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The authors have studied the magneto-optical Kerr rotation in more than 200 metallic systems comprising alloys as well as
intermetallic compounds of 3d transition metals. For all these materials the crystal structure, the lattice constants, the room
temperature magnetization and the room temperature Kerr rotation at two different wavelengths are specified. For several
series of ternary compounds, comprising Heusler alloys Ni, In-type compounds and Cr,,C4 type compounds, we determined
the saturation moment at 4.2 K. For a number of representative alloys or compounds a study was also made of the wavelength
dependence of the complex polar Kerr effect. The values of the Kerr rotation obtained at 633 nm were compared with the
corresponding values of the measured magnetization. Systematic trends were observed and have been used to classify metallic
systems into systems where the Kerr rotation will not reach values much in excess of 1° and systems where higher values are

likely to be found.

1. Introduction

The magneto-optical properties of magnetic
materials are of considerable interest since it has
been demonstrated that crystalline [1-3] as well as
amorphous materials [4-7] exist that can be ap-
plied in thermomagnetic recording media. The
stored information can be read by using either the
Faraday- or the Kerr effect. In both cases suffi-
ciently high signal-to-noise ratios can only be ob-
tained in materials in which these effects are rela-
tively large. Although the performance of mag-
neto-optical storage materials based on amorphous
rare earth—transition metal films are quite satisfac-
tory [6,7] there is still a need to find materials that
have a larger Kerr rotation, particularly for such
applications as video recording.

It is clear that, apart from a strong Kerr effect,
the magnetic properties have to meet several other
requirements to make a given material suitable for
use as a magneto-optical recording medium. One
of these requirements is the presence of a positive
uniaxial anisotropy which, in spite of the demag-
+ netization field can keep the magnetization per-
pendicular to the film plane. Further requirements
are a compensation temperature or Curie temper-

ature not too far above room temperature or a
coercive force decreasing rapidly with temper-
ature. In the present study we will disregard all
these requirements and focus our attention exclu-
sively on the Kerr rotation of the various materi-
als. The reason for this is that there is a general
lack of information on the magneto-optical prop-
erties of magnetic metallic systems (although the
magnetic properties are well known). Furthermore,
no simple models seem to exist that relate these
properties to other physical properties, even in the
case of the few materials for which experimental
magneto-optical data are available (see for in-
stance refs. [1-3] and papers cited in these re-
views). In other words, there is no such a thing as
a “rule of thumb” that could be used in the search
for new materials having a large Kerr rotation.
The implication of the latter statement will be
clear. The results of the present study are neces-
sarily a “poor man’s approach” to the problem:
We have prepared all alloys and intermetallics that
are known from the literature to be ferro- or
ferrimagnetic above room temperature and have
measured their Kerr rotation and their room tem-
perature magnetization. In cases were the alloys or
intermetallics form part of a series whose members
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have similar physical properties we have restricted
our measurements to representative members of
such series.

2. Experimental
2.1. Sample preparation

Most of the crystalline samples investigated were
prepared by arc melting in an atmosphere of puri-
fied argon gas. Whenever X-ray diffraction showed
that a sample was not single-phase after arc-melt-
ing, vacuum annealing was applied. For this pur-
pose the sample was wrapped in Ta foil and sealed
into an evacuated quartz tube. The annealing time
and the annealing temperature are different for
each sample and are stated separately in the list of
materials given below. In some cases single-phase
samples could only be obtained by quenching them
in water after vacuum annealing. This is indicated
in the tables by means of the symbol q. Lattice
constants were derived from X-ray diagrams ob-
tained by means of CuK , radiation. For the mag-
neto-optical measurements a flat portion of the
sample was polished with diamond paste.

2.2. Kerr effect measurements

In general, the polar Kerr rotation was mea-
sured at two wavelengths using a HeNe laser
(wavelength A = 633 nm) and a solid-state GaAs
laser (A = 830 nm). The angle of incidence on the
sample was smaller than 0.3° and a maximum
magnetic field of 1280 kA/m (16 kOe) was ap-
plied. The wave-length dependence of the Kerr
rotation @, and of the Kerr ellipticity ¢y was
studied on only a few representative samples, using
a second experimentally set-up with a Xe-arc light
source and a monochromator. Here the mean an-
gle of incidence was smaller than 4.5° and the
maximum magnetic field amounted to 960 kA /m.
Photon energies ranged from 0.6 to 4.4 eV. In both
set-ups a Faraday modulator was used for polari-
zation modulation. During the wavelength depen-
dent measurements samples with a relatively high
magnetization (o > 120 Am?kg ™! were not always
saturated owing to the high demagnetizing fields.
Comparison of the 2¢, values listed for the two

wavelengths in the tables with the corresponding
2@y values shown in the spectra shows that the
error is small and will not affect the discussion of
the Kerr spectra.

2.3. Magnetic measurements

Since it was the purpose of the present investi-
gation to compare the polar Kerr rotation with the
corresponding magnetization we restricted the
magnetic measurements mainly to room tempera-
ture. Saturation moments at 42 K were de-
termined only in relatively few cases. The mag-
netic measurements were performed on a PAR
vibrating sample magnetometer. Magnetic iso-
therms were recorded on powdered polycrystalline
samples with field strengths up to 1440 kA /m (18
kOe). As the magnetization of most of the com-
pounds and alloys investigated became saturated
in fields of a few hundred of kA /m, the value of
the magnetization (o) measured at 1440 kA /m is
therefore well suited for comparison with the cor-
responding values of the Kerr rotation 2¢).

3. Experimental results

The results will be presented in two different
forms. Numerical results for all the materials in-
vestigated have been collected in tables 1-12. As is
customary, we have represented the formula com-
position of intermetallic compounds of the ele-
ments A and B by means of A,B,, where n and m
are small integers. In those cases where the alloy
or compound is a representative within a series of
solid solutions the formula composition is indi-
cated by means of A, _,B,, where 1 — x and x add
up to 100%. In a few cases our method of sample
preparation resulted in an alloy or compound
slightly different from that expected on the basis
of published phase diagram data (see refs. [8-10]).
In order to properly specify the nature of the
samples on which our magneto-optical (2¢ ) and
magnetic measurements (o) were made we have
included in the tables crystal structure and lattice
constants determined from our X-ray diagrams.
The reduced Kerr rotation, defined by means of
the ratio 2 /o is listed in the tables (for A = 633
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nm only). It gives an impression of the extent to
which the Kerr rotation is correlated with the
corresponding magnetization.

Several of the results have also been represented
in graphical form. Here we have restricted our-
selves to cases where the number of ferromagnetic
alloys or compounds in a given binary system is
sufficiently large or extends over a sufficiently
large concentration interval to make plotting of
the concentration dependence of 2@y and o
meaningful.

3.1. Ni-base materials

Compared to the large number of ferromagnetic
alloys or compounds based on Fe or Co the num-
ber of ferromagnetic alloys or compounds based
on Ni or Mn is relatively small. In the case of Ni
this is due to the smallness of the Ni moment. The
Ni 3d band being nearly filled, further band filling
or band broadening resulting from alloying or
compounding leads to a collapse of the 3d mo-
ment. As can be derived from the third column in
table 1, all the materials listed are alloys of the
a-Ni solid solution range in the binary phase
diagrams. The binary Ni compounds in the corre-

Table 1

sponding binary systems are not ferromagnetic
above room temperature. It can be seen from the
results listed in table 1 that alloying of Ni with
non-magnetic elements leads to a decrease of the
Kerr rotation, the only exception being Pt.

The Kerr spectra of several alloys in which Ni
has been combined with s, p metals or with Cu are
compared with the spectrum of Ni in fig. 1. For
practical reasons we have plotted only the energy
dependence of the Kerr rotation 2¢. The energy
dependence of the ellipticity 2¢, is only shown for
the Sn alloy, as an example. It can be seen from
fig. 1 that the main features of the Kerr rotation
spectra in Ni are preserved upon alloying, al-
though there is a substantial reduction of the
intensity of the spectra when Ni is combined with
Al in Sn. There are only subtle shifts in the first
maximum of ¢ (E) at 1.5 eV and the same holds
with respect to the energy (at about 0.9 eV) at
which ¢, (E) shows a sign reversal. On the other
hand, alloying with Al, In and Sn has a marked
influence on the second ¢y (E) maximum near 3
eV. The amplitude of @ associated with the sec-
ond maximum has decreased relatively to that of
the first maximum. The location of this maximum
is seen to shift to lower energies and the same

Crystalchemical, magnetic and magneto-optic data of several Ni alloys. The magnetization (¢) and polar Kerr rotation angle (2¢)

were measured at room temperature in a field of 1280 kA /m

Alloy or Heat Crystal Lattice o 2y (deg) | 10°
compound treatment structure a(A) (Am’kg™") 633 om 830 nm e X 0
Ni as-cast fec (A)) 3.524 S5 -0.26 -0.29 4.7
Nig,Cug 2w 1000 (g) fec (A)) 3.526 45 -0.19 -0.21 4.2

Nig, Alg 2w 1000 (g) fcc (A)) 3542 27 -0.11 -0.13 4.1
Nig,Sig 2w 1000 (g) fec (A) 3519 17 —-0.09 -0.09 5.3
Nig,Gag 2w 1000 (g) fec (A) 3.545 29 -0.14 -0.17 48
Nig,Geg as-cast fec (A)) 3.542 23 -0.07 —0.08 3.0

Nig,Vy as-cast fec (A)) 3.539 1.2 0.00 0.00 -

Nig,Pdg as-cast fec (A)) 3.562 51 —0.21 -0.22 4.1
Nig,Ptg as-cast fcc(A)) 3.564 43 ~0.32 —-0.30 74
Nig,Nbg as-cast fec (A)) 3.564 48 0.00 -0.01 -

Nig,Ta, as-cast fec (Ay) 3.584 1.0 0.00 0.00 -

Nig,Aug 3d 900 (¢) fcc (A) 3.584 38 -0.19 -0.20 5.0
Nig,Sng 3d 900 (@) fec (A ) 3.601 30 -0.06 —-0.07 20
Nig,Ing 3d 900 (g) fec (A)) 3.598 24 -0.07 —-0.08 2.9

Nig,Tig as-cast fec (A)) 3.556 10 ~0.01 —-0.03 1.0

Nig,W, as-cast fec (A)) 3.562 0.6 0.00 0.00 -

Ni,Cryg as-cast fec (A)) 3.530 2.6 -0.02 —-0.01 -




4 K.HJ. Buschow et al. / Magneto-optical properties of metallic ferromagnetic materials

N 08
/ \\ Ni925n3 1006
Joos
002
0
006
004 ‘882
002 -004
0 020
-002
-004 010
-006
- 0
$ 010
5 -010
g 005
X
3 -0.20
~ 0 020
-005
010
-010 o
020 -010
0 020
-
020}t

040520 30 L0 50
Energy(eV)

Fig. 1. Energy dependence of the Kerr rotation (2¢g) in
various Ni-base alloys. For the alloy Nig,Sng the ellipticity
(2€y) is also shown (broken line).

applies to the energy where the second sign rever-
sal of @, occurs (at about 4 eV). No substantial
changes occur upon alloying with Cu. In fig. 2 we
show some results obtained on alloys where Ni is
combined with noble metals. The spectrum of the
Au alloy resembles that of the Cu alloy shown in
fig. 1. In both cases there is only a modest de-
crease in amplitude and almost no shifts of the
energies corresponding to the sign reversal. The
alloys with Pt and Pd show quite an interesting
behaviour. In contrast to the spectra of the alloys
with Al, In and Sn their spectra give rise to a
high-energy sign reversal of ¢ (E) which is shifted
to higher rather than lower energies. This feature is
particularly pronounced in the case of Pt.

For the remainder of Ni alloys investigated we
present only the values of 2¢y at the two different
wavelengths mentioned in section 2.2. These val-

030
{020
{o10
) 0
020 {-010
010 1020
0
-010 7
g -020} lo2
o '0.30h
o Nig,Pds 1010
S, -040f | )
S 0
& o30p
020} /. J-010
0‘10-\ 1-020
° /
pa
-010} N
-020}
-030}
~040 N N . " \ L I
0 10 20 0 0 50

Energy(aV)

Fig. 2. Energy dependence of the Kerr rotation 2pg) in
various Ni-base alloys. For the alloy Nig,Aug the ellipticity
(2ey) is also shown (broken line).

ues, together with the room temperature magneti-
zation and some crystallographic data, are col-
lected in table 1.

3.2. Co-base materials

The results obtained for Ga—Co alloys can be
regarded as examples of the changes in magneto-
optical properties of Co when this latter element is
combined with an s, p metal. The various spectra
measured in this system are shown in fig. 3. Alloy-
ing is seen to lead to a reduction in amplitude.
Apart from this effect one may notice that increas-
ing Ga concentration leads to a shift of the low-
energy peak to higher energies while the high-en-
ergy peak shifts in the opposite direction, resulting
eventually in a coalescence of both peaks. A some-
what different behaviour is observed when Co is
combined with early transition metals such as Ti,
Zr, Hf or Nb. Results for several Hf-Co com-
pounds are shown in fig. 4. It is seen that the
low-energy peak does not shift. Only the high
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Fig. 3. Energy dependence of the Kerr rotation (2¢g) in
several Ga,_,Co, alloys and compounds. For x = 0.58 the
ellipticity (2¢g ) is also shown (broken line).

energy peak shifts to lower energies. In these cases,
too, alloying leads to a reduction in the Kerr
amplitude, to a larger extent for the high-energy
peak than for the low-energy peak. The behaviour
is different when Co is alloyed with a non-mag-
netic late transition metal. Results for Pd—Co al-
loys are shown in fig. 5. There is almost no reduc-
tion in Kerr amplitude while the second peak has
now increased in intensity relative to the first
peak. Results for Pt—Co alloys are shown in fig. 6.
In these alloys too the relative contribution of the
second peak increases, as it does in the Pd-Co
system. Comparison of the results shown in fig. 5
with the structural data listed in table 2 for Pt—Co
makes it clear that structural changes have little
effect on the Kerr spectra. The same findings were
obtained from a detailed study of Co,;Pt,. As-cast
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Fig. 4. Energy dependence of the Kerr rotation (2¢) in
several Hf-Co compounds. The ellipticity (2¢y ) is also shown
(broken line).

alloys did not give rise to spectra different from
those of alloys annealed at low temperatures
(100-500°C). Table 2 contains also the results.
obtained on various other Co-base materials not
yet mentioned in this section.

3.3. Fe-base materials

Typical examples of Kerr spectra pertaining to
compounds in which Fe is combined with an s, p
element are shown in fig. 7. The changes are seen
to affect primarily the high-energy side of the
spectra while the location of the low-energy maxi-
mum of ¢y is more or less preserved in the Fe-rich
concentration range. A similar behaviour was also
observed in the series Fe~Al and Fe-Ga. Results

~ for alloys in which Fe is combined with Pd or Pt
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are shown in fig. 8. Here one notices again that
there is a substantial increase in the relative inten-
sity of the second peak. Data for other Fe-base
systems have been collected in table 3.

3.4. Mn-base materials

Compared to the Fe- and Co-base materials
alloying of Mn with other metals does not lead to
many ferromagnetic alloys or compounds. The
reason is different from the on that applies in the
Ni systems. With Mn alloys or compounds it is not
the size of the moment that becomes strongly
reduced upon alloying but rather the tendency of
the Mn moments to couple antiferromagnetically.
Results obtained on Mn compounds having a suf-
ficiently strong magnetization at room tempera-
ture are listed in table 4. The Kerr spectrum
obtained for Mn,Ga,, is shown in fig. 9. Spectra
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of two Mn-Sb compounds are shown in fig. 10.
Since Mn is not magnetic, a comparison with the
unalloyed parent material cannot be made. The
examples shown in figs. 9 and 10 serve to illustrate
that with Mn-base materials a large variety of
different types of spectra is observed, comprising
energy dependencies of ¢, which increase with E
(Fig. 9) from negative ¢ to positive @, decrease
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Fig. 9. Kerr spectrum of MnsGa . Full line: Kerr rotation
(29 ); broken line: ellipticity.
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Fig."10. Kerr spectra of the compounds MnSb and Mn 2Sb.
Full line: Kerr rotation (2¢y ); broken line: ellipticity.

with E from positive @y to negative ¢y (fig. 10
bottom part), or do not give rise to a sign reversal
with increasing E (upper part of fig. 10). Data for
other Mn-base materials are given in table 4.

3.5. Ternary and pseudo-binary compounds

There exists a rather large group of inter-
metallic compounds in which a given 3d metal is
compounded with two other metals. These com-
prise pseudo-binary compounds like Zr(Fe,_,
Al,), or Gd(Fe,_, Al, ), where one of the compo-
nents is replaced by another without giving rise to
an a new type of crystal structure. This group also
comprises true ternaries like those in the low-tem-
perature phase of MnAlGe where the atoms of the
components reside on non-equivalent crystallo-
graphic sites [11]. Results for the low-temperature
MnAlGe phase are shown in fig. 11. A large
variety of different pseudo-binary and ternary
compounds can be seen in table 5. Note that the
magnetization of the compounds Al,Mn,T, (T =
Fe, Co, Ni, Cu) has substantial room temperature
values even though the Kerr amplitude observed in
these compounds is extremely small at the two
wavelengths considered. (In fact the Kerr effect
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Table 4
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Crystalchemical magnetic and magneto-optic data of several Mn compounds. The magnetization (o) and the polar Kerr rotation angle
were measured at room temperature in a field of 1280 kA /m

Alloy or Heat Crystal Lattice constants [ 29 (deg) 2] 3
compound treatment structure A) (Am* kg™ 1) 633 nm 830 om % = 10
Mn,Ga,, 600(q) cub a =3593 60 0.00 -0.01 0.0
Mn,Ga 3 w560 fet (L1g) a=2.754; c=3.590 > 36 +0.02 +0.02 0.6
Mn,,Ga,;  75h700(Q)  hep(As) a=2707; c= 4333 5.4 0.00 0.00 -
Mn, Y, 15 d 850 cub (D8a) a=12.445 33 0.00 0.00 0.0
Mn,,Gd, 15 d 850 ,» (D8a) a=12515 45 0.00 0.00 0.0
Mn,In 20d 500 cub (D8,) a = 9400 0.7 0.00 0.00 -
MnNi, 3w37s cub (L1,) a=3.593 27 0.00 0.0
MnV 3 w600 fce a = 5.808 0.1 0.00 +0.01 -
Mn,Sn 3 w600 hex (B8) a=4.404; c = 5529 4.0 0.00 0.00
MnNiss 6w 600 tetr L1, - 03 +0.01 +0.01 -
MnNi 7w 800 (q) tetr L1, a=3.723; ¢c=3.520 0.3 +0.01 +0.01 -
MnPt
MnPt, as-cast cub a = 3.900 1.9
MnPt, as-cast cub(L1;) a = 3.900 14.9 0.00 0.00 0.0
MnGe, 4w 460 - - 5 -0.01 +0.01 -
MnSb 1 w 600 hex (B8) a=4.120; ¢ =5.790 99 -0.58 —-0.54 5.9
Mn,Sb 1 w600 tetr (C38) a=4.062; c=6.534 29 —0.08 -0.02 2.8
appeared to be very low in the whole spectral
region considered here.)

A special group of ternary consists of the so- 002 | CuzMn Al
called Heusler alloys. Experimental data of the 0 p====mr" —
cubic L2, type compounds have been collected in -002 =L
tables 6-9. The Kerr spectra of these compounds : ' —
show a wide variety in shape and Kerr amplitude 004 CuaMn In
[12]. In the case of Co,YSn (Y =Ti, Zr, Hf) we 002

were able to interpret the energy dependence of
@y in terms of charge transfer spectra [13]. For the
majority of the many spectra recorded we are not
yet able to give a meaningful interpretation. Three
spectra of Heusler alloys of the type Cu,MnZ

s}
. -005
Iy
$ -010
g st
‘g -020 f Mn Al Ge
-025 20 70 50
Energy(eV)

Fig.

11. Kerr spectra of MnAlGe after vacuum annealing.

2y, (degrees)

-002
-004
-006

004

0
-004 |

-008 | y
'I
02t CuzMn Sn
-0 520 30 40 50
EnergyleV)

Fig. 12. Kerr spectra of several Heusler compounds of the type
Cu,MnX. Full line: Kerr rotation (2¢ ); broken line: elliptic-
ity.
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Table 6

Lattice constant (a), Curie temperature (7), saturation moment at 4.2 K (u,) saturation magnetization at 300 K (o) and Kerr
rotation (2@ ) measured in various Heusler alloys. The values of T of Co,MnAl, Co,VAIl and Co,HfAl were taken from literature:
(a) ref. [14]; (b) ref. [15)

Compound Heat a T B 4 29y (deg) Aol x 103

treatment A) (K) (pp/FU) (Am? Y

kg™ 633 nm 830 nm

Mn,VAl 30 d 800 5.897 - 1.82 50 +0.02 +0.01 0.4
Fe,NiAl 30 d 600 5.758 - 425 117 —-0.50 —-0.61 43
Fe, MnAl 12 d 900 5.816 - 1.58 52 —0.25 -0.28 48
Fe,CrAl 11 d 800 5.805 246 1.67 - -0.22 -0.24 -
Fe,VAl 11 d 800 5.761 - Xg=1.8x107% emu/g - - -
Fe,TiAl 14 d 900 5.879 123 0.11 - - - -
Fe, MoAl as cast 5.918 - 0.36 - - - -
Co, FeAl 10 d 800 5.730 - 4.96 138 —-0.74 -0.84 5.4
Co,MnAl as-cast 5.749 693 (2 4.04 104 —0.09 —-0.08 0.9
Co,CrAl as-cast 5.727 334 1.55 17 —0.02 -0.02 1.2
Co,VAl as-cast 5.772 310 » 1.95 27 -0.03 -0.03 1.1
Co,TiAl 14 d 800 5.847 134 0.74 - - - -
Co,NbAl 10 d 900 5.935 383 1.35 22 -0.01 —-0.01 0.5
Co,ZrAl 3 d 1050 6.078 178 0.79 - - - -
Co,TaAl 10 d 900 5.930 260 1.50 - - - -
Co, HfAl 3d 1000 6.045 193 ® 0.82 - - - -
Ni,MnAl 8d 900 5.824 Ty =30 - - - ~ -
Ni,CrAl sp-c 5.737 140 0.13 - -0.02 -0.02 -
Cu,MnAl 10 d 800 5.968 603 3.60 86 - - -
Table 7

Lattice constants (@), Curie temperatures (T,), saturation moments at 4.2 K (p,), saturation magnetization at 300 K (o) and Kerr
rotation (2 ) observed in various Heusler alloys of the type X,YGa. For T some literature values are included: (a) ref. [14]; (b) ref.
[15]); (c) ref. [16]

Compound Heat a T, g o 2y (deg) 2okl %102
treatment  (A) (K) (up/F.U)  (Am’kg™") _— ]
633 nm 830 nm

Mn,VGa as-cast 6.095 - 1.66 443 0.00 0.00 0.0
Fe,NiGa 2w 800 5.780 - 3.21 55.0 -0.31 -0.30 5.6
Fe,CoGa 10 d 800 5.767 - 5.09 120.9 -0.83 -0.95 6.9
Fe,CrGa 11 d 800 5.824 - 2.60 425 -0.36 -0.41 8.5
Fe,VGa 11 d 800 5.782 Xg=3X 10-% emu/g - -

Co,FeGa 10 d 800 5.737 - 5.13 116.8 -0.82 -0.98 7.0
Co,MnGa 10 d 800 5.767 694 () 4.05 87.5 -0.28 —0.31 32
Co,CrGa 30d 800 5.805 - 2.36 49.3 0.00 0.00 0.0
Co,VGa 30 d 800 5.779 352 1.92 332 —0.04 -0.03 1.2
Co,NbGa 14 4 800 5.950 - 1.39 209 -0.02 -0.02 1.0
Co,TiGa as-cast 5.850 130 ® 0.75(® - - -

Co,HfGa as-cast 6.032(® 186 (® 0.60 - -

Ni,MnGa 8 d 900 5.835 379 4.07 69.7 0.00 0.00 0.0
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Table 8

15

Crystalchemical, magnetic and magneto-optical data of Heusler (L2,-type) compounds based on Sn. The saturation magnetization per
formula unit (p,) was derived from magnetization measurements at 4.2 K in a field of 1440 kA /m. The magnetization (o) and the
polar Kerr rotation angle (2¢g ) were obtained at room temperature in a field of 1280 kA /m. (a) Ref. [14]

Compound Heat a T B o 29k (deg) 2okl %10°
treatment A) (X) (pg/FU) (Am?kg™") 633 nm 330 nen o
Fe,VSn 50 d 600 5.959 200 1.32 8 ~0.05 0.07 0.1
Co,TiSn 30 d 800 6.076 37 1.96 358 0.00 +0.01 0.0
Co,ZrSn 20 h 900 6.242 448 1.46 - +0.18 -0.04 -
Co, HfSn 11 d 800 6.227 394 () 1.57 19.8 +0.31 0.00 15.7
Co,VSn 14 d 800 5.960 95 1.21 +0.02 +0.01 -
Co,NbSn 60 d 600 6.142 105 0.69 - -
Co,MnSn 10 d 800 5.984 829 () 479 87.3 —-0.06 -0.11 0.7
Ni,MnSn 30 d 800 6.048 345 401 48 +0.01 +0.02 0.0
Cu,MnSn 20 d 640 6.168 530 3.97 60.8 -0.12 -0.14 2.0

(Z = Al, In, Sn) are compared in fig. 12. It can be
seen that these three spectra have a similar shape
although the Kerr amplitude increases strongly in
going from Al to Sn. In these cases it is also
possible that the spectra have to be analysed in
terms of charge transfer transitions between the
exchange splitted 3d states of Mn and the p states

Table 9

of Z = Al, In or Sn. Indications in support of this
interpretation are obtained from the spin—orbit
splitting constant of the Z component, which is
very small for Al and equal to 2.4 X 10~? and
3.8% 1073 cm™! in he case of In and Sn, respec-
tively [18]. In the case of charge transfer transi-
tions one would expect the intensity of the mag-

Crystal chemical, magnetic and magneto-optical properties of several Heusler (L2,-type) compounds based on Si, Ge and Pb. The
saturation moment per formula unit (g,) was obtained from magnetic measurements at 4.2 K in a field of 18 kOe. The values of the
magnetization (¢) and the polar Kerr rotation angle (2@ ) were obtained at room temperature in a field of 1280 kA /m

Compound Heat a T, B 4 29k (deg) 2okl % 103
treatment (;\) (K) (pp/FU) (Am*kg™ 1) _— 4
633 nm 830 nm

Co, FeSi 20 d 600 5.647 980 () 5.18 139.8 —-0.67 —0.68 438
Fe,VSi 11 d 800 5.675 X=2.5%10"% g/emu - - - -
Co,TiSi 12 d 900 5.743 3750 1.65 373 0.00 —-0.05 0.0
Fe, MnSi 10 d 800 5.671 - 2.33 - —-0.05 -0.04 -
Co,MnSi 30 d 800 5.645 985 (© 4.90 138.4 0.00 —-0.06 0.0
Co,FeGe 20 d 600 5.738 - 5.54 1242 —-0.87 -1.03 7.0
Co,MnGe 10 d 800 5.749 905 (© 493 108.8 —-0.03 —-0.08 0.3
Co,TiGe 5.807 386 (®) 1.59 26.6 +0.01 —-0.01 0.4
Fe,CoGe 14 d 800 5.775 - 1182 ~0.71 -0.79 6.0
Ni,MnlIn 204600  6.075 323 4.34 40.3 0.00 0.00 0.0
Cu,Mnin 20d520  6.206 500 () 3.95 64.1 -0.05 -0.03 0.8
Co,Feln 30 d 400 5.716 - - - -0.88 -117 -
Rh,MnSn 24d 800 6232 410(® 34@ 41 +0.01 +0.02 0.2
Rh,MnGe as-cast 6.044 - - 27 0.00 +0.01 0.0
Rh,MnPb  as-cast 6.271 335(d 2.9 35 0.00 0.00 0.0
Ru,FeSn 24 d 800 6.202 - - 33 -0.14 ~0.08 42

(@) Ref. [14); ™ ref, [15]; ) ref. [16]; D ref. [17).
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neto-optical transition to follow the same trend.
Record values of the Kerr intensity were ob-
served in the compound PtMnSb [19]. As shown in
more detail elsewhere, the Kerr spectrum of this
compound has a strong intensity near 1.7 eV (720
nm) in excess of 2@, =2.5° The compound
PtMnSb has the cubic Cl, structure which is
strongly related to the 1.2, structure. In table 10
we present the results of several compounds which,
in one way or the other, bear a resemblance to
PtMnSb. It can be derived from these data that
the strong Kerr intensity in PtMnSb is reduced
considerably when Pt is replaced by Pd, Rh, Co or
Ni, and also when Sb is replaced by Sn, even
though the crystal structure remains the same.
Another type of ternary compound is that of
the hexagonal Ni,In structure. As an example fig.
13 shows the Kerr spectrum of FeCoSn. This
spectrum has basically the same features as those
of the parent metals Fe and Co, and the same is
true of many other members of this group. Results
for compounds in which this structure type was
observed are listed in table 11. A more detailed
account of the magnetic and magneto-optical
properties of these ternaries has been given
elsewhere [20]. Finally, we have listed in table 12
experimental data for the cubic ternary com-
pounds of the Cr,,;C, type. It can be inferred from
these results that the members of this series show a

rather uniform behaviour, except for the two Fe-

Table 11

050 \ FeCo Sn
\
\
\
- N
[ N\
¢ AN
o
g—DSCl \\\ ,f"
2 1 NL =T
& N T
100
1504
200]
-2
S 1 15 2 25 3 35 4 45 5

Energy {eV)

Fig. 13. Kerr spectrum of the Ni,In type compound FeCoSn.
Full line: Kerr rotation (2 ); broken line: ellipticity.

base compounds at the bottom of the table which
have relatively large 2 @, values at the two wave-
lengths considered.

4. Discussion

In order to correlate the Kerr spectra with
transition matrix elements it would be necessary to
combine the results for the Kerr rotation and
ellipticity with results for the complex dielectric
constant. After computation of the off-diagonal
elements of the dielectric tensor one is then able to

Crystalchemical, magnetic and magneto-optical data of several hexagonal Ni,In-type compounds. The values of the saturation
magnetization (,) were obtained at 4.2 K in a field of 1440 kA /m. The values of the magnetization (o) and the polar Kerr rotation
angle (2 ) were obtained at room temperature in a field of 1280 kA/m

Compound Heat Lattice constants  pg o 2@k (deg) Qox)/(0)
treatment ————————  (#p/FU) (Am? —_— x 103
‘ a(A) c(A) kg™!) 633nm  830nm
PtMnAl 6 d 800 4.336 5.501 Xg =1.7X 107% emu/g - ~ - -
PtMnGa 6d 800 4.336 5.590 3.15 - -~ - -
FeNiln 21 d 600 4377 5.313 2.20 233 -0.25 —-0.24 10.7
FeMnlIn as-cast 4.302 5.356 3.40 —0.09 -0.11
FeNiGe 10 d 800 4.039 5.103 0.70 11 —0.08 —-0.08 7.3
FeCoGe 14 d 800 4,002 5.035 2.50 432 —0.30 -0.30 6.9
FeMnGe 10 d 800 4,112 5.242 1.65 9.3 -0.02 —-0.03 22
CoNiSn as-cast 4.120 5.208 0.70 - -0.07 -0.07 -
FeNiSn 30d 700 4,134 5.190 1.37 28.7 -0.12 -0.14 4.2
FeCoSn 10 d 800 4.175 5.278 207 346 -0.20 -0.23 58
MnCoSn 10 d 800 4.280 5.394 221 27.0 -0.03 -0.03 1.1
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Table 12

Crystalchemical, magnetic and magneto-optical data of several cubic Cr,,Cs-type compounds. The saturation moment (pt;) was
derived from magnetic measurements at 4.2 K in a field of 1440 kA /m. The values of the magnetization (¢) and the polar Kerr
rotation angle (29 ) refer to room temperature and an external field of 1280 kA /m

Compound Heat a T, ™ o 2¢y (deg) Qeok/ (o)
treatment (A) (K) (pp/Co) (Am?kg™ 1) 33nm 830 am x 10°

Co,pAlLB, 30 d 800°C 10.513 409 0.57 395 -0.25 -0.27 6.3
Co,,Ga; B, 30 d 800°C 10.502 - 1.15 40.3 -0.31 -0.29 7.7
Co,,5n,B; 18 d 800°C 10.604 - 0.50 50.5 —0.39 —-0.39 7.7
Co,,Ge, B, 18 d 800°C 10.501 467 0.47 33.8 ~0.22 -0.25 6.5
Co,,V, B¢ 18 d 800°C 10.486 - 0.80 574 -0.34 -0.29 5.9
Co, Nb, B 18 d 800°C 10.546 491 0.79 50.1 -0.30 -0.32 6.0
Co,,Cr, B¢ as-cast 10.472 - 0.84 63.6 -0.37 —0.38 5.8
Co, Mo, B, 20 d 800°C 10.498 545 0.76 53.7 -0.31 -0.32 5.8
Co,W, By 18 d 800°C 10.498 538 0.81 52.6 -0.38 -0.33 7.2
Co,,Ti; B¢ 18 d 800°C 10.549 478 0.68 46.2 -0.22 -0.21 4.8
Co,,Zr, B, 18 d 800°C 10.607 - 0.86 62.5 -0.41 ~0.43 6.6
Co, Hf, B¢ 18 d 800°C 10.617 - 0.93 56.8 —-0.40 -0.42 7.0
Co, U, B¢ 20 d 800°C 10.659 - 0.78 44.7 - - -
Co,Ta, B as-cast 10.540 - 0.96 54.6 -0.34 —-043 6.2
Co,0lIn;Bg 11d 800°C 10.604 - 0.60 - -0.27 -0.32 -

Fe, Mo,C, 18 d 800°C 10.546 492 1.53 98.2 —0.38 —-0.42 39
Fe, W,C¢ 18 d 800°C 10.533 1006 1.42 974 -0.69 -0.74 7.1
Fe,,C4B; as-cast 10.627 742 1.98 178.5 -0.75 —-0.86 42

band transitions. Since results of measurements of
the wavenumber dependence of the complex di-
electric constant are in general not available, the
interpretation of the spectra given below has to be
regarded as tentative.

Erskine and Stern [21] showed that the two ¢y
maxima occurring in the Kerr spectrum of Ni near
1.5 and 3.2 eV are due to d—p transitions involving
the d electrons at the top of the majority spin band
and at the bottom of the minority spin band,
respectively. The results shown in fig. 1 for the Ni
alloys indicate that the transition at 3.2 eV be-
comes reduced in relative intensity and shifts to
lower energies when Ni is alloyed with s, p ele-
ments like Al, Sn and In. A possible explanation is
that the hybridization between p electrons and 3d
electrons affects primarily the states at the bottom
of the 3d band. It was mentioned in section 3.1
that a different behaviour is observed when Ni is
alloyed with Pd and Pt. The smearing-out of the
second transition towards higher energies may be
due to a change of the 3d band shape near the
bottom of the band, but it can equally well be the
result of transitions involving the 4d or 5d electron

bands which have become spin-polarized by the Ni
moments. In that case it would be understandable
that the shift to higher energy is larger with Pt,
because the Pt d levels are expected to have a
lower energy than those of Pd, Pt being the more
noble material.

According to Erskine and Stern [21] the Kerr
spectra of Ni and Co are similar enough to associ-
ate the same type of transition with the two ¢y
maxima observed at 1.4 and 3.9 eV in the latter
metal. Pushing this similarity a little further, the
Kerr spectra shown for Co-base materials in figs.
3-6 can be interpreted in the same way as for the
Ni-base alloys: the shift of the second peak and its
reduction in intensity upon alloying with s, p
metals may again be due to a strong hybridization
at the bottom of the 3d band. The results shown
for Co-Pd and Co-Pt alloys in figs. 5 and 6
indicate that the transition near 3.2 eV becomes
enhanced in intensity relative to the transition at
lower energies. This enhancement increases with
increasing Pd or Pt concentration. Note that the
intensity of the second maximum in Co,,;sPt s
has become twice as strong as the first maximum.
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These results strongly suggest that the additional
intensity in the 4 eV region is associated with
transitions from the 4d or 5d band. Moreover, the
second maximum occurs at higher energy in the Pt
alloys than in the Pd alloys. We have already
discussed this feature when dealing with alloys of
Pd and Pt with Ni. It is easy to show that the 4d or
5d bands have become spin-polarized by the Co
moments. For instance in fcc PtCo we observed a
saturation moment at 4.2 K equal to 2.05u5 per
formula unit. This is appreciably higher than the
1.7u g observed for the moment per Co atom in Co
metal. Evidently the Pt atoms contribute a mo-
ment equal to 0.35u,/Pt. The relatively strong
contribution of the transitions involving 4d or 5d
electrons, in spite of the moment being lower than
the 3d moment, is very likely a result of the larger
spin—orbit splitting associated with the 4d and 5d
electrons. This would also explain why the en-
hancement is larger in Co-Pt alloys (where the
Kerr rotation near 4 eV considerably exceeds that
of pure Co) than in Co-Pd alloys because the
spin—orbit splitting in Pt is much higher than in
Pd [22]. Accordingly, the high energy peak in
Nig, Pty is also enhanced and is larger than in the
Ni-Pd alloy.

For the Fe-base materials this type of interpre-
tation is less easily made because the second tran-
sition in the Kerr spectra is less sharp and also
involves energies outside the range considered in
this investigation. From the general behaviour of
the spectra it would seem, however, that the trends
are the same as in Ni- and Co-base materials. The
variety of different spectra of Mn-base materials
on the other hand suggests that the situation here
is much more complex.

Inspection of the spectra of the materials based
on Ni, Co or Fe shows that the position of the first
¢k maximum is relatively stable, except for alloys
in which the concentration of the non-magnetic
component is relatively high. This first ¢, maxi-
mum is associated with transitions from the top of
the majority 3d band and its intensity is a measure
of the strength of the 3d band splitting. This
feature can be used to investigate whether one may

.expect a correlation between the 3d moment size
(or the magnetization) and the Kerr rotation mea-
sured in this energy range. For Co-base materials

we have compared the concentration dependence
of 2y, measured at A = 633 nm (2 eV) with the
corresponding magnetization ¢ in figs. 14-17. The
broken line in these plots represents the reduced
Kerr rotation defined”as the ratio 2¢ /o.

A relationship between ¢y and o exists in all
systems, though in most cases the Kerr rotation is
not proportional to the magnetization. Here the
effective Kerr rotation increases significantly with
decreasing Co content. In the Pt,_,Co, and
Ir, _,Co, system we ascribe this effect mainly to
the increasing participation of the 5d electrons
with their large spin-orbit coupling. In the other
systems the reason for the increase of the reduced
Kerr rotation is still unclear, although it might be
associated with the observation that it occurs pre-
dominantly at concentrations where the room tem-
perature magnetization has a tendency to vanish.
This may, for instance, indicate a correlation be-
tween the Kerr effect and a possible change from
strong ferromagnetism (only one spin band par-
tially depleted) to weak ferromagnetism (both spin
bands partially depleted) preceding the magnetic
collapse.

Similar plots as described above for the Co-base
materials have also been made for Fe-base materi-
als. These plots are displayed in figs. 18-20. Using
the same arguments as in the case of Co-base
materials one may again speak of a reasonably
strong correlation between 2¢ and o. The strong
increase with decreasing x of the reduced Kerr
rotation 2¢y /o in Pt,_ Fe, is again ascribed to

1.0
]
200+ G<J1-)(C°x\\ o8
\
CI \ -
2 g
£ =
~ 100F g:
I
04

Fig. 14. Concentration dependence of the Kerr rotation (2¢;
open circles) and the room temperature magnetization (o; full
circles) in Ga, _,Co,. The reduced Kerr rotation (arb. scale) is
indicated by the broken line.
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Fig. 15. Concentration dependence of the Kerr rotation at
A =633 nm (2¢g; open circles) and the room temperature
magnetization (o; full circles) in Cr,_,Co, and Mo, _ Co,.
The concentration dependence of the reduced Kerr rotation is
indicated by broken lines.
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Fig. 16. Concentration dependence of the Kerr rotation at
A =633 nm (2py; open circles) and the room temperature
magnetization ( o; full circles) in Pd, _ Co, and Rh,_,Co,. The
concentration dependence of the reduced Kerr rotation is indi-
cated by broken lines (in arbitrary units).
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Fig. 17. Concentration dependence of the Kerr rotation at
A =633 nm (2¢,; open circles) and the room temperature
magnetization (o; full circles) in Pt, _,Co, and Ir, _ ,Co,. The
concentration dependence of the reduced Kerr rotation is indi-

cated by broken lines (in arbitrary units).
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Fig. 18. Concentration dependence of the Kerr rotation at
A =633 nm (2¢g; open circles) and the room temperature
magnetization (o; full circles) in Al, _, Fe, and Ga,_Fe,.
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compare these values with the various possible
the increasing effect of the 5d electrons of Pt on
the magneto-optical spectra. It was already pointed
out in section 3.1 that the concentration depen-
dence of 2¢ and o is less easily studied in the
Ni-base materials owing to the absence of mag-
netic Ni compounds. Note that here too there is a
relatively large effective Kerr rotation in the case
of X =Pt

Summarizing the results of this investigation,
we can say that we did not find experimental
evidence for the often intuitively adopted assump-
tion that the Kerr rotation in magnetic metal
systems is proportional to the magnetization. This
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Fig. 19. Concentration dependence of the Kerr rotation at
A =633 nm (2¢y; open circles) and the room temperature
magnetization (o; full circles) in Si-Fe, Ge-Fe and Sn-Fe
alloys and compounds. The broken line represents the con-
centration dependence of 2@ /o (in arbitrary units).
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Fig. 20. Concentration dependence of the Kerr rotation at
A =633 nm (2¢g; open circles) and the room temperature
magnetization (o; full circles) in Pt, _ Fe, and Pd,__Fe,. The
broken line represents the concentration dependence of 2y /@
(in arbitrary units).

holds for Mn-base materials in particular, but it
also holds for a large number of the materials
based on the remainder of magnetic 3d metals.
Only when the Fe or Co concentrations are fairly
high can one speak of an approximately linear
relationship between the Kerr rotation and the
corresponding magnetization. In this high con-
centration limit the magnetization can serve as a
guide in efforts to find multicomponent metal
systems, not considered in this study, that have
sufficiently high 2¢ values. Speaking again of Fe-
and Co-base materials, the concentration regions
(lower than 70at% 3d metal) where severe devia-
tions (in a positive sense) from the ratio 2¢y /o
occur, are unfortunately not interesting from the
viewpoint of practical magneto-optical appli-
cations since here the 2¢ values are small com-
pared to those in the parent 3d metals, the only
exception being Pt alloys. From the systematic
behaviour found in Co- and Fe-base materials it
may also be predicted that at practical wave-
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lengths (He-Ne laser or GaAs laser) the Kerr
rotation 2¢ will be restricted to the range 29y <
1° in metallic systems where the magnetic proper-
ties are determined by Fe or Co. Furthermore the
Kerr rotations in Ni-base metallic systems are too
small for magneto-optical applications.

In, Mn-base materials we did not even find a
correlation between the Kerr rotation and the
magnetization. However, it is this very class of
materials that comprises the compounds PtMnSb
and MnBi which have recorded Kerr effect values
[19,23,24]. In the further search for better mag-
neto-optical metal systems, those based on Mn
seem the most promising ones.
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