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between 30 and 60 ttm and anode strips between 3 and Held lines of one cell of the microstrip gas cltamber.
FIGURE 1used several detectors having cathode strips widths

0 0.025 0.05 OD75 0.1 0.1D GAS 0.175 0.2For the measurements described in this report, we have
-0-l

lines, inducing signals on both anode and cathode strips.
process, drift back to the close cathodes along the field

tr itfig.1) ofthe positive ions created during the avalanche
gas amplification. The major part (>70%, according to

electric field in the neighbourhoods of the anodes results in

difference between anode and cathode strips; the high
on the anodes, even more so due to the high potential
connecting the upper cathode to the anode strips concenuate

understand the operation of the device as follows: drift lines

region at typical values of the operating voltages 3. One can
Fig.l shows the computed field lines in the multiplying

field.

anodes and cathodes create a proportional gas multiplication
0.4

charges, and application of the appropriate potentials on
lowest resistivity glass showed an overall gain drift of =8%.a drift electrode defines a region of collection of
observed in the first minutes after voltage switch on. Theanode and cathode strips placed on an insulating support;
The surface resistivity affects the gain drift which isessentially in a sequence of alternating thin conductive
differing mainly for their surface resistivity (10*0-101394).multiwire chambers, ata much smaller scale L2. lt consists

Three kinds of glass have been used as substrateago in an attempt to reproduce the field structure of
125 tim anode pitch has been also successfully tested.The microstrip gas chamber was introduced sometime
10ttm, at a 200 ttm pitch (see fig.2). A detector having a1. STRUCTU RE OF T1·lE DETECI` OR

mixtures have been performed.
device a good candidate for tracking at high luminosity colliders. Tests of survivability and of operation of the detector with fast gas
minimum ionizing particles of 30 ttm mas, a two track resolution of 250 tim and a high rate capability (above 2-10cms) make the7 ‘2‘1

successfully tested. A gas gain of 104 and an energy resolution of 11% fwhm at 6 KeV have been measured. A localization accuracy for
devices in the detection of X—rays and charged particles. Detectors with 3, 5 and 10 ttm anode widths and 125 or 200 pm pitch have been

We describe the operating principles of the microstrip gas chamber and the main results of measurements realized with several prototype
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FURTHER PROGRESS IN THE DEVELOPMENT OF THE MICROSTRIP GAS CHAMBER



obtained with the thinnest anode strip (3t1m).
The gas gain as a function of anodic voltage OCR Outputwidths respectively). The best energy resolution was

FIGURE 3
Volt anode cathode potential difference for 3 and 10 ttm Anodo voltage (V)

the 10 ttm anode width (for example, 400 Volt versus 500
500 520 540 580 580 600 620

10:* Clower for the 3 and 5 ttm anode widths in comparison with

same gas gain the operating voltages were correspondingly

anode width had a proportional gain limited to 103. For the

pitch. The detector with a pitch of 125 um and it 5 um

detectors with 3, 5 or 10 ttm anode widths and 200 ttm

reached with several Hllings 4·$ when working with
10‘i10). Proportional gas gain around 104 can be safely

and a 200 ttm pitch. The gas filling was Argon-Ethane (90

voltage obtained with a detector having a 5 ttrn anode width

Fig.3 shows the gas gain as a function of anodic

DEPENDENCE.
the cathode fanout
b) A microphotogaph of the anode-cathode structure and of2. GAS GAIN, ENERGY RESOLUTION AND RATE
a) A cross section of the detector

FIGURE 2
substantially the position resolution.

cathode readout. 'I`he double readout could improve

possibility of having at the same time both anode and

which are directly built on the substrate. This opens the

voltage through individual ZMQ current limiting resistors

now under test, the anode strips are connected to high

strips were individually readout. ln a new detector that is

together and to the (negative) high voltage, while the anode

of anode readout, all the cathode strips were connected

low input impedance charge sensitive amplifier. ln the case

the cathode s¤·ips were connected to the virtual ground of a

connxted together and to the (positive) high voltage, while

In the case of cathode readout, all the anodes were

charged particles (since they imply a better time resolution).

detectors, the shorter gaps being favoured for detection of

avalanche. Drift gaps between 2 and 6 mm were used in the
Back electrode Glass ( 500 um )stripped, it can be used to obtain a second coordinate of the

slightly influences the operating gain; conveniently

actually readout. A conductive electrode on the back plane

80><80 mmz, although only a limited number'of strips were

technology is 0.l pm. ’l"he active area of the devices was \ 1
glass substrate. The intrinsic accuracy of this kind of Anode‘( 3~10 um ) `° 2'6 mm 125-200 um
engrave 2p.m thick aluminium strips onto a 500 um thick Cathode ( 30-60 um )
scribing and photolithography and thin Elm deposition to

technology, namely electron beam li1h0gmphy for the mask
Drilt cathode plane

The dcmccaors arc mad: using a n1icroclccu·onics 3)
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signal to noise ratio is > 100. stage of gain from the driftregion (5 mm thick) which is in OCR Output
after amplitication and fast differentiation (·t=30 ns).The around the thin anode strips, we have tried to get a further
apart in this case. The lower trace shows the same signal gain could be obtained from the amplification process
positive ions to the close cathodcs which are only 60 pm gas gain could therefore be desirable . Because no more
interesting feature is the fast collection time (==-100 ns) of electron drift time ). For tracking at LHC or SSC a higher
oscilloscope (200 ps differentiation time constant). The (LHC, SSC) to reduce the detector memory ( i.e. the
shot) as a function of time observed on a digital example, at the next high luminosity hadron colliders

The upper trace of iig.4 shows the charge signal (single atmospheric pressure. Thin detectors are needed, for

as when using very thin detectors (2 ~ 3 mm) at
The anode signals with 55Fc illumination.

limiting factor when the primary ionization is quite lower
FIGURE 5

when the primary ionization is > 100 e`, it could become a

While a gas gain of I0 ‘ is probably high enough

limit for this gas mixture.

proportional chambers and it is very close to the statistical

when compared to typical results obtained in mulriwire

fwhm of l0.7t0.5%. This resolution is remarkably good
rather uniform over the sensitive area of the detector, with a

of anode strips for 5.9 KeV x—rays is shown in fig.6; it is

corresponding pulse height spectrum measured on a group

working with an Argon—Ethane (90-I0) gas mixture. The

pulses coming out of the detector with a 3 ttm anode,

Fig.5 shows an analog oscilloscope picture of several

differennimion (1 = 30 ns).

Lower trace: the same signal after amplification and fast
birt width = 56 eV, fwhm at 5.95 KeV = l0.7i0.5%.digital oscilloscope (differemiaxion time consmm 1 = 200 us)
Pulse height spectrum of the 55Fe signals shown in fig.5;Upper trace: Lhc charge signal (single shot) observed on a

FIGURE 6FIGURE 4
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from the anodic strips ( fig.7a ) the signals show the for comparison 7. As one cart see, in the microstrip detector
amplification in the drift region . When all the gain comes typul result obtained in a muldwire chamber is also shown

in the two different regimes, i.e. with or without function of the detector current per unit length of strip; a

the anodic and cathodic strips when operating the chamber summarized in fig.8, providing the normalized gain as a

operating potentials. The result of the measurement isFig.7a) and fig.7b) show the 55Fe signals obtained from

A 6 kV/cm field is rather modest and quite comfortable. specuum were recorded on the cathode strips at fixed

multiplication process already in the unifomi field region. of the flux, the current, counting rate and pulse height

increasing the field to 6 kV/cm, we succeeded in starting the rays corresponds to the 8 KeV Cu line. At increasing values

By reducing the quencher fraction to 5 %, and by controlled variable flux; the largest fraction of detected x

for gas multiplication in an Argon-DME mixture (90—l0). the chamber was exposed to an x—ray generator with

was originally set xo 2 kV/cm which is below the threshold To check the rate dependence of the proportional gain,

103.from of the amplification region U. The elecuic field

anode pitch detector whose proportional gain was limited to

factor l0. This regime has been used for the 125 ttmalso from the drift region.
b) lhe same of a) but wixh a comribuzion xo the gain coming photoelectrons ). Note the change of vertical scale of a
from the dxift region; point , G(x) = eax , where x is the drift path of the
signals observed when the dexecxor works wimhoua gas gain
a) cathode (upper truce) and anode (lower truce) Fe parallel plate operation (gain dependent on the conversion55

FIGURE 7 signals show an almost continuous spec¤·um typical of a

point) , while when working with two stages of gain the

classical $5Fe line ( gain independent of the conversion

gas chamber (#).
incoming fiux for a standard MWPC (*) and a microstrip
The relative gas gain versus the wire current and versus the

FIGURE 8
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to be performed.

intensity minimum ionizing particles beam has howevc still
multiuack resolution of 250 pun.

upper scale in the figure. An actual measurement in a high
are at least two ‘startdard deviations apart. we infer a

of magnitude larger than in a MWPC, as shown by the
can be resolvd if the corresponding induced pulse profiles

capability in the microstrip chamber more than two orders
has an average value of l25`|.tm; assuming that two tracks

pitch (at least by a factor of ten). one expects a rate
measured for minimum ionidng particles in Xe—DME. lt

larger than in a MWPC; taking into account the reduction in
induced charge protile. Fig.l3 shows this quantity

the gain is unchanged at currents an order of magnitude
The multitrack resolution depends on the rms of the

worse space resolution.An example of cathode charge distribution
FIGURE 10 measurements in Ar-DME provide, as expected, a slightly

channel the microstrip gas chamber of around 30 ttm rms. The

10 detectors, one can infer an inuinsic localizanon accuracy for

account the estimated dispersion of the silicon strip
50

better seen in the projected histogiam of fig. 12. Taking into
100

good linearity and a dispersion of about 40 pm. rms; this is
150 by the silicon su·ip detectors, is shown in tig.ll : it shows a

200 microstrip chamber, as a function of the position provided

250 wack. A scatter plot of the coordinate measured in the gas

300 and iig.10 a typical induced charge profile fora single

the Xe-DME mixture, integrated over the cathode suips,350

Fig.9 shows an example of pulse height specuum for> 400

of the detector.

thin (5 mm thick) drift gap constituting the sensitive volumeand 5 mm of drift gap.

loss and reduce their primary ionization fluctuations in thepsoxccgy miimum ionizing pamclcs (Xc—DME) vmh 2f modi _ al Pl h`h1sccmrum0fthcsurp0ca cs1gg1s éjglg
quencher. Xenon was used in order to increase the energyFIGURE 9

Argon or Xenon with about 10% Dimethylether (DME) as

ccthoce signal specirum 2 mm region;the gas filling for these measurements was
u moo zoco sooo me sour.

on 10 adjacent cathode strips was recorded, thus covering a
{Q; `L `T"1°‘·'r¥<"'?’\.¤~•;?,2;`:"".";.~n—--.-*.

strip detectors 6. For each event, the induced charge prolile

reference the space coordinates provided by a pair of silicon
I O0

was installed in a high energy test beam at CERN, using asa JH li.
.`il V L T for minimum ionization particles, a microstrip chamber

200

For a measurement of efficiency and localization accuracy'; it il `:; I
eollimator width

LY-} Lq
Q- ‘: accuracy in this case better than 80pm rms, limited by the¥ "

realized with a $5Fe x-ray source indicated a localizationH h =5mm
corresponding center of gravity. Preliminary measurements

on the cathode suips and computing event per event the

500 can be performed by recording the induced charge protile

Localiution in the direction perpendicular to the strips

600 h= 2mm RESOLUTION.

TION ACCURACY AND MUl.’l'l’l`RACK



distribution (left peak). OCR Output

region. The spectrum is completely apart from the pedestal

strip to be sure that the B ray is within the detector active

source. The acquisition was triggered by a central cathode

observed when illuminating the detector with a 90sr
°“““*’°"
measured with the silicon detectors and the microstrip gas Fig.15 shows the pulse height Spcctmm of [hc amc OR
Distribution of the differences between the coordinates ($1% °°°“Pa¤CY at 20 cm fr¤¤¤¤h¤ LHC beam axis)

FIGURE 12
pulse for a tracker at the high luminosity hadron colliders

dme) having a total duration of ==5O ns. 'Ihis is a suitable
XsmcOn_XmiSgOC with a 90Sr B source. It is a very fast pulse (13 ns rise

mm

Fig.l4 shows the average pulse observed on a single suip
`O‘2 " `O‘1 O O'] O`2

gas chamber with a CF4 (80)-Isobutarre(20) gas mixture.

We have successfully operate a 2 mm thick microstrip

40 at the orign of the ageing process.

etching properties of the polymerimtiou products which are

80 proposed for gas detectors. Furthermore it seems to have

ns/mm), very dense (=5O clusters/cm) new gas recently
120 Argon (·=2O clusters/cm). CF4 is a very fast (vd,;;p==10

has to be large because of the low ionization density of
160 are relatively slow (vd,;;[¤20 ns/mm) and the gas thickness

crossrng separaucn. Standard, Argon based, gas mixtures
200 L O: Bgum be inthe few ns range to be comparable with the bunch

. collecuou ume whtch defines the pulse leadmg edge, has to
240 L X€_ DME occupnncy: Fast,in this case, means that the charge

fast to rcducc thc memory time and therefore the cell

Any detector aiming no work at SSC or LHC has xo be

BASED GAS
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NA-34 (Helios) intense proton beam at CERN.
windows at the beginning and at the end of the spill of the
Landau disuibutions measured in two 100 ms time

for the technical assistance. OCR OutputFIGURE 16
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full advantage of the rate capability of the detecttr.

Use of small gaps and fast gases has been studied to take

localization accuracy and to study its long term stability.

characteristics of the device, the angular dependence of the

Work is in progress to improve the operating

cheaper and/or faster electronics readout.

last point rather interesting in that it could lead to the use of

resistance, a lower cost and a larger signal./noise ratio, this

advantages seem to be however a higher radiation

source. those obtained with solid state microstrip detectors; the

ionizing particles. Its performances compare rather well toPulse height spectrum of the anode OR with a 9081* B
FIGURE I5 fast and accurate detection of both soft x·rays and minimum

’I`he microstrip gas chamber has been shown to allow

6.CONCLUSIONS.:k;i=i=I:

indicating that no charging process occurred at this rate.

between the two distributions was observed (see lig.l6),

spill. The spill duration was 2.4 s. No noticeable difference

beginning of the beam spill and the second at the end of the

in two different 100 ms time windows, one at the

this very high rate, the Landau distribution was taken also

particles/cm!. To study if there is any substrate charging at

this period. The integrated fluence was ==l 0 1 2

Methane 20). N0 significant change was observed during

distribution from the OR of anode suips (gas filling Ar 80obsuved on a digital oscilloscope.
in the beam for three weeks, monitoring the LandauAverage pulse fmm a single strip with a 9081* B source,

FIGURE 14 the most stringent requirement at LHC. We left the detector

is reduced to ==lO6 protons/mm2.s, which is very close to
placed the detector a few meters out of focus where the flux

beam has, at focus, a flux of ·=107 protons/mm20s. We
at CERN, which is the NA-34 (Helios) proton beam. This

moved the detector in the most intense beam existing today

environmental conditions expected at the SSC or LHC, we

of the detector in the much more severe experimental and

charged particle beam (10 IG-lz). To study the survivability

The test beam studies were performed with a low rate

A HIGH-RATE ENVIRONMENT.

5L TEST OF SURVIVABH.l’I'Y OF THE DETECTOR IN
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