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Crosstalk due to capacitive coupling has been observed in GE1/1, GE2/1, and
MEO chambers with double-segmented foils, as well as in 10x10 GEM detectors

Note that crosstalk has not been observed in single segmented foils (i.e., in
GE1/1 chambers)

Experimental setup at FIT and CERN with an MEO chamber was used to
characterize the crosstalk

We built a model in 0OrCAD PSPICE to simulate and investigate the physical
process of the crosstalk in the detector and also to test mitigation strategies

This talk will present the results of our investigations into the crosstalk observed
in an MEO GEM detector with double-segmented GEM foils

We will also discuss experimental mitigation strategies and the results of these
interventions
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e Crosstalk was first noticed and discussed by D. Fiorina [1, 2] during effective
gain measurements on an MEQ chamber (the famous “double-polarity” signals)

e Scope traces below show an example of a good signal and a crosstalk signal
(direct readout to scope)
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e VFAT3 analog amplifier circuit simulation by F. Licciulli shows that the XT
signal can overshoot the ARM-discriminator threshold (and therefore register as
a “real” signal)

Good channel

Victim channel: this peak can overcome the arming threshold

Real signal (red) and crosstalk signal occurring ~ 200 ns later (from F. Licciulli).
e This immediately presents an issue for the detector system to operate nominally
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e |f we consider the capacitive coupling between RO sectors as a capacitor, and
the 50 Q impedance of a LEMO cable, we can approximate the behavior of this
system as a high pass filter due to the fast, rising edge of the “real” signal [3, 4]
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mput € Output ® Vi=V ’ < Y= Vexp(H/RC)
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Equal
. ‘ . (©) areas
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DC level

High-pass CR filter (differentiator): (a) basic circuit; (b) step input; (c) single (square) pulse
(RC = T); (d) single pulse (RC >> T); (e) single pulse (RC < T); (f) pulse train
FLORIDA Figure and caption reproduced from [5].
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e \We observe very similar behavior when comparing the output of the (theoretical)
CR differentiator circuit and the crosstalk pulses we observe

91692
Edngy

Note: On the trailing edge,
the input pulse has a slow
exponential tail. This is

differentiated by the CR circuit
into an exponential tail on the
output crosstalk signal.

Comparison between the scope trace and the output of a CR differentiator using a square pulse
with a time constant equal to the circuit’s time constant. From M. Hohlmann [3]
and D. Fiorina [2].
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e The “real” signal pulse induced on the readout strips is approximately a square
pulse with a width on the order of 10 ns
e To experimentally test crosstalk under more controlled conditions, we can apply

a square voltage pulse to a RO sector, and read the crosstalk signal out of other
sectors
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e Tektronix TDS1012B 2 Channel, 100 MHz Oscilloscope (connections terminated with 50 Q
terminators)

e Siglent SDG2015 25 MHz Signal Generator
e Siglent SDG5162 160 MHz Signal Generator

e All Panasonic-to-LEMO adapters connected to shielding plate on GND pad, plate connected
to common ground
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Input: in =8, i¢p =1 RO connector
Output: in =8, i¢ =2 RO connector
Channel 1: Pulse Generator

Channel 2: in =8, i¢p =2 RO connector

We see XT between

in and /¢ partitions
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Figure on left from [5].
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e The model below was constructed to simulate the experimental setup of using a
signal generator to apply a square voltage pulse to 128 strips in one readout

sector

C6: Interstrip capacitance b/w
128 signal strips and 128 XT strip

c6
i
C5: Capacitance b/w 7
J signal strips and GEM3b C5 P c1
1L - - 1L
1

c2
800p

pl

Jl—H

Scope Parasitic capacitance
input of 128 signal strips
impedance  connected via

(matched) S2H2P2L" to ground
(measured)

Vi=0

TR = 10n
TF =10n
PW =1000n

PER = 5000n?0

V2 U
V2 = 560m @ 30p R3 ‘L
TD = 625n 100k 100p Capacitance

Pulsed voltage source
producing pulse with
560mV amplitude,
10ns rise and fall time,
1000ns pulse width

c3
800p
b/w XT strips

-200Vdc and GEM3b

o-||}—u~

= Y
HV sourcg Parasitic GEM3b
via protection capacitance
resistor to ground:
Small (100pF) for
segmented GEM3b

Parasitic capacitance
of 128 XT strips
connected via

S2H2P2L" to ground
(measured)

" “Strip to Hirose to Panasonic to LEMO” adapter
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e Simulation and measurement agree with respect to crosstalk amplitude, CR time
constant, and polarity
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Why is the crosstalk observed in GEM detectors of opposite polarity of the input
pulse (good signal) after shaping by a preamplifier?

e Why are opposite polarity signals not observed with the voltage pulser studies?

e Why is crosstalk not observed in chambers with single-segmented foils?

Sl SR iJuiai] ™ 16:50:1902 > llkad

Good signal (orange) and opposite polarity, crosstalk signal (yellow)
seen after shaping. From [2].
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PSpice pdel of 3 0 0 : Operatio
e The model below was constructed to simulate the actual operation of a GEM
detector (simulating the current source produced by GEM avalanches)
e Current source is 10k primary e~ (1.6 fC) over 15 ns (100 nA)
Note that this doesn’t take gas gain into account
Model the GEM avalanche as current source 11 Interstrip capacitance between
between the bottom of GEM3 and signal strip: c6 signal & XT strips
1
1M — Prot. resistor I‘;p c1
@ € GEM3 bottom n _
= c2 R2 D =10n igfaautance R1 = o3
20, 200 = 100k 100 200 20,
P TF =5n P b/w GEM3b P
PW =10n and XT strip
PER =200n HVon
?0 = 11=0 G3b =0 =0 =0
Parasitic signal Input 12.=100n ~200Vdc Input Parasitic XT
strip capacitance  |mpedance TR =5n Parasitic GEM3b Impedance strip capacitance
to ground  of VFAT3 analog amp ';“r‘::sc‘l:g”szrsz":l":: capacitance of VFAT3 analog amp ~ © ground
reading single signal strip™ 1, 2" rrent, to ground: reading single cross-talk strip
5ns rise and fall time, Small (100pF) for
10ns pulse width segmented GEM3b
FLORIDA
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e The positive polarity crosstalk pulse is seen on the output channel of a crosstalk
strip as seen in experimental setups at CERN
= current is flowing from the crosstalk readout strip to the signal strip, which
is why the polarity is flipped on the crosstalk pulse! Whereas the voltage pulser
just changes the potential on the strips = the polarity is in the same direction
Current sources and voltage sources are physically different

Current pulse out of current source

Current pulse out|of (or electron pulse into) VFAT input/impedance on SIGNAL strip

TLORIDA
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e To simulate a single-segmented foil, the protection resistors were decreased from
100 k2 to 10 Q (see backup slides for circuit)

e With this configuration, the reduced resistance of the protection resistor provides
a much reduced impedance for sinking the current from the current source to
ground and therefore limits the current that can flow to the neighboring readout
strips/GEM3B capacitor system
= This is why crosstalk is not observed in single-segmented foils

Current pulse out of current source

Current pulse out of (or electron pulse into) VFAT input impedance on SIGNAL strip

TLORIDA
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e Simulation results show that reducing the impedance from GEM3B to ground
allows for less resistance of the AC current of the crosstalk signal to go to
ground instead of to neighboring strips

e Additional PSpice models considered:
e Increasing the capacitance of GEM3B to ground (increasing the HV
segmentation size)
(Zc = (w0)™)
e Bypass capacitors in parallel with the protection resistors on the HV
segments on GEM3B (provides an additional path for the AC current to

flow to ground)
Blocking capacitor on GEM3B (provides an additional path for the AC

current to flow to ground)

TLORIDA
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e Increasing the capacitance of GEM3B to ground reduces the crosstalk
amplitude by a factor of ~four (tested experimentally)

e Placing a 1 nF bypass capacitor in parallel with the 100 k2 protection resistor
reduces the crosstalk amplitude by a factor of ~four (tested experimentally)

e Placing a 1 nF blocking capacitor in series with GEM3B reduces the crosstalk
amplitude by a factor of ~four

e See backup slides for circuit diagrams

TLORIDA
TECH

S. Butalla & M. Hohlmann — “MEO Crosstalk Investigation and Mitigation Studies” — RD51 Colllaboration Meeting — Jun. 24, 2020 20



CMS

e To quantify the magnitude of the
crosstalk, we take the ratio of Viut/Vin,

e Crosstalk maps were
made for pulsing into

as measured on the scope: each i¢ partition of
- in =1, 5, 8 [6]
XT% = —1* . 100% Tek Sl ETigd M Pas: 470.0ns cH1
in 560 mV Cuu-plm-;
OC]
with error given by: BW Limit
4
b 100MHz
6Vin 2 5V0|n: 2 Volts/Div
0(XT%) = |XT\\/< Vi Vo -100% 90—
7.5mV Probe
.J\ 1
e If the XT amplitude was indistinguishable iR poni ‘.“"L Wit oltage
from the baseline noise, the XT was XT=1.3% :J( In!
recorded as zero | S . . - N
CHT 200mY  CH2 S.00mY M 250ns CHT 7 36.0mV
e For zero XT, the error is not quoted 10-Feb-200453  1.00002kHz
because it is undefined, i.e., if the output Example measurement for
pulse amplitude is 0 mV: crosstalk magnitude
0
XT% = — - 100% =0
in
r Vi oVo 2
'LGFEIEﬁ 5(XT%) = |XT\\/ i), (7“”> -100% = undefined
Vin 0
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Crosstalk Map: Pulsing Into (8,2)

CMS MEO Crosstalk Map: Pulsing Into (8,2)

N — CMS MEO
g g 1.80 Pulse 2.00 &
(23‘; +0.11 Input +0.11 i
£ | 000 - 0.00 3
o
o 0.00 0.00 0.00 -5
S
5 0.0 0.00 0.00 4 x
g
4 000 0.00 0.00 ¢
—3
ol 0.00 0.00 0.00
—2
ol 0.00 0.00 0.00
. 0.00 0.00 0.00
1 2 3
Phi Sector
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Crosstalk Map: Pulsing Into (5,2) Crosstalk Map: Pulsing Into (5,2)
. CMSME0 __ . CMS MEO
g g 000 0.00 0.00 f INS
< I
@ | 000 0.00 0.00 6%
]

Crosstalk (%)
O=NWHAUION

Phi Sector
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e Crosstalk in the unmodified configuration of the chamber is localized to the
immediately adjacent in sectors and the i¢ partitions in the sector being pulsed

e From the XT maps, we extracted the minimum and maximum XT observed (the
first column is the sector being pulsed)

Table 1: Range of Crosstalk for Adjacent Sectors Experiencing Crosstalk

in Sector  Minimum Crosstalk (%) Maximum Crosstalk (%)

1 0.24+0.04 3.80+0.21
5 0.20+0.04 6.40+0.42
8 0.16+0.04 4.00+£0.22
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e To get a better idea of how the XT scales with input pulse amplitude, the (measured) input
pulse amplitude was varied over [10 mV/, 600 mV/] range

e The results indicate that crosstalk scales proportionally with input pulse amplitude, down
to a level where it is unable to be differentiated from the baseline

12 Crosstalk vs. Measured Input Pulse Amplltude CMS MEO
. T
Input RO Connector (in=28,ip= 1)
| Output: RO Connector (in = 8, i¢ = 3) |
osl l R R O s | ]
J T TT 171 [ .
S 06
4
[
7] Bisquare Fit
1%
(% 0.4 f(x)=p0><+p1 -
Coefficients (with 95% confidence bounds):
o2l Pg = 1-964x10°7'° (-:0.0001248, 0.0001248) | |
p, = 0.8 (0.7519, 0.8481)
o ecoene R? = 0.74 N
+*/NDF of dataset: 0.78
_02 L L L L L
FLORIDA 0 100 200 300 400 500 600 700

Measured Amplitude of Pulse Applied to Input (mV)
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e Experimental setup and procedure of measurement/data analysis replicated at
CERN with an unmodified MEO chamber

e 5 MQ protection resistor foils used
e Wavetek 395 100 MHz synthesized arbitrary waveform generator

e Tektronix TDS 2024C four channel digital storage oscilloscope, signal terminated
with a 502 resistor

e Pulses injected into (in = 8, ip = 3)

From [10].
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Crosstalk Map: Pulsing Into (8,3)
Preliminar CMS MEO

Crosstalk Map: Pulsing Into (8,3)

5 = Preliminary CMS MEO
I L N
3 x ]
S b7
w 3
S
7
=6
@
_g 5
<] 4
o3
2
1
0
of
P go
3.
3
&O
B, 1
Phi Sector
Note that the crosstalk is larger in magnitude and extends to all readout sectors in the detector
— due to a lack of grounding. Data from [10].
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e Similar results obtained to the setup at FIT
e Crosstalk ranges from 0.89% to 7.4%

e Crosstalk seen in sectors more than one in partition away could be a result of
the lack of grounding (pulse pickup was observed at the FIT setup when no
shielding plate/grounding was used)

e Due to the COVID-19 lockdown, comprehensive measurements and grounding
have not yet been implemented

TLORIDA
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e From the simulation results, we know that we can reduce the crosstalk by
decreasing the impedance of GEM3B

e \We considered three mitigation strategies:

Directly reducing the impedance of GEM3B to ground (see backup slides)
Increasing the size of the HV segments on GEM3B
Bypass capacitors

Making GEM3B “continuous” by removing all protection resistors and
connecting the HV segments in parallel

e Crosstalk maps using the same experimental technique/data analysis were
repeated

e In the interest of time, we will discuss only the results; all maps are included in
the backup slides

TLORIDA
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e The following modifications made to GEM3B:

e 5 330+£5% pF bypass capacitors (https:
//www.digikey.com/product-detail/en/
yageo/CC1206JRNPOBBN331/311-4435-1-ND/
8025524) were soldered to the the HV
segments on GEM3B in in = 8 and covered
with Kapton tape (without the Kapton tape,
there was a short between GEM3B and the
in =6 — 8 RO sectors)

e Three protection resistors on the HV segments
in in =5 on GEM3B were removed and
connected together with solder

e Square pulse with 500 mV amplitude and 1 us
width was used for all XT maps [except for
the baseline configuration in (5,1)]

(see backup slides for maps)

(\FLEIRIDA HV segments in in = 5 connected
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From previous studies [7, 8, 9], the observed XT was localized to the same in sector being

pulsed, and extended 1 in sector in either direction

After performing the modifications to the chamber, we observed XT in in sectors up to 4

away from the sector being pulsed:

This XT typically has a small magnitude (< 0.4%)

Note also that many of these sectors do not have the enlarged HV segmentation or bypass

capacitors on GEM3B (e.g., in sectors 1-4,6,7)

Pulsing into (5,3), reading out of (1,1)

[T] Tng’d I Pos; 4.000ns CH1

NN Trig'd M Pos: 250.0ns tH  Tek
*

Coupling
BY Limit
100kdHz
Walts/Div

|8 .

b
Inwert
CH1 200mY CH2 200rmyEy M 250ns CH1 7 -80.0mY CHT 200mY  CH2 200mbyEy M 100ns
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e We removed all 37 protection resistors on
GEM3B and connected all HV segments in
parallel (making GEM3B “continuous”)

e Two additional configurations were
considered:

1. GEM3B continuous with a lowpass filter
(100 k2 resistor and 2.2.nF capacitor in
series to ground) on GEM3B Lowpass filter on GEM3B.

2. GEM3B continuous with the lowpass
filter on GEM3B and a 4.7 MQ
(3/1/2/1 gap mm) HV divider on the
HV circuit

CFLORIDA
TECH

Lowpass filter and HV divider.
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e Crosstalk is reduced by the addition of bypass capacitors and connecting HV segments

e Crosstalk is also reduced by making GEM3B continuous and adding a lowpass filter to
GEM3B

e Crosstalk is further reduced by the addition of the HV divider

e Sectors that previously did not experience XT now see a small level of crosstalk
(~ 0.18 — 0.8%) after the modifications

e Unexpected behavior of XT is seen when pulsing into (5,1) and (5,3), but expected behavior
when pulsing into (5,2)

Table 2: Average Change in Crosstalk for each Pulsed Sector (average change
of all sectors previously experiencing Crosstalk) With GEM3 Bottom
Continuous and HV Filter

Pulsing Into A(Crosstalk)
Bypass Cap. & HV segments GEM3B Continuous, HV Filter ~GEM3B Continuous, HV Filter

connected in in =5 (w/o Divider) (w/ Divider)

in=28 -0.47+0.04% -0.50+0.04% -0.53+0.03%

in=>5 +0.03+0.04% -0.05+0.05% -0.36+0.07%

in=1 N/A -0.17+0.04% -0.39+£0.05%

Grand Average -0.22+0.03% -0.24+0.03% -0.43+0.03%
FLORIDA
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e COVID-19 restrictions have been relaxed in Florida = work is ongoing at Florida Tech

e Previously, 3 ~3mm holes were drilled in the drift of the MEO to allow for as to enter the
gas volume (for later use with HV discharge/probability studies)

e We have sealed the chamber with tape and cling film, and have proceeded to qualify the
chamber with the CMS GEM QC chain

e Currently, the MEO is undergoing the gas-tightness test

CFLORIDA
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At FIT:

e Perform all QC steps (leak test, HV test, effective gain and gain uniformity test)
e Perform HV discharge and discharge probability studies

At CERN:

e Improve grounding of the chamber and retake comprehensive XT maps

TLORIDA
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Capacitive coupling between RO sectors causes the observed crosstalk

This capacitive coupling and the reading out of the signal form the capacitor and
resistor of a CR differentiator circuit, respectively, which explains the crosstalk
pulse profile

Simulation agrees well with experimental measurement

Simulation shows that decreasing the impedance of GEM3B to ground reduces
crosstalk (in the form of blocking/bypass capacitors, increasing HV
segmentation size on GEM3B, etc.)

Experimentally, we see crosstalk between RO sectors and between HV segments

on the GEM foil

Crosstalk ranges between 0.16% and 6.40% for the original configuration of the
MEO

All experimental interventions have successfully reduced the crosstalk, and
making GEM3B continuous and adding an HV divider reduce the crosstalk the
most (by ~0.43+0.03%)
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e To quantify and characterize the crosstalk, we injected a square voltage pulse
into HV segments on GEM3B and various RO sectors

e Before assembly of an MEO, we modified a 10 M2, double-segmented MEO foil
with four LEMO cables (outer insulation and outer conductor removed to
accommodate the wires inside of the chamber)

e Cables were soldered to three HV sectors on the protection resistor pad, with an
additional cable on the opposite side of an HV sector (see next slide for a
diagram and image), and insulated further with Kapton tape
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e Modified GEM3 bottom:

GEM3 Bottom

LEMO soldered -
to edge of active
area

Convention:
1. Narrow
2. Middle
3. Wide
LEMO
soldered to V
protection
resistor pad
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- N N 0 0 NnO a

Input: (1) GEM3 bottom, Narrow HV segment input
Output: GEM3 bottom, Middle HV segment
Channel 1: Pulse Generator
Channel 2: Middle HV segment output
Tek im . Trig'd I Pas: 470,005 CH1

Coupling

Bt Limit
+
1+ 100kHz

'\-'nl .-“Elw

WMWWWM ke

'l.l'ultage

Inteert
CH1 S00mY  CH2 5.00mV M 250ns CH1 &~ 36.0rmY
10-Feb-20 04:43 1.00002kHz

We see cross-talk between HV segments of the GEM foil when a pulse is applied to
FLORIDA one segment
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Input: (1) GEM3 bottom, Narrow HV segment input
Output: in =8, i¢p =1 RO connector
Channel 1: Pulse Generator
Channel 2: in =38, i¢p =1 RO connector
Tek L Trig"d 4 Pas: 480,0ns CH1
+*

Caoupling

B Limit
! Y g

b 100MHz

ValtsDiv

Prabe
1"

2 n(\hﬁw Voltage
Intvert
5
CH1 200m%  CH2 100mY M 250ns CH1 & 36.0mY
CH2 wertical position —2.24 divs (=11.2mW2

FLORIDA We see an induced pulse on the RO connector; very similar across i7 partitions

" TECH
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e Varying the width of the input pulse confirms the CR differentiator hypothesis

e Note that under 1 us square pulse width, the impedance mismatch of the
detector/scope system distorts the shape of the input pulse

Width =20 ns Width =100 ns Width = 250 ns Width =1 ps

Tek L i M Pos 85.00ns o Tek Sl @Tigd M Fos PRt Tk ETw M Pos T660ns oo Tk gL ETed M Pos: a700ns o
Cauping
copirs : Couplng Caping

o Lt
S I i i
A i
— W E K o i / ) o ]
N Vs \. Vosoie

Yo 1
Probe. Pr::e Probe
b
b | pers Vo 2rsenssned woltae olee
[ e e
CHT S00mV  CH2 5.00mY M 100ns CH2 7 1.80mY CHT 500mY  CH2 100m¥ M 50.0ns CH1 ./ 580mY CH1 500mY  CH2 10.0mY M 100ns CH1 / 580mV. CHY 200mY  CH2 500mY M 250ns CH1 7 38.0mY.
11-Feb-20 03:36 1.00001kHz 11-Feb-20 05:12 100001kHz 11-Feb-20 05115 1.00001kHz 0-Feb~20 0453 1.00002kHz
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C3
20p

Voltage source

e Be aYa - 'a - ( 0 10 0 a
Cé
1l
1 1
[ — e ‘ Electrons move from right to left — away from XT strip and to signal strip ‘
@ > s 11 4 -
T
s c2 R2  TD=10n R3 L ca 200 R1 1
20p 200 TF =5n 100k 100p 200
PW =10n
PER =200n
= =0 M=0 ~o =0
12 =100n Voltage pulser just changes potential on
Current source TR =5n the signal strip, which is transmitted as a
potential change of the same polarity to
right side of C6 and C1, i.e. to the XT strip,
| and picked up in R1in a CR circuit.
c1 J
v I
V1i=0 v2
R2 N V2 = 560m @ 30p R3 L ca 0P < c3 R1
50 800 TD =625n 100k 100, 800 50
P TR =10n Vi, P P
TF = 10n
PW = 1000n
=0 =0 PER = 5000— =0
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D e O gle eg S ed 0 d O
Interstrip capacitance between
ce signal & XT strips
]
1 — Prot. resistor  4p c1
@ € GEMS3 bottom N
ar
+ o R2 D =10n c4 go;: . R1 NI
20 200 = 100p ~2pacitance 200 20
i ;’\:N _5;‘0 P b/w GEM3b P
=190 and XT strip
PER =200n HVon
=0 =0 11=0 G3b ) =0
Parasitic signal Input 2= 100n T -200vde Input Parasitic XT
strip capacitance  |mpedance TR =5n _L_ Parasitic GEM3b Impedance strip capacitance
toground  of VFAT3 a.r\alog amp ';‘:':s‘:;:;’;:;”;_":: 0 capacitance of VFAT3 analog amp to ground
reading signal strip 1000 current, to ground: reading cross-talk strip
5ns rise and fall time, Small (100pF) for
10ns pulse width segmented GEM3b
Current source: 10,000 primary electrons (1.6fc) over 15 ns: i = 10% 1.6 10 C / 15 109 s = 10411949 =107 A = 100nA
(note that this doesn’t even take gas gain into account)
47

TLORIDA
TECH

S. Butalla & M. Hohlmann — “MEO Crosstalk Investigation and Mitigation Studies” — RD51 Colllaboration Meeting — Jun. 24, 2020



CMS

Popice 0 oje-Segmented Fa atia
The crosstalk pulse is diminished by ~4 times
Current pulse out of current source
/ Current pulse out of (or elec pulse into) VFAT input impedance on SIGNAL strip
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When the resistance (impedance) from GEM3B to ground is decreased,
more crosstalk current can flow to ground and not to the
GEM3B/readout strip capacitor system (C4)

Small XT current
. —_—
11— Prot. resistor o1
‘_ ¢ GEM3 bottom |
1T
Lo L TD 10n § 20 S R 1 a
20p 200 TE=5n 5 200 20p
much
PW=10n smaller
PER=200n HVon Vi
-0 -0 =0 G3b - | ~o -0 ~o
Pgrasitic s_ignal Input !rzR:jg:" -200Vde_T Parasitic Input Parasitic XT
strip capacitance  |mpedance bulsed curmsint Soure L GEM3b Impedance strip capacitance
to ground - ) P t d
8 of VFAT analog amp  producing pulse with 0 capacitance of VFAT analog amp 0 groun
reading signal strip 100nA current, to ground reading cross-talk strip
Sns rise and fall time,

10ns pulse width
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When the resistance (impedance) from GEM3B to ground is decreased,
more crosstalk current can flow to ground and not to the
GEM3B/readout strip capacitor system (C4)

Interstrip capacitance between
Cc6 signal & XT strips
11

17
11 —_— Prot. resistor 4p c1
@ € GEMS3 bottom "
11
Lo R2  TD=10n R3 ca \° R1 NI
20p 200 TF =5n 100 1000p, 200 20p
PW = 10n
i 1
PER = 200n HV on " 10x bigger!
=0 =0 11=0 GSb._ =0 =0 =0
Parasitic signal Input 12 =100n = -200Vdc Input Parasitic XT
strip capacntznce Impedance  TR=5p | Pparasitic Impedance strip capacitance
toground  of VFAT analog amp producngpusewith = GEM3b of VFAT analogamp 0 ground
reading signal strip 100nA current, capacitance reading cross-talk strip

5ns rise and fall time,

to ground:
10ns pulse width g

Current source: 10,000 primary electrons (1.6 nF) over 15 ns: i = 10 1.6 101° C/ 15 10°s = 10*+1%*= 107 A = 100nA
(note that this doesn’t even take gas gain into account)
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PSpice Analysis for Increasing Capacitance to Ground Siml.
tion

The crosstalk pulse is diminished by ~4 times

Current| pulse out ofi current source

X
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Add a bypass cap
for prot. resistor
GEMS3 bottom

Interstrip capacitance between
ce Signal & XT strips

4p

CMS

Cc1
N T 1 1
c2 R2 c4 ng , R1 c3
20p 200 100p C@pacitance 200 20F
b/w GEM3b
and XT strip
Parasitic signal Input 12'=100n T -200vdc Parasitic XT
strip capacitance  |mpedance TR = 5n Parasitic Input strip capacitance
toground  of VFAT analog amp Pulsed current source GEM3b Impedance to ground
ducing pulse with ;
reading signal strip pmmuoc,‘\:gcz‘:,::' capacitance of VFAT analog amp
Sns rise and fall time, to ground

reading cross-talk strip
10ns pulse width

Current source: 10,000 primary electrons (1.6 fC) over 15 ns: i = 104 1.6 10 C / 15 10s = 104119 = 107 A = 100nA
(note that this doesn’t even take gas gain into account)
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PSpice Ana 0 pleme o a Bypa apacito
The crosstalk pulse is diminished by ~4 times
Current pulse out oficurrent source
DIMINISHED BIPOLAR current pulse into (or electron pulse out of) VFAT input impedance on XT strip
 ‘ Current pulse out of (or electran pulse into) VFAT input impedance on SIGNAL strip
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Interstrip capacitance between

Add a “blocking” cap.
on GEM3 bottom

1 —
—

(9

4p

20p j[

Parasitic slgnal
strip capacitance
to ground

n||}—4k—

Input
Impedance
of VFAT analog amp
reading signal strip

TD =10
TF =5n

N
i L.
c7 R3 c4 P .

T n 100k 100p Capacitance

PW = 10m b/w GEM3b

el and XT strip
PER =200n  HV on

V=

11=0 G3b
_‘L—ZOOVdC
Parasitic
0

12 =100n
TR =5n
GEM3b
capacitance
to ground

R1
200

C3
20p

c6 signal & XT strips
~o

Input
Impedance
of VFAT analog amp
reading cross-talk strip

O-||}—4Ir—

Parasitic XT
strip capacitance
to ground

Pulsed current source
producing pulse with
100nA current,
Snsrise and fall time,
10ns pulse width

Current source: 10,000 primary electrons (1.6 fC) over 15 ns: i =10* 1.6 109 C/ 15 1095 = 10*119+9= 107 A = 100nA
(note that this doesn’t even take gas gain into account)
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The crosstalk pulse is diminished by ~4 times

| Current pulse from current source

x DIMINISHED Bipolar current pulse into (or electron pulse out of) VFAT input impedance on XT strip

Current pulse out of (or electron pulse into) VFAT input impedance on SIGNAL strip

TLORIDA
TECH

S. Butalla & M. Hohlmann — “MEOQ Crosstalk Investigation and Mitigation Studies” — RD51 Colllaboration Meeting — Jun. 24, 2020 55



CMS
Pulse P D fro pse-to-Panasac Adapte
e We discovered that the vias on the bottom of the FlexPCB adapters (left image)
were picking up a signal when contacting the grounding plate (right image)
e Similar signals are seen when no grounding configuration is used
Tek S Tria’d M Pos: 340.0ns CH1
F Coupling
Premeine o]
4 -
1 B Limit
J\‘h-'w
100MHz
bR P oo VST
/'- Probe
= Pulse pickup s
—x : Invert
“FLORIDA '
TEGH CH1 500mY  CH2 2.00mvBy M 50.0ns CH1 ./ 160mY

11-Feb-20 01:32 1.00002kHz
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Pulse P D fro pse-to-Panasa Adapte
e To insulate the bottom of the adapter, we added a 1 mm FR4 spacer held in
place with Kapton tape (left)
e With this insulation, there is no pulse pickup, just what is read out of the sector
(right)
*Note that in (in =7, i¢ = 2) there was no spacer added; no measurements
were made here and the bottom of the FlexPCB adapter did not contact the
grounding plate
. 1
Tek W Trig'd M Pos: 15.36.us AUTORANGE
F Autoranging
No Pulsel\_ :
. A Mgy et
pickup -
\ Horizontal
Digri i It el Inly
 *
“FLORIDA Aunoranging
TECH CHI S00mY  CH2 500mY M 100ns CHI /7 -200mV

T1-Feb-20 2145 1.00003kHz
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XT Map: Pulsing Into (1,1) XT Map: Pulsing Into (1,1)

<3 3.5 %
g O 0 0 £ PN
o = \
W, o0 0 0 s N
g35
o 0 0 0 25 K
2.5
s 0 0 0 .,
0 0 (] 157
4 1.5
0.54
A,
5_4 ®
1 7 6 “Pulse Input
8 530\0‘
e
Phi Sector
 *
“FLORIDA
TECH
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Crosstalk Map: Pulsing Into (1,2)

CMS MEO Crosstalk Map: Pulsmg Into (1,2)
2 4 0.00 0.00 0.00 g e CMS MEO
& x \ Pulse
B “yInput
£ . 000 0.00 0.00 % N
6L 0.00 0.00 0.00 -5 g7
x6
s
s 0.00 0.00 0.00 A g5
G 4
4 0.00 0.00 0.00
—3
5 0.00 0.00 0.00
-2
A
%3
2 S
L 360 Pulse 3.80 6
+0.21 Input +0.21 5o
| 1 1 8 660
1 2 3 o°
Phi Sector
‘FLORIDA
TECH
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Crosstalk Map: Pulsing Into (1,3)

CMS MEO _ Crosstalk Map: Pulsing Into (1,3)
S | o000 0.00 0.00 & " CMS MEO
] 8 ~ AN
% = RN
@ . 000 0.00 0.00 % N
o \
5. 0.00 0.00 0.00 -5
5 0.00 0.00 0.00 s
4. 0.00 0.00 0.00
-3
4 0.0 0.00 0.00
—2
T W M
[ 250 3.80 Pulse
o 0|.11 o 0|.21 In|laut
1 2 3
Phi Sector
‘FLORIDA
TECH
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Crosstalk Map: Pulsing Into (5,1) Crosstalk Map: Pulsing Into (5,1)
CMS MEO ) CMS MEQ
2 g 000 0.00 0.00 )
[ x
2 =
g | 000 0.00 0.00 ®3
o]
oL 170 0.00 0.00 -5
+0.06
5 Pulse s 2
Input =
4 180 0.00 0.00 a
+0.06 13 8
ol 0.00 0.00 0.00
—2
ol 000 0.00 0.00
1
4 0.0 0.00 0.00
1 2 3 0

Phi Sector

~ *200 mV input pulse amplitude
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Crosstalk Map: Pulsing Into (5,2)
_ CMS MEO
2 g 0.0 0.00 0.00
[
(2]
€ | 000 0.00 0.00
5
sl 220 2.00 4
+0.11 Input +0.11
0.00
—3
sl 0.00 0.00 0.00
—12
ol 0.00 0.00 0.00
1
,L 0.00 0.00 0.00
1 2 3 0
Phi Sector
CFLORIDA
TECH

Crosstalk (%)

Crosstalk (%)
O=NWAOION

CMS

Crosstalk Map: Pulsing Into (5,2)
CMS MEQ
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Crosstalk Map: Pulsing Into (5,3)

Crosstalk Map: Pulsing Into (5,3)
5 C(I;Aoso MEQ g7 9 CMS MEO
3 ) v
@ E
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1 2 3 0
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Crosstalk Map: Pulsing Into (8,1)

. CMS MEQ = Crosstalk Map: Pulsing Into (8,1)
g .| Pulse 1.54 0.00 £ CMS MEO
[
s Input +0.07 = ~
© 6 % ~
g . 320 2
T +o1e & ~_
6 0.00 -5
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a- 0.00 0.00 0.00 s 8 .
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3
0.00 0.00
- 901(?
. > s Pulse™
A Input
Phi Sector 1
FLORIDA
TECH *The baseline noise for this XT map was higher than usual
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Crosstalk Map: Pulsing Into (8,2)

5 CMS MEQ = Crosstalk Map: Pulsing Into (8,2)
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Crosstalk Map: Pulsing Into (8,3)

N CMS MEQ _— Crosstalk Map: Pulsing Into (8,3)
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45 Crosstalk vs. Measured Input Pulse Amplitude CMS MEO
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Input: RO Connector (in =8, ip = 1)
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Pulsing into (8,3)
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CMS

e To determine the effect of decreasing the impedance of GEM3B to ground, the
wire soldered to the other side of the narrow HV strip was connected to the
common ground of the grounding plate on the MEO:

GEM3 Bottom

LEMO
soldered to
protection
resistor pad

(\FL“RIDA e HP 8012B pulse generator used with inverted square pulse (20 ns pulse width)
TECH
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S. Butalla & M. Hohlmann —

Pulsing into (in = 8,i¢ = 1), reading out of (in = 8,i¢p = 2)
200 mV Measured Input Pulse Amplitude
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Note the different
voltage scales on
channel 2
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Pulsing into (in = 8,i¢p = 1), reading out of (in = 8,i¢ = 2)

34 Preliminary Crosstalk vs. Measured Input Pulse Amplitude
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CMS

e Another example after adding the bypass capacitors in in = 8 and connecting

the HV segments in in =5

e Scope trace on left had a probe connected to GEM3B on channel 1, and channel

2 was output from (7,1)
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Before modification
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Pulsing into (5,2), reading out of (7,1)
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With bypass capacitors in ip = 8 and HV segments connected in in =5

Crosstalk Maps: Pulsing into (8,1)

Unmodified Modified A(Crosstalk)
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With bypass capacitors in in = 8 and HV segments connected in in =5

Eta Sector
ES

o

Crosstalk Maps: Pulsing into (8,2)
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With bypass capacitors in i) = 8 and HV segments connected in in =5

Crosstalk Maps: Pulsing into (8,3)

Unmodified Modified A(Crosstalk)
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With bypass capacitors in in = 8 and HV segments connected in in =5

CFLORIDA
TECH
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Crosstalk Maps: Pulsing
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With bypass capacitors in in = 8 and HV segments connected in in =5
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Crosstalk Maps: Pulsing into (5,2)
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With bypass capacitors in in = 8 and HV segments connected in in =5

CFLORIDA
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Crosstalk Maps: Pulsing into (5,3)
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Crosstalk Map: Pulsing Into (8,2)
CMS MEO
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With GEM3B continuous and a lowpass filter on GEM3B.

Crosstalk Maps: Pulsing into (8,2)
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Unmodified
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Crosstalk Map: Pulsing Into (8,3)
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With GEM3B continuous and a lowpass filter on GEM3B.

Crosstalk Maps: Pulsing into (8,3)
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Unmodified
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Crosstalk Map: Pulsing Into (5,1)
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Crosstalk Map: Pulsing Into (5,2)
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Crosstalk Map: Pulsing Into (5,3)
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With GEM3B continuous and a lowpass filter on GEM3B.
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Crosstalk Map: Pulsing Into (1,1)
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. Crosstalk Map: Pulsing Into (1,2
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With GEM3B continuous and a lowpass filter on GEM3B.
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Crosstalk Maps: Pulsing into (1,2)
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Crosstalk Map: Pulsing Into (1,3)
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With GEM3B continuous and a lowpass filter on GEM3B.

Crosstalk Maps: Pulsing into (1,3)
Unmodified Modified , A(Crosstalk)
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Crosstalk Map: Pulsing Into (8,2)
CMS MEO
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C
Comparison: Pulsing into (8,2), With and Without HV Divider .

Crosstalk Map: Pulsing Into (8,2) Crosstalk Map: Pulsing Into (8,2)
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With GEM3B continuous, a lowpass filter on GEM3B, and the HV divider.

Crosstalk Maps: Pulsing into (8,2)
Unmodified Modified A(Crosstalk)
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Crosstalk Map: Pulsing Into (5,1)
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Crosstalk Map: Pulsing Into (5,2)
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Crosstalk Map: Pulsing Into (5,2)

Crosstalk Map: Pulsing Into (5,2)
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With GEM3B continuous, a lowpass filter on GEM3B, and the HV divider.

Crosstalk Maps: Pulsing into (8,2)
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Unmodified
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Crosstalk Map: Pulsing Into (1,1)
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CcMS
Comparison: Pulsing into (1,1), With and Without HV Divider .

Crosstalk Map: Pulsing Into (1,1) Crosstalk Map: Pulsing Into (1,1)
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Ik Map: Pulsing | 1,2
Crosstalk Map: Pulsing Into (1,2) Crosstalk Map: Pulsing Into (1,2)
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Eta Sector
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Crosstalk Map: Pulsing Into (1,2)
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With GEM3B continuous, a lowpass filter on GEM3B, and the HV divider.

Crosstalk Maps: Pulsing into (1,2)
Unmodified Modified A(Crosstalk)
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