
Fabrication and testing of Resistive Plate
Chambers

1 Aim
1. Coating graphite paint on electrodes and measuing the surface resistivity.
2. Measuring the bulk resistivity of bakelite/glass electrodes.
3. Assembling an RPC gas gap and leak test.
4. HV scan of RPC gas gap.

2 Materials required
1. Glass plates
2. Graphite paint
3. Araldite glue
4. Spacers (Edge, button) and nozzles
5. Masking tapes
6. Copper tape, aluminium tape, Kapton tape
7. Readout panels
8. Picoammeter, resistance
9. Multimeter, Jig

10. Sniffer, U-tube manometer
11. HV supply

3 Introduction
Resistive Plate Chambers (RPCs), first developed by R. Santonico and R. Cardarelli [1] using
bakelite, are used extensively in high energy physics experiments. A single gap RPC is made
of two parallel electrode plates with high bulk resistivity of the order of 1010 − 1014 Ω·cm
(e.g. Glass, Bakelite) separated by spacers made of polycarbonate (1 to 3 mm thickness). The
detector is filled with a mixture of gases such as argon, isobutane, tetrafluroethane (R134a) and
SF6. RPCs are fast detectors having excellent efficiency (≥95 %), excellent time resolution (∼
1 ns) and reasonable position resolution (a few cm).
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Figure 1: Schematic of a single gap RPC

3.1 Working Principle
Inner surface of resistive electrodes are charged from aDC high voltage power supply to produce
an electric field. Charge-up process is slow due to high resistivity of the material. When a
charged particle passes through the gas gap, it ionizes the gas producing electrons and ions.
Depending on the gas mixture used and the HV applied, RPCs can be operated in two modes:

1. Avalanche Mode : Due to a high electric field (≈5 kV/mm) existing in the RPC gas gap,
electrons generated by primary ionization get accelerated and hit other atoms to produce
secondary electrons causing an avalanche. The electric field created by the avalanche
influences the electric field applied and hence its own development. When the RPC is
operated at this stage, it is referred to as the avalanche mode. The high resistivity of the
electrodes prevents the avalanche from spreading over the entire area of the RPC. RPCs
operated in this mode can handle higher count rates (∼1 kHz). But they need fast and
sensitive preamplification electronics.

2. Streamer Mode: When the charge multiplication in the gas gap is more (than that of the
avalanche), photons start contributing towards the development and propagation of the
avalanche leading to formation of streamers. A conductive channel is formed discharging
the electrodes. The electric field is reduced suddenly in that region where the discharge
occurs and the region is dead until recharged through the bulk resistivity of the plates. The
signal produced is of quite a high amplitude and the RPC does not require preamplification
electronics. However, the count rate handling capability significantly reduces (∼ 100 Hz).
Due to the creation of discharges and sparks, the longevity of the RPC reduces when
operated in this mode.
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The count rate capability also depends on the bulk resistivity of the electrode. The relaxation
time τ is related to the bulk resitivity ρ of the electrode by the formula

τ = ρε0εr (1)

where, ε0 is the absolute permittivity and εr is the dielectric constant of the electrode. Typical
values of the dielectric constant for glass and bakelite are 10 and 5 respectively. τ gives the time
taken by the electrodes to recharge in the localised area where the discharge occured. Using the
typical resistivities, it can be seen that bakelite RPCs can handle more count rates compared to
glass.

3.2 Role of gases
Isobutane is used to prevent the formation of secondary streamers by quenching the photons
produced by de-excitation of molecules in the gas mixture while R134a and SF6 limit the
avalanche size and development of streamers in transverse direction. Argon and r134a serve as
the main medium for interaction of minimum ionizing particles such as muons.

3.3 Signal extraction
The schematic of a single gap RPC is shown in Fig. 1. The readout strips are capacitatively
coupled to the gas gap. When the avalanche is created, due to the movement of electrons in the
electric field, charge is either drawn in or drawn out from the readout board, generating voltage
signals of opposite polarities in the two sides of the RPC (−ve signal on positive electrode side
and +ve signal on negative electrode side).

4 Fabrication of RPC
The step by step procedure for fabricating 30 cm × 30 cm RPC is described in this section.
Locally available float glass/bakelite is used as electrode material.

4.1 Measurement of bulk resistivity of bakelite or glass plate
The bulk resistivity ρ, should be of the order of 1010 − 1012 Ω·cm for bakelite and 1012 − 1014

Ω·cm for glass. Measure the thickness of the electrode sample. To obtain the bulk resistivity
of the electrode material, it is subjected to a voltage and the leakage current in the circuit is
measured. Figure 2 shows the schematic diagram of the set up for bulk resistivity measurement.
The measurement can be done in two ways:

1. Method 1 : Using resistance and voltmeter

The glass / bakelite sample of 10 cm × 10 cm size or smaller can be sandwiched between
two copper plates. The copper plates should be pressed on to the glass plates using two 10
cm × 10 cm glass epoxy pieces with a hole at the centre and screwed at the 4 corners (for
tightening and not shown in the picture). Instead of the copper plate and holder assembly,
Copper / Aluminium tapes of slightly lesser area (say 9 cm × 9 cm) can be pasted on the
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electrode sample on opposite sides to provide contact. Two cables have to be soldered on
to the copper plates/tapes and connected to the high voltage power supply through a high
resistance (Say R = 33 MΩ) in series. By varying the applied voltage V using the power
supply, measure the voltages across R (VR) to obtain the leakage current (I = VR/R).
From the applied voltage V and the measured current I, calculate the resistance of the
glass sample by the relation

RB =
(V − VR)

I
∼

V
I

(because VR � V ). (2)

From this RB, calculate ρ using

ρ =
RB A

l
(3)

where, A is the area of the copper plate and l is the thickness of the glass sheet.

2. Method 2 : Using a picoammeter

The resistance and the voltmeter setup can be replaced by using a picoammeter to measure
the leakage current directly in the circuit. It is shown in Figure 2 in blue color. The bulk
resistivity is calculated using equations (2) and (3)

Voltmeter

R

Cu / Al
tape

Glass / Bakelite
sheet

Power Supply

Picoammeter

Figure 2: Schematic diagram of the bulk resistivity measurement setup.

The typical variation of current and volume resistivity (ρ) with applied voltage for three
different grades of bakelite are shown in Figure 3(a) and 3(b) respectively.

4.2 Cleaning
The glass or bakelite sheets to be used for RPC assembly need to be cleaned several times with
alcohol. There should not be any dust, grease etc. on the sheets.
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Figure 3: (a) The current (b) the bulk resistivity as a function of the applied voltage.

4.3 Graphite coating
To provide electrical contact, a graphite coating (surface resistivity ∼ 1 MΩ/�) should be made
on the outer surfaces of the RPC. It also distributes the applied voltage uniformly over the entire
gas gap. The coating should not be done up to the edges of the glass plate. There should be a
space of 1 cm from the edges to avoid external sparking.

The electrode is placed on a plane surface. Masking tape is applied on the edges of the
electrode with a width of 1 cm. Graphite paint is mixed with appropriate amount of thinner.
Coating is done on the electrode using spray painting technique. After the coating is done on
both the electrodes, they are left to dry. Care is taken that no dust particles fall on the painted
side when the paint is drying. Once the surface is dried, a surface resistance measurement is
done.

To measure the surface resistivity of the graphite layer, a metal (brass) jig of shape like letter
H is used. The metal bars of the jig should be separated by glass epoxy (insulator). The length
of the metal bars and their separation should be same (∼ 5 cm). Now place the jig to different
places on the graphite layer and measure the resistance between the bars with a multi-meter.
The graphite coating should be made in such a way that this value should be ∼ 1 MΩ/�.

4.4 Glueing
1. One of the glass plates is placed on a plane surface. 2 drops of Araldite adhesive are put

in the middle of the square plate, each 5 cm away from the centre of the plate on either
side along the central line parallel to a pair of edges.
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(a) Glass plate / electrode
(b) Graphite coated glass eletrode

Figure 4: Graphite painting on electrode.

2. The glue is just sufficient so that 2 button spacers of 1 cm diameter and 2 mm thickness
can be placed on them. Sufficient glue is then applied on the edges of the plate and
side/edge spacers are glued on them. Nozzles are also glued at diagonally opposite edges.
The side spacers must be cut to appropriate length so that nozzles can be glued on their
side at the diagonally opposite ends.

3. Sufficient Araldite adhesive is now applied over the button spacers, edge spacers and
nozzles. Care must be taken that the glue does not block the nozzles. The other glass
plate is now placed on this assembly taking care of alignment. A slightly heavy object
may be placed on the assembly so that the glue sets up properly. The assembly is allowed
to dry for few hours. We will refer to this assembly as a gas gap.

(a) Gas nozzles and spacers (b) Completed gas gap with mylar sheet and elec-
trical connections.

Figure 5: Spacers and RPC
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4.5 Leak test
After completing the gap, it needs to be tested for gas leak, especially at the glued joints. It is
done using a sniffer. For this, the gas inlet is connected to the cylinder and the gas is allowed to
pass through the gap. The gap is then closed and the leak test is done using a sniffer. Usually
sniffers are made to detect presence of halogens.

Leak test can also be done using aU-tubeManometer filled with water. AU-tubemanometer
is used to measure differential pressure. The gas gap is pressurized to a pressure slightly above
atmospheric pressure (∼3 mbar) by passing a gas through it.

1. The gas outlet of the gas gap is closed and gas is filled slowly via the inlet.

2. Care is taken so that the pressure is not high. The input point of the RPC is divided into
three lines A, B and C. A goes to the gas gap, B goes to the safety bubbler and C goes
to the U-tube manometer. The other end of the U-tube manometer is open (Atmospheric
pressure). 1 cm of water column corresponds to 1 mbar (1 hPa) of differential pressure.

3. Once the RPC is pressurized, the input is closed. The leak rate in the gas gap is measured
over time by looking at the manometer.

RPC

B

A

C

From gas cylinder

U-tube manometer

Safety bubbler

Closed outlet
Inlet

To atmosphere

To atmosphere

Figure 6: Schematic diagram of the leak test setup.

4.6 Connection of HV connectors
Two small copper foils ∼40 µm thick are pasted by kapton tape on both outer surfaces for
the application of high voltage. Two small cables are soldered on these copper foils for the
application of high voltage and proper connectors are connected to the other end of these cables.
Then the RPC is secured using mylar sheet on both sides. Equal high voltages with opposite
polarities are applied on both the surfaces in small steps. The leakage current through the RPC
is measured as a function of the applied voltage.

4.7 Pick-up strips
To collect the induced charges, pick up strips are placed above the graphite coated surfaces.
The pick-up strips and the graphite layers are isolated with kapton sheets. The pick-up strips
are made of copper (20 micrometer thick) pasted on one side of 10 mm thick foam. The area of
each strip is chosen according to the requirement (say for a 30 cm × 30 cm chamber it is 30 cm
× 2.8 cm with a separation of 2 mm between two adjacent strips). The other side of the pickup
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panel is made of aluminium which is connected to ground. The signal from different strips
is sent through a ribbon cable, followed by RG-174/U coaxial cables using proper impedance
matching. The coaxial cables may be directly soldered on the pickup panels also depending on
the impedance of the strips.

Figure 7: A copper pick up panel
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