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Magnetic properties and microstructure of FePt—Si 3Ny
nanocomposite thin films
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(Fe&sgPt50) 100- x— (SN« (X=0-50vol. %) nanocomposite thin films are prepared by dc and rf
magnetron cosputtering of FePt angNi targets on silicon wafer substrates, then annealed in
vacuum at various temperatures. The effects gl Svolume fraction, film thickness, and annealing
temperatures on the magnetic properties are investigated. Transmission electron microscopy
analysis indicated that structurally the film is an amorphoud Smatrix with spherical FePt
particles dispersed in it. The particle size of FePt increases with the annealing temperature but
decreases with increasingsNj, content. Magnetization measurements indicated that maximum
in-plane squareness and coercivity occurs at 30 vol. %f,Sifter annealing the film at 750 °C for

30 min. The average particle size of FePt in this film is about 40 nm. Saturation magnetization of
the FePt—SN, film is independent of film thickness but inversely proportional to th&l.Svolume
fraction. Variation of the films’ coercivity with film thickness is small. In contrast, the magnetic
hardening mechanism and coercivity of the FeP{Ngstomposite film are dependent on thghj

volume fraction. ©2000 American Institute of Physids$s0021-897800)05501-9

I. INTRODUCTION the film is much more easily controlled by process param-

) ) ) _eters than those in continuous metal film. Additionally,
Since long ago, the most important problem in magneticyranjar media have many better properties such as oxida-
recording medium has been how to increase its recording,, resistance, corrosion resistance, and wear resistance due

density. A high recording density thin film medium needs, e magnetic particles being surrounded by an insulating
high coercivityHc and optimum remnant magnetizatitr matrix.

for giant magnetic resistan¢&MR) and MR read heads. At FePt is suitable for the magnetic material of granular
present, the CoCrMM =Ni, Ta, P crystalline thin films and e4ia due to its high magnetocrystalline anisotrop, (
columnar grain CoCr films are the most widely used longi-— 7y 17 erg/cn?).® In this article, we have fabricated
tudinal and perpendicular magnetic recording materials, regranjar FePt—gi, thin films and investigated the effects of
spectively, due to their high coercivity. For these metalthiaN4 volume fraction, film thickness, and annealing tem-

films, the most significant problem is the noise that resultsberature on the magnetic properties parallel and normal to
from magnetic exchange coupling between the graifise the film plane.

key point for reducing media noise is the reduction of the
intergrain magnetostatic and exchange interaction. There-
fore, composite granular films with isolated magnetic graind!- EXPERIMENT
dispersed in a nonmagnetic matrix are expected to become (FesoPbo) 100 «— (SENL), (x=0-50vol.%) composite
. . . . . . X X .

more suitable for high-density magnetic recording medigjims \ith thicknesses of 10—200 nm are produced on silicon
over 10 Gb/ir? in the future due to their low noise charac- wafer substrates at room temperature by cosputtering
teristics. o , _ _ FeyoPtsoand SiN, targets. The adjustment of the power sup-

Magnetic granular thin films having a kind of special yies of two separate dc and rf sputtering guns provides a
structure usually consist of nanoscale ferromagnetic particlegjge range of effective insulator volume fractions of the thin
(e.g., Fe, Co, Ni, CoPt, efcwhich are embezqged IN-an N~ fiim. The substrate is rotated at 75 rpm in order to attain
sulator matrix(e.g., SiQ, SizN4 Al;Os, etc).” > The mag- | niform composition of the film.
netic properties of granular thin film are different than that of 11,6 pase pressure in the sputter chamber is 5
continuous metal thin films due to the magnetic particles ofy 10-7Torr. The sputtering pressure is fixed at 5 mTorr af-
granular film being isolated. Furthermore, the growth ofi,, introducing high purity argon ga9.995%. The dc
magnetic particles is constricted by a nonmagnetic mat”_)bower source is set at 40 W, and rf power source is varied
during heat 'treatment. The change in non_magn'etlc matri¥.om 70 to 280 W for the sputtering guns, each of which is 2
volume fraction changes the magnetic particles’ intergranuy, iy giameter. The deposition rate of FePt is about 0.3 nmis.
lar distance, average grain size, and particle shape. Thesge a5.deposited film is encapsulated in a quartz tube and
parameters all directly affect the magnetic properties Ofhen annealed in vacuum at various temperatures. The an-
granular thin film. The particle size of magnetic particles innealing timet...is 30 min

an .

The magnetic properties of the film are measured with a
dElectronic mail: pckuo@ccms.ntu.edu.tw vibrating sample magnetomet@&fSM) and superconducting
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as-deposited FePt—8l, films. SN, volume fraction of the film is varied
from 0 to 50 vol. %, and the film thickness is 200 nm.

microcracks disappear after the addition ofNgi This may

FIG. 1. TEM micrograph and electron diffraction pattern of the as-deposite . - : _
(FePhoo—(SiiNa)yy film. (a) is the bright field image antb) is the selected ‘e due to the fact that the internal stress of the film is re

area diffraction(SAD) pattern of the FePt grains i@). leased by the amorphous;8j, phase. .
Figure 2 shows the relationships among saturation mag-

netizationMs, in-plane coercivityHc,, perpendicular coer-

guantum interference devid&QUID) at room temperature, civity Hc, , and SiN4 volume fractionVy of as-deposited
with maximum applied fields are 13 and 50 kOe, respecFePt—SiN, films. We can see that thds value of the film is
tively. The microstructure of the film is examined with a decreased linearly with increasing, as shown in the line
JOEL 100CX transmission electron microscdp&M), and  marked by solid dots. Th#ls value is about 750 emu/cm
different phases of the film are identified by an x-ray diffrac-whenV; is 0 vol. %, and ad/; is increased to 50 vol. %, it
tometer with CuK « radiation. The average grain size of the decreases to about 375 emufgiwhich is only half of the
film is measured from the TEM bright field image. Compo- pure FePt film. From this, it can be understood thaNgis
sition and homogeneity of the film are determined by energya nonmagnetic phase, and it plays only the simple role of
disperse spectrufEDS). The depth profiles of elements in diluting the magnetization of the film.
the film are analyzed by Auger electron spectrosc@yS) The Ms value of the line marked by circles in Fig. 2 is
and the thickness of the film is measured dgtep. obtained by deducting the 8, volume from the total film
volume, so it reveals the intrinsidds of the magnetic
Fe;oPtyo alloy. Note that thisMs value remains fairly con-
stant with an increasing $hi, volume fraction. Since thiss

From the TEM analysis, we find the microstructure of value does not vary with the i, volume fraction, means
the as-deposited FePt=Hj, film is an amorphous §\, ma-  that SN, is not reacting with Fe or/and Pt elements during
trix with y~-FePt grains dispersed in it. The average grain sizeéhe cosputtering process.
of y-FePt grains is about 5 nm for all as-deposited films.  The variation ofHc; with Vs is small, asV; is between
Figure 1 shows a typical example. Figuré)lis the TEM 0 and 50 vol. % SN, Hc, remains at about 50 Oe. How-
bright field image of the as-depositeérePlgy—(SisNy),g  ever, theHc, value of as-deposited film is increased with
film. The film thickness is 200 nm. The network-like struc- from 60 to about 420 Oe a%; increases from 0 to 20 vol. %;
ture results because the FePt grains are surrounded bytleen it decreases with increasikg to about 20 Oe a¥s is
SisN, matrix. From selected area diffraction pattern analysisjncreased to 40 vol. %. Thdc, value is always higher than
we know that the crystal phase of the as-deposited film is &lc, value for the as-deposited film, &5 is lower than 35
face-centered cubié¢fcc) y-FePt phase, as shown in Fig. vol. %. This may be due to the induced out of plane magnetic
1(b). The well-marked diffraction rings indicates that the anisotropy by the internal stress. We can see that the addition
structure of the as-deposited film is not amorphous. As wef SisN, does not affect the intrinsills of FePt alloy, but it
compare this TEM diffraction pattern with that of the sput- will affect the extrinsic properties such as the coercivity.
tered pure SN, film, we confirm that the SN, film has an  Since the average FePt grain size of all as-deposited films is
amorphous structure in the as-deposition state. almost the same, the variation of the coercivity withN\gi

The y-FePt phase is soft magnetic in bulk form; how- volume fraction is mainly due to the internal stress of the
ever, due to the contribution of large internal stresses, it hasterface between i, and FePt phases which varies with
higher coercivity in the thin film form than in the bulk form. SizN, volume fraction.
These internal stresses may produce some microcracks inthe Figure 3 shows the x-ray diffraction patterns of the
as-deposited pure FePt fillmHowever, we find that these (FePi;o—(SisN,)z films, which are annealed at various tem-

Ill. RESULTS AND DISCUSSION
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FIG. 3. X-ray diffraction patterns of variou§eP};;~(SiiNa)s films. The FIG. 4. Variations of theMs with annealing temperature of various
film thickness is 200 nm and the film is ice-water quenched after anneahngFePt SiN, films. SiN, contents of the films are 0, 30, and 50 vol. %,

respectively. The film thickness is 200 nm and the film is ice-water

guenched after annealing.
peratures. For a pure FePt thin film, annealed at 600 °C for

30 min, we can find superlattice peaks in its x-ray diffraction
pattern: However, they cannot be found in the annealed

(FePY,o—(SisN4)3o granular film at this annealing tempera- allowed the inner stress of the film to be released from the
ture and time. In Fig. 3, we cannot see any well-markedilm body without the need to form microcracks to release
superlattice peaks of,-FePt phase, even at a higher anneal-the stress. However, the interface bonding between the FePt
ing temperaturg(650 °C), because the amount of;-FePt  and SN, phases have exerted compressive stress on the
phase is very small at this annealing temperature. HoweveEePt grain and shortened its lattice parameter. Therefore, all
as the film is annealed at 750 °C, the superlattice peak af spacing of(111) planes of the as-deposited film and (14.1)
v1-FePt phase in this granul@feP};o—(SisNy)5o film is re-  planes of the annealed film decrease with increasinly,Si
vealed. This is due to the fact that thkd=ePt phase is almost volume fraction, as shown in Table I.
completely transformed tg/,-FePt phase at this annealing Figure 4 shows the relation betwebfs and T, of the
temperature. This indicates that the addition gfNgiwould  annealed films with various g, volume fractions. We find
increase the transformation temperature-é¢iePt toy,-FePt  that theMs value of pure FgPt, alloy film is decreased
phase. quickly as T,, is increased to a temperature higher than
Table | listed (FePthy y—(SkN4)y (Xx=20-50vol. %) 600 °C. This is due to the fact that FePt film reacts with the
thin films’ (111) d spacings ofy-FePt phase ang;-FePt silicon substrate a$,,;>600°C8 However, when 30 or 50
phase. The data of bulk Eft, and two kinds of pure vol.% SgN, is added, théVs value of the film will decrease
Fe Pt thin films, which are ice-water quenched and fur- at T,,>800 °C, which is higher than that of pure FePt film.
nace cooled after being annealed, are also included. We can Figure 4 implies that the §N, phase in granular
see that the lattice parameter of FePt crystal decreased witePt—SiN, film protects the FePt phase at high tempera-
increasing SiN, volume fraction. This may be due to fact tures, so the thermal stability of granular FePENgifilm is
that the sputtered FePt continuous alloy film has strong sumbetter than that of pure FePt film. For the films with 30 and
face tension originally, and asg8i, isolated the FePt grains, 50 vol. % SiN,, the abrupt decrease bfsasT,>800°C is
the continuity of the alloy film is destroyed. This structure due to the interdiffusion of FePt with Si substrate. Figures
5(a) and 3b) show the AES signals of the elements as a
function of depth for(FeP};o—(SisN4)3o films with (a) as-

- o .
TABLE I. Variations ofd spacing with SiN, vol. %. deposited,(b) T,,=900°C, respectively. It is evident that

As-deposition 750 °C postannealed both Fe and Pt atoms are diffused deeply into the Si substrate
d value of (111 d value of (1113° and reacted with Si atoms after being annealed at 900 °C.
A A This reaction forms some compounds such as £6%iSis,
FePt(bulk)® 2.202 2.197 etc., and are detected by x-ray analysis.
FePt(thin film)? 2.201 2.197 Figures ©a) and @b) show the relationships among
FePt(thin film)° 2.201 2.185 Hc,, Hc, , andT,, of the annealed FePt—8l, films with
(FeP)g(SigN )6 2.194 2.181 ; : . ; 0
_ X various SiN, volume fractions. AsV; is equal to O vol. %
(FePY7¢(SisN4)30 2.191 2.180 .
(FePhgy(SiaN)uc? 2191 2172 (.I.e.,_ pure FePtsg), theHc, value can reach 10 kOe after the
(FePlsg(SisN)sc® 2.184 2.165 film is annealed at 600 °C. AE,, is higher than 650 °C, the

Hc, value of pure FgPt film is lower than 2 kOe. The
Z'Ife""’ater guenched. rapid decrease ofic, for T,,>600°C is due to the grain
urnace cooled. . . . .
*Superlatice. growth and the reaction of FePt film with the silicon sub-
dRefer to JCPDSJoint Committee on Powder Diffraction Standards strate. For théFeP),;—(SisN,4)3o film, Hc, value is about 2
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FIG. 5. AES depth profiles of the elements for {f&P};o—(SizN,)3, films
with (a) as-deposited(b) T,,=900 °C, respectively. The film thickness is
200 nm and the film{b) is ice-water quenched after annealing.
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kOe atT,=550°C, and it increases rapidly with increasing FIG. 6. Variations ofHc, andHc, with annealing temperature of various
Tan to reach its maximum value of 11 kOe &},=750°C  Fept-SjN, films; Si;N, contents of the films are 0, 10, 30, and 50 vol. %,
then decreases rapidly ds,, is increased further. In Fig. respectively(a Hc, vs T,,, (b) He, vs T,,. The film thickness is 200 nm
4(b), He, value also has the same tendency as thad of. and the film is ice-water quenched after annealing.
The maximumHc, value is about 7 kOe, which is much
smaller than that offic, . Therefore, the magnetic anisotropy
of this film is parallel to the film plane. The increasetb€,
andHc, values with increasin@,,asT,,<750°C is due to For pure FePt film, the as-depositedFePt thin film
the gradual transformation of the softFePt phase to the includes the nucleation site of;-FePt phase. For the as-
hard y,-FePt phase, and thg,-FePt phase has very high deposited FePt—@\, film, the FePt particles are surrounded
magnetocrystalline anisotropy. Ag,> 750 °C, the decrease by the insulator SN,, which is a poor heat conductor. The
of Hc, andHc, values with increasing , is also due to the y-FePt particles in as-deposited FePgNgifilm cannot be
growth of FePt grains and the reaction of FePt with the Stransformed toy,-FePt phase completely by quenching the
substrate. In generafc, andHc, values are increased with film in ice water after annealing at 600 °C. ThegM$j content
increasingT,, for annealed FePt—gh, film, and will de- would affect the magnetic hardness of the granular
crease after reaching their maximum values at some charaBePt—SjN, film after annealing.
teristic T,,. From Fig. §a) we can see that the addition of the amor-

From Fig. 6 we also can see that the increase gflSi phous SN, phase can raise the initial phase transformation
content in the film will increase the annealing temperaturéemperature at which-FePt is transformed into the, - FePt
required for high coercivity. Pure Eft, film must be an- phase. The coercivity of annealed FePgN3ifilm could be
nealed between 500 and 600 °C, resulting in a coercivityarger than that of pure FePt film due to the completely iso-
higher than 3 kOe, however, addition of 30 vol. % ofNsj  lated small FePt grains with appropriate intergranular dis-
raises this temperature range to between 600 and 900 °@nce and the stress anisotropy of the particles. As the
This is due to the fact that the amorphougNgiphase post- amount of the magnetic phase is fixed, not only the magnetic
pones the initial temperature, which transforms the fcagrain size but also the intergranular distance are increased
y-FePt phase to the fet,-FePt phase. with increasing annealing temperature. The growth of mag-
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FIG. 7. Variations of squarenesS=£ Mr/Ms) and switching field distribu- Flgl.”es %) and gb) are theM_t‘ |00pS of the pure
tions (SFD) with annealing temperature of tliEeP};o—(SisN4)3o film. The FePt fllm’_ are "fmnealed at 600°C, and the_ granular
film thickness is 200 nm and the film is ice-water quenched after annealing(FePﬁ7o—(SI3N4)3o film, annealed at 750 °C, respectively. We
can see that theMs value of granular film s
=520 emu/cr) is much lower than that of alloy fim\'s

netic FePt grains would decrease the coercivity of granulae=780 emu/cr). In fact, the Ms values of the magnetic
film. phase in these two films are almost same. Due to the physical

Figure 7@ shows the relationships among in-planedilution of SiN, the Ms value of granular
squareness §=Mr;/Ms), switching field distribution (FeP};o—(SizN,)3o film is lower than that of pure FePt film.
(SFD), and annealing temperatureT,, of the The “two shoulder” shape of théVi—H loop of pure
(FePY70—(SisNy)3q film. We found that both the maximus, FePt film[see Fig. @] is reduced by adding $N, phase, as
value and the minimum SKDvalue occur afl,=700°C.  shown in Fig. 9b). The appearance of the two shoulder
The maximumS, value is about 0.9, and the minimum SFD shapeM —H loop is due to the remnance of soft magnetic
value is about 0.2. In Fig.(B), it is noticeable that the ten- (-FePt phase, which comes from incomplete transformation
dency of theS, vs T,, curve is similar to that o5, vs T,,  of y-FePt- y,-FePt phase. A pure;-FePt phase will have
curve. The maximun$, value occurs at ,,=750°C; which  a singleM—H loop without the two shoulder shape. It has
is about 0.8. The minimum SKDvalue is about 0.7, which been shown that the initial phase transformation temperature
is much larger than the minimum Sf®alue. In summary, of granular(FeP},—(SizN,)3o film is higher than that of pure
the optimum annealing temperature for the in-plane magneti€ePt film. Since the degree ¢fFePt- y,-FePt phase trans-
properties of FePy;o—(SisNy) 5o film is T,;=700°C. TheMs  formation is increased with increasing the difference of su-
value,Hc;, andHc, of this granular film at this annealing percooling temperatureST at annealing treatment, the de-
temperature are 530 emu/gn8 kOe, and 6.7 kOe, respec- gree of y-FePt-y,-FePt phase transformation is more
tively. complete in granulatFeP};o—(SisNy4) 3 film.

Figures 8a) and 8b) are the TEM bright field image and High coercivity of pure FePt film comes from both the
electron diffraction pattern of théFeP};o—(SisNy)3g film, high uniaxial magnetic crystalline anisotropy constalifu (
which is annealed at 750 °C. The thickness of the film is 200=7x 10’ ergs/cni) of fct y,-FePt phase and the domain
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loop of the granulatFeP};o—(SisN,)3o film annealed at 750 °C. These films 600 °C.(b) a series of minor loops of thEeP);o—(SisNy)3 film annealed at

are ice-water quenched after annealing. The film thickness is 200 nm and th700 °C. The film thickness is 200 nm and the film is ice-water quenched

applied field is parallel to the film plane. a%ter annealing. The applied field is parallel to the film plane.

wall pinning effect of imperfect fcty,-FePt phase, as wéll.
According to Tanakat al.,'° antiphase boundaries and vari- granular FePt—§N, system, the surface of the FePt particle
ous orientations ofy;-FePt twin’s interfaces would be the is strongly bonded with §N, matrix, and the internal stress
pinning site that restrained domain wall motion. Figur¢al0 exists in the incoherent heterogeneous interface. Under a re-
shows a series of minor loops of pure FePt film which areversed magnetic field, domain nucleation may occur in the
annealed at 600 °C and then quenched in ice water. It reveaisterface first, subsequently propagating to the whole par-
an apparent domain wall pinning mechanism. ticle. Therefore, the magnetic hardening mechanism of
In granular FePt—gN, film, it is impossible to attain FePt—SiN, granular film is between domain wall nucleation
nearly singley;-FePt phase under the same heat-treatmerand domain wall pinning. Figure 16 shows a series of
conditions as that of pure FePt alloy film. This is due to theminor loops of thgFeP},,—(SisNy4) 30 film which is annealed
fact that after annealing, the transfer of heat outside the filnat 700 °C and then quenched in ice water. It reveals a mag-
occurs more slowly as the volume fraction ofl$j phase is  netic hardening mechanism between the domain wall nucle-
increased. The-FePt- y,-FePt phase transformation could ation type and the domain wall pinning type.
further be improved, when the film is annealed at higher  Figure 11 shows the relationship between lthg of the
temperature and quenched. But the crystal defects for pimninor loop and the applied fieltH, of various annealed
ning sites, such as antiphase boundaries and twins of fétePt—SiN, films. Solid lines show the data of granular
v1-FePt phase will be decreased g is increased. films, and dashed lines show the data of pure FePt films. The
Most of the FePt—gN, films which are annealed at tem- Hc, values are obtained from the minor loops of the VSM
peratures higher than the initial phase transformation temmeasurement, where the maximuy is 12 kOe. We can
perature ofy-FePt- y,-FePt cannot develop high coercivity see that the pure FePt film quenched in ice water after being
because they have a greater amount of perfectyfeEePt annealed exhibits the domain wall pinning mechanism, and
phase, so the number of pinning sites is decreased. In thtbe pure FePt film which was slowly cooled in a furnace
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FIG. 11. Hc, vs Ha of various annealed FePt aeP};o—(SisN,)s films. t (b) )
Solid lines are theHc, of the (FeP);—(SisNy)z films which are quenched 10000 | film thickness
in ice water after annealing. Dashed lines are lthg of the FePt films —0—10nm
which are ice-water quenched and furnace cooled after annealing, respec- 8000 | —— 50 nm
tively. TheseHc, values are obtained from VSM minor loops. The film —v—200 nm
thickness is 200 nm. ®
C so00f |
d
: . o feri i - T 4000}
(cooling rate is about 4 °C/mjrexhibits the domain nucle- .
ation mechanism. A
In Fig. 11 we can see that when the applied field is 2000 -
below 6 kOe, Hc, of the minor loop of granular N . ) ) .
(FePY,0—(SisN4)3p film annealed at 750°C and ice-water 0 0 20 30 40 50 60
qguenched is almost equal to that of pure FePt alloy film Si;N, vol. %

annealed at 600 °C and ice-water quenched. Comparing the
Hc, vs Ha curves of two(FeP};0—(SisN,)30 granular films  FIG. 13. (a) Variations of Hc; and Ms with SisN, volume fraction, (b)
with that of ice-water-quenched pure FePt alloy film therelationships betweemic, and SiN, volume fraction of the annealed
fth 'WOEEP Si.N lar fil h ’ FePt—SiN, films. The film thicknesses are 10, 50, and 200 nm, respectively.

curves O ese _WQ ¢ h79_( aN4)30 granu ar iims show _The annealing temperature is 650 °C and the film is ice-water quenched after
that their magnetic hardening mechanism appear to be a mixnnealing.
ture of domain nucleation and domain wall pinnitg.

From the observations of TEM images, we find that the

average grain size of FePt8j composite film grows more films. The film thickness is 10 nm and the film is ice-water

slowly than that of pudre Fept f'ImZWhEn the I?nneellllr!g terT' uenched after the annealing process. We can see that at the
perature is increased. Figure 12 shows the relationshipg,meT " the grain size of FePt in composite FePLAGi

among FePt grain sizé&/;, andT,, of various FePt—3N, film is decreased a¥; is increased. This is due to the fact

that the grain growth of magnetic FePt phase is limited by
surrounding SN, matrix in the FePt—$N, composite film.

o ' . As T,,=750°C, the average grain size of pure FePt film is
— sl film thickness is 10 nm | 90 nm, and it is only 70 nm in théFeP};o—(SizNy)3g film.
E —®—pure FfsoPFw The effect of SiN, addition is not only changing the film’s
Té :;::2;3:2:};: 2:3:4 magnetic hardening mechanism but also limiting the grain
3 °r —0— 40 vol.% Si:N: T growt_h of magnetic FePt phase _durmg annealing.
£ Figure 13a) shows the relationships amomds, Hc;,
G 4t 1 andV; of various granular FePt—spi, films with film thick-
“é, - ness of 10, 50, and 200 nm, respectively. It can be seen that
g 20} as-deposition | the Ms value is independent of the film thickness but de-
x | creases linearly with increasing; . The dependence of the

: : Hc, value on film thickness is small. Howeveic, varies

0 1 1
0 200 400 600 800 1000

with V¢ as a sinusoidal curve. The amplitude of this sinu-
soidal curve is decreased ¥s is increased.
6. 12, Variati  FePt arain size with i i Figure 13b) shows the variation dfic, with film thick-

. . Variations of Fe tgraln size wit annealing temperatureo variou N _thi : s
FePt—SiN, films. SN, contents of the films are 0, 20, 30, and 40 vol. %, hess and(f - Except for the 200-nm thICk.ﬁIm’. the variations
respectively. The film thickness is 10 nm and the film is ice-water quenche®f HC. With V¢ for the 10- and 50'nm'th_|Ck films also have
after annealing. the same tendency as thatldt, , but theirHc, values are

Annealing Temperature ('C)
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much smaller than those &fc, for the sameV;. The varia-  Maximum in-plane coercivity of the FePt—8l, film is 11

tion of Hcy andHc, with V¢ is irregular. This may be due to  kOe, a point which occurs at 30 vol. % of,8i, with the film

the fact that the particle size of FePt is decreased with inpeing annealed at 750°C and subsequently ice-water
creasingV; (see Fig. 12 and the stress anisotropy of FePt quenched. The analysis of the transmission electron micros-
particles is varied withV . In the granular FePt—-@, sys-  copy diffraction pattern indicates that the crystalline phase of
tem, theMs value of FePt is not affected by the addition of this granular film is nearly single/;-FePt phase with fct
SisN,4 since the insulator &\, has not been alloyed with the structure. The average grain size of the FePt particles in this
magnetic FePt phase. Due to this value of FePt in granu- film is about 40 nm.

lar FePt—SjN, system remains constant, the effective mag-

netic anisotropy constatt of the FePt particle is dependent ACKNOWLEDGMENT

on its grain size and stress. ) ) .
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