atus of the U-RWELL technology

> G. Bencivennil
R. De Oliveira?, G. Felicil, M. Gatta!, M. Giovanettil, G. Morello?,
A. Ochi3, M. Poli Lener!
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roduction
"0 Detector architecture & principle of operation

»
. L Low ‘ate: the single resistive layer layout

N4 0 performance & Technology Transfer to Industry

-
‘U] High rate: layouts design & performance

Improving space resolution

-
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%D on pu-RWELL aim for a step-forward in the MP
terms of

stablllty under heavy irradiation (discharge suppression)
sim I|f|ed construction/assembly
technology transfer to industry (mass production)

a MUST for very large scale applications in fundamental
research at the future colliders as well as for technology

_ dissemination beyond HEP d
& g r
‘original idea was conceived in 2009 @ LNF during the construction of the
o find a way to simplifying as much as possible the construction o ;

its toolings. Only in the 2014 we really started a systematic study
nology in collaboration with CERN (Rui de Oli

o

orkshop , 26 May 2018 Novo ibirsk (Russi




L: the detector ar

L is composed of only two elements:
P-RWELL_PCB and the cathode Drift cathode PCB

-RWELL_PCB, the core of the detector, is

. g . Well pitch: 140
lized by cou pllng: Copper top layer (5 um)

T 1 =1 : \ kapton (50 um)
'a WELL patterned kapton foil as amplification

DLC layer (<0.1 pm)
stage - R-100 MQ/C]
. a resistive layer (*) for discharge suppression & REELTETI =N

current evacuation:

Rigid PCB readout
electrode

i. Single resistive layer (SRL) <100 kHz/cm?:
surface resistivity ~100 MQ/LI(SHiP, CepC,

&vosisbirsk, EIC, HIEPA)

ii uble resistive layer (DRL) >1 MHz/cm?: for
~ LHCb-Muon upgrade & future colliders (CepC,
‘ 'E/hh)

ard readout PCB (*) DLC = Diamond Like Carbon

highly mechanical & chemical resistant
-

6-27 May 2018 Novosibirsk (Russi
»
1
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e resistive layer: DLC sputte

e ka foil, copper etched on one side, is sputtered with DLC (by Be-Sputte
td. in Japan). Simultaneous sputtering of 6 foils (1.2x0.6 m?) per production

ba ch is possible. |

he resistivity depends on several manufacturing conditions, but can be
parametrized as function of the DLC thickness. The resistivity uniformity is at level of
| 10-20%.

0)
=
<%

~ Thanks to A. Ochi
. In parallel a profitable

A """"" SN """"""""""" collaboration with Zhou Yi

| and Jianbei Liu from USTC —
—— e — Hefei (PRC) for the

®  u-REELL test prod. 2017 manufacturing of improved
mé _____________________________________ é _____________________ DLC foils, has been recently
N started.

Resistivity (M
= =
< <

=2
o

—4&@— MM calibration curve
10° .
DLC Thickness (A

é
c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)
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ciple of C
"' ‘

ble voltage between top copper
he “WELL” acts as multiplication
or the ionization.

v

harge induced on the resistive foil is

ed with a time constant, Tt = pC, resistive stage 22
the DLC surface resistivity, p Not in o8
"the capacitance per unit area, which depends on the distance between the resistive
and the pad/strip readout plane, t
® the d'e‘ectrlc constant of the insulating medium, €. [M.S. Dixit et al., NIMA 566 (2006) 281]' '

’ in effect of the introduction of the resistive stage is the suppression of the tran
4 reamer to spark -

ack, the capability to stand high particle fluxes is reduced, but an app
g of the resistive layer with a suitable pitch solves this problem (see |

Norkshop , 26 ay 2018 ovosibirsk (Russia



1-RWELL vs GEM & M

e

# electrodes/components

~ # amplification stage 1 (%) 3 1(*)
“ PCB splicing for large area YES NO YES but not for
mesh
Cleaning easy Very easy YES-but not easy
Assembly very easy complex simplest than
GEM
Stretching NO YESx3 YES (mesh)
HV 2 chs - easy 7 floating chs 2 chs - easy
Technology Transfer - cost-effective easy - YES-but not for
mass production mesh
Discharge protection high medium high
Rate capability medium Very high medium

*) amplifi&ion stage resistively coupled with readout .

c-tau Worksho‘, 26-27 May 2018 Novosibirsk (Russia



<N | N\ C . C
2 resistive layer w/edge grounding
v Copper Ia\@r 5 um
Kapton layer 50 um

DLC layer: 0.1-0.2 um (10-200 MQ/[1)

DLC-coated kapton base material

Insulating medium (50 pm)

PCB (1.6 mm)

»

DLC-coated base material after copper ar
chemical etching (WELL amplifica

orkshop sibirsk (R




Detector Gain

Ar/iC,H,,= 90/10

£ [ rema 0.05859/ 15 4
8 - | b 1.205 + 0.1782 ) /
10°E | a -0.002013 = 0.004115 ¢
E | B -3.421+ 0.3252 f
- o 0.03119 + 0.001082
5 ¥ I ndf 2.431/23
10°E | b 1.284 + 0.1612
E E -0.002066 + 0.00276 /
- -4.443 + 0.2872
- | 0.03168 + 0.0008171 —=--RWELL 12 Mo/
102E - 1-RWELL 80 MQ/o
E -+ 1-RWELL 880 MQD
N ¥2 / ndi 12.6/19
10 Vs b 1.31£0.1561 |
E 4 a -0.004964 + 0.002842
= ﬁ‘ B +3.654 + 0.2401 a
i a 0.02832 + 0.000677 e
1 | | | L
100 200 300

‘g\OI-RWELL ?%

103

Recent prototypes achieved Gain ~10° in
Ar/CO,/CF,= 45/15/40

102

; N o .
Single Resistive Layer prototypes wit
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.

Ar/CO,/CF,= 45/15/40

-

2

/ ndf 31.11 / 20
0.5311 + 0.1568
0.02313 + 0.002634

-3.755 + 0.141¢

0.02154 + 0.0002464

fm e bRl b

/ ndf 5.924 / 19
1.096 £ 0.1721
0.006517 £ 0.004264
-3.219 + 0.2408
0.02092 + 0.0004023

..l...l..l..l.ll.II{.......l...I..J..l.lJ.lI{.......l...I..l..l.ll.ll|.......l...I..J..l.ll.lI

....I...l..l..l.ll.lli.....

U R

= SG1_vil

bbby |

100

é
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~2000C 1000 ~2000F 6000
F - [ ] A SN 1 A
Elﬂﬂﬂg—-cm __ES|r51gI?-GEEI\/IE —|—s00 Emnn; gain WRWELL | | e 3
51600F—|— curzant [———t—d——t—wToo0 ©  ,1600F—|{—curzent | L ||| || —s000°
1T 11 | =t I N R A AN I S
91400F—+——t—t-———me=l——700 81400 . —=——| 1000
51200F = 600 H1200F - -
1000F —T 500 1000F —i= 3000
800F — 400 800F -~ -
C00F— 71T 300 szii_riiiiii‘_”““
u | | | | — | [ | | | | | |
o I S 1 PP T Sl A G
200F——1—- ; 100 W=l r—
= L §||$ e ol
1 ﬁED‘E 100 1 30 40 50 e0 70 BO S0 100
Time (min) Time (min)

discharges for .-RWELL are of the order of few tens of nA (<100 nA @ high gain)

for GEM discharges the order of 1uA are observed at high gas gain

mpaign with alpha particles and low energy protons at PSI planned in the next mor

c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)




gace resolution vs DLC resistivit

Charge Centroid analysis (orthogonal tracks)

= 10p g 92 ' 254,
.E, 9 -~ 0.18 : & Space resalution 2 L'
3 8 .:' 0.16 R F Cluster size _Zzni
Aa b : -
T oi1a / 4 8
MoE | : / "
0 6 0.12 . / _15“
s | L\ a
3 s ' 0.1 £ 2
E)' E =S~ u-RWELL 12 MM 0.08 ' \ y. g.
QE o - .-RWELL 80 MOM [ | b “'\.‘ f’f Pt
i: 0.06 B b
......................................................... ................................................................ -.‘ = ﬂ_
2? 0.04 T -5 ©
i : W
0.02 s = et B
t 0 I -
0 1 10 10° 10*
102 10° 10* >

Resistivity (MQ/0)

The space resolution exhibits a minimum around 100MQ/
= at low resistivity the charge spread increases and then o is worsening

=> at high resistivity the charge spread is too small (Cluster-size = 1 fired strip)
then the Charge Centroid method becomes no more effective (o 2> pitch/\/l

c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)



ndustrialization of the p-
is one of the main goal of the

an open the way towards cost-
1ass production.

Iring proces%f the single resistive layer
extenswwtested at the ELTOS SpA
yww.eltos.it)

“m

47 Production Test @ ELTOS:
1 - 10x10 cm2 PCB — uRWELL (PAD r/c

- 10x10 cm2 PCB — uRWELL (strip r/o)
coupled with kapton/DLC foil

The etching of the kapton STIl

irsk (Russi




of the CMS-pha‘seZ muon upgrade different prototypes @
e layer p-RWELLS have been built at ELTOS:
- u-RWELL
M-RWELL

1210,00

—
—
=
S
=
-
\»
i
L
S
(o] i
(S
2
o
X
o
i

00'2¢  SL'99%

536,08

B Novosibi




rate layout: the double-resistive

.
'da to reduce the path of the current on the DLC surface implementing a ma
onductive vias connecting two stacked resistive layers. A second matrix of vi
connects the second resistive layer to ground through the readout electrodes.

The pitch of the vias is typically of the order 1/cm? (or less).

50 um Kapton

500 -700 nm DLC ----
50 um Kapton

500 -700 nm DLC

50 pum pre-preg
readout electrodes ---
standard PCB

conductive vias

ING: The engineering/industrialization of the double-resistive layer is diffi
he manufacturing of the conductive vias on kapton foil.

¢

c-tau Workshop , 2.6-27 May 2018 Novosibirsk (Russia)



lew ideas for the HR lay

/ simplified grounding schemes are now under study, both based on Si
silver grid & resistive grid (for the moment) screen printed on the DLC side.

High Rate layout  Resistivity Dead Area Grid Geometrical Type
[MQ/O] over grid Pitch acceptance dead area
[%] over the grid

Silver Grid 1 60-70 conductive | |
(SG1) grid
60-70 12 mm conductive
grid —_—
grid pitch T
Resistive Grid 60-70 resistive
(RG) grid ’

1€ co.lctive grid on the bottom of the amplification ,

e can induce instabilities due to discharges over the %)A
rface, thus requiring for the introduction of a dead 4

he amplification stage.

he case for the resistive grid layout.

-

6-27 May 2018 Novosibirsk (Rus
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outs performance: the efficie

Efficiency (%)

As expected RG & DL prototypes reach full tracking efficiency — 98% (NO DEAD ZONE in the
amplification stage).

he SG1 & SG2 show lower efficiency (74% -92%) BUT higher than their geometrical acceptanc
% and 90% respectively), thanks to the efficient electron collection mechanism that redu
ctive dead zone. An optmized SG2 version (SG2**w/95% geometrical acceptance) i

uction , with the goal to achieve an almost full efficiency (=97%).
c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)




v

Ar:CO,:CF, 45:15:40, Gu=63DD, ] = 38.5 mm

X-ray spot

=
o .
o

TTTTTTITI IIIIIIIIIIII

| 7% sevi #1, p=60 MQ/D

| sevz2 41, p,=60 MQ/O
= | —*re #1, p=00 MO/
0 . 75 _._ .............. ......... "

JRLLLILILLLY

c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)

ate measurement w/5.9 X-ray

The gain drop is due tc
the Ohmic effect on the
resistive layer:

charges collected on the
DLC drift towards the
ground facing an
effective resistance Q,
depending on the
evacuation scheme
geometry and DLC
surface resistivity.

Q is computed by the
parameter p, coming
from the fit of the Gain
curve.

G -1+
Go

V1+4py®
D

2py
-




rate capability for m.i.p. accepting 10%gain drop

g
[+

D

The primary ionization of 5.9 keV X- ray is ~7 times larger than the one created by
a m.i.p.

<I)G,60=0_9 vs. Q

* SGvl
® SGv2

4 RG

¥ DL pad

8

12 14

le 18

Q (MQ

Efficiency (%)

100

tate Capability vs Q (for m.i.p)
G=0.9G, G,=6300

90
80

-
%//——
A

70

60
50

40

30
20

—-8Gvl, p_ = 60 MQ/0
—-8Gv2, p, = 60 MQ/D
—RG, p, = 60 MQ/0

—DL, p_ = 120 MQ/D

10

200

|450| 1 1 |500| 1 1 |550| 1 1

oo

(V)

It must be stressed that 10% gain drop (@ G,=6300) allows still to operate the

gtector at full efficiency.

-
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Gt
=

. | 4+ u-RWELL Right 1, th. 2.4 fC
{| ¥ u-RWELL Left 1, th. 2.4 fC
B |-RWELL Bl, th. 2 f£C

6

4

. | © p-RWELL B2, th. 2.8 fC 2
. — T T T : o

(ns)
L
h

4+ n-RWELL Right 1
V"”__R“ELL Left 1 |-

® -RWELL Bl

O u-RWELL B2

L A B
10° 5000 10000
Gain (a.u.)

1 1 | 1 1 1 1 | 1 1 1 1
15000 20000 25000

Gain (a.u.)

Differenf‘chambers with different dimensions and resistive schemes exhibit a very similar
behavior although realized in different sites (large detector realized @ ELTOS)
he saturation at 5.7 ns is dominated by the fee (measurement done with VFAT2).

measurements done with GEM by LHCb group gave o, = 4.5 ns with VTX chip [1].
sh to perform the same measurement with p-RWELL in order to have a direct comparison with
* [1] G. Bencivenni et al, NIM A 494 (2002) 156
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e

L

aboration with the BESIII-CGE go p, see R. Farine
-

alogic front-%d allows to associate a hit to a track usi
method. The space resolution associated to the hit with this a 8a
on the track angle: minimum for orthogonal tracks and larger
CEE

.

.

CC method CC method
0] ¢/ not OK!

e the space resolution for non-orthogonal tracks
the CC method has been imple

L

k (Russ



=xample of u-TPC reconstruction

Some examples where the tracks have an angle w.r.t. the readout plane
_ 75° tracks 3 45° tracks
y A

__________________________ 3

4

v

5

arctan(3) = 71.5°
' arctan(0.83) = 39.8°

4

(o]
>
wm
w|
L4
wl
ol
4]

arctan(2.8) = 70.3°

0

c-tau Workshdg

2
1 | 1 1 1 1 | 1 1 1 1 | Nn\msi i
31.5 *

, a1, 21
29.5 30 30.5 31

| L1 1 1 1 1
-19 -18 17 X
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ng space resolution: the p-TC

8

>
-
"W Ar:CO,:CF, 45:15:40 - HV=600V, Ed=1kV/cm, Gain ~10%, B=0 Tesla

[Y
o o
o o
= -

—— CC

. | —+— Combined

g
0
-
i)
pa
~
)
0
]
H
a
4]
0]
2,
O]

The combination of the CC and the u-TPC mode with E ;= 1 kV/cm
is flattened over a wide range of incidence angl

c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)
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- ‘-_
" ' f .' . -
break-thro technology (compact, simple to assemb

ark-protected) suitable for large area planar muon device
solution very low material budget Cylindrical Inner Trackers:

&

gain >> 104
-~

te capability > 1 MHz/cm? (w/HR layouts)
: - space resolution < 100um (over.a large incidence angle of tracks)

* time resolution ~ 5.7 ns

atus of the R&D/engineering:

* Low rate (<100kHz/cm?):
small and large area prototypes built and extensively tested (R&D completed)
~ Technology Transfer to industry well advanced (= cost effective m&ss pro

ate (>1 MHz/cm?):
everal layouts under study showing very promising performa
the engineering and the TT to industry will be started soon

L

]

B Novosibirsk (R










- MPGDs: stability

[ 8
he bigg&"enemy”of MPGDs are the discharges. .
Due tosthe fine structure and the typical micrometric distance of their electrodes, MPGDs
generally suffer from spark occurrence that can eventually damage the detector and the
related FEE.

Driftcathode

GEM 1

M M efficiency & discharge probability

GEM 2

=
o
IS

GEM 3

[y

Readout PCB =¥

=
o
&

>
(@]
(e
2
(@]
G
G
Q

reduced but not suppressed
Ar-cozioiao N
ED=2kVIcm
E7=E|= 3.5 kvicm

=
o
)

Avjigeqouad a81eyos|

=
o
N

iy
o
™

EFFECTIVE GAIN

=
o
%

ALNIGvYa0dd 39HVYHOSIA

(RO S AN PP
450 500 550

High Voltage [V]

NIMA A479(2002) 294

S. Bachmann et al.,
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ology improvements for Micre

Resistive Strip
0.5-5 MQ/cm

rv e spark occurrence between the metallic Mesh support pillar
and the readout PCB has been overcome with
ne implementation of a “resistive layer” on top of
“the readout. The principle is the same as the
resistive electrode used in the RPCs: the transition \ _
om streamer to spark is strongly suppressed by a Insulator 018 mm . 100 mm

&
“local voltage drop. by R.de Oliveira TE MPE CERN Workshop =

The resistive layer is realized as resistive strips capacitive coupled with the copper

readout strips.
voltage drop due to sparking

A1 (ArCC, 85150 Meutron flux = 10F Hzicm®

Non-resistive MM (AnCO,85:15) MNeutron flux = 10F Hz/em?

= Current
L — HV

I
wn
T

3]

—
[~

L - R current
'EF— R v

Curmrent (pA)

—_

L --lwﬂwm

o Ll
BEOOD 67000 BROOD 69000 FOOOD 00D
Time (s)
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: : construction is

-

ﬁ.‘ itation of such MPGDs is correlated with the complexity of their
~ particularly evident in case of large area devices.

onstruction of a GEM chamber requires time-consuming b N
ssembly steps such as the stretching (with quite large mechanical
~ tension to cope with — 1 kg/cm) and the gluing of the GEM foil on
 frames

New GEM detector assembly scheme GEM foil Stretching tool operation
. v !

Readout PCB internal clamping frame

ey pulling direction

Detector Base external stiff frame

OA2m I5ng detector requires a 200 kg mechanical tension that
m e sustained by stiff mechanical structures (large frames,
rigid panels ...). While the max width of the raw material is about

ing/joining of smaller detectors in order to realize large
5 (as used for silicon detectors) is difficult unless

ing not negligible dead zones . o

-tau Workshop , 26-27 May 2018 Novosibirsk (Russia
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rations hold for MM:

/join |ng of smaller PCBs is possible, opeﬁng the way towards t
vering

; “
2 metallic mesh, that defines the amplification gap, is a “floating component?”,

se it is stretehed on the cathode (@ 1 kg/cm) and electrostatically attracted
vard the PCW 3 X W ).
—

-

-.”V " -~ — -

"4‘ - ! i

[ 4
A
™
-

§\<& l;..ﬁ: 2

ce of instability because a “not well defined” ampli

¢ iformity. b
N of large meshes is clearly “not trivial” (¢

\Vor 1 J ibiI’S




-

e pected to exhibit a gas gain larger than a sing

o -

~50% of the electron charge produced into the hole contributes to the signal, the re

Of the electron'€harge is collected by the bottom side of the GEM foil

the signal isymainly due to the electron motion, the ion component is largely shieldec
by the GEM foil itself

-RWELL
. 10'6 electron charge produced into the amplification channel is promptly collecte
on the resistive layer -
jonic component, apart ballistic effects, contributes to the formation of th
rther increase of the gain achieved thanks to the resistive electrode M1ich,

hing the discharges, allows to reach higher amplification field inside
e

c-tau Worksha




“The pu-RWELL vs GEM (Garfiel

GEM - Ar:CO2 70:30 gas mixture

-
R AN Sicnal from a single ionization elect
INiEENERENEEENEEREE in a GEM.
The duration of the signal, about 20
ns, depends on the induction gap
thickness, drift velocity and electric
field in the gap. .

Current [uAl
] |

S0 0 0800008008005 0 00

_dnduced currents on group 1
10

ARttty Signal from a single ionization
electron in a p-RWELL.

The absence of the induction gap is
responsible for the fast initial spike,
: about 200 ps, induced by the motio
S SO and fast collection of the electro
Crrrrrrrrerere e then followed by a ~50 ns ion ta
More similar toa MM 1!

c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)
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double re‘.ive -
Iayer,?d)

grounding (1cm)d’

d (50cm)

conductive vias
-

bottom layer
(*) point-like irradiation, r << d
Q is the resistance seen by the current generated by a
radiation incident the center of the detector cell

D~ p. xd/2nr Q' ~ p’x 3d'/2)“ '
Q/ Q' ~ (p./ p.) x d/3d" -

»

0,=p; > O/ Q' ~p,/p’, * d/3d’ =50/3=16.7
: appendix A-B (G. Bencivenni et al., 2015_JINST_10_F

orkshop irsk (Russi




["wmwze | 7

.........................................................................................................................................................................

......... Detectors operated at a gain of 10%
......... Beam spot ~2 cm?(RMS)

...........................................................................................................................................................

200 300 400 500 600 700 800 900 1000
@& (kHz/cm?

G: The engineering/industrialization of the double-resistive layer is diffi
the manufacturing of the conductive vias
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eas‘f'or the HR vers

to maintain a very short path for charges moving on the resisti
simplifying the construction process. .
ideas are now under development: silver grid and resistive grid

Silver Grid (SG) {

in conductive stripsare screen-printed (for the moment) on the bottom part of the

b
dead area over
the grid : /
5 pm Cu | | | |
50 um Kapt@ 2178.73 um
500 - 700 nm DLC _
o e

pre-preg 50 um R

-~
readout electrodes —

standard PCB
,7 grid pitch 4‘

uction of a conductive strip on the
r of the amplification stage can induce
due to discharges over the DLC surface

ee

244.96
Mm

First SG designed with safe ge
parameters: grid-pitch 6 mm
dead are

LS

c-tau Workshop , 26-27 May 2018 Novosibirsk
(Russia)
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Efficiency (%

5
100 8 10°ET% 7 nar 31.11 / 20
__— ———————————— .————r——r——r ————————————————— 3 : b 0.5311 + 0.1568
o0l . HE 0.02313 + 0.002634
| . 1045_ B _3‘755 i 0‘1412 ............................................................................................
L E oo 0.02154 * 0.0002464
ol | %2 / naf 5.924 / 19
B " . 103 é'_ b 1.096 + 0.1721 | ]
- .« 5| a 0.006517 + 0.004264
?n: ———————————————— .———.— ———————— [F A - pp——— : B -3.219 + 0.2408
C | o 0.02092 + 0.0004023 | & o
- y 10%E ; ; ; = SG1_vl
60— £
- . . B ' 2 vl
- *  Silver Grid SG2_
- 10 é._ ..................................................................................................................... ......................................................
50— = Double Layer 5
T T T T T T e 1 e T N R R R D D
450 500 550 600 650 700 0 100 200 300 400 500 600 700
Vp—R‘W‘ELL v)

Silver Grid v1:

®X-rays and test beam characterization

SG version of u.-RWELL vs Double Layer version

AV _puers (V)

A very high stability of the SG wrt the DL has been observed: the SG has been operated at
gains largely exceeding the typical 10 (up to 10°). The reason of a so high stability is under
investigation. The lower efficiency is due to the geometrical dead zone. A dedicated study of

& minimum distance between the conductive grid-strip and the amplifying well has bee
0 increase the efficiency.

c-tau Workshop , 26-27 May 2018 Novosibirsk
(Russia)




o ° optl . I o o
P
&&‘ duce the dead area, we have studied the Distance Of Closest Appro
harges) between two tips connected to an HV power supply. We rec
distance before a discharge on the DLC occurred vs the AV supplied for foils \

t surface resistivity.

N 1

(mm)

dist.

Min.
=

o O O o
o N & 60 0 B N & 6 0 N
MrTTT

11 1 | 1 L1 | 11 1 | 1 11 | 1 1 1 L1 1 I 1 11 I L1 1 | 1 1 I
20 40 60 80 100 120 140 160 180
p (MQ/O)
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1ave been equipped with 6 x 8 mm? pad-
i b
readout

s )
[

.

es are connected
d through the

w. 557.76 1
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Resistive gric
&~ B . -

sistive strips are screen-printed on the bottom side of C

ol

5 um Cu e
50 um Kapton

500 -700 nm DLC
pre-preg 50 um
readout electrodes
standard PCB

,— resistive grid pitch 6 mm —l

The grid grounding is similar to the one 4
used for the 2" generation SG, as well

as the readout segmented in pads.

The grid pitch is 6 mm.

Grounding through DLC
-

c-tau Workshop , 26-27 May 2018
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dead areas Y distance  Resistive ?
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ea (18" Oct. — 9th Nov 2016)
on beam: 150 GeV/c

3 u-RWELL prototypes:
40-35-70 MQ /[ |

VFAT (digital FEE)
Ar/CO,/CF,=45/15/40
40-35 MQ/IC 1

Double resistive layer scheme
400 um pitch strips

N° 2 u-RWELL protos
10x10 cm2

GEM S3 GEM
Tracker 2 Tracker 1
N° 1 M-RWELL proto Trigger=51+52+53 — \\ e —.. B
100x50 cm?2 R N\
70 MQ/L1] 4 = - ;" %=
Single resistive layer scheme t " "N
800 pm pitch strips » RS

e resolution measurement

ne before) \ ——
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g space resolution: the u-TC

-
oﬁed for MicroMegas by T. Alexopoulos et al. [NIM A 617 (2010) 161] it
uggests a way to overcome the poor position reconstruction of the inclined
tracks.

Each hit is projected inside the conversion gap, where the x position is given by
each strip and thez = vt

The drift velocity.is provided by the Magboltz libraries. "

The drift time is obtained with a fit of

the charge sampled every 25 ns
(APV25) from each FEE channel
associated to the strip.

or each event we obtain a set of

segment

'l . Time (au)
c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)



ng space resolution: the p-TC
WAr:CO,:CF, 45:15:40 - HV=600, Ed=1kV/cm, Gain ~10*
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.
The combination of the CC and the pu-TPC mode with E= 1 kV/em

The spatial resolution is flattened for a wide range of angles.

:I:'?TLE'. rge ——

c-tau Workshop , 26-27 May 2018 Novosibirsk (Russia)
sl . A o



OHigh Rate
DLarge Area

-Reference

Ar CC)2 CF

20 40 60 80 100 120 140 160
t (d)

‘ageing effects on DLC is under study at the GIF++ by irradiating different p-RWELL
types operated at a gain of 4000 .
v on the most irradiated detector (~200 kHz/cm? m.ip. equivalent) a charge o
C/cm2 has been integrated (more intense irradiation facility should be consic
achieve more significant global irradiation)

-
~ c-tau Workshop ZG-gVIay 2018 Novosibirsk (Russia)



