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Operation of the microstrip gas detector 
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The article describes the operation of a detector of ionizing particles using metal strips deposited on an insulating substrate to 
collect and ampliby the electrons liberated in the counter gas. It will be demonstrated, that minimum ionizing particles can be well 
detected with a good accuracy. A number for the stability of the gas gain will be deduced, the upper limit of the gain will be 
discussed. A circuit to avoid damage by micro-discharges will be presented. 

I. Introduction 

The use of the wire chamber in its various forms is 
up till now the best technique for detection of ionizing 
radiation over large volumes. However, if one needs to 
measure high particle fluxes, problems arise because of 
three effects: 

(a) Ion poisoning. Ions produced in the gas amplifi- 
cation process drift very slowly to the cathodes, thereby 
creating a space charge. 

(b) Lifetime of the anode wires. In general the wires 
can stand a total charge deposit of 0.1 to 1 C /cm.  

(c) Occupancy of the data channels. Every pulse on 
a wire occupies the channel for about 100 ns. This 
gives I MHz as a useful upper limit for the count rate 
per channel. 

All three effects point to a flux maximum of about 
104 t racks/cm 2 s that can still be handled by a wire 
chamber having a high density of wires. Electrostatic 
stability and mechanical stress exerted by the wires 
limit this density severely. 

A way to circumvent the wire problems is to deposit 
the wires as thin strips on a substrate (see ref. [1]). Fig. 
1 shows the outline of such a device. The substrate 
carried parallel strips which arc alternately put on 
ground potential and on a negative voltage. The gas 
layer on top is few mm thick and closed by an elec- 
trode on a negative potential. 

The electrons liberated in the gas layer by a passing 
particle drift towards the strips on ground potential 
(anodes) and arc multiplied in the region of intense 
electric field near these. 

Such a structure is superior to the wire chamber in 
all three points mentioned above: 

(a) The ions produced around the anode are cap- 
tured in a short time by the neighbouring cathode strip 
at a distance of about 50 Ixm. 

(b) The strip length per unit surface is at least a 
factor of ten higher than in a wire chamber. 

(c) The individual strips ' see '  a much smaller vol- 
ume of gas than wires in a conventional chamber. 

This idea was quickly adopted by others [2,3] to 
employ this technique to track detection in high energy 
physics experiments. This article describes the experi- 
ence obtained recently in constructing and operating 
such a detector. Section 2 describes the electrostatics 
of the counter, while sections 3 and 4 describe results 
obtained with cosmic rays and laser ionisation. The 
limits on the gas gain and damage due to discharges 
are treated in sections 5 and 6. 

2. Electrostatic  configuration 

Fig. 1 shows a cross section and the strip pattern 
respectively of  the device we used for the tests. A 
substrate presently 0.8 mm thick and made of glass or 
alumina, carried strips produced by photo-lithography 
in a layer of 1 I~m thick gold [4]. The distance betwecn 
anode strips is 200 i~m, while the gap between anode 
and cathodc strips is 50 Ixm. The width of the anodc 
strips amounts 5-10 txm, the cathodes measure 90 I~m 
across. 

The potentials mostly used were: 
anode: 0 V, 
cathode strip: - 5 0 0  V, 
drift electrode: - 1000 V, 
backplane: 0 to - 1000 V. 

The anode strips arc connected individually or in 
groups to charge amplifiers having a sensitivity of 1 
V/pC. 

Fig. 2 shows the field line pattern above the strips. 
The back plane voltagc has no decisive influence on 
the operation of the detector except for a minor effect 
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Fig. l. (Top) Cross section of the microstrip gas detector. A track is shown passing at an angie of 0.1 tad. ~DOttOlt,;" . . . . .  The slr;p 
pattern. Note that the vertical scale is significantly reduced. 

on the cathode stability as will be discussed in sectir~n 
5.2. A point of attention is the c3ndition of tl-,e insulat- 
ing surface between the strips. Here, the electric field 
is rathcr high since a potential difference of 500 V 
between anode and cathode produccs a field strength 
of the order of 100 kV/cm.  A calculation shows that 

tl;c field configuration for a perfect insulator is differ- 
ent from the field generated by a linearly graded 
voltage betwecn anode and cathode. 

Fig. 3 shows the field configuration for these two 
situations. Of particular interest is the field strcngth 
ncar the edgc of the cathode strip. This high field 
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Fig. 2, Static field lines above the strips. 
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might give rise to electron emission from the cathode, 
and should therefore bc kept under a certain limit 
(The asymmetry in the voltage gradient of the perfcct 
insulator arises tYom the difference in width of anode 
and cathode strips.) Of  course in practice the image 
might be disturbed by ion attachment at the substratc 
surface. 

3. Cosmic ray measurements  

The microstrip detector was placed in the 500 mm 
wide space between two scintillation counters having 
an active surface of 100 × 100 mm-'. The resulting 
average track angle of 0.1 rad was somewhat broad- 
cried by scattering, since only the lowest cosmic crier- 
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Fig. 3. Voltage drop along the substrate surface between two 
strips: (a) for a perfect insulator between the strips; (b) for a 

linearly graded vohagc between anode and cathode. 
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Fig. 4. Pulse height distribution ol" cosmic events. 

gics were cut by the !5 mm thick aluminum bottom 
plate of the detector housing. 3(I anode strips were 
readout which gives an active surface of 6 X 30 mm 2. 
The cathode strips were put at -51)0 V and the drift 
electrode at - 6 0 0  V, resulting in a drift field of 600 
V / c m  over the 5 mm gas gap. 

Fig. 1 shows that a track traversing the gas gap at an 
anglc of ILl rad spreads its ionization over 3 strips, 
neglecting diffusion. IndcEd, tk~r most events 3 or 4 
strips wcrc hit. If  more than 7-8  strips wcrc covered, 
then the track was gcncrally not detceted bccausc the 
response of the strips could not bc distinguished from 
thc electronic noise. 

C - i  
0 

r~ 

e l  

2 0 0 '  

1 0 0  

2 4 6 8 1 0  1 2  

strip number  

Fig. 5. Example of a cosmic event. 
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The summed pulse height of all hit strips is given in 
fig. 4, which shows indeed a peak at about 45 electrons 
with a long tail possibly due to multitrack events. A 
typical event with a small angle is shown in fig. 5. Thc 
tail on the right hand is duc to background noise. 
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4. Localization accuracy 

Since the strip pattern is fabricated with an accu- 
racy in the order of  I t~m, systematic errors originating 
from the strip accuracy can be neglected. Angelini et 
al. [5] have measured a comparable microstrip detector 
in a particle beam and found tr = 30 I~m for tracks 
perpendicular to the surface. We used a UV laser [2] 
to find the localization accuracy for an electron cluster. 
The focused laser beam was attenuated to produce 
about 150 electrons in a small spot of few mm above 
the detector surface. Diffusion caused the electrons to 
spread over two or three strips. For every shot the 
centre of gravity of  these signals was calculated. The 
numbers show a Gaussian distribution with a width 
varying from 18 to 22 ixm. This number is composed of 
contributions from several sources: 

(1) position stability of the laser spot ( = 5 p.m), 
(2) electronic noise (12 p.m), 
(3) statistical fluctuations of the number  of  primary 

electrons per strip (10 p.m), 
(4) fluctuations of  the gas gain (4 Ixm, based on a 

gas gain fluctuation of 7% for 50 clcctrons per 
strip), 

(5) unknown sources (6-14 p.m). 
Since (1) and (2) may bc rcduccd, the theoretical 

limit on the localization accuracy of a cloud of 150 
electrons amounts about 15 ~.m. 

5. Gas amplification 

5.1. Stability 

The electric field structure described in section 2 
gives rise to two amplification regions: one along the 
field lines coming from the drift region, and one within 
the dipolc field between anode and cathode strips. Thc 
electrons drift alo."~ ' h e  lines coming from the drift 

. A A ~  + -  ~ - , t :  f r o m  electrode and experience a su,u,.n , ,a , , s , ,on  
field of a few k V / c m  to fields above 40 kV/ cm .  This 
implies that the electron avalanche process starts at a 
very short distance from the strip. Hence the amplifica- 
tion shows little variation. This phenomenon,  which 
has been mentioned by several authors [1,2,3], is illus- 
trated in fig. 6: the RMS of the main 55Fe conversion 
peak is 8% where the contribution of 20 strips is 
summed without any correction. Since the statistical 
fluctuation of the average numbcr of 200 electrons 
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Fig. 6. Pulse height spectrum from a 55Fe source measured as 
the sum over 20 strips. The RMS of the main peak is 8¢/~ , . 

amounts 7%, the stability of the gas gain is better than 
4%. 

Also the amplification factor of the detector can be 
determined by means of this peak. Fig. 7 gives the 
rcsults as measured in two different A r / C z H ,  mix- 
tures. Convenient and stable operation over long pe- 
riod could be achieved working at an amplification 
factor of 2000. 
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Fig. 7. The gas amplification as a function of the cathode strip 
• voltage for two different Ar/C2Ho mixtures. 
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5.2. UPl~'r limit (m the gas gain 

An electron traveling from the cathode strip to the 
anode strip experienced the full dipole field and conse- 
quently, its amplification will bc much bigger. To inves- 
tigate this phenomenon, the block of 20 anode strips 
was divided over two preamplifiers: the even strip 

numbers were connected to preamplifier A and the 
odd numbers of  preamplifer  B. In this way the total 
signal from the 5SFe source was distributed over both 
preamplifiers where the sum, of the amplitudes still 
gave a rcstdt comparable with fig. 6. 

Fig. 8a shows the amplitude distribution from a 
single preamplifier being considerably broader since 
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Fig. 8. (a) Pulse height spectrum from a 55Fe source on preamplifier A for a cathode voltage of -470 V and an Ar/C2H~, 70/30 
mixture. Since only a fraction of the strips has been connected, the spectrum is considerably broader than in fig. 6. (b) Idem for 
- 525 V and a 55/45 mixture. (c) ldem for the same conditions as under (a), but with only single hit events selected by a software 

cut. 
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only a fraction of the charge has been collected. The 
measurement was done with A r / C , H ,  71)/311 and a 
cathode potential of -4711 V. 

Subsequently, the gas mixture was changed to 
A r / C 2 H  . 55/45 while the cathode voltage was 
changed to - 5 2 5  V to maintain the same gas amplifi- 
cation factor. As shown in fig. 8b, indeed the position 
of  the main peak is unchanged, but now a second peak 
from much smaller pulses oceum having an average 
amplitude of 110 channels. 

Hereafter, the chamber  was returned to the initial 
conditions of - 4 7 0  V cathode voltage and the 
A r / C , H ~  70/30 mixture. By means of a software cut 
only single hit events on preamplifier A were selected. 
At first, the substrate was illuminated through two 
quartz plates by a UV deuterium lamp #~ from a 
distance of 31 cm. Since this resulted in an immediate 
breakdown, the light was filtered by several neutral 
density filters having a total transmission of 10- 4. Fig. 
8c shows the result where again a peak appears  cen- 
tered at channel ! 10. 

Concluding, we can state that the peak observed in 
figs. 8b and 8c at channel i 10 originates from cathode 
emission, either spontaneous because of too high 
charge density, or induced by the UV light. The gas 
gain in the dipole field was calculated as 6 x 10 4 as- 

suming  single electron events. For a given gas multipli- 
cation factor in a certain gas mixture, a possible spon- 
taneous cathode emission can bc somewhat suppressed 
by putting a potential of  - 1000 V on the backplane of 
the substrate. The highest gas gain is obtaincd for a gas 
with a high value of the first Townscnd coefficient like 
an inert gas /methane  mixture. 

#1 Hanau type DI03F 22.5 W 

Fig. 9. Photographs of strips on a glass substrate damaged b.x 
microdischarges. The strip has been reduced in width by 

melting (a) or has been completely evaporated (b]. 
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Fig. 1(). Current limiting circuit. 
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Thc diode used ,2 has at thc prevailing forward cur- 
rent of 6 IxA an impedance of 3 k[L The revcrse 
capacity is smaller than 10 pF. A chargc of l{I pC is 
need when passing from conductance to nonconduc- 
lance. 

The protection appea~ to be fairly effective. Anode 
strips protected with the diode circuit do not show any 
fatal damage after operating for about one month. Fig. 
11 shows the kind of damage occurring on a protected 
strip. 

Fig, i !. Damage found on a strip on an alumina substrate 
protected by the current limiting circuit. The microstrip plate 
had been operated for 1 month at a gain of 2000. Although a 
minor effect of melting is visible, the counter still operates 

undisturbed. 

6. Damage by discharges 

During the operation of a wire chamber, often 
minor streamers develop. For a microstrip chamber 
this also occurs. Normally, these streamers do not lead 
to a trip of the cathode power supply, not even when a 
trip level of 0.1 ixA is used. Hob ever, since the heat 
capacity of a strip 5 I~m wide and 1 lxm thick is very 
limited, damage by melting or even evaporation of the 
anode strip can easily occur because a substantial 
amount of clcctric energy is stored in the summed 
capacity of the cathode strips, dccoupling condensers 
and cabling. Fig. 9 shows an example of a strip de- 
stroyed by such discharges. 

Normally, a streamer is terminated when the elec- 
tric current has decreased beyond a certain limit. The 
end of the streamer can thus be advanced by increasing 
the impedance of either the cathode or the anode 
strip, leading to an important reduction of the heat 
deposit. 

Howcvcr, both anode and cathode have to be of a 
low impedance to enable a fast readout. Thereforc,  a 
current limiting circuit was dcviscd that was applied on 
every anodc strip. Fig. 10 shows that for currents above 
6 ~A the impedance is suddcniy incrcascd to 4.7 M[~. 

7. Conclusion 

We have demonstrated that the microstrip chamber 
is well suited to detect minimum ionizing particles with 
a high position accuracy. The gain is very stable (<  4%). 
The upper limit of the gain is determined by the point 
where spontaneous emission of the cathode strips starts. 
To prevent damage by microdischarges, additional cur- 
rent limiting circuitry is needed. 

To make an optimal use of the properties of the 
microstrip chamber the gas layer has to be rather thin, 
which is possible if a gas with a high density of primary 
ionization is used like pressurized xenon. The highest 
multiplication factors can be expected for gases with a 
high value of the first Townsend coefficient. Note that 
for an accurate determination of the centre of gravity 
cithcr the track angle or the diffusion has to be so big 
that the charge is divided over at least 3 strips. 
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