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Energy dispersive spectrometry (EDS) is generally not considered as a sufficiently sensitive
and accurate technique for dopant detection and quantification. Indeed, the concentrations of
traditional dopants are typically below ≈ 1020 at cm-3, which is very close to the detection limit
of conventional EDS.
We report here the detection and quantification by EDS of phosphorus (P) dopant
concentrations in germanium as low as 5 1018 at cm-3 with a precision and detection limit
around 1018 at cm-3. This is achieved by using the Flat Quad 5060F annular detector recently
developed by Bruker-AXS. This new generation of silicon drift detectors is composed of four
bean-shaped silicon diodes, each of 15 mm2, arranged in a ring around a 1.6 mm central hole
for the electron beam passage (Fig.1a). It is positioned a few millimeters above the sample
(Fig.2b), a geometry which results in a much wider solid angle (up to 1.1 sr) compared to
traditional detectors (<0.1 sr), thus allowing a higher counting rate at any operating conditions
(up to 1000 kcps). The passage of the electron beam through the detector precludes the use of
a conventional electron trap, which role is to protect the diodes against the backscattered
electrons. To prevent detector damage, three mylar windows are mounted on the detector, the
first (1 µm thick) being permanent to operate in the range 0-6 kV, the two others (2 and 6 µm
thick) being retractable to operate in the range 6-12 kV and 12-20 kV, respectively. Although it
was not their primary function, the two retractable windows may act as a high-pass X-ray
energy filter allowing enhancement of the detection sensitivity for high energy X-rays. For
instance, the insertion of window 2 enhances by a factor of 2 the counting rate in the P region
(Fig. 2a). The Ge pile-up is also reduced due to the absorption of the Ge L lines, which also
improves the detection of low concentrations of P dopants.
We tested five Ge 2D layers previously analyzed by Tof-SIMS and containing 0.66, 0.71, 0.98,
2.5 and 36 1019 at cm-3 of P dopants. Samples were analyzed at 4 different voltages (3, 4, 6 and
8 kV) with the window 2 inserted. All spectra were acquired for 2 hours at ≈ 500 kcps and
normalized to pure Ge spectra (Fig. 2b). The reproducibility was tested by repeating the
analyses at least three times. Results show a relatively good consistency with Tof-SIMS results,
even for the lowest concentrations of P dopants (Fig. 2c). The reproducibility is within the
analytical uncertainty of the counting statistic. The precision and the detection limit depend on
the voltage and the total acquisition time (Fig. 2d). Typically at 4 kV on P doped Ge nanowires,
it is around 2 1018 at cm-3 and 1018 at cm-3 for 30 minutes and 2 hours of acquisition time,
respectively.



 
Fig. 1: The Flat Quad 5060F annular detector from Bruker-AXS: a) bottom view showing the four bean-shaped Si diodes
(d), the central hole (h) and the first retractable mylar window (w); b) top view with the sample in place.
 

 
Fig. 2: a) 6 kV EDS-FQ spectra acquired on pure Ge using increasing thickness windows; b) 4 and 8 kV Ge-normalized
EDS-FQ spectra acquired with window 2 on P doped Ge 2D layers; c) Comparison of P dopant concentrations between
EDS-FQ and ToF-SIMS; d) precision/detection limit for P dopants by EDS-FQ.
 


