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‘Infroduction, EP-R&D W.P. 1.1 — Hybrid Sensors

Planar Sensors (J. Haimberger, V. Gkougkousis)
v' Radiation damage and trapping model validation though

TCAD i =
v' Timing and efficiency at < 1e17 n./cm? using fast neutrons - . : T Victor C Paula Clii
and ps protons (thicknesses 50, 100, 200, 300 pum) Vagelis Gkouglousis Jalob Hamberger Marlus Halvorsen  Yictortoco e

LGADs (V. Gkougkousis)

v' Radiation damage mechanisms and modeling on different dopant 2Uzy 2ot 2022 2023 2024
types (T1PP2021, ArXiV Preprint, PicoSecond Workshop 2021) Thin planer Charsctriaion. |l )| Bt
v'Indium-Lithium gain layer radiation hardness investigations - 3D
(Trent0202 1) LGAD: C co-implant charact.
. . . Indium, Lithium co-implantation
v" Process simulations and SiMS — Carbon/Boron (LINK) e -
- . . ) ) SiEM (simu) i o
Silicon Electron Multiplier (M. Halvorsen, LINK, ArXiV ngrlnt, IEEE) - e T
\/ StrUCture Optimizatlon and eleCtrOStatiC Slmw Simulation (TCAD + signal simulation): radiation damage modeling, input for sensor reoptimisation and IC block design, etc...
v" Timing and transient Simulations e TR
J : . i : Talks @ Trento 2022 L e e e o L e
/ Process Iteratlons (Metal ASSISted EtChIng) \ Fast timing setup integrated to EUDET telescope
Submit

28 log FE desi
nm analog esign MPW M

Small Pitch 3Ds for tacking and timing (V. Gkougkousis, L INK)

Participation to a 28nm prototype ASIC for R&D

v" B particles timing studies on irradiated and unirradiated devices agelis Gkoukousis : . —

. . . . . Fellow 1 Viros Sriskaran (6 month on MPX4)
v" Test beam with SPS pions (Tracking + Timing) o SSIOWS \Mohammad Hajheidari
v’ Proton and neutron irradiations > 117 n,,/cm? PhD 1

v" New small pitch production optimized for gain at electrode region
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https://indico.cern.ch/event/981823/contributions/4293572/
http://arxiv.org/abs/2111.06731
https://indico.cern.ch/event/861104/contributions/4514659/
https://indico.cern.ch/event/983068/contributions/4223170/
https://indico.cern.ch/event/1096847/contributions/4743677/
https://indico.cern.ch/event/1096847/contributions/4743677/
https://arxiv.org/abs/2203.01036
https://indico.cern.ch/event/1096847/contributions/4743685/

3D Sensors

Timing at Extreme Fluences

3D Sensors: Decoupling of charge generation and drift volume
(Standard columns, TimeSpot, Hex geometries ect.)

Pros

* High radiation tolerance up to several times 10% n_./cm?

e Short drift distances with fast rise times

* Reduced Landau fluctuation, practically non-existent for
perpendicular tracks

Cons
* Non-uniform field geometry
e High cost
* Increased cell capacitance
Double Sided Single Sided
(thicker, more expensive) (thinner, simpler process)
sio, , 500
20 pm | p-stop -
N 8um .: - HRFZ Si E , i é' . High o
=) . .'.0 p-type . i rp
5 p+ '_.po- p >5KQ*cm

wrigz

—
50pm

urpg

Centre Nacional de Microelectrinica

Pixel Size vs Field Uniformity

v" Double sided n-on-p process

v’ Pixel Size 55 x 55 um?

v Active thickness 230 pm

v High Resistivity (> 2 kOm x cm) Fz silicon

ATLES Pre-Production type

Single sided n-on-p process
Pixel Size 25 x 100 pum?
Active thickness 150 um

High Resistivity (> 2 kOm X cm) Fz silicon

Single sided n-on-p process

Pixel Size 50 x 50 um?

Active thickness 150 um

High Resistivity (> 2 kOm x cm) Fz silicon

AN N N N N Y N N

IMB
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Presentation: V. Gkougkousis, “Single cell 3D timing: Time resolution assessment and Landau

° °
.3D Sensors - Tlmlng contribution evaluation via test-beam and laboratory measurements”, 17t

Trento workshop on advanced radiation silicon detectors (link)

Ce\‘\ . o
. ected Cahrge, Single Pixel 3D (20V, -20°C) Rise Time (10%-90%), Single Pixel 3D(20V, -20°C * Extremely fast rising edge (< 180 psec)
2P Frrrrrrr ey g0 ey Linear stable behavior with CFD, good SNR control
£ 100F q 1 E L eesarm ]
w E - E W 3500 - Mean: 1.752768e-010 4/ 6.1229506-013 N _ 2 2
o /’QDEU% i : el 5 (Oput) crpy; = J (0% o) crny = (Oker) e,
aof - T JL_ I I f 3000 ]
z { : : | 5 CFD Map, LGAD - Single Pixel 3D (-20°C, 20V)
70E- / N 3 2500 .
601 B[] ] : .
o \ ] 20001 .
s0f . : .
. ] 1500— a —
djﬁ | INJ] : . ‘ : 3 016
EU Landau X Guass Fit \\k E 1000~ ] R 7
300 - Entires: 4066 i . - Jﬂ ] 014—]
F MPV:1.735205e-015 +/- 2.247690e-017 M\: C . i
20 2550444901644 2.7037356-017 L o] 500 — N ]
F Goodness : 1.384410% LE E ‘D[ \‘\__‘L 1 01 2;
T [ R R W) I W R el o L1 L1 L1 ] I T Lx107 ’ -
1 1.5 2 2.5 3 3.5 4 -0.4 -0.2 0 0.2 0.4 0.6 0.8 —
Po Charge [Q] Rise Time [sec] 0 1;
?\g\(gﬁemed Cahrge, HPK LGAD (80v, -20°C) Rise Time (10%-90%), HPK LGAD (80V, -20°C)) E
'::ﬁ E| TTT TTTT TTTT T ‘lllalndlarltklfﬁula;; F\T TTTT TTT IE ézno :_I,(;I‘ﬂ;s;f‘l.ﬁl T T T 1T T 1T 171 LI L : O-OSi i
£ 180 |_| E 3488 ] [ Entires: 4850 — n
w C PLQ MPV: 3.429103e-014 4/~ 4.201879-016 ] 180 :—-Msan:.s.spsaave-olo-.a-.n. 7 012 : 0.0 6;
0o S SO . | e : Y 5a 09
: \tr\ ] 150:— ..................................... # / \ : CFD . 06 g 0.6 07 . P‘\Xe\ SD
140 JU 13\ . 1aof r ] HPK | g © 05 g4 03 0.3 04 GED sing\e
120F f ] 120F i L\\ ] ~ 02 o4 0.1 02
o N S - f/ H%\ 5 2D optimization plot — 0.5% binning
80 1 1 F i 7 o 2 _ 2 2 2 2
- |_| ] o %H Y ] Time Resolution. Otot = Otimewalk T Ojitter t Oconversion T OClock
80_ L n SG: _|.-| :
40 \L» 7 aof ﬁ 1"‘\ . v v WJ v
B H C % ]
r ] C ] 2 2
20 20 . . .
e 1 g E Nl g o2 4 g2 Lrise TDCpin Fixed Term
1 T T T T T A A L 11 I - I I | | | DlSt Land,au _— —_—
% 20 30 40 50 60 70 Ch&;)rge [09]0 8.7 0.8 0.9 1 1.1 1.2 1.3 S/N ‘\/ﬁ N 5_ 7psec
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https://indico.cern.ch/event/1096847/contributions/4743685/

[ P I q n q r S e n s ors 1o o 300um ADVACAM unirrad. at 24 °C

i I | s s

:H— robe Iﬂla ’ ’ ]
. imm, T frommchn A
Sensors: CERN EP-R&D n-on-p planar sensor run with ADVACAM = f---WieBondGuad - 2 S <]
at 50, 100, 200 and 300 pm active thickness (TimePix4 £ T |
: ’ O 107 = =
bonded sensors also from this run, see Kazu'’s talk here) v E
g .
< i
Test Structures 3 | | | | | | N
* Small diodes (3.14 mm?2 active area) Circular diodes for timing studies small Diode 0 10 20 30 20 50 50
: 3 mm Bias Voltage [V]
due to lower capacitance |
* Big diodes (28.27 mm?2 active area) Circular diodes for radiation 5
damage studies |
* 5x5 Pixel matrix (0.003 mm?2 active area) for charge sharing and | e ee—
interpixel efficiency — timing studies ™ 5 s
Issues g
) ) ) ) Big Diode N fponaged
e Early breakdown due to high p-spray concentration leading to impact | B
ionisation at the interface between p-spray and electrode implant "y
Simulation 50 um different p-spray peak concentrations
e Breakdown first visible in guard ring due to bigger interface region w0t0 ———————— S i i — :
compared to pad ooss (- padbebans
] gy
lrradiations Neutron @ JSI (Ljubljana) Proton @ PS “ |
(both 3D and planar) V' 1x10% no/cm? v 1x10% n/cm? E;
v 8 x 1015 neq/cm2 v 8 x10%¥ neq/cmz 2 oorol- | 1
v' 6 x10% n,,/cm? v’ 6x10%n,/cm? — L g
v’ 1x10Y n,/cm? v 1x10" n/cm? oo =

75
Bias Voltage [V]
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https://indico.cern.ch/event/1058977/contributions/4865295/

‘Test Beam Planning

Centre Nacional de Microelectronica

IME

Institut de Fisica
d’Altes Energies

Mar Apr Mai Jun Jul Aug Sep Oct N
s Week 11(12|13|14(15(16 (17|18 (19|20 |21|22 (23| 24|25 26 31(32133|34|35(|36| 37
Foond
T10 target ECN3 -
oy Z‘//’L 7 « |HO6 parallel
EHNL Neutri nn Platform ﬁ?z / ﬂz QL) /

Primary user

Parasitic user

H2, Ha, ns/f(s // >'\

Paralleluser 25 May — 8 June

15 - 29 June

/ 6 July - 13 July

/ 20 - 27 September

31 August - 14 September \\ 17 — 24 October

&

&

r=t| 1 pm==2>
CERN Prevess al '+ Beam Q&
(| ]
k2|
willk
. . '— ! DUT box
BU|Id|ng 887 Il § : (baseplae) . o es
=it i
| The Setup
Tet Beamsl 2022 I . .+ AIDA Telescope
Sevgra perlc?ds b.ut on yI two as primary user .« Custom Cold Box
Main t.ar.ge’zllrradlgs.el.d P a:cnar/3[? Sensors .« DUTs on individual stages
No / Limite prSSI ity Od extlen5|on .« Discrete electronics and
Extensive infrastructure developments Oscilloscope
23 / 6/ 2022 E. L. Gkougkousis



-Setup @ SPS

XPS Cold Box

£ Timming Setup Configuration
File Edit Operste Tools Window Help

HV Control | | HV Controlll | LV Control | | LV Control Il |

LV 1 |Rohde & Swartz HMPaos [x]

LV [ agilent 364

Rohde & Swartz HMP4040 |
Remote Mode 10 v

Ib-l-

e
Protect Overvolt. Protect
6 s T

s DU e
Votage Jom v Jo v o 8 [f, e
Cument Jooo A [foe A |foox affose a

LV 3 |agient 363« = LV 4 [ agient 364

Agilent 363x|

Qomd! | Oovdtd it pRROR @ Oowslt | Om
oo v o v o emoR @ foo v |[ox
fooo A |fooo A Jooo | fou

Slow Control
DAQ

=] Quick Reference
Power ON ||Single Channel Boad
C » Mini-Circuits Amp.

ning Setup Configuration

it Operste Tools Window Help

-
L2 AJ HControll | v Contrll | LY Contrll | LV Controll |

Voitage Ovt
‘& l:[T"f»_El HV A ceithiey 24002410 LX) MV 2| ketniey 24002410 L2 MV 3] veitniey 24002410 L) MV 4 | keitniey 26002410 (2]

HVS | kethiey 24002410 15 HV6] keitniey 24002410 1 V7] ve:

G Agares
I covezion ol
PowerON N Mose

e

Voltage (3 oo v

ithiey 2400/2410 18]

Voltuge |2

10° | ERROR @

[P e VR )
Curremt (0620 A
(5100 ) ERROR @

i

Voltage [ L O

PR oV e
ERROR @

s1op |

Selae Wlee
S0P | ERROR @)

Voltage |0 o“*

Corrwnt (0620 o/ [ofes

10¢

Comemt [0Ee0 oot A
5107 | ERROR @)

Dedicated Trigger Board

23 / 6 / 2022
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‘Test Beam Configuration

June Test Beam Planning

Sample type Sample no. Fluence (neq/cmz)
LGAD Planes Reference LGADs 2 Unirradiated
Pixelated plane Ly |-' I—' I-:L:L Singl_t: czlla_n,h n-in-p, 1 Unirradiated
N 55 um pitch 1 8 x101°
\\ N\ - —
[T \ ) 1 x50 um thick Unirradiated
LGAD1 n N N 1 e plunar diodes 1 x 100 um thick Unirradiated
NN
CH2A T~
CH3A _' I _' I _“_' 3D single cell sensors = Equipment List
CH4A | » 2 x Oscilloscopes
— > 9 x Keithley 2410
LGAD?2 » 6xTTiPL303
» 8 Second stage amplifiers
CH2B » 6 micro-positioning stages
S » Humidity — Temperature
CH3B LA LA monitoring system (EnViE)
. , - B ® » Cold Box for -20°C operation
CH4B "‘ "' : L i— » Trigger Interface Board V2.0
; = « » SMA Cables
FEi4

23 / 6 / 2022 E. L. Gkougkousis



‘HV & LV Control/monitoring

rr—I

Channel 1

Joo v ]"—”v
Jooo A |foow a

|

Overvolt. Protect

;‘ 250 [v_'E]

CH1 ERROR @
CH2 ERROR @

Timming Setup Configuration = [m] X
Fnle Edit View Pro;ed Operate Tools Window Help
H Contrel | | HV Contral I | LV Controll | LV Contral I 1
LV 1 [TTi-pL303 = LV 2 | Agilent 364x [ Quick Reference
TTi PL303 Power ON | Agilent 364x Power ON || Single Channel Boad
Com Port 5!6 GPEO-T-NSTR % Com Port P/; HamegHMP4040 ] dst stage amplificr
Compliance -> 17mA
Channel1 | Channel2 | Channel1 | Channet2 | Low Voltage -+ 225V
OutputOn  OverVolt OutputOn  OverVolt OutputOn  OverVolt OutputOn  OverVolt Overvolt prt. -> 2,50V
: : ;a u.u :l : : : Amplifier Gan ~10
e 1 c . . . ' Transimp.: 470 Ohm
4040 |40 40 FI4® 49 |48 &
tage i 2 Ghz Bandwidth
,x¢45 I = 49 lv = il;zs ]v ;’zzs I\i = Mini-Circuits Amp.
Current Limit Current Limit Current Limit (<

',ﬂ&m:o im
Overvolt. Protect
Lﬂxsm |v

Channel 1 Channel2
Jow v |fow v
foro L | fooo (a

i’s:roa Ir'u‘«
‘thun
5"3-73 iv

CH1ERROR @
CHZ ERROR @@

-> 50mA
Low Voltage -> 12V
Overvolt prt. -> 13V

6 Ghz Bandwidth
Compliance -> 7SmA
Low Voltage -> 5.0V
Overvolt prt. -> 55V
Ampifier Gian ~ 10

’;j‘m [~ =
 Overvolt Protect
ilz.so lv

Voltage o000 v

Current lo.ooo A

Channel 1 Chanrel2

|
]O.M A 0.000

A0 fma Uzl
Overvolt. Protect
",}iz.so v

Channel3

A

¢ o e

Overvolt Protect

{;ﬂ&om ]M

',Iu.:\:- Iv ;’1303 |v

Channel 4

laoo Vv

CH1 ERROR @) CH3 ERROR @

CH2 ERROR ) CH4 ERROR @@

fooo A

A ~ FEi4
LV 3 [Rohde & Swartz HMP404 LV 4 | Agilent 364
[t v s (2] fagert ot P T
Rohde & Swartz HMP4040 | Power ON | o0 .oy
RemoteMode FerroteMx  |u Compmﬁ HamegHMP4040 (5] @ Compliance: 700 mA
-VDD -> 13V
Channel1 | Channei2 | Channels | C 500
OutputOn  OverVolt OutputOn  OverVolt ommou muvon OutputOn  OverVolt -USBPiX2.0-> 2V
on on on o on on Compliance: 200 mA
| 9 3 9 ¢ . e i . . T T & J - HitOR Conv. -> 25V
EN oFF “., B ‘\m e “‘ e oFF ‘t.; Compliance: 200 mA
Voltage Out Volngeom vmom Voltage Out e
) ) ’
rIhs Iv ﬁ_2= v = ,lz‘-s lv ‘.’Lzs ‘v | EnviE
Current Limit Current Limit c i < -5V USB power from
isolated PSU

Compliance ->200mA
Low Voltage ->5V
Overvolt prt. ->5.50v

Created by: Vagei
Grougkousis, 2022

Multi-model Support with Polymorphic Ul

Agilent
. Technologies

363X series

KEYSIGHT

TECHNOLOGIES

364X series

ROHDE&SCHWARZ

G L

* ey e

HMP4040

PL330DP

» Precompiled executable available on GitLab: here

E Timming Setup Configuration

File Edit View Project Operate Tools

Window Help

 H Control | I HVComrolllrl LV Control | | LV Control Il |

HV 1 Keithley 2400/2410 =l HV 2 | keithtey 24002410 5| HV 3 | Keithley 2400/2410 [ Hv 4 | Keithley 2400,

HV5 | Keithley 2400/2410 = HV 6 | Keithley 2400/2410 = Hv1]xe.tmey 2400/2410 E
C 3 2022 b

Start Voltage ’,»ﬂom v

GPIB Address = Repetitions ’,s; HV1 Voltagejo +/- {0E=0
|!/ Keithiey24104 [ \
. or: VMoge | EndVoltage :ﬂ-mm v (=] | compliance 21500 |ur Cmuniosio o-Joes0 Al
‘"lw Voltage Step g);.-s_:m—[v—“ Set Delay WE‘ STOP. ERROR ,)
s = Start Voltage ;‘ggw v [zl |Repetitions |2 HV2 |voitage o +/- |oE<0
T &
orlu Wmose2| EndVoltage  Jf.ic000 [v Compliance iﬂxsm Jua Current [0E:0 /- 0E:0 A
"”""j O S e T = T oo |- ((sTop ) ERROR (@)
GPIB Address 5 StartVoltage 7000 v Repetitions 1} 2 HV3 | voitage |0 i [T
F/ Keithiey2410A [ P . \
s or; W mose | EndVattage S 10000 [v [X] | compliance {J{1500 ua Current 0E<0 </~ 0E<0
C B oo | Voroesten 5o |v [ [seosiay Ofico |- (| (ST0P ) ERROR (@)
Pﬂm_;_], Start Voltage :Soo: }v =] | Repetitions ;—Vﬂz HV4 Vonzgeio +/- | 0E+0
@ Keithiey24108 [ %
soweron | Wmoges | EdVoltage 10000 v Compliance 7100 |ua Current 0E<0  +/- |0E=0
C B m‘lm Voltage Step 9}50 v setdelay S0 |- d SToP |  ERROR @)
SEIE e startVoltage Zfoc0 v Repetitions £} 2 HV5 | voitage o U2 T
lﬁm»«e,z.lm _J e ¥ e P i
s 24 10000 v Compliance ,ﬁxs,vo Jua OEs0  =/- |0Es0
m;m VoltageStep £ 00 v Set Delay (-\ﬁ-;oo [s | (stor]  ERROR @
Fj’l’_“i_“‘_—__]“ StartVoitage 000 |v (=] |Repetitions 1|2 HV6 | voitage o /- [oes0
A ?
SowerON  IWmodes| EMdVoltage  1jl.10000 (v Compliance f.,ﬂxsoo Jua Current {0E<0  +/- |0E=0
- _';m VoltageStep {00 v Setbelay oo 1= SToP | ERROR @)
SPIf Address = StartVoitage floc0  |v Repetitions 1|2 HV7 |voitage 0 +/- |00
{5 xetniezai0e [ &
SowerON  Wmose | EndVoltage ;ﬁ-m.o:- v Compliance ’,ﬂ!;.-:»:: Jua Current |0E<0  +/- (0E:0 A

e

Voltage Step g}]-so: iv

Setbelay oo - [

( stop

ERROR @)

PL303QMD

9x HV channels
16x LV channels

Constant

monito-

ring & logging
Live protection

High voltage

KEITHLEY

2400/2410 series

D Timming Setup Configuration

File Edit View Project Operate Tools

Window Help

HV Control | | HV Control Il | LV Control| | LV Control Il |

HV 8 | Keithley 2400/2410 E

1V log file path: l% C:\Users\egkougko\cernbox\WINDOWS\Desktop

HV 9 I Keithley 2400/2410
h

|

GPIB Address 5 StartVoltage foco  |v Reperitions 1|z HV8 | voltage (o +/-Joes0
7 Keithiey2410A & 5 . § ——
0': N mose | EndVoltage ’,84030: 1\/ Compliance \'.ﬂw,oc- fua [ | corrent Joso </~ Joes0 A
mlm VoltsgeStep &5 |v [N |SetDelay ffio0 |z | STOP | ERROR ’/)
” GPIB Address = Start Voltage ;553: [ | Repetitions {2 HV9 | voitage [0 #/= J0E+0
l Keithley24108 X
N Wmose | EndVoltage rﬁ 100.00 ]v (= | compliance 2100 |ua corrent JoEs0 +/-foEs0 A
C® m:m VoltageStep Z§/.s00 |v  [X] |SetDelay ;‘am B STOP ERROR QJ
W WYY [~ 1
g
40— 1
4 1
Time (sec)
183 |
1E4
165
2 1E6
1E7
1E8
1ES
1E-10
1E-11) |
-1 1
Time (sec)
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https://gitlab.cern.ch/egkougko/ticas-timing-control-automation-software/-/tree/master/Builds/TestBeam/Dual%20Scope

Veel5V)

Y [ ] Van (5V) Optocoupler .
Trigger Interface Board (TiB) e L IR e
usy out (;pDOT_ SPl 1o USB ;wos e — o Vo : 33k0 y ZSE =
. . . . i Z:%Z-_jjicrocontroller GPIOT7 Enable CD74HE p:z oo J
» Oscilloscope in fast readout mode with binary format T T | | R s il
sk | MISO s1 | Vool5V) optocoupter - ,
» Event readout only between SPS-spills or when event buffer full ti increase efficiency D i % e SPSEéfSp”
~ Var : 33k0 y ZSE =
» TLU Synchronization by vetoing data taking during read-out = L
» RJ-45 or HDMI for EUDET TLU communication (EUDET 2 compatible) %‘—’ -
» Versatile design, I/Os Reconfigurable and microcontroller Reprogrammable via NEENF i
D-Type latches for e J
USB directionality adjustment <L L

Spill 1 Spill 2 Spill 3 Spill 4

I

|'| I

L

i

SPS End of Spill :
i

I

I | | |

Triggers from TLU il““ Il Illl"ll Il I"IIl Il Illl"ll Il"" " Illl"ll Illll Il Illl"ll
1

} |

|

Trigger Veto

LVDS 1/O Drivers Interrupt multiplexer

(cycle through input
timing signals)

TTL Trigger out

Microcontroller
interface (1 interrupt,
7 GPIO lines)

SPS Early warning |-|

—1
—

== - - L --

SPS Spill Start

SPS synchronization
signals

- -t --

|
| -r I
|
|

Oscilloscope
readout I

Recorded Events m

in data stream

| | |
I :"""JU]""J]_:_ To EUDET TLU
1
1 1 1
| 1 1 1

Oscilloscope Oscilloscope Quad bus multiplexers
Readout 1 Readout 2 (switch between setting Input timing signal
and communication) optocouplers

23 / 6 / 2022 E. L. Gkougkousis 10



‘Temperature Regulation

Environmental Exyander V2.0 (EnviE)

» Running at a crisp -18 °C » EnviE GitLab with schematics: here

> Glycol cooling with temperature feedback - Labview control

> Humidity regulation though N, feeds

ESP8266 based with integrated 10-bit
ADC, 12C and WiFi 802.11b

Integrated OLED 128X64 pixel screen
High precision voltage dividers and sensor
decoupling

ARDUINO / LoUA core web interface
Temperature resolution of 0.8 °C + 0.06 %
Humidity resolution 0.1 %  with
temperature compensation

RTD Calibration Humidity Resolution

020 |

ADC Level
RH Resilution (%)

—
o (=}
=} =
@ S}

8
o
.8
5
S

-50 0 50 100
Temperature (°C)

YV V V VY

>

6 c.m. thick XPS foam insulation

Outer dimensions of 50 x 48 x 48 cm?

Water cooling
Use of commercial water-cooling block (link) block

3 x Axial Fan DC 80x80x25mm 24V 111.6m?*/h
— low remperature tested to -20°C (link)

Total cost ~ 400 CHF

23 / 6 / 2022
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https://www.aquatuning.ch/water-cooling/radiators/radiators-active/radiators-with-pump/27749/aquacomputer-airplex-modularity-system-240-mm-copper-fins-d5-next-pump-stainless-steel-side-panels?c=25493
https://www.distrelec.ch/en/axial-fan-dc-80x80x25mm-24v-111-6m-sanyo-denki-9gt0824p4s001/p/30123849?channel=b2c&price_gs=81.6366&source=googleps&ext_cid=shgooaqchen-blcss&kw=%7Bkeyword%7D&ext_cid=shgooaqchen-P-Shopping-CSS-MainCampaign&pi=30123849&gclid=EAIaIQobChMI3sqmuJ6f8wIV2NrVCh0-gwQOEAQYAiABEgIYhPD_BwE
https://gitlab.cern.ch/egkougko/environemental-monitoring-expander-envie

*Alighment & Mechanics

HPK LGAD Timing references

» Coincidences between DUTs and LGADs
required for timing

» Alignment crucial to increase data efficiency
» Efficiency defined by largest overlapping region

» Micrometric on-line alignment using projections
on FEi4 matrix

» ROI defined in addition to other trigger
conditions

Newport 9065M-XZ + 2 x SM-
13 manual actuators

3D printed angle
support coupled with
aluminium planes

23 / 6 / 2022 E. L. Gkougkousis



Tracking and ROI

Scintillators

-—
10245mm

105.7mm

'——I’;.%mm —':f bm-:'

-—

—

at.e4mm| |

1%.Bmnl

149.5mm

104.46mm

——
104.14mm

Scintillators

300

250

USBPIX_GEN2_BOARD_200 20 Raw Hitmap

=
s ey ol =
B i =
g ik
Co S e
e =

=

i

H2mm

EUPET

EUDET

EUPET
6

ﬁ%ﬂ“l’ &
o

a =14.95mm — L] Lo 28

@General error: DAmm PCB thickness &= 1.5mm

Telescope Planes

* 6 MIMOSA planes for tracking

* Plane no. 5 known to be bad

* Expected S5um tracking resolution

* Estimated acquired number of
events V1M

* Limited beam control as
parasitic user

77—
“vCB
EUPET

MIBOSA2S § Raw Hamap

« Suffer from low intensity and -
low data rates of EUDAQ

il
EUPET
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® A na IYSiS Frq m ework » Code available on git: https://gitlab.cern.ch/egkougko/lgadutils

» Four main classes with dedicated header and implementation files, one wrapper class

handling user interaction Co. . Iterat.lve re-fitting and re-binning
LGADUtils » Wrapper to handle user I/O and pass arguments U algorithm
» LGADBase > Basic framework function and infastructure * Fitting of discrete and variable binning
» LGADRun » Timing resolution, CFD maps, multi DUT operations quantities
» LGADChannel » Mean pulse shape, mean pulse PI‘OPeI‘tieS form entire run ° Bayes|an unce rta|nt|es at efflc|ency
» WaveForm » Single Waveform properties and time walk corrections level
= Bonus: LGADSel > Selector Class with auto-set 64 channel support i
L * Event by event FFT transimpedance
}" LGADBase correction
(7p]
—
e 2
> s
L (5\\\6’0 ;
N , Gauss, Gauss x Landau
= Min, Max voltage : fit
1
q>_> DUTChannel 1 DUTChannel 2 DUTChannel 3 ... DUTChannel n )
= Start, stop, Min, maxindices : Gauss, Gaussian fit
™ / pedestal : Gaussian fit
q>" Min, Max, Rise, Trigger time : Gaussian fit
D Waveform 1 Waveform 2 Waveform3 .. Waveform n _
- Charge, dV/ dTToT: Gauss x LLandau fit
ﬁ

FFT: Variable bin Gaussian

23 / 6 / 2022 E. L. Gkougkousis 14
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‘lterative Re-fitter & signal templates

» Centralized fitter engine for all fits

> Fuﬂy automated, induding limits, method and Minuit minimization

> 36 Iterations per fit with limits and bin size variation to determine best combination

> Over-binning protection, automatic variable discreetness test

» Variable binning for FFT, frequency histograms

> Supported ROOFit, Standalone Minuit, Integral optimization or Shape

Fita.
D/:it
S.cx

Template Method

> Point by Point projection of all time-
walk corrected (though CFD) signal

pulses

» Landau X Gauss fit on projected point
by point distribution

pereser e Satete Caregorzaton Lower 3 bin number variations o Selec“(:)npgrﬂzi:i:in number Higher 3 bin number variations > EXtraCtion Of a “Characteristic” Signal
o f lym High ~lim Low W e composed of the MPVs of the Point
AP e < ] | e ‘LS—o;" (N N R ]j PS d L
‘ r1en g by point projection fits
i withl1<n<3 . . .
glastcarseettes l}m High — l}m Low| Lowest bin number Rest of the bin number array > RooKeyp df for analytlcal descrlptlon
v Netements < % < Npins_max .
| | — P e =P of signal
lim High — lim Low etements )
Netements < Nbins max < LY [ withl<n<6** . .
’ » Re-iteration on all events and fit of
X | Nyins max /7] .
Nons s = Notmenes with 1<n<7 each waveform with the extrap olated
Lower 3 bin number variations Optimum Bin number Higher 3 bin number variations . . . .
[ r s tigh o] | i igh — o] | analytical signal description
UpHigh -~ ipLov] - | 37“ Nz P x| ——
< /Netements Netements cLt
_ o | | I [ ‘ » Re-caclculate all quantities
(Continuous withl<n<3 withl<n<3
Patasets |limHigh— lim Low| } |
|“m - L0W| |1fig1 High — lim Low| ‘ . i _3 . — |1}21 High iy L0W| lim High ~lim Low . r;mm ]
V Netements < % g ‘ — o
with 1<n<3 withl<n<3
23 / 6 / 2022 E. L. Gkougkousis
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16 C\hqnnel Board

July 2021 October 2021 March 2022  August 2022

Timeline

\Velou'fy{um-'ns)
= \)e“.‘ |

‘\5 100

e

80

50x50 pm2, 1E %
50 um 40

20 /

50 pm

0.5 10 15 20 25 30 3.5 VA

e Assuming a linear filed dependence and a -15V
operation point at 35 um column distance:
|E| = 043V /um

* Estimating drift velocity for electrons:
Hoe X E

ge1'/pe
[1 n (.Uo,ee>< E) ]

Vsat.

e —
Varift =

2
with v&,, = 107 um/ns, g, = 1417%,33 =1.109
Varife ~ 41.4 pm/ns

e Extrapolated Rise time and Frequency:

d
1 1
tpise ® =Xty ==X e/2 ~ 140 psec =|2.3 GHz
3 3 Varift

2" Mezzanine Test beam mLsurement
iteration with planar matrix

Design submission Initial tests

%* High frequency multichannel versatile board
%* Mezzanine design for fast sensor interchangeability
%* Suitable for matrices (AC-LGAD applications) but also for

single pad devices

High Frequency SiGe discreate electronics (@ 12 GHz bandwidth

2 Stage configuration with a transimpedance followed by a voltage stage
Low max current (~10mA) with well behaved gain linearity vs V5,
Ruggers 3000 High Frequency substrate

YVVVYYVY

Pre-assembled miniaturized coaxial edge connectors with panel-
mounted SMA plugs (Im cable length)

140 x140 mm outer dimensions

A\
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Simulations and performance

Initial design

70

2stages

60

50

20

SchematicBFR

-2 DB(]S(2,1)])

Sﬂ77

Modified —Uniform design

Ulatio,, -

50

30

20

4

6

Frequency (GHz)

2stages —- DB(|S(2,1)))

SchematicBFR840L3H_1

40 M 40 \\M

10 0

2 4 6 8
Frequency (GHz)

With signal injection

Meas 1

(2]

Amplitude
u': 687.1 mV

Meas 3

Amplitude
p': 999.9 mv

Meas 2

Without signal injection

Meas 1 G|
Amplitude
p': 266.4 mV

Meas 3

Amplitude
p': 485.6 mV

Meas 2 (2.)
Rise Time

H':103.9 ps
0':109.7 ps

M: 361.4 ps

m: 318.6 ns

Bl N: 59
Low amplitude

Meas 4
RMS
p':42.61 mv

Meas 5 »
RMS
y': 19.15 mv

Peak-to-Peak
': 266.4 mV
Meas 7

Peak-to-Peak
' 485.6 mv

Blue: 16 channel
board

YV V

Optimized design for uniform response with
frequency

No sharp gain change discontinuities

No undershoot/overshoot observed

Gain moderated to ~70 for a two-stage

conﬁguration

20% Higher SNR than UCSC board (with
both stages)

2 x SNR with respect to UCSC board +

niniCircuits second stage ampliﬁer

On going energy and transimpedance simulation
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‘Towards the Future: Sampic

The ASIC (SAMPIC)
* Technology: AMS 0.18um

* Sampling: between 3 and 8.4 GS/sec on 16 channels (depends on DAC setting)

e 16 channels per chip

* Signal Bandwidth of 1.6GHz

* Discrimination noise 2 mV, chip noise < 1.3 mV RMS
* Max input Signal: 1V unipolar (0.1V to 1.1V)

ADC

 8to 11 bit Wilkinson ADC at 1.3GHz

* Upon triggering 64 samples digitalized in parallel per channel

* Resolution adjustment possible to improve timing by reducing bit count
* Time resolution between 5 ps (calibrated) and 15ps (uncalibrated)

Calibration
* Calibration files provided for all operational points of the ADC

e Channel by channel calibration to be performed by user
* 64 channels x 4 operation points = 256 calibration runs

Connectivity
 USB2.0 + LabWindows based software (provided)
 UDP Based Ethernet, direct PC connection — no router support

RMS on the time difference (ps)

30

25

20

15

10

o

e/) ’

__L | T T I T T T T | T T i | “f
C ¢ Constant Fraction Discriminator, R=05 a
— Constant Fraction Discriminator, R average -
E + Cross Corralation E
— Theoretical CFD R = 0.5 —
= Pl o
: 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 :
0 01 0.2 0.3 04 05 0.6 0.

Signal amplitude average (V)
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Conclusions

3D Pixels - Planar measurement campaign

Several productions under investigation of different pixel size and thickness
Estimate filed non-uniformity impact on time resolution vs pixel size
Determine minimal acceptable thickness for time resolution applications (SNR) Primary Goals

Investigate effects after irradiation up to 1e17 n,,/cm? in protons and neutrons

Test-Beam Setup

Trigger Interface board: Versatile, allows interfacing any acquisition instrument with EUDET

Control Software: Polymorphic Ul with seemingless multi-instrument support
Cooling: XPS cold box with web interface temperature controllable system @ -18°C
Mechanics: Micrometric alignment with individual DUT stages

Analysis Framework: Advanced framework with signal shapes, iterative re-fitting and shape-based noise
rejection
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‘Backup
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TIB Schematics

= e = 4 s = B = = L]
A= i Ir= — o J:T T = H_:,,IIJ—J‘T?a:
= T LB,

RRRANEN

mu.J
—
H
il
1 I

T | 4B | I
i

- u:: = s
I

a
T
B T i Ty

| T |'!'[n|| U

23 /6 / 2022 E. L. Gkougkousis 21



6,0E+07

‘Event by Event Strategy

|
F} 2,0e+07 [ |
[e. Wa VeFo 0,0E+00 P l
* A four sequential step analysis approach M. ey, / Y Peoint betwora Vinax
: ) ) Toewr ¢ |
* Analysis escalates in a pyramid structure |
Five preliminary sequential steps before we even start looking at the waveform I
H . . . . . -1,0E+07
% Set Waveform Determine Find max, Find start, Determine if |
& values > polarity — min point " stop point — " noise ’ wots ¢ |
|
40E416 | 1 ;'\ | H
___________________________________________________________________________________ 'R ] r . . R ,.‘ I-"P‘ | T W
o (A ATA SR bt L LT ELIRE g ,
. ‘H’;?'ﬂ‘,‘o w,“.’f ‘ u"‘.f .‘m“y\.ﬁ- | ‘u"x"‘ =
: , Use Gaussian Pedestal Recalculate start, e | TN (I :
e Define noise _ : : _ ' e Second derivative < 0
g.. points — fit for —» Subtraction/ — stop points, min, - , e —Decond defivative
& noise/Pedestal inversion max ° 2° *® point INdex # 10 e
w
y If SDmaxima> SD minima g
""""""""""""""""""""""""""""""""""""""""""""""" D_(max)> D_(min) -
()
< * » e
cg- Compute charge Determine Determine CFDompute dV/dT Determine or\ SD asima LOS®SD iy ;DT
— — — X
(2‘3 " rise time Time " Trigger Time . Dy(max) > D, (min) =
<@ <
&
\‘5‘A 0(\"‘\6\ . .
---------------------------------------------------------------------- P\Q? Number of points with 0.8*V
- . . ° > °
a, | Perform CFD time to voltage Correctior—  Signal FFT  — Noise FFT | 1t Npomts 2 test 0.7, 0.6 & 0.5V,
3 (Tlme Walk) to account fOl‘ Wavy Waveforms
2 e If Npoims> 2 then require

dN . <8/12/16/20

POIl’ltS
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*Fits infrastructure

Available fitting opftions

»  Root multi-iterative automatic fitting for:
I. Gauss Il. Gauss X Landau

int IterativeFit (std::vector<double> *w, std::pair<double, double> &gmean, std::pair<double, double> &gsigma,
TH1D* &FitHist, double &minchi2, std::string methode = "Gauss", std::pair<int, int> points =
std: :make_pair(-1, -1))

»  Unpinned 2-dimentional Linear fitting through RooFit and Minuit:

int LinearFit (std::vector<double>* vec, std::pair<double, double> &slope, std::pair<double, double> &intersept,

std: :vector<double>* vecErr = NULL);
»  Roofit Convolution fitting (no iterative readjustment) for:
I. Gauss X Landau Il. Gauss X Linear

int RooConvFit (std::vector<double>* vec, std::pair<double, double> &magMPV, std::pair<double, double>
&magSigma, std::string conv);

»  Tow point linear interpolation:

double LinearInter(double x1, double yl1, double x2, double y2, double y3);

»  Fast Furrier transform algorithm: double FFT(std::vector<double> *w, Long64_t snrate, int start, int stop);

23 / 6 / 2022
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Average pulse shape (RoofFit)

Starting point, Non-optimized RooFit Convolution

I.  Average calculated from 100 events

Il. Each waveform is time aligned at 20%
CFD

I1l. For all events, the same point of each
waveform projected in TH1F
v’ as many THIF as points in waveform
v each with as many entries as events (100
here)

IV. Each TH1F fitted with a Landau X Gauss
distribution

V. MPV,sigma and uncertainty extracted

VI. Fitting performed in RooFit using RooFit
Convolution and Minuit

VII. No starting parameters or optimization

VIII.Plot the MPVs of each point in a single
waveform

Amplitude (V)

025 |
02 t

0,15 |

=
s

0,05 |

-0,05 [

le"d y
CO/),, *Ge
Mean pulse shape ey, 55
"
Several fit l
failure
points
50 100 150 200 250 300 350 400

Points

23 / 6 / 2022

E. L. Gkougkousis

23



-Average pulse shape (RooFit) prersse pulse shape

009 F
ot e . . o . E Average Pulse
N 0,080
Initial RooFit Optimization
e N
. L. Q\)\f-, S 0,060 E
I.  Fit Binning: O = 000 L
© QQQ 2 E
v’ Symmetric fit limits: X,, = (5 X 6) & R
< 0,030 F
v Bin width defined as: ¢ /3 0020
v' High statistics re-optimization, increase no. High uncertainties at the 0,010
of bins if: Npgings > 1.5 X Nying g tince 0000 feoms —_——
) beginning and end of 0010 B iy . .
Il.  Parameter constraints: pulse \ R 0 50 100 300 350 400
\VE
v' Asymmetric limits for Landau MVP: 0,100 ¢
-4 x |XRMS| < Xfit <2x | XRMSl 000 7 Average Pulse
v' Asymmetric limits for Landau sigma: ZZ?Z Pulse Uncertenty
-0.00l x6<o0;4<2%0 oo F sigma
27 F —— Sigma Uncertenty
v ic limi : v 3 )
S%/r:metilc I|m<|t52f(>)<r Gauss mean: g 0050 | Reasonable sigma
-2 X 6 < G c S 00m0 .
N _ £ oo | with respect.to
I11. Parameter Initial values: - MPV, no outliers
v" Landau MPV = X 0010 [ }L
. RMS 0.000 SO N VU WO | " ‘V\J MM{.L’\.—J
v’ Gausssigma =0 B
_OJOlo'--wwww-wl----lw--w S S S S T T S IS S S |
IV. No re-iteration implementation 0 50 10 150 200 250 300 350 400
Points
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Average pulse shape (Root)

Root Optimization (no RooFit)

Constraint parameter values but not fixed
Manually defined convolution function

1000 convolution steps
Select the fit with the best agreement (minimization of |1-x?/NDF| )

Amplitude (V)

0080 |
0,060 |

0040 |

0,020

0,020 L

ROQT Optimization
= 25iterations (0.5 g factor)
——35iterations (0.5 o factor)
47 iterations (0.5 o factor)
—— 42 iterations (0.6 ¢ factor)
r More or less stable with Fit fails in specific points
I respect to parameters ‘
| o
A P—
0 50 100 150 200 250 300 350 400
Points

I. Iterative approach
Il. Fit Binning:

v' Asymmetric fit limits:
lower: X.,;— ((n-5)/10) x ¢
UPPer: Xma— ((N-5)/2) x ¢

| where7<n<2 | > 6 cases

v" Bin number defined at least as:
Nbins= \/ Nevents x
augmented by:
(Xmax — Xmin /(0.5 x 6 % a/4)
| wherel4<a<7] > 7 cases
I1l. Parameter constraints:
v' Asymmetric limits for Landau MVP: 42 total
XrMs3%6 < Xgms< Xgrmst3X0 iterations

v Function integral limits set to:
0.1xInt. < X < 10xInt.

IV. Initial values:
v Landau MPV = Xgs
v Convolution Integral = distribution integral
v Convoluted sigma setto : 6 / 4
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LGAD Time Reference

1.3 mm active area
Passivation d * _—
1 mm p-type implant el

\ o T e v Invented at CNM, initially considered for tracking by IFAE, proposed for timing by

g:l::n-l g:'n:d p-stop N i JTE RS §S UCSC
vy metipication prer . v Secondary p implant under collection electrode introducing moderate gain (10 -50)
’ l s v" Up to 35 um thickness on Sol or wafer to wafer bonding (typically 50 um)
susam TS v HPK, CNM, FBK, MiCRON, BNL (USA), NDL (China)
' “.!ll A
LGAD R7859/WS5 - N Well over P well (L4L2) v" Requires precise diffusion control for layer o

| — thickness:
g —118 —31p v" Thin highly doped n-well layer (~ 1 —1.5 pm)
€ ol — v Gain layer ~ 2 um .
g \ e v p-stop~3-3.5um opieion | |
B W "%«w ¢ v'  Different gain layer species possible:
5§ M’W"‘Mw l v" Boron (standard) n

N M v Gallium k_

“oxide!  silicon  Oeenm v' Boron +Carbon — 1
W __________________________________________________________________ Cathode
Mu > 4 Sl—on—$| wafers (High Resistivity ~2 kQQecm) Standard Boron
5 » 50 um thickness on 250 pum support wafer .
. . . . Boron + Carbon Spray (not confined)
| : » Different implantation species "
e » Single diodes of active area 0.7 x 0.7 mm Gallium

2mm
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