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ABSTRACT

A fast one-coordinate multiwire proportional chamber
for digital radiography is described. To obtain high
spatial resolution in every part of the chamber toge-
ther with high counting rate capability and quantum
efficiency the anode wires are stretched along radial
directions with center at the focus of the X-ray tube of
radiographic installation. The cathode planes are incli-
ned relative to the anode plane to effect uniform gas
amplification along an anode wire. The main characte-
ristics of the chamber are: spatial resolution 1.2 mm,
quantum efliciency 28% (~60 keV), counting rate
' capability 600 kHz/channel
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INTRODUCTION

Described in [1] was a digital radiographic installation for
medical diagnostics, permitting to reduce exposure doses by
30—100 times and to obtain an X-ray image in digital form, well
known for its merits. In order to obtain an image the slit collimator
forms a narrow flat beam which penetrates through a patient’s
body and gets into the inlet window of the multiwire proportional
chamber (Fig. 1). The chamber ‘measures an X-ray distribution
along a horizontal direction, a distribution along another coordinate
is measured by a mechanical scanning. For this purpose standard
X-ray tube, the collimator and the chamber was moved simultaneo-
usly in wvertical direction. The multiwire proportional chamber
(MWPC) worked like 160 practically independent X-ray quanta
counters. Each anode wire through an amplifire-discriminator was
connected to a scaler. A digital image was stored in a computer
mermory. :

The main defect of the first version of the installation was limi-
ted spatial resolution of the MWPC. A detector for digital radio-
graphy must have counting rate capability of 70— 100 MHz. When
using MWPC such a counting rate can be achieved only with paral-
lel readout of information from anode wires, and to reduce space
charge effects working length of the anode wires must be about
several centimeters. It demands the anode wires to be directed to
the source of radiation. Spatial resolution of such a chamber
depends on the step of the anode wires. In the chamber [1] the step
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Fig. 1. Digital radiographic installation.

was 2 mm. Since the anode wires as in all proportional chambers
was parallel to each other, spatial resolution was worse at the
edges of the chamber due to parallax. In such a chamber design a
reduction of the step between the wires allows to improve the reso-
lution only in the centre of the chamber. At the edges of the cham-
ber parallax, connected to finite distance between the focus of the
tube and the chamber (1300 mm) will remain the resolution practi-
cally constant. That’s why there was made the chamber which had
the anode wires stretched along radial directions with centre at the
focus of the X-ray tube and the step of ~1 mm. The number of
channels was increased to 256.

THE CHAMBER WITH FAN ANODE PLANE

The chamber with such anode plane permits to solve the prob-
lem of improving spatial resolution of the digital radiographic
installation. However, the gas gain of a proportional chamber
depends on a distance between anode wires. Thereiore in order to
exclude changes of the gain along the anode wires and thus to
avoid making amplitude resolution and counting rate capability
worse, the cathode planes must be inclined at a definite angle rela-

tive to anode plane. As follows from [2] gas gain M depends on a
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distance between anode wires S and a gap anode-—cathode [ only
through a capacity of anode wire C, that is

M=G[C(S, )], (1)

and so the condition of the gain to be constant along an .anode wire

can be obtained
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The capacity of an anode wire is

oL 2neg (3}
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where a—radius of an anode wire. From (2) and (3) we can
obtain:
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In our case [=2mm, S=12mm and with a mistake about 10%
one can account

LB ' ' (4)

The design of the chamber for the digital radiographic installa-
tion is shown at Fig. 2. As in [1] the chamber is placed in duralu-
min box so that an X-ray beam gets into the gap between the drift
electrode and the upper cathode. The length of the anode wires is
50 mm, diameter is 10 pm. The distance between the focus of the
X-ray tube and the centre of the chamber is 1300 mm, the step of
anode wires at the inlet window side is 1200 wm, at the opposite
side 1246 um. Anode—cathode gap is about 2 mm, cathode planes
inclined to 77 um (calculated from (4’)).

To measure the dependence of the gain on a coordinate along an
anode wire the chamber was put into a special unit with lavsan
window in its cover. Radioactive source (Cd'") and a slit collima-
tor of 2-40 mm were placed above the window. The measured
dependence is shown at Fig. 3. At the 40 mm region from x=5 mm
to x=45 mm relative changes of gain do not exceed 10%.

In order to estimate a change of gas amplification along an
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anode wire with fan anode and parallel cathode planes there was
made a special chamber of diminished size. The measurements per-
formed on this chamber showed that at 40 mm working length of
an anode wire the change of gain equals 279%. Thus inclined catho-
de planes permit to compensate gain change appearing due to fan
anode plane.

! SPATIAL RESOLUTION

During an X-ray quantum absorbtion by a Xe atom several

a number of secondary particles are produced, that are: photoelect-
rons, Auger-electrons and fluorescent photons. Ranges of these par-

: ticles affect the spatial resolution of the chamber causing in some
Fig. 2. Multiwire proportional chamber: a—side view; !I;--—tnp view ol anode plane: _ cases a simultaneous operation of several channels. '
I e e AT T An absorbtion of X-ray quantum with the energy exceeding Xe

K-shell (34.6 keV) proceeds mainly in two ways—on the K-shell

(~80%) and on the L-shell (~20%). During the K-shell absorb-

tion except a photoelectron with the energy of (E,—34.6 keV) there

s S MR ALk SR 143 can be emitted a fluorescent photon (29.5-+34.6keV) or Auger-

I'I.E: electron ~24 keV. L-shell interaction causes ejecting of photoelect-
P ron with the energy of (£,—5.4keV). If the energy of X-ray quan-
i 4 tum equals 60 keV photo- and Auger-electrons have a range in Xe
E i at 3 atm about | mm and can cause simultaneous operation of two
.E' neighbouring channels, and photoelectrons emitted after L-shell
L interaction can cause even 3 channel operation. The absorbtion pro-
B9 cess is considered more carefully in [3]. In this paper also the
Gt algorithms for simulation the described processes are discussed.
é Usage of this algorithms taking into account the geometry of our
“8.9 [ Table
8 The Probabilities of Channel Counting While
2 : % Incident Quantum is Absorbed in Channel Number 0 (Simulation)
a'?l._i! i I ]
: 8 % 49 N Channel B, %
% me . | 1.2
2 1.6
Fig. 3. Dependence of anode signal on coordinate along anode wire. 3 0.46
4 0.34
5 0.23




chamber permits to calculate probabilities A; of simultaneous coun-
ting of channel number i while absorbing quantum in channel 0
(Table). The calculation was made for radiation of X-ray tube with
tungsten anode at a 70 kV voltage, copper filter of 0.3 mm and a
pressure of working mixture (Xe+20%COz) 3 atm.

Results, presented in Table, shows that a probability oi counting
of two neighbouring channels is much more than one of channels
which are at a distance from each other. Hence the main distortions
connected to double registration of X-ray quanta will be caused by
coincidences of neighbouring channels. For their excluding there
were used a corresponding selecting circuit.

A coincidence of neighbouring channels occurs mainly when pho-
to- or Auger-electron crosses a boundary between them. For such
events formed, as a rule, close to the boundary between _channels,
primary ionization is divided into two parts. Therefore the exception
of such coincidences improve both spatial and amplitude resolution.
An essential shortcoming of the method of coincidence suppression
is reduction of system efficiency by about 30% for X-rays with ave-

rage energy ol 50 —60 keV.
Spatial resolution of detectors with channel structure (an

example of such a detector is MWPC with described method of

Fig. 4. Shape of a channel of the MWPC. To the right and to the left from the main
curve begin the curves for neighbouring channels.
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readout) is described completely by a channel shape function, that
is the dependence of a channel counting rate on a position of nar-
row collimated source of radiation. At Fig. 4 the curve of channel
shape is shown, obtained by irradiating the chamber with an X-ray
beam from a tube with 70 kV voltage and 0.3 mm copper filter (ef-
fective energy 47 keV). FWHM is 0.84 mm. This value is less than
the anode wires step — 1.2 mm, because exception of coincidences
results mainly in excluding of events registrated besides channel
boundaries. _

However, for many practical purposes it is more convenient to
describe spatial resolution by one parameter with the help of con-
trast-frequency responce function (CFR) —by a spatial frequency at
a definite contrast level. The method to define CFR is described in
(3). To measure it one should take a set of grids with periods of A;
made from opaque for X-rays material. At an image of such a grid
the dependence of counting rate on the number of a row (or a
colomn, if a vertical resolution is measured) is periodical. The CFR
is defined as

Nma.t_ Nmin
e A (5)

max

Clv) ==

where v=I1/A—a spatial frequency, Nmin—average value of all
channels with counting rate less than average counting rate WN;
Niax —average value of the channels which have N> N.

The CFR defined in such a way describes spatial resolution well
in those cases when a detector channel size § is much less than a
grid period. In our case these values are comparable and, for
example, when using a grid with A=26 the value of C depends on
phase position between boundaries of a grid and a channel. In order
to exclude this ambiguity it is necessary to make averaging over the
phase. For this purpose all grids were chosen so“that /28 differed
irom natural values and from multiples of 0.5. At such a condition
an image of a grid has «beats», that is the amplitude of oscillations
is changed periodically depending on a shift of the phase between
boundaries of a grid and a channel. In this case for calculation the
value of C it’s enough to perform averaging over a.period of
«beats». :

The results of measurements of CFR at the centre and the sides
of the chamber when irradiating by X-rays from a tube with a
70 kV voltage are presented at Fig. 5. Ii one defined spatial resolu-

tion as a frequency at C=0.5 it can be noticed that there is no
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Fig. 5. Contrast-irequency response functions: Fig.6. CFR functions measured at different tube voltages and at a different condi-
j—at the centre of MWPC; 2—at the left side (channel number ~20); 3—at the right side tions of event selection:
(channel number ~240). Accuracy of measurements at v=0.46 is worse than at other values, I —tube voltage 70 kV; 2—1tube voltage 100 kV; 3 — selection circuit switched off.
because the period of corresponding grid is about a doubled size of the MWPC channel. This

makes the beats, appearing at the image of grid, to have large period, which cause significant
errors during calculation of C.
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essential differencies between spatial resolution at the centre of the
chamber and at the sides of it. At Fig. 6 CFRs measured at two
tube voltages (70 kV and 100 kV) are shown. The rise of an X-rays
energy results in reduction of spatial resolution from 0.68 mm~ ' at
70 kV to 0.56 mm~"' at 100 kV. As there were shown above the
selecting circuits exclude those events which have an electron range
crossing at least partially two channels. Selection of such an events
reduces essentially a dependence between spatial resolution and
X-ray energy inspite of an increase of photoelectron range.

We measured also spatial resolution without a selection circuit
at a tube voltage of 70 kV (Fig. 6). As it should be expected spati-
al resolution reduced from 0.68 mm'~ to 0.36 mm ™'

Spatial resolution of screen-film systems and EOTs is defined: in
radiography from CFR at C=0.03—0.05 [4]. A direct comparison
of spatial frequencies, defined at a different C, is obviously incor-
rect. To compare different detectors there were useful to find quan-
titative method of recalculation of frequencies. Now, we can only
point out that for screen-film system spatial frequency defined at
C=0.03+-0.05 exceeds the one defined at C=0.5 by 2—3 times.
Approximately the same are the results of visual comparison of
images obtained on films and those obtained with the help of the
MWPC.

EFFICIENCY

A calculated dependence of the MWPC efficiency on radiation
energy is presented at Fig. 7. To perform the calculation there were
taken into account a thickness of the Al inlet window — 1mm; a
layer of working mixture which absorbs X-rays without detection
— 27 mm; efficient length of anode wires — 45 mm. The calculation
is made for a working mixture Xe+420%CO; at 3 atm pressure.
Presented at this figure is also the result of measurement of the
efficiency at the energy of 57keV (W'®'). There was measured a
full counting rate of X-ray quanta (the selecting circuit was
switched off, simultaneous counting of two and more channels were
considered as one event). A CsI(Na) crystal with photomultiplyer
was used for monitoring. Measured efficiency of 289, well agrees
with calculation.

To choose a working voltage at the chamber and at the drift
electrode there were measured the dependence of counting rate on
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Fig. 7. Quantum efficiency of the MWPC (calculation). The result of measurement at
57 keV (K-line of W) is shown.

these parameters (Fig.8,a,b). Both curves are obtained by irradia-
ting the chamber by a tungsten anode tube at a 70 kV voltage with
0.3 mm copper filter. An increase of the chamber voltage causes the
growth of gas amplification and therefore a part of registrated
events with low amplitude. Such events are mainly connected to
coincidences of neighbouring channels which are excluded by a
selection circuit. This fact explains a reduction of the efficiency at
the plateau when increasing the voltage at the cathode and at the
drift electrode.

A working voltage at the chamber is chosen at the centre of the
plateau. To choose a voltage at the driit electrode there were mea-
sured the dependence of event amplitude on this voltage 8,c. The
working point is chosen so to provide a complete charge collection
from the drift gap. The chosen voltage at the chamber is 2.8 kV, at
the drift electrode is 4.8 kV. :

An exception of coincidence of neighbouring channels results in
dependence of a complete efficiency of the detector on both the efii-
ciency of detection of X-rays by the chamber and a part of events
which cause coincidences of neighbouring channels. There was mea-
sured a dependence of a number of coincidences on different fac-
tors. To characterize a number of coincidences there were taken a
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value of h=th, which is calculated as

NS
i AN+ No) ’ )

where N—counting rate without exception of coincidences, N¢—
counting rate with exception of coincidences. Here Af takes into
account only detection of electrons in neighbouring channels.

The dependence of A on an X-ray tube voltage is shown at
Fig. 9,a. An increase of energy causes growth of ranges of photo-
electrons and thus a share of coincidences. The dependence of a
number of coincidences on the cHamber voltage is presented at
Fig. 9,b. As there were shown above a share of such events increa-
ses with the voltage due to growth of gas amplification. An increase
of the chamber counting rate results in reduction of gas gain and
therefore in decrease of h. The dependence of h on a counting rate
is shown at Fig. 9,c.

The measurements show that a share of coincidences can be
changed significantly due to different conditions of the chamber ope-
ration. However the measured value of A does not exceed 21%. This
value of A is reached at a minimal counting rate and tube voltage

of 100 kV.

COUNTING RATE CAPABILITY

A counting rate capability of the MWPC depends on space
charge accumulated in a working volume at high rates [5, 6], and
dead time of the electronics. it

Errors of the electronics depends on a dead time of the amplifi- -
ers — discriminators and a dead time of selection circuit. The dead
time of discriminators leads to reduction of the efficiency of a single
events detection with an increase of counting rate. The dead time of
a selection circuit results in registration of a part of coincidences as
a single events and, therefore, to a partial compensation of the
errors, connected to a dead time of discriminators. A dead time of
amplifiers — discriminators in our case is approximately equal to a
dead time of selection circuit. At such a condition a counting rate
after the selection circuit makes up.

No=ngo(1 —3nt+0.5n.7) +0.25n.n7, (7)
15



Chasber voltage 3 2.8

i j_l.l. i

TUBE VOLTAGE, kV
a

e,
tof-
X [
. 8 ;
o ok Chasber voltagh = 2.8V |
3 Tube voltage = 78V
s o :
e e T B
e % 48 8 8l

COUNTING RATE, khz

c

26 27 28 2
CHANEER WOLTAGE, kV

b
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a—on the tube vollage; b—on the vollage of
the MWPC cathode; ¢ —on the count rate of

the detector.

where ng—a frequency of single events at the input of ampli-
fier — discriminator n.—a frequency of coincident events;
n=nge+n.—full counting rate; t—a dead time. A selection circuit

"and an amplifier — discriminator have a dead time of about 200 ns.

The relation between ng and n. can be obtained using the expression
(6) and measured value of h at a low rates: n.=0.43 ny (for
h=15%). At such a conditions the errors of electronics calculated
from (7) equals 36% at the count rate of 500 kHz per channel.

The irradiation of the chamber by a uniform X-ray beam results
in filling of the chamber volume with positive ions decreasing the
electric field near the anode wires and, as a result, reducing the
gas gain. The reduction of gas amplification causes the decrease of
the chamber efficiency with the growth of counting rate.

The decrease of electric field is convenient to describe by a

reduction of an efficient chamber voltage 8V. In [6] this value was

obtained for a chamber with an arbitrary geometry
!'..!

SV=ng——,
9 2u Vel

(8)

where n,—a counting rate per unit of length of an anode wire;
g—a full charge formed in the chamber after absorbing one X-ray
quantum; V,—the chamber voltage; C—a capacity of a unit length
of an anode wire; {—the gap between anode and cathode; pu— mobi-
lity of positive ions.

One can see from (8) that the anode—cathode gap most essen-
tially influences the rate capability. This distance defines a thickness
of space charge which reduces the field of the anode wires. That
was the reason to choose the gap of 2 mm in our chamber.

The dependences of the efficiency of the MWPC on the incident
flux are presented at Fig. 10. The results of measurements are
shown for the chambers with anode—cathode gap of 2, 3 and
4 mm. We will call by the rate capability the counting rate at which
the efficiency of the chamber decreases by 20%. The rate capability
of the chambers with the gaps of 2, 3 and 4 mm equals correspon-
dingly 600, 450 and 230 kHz/ch.

The reduction of the chamber gap [ from 3 to 2 mm causes the
increase of counting rate capability less than after the reduction of /
from 4 to 3 mm. It is connected obviously to the fact that with gaps
/=3 mm and less the main inefficiency is caused by electronics but
not a space charge.
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The main characteristic of the counting rate capability of the
chamber and registration electronics, measured at a working cham-
ber voltage and X-ray energy (Fig. 10, curve [I), shows that the
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Fig. 10. Dependence of the detector eiliciency on count rate:
1 —the gap between anode and cathode ({) —2mm; 2— /=3 mm; 3— /=4 mm.

rate capability obwained is higher than it follows from the expression
(7), obtained only due to the dead time of the electronics. This
result can be explaned taking into account the decrease of gas
amplification with growth of space charge due to the increase of the
counting rate, and therefore a part of coincidences, which at low n
were excluded by the selection scheme now would be registrated as
a single events (they exceeded a threshold of registration only in
one of two neighbouring channels). Such a compensation of a loss
of single events counting rate due to registration of a part of coin-
cidences permits to obtain the detector rate capability of 600 kHz.

For a practical usage of the detector in medical diagnostics it is
useful to know the dependence of the counting rate capability on the
chamber voltage and the tube voltage. The results presented at
Fig. 11. and 12 show that the dependence of the counting rate capa-
bility on these parameters is not very strong, that makes the cham-
ber work stable enough.
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UNIFORMITY AND STABILITY OF THE MWPC

Nonuniformity of the efficiency of the MWPC channels depends
on differences of thresholds of discriminators and accuracy of the
anode wires step. The defects of chamber making are stable and
can be corrected with the help of standard distribution of chamber
counting rate measured at a uniform irradiation. The differences of
the electronics thresholds can be changed in time due to the system
warming. To study the velocity of the electronics warming there
was performed a measurement of the mean-square deviation o of
counting rate distribution corrected by a standard distribution.
There were found out that to the end of the first hour after swit-
ching on o is reduced to 2.5% and next hour it is reached 1.5%,
than it is not changed. The standard distribution was measured
after a 6 hours after switching on. The value of 1.5% is defined by
a statistic deviation.

FUTURE DEVELOPMENT

The multiwire proportional chambers with fan anode plane and
nonparallel anode and cathode planes were successfully used in the
first digital radiographic installations. Such chambers give an
opportunity to get a spatial resolution ~1 mm at an object, that is
sufficient for the majority of problems in X-ray diagnostics. How-
ever, in order to raise the quality of image, obtained with the help
of digital radiographic installation, further improvement of the
MWPC characteristics is useful. One of the methods, allowing to
improve the spatial resolution of the detector, is usage of events
with coincidences of neighbouring channels, which at present time
are rejected by selection circuits. For this purpose it is necessary to
registrate separately the events with operation of single anode wire
and those which have two neighbouring wires operated simultaneo-
usly. As the value of electron range is comparable with the step of
anode wires, about a hali of all events gives such coincidences.
Geometrically, X-ray quanta, absorbed in the region between anode
wires, cause coincidences, quanta, absorbed near an anode wire
registrated as single events.

Such method of readout increases full value of registrated quan-
‘ta approximately by a factor of two and makes the spatial resolu-
tion better.

20

To check the operation of such readout system there were made
measurements of the channel shape of single events and the channel
shape of coincident events. For this purpose selection circuits were
disconnected from a group of anode wires, and the circuit, simula-
ting described method of readout, were assembled. Efficiencies of
coincident event channels and single event channels were equalized
by a decrease of pressure inside the MWPC to 2 atm. The resu!’!s
are shown at Fig. 13. For a channel of coincidences the FWHM is
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Fig. 13. The curves of channel shape with modified selection circuits:
{, 8 —single event channels; 2— coincident event channel.

0.64 mm, for single event channel — 0.84. This result confirms a
supposition of significant improvement of spatial resolution which
this method can give. It also essentially increases the efficiency of
the detector due to the usage of coincidences. e

To improve spatial resolution along another coordinate it is
necessary to diminish correspondingly the width of the slit collima-
tor and an exposure time of an image row. In this case the number
of pixels will be increased by a factor of four. Element size will be

diminished to 0.5X0.5mm (at an object).

21



: CONCLUSIONS

_ Since 1984 there were made 3 radiographic installations with the
- MWPC described in the present paper. The first installation works
from 1984 in Moscow at the All-Union Center of mother and child
health protection, where it is used for study of pregnant women at
a low doses (90— 120 mR). It should be noticed for comparison
that with a standard methods an exposure dose is about 2—3 R.
The second installation in 1987 began to work in the Novosibirsk
region hospital. The chair of radiology of the Novosibirsk medical
institute performs the studies of possibilities to research a chest
with the help of a digital radiographic installation. The third instal-
lation is now working in the INP. It is used to study characteristics
of new MWPC. This installation is also used by the polyclinic
department of the INP to examine the employees of the institute.
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