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Quantitative x-ray magnetic circular dichroism microspectroscopy
of Fe/Co/Cu(001) using a photoemission microscope
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Photoelectron emission microscopy is combined with soft x-ray magnetic circular dichroism
(XMCD) absorption spectroscopy to obtain local element-resolved quantitative magnetic properties
with microscopic resolution. This is applied to study 0—14 ML Fe wedges with a slope of 0.055
ML/um on 6 ML Co/Ci001). Local XMCD spectra at the He, 3 edge confirm the presence of
three magnetically different thickness regions of Fe with effective spin moments of 206-4.5

ML), 0.7ug (4.5-11 ML, and 1.8z (>11 ML). The value of 0.4g in the second phase is
consistent with an fcc Fe phase containing nonferromagnetic layers underneath a ferromagnetic
surface. ©2000 American Institute of Physid$50021-897@0)44908-X

Photoelectron emission microscofEEM) in connec- erties is to image their spatial distribution on wedge-shaped
tion with resonant excitation by circularly polarized light has samples. For that purpose we deposited Fe as 0—14 ML mi-
proven its usefulness for the study of magnetic microstrucerowedges on 6 ML Co/G001), and obtained the full spec-
tures and multilayers? The lateral intensity distribution of troscopic XMCD information of that wedge from the analy-
emitted low energy secondary electrons is thereby magnifiedis of PEEM images.
by an electron optics. The effect of soft x-ray magnetic cir-  Ultrathin epitaxial Fe films, grown at room temperature
cular dichroism(XMCD) provides the magnetic contrast. On CU001, are one of the most interesting systems with
The absorption of circularly polarized photons at elementarespect to the interplay between structural and magnetic
absorption edges differs for different alignment of light he-Properties.** For film thicknesses below4 atomic mono-
licity and magnetization directiohleading to a difference in layers (ML) a fully ferromagnetic fcc-like structure is
secondary electron intensity. Sum rdlediow one to extract Present: In the thickness range between 4 and 11 ML, a
spin and orbital magnetic moments from integrals in the dif-Sécond phase, a relaxed fcc structure, is found with a non-

ference curve of two absorption spectra for opposite |igh{errom§gnetic behavior of the. inner film layers, but ferro-
helicity 5 magnetism at the surfald=or thicknesses abovell ML, a

The combination of the principles of microscopy third phase appears, a ferromagnet@tll) oriented bcc

(PEEM) and spectroscopXMCD) unites the advantages of phase'® Fe films grown on Co/Ci@01) exhibit a very similar

both methods, namely the element-selective quantitative insoguence of structural and magnetic pha&e¥. The main

formation of electronic and magnetic properties of XMCD difference from Fe/C001) concerns the direction of the

and the lateral resolution of PEEM. It is what we call “mi- o) magnetic axis, which is in-plane in the case of Fe/Cof

. . : . .._Cu(001. As for the presence of the ferromagnetic surface
crospectroscopy,” and results in images displaying quantltal'ayer in the second phase, controversial experimental evi-

tive magnetic properties on an element-resolved basis. Praa'ence has been reported. While from oxygen adsortion
tic_ally, this_ implies to scan the photon energy _and r_ecordand XMCD experimentg it has been concluded that the
microscopic images of the secondary electron intensity fog, t5ce is not ferromagnetic, other XMCD measurenténts

both helicities at each energy step. From such a set of imageg; el as measurements of photoelectron diffraction in mag-
local XMCD spectra at any position in the image can bengatic  dichrois® and spin-resolved  valence band

analyzed. photoemissiort® provided evidence for the presence of fer-
In this article we demonstrate the application of thisomagnetic surface layers on top of nonferromagnetic under-

PEEM—-XMCD microspectroscopy to study the magneticjayers,

phases of Fe on fcc Co/Q201). A common means of effi- Co and Fe films were evaporated at room temperature by

ciently studying the thickness dependence of thin film propthermal evaporation. Before depositing the Fe wedge, the Co

film was remanently magnetized by a field of 500 Oe in the

dAuthor to whom correspondence should be addressed; electronic mail:110] di.reCtion- The Wedge-shapeq Fe films were prepared
kuch@port.exp.bessy.de by placing an aperture of}20.5 mnt in front of the sample,
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FIG. 1. (a) FeL,; absorption spectra of a single X3 um? pixel at coor- FIG. 2. Result of the pixel-by-pixel sum-rule analysis of the imaged area in

dinatesx=35 um, y=100xm. The dashedsolid) line depicts absorption /6 ML Co/Cu001): (a) Fe effective spin momengs, (b) Fe orbital

for positive (negative helicity. (b) Markers: Difference between the two Momenty, . Different levels of gray correspond to different values.qf
curves of(a). Line: Template difference curve, obtained from averaging @hd uL., as explained in the respective legend. Three different phases as
1500 pixels in the region of bce Fe, presented here with different scaling agchematically shown are characterized by different moments.

theL; andL, edge to fit the single pixel data.

averaged from 1500 pixels at the thick end of the Fe wedge

with a distance of 1 mm to the sample surface. During depotbcc Fe. It serves as a template for the automated analysis of
sition the sample was rocked hy7.5° about the long axis of the 12648 single pixel spectra. Only two parameters were
the aperture. This results in a rectangle with two 265  used to fit that template difference curve to the single pixel
broad wedges at the long sides, exhibiting slopes of 0.058ifference curves. They describe the separate scaling of the
ML/ pm. L; and L, regions. Having analyzed the template XMCD

The PEEM measurements were performed at beamlinspectra beforehand by means of the sum rules, sum-rule
BL25SU of SPring-8 in Japan, which provide®95% circu-  analysis of the single pixel data is obtained from these two fit
larly polarized light'” The light was incident under an angle parameters. This analysis is valid if the shape of the absorp-
of 30° to the sample surface, with an azimuthal angle of 18tion spectra does not change over the imaged area. This was
to the[110] axis of the Cu substrate. The local photon energydetermined to be the case for the present Fe and Co images.
resolution in the images is better than 150 meV. All imagesThe analysis of the template data was done as described
were normalized to the photoyield of the gold-coated refo-elsewheré® The data were corrected for the angle of inci-
cusing mirror in front of the experimental chamber. dence with respect to tHa10] magnetization direction, and

The setup of the photoemission microscoffeocus for the degree of light polarization. The number ofdeeoles
IS-PEEM®® is identical to that described in previous was taken as 3.3%.For the analysis of the single pixel data
publications? The contrast aperture was set toZ for the  the white line intensity was assumed to be proportional to the
present measurements. To obtain a large field of view, a low; peak height. Only a smooth spatial variation of the white
extraction voltage of about 200 V was used. This results in dine intensity of less than 15% was present in the spectra
lateral resolution of about &Am, and a field of view of about over the imaged area. To avoid unreasonably long data ac-
380 um. The magnified image is intensified by a two-stagequisition times and contamination of the surface, the energy
multichannel plate, and converted into visible light by meansscans were taken only up to an energy of 728 eV. Part of the
of a scintillator crystal. The image is then computer-recordedail of theL, dichroism at higher photon energies is therefore
with 12-bit resolution by a Peltier-cooled came(BCO  not included in the analysis. This leads to systematic devia-
SensiCam?®® Exposure time was 20 s/image, the total timetions of the magnetic moments as determined by the sum
for the acquisition of the over 3 million data points was rules, predominantly of the orbital moment. A cutoff in the
abou 1 h 50 min. The helicity was reversed once after integration on the high energy side of the spectra leads to a
completion of a full energy scan. higher apparent orbital momefftFrom comparison with the

Figure X&) shows typical Fé& , ; absorption spectra of a curves for bulk Fe of Ref. 5 we estimate that the orbital
single pixel of 1.5¢3 um? on the sample surface at 14 ML moments will be affected by a factor of 2:®.2, while the
Fe thickness. The spectra are composed of information afesult for the effective spin moment is correct within 5%. To
that particular pixel from 242 different images. Dashedaccount for that, the orbital moments’ values were corrected
(solid) lines depict absorption for positiveegative helicity. by a factor of 1/2.6.
In panel (b) the corresponding difference is showopen Figure 2a) shows the result of the pixel-by-pixel sum-
circles. The solid line gives the fit of a difference curve rule analysis for the Fe effective spin moment. The Fe
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thickness increases from right to left, as indicated. Differentwere performed at SPring-8 with the approval and financial
levels of gray correspond to different values©f, as ex- support of JASRI(Proposal No. 1999A0319-NS-ppThey
plained in the legend. The three different phases at Fe thickextend special thanks to the SPring-8 staff, in particular Y.
nesses of 0—-4.5, 4.5-11, and 1 ML are clearly recognized Saitoh and R.-J. Jung, for generous help during the beam-
by their different moments. The averaged values arggd&  time.

1.5-2 ML, 0.7ug at 6-7 ML, and 1.gg above 14 ML. | . .
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