
978-1-7281-4164-0 /19/$31.00 ©2019 IEEE 

Performance of Small-Pad Resistive Micromegas for 
operation under high particle flow 
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Abstract – Motivated mainly by future upgrades at high-
luminosity LHC (HL-LHC) and detectors at future accelerators, 
most of the HEP R&D collaborations are focusing on the design of 
new particle detectors for operation under high particle flow. In 
the field of Micro-Pattern-Gaseous-Detectors, were designed the 
small-pad resistive Micromegas prototypes, to overcome the 
limitations of current resistive strip Micromegas chambers. In 
these new prototypes, pads with 1×3 mm2 area replace the readout 
strips to reduce the occupancy. The spark protection resistive 
layer has been redesigned and optimized with different techniques 
to permit a safe behavior of the detector, at rates of the order of 
tens MHz/cm2 over large surfaces without efficiency loss. The 
firstly-developed design exploits a pad-patterned embedded 
resistor layout made by screen-printing, while the most recent 
technique involves uniform sputtered DLC (Diamond Like 
Carbon structure) layers, where the charge evacuates through the 
several vias connected to the ground. 
Comparative studies have been conducted on the performance of 
the detectors with two resistive layouts, and between two DLC 
prototypes with different pitch of vias and surface resistivity. The 
results of the tests performed with high intensity X-rays and with 
high-energy charged particle beams will be presented. 

I. INTRODUCTION 

Resistive Micromegas are built with parallel plate electrodes 
structure, with the volume divided into two gaps (drift and 
amplification) by means of a metallic mesh. The anode plane, 
built using standard printed circuit techniques, host the read-out 
elements, usually strips or pads. For high rates applications 
and/or intense flux of highly ionizing particles, discharges 
effects are greatly mitigated with the implementation of a 
resistive layer, usually same pattern as the read-out layout, 
facing the amplification gap [1]. This is, for example, the 
solution adopted by ATLAS experiment for the New Small 
Wheel upgrade, for operations up to few kHz/cm2 [2].  

To further improve the rate capability, up to several 
MHz/cm2, the miniaturization of the readout elements and a 
new scheme of the resistive protection system are required. 
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II. DESCRIPTION OF THE DIFFERENT RESISTIVE SCHEMES 

All Small-pad Micromegas detectors presented in this paper 
consist of a similar anode plane, segmented with a matrix of 
48×16 readout pads. Each pad having a rectangular shape 
(0.8×2.8 mm2) with a pitch of 1 and 3 mm in the two 
coordinates. The active surface is 4.8×4.8 cm2 with a total 
number of 768 channels, routed off-detector for readout. 

 

 
Fig. 1. Top view of the detector prototype and layout of the anode pads 

  
The general view of the detector prototype and the layout of 

the anode plane are shown on Fig. 1. On top of this anode plane, 
two different concepts of the spark protection resistive layer 
have been implemented.  

The first one adopt a pad-patterned resistive scheme [3, 4, 5, 
6]. It relies on the anode pads being overlaid by resistive pads, 
inter-connected by intermediate “embedded” resistors as shown 
in Fig. 2.    

 
Fig. 2. Sketch of the pad-patterned resistive scheme 

 
The total resistance between the resistive and anode pads is 

in the range 3-6 MOhm.  The second one uses two continuous 
resistive layers of Diamond Like Carbon structures (DLC), 
deposited by sputtering on Kapton foils and glued on the anode.   
The two resistive layers are interconnected together with the 
readout pads with a network of conducting vias with a few mm 
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pitch, filled with silver paste, to evacuate the charge, as 
sketched on Fig. 3.   

 

 
Fig. 3. Sketch of the DLC detectors 

 
Actually, the detector active plane was divided in two parts, 

each one having a different pitch of the conducting vias through 
the DLC layers: 6mm and 12 mm respectively. The spark 
protection mechanism with a double DLC layer was inspired by 
the technique used for the development of µ-RWELL detectors 
prototypes [7].  

The detectors are finally completed with a bulk Micromegas 
process [8], defining the ~100 µm amplification gap with a 
metallic (stainless steel) micromesh supported by Pyralux 
insulating pillars, and with a drift cathode defining the 5 mm 
wide conversion gap.  

In the following, the detector built with the pad-patterned 
technique will be referred to as PAD-P. Exploiting the DLC 
technique, two detectors have been built with different 
resistivity: the first one with resistivity in the range 50–70 
MOhm/sq. and the other with foils with about 20 MOhm/sq., 
referred to as DLC50 and DLC20, respectively.  In order to 
distinguish the two regions with 6 mm and 12 mm vias pitch, 
the suffix “6-mm” and “12-mm” are added to the corresponding 
name of the DLC detectors. 

III. COMPARISON OF THE DETECTOR PERFORMANCE 

Performance studies have been performed with radioactive 
sources (55Fe with different intensity), with X-Rays gun and 
with high-energy particle beams at CERN SPS accelerator 
facility. All detectors operating with the gas mixture 
Ar/CO2=93/7, with a nominal setting of 600 V/cm drift field.  
In the case of the high rates performance, all detectors have 
been tested at the same gain condition, tuning the HV value to 
obtain a gain of ∼8000 (at 100 kHz).  

A review of the results acquired with the PAD-P detector can 
be found in [6]. It turns out to be a robust detector, without any 
indication of early discharges, but with worse energy and 
spatial resolution.  In order to improve these parameters of the 
performance, as well as, to exploit new construction techniques, 
the “DLC” detectors have been built, in the configurations 
summarized below. 

In Fig.4 the spectra measured exposing the detectors by 55Fe 
radioactive source are reported. From the most prominent peak 
an energy resolution of 48% and 29% (FWHM) are measured 
for the PAD-P and DLC50 detectors respectively. PAD-P 
detector shows a modest energy resolution due to the non-
uniformity of the resistive layer and pad border effects. The use 

of much more uniform DLC layer, significantly improves the 
energy resolution and it has no dependence on the position. 

 
Fig. 4. Multi-channel analyzer spectra from 55Fe source acquired with 

PAD-P and DLC50 detectors 
 
Charging-up effects have been studied by measuring the 

detector current (proportional to the gain) as a function of time, 
with cycles of X-Ray irradiation at different rates. An example 
of the obtained results is reported in Fig. 5. While a drop of 
about 20% is observed in the PAD-P detector, after few seconds 
of the start of irradiation, the DLC detectors do not show any 
charging-up effect. This was expected from the uniformity of 
the resistive layer, and the fact that there is no exposed 
dielectric, with the exception of pillars. 

 

 
Fig. 5. Detector current as a function of the time for PAD-P and DLC50 

detectors under cycles of irradiation with X-Rays 
 
Tests with X-Rays have been carried out to explore the high 

rates performances. A calibration procedure must be adopted to 
obtain the actual conversion rates of X-Rays in the detector, 
which should be unaffected by efficiency loss and/or electronics 
signal processing effects.   

The rates were measured from the amplified signals of the 
mesh with a discriminator and scaler, as well as, with the multi-
channel analyzer (MCA), in conditions of linearity.  That is 
when the response of the detectors are linear in gain and the 
effects of pile-up in the discriminator and in the MCA are 
negligible (or can be accounted for with the estimated dead 
time).  These conditions applies for X-Ray gun currents 
corresponding to measured rates up to about 200 kHz. For the 
higher X-Ray currents, the rates deviate from linearity, and are 
extrapolated from the fit at lower rates.  This “rate calibration 
procedure” is repeated for all detectors at any change of 
measurement conditions (e.g. change of amplification voltage 
or dimensions of the exposure area). 

In Fig. 6 the comparison between the configurations DLC20, 
DLC50 (both in the 6 mm pitch region of the grounding vias) 
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and PAD-P is reported.  The plots show the detectors measured 
currents as a function of the extrapolated rates, both normalized 
to unit area. Data are taken with a shielding defining an almost 
uniform irradiated area in a circle of 10 mm of diameter (0.79 
cm2).  In the left plot are shown the response of the detectors 
for rates up to about 10 MHz/cm2.  DLC20 shows a significantly 
better behavior than DLC50, as expected from the lower 
resistivity.  In this region, PAD-P shows a deviation from 
linearity of about 25%, due to the combination of charging-up 
effect and Ohmic drop of the amplification voltage due to the 
high current values.  In the right plot, the response at very high 
rate is shown. The PAD-P and DLC20 configurations have a 
comparable behavior in the full explored region (up to about 90 
MHz/cm2).  The Ohmic drop on DLC50, due to its high 
resistivity, increases with rate. 

Fig. 6. Mesh current as a function of the rate normalized to unit area, 
exposed to X-Ray on the surface of 0.79 cm2 (10 mm diameter hole). 

Left: for the rates up to 10 MHz/cm2; 
Right: in the extended region of the rates above 100 MHz/cm2 

 

The comparison between the configurations with 6 mm and 
12 mm pitches of the grounding vias for DLC50 is reported in 
Fig. 7. A maximum difference within 10% has been measured 
at about 9 MHz/cm2 (left plot), the difference significantly 
increases at higher rates (right plot). 

 
Fig. 7. Mesh current as a function of the rate normalized to unit area, for 

the two configurations DLC50-6mm and DLC50-12mm.  
Left: for the rates up to 10 MHz/cm2;  

Right: in the extended region of rates above 100 MHz/cm2. 
 

All measurements shown so far are related to an exposed 
surface of 0.79 cm2.   In order to study the dependence of the 
detectors response on the irradiated area, shields with different 
apertures have been used. In Fig. 8 the normalized currents, for 
PAD-P (left) and DLC50–6mm (right) are reported.  

PAD-P does not show any significant difference for the rates 
up to 8 MHz/cm2, the maximum reached for the large area 
irradiation. At this rate, the current was about 18 µA for 12 cm2, 
close to the power supply limit. The measurements for the large 
area (12 cm2) was limited at 0.7 MHz/cm2 for the DLC50–6mm 
detector due to the onset of discharges.  In the measured range, 
no dependence on the irradiated area has been observed in the 
comparison of 0.79 and 12 cm2 exposures.  

 

Fig. 8. Mesh current as a function of rate for different irradiated areas. 
 

At high rates, in the region of ten MHz/cm2 the dependence 
on the irradiated area is not yet a concluded study. While PAD-
P show no dependence, and this is expected due to its structure 
with each pad being independent from the others, for the DLC, 
the uniform resistive layers can potentially induce more severe 
drops the larger the exposed area. 

Fig. 9. Mesh current as a function of rate for DLC50–6mm and different 

irradiated areas. 
 

An indication of a dependency on the irradiated surface can 
be seen for DLC50–6mm in Fig. 9 in the comparison of 
exposures on 0.07 cm2 (3 mm diameter hole), 0.79 cm2 (10 mm 
diameter hole) and 3.61 cm2 (19 mm side square).  For this test, 
data have been taken with DLC50 detector operated at a gain 
about a factor 2 higher than the previous test. A deviation from 
a common behavior is observed above few MHz/cm2. 

Fig. 10. Comparison of test beam results for PAD-P, DLC20 and DLC50. 
Cluster size (left) and Spatial resolution (right) as a function of the 

amplification voltage. 
 

Finally, a comparison of results is reported in Fig. 10 from 
data taken with high energy muon beam at the H4 SPS 
Experimental area at CERN, in October 2018.   The left plot 
shows the cluster size for the three detectors, PAD-P, DLC50 
and DLC20, as a function of the amplification voltage.  As 
expected, the cluster size is higher for the detectors with 
uniform resistive layers and increases as lower is the resistivity.  
On the right plot, the spatial resolution along the precision 
coordinate (1 mm pad pitch) is reported as a function of the 
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amplification voltage. The homogeneity of the resistive layers, 
along with the higher cluster size, are probably the key 
parameters to obtain a significantly better resolution with 
respect to the pad-patterned detector.  For both DLC20 and 
DLC50 the resolution is below 100 µm, Specifically, DLC20 
reaches 80 um resolution (10-20% better than DLC50) with a 
higher cluster size. 

IV. CONCLUSIONS 

Preliminary data have been shown for different pixelated 
Micromegas resistive detectors. Despite developing charging-
up (saturating with a gain drop of about 25 %), the pad-
patterned detector shows excellent response up to rates as high 
as hundred MHz/cm2 from X-Rays.   It has a response 
independent on the exposed surface to radiation, and it is very 
robust. The DLC detectors have significantly better 
performance for what concerns the energy resolution and the 
spatial resolution.  They do not suffer from charging-up effects, 
and, with an optimized configuration (e.g. DLC20–6mm - see 
Fig. 8), the response is similar to PAD-P for high rates. Onset 
of discharges have prevented us to study these detectors up to 
very high rates and large exposure areas. The weakness of these 
detectors has been traced to be due to a particular step in the 
production process.  One of the main goals of the next 
generation of prototypes is the construction of DLC with a new 
technique focusing on robustness.  
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