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Resistive Micromegas with small-pad readout:
towards a higher rate capability

M.G. Alviggi, M. Biglietti, M. Della Pietra, C. Di Donato, E. Farina, S. Franchino, P. Iengo, M. Iodice,
F. Petrucci, E. Rossi, G. Sekhniaidze, O. Sidiropoulou, V. Vecchio

Abstract—We present here the development of resistive Mi-
cromegas with O(mm2) pad readout aiming at improving the
high rate capability of the detector. The goal application is
precision tracking in high rate environment without efficiency
loss up to few MHz/cm2. In the proposed layout, small anode pads
are overlayed by an insulating layer with a pattern of resistive
pads on top. The readout and resistive pads are connected by
intermediate resistors embedded in the insulating layer. A first
prototype has been constructed at CERN and thoroughly tested.
It consists of a 48x16 matrix of 0.8x2.8 mm2 rectangular pads
with a pitch of 1 and 3 mm in the two coordinates . The active
surface is 4.8x4.8 cm2 with a total number of 768 channels
read-out by 6 APV-25 chips. The drift and amplification gaps of
this Micromegas prototype are 5 mm and 128 µm, respectively.
The detector is operated with an Ar/CO2 (93:7) gas mixture.
Characterization and performance studies of the detector have
been carried out by means of radioactive sources, X-Rays and
test beam.

Index Terms—Gas detectors, Position sensitive particle detec-
tors, Radiation detectors, Particle tracking.

I. INTRODUCTION

AResistive Micromegas [1][2] with O(mm2) pad readout is
developed aiming at improving the high rate capability of

the detector. The goal application is precision tracking in high
rate environment without efficiency loss up to few MHz/cm2.
The proposed solution is is inspired by a similar development
considered for the COMPASS experiment [3] and based on a
solution proposed by R. De Oliveira et al. in 2010 [4].

Detector description and details of the construction tech-
niques are given in section II while its characterization and
performance studies, carried out by means of radioactive
sources, X-Rays, cosmic rays and test beam are described in
section III. New developments aiming at the construction of
fully scalable, thousands-channels small-pad detectors, with
embedded front-end electronics are presented in section IV as
well as a new proposed layout for the resistive protection.
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II. DETECTOR DESCRIPTION

In the proposed layout, shown in figure 1, the resistive
protection is obtained by overlaying the anode copper pads
(readout pads) with an insulating layer with a pattern of
resistive pads on top. The readout and resistive pads are

Fig. 1. Sketch of the small pad Micromegas detector with embedded resistors
structure.

connected by intermediate resistors (3 to 7 MΩ) embedded in
the insulating layer. The detector is completed with the bulk
technique [5]. The signal is transmitted to the readout pads by
capacitive coupling, while the charges are evacuated through
the intermediate resistors.

A first small size prototype has been constructed and tested.
The layout of the prototype is shown in figure 2(Left). It
consists of a matrix of 48x16 pads with rectangular shape
0.8x2.8 mm2 and pitch of 1 and 3 mm in the two coordinates.
The active surface is 4.8x4.8 cm2 with a total number of 768
channels. A photo of one built anode plane is shown in figure
2(Right). The drift and amplification gaps of this Micromegas
prototype are 5 mm and 128 µm, respectively. The detector is
operated with an Ar/CO2 (93:7) gas mixture.

Fig. 2. Left: Layout for the first prototype; Right: The readout PCB of the
constructed prototype.

978-1-5386-2282-7/17/$31.00 c© 2017 European Union



2

III. CHARACTERIZATION AND PERFORMANCE STUDY

Characterization and performance studies of the detector
have been carried out at CERN by means of radioactive
sources, X- Rays (at the GDD/RD51 [6] laboratory) and with
test beam at the SPS H4 Experimental Hall.

The gain dependence on the amplification voltage is re-
ported in figure 3, as obtained with the detector irradiated with
two different 55Fe radioactive sources of different intensities.
The results are compatible with other resistive strips bulk
Micromegas detectors. A gain of ∼104 is reached with the
chambers operated at an amplification Voltage of 530V. A
gain reduction of about 20% from Low (1.3 kHz) to High
(128 kHz) intensity 55Fe source is observed.

Fig. 3. Measured gain as a function of the amplification voltage as obtained
with two 55Fe sources with different intensities.

A study of the detector gain using 8 keV photons from a
(Cu)X-Ray gun was performed. Two setup with a 10 mm hole
or a 3 mm collimator were used to have a better control of
the photons rate. The gain as measured with the 10 mm hole
for different values of the amplification voltage is shown as a
function of the photons rate in figure 4. At a rate of order 10
MHz/cm2 a gain reduction of ∼27% is measured. The gain
as measured with the 3 mm collimator for an amplification
voltage of 530 V is shown as a function of the photons
rate in figure 5 together with the measurements at the same
amplification voltage with the 10 mm hole. At very high rates
a drop in gain is evident but the detector still works with a
gain of 4x103 at more than 150 MHz/cm2.

The prototype was exposed to high intensity muons and
pions beams at the SPS H4 beam line at CERN in October
2016 during the RD51 beam period. Standard double coor-
dinate strip bulk Micromegas were used as refrence tracking
detectors. The prototype and reference chambers were read out
exploiting the APV25 chip [7] and the SRS [8] data acquisi-
tion system. Clusters within the pad-MM are reconstructed
combining adjacent fired pads. The cluster position is given
by the weighted average of the pads positions. The position
resolution is defined as the difference between the cluster
position measured from the prototype and that interpolated by
tracking chambers. Alignment and rotation corrections have
been applied. A track extrapolation error of about 50µm was
not subtracted. In figure 6 the distribution of the residuals, in

Fig. 4. Measured gain as a function of the rate for different values of the
amplification voltage as measured with X-Ray gun.

Fig. 5. Measured gain as a function of the rate as measured with X-Ray gun.

the precision coordinate, as measured with the high energy
muon beam is reported. A spatial resolution of 190 µm (from
1 mm pad pitch) was obtained.

Fig. 6. Spatial resolution measured with an high energy muon beam for an
amplification voltage of 530 V.

The efficiency is measured checking, for each reference
track, the presence of a cluster in the pad-MM prototype with
different requirements: 1) a cluster anywhere in the detector
(cluster efficiency); 2) a cluster within 1.5 mm from the
extrapolated reference track (software efficiency); 3) a cluster
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within 5σ (∼1 mm) from the extrapolated reference track (5σ
efficiency). In figure 7 the cluster, software and 5σ efficiencies
as measured with the muon beam are shown as a function of
the amplification voltage. The plateau is reached above 490 V
with efficiencies of larger than 99%.

Fig. 7. Cluster, software and 5σ efficiency (as defined in the text) as a function
of the amplification voltage as measured with an high energy muons.

IV. OUTLOOK

In the present design, the prototype is readout through
connections to the active elements (pads) from connectors
placed outside the active area. This implies a growing com-
plexity of the routing of the line connections from the pads
to the connectors, with the increasing size of the detectors. A
solution to allow for the scalability in detector dimensions
is to incorporate the electronics in the readout board with
readout chips wire bonded on the back of the anode plane,
inside the active area. A 128 pads sectors is readout by a 128-
channels chip wire-bonded on the back side of the anode plane,
with direct connections through vias between the pads and the
readout chip. The front-end electronic circuit is exported from
the RD51 APV25 front-end hybrid card and embedded on the
anode plane PCB. A first 4x128 pads Micromegas prototype
with embedded electronics was produced. The strip pitch is
1mm x 3mm in one sector and 1mm x 8mm in the other three
sectors. A view of the back of the readout PCB for the new
prototype with embedded electronics is shown in figure 8. The
new prototype is currently under test.

V. CONCLUSIONS

A small-pads resistive Micromegas prototype was produced
and successfully tested with 55Fe sources, X-Rays and muons
and pions beams. A first prototype with embedded electronics,
exploiting an APV25 chip bonded on the back of the detector,
was produced and it is currently under electronic tests. We plan
to optimize the resistive protection configuration for operations
at and beyond 10 MHz/cm2 on the full detector area, to op-
timize the embedded electronics with possibly different chips
solutions, to construct a medium size prototype (∼30x30 cm2)
and to address mechanical issues (as for example embedded
tubes in the PCB with CO2 cooling).

Fig. 8. Rear view of the readout PCB for the new prototype with embedded
electronics. The four readout sections with the electronic circuit are clearly
visible. the APV25 chip is mounted in one one section, with a kapton
protection.
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