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The u-RWELL detector [reminder]

The p-RWELL is a Micro Pattern Gaseous

Cathode PCB
-2400V

Detector (MPGD) composed of only two Copper 5 ym
elements: the p-RWELL PCB and the cathode. ‘ (*)
The core is the p-RWELL_PCB, realized by kapt‘?f‘ Ar:CO,:CF, 45:15:40 70 ym | T
coupling three different elements: : 50 ym  Drift gap
o Y 140 ym (3-6 mm)
\ = -600V

Top copper layer
—

\\
DLC layer (<0.1 ym)
p~10+100 MQ/O -,

kapton—™ " ——
Pre-preg / =
Resistive foil (p) - |
Rigid PCB
e
electrode

Pre-preg —

Pads — «

NOT IN SCALE

Applying a suitable voltage between the top
Cu-layer and the DLC the WELL acts as a
multiplication channel for the ionization
produced in the conversion/drift gas gap.

a WELL patterned kapton foil acting as
amplification stage (GEM-like)

a resistive DLC layer (Diamond-Like-Carbon)
for discharge suppression with
surface resistivity ~ 50+100 MQ/[J

a standard readout PCB



I-RWELL Technology Transfer Iflow chartl LXAIRA

LAYOUT design -
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PCB production

Final detector
manufacturing

DLC foil production!?

[*] DLC Magnetron Sputtering machine co-funded by INFN- CSN1



I-RWELL Technology Transfer 2023

C Step 0 - Detector PCB design @ LNF + CERN-MPT
INF

N
""" Step 1 - CERN INFN DLC sputtering machine @ CERN (+INFN)

* In operation since Nov. 2022
* Production by LNF-INFN crew
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This research has been supported by the E.U. Project AIDAInnova Task 7.3 (European Union’s Horizon 2020 Research and Innovation programme, grant agreement N.101004761)



I-RWELL Technology Transfer 2023

C Step 0 - Detector PCB design @ LNF + CERN-MPT
INFN
""" Step 1 - CERN_INFN DLC sputtering machine @ CERN (+INFN)

*@ * In operation since Nov. 2022

q * Production by LNF-INFN crew

Step 2 - Producing readout PCB by ELTOS
* pad/strip readout

E| | bS5 Step 3 - DLC patterning by ELTOS
* photo-resist - patterning with BRUSHING-machine

'NFN| Step 4 - DLC foil gluing on PCB by ELTOS
* Large press available, up to 16 PCBs workable at the same time

This research has been supported by the E.U. Project AIDAInnova Task 7.3 (European Union’s Horizon 2020 Research and Innovation programme, grant agreement N.101004761)



I-RWELL Technology Transfer 2023 E—— AIRA

C Step 0 - Detector PCB design @ LNF + CERN-MPT
INFN
""" Step 1 - CERN_INFN DLC sputtering machine @ CERN (+INFN)

*@ * In operation since Nov. 2022

q * Production by LNF-INFN crew

Step 2 - Producing readout PCB by ELTOS
* pad/strip readout

E| | bS5 Step 3 - DLC patterning by ELTOS
* photo-resist - patterning with BRUSHING-machine

'NFN| Step 4 - DLC foil gluing on PCB by ELTOS
* Large press available, up to 16 PCBs workable at the same time

Step 5 - Ground network connections creation by CERN
* PEP layout: Cu Patterning - PI Etching — Cu Plating

Ep— Step 6 - Amplification stage patterning by CERN =it
\ * Cu amplification holes image and HV connections by Cu etching S
7 * PI etching - plating — amplification-holes

Step 7 - Electrical cleaning and detector closing @ CERN

This research has been supported by the E.U. Project AIDAInnova Task 7.3 (European Union’s Horizon 2020 Research and Innovation programme, grant agreement N.101004761)



High-rate layout optimisation ineN [

LNF-DDG

The GOAL: minimizing the average path towards the ground connection by introducing a high-density grounding network on
the DLC layer. In PEP (Patterning-Etching-Plating) layouts the top Cu layer is connected to the DLC, plating through the APICAL foil.

2022 - PEP-groove 2023 - PEP-dot e -
DLC grounding by DLC grounding by l,
conductive groove conductive DOT :

Pad R/O = 9x9cm? l
Grounding: - pitch = 9.0 mm o
-rim = 1.3 mm ' :

Pad R/O = 9x9cm?
Grounding: - pitch = 9.0 mm
-width = 1.1 mm

= ey, I - B ~ b
[ SO SRR P et

- 97% geometric acceptance

- 84% geometric acceptance

Dead Zone 1.1 - . Dead Zone 1.305
amplification amplification [* >
WELL ! Cu 0.095 5 GND 0.35 028 WL | Cu 0.094 GND 0.767 0 175
Kapt
Copper | HV | | GND I | HV apton Cgpper Kapton
_

| A j \\

| R/Opad DLC Prepreg I
DOCA 0.6 DOCA 0.535

759,07pm




High-rate layout optimisation

2022
PEP-groove

Gas gain

Relative Gain: G/G,,

Ar:CO,:CF, 45:15:40

.
CNeN

104 —

/

10°

° -e Groove 7: [0.023977]*exp([0.019827] x HV)|

T T O I 1 T O O 0 A O (30
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HV [V]

3.09_DOT3_ratecap/202;

_gain_PEP_DOT_GROOV E/gain_

Rate Capability PEP Groove

Gain = 4000, Ar:CO,:CF, 45:15:40, 6mm gas gap, muons 450 MeV — Tonyo; 57T

i B (INFN
1_ ———5——5 s Q= 1006
0.8
0.6 —
04 L resistivity: 10 MQ/0
L |=@3cm- spot 7.07cm?
0.2 || @ 4cm - spot 12.6cm®
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ol sl il
10° 10° 107 10*

m.i.p. Flux [Hz/cm?]

/2023-09_DOT3_rat pepl_1_21_redux

2023
PEP-dot

Both layouts exhibit
satisfactory performance:

* gas gain of up to 10*

* rate capability (@ 90% drop)

> 10 MHz/cm?

INFN

LNF - DDG

Ar:CO,:CF, 45:15:40

- _
3 FN
o0 10* INF-D0G
3 F -

S =
o
10° = /
L -m- DOT 3: [0.007884]*exp([0.021845] x HV)
vl e b b e b b b e Ly
500 520 540 560 580 600 620 640 660
Rate Capability PEP DOT
Gain = 4000, Ar:CO,:CF, 45:15:40, 6mm gas gap, muons 450 MeV — Ion,; 57e T
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ol vl vl vy
10° 10° 10’ 10%
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BT'23 IAPY231: Groove-DOT layouts comparison INFN

TB2023 LHCb RWELL Preliminary Efficienc
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The CERN-INFN DLC machine - <E

315t Oct. 2022 - Delivered
31t Oct. - 4" Nov. 2022 - Commissioning & test training
215t - 23" Nowv. 2022 - 15t DLC sputtering test
* Ar + N doping
19t - 28t Jun. 2023 - 27 DLC sputtering test
* Ar + N, doping (% and P scan)
25 - 29t Sep. 2023 - 3 DLC sputtering test
* Ar + C;H: doping
6™ - 10* Nov. 2023 - 4* DLC sputtering test
* Ar + C,H; doping (uniformity test)

Ar 150 sccm, Csz 3 scem, ppm

8 F :
g asof * No mask
Technical features: = 3505 o mas
+ Flexible substrates up to 1.7mx0.6m 300" © Mask
* Rigid substrates up to 0.2mx0.6m 2505 o e
= o o o ¢ - oo o B
Five cooled target holders, arranged as two 200 T BN Lol T T .
pairs face to face and one on the front, equipped =
with five shutters. 1901
100 .
CID allows to sputter or co-sputter different S . R
materials, to create a coating layer by layer or S0E M S IR
an adjustable gradient in the coating. o L

z position (cm)

Thanks to Rui, Serge, Givi and Gianfranco - more details in this talk




The CERN-INFN DLC machine <G

315t Oct. 2022 - Delivered
31t Oct. - 4" Nov. 2022 - Commissioning & test training
215t - 23" Nowv. 2022 - 15t DLC sputtering test
* Ar + N, doping e\ ‘
19t - 28t Jun. 2023 - 27 DLC sputtering test = S T
* Ar + N; doping (% and P scan) =l | :
25 - 29t Sep. 2023 - 3 DLC sputtering test S :
» Ar + C;H; doping 2023 I:{> Stable and uniform DLC resistivity w/ Ar+C.H;
6™ - 10* Nov. 2023 - 4* DLC sputtering test
* Ar + C,H; doping (uniformity test)

Ar 150 sccm, Csz 3 sccm, p_ 2E-3 mbar
proc

=] = :
g asof * No mask
Technical features: = 3505 o mas
+ Flexible substrates up to 1.7mx0.6m 300" © Mask =
* Rigid substrates up to 0.2mx0.6m 2505 o e
= o o o ¢ - oo o B
Five cooled target holders, arranged as two 200 T BN Lofa G .
pairs face to face and one on the front, equipped =
with five shutters. 1901
mof . .
CID allows to sputter or co-sputter different S . o,
materials, to create a coating layer by layer or S0E M S IR
an adjustable gradient in the coating. o L

z position (cm)

Thanks to Rui, Serge, Givi and Gianfranco - more details in this talk 2024 |:> Sputtering large foils!!




LNF - DDG

WP7.3.2: Mar’'23 ELTOS production - DLC patterning [ /OS¢ InFN

Step 2: —— DLC

1) R/O PCB production L E Kapton

Step 3:
2) Photoresist lamination for DL.C protection
3

)

) Photoresist UV-exposure
4) Photoresist development

)

5) DLC patterning with brushing machine
(@CERN different approach: JET-SCRUBBING)




WP7.3.2: Mar.’23 ELTOS production — DLC-foil gluing F{T05 (NN
Step 4: Cu-Kapton-DLC gluing on PCB m
106 50

e 16 PEP-dot detectors (9x9mm? pad R/O),
with different pre-preg thickness 1080 75

® 11/16 detector delivered/tested up to now <2 106 100

® Study of signal pulse amplitude vs coupling capacitance
between DLC and R/O pad.

x2 1080 150

Main parameters:
Pressure 180 N/cm?
Temperature 210 °C

I pacothane

/‘ Cu+Kapton+DLC ‘

H n.1 PANASONIC R-1551W tipo106 ‘
<—— PCB-1.6mm

‘ Stainless steel plates ‘

\ ‘ n.2 Pacoflex(1000)-250 um ‘
I




Ed = 3.5kV/cm, Ar:CO,:CF, 45:15:40

- )
2} A INFN
ccbcg 10*

| ® well 106_2 & well 106_4

M well 1080_2 4 well 2x106_1
10° = +well 2x106_2 4 well 2x106_3

/ - -irwell 2x106_4 "}'well 2x1080_1
e
e ¥ well 2x1080_2 ¥ well 2x1080_3
e
| 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1
* 11/16 co-produced protos have | 00 >0 000 00 70
been delivered and tested ~V/7DL7)VGH;\'nnh\l[):\11111:1;';1/3[}1}—ll71hdclcL'ltn;fluinfyuiudecl HV [V]

* 10 are fine - 90% yield
e 1 should be re-cleaned

e (Characterized with X-ray gun — Gas gain measurement
Waiting for the delivery of last 5 protos yg g

* Next step: measure of the pulse amplitude (APV25) vs Gas gain




- -
Go-production pilot test - results
Ed = 3.5kV/em, Ar:CO,:CF, 45:15:40

20000 + 4 + (V I N FN

b | INF-DDG
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 11/16 co-produced protos have 20 0 o0 i o "
v2023/12/06 DLC resistivity [MWD]

been delivered and tested ~/DDG/lavori/AIDAinnova/2023-11_16detector_gain/maxgain_res
* 10 are fine - 90% yield

* 1 should be re-cleaned » Characterized with X-ray gun - Gas gain measurement
Waiting for the delivery of last 5 protos | . Next step: measure of the pulse amplitude (APV25) vs Gas gain




Ed = 3.5kV/em, Ar:CO,:CF, 45:15:40

+ o+ + ((INFN

b | LNF-DDG
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« 11/16 co-produced protos have 20 40 60 80 100 120
been delivered and tested DLC resistivity [MQ/0]

* 10 are fine - 90% yield

* 1 should be re-cleaned .

Characterized with X-ray gun — Gas gain measurement
Waiting for the delivery of last 5 protos | yg g

Next step: measure of the pulse amplitude (APV25) vs Gas gain




Detector # | Prepreg type | DLC resistivity | Production status | Max HV/Gain m

1x 106 Cleaning @ CERN
1x 106 7.5 Delivered 640/10000
1x 106 Cleaning @ CERN
1x 106 Delivered 640/9500

1080_1 _____
o2 | 0

osos | 0]
TN [N I I I —

2x106 Delivered 660/16000
2x106 37 Delivered 650/13000
2x106 35 Delivered 670/15000
2x106 34 Delivered 650/12500
* 11/16 co-produced protos have 2x1080 33 Delivered 670/19500
been dellvered and t.eSted 2x1080 110 Delivered 680/19000
* 10 are fine - 90% yield .
2x1080 44 Delivered 680/19000
1 should be re-cleaned :
Waiting for the delivery of last 5 protos X108 S A




Status and plans - 23

Optimization of high-rate p-RWELL layout - 10x10cm? active area, 9x9mm? pad, DOT DLC connection

2023

Beam test (NA - H8C, June, 2023) - Groove - DOT comparison (developed and tested in 2022) w/ APV25
Tests of co-production ELTOS/CERN and DLC sputtering machine @ CERN (tests will continue also in 2024)



Status and plans - 23, ‘24

2023

Optimization of high-rate p-RWELL layout - 10x10cm? active area, 9x9mm? pad, DOT DLC connection
Beam test (NA - H8C, June, 2023) - Groove - DOT comparison (developed and tested in 2022) w/ APV25
Tests of co-production ELTOS/CERN and DLC sputtering machine @ CERN (tests will continue also in 2024)

M2R1 proto-0 (active area 250x300 mm?) %

Irradiation test with X-ray @ LNF of the 100x100mm? DOT-layout prototypes
GIF++ irradiation test with p-beam in collaboration with CERN gas group

Integration of electronics based on the FATIC3 chip
(n.100 chip 32chs with multi-project run Jan. 2024).

Designed & discussed w/Rui (Oct./Nov. 2023)
Delivery (March 2024)

Characterization w/X-rays (April/May 2024)
Cosmic rays stand w/APV25 (June - Sept 2024)
Test beam H8C w/FATIC3 (Oct.2024)




Status and plans - 23, ‘24, ‘29

Optimization of high-rate p-RWELL layout - 10x10cm? active area, 9x9mm? pad, DOT DLC connection
Beam test (NA - H8C, June, 2023) - Groove - DOT comparison (developed and tested in 2022) w/ APV25

2023

Tests of co-production ELTOS/CERN and DLC sputtering machine @ CERN (tests will continue also in 2024)
Irradiation test with X-ray @ LNF of the 100x100mm?DOT-layout prototypes
GIF++ irradiation test with p-beam in collaboration with CERN gas group

Integration of electronics based on the FATIC3 chip
(n.100 chip 32chs with multi-project run Jan. 2024).

M2R1 proto-0 (active area 250x300 mm?) %
* Designed & discussed w/Rui (Oct./Nov. 2023)

* Delivery (March 2024)

* Characterization w/X-rays (April/May 2024)

* Cosmic rays stand w/APV25 (June - Sept 2024)

.. * Test beam H8C w/FATIC3 (Oct.2024)

M2R2 proto-0 (active area 300x650 mm?)
' Design (Nov. 2024)

O Delivery (March/April 2025)

. Characterization w/X-rays (May 2025)
Test beam H8C w/FATIC3 (June/July 2025

)




summary nev B FTOS $3AIRA Kich

The TT of a part of 1-RWELLSs construction steps to ELTOS Company, in close collaboration
with the CERN MPT Workshop has been successfully completed (yield ~ 90%):

® Several construction steps performed by ELTOS
® Detector finalization (Kapton etching, electrical hot cleaning ... ) done at CERN
The R&D with CERN on high-rate layouts will be finalized within 2024
® Design/optimization of the high-rate layout —» PEP-Dot, 97% geom. acceptance (DONE)

e Optimizing main detector parameters:

©  ps = 30-40 MQ/] » maximizing the gas gain (almost DONE)

o  Optimization of prepreg thickness
- maximizing collected signal (within 2023)

o  Optimization of the amplification stage geometry
- maximizing the gas gain (2024)

e Large size high-rate layout (M2R1 ...) construction/test (April - Oct. 2024)

This research has been supported by the E.U. Project AIDAInnova Task 7.3 (European Union’s Horizon 2020 Research and Innovation programme, grant agreement N.101004761)



summary nev B FTOS $3AIRA Kich

The TT of a part of p;-RWELLs construction steps to ELTOS Company, in close collaboration
with the CERN MPT Workshop has been successfully completed (yield ~ 90%):

e Several construction steps performed by ELTOS
® Detector finalization (Kapton etching, electrical hot cleaning ... ) done at CERN
The R&D with CERN on high-rate layouts will be finalized within 2024:
e Design/optimization of the high-rate layout - PEP-Dot, 97% geom. acceptance (DONE)

e Optimizing main detector parameters:

©  ps = 30-40 MQ/] » maximizing the gas gain (almost DONE)

o  Optimization of prepreg thickness
- maximizing collected signal (within 2023)

o  Optimization of the amplification stage geometry
- maximizing the gas gain (2024)

e large size high-rate layout (M2R1 ...) construction/test (April - Oct. 2024)

This research has been supported by the E.U. Project AIDAInnova Task 7.3 (European Union’s Horizon 2020 Research and Innovation programme, grant agreement N.101004761)
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II-RINELL technology spread

The p-RWELLSs are proposed in
CLAS12 @ JLAB: the upgrade of the muon spectrometer
X17 @ n_TOF EAR2: for the amplification stage of a TPC dedicated to the detection of the X17 boson

TACTIC @ YORK Univ.: radial TPC for detection of nuclear reactions with astrophysical significnace
Muon collider: hadron calorimeter

CMD3: uRWELL Disk for the upgrade of the tracking system
URANIA-V: a project funded by INFN-CSN5 for neutron detection,
UKRI: neutron detection with pressurized 3He-based gas mixtures

NoPRwWhNeE




The High Rate layouts %

Single Resistive Layout (SRL)

Top Cu
Metalized N\ Grounding
vias :

To overcome the intrinsic limitation
of the Single Resistive layout with
edge grounding the solution is to
reduce as much as possible the paths Readout
towards the ground connection
introducing a high density
“grounding network” on the
resistive stage of the detector.

Pre-[i;reg

Different layouts with a “dense grounding network scheme” have been designed and implemented.



The High Rate layouts ﬁ%

Ground Ground

— %
87

half active area: d

- A sort of tiling with smaller low rate schemes.



Rate capability - K-Ray measurements

Rate Capability PEP
Rate Capability SRL - Spot Effect s 12 Gain = 4000, Ar:CO, CF, 45:15:40 o
G = 4000, Ar:C0,:CF, 45:15:40 o B INFN
(=] T ’ ~ L
g. o« + ( I \I FN @] L - | 1hF-D0g
&) 1 R gt,____ b I-0s E | ——actis el
.o ki h:\-. [av1 B
5 : b Bt ol o e i Rl ol o -‘E:%\:- N EE N . O _------------I---------------------- - - - - - - - .-
O o3 N N 2 038
o L S~ - .
z f NN, = L
= - \k\\' &J
[
m 0.6 Y 06
L N L
0.4 0.4 —— Z3cm REV - spot 7.07cm?
—~+— @ 1cm - spot 0.78cm? N
| |-= @2cm - spot 3.14cm? - |- @4cm REV - spot 12.6cm*
0.2 —o— @ 4cm - spot 12.6cm’ 0.2 5
|+ @ 5cm - spot 19.6cm’ - |- @ 5cm REV - spot 19.6cm
0_ ||||;I 1 1 1 | 0_ 1 |||||||| 1 |||||||| 1 11 1 1111 1 | I T
10* 10° 1026 10° 10° 107 10°
i/i?[ii‘:i:i:ahn/znz1—UR,MMMLNF/n;lr,wx Xray Flux [HZ/Cm ] Xray Flux [HZ/ sz]

Top Cu

Metalized Grounding
vias

Rate capability compatible with m.i.p. as measured @PSI O(10MHz).

Readou

Different primary ionization = Rate Cap m.ip. = 3XRate Cap x-ray

Pre-preg



The High Rate layouts

Dead area

1st matrix vias (v1)

- DOT-like
Pre-preg

GRID-like
Grounding
scheme
Read-out N 2nd matrix vias (v2)
' Read-out
1.2 mm A conductive grid is patterned on the back
. of special DLC foils (DLC + Cu technology:
DEAD ZONE . .
delicate manufacturing process).
Necessity to introduce a small DEAD AREA ?asedtonkag-D glltyrerit evacuationtS(czlhfhm e h tri
above the grid, to avoid discharges (tuned to ‘fNO S ?lc et_ resistive layer dc%n?he cte h r?ur%h a matplx
be 5% of the total area). of conductive vias, grounded through a further matrix

of vias to the underlying readout electrodes.
to large size: distortions

. . to buid than SG but reliable (for
TOP COPPER and alignment problems durin
OP COPPE ' manuf%cturing. g now only 10x10 prototypes). £ the b
Conductive Grid IS POSSIBLE to check the resistance of the layers after the manifacture.

Under the DLC layer after the detector is built



The HR layout - PEP Groove

Cathode PCB

800 um Gas gap
(36 mm)

600 um

S5umCu 150 um

Pitch
\ 140um SOum
DLC
ps ~100 MQ/!

\"— Sn N W

Rate Capability PEP

Gain = 4000, Ar:CO,:CF, 45:15:40

: (INEN

1.2

Relative Gain: G/G,,

resistivity: 10 MQ/0

The PEP layout (Patterning - Etching - Plating) is the state of art of the high 00
rate layout of the n-RWELL developed for LHCb

0.4 —— @ 3cm REV - spot 7.07cm?

—=— P 4cm REV - spot 12.6cm?

* Single DLC layer 0z
*  Grounding line from top by kapton etching and plating (pitch down to 1/cm)
* No alignment problems

* High rate capability . . . . ,

* Scalable to large size (up to 1.2x0.5 m for the upgrade of CLAS12) 3-10° 3-10° 3107 3-10°
Mip Flux [Hz/cm?]

—=— @ 5cm REV - spot 19.6cm?

|II|II||||Y]|||

Lol Lol L L
10° 10° 107 10%
Xyay Flux [Hz/cm?]




FATIC2 block diagram

Charge branch

A4
Shaper Peak Ack.
) P “| Detector ”| Comparator

y
y

Charge Digital -
— > Sensitive [ Logic ”
Amplifier

VvV

/ |, | Fast TDC
Comparator

Timing branch

Preamplifier features: Timing branch:
* CSA operation mode v" Measures the arrival time of the input signal
* Input signal polarity: positive & negative v" Time jitter: 400 ps @ 1 fC & 15 pF (Fast Timing MPGD)

* Recovery time: adjustable

Charge branch:
CSA mode: v Acknowledgment of the input signal

* Programmable Gain: 10 mV/fC + 50 mV/fC Y Charge measurement dynamic range > 50 fC,
* Peaking time: 25 ns, 50 ns, 75 ns, 100 ns programmable charge resolution
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