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New highly oriented soft magnetic underlayer structures
for perpendicular recording
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Highly oriented soft underlayers with face-centered-cufiic) phase Co, Co alloy, and composite
NiFe/Co film structures have been epitaxially grown on single crystal Si wafers by sputter
deposition. The epitaxial orientation relationships have been determined by x-ray diffraction and
transmission electron microscopy. It was found that the soft underlayer magnetic properties can be
modified in a wide range by fine tuning the Co alloy composition or the Co alloy thickness in a
NiFe/Co structure. Ti films were sputter deposited on top of the NiFe and Co layers and epitaxial
growth in both T{0001)/Co(111) and Ti(0001/NiFe(111) was observed. Through this highly
oriented Ti intermediate layer, a Co alloy perpendicular media layer with greatly improved
hexagonal-close-packé@00]) orientation can be integrated with the higlilyl1) textured fcc soft
magnetic underlayers. @000 American Institute of Physids§0021-897@0)45808-]

INTRODUCTION layer, a fcc Co grows, the introduction of a hcp(0O00))
textured film on the fcc phase allows the hcp(@@01) tex-

It is believed that a soft magnetic underlayer is a verytured film to grow. The use of the Ag/Si template induces all
important part in the perpendicular media structdrand the  of these layers to grow epitaxially and to be highly oriented.
control of its crystalline orientation and microstructure is de-
sirable as this directly influences the anisotropy, coercivity EXPERIMENT
and recording performance of the media. Previously we have
discussed highly oriented NiR@ermalloy films epitaxially
grown on Ag and Cu underlayer templates, which wer
grown on HF etched Si substrates by sputter deposition.

The detailed experimental growth techniques have been
edescribed in our previous work The epitaxial structure of
the films was studied by x-rag/26 diffraction, pole figurep
$cans and TEM. The magnetic properties of the films were

this study, using similar template techniques, highly oriente ) oo X
face-centered-cubitfcc) Co and Co based alloy thin films measured using a vibrating sampling magnetometer, torque
magnetometer, and a BH loop tracer.

with soft magnetic properties have been successfully pre-
pared on HF etched Si substrates. From transmission electron

microscopy(TEM) and x-ray pole figurep scan measure- RESULTS AND DISCUSSIONS

ments, it has been found that the fcc phase of Co grows and  All samples were deposited on HF-etched Si substrates
the epitaxial relationships were determined. Also, epitaxialvith Ag underlayers. Figure(&) shows the x-ray diffraction
growth of permalloy films on Ag underlayers have beenpattern of a typical sample with the structure of C30
achieved without a Cu intermediate layer. It was also founchm)/Ag (50 nm/Si(111). In 6—26 x-ray diffraction patterns,
that NiFe films can be epitaxially grown on the fcc Co films. only the fcc textures corresponding to the epitaxial relation-
Since the NiFe growth is epitaxial, an epitaxial highly ori- ships between each of the layers were observed. Figbie 1
ented fcc Co alloy film can be grown on these underlayeshows a plane view TEM diffraction pattern of thi&11)
structures. Experiments show that by inserting the thin fczone axes of the Co and Ag layers. Epitaxial growth is
Co or Co alloy intermediate layer between NiFe and Ag, theclearly indicated and the epitaxial relationship of
magnetic properties of the soft magnetic films can be modi-
fied. This should provide the process flexibility for control-

ling the troublesome soft underlayer domain wall motion in-
duced media noisk.

The hexagonal-close-packébcp phase is desired for o
the magnetically hard Co alloy media on top of the soft —
underlayer structure. In order to obtain an hcp phase Co al
loy, it is necessary to insert a Ti intermediate layer between’::?“""" I
the hcp Co alloy and the soft fcc underlayer. Our earlier st
work showed that th€0001) texture of Ti films is important w00 |
in inducing growth of a highly(000) textured Co alloy JLL
media? In this work, the epitaxial growth af0007) textured ©
Ti films has been observed on NiFe and Co films with1)

orientation. Since when Co is deposited directly on the fcc

FIG. 1. (a) X-ray diffraction pattern of Co/Ag films deposited on(Bi1).
(b) A TEM diffraction pattern of thg111) zone axes of the Co, Ag layers
3E|ectronic mail: hgong@andrew.cmu.edu for a Co/Ag/HF etched $111) sample.
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a0’ T TABLE I. Measured magnetic properties of NiFe and some Co alloys.
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FIG. 2. Measured in-plane torque curves far (100 oriented Co film;(b)
(110 oriented Co film.

The epitaxial relationships were found to be the same as

Co(11D[220]IAg(11D[220] is evident. This epitaxial rela- those of pure Co films. However, the coercivities were found

tionship was also confirmed by x-ray pole figubescan mea- tq be very sensitive to the composition of Fhe o aI_ons.
surements. Listed in Table | are the measured magnetic properties of

Earlier, the same techniques were employed to charasome of the fcc alloy films. It is observed that the addition of

terize the epitaxial growth of Co films grown on(810) and Cr or Pt to the Co significantly increased the energy barriers

Si(100 substrates.The epitaxial relationships were deter- o Wé\llltmo.tlclm(Hcl:ﬁs F;rilqgclfﬁf the sotfr: fCZ ﬁ/m']ii ¢
mined to be cube on cube, that is pitaxial growth of NiFe films on the Ag/6i11) tem-

plates has also been achieved using the same epitaxial
Co(100[001]IIAg(100[001]ISi(100[001], growth techniques. Moreover, it was observed, here, that the
. epitaxial growth of the NiFe film on the Ag/Qill) template
Co(110[001]iAg(110[001]ISi(110[001]. can still develop even if a thin Co or Co alloy intermediate
In-plane torque measurements showed significant differtayer is introduced. Figures(d and 4b) are the TEM dif-
ences in the torque curves for fcc Co films grown with1),  fraction patterns of thél11) zone axes of the NiFe, Co, and
(100, and (110 orientations. For our11l) textured thin  Ag layers from samples with structures of NiE2O nm)/Ag
films isotropic behavior was observed. No torque data val{50 nm/HF-etched Sil11) and NiFe(30 nm/Co(5 nm)/Ag
ues, distinguishable from the background noise, were ob(0 nm)/HF-etched Sil11), respectively. Epitaxial growth is
served. On the other hand, th&00) and(110) oriented Co clearly indicated in both cases. From the TEM data and from
films showed significant, and different, in-plane torque val-x-ray pole figure¢ scan measurements, the orientational re-
ues. Figures @) and 2b) shows the measured torque curveslationships were also determined to be cube on cube, that is
for (100 and (110 oriented Co films, respectively. In our _ — _
recent work, the anisotropy constaits andK, of Co films ~ NiFe(11D[220]IAg(11D[220]ISi(111)[220];
grown on(100) and (110 Si substrates were discussed.

Co films with (111 orientation showed soft magnetic NiFe(111)[220]ICo(111)[220]IAg(111)[220]ISi(111[220].

properties. Figure 3 shows the hysteresis loops ¢1 %) It is observed that the coercivity of the permalloy films
textured Co film grown on a Ag/8i11) template. The coer- can be modified by inserting the Co or Co alloy intermediate
civity along a field induced easy axis is about 10 Oe. layer. Figure 5 shows the coercivities of a 30-nm-thick NiFe

In addition, Co alloy films such as CoCr, CoPt, andfilm grown on CoCjy/Ag (50 nm/Si(111), with various
CoCrPt were also epitaxially grown on the Ag/Si template.CoCr thickness. By increasing the thickness of CoCr inter-
mediate layer, the coercivity of the soft underlayer structure
increased significantly. CoCr alloy was chosen here for its
low Mg value, so that the behavior of NiFe could be ob-
served better from the hysteresis loops. Clearly this dual
layer structure for the soft underlayer provides considerable
flexibility toward controlling the coercivity of the layer and
potentially the soft underlayer induced media noise.

In order to achieve a high uniaxial anisotropy, the hcp
phase is desired for the Co-alloy media. Unfortunately, it is
very difficult to obtain a pure hcp phase of Co alloy when
deposited directly on permalloy or fcc Co soft underlayers.
Typically, in traditional polycrystalline films, a Ti or TiCr
T intermediate layer has been necessary to induce perpendicu-
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10 20 lar orientation into the hcp phaddn our earlier work, we
showed that0001) textured Ti underlayers could be used to
Applied Field (Oe) significantly improve th€0001) texture of Co-alloy films via

epitaxial growth on our Ag/Si templatéstere, we found

FIG. 3. Hysteresis loops of a sample with the structure of @nm/Ag  that Ti films With_(OOO:D orientation grow epitaxiall_y on the
(50 nm/Si(111), along the easy and hard axes, respectively. (111 textured NiFe and Co soft underlayers. This property
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FIG. 4. A TEM diffraction pattern of th€111) zone axes from samples with FIG. 6. TEM diffraction patterns for sample&® Ti (30 nmy/NiFe30

structures ofa) NiFe (30 nm/Ag (50 nm/HF-etched Si111) and NiFe(30 : . .
AM)/Co (5 nmY/Ag (50 nm / HF-etched SiL11), respectively. nm)/Ag (50 nm/Si(111) and(b) Ti (30 nm/Co (30 nm/Ag(50 nm)/Si(111).

I h , | I structures showed satisfactory magnetic properties even
allows the desired, strongly texturedl001) Co alloys and e the Tj intermediate layers were very thin. For example,

the (111) textured soft underlayers to be integrated together, sample with the structure of GEFLPY,50nM)/
Figures @) and @b) are the TEM diffraction pattems 5 nyy/Co,,Cr,gPt(10 nm/Ag(50 nmy/Si(111) showed an

fqr the Ti (30 nmy/NiFe (30 nm)/Ag (_50 nm/Si(11D) and the 500 coercivity of 2120 Oe. By estimating the magnetiza-

Ti (30 nm/Co (30 nm/Ag (50 nm/Si(111) samples, respec- tion change that is contributed to the total film, as the soft

tively. It shows the(111) zone axis of Ag, NiFe, and Co to film rotates. the coercivit
. o , y of the hcp g€r,0Pt;, layer can
be parallel to thel0002 zone axis of the hcp Ti with the g ogtimated to be around 3200 Oe. Further study to separate

(229) reflections from the fcc phase being paraliel to thethe interaction of these two layers to observe the magnetic
(1120) reflections of the hcp phases. This result is also irpenhavior is in process.

agreement with the pole figure measurements. The diffracted
spots from the Ag, NiFe, Co, and Ti are all sharp, indicatingsuMmmMARY
very good epitaxial growth. The orientational relationships

were determined to be In this study, highly oriented fcc NiFe, Co, and Co-alloy

thin films were epitaxially grown on single crystal Si sub-
Ti(000D[1120]INiFe(111)[220]IAg(11D[220]ISi(11D[220]; strates. The epitaxial relationships were determined by x-ray
_ _ _ _ diffraction, x-ray pole figurep scans, and TEM. On top of
Ti(000D[1120]ICo(111)[220]IAg(11D[220]ISi(111)[220]. the (111) textured NiFe and Co films, Ti was found grown

Rocking curve measurements were also employed to invegPitaxially with a_(OOO]) orientation. This orientation is de-
tigate the dispersion of the textures. The measurég, of  Sired to induce highly0001 textured hcp Co-alloy perpen-
the NiFe, Co(111), and Ti(0001)/Ag (111) are all less than dicular recording media. The magnetic properties of the soft
1°, indicating highly oriented film structures. THg001) tex- underlaye_r; were found to pe sensitive to the layer structure.
ture of Co alloy grown on Ti has A 6y, of about 2.5°. This sensitivity shoul_d provide a p_athwgy for contrqllm_g the
Finally, samples with structures of hcp Co-alloy(fét- ~ domain wall motion induced media noise. The epitaxial re-

Co-alloy or NiF&/Ag/Si(111) were prepared. These media !ationships determined in this work should also be useful in
providing instructive information to those working on poly-

crystalline media structures, where grain to grain epitaxy is

R o e B e A desired.
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