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FIG. 4. Oscillograms showing (a)
the incident pulse and (b) the detection-limited
compressed
pulse. The dye concentration was
5 X 10- 4 M/I of BPBD in ethanol. The horizontal scale for (a)
is 2 ns/div, and for (b) is 500 psi
div.

(b)

short pulses are expected from an improved version of the
above laser at XeCl, KrF, and XeF wavelengths at a repetition rate up to 200 Hz.
Similar results obtained in other rare-gas halide excimer lasers like KrF and XeF and the details of theoretical
and experimental investigation carried out will be presented
elsewhere. 12
In conclusion, we have obtained for the first time reliable short pulses from a XeCllaser using saturable absorber
dyes. Although the pulse energy produced by the scheme
was small when compared to the input energy, the output
power remained fairly high because of the pulse shortening.

This was found to be reproducible for single shot and repetition rate operation. This technique overcomes the problems
of mode-locking excimer lasers, and also offers the unique
feature of generating various pulse shapes and pulse durations.
The author wishes to acknowledge his gratitude to Dr.
R. E. Center, and Dr. J. J. Ewing for the encouragement for
this work and S. E. Moody for a critical reading of the manuscript. This work was supported by the independent research
and development program of Mathematical Sciences Northwest, Incorporated.
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Optical and magneto-optical studies MnSb films substituted with 20 at. % of cobalt have been
carried out. The results suggest the possibility of these being considered as potential candidates for
magneto-optic storage.
PACS numbers: 85.70.Sq, 85.70.Kh, 78.20.Ls, 75.70.Dp
Ever since thermomagnetic recording was demonstrated on thin films ofMnBi, 1 tremendous interest has been generated on the magneto-optical properties of magnetic materials, especially NiAs-type intermetallic compounds. In
order that the materials are suitable for use as magneto-optic
file, it must have among others, the following characteristics: (a) large magneto-optic rotation for read-out, (b) high
optical absorption coefficient for the thermomagnetic writ"I
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ing process, (c) Curie temperature small enough to avoid
large temperature excursions, and (d) small domain size for
higher storage density. In keeping with these guidelines, the
first material to be proposed was MnBi. 2 Although its specific Faraday rotation and optical absorption coefficient are
high, the Curie temperature of about 725 K is quite large for
it to be considered as the best magneto-optic file element.
Also, another major limitation of MnBi films is the presence
of first-order magnetic phase transition near the Curie temperature. Another material that was suggested was MnSb.'
While films ofMnSb do not exhibit any instabilities associ at-
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FIG. I. TED pattern of Mn08 COO 2 Sb film indicating polycrystallinity.

ed with first-order magnetic phase transition, its Curie temperature of 580 K is still quite high. In an attempt to lower
the Curie temperature of MnSb films, the authors have earlier successfully prepared films of MnSb substituted with
copper4 and tin 5 and studied their magneto-optical properties. The present letter deals with the effect of substituting
the octahedral interstitial sites ofMnSb with cobalt. The film
preparation, its characterization, the results of optical, magneto-optical and Curie temperature measurements are discussed. These are later examined for evaluating them for
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beam addressable magnetic memory devices.
Films of MOo.s COO.2 Sb were prepared by flash evaporation on the lines adopted by Hashimot0 6 for MnSb. The powder samples of this compound were earlier prepared by subjecting the stoichiometric mixture to a series of heat
treatments in induction furnace. A vibrating spatula was
used to drop the powder sample onto a tungsten filament
maintained at a temperature of 1300 "c. The substrates were
well-cleaned cover glass slips maintained at room temperature during deposition. Transmission election diffraction
(TED) of the films shown in Fig. 1 points at the formation of
stoichiometric films and the results of x-ray diffraction on
thick films also support this. The composition of the films
was also independently confirmed by electron microprobe
analysis, and the deviation from bulk composition was well
within the experimental errors involved, and there was reasonable uniformity in composition throughout the area
scanned.
The polar Faraday rotation F and optical absorption
coefficient a of MOo.8 CO O.2 Sb films were measured at room
temperature and Fig. 2 shows the wavelength dispersion of
these parameters. A broad peak centered at about 5500 A
marks the Faraday rotation curve while the optical absorption spectrum exhibits no noticeable feature. The polar hysteresis curve shown in Fig. 3 gave a low value of coercive
field and remanent rotation confirming that the magnetization direction is in the film plane. The variation of specific
saturation Faraday rotation with temperature gave a value
of 445 K as Curie temperature which is in agreement with
the corresponding value for the bulk sample.
The film neither deteriorated with time nor did the
post-deposition annealing help in significantly improving
Faraday rotation. Also, no significant change in Faraday
rotation was noticeable even after a few weeks of exposure to
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FIG. 2. F and a vs A. for M"o. COO. 2 Sb film.
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FIG. 3. Polar hysteresis loop of M"os COO. 2 Sb film.
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TABLE I. Magneto-optic memory materials.

Saturation
Faraday
rotation

Figure
of
merit

Material

T,
(K)

Absorption
coefficient
a(IO' cm- I )

(2F/a)
F(IO'deg/cm) (deg)
Ref.

Mn,Ge]
CrTe
Fe,Si,
MnSb
Mno8 Coo2 Sb

310
334
390
583
445

3.5
2
3.7
8.2
7.5

1.4
0.5
0.5
2.8
1.8

0.8
0.5
0.3
0.7
0.5

7
8
9
3
Present
work

highly humid atmosphere, after deposition.
In conclusion, the films of Mn08 Coo 2 Sb could be
formed by flash evaporation. Structure studies point to the
formation of stoichiometric films. The efficient use of a laser
for thermomagnetic writing requires that the materials have
a large absorption coefficient at the laser wavelength. When
one laser is used for both reading and writing, the wavelength of the beam must be properly chosen to reach a compromise for the magnitudes of the material properties. It is
commonly accepted that a value of approximately 1°for (2F /
a) would be adequate for read-out. This calls for a value of
5
5
a;;' 10 cm -, and F;;. 10 deg/cm and both to be achievable
at room temperature and in the convenient visible laser wavelength region. From Fig. 2 one can notice that Faraday
rotation for Mno 8 Coo 2 Sb films has a maximum value of
1.8 X 105 deg/cmat a ~avelngth
of about 5500 A and the
optical absorption coefficient of 7.5 X 105 cm - '. Also the
performance factor (2F fa) has a maximum value of 0.5 deg
at this wavelength, and is about 20% more than the corresponding value at 6328 A. These data suggest that t~e
characteristics at the argon-ion laser wavelength of 5145 A could
be utilized more efITectively to get a large read-out signal-tonoise ratio than the He-Ne laser wavelength.
Table I gives a comparison of the characteristics of
some typical films having the direction of magnetization in
the film plane and whose operating wavelength and tem-
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perature are 5500 A and 20 °C, respectively. The value of 7;.
for cobalt-substituted MnSb film is comparable. As regards
packing density where the requirement of small domain size
arises, it can be pointed out that the domain size (d) may be
written as
do:(A/CTA.)'12,
where A is the ferromagnetic exchange coupling constant
and CT is the planar stress induced during film formation.
Seshu Bai'o report for the films ofMn,_ "CoxSb (0<x<0.3)
a sudden slump in A value and a corresponding increase in
(CTA. ) value after a critical composition given by Xc = 0.15.
From the above relationship this result suggests that for
compositions Xc > 0.15 in Mn, _ x Cox Sb, one could expect
films to have small domain size, which is the reason for
choosing a composition Mno.s CO O. 2 Sb for the present investigation.
A study of Table I indicates that the films of
Mn o.s CO O.2 Sb have higher Faraday rotation, optical absorption coefficient, and comparable figure of merit and Curie
temperature than other materials except MnSb. Coupled
with the fact that the domain size can be small and the films
are fairly stable against moisture, Mn08 Coo 2 Sb films appear
quite attractive as reliable mangeto-optic storage medium.
The authors wish to thank Dr. V. Raghunathan, Miss
Vijayalakshmi, and Mr. A. L. E. Terrance ofMDL, Reactor
Research Centre, Kalpakkam for the TEM and microprobe
analysis.

'L. Mayer, J. Appl. Phys. 29,1003 (1958).
2D. Chen, J. F. Ready, and G. E. Bernal, J. Appl. Phys. 39, 3916 (1968).
'E. Sawatzky and G. B. Street, IEEE Trans. Magn. MAG-7, 377 (1971).
4M. S. Vijayaraghavan, V. Sivaramakrishnan, and K. V. S. Rama Rao,
Phys. Status Solidi A 51, 543 (1979).
'M. S. Vijayaraghavan and V. Sivaramakrishnan, J. Appl. Phys. 51, 3949
(1980).
OM. Hashimoto, 1. Phys. Soc. Jpn. 22, 86911967).
7E. Sawatzky, J. Appl. Phys. 42, 1706 (1971).
'R. Comstock, J. Appl. Phys. 41, 1397 (1970).
"E. Sawatzky, IEEE Trans. Magn. MAG-7, 374 (1971).
"'V. Seshu Bai, Ph.D thesis, Indian Institute of Technology, Madras 1980.

M. S. Vijayaraghavan and V. Sivaramakrishnan

688

This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
141.209.100.60 On: Mon, 22 Dec 2014 19:43:25

