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atectorarchitecture
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Low rate layout: thesingleresistivelayer scheme

v performance & Technology Transfer todustry

High rate layouts: design &erformance

DLC aging: preliminary tests and future strateg Py
N
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RWELL: theatector ar

e . .

Llis composed obnly two elements:
U-RWELL_PGCidthe cathode Drift cathode PCB

-RWELL PCB, the core of the detecisr, o
’ |Zed by:oup"ng: Copper top layer (5 um) |

4 —WELL patterned&apton foil asamplification \ kamﬁ"m)

DLC layer (<0.1 pm)

stage - R-100 MQ/C)
. aresistive layer (*)for discharge suppression QEULETESSR

currentevacuation:

I. Single resistive layer (SR&)00kHz/cn:
surfaceresistivity~100MW 1 (SHiPCepC
_&vosisbirskElC, HIEPRA
. uble resistive laye(DRL) >MHz/cn¥ (for
- LHCBEMuon upgradeX future colliders-
=Y .Fceee/ hh)

lardreadoutPCB (*) DLC = Diamond Like Carbon

highly mechanical & chemical resistant

L4
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Rigid PCB readout
electrode




e resistive layer: DLC sp

ekaﬁl Oil copper etched on one sidse sputtered with DL(by Be-Sputt

in an)Simultaneous sputtering @ foils (1.2x0.6 &) per productiorbatch
ossible.
‘Theresistivity dependson several manufacturing conditions, but can be |
parametrized as function of thBLC thicknessT he resistivity uniformity is at level o
420-30%.

|

Thanks to A. Ochi AN elqe]jjr=1e][Wele][F-1elo] =11 o] g R V11 g

Zhou Yifrom USTQ; Hefei (PRC) for
the manufacturing of improved DLC
foils, has beerstarted.

0)
[
<

| A Common Project among Hefel,
________________________________ _____________________ ______ ________________________________ _____________________ Kobe, CERN and LNF has been
| @ u-mwELL test prod. 2017 recently presented with three main

$

Resistivity (M

______________________________ objectives:
| @ emenasion comve | A define manufacturing procedu
= 10 A define QC/QA procedures
DLC Thickness (A A perform long term stability

¢
Topical Workshop on MPGD stability & RD51 Meeting
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able voltage betweéwp copper
iDL KB9R[ ¢ I OG4&
for the ionization.

S d

qcf; einducedon the resistivefoil is

ersedwith atime constant,_ =" C, resistive sta - |
r inEdby: - TSR qumﬁh.
. I u

he DLGsurfaceresistivity, r Not in Sgy
he capacitanceper unit area, which dependson the distance between the resistive foi
. andthe pad/strip readout plane,t S
A the dijekctricconstantof the insulatingmedium,e. [M.S Dixit et al., NIMA 566 (2006) 281]

. in effect of the introduction of the resistive stage is the suppression of th 2
- [é’amer to spark -

Jackhe capability to stand high particle fluxes is reducgalut an apg '
g of the resistive layer with a suitable pitch solves this problem

i1

N
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e resistive layer w/edge grounding
v Copper Iaxer 5um
Kapton layer50 pm

DLC layer: 0-0.2um (10-200MW R )

DLCcoated kapton base material

Insulating medium(50 pum)

PCHE1.6mm)

»

DLCcoated base material after copper
chemical etching(WELLamplificati

1 Meetind




Ar/iC,H,= 90/10

Detector Gain

£ Frermar 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
N -0.002066 + 0.00276 /
- | B -4.443 + 0.2872
- | 0.03168 + 0.0008171 —=--RWELL 12 Mo/
102E -+ -RWELL 80 Mo |
E -+ -RWELL 880 MQ/D
K ¥ I ndf 12.6/19
10 Vs b 1.31£0.1561 |
E 4 a -0.004964 + 0.002842
= B -3.654 + 0.2401
[ o 0.02832 + 0.000677
1 i i i
100 200 300

Recent prototypesshowedGain~10°in

‘g\OI-RWELL ?%

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

-
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

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

5 E[ %2 / nat 31.11 / 20
tt_g B 0.5311 + 0.1568

HE 0.02313 + 0.002634 : : :

104 ET B 3 TE5 & 0.141p b e e
= 0.02154 * 0.0002464

L %2 / nag 5.924 / 19 : : : :

3 : : :

10 =1 b 1.096 + 0.1721 }oeen e e

El a 0.006517 + 0.004264 : : : :

HE: -3.219 * 0.2408 . 5 5 5

2| |«  0.02092 + 0.0004023 | &

i i TR | b b

500 600 700
Av -RWELL (V)

¢ g
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Dacaesolution vs DLOesiIstivIty

Charge Centroid analysis (orthogonal track

< 10 g 0.2 BEET 254,
.,_E_, 95_ ............................................................................................................................................................................. -~ 0.18 : & Space resclution 3 I:
3 af_ llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll o] 0.16 a ©r Cluster size —Zﬂﬂﬁ
- E : 457
n AF 0.14 4 @
) '?g_ ................................................................................................................................................................................ : \ J; ::
3 SN SRY. S ot S S 0.12 ,. \ / =1y g¥
a F ; H
3 5- ' o TN 8
5‘ E_ ....................................................... ...................................................... e o won | e " : g.
42— """"""""""""""""""""""""""""" """""""""""""""""""""""""""" 4 -RWELL 80 MO | ' . \\.l f’f _lnﬂ
3:_ ......................................................... ...................................................... | RWELL 880 MOM | 0.06 ] o g
2 | : Bl 5 B
E s Y
0.02 L o s o ML
1 0 T,

0 1 10 10 10°

Resistivity (MQ/0)

Thespace resolutiorexhibits aminimum around 100MK/ |

A at low resistivity the charge spread increasesd then  isworsening
at high resistivity the chargespreadistoo small (ClustessizeA 1 fired strip)

then the ChargeCentroidmethod becomesno moreeffective C A pitch/Q

» Topical Workshop on MPGD stability & RD51 MeetinUM,
Munich



8 resolutionvsinclined tracks>-

hanksto%e collaboration with BESIHCGEM,R.Farinell(INFNFe) &L. Lavezz{INF

Ar CQ:CF 45:15:40- HV=600V, Ed=1kV/cm, Gaii0*

z

45Atrack

arctan(0.97) = 44.A

Space resclution (um)

. i | | i 111 . | | L 111 | L 111 i | I . . 1
45 50 55 60 65 70 175 80 85 90
angle (°)

TheO2 YO AY | GAZ2Y 2 FTPC HW&evithE=1TkY/dn U KS
Isflat over a wide range of incidence angle

Topical Workshop on MPGD stability & RD51 Meeting
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~__ Singleresistive layout:

~ TechnologyTransfer to industry




d industrializationf the m
ologg one of themain goal of the

Strycan open the way towardsost-
assproduction.

»
facturing process of theingle resistive
has beem%nsively testedat the ELTOS

nttp://www.eltos.it )

ProductionTests@ ELTOS:
= - 10x10 cm PCB; uRWELIPAD r/o
“7 - 10x10 cm PCB; uRWELKstrip /o

—

coupledwith kapton/DL

M Theetchingof the kapton doneb:

’i On the lasttestsdonein F
1S 100%. Morestatis

leeting




A

-
of theCMSpha‘s.eZmuon upgradedifferent prototypes
elayer i-RWELLBave beerbuilt at ELTOS
¥ W-RWELL
n* --RWELL

1210,00

*
3z

‘.
R = e
00°TT6T

)

1.9x1.2n% (GE2/1)u-RWELL

-
—
=
o
=3
N
- |
~
— .
LL]
(_F).
.
!
Lo
o
X
N
—

00'cz  SL'99v

536,08
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rate layout:the doubleresisti

eid%is to reducethe path of the current on the DLCsurfaceimpleme
IX'Of conductivevias connectingtwo stackedresistivelayers A secondmaitri
vias connects the second resistive layer to ground through the readout
electrodes(3-D groundingschemég

Thepitch of the viasis typically of the order 1/cm? (or less.

}.

5> YCU————
50> YKapton———
500¢ 700 nm DL

50> YKapton—/

: 500¢ 700 nm DLE
’ 50> Ypre-preg /
b readout electrode

standard PC

INGTheengineering/industrializationof the double-resistivelayeris diffi
he manufacturingof the conductiveviason kapton foll.

¢
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> version based on singte

dead area over
the grid
5> YCu

50> YKapton\
500¢ 700 nm DLO——= 4
pre-preg50> Y; oo sebe
readout electrode e Y
standard PCB/

’7 grid pitch Al
duction of a conductivdine on the SG1 designed withsafe geom

r of the amplification stagean induce parameters: gridpitch 6 mm
due to di&harges over the DLC surface dead area 2 mm

Geometri;,aiacceptance%%

e e—



rid: generationq

dead area over

he grid
—

5> YCu |—|
50> YKapton

500¢ 700 nm DL

pre-preg50>

readout elecW

standard PCB

I— grid pitch —‘ -

557.76> Y 34.13> Y 1260.3



. v/ C |d ‘-Tl I

d-"-‘ duce the dead areaﬁe studiedthe Distance Of Closest Approaé
$ betweentwo tips connected to an HV power supplWe recorded t
ebefore a discharge on the DidCcurredvsthen + & dzIfdt fils\ differe
e resistivity.

. AV=500V OO SO

11 | 1 1 1 | 11 1 | 1 11 I 11 1 | 1 1 |
80 100 120 140 160 180
p (MQ/O)

o N & O 0 B N BB O 0 N
FTTTTTT]T

} ~60-80 MLy A DOCA< 300um

L L il

kshop on MPGD stability & RD51 MeetingUM, M



ure SG2++ f:)‘rotot o5 O
7 ‘ IR

lowing the recipe for Silver Grid (S@ & S@) layout based on the
finition of the grid-pitch, grid-width we would like to minimize as much

e épossiblethe deadzone(for a givenDLQresistivity around 60-80 MK/ )

| HR Layout | Resistive| Grounding| Grounding | Deadzone Grid DOCA
layer pitch type Wilelig
(grid/vias)
SG2++ single 12 mm Conductive 0,3+0,3mm 100um 250 um
grid

2ry fine grid structure made possible thanks to the UBLC+Ctechn '

We expect a geometri@acceptanceof the orderof 95%

ical Workshop on MPGD stability & RD51 MeetingUM




5>Ycu 0 o— %
50> YKapton —7

500¢ 700 nm DLC
pre-preg50> Y
readout electrodes
standard PCB

v Y w e e e ww

B P00

STy

he resistive lines is done by screen printing and
1e gric lrface);rounding is performed via the resistiyf
geometrical parameters:

&
10 MM

ne required
oblem of such a layoudre the poor precisior|
and the very bad resistance uniformity amort

ng th A this scheme will be replaced g iiﬁ.t've P ;(a(é'_;.tance '
scheme o 3> Y  296.99> Y  105.03> Y




. >onductiveDashedGrid (DG

I

: |ulate resistive linesvith a suitable pattern o€onductivedashed
Of each element of the dashed is: 1 mm length and 0.1 mm(wiziltig~

ology)
2capacitance of the single element of the dashide should be kept very low

B E) —4 A F h - B O 3 H N« HO
sa consequence th@oblemof discharges on DLC surface shoh&lkept undercontrol.

e distance between dashes at thedges(elose to ground connectionsten times the one |
e center. Inthis waythe resistance at the center is negligible w.ithe resistance at thesdg
gnsuring an acceptable uniformity (at level of 10%).

o o
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ayouts performance: thefficienc

Ar:CQ:CF; 45:15:40¢ Muon Beam - Ed = 3 kV/cm

74% T

e

Efficiency (%)

60 MQ /O

60 MQ /O

120 MQ/0O

Asexpected theDLprototype reachedull tracking efficiencyg 98% (NO DEAD ZONE in the
amplification stage).
The SG1 & SG2how lower efficiency74%-92%)BUT higher than their geometrical accepta
3% and 90%espectively), thanks to thefficient electron collection mechanisrthat reduce
lective dead zone With the optmized SG2 version (SG2v/95% geometrical accep
210 achievealmostfull efficiency (9798%).

»



uts performance: thefficien

- Ar:CQ:CF 45:15:40¢ Muon Beam¢ HV =540 V

98%

(%)

al
¢}
g
()
-
9]
|
H
H
K

At low Ed (suitable for microl PC mode see later on) thefurther rise of the efficiency of the
G prototypes could be explained with tHarther increaseof the electron collection

iIciency close to the dead zone of thlietectors Whilefor the DL we observe the stan
ey drop(generally dugoecL. NB O2 YOAY I GA2Y X 0

» Topical Workshop on MPGD stability & RD51 MeetingUM, Munich



mean charge (ADC)
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arge & Efficiencyrofiles of SGiw/p

Charge along X for SGv1

HV=540V, Ed=1kV/cm

=+ !

TR

. :I'I\I‘IIII‘I\II‘I\II||\|%I|HH|IIH‘IIH

dead areawidth

il
Hﬂﬂﬂﬂﬂ ++*H+ﬁ+“+#++i NHH 5+++H+++Hj#++*+H+H1+jﬁﬁ+++ Hﬁ
EJ[ H f Hi

Silvergrid
pitch A
i 0.6cm i

‘\II\|IHI|\\II‘II\\‘\II\IIHI|HH‘IH

5%

= N — . [ -
Ll

-

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

Topical Workshop on MPGD stability & RD51 MeetingUM, Munich




Efficiencyrofiles of SG2

HV=540V, Ed=2kV/c

.

Charge along X for SGv2

[N
o
=]
o

il
mean charge (ADC)

900§ | | dead arefi/\fdth: 1.2mm |
AN, 1 % -

800 all
oo H‘ " observed for the SG2
w00 j  cowmmmmm More uniform response
200%— ;padpitch' & mm eXpeCted with the new
1005 O detector layout SG2++,

S5 st N under production at

CERN (bfRui) for which:

e = .
0 A picth=12 mm
A dead zone = 0,6 mm
or I A geometrical
05 i

0.4

0.3

0.2

0.1

|
o

o
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acceptance 95%
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Thegain dr

the Ohmiceffec
resistive layer:
charges collected ¢
DLCdrift towards the
groundfacing an
STFFSOUADS

depending on the
evacuation scheme

geometry and DLC
surface resistivit

M is computed b
parameterp, co
from thefit of

curve. '

G —1+4/1+4pyd
qu N Eﬁqj"i?




