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Magneto-Optical Kerr Spectroscopy of a New Chemically Ordered Alloy: CosPt

G. R. Harp, D. Weller, T. A. Rabedeau, R. F. C. Farrow, and M. F. Toney
IBM Almaden Research Center, 650 Harry Road, San Jose, California 95120-6099
(Received 14 June 1993)

The sensitivity of magneto-optical spectra to alloy chemical ordering is established. This is
demonstrated for a new ordered CogPt phase, which was synthesized in thin film form using molec-
ular beam epitaxial growth. This compound consists of alternating planes of Co and CoPt atoms
with a hexagonal ABAB. .. layer sequence. The chemical ordering is accompanied by a substantial
electronic structure change as reflected in a new peak in magneto-optical spectra at ~ 3.2 eV photon

energy.

PACS numbers: 78.20.Ls, 61.66.Dk, 81.30.Bx

Magneto-optical effects have attracted a lot of atten-
tion recently in research of magnetic thin films and mul-
tilayers. Strong resonance effects due to reduced optical
constants [1,2], quantum confinement effects in ultrathin
Fe layers [3], oscillations of the Kerr rotation with mag-
netic layer thickness due to quantum well states [4,5] and
strong correlations between the magneto-optical Kerr ef-
fect (MOKE), and magnetic anisotropies [6] are among
the most exciting recent discoveries in this field. While
magnetostructural correlations have been known for a
long time [7], the possibility of chemical ordering-related
effects in the magneto-optical spectra has been suggested
only recently [8,9]. With the advent of improved band-
structure-based magneto-optical calculations [10], it is
possible to understand magneto-optical transitions from
first principles and predict the effects of material struc-
ture upon Kerr rotation. In particular, the effect of chem-
ical ordering on magneto-optical properties provides an
important test of current theory. Co-Pt alloys provide
an attractive candidate material for such studies since
the Co-Pt bulk phase diagram reveals a continuous se-
ries of solid solutions with ferromagnetic order up to 90
at. % Pt at room temperature and the existence of chem-
ically ordered CoPt and CoPtg phases [11]. No chem-
ically ordered compound is known for the composition
CozPt [11], although an L1, cubic phase has been pre-
dicted in a recent calculation by Sanchez et al. [12]. In
this Letter we report the observation of a chemically or-
dered CogPt structure in films grown by molecular beam
epitaxy (MBE). More importantly, we report the first
unambiguous correlation between chemical ordering and
magneto-optical Kerr rotation.

1000 A thick Coz7Pty3 alloy films were deposited by
MBE at various temperatures onto 10 A Pt buffer lay-
ers which were grown at 875 K on sapphire (0001) sub-
strates. This results in high quality (111) [or (0001)]
oriented alloy films [13]. The deposition chamber was
maintained at a pressure < 4 x 1071% mbar throughout
growth. Electron gun sources were used for both Co and
Pt, with deposition rates in the range 0.05-0.2 A/s. All
compositions were checked with x-ray fluorescence. The
spectral dependences of the polar Kerr effect were mea-
sured in saturating fields of +20 kOe in the photon energy
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range 0.8-5.3 €V [14]. The saturation magnetization was
determined using vibrating sample magnetometry. All
magnetic and magneto-optic measurements were made
at room temperature.

A series of MOKE spectra of CozPt films, grown at
various temperatures, are displayed in Fig. 1. All films
had the same room temperature magnetization of 970
emu/cc within experimental error (£5%). The curve at
950 K and another measurement at 750 K (not shown)
are similar to previous measurements [8] of chemically
disordered fcc CozPt alloys. Below 700 K the spectra
undergo a drastic change and a new peak near 3.2 eV
emerges. No indications of optical constant modifica-
tions were evident from reflectivity measurements with
0.8-5.3 eV photons. Rather, this new feature in the Kerr
spectra is associated with a change in the spin-polarized
electronic structure of these alloys. Taking the area be-

0.0 T T T T T
CosPt on
Al,O3(0001) Ta(K)

Kerr Rotation (deg)
b
©
T

0 1 2 3 4 5 6
Photon Energy (eV)

FIG. 1. Energy dependent polar magneto-optical Kerr
spectra from Co77Pt2s (CosPt) films deposited at various
temperatures. Above 750 K, the spectra are temperature in-
dependent, and represent a chemically disordered fcc CoszPt
phase. Below 750 K, the MOKE spectra change radically, in-
dicating gross changes in the spin-polarized band structure.
The 950 K spectrum is to scale; all other spectra are shifted
by a constant offset of 0.2° towards each other.
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tween the straight line in Fig. 1 and the measured spectra
as representative of the strength of the 3.2 eV feature, we
find that it is maximal for films grown at 600-650 K. It
decays rapidly for films deposited at temperatures out-
side this optimal range. This, together with structural
data discussed below, is summarized in Fig. 4, where the
integrated peak area is plotted as a function of the de-
position temperature. Besides the development of the
new, striking 3.2 eV feature, there are other changes to
the MOKE spectra. For example, the 1.5 eV peak of the
950 K film completely vanishes or shifts to lower pho-
ton energy out of the measurement range as the growth
temperature is lowered to 600-650 K. Also the strength
of the ultraviolet peak at 4.8 eV is stongly affected. All
these changes in the Kerr spectra suggest accompanying
changes in the film structure, the subject to which we
now turn.

The structure of a number of films with growth tem-
peratures bracketing those yielding the maximal MOKE
3.2 eV peak area was characterized by x-ray scattering
measurements, primarily using a rotating anode source.
The scattering data confirm the films to be epitaxial with
the growth axis corresponding to fcc (111) or hep (0001)
depending on the deposition temperature. Figure 2 de-
picts scattering data collected as a function of surface
normal momentum transfer (g,) with the in-plane mo-
mentum transfer (g;) fixed at 47/av/3 A~! where a is

the in-plane nearest neighbor separation 2.6 A (see in-
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FIG. 2. Scattering along a (10q;) trajectory through recip-
rocal space for five samples. The in-plane momentum transfer
is fixed at 1.0 reciprocal lattice unit (47/av/3 A~1) while the
surface-normal momentum transfer g, is varied (see inset).
Peaks at ¢, = 1,2,4,5 A~! result from fcc stacking while
those at ¢, = 1.5n A~! stem from hcp stacking. The lines
represent the results of fits to the layer stacking model of Ref.
[15].
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set). These scans permit differentiation of an fcc stack-
ing sequence (ABCABC ...) from an hcp layer sequence
(ABAB...) as hcp stacking yields peaks at q, = 1.5n
A~! (n an integer) while twinned fcc stacking results in
peaks at q, = 1,2,4,5,... A~1. The fraction of the film
with fcc stacking was extracted by fitting the scatter-
ing data to the calculated scattering of a model struc-
ture incorporating hcp stacking with correlated stacking
faults resulting in fcc inclusions [15]. The results of these
fits are depicted as the solid lines in Fig. 2 and the fcc
fractions are listed in Table I. At the lowest tempera-
tures the stacking is largely hcp with a high concentra-
tion of clustered stacking faults resulting in ~35% local
fce stacking. As the deposition temperature increases the
density of stacking faults is reduced resulting in excellent
hcp stacking for the samples grown at 600 and 650 K.
Further increases in deposition temperature result in a
transition from hcp to fcc stacking. A similar hep to fec
transition near 700 K is well known in bulk Co-Pt alloys
for Pt concentrations up to 20 at. % [11,16].

Specular data are presented in Fig. 3. In addition
to the expected peaks at 3.0n A~!, which are present
in both fcc and hcp structures, specular data of the
lower temperature (hcp) films manifest additional peaks
at 1.5n A=1. These peaks (forbidden in a disordered
hep alloy) indicate the CogPt alloy is chemically ordered
along the normal with A and B layers possessing differing
stoichiometry. Using the integrated area of the specu-
lar peaks in a structure factor calculation (assuming hcp
structure) yields the A and B layer Pt fractions listed in
Table I. Examination of this table reveals that the great-
est Pt segregation to layer B is obtained for the films with
the fewest fcc inclusions. For these films the surface-
normal chemical correlation length is only slightly less
than the structural correlation length (see Table I). We

TABLE I. Structural characteristics extracted from x-ray
scattering data. Pt A and B are the Pt fractional occu-
pancies (£ 1%) of layers A and B based on structure factor
calculations. (Overall film stoichiometry was determined to
be slightly Co rich by fluorescence analysis.) S is the alloy
one-dimensional chemical order parameter. (c/a)* denotes
the deviation of the actual ¢/a ratio from the ideal hcp value
of 1/8/3 or fcc ratio (950 K film) of v/6. £,1 is the struc-
tural coherence length along the surface normal (1/HWHM
of specular peak at 3.0 A~1) while £.. is the alloy chemical
coherence length along the normal (1/HWHM of the specular
peak at 1.5 A~1). Note that £., is independent of the alloy
in-plane order. Typical surface normal and in-plane mosaics
are 0.5° and 1.0°, respectively.

Growth PtA PtB S
Temp. (K) (%) (%)

(c/a)* fcc st oo
portion (%) (A) (A)

450 19.2 264 0.14 0.987 35.6 200 130
600 7.1 385 0.63 0.982 8.34 180 170
650 8.0 384 0.61 0.980 <5.0 190 110
700 16.2 31.0 0.30 0.981 27.5 200 30
950 e cee e 0,992 >99.0 150 ---
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FIG. 3. Specular data collected for the five samples de-
picted in Fig. 2. The peaks at 3.0 A~! are observed for either
fcc or hep stacking. The peaks at 1.5 and 4.5 A~ result
from alloy ordering such that A and B layers have differing
stoichiometries. The asymmetry of the peaks at 3.0 A~ re-
sults from sapphire and Pt buffer layer scattering. The inset
depicts the trajectory through reciprocal space.
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assume that the reduced Pt segregation and increase in
fcc stacking in the lower temperature films stem from ki-
netic limitations on ordering during growth rather than
reentrant fcc phase stability.

The existence of chemical ordering along the film nor-
mal suggests the possibility of in-plane chemical order-
ing. A synchrotron study of the sample deposited at
650 K reveals a series of peaks consistent with in-plane
doubling of the unit cell [17]. These peaks are broad,
however, indicating short chemical correlation lengths.
Explicitly, the in-plane chemical correlation length (peak
inverse half width at half maximum, 1/HWHM) is only
~ 8 A. Thus we cannot definitively identify the ideal
three-dimensional ordered alloy structure, but it is clear
that along the (0001) direction the ordered alloy may be
regarded as a natural superlattice consisting of alternat-
ing Co and CoPt layers.

The hcp«—fcc phase transition in bulk Co-Pt is marten-
sitic (i.e., occurs by collective motions of large groups
of atoms), and as a result the phase transition from
hep—fee (increasing temperature) occurs at a higher
temperature than the inverse transition from fcc—hcp
(decreasing temperature) [18]. Beyond 13-20 at. % Pt
bulk hep Co-Pt alloys have not been previously observed
[11,16). One anticipates that in the absence of bulk
kinetic limitations one might observe an “equilibrium”
transformation temperature (T¢q) intermediate between
the fcc—hcp and hep—fcc transition temperatures. It is
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FIG. 4. Normalized MOKE peak area as defined in Fig.
1, hep fraction, and chemical order parameter as a function
of the deposition temperature for MBE deposited Co77Pt23
(CosPt) alloy films.
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this equilibrium temperature which is relevent to MBE
deposition since films are constructed atom by atom di-
rectly into their most stable crystal phase [19]. Hence,
we discover that hcp CosPt is the preferred state for
low-temperature deposition, even though quenched high-
temperature deposited fcc films remain fully fcc at room
temperature. We find Teq to be =650 K in Co3Pt, as seen
in Fig. 2. This temperature lies in between the extrap-
olated fcc—hcp and hcp—fec transition temperatures in
the bulk alloy [11]. Thus, MBE promotes chemical order-
ing in these alloys relative to conventional ordered alloy
production techniques. Bulk ordered alloys are typically
prepared at high temperature (disordered state) and then
slowly cooled below the order-disorder transition tem-
perature to induce chemical ordering. In contrast, with
MBE it is not necessary to depend upon a kinetically
limited phase transition to occur. In this way, we find
that MBE opens an avenue to the exploration of a new
class of lower temperature chemically ordered alloys.
Returning to the issue of correlations between Kerr fea-
tures and structural characteristics of the film, we note
that there are three film structural characteristics that
might correlate with the 3.2 eV MOKE peak area: hcp
vs fce stacking (structure), chemical order along the film
normal, and uniaxial strain in the film. We plot in Fig.
4 the MOKE peak area as defined above and the hcp
fraction of the film (normalized units). While the hcp
fraction roughly follows the MOKE peak, the correlation
is sufficiently poor to suggest that the peak in the MOKE
spectrum is not the result of improved hcp structural per-
fection. Furthermore, published MOKE spectra of nei-
ther hcp Co nor chemically disordered low Pt content
hep Co-Pt alloys (e.g., CogsPti2 [20]) show any evidence
of the 3.2 eV feature observed for our films. Similarly,
the uniaxial strain represented by the c/a values listed in
Table I does not correlate well with the MOKE peak area
dependence on growth temperature. In contrast, the al-
loy chemical ordering along the sample normal and the
MOKE peak temperature dependence are well correlated.
To explore this correlation, we define the one-dimensional
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chemical order parameter S [21] presented in Table I. Af-
ter normalization, these data are also plotted with the
MOKE peak area in Fig. 4. The correlation between the
MOKE peak area and the alloy chemical order parameter
is compelling. Thus we attribute the strong MOKE fea-
ture at 3.2 eV to the existence of one-dimensional chemi-
cal order. Finally, we note that although this new MOKE
feature is present only in the ordered alloy films, there
remain other significant differences between the MOKE
spectra of the chemically disordered fcc and the chem-
ically disordered predominately hcp films. This is not
unexpected, since if the subtle structural changes accom-
panying chemical ordering can modify MOKE spectra,
then clearly the fcc—hcp phase transition should also in-
troduce significant spectral changes.

Considering magneto-optical effects in the framework
of a total weight of electronic transitions between initial
and final states in the band structure, as introduced by
Erskine and Stern [7], we tentatively attribute the new
spectral feature to the formation of “localized” electronic
states of about 2 eV width, which corresponds to the
width of the observed new peak. Independent verifica-
tion of these states could be made either experimentally,
e.g., with spin-polarized electron spectroscopies or theo-
retically, e.g., with ab initio MOKE calculations, based
on the structural information that we present in Table I.
We expect that similar correlations between MOKE and
chemical ordering will be observable in other materials
as well.

In summary, we have observed a new Co3zPt ordered
compound. The chemical and structural ordering is ac-
companied by substantial electronic structure changes as
detected with magneto-optical spectroscopy. This new
phase is fundamentally different from the as yet unob-
served L1z phase (AuzCu analog) predicted by Sanchez
et al. [12].
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