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ABSTRACT 

A novel design is presented for a gas avalanche chainberwimmicrostripreadoirLWrrile 
existing gaseous rmcrostrip detectors (Mkrostrip Gas Q>uitters,KmTe edge chambers) 
have a nnmmfBn anode pitch of the order of 100 um, to pitch of the t o s s e d Micro 
Trench Gas Counter goes down to 30-50 um This lead^a> a better position Tcsolotion 
and two track separation, and a higher radiation resistivity. Its efficiency and signal 
speed are expected to be die same at ale Microstrip Gas C^ter. Trie eiiergy resolution 
of die device Is expected to be equal to or better *an 10% for trie'5Fe peak. Since the 
anode strip dimensions are larger man those in a MSGC, die device may be not as 
sensitive to discharges and mechanical damage. In this report the production of die 
device is briefly described, and predL^ons on ittoperatiai are niade based on electric 

Afield calculation» and experience wim the Mksostrip Gas (Writer. We itstrknoursdve* 
to the education in High Energy Physics. 
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1. Introduction 

Recently, various designs of gaseous microstrip detectors are proposed [1,2], built and 
tested [3,4,5,6] as tracking devices for high energy physics experiments. The basic 
idea of a gaseous microstrip detector is to scale down an MWPC structure to pitches of 
the order of 100-200 um by fixing the wires on a substrate, so as to obtain better 
position resolution and lower occupancy. Up to now, most research has been done on 
Microstrip Gas Counters (MSGCs), based on a thin insulating substrate like 500 \im 
thick Schott Tempax glass, on which metal strips are deposited (see fig. 1). These 
devices have shown to be very promising for future high-luminosity applications, 
where tracking with silicon strip detectors is impossible because the radiation hardness 
of these devices is orders of magnitude too low. The lower limit to the pitch of these 
devices is probably determined by the need for a 30-50 urn gap between each anode 
and cathode strip, which is needed to maintain the potential difference between the 
strips; also, a smaller pitch will invoke a lower gain as the dipole field gets smaller. 

It is interesting to think of a comparable device, in which the anodes are lowered 
with respect to the cathode strips (see fig. 2), a configuration that we will call a Micro 
Trench Gas Counter (MTGC). Since the necessary insulating gap between anode and 
cathode strip is now vertically oriented, we can go down considerably in pitch, 
improving position resolution and two track separation. Choosing the geometry of this 
system carefully, it is possible to obtain an electric field as shown in figs. 3a-c: fig. 3a 
shows equipotential lines in a typical configuration (anode width 15 um, cathode width 
25 nm, trench depth 30 Jim). Fig. 3b shows electron paths for electrons coming from 
the drift region, where we neglect transversal diffusion. Finally, fig. 3c shows the 
electric field along the path of a drifting electron. The electric field is almost a step 
function in space, going from a moderate, non-amplifying field strength of ~10kV/cm 
to a high electric field (~100 kV/cm) within 20 fim. For comparison, we plotted also the 
"classical MWPC" 1/r field and the Microstrip Gas Counter field [7]. The maximum 
voltage difference between anode and cathode strip is determined by the breakdown 
voltage of the device, which we estimate to be around 400-500 V. (The 50 urn gap on 
MSGC substrates can hold >750V in DME/C02 60/40). For fig. 3c, we used a voltage 
difference of 400 V. It has been argued before, that the sharpness of the raise in electric 
field is a direct measure for avalanche fluctuations and therefore e.g. the energy 
resolution of an 55Fe spectrum. So we can expect the very sharp rise in electric field in 
the intermediate region (between 20 and 60 kV/cm) to cause stable gain characteristics 
(good proportionality). A device of this geometry can be optimized for UV detection 
(probably even single UV photons) with an efficiency determined by the relative width 
of the cathode, or X-rays by invoking delta ray production in the cathode plane. By 
using pickup strips on the back side of the trench, second coordinate readout may be 
realized. 

In the design dimensions as proposed in this article, the anode strips are 15 u,m 
wide and 2 |xm thick; therefore they are stronger than the vulnerable anodes of a 
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MSGC, which have typical dimensions of S Jim * 2 Jim. 
It turns out that a device as described here is not difficult to manufacture, as 

reported in sec. 3; section 2 will describe some peculiarities of the electric field and 
choice of dimensions of the layout. In section 4 we make some predictions on the 
relevant parameters of the device (position resolution, two track separation etc.), while 
section 5 will shortly describe the expected effects of charge buildup on the trench 
walls, and ion poisoning in the drift volume. 

2. Peculiarities of the electric field 

There are two basic parameters involved in design and operation of the MTGC. First of 
all, the trench depth is correlated to the gas amplification of the device, although in a 
non-trivial way. A 30 \un deep trench is probably large enough for a ~104 gas 
amplification, a figure derived from die behaviour of the MSGC (see fig. 3c), if the 
trench field can be made large enough. By varying the trench depth and trench field, the 
gas amplification can be tuned (limited by saturation effects, which usually occur above 
a gain of -10 6 [8]). The trench depth is direcdy coupled to the trench width, for the 
following reason: a very wide trench will have a polar rather than a homogeneous field 
(see fig. 4). From POISSON calculations we found that a trench width smaller than 
half the depth is recommended; so we will hereafter assume a 15 \un trench width. 

The second parameter that determines the layout of the device is electron capture by 
the cathode strips. As fig. 5 illustrates, with some geometries it can occur that a fraction 
of the electrons liberated in the drift gas will not reach die amplification region, but will 
instead be captured by the cathode strips. It is clear that this effect will worsen the 
detector performance by loss of electron statistics (there is no macroscopic geometric 
inefficiency in die detector, because electron diffusion will cause ionization to spread 
out over an area of at least ISO ^m wide). The electron capture effect can be reduced in 
three ways: 
1) a high field between cathode strips and anode strips will make the anode more 
'visible' to the electrons in the drift region; a relatively low drift field E in the drift 
region will improve the 'visibility' of the anode strips to the electrons. 
2) a narrow cathode with respect to the trench width will reduce the electron capture 
area. 
In general the choice of the electric field in the drift region will be led by other 
considerations, such as the electron drift velocity, rather than by this electron 
inefficiency. The electron capture effect therefore has to be reduced by optimizing the 
trench field and cathode width. This is illustrated in figs. 6a and 6b. VK is the voltage 
difference between the anode and cathode strips. Figure 6a shows the fractional 
electron loss as a function of V^.. This is a configuration in which the cathode is 
somewhat too wide, as we can see from fig. 6b; this figure shows the electron loss as a 
function of cathode width, assuming the above mentioned trench dimensions. The 
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cathode width is preferably chosen to be of the order of the trench width. Our 
simulations indicate, that a pitch of 30 - 50 um will give the best detector performance 
with a >100 kV/cm trench field. 

These data are produced with a simulation without electron diffusion, so the actual 
figures on electron loss at die cathode might be somewhat worse. We do not, however, 
expect serious deviation from the results obtained in a simulation with ideal zero 
diffusion gas. 

3. Production of the substrates 

We can divide the production of a Micro Trench Gas Counter into two basic steps: 
1) etching of the groove pattern; 
2) deposition of the conducting strips. 
For the first step of the production, two options are available. The most elegant way of 
producing the trench pattern is by wet etching on a Si 110 wafer. This way of etching 
guarantees very smooth and vertical edges since it is determined by the orientation of 
the crystal. Tolerances down to 0.1 |im in the vertical direction can easily be obtained. 
The basic problem with this method however, is the alignment of the mask with the 
orientation of the silicon crystal. This is not trivial and therefore time-consuming and 
expensive. After the etching procedure, a SiO^ film has to be grown on the surface of 
the detector as an additional insulation (Si itself has a typical resistivity up to 105 CI 
cm). An SiC>2 film of 1 urn thickness can withstand a voltage difference of 1 kV, so 
this insulation is more than sufficient. 

A slightly less smooth pattern can be obtained by plasma-etching. The main 
advantage of this technique is, that we can use various materials and have no alignment 
problem. Also with this technique, accuracies below 1 \un can be realized. 

The second step is straightforward. By vapour deposition we can obtain a structure as 
in fig. 7a, and with a short wet etch the thin metal layers on the sides of the trench can 
be removed (fig. 6b). Figure 8 shows an outline of the substrate after etching; the 
anodes will be connected on the right (lower plane) side, the cathodes on the left side. It 
is very difficult to separate the anode strips after vapour deposition, since the surface of 
the lower plane is not smooth enough to perform etching techniques. For this reason, 
we propose cathode readout: the cathodes can be easily separated by breaking the 
substrate on the right place or by removing part of the metal by evaporation with a laser 
beam. 
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4. On the performance of the MTGC 

With the experience obtained with the MSGC, we can make some predictions on the 
performance of the Micro Trench Gas Counter. We will assume analog readout of the 
cathode strips. In essence, the MTGC geometry is very much like that of the MSGC 
with only a higher granularity. Therefore we can assume the position resolution to be 
somewhat better than the reported 32 tun (with 98% efficiency [3]) for MSGCs; the 
position resolution of gaseous devices at this level is limited by primary ionization 
statistics, so it does not scale with the pitch. The two track separation of a MSGC is 
limited by its pitch: in a low diffusion (high precision) gas, the electron cloud has a full 
width of 250 Jim, so for good sampling we need a pitch of the order of SO \im. Using 
the recently introduced gas mixture DME/COj 60/40 signal collection times can be as 
low as 30 ns for a 2 mm gas gap, determined by the arrival time of the electrons from 
the drift region (the capacity of the strips is less than 1 pF). DME/CO2 60/40 has a high 
electron drift velocity (>60 Jim/ns) at high electric field, high primary ionization, and 
very low diffusion coefficient. Also, the DME/CO2 gas mixture creates a radiation hard 
environment (for this purpose, it may however be necessary to use gold for the strips) 
[9]. 

If the trench structure can be made on a very thin (<100 p.m) substrate, second 
coordinate readout may be feasible with pickup strips on the back of the substrate; in 
this direction, a position resolution below 500 um seems reasonable to expect. For high 
rate devices, we can think of pickup strips having an angle <90° with the anode 
orientation, so as to reduce two track ambiguities. 
Because of the high granularity of the anodes, the radiation damage at high intensities 
can be assumed to be very low: if we expect the MTGC anodes to be able to withstand 
0.1 C/cm of charge (a conventional value for wire chambers [9]), a 40 \im pitch device 
can survive a particle flux of 1.5 MHz/cm2 for 10 years, corresponding to survival at 
30 cm from the beam pipe at LHC/SSC (assuming L = 1034 cm2 s») [ 10]. 

It is hard to give an estimate on the performance of the MTGC with digital readout. 
This is a very interesting option for large scale and high radiation level applications, 
because of 
1) simplification of the front end electronics; 
2) reduction of pipeline hardware; 
3) possibility to use (radiation hard) bipolar circuits. 
The MSGC reaches a position resolution of 44 ^m in 'digital modc'[3]. For the 
MTGC, we can expect a better digital position resolution. 
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5. Charge buildup on the trench walls, ion poisoning 

As soon as gas amplification takes place, we can expect some of the produced positive 
ions to hit the trench wall, so we may assume charge buildup followed by sudden 
(eventually destructive) discharges and unstable detector operation. We can circumvent 
this problem by using slightly conductive material. This conductivity can be tuned by 
ion implantation if we start off with an insulator; also, we can use a material like 
Tempax, which has a natural low conductivity. It draws no macroscopic current and 
there is no serious kT-noise. 

Figure 9 shows positive ion paths from the anode strip, if we neglect diffusion. The 
use of a drift gas with very low diffusion may reduce the effect of charge buildup. The 
actual behaviour of the detector in this respect is something that has to be investigated. 

From the same figure, it can be seen that ion poisoning effects are not negligable. 
However, the maximum rate the MTGC can stand without field deterioration is still 
around 3 MHz/cm2 (given that 30% of 106 ions produced in the avalanche per passing 
particle enter the drift region, and that they take 300 lis to reach the cathode plane), 
corresponding to a < 0.3% occupancy per strip (in DME/CO2 60/40). 

Conclusions 

We think that the Micro Trench Gas Counter is a promising candidate for precision 
tracking in High Energy Physics. Because of its very small anode pitch (of the order of 
40 Jim), it has optimum position resolution (<30 \im) for a 1 bar gaseous tracking 
device; two track separation can be achieved below 200 Jim; second coordinate readout 
with a position resolution below 500 Jim seems feasible. The MTGC is radiation hard, 
fast (the pulses can be as short as 30 ns), and it has a very low occupancy even at LHC 
and SSC rates. The geometry allows for stronger anodes than realized on existing 
gaseous microstrip detectors. A possible disadvantage of the device is the more 
elaborate production of the substrate. 
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fig. 1: layout of a Mkrostrip Gas Counter. 

Cathode plane (-3 kV) 

Drift volume 

2-3 mm 

f\f 

trench 
(amplification region) 

-30O@-500V 

- B B | %v 
*%y „ 

!*%<»»*' 
30 urn 

> Ï Ï * Ï Ï . 2 Ï Ï *** * ** v 

„ ,„?„„„,,5„;„„,,„,j„„«„?5, 
„ , . , . -. ,,%«%»%»%**%%»%%»%»%*«»%***%%«****«*<»,»' 
» J £ » * $ » S M * * * * * * * * * * * * * * * * * * * ******* ********* * ****** ***%**%* 

i U t ^ « ^ < « % t « M « M Ü < t « < M M M < < { i < i M i < < ^ i U K 2 U ^ { i ^ » i » , _, „ . . . 

mMmfflffi 
5>!>5***55iï5;;*S!!;;5**.*.ï ï i5ï*>ïisï*. 225*5*;^ . % * * « « » » % * » » « » * » » * » % « » M » * * » » « » * % » J * % V 

fig. 2: layout of a Micro Trench Gas Counter. 



fig. 3a: cquipotcntial lines in the MTGC near the substrate. 
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fig. 3b: electron paths in the MTGC near the substrate. 
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fig. 3c: electric field (E) as a function of the distance from the anode strip (x) near the 
anode strip (the upper plot defines the x coordinate). For the MTGC, V ^ = 400V, 
the trench dimensions are 15*30 Mm2, and the cathode width is 30 Jim. The MSGC 
plot was made widi V ^ =700V. 

fig. 4: equipotential lines for a *broad' trench. 



fig. S: electron paths in a configuration where electron loss at the cathodes takes place. 
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fig. 6a: fraction (f) of the electrons going to the cathode strip as a function of V a c . The 

electric field in the drift region E ^ , is chosen to be 10 kV/cm, the cathode width is 

30 urn and the trench is 15*30 UMTJ2. 
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fig- 6b: fraction of the electrons going to the cathode strip as a function of cathode 
width c. Efcfc = 10 kV/cm, and the trench is 15*30 Jim*; V^ = 400V. 
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fig. 7a: the profile after vapour deposition (the deposit on the vertical SK 
exaggerated: its thicVness will be less than 10% of the anode thickness). 
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fig. 7b: the same profile, after a short etching in for instance KOH. 

fig. 8: Schematic layout of the substrate after etching. (The cathodes will be cut on the 
dotted line.) 



fig. 9: ion paths from the anode out of the trench (diffusion neglected). 


