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MnBiI thin films have been considered for short-wavelength rewritable optical recording media due
to the very large magneto-optic Kerr rotation and perpendicular anisotipydf the hexagonal
magnetic low-temperature MnBi phase. However, coincident structural and magnetic
transformations near the Curie temperat(d60 °Q result in poor thermal cycling behavior,
preventing the application of MnBi as rewritable media. We have previously hypothesized that the
substitution of Cr for Mn would reduce the ferromagnetic coupling along dlrexis, thereby
lowering the Curie temperature and possibly decoupling the magnetic and structural transitions.
Preliminary experimental data reported ear{ier R. Bandarwet al, Appl. Phys. Lett.72, 2337
(1998] supported this hypothesis. In this article, the effects of Cr substitution are further explored
and the feasibility of Mp_,Cr,Bi (0<x<0.15) films for magneto-optical recording applications
analyzed. It is shown that 5% Cr is sufficient for decoupling the phase transitions with no significant
loss in the magneto-optic figure of merit. Transmission electron microscopy studies indicate a small
grain size(~50 nm) for the Cr-alloyed films, which could be beneficial for reducing media noise.
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I. INTRODUCTION some cas€s’ there was usually a significant loss in the fig-

. 3 . . ) ure of merit(defined by the product of reflectivityR and
bl Of the C?nd'd? telmed]ia dfor uItra:—hlgh-tdtl'-_;.nsnyMreI\é\{n;]. remanent Kerr rotationd, , asR*?6,) and the formation of
able magneto-optical recording, polycrystalline MnBi thin /... phasés.

films are unsurpassed in two of the most important criteria, Bearing in mind the earlier attempts to solve the phase

the maggntl;‘dedof the K?" S|gna(lj.|n tlhe blge-)[/vavelerjog?tth re'stability problem, it is apparent that the coincident structural
gime an € degree ol perpendicuiar aniso rokly) ( At- d magnetic phase transition at 360 °C remains the principal
tempts to explp|t these propertle§ ha\{e revealed poor therm pediment to the effective demonstration of MnBi as a
cyc_llng be_hawor and high r_ne_dla naise, both of Wh'ch aremagneto-optic recording medium. The research reported here
attributed in part to hysteresis in th_e first-order magnetic an(avas initiated with the primary objective of decoupling the
lcrys:allograpthlc ph?]se tflpsform?jtlotrﬁ at 56?] tC betweten thf?]agnetic transition from the first-order structural transition.
ow-temperature phaséLTP) an € high-temperature o iharmore, melting of Bi inclusions at temperatures above

4 . h .
phase (HTP). h In magneto-r(])pgc :jeCﬁrdlqg, lthe high- the MnBi—Bi eutectic at 265 °C has been observed to have a
temperature phase Is quenched and the simuitaneous pr%%{tastrophic effect on the microstructural integrity of

ence of the LTP and the quenched HI@HTP) is a source O%/InBi.13 Hence, a magnetic transition below 265 °C would

of media noisg. Furthe_:rmore, the high Cu.rie temperature e desirable. In a previous publicatihwe had argued that
360 °C necessitates high laser power during writing and aICr substituted for Mn should have the desired effect of re-

lows fortonly adsérll;%ll marglgd?: err?r since I\;InBl deco_m- ducing the transition temperature.

Fhoses Ia arotulr:_ il :Z‘ntﬁ II lonal source o cr?_nﬁern n Before elaborating on this hypothesis and the associated

€ polycrystafline Tims 1S Ih€ farge grain size, which cause Xperimental data, it is necessary to review the structure and
large readout noise because the written domains tend to fol- : : :
. - agnetic properties of MnBi.

low the grain boundarie.

Several attempts have been made to eliminate each @f. Structure and magnetic properties of MnBi

these problems. The a_lttempts at stabilizing one of th.e phases The equilibrium low-temperature phase of MnBi adopts
(LTP or the QHTP mainly focused on retarding the kinetics the hexagonal NiAsR65/mmc) structure(Fig. 1) with ag
of the transformation by substituting one or more elements_ 4290 \m anct,=0.6126 nm at room temperature. The

H . 8 9 : ) )
[Cu, Sc, V, Cr, Fe, Co, Ni, Zn, Ti;Ru, Rh? Cu® Al (Refs.  \1n3+ ions are in the octahedral interstices of the hexagonal
10-12] into the MnBi crystal structure to form stable com- (|55 nacked Bi sublattice and form a simple hexagonal sub-
pounds. Although sufficient stabilization was achieved injagice  Along thec axis the octahedral sites share common
faces both above and below, and the cations are arranged in
dElectronic mail: PrabhakaBandaru@amat.com linear chains. The tetrahedral interstices of the anion sublat-
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Mn from the octahedral lattice sites to the bipyramidal sites.
Upon quenching from above 360 °C, the HTP can be re-

_ tained. The quenched HTP, however, is inherently unstable
[ ‘ Mn - octahedral and transforms back to the low-temperature phase over a
period of two years. In magneto-optic recording, the simul-
? Mn - bipyramidal taneous presence of the LTP and the quenched HTP contrib-
“ utes to media noise.
bi The magnetism in these phases is a source of contro-
versy, since neutron diffraction has not been able to provide

conclusive evidenc®!’ A large part of the difficulty arises

from the fact that it is extremely difficult to prepare the

FIG. 1. Crystal structure of the MnBi low-temperature phdseP). The Bi MnBI CompO_UI:g in I_tS pyre fprm due to a.perltect|c forma,l_

anions form a hexagonal close-packed sublattice. The Mn ions are situatd0nN Mechanisnt, which invariably results in unreacted Bi

in the octahedral interstices and partially occupy the bipyramidal intersticeand Mn. Neutron diffraction measureméefity indicate a

leading to a ¢/a) ratio of ~1.4. The arrows on the Mn ions correspond to magnetic moment of 3.95; for the low-temperature phase

a hypothesized ferromagnetic unit. and 1.9Qu for the quenched high-temperature phase. One of

the authors has proposed a mddéh the localized moment

) _ framework, where by a simple modification of the original

tice also share acommon face,. and each te.trahedral S'Fe P& echanism of superexchart§and incorporation of crystal-

forms a single trigonal bipyramidal hole, which is thus five- field theory, one can arrive at a magnetic moment of, 4or

fold coordinated. These bipyramidal interstices are suffi—the LTP and 2 for the quenched HTP. The differences

Elently Iarglzelto accorrllmocliatg additional caticfus an ﬁeal from the experimental values may be rationalized as due to
exagonal close-packed lattice, tbka ratio is 1.633; how-  qeyiations from the localized moment picture. However, it is

ever, in '\an' the ratio is~1.4, indicative of the presence of yanerally accepted that ferromagnetic interactions predomi-

interstitialg. o _nate, possibly mediaté¥by an exchange inversion superex-

During heating through 360 °C in the magneto-optlcalchange mechanism through the Bp @rbitals.
recording proces&-ig. 2), a coupled magnetic and first-order

lattice transition results in the formation of a paramagnetic or
antiferromagneti®!” high-temperature phase. This transfor- B. Role of chromium in decoupling the magnetic and
mation is believetf!” to involve the shuffle of 15% of the structural transitions

Chromium has a very strong preference for the octahe-
dral site?’ it has the highest octahedral field stabilization
equilibrium energy of the transition-metal ioR%.It was also seen, in
a LTP LTP - HTP retrospect from the binary phase diagrénthat Cr and Bi
trans. temp. are immiscible and do not form compounds; this would
eliminate some of the earlier problems associated with the
formation of extraneous phas€s.It was noticed at the time

) of writing this article, that the alloying of Cr with MnBi was
(Mn, ,Cr,)Bi uPerL'TI;fated attempted beforewithout success. Nevertheless, it is clear
[ HTP for the aforementioned reasons that Cr substitution is a
promising approach, as the present study has confirmed.
It was seen in this research that the substitution ofupr
£l ¢/ HTP lh to x=0.15 in Mn,_,Cr,Bi) has the desired effect of reducing
T Yo P} the transformation temperature t0250 °C. In this article,
180 265 340 360 ~450 the microstructural and magnetic properties of Cr-alloyed

Temperature (°C) —> cue MnBi films are presented in detail.

FIG. 2. Cr addition to MnBi ideally results in a reversible phase transfor-
mation avoiding the phase inhomogeneity problem inherent to MnBi. Thell. EXPERIMENT

transformation temperature is also reduced to below the MnBi—Bi eutectic .
temperature 0f~265 °C due to the decoupling of the structural and mag- Electron-beam deposition (I6Torr base pressuye

netic phase transformations. A typical recording cycle on the MnBi systemyas used to sequentially deposit Bi, Mr, and Cr on silica
(a—b—c—d—e) by Curie point writing is shown. On heatin@t-b),  glass disk substratésloya Industriesand silicon nitride(60

the low-temperature phageTP) of MnBi undergoes an irreversible first- . .
order phase transformatiom-c) to the high-temperature phaddTP) at nm/silicon substrates Fig. )3The former substrates are

360 °C. The QHTP is formed on quenching-6d—e) the HTP from above ~ €quivalent to that likely to be used in magneto-optical re-
360 °C. The QHTP is inherently unstable and gradually transforms baclcording application, whereas the latter permit straightforward
(e—a) to the LTP. In the case of slow or moderate heating, there is afgprication of plan-view transmission electron microscopy
temperature hysteresis+{f~20 °C) associated with this transformation, (TEM) samples. The substrates were ultrasonically cleaned

the HTP transforming baclkc~ f—g—a) only at~340 °C. A purely mag- . . .
netic phase transformatiom-b—h) following the Brillouin law gives a ~ SUCCessively in soapy water, acetone, isopropanol, and

“true” Curie temperature of~450 °C. deionized water. At each stage dry nitrogen was used for
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Annealing (Mnl_‘ Cl’x) Bi

e
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FIG. 3. Schematic of the Mn,Cr,Bi thin-film preparation process, illus- “J L 2 x J L
trating the optimal annealing conditions. The Si€pping layer is used to 20 25 30 35 40 45 50 55 60 65
protect the films from the ambient. 20_

Mn, 5,Cr, ;B ®)
. . . . . 0002
drying the substrates before immersion in the next cleaning

agent. It was found that the quality of the films depends very
critically on the cleanliness of the substrates.

The deposition of Bi first is essential to the development
of good c-axis texture in MnBi-based thin films. The Bi is
highly textured as deposited and this texture is imparted to
MnBi as it nucleates at the Mn/Bi interface during heating, J
as was observéd in in situ transmission electron micros- 0 25 30 35 40 45 50 55 60 65
copy studies. It was found that a slow deposition rate of less 20 —>
than 2 nm/min was necessary to obtain reproducible films.

o : ; : FIG. 4. (a) X-ray diffraction pattern(coupled6—-26 scar of an as-prepared
The thin films were coated with 60 nm of Si@r protection film of Mng o:Cro ofBi On a fused silica glass substrg&8 nm, 80 nm Si®

from the amt_)'em- ) . cap. The patterns were similar for all the Mn,Cr,Bi films in the range
Layer thicknesses were adjusted to yield an average<x<o.15. (b) X-ray diffraction pattern(coupled 6—26 scan of an an-

composition of Mp_,Cr,Bi (0<x<0.15) on annealing nealed film of MR oCro i on a fused silica glass substraf08 nm, 80
(Fig. 3. The annealing was done in vacuum (io-on-) in nm SiQ, cap. The patterns were similarofor all the Mn,Cr,Bi f?lms in the
the temperature range of 250—400 °C and for durations fro %%%egé;i?)hl_‘r" The small peak at27° corresponds i3 (1:1.3922 A
15 min to 2 h. X-ray diffractionSiemens D5000was used
to determine the crystal structure and orientation.ir\situ
standardthe Si 00K 3 peak was used for the-lattice pa-  to be proportional to the magnetizatiéhThe temperature at
rameter estimation. which the Kerr rotation extrapolated to zero was taken as the

Transmission electron microscopffEM: JEOL 200 transformation/Curie temperature. The temperature was var-
CX) together with energy dispersive spectroscqBDS ied in 15°C intervals with heating and cooling rates around
was used for the examination of microstructure and for com40 °C/h. The films were tested for magnetic reversibility by
positional determination. The films deposited on the siliconalternate heating and cooling cycles. At least three measure-
nitride/silicon substrates are amenable to TEM observationments were taken at each temperature to ensure accuracy and
through the electron transparent silicon nitride membranestability.
when the silicon substrate is etched away. Auger electron Spectral measuremeftof the Kerr rotation, ellipticity,
spectroscopyAES) using a Perkin—Elme(Phi 660 scan- and reflectance were taken through the back of the quartz
ning Auger microscope was used in the sputter profilingsubstrates in air at room temperature in the range 0.8-5.5 eV
mode on thin films deposited on silicon substratgsartz ~ (1550-225 nm As the remanence ratio was close to 1.0, the
substrates are unsuitable due to severe charging effects measurements were taken in the absence of a magnetic field.
compositional information.

The magnetic measurements were obtained through|, RESULTS AND DISCUSSION
magneto-optic Kerr spectroscopy and vibrating sample mag- . .
netgmetry(TOEI). The Kerr hysteresis loop measurementsA' X-ray diffraction
on the thin films were obtained withpapolarized He—Né: The as-prepared films of Mn,Cr,Bi showed Bi peaks
633 nm laser of 1.5 mm diam on the sample placed withinin the 000l orientatioriFig. 4(a)]. As the peaks from Cr and
the pole pieces of a 20 kOe magnet. The hysteresis curvédn were not observed, it is plausible that they are in a fine-
were recorded perpendicular to the plane of the film, bygrained untextured polycrystalline form. The as-deposited
probing the M _,Cr,Bi films through the substrate side for SiO, is likely to be amorphous in nature. The best texture, as
the most consistent readings5%). Measurements taken defined in terms of the smallest full width at half maximum
through the front (Si§) capping layer exhibit greater varia- (FWHM) of the rocking curves for the thin films, was ob-
tion of 6, (=10%) andH, (=25%). This variation could be tained on annealing at 360°C for 30 ntthThe FWHM
due to interference effects along with variations in the capdecreases from 3° in the as-prepared films to 1° in the an-
ping layer thickness. Kerr measurements were performed agealed films, indicating refinement of the texture on anneal-
a function of temperature, and the Kerr rotation was assumeithg. The x-ray diffraction pattern for the annealed

Mn, ;,Cr, osBi
0004

Intensity (counts) -->
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FIG. 6. (a) Auger (AES) depth profiling spectra for an as-prepared
Mng oCro.1Bi film. The different sputtering times correspond to different
depths into the film and are a qualitative measure. The profiles indicate
either considerable interface roughness or diffusion of the Mn into the
Bi. (b) AES depth profiling spectra for an annealed Jd¢Cry 1 Bi film.

The broadening of the Cr distribution in the annealed sample could imply
diffusion of Cr into the film, however, residual Cr is present at the surface.

+2%. However, the films were not very uniform, and re-
sidual Bi islands and Mn inclusions were observed. EDS
analyses also suggest the presence of Bi along the grain
boundaries.

The microstructures in Cr-alloyed MnBi films reveal the
presence of very small graifiBig. 5(c)] in the range of 5-50
nm. Selected area diffraction studies mirror the small particle
sizes, and a topotaxial relationship between Bi and
Mn, _,Cr,Bi was evident. A deviation from the desired sto-
ichiometry was detected in the matrix grains, and this could
FIG. 5. (a) Selected area diffraction pattern of annealed MnBi. The patternbe due to the nonuniform dispersion of Cr. Bi islands and

shows a characteristic topotaxial relationship where the underlying Bi serveMn inclusions were also seen in the MR Cr,Bi microstruc-
as the template for MnBi growth. (b) Plan-view bright-field micrograph of  tyres.

an annealed MnBi film. The average grain size is about 70 n). Plan-

view bright-field micrograph of annealed MgCr, osBi. The grain size is in

the range of 5-50 nm. C. Auger electron spectroscopy  (AES)

Auger electron spectroscopy was used to depth profile
R . - : the Mn,_,Cr,Bi films to investigate possible surface chro-
Mng o:Crg osBi [Fig. 4(b)] is typical of the Mn_,CrBi ) X=X ;
(0<x<0.15) family. No reflections other than OXOOIX were Mium segregation, as EDS analyses note that the matrix con-

seen in the annealed films, indicating a high degree afis tained less Cr than intended. Sequential sputter profiling was
orientation performed on the as-prepared and annealed J§B1 1 Bi

films on a silicon substrate. The spedifigs. 6a) and Gb)]
have a nontrivial interpretation due to the texture of the thin
films and the widely different sputtering ratéof Bi, Mn,

The TEM analyses of MnBi-based films establish a to-and Cr. However, it is seen that the distribution of elements
potaxial relationship between the underlying Bi and MnBiin the annealed film is not uniform.
[Fig. 5(@]. The grain size in unalloyed MnBi films was of In the as-prepared filniFig. 6(@], the profile of Mn
the order of 70 nnjFig. 5b)]. The composition inside the could be explained as due to either considerable diffusion of
grains was analyzed by ED@tandardless Cliff—Lorimé  Mn into the Bi or indicative of interface roughness. Bi dif-
analysig and confirmed to be MyBisy with a precision of  fusion is seen in the annealed filiRig. 6(b)], indicating a

B. Transmission electron microscopy (TEM)
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FIG. 7. Hysteresis loops for thii38 nm and thick (76 nm films of 0 05 1 15 2 25 3 35 4 45 5 55 6
Mng ofClo 1Bi. The pinning mechanism is dominant in thin films whereas Photon energy (eV)
the nucleation mechanism of domain-wall motion dominates in thicker
films. This phenomenon was found in all the MnBi and MyCr,Bi films. 70
60 A
mixing of the Mn and Bi. Chromium, which is seen as a & 4 |
. . . . . o
distinct layer in the as-prepared state, diffuses into the bulk;
on annealing. This conjecture is based on the broadening 40 |
. . . . . =] ——
seen in the elemental distribution. However, there still seemsg 3¢ |
. . —h—
to be considerable Cr at the film surface. 5
=% 201 —10% Cr
10 —-+— 15%Cr
D. Kerr spectroscopy e 20%Cr
Magnetic and magneto-optic properties of the 0 T v
(Mn;_,Cr,)Bi (0<x<0.15) films were investigated as a 0 05 1 15 2 25 3 35 4 45 5 55 6
function of film thickness, composition, and temperature. Photon energy (eV)
1. Film thickness FIG. 8. Magneto-optic Kerr-effect spectra as a function of at. % Cr for

Thin films of Mnl_XCrXBi in the thickness range 20— Mn, _,Cr,Bi films: (&) rotation, (b) ellipticity, and (c) reflectance.

105 nm, when saturated in the magnetic field, exhibit a re-
manence ratio€ Mr/Mg) of ~1. This type of behavior is
optimal for magneto-optical recording. The precise form o
the hysteresis curve depends on the magnitude of the field Polar magneto-optic Kerr effe¢€MOKE) spectra were
necessary to nucleate domain walls, the critical figt,Y =~ measured for single-phase MnBi and MRCr,Bi films of
vis-avis the wall coercive field 1,,) necessary to nucleate predominantc-axis texture as a function of composition
domain-wall motiorf’ By comparing the virgin magnetiza- [Figs. §a) and 8b)]. No marked dependence of the spectral
tion curve with the saturation hysteresis loop, one can distinKerr effect on film thickness was observed. The spectra have
guish betweemucleation-typebehavior, where the virgin not been corrected for the optical constants of the subttate.
curve is steep and saturation is reached at fields lower thafhe normal incidence reflectivity decreases monotonically
the coercive field, anginning-typebehavior where fields of [Fig. 8(c)] from about 60% at 0.8 eV to 35% at 5.3 eV,
the order of the coercive field are requiréd. which precludes enhancements due to multiple reflection and
In general, it was found that in thinner films the pinning interference effects.
mechanism is dominant, whereas the nucleation mechanism The rotation spectrfFig. 8@)] display the characteristic
for domain-wall motion dominates in thicker filmd$igs. dual-peak structure common to many ferromagnetic transi-
7(a) and 1b)]. tion metals?* The peaks in the Kerr rotation occur at 1.84 eV

§2- Composition: Mn ,_,Cr,Bi (0<x<0.15)
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MnBi films, one does not observe any difference in the gen-

12 * ‘ ’ g 2 eral shape. This suggests that Cr may not influence the states
1 %—%~% RERL involved in the magneto-optic transitiofss.
Y os | \%_fi.\§~:;’%i } § 1°
2 b - I : 1909 3. Temperature
© 06 : . - ° ) .
& i > \i 8 Qo The transformation temperatum@efined here as the tem-
3 04 i \ 17 = perature at which the remanent Kerr rotation extrapolates to
02 b i v 8 zerg of the MnBi and Cr-alloyed MnBi films as a function
¥ § 15 of thickness and composition €0x<<0.15), was estimated
0 %114 by temperature-dependent Kerr hysteresis loop measure-

50 90 130 170 ments using a He—Ne laséx:633 nn).

The reduction of the remanent Kerr rotation with in-
creased temperatut€ig. 9) is thought to be due to the turn-
ing of the magnetic moments away from the uniaxé@xis)
direction. It was seen that the Cr-alloyed MnBi films exhibit
much better temperature cycling and reversibility character-
istics compared to the MnBi films.

It was also found that the coercive fieltH{) rapidly
(670 nm and at 3.43 eV(370 nm. Regardless of its increases with temperatdfé*3%and an exchange anisotropy
origin°~32 the short-wavelength peak is a technologicallyis induced in the filmgFig. 10, as defined by a shift in the
important attribute in that it is well matched to the band-edgehysteresis loop to the left. The presence of exchange
emission(\:360—450 nm from GaN-based diode lasets. anisotropy®’ characterized in terms of an exchange field

The ellipticity spectra[Fig. 8b)] show the expected (Hg, the net shiff, may represent a new phenomenon asso-
Kramers—Krmig invariant behavidf with a zero crossing at  ciated with the MnBi system. A plausible reason involves the
around the infrared Kerr rotation peak. fluctuation in Mn concentration that leads to a coexistence of

It is seen from Fig. 8 that the Kerr effect is not signifi- magnetic interactions. This fluctuation could be brought
cantly diminished for chromium additions up to 15%. On about by the shift of the Mn atoms from the octahedral lattice
comparing the spectra of the unalloyed MnBi and Cr-alloyedsites to the bipyramidal interstitial sit€s’ with increasing

Temperature (°C) -->

FIG. 9. Remanent Kerr rotationd() and coercivity H.) as a function of
temperature for MggCry 1sBi (108 nm thick, 80 nm Si@cap films on
silicon nitride/silicon substrates.
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FIG. 10. (a) Hysteresis loops show an exchange anisotropy in MnBi fil@®8 nm, 80 nm Si@cap as the temperature is increasedb) Variation of the
exchange field i) with temperature for MnBi, as measured by a net shift in the lodp) Hysteresis loops show an exchange anisotropy i Morg 1 Bi
films (108 nm, 80 nm Si@cap as the temperature is increasedd) Variation of the exchange fieldHg) with temperature in MggCro 1Bi.
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380 IV. CONCLUSIONS
. 360 44— lt\)/lIlIlll](Bi ?_’{I‘B‘ In summary, it was seen that the partial substitution of
g T s Cr for Mn in MnBi film reduces the LTP—HTP transforma-
340 1 tion temperature from 360 to 250 °@his reduction of the
‘g 320 transformation temperature was also theoretically confirmed
2 : . . in research initiated by the aut8, without significant pen-
E 300 | MnBi-Bi eutectic alty in the magneto-optic properties. In this way, the decou-
g 280 _'J pling of the magnetic and the structural transformation has
g J been accomplished. The Bi—MnBi eutectic transformation
E 260 - 1 1 4 1 temperature is also bypassed.
G T T ’ T The fact that there is no penalty in the figure of merit
§ 240 7 Mn, ,Cr, Bi films together w_ith the fact that there are no_extraneoqs phasgs
290 - observed, is seen as one of the chief merits of alloying MnBi
. films with Cr. Anecdotal evidence shows that the Cr-alloyed
200 A MnBi films retain their metallic luster while the MnBi thin
180 1 : : : films are prone tq c_orrosion, suggesting the beneficial eff_ect
40 60 80 100 120 of Cr. Mn;_,Cr,Bi films are thus more stable, due to thewl
(@) Thickness (nm) endyrance under 't('ampergture cycling and greater corrosion
resistance. In addition, microstructural analyses reveal small
" 380 grain sizes in the Cr-alloyed films, which is seen as a poten-
& . tial advantage for recording applications.
‘T; 130 While some progress in understanding the issues in-
£ volved in the MnBi phase transformation has been made in
;& this research, many issues remain to be resolved and under-
2 280 \\ stood. The principal one is the true nature of the temperature
ks N § { i at which the Kerr rotation extrapolates to z&foA
g T = i ferromagnetic—antiferromagnetic transition cannot be ruled
g 230 out as a possible explanatidh!’ A study of this issue could
é yield some insight as to why the coercivity increases, from a
180 . more fundamental point of view. The lack of homogeneity in

MnBi-based films, caused in part by the peritectic formation
mechanism, has long been a difficult problem to get past. A
low-temperature synthesis technique, preferably with a maxi-
mum temperature below 265°C, may be required. While
Mn,_,Cr,Bi is not yet ready for practical magneto-optical

recording application, continued research in this area would
help in understanding the magnetic interactions in Mn-based
compounds which seem to be promising magneto-optical
systems> The potential of these films for perpendicular

magnetic recording is another avenue of research.
temperature. The presence of competing ferro- and ferrimag-

netic interactions would then result in exchange anisot%py. ACKNOWLEDGMENTS

As long as the temperature is below a magnetic disordering

temperature Teyrie OF Tree) this explanation may be valid.
There is a steady increase Hfz in MnBi films [Fig.

10(b)], whereasHg in Cr-alloyed MnBi films[Fig. 10d)]
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