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Following the success of solid state detector systems for extended x-ray absorption fine structure
studies at high x-ray energies, there is now an increasing demand for similar devices capable of
operating in the soft x-ray energy range below about 3 keV. Recent developments in sophisticated
detector fabrication techniques now make the construction of specialized devices, suitable for high
quality spectroscopy in this energy range, a practicable proposition. We present the results of
extensive testing of a new detector developed specifically for use in the sub-3 keV energy range. We
have measured energy resolutions of less than 125 eV full width at half maximum at sulfur and
silicon Ka energies and the ability of the detector to achieve this resolution at the copper L « line
has also been shown. Finally we demonstrate the potential of this device in a study of trace dopants
in bulk silicon based quantum dot glasses. © 1995 American Institute of Physics.

I. INTRODUCTION

Germanium solid state detectors are now commonly em-
ployed as fluorescence detectors in x-ray absorption spec-
troscopy (XAS) at high energy (=10 keV) using synchrotron
radiation. At these energies the separation between the emit-
ted fluorescence line and the related absorption edge is of the
order of 1 keV and the intrinsically good energy resolution of
these detectors, which is generally better than 250 eV full
width at half maximum (FWHM), makes them an ideal
choice for the measurement of dilute systems where scattered
photons with the monochromator primary energy form a sig-
nificant background feature. At soft x-ray energies in the
region below 3 keV the energy separation between primary
and fluorescence x rays is less than the energy resolution of
these detectors. This has limited their general use for XAS
measurements of the lighter elements such as sulfur, phos-
phorous, and silicon.! The sulfur K edge, for example, lies at
2472 eV with its Ka line at an energy of 2308 eV. An energy
resolution of at least 150 eV FWHM is therefore necessary to
be able to separate the sulfur fluorescence from the back-
ground scatter near the edge.

Recent developments in sophisticated detector fabrica-
tion techniques have now allowed the electronic noise levels
associated with solid state detectors to be reduced, signifi-
cantly improving their energy resolution. The manufacture of
devices suitable for soft x-ray XAS uses is now a practicable
proposition and we report here detector performance and
sample XAS measurements made with a recently acquired
soft x-ray solid state detector.

Il. DETECTOR PERFORMANCE

The detector is a single element, 6 mm diam, high purity
germanium device produced by EG&G.2 Its primary applica-
tion is for XAS measurements using the soft x-ray EXAFS
(extended x-ray absorption fine structure) station on beam
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line 3.4 (BL3.4) at the Daresbury SRS.3* All the measure-
ments we report here were recorded on this beamline with
the exception of an initial routine benchmark of the manga-
nese Ka and KB lines for which a radioactive *Fe source
was used. Figure 1 shows a pulse height distribution (PHD)
of these lines taken using a bias voltage of —400 V and a
shaping time constant of 6 us. This exhibits an energy reso-
lution of 141 eV FWHM for the Ka line and a very clear
separation between it and the lower intensity K3 line.
Using the tunable photon source from the BL3.4 to ex-
cite the Ka fluorescence lines from sulfur and silicon
samples, a series of PHDs were recorded as a function of
amplifier shaping time constant. The FWHM energy resolu-
tion of these are shown in Fig. 2 along with a similar series
of measurements taken using the °Fe source. These show an
improvement in energy resolution as the shaping time con-
stant is increased, due to the corresponding reduction in am-
plifier bandwidth. The broadening of the energy resolution
with increasing x-ray energy that can be seen is due to the
larger number of electrons liberated by the higher energy x
rays. The rms uncertainty is determined by Poisson statistics

Mn K & KB from Fe-55 source.
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FIG. 1. Pulse height distribution of manganese Ka and K8 lines obtained
from an *°Fe source.
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