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on talented scientists working in small groups who un-
derstand and address the problem in its entirety. A com-
mitment of larger resources aimed at increasing the like-
lihood of success often works in the opposite direction
since the effort to be effectively managed is broken up
into a series of interrelated tasks which are readily man-
aged through PERT charts.

4. Recent attempts by the US Government to stimulate
industrial R& D by building up efforts in universities
and/or the National Laboratories does not address the
critical problems confronting much of US industry.
There is absolutely no substitute for industrial scientists
who are effectively interfaced with the needs of the par-
ticular industry and its markets and have available to
them the latest techniques to probe and address the fu-
ture needs in materials.

5. It is essential that universities undertake to train high
quality materials scientists skilled in synthesis and proc-
essing of new materials. It should be obvious that the
development of new materials tailored to specific needs
or equally as important the unexpected discovery of
materials with unique properties lies primarily within
the purview of the clever scientists trained effectively in
synthesis and processing of materials.

Finally, let me return to the question posed in the open-
ing of this article; namely, can one organize an advanced
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materials R&D effort which addresses the opportunities
of the 21st century? I would argue that for industry, the
primary emphasis should be directed at fulfilling the per-
ceived materials needs of the next two to five years as dis-
cussed in conclusion “1”. Such an approach will not only
impact the company’s immediate needs, but hopefully
would have sufficient latitude to permit for unexpected
breakthroughs which address longer range opportunities.
With respect to planning and implementing a materials
R&D effort for the 21st century, past experience shows
that it is extremely difficult to identify needs of the next
five to seven years let alone 10-15 years from now. Thus,
one must think in terms of national or even international
programs to establish an infrastructure which 1) attracts
talented young people into the science programs of our
universities, 2) provides for continuity of high risk research
in all sectors of the R& D establishment, and 3) places re-
sponsibility for commitment of funds and resources by the
government and industry in the hands of technically astute
leaders. In this way one can greatly increase the potential
for successful development of advanced materials critical
to high technology industries of the 21st century.

Received: November 23, 1988

[1] J. Ecoromy (Chairman): JTECH Panel Report on Advanced Materials in
Japan, JTECH-TAR-8502 (May 1986).
[2] J. Economy, Chemist (Washington, D.C.) 65 (1988) 8.

Rare-Earth Transition-Metal
Alloys

Thermomagnetic Writing
Lorentz Microscopy

By Frans J. A. M. Greidanus* and Stefan Klahn

Amorphous rare-earth (RE) transition-metal (TM) alloys
are used for magneto-optical (MO) recording a rapidly de-
veloping technology, which combines the possibility of
achieving high bit densities with practically unlimited erasa-
bility and rewritability. During the last years new insights,
relating material properties to recording performance, have
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been obtained. New experimental techniques, such as the ob-
servation of magnetic contrast in the electron microscope,
have made a major contribution to the understanding of do-
main formation processes. The RE-TM alloys have been
most successful in recording applications until now. In these
materials the RE-TM compeosition determines both the com-
pensation and Curie temperatures and has a strong impact
on the recording characteristics. Improvements in deposition
techniques and the application of dielectric layers resulted in
carrier-to-noise ratios of 61 dB. Despite major improve-
ments, problems related to corrosion and structural relaxa-
tion, which lead to long-term instabilities, have not yet been
solved completely. Another important topic is the so-called
direct-overwrite problem, which will be discussed in relation
to the material properties.
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1. Introduction

In the past ten years the development of optical record-
ing technology has led to products for various applica-
tions, such as the Compact Disc video and audio systems
and the write-once DOR (Digital Optical Recording) sys-
tem, which are now on the market. The availability of rela-
tively cheap and mass-produced solid-state lasers made
these developments possible. The driving forces behind
these developments were the considerable advantages of
optical recording over other storage techniques. Readout is
done by a laser focussed through a substrate on the storage
layer, providing a non-contact technique insensitive to
dust and fine scratches on the substrate. A second advan-
tage is the possibility of achieving high bit densities (10°
bits cm ~7). This value compares favorably with other exist-
ing technologies, as can be seen in Figure 1.

Bit density (bits/cm)

1

10°  10° 10 10
Track density (tracks/cm)

10

Fig. 1. Areal density for various recording systems. @ : hetical scan, +: flex-
ible disc, O: rigid disc (courtesy of S. B. Luitjens).

In the history of optical recording three phases can be
distinguished: 1) The oldest type of optical-storage systems
are the replicated discs, used in the Compact Disc video
and audio system. These are designed for the distribution
of prerecorded information. 2) The second class is formed
by write-once media. Here the writing process is based on
the absorption of energy from a focussed laser beam, mod-
ulated according to the information to be recorded. The
available commercial systems are based on the formation
of holes in a reflective layer. 3) The latest class of optical
systems, which is at present the subject of intensive re-
search and development, employs media which can be er-
ased and rewritten innumerable times. Here several differ-
ent physical principles are being followed. Well known is
the use of a reversible crystalline-to-amorphous phase
transition in the recording film to store the information. A
second method is based on a thermo-magnetic effect to
write, and a magneto-optical (MO) effect to read out the
information. In this review article we will focus our atten-
tion on the materials for this latter technique.

The principles behind MO recording have been known
for years. However, it was not until the mid sixties that a
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record and playback system employing a laser beam was
suggested. Writing of domains in a magnetic material by
heating it locally above the Curie temperature was sug-
gested in 1958 by Mayer,!'! long before an optical memory
was envisioned. Mayer employed a focussed electron beam
or the point of a heated needle. The first observation of an
MO effect is even older and dates from 1846 when Fa-
raday observed that polarized light passed through a fluid
in a strong magnetic field changes its polarization state.
Ever since this phenomenon has been designated as the
Faraday effect when it refers to the transmitted beam,
whereas it is called the Kerr effect when it refers to the
reflected beam.

The first proposal for employing a laser both for writing
(high power) and reading (low power) dates from 1965,
when Chang et al"® discussed a memory based on
Gd,Fe;0,, (GdIG). Since then several other materials,
such as MnBi, EuO, CoPt and CoFe,0, have been sug-
gested and investigated with respect to their applications
as an MO memory layer. The most important develop-
ment, however, was started by Chaudhari et al.'¥) in 1973,
with the observation that amorphous GdCo-layers possess-
ing perpendicular anisotropy are suitable for MO record-
ing. This discovery was the start of a series of exploratory
studies in the rare-earth (RE) transition-metal (TM) binary
and ternary alloy system with regard to their potential for
MO data storage. These studies led, e.g., to the systems
GdTbFe and TbFeCo which are the most suitable materi-
als known today. To a large extent this is due to a steady
increase in the signal-to-noise properties over the years as
can be seen in Figure 2.
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Fig. 2. Maximum reported carrier-to-noise ratio for MO recording (measured
for a domain length of 1.5 um at 1 MHz and 30 kHz bandwith) versus year of
publication.

2. Magneto-Optical Recording

The principle of optical readout of domains in a perpen-
dicular MO layer is shown in Figure 3a. The change of the
polarization direction when linearly polarized light is re-
flected from a magnetic surface is shown here. Phenome-
nologically, MO effects can be described by assigning to
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Fig. 3. a) Principle of MO reading. b) Principle of thermomagnetic writing.

the medium a dielectric tensor with non-zero off-diagonal
elements. This is equivalent to introducing two different
complex indices of refraction for right- and left-handed
circulary polarized light. Microscopically these effects find
their origin in the spin-orbit interaction, which couples the
spin moment and the motion of the electron. The optical
properties are influenced by the electron motion. The sign
of the angle through which the polarization is rotated de-
pends on the direction of the magnetization vector with re-
spect to the propagation direction of the light. For practi-
cal materials the magnitude of the Kerr rotation is fairly
small (typically 0.2-0.3°). Consequently the signals arising
from the modulation of the polarization state of the re-
flected light are very small. Nevertheless, they can be
detected with a good carrier-to-noise ratio (CNR) if
sources of noise in the readout can be made sufficiently
small.

Several schemes for thermomagnetic writing exist. With
Curie point writing, the MO layer is heated above its Curie
temperature and the magnetization is reversed in an ap-
plied magnetic field. A second method can be employed in
materials in which the coercive field is a decreasing func-
tion of temperature. Upon heating, the magnetization can
be reversed in an applied field larger than the coercive
field of the layer at the elevated temperature, but smaller
than the coercive fields in the remaining non-heated area
of the film. In this way a domain can be written thermally,
as illustrated in Figure 3b. This method is referred to as
threshold writing when applied to ferromagnetic films and
as compensation-point writing when applied to ferrimag-
netic films. In general domains of the order of the diffrac-
tion limited diameter of the laser spot, which is about
1um, can be written, although it is possible to write
substantially smaller domains, as will be discussed in
Section 5.
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The discs employed for MO recording consist of a glass
or polycarbonate substrate coated with a photo-polymer-
ized lacquer with pregrooves. On top of this a stack of op-
tical layers containing the MO layer is deposited. Informa-
tion can be written in a disc and read out with a special
recorder using polarizing optics.!”!

3. Magneto-Optical Materials

In addition to a large Kerr rotation there are several
other requirements a material has to satisfy in order to be
suitable as a recording medium for thermomagnetic writ-
ing with optical readout. These requirements are:

1) Perpendicular magnetic anisotropy

2) High coercivity at room temperature

3) High magneto-optical figure of merit, R6Z,
where 8, is the Kerr rotation and R the reflectiv-
ity of the MO film

4) Switching characteristics matched to the availa-
ble laser power (T.<600 K) and the available
magnetic field strength (<50kAm™")

5) Low media and write noise

6) Low deposition temperatures and high deposi-
tion rates

7) Long-term stability

The classes of materials which enable all these require-
ments to be fulfilled at the same time, are limited. The best
candidates at present are the ferrimagnetic amorphous RE-
TM alloys. Several compositions, mostly containing Gd
and/or Tb as the RE atom and Fe and/or Co as the TM
atom, were suggested and have been studied in the past.
Among these, GdTbFe and TbFeCo are probably the most
suitable materials. In the remaining part of this section we
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will discuss how the requirements 1-7 can be fulfilled in
the system (Gd,Tb,Dy).(Fe,C0),00_, With (15<x<30).

1) Perpendicular anisotropy can be achieved by proper
deposition conditions and composition. The origin of the
perpendicular anisotropy in amorphous alloys is an aniso-
tropic short-range ordering process during deposition.
Mechanisms of magnetic anisotropy are magnetostriction,
bond orientational anisotropy and single-ion (spin-orbit
coupling) anisotropy.” Typical values for the anisotropy
constant involved are K,=10*J m~> for Gd based alloys
and K,=10°J m 3 for Tb and Dy based alloys.

2) The absolute value of the magnetization of Gd,,Tb,Fe-s
is shown in Figure 4 as a representative example. The RE
and TM sublattices have opposite magnetization directions
and the temperature dependence of the “sublattice” mag-
netizations differs as well. Because of this the resulting to-
tal magnetization becomes zero at a temperature which is
called the compensation temperature, T.,mp. At this tem-
perature the coercive field, which is about proportional to
1/M,, diverges. The Kerr rotation is caused chiefly by the
Fe sublattice and has a non-zero value at T,,m,. By adjust-
ing the position of T, a few tens of degrees below or
above T,mpien, Which can be achieved by choosing the
proper composition, very high coercivity values, implying
high domain stability, can be achieved.

3) The Kerr rotation for the RE-TM is only moderate,
with typical values of 0.2-0.3°. However, the shot noise
limited CNR measured during a recording experiment is
not proportional to the Kerr rotation angle, 8y, but to the
MO figure of merit RO By depositing a suitable optical
enhancement layer, it is possible to increase the Kerr rota-
tion at the expense of the reflectivity and thus increase the
figure of merit. In this way a satisfactory CNR can be ob-
tained.

4) The power necessary for switching the magnetization is
determined both by the thermal properties of the MO layer
stack and substrate and by the Curie temperature of the
MO layer. As an example, T, versus composition, x, is
shown for the four binary systems GdFe, GdCo, TbFe and
TbCo in Figure 5.7 It can be seen that by a proper choice
of composition, T, can be adjusted. However, other requi-
rements, such as a proper positioning of T.omp, should be
achieved as well. Therefore it is necessary to use ternary
systems in which T, is adjustable by the Fe/Co ratio. In
practical systems T, is between 450 K and 500 K and T.omp
is determined by the RE-TM ratio.

5) As the RE-TM-alloys are amorphous no crystal-grain
boundaries are present. Therefore very low media-noise
levels are achieved. By choosing proper RE-TM composi-
tions, the write noise caused by imperfectly written domain
patterns can be reduced to the level of the media noise.
6) The amorphous RE-TM alloys can conveniently be de-
posited with vapor deposition and sputtering techniques.
In mass production lines, magnetron sputtering is pre-
ferred as it enables high deposition rates and does not ne-
cessitate substrate cooling.

The structure, and thus the magnetic properties, such as
coercivity and anisotropy, as well as the stability against
oxidation of the films, is very much dependent on the pre-
paration parameters.’®! RE-TM films prepared with magne-
tron sputtering at low argon pressures (0.6 Pa) and short
substrate-target distances (60 mm) are very dense and
smooth, whereas films prepared at high argon pressures
(2.5 Pa) and large substrate-target distances (120 mm) exhi-
bit a porous microstructure with voids and a pronounced
columnar structure. The films deposited under the latter
conditions are much less stable against oxidation and
show reduced anisotropy constants compared to the form-
er. The target technology of RE-TM targets is a current is-
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sue. One problem is the brittleness of the RE-TM alloys,
another the homogeneity of the deposited films. The mag-
netic properties of the films are very dependent on the
composition, e.g. the compensation temperatures change
with 40 K to 100 K per atom percent RE. Therefore MO
discs should have a homogeneity better than 0.5 atom per-
cent, which requires homogeneous targets with almost
equal distributions of the sputtered atoms. The distribution
of the sputtered atoms depends on the preparation tech-
nique of the target, e.g. casting of an alloy or hot pressing
of powders.

500

400

T K1

300

200

Y N 7 B
0 02 04 06 08 10
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Fig. 5. Curie temperature versus composition for amorphous binary alloys
(for references see P. Hansen [7], Fig. 2). The shaded area indicates the range
of compensation temperatures in the vicinity of room temperature of these
alloys.

7) One of, the most serious disadvantages of the amor-
phous RE-TM alloys is their susceptibility to corrosion
and oxidation.”” Therefore long-term stability can only be
achieved in a suitable multilayer structure in which the
MO layer is covered by protection/passivation layers.
Such a structure is shown in the inset of Figure 6. From the
substrate side the MO layer is protected by means of a
dielectric layer, which can be e.g. AIN or Si;N,. Apart
from acting as a protection layer, this layer also serves as
the optical enhancement layer discussed under 3). On the
back side the MO layer is protected by means of a metallic
layer, e.g. Al, which also serves as a reflector. Aging ex-
periments on such a structure are also shown in Figure 6.
In general several mechanisms contribute to the degrada-
tion of MO-layers: oxidation, corrosion, structural relaxa-
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Fig. 6. Long-term stability of a GdTbFe MO layer. Measurements were per-
formed at 80°C. @: Structural relaxation, A: Oxidation of bare film,
B Trilayer in dry atmosphere. The inset shows a typical trilayer stack. (a)
substrate, (b) dielectric enhancement layer, (¢) MO layer, (d) metal reflector,
(e) organic protection layer.

tion and crystallization. Degradation affects the following
magnetic properties: magnetic anisotropy, saturation
magnetization, coercive field, and compensation temper-
ature.

4. Thermomagnetic Writing

It is of vital importance to have insight into the physics
of the thermomagnetic writing process in amorphous RE-
TM layers, since irregularities in the written domains cause
the so-called write noise, which is often the main noise
contribution in practice. For this reason, several recent the-
oretical papers dealing with the thermomagnetic writing
process have appeared.!'®"'? Several models have been
worked out, starting from computer simulations,"'” or ap-
plying a “bubble-like” phenomenological description.!'"'%
In the latter case the stability of the domain is given by the
following equation:

)
F=—(Ew+En+Ep)=Fu+Fu+Fo,

where E,, is the domain-wall energy, E,; the magnetic-field
energy, Ep the demagnetizing energy, Fw, Fyy and Fp the
corresponding forces and r the domain radius. The result-
ing domain diameter can now be calculated by equating
the total force, as given above, to the coercive force F.. Of
course, the proper temperature dependences of the mag-
netic properties, at the end of the laser pulse, have to be
taken into account in the calculation.

Experimental observations of the dynamics of domain
formation processes have been scarce hitherto.!'” Howev-
er, very advanced techniques to study laser-written do-
mains, using Lorentz microscopy, have recently become
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available."*'"! An example is shown in Figure 7. In this
case the MO layer was deposited on a specially prepared
silicon wafer disc, with 100 um by 100 pm windows with
10 nm thick Si;N, membranes. On top of this Si;N, layer
the MO layer was deposited and protected with a thin Al/
SiO, layer. On this MO disc domains were written with a
laser beam under various conditions. After recording, the
silicon wafer was cut into pieces each containing a single
window. These specimens were investigated in the electron
microscope, using a special operation mode, called Lor-
entz microscopy. In this way it was possible to visualize
magnetic contrast and to obtain images of the laser-written
domains.

10 um 10 pm
} { —
- HOHAN ~ v =025 MHz
""""" ~ ¢ = 0375 MHz
= 0 kAim '
~ ¢ = 0500 MHz
= + B0 kA/m
v = 0750 MHz
= + 199 kAIm
- ¢ =10 MHz
= 4+ 279 kA/m
= + 398 KAIm v 1A WHE
B — =20 MHz

Fig. 7. Lorentz microscopy images of thermomagnetically written domains.
Left: Dual tracks, written with laser modulation for various applied fields.
Right: Dual tracks, written with magnetic-field modulation for various fre-
quencies.

5. Direct Overwrite

The usual way to write data on an MO disc is to heat the
MO layer locally in a fixed applied field. The information
to be recorded is supplied by modulating the laser beam.
The main drawback of this method is that information al-
ready recorded cannot be overwritten. Whole sectors or
tracks have to be erased before new information can be
recorded. Several solutions to this problem have been sug-
gested. Shieh et al." suggested a method for a direct-over-
write technique, utilizing the demagnetizing field of the
MO layer itself. The use of exchange-coupled magnetic
double layers may also offer interesting possibilities in this
respect.!"”! The most obvious and direct way to solve the
direct-overwrite problem is to modulate the applied
field."® Using this method, the MO layer is heated contin-
uously by the laser, while the applied magnetic field is
switched with a high frequency and modulated according
to the information to be recorded. In this way old informa-
tion can be overwritten, just as in conventional magnetic
recording.

By switching the applied field while rotating the disc,
overlapping domains of different polarity are written, leav-
ing only a crescent. Because the dimensions of this cres-
cent in the tangential track direction are only determined
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by the disc velocity and switching frequency of the applied
field, domains much smaller than the laser spot can be
written. In Figure 7 it can be seen that it is feasible to write
domains as small as 0.25 pm in the writing direction in a
Gd,sTbe sFeq5 s layer. Apart from the direct overwrite fea-
ture and the possibility of obtaining very high recording
densities, magnetic-field modulation offers two other ad-
vantages in MO recording. First the quality of the coded
signals is improved, as the laser is on continuously and
consequently there is no influence of a thermal history
when writing a domain. Secondly, influences of composi-
tional variations over the disc surface on the length of writ-
ten domains, which is apparent in the case of laser modu-
lation, are less critical when writing with magnetic-field
modulation. This is due to the fact that the domain length
in this case is only determined by the switching frequency
of the applied field and the disc velocity.

The use of magnetic-field-modulation methods in MO
recording requires the use of special magnetic heads which
are capable of generating relatively high fields at large dis-
tances, which can be switched at high frequencies. It has
recently been shown!' that it is feasible to design heads
which meet all the requirements.

6. Future Materials

Although it is possible to employ amorphous RE-TM
compounds for MO recording there is a continuous search
for materials with improved properties. The focus is
mainly on an increased MO figure of merit and improved
chemical stability. Another important development is the
future availability of compact solid-state lasers operating
at shorter wavelengths than 800 nm. A continuous shift to-
wards blue wavelengths is expected in the future.

Giant MO effects have recently been found in uranium
compounds at low temperatures.2” It has not yet been pos-
sible to find room temperature ferromagnets with such
high figures of merit, albeit that materials with higher Kerr
rotations than the RE-TM materials are known. The mate-
rial with the highest Kerr rotation at room temperature
known today is the Heusler alloy PtMnSb discovered at
our laboratories.?"! Despite several attempts, it has not yet
been possible to induce perpendicular anisotropy in this
material, which is essential for its applications. In PtMnSb
the high Kerr rotation value is found at 720 nm. This could
become a disadvantage in the future when recording at
shorter wavelengths is expected.

Magnetic oxides, such as ferrites and garnets, show un-
surpassed chemical stability. This can be combined with
high MO figures of merit as has been shown e.g. by the
work of Martens et al.?? on Co-ferrite. One of the prob-
lems with the oxides is the presence of recording noise.
CNR values comparable to those obtained for the RE-TM
alloys have not been reported yet. Another drawback for
the application of magnetic oxides is the necessity of using
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high temperature deposition techniques. Nevertheless re-
search is being continued at several laboratories and pro-
gress may be expected.

Very interesting MO effects have been found in metallic,
artificially layered structures.'”>?* This is a new field but
the possibility for “atomic engineering” in these materials
may provide yet unknown and unexpected phenomena.

7. Summary and Qutlook

In this article we have discussed materials for MO re-
cording and their application in rewritable recording sys-
tems. After a long period of intensive research the RE-TM
alloys can be adjusted to satisfy all the requirements for
suitable MO materials. This has been made possible by
new insights in the physics of the recording processes,
combined with advanced preparation techniques. The re-
quirement of direct overwrite, which is expected to be es-
sential for practical applications, will have an impact on
further developments in the RE-TM alloy system. Lorentz
microscopy pictures show that extremely small domains
can be written in a controlled way in these materials allow-
ing for very high recording densities. Unfortunately the re-
solution during readout is limited by the spatial extent of
the laser spot which is about 1 um at the present wave-
length of 800 nm.

The main disadvantage of the present materials is their
moderate MO performance and chemical instability. Al-
though some practical solutions to these problems have
been found, these drawbacks are the driving force in the
search for completely new classes of materials. Magnetic
oxides and metallic multilayers offer some interesting
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prospects here. All these efforts are worth pursuing, be-
cause MO recording may develop as the future recording
technology, combining the advantages of both magnetic
and optical recording.

Received: December 15, 1988

[1] L. Mayer, J. Appl. Phys. 29 (1958) 1003.
[2] M. Faraday, Phil. Trans. R. Soc. 136 (1846) 1.
[3] J. T. Chang, J. F. Dillon, U. F. Gianola, J. Appl. Phys. 36 (1965) 1110.
4] P. Chaudhari, J. J. Cuomo, R. J. Gambino, Appl. Phys. Lett. 22 (1973)
337.
[S] M. Hartmann, B. A. J. Jacobs, J. J. M. Braat, Philips Tech. Rev. 42 (1985)
37.
[6] Y. Suzuki, S. Takayama, F. Kirino, N. Ohta, [EEE Trans. Magn. MAG-
23 (1987) 2275.
[7] P. Hansen, J. Appl. Phys. 63 (1988) 2364.
[8] S. Klahn, H. Bentin, B. Knérr, H. Heitmann, H. Wilting, unpublished.
[9] H. Heitmann, M. Hartmann, S. Klahn, M. Rosenkranz, H. J. Tolle, P.
Willich, J. Appl. Phys. 61 (1987) 3331.
[10] M. Mansuripur, J. Appl. Phys. 61 (1987) 1580.
[11] P. Hansen, J. Appl. Phys. 62 (1987) 216.
[12] J. C. Suits, D. Rugar, C. J. Lin, J. Appl. Phys. 64 (1988) 252.
[13] H.-P. D. Shieh, M. Kryder, J. Appl. Phys. 61 (1987) 1108.
[14] J. C. Suits, R. H. Geiss, C. J. Lin, D. Rugar, A. E. Bell, Appl. Phys. Let1.
49 (1986) 419.
[15] F. J. A. M. Greidanus, B. A. J. Jacobs, F. J. A. den Broeder, H. J. M.
Spruit, M. Rosenkranz, unpublished.
[16] H-P. D. Shieh, M. H. Kryder, Appl. Phys. Letr. 49 (1986) 473.
[17] J. Saito, M. Sato, H. Matsumoto, H. Akasaka, Jpn. J. Appl. Phys. (S26-4)
(1987) 155.
[18] S. Araki, A. Asayama, H. Kobayashi, IEEE Trans. J. Magn. Jpn. TIMJ-1
(1985) 691.
[19] 1. J. M. Ruigrok, F. J. A. M. Greidanus, W. F. Godlieb, J. H. M. Spruit,
J. Appl. Phys. 63 (1988) 3847.
[20] W. Reim, J. Magn. Magn. Mater. 58 (1986) 1.
[21] P. G. van Engen, K. H. J. Buschow, R. Jongebreur, M. Erman, Appl.
Phys. Lets. 42 (1983) 202.
[22] J. W. D. Martens, A. B. Voermans, /[EEE Trans. Magn. MAG-20 (1984)
1007.
[23] T. Katayama, H. Awano, Y. Nishihara, J. Phys. Soc. Jpn. 55 (1986)
2539.
[24] W. B. Zeper, F. J. A. M. Greidanus, P. F. Carcia, C. R. Fincher, unpub-
lished.

A Novel Monolithic Thin-Film
Electroluminescent Device

with Extrinsic Memory

Flat display panels are a part of many portable con-
sumer products. Their visual performance is inferior to
that of cathodic ray tubes: the luminance of liquid crystal
displays (LCDs), the leading flat display technology, is
very low, and, in the conventional line-by-line addressing
mode, their contrast decreases with increasing panel size.
Electroluminescent (EL) display devices are an interesting
alternative to LCDs. Figure 1 shows the structure of a
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standard thin-film(TF) EL device. The active ZnS-Mn
layer is sandwiched between two dielectric Y,0; layers.!"
Electroluminescence is excited by an alternating field of
some 10° V cm ™', applied between the metallic and the
transparent electrode.

In principle the visual performance of emissive display
panels is independent of screen complexity and addressing
mode. In practice, the average luminance decreases with
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