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Full simulation/numerisation
Full ERAM prod. analysis,
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Python analysis/calculation

Full hand made
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analysis (C++/Python)

IRFU - MPGD meeting, 05/03/2024

IN2P3-IRFU gaseous det. workshop
Irfu.cea.fr Many slides from JFL presentation of Ganil, Caen, 21-22/03/2024




Cea Layout

« Signal formation in resistive (full layer) Micromegas
» Telegraph equation

» Electronique response calculation

» LTSpice modeling (included elx response)

» Space time discretisation

 Elx noise studies



ERAM: ENCAPSULATED ANODE

RESISTIVE MICROMEGAS

ERAM are resistive Micromegas, working very well ! (*)

They equip the two High Angle TPCs of the upgrades of the Near Detector ND280 of T2K

Mesh @ GND

Amplification gap: ~128pr DLC @ ~ 360VT E

insulator ~ 50 1M

glue ~ 75-200_Lima
| i

FR4 PCB

Resistive anode (DLC) read by metallic pads 36 x 32 metallic pads
capacitive coupling between resistive layer and pads Pad size (mm?) : 11.28 x 10.19

How the signals look ?

(*) nothing to compare with MM for NSW.... 3



C22  SIGNALS: HOW THEY LOOK ,0

Electronics response
Waveform sum

oo Wi ADC signal : max 4096 counts
2% neighbour Wf
3 neighbour Wf

Charge deposited punctually
on a pad (X ray)

2000

Sum

1500

Leading Time window of 511 time bins

Signal amplitude (ADC)

1000

Time bin (typ.): 40 ns (25 MHz sampling)

500

Peaking time (typ.) : 412 ns

“=H
1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 L | 1 1 1

160 180 200 220 240 260
time bins (40ns)

Leading pad : highest and earliest signal = charge deposited in this pad

Next pads: lower and later signals = charge has diffused up and through these pads

How the signals look ?



CAPACITIVE COUPLING AND

ELECTRONICS SIGNAL

Capacity coupling means
a pad “responds” to the total charge on the resistive layer, lying directly above it

vy O
Al S

dead
| dt
where ADCP4¢(t) is the electronic response to a Dirac pulse of current

Electronic response : ADCy,4(t) = ® ADCPe¢ (= ADC # Q)



ELECTRONICS PULSE

RESPONSE

Salen&Key
[in] &
i) % | A 16 vales [
do | e | e | [satlentiey Fiker
L. ] = |
ok ( %J,,,IA I-.l £ R

—_—
Rel/gm, R =1/gm=18M0
Current Conveyor

pole zero
cancellation

AFTER Chip

Laplace transform
= pulse response

4096  f(t; ws, Q)
120fC  fmax

Lot o1
+e 2Q+1sm

ADCDiraC( ) —

where f(t;ws, Q)
wit 1 wit 1
> 4 — @ — COS T 4 — @

Parametrization of the electronics response with 2 parameters
ws~1/Peaking time and Q quality factor

The plan: apply everywhere the “simple” model
Telegraph Equation @ Dirac pulse parametrization
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ce2 FITTING THE WAVES

(X RAYS DATA)

X rays deposited punctually charge on the anode _

Top-Left neighbour Top neighbour Top-Right neighbour
g a0l g 1200F g 120
s 1000; 5 1000) s 000)]
had Tl 3 8"
3 = R e0op: 3 " . .
5 of 5 uf 5 uf For a given pad, for each deposit
- & 2 ik 5 b i
g @ 3 fit simultaneously the Waveforms of the hottest pads
T~ T e | M
i et of
B T Extract RC, Gain and deposit position/time
time bins {40ns) time bins (40ns) time bins (40ns)
Left neighbour Leading pad Right neighbour " _ o -
O 200f O o F — E S -
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50— 20—
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° °
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FITTING THE WAVES

(X RAYS DATA)

High granularity gain map
<= imprint of mechanical
constraints at assembly

RC (ns/mm?)

Shivam’s work is now one of the cornerstones

s of the Quality Validation of the ERAMS used
in T2K High angle TPCs

Wave in RC?



Done with Marc L.

3D printed in resin.

Measurement of R/sq. of a ERAM PCB # 22 - given by Rui

Probe: 2 concentric conductive (polymer) rings

For good/reproducible contact: weights in 2 indep. parts
(with identical weights ~ in kg/mm?2)
From ohm to R/sq.:

= correction factor: K = 2.n/ In(R.,/R;,,)
with Ry ~8 mm, R, ~4,5mm =>K ~ 10,9

Top weight for the
inner cond. ring

g
n

Bot. weight for the
outer cond. ring




+/- 10%
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ST

*m v »

0T,
==

<- wo 97 -->

aAr v
L | A4 2
S gV »
‘mv »
Hy YV p
& . Y»
om Vv,
¢+ 8
—_ om pY f l:l+
e s (@)
o *m v
= -
9 cur ~
"'(;,'; = o8 Vp B
R (@) ‘my >
A = s — /Q\- ¢ By &
5 scans: ~8 cm dist. between each scan + 5 » vy P>
Vertical meas. position each ~15mm => 18 meas./col. g’
- N
o,
Q) v * B
+ 5 measurements 'I' done, on i i rgn ?a

the Left side of the PCB

. taking into a;:count K factor
The probe is too large to see (taking )

the structure of R/sq. of DLC. ~620 k-Ohm/sq.
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FITTING THE WAVES

<9

e [ 24
RC maps ".' >
(from X-ray runs) L e e
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R/sq. variations come from R-sheet production?

(how to measure C with same pitch, how?)



SPACE DISCRETISATION: ﬂm
LTSPICE




SPACE DISCRETISATION:

LTSPICE

Ben Atitallah Mohamed Amin
Oumarghad Ahmed-amine (M2)

dp _ 1 (azp 620) Wiy Vienj = Vij  Vierj = Vi Vijer = Vijer | Vijo1 = Vija 14, 14y g Vi = aiCslad,

= = ZANs =4 + withR, =—— R, =
ot RC\d2%x 092y dt R, R, R, R, Yoo4, Y a4y

& Layer of resistors connected to ground
trough capacitances

L Tspice s o g
elements of f -+ T
our framework M f | A e
Wﬁﬂ H 0 el AT >
] E [~ FH - e
P | . '.
[-EH - - AFTER Chip LTSpice
Implementation
?nﬂl}iram d0f38§7 P dadf (not strictly necessary but fun)
WItn a pad=oXo Nodes
Elementary cell: : .. .
4 Rs and 2 Cs (e-) signal injection at the »

(DLC/Mesh, DLC/pad) capa - DLC connexion



SPACE DISCRETISATION:

LTSPICE

Charge vs time : Sim. compared to exact Telegraph Eq. solution

Punctual deposlt . mo"]"'m de charges au leading pad en fonction du temps cnnpﬂ'lllmﬁlignlux pour un pad voisin (un pad=3x3 Cellules)

o
o

! = el | e
Z: Leading Pad %N Pad Voisin perpendiculaire The LTSpiCG framework is now
0s i = complete

o
=

o
@

Quantité de charges (Coulomb)

Main issue/showstopper
circuits are built graphically

o
o

o

0 05 1 15 T;npseznsseco:de 35 4 45-10765 0 05 1 15 T:mps[zssemm:e) 35 4 45 m: nice for debugging for Sma” Stuff
x 108 Leading pad (un pad =9x9 Cellules) ) .10 Pad Voisin en perpondiculaire (Pad=9x9 cellules) rea’"y prOblematIC for Iarge CerUlt
« How many nodes are 1 t—— s Ll _
y noc . : =] Quickly
needed ~ o ) 1 _
- | Pad Voisin perpendiculaire humanly not scalable/editable
LY Leading Pad 12
_goa E 4
. Preliminary X-talk study : 9X9 nodes POf_SIS'ble Vtvla{ OdUt (n(_)tt-eXplofred?[\-NASkC“
Gerber routing + input - per pad § e -bntetrl]S , description o ngl or
impedance from P. Baron ., ; (but then no more viewable)

0 05 1 15 2 25 3 36 4 45 5

0
T 5 0 05 1 15 2 25 3 5 4 45 5
‘emps en seconde x10°

Temns en seconde van®

= small effects found but
would need more data

14



CROSS TALK STUDY: pm
LTSPICE

&
3

A
sy
=g
Y,

5 TR [ 47_ The first chip AFTER simulated uses
3 ' o D theoretical elements

=‘?§§a: :

2
g

il
RgsE

= impedance problem...
= Pulse timing problem for the non-
leading pads when cross talk

{cp}




CROSS TALK STUDY:

LTSPICE

D o
< ]nﬁut> H
220p
C-Cross-talk
C3
o CInputy——————— —
220p

7

o
The input
Impédance Zin

"PULSE(0. {-Charge/ TON} 0. 0.00001n' 0:09001ns {TON} 1 1)

Co

Zin
AFTER RO R1 C1
A

Gain (1] R1 Cco

C1

120fC 126K 224 900 pF 3.4 pF

R1g

{5.32914973*R1
R17 o

Rg/(Qfactor/(2*Qfactor-1))}

o (%

From Pascal B.

Current mirror

Version 0 AFTER Chip



CROSS TALK STUDY: pm
LTSPICE

Oumarghad Ahmed-Amine (M2)

ASIC Circuit : 9x8 Pads V(Out) : Aggressor

24 . :
R USSR 2211 - With Xtalk capa
[ 2H With capa :
Y e s Aos e S A . A, e ”’If 351ns, 2326 mV %Xtalkcana
— — — - = 1.6 = PRt et
| HE- Tl B[ hel Mol Bl M) Lalt | With or wo capa : same
= e O = === =S ==F 12 result
1 1 e e i o i 7 1
=== H = == == R == = S osf 1
— =] == =l == s N e e - II}.E' .
glibngiminiing bl g 1
SHEN=SEE=SE == ==R== =H== 0.2 1
i R o Tk o T o S b M o o MU 0
L1 P 1 e e LML T T o \/,l 1
s I s == (N s = N = B = = e 04
i === e e B 06 .
A 1 1l ::M::: ::M: : 08 . : ' .
& Me| Bl B | o] el el | 0 2x 109 Ax106 6x 106 8x10% 1x10°
ML T DS s e o e ) V(out) : Victim
= = jae= e e T s ' ' ' With Xtalk capa
s p o . R Y B pa 4 o g L R T T T L b - =L ot s
UL T T | i lie] 0MerIY With capa :
SH==E == == SHEN==§ I ppyay —_—
B SE T SEieE e seff {3031, 8.8 Wo Xtalk capa
::IM:': Iﬂ ::IH P my
gt (i L .gﬁ : !
=== el = P = = = = = = — bopaf ': 1
0 1m0 R et I 8 :' l
.................................................. e .
opzfp |
I!I J':.::#W
Wrt Aggressor cross talk o | I = ]
e Cross-Talk ~0,4 % I'. s
* AT~ 40 ns (like with real data?) 0.002 F kk Vs |

_ - [ 1 L 1 I 1
For a,C cross talk of ~1 pF i Ix00® 2106 Jwifd  dwi0f  Sxild w108 Twi0d  Bx10®  Owidf fwnl
What’s the real value?

tme (s)



cea SPACE-TIME DISCRETISATION ﬁm
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SPACE-TIME DISCRETISATION pm

Christopher Winterstein (M1 Intern)
p ( p P) _ dij i,j _ Yi+1,j Lj i 1, D Lj+1 lJ+1_+ L,j—1 Lj—1

dt RC 62x+62y 4, CldAyR,  CAAuR, CsA AR, CsAxALR,
¢t = a + 45) ¢
Proofs of

Convergence: numerical solution converges toward continous solution in the limit 4;,4,,, - 0
Stability: space/time discretisation introduces a scale for RC (RC is Time/Surface), A./4%.,

4, A
The criteria of stability turns out to be: RC > 2 <A—; + A—é)
x y

180 —Dilscretiged i 180 - L
~ 160 _ =160 - Actually confortable limit
5 140 - 5 140 - For A, ~ 2ns and 4, ,, ~ 300pm
8 120 3 120 - 9
-2 100 - 100 - RCpin ~ 76 ns/mm
2 80 2 80
© 60 - © 60 - .
§ 40 g a0 ~ since
O 20 G 20 Time bin : 40ns

0r 0r Pad size: ~ 1cm
A w2 w4 s 20 5 Our RCs are typically > 100 ns/mm?

t (ime bins) t (ime bins)

A, below limit A, above limit 19



SPACE-TIME DISCRETISATION ﬁm

. Scalability is no more an issue: currently 33 x 33 nodes per pad
. Update of local RCs is easy = preliminary tests with non uniform RC

" w  Zone 2 Zone 1 Zone 2
£ 30
119.95 121.93 122.85 124 .62 122.66 125.21
25
119.84 121.59 123.52 120.82 2143
Zone 1 20
\ Iy
B 118.20 123.30 122.03 110.31 112.5 113.47
10r Calm area Wild area
st
e Non uniform RC injected in FDM code
Xpad .
” = Toys events to be fitted as X ray
From actual Shivam’s RC map data

of ERAM 16

Up to now for a given pad, assume all neighbor
pads have same RC than leading pad.

20



Cea SPACE-TIME DISCRETISATION

« Scalability is no more an issue: currently 33 x 33 nodes per pad
. Update of local RCs is easy = preliminary tests with non uniform RC

RC distribution RC distribution
hRL hAC
/o Entries e T Entries 57
r Maan 1215 - ;E:SE ;2?2;:
. Sid D 1,303 ¥ -
e 7 1 f.-‘rn:ila;H 12142/9 B X" ! o S 13
- one Prob o267 | 2 70one 2 Froo s
[ - Constant 9527 + 4,09
100 - Constant 123 £ 54 | Mean 1224 + 0.1
C Mean 1215+ 01 B Sigma 2.934 1 0.105
80— . Sigma 1.275 + 0.052 80l _
- 2 % bias - 5 % bias
&0 — B
- 40—
40 __ L
C 20—
20— -
11 1 I 11 1 I 1.1 1 I i 1 1 1 1 1 I 11 =l
?1IJ "z 114 116 118 120 126 128 130 132 PIZHZI 105 110 115 135 140
RC [na/mem’) A [nsimm’)

Systematics from RC uniformity assumption can be evaluated from
simu/FDM code + realist RC maps

Work in progress

21



UNDERSTANDING THE NOISE 7@
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UNDERSTANDING THE NOISE ﬁm

To understand the signal, one has to understand
the noise. So how it looks?

15
Fluctuations over many time bins

10

One record |
Tp=412 ns LS = The frequencies of the bulk of Noise are much
Fs =25 MHz s lower than 25 MHz (1/time bin = 40ns)

& = Low frequency noise,

~10 ile some correlation from time bin to time bin...

=15

0.00 0.25 0.50 0.75 1.00 1:25 1.50 175 2.00
Time (s) le-5

Done 10 times for all pads of the 16 Erams now in Japan (bottom TPC),
for 4 sampling frequencies and 2 peaking times
(~1000 pads / ERAM)

23



UNDERSTANDING THE NOISE 70

Fast Fourier Transform of the baseline record: one record compared to averaged FFT over all pads and records

60 .
Dominated by
To= 412 ns _ frequencies lower
Fo=25 50 <N TAVAR'S «— | than1MHz
MHz ‘ M
5 4
Z 40
Y
=
=
E‘ 30 -
<
20 4+ — FFT of one pad for one event

Mean FFT over all the pads

and all events

10 - +- one RMS of the FFTs of all the pads
and all events

b T T T T L T T T T L
10° 10° 107
Frequency (Hz)

24



Phase (rad)

Amplitude (dB)

UNDERSTANDING THE NOISE

60
Tp=412 ns
55 4 Fs = 25
MHz
50
45 1 A
- A
a0 {1 |
I I
| I '
35 '
: Averaged FFT’over
| all pads and regords
3D T I I
1 —+— Mean over the 15 ERAMs
25 : it I
I —— Freq range ’)f the fit
20 III L T
| 10° 08
1 Frequenqgy (Hz)

Hist of the phases

6 8
Fregency (MHz)

10

i 1T

The bulk of the spectrum is understood as the
effect of the AFTER chip convoluted with some
random current

AFTER chip cuts off frequencies above ~1 MHz

Bode diagra
of the AFTER chi

10° 108 107
Frequency (Hz)

0
2.0

5

10
15

15
10

20

25
0.5

30

0 5 10 15 20 25 30 35

At low f, two populations of
pads (2x36), due to pad routing
on the ASIC!

25



UNDERSTANDING THE NOISE pm

—+— Mean over the 15 ERAMs
— fit

60

55 A
The spectrum can be fitted
quite decently with a
“simple” analytical function

Amplitude (dB)

A 2
f_g] + [Al \/fHafter(f)]z + A%

25 1

But one wants toys events!

20 T T T T T T L L R B | T T T L B B |
10° 106 107
Frequency (Hz)

26



UNDERSTANDING THE NOISE:
Cea

MAKING NOISE

X-ray data waveforms Very realist Simulated noisy waveforms
Leading pad Top neighbour SI mu |at| on Leading pad

1000 =

Right neighbour

20|
ool

anof

Preliminary tests ; Plots from Shivam

] P TS P AP IR A [N1111] = I I I I PRI DT B F
220 230 P40 250  PEO 270 210 220 230 240 250 260 270 P80 20 ian . q60 180 200 220
Right neighbour Top-Right neighbour Top neighbour Top-Right neighbour
200 180
1o
150 12l
r o
- L
80
sl
50 r
sl
[ 2
Fa b b Lo b b b 0: TR IRTRU TR R AR T
210 220 230 240 250 260 270 280 290 220 230 240 250 260 270 280 290 500 20 ian 1e0 iso oo 3%0

27



UNDERSTANDING THE NOISE:
Cea

MAKING NOISE

X-ray data waveforms Ve ry realist Simulated noisy waveforms
Leading pad Top neighbour S I mu | atl on

Leading pad Bottom neighbour

1800 - E
% 1800 - -
S a0 - 2s0f-
N 1200 L
U) - zo0f
E anu;— 1a0
o s00f F
E wof
e ana |- E
N 200 - sof-
+— E E
(@) °
— 0-
(al} -200 Fo b b e L e
40 410 420 40 440 40 410 420 430 440 450 480 470 280 120 a0 160 180 200 220
2]
73] Left neighbour Top-Left neighbour Left neighbour Right neighbour
) e
> n
:
S “F
© o
—
a “F
o b b sl ° R I I N EUPE I
410 420 430 440 450 450 470 4BU 490 420 430 440 450 480 470 ABD 490 500 20 0 180 180 200 220
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UNDERSTANDING THE NOISE:
Cea

MAKING NOISE

X-ray data waveforms Very realist Simulated noisy waveforms
Leading pad Bottom neighbour SlmU|at|0n Leading pad

Top neighbour

1200
1000 f

B0

anof

zoof

P T P P P e L T T T ~200F

L L L Ll |
230 ano 310 aza 330 340 350 230 300 3o az0

L P I
350

Mo 360 120 140 160 180 200 220

Left neighbour Bottom-Left neighbour Left neighbour Top-Left neighbour

0

B0
S0

an

Preliminary tests ; Plots from Shivam

T
5

g
Baamamaasss

30f

=
T

300 210 320 330 540 50 380 370 380 "0 s0 3a0 w0 350 360 370 380 0 T4 ien dmn oo 230 Y T T T )
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UNDERSTANDING THE NOISE:
MAKING NOISE

0E LA INDUSTRIE

Simulate noise on some pads + neighbourg

Shivam
RG distribution Gain distribution
hRC hQe
200 - Entries 1953 20— Entries 1853
- Mean 122.2 C Mean 1683
180— x2 / noif 7.861/ 14 200 Std Dev 11.82
C Prob 0.8964 180 ¥2 / ndi 6931/ 11
160 — Gonstant 1843+58 - Prob 0.8046
C Mean 122 £+ 0.1 F Constant 2149166
140~ Sigma 3.847 £ 0.095 160 Mean 1683+ 0.3
IEU:— 140~ Sigma 10.87+0.28
moE 120~
- 100—
80— =
E B0—
60— c
C B0
e 40—
20— 20
D :I 1 1 1 1 1 J- 1 1 | e | 1 1 : 1 L1 I 1 1 1 I :
100 110 140 150 800 1820 164D 1680 1880 1700 1720 1740 1760
RC {ns/mnt) Gain
L~ — 199 nefmmz | | . Ccain = 1882 i
| « RC, =122 ns/mm? | |+ Gain,=1683 |
| | . )
| + RC__ =123 ns/mm? | Inputs retrieved at % : « Gain_ =1700 :
I inpu | |eve| inpu
e I cee I
I = Diff. =0.8% I , ¢ Diff. = 1% |

Work in progress
(to be continued)
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Conclusion 70

. Over the last ~3 years, a consistent workplan was undertaken to test and consolidate the
Telegraph Equation + Dirac pulse parametrization model of the ERAM signal

« The cornerstone of the validation of the model is provided by the X-rays waveform
studies, but the model was found relevant for tracks as well

« We have all the needed tools (discretization, noise modeling) to address the systematics
due to the RC uniformity and noise assumptions in ERAM signal analyses

( we didnt take into account gas effects nor particular areas (pillars) )

. LTSpice is a simple tool to start simulation of r-Micromegas or r-MPGD/gaseous det.
. (+) need to have the correct elementary cell
« (-) for a full detector, calculation time may be prohibitive... (didn’t test “netlist” tool)

. (-/+) one need to evaluate elementary component through measurements / specific run
(or use of other software — COMSOL)

IN2P3-IRFU gaseous det. workshop

S. Hassani, J.F.Laporte, Ph.Schune et al. .
Ganil, Caen, 21-22/03/2024
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Cea  SIGNAL FORMATION ,om

i Qanode = Gain X
fi Qprimary

Anode Charge

Sspreading — —
insulator ~ 50 UM Capacitive
glue ~ 75-200 MM DLC/pads coupling

=== Compensation charge brought on pads from ground
= Electronics response

33



cea [CHARGE'SPREADING >t

. — =divjg, jy=0cE,E=-VVandV =p/C
Resistance . I T Js s p/Cs
+ o surface conductivity , Cs surface capacitance
capacitance op _ 1 (9°p 0°p\ Cs . 2
P _ _ insulator ~ 50 [ =>——=—|—5-+55-| WithRC =—in s/m
= charge diffusion ElNRERLem ot RC\0°x 0% o
2D Telegrapher Equation

Analytical solution for punctual charge deposition (assuming infinite resistive layer and uniform RC)

Qanode _—rz 2t . . . .
Ppunctal (1, t) = 2702 (D e20%(t) where o(t) = zct w? and w initial width (lateral diffusion)

Always work with Qp,q4(t) = f f Ppunctar (1, t)dS  Why? There is no pad on the uniform resistive layer!
Pad

34



DE LA RECHERCHE A LINDUSTRIE

Cea IDENTIFY PARTICLES: THE XP METHOD

Signals from a track = Charge = Patrticle Identification by dE/dX

Bold move And it works pretty well (whatever angle)
use only the pads crossed by the track and take from the dE/dx: Resolution +
model the conversion of ADC to Q depOSited along the track o SRR RN R R RN RN RN RRRRR RN RRRRRRRRRRRR |||||+WF
H 112— XP
— g 102_ Z scan Z scan Yiscai @ scan @ scan fscam g_
1350C 95— 200 ns 412ns e \ 5cm 55cm. 950"“.4,‘)_
300¢ 8;.‘l-,'“""'.-"-"“H"‘*#-"*“..‘n"-;:""3-#:"'""
- 250¢ 7 4
s _
200¢ E
5 E
150C 4;|glglllll|| PO L e e e e ettt
100¢ ;:::
500 é
0
Pads display : color = ADC max Now, one of the 2 PID tools of official T2K reconstruction

Tristan Daret’s study (PhD)
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SPACE-TIME DISCRETISATION: p

FDM CODE

Christopher Winterstein (M1 Intern)

a_p _ 1 (d%p 4 d%p N Qit,}rl - CIit,j _ qit+1,j - qit,j + qit—l,j - CIit,j n qz't,j+1 B ql't,j+1 n ql't,j—l _ qit,j—l
ot RC\0d?%x 0%y A, CsA,AyR,  CsA AyR, CsA,A R, CsA,AyR,
= G = +49§"

Vector of node charges at t+1

N v

¢t = a + 4 S) g

Huge but sparse matrix / Vector of node charges at t

describes node/node connections but actually at most 1 to 4

Big rank ~ 10°

over the ~10'° elements, only ~10° not null

36



Relative positioning error: +/- 2 mm vert. and
+/- 3 mm horiz.

Measurement error: +/- 0.1 k-Ohm - before applying K factor

Absolute precision: ~10 - 15% by calculation (how to check it?)




RC NON-UNIFORMITY ISSUE

MW
[6,] o
RC (ns/mm?)

Previous methods model signal using analytical solution of .
Telegraph Equation, i.e under the assumption that the RC
IS uniform

120

20 115

110
15

Bur RC is not uniform as demonstrated by Shivam 105

10 100

= Systematics; need solution with non uniform RC 95

20

= Discretisation of the Telegraph Equation N e i

A RC map from X ray data
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UNDERSTANDING THE NOISE pm

What is this ?
/ FFT provides also phases : they should be
60
/ To= 412 ns random Hist of the phases
55 A Fs =25 f
MHz At low f, they are 5
207 not random
~ 1
= 45 - ] _ ®
> Nt 2 populations™—, o4
S 401 o ‘
= [ Bk
£ 3 Averaged FFT over :
all pads and records 2
30 _3
—— Mean over the 15 ERAMs \x\ 0 2 4 6 8 10 12
25 A — fit \ Fregency (MHz)
— F f the fit N . . .
o | e L 1 Atlow f: 2 populations of pads producing regular signals

10° 10° 107 To catch them : average the waveforms

Frequency (Hz)
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DE LA RECHERCHE A LINDUSTRIE

ADC value

Averaged waveform over all Erams and records
very specific (~ |cos(wt)| ?)

—— mean waveform pop 1
—— mean waveform pop 2

UNDERSTANDING THE NOISE

T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2.00
Time (s) le—5

i 1T

Locations of the 2 populations on the pads board

very specific too

0 -
2.0
5
10
1.5
15
1.0
20
25 0.5
30
0 5 10 15 20 25 30 35

D. Calvet: map the way the channels connect to
one or the other of the two sides of the silicon die
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UNDERSTANDING THE NOISE

What is this Understood as white noise (flat in frequency)
- plateau ’>\ of low amplitude
To= 412 ns Filter out low frequency = return to time domain
55 Fs=25 = Histogram of the ADC amplitudes
N MHz —
a 5~ 1ADC

D 451 g
© Nt | : L Internal ADC noise?
B 40+ \
= N
£ 35 Averaged FFT over -

all pads and records

30 - 5| Long but “hairy fluctuations | “
—— Mean over the 15 ERAMs 10 : ‘"‘\ [ )
25 - S — \ ‘ | "J. |‘ H A
—— Freq range of the fit \\ : ) | !‘1 | L‘ r 1 | . ‘L ‘ m ', !l ‘. . H
20 T T T LA R R T T ——— ‘9-(’0 'ﬂ[‘l’»\ﬂh‘y.“
10° 108 107 SN | W \‘M V “ | ‘f
Frequency (Hz) w .“| “ ‘i v lu' f ‘.\
-10 f [ / |
N # | \\J |
0.00 0.25 0.50 0.75 Tlrl:](;()(s) 1.25 1.50 1.75 2 ](?0_5
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UNDERSTANDING THE NOISE 7@

And this
60 peak?
Tp=412 ns
55 A Fs =25
MHz

No clue (CIA?)

Observed to be

. at ~1/4 of the sampling frequency
_' « Not random (2 populations)

& 8

Amplitude (dB)
8

Averaged FFT over
all pads and records

35 A

30 1 Ignored in further modeling
—— Mean over the 15 ERAMs

25 1 — fit N
—— Freq range of the fit N

20 UL | T T L B B B | T T ———— T

10° 106 107
Frequency (Hz)
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UNDERSTANDING THE NOISE 70

The aim is to produce noise

waveforms
Schematically:

ADC (timebin) = Rounding&sampling of |Not random signal (t) + ZA Jﬁcos(wit + @;) @ ADCpjrqc | + Random Integer

Low f not random noise The Bulk: I(f) X Hyfrer () High f white random noise

—— with 1(f) o« \/f

—— regcos

Random phases

ADC value

AFTER
Chip

T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 125 1.50 175 2.00
Time (s) le-5
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