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Use of scattered radiation for absolute x-ray energy calibration
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A small, simple, and effective x-ray energy monitor has been built for use in energy-sensitive
experiments where normal transmission monitoring is not an option. The instrument uses x rays
scattered elastically from air, thin polymer films, or other featureless scatterers as a secondary
source for measuring the transmission versus energy through a calibrated x-ray spectroscopy
standard. In general, this type of energy monitor can be made from many combinations of detectors
and scatterers, including ultrahigh vacuum compatible components. We show experimental results
from a miniature p-i-n diode-based monitor, which fits unobtrusively anywhere along the optical
path of the experiment, and can be made easily from inexpensive and readily available parts.
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I. INTRODUCTION chromator angle, however, they are not always convenient,

ch in the chemical state of at in their | ince the energies at which the glitches occur may lie far
anges in the chemical state ot atoms, or in thelir locay, ;iqe the energy range of the spectroscopy experiment.
structural environment, are often revealed by small shifts o

. . o easurement of the absorption coefficient of a calibrated

the energy position, shape, and magnitude of specific fea- . : :
: : . ; standard, simultaneously with the unknown sample, is the
tures in the x-ray absorption and elastic scattering spectra N . )
.~ “most common energy calibration method used in transmis-
near core electron resonance. Resonant x-ray techniques

such as x-ray absorption fine-StruCtuPAFS), x-ray ab- sibn and fluorescence XAFS experiments. A foil is placed
sorption near-edge spectroscopyANES) and' diffraction downstream from the sample, in Ii_qe between the transmitted
anomalous fine-structuf®AFS) spectroscopy, that measure bea2m Id:(.ateCtO"T(l) dang an faddmonalb refergnce di:.e gtor

small changes in the position of spectral features arounHT( )_[ ig. 1a)], an the re erence a sorption coefficient

resonance, require accurate absolute x-ray energy calibratioH.tfef_ ln[IT(_l)/ IT(Z)]_'S compared against the sample absorp-
If the energy is properly calibrated in the experiment, thetion coefficientuts=In[lo/I+(1)], wheret, andts are the

energy resolution is defined by the monochromator Crysta'r|eference and sample thicknesses, respectively. This method

spectral purity, which can be as good AE/E~10"5- IS not applicable tq samples that are too absorbing, e.g., in
10761 However, the energy of the prepared incident beanfluorescence experiments where the samples or the substrates
can deviate considerably from the energy defined by thé&re too thick, or where the experimental geometry blocks the
Bragg angle of the monochromator due to several effect§ransmitted beam completely, e.g., in DAFS experiments.
such as thermal loading of the monochromator crystals, losshe third method listed above, use of a diffraction analyzer,
of steps in the monochromator motor, slipping or sticking inalso requires access to the beam downstream from the
the monochromator linkage, orbit shifts, and more subtle efsample, and is considerably more complicated, since it re-
fects such as the influence of the energy dependent transmiguires additional alignment and calibration of the analyzer
sion function of the beamline optiésand inelastic scatter- crystal, and puts restrictions on the experimental geonfetry.
ing. These energy shifts are often unpredictable, therefore, a In this article, we report a simple and reliable method for
precisein situ energy calibration method is needed for spec-calibrating the absolute x-ray energy based on the transmis-
troscopy experiments. sion calibration method commonly used in x-ray absorption

The energy calibration methods used for x-ray specspectroscopyXAS). We have used x rays elastically scat-
troscopies includgl) calibrating to sharp drops or Bragg tered out of the incident beanhy), scattered either by air or
“glitches” in the primary beam intensity, due to the excita- by a weak scatterer such as kapton or Al foil, as a secondary
tion of secondary Bragg reflections in the monochroméator, source of x ray$Fig. 1(b)]. The elastically scattered x rays,
(2) measuring the transmission extended XAEXAFS) of  which have the same energy as the incident beam, are de-
a standard sample, with known absorption edge features &dcted through an XAS transmission standard giving the
tabulated energies, art@) measuring the Bragg angle using characteristic drop in transmission across the absorption edge
an analyzer crystdlThe Bragg glitches can serve as an en-which is used to set an energy fiducial. Since the scattered x
ergy reference because they always occur at the same mon@ys propagate away from the primary optical path, this
method can be used in experiments where the beam is
AElectronic mail: jox@pnc.aps.anl.gov stopped at the sample and in-line reference methods are not
YElectronic mail: frenkel@bnl.gov possible.
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FIG. 1. XAS experiments using metal foil standards for calibrating the 9600 9620 9640 9660 9680 9700 9720
position of the absorption edgda) transmission andb) fluorescence, 035 , : : 0.12
DAFS, TEY etc. experiments using the monitor described in this work. '
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In general, the energy monitor simply comprises threehﬂ\j 02 | :
parts: (1) x rays scattered elastically out of the incident 5 006 =
. . . B o015 | o
beam,(2) an XAS transmission standard, typically a thin = 001 &
metal or oxide foil, and(3) a detector with a monotonic g otf o
response over the energy range of the experiment. The elast.é 005 I 002 %
scattering can be from air or other gases, or from any Zow Z elf 0 S
material with a smooth cross section over the energy range oS © [ ——transmission
the experiment, with the object of obtaining a signal through ¢ 05 ! L L ! ! L Y

the XAS standard in the monitor without incurring a signifi- 9610 9642 9644 9646 9648 9650 9652 9654

cant losses iy. The place where the beam passes through
the scatterer serves as an extended point source of secondary
X rays with the same energy as the incident beam. The XASIG. 2. Comparison of energy calibration using a Zn foil standard measured
standard and the detector are placed as close as is practicalSi@ultaneously in transmissidiopen circles and elf(solid circles modes.
this point in order to maximize the solid-angle acceptance o r:loxgdzrga?g;geEgPsorptlon coefficients arfd) the first derivatives of the
the monitor. It is important to prevent contaminating other
detectors in the experiment with stray fluorescence from the
XAS standard, however, this is easily accomplished by judidnethod by placing a pure Fe foil standard in front of a Bi-
cious arrangement and shielding of the components. cron detector configured as an intensity monitor in order to
The Compton(inelastically scattered photons, which calibrateE, in a DAFS experiment on magnetite §.° A
are shifted downward in energy from the incident beam, willsimilar arrangement has been used by Sansone and Cevries
also excite the absorption edge once the incident energipr low energy x-ray spectroscopy using He scattering as the
reaches the absorption edge energy plus the Compton shiftlastic source, and for measuring the transmission through an
The angular dependence of the Compton shift is given by oxide or foil filter into a Lytle-type fluorescence detector,
with a ~10 cm aperture. Both of these arrangements provide
s~ Ain=h/mc(1=cos6), @ excellent energy calibration and monitoring, however, the
where\;, and)\ ¢ are the incident and scattered wavelengthssize of these highly sensitive detectors may compromise the
respectively,h is Planck’s constantm is the electron rest experimental geometry and, unless their use is warranted by
mass,c is the speed of light, and is the angle between the low count rates, a more compact instrument would be pre-
incident and scattered photon wave vectors. Reexcitation derred.
the edge by the Compton scattered photons does not affect A miniaturized version of the energy monitor was built
the position of the spectral features used for calibration, prousing kapton tape as the elastic scatterer and a 2.5 mm diam
vided that the calibration detector is positioned at sufficientlywindowlessp-i-n diode (EG&G UV-100) as the detector. An
large wave vector transfer that the Compton shift is largemluminum block was used to house the diode, and the hous-
than the range needed for calibration, typically 30—50 eVing was designed to accommodate the2 in. transmission
With the detector placed #&=90°, the Compton shift in eV standards available from the National Synchrotron Light
at 9659 eV for the ZrK-edge XAFS data shown in Fig. 2 Source (NSLS) XAFS equipment pool. The diode was
below was approximately 180 eV. mounted normal to the incident beam and faced downward,
Scintillation detectors, e.g., N@ll) detectors, placed co-axial with an optical mounting post for easy alignment.
normal to the incident beam direction, counting the photong-i-n diodes have been used as x-ray detectors previdusly,
scattered from air or loviZ materials, are commonly used as and have the advantage over many other kinds of x-ray de-
beam intensity monitors in both laboratory and synchrotrortectors of being inexpensive and small. For convenience, and
x-ray experiments. We first tested our energy monitoringoecause they provide accurate edge location via elastic scat-
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