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Abstract: A Resistive Plate Chamber using Diamond-Like Carbon electrodes (DLC-RPC) has been
developed as a background tagging detector in the MEG II experiment. The DLC-RPC is planned to
be installed in a high-intensity and low-momentum muon beam. This detector is required to have a
detection efficiency above 90 % with four active gaps in the muon beam due to the limitation of the
material budget. In such an environment, the high current flowing through the resistive electrodes
causes a voltage drop, which reduces the performance of the DLC-RPC. This voltage drop can be
suppressed by implementing a current evacuation pattern, though discharges are more likely to occur
near the pattern. Therefore the pattern must be covered by a protection cover made of an insulator. In
this study, electrode samples with a current evacuation pattern and different widths of protection cover
(0.2 mm and 0.8 mm) have been produced, and their performance and stability were measured. The
detection efficiency of a single-gap chamber for 𝛽-rays from a 90Sr source was measured to be up to
approximately 60 % in both electrode samples. The target efficiency can be achieved even with a drop
of 100–150 V. On the other hand, after more than a dozen hours of operation, discharges suddenly
occurred and the detector was prevented from further operation. These discharges created current
paths on the spacing pillars. This serious problem must be investigated and solved in the future.
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1 Introduction

A novel type of resistive plate chamber, based on diamond-like carbon (DLC) electrodes [1], is under
development as a background tagging detector in the MEG II experiment [2]. This detector should
have an ultra-low mass (less than 0.1 % X0) and a high-rate capability (up to 3 MHz/cm2), which
needs to be operated in a high-intensity (7 × 107 particles/s) and low-momentum (28 MeV/𝑐) muon
beam. In addition, a detection efficiency above 90 % is required for minimum ionization particles
in an active region of 16 cm in diameter. The number of active gaps is limited to up to four in order
to fulfill the requirement of the material budget.

Reference [1] proposed strip-shaped current evacuation patterns to achieve a high rate capability
with a scalable detector design. A small-size prototype chamber of the DLC-RPC was constructed
to study this design [3]. Gas gaps of the DLC-RPC were supported by spacing pillars formed by
photolithographic technology, and solder resist was used as a material for the spacing pillars. In
addition, the current evacuation pattern was implemented in this prototype detector. However, we
could not perform any studies with this prototype because the gap thickness was non-uniform due
to technical problems of spacing pillar formation using this solder resist. Recently, we succeeded in
improving the gap thickness uniformity by using another solder resist material, which is Dynamask
(Ethernal Tech. Corp.). Therefore, a prototype detector that has uniform spacing pillars and a
current evacuation pattern was newly fabricated to study this strip structure. This paper describes
the performance and operation stability of the prototype.

2 DLC-RPC with current evacuation pattern

Figure 1 shows the DLC-RPC electrode with the current evacuation pattern. DLC was directly sputtered
onto the 50 µm thick polyimide film. The conductive current evacuation pattern was implemented
on the DLC layer and covered with a protection layer whose material is the same as the pillars. This
pattern was formed by the lift-off process. Chromium was sputtered onto the DLC layer, followed
by copper sputtering onto the chromium layer. This sandwich structure is motivated by the good
adherence of chromium with DLC. This electrode is made with pillars of ∼365 µm thickness, 0.6 mm
diameter and 2.5 mm pitch, with a current evacuation pattern of 0.1 mm width, and a 3 × 3 cm2 of
active region. The variation of the pillar thickness was measured to be below 10 μm. The surface
resistivity of DLC was measured to be 6–15 MΩ/sq. Different electrode samples with 0.2 mm and
0.8 mm widths of the protection cover were tested to investigate the width needed to avoid discharge.
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According to the results and discussions in Reference [1], the voltage drop will be down to 100 V at
the expected operation voltage in the muon beam for this configuration.

Spacing pillars
(2.5 mm pitch)

Conductive strip

3 cm

3 cm

DLC

Protection
cover

(0.2 mm width)

Conductive
Strip

(0.1 mm width)

Polyimide (50 µm-t)

DLC

Chromium

Copper
Protection cover (75 µm-t)

Figure 1. Pictures and a schematic of the DLC-RPC electrode with the current evacuation pattern. (Left)
Overview. (Center) Enlarged view of the strip structure. (Right) Cross-section of the strip structure.

3 Experimental setup

In this study, we measured the detection efficiency for 𝛽-rays and assessed the stability of the DLC-RPC.
An experimental setup is shown in figure 2. The electrode shown in figure 1 was used as an anode
electrode. A bare DLC sputtered polyimide was used as a cathode electrode, in which the surface
resistivity of DLC was measured to be 10–15 MΩ/sq. These electrodes were placed facing each other
to form the DLC-RPC gas gap. This gap was filled with C2H2F4 / SF6 / iC4H10 (94/1/5). Trigger
counter signals were fed directly into a DRS4 waveform digitizer [4], and detection signals of the
DLC-RPC were induced in an aluminum strip outside the gas gap, amplified by 38 dB, and then
fed into the DRS4. In this measurement, a detection efficiency of the DLC-RPC was calculated as
the percentage of events in which the DLC-RPC signal exceeded a 20 mV signal threshold, which
corresponds to a 25 fC charge threshold in the readout strip among events triggered by a trigger counter.

90Sr

Trigger counter

𝛽-rays

Gas in and out
of the chamber

Signal readout strip
(Aluminized polyimide)

DLC-RPC electrode
(3 cm × 3 cm of active region)

+ HV

38 dB
amp Waveform digitizer

(DRS4)

GND

DLC sputtered polyimide

Figure 2. Experimental setup. The DLC-RPC electrode is placed in a chamber filled with working gas.

4 Results and conclusion

Figure 3 shows the performance of the DLC-RPC for 𝛽-rays from a 90Sr source. In this measurement,
the 𝛽-rays were collimated to a beam of 2 mm diameter, which was irradiated far from the conductive
pattern to avoid instability due to the strip structure. This instability is attributed to an excessive
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gas avalanche process caused by the distortion of an electric field caused by the protection cover
and a charging up of it, as well as a quenching capability against discharges is low due to the short
distance over which the charge flows through the resistive layer. The measured hit rate was O (1 kHz).
The 𝑛-gaps efficiency can be estimated with the single-gap efficiency 𝜖1 by 𝜖𝑛 = 1 − (1 − 𝜖1)𝑛. The
measured efficiency of 60 % at 2.75 kV is enough to reach a target efficiency of 90 % with four gaps.
A minimum single-layer efficiency to obtain this target efficiency is about 45 %, which requires an
operating voltage of around 2.5 kV from the right side of figure 3. Since the operating voltage reached
150 V higher than this minimum required voltage, we can expect that the detection efficiency will
not fall below 45 % (corresponds to 90 % efficiency with four layers) even with a 100 V voltage drop
in the muon beam as described in section 2.
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Figure 3. Performance of the DLC-RPC for the 𝛽-rays. (Left) Pulse height spectra of the DLC-RPC triggered
by a trigger counter. (Right) Detection efficiency.

Next, we investigated the maximum voltage that can be applied to the gap for different widths
of the protection cover (0.2 mm and 0.8 mm). In this measurement, the whole active region was
irradiated with non-collimated 𝛽-rays with a hit rate of O (100 kHz). For both widths of the protection
cover, the efficiency requirement was fulfilled although the maximum operation voltages were reduced
by 50–60 V due to the high current flowing irregularly around the strip structure. Increasing the cover
width can slightly suppress a frequency of such irregular currents, though it also increases the dead
area. In practice, since the chamber needs to be operated in an even more intense muon beam, the
width of the protection cover will be optimized to account for safety factors and its occupancy.

Finally, the long-term stability was assessed. The whole region was continually irradiated with
non-collimated 𝛽-rays with a hit rate of O (100 kHz). The left plot in figure 4 shows the operation
history. The operating voltage was set to 2.6 kV, which is 30–50 V lower than the target voltage.
Discharges suddenly occurred after about 14 hours, and the DLC-RPC eventually tripped after 20 hours.
The discharge created a current path on one of the pillars (the right in figure 4) and prevented the
operation of the chamber. Furthermore, higher hit rates tended to make the chamber more unstable,
but we need further investigation in this dependence.

Summarizing, the measured performance looks promising for the prototype in terms of the
requirement for detection efficiency. On the other hand, the long-term instability, caused by materials
inside gaps, is problematic in the MEG II experiment. Since low surface resistivity can cause such
instability, it should be adjusted to safer ranges (above 20 MΩ/sq). Besides, the avalanche charge

– 3 –



2
0
2
5
 
J
I
N
S
T
 
2
0
 
C
0
6
0
0
7

Aug. 10 03:00 Aug. 10 09:00 Aug. 10 15:00 Aug. 10 21:00

Date

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

D
L

C
-R

P
C

 H
V

 c
u

rr
en

t 
[µ

A
]

0

0.5

1.0

1.5

2.0

2.5

3.0

D
L

C
-R

P
C

 H
V

 [
k

V
]

Figure 4. Status of the long-term operation. (Left) Operation voltage and measured current versus time. (Right)
Picture of the damaged spacing pillar.

could gradually burn the polymer in the pillars, eventually leading to the discharges as shown in
figure 4. We need further investigation into causes and solutions to suppress damage to the material.
Another scenario that caused instability is an ionic contamination of residuals from a resist-dissolving
process. As mentioned in section 1, spacing pillars were formed by photolithographic technology. In
this process, the resist is dissolved with a chemical solution after curing by exposure, and a residue
from the dissolving process could become a current pathway. We will plan to add an electrode
cleaning process to address this contamination.
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