
Journal of Applied Physics 85, 6323 (1999); https://doi.org/10.1063/1.370133 85, 6323

© 1999 American Institute of Physics.

Noise and coupling in magnetic super-
resolution media for magneto-optical
readout
Cite as: Journal of Applied Physics 85, 6323 (1999); https://doi.org/10.1063/1.370133
Submitted: 01 October 1998 . Accepted: 26 January 1999 . Published Online: 22 April 1999

Chubing Peng, and M. Mansuripur

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/1678661887/x01/AIP/Ametek_JAP_PDF_1640x440_Oct3-9_2018/Ametek_JAP_PDF_1640x440_Oct3-9_2018.jpg/67454736696c7571664673414449306c?x
https://doi.org/10.1063/1.370133
https://doi.org/10.1063/1.370133
https://aip.scitation.org/author/Peng%2C+Chubing
https://aip.scitation.org/author/Mansuripur%2C+M
https://doi.org/10.1063/1.370133
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.370133


Noise and coupling in magnetic super-resolution media
for magneto-optical readout

Chubing Penga) and M. Mansuripur
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~Received 1 October 1998; accepted for publication 26 January 1999!

Interfacial magnetic coupling, transient thermal response, and carrier and noise levels are
investigated for two central aperture detection magnetic super-resolution disks. In one of the disks,
the two magnetic layers are exchange-coupled, while in the other the coupling is of magneto-static
nature. For the exchange-coupled disk, the coupling between the two magnetic layers is fairly
strong, and the Kerr loop of the readout layer does not have a square shape. For the
magneto-statically coupled disk, the strength of coupling depends on the nonuniformity of the
magnetization of the storage layer. The readout layer has a square Kerr loop, but its perpendicular
magnetization in the hot region under the focused spot has random orientation if the stray field from
the storage layer is weak. This random orientation of magnetization within the readout layer gives
rise to a high level of noise during readout. ©1999 American Institute of Physics.
@S0021-8979~99!04209-7#

I. INTRODUCTION

In magneto-optical~MO! data storage, magnetically-
induced super resolution~MSR! is one of the promising tech-
nologies for realizing high-density recording. Using MSR,
sub-micron magnetic domains can be detected with adequate
carrier to noise ratio~CNR! by thermally forming an effec-
tive aperture which is smaller than the diffraction-limited
size of the focused optical spot. Various MSR schemes have
been proposed;1–11 among them, central aperture detection
~CAD! requires no initialization or bias field for readout. The
CAD–MSR disk usually consists of two or three magnetic
layers. The magnetization of the readout layer~RL! is in-
plane at room temperature but becomes perpendicular at the
high temperatures reached during readout. Domains beneath
the heated area can be detected while those in the adjacent
areas are masked. In the three-layer structure, an intermedi-
ate layer is used to mediate the coupling between the RL and
the storage layer~SL!, tailoring the magnetic coupling be-
tween RL and SL and causing an abrupt transition of the RL
polar Kerr signal with the rise in temperature. The interme-
diate layer between RL and SL can be a dielectric layer3,9 or
a magnetic layer.6

In CAD–MSR disks, the RL is usually an amorphous
film of GdFeCo alloy. At room temperature, the in-plane
magnetization of this film has random orientation. In the
heated area underneath the focused spot, because of the lat-
eral exchange coupling to the adjacent in-plane moments, the
perpendicular magnetization may acquire a degree of ran-
domness, which will manifest itself as noise in readout. In
this article, we present experimental data on magnetic cou-
pling and noise characteristics for exchange-coupled and
magneto-statically coupled CAD–MSR disks.

II. EXPERIMENTS

A static tester is used for evaluating the transient thermal
response of the Kerr signal and investigating the magnetic
coupling between RL and SL. Figure 1 is a schematic dia-
gram of the static tester. It consists of a conventional white-
light polarizing microscope augmented with a 780 nm laser
diode and a differential detection module. The collimated
laser beam from the laser diode is directed into the forward
optical path of the microscope by a dichroic mirror and fo-
cused by the objective lens onto the sample. The reflected
beam from the sample is then directed to the detection mod-
ule, which generates the total~sum! signal, as well as the
differential MO signal (DS). From these signals the polar
Kerr rotation angle (uk) can be derived. During experiments,
a magnetic field~H! perpendicular to the plane of the sample
can be applied. In the following static measurements the ob-
jective lens used for focus has a numerical aperture of 0.6.

A dynamic tester is used for measurements of signal and
noise spectra.12 It uses a laser diode operating at 690 nm
wavelength and a 0.6 N A objective lens. Light intensity
modulation is used for writing, while readout is performed
with a continuous beam. The magnitude of carrier and noise
are evaluated using a spectrum analyzer with a bandwidth of
30 kHz. In the dynamic tester, the leaky polarizing beam
splitter is set to have an amplitude leak ratio of 0.35 during
readout.

Two CAD–MSR samples used for experiments are
shown schematically in Fig. 2. Sample 1 consists of SiN/
GdFeCo/TbFeCo/SiN/Al alloy/polycarbonate substrate. The
polycarbonate substrate is grooved with track pitch of 1.1
mm. Sample 2 consists of glass substrate/SiN/GdFeCo/SiN/
TbFeCo/SiN/Al alloy. The glass substrate, also grooved, has
a track pitch of 1.6mm. In both samples, the GdFeCo read-
out layer, about 40 nm thick, has compensation temperature
well above room temperature~;260 °C!, whereas thea!Electronic mail: cpeng@u.arizona.edu
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TbFeCo storage layer has compensation temperature close to
room temperature. In both samples, the GdFeCo alloy is con-
firmed to have in-plane magnetization at room temperature.
In sample 2, the thickness of the SiN between the GdFeCo
and TbFeCo is about 10 nm. In the static and dynamic mea-
surements, the light beam is focused onto the film from sur-
face side for sample 1 and through the substrate for sample
2; the objective lens is correspondingly corrected for film
incidence or for substrate incidence. From the multilayer
structure of the two samples shown in Fig. 2, it is evident
that in sample 1 the RL and SL are mainly exchange-
coupled, whereas in sample 2 the coupling is of magneto-
static nature.

III. RESULTS AND DISCUSSIONS

A. Kerr hysteresis loop

Since the temperature distribution under the focused spot
is not uniform, one may expect that the Kerr loop trace ob-
tained with the static tester will be complicated. However,
measurements on a conventional MO disk have shown that
the magnetic alloy exhibits a square Kerr loop. This feature
of the Kerr hysteresis loop under a focused spot is probably
due to the strong exchange coupling between magnetic mo-
ments in the MO layer, which causes all magnetic moments
under the hot spot to reverse at the same magnetic field.
Figures 3 and 4 show the RL Kerr loop traces for samples 1
and 2, obtained at various laser powers. Prior to tracing the
loops, the SL was saturated atH,0 ~left column in Figs. 3
and 4! or H.0 ~right column!. The magnetic coupling be-
tween RL and SL manifests itself as a bias field (Hb) which
displaces the hysteresis curves relative to the vertical axis.

For sample 1, the Kerr loops in Fig. 3 show hysteresis,
but they are not square. At the read powers ofP050.5 and
0.8 mW,uk increases with the increasing magnetic field after
magnetization reversal. The exchange coupling through the
magnetic moments of transition metals at the interface be-
tween RL and SL gives rise toHb,0 in the left column, but
Hb.0 in the right column.

From Fig. 3,Hb is seen to increase rapidly with the read
power. At P051.2 mW, the RL loops are inverted from
those atP050.5 and 0.8 mW, anduk decreases with increas-
ing magnetic field after magnetization reversal. At this read
power, the exchange coupling between RL and SL is larger
than the SL coercivity, and, therefore, no RL Kerr loop trace
can be obtained without reversing the SL magnetization. The
reversal of RL magnetization in the external field follows

FIG. 1. Schematic diagram showing the static tester. The laser beam is
focused on the sample, which rests on a piezo-electricXY stage. The re-
flected beam is detected by two photodiodes, yielding the differential
magneto-optical signal. The piezo-actuatedXY stage is used for scanning a
small area of the sample.

FIG. 2. Schematic diagram showing the structure of the two disks and the
positive direction of the external magnetic field. In both samples, the
GdFeCo layer is the readout layer and the TbFeCo layer is the storage layer.

FIG. 3. Kerr hysteresis loops for sample 1, obtained under a focused laser
beam at the reading powers of 0.5, 0.8, and 1.2 mW. The loops in the left
column were obtained when the SL magnetization was saturated in a large
negative magnetic field,H,0. The loops in the right column were obtained
after saturation in the reverse direction,H.0.
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that of SL. Therefore, the RL loop traces lack any indication
of the coupling strength between the two magnetic layers.
The decreasing Kerr angle with the magnetic field after mag-
netization reversal and the deviation of the loop from square-
ness are consequences of competition among exchange cou-
pling from SL, exchange coupling within RL, the applied
magnetic field, and the nonuniform temperature distribution
within the RL.

In Fig. 4, the loop atP050.7 mW is tilted, indicating
that the RL magnetization at this power is not perpendicular
to the plane of the film. WhenP0 is increased to 1 mW, the
RL magnetization in the hot region becomes perpendicular,
and the Kerr loop becomes square.~Since the light is focused
on the film through the glass substrate, the Faraday effect in
the glass substrate gives rise to the slope seen at the top and
bottom of the loops!. As P0 exceeds 1 mW, the shift of the
loops becomes obvious: the loops in the left column shift to
the positive field side, while those in the right column shift in
the opposite direction.

Ideally, if the SL magnetization is uniform, its stray field
will be zero outside the SL, and there will be no magneto-
static coupling between RL and SL. But, because of the non-
uniform temperature distribution in the focused spot, locally
nonuniform SL magnetization gives rise to a nonzero
magneto-static field in the RL. Since the SL compensation
temperature is around room temperature, the stray field from
SL favors a parallel RL magnetization with the SL magneti-
zation. This causes the loops in the left column of Fig. 4 to
be shifted to the right, while those in the right column to be
shifted to the left. From these loops, the strength of magneto-
static coupling between RL and SL is seen to be less than
50 Oe.

Comparing Figs. 3 and 4, it is evident thatHb has oppo-
site polarity between sample 1 and 2. Strong exchange cou-
pling in sample 1 tilts the Kerr loops. Also, there is no sharp
transition from in-plane to perpendicular magnetization with
the read power in sample 1.

B. Transient thermal response of the Kerr signal

To observe the dynamic process of copying domains
from SL to RL, we monitored the transient variation of the
RL Kerr signal during irradiation after a laser pulse and the
results are shown in Figs. 5 and 6. In these figures, different
curves correspond to different laser powers. The experimen-
tal procedure for obtaining Figs. 5 and 6 is as follows:~1!
saturating the SL magnetization underH,0; ~2! switching
on a laser pulse att50 and recording the differential MO
and sum signals simultaneously;~3! saturating the SL mag-
netization underH.0; ~4! repeating step~2! above. Normal-
ize the differential signals from steps~2! and~4! by the sum
signals and subtract them from each other, then the transient
variations ofuk are therefore obtained.

For sample 1, the exchange coupling between RL and
SL prefers a parallel alignment of the magnetic moments of
transition metals in the RL with those in the SL causinguk

<0, as shown in Fig. 5. For sample 2, since the stray field in

FIG. 4. Kerr hysteresis loops for sample 2, obtained under a focused laser
beam at the reading powers of 0.7, 1, and 1.3 mW. The loops on left column
were obtained after the SL was thermally erased in the presence of a nega-
tive external field,H,0. The loops in the right column were similarly
erased, but under a positive field,H.0.

FIG. 5. Kerr rotation signal from the read layer vs time for sample 1 during
irradiation with a 1.1ms laser pulse. Different curves correspond to different
laser powers; in all cases the pulse starts att50.

FIG. 6. Same as Fig. 5 but for sample 2.
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RL favors a parallel alignment of magnetization of RL with
that of SL and the RL magnetization is dominated by Gd,uk

is larger than zero, as displayed in Fig. 6.
In Figs. 5 and 6,uk increases with time. Att'0, the RL

magnetization lies within the film plane, and therefore, the
polar Kerr effect is negligible. As the laser pulse causes the
temperature in the area of the focused spot to rise; the RL
magnetization becomes perpendicular anduk increases rap-
idly. At low laser power, for example, 1 and 1.5 mW on
sample 1 and 1 mW on sample 2,uk increases with time
even though the temperature in the films is substantially sta-
bilized after a few hundred nanoseconds. At medium laser
power, e.g., 2–2.4 mW on sample 1 and 1.5–2.5 mW on
sample 2,uk reaches its maximum and remains saturated
afterwards. At high laser power, the maximumuk value of
sample 1 is reduced~see the curve corresponding toP0

52.7 mW in Fig. 5!; but for sample 2, theuk value first
reaches its maximum, then it decreases~see the curve corre-
sponding toP053.5 mW in Fig. 6!. The reduction ofuk at
3.5 mW for sample 2 may be ascribed to the formation of a
reverse domain in the SL. For sample 1, at high laser power,
the aperture in which RL has perpendicular magnetization is
large, butuk decreases with temperature, resulting in the
reduction of the measured Kerr signal.

From Figs. 5 and 6, it is evident that a very small cou-
pling field is sufficient to insure the copying from SL to RL;
there is no abrupt change in the monitored Kerr signals. The
transient behavior of the Kerr signal comes mainly from the
thermal response of the magnetic films under the focused
beam, which depends to a large extend on the multilayer
stack of the samples.

To explore the effect of magnetic coupling between the
RL and SL on the dynamic processes underlying the Kerr

signal, a magnetic field was applied during the laser pulse.
Figures 7 and 8 show the differential MO signalDS versus
time at various applied magnetic fields. Curves~a! and~b! in
Figs. 7 and 8 were obtained when SL was initially saturated
with H,0 andH.0, respectively. The variation ofDS with
time depends on temperature, magnetic coupling between
RL and SL, and the strength of the external field.

In curve b of Fig. 7, the exchange coupling between RL
and SL favors the RL magnetization parallel to the external
field; DS then saturates earlier at higher magnetic field.~At
H523 kOe, the reduction ofDS in curve~b! at t.500 ns is
because of the formation of a reverse domain in the hot re-
gion!. In curves~a! of Fig. 7, the external field is anti-parallel
to the exchange field between RL and SL; the relative
strengths between the exchange field and the external field
determine the orientation of the RL magnetization. At
H521 and23 kOe, the RL magnetization first follows the
external field, resulting inDS.0; it then deviates from the
external field, and finally follows the exchange field, as evi-
denced byDS,0 in curves~a! of Fig. 7. This confirms the
increase of the exchange field with temperature. At the time
when curve a begins to deviate from curve~b!, the exchange
field is approximately equal to the external field.

For sample 2, the situation is substantially different. In
the case of curves~b! in Fig. 8, the stray field from SL is
anti-parallel to the external field. Since the stray field in the
RL film is weak, a 50 Oe field can overcome the stray field,
as evidenced by the changes in curves~b! of Fig. 8. At H
5250 Oe, the RL magnetization does not follow that of SL
but follows the external field.

From Figs. 7 and 8, we deduce that the transient behav-
ior of the Kerr signal depends not only on the thermal char-
acteristics of the films but also on the magnetic coupling
between RL and SL.

FIG. 7. Variation of the differential signal vs time atH50, 21, and23
kOe for sample 1. Curves~a! were obtained with the SL initially saturated
with a negative applied field,H,0. Similarly, curves~b! correspond to
initial saturation of the SL with a positive field,H.0. In all cases, the laser
power incident on the film was 2 mW.

FIG. 8. Variations of differential signals vs time atH50 and250 Oe for
sample 2. Curves~a! were obtained with the SL initially saturated with a
negative applied field,H,0. Similarly, curves~b! correspond to initial satu-
ration of the SL with a positive field,H.0. In all cases, the laser power
incident on the film was 2 mW.
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C. Random orientations of the RL magnetization

Figure 9 displays gray-level images of sample 1 when a
small area of the film was scanned. These images were ob-
tained by scanning the film while monitoring the differential
signal DS. Prior to scanning, the area of the sample was
thermally erased atH.0. During scanning, an external field
may be applied. For comparison, an image for a conventional
MO disk ~d!, is also displayed. The contrast seen in these
images gives rise to media noise in readout. From~a!, it is
seen that the variations ofDS over the scanned region, from
45 to 54 mV, are quite small. Also, these variations ofDS

seem to be insensitive to6100 Oe applied field@see frames
~b! and~c!#; strong exchange coupling keeps the RL magne-
tization in order. For the conventional MO disk, the varia-
tions of DS over the scanned region are from 51 to 54 mV,
which is less than those for sample 1. Lower readout noise,
therefore, might be expected in the conventional MO disk
than in sample 1.

Figure 10 shows gray-level images of reading a large
domain on sample 1 atP050.4, 0.7, 1, and 1.3 mW. It is
evident that the images atP050.7 and 1 mW have the best
contrast. AtP050.4 mW, besides the domain, gray dots are
visible everywhere in the frame, probably due to inhomog-
eniety. At low reading power, the temperature in the hot spot
is close to in-plane-to-perpendicular magnetization transition
temperature, and inhomogeniety will cause large fluctuations
of polar Kerr rotation. In Fig. 10, it is also seen that, due to
the finite size of focused spot, the domain has a wide bound-
aries having different contrast from its center.

Figure 11 shows gray-level images for sample 2, ob-
tained under various magnetic fields. Note that each frame in
Fig. 11 has a different scale of gray. The variations ofDS
exhibited in frame~a! of Fig. 11 are larger than those in Fig.
9. More media noise is therefore expected for sample 2 than
for sample 1, as well as for the conventional MO disk. When
a 75 Oe external field is applied,DS over the scanned area
becomes more uniform, as evidenced from frame~b! of Fig.

FIG. 10. Scanning micrographs of a magnetic domain in the SL of sample 1.
During each scan, the Kerr angle is monitored. Frames~a! to ~d! correspond
to read laser powers of 0.4, 0.7, 1, and 1.3 mW, respectively. No magnetic
field was applied during scanning. Dimensions of each frame are 5
35 mm, and the gray scale for all frames is from20.78° ~black! to 1°
~white!.

FIG. 9. Gray-level images of the disk surface.~a!, ~b!, and~c! are on sample
1, and~d! is on a conventional MO disk. Frames~a! and~d! were obtained
at H50, while frames~b! and ~c! were obtained atH5100 and2100 Oe,
respectively. Dimensions of each frame are 5.434.2mm. The gray scale for
frames~a!, ~b!, and~c! is from 45 mV~black! to 54 mV~white!, and that for
frame ~d! is from 51 mV ~black! to 54 mV ~white!. In all cases, the laser
power incident on the sample is 1 mW.

FIG. 11. Gray-level images of the surface of sample 2, obtained by scanning
a small area while monitoring the differential signal. Dimensions of each
frame are 5.434.4mm and the power of the laser beam is 1.3 mW during
scanning. Prior to scanning, the SL was thermomagnetically erased with a
positive applied field,H.0. Frames~a!–~f! were obtained atH50, 75,
225, 225, 235, and 0 Oe, respectively.~c! and~d! correspond to different
regions of the sample. The gray scale in~a! is from 221 mV ~white! to 234
mV ~black!; in ~b! it is from 229 mV ~white! to 238 mV ~black!; in ~c! it
is from 60 mV~white! to 235 mV ~black!; in ~d! it is from 50 mV ~white!
to 230 mV ~black!; in ~e! it is from 34 mV ~white! to 50 mV ~black!; and
in ~f! it is from 50 mV ~white! to 235 mV ~black!.
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11. This means that the orientation of the RL magnetization
in sample 2 has some random behavior atH50.

If there is no coupling between RL and SL, the RL mag-
netization will be random when it switches from in-plane to
perpendicular direction in the hot region of the focused spot.
In frames~c! and ~d! of Fig. 11, about225 Oe field is ap-
plied for fully or partially cutting off the magneto-static cou-
pling between RL and SL. Many black stripes, which have
the same magnetization orientation as in frame~a!, are vis-
ible on the white background.~The magnetization in the
white area is reversed from that in the black stripes.!. The
orientation of magnetization atH5225 Oe seems random.
Moreover, the stripes are usually parallel to the direction of
scanning.~In the experiment, the film was scanned along the
vertical direction after each step jump in the horizontal
direction!.

The observed behavior in frames~c! and ~d! of Fig. 11
can be explained as follows. In some pixels, the RL magne-
tization prefers to be ‘‘black.’’ At the next pixel during scan-
ning, the magnetization can ‘‘see’’ the magnetization of the
preceding pixel through thermal cross talk. To achieve mini-
mum energy, the RL magnetization of this region will be
aligned parallel to that of the previous region. In this way,
the focused spot drags the black magnetization pixels con-
secutively until it reaches a site where the magnetization pre-
fers to be ‘‘white.’’ This random Kerr signal gives rise to
very high noise levels.

In frame ~e! of Fig. 11, the external field is larger than
the coercivity plus the magneto-static coupling field; the RL
magnetization is reversed from that of frame~a!. Once again,
the nonuniformity of the Kerr signal is observed. In frame
~f!, a domain is written in the SL, and the scanning micro-
graph shows the domain as copied onto the RL.

D. Signal and noise

The recording and readout behavior of the two disks
were examined using a dynamic tester. At a mark length of
0.45mm, CNR was about 40.5 dB for sample 1 and 35.8 dB
for sample 2. Figure 12 shows the power spectral density at
the differential output of a MO readout system for the two
samples. Curve~a! is thermal noise levels. Curves~b! and~c!
are total noise, obtained while reading an erased and a re-
corded track, respectively. For sample 1, the noise density
obtained from a written track is almost the same as that from
an erased track. For sample 2, however, the noise floor of a
recorded track is a few dB higher than that of an erased
track.

To look into the effect of magnetic coupling on signal
and noise, an external magnetic field was applied during
readout. Figure 13 shows that the carrier and noise levels as
functions of the magnetic field. In this figure,H.0 means
that the magnetic field is parallel to the bias field for writing;
and H,0 means that the field is anti-parallel to the bias
field. For sample 1, the carrier level is seen to decrease
gradually withH, but the noise level does not change. For
sample 2, the carrier level does not change untiluHu
.80 Oe, and the noise level has abnormal peaks at certain
magnetic fields. On the recorded track, there are two noise
peaks, one atH'90 Oe and the other atH'2100 Oe; on
the erased track, only one noise peak appears, and the field at
this peak is much lower than that of the recorded track.

Figure 14 shows the noise density on the ungrooved re-
gions for sample 2. The same noise phenomena are seen to
exist on the ungrooved regions of the sample, but the fields
at the noise peaks are different from those on the grooved
track. Also, the peak noise levels on the ungrooved region
are much lower than those on the grooved one~compare Fig.
14 with Fig. 13 for sample 2!. On the erased ungrooved
region, the field at the noise peak is about 25 Oe, which is

FIG. 12. Noise spectra at the differential output of a MO readout system for
samples 1 and 2. Trace~a!, obtained with light blocked from reaching the
detectors, is the thermal noise level; trace~b!, obtained with the disk spin-
ning while the focused laser beam reading an erased track, is the erased
noise levels; and trace~c!, obtained with the disk spinning while the focused
laser beam reading a written track, is carrier plus total noise levels. The read
laser power is 3.2 mW on sample 1 and 2.3 mW on sample 2. The reflected
optical power from both samples is the same, however, being 21.5mW on
each detector. The velocity of the track under the focused spot is 9.4 m/s in
both cases.

FIG. 13. Measured carrier level and noise density as functions of the applied
magnetic field for samples 1 and 2. On recorded tracks, carrier and noise
levels are obtained at 5.77 MHz.~5.77 MHz is the tone frequency of the
recorded marks.!. For sample 2, noise levels on the erased track were mea-
sured at 3 MHz.
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the same as the field applied to obtain frames~c! and ~d! of
Fig. 11. On the recorded region, the fields at the two noise
peaks are about 60 and2120 Oe, respectively. The higher
peak noise levels on the grooved region probably reflect the
magnetization randomness induced by the roughness of the
groove profiles.

The observed behavior of carrier and noise for the
samples can be understood from the magnetic coupling be-
tween RL and SL. For sample 1, RL and SL are strongly
exchange-coupled and the RL magnetization follows that of
SL. If the external field is less than the SL coercivity plus the
exchange field, the noise levels will not change withH, but
the carrier levels decreases gradually with increase ofH be-
causeH pulls the RL magnetization toward it, increasing the
observed domain size.

For sample 2, when the effective field~external field plus
stray field from SL! is nearly zero, the RL magnetic mo-
ments will be randomly oriented, as demonstrated in frames
~c! and ~d! of Fig. 11. On the erased track, the stray field in
RL ~from SL! is parallel to the direction of the bias field for
erasure; so an appropriate positive field can nullify the effect
of stray field, leading to very high noise levels. On the re-
corded track, the stray field in RL can take a positive or
negative value, depending on the SL magnetization state. So,
either a negative or a positive field of proper magnitude can
randomize the RL magnetization. Moreover, since the stray
field produced by the recorded SL is higher than that by the
erased SL, the external fields required to have maximum
random noise are higher on the recorded track than on the
erased one~see Figs. 13 and 14!.

In practice, the data marks recorded on a CAD–MSR
disk are read atH50; therefore, the peak noise displayed in
Figs. 13 and 14 might not appear, but noise caused by the
random orientation of RL magnetization still exists. For
sample 2, the stray field is not uniform on the recorded re-
gion, and, in particular, it goes to zero at the domain
boundaries.13 The orientations of the RL magnetic moments
in these areas will become more or less random, giving rise
to noise. This explains why, for sample 2, the noise levels on
a recorded track are higher than those on an erased track~see
Figs. 12 and 13 for sample 2!. Moreover, in some cases, a
magnetic layer such as GdFe alloy is inserted between RL
and SL to suppress the effect of SL on RL by reducing the

exchange coupling between these layers.6 The stray field
formed by the SL magnetization and intermediate layer may
thus cancel the exchange coupling, causing a random mag-
netization within the RL.

To directly compare the noise levels among sample 1,
sample 2, and a conventional MO disk, we show in Fig. 15
traces of the noise levels on the ungrooved region for both
samples, as well as for a conventional MO disk. On an
erased ungrooved region, the conventional MO disk has the
lowest noise levels, and that sample 1 has almost the same
noise levels as sample 2. On the recorded region, sample 2
has a higher noise floor than sample 1. These results are in
agreement with those exhibited in Figs. 9 and 11.

IV. CONCLUSIONS

We have investigated the magnetic coupling between
two magnetic layers, transient thermal response, and carrier
and noise for two CAD–MSR samples. For the exchange-
coupled disk, it appears that the strength of the coupling
increases with temperature. The Kerr loop of the readout
layer does not have a square shape. For the magneto-
statically coupled disk, the coupling, usually weak, depends
on the nonuniformity of magnetization in the storage layer.
The readout layer has a square Kerr loop. The perpendicular
magnetization in the hot region of the focused spot is ran-
domly oriented if the stray field from the storage layer is
close to zero. This causes a high readout noise levels when
the track is recorded. So the strength and mode of coupling
between the two magnetic layers seems to be critical for
CAD–MSR media to exhibit high signal and low noise
levels.
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FIG. 14. Measured noise density on an ungrooved region of sample 2 at 2
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