
ELEMENTAL COMPOSITION ANALYSES IN THICK ATMOSPHERE USING THE ATMOSPHERIC 
ELECTRON-INDUCED X-RAY SPECTROMETER (AEXS) INSTRUMENT,  E. Urgiles1, J.Z. Wilcox1, R. 
Toda1, J. Crisp1, and T. George1,  1Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove 
Drive, 302-231, Pasadena, CA 91109 (Eduardo.Urgiles@jpl.nasa.gov).  
 

Introduction: This paper describes the progress in 
the development and application of the AEXS instru-
ment to determine elemental abundance by analysis of 
the excired XRF spectra. The AEXS is a miniature 
instrument[1-4] based on the excitation of characteristic 
X-Ray Fluorescence (XRF) spectra from samples in 
ambient atmosphere using a focused electron beam. 
Operation in ambient atmospheres with moderate-to-
high spatial resolution in comparison to similar in-
struments is obtained through the use of a thin electron 
transmissive membrane to isolate the vacuum of the 
AEXS electron probe from the outside atmosphere. 
The isolation obviates the need for the samples to be 
drawn into a vacuum pumped sample chamber as is 
common in all laboratory SEM’s. Samples are evalu-
ated in their pristine state with no surface preparation. 
The transmitted electrons through the membrabe and 
atmosphere impinge on the external samples exciting 
XRF spectra from the irradiated spots with sub-mm to 
cm-scale spatial resolution at Mars atmospheric pres-
sure. The development of the instrument is described 
in detail in another poster paper[5] at this conference. 
This paper focuses on describing the capability of the 
most recently assembled AEXS instrument to analyze 
the acquired XRF data using a commercially available 
software.  

Spectra acquisition: The AEXS system consists of 
an electron microprobe encapsulated by the isolation 
membrane, and an EDX detection and analyzer system 
to determine elemental abundance. Whereas our previ-
ously reported setups3 consisted of an actively pumped 
chamber from within which the electrons were trans-

mitted, the AEXS 
instrument that 
has been assem-
bled in our labo-
ratory during the 
past year consists 
of a 20keV elec-
tron gun vacuum-
sealed with a thin 
SiN membrane, 
and requires no 
active pumping - 
a big step towards 
the development 
of a stand-alone 
instrument. The 
microprobe (Fig 

1) envelops an electron-optics column within a glass 
tube that has been vacuum-sealed using a specially 
designed glass-tube attachment that incorporates the 
transmissive membrane. Because of the lack of need 
for active pumping, the microprobe provides for de-
velopment of a fully portable instrument. The micro-
probe was used to excite XRF spectra from a number 
of known NIST and USGS metal and mineral stan-
dards within an environmental chamber that has been 
constructed in our laboratory to simulate the effect of 
reduced atmospheres on the acquired spectra. Fig 2 
shows the acquired spectra for a BCR-2 (Basalt, Co-
lumbia River) mineral sample for a set of Nitrogen 
pressures varying from 10-4 Torr to 200 Torr. The 
membrane-to-sample working distance in the chamber 
was 1 cm. 

Data Analysis: The acquired spectra were analyzed 
to determine elemental abundance by using a commer-
cially available EDX Quantification software acquired 
from IXRF corporation, and used by many laboratory 
SEM systems to analyze the XRF spectra. Upon the 

Figure 1. Vacuum-Isolated 
20keV Electron source  

Membrane Si chip 
mounted on a Kovar 

Figure 5. XRF spectra for the BCR-2 (Basalt, Columbia River)
mineral sample taken using the vacuum-isolated 20 keV
electron gun in the environmental chamber at several values of
the ambient pressure: (a) with background, (b) subtracted
background.  (The spectra are shown in the order of increased
pressure, with the vacuum at top).
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Table 1. Elemental abundance of BCR-2 sample vs pressure:  
Comparison with the certified composition. CF = elements 
with the characteristic X-ray energy near the detector Be 
window cut-off energy. TR = trace element below the detec-
tion limit. 
specification of the beam energy and take-off angle, 
and specifying the elements list for the analysis, the 
software calculates the required line energies and reso-
lutions for the specified analyte lines, subtracts the 
best-fit Bremsstrahlung background, and determines 
the elemental abundance by using Gaussian deconvo-
lution for peak extraction and ZAF corrections for the 
quantitative analysis. Using a 10 µA beam, the spectra 
were resolved with the analysis time set at 100 seconds 
(the same as our standard procedure in our SEM lab).  
Table 1 shows the derived abundance (in weight %) up 
to 200 Torr-cm thick atmosphere in the chamber for all 
analyzed elements, including the abundant elements 
(Si, Fe, Al and Ca, with Kα lines well above the detec-
tion cutoff of the Be- window), light elements (Na, 
Mg, with Kα lines near the Be-window cutoff), less 
abundant elements (K and Ti at 1.5 %), and trace ele-
ments (Mn, P, Ba, V, with less than .15 % abundance) 
as a function of the atmosphere thicknes, which is the 
product of the atmosphere pressure and working dis-
tance. The derived values are compared with the pro-
vider-certified composition. The agreement between 
the determined and certified abundances was good, 
especially considering the uncertainties in the analysis, 
up to about 90 Torr Nitrogen pressure. At higher pres-
sure and for the 1 cm working distance, the discrep-
ancy between the certified and experimental abun-
dance becomes greater than 50% for most of the ana-
lyzed elements.  At lower pressure, the detection limit 
was about 1 %, similar to that obtained in SEM. For 
the light elements, the Kα lines (at 1.041 keV and 
1.254 keV for Na and Mg, respectively) are effectively 
cut-off (CF) from detection due to strong attenuation 
by the 12 µm thick Be window of the Amptek detec-
tor.  The “undetectables” (mostly Oxygen, since the 
elements are present as oxides) comprise about 46% of 
the BCR-2 sample by weight.   

Discussion: Several factors that 
could improve accuracy of the 
determined composition were not 
taken into account during the 
EDX analysis, especially at higher 
pressure. Specifically, unlike in 
SEMs, the excitation beam using 
the AEXS instrument is not mono-
chromatic, due to electron interac-
tion with the membrane and the 
intervening atmosphere between 
the membrane and sample. The 
EDX software simulates the es-

cape probability for the excited X-rays from the sam-
ple into vacuum, however the X-rays in our experi-
ment are also attenuated by the external atmosphere as 
they travel between the sample and the detector. These 
effects were not taken into account during the data 
analysis using the EDX code. The effects are manifest 
by  the decrease in the spectral peaks’ height at in-
creased pressure in Figure 2, and larger errors in Table 
1 at increased pressure.   
Working in reduced pressure atmospheres on Mars or 
other NASA mission destinations reduces the atom-
sphere thickness (to  7 Torr-cm at 1 cm working dis-
tance). The spectral degradation observed at increased 
atmosphere thickness can be partially remedied by 
including corrections to the EDX code that account for 
loss of energy and spectral coherence for the excitation 
electrons, and for X-ray absorption as the escaped X-
rays travel from the sample to the detector.  The results 
of our preliminary analysis are in relative agreement 
with the effect of the spectral resolution of the Amptek 
detector on the fidelity of the acquired spectra. The 
spectral fidelity is expected to improve in our future 
experiments with the planned use of the Ketek detector 
that was used on the 2003 Mars Exploration Rover 
(MER) mission.22 
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Composition, Weight, %
Element Certifd Vac 3 Torr 7 Torr 12 Torr 34 Torr 63 Torr 94 Torr 130 

Torr
200 
Torr

Si Detected 25.3 28.89 28.56 28.95 28.45 26.68 27.11 26.00 23.23 17.28
Fe " 9.65 12.07 11.52 12.30 12.69 13.14 14.08 14.88 17.25 23.18
Al " 7.14 6.10 6.57 5.93 5.74 5.12 4.44 3.57 3.30 0.72
Ca " 5.09 4.85 5.10 5.30 5.18 6.53 6.29 6.77 6.87 6.38
K " 1.49 1.56 1.81 1.24 1.21 2.35 1.21 1.26 0.88 0.87
Ti " 1.35 1.19 1.14 0.89 1.21 0.81 1.30 1.18 1.41 1.43
Na CF 2.34 0.03 0.03 0.00 0.00 0.00 0.07 0.04 0.00 0.00
Mg " 2.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13
Mn TR 0.152 0.12 0.11 0.18 0.24 0.13 0.24 0.24 0.89 1.47
P " 0.15 0.00 0.00 0.00 0.01 0.00 0.09 0.40 0.61 1.03

Ba " 0.0683 0.00 0.00 0.00 0.20 0.00 0.00 0.44 0.00 1.22
V " 0.0416 0.13 0.09 0.13 0.00 0.17 0.10 0.14 0.49 1.23
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