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Introduction

Parallel, plate avalanche chambers (PPAC) are widely used in physics experiments

because they are fast (<1 ns) and have very simple construction: just two parallel metallic

plates or mesh electrodes (see ref. 1 as an example). Depending on the applied voltage

O they work either in spark mode or avalanche mode (see for example [2]). Themay

advantage of the spark mode of operation is a large signal amplitude from the c_hamber;,

the disadvantage is that there is a large dead time (msec) for the entire chamber after an

event. The main advantage of the avalanche mode is high rate capability 105 counts

/mm 2 [3].

A resistive-plaie chamber (R_PC) is similar to the PPAC in construction except

that one or both of the electrodes are made from high resistivity (>_I0I0 f2,cm) materials.

In practice RPCs are usually used in the spark mode. Resistive electrodes are charged by

sparks, locally reducing the actual electric field in the gap. The size of the charged

surface is about I0 mm 2, leaving the rest of the detector unaffected. Therefore, the rate

capability of such detectors in the spark mode is considerably higher than conventional

spark counters. In early designs of RPCs [4], the electrodes were made from glasses.

Among the different glasses tested the best results were obtained with electron type

conductive glasses [5], which obey Ohm's law. Most of the work with such glasses was

done with high pressure parallel-plate chambers ii0 atm) foi"time-of-flight measurements

[6]. Resistive glasses have been expensive and produced only in small quantities thus

their application scale has been very limited. This is why recent RPCs used phenolic

O (Bakelite) and other polymers rather than resistive glasses [7]. These materials do not
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obey Ohm's law, with the resistivity depending on the applied voltage and time.

Nevertheless, at low counting rate (<1(30 Hz,/cm2) they are quite stable. At present, the

main application of such chambers is muon detection.

Since the earlier days of the RPC, a lot of changes have occurred. Now resistive

glasses are commercially available [8], although they are still expensive in a smaU scale

production and used primarily for gas microstrip detectors [9]. From the positive

experience of different groups working with the resistive glasses [10], we decided to

review the old idea to use this glass for the RPC. We have mainly investigated the

possibility of using the RPC at 1 atm and in the avalanche mode of the operation. This

has several advantages: simplicity of construction, high rate capability, low voltage

operation, and the ability to work with non-flamma)" ":egases. We present our preliminary
work here.

Experimental set-up

The experimental set-up is shown on fig. 1. In general it consists of a RPC, gas

system, well collimated beta source, a trigger scintillator with PMT, and associated

electronics. In order to make a comparison of different techniques three types of RPC

were studied: 1) phenolic, 2) resistive glass, and 3) constructed from conductive pads

isolated by resistors. Both types 1 and 2 were tested with and without spacers between

the two electrodes to study their effect on counting characteristics -Two different gaps

between the electrodes were tested: 1.3 mm and 2 mm. Gas mixtures tested were: Ar +

iso-C,,H 10,Ar+is°'C4H l0+fre°n, Ar+is°'C4H l0 +ethane, Ar+CI-_, He and Xe+iso-C4Hl0

and CH4 all at a total pressure of 1 atm.

In one configuration (fig. 2a) either one or both electrodes were made t_om

phenolic polymers. The electrodes were 3 mm thick and 10 cm in diameter. The middle

part of one of the electrode was thinned to 0.5 mm in order to be transparent for betas

from the external source.

In a second configuration (fig. 2b) the lower electrode (anode) was made from a

10x 10x0.2 cm3 piece of resistive glass. Electron conductive glasses with resistivities of

109 _.cm and 1010_ocm were tested. The cathode was a well polished aluminum plate,

which had a thin spot (0.2 mm) in the middle.

The third configuration (fig. 2c) was tested in order to study minimum dead times

and the length of propagation of VUV photons, able to produce secondary sparks, in

different gas mixtures. The pad size was 5x5 mm2 with gap widths of 1 mm and 1.5 mm.

Each pad of one plane was isolated by resistors of 0.1-1 G_.
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O As sources of primary ionization we used a beta source (90Sr), gamma sources
(60Co and 22Na), cosmic muons, and UV radiation from a mercury lamp. In the last case

a special electrode was used with a small hole covered by quartz window (fig. 2d). This

configuration was somewhat different than shown in fig. 1 with the top electrode being

part of the outside chamber wall.

Signals from the chambers in the spark mode were observed directly on the

oscilloscope (50 f_) and in parallel were shaped and analyzed by a PHA. In the

avalanche mode the signals were amplified, shaped, and analyzed by a pulse-height

analyzer, PHA.

The work that is presented here is based primarily on constructions without

spacers. This is because the introduction of spacers to the design increased the leakage

current and produced spurious pulses that have been seen by others [5].

Measurements

The timing resolution of the PPAC, glass and phenolic RPCs have been measured

by many authors in both the spark and avalartche mode (see for example ref.[11-14]) and

is rather well established. For I-2 mm gaps, and a typical gas pressure of 1 atm, the

timing resolution is usually 0.35-0.5 ns in the spark mode and 2-3 ns in the avalanche

i mode. This timing resolution is determined by the development the avalanche in the gap

and therefore resistive electrodes (at low rates) do not affect these results. For this

reason we assumed that the time resolution of our detector is the above quoted value and

we concentrated on the measurements of the other important characteristics: detection

efficiency, counting rate capability, stability, dark current, and uniformity of the response.

The efficiency was measured by comparison the counting rate from the RPC and the

trigger scintillator and thus should be considered a lower limit.

Results

Typical oscilloscope pictures of signals from the resistive-glass RPC in avalanche

_d spark mode are presented on fig. 3a, b. In the avalanche mode, sufficient gain was

achieved to observe the signal directly on the 50 f_ input of the oscilloscope (see fig. 3).

The rise time of the current pulse is about 5 ns.

When the voltage was increased spark pulses were observed. The typical shape of

the spark pulse can be seen in fig. 3b. The rise time is about 3 ns and fall time is 50-I00

ns. The typical amplitude is about 1 VI In most cases this spark pulse was preceded by a

precursor pulse, as shown in fig. 3d. The spark delay time (if the precursor is taken as the

O start) fluctuated rather strongly (order of a few ns).
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In the case of the phenolic RPC similar pulses were observed, but increasing the dL
counting rate in the avalanche mode or the operating voltage to the spark mode caused a

very long dead time: a few minutes to hours, lt is not known if other authors observed

this effect since it is not mentioned in the literature. The efficiency of a resistive-glass

RPC, operated in avalanche and spark modes, as function of voltage for the relatively

small counting rate (100 Hz) is presented in fig. 4. Efficiencies as a function of rate is

shown in fig. 5 for both phenolic and resistive-glass RPCs operated in the spark mode.

Fits from ref. 15 and ref. 16 are included as a comparison. The counting rate capability of

the resistive-glass RPC operated at two different gains in the avalanche mode is presented

in figs. 6a and 6b. By comparing figs. 5 and 6 one can conclude that counting rate

capability of resistive-glass RPC is better than our phenolic Rt_.

Other important feature of the avalanche mode is that the chamber can work with

a wide variety of gas mixtures, including non-flammable mixtures (for details see reft2]).

For example the chamber was very stable when operated with a mixture of Ar + few

% CH4.

Measurements with the pad RPC show that the minimum dead time necessary for

the full suppression of the secondary processes after the spark is a few ms. If the time

constant of the circuit is about the same the detector works as well as the resistive-glass

RPC. The mean free path of the active VUV photons depends strongly on the gas

composition and in the best case (Ar+iso-C4Hl0+ ethane) was about 1-2 mm.

Discussion

Results obtained lead us to believe that the resistive-glass RPC has a much better

counting rate characteristics then one with polymers having the ionic type of the

conductivity. In the streamer mode the pulse amplitude is a factor of two larger than a

normal RPC. Recovery time is stable: it is independent of the applied voltage and the

ionization source intensity. The quality of the glass surface is extremely good so the

mechanical tolerance is much better than for phenolic. Without spacers no spurious

pulses were seen. The design of a large PPAC without spacers has been developed by

the authors of the ref [17].

In the avalanche mode of the operation the RPC has an excellent counting rate

capability. With the detector operated in the avalanche mode a total charge of 108

electrons per pulse was achieved. This value depends slightly on the gas mixture and has

little dependence on the primary charge (see fig. 7 from ref. [2]). For a large initial

charge, the RPC goes into spark mode which may be a problem in a hadron environment

where there is a substantial flux of neutrons. In the usual PPAC, sparks disturb normal
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operation and affects the measurements. In the phenolic RPC sparks can interrupt the

O normal operation for 20-30 min. In the resistive-glass RPC sparks do not strongly affect

the normal operation and therefore working in the avalanche mode with the occasional

sparks is acceptable. So in this marginal regime (with occasional sparks) which people

triedtoavoidbeforebecomesverypractical.We shouldnotethatanyPPAC athighgain

and highcountingratehassome sparkprobability.Thisisillustratedby thecurve,

presentedinfig.8 (fromref.[18]).Sparksoccurswhen two avalanchesstatistically

overlapsinspace[2].

Earlywork useda "Pestovgasmixture"(At+butane+Ethylene+l,3Butadiene)

whichisveryquenchingductothestrongabsorptionofthephotonswithwavelengthless

than220 nm. Thisgasmixturesccmstobcmore essentialinthecaseofphenolicRPC

becausethepropagationofthedischargewillchargetheelectrodesand willleadtothe

longrecoveryritac.A highlyqucnchinggasmixtureismuch lessessentialinthccaseof

theresistive-glassRPC. As we mentionedbeforeintheavalanchemode glassRPC can

work ina widevarictyofgasesincludingnon flammablcmixtureswhicharcimportant

formany applications.

InTableI wc comparethepropertiesofthephenolicand resistive-glassRPCs.

One canclearlyscctheadvantagesoftheresistiveglassRPC.

Future plans for study

We plan to study precursor pulses in order to understand their timing

characteristics.

We plan to study resistive-glass a RPC with a CsI secondary electron emitter.

Our recent study shows that under certain conditions the CsI cathode in the

PPAC produces secondary electrons. This should improve the timing

properties of the detector.

We will study resistive-glass a RPC with anode strips as alternative to gas

microstrip detectors.

Aging studies need to be done.

The work of high-pressure, resistive-glass RPC will be studied for the application

of time-of-flight measurements.

Conclusion

The resistive-glass RPC can operate in both spark and avalanche modes. The

advantages of the avalanche mode are: high rate capability, stability, low operating

O voltage, ability to use gases, glass rigidand the non-flammable The resistive is and
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which allows the minimization of the number of spacers to be used in the construction.

The electrodes can be easily polished and this improves the operating characteristics.

In the spark mode the resistive-glass RPC is more stable than the phenolic RPC

and has better counting rate capability. Unfortunately the price of the resistive glasses is

still higher than phenolic polymers. On the other hand this price is comparable to plastic

scintillators (plus the PMT) and this makes it attractive as a trigger for muons.

More research is still needed to demonstrate that glass RPC are competitive with

phenolic in a large-scale detector. Such parameters as performance, stability, and cost
will be considered.
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O Table 1: Properties of the )henolic and resistive.g!ass RPC.
Phenolic Resistive glass Resistive glass

, (spark) (spark) (avalanche)

Pulse height 100-300 mV <1 V 107 e-

Pulse length (ns) 20 20-50 10
I

Rise time (ns) 5-10 5-10 5

Resistivity (_*cm) 1011 1010.1011 1010

External field (kV/cm) 40-50 40-50 10-20

Recovery time (ms) 10 10 ,,0.1

Dead area (mm2) I0 10 <,10

Efficiency (%) -_96 =97 =95

Plateau (kV) 1 1 1-2

Dark current (_) 50t 0 0

O Rate at 87 % efficiency 100 200 2000
(Hz/cre 2)

Timing resolution (ns) 0.5 0.35 2-3

Gas mixture Ar+ i-C4H10 Ar+i-C4H10+freon Ar+CH4
+freon or

Ar
S+

i-C4H 10+ethane
+butadiene

i

t In this configuranon spacers were used which gave rise to the high current.

O
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Fig. 1 Experimental set-up
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Fig. 2 Construction of electrodes for the different RPC tested a) phenolic RPC,

b) glass RP(:, d) glass RPC with the window transparent for UV, c) pad RPC
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Fig 3 Typical oscilloscope pictures of signals from the glass RPC: a) Typical

shape of signals after the preamplifier, b) signal, produced by the spark

directly on the 50f2 input of the scope, c) avalanche signal on the 50f2 input

of the scope, d) precursors and sparks together
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Fig. 4 Efficiency of the glass RPC in avalanche and spark mode. The gas

mixture: At +isob+freon. Gap 2 mm.
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Fig. 5 Efficiency of the glass and phenolic RPC versus counting rate. For the

comparison data from the other authors are presented (Ref. 15 and Ref. 16). e
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Fig. 8 Count rate dependence (without sparks) as a function of active area and

high voltage for a PPAC [17].
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