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One of the most revealing and fundamental properties of the surface of a planet or satellite is its 
mineralogy. Assemblages of minerals can be used to identify provenance of origin and reveal a great deal 
about the volcanic, metamorphic andlor sedimentological history of a particular region. 

Recent improvements in the technology of X-ray generation and X-ray detection have made new types of 
remote mineralogical instruments possible. We are designing and building a breadboard prototype for a 
combined X-ray Diffraction / X-ray Fluorescence instrument which will have the capability to perform 
mineralogical analyses. The instrument as it is envisioned could be deployed by itself at remote locations or 
could be utilized as part of a suite of instruments canied and deployed by a surface rover vehicle. 

'Ihe proposed geometry for the XRDIXRF is pictured in Figure 1. X-rays will be generated in the X-ray 
tube (1) and travel to the curved diffracting crystal labelled (2). The action of the crystal is to absorb 
'continuum X-rays and selectively diffract and converge monochromatic CuKa X-rays to a point at the plane 
of the sample (3). As the monochromatic X-rays strike the powder sample on the thin film sample support, 
a variety of interactions take place. The thin film sample support will be a stretched mylar film onto which a 
powder sample will be placed. Ideally, the sample should be fine-grained and will rest on the substrate 
without a preferred crystallographic orientation. Tfae three X-ray photon - sample interactions of interest to 
us are coherent Bragg diffraction, X-ray Fluorescence, and photoelectron production by X-rays. Diffracted 
primary beam X-rays and secondary fluorescence X-rays will strike the %-dimensional X-ray 
Energy-Dispersive CCD detector (4). A diffraction pattern can be generated by displaying an image made 
only of X-rays having the energy of the primary X-ray beam. An X-ray Fluorescence analysis can be 
obtained by summing all of the X-rays recorded by the CCD into a multichannel analyzer and subtracting out 
those X-rays having the energy of the primary beam. Because of the short sample to CCD distance, accurate 
pattern measurement will require an internal standard. As X-rays strike the sample (3), photoelectrons are 
produced. Photoelectrons which escape the sample surface and enter the electron detector (5) will reveal the 
elemental species which populate the "environmental cap" covering the upper few tens of Angstroms of the 
sample surface. This measurement will yield information about the planetary atmosphere. 

As it is envisioned, the X-ray source will be a Copper X-ray tube which will yield continuum and copper 
X-rays. Copper was chosen because CuKa X-rays, with an energy of 8.04 KeV, will be sufficient to excite 
FeKa in the sample. In addition, CuKa is sufficiently energetic to penetrate a thin powder sample, yet is low 
enough in energy to have a high capture crossection in the CCD detector array. The design specification for 
power consumption by tlae X-ray tube is 5 watts. 

The CCD detector will be an energy-discriminating type with a useful energy range in the soft X-ray 
region (0.2 - 10 KeV). When the X-ray beam strikes the sample, crystalline materials which are in the proper 
orientation to diffract will produce a spot or bull's eye pattern in which the lateral spacings from the central 
beam to the diffracted beams are characteristic of the crystal type. All of the X-rays recorded by the CCD 
which have an energy of 8.04 KeV are primary beam X-rays which have passed through the sample. An 
image recorded using only X-rays with the energy of the primary beam will therefore be a powder diffraction 
pattern of the sample. All of the X-rays which do not have the energy of the primary beam will be secondary 
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fluorescence X-rays which carry elemental information about sample elements. A histogram of energy vs. 
number of X-ray photons will comprise an X-ray fluorescence analysis of the sample material. 

The photoelectron detector and spectrometer are the most tentative of all of the design elements of the 
instrument since we do not want to compromise any other capabilities for the sake of this measurement. As 
photoelectrons escape the sample surface, they will transit through the first grid (dashed line) and be reflected 
from the second grid which has a variable negative charge impressed on it. These electrons will be swept 
into the electron detector which has a large positive collection potential. By ramping the negative potential 
on the second grid, a serial signal will be detected in which an electron energy spectrum is generated. The 
escape energies of the electrons are directly related to the elements from which they were generated. 
Depending on the sophistication of the device, chemical binding information may be obtained as well. 

In order to test the instrument design concept, we are modifying an existing microfocus X-ray camera to 
study sample-detector geometry and the efficiency and operating parameters of commercially available X-ray 
energy-dispersive CCD detectors. One candidate CCD will be the Texas Instruments TI 4849 virtual phase 
CCD which has an energy resolution at MnKa of 148 eV (at -30°C), an array size of 548 X 390 pixels.1 
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