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Improved Grain Isolation ofog)Ptog Films via
Grain Boundary Diffusion of Mn

Jie Zou, Bo Bian, David E. Laughlin, and David N. Lambeth

Abstract—Post-deposition rapid thermal annealing (RTA) was Il. EXPERIMENTAL
performed on the Cr-less Co20at%Pt alloy with a Mn diffusion . .
layer on top. A Kw value of about8 x 10° erg/cn?® was obtained The film structure on a glass substrate consisted of a 2000
for the as-deposited film and it decreased only up to about 10% NiAl underlayer, a 200\ CrTi intermediate layer, a 158 CrPt
after annealing. The high intergranular exchange coupling of the magnetic layer, a 204 Mn diffusion layer, and a 200, CrTi

increased dramatically from about 2200 to 6000 Oe. The energy- : : . h
filtered TEM plane-view images showed depletion of Co and aggre- diode sputtering without substrate preheating. RTA treatments

gation of Mn at the CoPt grain boundaries. This is a direct evidence Were performed on the samples at atmospheric pressure under
supporting preferential diffusion of materials from adjacentlayers ~ Ar flow. Magnetic and microstructural properties were exam-
into magnetic grain boundaries. ined for different annealing conditions.

Index Terms—Annealing, anisotropy, CoPt, Mn, segregation. The composition of the CoPt films was Co-20at.%Pt, deter-
mined by energy dispersive x-ray spectroscopy (EDX). The
in-plane magnetic properties of the samples were measured
using vibrating sample magnetometry (VSM), torque magne-

O ACHIEVE low noise in hard disk media it is importanttometry and alternating gradient magnetometry (AGM). The
that the magnetic film be composed of small and magngtlane-view elemental mapping was obtained by energy-filtered
ically decoupled grains. Cr self-segregation to the grain bourigansmission electron microscopy (EFTEM).
aries has been the widely adopted approach to achieve magnetic
grain isolation for a variety of CoCrX alloys. However, the addi- [Il. RESULTS AND DISCUSSION

tion of Crto the Co alloys detrimentally decreases the crystalline . .
. . . The same sequence of RTA treatments with increasing an-
anisotropy constant [1]. This makes this approach unfavorable

with respect to thermal stability of future high density media.neaIIng tempergtures for a f!xed time of 1 mmute. were per-
. . e formed on a typical sample with the structure described in Sec-
Since grain boundary diffusion is known to have a lower ac-

L . e e ion Il (with Mn) and a reference sample with the similar struc-
tivation energy than bulk lattice diffusion, the diffusion coef: . e . .

S > . . -~ ture but without the Mn diffusion layer. Fig. 1 shows their mag-
ficient in grain boundaries can be orders of magnitude hlghrEi\([:Atic roperties as functions of the annealing temperature. For
than in the bulk of the grain [2]. Thus under certain processir,gﬁ prop 9 P i

. X . . L e sample with MnH ¢ increased quickly up to about 6000 Oe
conditions, it may be possible to diffuse a significant amourétnd M s decreased for the annealing temperature higher than

of nonmagnetic materials from adjacent layers into the graé'rbO"C. In the as-deposited state, the film had a very high

boundaries of the magnetic film to magnetically decouple the . . . )
. L e . value of 0.96, which suggests the magnetic grains were highly
grains, while diffusing only a small amount into the bulk of the > ) . .
. . : e exchange coupled [7]. This is expected since there is no Crin the
magnetic grains. Therefore, grain boundary diffusion may bé ; T ,
L T . . S magnetic alloy. Th&™* maintained the high value up to 35D,
a method of achieving grain isolation without a significant de- o :
; . and then dropped sharply to 0.78 after the4D@nnealing, re-

crease in the anisotropy constant.

In earlier studies, it has been shown that, driven by pogt_ectlng the breakup of large magnetically coupled clusters of

deposition rapid thermal annealing (RTA), preferential diﬁugrains and_ reduced collective _magnetic switching behavior. The
sion from adjacent Cr, CrMn, or Mn layers was effective at ims_harp posmv_e pe_ak and maximum slope of &l (H) curve
proving the CoCrPt magnetic properties [3]-[6]. However ingcreased S|gn|f|cgntly only after the RTA at 440 consistent

' ' ‘with the.S* data, which suggests that the intergranular exchange

those results, the role of Cr from the Co—Cr alloy versus Cr or upling in the CoPt layer was suppressed by RTA [8].

Mn from an adjacent layer was unclear. In this paper, the ro(fg
! y j baper, For the reference films without the Mn layeic and M s

.Of grain boundary 'd|ffu5|on of Mn from an adjacent layer Wa8xhibited similar behavior as a function of the annealing tem-
investigated by using a Cr-less Co alloy.

perature but the change in the magnetic properties was much
' _ smaller when compared to the sample with the Mn layér.
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Fig. 2. Hc, Ms, S*, S, and6M(H) curves as a function of the annealing

Fig. 1. He¢, Ms, S, andSM(H) curves as a function of the annealingtime at 400C for the sample with the Mn layer.

temperature for the samples with and without the Mn layer.

diffusantin the grain boundaries would resultin no change in the
increase ind c after annealing may be due to the decrease in thgerage magnetization. The simultaneous direct bulk diffusion
crystallographic defects in the CoPt layer with annealing, evéiom the adjacent layers and the lateral diffusion from the grain
though magnetic grain isolation did not improve. This effedtoundaries to the bulk of the grains, which caused the continued
may be a factor for the increase in the coercivity of the samplecrease in the average magnetization, were much sléiver.
with the Mn layer as well, but should be a smaller one than tiségnificantly decreased and the positive peak&lif{ H ) curves
improved magnetic grain decoupling by RTA. were flattened for longer annealing times, indicating that the in-

The effect of annealing time on magnetic properties was altgygranular exchange coupling was reduced. Remanence square-

investigated, as shown in Fig. 2. The annealing temperature WgssS only slightly reduced as the annealing time increased.
constant at 400C. Hc increased and/{ ¢ decreased for longer The activation volume of magnetic revers&l, has been
annealing time. The ratio df ¢ increase was much larger tharshown to be correlated with the intergranular exchange cou-
the magnetization decrease, e.g., for the 135-second annealfigg in the media and the media noise [9], [10]. Smalgthat
Heincreased more than 170% whilé s decreased only aboutis close to the physical volume of the magnetic grains indicates
30%. The initial decrease in was fairly rapid and then the dthat they are less exchange coupled, and the media normally
crease rate slowed for longer annealing time. This is consigil have smoother transitions and thus show lower noise. Fig. 3
tent with the grain boundary diffusion kinetics in polycrystallinshowsV,, measured by using the wait time method [9] as a
films. The diffusant could move along the CoPt grain boundunction of the reversal magnetic field for the as-deposited and
aries very fast causing the sharp decrease in the magnetic miorealed films. The physical volume was calculated from the
ment there. But after the magnetic moment in the CoPt gradmerage grain size~ 15 nm) measured from TEM images and
boundaries drops to zero, the further buildup of nonmagnettee thickness of the CoPt filrf~~ 15 nm). Activation volume
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Fig. 3. Activation volume for as-deposited and annealed films.
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Fig. 4. Anisotropy constant versus annealing time at the temperature of
400°C.

for the annealed film was significantly smaller than that for the
as-deposited film, and a longer annealing time further reduced
V, approximately to the physical volume. This is consistent
with the observation from the previous magnetic property
measurements that the magnetic grains were decoupled as the
result of the RTA.

Fig. 4 shows the experimental data of uniaxial crystallinglg. 5. The plane-view mapping image of Co and Mn concentration in the
magnetic anisotropy constadtu, measured by using theannealed CoPt film.
out-of-plane torque method [11] in a field of 19 KOe, versus
annealing time at 40@. Anisotropy slightly decreased for a To obtain the direct evidence of grain boundary diffusion of
longer annealing time. Even for the longest annealing time b in the CoPt alloy, energy-filtered TEM [14] was used to ac-
135 secondsK« dropped only about 10%. This is consistentuire the elemental mapping. A sample consisting of a 12000
with the grain boundary diffusion model. Furthermore, thithick NiAl underlayer, a 3004 thick CoPt magnetic layer, a
clearly shows the advantage of using RTA to achieve magne@0 A thick Mn diffusion layer, and a 20G. thick CrTi pro-
grain isolation over adding significant amount of Cr intdection layer was deposited on a oxidized Si substrate with no
Co-alloys to cause Cr self-segregation, which results inpaeheating. No CrTi layer was deposited in direct contact with
significant decrease i&w [1]. the CoPt layer to prevent the diffusion of Cr into CoPt layer.

The anisotropy constant for the Co-at20%Pt films was almadBhis is necessary, because Cr cannot be distinguished from Mn
twice of that of the bulk value for pure Co. This could be due tdue to the overlap of the energy loss peak of Mn with that of Cr.
the formation of the orderedos Pt phase [12], [13]. However, When preparing the TEM sample, the CrTi and Mn top layers
no (0001) superlattice peak was observed in the XRD spectrware etched from the annealed sample by ion milling. Fig. 5
of a 2600A thick Co-20at.%Pt film sputtered on a oxidized Sshows the plane-view mapping image of Co and Mn concen-
(100) substrate with no substrate preheating. Only mixed CdRition in the CoPt film obtained by energy-filtered TEM. The
(1010) and (0002) hcp textures were revealed. This indicatdepletion of Co at the CoPt grain boundaries is clearly visible.
that theCozPt ordered phase [13] was probably not presenthe width of the depletion region is typically about 2—3 nm. Al-
The CoPt films on glass substrates with the original film stru¢hough the contrast of the image is not very good, Mn segrega-
ture showed hc1010) texture only and annealing had no aption at the CoPt grain boundaries is visible. Because Mn atoms
parent impact on the texture. can only diffuse from the top layer into the CoPt layer, this direct
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evidence clearly supports the grain boundary diffusion model[5] D. E. Laughlin, B. Lu, Y.-N. Hsu, J. Zou, and D. N. LambetEEE

that has been strongly suggested by the magnetic data. The pref- Trans. Magn, vol. 36, p. 48, 2000.
ial diffusi f Mn into the CoPt arain boundaries is thus [6] J.Zou, B. Lu, T. Leonhardt, D. E. Laughlin, and D. N. Lambethppl.
erential diffusion o I gral u les Is thu Phys, vol. 87, p. 6869, 2000.

proved to be the major factor in the reduction of intergranular [7] I. L. Sanders, J. K. Howard, S. E. Lambert, and T. YdgiAppl. Phys.
exchange coupling and the increasedn. vol. 65, p. 1234, 1989.
[8] P. E. Kelly, K. O'Grady, P. I. Mayo, and R. W. ChantrdlEEE Trans.
Magn, vol. 25, p. 3881, 1989.
[9] K. O'Grady, P. Dova, and H. LaidleMater. Res. Soc. Symp. Prpeol.
517, 1998, p. 231.
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