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Front-End ASICs to read-out AC-LGAD sensors:

status and plan
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on behalf of teams involved in ASIC development
and characterization for ePIC detectors
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AC-pads

dielectric,—‘—\
Objective: ASIC design and characterization 1 —\ m— r 2
dedicated to the read-out of AC-L GAD e O
(Low-Gain Avalanche Diode) silicon sensors Epkasiel lyer ~p- &
= substrate — p** F o

4D reconstruction (timing & position)

Central Tracking & Timing Layer (Barrel TOF): AC-LGAD strips (reduced number of # to lower power)
(Far)-Forward detectors (TOF & Roman Pots): pixelated AC-LGAD (0.5 x 0.5 mm?)

» FCFD (FermiLab) = AC-LGAD strips

» Univ. of California Santa Cruz / SCIPP: HP-SoC, ASROC, FAST
» EICROC (French collaboration + BNL)

» Summary
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Office of

ep@ FCFD: Forward Constant Fraction Discriminator - &= 11111 1 » IR ©@] = 1[5 1c) s
Goals: From Artur Apresyan (FermiLab)

- Develop a robust fast-timing measurement technique for fast detector

- 30 ps time resolution or better

- easy to use & stable: no corrections, no calibration or threshold adjustement
- very low dead time after a hit (< 25 ns)

- complete testatbility with simple bench-top equipment

#* « A simulation model of front-end electronics for high precision timing
measurements with LGAD », C. Pena et al., NIM A 940 (2019) 119.
< Comparison Leading edge // Constant Fraction Discriminators
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FCFDvO (TSMC 65nm CMOS technology)

1 singlechannel, only analog blocks to test CFD approach

» Chip performance characterization with internal charge injection circuit
Jitter: ~30 ps (5 fC); < 10 ps (30 fC)

» + DC-LGAD (CMS-size pixel:1.3 x 1.3 mm?) 1 # wire-bonded
IR Laser, Beta source = confirmation of excellent time resolution:

» ~30 ps (LGAD Bias voltage 220 V, Beta source)

> Me:s =1il[=if [l Dealll /\ DHOW
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FCEDSS

FCFDv1(TSMC65nm CMOS technology) From Artur Apresyan
10 channels, only analog blocks to test CFD approach
» Chip performance characterization with internal charge injection circuit
Jitter: ~30 ps (5 fC); < 10 ps (30 fC)
» + DC-LGAD (CMS-size pixel:1.3 x 1.3 mm?) 1 # wire-bonded
IR Laser, Beta source = confirmation of excellent time resolution:
» ~30 ps (LGAD Bias voltage 220 V, Beta source)
» measurements in beams will follow

A. Apresyan presentations at eRD112 meetings:

https://indico.bnl.gov/event/17999/ (01/04/23)
https://indico.bnl.gov/event/17084/ (09/14/22)
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https://indico.bnl.gov/event/17999/
https://indico.bnl.gov/event/17999/
https://indico.bnl.gov/event/17999/
https://indico.bnl.gov/event/17084/
https://indico.bnl.gov/event/17084/

UCSC/SCIPP effort: arty ASIC characterization

Lead institution | Name Tech Output n channels Funding

INFN Torino FAST | 110 nm CMOS TDC 20 INFN
NALU Sci. HPSoC | 65 nm CMOS | Waveform | 5 (> 81 final) | DoE SBIR

Anadyne Inc. ASROC | SiGe BiCMOS | Discrim. 16 DoE SBIR
Name Specific goal Status

FAST Large cap TDC Testing, new version soon

HPSoC | Max timing precision, digital back-end Testing

ASROC Max timing precision, low power Simulations finalized, Layout board

From Jennifer Ott (UCSC/SCIPP)
Presentation at the eRD112 Jan. 4th ‘23 meeting: https://indico.bnl.gov/event/17999/

01/11/2023
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https://indico.bnl.gov/event/17999/

FY23 plan
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Objective: Development of an ASIC prototype

P EICROCO
P © abletoreadout a new generation of silicon sensors:
Physique des 2 Infinis et des Origines AC_L G AD
2021-2022

(Low-Gain Avalanche Diode)
forthe Electron lon Collider (EIC) Roman Pots

Omeca @ %Cuo

Microelectronics ' Ire . .
o i . . rene Joliot-Curie
Organization for Micro-Electronics desiGn and _ :
Laboratoire de Physique

Applications, Ecole Polytechnique, Palaiseau CEA Saclay/Irfu/ des 2 Infinis
Département d’Electronique des Détecteurs

k? B roo khaVE N et d'Informatique pour la Physique (DEDIP)

funding

National Laboratory
eRD112 AC-LGAD: weekly meetings
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ep@ ATLAS/HGTD (High Granula ALTIROC ASIC

ALTIROC: ATLAS LGAD Timing Integrated Read Out Chip .
[technology CMOS 130 nm (TSMC)] ALTIROC1_V2 channel mapping

° (25 channels)
designed and characterized by ( 2MEGA and WJC Lo s

ALTIROCAO/1: Existing ASICs designedto read DC-LGAD (1.3 x 1.3 mm2)
Achieved goal ~30 ps time resolution

B
ALTIROCS (full size: 225 channels) | e
—— Schematics of ALTIROC1 V2 for 1 channel (1 pixel) B/ #ia s’z wiv w0 8|
Ce 77 e Time Of Arrival '*' W #9 #M8 M1 #16 #15 ||
HV == : 1 off
= Preamp Discriminat - o111on} | o
S— TOA TDC N #2a w3 w22 w1 w20 B ||
< ?\ Hi 1 bie DIGITAL R ' & ,
Front End e e e ]
el . " Debug PADs (Bias voltages, test points)
TOA TOE or1IeTI0]
15 # VPA / _Q_ L ToT TDC .
10#TZ Voltage PreAmplifier (VPA)
Time Of Threshold
(TDC: Time-to-Digital Converter) HTranslmpedance PreAmplifier (TZ2)

“Performance of the Front ASIC for picosecond precision time measurements with LGAD sensors”,
C. Agapopoulou, C. La Taille, L. Serin et al., JINST, 2020, 15 (07), pp.P07007.

01/11/2023
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Discriminator ‘
output Ty

Probe onto inner ALTIROC1
pulse command
. —>scope (triggering)

PreAmplifier [
A 1

output " ceC®
>scope | _. A
AC-LGAD prototype

wire-bonded to
ALTIROC1 V2
by BNL team

Sept.’21 - Jan. 22
01/11/2023

ATLAS/HGTD test bench: A Sijz{elex R N oS NETAN DN ERIVGIE))

Largely benefitting from synergy with ATLAS/HGTD IJCLab team: expertise and testbench setup

N ¥

’3°;L — chot
oo [VPA
“ —50— — ch07
9 pixel AC-CGAD o .
Wire-bonded to : oner | T2
ALTIROC1byBNL o ch24
’803‘ é l 'é' els '1|o' '1|2' K1|4'

» Corrected LSB (Least Significant Bit) for each
TDC channel is ~30 ps

» The average |jitter for each channel is ~15-20 ps

» Connected TDC channel performances uniform

» Study of PA amplitudes versus injected charge

» Lowest detectable charge 2.5 fC

ePIC Collaboration Meeting




eP@ EICROCO els (4x4)

Requirements: : : : .
+
~ pixel size 0.5 x 0.5 mm?2 (HGTD 1.3x1.3 mm?) Charge sharing studies (simulation + 3 source)

- low power consumption < 2 mW/channel gicroco design:

- Iowjittgr ~ 20 ps - TZ Preamplifiers from ALTIROC (ATLAS/HGTD, OMEGA)
- low noise ~ 1 mV/channel - TDC from HGCROC (CMS/HGCal, CEA/Irfu/DEDIP)
- sensitivity to low charge (2 1C) - 8 bit ADC for time-walk correction
Time-to-Digital | __Tme-Of-Aival Il Non-linear behavior of TOT as
r s - Preamplifir comeret a function of deposited charge
20| v [\ Discriminator and low discri threshold to
) ' handle small energy deposits
o L fzg“n V Thmm> (neighboring pixels)
e T 2 apF W Time-walk correction:
| fopton8 | ’“\ amplitudes
- 43.““., meck&hod || e | amee  Of central hit pixel
. ’ _ + neighboring pixels
ADC: next EICROC iteration will include a lower power consumption ADC required

01/11/2_ ePIC Collaboration Meeting



ep@ EICROCO:

» High speed TZ PA and discriminator (from ALTIROC)
> I2C slow control (from CMS HGCROC)

L

Filht
uld
-

\

M. Idzik et al., AGH Krakow) bl
> Digital readout FIFO (depth 8, 200 ns) TG
» 10 bits TDC (TOA) designed by CEA Irfu/DEDIP:
HGCROC TDC (1 mm x 120 um):
- spatially adapted to fit in a pixel of 0.5 x 0.5 mm?
- optimization in terms of dynamic range and resolution
(10 ps rms) as well as power consumption
- common block for calibration of all TDC channels

#* 5 slow control bytes/pixel:
- 6 bits local threshold
- 6 bits ADC pedestal ,jp o
- 16 TDC calibration bits b bz e = | 5
- Various on/off and probes

= 81
i 54
&8,
"y
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eP@ EICROCO: AD readout test chip

» Submitted through a Multi Project Wafer (130 nm CMOS technology) in March '22
Delivered end of July ‘22

» Test board (PCB) designed by OMEGA, 10 pieces delivered end of July ‘22
- test board cabling by IJCLab

» Wire-bonding of EICROCOto test boards by BNL collaborators

» Delivery of 3 test boards to IJCLab in Oct. ‘22

> Interface board (X|I|nx ZC 706) flrmware | software developments (A.Ba & B.Y. Ky, IJCLab
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eP@ EICROCO Test Bench -« @ :i¢ pEes

» installed in an electronic test room

(IJCLab) Interface board

(Xilinx ZC 706)
N EICROCO
' \-:,:;; Test board

N
’ .
>
¥ \ |

EICROCO

characterization:
EICROCO channel by channel electronic acommon effort

response characterization (PA, TDC, ADC, |IJCLab & BNL
LSB & jitter evaluation, cross talk) ‘ (periodic meetings)

v’ 12C communication
Data stream written/read
decoding still under investigation
v’ EICROCO DC levels
Discrithreshold exploration
#* EICROCO command pulse
signal issue under investigation

Next step:

-

0111/2023 ePIC Collaboration Meeting (. 13



EICRC and beyond

ASIC design and simulation

ASIC production

PCB & interface board design & test
bench set-up / documentation

|IE

C/PCB i AC-LGAD/ASIC

AS|

ASIC/PCB | AC-LGAD/AS.IC

Pl

e
e
——
=
e e

Wire(bump)-bonding l | . ! l ! :
Electronics characterization & I
01/11/23 01/11/24 01/11/25 01/11/2026 01/11/2027

* EICROCI1: 8 (or 16) x 4 channels prototype (floor planning), low power ADC + EIC clock
* EICROC2full size: 32x32 channels (engineering run)

#* EICROCO command pulse signal issue = time shift
= EICROCO _v1: 4 x 4 channels prototype + low power ADC

01/11/2023 ePIC Collaboration Meeting



eP@ ASIC + AC-LGAD character IR laser test bench (IJCLab)

Dedicated infrared test bench setup at IJCLab: i Largely benefiting

_ " from synergies
v’ Purchase of all the required material: among 1JCLab

- IR laser A=1050 nm, optical fibers + splitter | ‘ Senartrients and
- optical alignment elements: mirrors, lenses, | :

visible/IR camera, power meter, safety equipment

from BNL expertise

Characterization of the response of ALTIROC1 V2 + AC-
LGAD sensor (3x3 pixels) — signal sharing, time and space [EEESagE————

= Comparison with (AC-LGAD + ALTIROCO_V2B) by BNL N ;.' 0 O] ‘

arXiv:2209.07329; JINST 17 P11028 (Nov. '22) & =

Colour indicates integral charge of the signal
peak fromthe ALTIROC analog output

k? Brookhaven AL

National LabDratDry Strlps 22800 23000 23200 23400 23600 23800 24000 24200 24400 24600

X [um]
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https://arxiv.org/abs/2209.07329

oPiE) -

» Characterization of the system (AC-LGAD + ALTIROC1 V2) exploiting ATLAS/HGTD test
bench (electronics response signal to an injected charge)

» Evaluation of the charge sharing ratio among neighboring pads / pixels:
- measurements based on ALTIROC1 injected charge
- measurements with a beta source

» Development of a full simulation to evaluate spatial resolution from signal sharing including
digitalization in the context of a 8/10 bits ADC
1 ADC with 8 bits sufficient to achieve 20 um spatial resolution.

Studies presented at the EIC User Group Early Career Workshop 2022, July 24-25 (CFENS Stony
Brook University, USA), “Simulation and instrumentation for the Roman Pot in the future
Electron-lon Collider”, Pu-Kai Wang (PhD, 1JClab)

» Design/layout of EICROCO : submission within a MPW in March °22 (delivered July ‘22)

» Test board designed, manufactured (10 pieces) and cabled
» EICROCO wire-bonded onto test boards by BNL collaborators, available at IJCLab: Oct. '22

» EICROCO electronic test bench being finalized
» IR laser test bench close to be operational

01/11/2023 _ ePIC Collaboration Meeting



Back-Up
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‘ZP (o Electronlon Collide

4 Uniqueoppotunity to access/probe/image/quantify/qualify
l€‘>] the gluonic, valence and sea quark content of hadrons (low x)
Namon —

% Yo\ N
x 87 DD
o )
‘- \
h Y
— \ jnﬁ :
e T

~ 2034

» Missing gluon contribution to nucleon spin and mass

Expression of Interest supported by French theorists and experimentalists

('\ NBI;'DUh_hbavten electrons (10 - 18 GeV, ~70 % polar.) Complementarity
ational Laboratory [ protons (275 GeV, ~70% polar.) jlab. LHC
(ET)» EIC YELLOW REPORT or
F—-——‘“—'—-——— ] ions (light - deuterium - to heavy - Au, Pb,U)  Qur main interest:
C i X Variable center-of-mass energies: Exclusive Reactions
o 20 -100 GeV [140 GeV] (e.g. Deep Virtual
i Qi 33-34 -2 1 I
2103.05419 (March 2021) k High 90II|S|on_£ 10 . cmes Comptgr;/icsattermg,
Nucl. Phys. A 1026 (2022) 122447 X 1 (2) interaction point(s) )

Journée annuelle P210 : Projet AC-LGAD


https://arxiv.org/abs/2103.05419

zj P O electronProtonlonCollid Roman Pots

Decoon Sovme o [Far-forward detectors]
. | Central . =T protons/ions
detector 3 1) 5 . .
ree s i1 - Momentum & Timing

ectrons
RCS Injector

located ~30-40 m from IP

—_—lm

Station 1 Station 2

i ii 2 stations

s Brookhaven _
k' | of 2 layers each

Natinna_l Laboratory

Layer 1

Based on RHIC (Relativistic Heavy lon CoIIider):;"

Exclusive & diffractive processes
Requirementson forward scattered g4z
particles detection:
-atverysmallangle <5 mrad Vv
- time resolution ~30 ps

- spatial resolution better than 50 um  /¢'Foreseen technology: new generation of pixellated LGAL

to achieve a P+ resolution better m=) AC-LGAD
than 10 MeV/c associating good timing AND tracking capabilities

wamrmeee . ROoman PoOts:

FREBOMEN AR

TUSET e« Detector system surrounding the

DARSE, ™ Calm-g IR

i beam axis (a few mm) 6_ :
: . Placed in vacuum _2

. Holdingsilicon detectors with
associated front-end electronics

01/12/2022 Journée annuelle P210 : Projet AC-LGAD



. Slllcon sensors fabricated in a thin (=50 um) high resistive p-type substrate
* Charge gain (up to 100) to achieve very high timing resolution (20-30 ps)
* The size of the pads must be larger than the substrate thickness to achieve a uniform amplification

— limitation for fine pixelation (< 1 x 1 mm?) AC- pads
dlelettrlc
@) i ) 1 —\ — — r o
<, Oeeamsay @ 20 0 Veesseeea® 00020200 <
O JTE JTE 9
- n I'Dead Volume | ctive Dead Volume ‘ =
6 Epitaxial Iayer—p‘!_ |I Volume | Epitaxial layer — p- t::
() substrate — p** A= substrate — p** 2=y

1D (timing) == 4D reconstruction (timing & position)
» AC-LGAD sensors include metal electrodes

ATLAS placed over a thin insulating at a fine pitch,

EXPERTMENT ' = signals are induced capacitively.

Upgrade phase II ngh GfanU|a”ty Timing > Insensitive area (edges) could be minimized
Detector (HGTD) » Charge sharing — barycenter computation

> Based on pixellated DC-LGAD 4 x 2 cm? “Fabrication and performance of AC-coupled

5 Pixel size: 1.3 X 1.3 mm? LGADs”, G. Giacomini et al., JINST 14 (2019) 09,

P09004,ArXiv:1906.11542 BROOKHAVEN

MATIONAL LABORATORY

Journée annuelle P2I0 : Projet AC-LGAD



® The EICROC/AC-LG

- Abdourahmane Ba

- Beng Yun Ky

- Carlos Munoz Camacho
'.bJCLab - Dominique Marchand
ireneJoliot-Curie = EmMmanuel Rau|y

- Jean-Jacques Dormard

- Laurent Serin

- Ana-Sofia Torrento
Pt Wang Thank you
cea ;O/ - Florent Bouyjou - Alessandro Tricoli

- [Ete Dekeles - Gabriele Giacomini

: : - Gabriele D’Amen
S ZMEGA - Christophe de la Taille . Brookhaven : )
Microelectronics _ Nathalie Segu|n_M0reau k' = En”CO ROSSI

National Laboratory T
- Maxime Morenas - Wel Li
- Pierrick Dinaucourt - Shanmuganathan Prashanth



ﬁ]: o AC-LGAD Project 2021-2022 perspectives

» Weekly [JCLab meetings

> Monthly 1JCLab - Irfu - OMEGA meetings Fruitful tight collaboration

» Monthly BNL- [JCLab - Irfu - OMEGA meetings between all involved partners
» Weekly EIC LGAD meetings

The design of the first optimized ASIC (EICROCO) dedicated to AC-LGAD sensor readout
funded by P2I0 positioned the French community in the forefront of this promising new

technology with multiple applications in particle physics and beyond.
Visible role within the EIC international community.

IN2P3 Scientific Council (27/10/22): for information « EIC Project: scientific challenges and
project presentation », Carlos Munoz Camacho (IJCLab)

« contribution to EIC AC-LGAD R&D consortium: FY2022 report & FY2023 proposal

* R&T project proposal submitted in Oct. 2022 (duration 3 years, 20 k€ / year)

« ? 2023 ANR: submission of a pre-proposal (PRC: 1JCLab, CEA Irfu/DEDIP, OMEGA, BNL):
« CD_4D-TrACE » [Chip Design for 4D-Tracking with AC-LGAD for EIC], 4 years
design of EICROC full size (32 x 32 pixels)

oviZZiEE Journée annuelle P210: Projet AC-LGAD



Studies of charge sha measurements

Objective: evaluation of charge sharing among adjacent pads / pixels

» Through chargeinjection (8 fC) : » Exposing AC-LGADto a beta source
At IJCLab Semi-conductor and
Instrumentation technological platform (PSI)

22.4% = Ch 02—# 23.1% 8 fC injected in # 02

13.0% H“l 112 |7 (°%Sr, 37 MBg) - d- AC-LGAD HV =-170V
Voltage PreAmplifier (VPA) NC| 6 ﬂ?- | | )\ - Beta source ~5 cm above
a ¥ - Whole system in black box
2119 24 w
18_9% / 18 A (TZ PA)
‘ 10.0% T Cf£24 8 fC injected in # 24

Charge sharing among neighboring pixels (# 18 & 19):
~30% w.r.t. # 24 (highestamplitude)
includes cross talk between pads and suffers from
ALTIROC1 TDC (TOT) discriminator signal distortion
(earlier observed by ATLAS/HGTD team)

Charge sharing among neighboring pads (cross talk):
~15%

01/11/2023 ePIC Collaboration Meeting s s




ep@ Studiesofchargesharing: ' -0 F GE TR T 4
|IJCLab ATLAS/HGTD, JLab/EIC ~ OMEGA

... Objective: evaluation of achievable spatial resolution taking into account charge
tf’RSheetsharing between neighboring pads/pixels including smearing (Landau) +1-4 mV

—— ' noise and considering N-bit ADC (N=4-12), P-K Wang
*Qﬁjﬁ > Electronics Model (M. Morenas OMEGA): 5x6 pads, TZ, several Rsheetvalues considered

j i: i: §§ Z :g 23 - 2D-Representation, Ratio: 0 > Ratio: 1
s [12]|13]14]15][16]17 P-K Wang (1JCLab) O 25 0.30 O 50 O 75 O 80 o
— 20 2[6|7[8]9[10[11 . g
& 18; i 2 3 4 5 6 xpos X
r no :
161 - Na RSheet Values I!ject E(19fC) between ch.14 & 15 #.m00 e s ] .0 0.3 R
- s 0.1k0 EERER - -
14 v 1.0k . ANE] |§ = SRS o RENE oo §ENE ool FRE = N ENES «
- 2.5k 8 and 10-bits - - - e i S S s
12 v o 5.0 kO - - - .
g 10.0 kO ADC il
-, _ 2.5 kO M
8- L~ 4% (pixel
6 I = ioiviff
: . | width=0.5mm) —_—
‘t I ¥ X [J~20 um
2 v
O:I L1 ‘ 111 ‘ P11 ‘ L1l ‘ L1 I|IIII|III\|II | | RSheet: 10kQ
4 5 6 7 8 9 10 11 12
N bit ADC
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