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Features of the microstrip proportional counter technology (invited)

Carl Budtz-Jorgensen

Danish Space Research Institute, Gl. Lundtoftevej 7, DK-2800 Lyngby, Denmark

(Presented on 16 July 1991)

The microstrip proportional counter (MSPC) is a new approach in gas-filled detector
technology. In contrast with the classical multiwire proportional counter (MWPC) detectors,
the electrodes of the MSPC are deposited by photolithographic techniques onto a rigid
substrate. The technique offers many important advantages: An optimal energy resolution; The
possibility of matching the electrode structure to the expected spatial resolution, i.e.,

smaller electrode distances than are possible for MWPCs; A much faster signal development
than for the MWPC because of the small distance (few 100 pm) between the anode

and cathode strips which allows the positive ion cloud created in the avalanche to be collected
rapidly with reduced space charge effects and increased counting-rate capability; A rigid
electrode structure which is not deformed under the action of an electric field; A relatively
simple fabrication technique which allows the rapid replacement of damaged electrode
structures. The applications of the MSPC within the fields of x-ray astronomy, neutron
diffraction, high energy physics, and synchrotron radiation will be discussed.

1. INTRODUCTION

The microstrip proportional counter (MSPC) is a new
approach to gas-filled detector technology. In contrast with
the classical multiwire proportional counter (MWPC) de-
tectors, the electrodes of the MSPC are deposited by pho-
tolithographic techniques, such as are used in modern elec-
tronic-chip production, onto a rigid substrate. Strip
structures can be fabricated with a precision of 0.1-0.2 pm
and plates with surface areas 18X 18 cm have been pro-
duced. Oed' proposed this technique and his pioneering
MSPC demonstrated gas gain uniformity and excellent en-
ergy resolution for detection of low energy light particles.
The microstrip (MS) plate developed by Oed will consti-
tute the sensor element of a large ( ~0.7 m?), one-dimen-
sional neutron detector presently under construction at In-
stitute Laue-Langevin.’

At DSRI we adapted the MS technique for use in x-ray
astronomy.> When used as an x-ray detector, the MSPC
has proven to be very powerful. It has an energy
resolution® which is at least as good as that which can be
achieved for a single-wire proportional counter.

The MSPC is also being developed for use in high
energy physics. Two groups, Angelini e al.* and Hartjes et
al.’ working on the development of the MSPC, report
excellent localization accuracies ( <50 um) for minimum
ionizing particles as well as high rate capabilities (> 2
X 107 e~ 25~ 1), They conclude that the MSPC is a good
candidate for tracking at high luminosity colliders.

The present article will mainly be devoted to x-ray
applications of the MSPC. It will be demonstrated that,
because of its high counting-rate capability, the MSPC will
find many interesting applications, among them being an
interesting device for synchrotron radiation research.

Il. MICROSTRIP PLATE DESIGNS

The photolithographic technique allows electrodes to
be precisely fabricated, thus permitting small electrode
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spacings with an accuracy and uniformity which cannot be
achieved using wire-plane components. MS plates with an
anode-strip width of 2 pm and an anode-strip pitch of 200
#m have now been produced. These dimensions are about
a factor of 5 smaller than achievable for a wire chamber.
Moreover, the spacing between the anodes and the cathode
strips, which collect the positive ion charge of the ava-
lanche, can be made much smaller ( <50 pm) than the
spacing (> 1 mm) between anode and cathode wire planes
of the conventional wire chamber. This results in a much
faster signal development for the MSPC. A MS structure
which has been used extensively for development work at
both ILL and DSRI is shown in Fig. 1. The narrow anode
strips are located between the wider cathode strips. The
dimensions defining the MS structure are given in the inset,
The applied voltage difference provides an electric poten-
tial which alternates between each strip and causes gas
amplification for the electrons produced in the counter gas
volume above the MS. The ends of the strips have been
smoothly rounded to avoid electric fields which are much
higher than those between the strips. Even with this pre-
caution, however, the usable gas gain is limited. The gain
limit for the MS structure shown in Fig. 1 was investigated
by Budtz-Jgrgensen et al.® for different Ar/Xe mixtures.
The upper curve of Fig. 2 displays the gain limit below
which the MSPC could be operated without sporadic elec-
trical discharges. When the gain was increased above this
limit, sparking took place at the circular endpoints of the
anode strips. Investigations with a microscope showed that
the sparks resulted in small tracks. A few sparks at the
endpoints can be tolerated without any fatal effect on the
MSPC. Excessively high gains can, however, result in dis-
ruption of the anode strips, The two lower curves in Fig. |
show the gain as function of the Xe concentration for two
different voltages between the anode and cathode strips.
The relatively low voltage (<1 kV) required to reach
gains > 10° is an advantage especially for space applica-
tions.

© 1992 American Institute of Physics 648

Downloaded 19 Oct 2009 to 192.38.67.112. Redistribution subject to AIP license or copyright; see http://rsi.aip.org/rsi/copyright.jsp



/f//ATjTTHE
s 2496
100
] ;
ALY 80

FIG. 1. Layout of the MS plate showing rounded strip ends. The dimen-
sions are given in um. The 8-um strips are the anode.

A fundamental problem for the operation of the MSPC
became apparent during the test of the early MS plates.’
Some of these plates showed strong gain variations as func-
tion of time. In addition, gain was dependent also on the
counting rate. Investigations of these variations showed
that they depend strongly on the type of glass used for the
substrate. For quartz, which is an extremely good insula-
tor, it was impossible to obtain a pulse-height spectrum
because the time variation of the gain was faster than the
time required to record one spectrum. Other glasses with
lower resistivities, e.g., crown glass or green glass, allow
acceptable energy spectra, but here were still gain drifts of
up to 50% per h. Some glasses showed gains which de-
creased with time after HV was switched on, while others
had gains that increased. The gain drifts also depend on the
dimensions of the MS structure. They can be reduced by
depositing an electrode which is held at a positive potential
with respect to the cathode strips on the backside of the
MS plate.

Some of these observations may be explained by as-
suming that charge collects on the glass surface between
the electrodes. If this surface is a sufficiently good insula-
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FIG. 2. Gas gain as function of Xe/Ar mixing ratio. All mixtures contain
10% CH,. The two lower curves show the gain for voltages of 700 and
800 V between anodes and cathodes, respectively. The upper curve shows
the highest gain at which the MSPC can be safely operated.

tor, then the charges accumulate and cause the amplifying
electric field to be changed. The use of insulators with
relatively low specific resistivity such that the charges
reaching the surface are quickly removed will, therefore,
cure the drift problem. Several “low” resistivity glasses
were tested and one type, Corning 7740, a borosilicate glass
with a 4,4% NaQ, content, was found to be ideally suited
as MS substrate, Its specific volume resistivity is 10® Q cm
at 250 °C which is relatively low compared with other Si-
based glasses.® For the MS structure shown in Fig. 1, this
glass resulted in gain drifts of only =+ 1% over a one week
period. The dependence on counting rate will be discussed
later.

An alternative solution in which the surface conduc-
tivity of the MS plates is increased by means of ion im-
plantation has also been tested.” A quartz MS plate was
doped with 2 X 10" phosphorus atoms/cm” showed a
marked improvement over the pure quartz plate, which
became charged immediately. The doped surface, however,
yielded spectra of nearly the same quality as for the Corn-
ing 7740 glass. Further investigations are required in order
to determine the optimal implantation dose.

Different kinds of material have been used for the elec-
trode structures. Chromium layers of 0.1-0.2 pm thickness
are commonly used, since they adhere extremely well to
the glass substrate. The drawback is that the Cr strips,
especially the narrow anode strips which have rather high
electrical resistivity, lead to a degradation of the risetime of
the fast avalanche signals. MS plates produced by the so-
called “lift-off-technique,” which allows thicker MS struc-
tures to be produced without problems caused by under
etching,” avoid this problem. In this process, the metal
layer is deposited on a substrate which is already covered

Synchrotron radiation 649
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FIG. 3. MSPC pulse-height spectra obtained with a **'Am source.

with a negative resist image of the siructure. Using a sol-
vent, the resist is then removed together with the metal on
its surface, leaving a positive metal image on the substrate.
MS plates with layers of 1-um-thick Al can be made, and
they have nearly two orders of magnitude higher conduc-
tivity than the Cr plates. At first the Al plates had the same
good energy response as the Cr plates, but they also
showed time-dependent gain variations as discussed above.
It is possible that oxidation of the Al surface forms insu-
lating layers on the strips which then can result in a charge
buildup, which affects the gain of the MS plate. This prob-
lem was solved when Au was used as conducting material.
Since Au does not adhere well to glass substrate, the Au
strips are deposited on an intermediate layer of 0.03-um-

thick Ni. MS structures of 0.1 and 0.2 um Au with suffi-
cient conductivity for our purposes were produced by the.
Lift-off-technique.’

Ill. ENERGY RESPONSE

The energy response of the MSPC to x rays has been
studied in some detail, especially for Ar- and Xe-based
counter gas mixtures.>*!%!" Angelini et a/.* and Budtz-
Jérgensen et al® found energy resolutions <13%
(FWHM) in Ar mixtures for **Mn (5.9 keV) x rays, while
Xe-based mixtures yield slightly increased values ~13.5%
(FWHM).'? 1t is remarkable that the energy resolution of
the MSPC, in contrast with wire chambers, is nearly inde-
pendent of gas gain, e.g., for Xe 4 10%CH, the resolution
increases from 13.6% to 14.0% as the gain is increased
from ~ 10%to 2 X 10*!'° The energy response of the MSPC
is illustrated in Fig. 3, which shows energy spectrum cb-
tained from an 2*'Am source. The detector, which has an
active area of 40X 30 mm? and a 20-mm-deep drift region,
was filled with a Xe + 109 CH, mixture at NTP. The drift
field was 250 V/cm and the MS plate was operated at a
gain of 10°. The energy/pulse height relation is linear in
the energy range investigated.

The low energy crystal spectrometer'? at DSRI was
used in the energy range from 0.18 to 1.8 keV.!! The DSRI
facility consists of a vacuum tank containing an x-ray gen-
erator and a crystal spectrometer, which selects the desired
line energy by Bragg reflection. Two W/Si multilayer crys-
tals with 2d spacings of 100 and 54 A, respectively, were
used in the crystal spectrometer. The detector was
equipped with a 1 pm-thick polyimide window coated with
a 40-nm layer of Al with a combined transmission
> 10% at ihe energies investigated. The detector was op-
erated with Xe -+ 10% CH, as described above, except that
the gas gain was raised to ~ 10*. Figure 4 shows the MSPC
pulse-height spectra for the B X, O K, Ni L, and Si X

| FIG. 4. MSPC pulse-height spectra for
B K, O K, Ni L, and 8i K emission
{ lines.
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emission lines at energies of 185, 523, 849, and 1741 ¢V,
respectively. Observe that the pulse-height spectra for the
lowest lines are skewed with a high energy tailing. This is
a consequence of the small number (~8 for B K) of pfi-
mary electrons produced in the gas. The energy resolutions
{FWHM) measured in the x-ray energy range from 0.18 to
60 keV are plotted in Fig. 5. The resolution varies as the
square root of the energy with a proportionality factor of
0.33:

AE(FWHM) =0.33 X (E/1 keV)2keV. (1)

IV. POSITION DETERMINATION

An important advantage of the MSPC is that the strip
pitch can be matched to the desired spatial resolution, i.e.,
the electrode distances can be chosen much smaller than
for the MWPC, where the wire spacing for practical rea-
sons is limited to > 1 mm. Differential nonlinearities arising
from irregularities in the anode pitch in the MWPC can,
therefore, be avoided. For a sufficiently fine pitch, the pri-
mary electrons produced by the incoming radiation will be
distributed over more than one anode strip. An individual
strip readout together with a determination of the centroid
yields a very accurate position determination. Hartjes et
al’ achieved position determination in the direction or-
thogonal to the microstrips with accuracies in the range of
10 um. An alternative method is to connect the anode (or
cathode) strips to a common resistive stripline deposited
on the MS plate. Localization is then achieved using con-
ventional charge division. This is the method adapted for
the DSRI imaging detectors developed for x-ray
astronomy.'® The event localization in the direction paral-
lel to the microstrips can be accomplished with electrodes
deposited either below or above the MS plate which detect
the charge induced by the avalanche. MS plates with strip
electrodes on the backside of the substrate are rather easy
to fabricate. Sufficient coupling can be achieved for thin
651
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substrates, e.g., the MS structure shown in Fig. 1 yields a
coupling of 20% for 0.5-mm-thick substrates. The feasibil-
ity of the method was demonstrated by Budtz-Jérgensen et
al® The position spectrum shown in Fig. 6 was recorded
using a well collimated °Fe x-ray source.

MS anode
L~

counts

40 50

R=za/(a+b) Ch nr

FIG. 6. Position determination using pick-up strips on the rear side
(dashed) of the glass substrate.

Synchrotron radiation



This readout has not been developed further at DSRI
since the individual strip readout demands many more
electronic channels than can be provided for in a space-
borne instrument. Instead, the signal induced in a resis-
tively coupled wire grid placed above the MS plate is de-
tected. Although this technique is more complicated
mechanically, it yields a better signal-to-noise ratio and,
therefore, the number of readout channels can be reduced,
see Sec. VI

V. COUNTING RATE PERFORMANCE

One of the most important features of the MSPC is its
high counting rate capability, which is due partly to its fine
pitch, which spreads the incoming flux over many elec-
trodes, and partly to the very short ion collection time,
which sharply reduces the space-charge buildup. Angelini
et al.* reported a rate capability > 10° counts s~ ! mm 2
for 8 keV x rays for a MS with an anode pitch of 0.2 mm.
A MSPC developed at DSRI was illuminated for 24 h by
an intense *Fe x-ray source, which gave 1.2 X 10°
ph s~ ! over an area of 1 cm®.!° The gain and the measured
counting rate were stable during the illumination, and the
resolution was unchanged after the exposure. A further
investigation of the counting rate behavior of the MSPC
was made with the DSRI rotating anode x-ray facility. The
detector filled with Ar + 109% CH, and operated at a gain
of 10° was exposed to an intense beam of Cu K (8 keV) x
rays. The beam was collimated to a size of 0.5%0.5
mm?’. The x-ray tube was operated at 30 keV and the tube
current was varied from 20 to 180 mA in steps of 10 mA.
The MS plate produced energy specira with a clean Cu K
and Ar escape peaks, even for the highest counting rate of
~ 5 X 10° phs~ ' mm~2 Some of the recorded spectra
are shown in Fig. 7. A small gain drop was, however,
observed with increasing counting rate. The decrease (AG)
of the gain is linearly dependent on the counting rate (R)
such that

AG/Gy=CgXR with C=04X10"% smm?®  (2)

The cause of this gain behavior is not understood at
present. If it is due to space-charge effects, then MS plates
with finer strip pitch (€1 mm) should be able to tolerate
even higher counting rates. The counting rate limitations
implied by Eq. (2) will not affect the performance of the
DSRI MSPC, since even the brightest celestial x-ray
source, SCO x-1, will give counting rates < 5 X 10*s~!
mm ~ 2,

For applications in more intense radiation environ-
ments, such as synchrotron radiation facilities, the present
results suggest that the MSPC can handle rates of ~ 5
X 10° phs~! mm ~? without severe degradation of the
pulse-height response. This is 1-2 orders of magnitude
higher than for the MWPC.'*

VI. PRACTICAL MSPC DESIGNS

At ILL, Grenoble, Oed and Geltenbort are construct-
ing a thermal neutron detector with a very large sensitive
area with dimensions 400X 14 cm? The detector will be

652 Rev. Sci. Instrum., Vol. 63, No. 1, January 1992
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FIG. 7. Pulse-height spectra obtained with the rotating anode x-ray gen-
erator for three different beam intensities.

equipped with 50 MS plates of each 168X 81 mm? Each
plate is divided into 32 cells of 2.54-mm width having 6
microstrip structures. The detector has one-dimensional
position sensitivity, which is achieved by a direct readout
of the 1600 individual cells. The detector will be operated
with a gas mixture of *He 4 25% CF, at 4 bars. Each cell
will be able to handle rates of ~ 10° neutrons s = .

DSRI will provide a set of four imaging MSPCs as part
of XSPECT, the Danish contribution to two SODART
x-ray telescopes,_ yvhich will be flown on the Soviet satellite
SPECTRUM-RONTGEN-GAMMA planned for launch

Synchrotron radiation 652
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TABLE 1. HEPC, LEPC specifications.

Energy resolution 0.32 X (E/1 keV)' keV

Background rejection >99%
Time resolution <5 us
Count rate < 5% 10°phs~ 'mm~-?
Gas Xe 90%, CH, 10%
HEPC LEPC

Field of view arc min 60 30
Diameter of active area mm 150 75
Diameter of window mm 140 70
Position resolution mm <1 <2
Energy range keV 2-25 0.2-8
Gas thickness em 4 4
Gas pressure atm 1 0.5
Window: polyimide pm 3 0.5

Al nm 40 40

in 1994. A high and low energy (HEPC and LEPC) de-
tector will be placed in the focal plane of each of the SO-
DART telescopes. The HEPC and LEPC design specifica-
tions are given in Table 1.

The working principle of the detectors is illustrated in
Fig. 8. The central electrode contains the microstrip struc-
ture, which has the same basic dimensions as the MS plate
shown in Fig. 1. The HEPC-MS plate has an octagonal
shape and a diameter of 150 mm, while the LEPC plate is
quadratic with dimensions of 82X 82 mm? Position read-
out is based on the resistive charge division, depicted in
Fig. 8. The microstrip cathodes are used for one position
coordinate and, for the other coordinate, a wire grid is
used. It consists of 35 um-thick gold-coated tungsten wires
at a pitch of 1 mm suspended a small distance above the
MS plate, and biased to collect a large fraction of the ions.
Resistors are connected between each wire/cathode. The
charge-division method allows a coarse/fine readout sys-

X - POS.

X8 xa

X1 X2

X5

=

Bf (v=50n¢)

E,Bg (1=2u8) ..
B¢ (v=50ns)
E.Bs (v=2ps)

VETO RING

FIG. 8. The working principle of the XSPECT MSPC. The center plane
shows the MS electrode. The anodes are subdivided into two separate
sections. Each provides x-ray energy (E) and two pulses (B, Bs) ob-
tained from amplifiers with different shaping time constants, The MS
cathodes are connected with a resistive meander strip. The upper elec-
trode is a wire grid for resistive readout in the x direction. The lower
electrode is a veto electrode surrounding the useful area,

653 Rev. Sci. Instrum., Vol. 63, No. 1, January 1992

tem in which the resolution can be improved by a “simple”
subdivision of the resistive chain. For the XSPECT MSPC,
six subdivisions of the cathode plane and four of the grid
plane are sufficient.

In space, the detectors will be exposed to a flux of
charged particles, mainly protons and electrons, which
produce detector events with pulse heights in the x-ray
range of interest. Charged particles differ from X rays with
respect to their pulse shape and can, therefore, be rejected
using pulse-shape analysis techniques. This method com-
pares the fast rise time of x-ray signals (50 ns in Ar, 100 ns
in Xe) with the slow rise time ( > 1 us) of pulses produced
by charged particles crossing the 4-cm-deep detector vol-
ume. The output of the anode amplifier is fed in parallel to
two shaping amplifiers with shaping times of 2 us and 50 ns
resulting in two pulses with pulse heights B and By, re-
spectively. The quantity R = B,/(B, + B,) is very sensi-
tive to rise time and yields distinctly different values for
x-ray events than for charged particles crossing the detec-
tor.

Particles moving parallel or nearly parallel to the MS
plate produce pulses which can have short rise times. They
are, however, rejected by the signal they induce in the veto
electrode (Fig. 8), which is mounted on the rear side of the
MS plate, and which surrounds the useful window area.
From laboratory measurements, it is estimated that
charged particle events can be rejected with an overall ef-
ficiency of 99.5% using both rise-time and veto-rejection
techniques.

The properties of the MSPC, especially the high rate
capabilities, make this detector type an obvious candidate
for use at synchrotron facilities. The required detector per-
formance at synchrotrons is indeed extreme-local counting
rates ~ 10° phs ! and overall counting rates ~ 10’-10°
phs~ 1.1 The possible application of the MSPC as a syn-
chrotron detector is being investigated through a collabo-
ration between the Daresbury Laboratory, UK, and DSRI.
On the short term, this project will be devoted to the de-
velopment of a one-dimensional 200-mm aperture x-ray
detector using a gas microstrip and a fast parallel readout
of the type developed at Daresbury.'® A schematic layout
of the system is shown in Fig. 9. The detector is arranged
with the direction of the strips perpendicular to the posi-
tion-sensitive axis. Each anode strip is separately instru-
mented with an amplifier-discriminator-scaler combination
such that one anode strip represents one pixel.

The outputs of the discriminators are counted by
Daresbury 32 channel, fast camac scaler modules. These
units are capable of operating at 180 MHz per channel and
set the maximum theoretical data rate. In practice the data
rate will be set by the pulse pair resolution (~ 100 ns for
Ar) and space charge effects as discussed earlier. A uni-
form exposure counting rate in excess of 20 MHz is pre-
dicted.

VH. CONCLUSION

The MSPC has proven to be a major step forward in
gas-detector technology. Almost all the characteristics of
the detector (spatial resolution, energy resolution, rate ca-

Synchrotron radiation
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FIG. 9. Layout of the MS plate shown connected to the Daresbury fast
parallel readout.

pability) are significantly improved over those of the stan-
dard MWPC. MSPCs are now being developed for use in a
wide range of fields: Neutron diffraction, x-ray astronomy,
high energy physics and synchrotron radiation. Litho-
graphic technology permits a flexible and nearly optimal
layout of the microstrip structures. A future coupling of
modern microelectronics with the MS plate, as it is now

654 Rev. Sci. Instrum., Vol. 63, No. 1, January 1992

the case for solid state strip detectors, will be a necessary
step in achieving the full potential of the MSPC.
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