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Growth, structure, and magnetic properties of Fe monolayers
on Cug,Al14(100)
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We present experimental results on the growth and structure of Fe overlayers deposited on
CugsAl14(100) and discuss the correlation between the structural and magnetic properties of this
system. Fe films 1-6 monolayeidL ) thick were grown under molecular beam epitaxy conditions
onto the clean substrate at 160 K. Electron diffraction was applied to investigate the structure of the
Fe films. The magnetic properties were investigatesitu by surface magneto-optical Kerr effect

in the longitudinal geometry. Our results show that the onset of in-plane ferromagnetism around 3.5
ML of Fe coincides with structural changes that suggest a transformation within the Fe films from
a fcc-like (100 to a bcc-like(110 structure with increasing Fe thickness, starting from 2.5 ML.
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The correlation between growth, structure, and magnenetic order of these Fe films in a nonreversible Wayn
tism of ultrathin Fe films on fcc substrates, particularly Cuthese studies, the structural properties of the Fe monolayers
and Cu alloys, has attracted much attention for more than an Cuy,Al1(100) were not sufficiently well characterized
decade and even today is a matter of significant interest idue to experimental limitations. Here, we present a comple-
surface magnetism. As demonstrated by theoretical calculanentary study on the structure and magnetism of Fe mono-
tions, fcc Fe(y-Fe) should present strong magneto-volumelayers grown epitaxialy at low temperature on the same
instabilities; depending on the atomic volume the groundCug,Al¢(100) substrate and discuss the correlation between
state of bulk metastable fcc Fe can present nonmagnetithe structural and magnetic properties of this system. The
antiferromagnetic, or ferromagnetieM) high- and low-spin  structure of the Fe films was investigated by low energy
order!~® Moreover, the magnetic moment of FM fcc Fe at- electron diffraction(LEED) and reflection high-energy elec-
oms should increase monotonically with the latticetron diffraction(RHEED), and the magnetic properties were
parametef~* For ultrathin Fe films on C@00), different determined by surface magneto-optical Kerr effect
theoretical studies have predicted the existence of metastablEMOKE) measurements in the longitudinal geometry. The
spin states depending on the Fe thickrmed€xperimentally,  substrate temperature during Fe deposition was kept at 160 K
Fe on Cy100 is a well-studied system, which shows a com-[low temperature (LT) growth]. We investigated also
plex correlation between magnetic and structural propertieshanges in the structural and magnetic properties of the LT-
and these properties depend strongly on the thickness of ttgrown films after a rapid annealing at room temperature.
Fe and on the growth conditiofis™ fcc Fe can also be ob- Results for films grown at room temperature will be pub-
tained by epitaxial growth on other suitable fcc substrates tdished elsewheré’
vary the expansion or contraction of the lattice parameter All the experiments were carried out in an ultrahigh
regarding Cu. Fe on Cu—Au alloy$;'°and on Cd® among  vacuum system equipped with standard techniques for prepa-
others, represent an expansion of the lattice parameter iation and analysis of thin films and surfaces including dif-
relation to Fe/C(1.00), and diamond(100'’ represents a ferent evaporators, quartz microbalance, residual gas ana-
contraction of the Fe lattice. We have been studying ultrathirlyzer, x-ray photoelectron, and Auger electron spectroscopies
Fe films grown on CgAl,4(100) 219 a fcc substrate with (AES), LEED, and RHEED. The system was also equipped
lattice parameter of 3.65 A, which is 1% larger than pure Cuwith instruments to measure magneto-optical Kerr effect in
matches the calculated atomic volume of the ferromagnetithe longitudinal geometrin situ by using a diode laser beam
high-spiny-Fel=3 and was chosen in order to favor the sta-with wavelength of 670 nm and a movable electromagnet.
bilization of that phase of fcc Fe. The base pressure in the chamber was better than 2

In previous studies, the magnetic properties of Fe monox 10 °mbar. Fe overlayer§1—6 ML thick) were grown
layers (MLs) grown on Cy,Al15(100) were determined by under molecular beam epitaxy conditions onto a clean
linear magnetic dichroism in core level photoemissionCug,Al ¢(100) substrate. The surface of the substrate was
(LMDAD ).’81° These works have shown that Fe filifis-6  previously prepared by cycles of Asputtering at 1 keV and
ML thick) grown at 160 K on CgAl;4(100) present in- annealing at temperatures between 350 and 450°C. This
plane ferromagnetism starting from2.5 ML, and that an- preparation procedure was repeated until a clean and well-
nealing at room temperature destroys the in-plane ferroma@rdered surface was obtained, as confirmed by AES and
LEED, respectively. The Fe films were deposited from a

dAuthor to whom correspondence should be addressed; electronic maihigh purity Fe Wire(99.99°/.().WhiCh was heat_ed by ele(.:tron
wmacedo@urano.cdin.br bombardment. The deposition rate was typicalg A/min.

0021-8979/2001/89(11)/6680/3/$18.00 6680 © 2001 American Institute of Physics

Downloaded 31 Aug 2010 to 200.131.27.181. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions



J. Appl. Phys., Vol. 89, No. 11, 1 June 2001 Martins et al. 6681

T T T T T T T T T T T T T T T T
substrate 500
10F -~ 7 after RT annealing
: } < arsf
gl & :
i z 1 2 5 250 | as-prepared
~ 5 @ &
K 6 E y 5
=, S
Ru] 2 40 o0 10 2 £
g" 4+ lateral spacing (arb. u.) } E 8 0 50
O
2r . (=)
o
~ —e&— as-prepared
L 1.11 after RT anneling
0 lllfl‘i’lll“
1 " 1 1 L 1 L 1 n 1 L
0 1 2 3 4 5 6
. L | | | 1 L 1
Fe thickness (ML) 100 200 300 400 500
FIG. 1. Evolution of the in-plane lateral spacing during deposition of Fe on Energy (eV)
p p g g aep

Cug,Al 14(001) at 160 K, as determined by RHEERAa, /a; represents the

variation regarding the clean substrattise) RHEED intensity profile ~ FIG. 2. LEEDI (V) curves for a 5.6 ML thick Fe film on GuAl,4(001),

measured perpendicular to the streaks for the cleapACiy(100) substrate ~ 8S deposited at 160 K, and after annealing at room temperature. The respec-

and for a 5.6 ML thick Fe film, as deposited at 160 K. tive E(n?) curves are shown in the inset, where the strait lines represent
linear regression fittings based in a kinematic approximation for(@de
diffraction beam intensity curves.

The Fe films were grown at 160 KLT). The freshly pre-
pared Fe films were found to be free from contamination, as function of the electron enerdyoo(V) curveq after film
determined by AES. RHEE[Electron energy up to 15 keV  deposition and a kinematic approximation was used to cal-
was used to investigate the growth mode, thickness, andulate the vertical interplanar distaréeThe peaks observed
structure of the ultrathin Fe films. A recording system with ain the LEED I4o(V) curves correspond to the constructive
charge coupled device camera, a S-VHS video recorder, aridterference condition for the electron wav@ragg condi-
a dedicated software for the data processiEgscan com-  tion). Considering that the electrons suffer only simple scat-
pleted the RHEED setup. In this way, the electron diffractiontering in the diffraction procesg&he kinematic approxima-
patterns of the surface were recorded while depositing Fdjon), the vertical interplanar distaneg can be evaluated by
and were further analyzed. The structure of the depositedsing the expression
films was also investigated by intensity measurements of the _ 12ei
LEED specular beam versus electron endigy/) curved. a,=nail[(2m(Ey+ Vo)) sine],
The magnetism of the Fe monolayers was investigataitu ~ WhereE, is the primary electron energy of the Bragg peak of
by longitudinal SMOKE. Films grown at LT were submitted ordern,V, is the additional energy shift due to the average
to a rapid annealing up to room temperat{ire30 min of  inner potential in the crystain the electron mass, angithe
total heating time, 10 min @ room temperat(R¥)] and the  incident angle with respect to the sample surface. Finally, a
structural and magnetic properties were then measured agdinear fitting of theE, versusn® points extracted from the
at 160 K. I(V) curves gives the vertical interplanar distarage®*

Figure 1 shows a typical evolution of the in-plane lateral
spacing of the Fe atoms versus films thickness during depo-
sition at 160 K, as determined by RHEED. This spacing is 210

—=&—Cu, Al (100) substrate

obtained from the distance between two adjacent diffraction | --&- asprepared @ 160 K

streaks in the RHEED patterns. Each point in the curve rep-g -~ - after RT annealing

resents the relative variation of the lateral spacing in the Feg 290 { 7
film as compared to the lateral spacing of the;ili;(100) § %

surface(3.65 A). As can be seen, up to about 2.5 ML Fe, the ®

lateral spacing does not change and matches the substra-g 90 T I } i
lattice parameter. Above this thickness, a progressive in-3 :
crease of this distance is observed and, at 4 ML of Fe,
value 8% larger than the substrate is reached. Moreover,
has been observed that the measured lateral expansion

connected to a significant change in the relative intensities of 170} - 4

the RHEED (10) and(1,0) streaks, as shown in the inset of o 1 2 35 4 5 6

Fig. 1. This change suggests a small rotation in the growth Fe thickness (ML)

direction of the Fe film, as observed for Fe on(0Q0).1%?* .3 Devend e vertical nterg _ s for F
ol . . 3. Dependence of the vertical interplanar spacing vs thickness for Fe

. Th? average vem(?al !nte_rplanar spacing of the Fe atom%ms on Cy.Al,4(100 as-deposited at 160 Ksolid circleg, and after an-

in the film was determineth situ by LEED after deposition.  pealing at room temperatutepen triangles The dashed lines are guides to

The (00) diffraction beam intensity curves were collected asthe eye.
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' ' ' ' ' ' ' ' ' The in-plane ferromagnetism of the ultrathin Fe films
(0.8 and 6.1 ML thick grown on Cy,Al¢(100) at low tem-
perature was investigatéd situ by longitudinal SMOKE?®
Starting from~3.5 ML, a clear square hysteresis loop can be
observed. Figure 4 shows typical longitudinal SMOKE loops
for the Fe films on CghAl,4(100), measured at 140 K im-
mediately after deposition, in an applied magnetic field up to
600 Oe, as calibrated with a Hall probe. The MOKE inten-
sity increases linearly with Fe thickness while the coercivity
remains constant, around 100 Oe. For thickne§s5 ML,

the ultrathin Fe films on GuAl4(100) are ferromagnetic,
with in-plane easy axis, in agreement with previous LMDAD

Kerr intensity (arb.u.)

800 600 400 200 0 200 400 600 800 results'® Moreover, by comparing Figs. 1 and 4, our results
H (Oe) show that the onset of in-plane ferromagnetism in LT-grown

films is clearly connected to the onset of expansion of the

FIG. 4. Longitudinal SMOKE hysteresis loops for different ultrathin Fe |ateral spacing, i.e., to the onset of distortion of the fcc-like

films on Cy,Al;15(100, grown and measured at 140 K. No magnetic signal

was meased for thicknesse®.0 ML. structure. After annealing at RT, no magnetic loop has been

obtained at LT, presumably due to the observed interplanar
contraction and to Al interdiffusiotf
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