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Effect of Ag(Ti) underlayers on CoCrPt thin film media”
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Abstract: The nanocomposite films of CoCrPt/ Ag were prepared by DC and RF magnetron sputtering onto glass

substrates and subsequent annealing. Magnetic and structure properties of these films have been investigated in de

tail. Vibrating sample magnetometer( VSM), X-ray diffraction( XRD) and scanning probe microscope (SPM) were

applied to study the magnetic properties and microstructure. Magnetic properties such as coercivity( H .) are strong-

ly dependent on the thickness of Ag and the annealing temperature. When the thickness of Ag underlayer is 20 nm,
the coercivity reaches the maximum of 2 200x 79.578 A/ m. The XRD patterns show that the CoCrPt films are hep

structure lying on the film plane. The SPM images show that small and uniform magnetic grains are isolated by Ag.

The effect of Ti underlayer on the magnetic properties is also investigated. These features make CoCrPt/ Ag nano-

composite films very attractive for the next-generation of high-density recording.
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1 INTRODUCTION

Many works have been done in recent years on
Co~based granular alloys for potential applications

. . « [1I75
as recording magnetic media "

The ideal granu-
lar media should consist of small and uniform
grains. High anisotropy magnetic grains embedded
in a robust non-magnetic matrix are required. High
coercivity, large squareness and negative nuclea-
tion field are very important for magnetic recording
films. T he addition of Pt to the recording layer can
increase the anisotropy field by 33% and K. by
11%'. excessive addition of Pt to
CoCr-based thin film media decreases the Cr segre-

However,
gation at the grain boundary'”. It is generally a-
greed that the segregation of nomagnnetic elements
to the boundaries of the columnar grains also can
lead to high coercivity and low media noise. So the
introduction of new underlayer has been proposed.
Many different underlayers such as Ti", Si0.!"',
Ta'", CrTi'"™, CoTb'™, CrMo'" and Cr'',
have been reported in the literatures. The results
indicate magnetic properties strongly depend on the
crystallographic relationship between the magnetic
layer and the underlayer. The industry is still in
the process of searching for a better underlayer.

A g has been reported to be a successful under-
layer for FePt and CoPt granular films. Ag has a
low surface energy, it can move to the surface and
embed the FePt particles suppressing coalescence.
So the particles are magnetically isolated ”'. The
existence of Ag is proven to be essential for the de-
velopment of texture, even at a volume fraction as
small as 10%"'".

Ag may be useful as underlayer for CoCrPt
media, however it is largely unknown about that
so far. Our study focuses on improving the mag-
netic properties such as the coercivity and decrea-
sing the exchange coupling by using Ag underla
yer. We found Ag underlayer increases the coerciv-
ity of CoCrPt nearly about 2000 % 79. 578 A/ m. In
addition, we will also report the effect of Ti under-
layer on the magnetic properties and the micro-
structure of CoCrPt films.

2 EXPERIMENTAL

The films of CoCrPt (25 nm)/Ag(t nm) (¢
varied from 0 to 80 nm) were deposited on glass
substrates at room temperature. The CoCrPt layer
was deposited by RF sputtering. The Ag(Ti) layer
was deposited by DC magnetron sputtering. The
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base pressure was lower than 2 x 10”° Pa and the
Ar pressure during the sputtering is 2 Pa. The
composition of the CoCrPt target (in mole frac
tion) was 72% Co 15% Cr-12% Pt. The samples
were annealed at 350, 450, 550 and 650 C for 30
min. The films of CoCrPt (25 nm)/ Ti (20 nm)
were prepared in the same condition. T he in-plane
magnetic properties were measured using a vibra-
ting sample magnetometer ( VSM ). Structural
properties were analyzed with an X-ray diffractom-
eter( XRD) with Cu Kq radiation at room tempera-
ture. Surface morphology and magnetic domains
were obtained with scanning probe microscope

(SPM).
3 RESULTS AND DISCUSSION

The XRD patterns of CoCrPt (25 nm)/Ag
(the thickness ¢ varied from O to 40 nm) annealed
at 650 C are shown in Fig. 1. In all the XRD
patterns, the Co( 10. 1) peak indicates that the
structure of the CoCrPt films is hep structure lying
on the film plane, which is consistent with the
result of the vibrating sample magnetometer
(VSM). There is no peak of Ag when the thick-
ness of Ag underlayer is 3 and 5 nm, which indi-
cates that the Ag underlayer is amorphous. As the
thickness of Ag underlayer is 10 nm, the (111) Ag
peak appears. When the thickness of Ag underla
yer is 20 nm, the (200) Ag peak appears but it is
very weak as the (111) Ag peak becomes more
pronounced. In the same curve the Co( 10.0) peak
appears. When the thickness of Ag underlayer is
40 nm, the (111) Ag peak and (200) Ag peak are
stronger, implying the Ag underlayer becomes
random.

20/(°)

Fig. 1 XRD patterns of CoCrPt (25 nm)/
Ag (t nm) with different thickness of Ag
underlayer annealed at 650 C for 30 min

The coercivity varies with the thickness of the
A g underlayer as shown in Fig. 2. It is found that

the coercivity increases remarkably as the thickness
of the Ag underlayer increases to 3 nm. The in-
creasing of the coercivity is due to the amorphous
A g increasing the physical separation between the
magnetic grains. When the thickness of Ag under-
layer is 20 nm, the coercivity reaches the maximal
value of 2200 % 79. 578 A/ m because of the reduc
tion of the intergrain interaction, which will be
discussed later. When the thickness of Ag underla-
yer is 40 nm the coercivity begins to decrease to 1
340x%79.578 A/m. The coercivity does not change
significantly for further increase of the thickness of
Ag underlayer. This behavior can be attributed to
the mixed phase of Ag underlayer.
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Fig.2 Coercivity H . of CoCrPt (25nm)/Ag
films annealed at 650 C as function of thickness
of Ag underlayer

Moreover, we fabricated the CoCrPt (25 nm)/
Ag (20 nm) the films by post-deposition annealing
at different temperatures (350, 450, 550 and 650
‘C) as shown in Fig. 3 and found that the coercivity
increases with annealing temperature increasing.
The film annealed at 650 C for 30 min can achieve
a high coercivity of 2200 x 79.578 A/m. Fig. 4
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Fig. 3 Coercivity H . of CoCrPt (25nm)/Ag

(20 nm) films as function of annealing temperature
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Fig. 4 Inplane and perpendicular hysteresis
loop for CoCrPt (25 nm)/Ag (20 nm) films
annealed at 650 C

shows the hysteresis loop of CoCrPt (25 nm)/Ag
(20 nm) annealed at 650 C Post annealing may
promote Ag further segregating and diffusing suffi-
cient underlayer materials to the magnetic grain
boundaries with a small amount into the interior of
the magnetic grains, resulting in the increasing of
the coercivity.

The in-plane coercivity of CoCrPt (25 nm)/Ti
(20 nm) is 200 x 79. 578 A/ m. We speculate that
this behavior is because that the condition of the
preparation is not suitable for Ti underlayer. A de-
tailed investigation of Ti underlayer is under way.

Fig. 5 shows the AFM images of the film of
CoCrPt (25 nm)/Ag (20 nm) annealed at 650 C
with the highest coercivity and CoCrPt (25 nm)
without Ag underlayer annealed at 650 C for 30
min. The average roughness R. of the film of
CoCrPt (25nm)/Ag (20 nm) is 1. 5nm. The R. of
the film of CoCrPt (25 nm) is 2. 2 nm. It can be
seen that the Ag underlayer (20 nm) makes the
grains small and uniform, which can be attributed
to the effect of Ag underlayer. The average rough-
ness R. varies with the thickness of the Ag under-
layer as shown in Fig. 6. We can see that the Ag
underlayer can make the surface smooth, but too
sick underlayer is not helpful to the smoothness.

The MFM images of the films of CoCrPt (25
nm)/Ag (20 nm) annealed at 650 C with the high-
est coercivity and CoCrPt (25 nm) without the Ag
underlayer annealed at 650 C for 30 min are shown
in Fig. 7. The dark and white regions represent the
magnetic clusters in which the magnetic moments
aligned in the same direction. The average cluster
size of CoCrPt (25 nm)/Ag (20 nm) annealed at
650 T is estimated to be about 150 nm. It can be
seen that the Ag underlayer affects the magnetic
clusters size and distribution. Using Ag underla
yer, the magnetic cluster structure becomes obvi-

Fig.5 AFM images of CoCrPt (25 nm)/
Ag (20 nm) (a) and CoCrPt (25 nm) (b)
annealed at 650 C for 30 min
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Fig. 6 R. of CoCrPt (25 nm)/ Ag films annealed at
650 C as function of thickness of Ag underlayer

ously finer compared with the sample without Ag
underlayer. This result leads us to believe that Ag
is segregated at grain boundaries of CoCrPt mag-
netic layer. The Ag segregation must be the cause
of the magnetic isolation and the higher coercivity.
Comparing the as-deposited film of CoCrPt (25
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Fig.7 MFM images of CoCrPt(25 nm)/
Ag(20 nm) (a) and CoCrPt(25 nm) (b)
annealed at 650 'C for 30 min

nm)/Ag (20nm) with the post-annealing sample,
the post-annealing sample has a fine and well
isolated domains contrast to the as-deposited sam-
ples. The post-annealing can also reduce the mag-
netic cluster size.

4 CONCLUSIONS

The granular hep films of CoCrPt (25 nm)/Ag
( the thickness varied from 0 to 80 nm) were de-
posited on glass substrates at room temperature.

The samples were annealed at 350, 450, 550 and
650 C for 30 min. The structure of the CoCrPt
films is hep structure lying on the film plane.
When the thickness of Ag underlayer is 20 nm, the
coercivity reaches the maximal value because of the
perfect hep structure and the reduction of the in-
tergrain interaction. Ag underlayer makes the
grains small and uniform. The coercivity increases
with the annealing temperature and the films an-
nealed at 650 C for 30 min can achieve a high coer-

civity of 2200 x 79. 578 A/ m.
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