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Investigation of sputtered tape media with an ultra-thin
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Recording characteristics of underlayers (NiAl/CrMn)/intermediate layer (CoCrTa)/CoCrPtBN thin film
media sputter-deposited on polymeric substrates were investigated as functions of the magnetic layer and
the stack thicknesses. Even a very small thickness of 10 nm of the magnetic layer appeared to be suffi-
cient to preserve the in-plane H,, and gave rise to the improved recording performances due to primarily
the sharper effective head field gradient. The thicknees reduction provided benefits in the fabrication side
along with presenting a substantial contribution to the overall recording performance. The overall stack
thicknees was reduced down to 70 nm.

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction

Along with the advanced metal particle (MP) or advanced metal evaporated (ME) tape media, sputtered
media can offer very promising long term solution as the next generation tape media [1-3]. Previously,
NiAl/CrMn underlayers (ULs) and CoCrTa intermediate layer (IL) were used in order to induce a smal-
ler grain size and better promote epitaxial growth of the hep structure [4]. However, the film structure is
relatively complex and expensive to commercialize. Ultimately, for this technology to be transferred to
tape media application, reducing the thickness provides benefits not only in the recording side but also
in the fabrication side.

In this study, the effects of media thickness on recording performances were investigated. Addition-
ally, a reduction in the stack thickness was discussed, in the context of the need to reduce deposition
dwell time in sputtered tape manufacturing.

2 Experimental

Films of CoCtPtBN with various thicknesses were sputter-deposited on either glass or advanced ARA-
MID tape substrates (average roughness, R, = 1.4 nm for tape). A CoCrPt alloy target with Pt and BN
chips was for magnetic film preparation. The underlayer stack used to produce the in-plane texture was
substrate/NiAl/CrMn/CoCrTa as reported previously [4]. The CaCrTa composition is high enough in Cr
that the alloy is non-magnetic. The thicknesses of the three non-magnetic layers were NiAl
(60nm)/CrMn (30nm)/CoCrTa (8 nm), and the thickness of the CoCrPtBN magnetic layer was 16 nm
unless stated otherwise. Other details of the sputtering conditions are described elsewhere [4].

Magnetic properties of the samples were measured by an alternating gradient magnetometer (AGM)
and a vibrating sample magnetometer (VSM). Film textures and microstructures were characterized by
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an X-ray diffractometer (Philips X’pert Pro with X-ray lens) using Cu K,, radiation and by a transmission
electron microscope (TEM) operating at 200 kV.

For protecting the head-tape interface during recording measurements, carbon nitride (CNx) overcoats
were reactively deposited using an Anelva SPF-730 sputtering system. The recording measurements
were carried out on a drum tester at a head-medium velocity of 6.8 m/s, using a metal-in-gap (MIG)
write head with an effective gap length of 0.2 pm and a track width of 17 pm, and an anisotropic magne-
toresistive (AMR) read head with a shield-to-shield distance of 0.23 um and a track width of 7 pm. The
sense current of the AMR head was 10 mA. The resolution bandwidth (RBW) for the measurement was
chosen to be 30 kHz for the spectral analysis.

3 Results and discussion

3.1 Media fabrication

Figures 1(a-d) show thickness dependence of the three non-magntic layers as well as the CoCrPtBN
magnetic layer on coercivity, H, of the CoCrPtBN films. Glass substrates were initially used as a stan-
dard substrate because they can make the process simple with better reproducibility. The dotted lines
indicate the minimum thickness for each layer to sustain H, without degradation. The minimum thick-
nesses for NiAl, CrMn, CoCrTa, and CoCrPtBN are 45, 6, 4, and 10 nm, respectively. Note that the NiAl
layer largely determines the deposition dwell time. The NiAl underlayer needs to be thick enough to
preserve the in-plane H,. In-plane orientation (10.0) of the CoCrPtBN can be obtained by the epitaxial
relationship between NiAl (112)/Cr (112) and CoCrTa (10.0)/CoCrPtBN (10.0).

4k a*h a)
3| 3 - b)
3 ) g ) 4k 3
O 2k| = Q 2 : o - . H — .
= = ; He & L
2 1k Tl O 3l - M3 | E CoCrPtBN
0 oL} [3) . 2 g Cocrla —
0 20 40 60 80 0 10 20 30 40 I2k oo E
NiAl thickness (nm) CrMn thickness (nm) 'z‘, ~ (0]
4K : 4K S // 1 13
c) | d) O k| o
gak ; g AT @ o s
Sal /i Q 2« Q On ARAMID =
T /| £ 1« © o ' ' ' 0
: 0 10 20 30 40
O % o 10 % % % CoCrPtBN Thickness (nm)
CoCrTa thickness (nm) CoCrPtBN thickness (nm)

Fig. 1 H, as functions of a) NiAl, b) CrMn, c) Fig. 2 (a) Coercivity (H,) and Mr-8 as a function of the
CoCrTa, and d) CoCrPtBN thicknesses. The refe- CoCrPtBN thickness (8). The samples were deposited
rence stack structure: glass/NiAl (60nm)/CrMn on polymeric substrates (ARAMID). (b) Cross-sectional
(30nm)/CoCrTa (8nm)/CoCrPtBN (16nm). image of a sample stack.

A similar series of samples was also deposited on polymeric substrates (ARAMID). In Fig. 2, H, is
shown as a function of the CoCrPtBN thickness. The thicknesses of the three non-magnetic layers were
chosen (from Fig. 1) not to degrade the coercivity of the CoCrPtBN films. The thicknesses of the NiAl,
CrMn, and CoC1Ta layers were 40, 20, and 4, respectively. Consistent with Fig. 1(d), reducing the
magnetic layer thickness down to 10 nm resulted in an increase in H.. The H, values increased from 2650
to 2970 Oe as the CoCrPtBN thicknesses (8) decreased from 34 to 10 nm. The measured Mr-5 changed
from 1.7 to 0.5 memu/cm?. In Fig. 2(b), a cross-sectional TEM of a sample stack is shown. The atomic
registry across the boundaries is evident in the image. The grain-to-grain growth at the NiAl/CrMn inter-
face can be also seen as indicated by arrows. The overall thickness of the stack is about 70 nm.
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3.2 Recording characteristics

Figure 3 shows signal-to-noise ratio (SNR) as a function of recording density for two stacks A and B,
which were fabricated with different layer thicknesses. The thickness of the underlayers (ULs, Ni-
Al/CrMn) in stack A is 55 nm whereas that in stack B is 90 nm (see the insets). The overall thickness of
stack A was nearly halved comparing to that of stack B. Note also that stack B has no CNXx overcoat.

In the figure, an improvement in SNR for stack A by employing the thinner magnetic layer (9nm) is
unambiguous. SNR of stack A is 4 dB higher than that of stack B at a linear density of 140 kfci. The
improvement in SNR seems to arise from the thinner magnetic layer for stack A. Possible causes to vary
average spacing can be surface topography, the head contour or the tape rigidity. However, the testing
conditions were identical and the other factors were nearly the same. Grain size was slightly smaller for
stack A, which, not primarily, but may contribute to the observed change in SNR.

For direct comparison, SNR was estimated by assuming a 5 nm thick overcoat for stack B. The dotted
line in the figure corresponds to-the case that the overcoat would be present. Loss factor, -99(d/2) in dB
during write/read processes was taken into account for the computation [5]. The d and A represent the
head-medium spacing and the recorded wavelength, respectively. Note that higher frequency content for
stack A attenuates more even when the CNx layer was assumed for stack B (see the dotted line). This
may indicate additional factors other than spacing is important at high frequency.
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Fig. 3 Signal-to-noise ratio (SNR) with respect to
linear density. Note the overall thickness of stack A
is nearly halved in comparison with that of stack B.

Fig. 4 Integrated noise power with respect to re-
cording density for stacks A and B. The insets
show the spectra of signal and noise at a linear
density of 140 kfci. |

In Fig. 4, integrated noise power for stack A and B is shown with respect to recording density. The
media noise of stack A was apparently smaller. The insets represent the spectra of signal and noise for
stacks A and B at a linear density of 140 kfci. The media noise of stack A is shown to be lower by about
5 dB at low frequency range than that for stack B. Electronic noise floor is also shown for the both
stacks.

In Fig. 5(a), the isolated readback pulses for stacks A and B are shown. A pulse width at 50% of maxi-
mum amplitude (PWs) of stack A is 18% narrower, showing 21% smaller in magnitude than that of
stack B. We estimate from the observed PWi, that the transition parameter a becomes narrower by about
30% for stack A. (The corresponding channel density, Ds (the density which produced 50% of the ma-
ximum output voltage) of stack A was observed to be 157 kfci, but a damage for stack B occurred during
measurement made the comparison incomplete in terms of Dsp).

On a closer look, there is an asymmetry of the baseline on either side of the isolated peak. Perpendicu-
lar components of magnetization can be a cause of the asymmetry in the reproduced signal [6]. In Fig.
5(b), for various tape samples, the asymmetry associated with magnetization (Mg) at an angle 0 to the
tape plane (see the inset) was correlated to the measured c-axis (easy axis) out-of-plane components. The
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intensity ratio (R) of the in-plane 1(10.0) and out-of-plane 1(00.2) components, where Iy is the (hkl)
intensity, was determined by the corresponding x-ray diffraction spectra (XRD). If the ratio R becomes
smaller, the easy axes of grains are more randomly distributed within the film, which in turn leads to the
lower anisotropy energy. Consequently, the ratio R can be important in determining the recording char-

acteristics such as linear density, SNR and etc. As the texture was properly controlled (R > 1.5), asym-
metry was less than 3%.
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Fig. 5 (a) Isolated pulse of reproduced output signal for stacks A and B. The CoCrPtBN thicknesses are 9 nm and
16 nm, respectively. (b) Asymmetry of the baseline on either side of the isolated peak versus ratio of the in-plane
1(10.0) and out-of-plane I(00.2) components determined by XRD spectra. The inset illustrates easy axis at an angle 0
to the tape plane where V is the head-medium velocity.

The frequency response is primarily determined by the recorded transition width parameter (). The
transition width may be composed of the medium parameter (a,,), which is related to grain size and a
degree in exchange coupling in the medium, and the head parameter (), which is mainly related to a
sharpness in head field gradient. Intergranular exchange interaction is often seen to play a key role in
reducing the media noise, however, the observed difference between stacks A and B is not likely to root
from a,, since similar exchange coupling (AM,,,, ~ 0.24) was observed. Rather, the contribution of g
caused by a reduction in medium thickness, is understood to be important in the first place. We attribute
the reduced transition length and noise to the improved effective head field gradient at a smaller medium
thickness. This allows the resulting sharper transition to encompass fewer grains, and thus fewer noise
sources.

4 Conclusions

Sputtered tape media possessing a very thin magnetic layer (which is typical in hard disk media) has
been investigated. The sharper transition obtained by reducing the recording layer thickness accounted
for the observed improvements in recording characteristics. Engineering the magnetic layer thickness
and the underlayers thickness can permit the benefit in a view of not only practical fabrication but re-
cording performances.
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