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Structural and magnetic studies of fcc Fe films with self-organized lateral
modulation on striped Cu (110)-0O(2 % 1) substrates

Donggi Li,Y Verena Diercks,” J. Pearson, J. S. Jiang, and S. D. Bader
Materials Science Division, Argonne National Laboratory, Argonne, lllinois 60439

Face-centered cubiécc) Fe wedges of 0-12 ML were grown by means of molecular beam epitaxy
onto a novel substrate: flat CLLO) with an oxygen-induced, long-range ordered striped phase, and
studiedin situ with medium energy electron diffractiofMEED) and the surface magneto-optical

Kerr effect(SMOKE). In contrast to Fe growth on either clean or oxygen-saturategd X0y the

films on the striped substrates retain a layer-by-layer growth mode up to 6—7 ML and are fcc at least
up to 12 ML. In addition, satellite peaks were observed on both sides of the MBED streak,
indicating a long-range-ordered lateral modulation of the Fe surface. We postulate that the Fe films
grow conformally onto the original striped substrate. SMOKE studies show that these fcc Fe wedges
are ferromagnetic with an easy axis along the original stripes for Fe thickndsbIL and a
remanant magnetization that increases linearly with thickness beyond 4 ML1.99® American
Institute of Physicg.S0021-897@9)40408-§

While quasi-two-dimensional2D) magnetic thin films or oxygen-saturated substrates, layer-by-layer growth is ob-
and multilayers have generated tremendous excitement witkerved for 6—7 ML. These fcc Fe films are ferromagnetic
new scientific discoveries and technology breakthroughs iwith in-plane easy axis of magnetization.
the past several years, there has also been growing interestin To prepare the samples, the flat (CL0) single-crystal
the growth and magnetic properties of laterally confinedsubstrate was first mechanically and electrochemically pol-
magnetic structures:® For example, 2D to one-dimensional ished ex sity and then cleaned in the ultrahigh vacuum
(1D) finite-size scaling has been observed in random-shapeghamber via sputtering and anneali@0 K) cycles. Nomi-

Fe nanowires at the mosaic step edges for growth on a nomially 1 Langmuir (L, 1x10 °Torrs) of oxygen was ad-
nally flat W(110) single crystal substrafeThe impact of Sorbed onto the Qa10 surface at 630 K. This results in a

steps on magnetic anisotropy has also been the subject [§n9-range-ordered striped phase with alternating {3 re-
recent systematic investigatiohd.The growth of lateral constructed Cu—O stripes and clean Cu with a period-8f

magnetic nanostructures with uniform width and regularnm' The stnp_es run "’?'0”9 the Cuo1] d|rec_t|0n_. Fe was
.evaporated with a typical rate of 0.3 A/min via electron-

spacing would open new avenues to study the magneti .
Fr)o erges of Iow—gimensional svstems. It is kxown that%x _Beam bombardment of a tantalum crucible. The base pres-
brop 4 ' Y’sure of the chamber wasx110 °Torr, and the pressure

gen adsorption on Q10 can form long-range-ordered during deposition was 2-410 °Torr. The Fe wedges of

Cu_—O stripes with a period of 6—14 nfrOur initial moti- 0-12 ML were grown with a slope of 1 ML/mm by mov-
vation was to use such a novel substrate as a template [, yhe supstrate behind a mask during deposition at ambient
grow Fe nanowire arrays through self-organization. In thiemperature. The ordering and cleanness of the crystal and
work, we show that Fe films of thickness at least up t0 6—7ne films were confirmed with reflection high-energy electron
ML grow onto this striped substrate conformally with lateral giffraction (RHEED), low-energy electron diffraction
long-range ordering. (LEED), and Auger spectroscopy. The lateral long-range or-
Fe tends to grow on Cu substrates in a metastable facetering discussed in this work was monitored by running the
centered cubidfcc) phase, which has been the subject of RHEED gun at 3 kV (medium electron diffraction, or
numerous investigations due to its richness of structural anMEED) and observing the satellite peaks around (®e0)
magnetic instabilitie§® On clean C(@10, Fe grows specular peak with a charge coupled de\i€ED) camera.
pseudomorphically, but exhibits island growth starting at thelThe magnetic properties were studiaditu by means of the
first monolayer®~*2 And these films are ferromagnetic with surface magneto-optic Kerr effe¢€6SMOKE) at 135 K. A
an easy axis perpendicular to the surface when the thickneste—Ne laser beam focused to 0.2 mm was used to scan
d<5-6 ML, where a spin-reorientation phase transitionalong the wedge to obtain hysteresis loops for different Fe
occurs’® Fe growth on oxygen-saturated @a0 is thicknesses. The height of the Kerr loop in remanence de-

disordered” In the present work, we show that Fe films on NotedMg is proportional to the remanent magnetization.
the novel Cu-O striped substrate remain ordered in the fcc RHEED and LEED indicates that Fe films on the Cu-O

phase at least up to 12 ML. Unlike the cases of either cleadtfiPed substrate remain in the fcc phase at least up to 12
ML. In addition, MEED studies show that the films also

] ] — possess a lateral long-range ordering with a periodic struc-
3Electronic mail: Dongqi-i@QMGATE.anl.gov . — . . . . .
Ypresent address: InstitutrfiGrenzflahenforschung und Vakuumphysik, ture.'n _the[llo] direction. As Shown in the inset of F'g-.l!

Forschungszentrum lich GmbH, 52425 Jich, Germany. the incident 3 kV electron beam is along the Cu—O stripes,
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FIG. 1. Typical MEED profiles along thgl 10] direction (perpendicular to
the MEED streaksfor Fe films on the Cu—O striped CLL0). Satellite 0 2 4 6 8 10 12
peaks are seen for 4.1 ML of Fe. The MEED geometry is shown in the inset, .
where the incident beam is perpendicular to [fhé0] direction. Fe Thickness (ML)

FIG. 3. Typical longitudinal remanant magnetization as a function of Fe
thickness, measured situ with SMOKE. Different symbols indicate indi-

€., the[OOl] direction, while diffraction occurs perpendlcu- vidual wedges. The inset shows typical longitudinal and polar loops.

lar to the stripes, i.e., along tHeL10] direction. Figure 1
shows typical MEED profilegscans perpendicular to the

MEED streaky of Fe. For 4.1 ML of Fe, there are two sat- ) ] . ) . )
ellite peaks at the wave vectqe= +0.06 (2r/a) relative to ~ 0Scillate with Fe thickness with a period of 1 ML. The in-

the main specular peak, whese=2.54 A. As shown in the tensity of the satellite peaks is normalized to the intensity at
MEED schematic inset, this appears as two streaks arourfé=0-03 (27/@). The same effect is seen both in the real-
the main(0, 0) streak. This indicates a long-range-orderedtime measurements during depositidilled (specular and
lateral modulation of the Fe films, which forms naturally Nollow (satellitg dots| and by plotting the intensities from
during growth through self-organization. It is noted that theindividual images(after normalizing with exposure time
wave vectors of these satellite peaks double in value conl0ng the wedgegsquare symbojs The specular peaks are
pared to the case of the Cu—-O striped substratdhe strongest around each half monolayer, while the satellite
(0.03 (2w/a)). For 4.6 ML of Fe, these satellite peaks dis- P€@ks are the strongest around each full monolayer.
appear. After turning the crystal by 90°, no additional streaks The oscillation of the specular intensity _clearly indicates
are observed around th®, 0 streak. Therefore, these Fe & layer-by-layer growth of fcc Fe on the striped Cu—O sub-
surfaces have nanoscale stripe-like lateral structures. strate up to 6—7 ML. This is in strong contrast to the case of

In fact, the appearance/disappearance of the satellites oE® 9rowth onto clean Q10 substrate, where the fcc Fe
curs periodically as a function of Fe thickness. As shown infilms exhibit three-dimension&BD) growth with no RHEED

Fig. 2, the intensities of both the specular and satellite peak@scillations. It is also different from the case of Fe growth
onto an oxygen-saturated (10 surface, where the Fe

films are disordered. Such an improved growth mode may be
' ' : : ' related to the reduced terrace size of the striped substrate,
which allows the atoms with the same mobility to find a step
edge easier and therefore allows a step-flow growth at a

2 §H lower temperature. The poor growth on oxygen-saturated
§ i Cu(110 suggests that the possible surfactant effect caused
g > by oxygen floating to the surface may not be the main cause
< & of the layer-by-layer growth on the striped substrate, though
:o g surfactant effects cannot be completely ruled out.

k2 Longitudinal SMOKE signals were measured with the

field along the Cy001] direction. As shown in Fig. 3, these
fcc Fe films are ferromagnetic and have an easy axis along
the [001] direction when the Fe thickness is4 ML. The
Fe Thickness (ML) remanant magnetizationMy) increases linearly with the
film thickness as expected. Below 4 ML, the magnetic prop-
FIG. 2. MEED oscillations of fcc Fe growth on the Cu—O striped 110). erties vary from Samp|e to Samp|E, with a different onset of

The circles were taken in real time during deposition, while the squares wer: At ; P
deduced from individual images along a wedge. The filled symbols are thghe magnetization. This may be due to the UItrasenSItIVIty of

intensities of the0,0) specular peak. The hollow symbols are the intensities the magnetic anisotropy to the exact a_mount_Of oxygen ad-
of the satellites, normalized to the intensitiexjat0.03 (2n/a). sorption, and therefore to the Cu—O stripe period, the rough-
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D edges with a very small thickness difference between growth
i on either Cu—-0 or clean Cu regions, the real-space period-
_—‘ zgg;fr‘ite icity appears to be reduced by half. There is little diffraction

for the half ML films due to the small height difference. We
cannot, however, rule out another possibility: that oxygen
could keep floating to the top of the @40 surface and
Pﬁ 0.5 ML reconstruct into a striped structure with period the half of
) that on C110). The driving force for such a rearrangement
D/2 at room temperature would be unclear, though. To further
understand the growth of Fe on the striped Cu—O substrate,
1.0 ML scanning tunneling microscopy experiments should be per-
formed.
In summary, we have grown fcc Fe onto a novel
Cu(110 substrate with ordered Cu—O stripes. The growth
1.5 ML mode is layer-by-layer, and thus improved compared to that
on either clean or oxygen-saturated(CL0). Lateral long-
range ordering of the stripe-like structure on Fe is retained up
M 2.0 ML to 6—7 ML. These fcc Fe films are ferromagnetic with in-
plane magnetic anisotropy. Thus we have identified a system

worthy of further exploration.

This work was supported by the U.S. DOE BES-
2.5 ML Materials Sciences under Contract No. W-31-109-ENG-38.
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