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Ultrathin y-phase(face-center cubjcMn films were prepared by epitaxial growth on 2wi(100).
Kinematic analysis of low energy electron diffractibf/ showed a structure transformation of Mn
films from nearly face-center cubic to face-center tetragonal with increasing coverage. No
ferromagnetic signal in Mn/Géu(100) was observed. For 21 ML capping film of Fe on Mn films,
the hysteresis loop of Fe was biased. The bias field for 21 ML Fe/15 ML MgX@d00 was
~200 Oe at 110 K with the blocking temperatufg~ 300 K. This observation of exchange bias
substantiates the theoretical prediction of antiferromagnetismphase Mn. ©2005 American
Institute of PhysicgDOI: 10.1063/1.185501]1

According to Hund'’s rules, manganese atom, the transi€Cu;Au(100) due to the small lattice mismatch between fcc
tion metal with a half-filled 8-shell, may give rise to mag- Mn-rich bulk alloy and CyAu. The crystalline structure was
netic moment as large as/;. However, none of the four characterized as a function of film thickness. Furthermore,
structures in bulk Mn reveals ferromagnetic behavior. BelowFe overlayer was grown on Mn/GAu(100), in order to
1000 K, a-phase Mn with 58 atoms per cubic cell is stable. probe the magnetic property of Mn film indirectly.

Between 1000 and 1368 KB-Mn exists in two types of This experiment was performed in an ultrahigh vacuum
atomic sites with 20 atoms per unit cejkphase(face-center (UHV) chamber with base pressure2x 107° Torr. The
cubic: fcg is stable from 1368 up to 1406 K, and after that, Cu;Au(100) single crystal with miscu&0.1° was cleaned by
the following 8-phase(body-center cubic: bgesustains up to  cycles of 3 keV Ne ion sputtering. After cleaning, the sub-
melting point at 1517 K. Antiferromagnetism was observedstrate was annealed at 765 K for 5 min and then at 645 K for
in a-phase Mn only below 100 K in a noncollinear 30 min to get smooth and well-ordered surface. TA& 2
structure* Other phases are paramagnetic at their existingstructure? which indicates the ordered arrangement of Cu
temperatures, which may be so high as to exceed the Curgnd Au atoms, was checked by low energy electron diffrac-
or Néel temperature of their possible ferromagneti{§kl) tion (LEED). Mn and Fe films were deposited at 300 K.
or antiferromagnetism(AF). Therefore, how to prepare During the deposition, the pressure was better than
stable fcc Mn at lower temperatdféand studying its mag- 4% 1071° Torr and the growth condition was monitored by
netic behaviot’ have become interesting issues and muchmedium energy electron diffractiodMEED). From MEED
effort has been made in this topic. oscillation, the film thickness was calibrated precisely. Be-

Up to now, there are several methods for preparingsides, Auger electron spectroscoffES) also helped to
y-phase Mn. One is by rapid quenching of Mn with dilute check the composition of the films. Measurement of LEED
concentration of C,Ni, Pd, or Fe. Mn thus forms &.00 and LEED4/V curves were performed to identify the crys-
layer—by—layer antiferromagnet with Néel temperature oftalline structure. From the LEEDX curves, the average
540 K. Another method is by epitaxial deposition on suitablevertical interlayer distancéd ) of the film was determined
substrate. For example, epitaxial Mn layers grow onusing the kinematic approximatidfi** Magnetic properties
Fe(100%, Ag(lOO)5 in the body-center cubi¢bct) structure  of the films were characterized by magneto-optical Kerr ef-
with the same in-plane lattice constant of the substrate. Rdect (MOKE). The MOKE measurement was performed in
cently, fct Mn layers are also shown to be stable on fcdboth longitudinalalong the(001) direction|] and polar geom-
substrate, like C00* and CuAu(100% However the de- etry with modulation and a lock-in technique.
tailed crystalline structure and the magnetic property have Figure 1 shows the MEED oscillation of Fe and Mn
not been fully resolved. In this work, we studied the fcc-likefor 8 ML Mn/CuzAu(100 and 21ML Fe/8 ML Mn/
Mn ultrathin films which were prepared by deposition over Cu;Au(100 at 300 K. The growth of Fe and Mn revealed

layer—by—layer growth up te-12 ML and ~8 ML, respec-

dAuthor to whom all correspondence should be addressed; electronic mait.iveW- From the LEED images of GJQ‘U(]-OO)_ and
mtlin@phys.ntu.edu.tw n ML Mn/Cu3Au(100), the coherent growth of Mn films on
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only single phase existed. In Fig. @, of CuAu(100) is

FIG. 1. (a) and(b) are the MEED oscillation curves of 8 ML Mn grown on 1.88+0.01 A very close to its bulk V_alu_d'l of Mn fllms
CusAu(100 and subsequently 21 ML Fe grown on 8 ML Mn/@ui(100). changes from~1.90 A to ~1.78 A with increasing thick-
The arrows indicate the time for shutter opening and closing. ness. Apparently, the structure of Mn films prefers a stable
phase with tetragonal distortion rattda=1.01 at lower cov-

CuwAu(100) is concluded and similar result also has beenc a9¢€ and another stable phase wita =0.95 at higher cov-

pointed out by Schirmeret al? In comparison with erage. ¢ and a are the perpendicular and the in-plane lattice
Fe/CuAu(100 9 Fe/Mn/CLgAu(lbO) sustained layer—by— constants, respectively. This result is consistent with previ-

: . ous experimental repo?tsand theoretical calculation. In the
layer growth to higher thickness although Mn/Bu(100
pr}(/)vidges the sa?me in-plane intera?omic %pff\cing); ascalculatlon by Qiu and Marcufsfct Mn is stable with c/a
=1 in a nonmagnetic phase anda=0.96 in a AF phase.

F:ngAu(100). This sugg.ests that the interdiffusion at Fe/Mn Similar to the studﬁ/of Schirmeret al, Mn/CuAu(100)
interface may play an important role for the growth mode of . : .
does not reveal any hysteresis loops in both polar and longi-

Fe film. . )

. tudinal MOKE measurement. In order to detect the possible
for nFll\g/Jlllirﬁ/lr? /zhuoﬁi (tlhon)LE'E[eD/(-jv (\:Allja:\s/e;egrjézz(?‘?c))nﬁelfi‘rl- antiferromagnetism of Mn films, Fe capping layer is added
R T j L on top of Mn/CuAu(100). After field-cooling from 300 to
matic f|tt|n99 of theses LEEQ/V curves. The dashed 10 K under the magnetic field of positive 1000 Oe, the
Ilizezs T\l/r:f szlid Iines_ indicate ?N?] series of pe?"‘s- Al 11"'5 anl OKE hysteresis loops were recorded at gradually inéreas—
' , the coexistence of these two series was clear ¥ng temperatures with 10 K increment, up to 300 K. With

the variation of Mn thickness in 21 ML Fa/ML Mn/
nM L Mn/Cu,Au(100) Cu;Au(100), only above 8-9 ML Mn, we can observe a
biased hysteresis loop. Figure 4 gives an example of

34 e 21 ML Fe/15 ML Mn/CuAu(100. Exchange biagH,) of
\ 9.2M L ~200 Oe is observed at 110 K. In Fig. 5, we also character-
: ize the temperature evolution &f, and coercivity(H,) for

|

| 14, 21, and 26 ML Fe/15 ML Mn/GéAu(100). All of the

' H. gradually approaches zero when near 300 K, indicating
that theT, of FM/AF coupling did not affected by Fe thick-

A 11.5M L

:. ness when>14 ML. Both the absolute values &f, andH,

\ ] 14.2M L decrease coherently with the increase of Fe thickness. Since

— the T, of FM/AF coupling approaches 300 K, we also have

——’ tried undergoing the field-cooling processes after going up to
/ 21 5M L 400 K. The results are also very similar to the case of field

o]

cooling from 300 K.

(00) Beam Intensity( arb.unit)

34.9ML There might be three origins of the AF phase inducing

3 4, 5, 8 7, the exchange biagl) The first few layers of adjacent fcc Fe
100 200 300 400 500 600 are predicted to be AF in some theoretical calculations;
Energy( eV) (2) the Fe—Mn alloy formed at the interface is found to be AF

o in certain composition; an(B) the Mn film beneath Fe layer
FIG. 2. LEED{/V curves ofn ML Mn/CusAu(100). Solid lines and dashed Ight also mduceH To determine the or|g|n of AF, we
lines indicate two series of peaks. The numbers are the indices denoting the

integer numbers of the single scattering Bragg interference condRefs. ~ compare the saturated magnetic signal ofML Fe/
9,10. CuwAu(100 with n ML Fe/15 ML Mn/CwAu(100 and
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FIG. 4. Longitudinal MOKE hysteresis loops of 21 ML Fe/15 ML
Mn/CusAu(100 with increasing temperature from 110 to 300 BT
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conclude that the latter is smaller than the former+® ML

of Kerr signal. It means about 2 ML Fe near the Fe/Mn
interface is nonferromagnetic. Such thin FeMn alloy or fcc
Fe film is excluded from providing the strong FM/AM cou-
pling with T,~300 K. Besides, we also performed an ex-
periment of 21 ML FeA ML Mn/CuzAu(100. Below 15
ML, the T, and theH, became smaller with thinner Mn layer.
Since the formation of fcc Fe and thin FeMn alloy are
strongly correlated to the condition of Fe/Mn interface, not
the total Mn thickness, Mn thickness will not result in such a
strong affect on th&, and theH,, if the FM/AF coupling
comes from the fcc Fe or thin FeMn alloy films. Therefore,
the AF is confirmed to originate from Mn film.

In summary, Mn films were coherently grown on
Cu;Au(100 and revealed a structural transition. The crystal-
line structure changed from nearly fcc to fct with increasing
thickness. By capping 21 ML Fe, the antiferromagnetism of
this fcc-like Mn films was confirmed through the presence of
exchange biased hysteresis loop. For 21 ML Fe/
15 ML Mn/CusAu(100), the bias field reachee200 Oe at
110 K and gradually disappeared while approaching room
temperature.
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