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A dynamic study of domain formation mechanism during thermomagnetic
recording based on micro-Hall effect measurements

Yung-Chieh Hsieh, S. N. Gadetsky, and M. Mansuripur
Optical Sciences Center, University of Arizona, Tucson, Arizona 85721

M. Takahashi
Central Research Laboratory, Hitachi Ltd., Kokubuniji, Tokyo 185, Japan

A method for analyzing the dynamics of domain formation during the thermomagnetic recording
process has been developed based on the extraordinary Hall*éffeatagnetic domain is written

at the center of a cross-shaped magneto-optical sample having an arg® @in®, and the Hall
voltage is monitored during the recording process. As far as domain nucleation is concerned, we find
that the temperature gradient around the transition regien the region whose temperature is
between the critical temperature for magnetization reversal and the Curi¢ igoietry important.

Under the conditions of high power and short pulse-width laser, a domain can form only during the
cooling period. However, it is possible for a domain to form during the heating cycle under a low
power, long pulse laser beam. ®996 American Institute of Physidss0021-897@6)06108-1

I. INTRODUCTION Il. EXPERIMENTAL SETUP

In thermomagnetic recording, a focused laser beam cre- A schematic diagram of the experimental setup is shown
ates a hot spot in a thin magnetic film, thus allowing an" F19. 1a). The laser beam is focused at the center of the
external magnetic field to reverse the direction of local magmagqeto—optlca{MO) sample,'and a perpepdlcular magnetic
netization. This is a very complex dynamic phenomenon in—fIEId IS applled by a smal! CO'I. having a d|ameter of 2 mm.
volving the nucleation of one or more domains, followed byThe maximum available field is 750 Oe, which corresponds

domain expansion and/or contractiThe details of this to a current of 2.5 A through the coil. In order to monitor the
ggriations of Hall voltage caused by the formation of a single

sition of the recording material. To enhance recording dengomam, a cross-shaped sample, shown n Righ, was pre-
ared. The central part of the cross, which has an area of

sity, one must write domains as small as possible under th ; . . .
Y, 0N ) > POSSIDIE §X5 um?, is made of TbFeCo film. Two different magnetic
constraint of an acceptable signal-to-noise ratio in readout.

To achieve this goal, one may reduce the laser wavelength
and increase the numerical aperture of the objective lens in
order to attain a small, diffraction-limited focused spot. Al-

. . . . b
ternatively, one might strive to develop a technique that al- @ ®

" ) 50
lows the writing of small domains even when the focused >z
light spot is not as small. In the latter case, the mechanism of Microscope 45um

domain formation will have to be better understood, and the
most suitable combination of material properties and record-
ing conditions must be adopted. For example, we have ob-
served that under certain conditions the newly formed do- -~Magnet
mains shrink during the cooling cycle. In such cases, the =
small size of the final domain might be misleading, since it < Sample

may have damaged an adjacent domain while it was being ﬁ
Optical

recorded. Because the existing “static” methods of domain

observation and measurement monitor only the final state of head
a recorded domain, they are incapable of providing insight Al
into problems that are of a “dynamic” nature. On the other
hand, dynamic measurement techniques, such as the one de- © ™
scribed in this article, are quite attractive since they enable Magnetic field pulse _,—T“:—l_
the sensing and monitoring of a domain while it is being _ s
written. TR T etay 800 s

In this article, we describe a micro-Hall effect measure- Hall current pulse ,
ment scheme for the study of domain formation mechanism. reeet ﬂ

Laser pulse

The Hall voltage is proportional to the instantaneous average
magnetic moment within the measured area of the sample.

By monitorina the Hall signal ring thermomaanetic r _FIG. 1. (a) Schematic diagram showing the experiment_al setup for_micro-
y monitoring the Hall signa du g thermomagnetic re Hall effect measurement&) Cross-shaped sample used in the experiments.

qording, we observe the process of domain formation in rea(lc) Temporal relationship among the magnetic field pulse, the Hall current
time. pulse, and the laser pulse.
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120 \ lines in Fig. 2 show the duration of the laser pulse. The laser

80 :—(a) creates a time-dependent temperature profile in the film. We
40 : define the Curie disk as the region where at any given instant
128 e of time the temperature is higher than the Curie temperature.

In the early stages of heating, the radius of the Curie disk is
zero, but once formed, it rapidly increases with time. The
! Hall signal drops quickly during the heating cycle because

& 0
[= =]
T
~
=
~

E 128_ ' T i MARRAARARARA the magnetization decreases with the rising of temperature.
2 80 - ©) Once the laser is turned off, the signal gradually returns to its
S 40F W original level. In Fig. Zb) a domain is being written in the
§ 0_""'" AAAAAAARASARARL AL presence of a-300 Oe field. The signal in this case also
40 @) ; decreases when the laser is first turned on, but it does not
20r i{ return to the original level since a domain is now formed in
°F. "f'M""‘, N the region of the hot spot. The voltage difference between the
60 initial and final levels is proportional to the size of the writ-

ten domain. Figure () represents the case of domain rewrit-
ing. Following the writing of a domain, we turn on the laser

[\S I3
S O
T
—
L
g

0 ' T ' once again with the same power and pulse duration, and
-1 0 ‘ ! 2 3 4 without changing the magnetic field. Observe that the initial
Time (us) signal level in Fig. 2c) is the same as the final level in Fig.

2(b). During the heating period the signal decreases, but it
FIG. 2. Hall signals for a Fe-rich sample obtained in several kinds of meayacgyvers to its original level after cooldown. This indicates
surements with a laser pulse havifg=8 MW and =200 ns.(a) In the that the size of the domain remains the same after rewritin
presence of a-750 Oe field along the direction of initial magnetization, no T . ; . : g.
domain is being formed(b) Domain-writing signal in the presence of a Variations of the Hall voltage with time shown in Fig.
—300 Oe field.(c) Domain-rewriting signal undeH=—300 Oe.(d) The  2(b) are caused both by the variations of the magnitude of
difference between signals shown (@ and (b), containing information magnetization due to the temperature Change and by the
about magnetization reversdk) The difference between signals shown in f . f d . ft . T
(@ and(c). ormathn or a _reverse omain arter a f:ert_aln pomt In time.

To obtain the signal caused by magnetization reversal alone,

we subtract the signal in Fig(® from that in Fig. Zb) and

films were used in our studies. Sample 1 had a thickness defer to the difference, shown in Fig(d}, as the differential
5=25 nm, coercivityH =25 kOe at room temperature, and Writing signal. This differential Hall signal indicates that the
Curie and compensation point temperaturesTp:f:Zf}O °C signal arising from domain formation does not have any Sig-
and T som= —50 °C, respectively. Sample 2 ha#=100 nm, hificant value until after the laser has been turned off. Under
T=260 °C,T¢om;=190 °C, andH =5 kOe. The results pre- these recording conditions, therefore, domain formation must
sented in Secs. lll A and Il B were obtained using sample 10ccur during the cooling period. The reason for this behavior
while those in Sec. Il C correspond to sample 2. In bothmay be speculated to be as follows. The temperature of the
samples, the magnetic film was sandwiched between a 75 nfggion in which the domain nucleates should be greater than
thick SiN underlayer and a 200 nm thick SiN overlayer. Thesome critical temperaturél,.;;, which is a function of the
four aluminum electrodes, having a thickness of 300 nnstrength of the applied magnetic fiekt, and is lower than
each, were connected to the four sides of the MO film. Théhe Curie temperature. We define the region in which the
Hall signal was measured using the four-point probe methodemperature is higher thafy; as the critical disk. By defi-
The magnitudes of the applied magnetic fiéld the laser nition, the critical disk is always greater than the Curie disk.
power P, and the laser pulse duratidhwere all adjustable. A domain can form only in the annular region between the
Temporal relations among the magnetic field pulse, the HalCurie disk and the critical disk. If the temperature gradient is
current pulse, and the laser current pulse are shown in FigO large that this annular region is narrower than the width of
1(c). The Hall current pulse has been delayed by §80in @ magnetic domain wall, then no domains can form. In the

order to avoid perturbations caused by the induced voltageooling process, however, temperature gradients are on the
from the magnetic field pulse. decline, and nucleation should occur more readily.

Figure 2e) shows the difference between the signals in

Figs. 4a) and Zc). Observe that, in the rewriting process, the
lll. RESULTS AND DISCUSSION signal arising from the reversed domain reaches a minimum
A. Recording with a short laser pulse and then returns to its initial value. The nonzero value of the

Here the laser poweP=8 MW and its pulse width minimum signal in this case indicates that a certain part of

T=200 ns. One set of our measurement results is shown iWe domain survives during the heating period.

Fig. 2. In Fig. Z2a) the laser pulse is turned on, but no domain
is being formed. For this measurement, we saturate the ma
netic moment of the sample in theZ direction, and main- The pulse widthT used in this case was s, and the
tain a+750 Oe field on the sample in order to prevent do-applied magnetic fieldd was —450 Oe. Figures @—3(c)
main formation during the experiment. The vertical dashshow the differential writing signals during recording experi-

5_. Recording with a long laser pulse

J. Appl. Phys., Vol. 79, No. 8, 15 April 1996 Hsieh et al. 5701
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FIG. 4. Differential writing(dark) and rewriting(light) signals for a Th-rich
sample in the presence of two different magnetic fieldsWith H=+300

T
100 T
[ @ ; //Mww“\/v\v Oe the domain shrinks somewhat during coolifiyy With H=+600 Oe, the
507 MW domain does not shrink during writing, but expands during rewriting.
ofF
— T T T T
2 - 0 1 2 3 4 ential writing and rewriting signals for two different mag-

netic fields when the laser pulse widih=530 ns and the
laser power?=9.3 MW. The heavy curves show the differ-

FIG. 3. Differential writing Hall signals for a Fe-rich sample obtained dur- ential writing signals, while the light curves are the differen-

ing recording with al =1 us laser pulse and in the presence of a magnetictial rewriting signals. In both cases, the level of the rewriting

field H=—450 Oe.(a) P=1 MW, the domain is formed early in the heating . . . . . L
cycle.(b) P=2 MW; the domain signal during the heating period is smaller S'gnal 'mmedlately after heatmg IS greater than its initial

than that in(a) due to the higher temperature levels) P=5 MW; the  level. This indicates that the written domain expands some-
domain no longer forms during the heating cydié) P=5 MW, but the ~ \what during rewriting. In Fig. @), whereH =+300 Oe, the
laser is slightly out of focus. ]r) the .fII’St. 300 ns, no region of the MO film Writing signal slowly decreases after reaching a maximum
reachesT ;. After that, the critical disk is formed and expands rapidly. N e . .
value. The fact that the initial level of the rewriting signal is

below the maximum value of the writing signal indicates a

ments corresponding to laser power levelgpefl, 2, and 5 shrinkage of the recorded domain during the cooling cycle.

MW, respectively. In Fig. @), we observe that a domain In case Fig. &), whereH=+600 Oe, the domain does not

forms in the beginning of the heating period and that it con-shrink significantly during the cooling phase of the writing

tinues to grow afterwards. This result can be explained aprocess. This is due to the presence of a stronger magnetic

follows. Because of the low level of laser power being usedfield in this case compared to Figia}k The strong magnetic

it takes the magnetic film a long time to reach the Curiefield in Fig. 4b) also causes the domain to expand during

temperature. But, during this period, heat diffusion broadensewriting.

the temperature profile. The time duration in which the Hall

signal increases rapidly corresponds to a rapidly expandinf/- CONCLUDING REMARKS

critical disk. In Fig. 3b) essentially the same phenomena  From the type of measurement described in this article,

occur, but the signal during the heating cycle is smaller thai addition to the above information, one can reconstruct the

that in Fig. 3a). This is due to the fact that the magnetization temperature profile within the sample by employing the

decreases with a rising temperature. In Fig)3the domain  known dependence of magnetization on temperature. This is

differential writing signal does not have a significant valuea helpful step in furthering our understanding of the record-

before the laser is turned off. This is similar to the behaVioring mechanism. We will concentrate on studying the mea-

described in Sec. Il A in conjunction with a short laser syrements of the thermal constants of MO media in the fu-

pulse. Note in Fig. 3 that the final domain size is increasingyye.

with the increase of the laser power. Figur@l)3shows the

Hall signal during writing under the same conditions as iINACKNOWLEDGMENTS
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