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Unicrystal Co—alloy media on Si  (110)
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Unicrystal Co—alloy/Cr/Ag films, which exhibit a single, in-plane easy axis orientation, were
epitaxially grown on hydrofluoric acid etched(810) single crystal substrates by sputter deposition

for the purpose of the systematic study of Co—alloy magnetocrystalline anisotropy. The orientation
relationship was studied by x-rag/26 diffraction, pole figure¢ scan, and transmission electron
microscopy, and it was determined to be (O@10)[0001]|Cr(112[110]||Ag(110[001]/Si(110

[001]. The ¢ scan also showed two twin-related orientations of Cr grains. The easy axis hysteresis
loops had a square shape, while the hard axis loops showed zero openness. The uniaxial anisotropy
constantK; andK, of the unicrystal Co and CoCrTa films were determined from torque and hard
axis hysteresis loop measurements. 1@99 American Institute of Physics.
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Magnetocrystalline anisotropy is an important propertyunit cells, with a small mismatch of 0.4%. This is consistent
of Co alloys. While the anisotropy field determines the maxi-with the 4-to-3 lattice match at the Ag021)/Si(001) interface
mum achievable coercivity in a Co-alloy thin fithf,the  as reported in our previous work on bicrystal Co—alloy/Cr/
anisotropy constants dictate the thermal stability of the conAg/HF—Si001) films.*
stituent grains. Both of these properties are key factors in The thin-film fabrication and characterization details
the pursuit of a higher coercivity to obtain high linear densityhave been described previou$ithe epitaxial orientation
and a smaller grain size to reduce medium noise. Henceglationship was investigated with both x-réf26 diffraction
better control of and knowledge about anisotropy constantand pole figurep scan. While the convention&@26 method
are essential as one attempts to envision the limits of Conly shows the crystal planes parallel to the film surface, the
alloys for future high density recording. ¢ scan detects the diffraction from crystal planes that are not

We have successfully developed a new epitaxy procesgarallel to the film surface and thus provide information
to fabricate highly oriented Co-alloy films by the use of about the in-plane orientation of the grains. As an example,
single crystal Si substrates. In previous work we reported théo obtain a{004 pole ¢ scan spectrum for a @10 sub-
epitaxial growth of the bicrystal Co—alloy/Cr/Ag films on strate, the sample is tilted 45°, which is the angle between
Si(001) wafers? In this article, we report the growth of the the (110 plane and th¢100 or (010) planes. The sample is
unicrystal Co—alloy films on epitaxial Cr/Ag templates sput-then rotated about its surface normal for 360° while the in-
ter deposited on hydrofluoric acigHF)-etched Si110) sub-  tensity of the Sj004 reflection is recorded versus the rota-
strates. These unicrystal Co—alloy films exhibit a single, intion angle.
plane Co easy axis orientation. With the single hard and easy
axes in the film plane, these films can be used to determine
directly the anisotropy constants by either torque or hard axis
hysteresis loop measurements. These methods are preferred Si (110) Ag (110)
to the field dependence of rotational hysterésighile single

crystal MgQ110 substrates were also used to grow unicrys- ont
tal Co—alloy films® Si substrates are of interest since the s 0_9?;
wafers are readily available and inexpensive. Hence, this uni- 1
crystal epitaxial film structure provides a pathway for an ex- b 578 A—]
tensive, systematic fundamental study of the magnetocrystal-
line anisotropy as functions of processing conditions, alloy Cr(112) Co (1010)
composition, temperature, etc. (1701 4 [0001] 4

As shown in Fig. 1, the epitaxial oriEntation relationship T T
for the unicrystal films is C@010)[0001]|Cr(112) 408 A 406 A ! ‘
[110]|Ag(110[001]|Si(110[001]. It is noted that a %4 + 4
mesh of Ag unit cells fits very well onto aX383 mesh of Si 2504 F—t2s514

FIG. 1. Orientation and interatomic spacing relationships betwe@ri @j

3E|ectronic mail: wy29@andrew.cmu.edu Ag(110), Cr(112, and Co(lO_D) lattices.
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FIG. 2. X-ray6/26 diffraction spectra of(a) a Ag(750 A/HF-Si(110) film,
(b) a Cr(500 A)/Ag(750 A)/HF-Si(110) film, and (c) a Cq500 A)/Cr(500
A)IAg(750 A)/HF-Si(110) film.

The anisotropy constant§; andK, can be determined
by least square fitting the torque curvegd) to

T

Vo %[Klsinz(a—)\)+Kzsin4(0—)\)]

K
—(K1+K2)sin2(0—>\)+fsinqe—x). (1)
Here,V is the sample volume andlis the angle between the
field H and the easy axis of the unicrystal filinis the angle
betweenH and the sample saturation magnetic monrapt

and it is computed from

T=- 2

mgH sin\.
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FIG. 3. (a) Si{004 pole, (b) Ag{002 pole, (c1) C{110 pole, (c2) C{002
pole, and(d) Co{1011} pole ¢ scan spectra of a €800 A)/Cr(500 A/
Ag(750 A)/HF-Si(110) film. The stereographic projections are faf), (b’)

cubic crystal(001), (c’) cubic crystal(112), and(d") Co(lfHO).

the two peaks in the AQO2 pole scan, indicating that the
Cr 110] direction is parallel to the A@01] direction.

The anisotropy constants can also be determined by fitting The cubic crystal112) stereographic projection in Fig.

the hard axisn(H) loops to
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The 6/26 x-ray diffraction spectra for Ag, Cr/Ag, and
Co/Cr/Ag films grown on HF-%110) are shown in Fig. 2.

Only strong Ag220), Cr(112), and Co(10D) diffraction

3(c’) only shows oné€001) pole. Two diffraction peaks 180°
apart, however, are observed in theg@2 pole scarFig.
3(c2)], indicating an extra pole as denoted by tkeand
(001) in Fig. 3(c’). This suggests that there exist two twin-
related orientations of Cr grains in the (Ct2 film. They
may emerge from the Cr/Ag epitaxial interface or result from
Cr growth twinning. In bcc metals, thel12) plane is the

peaks are observed in these spectra, which strongly impliesiost common twinning plane, and the twinning direction is

the epitaxial nature of these films. Tlfescan spectra of the
Co/Cr/Ag/HF-Sf110 sample are shown in Fig. 3, along

[111].7 The resulting two orientations of Cr grains have
(112 planes parallel to the substrate plane, and the atomic

with cubic crystal(110), (112, and Co(10D) stereographic  configurations are mirror images about the (Lhlane.
projections that are necessary for the interpretation of the

spectra. As can be seen, two diffraction peaks that are 180°

apart are found in the §04} pole scan spectruifFig. 3a)]

of the single crystal $110 substrate. They correspond to
the two {100 poles in the cubic crystall10 stereographic
projection[Fig. 3(@)], which are also 180° apart along the
dotted circle which shows theé scan path. The two peaks
corresponding to the A802 poles are also 180° apart in
Fig. 3(b), agreeing with the stereographic projectidfig.
3(b’)]. They appear at the sangepositions as the two peaks
in the S{004 pole spectrum, confirming the parallel rela-
tionship between the RI01] and Ad001] directions. The
Cr110 pole spectruniFig. 3(c1)] shows two peaks that are
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FIG. 4. (a) S[110] zone axis electron diffraction pattern of a ¥§0 A)/

again 180_° apart_, as antiCip_ated from the projection in FigHF—S(llO) film, and (b) simulated Si110] zone axis electron diffraction
3(c’). Their locations are shifted by 90° when compared topattern of Ag110[001]|Si(110[001] bilayer.
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(@ (b) Co(0002) Cr(110) Ag(002)
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FIG. 5. () Ag[110] zone axis electron diffraction pattern of a@00 A/  easy axes, the smafl; cannot be explained by an easy axis
Cr(500 AYAg(750 A film grown on HF-Si110, and (b) simulated  grientation dispersion decreasing the torque curve amplitude.
Ag[110] zone axis electron diffraction pattern of . . . .

— — ) ) It is conjectured that Co stacking faults may develop during
Ca(1010)[0004Cr(112[110]}Ag(110[001 trilayer (not all double diffrac- the sputter deposition and be responsible for this decrease
tion spots are included '

This will be the subject of a further study.
A square hysteresis loop with a coercivity of about 200
. ) Oe is observed along the easy aligg. 6(b)], indicating a

Finally, good agreement is also found between theercivity mechanism dominated by wall motion. The in-
Co{1011} pole scarjFig. 3(d)] and the Co(10Q) projection  plane hard axis loop shows a curve with virtually zero open-
[Fig. 3(d")]. An orientation relationship of §6001|C{110] = ness, with a remanence squaren®s9.02[Fig. 6(c)]. This
is also determined from the observation that two peaks in thalso confirms the almost perfect easy axis alignment. The
Co spectrum appear at the same positions as those in tlamisotropy constants determined from the hard axis loop
Cr{110 pole spectrum. The small peak width indicates aagree very well with those obtained from the torque curve.
fairly good single orientation of the Co graiaxes. As can be seen, the hard axis loop falls almost exactly on the

The orientation relationship is further confirmed in the open circles which are the points calculated using the anisot-
electron diffraction patterns shown in Figs. 4 and 5, both ofropy constants determined from the torque curve. The hard
which agree well with the simulated patterns. The complexaxis loop is not a straight line; rather it shows an apparent
yet regular distribution of the low intensity double diffrac- curvature as a result of a non-negligitdeg .
tion spots in Fig. 4) is due to the 4-to-3 Ag/Si lattice A unicrystal C@,Cry3Tag/Cr/Ag/HF-S(110 film was
match. The well defined @06002 spot in Fig. %a) also in-  also prepared. A substrate bias-e170 V was applied dur-
dicates good axis alignment. ing the deposition of the CoCrTa layer. The anisotropy con-

The torque curve of the Co/Cr/Ag/HF<$10 sample stants are determined to te =2.10x 10° erg/cnt and K,
shown in Fig. €a) is a skewed sinusoid with a period of =0.12x10° erg/cn?. The almost straight hard axis loop
180°. The anisotropy constants determined from the curvehows an anisotropy field of 7.6 k@€ig. 7), and indicates a
are K;=1.55x10°erg/cn? and K,=1.30x1Cferg/cnt.  negligibleK,.

This K, is much smaller than the value reported for a bulk  In summary, we have successfully fabricated unicrystal

Co single crystal (K;=4.1x1CPerg/cnt and K,=1.0 Co-alloy thin-film media on Gi12/Ag(110/HF-S{110)

x 10P erg/cnt).® Given the good alignment of the Co grain by sputter deposition. The epitaxial orientation relationship
was determined, and the uniaxial anisotropy constants of uni-
crystal Co and CoCrTa films have been determined.
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