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The magnetic properties and recording characteristi¢BwfTh)FeCo films are dependent upon the
anisotropy dispersion of rare earth constituents and the exchange integral between rare earth and
transition metal sub networks. The exchange coupling coeffidieartd the domain wall mobility

Mo @re found to be interrelated by both measurements and calculations. The higheorthiee

lower theu ., the higher bias field that is required for magneto-optical recording. The temperature
independent\ is demonstrated to be an important parameter in the assessment of magnetic
properties and recording characteristics of sperimagnetic films19@7 American Institute of
Physics[S0021-897@7)02611-X]

I. INTRODUCTION article. Great attention should be paid to calibration of the
instrument used for tha measurement, particularly when
Amorphous(Gd,Th,DyFeCo alloys have been studied the compensation temperatur€ gy, of the test samples is
intensively for a number of years as erasable media fodifferent from room temperatur@RT).
magneto-optical(MO) recording'™* TbFeCo-based alloys
are the primary materials because they possess the high co-
ercivity and perpendicular anisotropy required for high den-l- EXPERIMENT
sity recording' However, to switch the required bias field All the disks and samples in this study have been pre-
(Hb) of typically more than 200 Oe for ThFeCo media at pared and characterized in the same way as those investi-
several MHz is still an issue in direct overwrite using mag-gated in the previous workThe exchange coupling coeffi-
netic field modulation. Recently, DyFeCo films have beencient\ of (Dy,Th)FeCo films can be derived experimentally
found to possess a higher switching field sensitivity tharfrom a plot of the in-plane magnetizatioM() versus the
TbFeCo films?™ It is therefore quite possible that DyFeCo- magnetic field H) applied in the film plane, i.e.\
based films are more suitable for advanced MO recording= H/M, for samples at therrcomp,5The test samples were
media. initially magnetically saturated in the film normal direction
Magnetic properties and recording characteristics oft a temperature different froffigm,. The measured is
sperimagnetic films are mainly determined by the exchangebtained from the inverse of slope ™ (H) for the MO
coupling coefficienth,>~’ which is governed by the sub net- active layer after subtracting the slope contributed by the
work exchange interaction. The coefficisnhas been char- substrate.
acterized by a set ofDy,Th)FeCo films at compensation The accuracy of the measurads limited by the sensi-
composition Kcomg.6'7 The experimental results showed tivity and calibration of the vibrating sample magnetometer
that the required Hb of &y, Th)FeCo film is mainly pro- (VSM). The smallest detectable signal level of the VSM
portional to itsh,” due to the fact that the exchange couplingused is about 2.5 10~° emu. When the geometry of a thin
energy is more important than the anisotropy energy at refilm is about 100 nmithicknes$x 1 cn¥ (ared, the accuracy
cording temperatur&®® From the measuren, the exchange of the measured magnetization is within2 emu/cni. How-
integral between rare eartiRE) and transition metalTM) ever, the temperature dependent parameters such as the mag-
sub networksdgetm, One of the most crucial parameters netic susceptibility of the sample holder may affect the slope
used in mean-field modeling, can be derivethus, a gen- of M,(H). The magnetic susceptibility of a diamagnetic
eralized mean field model containing only four constituentsample holder decreases with increasing temperature. Over-
dependent parameters is applicable to the performance analgstimated(underestimated\ will be obtained for TM-rich
sis of a RE-TM film. In a previous workwe reported that (RE-rich) samples WIthT ¢, <RT(T comp>RT), if the VSM
the required Hb of Dy, Th)FeCo films is mainly determined is calibrated only at RT. Thus, great care should be taken to
by domain wall mobility .¢): the higher theu.z of a  obtain\ at different temperatures.
RE-TM film is, the lower the Hb is required for recording. The apparatus used for the measurements of domain wall
Since both\ and u.x are dependent upon bothe.ry and  velocity » and mobility u.¢ is a static tester, composed
the anisotropy dispersion of RE COﬂStitUents{leg),4'6'7the mainly of a polarizing microscope and an electromagnet pro-
common properties ok and u.; Will be discussed in this viding a magnetic field up to 6 kOeDomain wall mobility
Mo IS the derivative of the domain wall velocity with
dDepartment of Humanities and Sciences, National Yunlin Institute ofreSpe.Ct to t.h.e applied field. T.hls methoq for the .aCtuaI
Technology, Touliu, Taiwan, 64009, Republic of China velocity/mobility measurements is only applicable to circular
PElectronic mail: hpshieh@cc.nctu.edu.tw domains with diameters larger tharuin. Measurements of
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FIG. 1. Tc and T omp as functions of RE at % for DYFe;Co) 100 <, and It can be seen thatdy.ry| is higher than| ﬁDy_TM| by a
Th,(FeyCog) 100« films with 18<x=28. The solid curves are mean-field- factor of about 2, meaningge.ty is mainly determined by
calculated fits to the data. the RE constituents, and the exchange interaction strength
between Th-TM sub networks is larger than that between
Dy-TM sub networks. Since the exchange integrals are mag-
netically interrelated and the strong TM-TM interaction can
enhance the RE-TM interaction slightly, bothge.1y and
Jrmtm are reduced with an increasing RE content. How-
Ill. RESULTS AND DISCUSSION ever, it has been reported that the magnetic properties and
recording characteristics of sperimagnetic films are governed
by the exchange integrals, which is mainly proportional to
The mean-field model is useful to analyze the magnetighe sub network interactiohFollowing the good fit shown in
properties such abg(T), Tc, and Teomp of RE-TM films  Fig. 1, derived values ofge.1y and 91y.ry » Shown in Fig.

which play critical roles in the MO recording 2 were used in the following mean-field analyses.
characteristicd?® The generalized mean-field model con-

taining only four constituent dependent paramétéis em-
ployed to fit the magnetic data of D{Fe;;C0;3)100-x @nd
Thy(Fe&yC0i0) 100-« films with 18<x=<28. As shown in Fig. In a previous work, we reported that the exchange inte-
1, the mean-field-calculatetic and T¢oy, are very close to  gral between RE and TM sub network&e 1y can be ob-

the measured data. Derived from a mean-field analysis, theined experimentally from the exchange coupling coeffi-
compositional dependence @ze.ry and dyrw, for the  cient \.” To characterize(Dy,Th)FeCo films, A can be
(Dy,Th)FeCo films discussed in Fig. 1, are shown in Fig. 2.derived from the exchange coupling energy between RE and

TM sub networks, given by’

\=2Z| ¥revl COS dicy)/ NOreTMME, ()

whereZ is the average number of nearest neighbor atoms,
—_ Jre.tm IS the exchange integral between RE and TM sub
go networks, ¢k, is the dispersion angle of the RE constituent,
-20 (@ku) is the average angle of the distributed RE moments,
é N is the atomic.densitngE andgry are the gyromagqetic
E factors, andug is the Bohr magneton. From E@l), A is
s

subum domains may result inv and u. being under-
estimated?

A. Magnetic characteristics

B. Exchange coupling coefficient A

15 12

dependent upoge.y and coéey,),®’ but is independent
[ = T et F o, of temperaturé._'l’hus,)\ can b_e qbtained at any 'Femperature.
5 Dy(Fe,Co,,)| —8—|— — | The recording charactt_arlsncs of RE-TM films depend
- To(Feq,Cor)| —6— |- — - | not only on the RE constituents, b}Jt also on the RE/TM
T — il ratio. To derive A from M (H), Fig. 3 plots the in-
20 25 30 plane magnetizatioM, versus the applied fieldd for
RE content (at.%) Dyy(F&s7C0139) 100-x and Th(FeyCoig)100-x films at their
FIG. 2. Derived values of} and 9% as functions of RE at % for Tcomp' -The measuret, fc-)r a ypical MO sample at a mag-
DY, (F&5,C019 109 and TQ(RFZJT(:"CQ O)lo(l“i‘mm& Al the curves are mean.  Netic field of 13.5 kOe is about lQ—3O emufcnbut the
field-calculated fits to the data. Thixg.ry data are derived from the mea- = 2 emu/cni noise level may result in an error of 6%—20%

sured\ in Fig. 4. in the slope ofM(H). A linear fit is used here to suppress

7438 J. Appl. Phys., Vol. 81, No. 11, 1 June 1997 Hwang, Wu, and Shieh



1500 — 300 ~ 10
PR Ay mees )| Hb | 8= Dy, (FeC0),y,, —@—
R Tb(FeyCoy) [—O— [~ & ] =) Tbx FeCo x —L—
ﬁ -\O\n Dy(FeyCoys)| —0—|- = -] —_ -&-5 8 { i

- [ ]
2 1000} \ 200 O Y
(8] N - - -
g2 [ JoooE T 1 3 3
B | 1 3 =4
S 500 M"\— 100 _‘;" )
%" i L1 1 & _g
S = 0
L?I'J< 0 20 1 1 1 1 2|5 L 1 1 1 30 0 22 24 26 28
RE content (at.%) RE content (at.%)

FIG. 4. The coefficient and bias field Hb as functions of RE at% for FIG. 5. Compositional dependence pfy for Dy,(Fe;7C0i3)100-x and
Dy, (F&7C019) 100-x and Th(FeCoig)100-x films with 21=x<27. The  Th,(F&C0g)100- films with 22< x < 28. The solid curves are mean-field-
solid lines are mean-field-calculated fits to the data, dashed lines are used ealculated fits to the data.

connect data points. The Hb data were reported in Ref. 4.

are dependent upon bothreqy and coéegy,). There are
the random noise, achieving a more accurate measurementsdéme properties in common betweemnd wq .
\. To perform a systematic characterization Xf Fig. 4 It has been observed that the measured veldoityno-
shows the compositional dependence ok for  bility) of recorded domains is very dependent upon the mea-
Dy, (Fe37C013) 100-x and Th(FeysCoi)100- films with 21 surement techniquel® Here we estimate the relative values
<x=27. It can be seen that the mean-field-calculated of u.(T) for Dy,(F&57C013)100-x and Th(Fe,C0i0)100-«
(solid curve agrees well with the data. The exchange cou-ilms from theyp, :ym,=8:9 andap, :ar,=9:10 that are used
pling coefficienth of TbFeCo films is about twice that of in the mean-field modeling. As shown in Fig. 5, the compo-
DyFeCo films in this composition range, implying thais  sitional dependents of Dy,(Fe;7C0;3) 100-« films at RT is
mainly determined by the RE constituents. However, at darger than that of TJ{FeyCo,0)100-x films by a factor of
given Fe to Co ratio, an increase in the RE to TM ratioabout 2, implying that recorded domains in DyFeCo films
lowers the TM-TM interaction(and therefore reduces are more field sensitive than those in ThFeCo films.
J1wm.tm)- Since the exchange integrals are magnetically in-  In the previous worK,we found that the recording char-
terrelated,9ge.1m and 9y.tv (shown in Fig. 2 change with  acteristics of Dy, Th)FeCo films were also influenced by do-
the same trend as (shown in Fig. 4. The termsdgrg.tm, main wall motion. When the total forc&; (T), acting on
Ormtm, @nd N are decreased slightly with an increasingthe domain wall is larger than the coercive force,
RE content. Moreover, the required Hb for the 2My(T)Hc'(T), during thermomagnetic recording, the do-
Th(FeyCoi0) 100« filMs, in the compositional range 2% main wall velocity »(T) is given by°
<25 (shown in Fig. 4 is about twice that for the ,
Dy, (F&7C012) 100-x films. Thus, the required Hb of the YT = pe(MIH=HC(T)],
(Dy,Th)FeCo films is mainly proportional to the exchange  when FE(T)>2Mg(T)Hc'(T). 3
coupling coefficieni. Since thedge.1y data shown in Fig. 2
are derived from the measuradshown in Fig. 4, sperimag-
netic films can be characterized quantitativelyXy

C. Domain wall mobility g = 6 '\ :l Aoy—rzemeter - He(T) 15 —_
. - . . . g [\
Domain wall mobility u.¢ is an important parameter in =] -\ DyFeCo —|—- o
determining the recording characteristics of MO media. Fora 5 4 \ M\ Toreco — 1-*-ldio =
two sub network system of RE-TM alloyges; iS given = . m”
by'L12 S
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whereMge and M1y, are the magnetizations of the RE and Temperature (°C)

TM sub networks, respectively, ardand y are the damping FIG. 6. The terms ue(T) and Hc(T) of Dy FeCogres and

parame_ter and the gyromagnetic ratio of each sub networky, . (Fe,Coy0). films. The solid and dashed curves are mean-field-
respectively. As shown in Eq$l) and (2), both\ and ue  calculated and quadratic fits, respectively, to the data.
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HereHc’'(T) is the dynamic coercivity of the recorded do- results have shown that the exchange coupling coefficient
main that is not equal to, but still proportional to, the mea-and the mobility of Dy; AFe;/C0,3)76.3 films are about one
suredHc(T). Within the temperature rangd ¢ — 40°C)  half and two times those of B (FeygC0o10)76.9filMs, respec-
< T < Tc where the final domain size is determined, thetively. As a result, the required bias field Hb for
eit(T) andHc(T) for Dy,s AFe;7C0,5)763are about two and  Dy,; AFe;/C0;3)76 5 films is about one half of that for
one half of that for Th; 1(Fe,0C010)76.6 respectively(shown  Thys 1(FeygC0i0)76.¢ films, implying that the highepuq«(T) or
in Fig. 6). If the applied field for Dy; AFe;/C0.3)763iSs 1/2  the lower\ of a RE-TM film, the lower Hb that is required
of that for Thys 4(FeyC0i0)76.9 then the domain wall veloci- for MO recording. Furthermore, the temperature independent
ties of both films will be about the same. Readout signal is\ is a good parameter to assess the magnetic properties and
proportional to mark size in optical recording. Thus, to reachrecording characteristics of sperimagnetic films.
the same domain size, DyFeCo films need an Hb of only
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