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The required bias field of a sperimagnetic film is governed by a finite exchange coupling coefficient
(\) mainly determined by the subnetwork coupling. From the study of a seri@y¢gfb)FeCo films

at compensation composition, it is found thas mainly determined by the concentration of the rare
earth components. Moreover, the exchange integral between rare earth and transition metal
subnetworks can be derived fromso that the number of uncertain parameters for mean field
modeling is reduced. Accordingly, the bias field required for magneto-optical recording is mainly
proportional tox that can be obtained quantitatively from either measurement and/or mean field
modeling. © 1997 American Institute of Physids$0021-89787)00806-3

I. INTRODUCTION ma—atomic emission spectrometfCP-AES. Two silicon
nitride layers were deposited to protect the MO active layer

Amorphous TbFeCo alloys are the primary media forb ¢ ; " tterina. Th turat "
magneto-opticalMO) recording because they possess the y I magnetron reactive sputtering. The saturation magneti-

- s ; - ; tionM(T) of the samples was measured with a vibrating
high coercivity and perpendicular anisotropy required for?® S
high density recording However, bias fields typically larger sample magnetomet€¥'SM). The temperature dependence

- . .
than 200 Oe, for single-layered ThFeCo media, can limit theOf tr|1e coercwltyHc(,jthe':r?nlslgtroply field; , and the Iéerr
potential for direct overwrite using magnetic field modula- ang € b (measure V\_"t a nerr loop trac)ewer_e used to
tion. Therefore, reducing the bias field by techniduarsde- derive the compensation temperature, the Curie temperature

veloping an alternative medium, which can record at a rea{Tc). and the (;_ompensation compos_ition. _The bias fi_eld
sonably low bias field;® is essential if MO recording is to (Hp), CNR, and jitter were measured with a disk tester using
achieve a useful high 'data rate light intensity modulation with a laser wavelength of 785 nm

For MO recording, amorphous DyFeCo films possessand an objective lens Of. NAO‘SS'. . '
higher sensitivities in both the switching field and the write The ethange cou_pllng coefficient @y, Th)FeCo f|lms
power than TbFeCo film$.® The recording characteristics of can be'derllved experimentally from a PIOt of the'm-plane
(Dy,Th)FeCo films have been analyzed by mean field mod_mag'nenzatlon'I(/IH) versus the magnetic field) agp“ed n
eling, and found to depend on both the anisotropy dispersioHﬁe film plgne,_l._e.zx = HIM,, for samples al gomp. ~ FOr the
of the rare eartiRE) constituents and the exchange integralSake of simplicity, a set ofDy,Th)FeCo samples 8K comp
between RE and transition metdlM) subnetworks. Mea- were selected _to_ _measu)\eat room temperatureRT). Al .
surements of the anisotropy energy const&qt, in speri- samples were initially magnetlcally saturated along the film
magnetic films, show apparent dips near the compensatio'ﬁormal ata tempergture d|.fferent frOMomp. The measured
composition Komp and the compensation temperature)‘ of the_ MO Iayer.|s t.he Inverse of_slope M.”(H) after
(Tcomp).6,7 By considering the canting between RE and TM subtracting a contribution from the diamagnetic substrate.
subnetwork$; 8 the finite exchange coupling coefficiefx)
is found to be responsible for these apparent dips. The ext. RESULTS AND DISCUSSION
change coupling coefficient for TbFeCo films has alreadys gxchange coupling coefficient A
been studied qualitatively by Fet al® In this work, both - ] o )
quantitative measurements and mean field calculations of ~ The finite exchange coupling coefficientof a speri-
were performed to characterize the magnetic properties arf@agnetic film can be derived from the exchange coupling

the recording characteristics @y, Tb)FeCo films. energy between RE and TM subnetwork magnetizations,
given by
Il EXPERIMENT \=2Z| 9re 1wl COK Bru)/NOReGTmAE, 1

All the samples and disks of 100 nm (Dy, (see Fig. 1 whereZ is the average number of nearest neigh-
Tb)x(F&;, Co00-y) 100-x films, with 18<x<28 and 76y  por atoms,9pe.1y is the exchange integral between RE and
<90, were deposited on glass and polycarbonate substrateg, subnetworks,éy, is the dispersion angle of the RE
respectively, to study their magnetic properties and recordingonstituenf’, ( bxy) is the average angle of the distributed RE
characteristics. The MO active layer was dc magnetron COmomentsN is the atomic densitygge andgry are the gy-
s_puttered from RE gnd FeCo-cpmpos_ite targets; its Compos-f'omagnetic factors, angkg is the Bohr magneton. The
tion was determined by inductively coupled plas-coqg, ) term is used for sperimagnetic materials because
the exchange coupling energy depends on the average angle
dElectronic mail: hpshieh@cc.nctu.edu.tw between RE and TM subnetworks. All these parameters can
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I X FIG. 2. MeasuredV; vs H for Dy,3 AFe3,C013)76 3and Thys {(FeyCOi0)76 0
’,’ from which \ is derived. The dashed line is a linear fit to the data.
6 ! OTM

FIG. 1. Definition of exchange coupling coefficienbf sperimagnetic ma-

terials xS given byk = H/M.. tics of (Dy,Th)FeCo films are governed byge.ty and

cog ) upon which\ is dependent. Thug, may be related
to the required bias field of a sperimagnetic film. The depen-

be obtained from a mean field analysis of tie(T) data. dence ok, Hy, andATeomy/ ARE on the RE components of
Using the values of the relevant parameters listed in Table PY: TD)FeCo films withT¢ = 200 °C andT¢om, = RT are
the mean-field-calculatedl is 571 for Dyss AF€;,C019)76.5 shown in Fig. 3, wherAT .,/ ARE is the slope of ¢4, VS
and 1115 for ThyiFexCowro Since |Op,my RE COMent It can be seen that the H,, and

< 9ol and<¢Ku>Dy| > ( dxu)1|, the exchange interac- ATcomp/ARE curves are similar. The measurado_f the
tion between Dy-TM moments is less than that betweenTbFeCO film is higher than that of the DyFeCo film by a

Th-TM moments so that DyFeCo films are more anisotropi-faCtor of about 21110 vs 557, as is the required bias field
Hy, (160 Oe vs 70 Or By increasing the Dy at.% in the RE

cally dispersive than TbhFeCo films. ) .
The magnetic and the MO properties of RE-TM films content,AT.,my/ ARE is reduced from about 45 °C/at.% for

such avi S(T)1 HC(T), andHK(T), are dependent upon both TbFeCo films to 28 °C/at.% for DyFeCO films. ThUS, R”

T andTeomp. TO assess the influence of the RE constituentdb andATeom,/ ARE decrease with increasing Dy at.% in
on the properties of RE-TM films, théDy, Tb)FeCo films RE content. Furthermore, the required bias field of sperimag-

should have about the sameT. and T netic films may also be influenced By . Figure 4 shows
comp- .

Thys {(F&,COy0)76e and Dyss AF€,CO)765 films, wi'?h the comp(_)S|t|ona_1I dependence)QfH_b, and T for a set of

TC~'200 °C anchom —RT, were chosen to derive. The PYFeCo films withTqn=RT but differentTc. It can be

measured values d(p are 557 for DyFeCo, and 1110 for seen thah increases very slightly with the Co content. Thus,

TbFeCo(see Fig. 2 These measuredare very close to the following the above discus_siom, is mainly determined by
calculated values shown in Table 1. Accordinglycan be the RE components, but slightly by the TM components; the

determined from both measurement and mean field modef!ighe€rx, the higherH,, that is required for recording.
ing. We now consider the correlation among H,, and

ATcomp/ ARE in terms of the subnetwork exchange integrals
including 9gre.re; Yre-tm, and dtygm, Which govern the
B. Constituent dependence of A 9 VreRE: VRETM ™M g
Achieving a data rate of several MBytes/s is still an issue
in MO recording using magnetic field modulation direct

overwrite. A reduction of the required, of MO media is 1°
feasible by carefully tailoring the magnetic properties. In a
previous work we reported that the recording characteris- 14 3
G
30 S
TABLE |. Parameters used to derive the exchange coupling coefficieht <
Dy23. A F&57C013)76.3 and Thys 1(FeyCO00)76.0 films. 420 E
RE-TM i g
10 8§
Parameter Dy ™ Tb &
<
g 1.33 2 1.5 0
{Pxu) 50° 0° 35° )
Fremlere) -0.55%107% —0.95x107!* Dy % in RE content
z 12
N (atoms/cm®) 6.5% 102 FIG. 3. \, Hy, and AT, ,/ARE as a function of Dy/RE in (Dy,
wp (emu) 9.27x 1072 Th)«(Fg,C0y0p-y) 100-x filMms 0f Tc =~ 200°C, 23< x < 24 and 8% y < 90.
Y 571 1115 The solid and dashed curves are a mean-field-calculated fit and a quadratic
fit, respectively, to the data.
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FIG. 4.\, H,, andT¢ as a function of Co/TM in DyFeCo films. The solid FIG. 6. Temperature dependence M, for Dyy(Feioo-yCa)) 100-x films
and dashed curves are a mean-field-calculated fit and a quadratic fit, respegith 70 < y < 90. The solid curves are mean-field-calculated fits to the data.
tively, to the data.

field modet* which contains only five uncertain, constituent
RE, TM, and net magnetizationMge, M1y, andMg). For  dependent parameters was used here. If the number of uncer-
a sperimagnetic filmV ge(T) andMy(T) contribute oppo- tain parameters can be reduced, good agreement between the
sitely to My(T), and|dremy and|drerd are smaller than experimental data and the mean field calculations can be
| 9rmrml 19 Thus, the decreasing rate of thdge(T) at  achieved easily. By Eql), 9re.1y iS dependent upon.
Tcomp i larger than that of thé/ 1, (T), and usually domi-  Following the discussion in Sec. lll Ajge. v may be de-

nates the decreasing rate of the net magnetizationgat,, rived from a measured with the assistance of mean field
(aMS/aT|TcomQ. Sincedge.m and Ire.ge are magnetically modeling.
interrelated| 9re.1y is proportional td 9ge.rd. % The de- To assess the validity of th€re.ry derived from the

creasing rate oMgg(T) andM(T) are mainly determined measured\, the compositional dependence @fpy.1y,

by dre.rm. When the(Dy,Th)FeCo films have about the Oqy.qrv, and Xgomp for Dy(FgCoypq-,) films with 70<y
sameTc and Teomp, @ higher|9geqy| results in a lower <90 are shown in Fig. 5. The foutpy.tv points are derived
decreasing rate oMgg(T) and a lower|dMg/dT|T omp. from the measured values afshown in Fig. 4. TheXcomp

By the equation dMgc/dT = [AMG/ARE@at.%] data were determined from the Kerr loop measurements.
X[ARE(at.%9/AT], AT.mp/ARE is inversely proportional Since the curve fitting exercise is not very sensitive to
to aMS/aT|Tcomp. Accordingly, the smallex or [ 9ge.m| 0f & 9pypy, the value ofdp,.p, is assumed to be 0.2010°*°
RE-TM film is, the smalle T oo,/ ARE is. Moreover, it has ~ erg. The modeling leavesyy.ry as an adjustable parameter
been reported that the requirkl, of a sperimagnetic film is  to fit the M(T) data. We find that not only thkl(T) data

proportional toATcomp/ARE.l*lo Therefore,H,, is mainly ~ shown in Fig. 6 but also the experimental data already shown
proportional to\. in Figs. 4 and 5 are fitted quite well by the mean-field-

calculated results. Thus, the valuesdig.1\, derived from
the measured are suitable for mean field modeling.
Following the above discussion, we have now shown
The mean field model is useful to analyze the magnetighat\, 9.1y, andH,, are all correlated. The required bias
properties of RE-TM films. However, the use of too manyfield H, of sperimagnetic films is mainly proportional to the
uncertain parameters in the analysis will complicate theaxchange coupling coefficientthat can be obtained quanti-
curve fitting, and may result in errors. A generalized meanatively from either measurement and/or mean field model-
ing. Moreover, the mean field calculations using values of
Ure.tm derived from the measurend can be reliable and

C. Mean field analyses with derived  Ogem

13 135 meaningful. Thus, once a sperimagnetic system has been
characterized in this way, it is possible to predict the funda-
+ + mental characteristics of a thin film with a given composi-
o 10 I3 ~ tion, or to find the composition which has the desirable char-
3 ;‘3 ] 8 acteristics for a given application.
E 2] &
E 5 S s > IV. CONCLUSION
dg z b Amorphous(Dy, Th)FeCo films were fabricated to study
ol o . Od; ] their magnetic and recording characteristics. The results
10 20 30 20 show that the magnetic properties of sperimagnetic films are
Co % in TM content ‘ governed by the exchange coupling coefficigrthat is pri-

FIG. 5. 9oy Omrm» AN Xeomp s & function of Co/TM in DyFeCo marily proportional t.o the subnetwork exchange mtergctlon.
films with 80=< y < 90. The solid curves are mean-field-calculated fits to theThroygh both quantitative measur.emer?ts and mean field cal-
data. culations of\, we have found that is mainly determined by
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