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DEVELOPMENT OF A POSITION SENSITIVE X-RAY DETECTOR
FOR USE IN A LIGHT WEIGHT X-RAY DIFFRACTOMETER

INTRODUCTION AND SUMMARY

This project continues work on a curved position sensitive
x-ray detector with primary emphasis on the analysis of operation
in a focusing diffraction geometry. Previous counters have
been operated successfully in Debye powder diffraction cameras
and are described in Reference 1.

A curved counter with an entrance window spanning about
80° and with a 5-in. radius to match the JPL focusing diffracto=-
meter test bed has been designed and constructed in this program.
Completion of the testing as a sealed counter in a focusing
geometry has not been possible because of persistent leaks in
the epoxy seal around the beryllium window. The present
recommendation is to remove the epoxy sealing material and
reinstall the beryllium window using a glass powder seal.

Counter Design and Construction

The basic construction drawings for the counter constructed
in this program are included in Appendix A. The counter is
shown in Figure 1 and is similar to previously constructed
curved counters except (1) the radius is 5-in. to permit tests
in the JPL diffractometer, (2) the cathode diameter is 1/4-in.
instead of 1/2-in., and (3) the detector is sealed.

Construction of this counter body was difficult compared to
previous counters because of the special setup work required to
do machining on a curved surface. Entirely different machining
techniques were necessary because of the desire to seal this
unit rather than operate it as a flow counter.

Although the anode wire length is the same as in the last
counter, the present counter could not be operated with a free

standing anode as was previously possible. Three supports were
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Figure 1 Photographs of the curved counter with and without
the filling valve attached



installed after a single midpoint support also proved inadequate.
The supports consist of a 0.5 mil nylon fiber across the
diameter of the detector. The fiber is knotted around the
anode and epoxied to the walls of the detector.

The beryllium window installation turned out to be parti-
cularly difficult. Initial plans called for a powder glass
seal installed by LND, Inc. A later decision to install the
window at IITRI using a low vapor pressure epoxy proved to be
unfortunate. Although epoxy seals have been used successfully
in other counters, a leaktight seal could not be established
in this counter.

The leaks around the beryllium window have prevented
filling the detector with Xenon and completing the testing in
a focusing geometry.

Fiber Development

The original program anticipated two sources of resistive
anode fiber: quartz fibers coated with pyrolytic carbon from
the General Electric Company and glass fibers coated with tin
oxide prepared by the Optics Section of IITRI. The General
Electric Company has since ceased manufacturing the carbon
coated fiber and has no stock on hand. Commercially prepared
carbon-coated fibers do not appear to be available from any
alternate source.

The preparation of resistive coatings on glass proved
difficult and led to a trial of a thin aluminum coating.
Initially, metal coatings were largely discounted because of
the very thin layer required to give appreciable resistance
(see Figure 2). The experience with aluminum, however, was
generally favorable.

The first batch of special anode fibers made from 2.6 mil
diametef glass was coated with aluminum to a thickness of
75-100 A. The resistance was 9,600 ohm/cm. Tests in a position
sensitive counter indicated minor irregularities although
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basic operation as a position sensitive counter was generally
satisfactory. - The energy resolution was only fair (about
20-22% FWHM for Fe-55) but the position resolution was within
5% of that obtained from a 1 mil quartz fiber coated with
pyrolytic carbon. |

Subsequent work using fibers with the desired 5 mil diameter,
however, produced coatings with substantial irregularities in
the resis_j:ivity° These proved un-useable for proportional
counter work.

The best available fiber, therefore, was the limited
quantity of 5 mil quartz coated with pyrolytic carbon which
was on hand from previous work. This fiber has been used in the
detector.

Electronics

The electronic system for detecting and comparing the
pulses at each end of the position sensitive x-ray counter is
essentially a re-creation of the system used in Reference 1
but which had been dismantled during lapses in support.

While assembling the system, some consideration was given
to changing the preamplifiers in order to improve the signal-to-
noise ratio. The méjor changes involved isolation of the pre-
amplifiers by increasing the input capacitance. -Although
improved isolation was achieved, the accompanying decrease in
signal amplitude resulted in a net loss rather than .a net
gain in signal-to-noise ratio. The use of current sensitive
preamplifiers to improve the signal-to-noise ratio was recently
reported.

' analogue

Minor modifications were made to the 'backup'
divider. This unit is now electrically interchangeable with
the primary unit although the speed and accuracy remain

inferior.
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Hadamard Transform Spectroscopy

Hadamard transform spectrometry3 is a technique for
detecting any type of line spectra, including X-ray spectra.
Because of its possible use of a curved proportional counter
and its potential for X-ray spectrometry, a brief analysis was
made of the technique and its capabilities.

Generally, the predicted results were found to be slightly
worse than those expected from a single scanning slit although
the entire spectrum is viewed simultaneously so that variations
in X-ray source intensity do not result in ficticious local
variations in the output spectrum. No speed advantage, however,
is obtained when the Hadamard technique is applied to X-ray
spectroscopy because the uncertainty in the raw data is
determined by counting statistics rather than background noise.
A more complete discussion with sample spectra is contained in

vAppendix B.
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APPENDIX A
CONSTRUCTION DRAWINGS
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APPENDIX B
HADAMARD TRANSFORM SPECTROMETRY AS A

DETECTION TECHNIQUE FOR X-RAY
DIFFRACTION ANALYSIS
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APPENDIX B

Hadamard transform spectrometry is a technique for
detecting any line spectra although the description here
emphasizes the application to X-ray diffraction analysis.

A quick comparison of the Hadamard Technique with other
detection techniques is given in Figure 1. The geometry is
basically similar to a single scanning slit except that the
mask contains thousands of slits rather than one slit.
Approximately 50% of the mask is transparent.

In use, the mask with multiple slits scans across the
spectrum while a single stationary detector located behind the
entire mask measures the total rate of radiation passing
through the mask. No position information for individual
events is measured. The only data recorded is the gross X-ray
counting rate as a function of mask position. The data
collection process is therefore similar to simple recording

on a strip chart.

Of course the raw data does not "look" like a line
spectfum. But after computer processing, the original spectrum
can be reconstructed from the X-ray counting rate. The
reconstruction is similar, in principle, to the solution of
a set of simultaneous equations. In particular, there are no
end effects and no smearing introduced by the reconstruction

since it is an analytic solution.

As an aid in visualizing the data transformations used in
the Hadamard technique, Figure 2 compares the output of 2 hypo-
thetical instruments - a single scanning slit and a Hadamard
transform spectrometer. The same amount of time is spent
collecting data in each case although the total counts collected
with the Hadamard spectrometer is greater because of the multi-
ple slits. The reconstructed spectrum is also shown for
comparison.

1IT RESEARCH INSTITUTE
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a. Position sensitive detector in
a focusing geometry. Diffraction
at all angles is detected with
high efficiency.

/ _ Z §cmple

Focusing Circte

Lorge Area Proportional Counter

Multiple Slit Collimator

b. Hadamard transform spectrometer.
Diffraction at all angles is
detected simultaneously.

c. Conventional slit detector in a
focusing geometry. Diffraction
at only one angle is detected
but with good efficiency.

Figure 1 Schematic diagram comparing a position sensitive
detector with a Hadamard transform spectrometer
and a single slit spectrometer.
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Figure 2 Comparison of output of a Hadamard transform spectro-
meter, (4), with a single slit spectrometer, (5).
Measurement times are equal and noise ( random error)
is due to counting statistics only. The ideal
gaussians contain 10,000 counts each on a background
of 100 counts/channel. The peaks are located at
x = 45 and 60 with FWHM = 12,
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The features of the Hadamard technique compared to other
techniques are as follows:

1.

Sensitivity. The sensitivity is. uniform across the
entire spectrum. There are no dead regions because

of, say, anode support posts for the X-ray detector
anode wire. There is no variation in response intro-
duced by fluctuations in the X-ray source intensity
because ‘the entire spectrum is being measured at

Signal-to-Noise. The multi-slit arrangement increases
the signal strength by several orders of magnitude
compared to a single slit instrument but the back-

ground noise increases only with the detector size.
Although a larger detector is needed, the increase
in size is not as great as the increased signal level
so that the signal-to-background ratio is improved.

Resolution. The angular resolution is determined by
the mask and is equivalent to a single slit instru-

ment using only one of the thousands of slits. The
resolution does not depend on any detector character-
istics. There is no loss of resolution because of
X~-ray slant paths in the detector.

Data Collection. Only gross counting of the X-ray
pulses as a function of mask position is required.

Pulse height analysis and storage of individual events

-in real time is not required as with a position sen-

sitive detector. A multichannel analyzer is a con-
venient data storage device if it is used in a multi-

scaling mode.

Ruggedness. The X~-ray detector for the Hadamard
technique can be built for maximum ruggedness and
rigidity. A free standing anode wire is not required.
The Hadamard technique does require, however, physical

I'T RESEARCH INSTITUTE
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movement of a mask which is not necessary with a
position sensitive detector.

6. Data Reduction. Conversion of raw data to an X-ray
diffraction spectrum requires computer analysis while
a scanning slit or position sensitive detector will
generate the diffraction spectrum directly.

7. Statistical Fluctuations. Although the high detection
efficiency of the Hadamard "spectrometer produces
large counting rates and therefore smail statistical
counting errors, the conversion of the raw data into
an actual spectrum amplifies the apparent statistical
fluctuations. Assuming the same collection time,
the spectrum from a Hadamard spectrometer contains
fluctuations which are comparable to, though slightly
worse than, those in a spectrum from a single scanning

slit.

The last item - the effect of noise = 1s particularly
important since the usual benefit (Fellgett advantage) of a
Hadamard spectrometer is the improvement in signal=-to=-background
ratio. If the system is limited by background noise, then
significant improvements are possible compared to a single slit.
If the system is limited by statistical fluctuations, then the
system is very similar to a single scanning slit.

The errors in a system that is count-rate limited can be
calculated approximately as follows:

For a single slit instrument, assume that n counts are
collected at a typical position. The uncertainty in this
directly measured spectrum value is

o2 = n (1)

IIT RESEARCH INSTITUTE
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In a Hadamard spectrometer, the spectrum is reconstructed
as a linear combination of all measurements Ni’ €.g.,

y=aZec; Ni' o o (2)

where cy is + 1. The uncértainty, 05,'in this indirectly
measured value is given by o '

. D) 9 v
cy = a} (ch +_0NZ + ...0) (3)

Since the response of the Hadamard‘spectrometef is relatively
constant, the uncertainty in each measurement is approximately
the same and is given by

.cél éZ (;..qé é.N o (4)
where N is the number of counts collected at each position.
For a Hadamard spectrometer with P mask elements and about 50%
mask transmiséion, this is approximately (P/2)n where n has
the same meaning (counts/slit) as in Eq. (1). Also, the value
of (a) depends only on the number of measurements and is given

by 2/(P+l). Inserting these values into Eq. (3) gives

2 Pzn

2 _ 2.2 |
oy =G 7 T ()
Comparison of Eq.'(5) with Eq. (1) shows that the variance in
the value reconstructed from the Hadamard spectrometer is

about double the variance of a value measured directly with a

single slit.
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