20 kOe. The measured anisotropy of 20 kOe is much

smaller than that observed for fully ordered FePt thin films

(~40 kOa previously reported in the literatut®.From a

consideration of the demagnetization energ, €K,

+27rM§),the K, Iis estimated to be close to 1 L 242429

~1.4x10’erg/cc. Therefore, the intrinsic anisotropy field -15 H (kOe) 15

(Hky) is predicted to be-30 kOe. The angular dependence ) ) ] )

of He shows a large deviation from that predicted for a con- i, FYress eaiberendautr o fimsand o paterite e

ventional domain wall pinning modevhere a 1/co$ depen-  nm) on Si substrate at 530 °C.

dence is predictedas shown in Fig. éb). Here it is seen that

H. in FePdPt films decreases as the andlg jetween the

applied field and easy axis increases. Further, a slight in- We have also deposited 5 nm FePdPt films at the el-

crease inH, was detected as the angléncreased to~70°  evated temperature o£530 °C with a MgO underlayer. As

in FePt films® This implies that grains in FePdPt films re- seen in Fig. 5H. is found to be~1800 Oe. The inset figure

verse more independently during the magnetization reversah Fig. 5 shows the XRD patterns, indicating that there is no

proces§t*?than in FePt films. indication of lowering the ordering temperature loy situ
The switching volume \{*) of the films can be evalu- deposition as compared to the postannealffig. 2). FePt

ated by the measurement of the dependence dfithen the  has a significant reduction in ordering temperaturérbsitu

sweep rate of the applied field.Since the presence of the depositiort

demagnetizing field causes the internal field to change fol- ) )

lowing the variation of the magnetization during the mea-  1his research is supported by the Data Storage Systems
surement, the measurement of the variation of the magnetf=énter at CMU under Grant No. ECD-89-07068 from the
zation with time in the presence of a steady negative fieldVational Science Foundation.
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2700 Oefs, to determine the/” for the fully ordered FePt thrgcg]ejllzr’ni-/zf(l\:blgs\)(%. and R. A. Thomas, Y. Liu, and R. D. Kirby, Phys
and FePdPt films. As seen in Fig(ch the H. displays a e T oy o s : '
linear relationship with the logarithm of the sweep rate. sk.‘_”ﬁigﬁ,';eg_s‘“f eg'ifig,?; égéﬁfg::_ 5,\5,161%?3% 1077(1999.

From the slope of this plot, we obtain the switching volumes. *D. Weller, A. Moser, L. Folks, M. E. Best, L. Wen, M. F. Toney, M.
The estimatedv* for the fully ordered FePdPt films is (Szcoh(;/\(;ckert, J.-U. Thiele, and M. F. Doerner, IEEE Trans. M&gf).10
~0.§>< 10718 <Er1r:33 which is close to the mean grain volume. sg"jo0,0 v N, Hsu, D. E. Laughlin, and M. E. McHenry, IEEE Trans.
A V* of ~107*8 cm® was determined for the fully ordered  magn. 36, 2336(2000.

FePt films from the field rate dependence of thg. This °B. Zhang, Ph.D. dissertation, University of Pittsburgh, 1991.

method is thought to give more reliable results than those K: Sato, B. Bian, and Y. Hirotsu, Jpn. J. Appl. Phys., Pag® L1121
obtained by time decay methoUThis V* for the fully or- af\i?g?.l\/chenry B. Ramalingum, S. Willoughby, J. M. MacLaren, and S
dered FePt films is larger than the physical volumes of most G. Sankar, IEEE Trans. Mag87, 1277(2000. ' '
of the grains in FePt fi|m$average grainv]_() nnj._lo The 9s. WiIIoughby, J. M._MacLaren, T. Ohkubo, S. Jeong, M. E. McHenry, D.
measuredH, increases(4%—20% with increasing sweep & baugh"”MSECrﬂo'Ha”d S. K&’V%”* é-ﬁpp'-hﬁhﬂiégfi(zoom

rate over the range obtainable with our apparatus in FePt andféoge(ozno%])_' - verienty, and B, = Raugnin. rans. Megn.
FePdPt filmgFig. 4(c)]. This indicates that thermal activa- Y. Chen, Ph.D. dissertation, Carnegie Mellon University, 1998.

tion aids the reversal process in those thin films. The infer-izR- Ranjan, J. S. Gau, and N. Amin, J. Magn. Magn. Ma&3@r38 (1999.
ence from this observation is that FePt films are more ther- - Bruno. G. Bayreuther, b. Beauvillan, C. Chappert, G. Lugert, D. Renard,
mally stable than the FePdPt films due to their highgras 146, Botioni b Candoliom. and & Cotanett, IEEE Trans. Mg 2468

well as largerv* . (2000.

M (a. u.)
E -
Intensity 2. w) ﬂ

Downloaded 17 May 2002 to 128.2.132.216. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



