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Introduction: There have been dramatic advances 

in the technology for X-ray spectrometry in recent 
years.  Ever thinner and stronger window materials, 
that are more transparent to low energy X-rays, have 
extended the useful range to all but the 3 lightest ele-
ments in the periodic table.  Silicon drift detectors 
(SDDs), first proposed by Gatti in 1984 [1], are now in 
routine commercial use.  Early versions were included 
on the APXS instruments for the Mars Exploration 
Rovers [2].  Their much smaller electrode size and 
capacitance imply faster response, higher count rates, 
and the possibility of operation at room temperature 
[3].  They have also been optimized for light element 
quantification.  Digital pulse processing is replacing 
analog processing because it can handle the shorter 
shaping times and incorporate improved pulse pileup 
rejection, both important to take full advantage of the 
capabilities of an SDD.  Miniature X-ray tubes are 
available that weigh less than 6 grams and operate with 
about 1 watt.  They permit construction of X-ray fluo-
rescence units with very low mass, power, and size yet 
have performance comparable to that of terrestrial 
laboratory units [4]. 

Increased Scientific Return: These developments 
allow improvements in the information that can be 
obtained by XRS instruments and a consequent in-
crease in the scientific return.  Measurement of light-
element X-rays (carbon and oxygen) provides robust 
quantitative constraints on organic and water contents.  
Better energy resolution and better statistics means that 
minimum detection limits can be reduced and that the 
scattered radiation can be exploited.  Lower detection 
limits allow measurements of trace elements at lower 
levels and with better precision.  Such measurements 
are important for a wide variety of studies concerned 
with petrogenesis, provenance and aqueous interaction 
and for distinguishing planetary formation models [5].  
One well known example is that of the incompatible 
elements phosphorus, rare earth elements, and potas-
sium (KREEP), whose concentrations in components 
of the highland crust have implications for early lunar 
differentiation [6]. Another important example would 
be the ability to better constrain the origin and history 
of minor solar system bodies (asteroids, comets, 
moons) by making detailed comparisons to the known 
classes of meteorities for the full spectrum of volatile, 

refractory, lithophile, chalcophile and siderophile ele-
ments [5]. 

The Compton and Rayleigh scattered radiation 
provides information about light elements in situations 
where they cannot be measured directly, such as on 
bodies with an atmosphere.  If the energy resolution 
can be improved enough, then several light elements 
can be individually quantified by detailed fitting of the 
Compton profile.  The combination of SDDs and digi-
tal pulse processing will help make this possible.  Digi-
tal pulse processing has the flexibility to output the 
actual noise spectrum, facilitating the use of deconvo-
lution methods to further improve resolution.  Minia-
ture X-ray tubes provide improvements in detection 
limits, more flexibility in the choice of excitation 
source to reduce interferences, and allow data collec-
tion in very short times with reduced energy per spec-
trum.  They may also make it possible to collect data in 
short enough times to allow measurements not other-
wise possible, such as chemical stratigraphy of the 
subsurface or from touch-and-go probes. 

Other Advantages: Reductions in mass, volume, 
and power can also be realized using digital technol-
ogy and SDDs.  The ability of SDDs to operate at 
higher temperatures reduces the need for detector cool-
ing, which is a major power drain if required.  Digital 
techniques achieve better results with less power, 
mass, and volume than the corresponding analog 
methods, with increased flexibility as well. 

Components: We are developing a series of com-
ponents that take advantage of these improvements, 
including X-ray detectors, pulse processors, X-ray 
tubes, high voltage power supplies, and rugged X-ray 
windows.  These components could be combined into 
several possible instruments for different missions and 
provide both quantitative and qualitative improvements 
in scientific return.  On airless bodies, almost all of the 
periodic table could be quantified, including the bio-
genic elements and direct measurements of water con-
tent.  On bodies with an atmosphere, trace element 
detection could be obtained comparable to terrestrial 
laboratories and light element information can be ex-
tracted from the scattered radiation.  A diagram of our 
detection system is shown below. 
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Future XRS Instruments: There are several pos-

sible instruments that could take advantage of the in-
creased capabilities of the components under develop-
ment.  Two examples are an extremely capable XRS 
for a penetrator (such as those proposed for the Moon, 
Europa, and Enceladus) and a very rapid spectrometer 
for touch-and-go operation (e. g., on a tethered pod 
under a Titan airship or on an asteroid or comet contact 
probe).  These two examples are roughly at extreme 
opposite ends of the spectrum of very small, slow, low 
power instruments versus larger, very fast instruments. 

Penetrator. The penetrator XRS (which we have 
proposed for the MoonLITE mission) would use two 
conventional radioisotope sources with SDDs and a 
common digital pulse processor.  It would access the 
lunar regolith via a rugged window without the need 
for drilling or other mechanical sample introduction 
methods.  Using two sources with separate X-ray de-
tectors allows optimization of light element quantifica-
tion without compromising the detection limits for 
KREEP and other trace elements.  The lunar subsur-
face temperature is ideal for SDD operation, so the 
power required for cooling is eliminated.  A digital 
pulse processor that incorporates such traditionally 
analog functions as charge reset and baseline restora-
tion further reduces the size, mass, and power require-
ments sufficiently for penetrator deployment.  This 
design produces an extremely capable instrument that 
can be deployed to anywhere on the Moon.  Such a 
complete ground-up redesign is warranted by the shock 
hardening required to survive penetrator impact.  The 
redesign will also assist in meeting this requirement by 
simplifying the electronics to a few microchips on a 
single small board. 

Touch-and-Go Probe. The use of an X-ray tube in 
place of a radioisotope source provides much higher 
excitation flux and reduces the time for spectrum col-
lection.  Using an SDD optimized for high count rate 
and a digital pulse processor with good pileup rejec-

tion, count rates as high as 105 per second can be ac-
commodated by the detector system.  A one-watt 
miniature X-ray tube can produce the required excita-
tion if the geometry is carefully controlled.  With this 
configuration, a high quality spectrum can be collected 
in as little as 10 seconds.  Detection limits for trace 
elements of a few parts per million and major element 
precision better than 1% relative can be achieved.  
Such an instrument can be fit into about 3000 cm3 with 
a mass of less than 2 kg using modern high voltage 
encapsulating materials and digital electronics.  It uses 
a few watts of power but only during spectrum collec-
tion, implying tens of joules per spectrum.  This makes 
it ideal for touch-and-go operations while hanging 
from a tether under a balloon or on an asteroid or 
comet probe. 

Conclusions: The advances made in X-ray spec-
trometry in the last 10 years will allow new instru-
ments to be designed with significantly increased sci-
entific returns.  To take full advantage of these devel-
opments, the instrument must be designed to include 
several of these advances working together.  The scien-
tific return can be increased not only by improved pre-
cision for the elements typically measured using XRS 
but also by extending the elemental range.  The most 
valuable improvement is the capability to directly 
measure carbon and oxygen, yielding information 
about oxidation, water, and organic content. 
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