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Composite perpendicular magnetic recording media using [Co/PdSi], as a
hard layer and FeSiO as a soft layer

W. K. Shen, J. M. Bai, R. H. Victora, J. H. Judy, and Jian-Ping Wanga)
The Center for Micromagnetics and Information Technologies (MINT) and Department of Electrical and
Computer Engineering, University of Minnesota, Minneapolis, Minnesota 55455

(Presented on 11 November 2004; published online 17 May)2005

We fabricated the composite perpendicular magnetic record@MR) media successfully for the
first time by combining a nanogranular FeSiO soft layer ah@@ PdSi} hard layer. PdSi spacing
layer (0—4 nm was used to study the exchange coupling effects between the Eei®) and the
[Co(0.26 nmyPd1 nm)];4 layers in the composite films. Proper coupling occurs when PdSi
interlayer is~0.5 nm. Significant lowering of the coercivity is observed for the composite PMR
medium while still maintaining good thermal stability. The results prove the possibility to fabricate
a writable PMR medium having an ultrahigh magnetic anisotropy condtgntalue. © 2005
American Institute of PhysicfDOI: 10.1063/1.1853194]

I. INTRODUCTION nanogranular magnetic soft laydin the present study
FeSiO) and a magnetic hard laygin the present study

Longitudinal magne_ti(? recording may finally_ be limited [Co/Pd}). The microstructure and the magnetic properties
to around 200—300 Gbit/iAidue to many constraints. In or- are presented in this paper.

der to achieve higher density recording, perpendicular mag-
netic recording was proposed about 20 years agd is now

; i ; ; H; EXPERIMENT
considered as a promising candidate to extend recording de

S|ty to 1 Tblt/|n22 Using traditional Scaling teChnOIOgy to The magnetic soft |ayer and the hard |ayer were depos_
increase the areal density, materials with ultraligh( K,  ited using an 8-target dc magnetron sputtering system. Pure
magnetic anisotropy constant), such as ordered FePt alloyse, Co, Pd, Si were used as cosputtering targets. Pure argon
are considered to be useful as perpendicular recordmg;g 9999 and mixture gas of oxygen and argon
media® However, the high writing field required will be a (O,/Ar 10 vol%) were used as working gas. The substrate
serious problem, since it is roughly proportionalKQ/Ms  was a Corning cover glass. The base pressure of the sputter-
(where My is the saturation magnetizatipthat far exceeds ing chamber was 8 1077 Torr. Sputtering pressure was 3
the currently obtainable PMR head writing fiéldTilted % 1073 Torr for FeSiO and 8.% 1073 Torr for [Co/Pd}, re-
magnetlc recording has been proposed to alleviate thigpectively. The magnetic properties were measured using a
problem®® By adjusting the easy axis to 45° from perpen-yibrating sample magnetomet&fSM). The grain sizes were
dicular direction, the switching field is decreased to®8s  observed using transmission electron microsc¢BEM).

compared withHy in the perpendicular case. However, in The electrical resistivity was measured using a four-probe
spite of the advantages of the tilted media, its fabricationmethod.

difficulty blocks it from wide use in practical applications.
Thus, new media structures that are easier to fabricate arm RESULTS AND DISCUSSION
retain the lower writing field properties of 45° tilted media
are quite attractive. Recently, a composite PMR medium It has been reported that a granular microstructure is
consisting of two vertically exchange-coupled magnetic lay-formed in CoSiO films. Here, nanogranular FeSiO ultrathin
ers(one layer is magnetically soft and other layer is magnetifilms were fabricated using Si and oxygen doping as well as
cally hard)within each grain has been proposed to addressuning the film thickness. Silicon was doped by cosputtering
this problem’® This bilayer structure uses a magnetically a pure Si with a pure Fe target. When the film thickness is
soft and hard layer that is different from the traditional softfixed, increasing the flow ratio of {D(Ar+0,) results in a
underlayer used with PMR media since there exists an excontinuous decrease of the magnetization. When the
change coupling between vertically-adjacent grains in the,/(Ar+0,) ratio was increased to 1.8% or even larger, the
soft and hard layers. With proper exchange-coupling, the softemanent magnetization dropped to O abruptly and the film
layer will rotate first under the external field while at the became superparamagnetic, as shown in Figs.ahd 1(c).
same time providing an exchange field to the hard layer thuEigure 2 shows the relationship between the film resistivity
tilting the magnetization of the hard layer away from its easyand G, gas flow ratio in Ar sputtering gas. An abrupt jump of
axis, forming a dynamic tilted media. In this study, we havethe electrical resistivity occurred while ;QAr+0,) was
fabricated the composite PMR media by combining al.8%, which confirms the superparamagnetic behavior in the
film. TEM images revealed that an isolated nanogranular
“Electronic mail: jpwang@ece.umn.edu; Fax: 612-625-4583; Tel: 612-625Structure with an average grain size of 5.4 nm was formed in
9500. the film as shown in Fig. 3.

0021-8979/2005/97(10)/10N513/3/$22.50 97, 10N513-1 © 2005 American Institute of Physics
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FIG. 1. Hysteresis loop of FeS{®0 nm)Glass.(a) and (b): O,/(Ar+0,)
=1.5%.(c) and(d): O,/ (Ar+0,)=1.8%.(a) and (c) were measured in the
longitudinal direction;(b) and (d) were measured in the perpendicular
direction.

. . FIG. 3. TEM bright field image of FeSiQ0 nmyamorphous carbon. The
The hard layer structure is 3i(m)/[Co(0.26 nm)  average grain size is 5.4 nm.

PdSi@ nm)],4/Pd-SiGQ(4 nm/RuAl(4 nm)/Glass. A seed

layer of RuAl was employed to grow thigCo/Pd}, hard . . . ) .
layer. RUAI has a B2 crystal structure with strong bondingcoemlvIty for Sig nm/FeSIO6 nm)/PdSi¢ nm)/[PdSi

forces between Ru and Al, which results in very small crys-(1 nm)/Co(0.26 nm)1,/Pd-SiQ/RuAl(4 nm)/Glass.  The

tallite sizest®! Si0, and pure Si were doped into the Pd Minimum coercivity fieldHc happens at=0.5 nm, withH,
=1.75 kOe, while for the strong coupling cage0 nm), H,

initial layer and the Pd multilayer, respectively, to form the ™~
is increased to 2.91 kOe. For the exchange-decoupled case

granular structure in the film thus decreasing the exchang o o
coupling between graifé’* TEM images revealed the (t=4 nm), H?:4.05 kOe, which is very near to the original
same average grain siz€D~7.8 nm) and grain size Value of asingle hard layeH.=4.35 kOe)
distribution (AD/D~20%) for Si(1 nm)/[Co(0.26 nm) Figures 5(a)-5(cshow the hysteresis loop of a single
PdSi nm)];4/Pd-SiG(4 nm)/RuAl(4 nm) and Sid nm)/ hard layer, the proper coupling cage0.5 nm) and the de-
FeSiO6 nm)/PdSit nm)/[PdSi@ nm)/Co(0.26 nm)],/Pd coupled casdt=4 nm). For the proper coupling case, uni-
-SiO,(4 nm)/RuAl(4 nm) within the testing tolerance. The form switching behavior is observed, while for the decou-
average grain size of FeSiO was expanded from 5.4 nm oRling case(c), the switching is divided into 2 phases very
the amorphous substrate to 7.8 nm on the granulaglearly. The soft region is reversed first, starting from 5 kOe,
[Co/PdSi} layer. This result confirms a columnar growth of With a slopeagy=1.1(@=47(dM/dH)|= ), which is the
the magnetic soft FeSiO grain on a magnetically hardslope for the switching along the hard axis direction of the
[Co/PdSi] grain. soft grain as shown in Fig. 2(d). After the switching of the
The exchange coupling strength between[tbe/PdSi}  soft region is finished, the switching behavior of the hard
hard grain and the FeSiO soft grain was manipulated throughayer is shown, with a slope af, 5= 1.5, which is the same
a PdSi interlayer. Figure 4 shows the coupling dependence @fs the slope of the hard layer case as shown in Fig. 5(a).
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FIG. 2. Relationship between the electrical resistivity of FeSiO films and the
0O, gas flow ratio in sputtering gas. FIG. 4. Coupling dependence bf; (t: thickness of PdSi interlayper
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(2) field (including the applied field and the exchange fiedg-
_ 200t > 7"“" plied to the hard region, forming a dynamic tilted media. At
“g 100} f a critical point, which is very similar to the 45° tilted media
= 0 case, the hard region is switched at about half of the original
g coercivity field. The observed valyé.72 kOe)is somewhat
E -100f / '/ lower than this numbe(2.17 kOe) which may be due to the
-200 partially exchange coupling in the hard lay@since apgq is
1.5, not 1.0 for the fully exchange decoupled).

-10000-5000 0 5000 10000 The thermal stability factor was obtained from the dy-
H(Oe) namic coercivity versus time test. Using the well known
Sharrock equatiofi, the ratio of K,V'/ksT was fitted™
300 Here,V' is the activation volume. For the single hard layer
. 200¢ (b) case and the exchange-decoupled case, the thermal stability
“g 100} ratios are 74 and 71, respectively. For the proper coupling
= 0 caseK,V /kgT is 58. It is lower than the decoupled case and
g the single hard layer case, but the ratio of the thermal stabil-
E -100F / ity factor over the switching field for the proper coupled case
2200} (composite medials about two times of the hard layer only
3000 - . . case(pure perpendicular mediaThus once highK, materi-
-90000 -5000 0 5000 10000 als like ordered FePt are used for PMR media in near future,
(Oe) writable media with high thermal stability could be achieved
based on the composite PMR media design.
200} © IV. CONCLUSIONS
“g 100} / The composite PMR medium has been fabricated suc-
2 0 cessfully for the first time by combining the nanogranular
§ FeSiO soft layer and thECo/PdSi} hard layer. Proper ex-
5-100- change coupling occurred when the PdSi interlayer was
-200} ~0.5 nm. Significant lowering of the coercivity field was
: . . . observed for the composite media while still keeping high
-10000-5000 0 5000 10000 thermal stability. The results proved that it is possible to
H(Oe) fabricate a writable perpendicular recording media with ul-

FIG. 5. Hysteresis loop in the perpendicular directior(a) trahighK, value.

Si(1 nm)/[PdSi@ nm)/Co(0.26 nm)],/Pd—SiQ/RuAl(4 nm)/Glass; (b)

and (c) Si(1 nm)/FeSiO6 nm)/PdSit nm)/[PdSi@ nm)/Co(0.26 nm)],/ ACKNOWLEDGMENTS

Pd-SiG(4 nm)/RuAl(4 nm)/Glass.t=0.5 nm and 4 nm for(b) and (c),
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