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ABSTRACT

Thin films for magnetic recording are usually deposited on metallic Cr underlayers to control
their crystallographic texture and such microstructural features as grain size and crystal
perfection. In this paper, the mechanisms involved in the production of thin films (both
underlayers and magnetic layers) with specific crystallographic textures is reviewed and
discussed. We first present an overview of a model for the development of the initial crystallo-
graphic texture of films grown on amorphous substrates. The textures that various structures
develop during growth are next discussed followed by a review of the role of epitaxy of Co-alloy
films with underlayers and interlayers. The control of grain size of the magnetic film is also
discussed in light of the underlayer grain size. Finally, the role of epitaxy on the crystalline
perfection and subgrains with the underlayer (Cr and/or NiAl) is introduced.

INTRODUCTION

It is well known that the crystallographic texture of thin films for magnetic recording has a
profound influence on the recording properties of the films1-6. A schematic of a cross section of
thin film recording media is shown in Figure 1. In this paper we will discuss the development of
the crystallographic texture of the underlayer film as well as the development of the
crystallographic texture of the magnetic layer. Over the last decade or so a plethora of data has
been collected and published concerning the crystallographic texture of both the underlayers and
the magnetic layers.”-17 In the main, the basic mechanisms for the development of
crystallographic texture in the Cr underlayers seems to depend on the interplay between the
energetics and growth of the films, while the basic mechanism for the development of the texture
of Co alloy magnetic thin films is one of epitaxy. In this paper we will discuss both of these
general mechanisms of crystallographic texture formation. In the first section a model for the
understanding of the development of either the (110) or (002) texture in Cr films grown on
amorphous substrates will be presented and illustrated. In the second section we will summarize
the various epitaxial relations observed to date between hcp Co alloy thin films and bcc Cr
underlayers. In the third section we will briefly discuss the effect of underlayers and interlayers
on the grain size and crystalline perfection of the magnetic layers.

I. DEVELOPMENT OF UNDERLAYER CRYSTALLOGRAPHIC TEXTURE

We start our discussion with the case of bcc Cr underlayers. It is well known that by
changing the substrate preheating temperature two different crystallographic textures can be
produced in Cr thin films. The normally obtained crystallographic texture is (110). However,
under specific conditions, the (002) Cr texture can be obtained. These are the two
crystallographic textures for Cr underlayers that are most frequently reported in the literature.

%661 ‘untsoduds SyW

11 30 1 @8eq ‘*Te 2° urysdne]



Laugnhlin et al., rage <2 or 1l

S .
< ¥
3 =
o Q Q
8 o =
g 3 = - R e
3 Z . . "~ 3
=5 -1
s - & e &3
< 2 3 T b5 i 3 = = )
§& & 7 e g < e C
8 E 5 8 3 ¥ . 2= g oz &
5 E 5 3 3 RE T °E
8§ B 2 E - B . - B 2
3 5 e o s ( ‘ ® &
25 £ 2 = (49) = o 5
3 - == ¢ 3
=
I RPN ”...“,,.ﬁ/,,,//////ﬁ/,, z,é 2 7 m
- AN W/,,,%V/,”M//,N,//,U/w//%ﬁ//”w = (shun) Lreayiqay) Aysuajuy s
L g
A g 5
. 3
RN .,,M////,;/ 9 ‘ , ~ 4
4 @00) : © g
8 | K S
g - : N g
° | =} (="
N = = . g
W a o o. n D °,
R /M//”ﬂ/.w./‘./w w M =) 3 S m
\ TN °
AARAAAINARAS wﬂﬂ,%/%f.% A A ;,../W%//// m oo = . I
= 18 = E - < =
3 ) - - M =
4 =
< == -2 s

(snup) Aueayqry) L)sudjuy

Figure 1.
Figure 2.

(b) room temperature.



Each of these textures gives rise to a different texture for the subsequently deposited Co-alloy
films: the (110) Cr texture gives rise to a {1011} Co-alloy texture and the (002) Cr texture gives
rise to a {1120} Co-alloy crystallographic texture. The Co-alloy texture develops from the Cr
underlayer by means of epitaxy. We will discuss this mechanism in section II, below. But first
we discuss how the different Cr crystallographic textures develop on amorphous substrates.

There are two ways a non-epitaxial texture may develop during the formation of thin films:
the texture may form primarily in the nucleation stage of the film or the texture may form
primarily during the growth stage of the film.

Figures 2a and 2b display the X-ray diffraction patterns for 10 and 20 nm thick Cr films
deposited at room temperature and 250°C respectively. The {002} texture is observed for both
the 10 nm and 20 nm film deposited at 250°C, while only the 20 nm film deposited at room
temperature has the {110} texture. From this, we see that the {002} crystallographic texture
which developed at 250°C is most probably formed during the nucleation stage of the film.
However, the {110} crystallographic texture of the Cr films seems to develop during the growth
stage for the Cr films deposited under these process conditions. See also reference 18.

If the texture is determined during the nucleation stage, the relative values of three surface
energies are important: the substrate/film, the substrate/vacuum and the film/vacuum
energies.19-20  In Figure 3, these values are denoted as S12, S2 and S1 respectively.
Furthermore, since the film is crystalline, there are different values of S1, which depend on the
crystallographic plane in question. For crystals with the bee structure, the {110} planes have the
lowest surface energy since they are the closest packed ones. The {100} planes have the next
lowest surface energy for bce structures. Looking at Figure 3 it can be seen that a simple force
balance applied to these surface energies shows that if the value of S12 is small, the film will wet
the surface, and form in the shape shown in Figure 3A. This would give rise to the {110} texture
for the growing film, since as indicated above the {110} planes have the lowest surface energies
in the bce structure. On the other hand, if the value of S12 is large, the film will tend to be more
equiaxed in shape. To minimize the surface energy of the film the (002) planes would be parallel
to the substrate surface since this configuration maximizes the amount of {110} surface area for
the developing Cr island. This argument assumes that there is enough time (or energy) available
for the film to obtain equilibrium or near equilibrium shapes. This appears to be the case for Cr
films when the substrate is pre-heated. Thus the formation of the (002) crystallographic texture
can be explained as a nucleation texture.

If there is not enough time for the equilibrium shape to form, the initial orientation of the Cr
grains should be nearly random. Any texture that develops in this case would do so during the
growth stage of the film. Figure 4 is a schematic showing the growth of two films with differing
initial grain sizes. As the films grow, the balance of surface energies would predict that the
grains with the {110} surfaces would expand on growth. This can be seen again to be the result
of a simple force balance, since any other grain orientation would have a surface with a higher
energy parallel to the plane of the film. As shown in the Figure this would tend to expand the
(110) oriented grain, hence lowering the overall surface energy. Note also that the film with the
smaller grain size would obtain a strong {110} texture at smaller thicknesses than the one with
the larger grain size.
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Figure 3. Schematic view of the nucleation of islands of Cr on glass substrates for
(a) small values of S12, (b) large values of S12. Note that in (b) the shape of the nucleus
that minimizes the energy produces the (002) crystallographic texture.
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Figure 4. Schematic view of the development of texture during growth of film for
(a) large initial grain size, (b) small initial grain size.
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As a general rule, the textures which develop during the growth of thin films are those with
the closest packed planes parallel to the plane of the film. The growth textures of several
structures are listed in Table L.

TABLE I
Growth Textures

bee Im3m {110}
fcc Fm3m {111}
hep % me (0001)
B2 Pm3m {110}
D03 Fm3m {110}

This approach to understanding the crystallographic textures of thin films grown on amorphous
substrate has been discussed by Feng et al.21

II. DEVELOPMENT OF MAGNETIC LAYER CRYSTALLOGRAPHIC TEXTURE

The development of the crystallographic texture of the Co alloy films depends for the most
part on epitaxial relationships between the Co alloy film and the underlayer. If no underlayer is
used, the Co alloy films (which usually have the hcp structure) are grown on an amorphous
substrate, such as glass or amorphous NiP films. The crystallographic texture that develops will
be (0001). This is fine if the films are to be utilized in the perpendicular recording mode, but is
of little use for longitudinal recording. The use of underlayers has been demonstrated to cause
the ¢ axes of the grains of the film to lie in or near the plane of the film.

As mentioned above, two crystallographic textures are well documented for Co alloy
magnetic thin films. For Co alloys deposited on (110) Cr textured underlayers, the (1011) Co
texture is obtained. Figure 5 shows that there is a good match between the atoms on these two
planes. Figure 6 shows that the fit between atoms on the (1010) planes of Co and some of the
atoms on the (110) planes of Cr is also good, but the density of atoms on the planes is very
different. The extra atom in the Cr plane would raise the interfacial energy between these planes
due to the lack of any atomic bonds across the interface for the extra atom. This orientation
relationship in crystallographic texture is not usually reported.

The second well documented texture for the Co/Cr thin films is the (1120) Co parallel to the
(002) Cr. As indicated above, the (002) Cr crystallographic texture is formed when the substrate
is held at elevated temperatures. Figure 7 shows the atomic matching for the case of the (1120)
of the Co alloy parallel to (002) of Cr. Once again, there is a good match in both the size of the
projected unit cell and the number of atoms per unit area of both structures.
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Figure 5 Schematic of the atomic positions of (1011) Co and (110) Cr planes.
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Figure 6 Figure 7
Schematic of the atomic positions of Schematic of the atomic position of
(1010) Co and (110) Cr planes. (1120) and (002)Cr planes.
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In recent work, Lee et al.22 have used NiAl as an underlayer for Co alloy films. The lattice
parameter of this material is nearly identical to that of Cr, so it was expected that the same
crystallographic texture would result. NiAl (which has the B2, bcc derivative structure)
develops a weak (110) texture on deposition. See Table I. However, the Co alloy film develops
the (1010) crystallographic texture, not the (1011) as with a Cr underlayer. See Figure 8. On
closer examination of the X-ray pattern, it can be seen that a fairly strong (112) peak also exists
for the B2 NiAl films. The atomic matching of (1010) Co with (112) of Cr and/or NiAl is shown
in Figure 9. It can be seen to be an excellent fit. In fact, other workers23-24 had reported the
(1010) texture for Co alloys deposited on Cr, and an inspection of their diffraction pattern
showed that their Cr film also had a fairly strong (112) peak. We conclude that this texture:
(1010) Co alloy parallel to (112) NiAl or Cr is a low energy one. Table II summarizes different
orientation relationships that we have observed by means of electron microdiffraction. See
references 17, 25 and 26.

TABLE II
Orientation Relationships of Thin Films

(1011)Co // (110)Cr
(1120)Co  // (002)Cr
(1010)Co # (112)Cr
(1010)Co // (113)Cr

Thus the crystallographic textures that develop in Co alloy hep thin films can all be explained
in terms of a best fitting of the atomic planes across the thin film interface. Hence the
mechanism of the formation of the initial crystallographic texture of the magnetic layers is that of
epitaxy. It should be noted, however, that as the hcp magnetic layers grow thicker, there is a
tendency for them to obtain their low energy growth texture, namely the (0001).

Other microstructural features are also affected by this epitaxy, and to these we now turn.

III. GRAIN SIZE AND CRYSTALLINE PERFECTION

Keeping these various mechanisms of the formation of crystallographic textures in mind, we
turn to the application of them to several interesting features. Figure 10 is a schematic drawing
which demonstrates the use of an interlayer between two magnetic layers. The identity of this
interlayer can vary, though published works to date have used Cr as an interlayer as well as the
underlayer. The interlayer serves to "break up" the magnetic layer, and may help to increase the
signal to noise ratio of recording due to an effectively smaller "particle size" in the films. The
interlayer may form epitaxially on the first magnetic film. If it does, it has a good chance of
"passing on" the crystallographic texture of the first magnetic layer to that of the second
magnetic layer. Cr interlayers have been shown to do this. See Figure 11.27 Here the dark field
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X-ray diffraction pattern of Co-alloy Schematic of the atomic positions
deposited on 300 nm of NiAl. of (1010)Co and
Note the {112} NiAl peak. (112) Cr (and NiAl) planes.

Figure 10.

ubstrate

Schematic of thin film configuration including an interlayer.
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Figure 12. Microstructure of Cr films, 50 nm thick, grown with: (a) no bias, (b) -200 V bias.

Notice that the grains in (b) are much more clearly defined.
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micrograph clearly shows that several of the columns of the films have bce and hep regions that
are all correlated to one another. Using other interlayers offers the opportunity of breaking up
the crystallographic texture of the magnetic layers, as these metals are fcc in structure. Feng et
al. have presented preliminary work on this and reported that the results are promising.28

Another feature of the use of interlayers is that it helps in the production of magnetic layers
with smaller grain size. As reported earlier, the magnetic layer always has a grain size that is the
same size or smaller than that of the Cr underlayer. When an interlayer is deposited on the first
magnetic layer it will take on the grain size of the magnetic layer. Then, when the second
magnetic layer is deposited on the interlayer, it will probably have a grain size that is smaller
than that of the interlayer. This mechanism of producing magnetic layer thin films with small
grain size is a topic of our current research.

One final interesting topic for discussion is the degree of crystallographic perfection of the
underlayers and how that might affect the perfection of and hence the magnetic properties of the
subsequently grown magnetic layer. Figures 12a and 12b show TEM microstructures of Cr
grains that were deposited with and without applied bias, respectively. The Cr film formed with
bias has a much more clearly defined grain structure than the one formed without bias. From
high resolution TEM it can be seen that the Cr film formed with an applied bias during sputtering
has fewer subgrain boundaries within its grains. This means that it has fewer defects present
than the Cr film formed without bias. The magnetic layers which formed on top of these
different underlayers will to some extent replicate these features, and thus have differing amounts
of defects in them and hence have different magnetic properties. Thus, the control of certain
extrinsic magnetic properties of magnetic thin films can be performed by careful control of the
conditions by which their respective underlayers are produced.

IV. SUMMARY

We have presented a brief overview of various features of the development of
crystallographic textures of thin films utilized for magnetic recording. The magnetic thin film
obtains its initial crystallographic texture as well as grain size and perfection by means of epitaxy
with its underlayer. Various important crystallographic textures between hcp Co alloy films and
their metallic underlayers were presented and explained in terms of the atomic arrangement of
atoms across the epitaxial interface. The development of the crystallographic texture of the Cr
underlayer was discussed. A model for the development of the initial textures during either the
nucleation or growth stage of the film was presented. Finally the importance of epitaxy on other
microstructural features of the magnetic thin film was discussed.
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