FURTHER PROGRESS IN THE DEVELOPMENT OF THE MICROSTRIP GAS CHAMBER
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We describe the operating principles of the microstrip gas chamber and the main results of measurements realized with several prototype
devices in the detection of X-rays and charged particles. Detectors with 3, 5 and 10 um anode widths and 125 or 200 pm pitch have been
successfully tested. A gas gain of 104 and an energy resolution of 11% fwhm at 6 KeV have been measured. A localization accuracy for

minimum ionizing particles of 30 pm rms, a two track resolution of 250 um and a high rate capability (above 2-107 cm-2s-1) make the
device a good candidate for tracking at high luminosity colliders. Tests of survivability and of operation of the detector with fast gas
mixtures have been performed.

1. STRUCTURE OF THE DETECTOR 10pm, at a 200 pwm pitch (see fig.2). A detector having a

The microstrip gas chamber was introduced some time 125 pm anode pitch has been also successfully tested.

ago in an attempt to reproduce the field structure of Three kinds of glass have been used as substrate

multiwire chambers, at a much smaller scale 1,2, It consists differing mainly for their surface resistivity (1010-1013Q),

essentially in a sequence of alternating thin conductive The surface resistivity affects the gain drift which is

anode and cathode strips placed on an insulating support; observed in the first minutes after voltage switch on. The

a drift electrode defines a region of collection of lowest resistivity glass showed an overall gain drift of =8%,
charges, and application of the appropriate potentials on

anodes and cathodes create a proportional gas multiplication . o |
field.

Fig.1 shows the computed field lines in the multiplying

0.3 -
region at typical values of the operating voltages 3. One can [ l
g g

understand the operation of the device as follows: drift lines
connecting the upper cathode to the anode strips concentrate o2 r

on the anodes, even more so due to the high potential
difference between anode and cathode strips; the high
electric field in the neighbourhoods of the anodes results in
gas amplification. The major part (>70%, according to

fig.1) ofthe positive ions created during the avalanche
process, drift back to the close cathodes along the field

lines, inducing signals on both anode and cathode strips. [
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For the measurements described in this report, we have B Y R T T R R XTI X TR X TR
used several detectors having cathode strips widths FIGURE 1

between 30 and 60 pm and anode strips between 3 and Field lines of one cell of the microstrip gas chamber.
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The detectors are made using a microelectronics
technology, namely electron beam lithography for the mask
scribing and photolithography and thin film deposition to
eagrave 2um thick aluminium strips onto a2 500 pm thick
glass substrate. The intrinsic accuracy of this kind of
technology is 0.1 um. The active area of the devices was
80x80 mm?, although only a limited number of strips were
actually rcadou.t. A conductive electrode on the back planc
slightly influences the operating gain; conveniently
stripped, it can be used to obtain a second coordinate of the
avalanche. Drift gaps between 2 and 6 mm were used in the
detectors, the shorter gaps being favoured for detection of
charged particles (since they imply a better time resolution).

In the case of cathode readout, all the anodes were
connected together and to the (positive) high voltage, while
the cathode strips were connected to the virtual ground of a
low input impedance charge sensitive amplifier. In the case
of anode readout, all the cathode strips were connected
together and to the (negative) high voltage, while the anode
strips were individually readout. In a new detector that is
now under test, the anode strips are connected to  high
voltage through individual 2MQ current l'm;iting resistors
which are directly built on the substrate. This opens the
possibility of having at the same time both anode and
cathode readout. The double readout could improve
substantially the position resolution.

2. GAS GAIN, ENERGY RESOLUTION AND RATE
DEPENDENCE.

Fig.3 shows the gas gain as a function of anodic
voltage obtained with a detector having a 5 ytm anode width
and a 200 pum pitch. The gas filling was Argon-Ethane (90-
10). Proportional gas gain around 104 can be safely
reached with several fillings 43 when working with
detectors with 3, 5 or 10 um anode widths and 200 pm
pitch. The detector with a pitch of 125 ymand a 5 um
anode width had a proportional gain limited to 103. For the
same gas gain the operating voltages were correspondingly
lower for the 3 and 5 um anode widths in comparison with
the 10 um anode width (for example, 400 Volt versus 500
Volt anode cathode potential difference for 3 and 10 pm
widths respectively). The best energy resolution was
obtained with the thinnest anode strip (3um).
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FIGURE 2
a) A cross section of the detector

b) A microphotograph of the anode-cathode structure and of
the cathode fanout
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FIGURE 3

The gas gain as a function of anodic voltage
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FIGURE 4
Upper trace: the charge signal (single shot) observed on a

digital oscilloscope (differentiation time constant t = 200 ps)
Lower trace: the same signal after amplification and fast

differentiation (T = 30 ns).

FIGURE 6
Pulse height spectrum of the 55Fe signals shown in fig.5;
bin width = 56 eV, fwhm at 5.95 KeV = 10.740.5%.

Fig.5 shows an analog oscilloscope picture of several
pulses coming out of the detector with a 3 um anode,
working with an Argon-Ethane (90-10) gas mixture. The
corresponding pulse height spectrum measured on a group
of anode strips for 5.9 KeV x-rays is shown in fig.6; it is
rather uniform over the sensitive area of the detector, with a
fwhm of 10.740.5%. This resolution is remarkably good
when compared 1o typical results obtained in muldwire
proportional chambers and it is very close to the statistical
limit for this gas mixture.

While a gas gain of 104 is probably high enough
when the primary jonization is > 100 ¢, it could become a
limiting factor when the primary ionizadon is quite lower
as when using  very thin detectors (2-3 mm) at

FIGURE 5
The anode signals with 35Fe illumination.

The upper trace of fig.4 shows the charge signal (single atmospheric pressure. Thin detectors are needed, for
shot) as a function of time observed on a digital example, at the next high luminosity hadron colliders
oscilloscope (200 ps differentiation time constant). The (LHG, SSC) to reduce the detector memory ( i.c. the
interesting feature is the fast collection time (=400 ns) of electron drift ﬁﬂ_’c ). For tracking at LHC or SSC a higher
positive ions to the close cathodes which are only 60 pm gaf gain could therefore be desirable . Because no more
apart in this case. The lower trace shows the same signal gain could be obtained from the amplification process
after amplification and fast differentiation (1=30 ns).The around the thin anode strips, we have tried to get a further

signal to noise ratio is > 100. stage of gain from the drift region (5 mm thick) which is in
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FIGURE 7

a) cathode (upper trace) and anode (lower trace) S5Fe
signals observed when the detector works without gas gain
from the drift region;

b) the same of a) but with a contribution to the gain coming
also from the drift region.

front of the amplification region 6. The electric field
was originally set to 2 kV/cm which is below the threshold
for gas multiplication in an Argon-DME mixture (90-10).
By rcducing the quencher fraction 1o 5 %, and by
increasing the field to 6 kV/cm, we succeeded in starting the
multiplication process already in the uniform field region.
A 6 kV/cm field is rather modest and quite comfortable.
Fig.7a) and fig.7b) show the 55Fe signals obtained from
the anodic and cathodic strips when operating the chamber
in the two different regimes, i.e. with or without
amplification in the drift region . When all the gain comes

from the anodic strips ( fig.7a ) the signals show the
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FIGURE 8
The relative gas gain versus the wire current and versus the
incoming flux for a standard MWPC (*) and a microstrip
gas chamber (#).

classical 35Fe line ( gain independent of the conversion
point ) , while whea working with two stages of gain the
signals show an almost continuous spectrum typical of a
parallel plate operation (gain dependent on the conversion
point , G(x) = ¢3X , where x is the drift path of the
photoelectrons ). Note the change of vertical scale of a
factor 10. This regime has been used for the 125 pm
anode pitch detector whose proportional gain was limited to
105. :

To check the rate dependence of the proportional gain,
the chamber was exposed to an x-ray generator with
controlled variable flux; the largest fraction of detected x-
rays corresponds to the 8 KeV Cu line. At increasing values
of the flux, the current, counting rate and pulse height
spectrum  were recorded on the cathode strips at fixed
operating potentials. The result of the measurement is
summarized in fig.8, providing the normalized gain as a
function of the detector current per unit length of strip; a
typical result obtained in a multiwire chamber is also shown
for comparison 7. As one can see, in the microstrip detector



n
oL S T —
Q 1000 20Co 3000 4500 5000

cathoce signei specirum

FIGURE 9
Pulse height spectrum of the sum of cathodic signals
produced by minimum ionizing particles (Xe-DME) with 2
and 5 mm of drift gap.
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FIGURE 10 .
An example of cathode charge distribution

the gain is unchanged at currents an order of magnitude
larger than in 2 MWPC,; taking into account the reduction in
pitch (at least by a factor of ten), one expects a rate
capability in the microstrip chamber more than two orders
of magnitude larger than in a MWPC, as shown by the
upper scale in the figure. An actual measurement in a high

intensity minimum ionizing particles beam has however still
to be performed.
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3. LOCALIZATION ACCURACY AND MULTITRACK
RESOLUTION. .
Localization in the direction perpendicular to the strips
can be performed by recording the induced charge profile
on the cathode strips and computing event per event the
comresponding center of gravity. Preliminary measurements
realized with a 35Fe x-ray source indicated a localization
accuracy in this casc better than 80um rms, limited by the
collimator width 2,
For a measurement of cfficiency and localization accuracy
for minimum ionization particles, a microstrip chamber
was installed in a high energy test beam at CERN, using as
reference the space coordinates provided by a pair of silicon
strip detectors 8, For each event, the induced charge profile
on 10 adjacent cathode strips was recorded, thus covering a
2 mm region;the gas filling for these measurements was
Argon or Xenon with about 10% Dimethylether (DME) as
quencher. Xenon was used in order to increase the energy
loss and reduce their primary ionization fluctuations in the
thin (5 mm thick) drift gap constituting th= sensitive volume
of the detector.

Fig.9 shows an example of pulse height spectrum for

_the Xe-DME mixture, integrated over the cathode strips,

and fig.10 a typical induced charge profile for a single
track. A scatter plot of the coordinate measured in the gas
microstrip chamber, as a function of the position provided
by the silicon strip detectors, is shown in fig.11 : it shows a

good linearity and a dispersion of about 40 pm. rms; this is

better seen in the projected histogram of fig.12. Taking into
account the estimated dispersion of the silicon strip
detectors, one can infer an intrinsic localization accuracy for
the microstrip gas chamber of around 30 um rms. The
measurements in Ar-DME provide, as expected, a slightly
worse space resolution.

The multtrack resolution depends on the rms of the
induced charge profile. Fig.13 shows this quantity
measured for minimum jonizing particles in Xe-DME. It
has an average value of 125 um; assuming thart two tracks
can be resolved if the corresponding induced pulse profiles
are at least two -standard deviations apart, we infer a
multitrack resolution of 250 pm.
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FIGURE 11

The correiation between the coordinates measured by the

silicon detectors and the microstrip gas chamber.
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FIGURE 12

Distribution of the differences between the coordinates
measured with the silicon detectors and the microstrip gas

chamber.

to
(%]
~J

&
2160
N
%140
[=4
3 120
Q
100
80
60
40

20 ¥ ‘J
¥

0 1 S ISTRD W U ST

0 0.2 0.4

Xe—DME

mean=125um

inARASAAALE LARREALRANRERAE RALRY AARS

T ., mm
charge distribution width

FIGURE 13
The width (rms) of the charge distribution
4. OPERATION OF THE DETECTOR WITH CF,
BASED GAS MIXTURES..

Any detector aiming to work at SSC or LHC has to be
fast to reduce the memory time and therefore the cell
occupancy. Fast, in this case, means that the charge
collection tire which defines the pulse leading edge, has to
be in the few ns range to be comparable with the bunch
crossing separation. Standard, Argon based, gas mixtures
are relatively slow (vdﬁﬁuZO ns/mm) and the gas thickness
has to be large because of the low jonization density of

Argon (=20 clusters/cm). CF4 is a very fast (vdrif=10

ns/mm), very dense (=50 clusters/cm) new gas recently
proposed for gas detectors. Furthermore it seems to have
ctching properties of the polymerization products which are
at the origin of the ageing process.

We have successfully operate a 2 mm thick microstrip
gas chamber with a CF4 (80)-Isobutane(20) gas mixture.
Fig.14 shows the averagc pulse observed on a single strip
with a2 %0Sr B source. It is a very fast pulse (13 ns rise-
time) having a total duration of =50 ns. This is a suitable
pulse for a tracker at the high luminosity hadron colliders
(<1% occupancy at 20 cm from the LHC beam axis).
Fig.15 shows the pulse height spectrum of the anode OR
observed when illuminating the detector with a 90Sr
source. The acquisition was triggered by a central cathode
strip to be sure that the § ray is within the detector active
region. The spectrum is completely apart from the pedestal
distribution (left peak).
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FIGURE 14

Average pulse from a single strip with a 90Sr B source,
observed on a digital oscilloscope.

FIGURE 15
Pulse height spectrum of the anode OR with a 90sr B
source.
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FIGURE 16 100 e
Landau distributions measured in two ms tim
windows at the beginning and at the end of the spill of the
NA-34 (Helios) intense proton beam at CERN.
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5. TEST OF SURVIVABILITY OF THE DETECTOR IN
A HIGH-RATE ENVIRONMENT.

The test beam studies were performed with a Jow rate
charged particle beam (10 KHz). To study the survivability
of the detector in the much more severe experimental and
environmental conditions expected at the SSC or LHC, we
moved the detector in the most intense beam existing today
at CERN, which is the NA-34 (Helios) proton beam. This
beam has, at focus, a flux of =107 protons/mm20s. We
placed the detector a few meters out of focus where the flux
is reduced to =106 protons/mm?2.s, which is very close to
the most stringent requirement at LHC. We left the detector
in the beam for three weeks, monitoring the Landau
distribution from the OR of anode strips (gas filling Ar 80-
Methane 20). No significant change was observed during
this period. The integrated fluence was =1012
panic]cs/cmz. To study if there is any substrate charging at
this very high rate, the Landau distribution was taken also
in two different 100 ms time windows, one at the
beginning of the beam spill and the second at the end of the
spill. The spill duration was 2.4 s. No noticeable difference
between the two distributions was observed (see fig.16),
indicating that no charging process occurred at this rate.

6.CONCLUSIONS.

The microstrip gas chamber has been shown to allow
fast and accurate detection of both soft x-rays and minimum
ionizing particles. Its perforrnances compare rather well to
those obtained with solid state microstrip detectors; the
advantages seem to be however a higher radiation
resistance, a lower cost and a larger signal/noise ratio, this
last point rather interesting in that it could lead to the use of
cheaper and/or faster electronics readout.

Work is in progress to improve the operating
characteristics of the device, the angular dependence of the
localization accuracy and to study its long term stability.
Use of small gaps and fast gases has been studied 1o take
full advantage of the rate capability of the detector.
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