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CMS 1 .
Z Outline

1.Slice Test issues & Discharge mechanism

2.Propagation probability studies on full size
GE1/1 and 10x10 prototype

3.Mitigation strategies implemented in
GE1/1 design & in GE2/1 design

4.Future of mitigation strategies on VFATs
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Slice Test issues &
Discharge mechanism
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Slice Test Observations

Slice Test experience:

« 5 Super-Chambers in the negative end-cap

« Continuons operation within the CMS
framework

« First experience with services: DCS, DSS,
DAQ, DOQM and analysis

First opportunity to observe . d
real-life discharges i — i
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Observation of gradual channel loss caused by
discharges propagating to the R/O plane

New R&D campaingn to undestand the discharge
propagation and develop mitigation techniques

With the help of new tools and techinques to study discharges developed by RD51, ALICE GEM
and CMS GEM groups
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CMS

jact Muon Scienoid

Comp:

Discharge Propagation principle

D GNEED ((ENEED (gumED (e

“precursor
current”

RO board RO board RO board RO board
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Typical EM interferences caused by

A. Utrobicic¢ et al. (University of Zagreb), propagating discharges in GEM detectors

Typical developement of avalanche into a streamer MPGD Stability Workshop, June 2018

SEM picture of a GEM hole (bottom) after a 2mJ discharge

Step 1: Step 2: Step 3: Step 4:
Primary discharge Creation of hot spot on Thermoionic emission Developement of the
casued by the high the copper near the of electrons in the gas precoursor current into

charge density within hole rim (> 2500°C) enanched by the local ~ a streamer causing a
the avalanche electric field (Schotty second discharge
effect)
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Propagation probability
studies on full size GE1/1 and
10x10 prototype
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Available Options

— =

Channel loss rate = BKG rate * discharge prob. * propagation prob. * damage prob.

Discharge = | Propagation | | Damage
Probability Probability Probability
& 2 0
* Intrinsic to all « Complex Process
gaseous detectors. depending on:
« Low probability with * Gap thickness

10-9 - ~10 + Gap Capacitances
GEM ( _10 ) 1_0 ) Electric Fields
« «No pain No Gain»
parameter
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Discharge Propagation Probability
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10 X 10 cm? detector

CMS Preliminary
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‘Large’ GE1/1 detector

CMS Preliminary

-
n

| GE1/1 Triple-GEM Detector

I 3/1/2/1 mm Gap Configuration
- Gas = Ar/CO, (70/30%)

[~ HV Filter = 110 kQ

| Source =""Am (5.5 MeV o))

y

[ Field Configuration:
[ Epn=2.63 kV/cm

[ AVegw =392V

L Eyaniors = 3.06 KV/icm
— AV, =385V

[ Eyansierz = 3.06 Viem

[ AVggwy =395V
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Induction Electric Field [kV/cm]

CMS Preliminary

| GE1/1 Triple-GEM Detector

| 3/1/2/1 mm Gap Configuration
| Gas = Ar/CO, (70/30%)

| Source ='Am (5.5 MeV o)

to

| Field Configuration:
| Epun=2.63 kV/cm
AVgeyy =392V

| Eyanstenn = 3.06 kV/cm
L AVgey, =385V

| Eyansterz = 3.06 Vicm
AVgeus =395V

| Einuenion= 437 kVW/cm
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HV Filter Resistance [Q]

To Power supply

Test on ‘small’ 10x10 cm?

Influence of the induction field and filter
resistor (left plots)

Test on ‘large’ GE1/1

No dependency on the induction field
No effect from the filter resistor

Clear inconsistency between ‘small’
and ‘large’ detectors

Clear increase of the propagation
probability with the induction
capacitance =2 i.e. Sufficient
ammount of energy on the foil to
feed the precursor current and
trigger discharge propagation

All measurements indicate that the

discharge propagation is more likely to
happen in large foils due to the

availability of energy directly stored
on the foils
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Discharge Propagation Probability

. CMS Preliminary
_-g‘ E 10x10 cm’® Triple-GEM Detector
Further Studies to understand §0-95— :,“"g“(,z;f”
. 0 F Source =*"'"Am (5.5 MeV «)
differences between small and large gzj HY Filler = 10K
chambers: 5 oot ; + GEMtoP______ .
| 2050 4 e GEMBotiom T
* No dependency on the GEM foil S 04t el Cornguration
capacitance - no influence on the L o B 206 kViem
primary discharge energy S02: %fi:';ﬁzw@m GND
= F GE"‘== . cm
« Clear increase of the propagation g o e
il ' H : 4 6 8 10 12 14 16 18
probability with the induction GEM 3 Capacitance [nF]
capacitance = i.e. Sufficient S Preliminary -
ammount of energy on the foil to o :nm““’ga.gugﬂ“‘
feed the precursor current and B Souee=hn Gslera GEM top

o ©o o o
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trigger discharge propagation
+ All measurements indicate that the

Field Configuration:
Epein = 2.63 kV/icm

o«
I
T[rrrT

discharge propagation is more likely to 5 S =302V e
happen in large foils due to the 22‘ z,":%zz,:::
availability of energy directly stored N Vo= 400V

Epnguetion = 8.00 kV/em

Discharge Propagation Probability
o
%))
I

10-2 10—‘ 10 102
Inductlon Capacitance [nF]

O'—L

on the foils
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Propagation Mitigation

CMS Preliminary

| 10x10 cm* Triple-GEM Detector
L 3M1/21 mm Gap Configuration
| Gas = Ar/CO, (70/30%)

| Source =*'Am (5.5 MeV o) 1
| HV Filter = 110 k(2

| Field Configuration:

L Epye = 2.63 kV/em

| AVge,, =392V
Eypanters = 3.06 KV/em
AV e = 385 V

Self-quenching of the precursor current:

—

2

—

« Drain resistor between readout strips and ground
causes temporary reduction od the induction field
after the primary discharge

o
IIm

EM3
E, ucton = 8.00 kV/cm

- | Drain Resistance:
00
[ |-® 1000
[ [-e 1k
& 10 k2
20 k2
F | ~® 100 k2

« The precursor current cannot grow and develop
Into a streamer regardless the energy avaiable on
the GEM foil

« Efficient way to stop propagation before it

o
T

Discharge Propagation Probability
0 S
T I
:

R

3 4 5 6 7 8 9 10 11 12
Induction Electric Field [kV/cm]

h appens _ 1,CMS Preliminary
o ] . . ) £ - 10x10 cmz Trlplt.LGEM Betectc r
° Sp@lelC de_coup“ng circuit can be |mp|emented g 11 ¥/1/2/1 mm Gap Configuration ........ R —
. x - Gas Arlg? (7&'30 %) : |
between readout board and electronics = 10__....§:u:ie, "Am.(5.5.MeV o). + ...............
© E ilter = 110 kQ E ;
@ T oo ¢+
T T O A -
"precursor B3 _ IIIIIIIIII ¢ e Fi:le;lltl:llmtl:qnil'llgl.llratl?lll'lllzl IIIIIIII
RO board current” k= 7: M;;.,E:‘z-s;lz(\arch?
@ Evsnser 7 3.06 KVIG....
@) ;::;;;u v"'“ ..........
Termination E L J| I J L J -Is DOk\fl:‘cm
~100kQ av 4

107" 1 10 10*>_10° 10* 10° 10° 107
Drain Resistance [Q]
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Z Available Options

— =

Channel loss rate = BKG rate * discharge prob. * propagation prob. * damage prob.

Discharge = | Propagation | | Damage
Probability Probability Probability
* Intrinsic to all Understood the process Depends mainly on:

gaseous detectors.  ©f propagationinlarge . Energy of the
 Low probability with

GEM (~10~° = 10~19)
« «No pain No Gain»

parameter Found 3 ways to mitigate
discharge propagation:

Reduce foils capacitance
Increase filter resistance
Use drain resistor

->Mainly driven by large ° Electronics input
induction capacitance protection

detectors propagationg discharges
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New VFAT Hybrid Design |

HV3b V2 HV3b V3 HV3b V4
Initial baseline Ext. input protection Ext. input protection
Internal input protection (R=330 Q) (diodes)
only (diode) OK after 500 ESD 470uJ/disc OK after 540 ESD 470uJ/disc
Channels burnt with X-talk +15%; Noise +20% No increase of noise observed
E>28uJ /disc No radiation issues expected Rad Hard studies OK (10Mrad)
" x
A~

Rser

Input protection Input protection

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

J

el 2
& pung ‘
I ll Y s ll
‘s | :
| ‘ | i
1 l. |
3 | II
. I |
bl l l g ; ‘ l
& :" l s A I
a3 §- = |
13 U7 s
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Test on HV3b V3

L a S S —

Additional resistor

Gas Discharge Tube l

The series resistor:

1G6Q
v S

AN > &
? J_C Y O Rser

Discharge resilience Vs R,

1000

AN « Dissipates part of the
discharge energy
« Adds noise and increases
Input protection Cross talk

Value of 470Q is fine for
discharges energies up to

Discharge energy [uJ]

R, [ohm]

/ 1.5mJ
* Many resistor models of
$ the same value was tested
@ to find the most resilient
m FAIL one
o 00 200 300 400 500 Chosen Resistor Array:

EXB2HV471IV
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Test on HV3b V4

Component: On Semiconductor
ESD7016

Features:

Vbus or Ground

/O 3
/O 4
/O 5
/O 6

— (Y]
g 9

* high energy ESD capability
* ultra-low capacitance 0.15pF
typical, 1/0 to GND

VFAT3b_prot

* small dimensions: 3.3 mmx 1
mm

N/C
N/C

One channel of the 6

In lab with the injection circuit:

e Channel perfectly working after 540 ESD
discharges (about 470 pJ/dis.)

* Noise before/after discharges about 800 e- —

* No measurable noise contribution of the
external protection

In 904 HV4 mounted on the chamber: one discharge = all analogue channels broken.

Solution rejected!

External protection

i
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Damage Probability

=

{ 4 { ’
Small’ detector Large’ detector

CMS Preliminary -
2 [ 10x10 e Triple-GEM Detector - Ar/CO, (70/30%) CMS Preliminary
= 1.2 HV Filter =110 kQ - Drain Resistance = 0 & é" L GE1/1 Triple-GEM Detector
g | Source =*"Am (5.5 MeV o) =1.0 | Gas = Ar:CO, ( 70:30)
0 L © | Source = 33'Am
E 1 -8 L ;I’ m Discharge Energy = 1mJ
o | . Qg S g3
o8l . 000828 %°
E s VFATS3 Hybrid: g -T3 I

i @ HV3b-V2 L
(] 0 6__ @ HV3b-V3 8 0.6
[ Tl @ HV3b-V4 . . '
o™ L ﬂ  Field Configuration:
— L Field Configuration: e - || =2200 Vicm I
<L 04__ ; i";:;lz_'ggﬂ'"" w04 AVigm 2347V g.
L-:_.,L - Evanaters = 3.06 k¥/cm = | |Ep|=2960 viem §>§

[ Ve =_:a;: :\M:m [ AV, =366V I

0'2__;' A= 400V 0.2 Exl=2913 viem 2
L Epngurtion = 3.00 kV/cm el A_EYGEMS =400V § g
e - |E,|=4166 Vicm I
G ) P R S B S i 1
0 8 10 12 00||\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 111
Discharge Energy [mJ] 1 2 3 4 5

) ) i Hardware Configuration
First validation on small 10x10 detectors: J

« Observation meet expectations
 Energy required to cause VFAT damage is higher in Hydrid V3 & V4
* Input protection circuits are efficient at norminal operating voltage and above

Comparison with large detectors:

« Damage probability of all hybrids is higher than expected to be = beacuse discharges
accumulate more energy during the propagation

* Hybrid V3 with 470Q gives the lowest damage probability, so far...
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Structure of the Propagation

=

10x10 Propagation @@
| @ m Small Detector:
" <

s > ‘1 primary discharge in GEM3
g | T 2 propagation from GEM3 to Readout
gm s c Re-ignition of the propagation

. | [ —2 per. Mov. Avg. (Antenna) | — . . .

j —semmne o | 3 Propagation process in small detectors is

1,2 1 i < . .

lostee | | e o | 7 simple and localized

’ Time [us]

Large Detector:

GE11 - With Diode - Propagation type 3

01 @-@ @ @ = . . .
— M- i (1) Primary discharge in GEM3
' : 20 Propagation backwards in GEM2
S o3 f’f 5 3 Propagation forward in GEM3
8 s ./r"‘“"*u s : ‘4) Propagation from GEM3 to Readout
S . ! = 5 Re-ignition of the propagation
_ e | Propagation process in large detectors is more
Lo bl L complex (discharges “travel” backward and
’ Time [us] forward, accumulating more energy)
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Discharge Propagation Re-ignition

—

Propa to Dis. in Propa.in  propa. in

Large Detector e cemz  gews PPt

Dis. in Propa.in  Propa. in
GEMS3 GEM2 GEM3

Re- |gn|tlons RO
0,2 //
\ F 4
0 r F_
tfpr————
NN i TR L | - :
S 02 S = NO re-ignitions =
I g a 0.4 1 ] ] 1 =
g:'ﬂ 2 per. Mov. Avg. (Antenna) ';‘.; v %
04 =1 per. Mov. Avg. nnaj Bd 06 . — |
- B —Sper.Mou g, (G3op) |5 (T ol g
o = E 08 r ——2 per. Mow. Avg. [Antenna) z
06 | | | | ! h] 2
> § } ——5 per. Mov. Avg. [G3top) 2
3 1 | S
M B per. Mov. Avg. [G3bot]
0,8 | |
o 1.2 1
1 . | 14 _ .
3 2 T 12 17 22 7 2 ar 42 10 ] 10 0 30 40 11}
Time [us] Time [us]
TR 100k v 100k
HV Filter ToGem. To Power supply HVFilter GEM To Power supply
! ] 2 2nF ' ' T 2.2nF

In-depth investigations with large detectors:

* Further studies indicates that the damage probability in large detectors is mainly due
to propagations re-ignitions

« Re-ignitions are fed by the energy stored in the filter = can be mitigated tuning the
filter capacitance
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Available Options

— =

Channel loss rate = BKG rate * discharge prob. * propagation prob. * damage prob.

Discharge | | Propagation | | Damage
Probability Probability Probability
e Intrinsic to all Understood the process Understood the process
gaseous detectors.  of propagation in large  of damage in large
- Low probability with ~ detectors detectors
GEM (~10~° =+ 10-19) —>Mainly driven by large > mainly due to
] . induction capacitance ropagation re-ignition
* «No pain No Gain» P propag 9
Found 3 ways to mitigate Found 2 ways to mitigate VFAT
parameter discharge propagation: damage:
* Reduce foils capacitance * Improve electronic input
* Increase filter resistance protection
* Use drain resistor * Increase the de-coupling

with the filter capacitance
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Mitigation strategies in
GE1/1 & GE2/1 design
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Compact Muon Scienoid

Mitigation for GE1/1

Baseline configuration used during slice test 200k 10k 100k
ot - 1000 "
95 + 100% damage probability To GEM AAAL_AAA ANAA_ To Power supply
Preliminary . 2.2nF
» HV Filter [
g I All Configurations Configurations 8-11 - T
% @ - GE1/1; :‘;“Am |Ey 22700 Vicin © %
o 3 % Ar:CO, (70:30 ) AV ey = 403 V — 3
ne_ 528 B[ 3150 Viem 8 £ 5 Final chose for
AVge = 396 V < o 50 .
o e 0T o NS g5 the HV filter
o> . |Er[=3150 viem 2 < g2
- o« —
g %c s OEM ZA0ON 2 - 28L. - 210kQ
Qs |E,| = 4500 V/icm o=
8 5 2 S 240
R P, - S B B G
o
™ - Q5 -
= 0.4 Configuralions 1:7 b §g§ 4 o= HV3b V3 with
<< = |E, | = 2290 Vicm e ‘ = -
> 03— WNoaw=347V. LT o e G 470Q protector
- e [ - | o 8 <
L |E;,|=2960 vicm e S S. |§ .
| AVgeno =366V o L e oS | o8 resistor chosen
0.2 5 g S8y
b |BL|=2913 viem 285 Z=3 298| 258
0= ng.e nS2 | 0G =
0.1 MVomi =400V cooge8o g2 288228
— |E|=4166 Vicm
‘I l| 1 | 1 1 ‘ | | | 1 * | | * 1 'f |
0.0
' 2 4 6 8 N\ _A0

Optimum configuration for GE1/1

Optimum configuration to
reduce damage probaility

* Optimum configuration allows the reduction of the damage proability by almost 2

order of magnitude

* No side effect on detector performance (No impact on rate capability in GE1/1 and

GEZ2/1 project)
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Mitigation for GE2/1

CMS Preliminary

. -é’ 1'2- Triple-GEM Detectors
Double Seqmented folls: g e e
o : —@— 10x10 cm * Detector
6'- 0 8" i 2::: z:‘unt:zegmented
. c V.o~
First prototype produced and assembled: S it
0.6 + . !
© L |
S I i
* Reduce capacitance, %o.z;_—“g;::z_f‘s:g:v‘v‘:’:;
improve foil protection S 02 Sy
ide base < o ,,,,,:am\ccm
and HV sector de- ——— § [
: (]
coupling %

* First measurements are
very promising (no

resistor

propagation so far) GEMbot. $ 0o
]
Safe : ;Safe
distance ? i ‘: distance ?

TOP (black) om0
BOTTOM (red) GEM bot. oty
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Future of mitigation
strategies on VFATs
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" Compact Muon Scienoid

Mitigation for VFATs

Sandwich boards Ry i
. ' / Protection ‘ , ;
PrOtOtype boardS deSIQned and prOduceC Terminé%\tion De-cou_pling: i' resistor T |
resistor capacltorr:: !/ VFAT (low impedance ~ 100 Q)
y Protection
-l diodes =
e Where to impleme
additional input ciy
* De-coupling circuit and onhybndsb?o:.ﬁza
i To prevent o2
better VFAT protection diszharge To protect the
. ggiécljo(: n-going on large propagation VFAT channels

* Integration to final
chambers is under
investigation
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Foreseen studies on VFAT protection

x St T 17 b i

Study on nhew components

Components used in the protection circuits New study to assure the
have to sustain voltages up to 400 V during a S resiliance of the
discharge components

Study on new protecting circuits

Circuit never tested due to the double
component which would have involved a Rp
larger hybrid ’ MV

I

1

(@)
O

To be tested using Sandwich board
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Foreseen studies on VFAT protection

E

Study on new protecting circuits

Cap
Simulations results are promising Il
]

P>

Values of: ® £ Sk

CBD ~ 10nF
Rp = 100kQ = 1MQ

The circuit maintans the
nominal gain of the chip

Probabily better use higher values of Rp for reduce the ENC
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Conclusion

« GEM discharge mitigation study is completed for GE1/1

« Extensive R&D campaign was conducted in 2018/2019:
« Understanding of the propagation process and structure of the
discharges
« Understanding of the electronics damage process in large detectors
«  Mitigation techniques were determined and implemented for GE1/1,
production schedule was updated accordingly with no impact on

« Mitigations techniques at the design level are under investigations for
GEZ2/1 and MEO (first results are very encouraging)

« R&D campaign on the VFAT protection circuit is scheduled to start in
November:

« Evaluating the noise and the influence on the gain associated with the
different circuit solutions, in order to find the best compromise.
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Compact Muon Scienoid

Rate Capability

Relative Gas Gain

o

107!

- Gap configuration 3/1/2/1 mm - 10 MQ protective resistors on the top

: X-ray Tube: Silver(Ag) Targat
| Effective gas gain = 2 x 10*

[++#+*f‘ﬁm:ﬂho—-_ﬁ'+ﬁﬁifﬂ?ﬂ --------

Gas Mixture: Ar/CO, (70/30) - & Lihr

E21SFx1

F

GE1/1 5F = 1

4~ Standard GEM-foils . .
—+— Standard GEM-folls with 200k{} pu'uracf:im resistor an h're boftom

—— Double Segmented GEM-foils with ?l’?ﬂl,:trﬂ protective r‘;asismrs on the botfom

L1l | [l L1 1 11 ' 1 1 1 L1 L1 |
107 1 10
Normalized GE21 Particle Flux
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