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The µ-RWELL: the detector architecture 

Topical Workshop on MPGD stability & RD51 Meeting  - 
TUM, Munich 

(*) DLC = Diamond Like Carbon 
highly mechanical & chemical resistant  
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The µ-RWELL is composed of only two elements:  

     the  µ-RWELL_PCB and the cathode   
 

The µ-RWELL_PCB, the core of the detector, is 
realized by coupling: 
 

1. a WELL patterned kapton foil as amplification 
stage 
 

2. a resistive layer (*)  for  discharge suppression & 
current evacuation: 

 

i. Single resistive layer (SRL) <100 kHz/cm2:  
surface resistivity ~100 MW/ἦ(SHiP, CepC, 
Novosisbirsk, EIC, HIEPA) 

ii. Double resistive layer  (DRL) >1 MHz/cm2 (for 
LHCb-Muon upgrade & future colliders  - 
CepC, Fcc-ee/hh) 

 

3. a standard readout PCB 
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The resistive layer: DLC sputtering 
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The kapton foil copper etched on one side is sputtered with DLC (by Be-Sputter Co., 
Ltd. in Japan). Simultaneous sputtering of 6 foils (1.2x0.6 m2) per production batch is 
possible. 
The resistivity depends on several manufacturing conditions, but can be 
parametrized as function of the DLC thickness. The resistivity uniformity is at level of 
20-30%. 

A profitable collaboration with 
Zhou Yi from USTC ς Hefei (PRC) for 
the manufacturing of improved DLC 
foils, has been started. 
 

A Common Project among Hefei, 
Kobe, CERN and LNF has been 
recently presented with three main 
objectives:  
Å define manufacturing procedure 
Å define QC/QA procedures 
Å perform long term stability tests 

Thanks to A. Ochi 
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Principle of operation  

top copper 
layer 

kapton 

resistive stage 

Insulating medium 
Pad/strip r/out 

HV 

r 

er t 

Not in scale 
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Applying a suitable voltage between top copper 
layer and DLC ǘƘŜ ά²9[[έ ŀŎǘǎ  ŀǎ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ 
channel  for the ionization. 

The charge induced on the resistive foil is  
dispersed with a time constant, ̱  = ́ C ,  
determined by: 
 

Å the DLC surface resistivity, r 
Å the capacitance per unit area, which depends on the distance between the resistive foil 

and the pad/strip readout plane, t  
Å the dielectric constant of the insulating medium, er  [M.S. Dixit et al., NIMA  566 (2006) 281] 

ÅThe main effect of the introduction of the resistive stage is the suppression of the transition 
from streamer to spark 
 
 

ÅAs a drawback, the capability to stand high particle fluxes is reduced, but an appropriate  
grounding of the resistive layer with a suitable pitch solves this problem (see High Rate 
scheme) 

21/06/2018 



The Low Rate Layout 
single resistive layer w/edge grounding 
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DLC layer: 0.1-0.2 µm (10-200 MW/ἦ) 

Kapton layer  50 µm 

Copper layer  5 µm 

DLC-coated base material after copper and kapton 
chemical etching  (WELL amplification stage) 

DLC-coated kapton base material 

PCB (1.6 mm) 

Insulating medium (50 µm) 
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Detector Gain 

Single Resistive Layer prototypes with 

different resistivity have been tested with  

X-Rays (5.9 keV), with several gas 

mixtures, and characterized by measuring 

the gas gain in current mode 
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Ar:CO2:CF4 45:15:40 

Ar/iC4H10= 90/10 

Recent prototypes showed Gain ~105 in  
Ar/CO2/CF4= 45/15/40 

Ar/CO2/CF4= 45/15/40 
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Space resolution vs DLC resistivity 

The space resolution exhibits a minimum around 100MҠ/Ǐ 
  Ą  at low resistivity the charge spread increases and then ̀  is worsening 
  Ą  at high resistivity the charge spread is too small  (Cluster-size Ą 1 fired strip) 
 

         then the Charge Centroid method becomes no more effective (  ̀Ą pitch/Õ12) 

Charge Centroid analysis (orthogonal tracks) 
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Space resolution vs inclined tracks: ˃ -TCP mode  
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The ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ // ŀƴŘ ǘƘŜ ˃-TPC mode with Ed= 1 kV/cm 
The  combined spatial resolution is flat over a wide range of  incidence angles.  

100 mm 

Ar:CO2:CF4 45:15:40  - HV=600V,  Ed=1kV/cm, Gain ~104  

21/06/2018 

arctan(0.97) = 44.1Á 

z 

x 
9 

Thanks to the collaboration  with BESIII-CGEM,  R.Farinelli (INFN-Fe) & L.Lavezzi (INFN-To) 

45Á track 
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Single-resistive layout:  
Technology Transfer to industry 
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The engineering and industrialization of the m-
RWELL technology is one of the main goal of the 
project. 
TT to industry can open the way towards cost-
effective mass production. 
 

Manufacturing process of the single resistive 
layer has been extensively tested at the ELTOS 
SpA (http://www.eltos.it ) 
 

Production Tests @ ELTOS: 
- 10x10 cm2 PCB ς uRWELL (PAD r/o)  
- 10x10 cm2 PCB ς uRWELL (strip r/o) 
       coupled with kapton/DLC foils 
 

The etching of the kapton done by Rui (CERN) 
 

On the last tests done in Feb. 2018 the yield 
was 100%. More statistics needed. 
 

 Technology Transfer to Industry (I) 
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In the framework of the CMS-phase2 muon upgrade different prototypes of  large size 
single-resisitive layer µ-RWELLs have been built at ELTOS: 
 - 1.2x0.5m2  µ-RWELL              
 - 1.9x1.2m2  µ-RWELL 

 Technology Transfer to Industry (II) 
 1
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High rate layouts  
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1st High rate layout: the double-resistive layer 

WARNING: The engineering/industrialization of the double-resistive layer is difficult  
due to the manufacturing of the conductive vias on kapton foil. 

5 ˃ Ƴ Cu 
50 ˃ Ƴ Kapton 
500 ς 700 nm DLC 
50 ˃ Ƴ Kapton 
500 ς 700 nm DLC 
50 ˃ Ƴ pre-preg 
readout electrodes 
standard PCB 

conductive vias 

21/06/2018 

The idea is to reduce the path of the current on the DLC surface implementing a 
matrix of conductive vias connecting two stacked resistive layers. A second matrix 
of vias connects the second resistive layer to ground through the readout 
electrodes (3-D grounding scheme) 
The pitch of the vias is typically of the order 1/cm2 (or less). 
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2 ς High rate version based on single-resistive layout 
The aim is to maintain a very short path for charges moving on the resistive layer, 
while simplifying the construction process. 
Several ideas are under development, all based on a surface grounding through 
continuous/dashed-conductive as well as resistive lines. 

1. Silver Grid: 1st generation - SG1 
 

Relatively thin conductive lines (250-300 µm wide) are screen-printed  onto the DLC and 
surface-grounded at the edge of the active area (as LR version)  

The introduction of a conductive line on the 
bottom layer of the amplification stage can induce 
instabilities due to discharges over the DLC surface 

SG-1 designed with safe geometrical 
parameters:  grid-pitch 6 mm 
                        dead area 2 mm 

2178.73 ˃ Ƴ 

2
4

4
.9

6
 

˃
Ƴ 

5 ˃ Ƴ Cu 
50 ˃ Ƴ Kapton 
500 ς 700 nm DLC 
pre-preg 50 ˃ Ƴ  
readout electrodes  
standard PCB   

dead area over 
the grid 

grid pitch 

DOCA 

Geometrical acceptance  66% 21/06/2018 
Topical Workshop on MPGD stability & 

RD51 Meeting  - TUM, Munich 
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2. Silver Grid: 2nd generation ς SG2  

5 ˃ Ƴ Cu 
50 ˃ Ƴ Kapton 
500 ς 700 nm DLC 
pre-preg 50 ˃ Ƴ  
readout electrodes  
standard PCB   

dead area over 
the grid 

grid pitch 

DOCA 

SG-2 designed with following parameters:    
Å  grid-pitch  12 mm 
Å  dead area 1.2 mm 

Geometrical acceptance  90% 

557.76 ˃ Ƴ  34.13 ˃ Ƴ  1260.39 
˃Ƴ  

21/06/2018 



21/06/2018 Topical Workshop on MPGD stability & RD51 Meeting  - TUM, Munich 17 

Conductive Grid: optimization 
In order to reduce the dead area, we studied the Distance Of Closest Approach (without 
discharges) between two tips connected to an HV power supply. We recorded the minimum 
distance before a discharge on the DLC occurred vs the ɲ± ǎǳǇǇƭƛŜŘ for foils with different 
surface resistivity. 

ɟ ~ 60-80 MЩ/  Ą DOCA < 300 µm   

DOCA = 300 µm  
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Future SG2++ prototypes 

Following the recipe for Silver Grid (SG1 & SG2) layout based on the 
definition of the grid-pitch, grid-width  we would like to minimize as much 

as possible the dead zone (for a  given DLC resistivity around 60-80 MҠ/ )  

HR Layout Resistive 
layer 

Grounding 
pitch 
(grid/vias) 

Grounding 
type 

Dead-zone Grid 
width 

DOCA 

SG2++ single 12 mm Conductive 
grid 

0,3 + 0,3 mm 100 um 250 um 

The very fine grid structure made possible thanks to the USTC DLC+Cu technology 
We expect a geometric acceptance of the order of 95%  
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3 - Resistive Grid (RG) 

The resistive lines  is done by screen printing and  
the grid (surface) grounding is performed via the  resistive 
DLC. The geometrical parameters: 
Å grid pitch 6 mm 
Å No dead zone required 
The main problem of such a layout  are the poor precision 
of the lines and the very bad resistance uniformity among 
lines and along the lines  Ą  this scheme will be replaced 
with the new conductive-dashed scheme. 

5 ˃ Ƴ Cu 
50 ˃ Ƴ Kapton 
500 ς 700 nm DLC 
pre-preg 50 ˃ Ƴ  
readout electrodes  
standard PCB   

resistive grid pitch 6 mm 

Y distance of 
pads: 
217.23 ˃ Ƴ  

Resistive strip 
width: 
296.99 ˃ Ƴ  

X distance of 
pads: 
105.03 ˃ Ƴ  
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4 ς Conductive-Dashed Grid (DG) 
The idea is to simulate resistive lines with a suitable pattern of conductive-dashed lines. 
The size of each element of the dashed is: 1 mm length  and 0.1 mm width (using USTC DLC+Cu 
technology) 
The capacitance  of the single element of the dashed-line should be kept very low: 
 

 ╒  ⱠⱠ►
◌ ■

◄
        Ą  ╒ ȟ  ▬╕ ■ □□Ƞ◌ Ⱨ□Ƞ◄ Ⱨ□ 

 

As a consequence the problem of discharges on DLC surface  should be kept under control. 

The distance between dashes at the edges (close to ground connection) is ten times the one in 
the center.  In this way the resistance at the center is negligible w.r.t  the resistance at the edge 
ensuring an acceptable uniformity (at level of 10%). 
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HR layouts performance: the efficiency (I) 

As expected the DL prototype reaches full tracking efficiency ς 98%  (NO DEAD ZONE in the 
amplification stage). 
The SG1 & SG2 show lower efficiency (74% -92%) BUT higher than their geometrical acceptance 
(66% and 90% respectively), thanks to the efficient electron collection mechanism that reduce 
the effective dead zone.  With the optmized SG2 version (SG2++ w/95% geometrical acceptance) 
we hope to achieve almost full efficiency (97-98%). 

Ar:CO2:CF4 45:15:40 ς Muon Beam  -  Ed = 3 kV/cm 

98% 

92% 

74% 

21/06/2018 
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HR layouts performance: the efficiency (II) 

Ar:CO2:CF4 45:15:40 ς Muon Beam ς  HV = 540 V 

At low Ed (suitable for micro-TPC mode ς see later on) the further rise of the efficiency of the 
SG prototypes could be explained with the further increase of the electron collection 
efficiency close to the dead zone of the detectors. While for the DL we observe the standard 
efficiency drop (generally due to e ςL ǊŜŎƻƳōƛƴŀǘƛƻƴ Χ ύ  

93% 

98% 

82% 

21/06/2018 
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Silver grid 
pitch 
0.6cm 

dead area width 
0.2cm 

Charge & Efficiency  profiles of SG1 (w/ pions) 

Close to dead zone 
the charge increases 
while the efficiency 
(obviously) decreases. 
 

The systematic 
increase of the charge 
close to the dead zone 
could be correlated 
with edge effects 
locally increasing the 
amplification of the 
detector, extending 
the multiplication 
outside the wells. 
 

Simulation needed !!! 

HV=540V, Ed=1kV/cm 

Topical Workshop on MPGD stability & RD51 Meeting  - TUM, Munich 21/06/2018 
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dead area width: 1.2 mm 

SG2 pitch: 12 mm 

pad pitch:  6 mm 

Charge & Efficiency  profiles of SG2 (with pions) 
HV=540V, Ed=2kV/cm 

Less evident effects 
observed for the SG2 
 

More uniform response 
expected with the new 
detector layout SG2++, 
under production at 
CERN (by Rui) for which: 
 

Å picth = 12 mm  
Å dead zone = 0,6 mm 
Å geometrical 

acceptance 95% 
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Gain drop measurement w/5.9 X-ray 

The gain drop is  due to 
the Ohmic effect on the 
resistive layer:  
charges collected on the 
DLC drift  towards the 
ground facing an 
ŜŦŦŜŎǘƛǾŜ ǊŜǎƛǎǘŀƴŎŜ ʍ, 
depending on the 
evacuation scheme  
geometry  and DLC 
surface resistivity. 
ʍ is computed by the 
parameter p0  coming 
from the fit of the Gain 
curve. 
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