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Abstract

One of the main drawbacks of the use of microgap structures when used at high pressure (6 bar) at high count rates
(~10°s™ ! mm™?)is the limited maximum safe gain at which they can be operated. The use of a preamplification device
such as the GEM (gas electron multiplier) can overcome this limitation; however, secondary space charge effects due to
charge accumulation at the non-metallic surfaces cannot be neglected and should be minimised. These positive charges
are due to the intrinsic multiplication of the GEM device and also to the drift of ions from the anode of the main detector.
In this study we present data on the variation of the positive ion collection by the drift electrode versus drift field at
several pressures up to 6 bar using a Kr—-CO, mixture. Data were collected with microgaps having several anode and
insulator widths. The influence of the drift field in the pulse rise time is also considered. © 1998 Elsevier Science B.V. All

rights reserved.

1. Introduction

Microstrip and microgap gaseous detectors op-
erated at high pressure have been considered for
the development of 2D devices with low granular-
ity, efficient in an energy range of up to 25 keV in
detectors for medical applications and synchrotron
radiation [1-3]. We have reported that even when
using microgaps with narrow anodes (4 um) the
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safe maximum gain at 6 bar at high rates is low
(under 200) [4] and that in order to be used in
practical detectors these devices should be used
with a preamplification structure such as the re-
cently developed gas electron multiplier (GEM)
[5]. It is known that space charge effects are impor-
tant to proper GEM operation and that, in order to
avoid recombination at high pressure, the typical
drift fields are much higher than at atmospheric
pressure. Considering the great interest of those
preamplifying structures we decided to study the
dependence of the charge collection on the drift
electrode at several pressures using gaseous mix-
tures containing heavy gases such as krypton at
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various counting-rates and gains. Since our pre-
vious work has shown that the anode and insulator
width is of great importance for high-pressure op-
eration of microgaps, their influence on the drift
current is also considered.

2. System description

The experimental system used was similar to the
one already described in Refs. [3,4] and therefore
only some details will be given. A stainless-steel
chamber and a clean gas system were used. Special
care was taken to keep the gas impurities to a min-
imum. Two series connected picoammeters (Keith-
ley 602 and 414s) were used for simultaneous
measurement of the anode and cathode currents.
The drift electrode current was computed from the
difference between these two values. Considering
the very low currents, special care was taken to
insulate the floating picoammeter in order to mini-
mise leakage currents and a separate electrostatic
shield was used to lower the induced noise during
the measurements. The distance between the micro-
gap surface and the drift electrode was 5 mm.

The microgaps, that were produced by the Delft
University of Technology, were built on a substrate
of silicon covered with a thermally grown oxide
layer [4]. The electrodes were made of aluminium
and the insulator is silicon oxide of 3 pm thickness.
The anode pitch is 100 pm and several anode and
insulator widths were used as described in Table 1.
The useful area of each section of the microgap is
1 x 8 mm?. The measurements were performed with
a beam energy of 12 keV using an X-ray generator.
The beam was collimated to 0.5 x 3 mm? and care-
fully focused on the central part of the active struc-
ture under study to avoid border effects. The gain
was calibrated either by the pulse amplitudes or by
the current and count rate measurements.

3. Experimental measurements

During all the measurements the gas mixture was
Kr-10%CO, and the gain was set at 150 within an
error of less than 10% at a drift voltage of 1000 V.
The anode voltage was kept fixed when the drift

Table 1
Parameters of the microgap plates

Substrate material silicon
Electrode metal aluminium
Insulator material silicon oxide

Anode strip height 1.0 pm
Insulator strip height 3.0 um
Cathode strip height 0.6 pm
Anode pitch 100 pm

Combinations of anode strip widths (W) and insulator widths
(W) (nm)

Wi 3 5 5 5 7 7 7 10
Wi 10 15 20 25 12 20 25 30
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Fig. 1. Ratio between the drift and the anode currents versus
drift voltage for two anode layouts (3 and 10 um anode
widths, with 10 and 25 pm insulator widths, respectively) and
two counting rates (1.6 x 10° and 1.6 x 10° counts mm? s~ 1),
The mixture was Kr-10%CO, at 6 bar. (A) 5um anodes,
1.6 x 10° Hz-mm ™ %; (@) 5 pm anodes, 1.6 x 10° Hz-mm ~2; ( x)

3 um anodes, 1.6 x 10° Hz-mm~%; (W) 3 um anodes, 1.6 x 10°

Hz-mm ™2

voltage was varied. As reported before, the change
in gain when the drift voltage is doubled is less than
15% [4].

As expected, the drift current also depends on the
value of the drift voltage. Fig. 1 shows the ratio of
the drift and anode currents for two count rates and
two different anode layouts versus applied drift
voltage. When using the wider anodes and insula-
tors the anode voltage is higher than with the
narrower ones [4], and this can explain the ob-
served difference in drift currents. At high counting
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rates less charge flows to the drift electrode.
No significant reduction in gain was measured at
the maximum used counting rate at a gain of
~ 200 [4].

The variation of the ratio between the drift and
anode current with the counting rate is shown for
several drift voltages in Fig. 2. The reduction of this
ratio at the maximum counting rate (about 5%)
seems almost independent of drift voltage.

Fig. 3 shows the variation of the ratio between
the drift and anode current versus counting rate
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Fig. 2. Ratio between the drift and the anode currents versus
counting rate for several values of drift voltage. The anode and
insulator widths were 5 and 25um. The mixture was
Kr-10%CO, at 6 bar and anode voltage was 452 V.
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Fig. 3. Ratio between the drift and the anode currents versus
counting rate for several anode layouts (anode width of 5 pm
and insulator widths of 15 um (H), 20 pm (%) and 25 um (A);
anode width of 3 pym and insulator width 10 um (@)). The
mixture was Kr-10%CO, at 6 bar.

using four different microgap layouts. The general
trend of the preceding figures appears again, wider
insulators yield higher drift currents and the reduc-
tion in drift current is not significantly dependent
on the anode layout.

The fraction of the avalanche charge which is
collected at the drift electrode versus counting rate
for different values of pressure is shown in Fig. 4. At
3 bar the reduction in the ratios between drift and
anode currents seems less evident than at 6 bar, but
taking in to account the associated measuring errors
this reduction cannot be considered significantly
different. At 1 bar the variation is smaller, being
almost non-existent.

Considering that the rise time of the anode pulses
depends mainly on the collection time of the posit-
ive ions of the avalanche, we made some measure-
ments of the rise time of the anode charge signals.
This parameter is, of course, relevant for high
counting rate applications. After deconvolution of
the rise time of the preamplifier (10 ns) the intrinsic
rise time of the anode pulse at 1 bar was typically
56 ns with a drift voltage of 166 V. A 20% decrease
in rise time was measured when the drift voltage
was increased to 1000 V. It should be noted that the
Kr mixture shows slower pulses than the usually
quoted values for the Ar-DME mixtures. At 6 bar
the variation of the rise time of the anode signals
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Fig. 4. Ratio between drift and anode currents versus counting
rate at 1, 3 and 6 bar with ¥V = 1000 V. The microgap had
7 and 25 pm anode and insulator widths at the 1 bar measure-
ments and, 7 and 25 pm anode and insulator widths at 3 and
6 bar. The mixture was Kr—10%CO,.
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Fig. 5. Measured anode pulses rise time versus drift voltage.
The mixture was Kr—-10%CO, at 6 bar.

with the drift voltage is very clear and is shown in
Fig. 5. The pulse rise time decreases with increasing
drift voltage up to 1000 V, reaching saturation at
about 50 ns.

4. Conclusions

Our study of the drift current has shown that its
value is strongly dependent on the value of the drift
field and counting rate and that with the typical
drift fields used at high-pressure operation the
amount of positive ions that is collected by the drift
electrode is important. While we could not see
effects that could be easily associated exclusively

with the influence of the layout on the avalanche
development in the studied microgaps, it was
shown that microgaps with wider insulating widths
feature higher drift currents.

Considering the importance of the pulse speed in
high count rate applications we have shown that
microgap detectors at 6 bar should be operated
with a sufficiently high drift field to have a fast rise
time. However, in these conditions, as much as
20% of the avalanche ions are collected in the drift
electrode. The influence of this charge on the
proper operation of the GEM multiplying device at
high pressure is still to be studied.
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