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CHAPTER 1

INTRODUCTION

In solid state physics much information for the deter-
mination of crystal structures is obtained using X-ray
diffraction techniques. Irradiating a crystal with a
monochromatic X-ray beam, a pattern of diffracted X-rays
is created which can be recorded with an X-ray detector. A
wide scale of camera types is used to generate the X-ray
diffraction pattern [1], and each type of camera needs a
dedicated detector [ZS'].

In this thesis, the automation of a Guinier-type
diffraction camera is discussed. For the X-ray detector we
used a curved proportional counter, for the reasons which
we will discuss below.

principle of X-ray diffraction
In diffraction cameras the crystal to be investigated is
irradiated by a monochromatic X-ray beam. A diffraction
pattern is generated by variation of the angle of inci-
dence of the beam or of the wavelength of the radiation.

REFLECTED
X-RAYS

UNDEVIATED
X-RAYS

Figure 1.
Bragg-reflection on lattice planes. X-rays with
an angle of incidence 8 reflect on the lattice
planes in points R.B and C.

Reflection of the X-ray beam on the lattice planes of the



crystal will occur when the Bragg condition is fulfilled :

2dsin9 = mA (1)

with A being the wavelength of the radiation, m an integer
number, 6 the angle of the incident radiation with the
lattice planes and d the lattice plane spacing (figure 1).

types of cameras
In most of the diffraction cameras line patterns are gene-
rated by variation of 9. Single crystal cameras make this
variation by turning the crystal or displacing the X-ray
source. In powder crystal cameras the crystal specimen is
ground to powder. The small micro crystals in the powder
will have random orientations resulting in a large number
of random 8-values. Various types of powder diffraction
cameras are used, like the Debye-Scherrer camera, the pin-
hole camera, the diffractometer and the Guinier camera.
Both diffractometer and Guinier camera make use of focus-
sing of X-rays by a curved crystal. Figure 2 shows the ba-

CURVED
CRYSTAL-

Figure 2.
Principle of the focussing diffraction
camera (see text).

sic principle. The crystal is bent to a radius CD. Simple
geometric considerations show that an X-ray beam starting
from point A on this circle is focussed onto point B if
the angles al, a2, pi and $2 are all equal to (90°-8). The



circle following the points A, C, B, D and E is called the
focussing circle. In both the Guinier camera and the
diffractometer the X-ray diffraction pattern is focussed
onto a segment of a focussing circle. To record the dif-
fraction pattern we have to scan this circle segment or to
use a circular curved position sensitive detector. The
first registration method is employed in the diffracto-
meter, the latter in the Guinier camera.

Types of detectors
The diffractometer can be employed by using an X-ray
counter combined with a slit. After measurement of the X-
ray intensity at a certain position, the detector is moved
to the next position following the focussing circle. This
type of readout can be very accurate but is rather time-
consuming, even if automated. The Guinier camera needs a
curved position sensitive detector for its readout. A
classical method is the use of a curved photographic
plate. This method is very accurate but the measuring time
and the processing time of the plate diminish the profits
of the Guinier camera. An alternative for the photographic
plate is a curved proportional counter (CPC), see for
example ref[9]• This type of detector transforms the
energy of the incident X-rays into electric signals,
allowing an easy automation of a diffraction measurement.

ENTRANCE
WINDOW

STRIP
SIGNAL

RAZOR BLADE
ANODE

HIGH
VOLTAGE

Figure 3.
Basic construction of a curved proportional
counter.

In figure 3 we see the basic construction of a CPC. The
counter consists of a gas-filled chamber containing an



anode (in this case a curved razor blade) on a high
voltage (a few kV) with respect to a cathode. The cathode
consists of a number of strips. An X-ray entering from the
right through a beryllium entrance window creates a trace
of electrons from the ionized counter gas atoms (primary
electrons). Due to the electric field in the chamber the
electrons drift towards the anode. Between collisions they
gain enough energy to dissociate new electrons from the
gas atoms and a multiplication process will start [10], An
avalanche cloud of electrons will reach the anode. The
cloud of much slower ions will drift away from the anode
and induce electric signals on the cathode strips of the
counter. From the strip signals it is possible to
reconstruct the position of the ion cloud which is a good
estimation of the entering position of the X-rays. The
length of the electron trace and the finite thickness of
the detector (see sect.2.1.3) will cause an inaccuracy in
the reconstructed position. The magnitude of this
inaccuracy depends on counter gas type and pressure and on
the geometry of the diffraction setup (camera and detec-
tor).

The proportional counter is quite sensitive to X-rays
resulting in short recording times. Furthermore we gain
the processing time of the photographic plate.

Types of readout of a multistrip proportional counter
The electric signals which are induced on the multistrip
cathode have to be processed in order to obtain the posi-
tion information of a detected X-ray quantum. There are
several ways to do this [6,8,11-13]-

One may connect all strips to each other by resistors
and put charge sensitive amplifiers on both sides of the
resistor chain [13]• Using the signals from both ampli-
fiers it is possible to reconstruct the X-ray detection
position. This method is relatively simple but has a poor
position resolution due to the large amount of resistor
noise added to the signals. If we replace the resistors by
inductive elements (i.e. at the moment we are developing a
curved detector which uses a delayline), both amplifier
signals will have a specific delay which contains infor-
mation about the X-ray entering position [6]. The noise
reduction due to this replacement leads to a more accurate
readout.

An alternative way to process the strip signals is to
connect each strip to a charge sensitive amplifier (this
thesis, [8]). The number of strip signals to be used for
the reconstruction of the avalanche position is optional.
Although this method is relatively accurate, its
implementation is rather complicated.
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CHAPTER 2

AUTOMATION OF A GUINIER CAMERA

In this chapter the automation of a Guinier camera using a
curved proportional counter (CPC) is discussed.

In the previous chapter the combination of Guinier
camera with a CPC was introduced as a setup which allows
fast recording of diffraction patterns. In the following
the focussing principle of this setup is discussed and the
optimum dimensions of the CPC are determined. Subsequently
we discuss measurements on a CPC prototype. Finally a sim-
plified readout method is introduced which reduces the
readout electronics of the CPC substantially.

2.1 The Guinier-CPC diffraction setup.

2.1.1 focussing in a Guinier camera

The geometry of a Guinier diffraction camera is shown in
fig.l of section 2.2. In this geometry we deal with two
focussing circles. The first focussing circle is deter-
mined by the curved monochromator crystal and passes
through the positions of the X-ray source and focussing
point B. The second focussing circle is determined by B
and the orientation and the position of the powder sample.
The X-ray detector to be used has to cover an angular area
of about 60° as seen from the sample (this angle is called
28 Bragg )« which is the size of the interesting part of a
diffraction spectrum.

Since the CPC has a finite thickness, an oblique in-
cidence of X-rays will broaden the diffraction lines. When
using a CPC with a radius which is appropriate for perpen-
dicular incidence of the radiation, a proper alignment to
the second focussing circle is impossible (see last part
of sect.2.1.3). Therefore, in the Guinier-CPC diffraction
setup, line broadening is inevitable. It will be clear
that we have to minimize the thickness of the CPC in order
to reduce the line broadening.

2.1.2 X-ray detection in a CPC

The energy of Cu-Ka X-rays, which are often used in X-ray
diffraction, is 8 keV. The most probable process taking
place when an X-ray quantum of this energy interacts with
the gas in the counter is photoelectric absorption. A



photoelectron is then released from a gas atom or a gas
molecule. Its energy is equal to the quantum energy
lowered by the binding energy of the electron. The ionized
atom may emit one or more secondary X-ray quanta or an
Auger electron. In travelling through the counter gas both
Auger electron and photoelectron will lose energy, partly
causing ionisation of atoms. The number of ionized atoms
depends on the type of counter gas used and is about 310
for argon and 360 for xenon counter gas.

The centre of gravity of the track of ionized atoms
will in general not correspond with the X-ray detection
position (the place of photoelectric absorption). This
introduces an inaccuracy in the reconstructed position.
The magnitude of the inaccuracy depends on the energy of
photoelectron and Auger electron and the counter gas den-
sity. In fig.4 the position resolution R (FWHM) is given

10000P

1000
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Q
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Xe/io%co,

2 5 10 20
X-RAY ENERGY IkeV)

Figure 4.
Position resolution of the reconstructed
x-ray detection position due to both the
range of the photoelectron and the range
of the Auger electron, as a function of
the X-ray energy [1]. Curves for Xe/CO2
and Ar/CHA counter gases are given.

as a function of the X-ray energy [1], Using 8 keV X-rays
we find R = 60um for a xenon gas-filling and R = 270um for
argon, both gases at atmospheric pressure. Other inaccu-
racies introduced during the detection process in a CPC
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are caused by drifting of the electrons when they are
travelling towards the anode and by broadening of the ion
charge cloud during the multiplication process. Both
effects are relatively small because of the large number
of electrons involved (the position errors average out).

The detection efficiency depends on the type of gas-
filling and the thickness of the detector (^thickness of
gas layer)_ In fig.5 the detection efficiency for 8 keV X-

100

10 20
THICKNESS ' (mm)

Figure 5.
Detection efficiency of a layer of counter
gas as a function of its thickness for 2
different counter gases. Gas-fillings of
atmospheric pressure were used.

rays is given as a function of the detector thickness for
xenon and argon gas-fillings at atmospheric pressure [2].
For example a detector width of 5HHB gives detection
efficiencies of 56% and 8% respectively.

The amplitude of the detected signal depends on the
number of primarily ionized atoms and on the gain factor
of the multiplication process. In fig.6 an indication is
given of the number of ions collected by the cathodes when
operating the detector in different modes. The proportion-

9



al mode is, for our purpose, the most interesting. The
minimum output signal must exceed the noise of the elec-
tronics by a factor depending on the resolution required.

to1

I0 1 0

Recombinotion
I before collection

Ceiger-Miiller
i counter

500
Voltage, volfs

750 1000

Figure 6.
Gain-Voltage characteristics of a. proportional
counter, showing the different regions of ope-
ration. The thick part of the curve shows the
interesting region for our purposes.

The upper limit of the output signal is determined by
safety considerations. A large discharge could ruin the
detector. A way to diminish the risk of a discharge is
adding a quencher [3] to the counter gas. Gas mixtures
like argon OOJO/CH^flO/O and xenon(90#)/CO (10#) ar>e often
used.

The linearity of a counter depends on the counting
losses, and therefore in our case on the deadtime of the
counter and its processing circuits. Fortunately, under
normal conditions, the fractional counting loss is the
same for all parts of the measured diffraction pattern so
that the relative intensities are not affected. Only when
we have a local charge build-up caused by very high local
intensities, will the linearity of the detector be
affected.

10



2.1.3 optimum dimensions of the CPC

In choosing the optimum thickness of our proportional
counter, there is a trade-off between maximum detection
efficiency (sect.2.1.2) and minimum line broadening
(sect.2.1.1). A satisfactory value for the detection effi-
ciency lies between 50% and 100#. For our CPC we choose a
thickness of 6.4mm which implies a detection efficiency of
65# (Xe counter gas of atmospheric pressure). The maximum
defocussing for this detector thickness, normal sample
dimensions and an optimum detector positioning is about
200pm, which is the maximum contribution to the line width
that can be tolerated.

The optimum width of the cathode strips (the defini-
tion of width and length is given in fig.8) depends on the
method of position reconstruction using the strip signals.
A simple and relatively accurate reconstruction method is
the charge ratio reconstruction method (Chapter 3)- We
only use the two largest strip signals to find the recon-
structed detection position x1. This position is a func-
tion of the ratio Sl(x)/S2(x) of these signals :

x' = F(Sl(x)/S2(x)) (2)

with S2 the maximum strip signal and SI the second maximum
strip signal. Function F we call the charge ratio func-
tion. It depends on the distribution of the signal induced
on the cathode strips. In the following this distribution
will be called the charge distribution. For the position
resolution (FWHM) we find :

R(x,, .

F1 is the slope of the charge ratio function (equation
(2)), i.e. the derivative with respect to its argument, N
is the amplitude of the noise charge (FWHM) in the strip
signals for which we took a fraction of the total charge
signal induced on the strips. This expression is plotted
as a function of the strip width and averaged over the
position x on a strip (fig.7). N being 1.0% of the total
signal. Similar curves were found by Chiba et al.[4]. From
figure 7 we derive an optimum strip width of 4.3 mm.

In order to measure all of the induced signal on the
cathode with the strips, their length must be large com-

11
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Figure 7.
Resolution (FWHM) of the charge ratio reconstruction
method as a function of the strip width. The thick-
ness of the detector is 6.4mm, the noise amplitude
N is 1% of the total charge on the strip cathode.

SPOTS OP INDUCED CHARGE
' ON STRIP CATHODE

STRIP
LENGTH

RAZOR BLADE
EDGE

Figure 8.
Situation in the CPC when not all of the charge is collec-
ted by the cathode strips. When the razor blade edge is not
perpendicular to the strips, the charge ratio function will
depend on the strip position.

12



pared to the width of the charge distribution. If not long
enough, so that not all of the charge is collected by the
cathode strips, the position of the razor blade anode
becomes very critical. If then the razor blade edge is not
perpendicular to the strip length (fig.8), the function F
of equation (2) will depend on the number of the strip
giving maximum signal.

The finite thickness of the CPC causes incomplete
focussing, and a deterioration of the resolution if the X-
rays do not enter the chamber perpendicularly to the anode
blade. By choosing a detector curvature of about twice the
focussing circle radius (fig.9) we minimized the effects

FOCUSSING
CIRCLE

SAMPLE

DETECTOR

Figure 9.
Positioning and curvature of the CPC used in
a Guinier camera. The maximum distance of the
razor blade to the focussing circle is given
by e.

of the last problem. Using small samples the X-rays will
then enter the detector almost perpendicularly. The
focussing problem is tackled by choosing the detector
position like the one shown in fig.9« The largest defo-
cussing appears in the centre and at the edges of the
detector where it has a distance e (from the razor blade
position) to the focussing circle.

13



2.1.4 the CPC prototype

In figure 10 a schematic drawing is given of our first CPC
prototype, showing the most essential parts of the
detector. The curvature of the detector (at razor blade

1.

10 15 25 30 mm

1. Aluminum protective cover 7. Beryllium entrance window
2. Rear part of the detector 8. Printed circuit board
3. Rubber 0-ring with cathode strips
4. Front part of the detector 9. Copper signal feedthrough
5. Stycast razor blade fittings 10.Detector electronics
6. Razor blade anode

Figure 10.
Cross section of CPC prototype.

position) is 107 mm. The focussing circle diameter being
about 115mm, its maximum distance to the razor blade (e in
fig.9) is 8mm. For 2mm wide samples the maximum focussing
error is *200um. The housing is made of constructal (a
solid aluminum type used for fine mechanic constructions)
and consists of 2 parts. Both parts are bolted together.
The gas tightness is ensured by using an 0-ring. The en-
trance window is made of beryllium and serves as a part of
a cathode plane.

14



We chose to construct a closed gas-system and not to
flush the detector with gas, having in mind to do also
measurements with expensive gas-types like xenon/CO_. A
valve is connected to one side of the chamber (not visible
in the cross section) to allow refreshing of the gas-
filling. The refreshment has to be done after 5 to 14
days, depending on the type of counter gas used.

Our anode consists of a stainless steel razor blade
with a very sharp edge, (see fig.11). The curvature of the

0.25mm

8mm 2mm
Figure 11.
Cross section of the razor blade anode with the dimensions.
The curvature of the sharp edge of the razor Made is less
than 0.5\w.

sharp edge is less than 0.5pm. To cut the razor blade to
its right dimensions, a very thin laser beam was used. As
can be seen in fig 10, the chamber can be equipped with
two razor blades. This configuration would allow simul-
taneous measurements on two different samples. Until now,
only the one razor blade configuration has been tested.
The razor blades are connected to a high voltage (about 3
kV) by a feedthrough at the edge of the detector. Each
razor blade is glued with stycast to a stycast ring. The
whole fits to another stycast ring glued to the construc-
tal housing and the beryllium window.

Facing the entrance window is the cathode strip
readout plane which consists of a curved printed circuit
board of 0.8 mm thickness. By etching lines out of the
copper layer, we created 36 strips of 3.9mm width at a
pitch of 4mm and of l8mm length. The lines are lOOum wide,
position and width of the lines are accurate within a few
um. The position sensitive area covers 34 strips corres-
ponding to 70° (29Bragg^' A 1 1 s t r iP s a r e connected to

15



charge sensitive amplifiers outside the housing using 36
signal feedthroughs. The remaining area of the copper
layer, like the Be entrance window, is connected to ground
(the construetal housing).

In the second version of the CPC (see sect.4.1.1)
groups of cathode strips are connected together and use a
common feedthrough. In this case an extra cathode plane
(at the side of the entrance window) is used for the
readout. In this version only 8 feedthroughs are used.

2.1.5 electronics of the CPC

Our CPC contains 37 electrodes (36 cathode strips and one
anode) which can be considered as capacitive charge sour-
ces with very high internal impedances. To extract charge
from these sources in a fast way, we have to connect the
electrodes to much larger capacitances. A way to do this
is to connect them to charge sensitive amplifiers (also
called charge amplifiers). Operational amplifiers (opamps)
having a capacitor in the feedback circuit can be used for
this purpose. To determine the precise configuration we
have to know more about the shape of the detector signals.

The detection signal, which is positive on the anode
and negative on the cathode strips, is the consequence of
the change in energy of the system due to the motion of
the charges in the chamber. Electrostatic considerations
show that if a charge Q is moved by dr in a system of
capacitance C, the induced signal is

dv = cv d? -dr • 4

o

V being the anode high voltage. Electrons in the
avalanche are produced very close to the anode (a few mi-
crometers) , therefore their contribution to the total sig-
nal will be very small. The positive ions instead drift
across the counter and generate most of the signal. Since
the electric field is falling strongly going away from the
anode, most of the signal is created in the beginning of
the drift process. The ions getting further away from the
anode, the signal will only change slowly, its change in
time will become logarithm-shaped [5]. To compute the av-
erage time for the ions to reach a cathode plane we assume
a uniform electric field and a constant drift velocity.
Having an anode-cathode distance of 3«2mm, Ar/CHj, counter
gas of atmospheric pressure (with a mobility of 1.83
cm2/{V.s), see ref.[6]) and an HV of 3 kV, we find an

16
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680kn
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+12V

out

-12V

220kn

1000 HQV810

Figure 12.
Detector electronics.
a: Anode circuit consisting of an HV supply and a charge

amplifier,
b: Circuit diagram of the charge amplifier used in the

anode circuit.
c: Amplifier circuit for the cathode strips (see text).
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average drift time of about 15us. Using Xe/C02 counter
gas under the same circumstances (mobility 0.79 cm2/(V.s))
the average drift time will be about 35ps.

From the considerations mentioned above we can con-
clude that we do not miss much of the induced signal when
we look at its amplitude in an early stage. A fast readout
of the CPC is obtained by reducing the integration time of
the charge amplifiers by adding a resistor to the feedback
circuit. The detailed configuration of the detector
electronics is shown in figure 12. The anode circuit
(fig.12a) consists of an HV part and a charge amplifier.
The feedback circuit of the charge amplifier (fig.12b)
consists of a 68Okft resistor and an internal capacitance
of about 2pF. This leads to a shaping time of about 2us.
Some characteristics of the anode circuit are :

Amplification factor
Input transmittance FET
ENC (rms) input connected

0.93 -10-' V/e
3 mS
1.4 .103 e

ENC is the (computed) noise charge at the amplifier input
corresponding to the measured noise at the output. The
amplifier circuit for the cathode strips is shown in
fig.12c. It consists of a LeCroy HQV810 [7] charge
amplifier coupled to a HA2525 opamp. For this circuit we
have :

Amplification factor
Input transmittance FET
ENC (rms) input connected
Rf (external)
Cf (internal)

0.55 .10-* V/e
17mS
1.8 .103 e
220kn
lpF

Using this
reach their
moment the
sect.4.1.1).
distance of
when using
pressure).

amplifier configuration, the strip signals
maximum amplitude after about 0.5us. At this
signals' are digitized (see for example
The ions will then have drifted an average
100pm when using Ar/CĤ , counter gas and 45um

Xe/C02 counter gas (both gases at atmospheric

18



2.2 Reprint (IEEE trans.nuc.sci.33(1986)388):

A CURVED RAZOR-BLADE PROPORTIONAL COUNTER FOR X-RAY DIFFRACTION

J.H, Duijn, C.W.E. van Eijk, R.W. Hollander and R. Marx
Physics Department, Delft University of Technology,

Lorentzweg 1, 2600 GA DELFT, The Netherlands

Abstract

A curved one-dimensional position-sensitive propor-
tional detector (PSD) has been developed for powder dif-
fraction studies. A curved "razor-blade" functions as
anode. Cathode-strip readout gives position sensitivity.
With individual strip readout, XeCOj and Cu Ka X-rays
we obtained for the width of a diffraction line (FWHM)
200 pni (A20 * 0.1°).

Introduction

Several approaches have been made to the problem
of constructing a curved one-dimensional PSD. Byran et
al.<l), Orthendal et al.(2), Volfel (3) and Izumi (4)
used a curved wire as anode, suspended electrostatical-
ly (I), magnetically (2,3) or mechanically (4). Ballon
et al.(5) reported for the first tine the use of an uni-
laterally clamped metal blade as anode. This has the ad-
vantage over the wire detectors of being very rigid and
relatively simple of construction. The blade used by
Ballon et al. was 40 um thick and it had a blunt edge.
A sufficiently good signal to noise ratio could only be
obtained in the self-quenching streamer mode.

In this paper we report about a curved detector
with a "razor-blade" as anode, which is operated in the
proportional mode.

The razor-blade detector

The bl<"Je, which is in fact a single-edge surgical
blade (length 20 cm), has a sharp edge of < 1 um. At
first we tested the blade in a straight detector of
printed-circuit board with argon/ethane (2:1) gas. In
the proportional mode the 53Fe spectrum showed a clear
photopeak and an amplification which was constant
within 52 along the blade. Next we constructed a curved
detector from 0.8 mm printed-circuit board. The anode-
cathode distance was 3.2 mm. The detector had an alumi-
nized mylar entrance window (0.1 mm) and 36 cathode
strips, each of 4 mm width, on printed-circuit board at
the rear. The radius of curvature of the razor-blade was
107 mm. Position-sersirive readout was obtained by con-
necting the cathode strips by resistors and applying
charge division. We used this detector with argon-etha-
ne (2:0 of atmospheric pressure» in a powder diffrac-
tonteter geometry with Cu Xa radiation. The width of the
diffraction lines was 600 ura, which corresponds to 0.3°
on the 26jjraon scale. This width is primarily due to
noise in the resistor chain on the cathode strips. The
range of photo-electrons is - 300 ym.

The results were promising enough to proceed with
the construction of a more rigid and gastight metal-box
detector with a Be window, to be filled with XeCOjUOX).
The outline of the detector is such that it fits into an
existing powder diffraction camera of the Guinier type.
The geometry of such a camera is shown in Fig. 1. Mono-
chromatic X-rays are diffracted by the specimen and fo-
cussed on focussing circle 2. The diffraction lines are
recorded on a photographic film. Because the diffracted
X-rays are not perpendicular to the film for all dif-
fraction angles, and a PSD has a finite thickness, it

is not possible to simply replace the film by a PSD on
focussing circle 2. An enormous line broadening would
result from the non-perpendicular incidence on the PSD,
The solution of the problem is a PSD with a radius of
curvature of the anode of 107 ton, which is slightly
smaller than the diameter of focussing circle 2 of 114
mm. The centre of curvature is positioned in the centre
of the specimen. Thus the diffracted radiation is per-
pendicular to the PSD for all diffraction angles and
the deviation of the PSD from the focussing circle is
small. The width of the monochromatic X-ray beam at the
specimen is about 2 m. A consequence of this is that
for an angular range of 60° on the 2 9 B r a g g scale the
deviation from focussing circle 2 will result in a line
width which is neveT more than 200 um.

Work supported by the Netherlands Technology
Foundation (STV)

Figure I. Geometry of Guinier powder
diffraction camera.

The house of the new detector was made of aluminium
(Constructal). The dimensions of the inside of the de-
tector are similar to those of the printed-circuit
board prototype. The Be entrance window covers 36 catho-
de strips of A mm each and the height of the aperture
is 5 mm. The thickness of the Be is 0.S mm. Two razor-
blades can be mounted in the detector house with the
sharp edges facing each other, just outside the field
of view of the free aperture. Thus two samples can be
studied simultaneously if the anode signal is used for
rooting. Until now we used the detector with only one
blade. A blade is mounted1 in the detector by means of a
cast Stycast support onto which the blade is glued. An
impression of the construction of the detector can be
obtained from Fig. 2.

The readout system

A readout system has been chosen in which each ca-
thode strip has an individual amplifier of which the
output is fed into an ADC. The position of absorption cf
an X-ray is obtained from the division of th« charge
signals of the three adjacent strips closest to the
point of absorption.
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Figure 2. The new PSD before assembling. .Vocice Che
two razor-blades at the bottom.

In order Co find the position from the charge ra-
tios one oust know Che distribution of Che induced
charge. We measured this distribution and fitted an ana-
l.-tical function to it. We scarced from the function de-
rived by Lee et al.(6). They considered a unit charge
:i:ween two infinitely extended conducting planes at a
•lUtance b. If the distance betveen the unit charge and one
o: the planes is c, and we integrate Che charge over one
of the cwo coordinate directions parallel to the planes
(say y ) , we find for the ona-diaensional (x) charge dis-
tribution on the other plane:

aU) - c sin-'d
cosh(7x/b) + costfd

in which d=c/b. By choosing different values of d we get
charge distributions, presented fay several authors:

Lee et aL., d«0; Endo et al.(7), d-0.5; Fischer and Plch
(8), d=I. It is obvious chat the razor-blade cannot be
considered as an infinitely extended plane. Therefore
we considered d and b as free parameters. An excellent
fit to the measured charge distribution has been obtain-
ed with d-0.45 and b»l,30a, in which a-4 nan is the strip
width, la. Fig.3 we show above mentioned distributions
for the geometry of our detector (b«3.2 mm) and the best
fit to the experimental data. The strip width is also
indicated.

Ac present the charge division is performed by
means of software- As a consequence of this it is not
possible to accept count rates higher than 150 per sec.
Yet we have chosen for chis method as, in principle, it
is the most accurate one. To bring higher count rates
within reach it is considered to perform the charge di-
vision in hardware or to introduce delay line readout.

Pesults

In Fig. '•* we show a diffraction spectrum of corun-
dum recorded with the new detector, filled with XeC02

3. Charge distribution compared Co various models.

Figure i. Diffraction spectrum of corundum
recorded in 10 minutes.
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(10Z) of atmospheric pressure, in 10 minutes, using
Cu KCL X-rays. Eventually, when a fast readout system
has become available, it will be possible to record the
same spectrum in about 10 seconds.

In Table I we compare the literature values of the
2©Br«gg values of corundum with those obtained with the
new detector a) filled with ArCH^(lOI) of atmospheric
pressure and b) filled with XeC02 (Fig. M . The line-
vidths are also shown. The first two values in the
columns are for vaseline, used to paste the corundue
powder onto the specimen holder.

Table X

LITERATURE VALUES

Bragg
(nm) (degrees)

0.414
0.372
0.348
0.255
0.238
0.209
0.174
0.160
0.140

21.44
23.84
25.57
35.14
37.77
43.35
52.54
57.49
66.51

A

&

(.01°)

• 3
- 4
- 2
• 5
- 1
- 7
- 1

0
• 3

EXPERIMENTAL VALUES

FHHM

(.01°)

25
16
17
18
15
19
22
28
28

&

(.01°)

• 4
-5

0
+1
- 2
- 6
-1

0
+4

rum
(.01°)

15
10
14
12
11
14
16
15
22

d is lattice spacing
A is deviation from 20

The ArCH^ and XeCC>2 data have been recorded vith
an interval of about 3 month. Clearly the deviations A
of the experimental peak positions trom the expected
values are due to systematic errors. These errors re-
sult from differences in the amplification of the 36
strip-amplifiers. The differences are also the cause of
small negative peaks in the spectrum at the positions
corresponding to the edges of the strips, e.g. at -33°
in Fig. 4. If a correction is applied foT these syste-
matic errors ve expect that a peak position can be
measured with an accuracy of -0.01°.

From a comparison of the ArCH^ and XeC02 line-
widths it is obvious that the range of the photoelec-

trons, which is -300 urn (-0.15°) for atmospheric ArCH<,
jod -100 urn (~0,05°> for atmospheric XeC02, gives a
significant contribution in the case of ArCH^ whereas
not much can be gained by an increase of the pressure
above 1 atmosphere in the case of XeCOj.

In the case of XeCOj the best linewidth is -200 us
<0.10°-0.11°). The 0.22°value is due to the relatively
large braggangle, at which the deviation of the PSD from
the focussing circle increases strongly. The spread in
linewidth from 0.I0O - 0.16° is parcly due to a misa-
lignment of the detector. Contrary to what is observed,
the linewidth should be the smallest at "50° where the
detector should intersect the focussing circle. At
present it it difficult to adjust the detector in the
body of the Guinier camera. Modifications are und«r way.
Probably the spread in strip-amplification does also
contribute to the spread in linewidth. This has yet to
be studied.

A further improvement of the resolution can be
obtained by stopping down the incident beam on the spe-
cimen from 2 IBB to, »*y, 1 mo. In view of the short
measuring tines eventually expected, a reduction of the
beam intensity by a factor of about 2 seems acceptable.
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2.3 Simplification of the detector readout.

The first readout system for our proportional counter
made use of 36 independent channels, the signals of each
of the strips being processed in a different channel (see
previous section). Each channel had to contain at least
one charge amplifier, one voltage amplifier and an analog
to digital converter (ADC). The vast amount of electronics
needed for the readout system caused it to be quite un-
practical. We developed a new readout method in which the
electronics are reduced to only 8 independent channels
without loss of spatial resolution [8].

In 1982 S.Kitamoto introduced the grouped wire method
[9] reducing the electronics of a position sensitive
multiwire proportional chamber to only 7 channels for 2k
anode wires. Groups of three and four strips were
connected to the same amplifier. In using this method for
the readout of our detector, only 9 channels are needed,
connecting the strips in groups of 4 and 5 to amplifiers.
A disadvantage of this method is its demand for a coding
and decoding of the strip signals which complicates the
adjustment of the amplifiers in each of the channels.
Furthermore the amplifiers being connected to an unequal
number of strips, a nonuniformity in the crosstalk between
strip signals is created, introducing systematic errors in
the recorded spectrum.

In our new readout system we also connected several
strips to the same amplifier. Instead of the coding of
strip signals, a second cathode plane is used. A discus-
sion of the readout system is given in sect.4.1.1.
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CHAPTER 3

POSITION DETERMINATION WITH A CURVED PROPORTIONAL COUNTER

In order to reconstruct the position of absorption of an
incident X-ray with a CPC, we measured the charge distri-
bution on the cathode strips of the CPC. Below the results
of these measurements are compared with computed charge
distributions. The charge ratio position reconstruction
method is discussed and compared with some other recon-
struction methods. Furthermore a protocol is presented
which corrects for systematic errors introduced by the
charge ratio reconstruction method.

3.1 Charge distribution on the cathode planes of the CPC.

3.1.1 computation of the charge distribution

In fig. 13 a cross section of the CPC is given which shows

t

CHARGE
Z
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UPPER CATHODE PLANE
i
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\

I

LOWER CATHODE PLANE ,

I

B

Figure 13.
Simplified geometry of the CPC, containing 3 electrodes.
The upper cathode plane contains the strips perpendicular
to the razor blade edge, the lower cathode plane contains
the wedge-shaped electrodes.

a simplified geometry of its electrode configuration. In
this simplification the anode consists of a very thin
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conductive plate with a thickness w and a round edge. It
is connected to a positive HV (High Voltage), all other
electrodes (cathodes) are connected to ground. The cathode
strip plane is situated on top, below we have the grounded
beryllium entrance window. When an X-ray quantum is detec-
ted, a cloud of positive ions is created close to the
anode (see for example fig.21) and an equal number of
electrons is deposited on the anode. Due to the electric
field in the chamber, the ions will drift towards the
cathodes and the electrons will spread out over the elec-
trodes. In the following we assume the ions to stay in one
or more ion clouds which move towards the cathodes. The
signals induced on the cathodes by the moving charges are
measured with charge sensitive amplifiers. These ampli-
fiers integrate the input charge and shape (differentiate)
the signals. This leads to a Gaussian shaped output signal
with a maximum at a time which depends on the ion drift
velocity in the counter gas and the shaping time constant.
At peaking time the ion cloud will be at a distance (see
sect.2.1.5) of about lOOum to the edge of the anode using
Ar/CHj, counter gas and *!5um using Xe/CO? counter gas (both
at atmospheric pressure). The peak value of an output
signal is proportional to the charge induced on a cathode
by the ion charge clouds at the positions reached.

To have any idea of the trajectory an ion cloud fol-
lows on its way to a cathode, we computed the potential
distribution in the chamber using an iterative computer
program [1]. In this computer program a two-dimensional
grid is defined on the electrode geometry and the poten-
tial on the grid points is computed by an iterative solu-
tion of the Laplace equation. A result for the geometry of
fig.13 is given in fig.l4 in which the equipotential
curves are shown. The thickness of the razor blade w was
set to lOum, on the right the detector area was confined
by a conductive plate at y=10mm. The equipotential curves
give only a rough indication for the real situation due to
the simplification of the detector geometry. The sharp
edge of the razor blade being smaller than one urn, more
than 10* resolution points per square mm are needed to
compute an accurate potential distribution. A computation
with this number of resolution points demands a huge
amount of processor time. Together with the equipotential
curves, the starting position of an ion determines its
trajectory during the drifting process. Making the assump-
tion that the ions stay together in one or more clouds we
have to make use of 'average' trajectories to describe the
signal development in the detector. This adds another
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Figure 14.
Results of potential computation in the lower part of
the CPC. The equipotential curves are indicated by dots.

inaccuracy to the result.
In the following we will discuss two methods to

compute the charge induced on the cathodes due to one or
more positive point charges at fixed positions between the
cathode planes : the van der Graaf method [1] and the Endo
method [2], The first one is numerical, the latter gives
an analytical solution.

van der Graaf method
The van der Graaf method computes the charge distribution
on the electrodes by observing the forces between all of
the free charges involved using the computer program
CHARGE. The distribution of electrons between and on the
electrodes has to satisfy two conditions :

1.equilibrium of electrostatic forces on the charges
2.equilibrium of electrostatic potential of the
electrodes

Assuming a total ion charge Q = -n.e, e being the electron
charge, at program start a number of n electrons is ran-
domly distributed over the electrodes. The program then
computes the electrostatic forces between all of the char-
ges involved. The forces acting on each of the electrons
are summed and a displacement step is taken proportional
to the magnitude and in the direction of this vector sum.
This process of force calculation and displacement of the
electrons is repeated until the resulting force on any
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free charge is below a chosen threshold (force equilibrium
condition). Subsequently the electrostatic potentials of
the electrodes are computed, If the differences between
these potentials exceed a second threshold, an electron is
displaced from the electrode with the lowest potential to
the electrode with the highest potential. Then a new force
equilibrium is computed. In general we will finally reach
a situation in which both force and potential equilibrium
conditions are satisfied.

The method has been developed for wire chamber geome-
tries . In order to adapt the method to our curved razor
blade detector we changed the displacement algorithm for
the electrons. Because of the simplifications made above,
the results of the program CHARGE are only a rough indi-
cation of the situation in our CPC. Nevertheless, a few

O

o

Figure 15.
Example of the electron distribution on the anode computed with
the CHARGE computer program. Given are the projected electron
distributions on the XY plane and the YZ plane. The zero posi-
tion (x=y=z=O) is lndicatedc with '+', the ion charge cloud po-
sition with a circle. The rectangular structures are caused by
the limited resolution of the plot routine.
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of them will be presented.
Fig.15 shows an example of the electron distribution

on the anode. An ion charge cloud was placed at point
P(x,y,z) with Xp=zp=O and yp=0.5um, n was set to 500 and w
to one um. The CHARGE program gives also results for the
charge distribution on the cathode planes but these are
not very accurate due to the small number of electrons.
For an adequate number of electrons a huge amount of
processor time is needed. When we replace the electrons by
a point charge at their centre of gravity, analytical
expressions (combinations of curves expressed by eq.(6))
can be derived for the charge distribution on the cathode
planes. This simplification is only a good description of
the real situation for small values of yp ,e.g. when the
electrons are all close to the razor blade edge. The num-
ber of the electrons on the anode n and the y-coordinate
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Figure 26.
Number (nt) of the electrons on the anode and distance in
y-direction of their centre of gravity (Cg} to the sharp
edge of the anode as a function of the distance of a charge
cloud to the anode edge. The charge cloud was moved along
the y-axis.

of the distance of their centre of gravity to the edge of
the anode Cg as a function of the charge cloud position
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are given in fig.16. The charge was moved along the y-
axis, the total number of electrons n was set to 100. The
results are comparable to those obtained by van der Graaf
[1] : The largest change in anode charge is observed at a
distance from the anode which is small compared to its
radius of curvature. Cg has an almost linear dependence on
the charge cloud position. In fig.17 the charge distri-

-18 -5 6 5 18 -I" -5

x,y POSITION »- (mm) x,y POSITION

Figure 17.
Projections of the cathode charge distributions as a func-
tion of the x- and y-coordinate. Zero positions are as
indicated in fig. 15. In (a) Yp was set to 100\nn, in (b)
we have Yp=1.0mm. The fraction of electrons on the anode
was set to 0.50. The top of the y-distribution is shifted
over a distance 6.

bution on the cathodes is given as a function of both the
x and y coordinate. The charge cloud was placed on the y-
axis at a distances of lOOum (typical, fig.17a) and lmm
(fig.17b) from the edge of the anode. Note the shift of
the 'y-distribution'. This shift (6) is not a simple
addition of y-p and Cg. For the yp-values of lOOum and lmm
we find shifts of O.^5mm and 1.53D"11 respectively. Apart
from a shift, also an asymmetry shows up in the 'y-dis-
tribution' . This can be seen clearly in fig.17b.

For other trajectories (zp unequal to zero)
differences are seen between the charge distribution on
upper and the lower cathode planes. The distribution on
the plane closest to the charge cloud will have a higher
amplitude and a smaller width. In this case a more rea-
listic approximation of the situation in the detector is
to split the charge cloud into two fractions which are
drifting towards upper and lower cathode planes. Both
width and amplitude of the charge distributions will
change compared to the single cloud situation. The
difference increases with yp. For yp=zp=100um the change
in width is only very slight whereas the amplitude has
changed about
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Endo method
In the Endo method the situation in the chamber is sim-
plified by assuming the charge cloud to be a point charge
sitting on the anode.
Furthermore the chamber is considered to consist of only
two conducting planes (electrodes). Influences of the
anode (situated between the planes) are neglected.

Let b be the distance between the planes and Q
represent the amount of space charge situated equidistant
from both planes. We then have :

Q, » tot 1 /r.\
o(x) = b ' cosh(*x/b) (5)

a(x) is the distribution function of the induced signal on
the strips in the x-direction integrated over the (infini-
te) strip length (y-carection). The width of the distribu-
tion is proportional to b. In general this distribution
function does not describe the situation for our chamber
geometry well. The anode disturbs the charge distribution
significantly. Splitting the ion charge cloud into two
fractions drifting to upper and lower cathode planes, like
is done using the van der Graaf method, has only little
influence on the shape of this function.

To generalize the situation we introduced a variable
position c of the charge cloud, where c represents the
distance between the upper cathode plane and the charge
cloud (fig.13). We derive :

rr(v\ _ tot sin(nc/b) l(-,
a w " b ' cosh(nx/b)+cos(tic/b) [O)

o(x) now represents the distribution of induced signal on
the lower cathode plane. Again the width of the distri-
bution is proportional to b. Using this two parameter
function, a satisfactory fit can be made to the measured
charge distribution, as. is shown in the next section.

3.1.2 measurement of the charge distribution

To verify the results of the computation of the charge
distribution on the cathode strips we arranged some
measurements. The distribution has been measured in two
directions: parallel to the sharp edge of the razor blade
anode (=x-axis in fig.13) and perpendicular to the edge
(=y-axis in fig.13).
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Charge distribution parallel to the razor blade edge
First of all the charge distribution in a direction
parallel to the razor blade edge was measured. We used the
setup of fig.18. The detector is irradiated by an X-ray

CPC

SCREEN

Figrure 18.
Experimental setup to measure the charge distribution
parallel to the anode (see text).

beam perpendicular to the razor blade. Using two slits of
100pm at a mutual distance of about 15mm, we created a
collimated X-ray beam with a width close to lOOum. The X-
ray beam is displaced using a turnable arm. The detector
is scanned in a direction parallel to the razor blade. The
position of the arm is measured using a laser beam. This
laser beam reflects on a mirror fixed on the turnable arm,
close to the centre of rotation M. The beam spot is
projected on a scale which is situated a few metres from
the detector. In this way the position of the X-ray beam
in the CPC can be determined with an accuracy of about
lOum.

The avalanche size fluctuated strongly (+^50%) , so
that we could not measure absolute values of the induced
signals on the cathode strips. Therefore only ratios of
the charges are measured, the divider of the ratio being
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the maximum strip signal. To do an accurate measurement of
the charge distribution, we first have to adjust the res-
ponses of the charge amplifiers to each other. The remain-
ing nonuniformities are corrected afterwards.

From the charge ratio measurements the final charge
distribution is computed using a method described in [3].
In figure 19a the result is given of a charge distribution

POSITION POSITION

Figure 19.
Cathode charge in the direction parallel to the edge of the
anode.
a. Fit of the theoretical distribution expressed by equation

(5) to the measurement.
b. Fit of the theoretical distribution expressed by equation

(6) to the measurement.

measurement using Xe/CO~ counter gas at atmospheric
pressure. In this measurement the cathode signals were
integrated for about lus corresponding to an average drift
of «100um. Five strips gave a signal exceeding the noise.
In the measurement an x-interval of one strip width was
scanned with steps of 200um. The charge distribution curve
extracted from this measurement covers a detector length
of 12mm. Also given in fig.19a is the theoretical charge
distribution, expressed by equation (5). As already stated
in the previous section, this distribution does not fit
very well to the measurements. A fit of the distributions
computed with the program CHARGE gives the same results. A
better fit to the measurement results from the generalized
distribution of equation (6) (fig.19b). The parameters b
and c were set to 5-08 and 1.8 respectively. These values
do not seem to have any physical meaning. The width of the
charge distribution shows a dependence on type and pres-
sure of the counter gas. Measurements with a 300mbar
Xe/CO_ gas-filling give a 5% wider charge distribution.
The same result is obtained with an Ar/CH^ gas-filling of
atmospheric pressure. This effect is probably caused by
the longer track of electrons from primarily ionized
atoms.
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Charge distribution perpendicular to the razor blade
The charge distribution perpendicular to the edge of the
razor blade does not depend on the position of irradiation
of the detector, because the charge cloud is created very
close to the anode. We did a measurement using the setup
of fig.18 irradiating the detector at a single position. A
cathode plane containing 2.9mm wide cathode strips
parallel to the anode was used. The result given in fig.20
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Figure 20.
Charge distribution perpendi-
cular to the anode measured
with 2.9mm wide strips paral-
lel to the anode. The razor
blade is positioned just
above strips 5 and 6. We used
Xe/COz counter gas.

(Xe/C0_ counter gas) shows a shifted and somewhat asymme-
tric distribution. The strips lying under the razor blade
only give very little signal. The shift of the charge dis-
tribution perpendicular to the razor blade has already
been shown in fig.17, which has been computed using the
program CHARGE. However, when taking yp=100um, the compu-
ted value of the shift is much smaller than the measured
one. A possible explanation is a difference in shape of
the signals from the strips 'under' the razor blade be-
cause of their larger capacitance.

3.1.3 dependence on detection position

Describing the X-ray detection process in a proportional
counter, usually a cylindrical symmetry of the electrode
configuration is supposed. After the gas multiplication
process, the electrons are ' absorbed' by the anode,
leaving a positive charge cloud behind (fig.21 gives an
indication of the .shape of this cloud in the case of a
very thin anode wire). The ions then start to drift away
from the anode and will finally reach the cathode. The
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Figure 22.
rime development of an avalanche in a proportional counter
with a very thin (about l]im) central wire. A single prima-
ry electron proceeds towards the anode, in regions of in-
creasingly high fields, experiencing ionizing collisions.
Due to the lateral diffusion, a drop-like avalanche sur-
rounding the wire develops. Electrons are collected in a
very short time (Insec or so) and a cloud of positive ions
is left, slowly migrating towards the cathode.

distribution of the number of ions drifting to each of the
cathodes depends on the shape of the ion charge cloud just
after its creation (fig.21e). In the case of a very thin
anode wire this shape is almost cylindrical and therefore
the distribution does not depend on the position of detec-
tion of the X-ray quantum.

To investigate the situation for our detector, which
electrode configuration is far from cylindrical (fig.13),
we measured the distribution of the induced signal between
top and bottom cathode. In our detector, the bottom cath-
ode plane contains wedge-shaped electrodes (sect.4.1.1)
which collect the largest part of the charge induced on
this plane; the top cathode plane contains the strip elec-
trodes. Fig.22 shows the charge induced on the bottom
cathode plane as a function of the charge induced on the
top cathode plane. We used a Xe/CO_ gas-filling and
irradiated the detector with a few millimetres wide S 5Fe
X-ray beam (5-9 keV). Operating the counter at atmospheric
pressure, an almost linear dependence is observed. Fur-
thermore we see a large spread in signal amplitude. To
refine the measurement we irradiated the detector giving
the X-ray source an elevation (fig.23a). X-ray quanta
detected at areas two and three (fig.23b) give a larger
signal than quanta detected at areas one and four.

Measurements at lower counter gas pressures give a
more detailed view of the dependence of the signal ampli-
.tudes on the detection position. Figures 24a-c show
measurements at lOOmbar using different elevations of the
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Figure 22.
Charge collected on the wedge cathode (Q2) as a function
of the charge collected on the strip catJ.r-"ie (Ql) using
atmospheric Xe/CO2 counter gas.

X-RAY SOURCE

A B
Figure 23.
a. Setup for a selective irradiation of the detector. The

elevation angle of the x-ray source is indicated with a
b. Rough indication of the areas in the detector giving

different distributions of the induced signal between
the two cathode planes.
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Figure 24.
Charge collected on the bottom (wedge) cathode (Q2) as a
function of the charge collected on the top (strip) cathode
(Ql) for 4 different elevations of the X-ray source (100
mbar Xe CO counter gas). The elevations are -30' (a),
30' (b). 45' (c) and 0' (d). We can conclude that the con-
tributions of the four areas in the detector (fig.23b) are
approximately as indicated in (d).

X-ray source. We conclude that the cathode plane closest
to the X-ray detection position is giving the largest
signal. Figure 24d summarizes the conclusions.
Explaining the influence of lowering the pressure on the
distribution of induced charge between both cathode
planes, we have to consider the following effects:

1. The track of electrons of primarily ionized atoms
is enlarged

2. The mean free path of the drifting electrons is
enlarged

3. The mobility of the ions is enlarged

At pressures above lOOmbar the track of electrons of
primarily ionized atoms is rather small compared to the
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Figrure 25.
Charge collected on the bottom cathode (Q2) as a function of
the charge collected on the top cathode (Ql) under different
circumstances (elevation = 0')
a: 200 mbar Xe/CO2 ,5.9 TceV X-rays.
b: 50 mbar xe/CO2 ,5.9 kev X-rays.
c: 200 mbar Xe/CO2 ,14 kev x-rays.

chamber dimensions. The ion charge cloud at the edge of
the razor blade will have a more or less pronounced tail.
The asymmetry in the charge cloud causes a difference
between the charges collected on both cathode planes. Due
to the dependence of the mean free path of the drifting
electrons on the chamber gas pressure (effect 2 ) , the
length of the tail and therefore the charge cloud asymme-
try increases at lower pressures- A larger asymmetry is
also caused by the third effect since the charges (having
larger mobilities) will have travelled longer distances at
the moment of measurement.

At very low pressures (<100mbar), the primary photo-
electron track length is comparable to the chamber dimen-
sions. The electrons drifting towards the anode will cover
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a large area. This results in a lower correlation of cath-
ode signal amplitudes (fig.25b).

To verify our conclusions, we performed additional
measurements. Fig.25a shows a measurement of the collected
charges at 200mbar (elevation 0°). At this pressure a nar-
rower ellipse is observed compared to the lOOmbar measure-
ment. In fig.25b the pressure is lowered to 50mbar. At
this pressure the electron track length is about 1.5mm
resulting in a very wide tail of the charge cloud. This
results in a wide scale of combinations of cathode sig-
nals. Differentiation between quanta detected 'before'
(area 1+2) and 'behind' (area 3+*0 the anode vanishes.
Finally we changed the energy of the X-rays to «l4 keV
using a Rb X-ray source and did a measurement at a pres-
sure of 200mbar. Like the lowering of the gas pressure,
the increase of X-ray energy widens the tail of the charge
cloud. Again the differentiation between areas 1+2 and
areas 3+i+ has vanished (fig.25c).

3.2 The charge ratio reconstruction method.

3.2.1 overview of methods

A variety of methods is used to reconstruct the X-ray
detection position from the cathode strip signals. For a
readout method in which each strip is connected to an amp-
lifier, common reconstruction methods are the centre of
gravity method (see for example [2]) and the curve fitting
method. The latter is often called the charge ratio
method. A model of the charge distribution on the cathode
strips, which is called the reconstruction model, is used
to relate the charge ratios to the X-ray detection posi-
tion. The optimum number of strip signals used in both
methods depends on their signal to noise ratios. An impor-
tant factor with respeqt to the signal to noise ratio (SN)
is the width of the charge distribution on the strips.

Chiba et al [5] compared the resolution of both the
centre of gravity and the charge ratio method for differ-
ent values of SN. Three strip signals were used for the
position reconstruction. For the charge ratio method the
ratios Ql/Qc and Qr/Qc were used, Qc being the largest
strip signal, Ql and Qr the signals of both neighbour
strips. Under all circumstances the charge ratio method
showed a better position resolution. A second advantage of
the charge ratio method is that corrections for crosstalk
between the strip signals are easy to make. Doing high
resolution measurements (resolution < .01 strip width)
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another problem arises which is, in both methods, very
hard to tackle. This problem is due to gain-nonuniformity
of readout electronics and is clearly observable at
nonuniformities of less than 1%. Corrections for gain-
nonuniformity are very elaborate. A solution to this
problem is presented in sect.4.1.2 where only the largest
charge ratio is used for the position reconstruction. For
our detector geometry, only little position information is
lost by skipping the smaller charge ratio. This can be
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Figure 26.
Resolution of charge ratio method using a single ratio.
Resolution of both the left and the right ratio is given
as a function of the position on the right half of a
strip (centre=O). A noise was added to the strip signals
which is 1.0% (FWHM) of the total signal induced on the
strips, b and c (eq.(6)) were set to 5.08mm and 1.80mm
respectively. Since the resolutions have to be added (in
a good approximation) quadratically, an improvement of
the resolution by combining signals on three adjacent
strips is obtained only at the centre of a strip.

seen from fig.26 which shows the position resolution
obtained by each of the ratios when all strip signals
contain a noise which is 1.0$ (FWHM) of total signal
induced on the cathode.

3.2.2. systematic errors

In this section we discuss the sensitivity of the charge
ratio (CR) position reconstruction method to the most
important sources of systematic errors. The properties of
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the CR method (applied to our detector geometry) have been
investigated by using a computer simulation program. As
mentioned, we only use the largest charge ratio for the
position reconstruction. A uniform noise (0.75# of the
maximum total signal induced on the strips) is added to
all strip signals. The total signal induced on the strips
fluctuates between 20% and 100# (uniformly distributed).

First of all we investigated the effects of the use
of a charge model for the position reconstruction (recon-
struction model) which deviates from the practical situa-
tion. An ENDO curve (eq.(6)) was used having too small a
width (10%). Fig.27a shows the difference between the
position of the charge cloud and its reconstruction. This
difference (position error) shows an almost linear depen-

Ysi
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POSITION (CHANNELS)

em
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Figure 27.
Error in the reconstructed position due to 4 different error
sources. A uniform irradiation of the detector covering one
strip width is simulated. The 4mm wide strip has been sub-
divided into 256 channels. Parameters of the charge model
(eg.(6)): b=5.08mm, c=1.80mm.
a: reconstruction model parameters b=4.6mm, c=1.80mm.
b: gain of central strip = 0.95.
c: 3% crosstalk,
d: all strips have a 3% offset.

41



dence on the position on a strip.
Deviations in the reconstruction model other than a

wrong width of the charge distribution are, in practice,
very small and do not have a substantial contribution to
the position error.

Fig.27b shows the position error in a reconstructed
spectrum, simulating too small a gain (95%) of the centre
strip (i.e. the strip closest to the X-ray detection
position). The error has an almost constant value over the
strip area. Choosing too large a gain similar results are
found.

Crosstalk in the detector signals can be created in
the detector itself or in its readout electronics. We only
observe the situation of all neighbouring strips having an
equal crosstalk. The change in the signal of a specific
strip due to crosstalk with a neighbour strip is a frac-
tion of the signal difference between both strips. Simu-
lating a positive crosstalk of 3%, we find a behaviour of
the position error (fig.27c) which is similar to the case
of an incorrect reconstruction model (fig.27a), but in the
crosstalk simulation the deviation from a linear depen-
dence is somewhat larger.

The amount of offset in a strip signal has a fixed

50 100 IS0 ^»0 35« 300 3'j0

POSITION » (CHANNELS)
Figure 28.
Error in the reconstructed position due to a 3%
offset in the central strip signal. The simulation
(uniform irradiation) covers a 1.5 strip wide area.
R very large position error occurs at the right
neighbour strip (channels 257-384).
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value and does not depend on the signal amplitude. Since
this amplitude depends on the amount of space charge
created in the detector and therefore fluctuates strongly,
offset will cause a line-broadening in the diffraction
spectra. Furthermore a position error is introduced which
depends c. the X-ray detection position. Fig.27d shows the
situation in which all strips contain the same offset (3#
of the maximum strip signal). The largest position error
occurs at the strip centre, at the edges the error is
zero. The dependence of the error on the position is in
this case far from linear which complicates the
correction. In fig.28, only one strip contains an offset
(again 3% of the maximum strip signal). This simulation
covers also a small part of the neighbour strip on the
right were a very large position error occurs.

All of the systematic error sources mentioned above cause
clearly visible artefacts in the reconstructed spectrum.
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Figure 29.
Example of a spectrum reconstruction which covers
a single strip, simulating an uniform irradiation
of the detector and a too smal gain (95%) of the
centre strip. A noise was added to the signals
with an amplitude of 0.75% of the total charge
induced on the cathode strips. The shrinkage of
both left and right spectrum halves causes a dip
at the strip centre.

Fig.29 shows a spectrum covering one strip, reconstructed
with a too small width of the reconstruction model. With a
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uniform irradiation of the detector, a dip in the simu-
lated and reconstructed spectrum shows up at the centre of
the strip. Depending on the error source, peaks or dips
are created at strip centres. Summarized we have for the
error sources discussed above:
Reconstruction model: too large a width causes peaks, too
small a width dips.
Gain-nonuniformities: strips having a larger gain than the
average gain of both neighbours show peaks, others show
dips.
Crosstalk: negative crosstalk causes peaks, positive
crosstalk dips.
Offset: a positive offset in the central strip signal
causes a peak, a negative offset causes a dip.

3.2.3 correction for systematic errors

The artefacts discussed above are in most cases created by
a shrinkage or expansion of both halves of the spectrum
covering one strip. For example the gain of the central
strip signal being too high, both spectrum halves of this
strip are expanded compared to the normal situation. At
the strip centre there will be an overlap of the spectrum
parts and a peak will arise. Similarly, a dip is created
when a shrinking of the spectrum parts occurs. A dip can
be easily corrected by expanding the spectrum parts by a
factor derived from the dip width. It will be clear that
an unequivocal correction of a peak is not possible.

A solution to this problem is discussed in section
4.1.2. A reconstruction model is used which deliberately
deviates from the charge distribution model. In this case
artefacts in the form of dips are created. Apart from the
errors introduced by , offset, all systematic errors dis-
cussed above can be corrected by determination of all dip
widths.
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CHAPTER 4

HARDWARE READOUT OF A CURVED PROPORTIONAL COUNTER

4.1 The hardware readout system

4.1.1 (preprint, submitted to Nuclear Instruments and
Methods):

HARDWARE READOUT SYSTEM FOR A ONE DIMENSIONAL POSITION SENSITIVE DETECTOR 1:
ELECTRONICS1

J.H. Duijn, C.W.E. van Eijk, R.W. Hollander and G.W.Sloof,
Delft University of Technology, The Netherlands

We developed a hardware readout system for a one dimensional position sensi-
tive X-ray proportional counter. Eight analog signrIs from cathode strips
and wedges are processed to give, within a few microseconds, 1^-bit infor-
mation about the position of detection of an X-ray quantum. Elementary parts
of our readout system are 9-bit Flash ADCs, Multiplying DACs and EPROMs
(subsequently Flash Analog to Digital Converters, Multiplying Digital to
Analog Converters and Erasable Programmable Read-Only Memories).

1. Introduction

A hardware readout system has been developed for a curved proportional coun-
ter, used as a position sensitive detector for X-ray diffraction measure-
ments with a Guinier camera [1,2].
The proportional counter has an effective length of about l*tOmm. A curved
razor blade serves as an anode. Position sensitivity is obtained by means of
two cathode planes (fig.l). The first cathode plane (A) contains two wedges
for a 'coarse' position measurement, the second (B) consists of 36 strips
(each ^mm wide) for a 'fine' position measurement. The strip widths and
positions are accurate within a few urn. The position accuracy of the
detector is about 1/200 of the width of a strip, i.e. 20pm. The strips are
divided in 6 groups of 6 consecutive strips. Corresponding strips in the
groups are connected to one common charge amplifier. The 'coarse' position
is used to discriminate between the 6 groups. The 'fine' position is
obtained by means of the signals from 3 adjacent strips, using the charge
ratio reconstruction method (see e.g. ref.[3])- For the determination of
both 'coarse' and 'fine' position, a total of 8 detector signals is
processed.

2. Principle of the readout system

In fig.2 an outline is given of the hardware position reconstruction system.
The X-ray detector supplies us with 6 charge signals from the strips and 2
signals from the wedges (Wl and W2). The anode signal of the detector is

•Supported by the Netherlands Technology Foundation (STW).
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Figure 1.
Cathode plane configuration of the
proportional counter. A is the
wedge plane above the Be window.
B is the back plane. Corresponding
strips in the 6 groups are inter-
connected.

DRECIH

Figure 2.
Schematic diagram of the hardware
readout system (see text).

- - - M S T K I M E I - - -

rani/o

48



used for triggering of the readout system. Strip- and wedge signals are all
led through a peak stretcher and a Multiplylng-DAC. The last device is used
as a computer controlled analog attenuator to correct the signals for
differences in amplification (see sect.3)- The 'coarse' position is
determined from the ratio of Wl and W1+W2, the latter being obtained by
means of operational amplifiers. The ratio is produced using a TRW TDC1014
Flash-ADC (6 bit) as a ratiometric converter [4,5] (sect.6). To obtain the
'fine' position, an analog multiplexer switches signals from 3 adjacent
strips to two TRW TDC10'>9 Flash-ADCs (9 bit), also used as ratiometric
converters (sect.k). If the signal from the central strips on the inter-
connected reference inputs of the Flash-ADCs is higher than those from the
neighbouring strips on the two signal inputs, both digitized ratios from the
Flash-ADCs are used as inputs for EPROM 1. Otherwise, an overflow signal is
generated and the switching continues. EPROM 1 is a programmable memory
containing a look-up table (see sect.5). which relates the ratios to a
'fine' position. EPROM 2 gives the 'coarse' position using the output data
from the TDC101*» Flash-ADC and data containing the number of the strip with
the maximum signal (3 bit), which is derived from the TDC1049s. Both 'fine'
and 'coarse' position (together 14 bit) are transported by an I/O bus to a
dual port histogrammer memory which is connected to the Q-bus of our PDP
11/23 minicomputer (sect.7).

3. Peak stretchers and computer controlled attenuators

In order to compensate for changes in the characteristics of the detector
electronics, our readout system contains 8 peak stretcher/Multiplying-DAC
units (fig.3). With the Multiplying-DAC parts we can make computer control-

FET« I SD5002

Figure 3-
Diagram of the peak-stretch circuit and the computer controlled
attenuation circuit (see text).

led adjustments to the amplification of the detector signals. The peak
stretcher holds the maximum of the signal during the processing time (a few
microseconds).

A charge signal enters the unit in fig.3 from the left. When the LINEAR
GATE signal is up, the signal is connected to the peak stretch unit. A reset
of the circuit is realised by the RUNDOWN signal. Both the LINEAR GATE and
the RUNDOWN signal are created in the timing unit (sect.7).

The stretched signal enters the attenuation circuit via an AD644
operational amplifier with a low offset voltage. Attenuation is realised by
a Multiplying-DAC used as a computer controlled analog attenuator. The
attenuation factor is set by an 8-bit digital code (see fig.8). Using a
feedback capacitor Cf, a Multiplying-DAC output signal is created with a
settling time independent of the digital code.
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FADC 1

? i

FADC 2
TDCIO'19

Figure h.
Diagram of the 9"bit charge division circuit. The upper and lower
HI5O8 multiplexer connect 2 strips to the signal inputs of the
two 9-bit FADCs. The reference input of the FADCs is supplied
by the middle multiplexer.

Figure 5-
Cyclic switching of 3 strip signals by the multiplexers.
In the given situation the signals of strips 6 and 2 are
switched to the signal inputs of the 2 TDCIO'19 FADCs.
Strip 1 is connected to the reference inputs of both
FADCs.
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Figure 6.
Diagram of the EPROM circuit (see text).

4. Hardware charge division by 9-bit Flash-ADCs

A diagram of the charge division circuit for the 'fine' position determi-
nation is given in fig.4. The 6 stretched and adjusted strip signals S1-S6
(negative polarity) are switched to the 9-bit TDClO^g Flash ADCs in combi-
nations of 3 signals from adjacent strips. This type of Flash-ADCs makes use
of ECL logic and therefore needs ECL-TTL and TTL-ECL interfaces. The TDCIO^
can be driven by an AC (up to 5 MHz) reference input and is therefore suited
to be used as a ratiometric converter. Clock frequencies up to 30 MHz can be
employed. The switching of the strip signals to the Flash-ADCs is realised
by 3 HI5O8 analog multiplexers and visualized in fig.5. The 3 arrows L,M and
R represent respectively the signal input of Flash-ADC B, the reference
input of both Flash-ADCs and the signal input of Flash-ADC A. They rotate
clockwise and connect the signals of 3 adjacent strips to the 3 inputs
mentioned above. For example in the first switching cycle strips 6,1 and 2
are connected to the consecutive Flash-ADC inputs. When the M-arrow points
to the strip with the maximum charge, the right charge ratios are digitized
and both overflow bits will be low. In all other cases there will be no
further data processing and a next switching cycle will follow.

The analog multiplexers are driven by the control signals A0-A2, coming
from the timing & control unit (see sect.7). Also created in the timing unit
are the control signals for the Flash-ADCs (the conversion pulses CONV1O49
and /C0NV1C49)• The output of the charge division circuit consists, apart
from the overflow bits, of two 9~bit words (D1-D9 and E1-E9) containing the
digitized charge ratios.

5. Look-up table

A look-up table which is needed for the 'fine' position reconstruction is
realised in the EPROM-circuit, which is shown in fig.6. The 2 EPROMs contain
information about the charge distribution on the cathode strips and are used
as a look-up table for the 'fine' position. As inputs for these EPROMs we
use the outputs D1-D9 and E1-E9 of the two Flash-ADCs of fig.4. The EPROMs
convert the two 9-bit words into two 8-bit words. Both give an indication
about the position within a strip. Only the word corresponding to the larg-
est charge ratio however, is put on the I/O bus (SE1-SE8). The selection is
made by the digital comparators on the left in fig.6.(3x 7*»LS85).
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Figure 7.
Diagram of the wedge circuit used for the 'coarse' position
determination.
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Figure 8.
Schematic diagram of the readout system. The timing&control unit is
the central part of the system; it generates the signals to control
the other parts.

6. 'Coarse' position determination

To compute the 'coarse' position we use the two wedge signals Wl and W2
which are stretched and adjusted by Multiplying-DACs, like the strip
signals. This is done in the 'wedge-circuit' shown in fig.7. The heart of
this circuit consists of a TRW TDClOl^ Flash-ADC (6 bit). Using operational
amplifiers we supply this Flash-ADC with the combined signals W1+W2 and
P(Wl-a(Wl+W2)), the first one supplied to the reference input and the second
one to the signal input. The amplification factors a and fi can be adjusted
with potentiometers PI and P2 respectively, in order to utilize the full
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range of the Flash-ADC. The combined signals are digitized (6 bit) to form
the ratio P(Wl-a(Wl+W2))/(Wl+W2). An EPROM, containing information about the
charge distribution on the wedges, combines the digitized ratio with data
(SN1-SN3) coming from the timing unit (sect.7) to create a 6 bit word (WE1-
WE6) which contains the 'coarse' position (i.e. strip number).

7. Timing

The control signals for our data processing system are generated in the
timing & control unit. This unit is the central part of the readout system;
it creates the signals LINEAR GATE, RUNDOWN, CONV1O14, CONV1O49. A0-A2, SN1-
SN3, REQUEST and RESET and handles the signals ACCEPT and ACKNOWLEDGE from
the I/O bus (fig.8). The operation of the timing unit is illustrated by the
timing diagram given in fig.9. In this example strip 3 holds the maximum
signal. An anode signal which exceeds the anode threshold will trigger the
timing circuit, provided that the system is not busy (busy means: RESET is
up or RUNDOWN is not up). After a short synchronisation time (less than a
boardclock period), the detector signals are admitted to the system when the
LINEAR GATE signal is switched on. Instantaneously the RUNDOWN signal, which
clears the system, is switched off. Half a boardclock period after the

ANOM

LINEAB GATE

RUN DOWN

A2

Ln_n_n_rL
I l I a I s I •TAKE SAMPLE #

DATA OUT SAMPLE # J, 4 -t 2 -L

0VRFLW1 | I |

0VRFLW2 | i

CONDITION (0VRFLW1.0VRFLW2) FALSE I

DATA

REQUEST

ACCEPT

ACKNOWLEDGE

RESET

Figure 9-
Timing diagram of the readout system giving the signals
generated by the timing&control unit. In this example
the third strip of a group is giving maximum signal. The
boardclock frequency is about 1 MHz.
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Figure 10.
Recording of a corundum specimen. For the interpretation of the lines
see table 1.

TABLE 1

Results of a
dum using an

diffraction
atmospheric

measurement of corun-
Xe/CO, gas-filling.

The first two columns give literature values;
6 is the difference with the measured
position. The last column gives
the observed

d
(nm)

0.348

0.255
0.238
0.209
0.174
0.160
0.140

diffraction

20 Bragg
(degrees)

00.00

25-57
35.14
37-77
43-35
52.54
57.49
66.51

lines

6
(0.01°

+0.8

-1.3
+1.2
-0.1
-1.5
-0.1
+0.3
-1.1

the width of

FWHM
(0.01°)

14.7
14.4
19.0
17.6
15.6
13.3
17-5
22.8
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LINEAR GATE signal is switched off again, the address counters A0-A2 are
started. These counters control the analog multiplexers and determine which
strip signals are switched to the Flash-ADCs. The Flash-ADCs operate using
the pipeline principle. On a rising edge of the CONV1O49 pulses, signals
from 3 adjacent strips are pipelined to the 2 Flash-ADCs. After one CONVIO^
period the digitized sample is extracted from the pipeline and a new sample
is switched to the Flash-ADCs. When both OVERFLOW signals of the Flash-ADCs
are low, valid data has been digitized and a DATA signal will follow. The
address counters will be stopped and a data storage cycle is started, after
some delay for look-up table operations. The data storage is controlled by
the REQUEST, ACCEPT and ACKNOWLEDGE signals. After the storage cycle a RESET
signal is generated.

8. Data storage

The 'coarse' and 'fine' position information is combined in one 14 bit data
word. This information is transported by an I/O-bus and stored in the
'histogrammer' module. The 'histogrammer' is a buffer memory, connected to
our PDP 11/23 minicomputer using a Q-bus interface. It allows simultaneous
and independent data transport to both the I/O-bus and the Q-bus side. Data
transports can be handled within lus, which allows count rates of about 106

per second.

9. Measuring procedure

Before starting diffraction measurements with our hardware readout system
the EPROMs for the 'coarse' and 'fine' position determination have to be
filled. The input data for the strip EPROMs is calculated from the charge
distribution function [1]. The data for the wedge EPROM is derived from
measurements with test EPROMs. The charge distributions on the cathode
planes depend on pressure and type of gas in the detector. Changes in the
charge distribution on the strips result in peaks or dips in a recorded
spectrum, at the position of the strip centres. This problem is solved by
using a modified charge model. Now only dips are created and one can correct
for these dips afterwards. The correction parameters are computed from a
test spectrum to be recorded in each measuring-session, when a series of
diffraction spectra is recorded. Changes in the charge distribution on the
wedges are corrected by adjusting potentiometers PI and P2 of the wedge
circuit (see sect.6) before a measuring-session. In practice, the recording
of a test spectrum has to be done about only once a day. The adjustment of
PI and P2 is far less critical and is applied once a month.

10. Results, count rate limitations

Our readout system reconstructs the position of incidence of an X-ray quan-
tum within a few microseconds. The maximum count rate of the readout system
follows from its deadtime. The deadtime of our system is the sum of a fixed
part and a part depending on the boardclock frequency. The fixed part (about
5us) is mainly due to the settling time of the AD644 operational amplifier
used in the Multiplying-DAC circuit. It could be reduced if a faster sub-
stitute for the AD644 with the same (low) offset voltage were available. The
other part of the deadtime takes about 10 periods of the boardclock. At the
moment the maximum boardclock frequency is about 1 MHz, adding lOus to the
deadtime. The maximum boardclock frequency is determined by the settling
time of the operational p'plifiers used to drive the Flash-ADCs (again
AD644). Both parts of the deadtime adding up to about 15 microseconds,
the maximum count rate is about 7.10* counts per second. This value has
been verified using periodical input signals of a pulse generator. Doing

55



verified using periodical input signals of a pulse generator. Doing
measurements with the detector, the generation of signals has a random
character. Measurements on the direct beam of the diffraction camera have
shown that the practical maximum count rate of our system is about 2.10*
counts per second without degradation of performance.

The resolution of our hardware detection system (the X-ray detector
coupled to the hardware readout system) has been tested by irradiating the
detector with a collimated 100pm wide 5SFe X-ray beam. With a Xe/C0_ gas-
filling of atmospheric pressure we observed a line width of 170um (FWHH).

The accuracy of our detection system has been tested measuring a
diffraction spectrum of corundum (fig.10). The spectrum has been corrected
for differential nonlinearities of the Flash-ADCs, for digitizing errors
originating from the EPROMs and for dips at the strip centres. In table 1
the measured peak positions and peak widths are compared with literature
values. The peak width is not very constant. This is mainly due to the
deviation of the detector from the focussing circle. The lines are also
broadened by the use of a relatively thick sample. The maximum error of an
observed peak position is about 0.015° on the 28 scale which corres-
ponds to 30um in the cathode readout plane.
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4.1.2 (preprint, submitted to Nuclear Instruments and
Methods):

HARDWARE READOUT SYSTEM FOR A ONE DIMENSIONAL POSITION SENSITIVE DETECTOR 2:
CORRECTION OF RECORDED SPECTRA1

J.H. Duijn and G.W.Sloof,
Delft University of Technology, The Netherlands

A special recording and correction protocol developed for our hardware
readout system [1] produces X-ray diffraction spectra without any signifi-
cant systematic position error. Corrections are made for differences in
amplification of the strip signals, for differential nonllnearities in the
Flash-ADCs and for digitizing errors originating from data conversion in
EPROMs (look-up tables).

1. Introduction.

Our hardware system records spectra with an accuracy better than 30um
applying the charge ratio reconstruction method. Our cathode consists of 36
(interconnected) strips of 3.9mm width at a pitch of 4mm [2,3]- To achieve
such a high accuracy with this stripwidth, very precise readout electronics
are needed. For example, gain-nonuniformities of the 6 channels used to
process the strip signals cause artefacts in the diffraction spectra. Drift
in the electronics makes the adjustment of the channels a time consuming
operation. Other problems which affect the accuracy of the system are the
differential nonlinearity of the 9-bit Flash-ADCs and a digitizing error
which is developed in the EPROMs. These last errors cause single channel
defects in the diffraction spectra. In the following, we present a solution
to these problems.

2. Correction for Flash-ADC nonlinearities

One problem causing artefacts in the diffraction spectra is the differential
nonlinearity of our TRW TDC1O49 9-bit Flash-ADCs [4]. In fig.l a functional
diagram is given of this type of Flash-ADCs. The TDCIO^ makes use of a
chain of 2'-l identical resistors (R) and two resistors of R/2, connected to
2' comparators. One end of the resistor chain is connected to ground, the
other end to a reference voltage (in our case the larger one of the charge
signals from 2 adjacent strips). The input voltage is connected to all
comparators. Differential nonlinearities can, for example, be caused by
differences in the resistors. Each resistor creates a voltage interval. An
input signal in such an interval is digitized into the corresponding digital
code. When one of the resistances is, for example, too low, a smaller
voltage interval is created and the corresponding digital code will be
addressed less often. The effect on the final output spectrum (after EPROM
conversion) is, apart from a small position error, a noise-like behaviour of
the intensity (= contents of the spectrum channels). This creates problems
for peak-fit procedures.

Our way to handle this problem is to record a test spectrum (using an
EPROM containing a linear look-up table) and to use this spectrum to compute

1 Supported by the Netherlands Technology Foundation (STW).
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Figure 1.
Functional block diagram of the TRW1O49 Flash-ADC.
The reference input is connected to the resistor
chain, the signal input to the 512 comparators.
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Figure 2.
EPROM conversion of the 9-bit Flash-ADC output to 8-bit
position information. The number of input channels
addressed to a specific output channel has a capricious
character.

the corrections on the channel contents. In recording the test spectrum one
has to take care that all relevant ratios occur uniformly.

3. Correction for EPROM digitizing errors

In our readout system the EPROMs for the 'fine' position reconstruction have
the task to convert 9-bit digitized ratios coming from the Flash-ADCs to an
8-bit position. This means that, on an average, 2 channels of the ratio are
converted to one position channel. Fig.2 shows the conversion in a (small)
part of the EPROM. The relative positions of the in- and output channels of
the EPROM are varying due to the nonlinear conversion imposed by the charge
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model used. We see that, because of this variation in relative position, the
number of input channels addressed to a specific output channel has a
capricious character. In the EPROM part of our example the numbers are 2-3-
2-2-3-2-3. Like the Flash-ADC nonlinearity error this causes a noise-like
behaviour of the intensity of the output spectrum.

Corrections can be made by multiplying the channel contents of the
output spectrum by a specific factor. In the example mentioned above the
correction factors are 17/1^-17/21-17/14-17/14 and so on. In this case we do
not have to record a test spectrum but the corrections can be computed from
known data, namely the charge distribution model stored in the EPROM.

4. Correction for gain-nonuniformities of the readout electronics.

Doing position reconstruction with our readout system the following model of
the charge distribution on the cathode strips [1,2] is used :

a(x) = hb cosh(nx/b)+cos(nd) (1)

a(x) is the induced charge on an infinite long and narrow strip at a
distance x from the projected detection position in the cathode plane. The
parameters b and d determine the shape of the charge distribution and depend
mainly on the detector geometry. To compute the charge induced on a specific

Figure 3-
Creation of a dip in the reconstructed diffraction by incorrect para-
meter values in the charge model. The curves SI and S2 visualize the
charge ratios using a correct parameter setting, VI and V2 represent
the ratios using an incorrect value for b.
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strip this model function has to be integrated over the strip width. An
incorrect setting of the parameters b and d causes artefacts in the recon-
structed spectrum. This is visualized in figure 3 which shows the ratios
S(i-1)/S(i) and S(i+1)/S(i) (S(j) being the charge signal from strip j), the
divider- being the largest strip signal. The curves S represent the charge
distribution with a correct parameter setting, the curves V result from too
small a value of b. If V is used to reconstruct a spectrum, the latter will
show dips at the strip centres. An incorrect value for d leads to similar
artefacts. Position errors will occur not only at a strip centre, they will
cover the whole strip area.

Actually, the reconstruction uses processed strip signals. When we have
a gain-nonuniformity of the 6 processing channels and v/e use V to recon-
struct the spectrum, the widths of the spectrum dips are changed as shown in
figure 4. The dip widths contain information about the differences in
amplification between the channels. From a 36-strip test spectrum, recorded
with a uniform irradiation of the detector, we determine the 34 dip widths.
For small differences between the amplification factors F and small dip
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Figure h.
Deformation of the diffraction spectrum caused by misadjustment of
the amplification factors F. The correct ratios are SI and S2 (thin
curves), observed in the case of gain uniformity. VI and V2 represent
the ratios used for the reconstruction, computed with an incorrect
value for b. The thick curves represent the ratios observed in the
situation with F(i-l)=l.l, F(i)=1.0 and F(i+l)=0.97 (see also text).
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widths we
values:

derive the following approximation for the computation of F-

(2)

width of dip i, F(i) the amplification factor of the signalwith d(i) the
from strip i, S1" and Rm the (positive) slope and the height of the charge
ratio model curve at the strip centre. R is the charge ratio at the strip
centre derived from the average dip width.c

The strips being cyclicly connected to each other [3], we have

i = 1 30 (3)

which reduces (2) to only 6 equations containing 5 independent variables
(the 5 ratios F(i)/F(i-1)). Theoretically we have to determine the widths of
only 5 neighbouring dips in the spectrum to compute the F-values. In prac-
tice it is better to determine all 3^ dip widths and take averages.

Differences in amplification factors cause shrinkage and stretching of
spectrum parts. In figure 4 the origin of these deformations is shown. X-ray
quanta detected at position A or C will give a charge ratio of 1.0 and
therefore be reconstructed to positions A' and C respectively. Furthermore
quanta detected at B will be reconstructed to B1 and B'1.

In order to correct the recorded diffraction spectrum, we compute the

POSITION (CHANNELS) POSITION (CHANNELS)

Figure 5.
Correction of EPROM and Flash-ADC
errors.
a : Rough spectrum of the area

covered by one strip (256
channels).

b : Spectrum of fig.5a corrected
for Flash-ADC nonlinearity
errors.

c : Spectrum of fig.5b corrected
for EPROM digitizing errors.

MI i f f 150 ;I<P

POSITION »~ (CHANNELS)
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points A, B and C from the F-values using the following equations :

AA1 = —

DB
2F(i)

(5)

CC

A', C and D are known points (strip edges

(6)

and Sand strip centre). R and S
represent height and slope of the charge ratio curve (SI and S2 in fig.4) at
the strip edge, R and S height and slope at the strip centre.

Correcting the spectrum, parts A'B'' and C'B' are expanded to fit in
their new areas AB and CB. To simplify the expansion algorithm we give each
channel an equal expansion. The error introduced by this approximation is
for small differences in amplification factors less than 15pm, which is
about half the accuracy of the system. After the expansion the spectrum
parts are shifted over distances AA' and C C respectively.

5. Results

In order to correct spectra in an accurate way, the 3 corrections have to be
made in a specific sequence. The corrections for Flash-ADC and EPROM errors
(sections 2 and 3) have to be done before the dip-correction (sect.k). In
figs. 5a-c we see the results of both Flash-ADC and EPROM correction on a
small part of the spectrum (the area covered by one strip). After both
corrections only a few channels still show amplitude artefacts. These are

(CHANNELS)

POSITION • (CHANNELS)

36SB ?V|» 395*

POSITION •- (CHANNELS)

Figure 6.
Correction for differences in
amplification factors.
a : Rough spectrum of area covered

by one strip (256 channels)
containing a diffraction peak.

b : Spectrum of fig.6a after cor-
rection .

c : Result of corrections on spec-
trum of the same area as fig.6a
but recorded under different
conditions. The amplification
factor F(i) of the central
strip was misadjusted by about
5% using the Multiplying-DAC.
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caused by interference during the recording of the Flash-ADC test spectra.
In figs. 6a-c an example is given of the dip-correction on a spectrum part
containing a diffraction peak. The spectrum part of fig.6a is recorded under
normal conditions and corrected to the part shown in fig.6b. In fig.6c the
reconstruction of the same part of the spectrum is shown, but recorded under
different conditions. The amplification factor of the central strip has been
misadjusted artificially by about *y%• Although the shape of the corrected
peak has changed, its position shows no significant difference with the
position of the peak of fig.6b.

The ultimate proof of the usefulness of the correction method is the
accuracy achieved in diffraction spectra. In [1] a (corrected) spectrum is
presented in which we achieved a position accuracy of 30pm.

References
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4.1.3 systematic errors

In this section we discuss the sensitivity of the hardware
position reconstruction method discussed in sect.4.1.2 to
the most important sources of systematic errors. The
efficiency of our correction protocol is investigated by
computer simulations. Two important causes of an inade-
quate correction of the recorded spectra are :

1 nonlinearity of the position error.
2 errors in the correction factors F

As already shown in sect.3-2.2, fig.27, systematic error
sources introduce a position error with a nonlinear
character. Since we make use of a linear correction of the
spectrum, the position error is not corrected properly.
Fig.30 shows the remaining position error after correction

1 !_„ .1

50 100

POSITION —
150 200

(CHANNELS)
250

Figure 30.
Position error in simulated spectrum covering one
strip after correction for 10% too large a width
of the reconstruction model.

for 10# too large a width of the reconstruction model
(fig.27a). The maximum error is about half a spectrum
channel which corresponds to *8pm. The capricious charac-
ter of the curve is due to rounding off errors in the
simulation program. The position errors remaining after
correction for offset and crosstalk have a similar posi-
tion dependence. Both of V- "ise systematic er: rs, and
therefore the remaining position errors, are relatively
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small (<15iam). Gain-nonuniformities cause an almost con-
stant position error, as has been shown in fig.27b. After
correction only a very small error remains, having a
maximum of about 3um for a 1% deviation of the gain of a
strip signal.

A wrong computation of the F-values is made when the
dip widths are not determined properly, for example when a
substantial noise is distorting the spectrum. As long as
this noise does not cause overlap of the two spectrum
parts of a strip ,the error in the F-values will be very
small. Table 1 shows the error in the F-values when noise

TABLE 1

Error in caapated F-values under 2 different
circumstances:
2: 0.75% noise, f(2)=1.05, f(4)=0.95

(columns 2 and 3)
2: strip 3 having an offset of 1.5%, of the

maxinum signal (columns 4 and 5).

strip Fl F2

1

2

3
t
5
6

1.002

1.047
0.999
0.951
1.000
1.000

+0.002

-0.003

-0.001

+0.001

+0.000

+0.000

0-993 -0.007

0.968 -0.032

0.999 -0.001

0.971 -0.029

0.999 -0.001

1.009 +0.009

is added to the strip signals (white noise with an ampli-
tude which is O.75# of the total signal induced on the
strips). In the simulation, the gain factors of strips 2
and 4 (which we indicate with f(2) and f(4)) were set to
1.05 and 0.95 respectively. The error in the F-values is
smaller than 0.3%, corresponding with a position error of
=7yim (fig.27b). More serious problems arise when we have a
nonuniformity of the offsets or the crosstalk in the strip
signals. This leads to a substantial error in the computed
F-values (see table 1). It is essential to minimize both
nonuniformities. A third cause for deviation of the compu-
ted F-values is drift in the electronics in the time
interval between the diffraction measurement and the
measurement of the test spectrum (sect.4.1.2). In practice
the amount of drift is negligible when we limit this time
interval to a single day.

Figure 31 shows the correction of the spectrum of
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Figure 31.
Corrected spectrum of fig.29. At the strip centre
an artefact arises which magnitude depends on the
noise amplitude in the strip signals. The width of
the small peaks in the centre is definitely smaller
than the width on a diffraction line.

fig.28. A small amplitude artefact is seen at the strip
centre. Its size depends on the amount of noise in the
signals. The origin of the artefact is shown in fig.32. In
fig.32a Ql/Qc is given as a function of Qr/Qc in the ideal
situation (no offsets, no gain-nonuniformities etc.) in
the area around the strip centre. We study the recon-
struction of X-ray quanta detected at the strip centre
when independent noise is added to the ratios. The noise
is indicated with a band around the Ql/Qc-Qr/Qc curve. The
ratios in areas 2&3 are reconstructed using Qr/Qc, ratios
in areas 1&4 using Ql/Qc. The ratios in the areas 1&4 are
projected on Ql/Qc axis. In fig.32b we see the conversion
of these ratios to positions. The positions corresponding
to areas 1&4 and the positions corresponding to areas 2&3
are combined. Due to the nonlinearity of the reconstruc-
tion model, the shape of the reconstructed spectrum is
slightly distorted (compare fig.31). This will introduce a
small error in the position determination of peaks at
strip centres.
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Figure 32.
a: Ql/Qc plotted against Qr/Qc. The noise in the ratios

is indicated with a band. The ratio combinations above
the line Ql/Qc=Qr/Qc are projected on the Ql/Qc axis.

b: Position reconstruction in a small area around the
strip centre. The positions reconstructed with Ql/Qc
(A) are combined with the positions reconstructed with
Qr/Qc (B) to give the final spectrum reconstruction (C).
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4.2 Measurements.

4.2.1 resolution

In this section the resolution of our X-ray diffraction
system (the CPC coupled to the hardware readout) is dis-
cussed. We require an optimum resolution in order to do an
accurate position determination of the lines in a diffrac-
tion spectrum. Some causes for a broadening of diffraction
lines in a spectrum are :

1 : an oblique incidence of the radiation in the
detector

2 : focussing errors
3 : the finite track length of the primary elec-

trons
4 : electronic noise in the strip signals
5 : offsets in the strip signals

The first error arises when the detector is not properly
mounted on the diffraction apparatus. This error is rather
small. For example each mm shift of the detector in the
direction 28=32.5° (radiation incident in the centre of
the detector, fig.l of sect.2.2) introduces a maximum line
broadening of about 15um.

Focussing errors are caused by the finite thickness
of the CPC and the distance of the razor blade to the
focussing circle (see sect.2.1.4). The maximum focussing
error depends on the dimensions of the part of the powder
sample irradiated by the X-ray beam. For a thin sample
having a typical width of 2mm the focussing errors add up
to a maximum of about 200um (for a correct positioning of
the detector) as already mentioned in sect.2.1.4. For the
resolution measurements discussed below we used a lmm wide
sample reducing the maximum focussing error to lOOum.

The track length of the primary electrons adds an
uncertainty to the reconstructed position which can be
derived from fig.4 (chapter 2). For Xe/CO- counter gas we
find 60um FWHM (8 keV X-rays) and 70um (5-9 keV) and for
Ar/CH, we find 270um (okeV) and 100pm (5.9keV) (both gases
at atmospheric pressure).

Doing measurements with maximum anode signals of 0.9V
(typical), the maximum number of electrons collected by
the anode is about 10s. About half of the anode signal is
induced on the strip cathode, corresponiing to a charge of
5 .10s electrons. The strip amplifiers create a noise of
1.8 .10* electrons rms which corresponds to about 4 .10'
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electrons FWHM. Consequently the noise in the strip
signals will be about 0.8% of the total charge collected
by the cathode strips. The contribution to the position
error will lie between '10 and 90um FWHM when triggering on
only the highest anode signals (compare fig.26).

An offset in the strip signals will broaden the
diffraction lines, as already stated in sect.3•2.2. The
size of this effect depends on the amount of offset and
the dynamic range of the strip signals. Measurements with
different signal thresholds showed that offsets add about
40um to the line width when using a maximum dynamic range.
A large part is introduced in the Flash-ADCs [1].

Table 2 shows some results of resolution measurements
with our detector system under various conditions. The

TABLE 2

Resolution measurements on the CPC with our read-
out system under different conditions (see text).
The first column gives the maximum anode signal.
Theoretical resolutions are given between brackets.

Xe/C02 Ar/CBk

Va 5-9keV 8keV 5-9keV 8 keV

(V) pm FWHM p m FWHM p m FWHM p m FWHM

0.3
0.6
0.9

220 (223)
200 (184)
170 (177)

235 (242)
215 (206)
200 (200)

220 (234)
185 (198)
170 (191)

280 (357)
265 (33^)
250 (330)

anode threshold was set to 200mV. The measurements with
8keV radiation were recorded with the CPC mounted on a
diffraction apparatus. To determine the linewidth we chose
a diffraction line with a minimum focussing error («30um).
I ts position was close to a strip centre resulting in a
minimum contribution of noise to the resolution. The
resolutions computed from the error sources mentioned
above are given between brackets. For the width of the
collimated X-ray beam we took a value of 150um FWHM. The
intrinsic width of the diffraction line was set to l80um.
For the Ar/CHj, mixture we then note a large difference
between computed and measured resolution. A better agree-
ment is obtained when only half of the electron track
length is taken into account. We suppose that this is due
to overestimating the influence of the electron track
length.
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4.2.2 accuracy

In theory the accuracy obtainable in a diffraction spec-
trum is about 1/10 of the resolution (FWHM of the diffrac-
tion lines). In Xe/C0? measurements a linewidth of about
200 um is obtained, corresponding to an accuracy of 20um.
This accuracy is competitive with the accuracy of spectra
recorded with a photographic plate.

The accuracy obtained in practice is often worse, due
to systematic errors. Our best measurements had an accu-
racy better than «30pm (sect.4.1.1). Some causes for the
deterioration of the accuracy are :

1. Inadequate correction of recorded spectra
2. Errors in the fitting of the diffraction peaks
3. Inaccuracies in the construction or irregularities

in the construction materials of the CPC
4. Inaccurate positioning of the detector

The first error source has already been discussed in
sect.4.1.3- Under normal conditions this source adds an
error of 10-20um (Xe/C0_) to the position.

An error in the position determination of a diffrac-
tion peak occurs when its shape is distorted, for example
when its position coincides with a strip centre where we
do not correct the spectrum dip properly (fig.32b). Under
normal conditions this error is less than 10pm.

The most important construction error is a not
constant distance between the edge of the razor blade and
the two cathode planes. This leads to a variation in the
width of the charge distribution resulting in an error in
the computed correction factors F. As can be derived from
the dip widths in the diffraction spectra, this distance
has a variation of about lOOum over the detector length.
Since the anode-cathode distance varies only slowly with
the position in the detector the resulting error in the
position will be rather small. Inaccuracies in the
construction materials are for example imperfections of
the sharp edge of the razor blade or a variation in the
position and size of the cathode strips, the latter being
a few um (sect.2.1.4). Imperfections of the razor blade
edge can be damages due to large discharges and have a
size of 5~10um, The position errors introduced by these
damages is unknown but will probably be less than 5um.

The detector is mounted on a diffraction apparatus
using 2 bolts which can be seen in fig.2 of sect.2.2. An
error in the positioning is not inconceivable and has a
large effect on the position of incidence of the X-rays.
Fig•33 shows an example of the position errors often
observed in diffraction measurements. Also given is the
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Figure 33.
Computed error (full line) in the reconstructed position
when the detector is shifted 270\w outward in the direc-
tion 28=32.5". also given are the results of a measurement
showing large position errors (dots with error bars).

position error introduced when the detector is shifted
270um outwards in the direction 26=32.5° (detector centre;
fig.l of sect.2.2). The error depends on the angle of
incidence and has a maximum value of al40um. We conclude
that the large position errors observed in measurements
can be explained by an inaccurate mounting of the detector
on the diffraction apparatus. A better mounting facility
is necessary.

4.2.3 detection efficiency

The theoretical efficiency of our detector can be derived
from fig.5 and is about 65# using Xe/C02 counter gas of
atmospheric pressure. In practice the efficiency will be
lower since we put a threshold on the anode signal. This
is done in order to obtain an optimum resolution. Signals
with a low amplitude are relatively strongly affected by
noise and offset and therefore only deteriorate the reso-
lution. Since the amplitude of the anode signal shows a
dependence on the x-position (along the razor blade), the
use of a threshold introduces a position dependence in the
detection efficiency. As a consequence, an error is
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introduced in the relative contents of the diffraction
peaks. Under normal conditions the threshold is set to
1/4-1/3 of the amplitude of the maximum anode signal,
resulting in an error of 10-15#. The average detection
efficiency is reduced from 65% to about 35%•

In order to do measurements with high thresholds on
the anode signal (for example in high resolution mea-
surements), the position dependence in the anode signal
should be minimized. In the first place the dependence
introduced by irregularities of the razor blade edge have
to be minimized. The dependence introduced by a variation
in the anode-cathode distance is less critical since we
can correct for it.

Reference of chapter 4

[1] : Sloof, G.W., 12 report (private communication) TU
Delft 1987.
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CHAPTER 5

IMPROVEMENTS

In the previous chapters an automated X-ray diffraction
system is discussed which records diffraction spectra
with a position accuracy of less than 0.015° (20Bragg) *n

a few minutes. With a few adjustments of the readout
electronics (and by a replacement of our out of date X-ray
generator) recording times of less than a minute are
attainable. Due to a nonuniform efficiency of the detector
as a function of the detection position, the contents of
the diffraction peaks have an error of 10-15$• This can
only be improved by using razor blades with a minimum of
irregularities*," which implies operation of the detector
with some care with respect to the high voltage on the
razor blade anode and the purity of the counter gas. After
large discharges in the detector the razor blade has to be
replaced.

The following changes in the readout electronics are
under way to improve some aspects of our diffraction
system. First of all the operational amplifiers which are
used to drive the Flash-ADCs and the Multiplying-DACs
(sect.4.1.1) will be replaced by AD961O types. Furthermore
a baseline restorer will be added to the preamplifiers of
the strip signals (fig.12). Both changes will result in
higher achievable count rates of the readout system (>10s

per second). The TDC1O49 9-bit Flash-ADC will be replaced
by a 10-bit version (TDC1020). With this change the digi-
tizing errors of EPROM and Flash-ADC are reduced substan-
tially, eliminating both corrections.

In order to avoid large systematic errors the
facility to mount the detector on the diffraction setup
has to be improved. The error in the position of the CPC
in the direction of the incident radiation should in any
case be less than 50um. Many diffraction spectra contain
one channel artefacts, as can be seen in fig. 10 of
sect.4.1.1. They are probably caused by interference in
the detector signals. This can be avoided by putting a
small threshold on the signal of the central strip
(reference input of the Flash-ADCs), which can easily be
realised in our readout system.
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SAMENVATTING

In dit proefschrift wordt de automatisering van een
Guinier röntgendiffractie camera besproken. The Guinier
camera wordt in de vaste stof fysica gebruikt voor de
bepaling van kristal structuren. De fotografische film in
de conventionele opstelling werd vervangen door een
gebogen proportionele teller (CPC) met een electronisch
uitleessysteem. Hierdoor werd de gebruikelijke opnametijd
van enkele uren teruggebracht naar een paar minuten.

De constructie en optimale afmetingen van de CPC
worden besproken en de meest essentiële onderdelen van de
uitleeselectronica worden belicht. De uitleeselectronica
voert een hardware plaatsreconstructie uit van de in de
CPC gedetecteerde röntgenquanta met de 'charge ratio'
methode, gebruik makend van een model van de ladings-
verdeling op de cathodevlakken van de CPC. Het ladings-
verdelingsmodel wordt afgeleid uit metingen. De gerecon-
strueerde diffractiespectra worden in een computer
opgeslagen waarna correctie- en piekfit procedures
uitgevoerd worden. De belangrijkste correctie is die voor
de niet-uniforme versterking in de verschillende kanalen
van het uitleessysteem. Om deze correctie mogelijk te
maken worden de diffractiespectra volgens een speciaal
protocol opgenomen. Een lijnbreedte van 200um FWHM en een
nauwkeurigheid van 30um werden behaald, wat concurrerend
is met de resultaten die behaald worden met de gebrui-
kelijke opnamen met behulp van een fotografische film. De
relatieve inhouden van de diffractiepieken toonden nog een
aanzienlijke fout (10-15#) vergeleken met de fotografische
film. Deze fout is voornamelijk het gevolg van onregel-
matigheden in de scherpe rand van de scheermes anode en
kan vermeden worden door het mes te vervangen wanneer er
doorslagen in de kamer hebben plaatsgevonden.
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AUTOMATION OF A GUINIER CAMERA
FOR X-RAY DIFFRACTION

J.H. DUIJN

STELLINGEN

1. Bij het detecteren van röntgenquanta met een
proportionele teller zullen de electronen ook
na het bereiken van de anode nog een niet te
verwaarlozen invloed hebben op de signaal-
ontwikkeling op de cathodes.

2. In een met een strippencathode uitgeruste
proportionele telkamer waarbij iedere strip
verbonden is met een versterker kan de syste-
matische fout in de positiebepaling door
ongelijkheid van de versterkers gecorrigeerd
worden door gebruik te maken van een speciale
meetprocedure.

3. De afstand tussen de twee cathodevlakken van
een proportionele telkamer waarbij de strippen
van een van de vlakken verbonden zijn met
versterkers kan gemakkelijk gecontroleerd
worden met behulp van de breedtes van de dips
in het plaatsspectrum (hoofdstuk 4 van dit
proefschrift).

H. Met een algemene versie van het ENDO model kan
de ladingsverdeling op de cathode vlakken van
eeï: CPC in de richting parallel aan de anode
goed beschreven worden.

5. In een met een scheermes uitgeruste propor-
tionele telkamer zal, onder normale omstan-
digheden, op de beide paralelle cathodevlakken
evenveel lading geinduceerd worden, onafhan-
kelijk van de plaats van detectie van de
röntgenquanta.



6. Het in dit proefschrift beschreven uitlees-
systeem kan ook met voordeel worden toegepast
op andere typen detectoren.

7- Hoe sneller een compiler des te hoger het
aantal versies van een computerprogramma.

8. De vooruitgang van de wetenschap kan onder
meer gemeten worden aan de toename van het
aantal uitzonderingen op aanvankelijk vast-
staande wetten.

9. Bij een mainframe computersysteem met veel
gebruikers kan de 'overhead' een belangrijk
deel van de computertijd in beslag nemen;
koppeling met een aantal (relatief zeer
goedkope) p.c.'s kan dan een uitkomst bieden.

10. Met betrekking tot de militaire dienstplicht
in Nederland is een rechtvaardiger selectie-
systeem denkbaar dan het huidige, waarbij de
dienst door slechts een klein gedeelte van de
jongeren daadwerkelijk vervuld wordt.

11. Ter bestrijding van de files op de Nederlandse
autowegen zou men kunnen overwegen het aantal
carpool plaatsen uit te breiden.

12. Velen achten de kwaliteit van de brandstof
voor hun auto belangrijker dan van die voor
zichzelf.

13. Tegenwoordig geldt voor veel sporten vaak dat
de kwaliteit van de uitrusting de onkunde van
de beoefenaar moet compenseren (bijvoorbeeld
de schaats-, ski- en tennissport).



I / SUMMARY
In this thesis the automation of a
Guinier X-ray diffraction camera is
discussed. The Guinier camera is used
in solid state physics for the
determination of crystal structures.
The photographic plate in the conven-
tional setup has been replaced by a
curved proportional counter (CPC) which
has an electronic readout system. As a
result the conventional recording time
of a few hours has been reduced to a
few minutes.
The construction and optimum dimensions
of the CPC are discussed and we high-
light the most essential parts of the
readout electronics. The readout elec-
tronics perform a hardware position
reconstruction of X-ray quanta detected
in the CPC with the charge ratio method
using a model of the charge distribu-
tion on the cathode planes of the CPC.
The charge distribution model has been
derived from measurements. The r^oon-
structed diffraction spectra are stored
in a computer memory after which cor-
rection and peak-fit procedures follow.
The most important correction is made
for gain-nonuhiformities in the differ-
ent channels of the readout system.
To make this correction possible, a
special protocol has been developed for
the registration of the diffraction
spectra..
A linewidth of 200ym FWHM and an accu-
racy of 30pm are achieved. This "s
competitive with results obtained with
the conventional setup using a photo-
graphic plate« As a consequence of ir-
regularities in the Sharp *dge of . the
razor blade of the CPC protpt^pe due to
large discharges., th» intensities of
ft diffraction pea&t»r show»<3 errors of

A This can &# iftp&qvftd by ri-


