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Soft x-ray absorption of a buried SmCo film utilizing substrate
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Oxygen K-shell x-ray fluorescence was monitored from the MgO substrate of a metallic
heterostructure system containing a buried SmCo permanent magnet layer. This fluorescence was
utilized as a detector to record transmission yield spectra for the SmCo film at both the Canel
Sm-M; 4 absorption edges. Ordinarily, traditional transmission yield spectroscopy in the soft x-ray
regime is impossible to perform with films on single-crystal substrates. The measured intensity
ratios agree with simulations to confirm the thickness information. The potential and limitations of
this technique are discussed in comparison to standard total electron and fluorescence yield
techniques and magnetic circular dichroism. 1®99 American Institute of Physics.
[S0003-695(99)04525-9

SmCo permanent magnet films are of scientific interestimited by the soft x-ray penetration depth. One way to over-
for their magnetic properties, particularly in heterostructuressome this is by preparing free-standing films less than 200 A
with Fe that possess a high magnetic moment while mainthick or by preparing a polycrystalline sample on a relatively
taining high coercivity:? To probe such systems, x-ray ab- transparent substrate. This is often not practical because
sorption spectroscopy can provide a wealth of elementmany interesting structural and magnetic properties derive
specific chemical information, and via magnetic circularfrom the epitaxial growth of thin-film structures on specific
dichroism (MCD), magnetic information as well. MCD suitable substrates that are relatively tHick.
monitors the differences in the absorption spectrum between |n this letter, we demonstrate an alternative nondestruc-
left- and right-circularly polarized photorisAccurate ab- tive method for acquiring x-ray absorption spectra from a
sorption cross sections are needed to quantify spin and omultilayer that overcomes many of the problems inherent in
bital contributions to the magnetic moment. A problem ariseshe other techniques. In essence, we acquire a transmission
however in dealing with a buried layer in the soft x-ray re-yield spectrum in an indirect fashion because the photons
gime. that are transmitted through the layer of inter@stour case

The three traditional methods of x-ray absorption meaa SmCo film are then absorbed by the substrate layer
surement(i) transmission yieldTY), (ii) fluorescence yield (MgO), resulting in the production of oxygeK-shell fluo-
(FY), and(iii) total electron yield TEY), all run into limita-  rescent x rays. The outgoing fluorescence x rays are detected
tions. Saturation effects due to sample thickness and thgy an energy dispersive x-ray fluorescence spectrometer set
short mean escape depth of secondary electrons makestdf detect photons in the oxygen window around 524.9 eV. As
very difficult for TEY to probe buried layers effectively. Al-  the incoming photon energy is scanned across either a Co or
though there are methods for thinning samples, it is imporsm absorption edge, the number of photons absorbed by the
tant that the qualitative X'ray abSOI‘ption measurements a.ISMgO |ayer(and hence the number Of O-K ﬂuorescence pho_
be carried out in a nondestructive fashion because removal @§ng producexvaries. In this energy window, the absorption
any material from the system could destroy or severely altegpefficients of elements other than the Co or Sm are rela-
the key properties that are of interest. While the samplingjyely constant, as is the attenuation of fluorescence x rays
depth of FY is sufficient to probe buried layers, correctionsexmng the sample. Hence this “fluorescence transmission”
must be made for saturation and self-absorption effbcts.(FT) experiment should accurately measure the Co or Sm

Even small errors in these corrections, however, may resuliotoabsorption cross section if the film thicknesses are well
in large errors in the quantitative analysis of MCD daie  1nown.

TY method is the most accurate of the three, but it also is  The measurements were performed at an undulator

beamline(SRI-CAT 2-ID-C) at Argonne’s Advanced Photon
dElectronic mail: coulthar@aps.anl.gov Source’ This beamline utilizes a 5.5 cm period planar undu-
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FIG. 1. X-ray absorption spectfarb. unit$ acquired in total electron yield
(TEY) model for a burieddashed and unburiedsolid) SmCo film at the

Co—Ls , edge, with schematics of samples. toabsorption cross section tabfésThe transmission, T

detected by the intensity of O—K emission, is given by: T

=[1—-expmy,x)], wherex is the thickness of the film and
lator and a spherical grating monochromator with a choice ofy, s the total absorption coefficient for the incoming radia-
three gratings resulting in an operational energy range fronfon of frequencyn;,. Note that the line ratio in the simulated
0.5 to 3 keV, a photon resolving power of up to 10 000, andang fluorescence transmission data agree vealhfirming
a beam spot size of approximately 2 mi@®.25 mm. The |ayer thicknessesand that the backgrounds for the FT spec-
fluorescence spectrometer consists of a toroidal grating andigg are also flat. The lone problem is one of counting statis-
two-dimensional array detector, which is scanned along &cs due to weak signal. The weakness of the measured FT
Rowland circle defined by the entrance slit of the spectromsignal is due to several combining factofd) the fluores-
eter and the gratingThe array detector was centered on thecence yield at the O—K edge is very 10#.6%), which is
O-K fluorescence energy. For comparison purposes and f9pical of low-Z atoms;(2) the fluorescence yield would be
Verify thickness information, TEY Spectra of unburied Stan'highest with photon energies just above the O-K edge' but
dards were recorded by simultaneously monitoring theye are far above it where the cross section is much smaller;
sample drain current. (3) photons are attenuated entering and leaving the sample;

The sample structure is: C(50 A)/Fe (100 A/  and(4) the acceptance angle of the fluorescence spectrometer

SmyCo,(350 A)/Cr (50 A)/MgO (100 substrate. Such a s small. The use of a high flux<(2x 103 photons/s undu-
structure is known as an exchange spring maghietcause |ator sourc thus is vital to offset the low counting rate
the soft Fe layer is magnetically pinned to the hard SmCqyhijle maintaining a sufficiently high resolution. Note that
layer. If the system is magnetized and a reverse field is apany layer under the film of interest could be used as a detec-
plied, the Fe layer will try to follow the field but will spring  tor provided it produces fluorescence of a lower energy than

back when the field is removed. A second sample of80r  the absorption edges in the film of interest. For example, the
A)ISm,Co, (350 A)/Cr (50 A)/MgO (100 substrate was also

prepared and utilized as a standard unburied layer. Both
samples were prepared by direct-currddt) magnetron
sputtering. Details of the preparation and characterizations
are described elsewheté?

Figure 1 shows TEY absorption spectra at the Co,-L
edge for buried and unburied SmCo. It is clear by compari-
son of the two spectra that TEY is of limited use with respect
to the buried layer. A flat background is not achieved, and
there are noise features of the same order of intensity as the
true absorption features. Any analysis of this spectrum re-
quiring integration of peaks would be wildly erroneous.

0.8F T T T T T T
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Thus, this sample provides an excellent opportunity to test 0.4- 1060 1080 1100 1120
our proposed FT technique. L photon Gnergy (V)

It is important to know whether our FT technigue pro- 1060 1080 1100 1120
duces accurate absorption cross sections. Figures 2 and 3 Photon Energy (eV)

show the transmission spectra at the Cegyland the , _ _
' FIG. 3. Comparison of fluorescence transmissien) spectrum for a buried

Sm_M5v4 absorptlon _edges, reSpeCtIV_el){’ compared to SlmuSmCo film(dashed curveat the Sm-M, edge to a simulated transmission
lated spectra. The simulated transmission spectra were gefsectrum(solid) for the same sample. Inset is the total electron yield of a

erated utilizing TEY spectra of unburied standards and phodnburied SmCo film.
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