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c@/ Electronics for Particle Detectors
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1. A historical perspective
2. HL-LHC challenges
3. Looking ahead (2035+)
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cEn) A historical perspective

\
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A The LHC construction project coincided with the advent of the digital era
I The microelectronics revolution has made the LHC experiments possible

I Some of the biggest innovations in detectors were in electronics
A ASICs mostly in the front-end
A FPGAs mostly in the back-end
A Optoelectronics

i Radiation (and magnetic field) tolerance remains a salient specificity of our field

A A robust Detector R&D program was setup in 1990 in view of LHC

i 15 years of development were required to deliver the electronic systems
A 1990 + 15 = 2005 = start of LHC detector construction
A 2025 + 15 = 2040

T Qualification of rad-tol front-end electronics is time- and resource intensive

A Key to success was to associate key expertise in radiation effects and mitigation with commercial devices and
processes

T 1990-2025 = 35 years = one generation

A Experience from LHC construction is disappearing

A LHC experiments (except phase 1 upgrades) run with electronics designed

I n the | ate 19906s

i 0.25um process was introduced in 1998 (node used in IBM Pentium processor, Sony
PlaystatonP S2 engi ne, Sega Dreamcast game station

Geoff Hall, TWEPP-24, 1.10.2024
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A key reference:

https://www.sciencedirect.com/special-issue/103BV8TJ57K

NIM Nuclear Instruments and Methods in

W

Equipment

Supports open access

n Q. search in this journal

Special issue

Microelectronics in High Energy Physics

Last update 21 August 2023

In the last 35 years microelectronics has experienced impressive advances enabling the construction
of better, faster and lighter detectors for high energy physics experiments. Detectors and systems
that would have been considered impossible are now routinely designed and built taking advantage
of the features offered by the miniaturization, power reduction and functionality enhancements
made possible by dedicated ASICs.

Although a relatively small portion of the possibilities offered by modern microelectronics
technologies has actually been exploited in HEP, there are several areas where progress have been
made and can still substantially improve the performance of detectors, being hybrid or monolithic
pixel detectors, tracker detectors or calorimeters, despite the complex environmental constraints
like extremely high level of radiation or necessity to operate at very low temperature.

Very deep-submicron technologies enable the development of new detectors with very high time

resolution and/or very high granularity as well as the integration of high-performance signal

Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated

3.2 15

CiteScore Impact Factor

Submit your article » Guide for authors

Guest Editors:

Alessandro Marchioro
Experimental
Physics,CERN,Switzerland

Philippe Farthouat Experimental
Physics,CERN,Switzerland

NIM-A special issue on Microelectronics in HEP

1. Hybrid pixel readout integrated circuits
Maurice GarcigSciveres

2.Monolithic CMOS Sensors for high energy physics
Challenges and perspectives
W. Snoeys

3. Analogto-digital converters and timéo-digital
converters for higkenergy physics experiment
Ping Gui

4. ASIC survival in the radiation environment of the Lt
experiments: 30 years of struggle and still

tantalizing
Federico Faccio

5.Frontend electronics for silicon strip trackers:
Architectures and evolution
Jan Kaplon

6.Cryogenic electronics for noble liquid neutrino
detectors
Hucheng Chen, Veljk®adeka

7.ASICs for LHC intermediate tracking detectors
G. Hall, A.A. Grillo

8. Radiation tolerant optoelectronics for high energy

physics
Jan Troska, Francgois Vasey, Anthony Weidberg

9. Radiationhard ASICs for data transmission and cloc
distribution in High Energy Physics
Paulo Moreira, Szymon Kulis

10.Particle physics experiments: From photography t
integrated circuits
Erik H.M. Heijne
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cén) 2. HL-LHC challenges

Two upgrades:
LS3: 2026-30
LS4: 2034-35
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HL-LHC Challenges

1. Pixel Electronics
A Hybrid L wal] I &y
A Monolithic 1
Optoelectronics : 7 a8

Power conversion electronics _
Front-End electronics integration 3 | N

%

25

W

NIV= 3,7.669 H- -S2.58 M

ATLAS POINT 1
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D) 1.1 Hybrid pixel detectors: RD-53

Hybrid pixel sensors

Front-end chip

« Depending on application we
need specialized FE-ASIC
(covered in ASIC WG), hence
we have a clear interface with
FE chip development for silicon
sensors has much

Sensor developments

« For very high radiation and
track density (e.g. 3D sensors,
active edge planar)

- Sensors for 4D tracking, i.e.
spatial and time information

Special sensor for e_g. extreme radiation hardness,

fiming (e.g. pixel sensors with trench
electrodes)

Dedicated FE-chip eg. for very high hit rates, digital
functionality (memory, TDC,...)

Heinz Pernegger, CERN EP R&D workshop 16.4.2018

I
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A ~2010: Phase 2 upgrades of ATLAS & CMS
discussed and decided, but nobody really knew
if new pixel detector chips can be made for:

I 1Grad and 100Hz SEU

T Better resolution (~2): 4x pixels

i Higher hit rates (~10)

i More hit buffering during trigger latency (~100)
i Higher readout rates (~100)

i Pixel trigger ?

A 65nm latest qualified technology for up to

100Mrad.

I Can it stand 1Grad ? (Analog & Digital)
I Can one fit 4x pixels and 100x buffering and

readout

A 65nm gives* 8x density compared to 250nm

RD53 Requirements

Value (CVIS/ATLAS )

Technology

Makx. hit rate

Trigger rate

Trigger latency

Pixel size (chip)

Pixel size (sensor)
Pixel array

Chip dimensions
Detector capacitance
Detector leakage
Min. threshold
Threshold spread
Calibration pulse resolution
Noise

Charge measurement

Radiation tolerance

65 nm CMOS

3.0 GHz/cm?

750 kHz / 1 MHz

12.5 ps

50 x 50 pm?

50 x50 pm? or 25 x 100 pm?
432 x 336 pixels / 400 x 384 pixels
21.6 x 18.6 mm? / 20 x 21 mm?

< 100 fF (200fF for edge pixels)

< 10 nA (20nA for edge pixels)
1000 e-

< 100 e- RMS

10 e-

< 150 e- RMS, with sensor

4 bit TOT, max 1% deadtime at 3.0 GHz/cm?
1 Grad over 10 years at -15°C

i Can it have acceptable power dissipation (

EE i H i
<1W/cm2) SEE tolerance SEU rate, innermost: ~100Hz/chip
A 65nm have % - ¥ power (but we now have 4/10/100 times Power <1W/em?, Serial powering
pixels and logic) Readout data rate 1-4 links @ 1.28Gbits/s = max 5.12 Gbits/s
T Problematic power distribution as higher power Temperature range -40°C + 40°C (Nominal operation=-20°C % -10°C)

supply currents at lower supply voltages.

(Off chip DC-DC, On-chip DC-DC, Two stage
DC-DC, Serial powering. No high voltage
transistors in 65nm)

A Similar requirements for ATLAS and CMS, but
no tradition for common chip developments.

Jorgen Christiansen, 10" RD53 Collaboration meeting 17.9.2024
I
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cErn) RD53 history
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A 2014: Agreement between experiments and institutes to make formal R&D collaboration under the
LHCC with clearly defined goal (not generic R&D) of making production ready pixel chip(s).

A 2015-16: Multiple parallel studies on technology, architectures and IP blocks
T Radiation tolerance could be achieved by keeping ASIC cold and not using minimum width transistors.
T Four AFE architectures (4)

) IP building block prototypes: Bandgaps, Biasing DAC, PLL, ADCs, Serializer, Drivers, Receivers, Serial LDO,
Temperature sensors , Analog and digital radiation monitoring sensors, Power on reset

T Behavioral simulations and verifications (system verilog)

A 20171 2023: RD53 prototype design, test, iterate

...t‘:__a
RDS3A RD53B-ATLAS (ITkPixv1) RD53B-CMS (CROCv1) RD53C-ATLAS (ITkPixv2) RD53C-CMS (CROCv2)
¢ Auvpust 2017 «  March 2020 ¢ June 2021 *  March 2023 *  October 2023

A 2023: final chips delivered to ATLAS and CMS

A Difficulties faced

T Functional verification became a bottleneck due to lack of person-power and expertise
T Full chip Implementation became critical due to overconstrainedd esi gn (gate density, SEU mitigat:i
T Design issues needed to be fixed

Jorgen Christiansen, 10" RD53 Collaboration meeting 17.9.2024

J. Christiansen et al. RD53 Pixel Readout Integrated Circuits for ATLAS and CMS HL-LHC Upgrades, to be published in JINST (2025) francois.vasey@cern.ch 18.02. 225



)y RD53 Wafer-, module-, system-level testing
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A Chip testing, binning, calibration, ID-tagging
T Design for testability (DFT): scan chain and signal injection
T Test data stored in DB for future reference
i Yield ~80%

A Module assembly (ATLAS ITK-Pix as example)

T Pixel system consists of 8372 modules
T Module QC at ~25 sites
i 3D and planar sensors

A Qualification

; . | L. EAREA

[ Functional S BEEETETE R EE R

i Environmental | BIELETEE e
. L

T Serial powering

Module flex

Wire bond area
4 x Front-end Chips

(150pm thick)

Planar Sensor
(150pm thick)

Michael Grippo and Lingxin Meng, 10t RD53 Collaboration meeting 18.9.2024
I
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D) Takeaways (hybrid pixel detectors)
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A HL-LHC Pixel chip could probably not have been developed by one
experiment alone, but
I Touched the limits of the readiness for compromises
I Reached the limit of a collaborative effort
I Verification effort larger than originally planed

Testing in house is time/effort consuming

Assembly with sensors is a bottleneck

Module level testing is typically slow, extending the feedback time
Serial powering is new and challenging

To To Io I

To

A huge success nevertheless

francois.vasey@cern.ch 18.02.2025



cﬂ 1.2 Monolithic Pixel Detectors

\
7

Hybrid Pixel Detectors Depleted Monolithic Active Pixel
Sensors

NMOS
| |
£\ et
.
| p- substrate

,: particle track

Depletion is key for fast signal

Specia| sensor for e.g. extreme response and radiation hardness
radiation hardness, timing - Thin detector with high
Dedicated FE-chip eg. for very granularity

high hit rates, digital functionality
(memory, TDC,...)

Heinz Pernegger, CERN EP R&D workshop 16.4.2018

I
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cﬂ Monolithic Pixel Detectors

\
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RHIC LHC -ALICE CLIC HL-LHC HL-LHC FCC pp
STAR ITS Outer Pixel Inner Pixel
NIEL [neq/cmz] 1012 1013 <1012 101 1016 1015107
TID 0.2Mrad <3Mrad <1Mrad 80 Mrad 2x500Mrad >1Grad
Hit rate [MHz/cm?] 04 10 <0.3 100-200 2000 200-20000

Ultimate Sensor

MALTA & Monopix & AtlasPix Sensor
Advances in commercial CMOS technologies combined with dedicated designs

allowed significant progress from STAR to ALICE to ATLAS in areas like radiation
hardness, response time, hit rates

Heinz Pernegger, CERN EP R&D workshop 16.4.2018

13 francois.vasey@cern.ch 18.02.2025



R (azimuthal direction)

cE?W ALICE ITS3: The MOSAIX wafer-scale chip

\
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ot

T

97,82

78,256

58,692

03AIX->[SEGMENT

19,564

folded around beam-pipe

3 /A

Layer 0: 3 segments
Layer 1: 4 segments
Layer 2: 5 segments

259,992
Z-axis (equatorial direction) beam length

265,992

Repeated
Sensor Unit
(RSU)

Francois Vasey, CERN EP R&D Day 22.5.2024

14 francois.vasey@cern.ch 18.02.2025



D) Takeaways (monolithic pixel detectors)
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New technology and wafer-scale combined > system on wafer

A
A The sensor is the ASIC (or vice-versa)

I Merging academic and engineering communities > re-organize
A Handling and testing a wafer-scale chip is immensely complicated
A

Preparation for integration must proceed in parallel to design and
prototyping > co-development

An impressive achievement, no showstopper so far

Small number of wafers required, will likely succeed
I Brute force is an option
I Can we scale to large area ?

o o

francois.vasey@cern.ch 18.02.2025



2. Optoelectronics

LpGBT Versatile Link™ LpGBT-FPGA
¢ — — -
Front-end Back-end
TRX
<o <
>p10 @) <
PO | | » — |FPGA
P10 >
IpGBT O o>
VTRx+ Passives l(::_E?N-B
< = irefly
VLDemoBoard *
ASICs
Optoelectronics
FPGAs
Demo Board
Cabling plant
Firmware, IP
Protocol

16
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)y Optical Link & Chipset Development History
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CMS Tracker Common Project
Analogue Readout Versatile Link / GBT
Digital Control Digital Readout/Control
CMS Pixel Common Project
Digital Readout IPGBT / Versatile Link+
(Digital Control) Digital Readout & Control
>2005 2010 2015 2020 2025 2030 >

Jan Troska, Electronics-Forum and Radiation Working Group, 20 June 2024
I
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C\Efql VTRx* Transcelver Module

e Miniaturized and pluggable
e Electrical connector
e Optical pigtail

e Up to 4Tx+1Rx configuration
e configurable by channel masking
e Tx:
e 1x4 850 nm VCSEL array and driver ASIC
e 5and 10 Gb/s
e Rx:
e 1x InGaAs photodiode and TIAASIC

e 25 Gb/s

e For harsh environment
e Temperature: -35°C to +60°C
e Total dose: 1 MGy

e Total fluence up to 1x1015 n/cm2 and 1x10'5 hadrons/cm2 VTRx+
https://edms.cern.ch/proj ERN- 149832

Oolo[oofo

Jan Troska, Electronics-Forum and Radiation Working Group, 20 June 2024
I
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cEn) Passive cabling plant

2 2
s S
o fre}
g 3
E: g
o 8
& &
= =
g g
& ©
e =
,g < Rad Hard Fibre > < Standard Rad Tol Fibre >
Naked fan-out Fan-out patch cord Trunk cable
Y J J
Patch Cords Trunk Cables

Cabling is also electronics and is challenging
It is the umbilical of the detector

Jorge Rodriguez Fernandez, TWEPP24, 2.10.2024
francois.vasey@cern.ch 18.02.2025



CERN 3. Power conversion electronics

7

Stage 1: 48V - 12V Stage 2: 12V - 2.5V Stage 3: 2.5V - 1V — 1.2V

bPOLA48V

48V 48V bPOL12V: : bPOL2VS5:
— POLbuck converter POL buck converter POL buck converter
(0.35 pm HV-CMOS (0.35 um HV-CMOS) (130 nm CMOS)
and GaN)
12v
bPOL2VS5:
POL buck converter
(130 nm CMOS)
linPOL12V:
g ea el 1.5V — 3.3V
slow control
1.2V —12v
ol
. . . . . ) project
Stefano Michelis, https://power-distribution.web.cern.ch/ '
I
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D) DC-DC Point of Load (PoL) Converters

\
A /
BGP 3 mm
bPOL12V ASIC (0.13 um Trassseses

LSS R e & 8 =4

(0.35 pm) CMOS)

bPOL2V5 ASIC
(130 nm CMOS)

Chip on chip

WKL
&bk gt aEgy i

s 'k W Illi Y,
Z e DC-DC module
f"'“u v ;

bPOL2V5

Stage 1: 48V — 12V ) Stage 2: 12V > 2.5V we—) Stage 3: 2.5V = 1.2V

, . |
AQ\T |
bPOI.48V y : bPOI12V: | bPOI.2V5:
??I;buck cornvelltm 1 POL buck converter ! POL buck converter
03 I (0.35 um HV-CMOS) ! (130 nm CMOS)
and GaN) I g 1 :
! :
- Over 70k pcs produced - Over 300k pcs produced - Over 40k pcs produced
Iout max 12A - Iout max 4A - Iout max 3A
- 500kGy, 101 cm2 - 1.5MGy, 1015 cm™ - 1MGy, 106 cm2
Stefano Michelis, https://power-distribution.web.cern.ch/ 21 francois.vasey@cern.ch 18.02.2025



Serial Powering

Serial powering is the baseline choice for powering the ATLAS and CMS HL-LHC pixel detectors

PROs :

Pixel detector modules serially powered
The power supply current (lI,,) “re-used” among multiple loads

connected in series 8A (4A), 12V

Up to four chips per module powered in parallel e 4(2) chips per module
. A . - - Modul

Modules/ sensors grounds differ inside a chain =

Enough current injected in the power loop to satisfy the highest
possible load current.
Total current constant: independent of the actual current in the load

Anal Digital =
stoo | | sLoo B

PROC

Module

&N

15

[
¥

v power cabling reduction o length of chain i

~8 modules per power chain

v On-chip integrated solution

Module

v’ Radiation hard =
v" Not sensitive to voltage drops sm' Sensor
v" Could reduce even more the cabling material budget e
—l
CONs

v" Single failure could affect the full chain, if not properly taken
into account during design

Flavio Loddo, EP-ESE Electronic Seminar 15.5.2018

francois.vasey@cern.ch 18.02.2025
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ShuntLDO mode:

* Power consumption variations inside chip
not “visible” from outside

* Shunt current dynamically regulated to
keep chip current constant

* Dimensioned for production chips: I;,= 2A

Two ShuntLDOs of 2.0A each, one per power

domain

A Almost 100% current margin

A Split in 4*0.5A blocks for heat distribution
and reliability

Flavio Loddo, EP-ESE Electronic Seminar 15.5.2018

| Current

] margin %

Serial Powering

Short current Current Ex.-::essive current
peaks filtered by variations will make system
local decoupling “absorbed” by fall out of

regulation
' shunt regulator

Power burned in
shunt-LDO

Chip max

operation current

Chip current/power

Average
operation
current

Oporation

RD53A functional floorplan

Top pad row (debug)

9.6 mm

| 400 columns x

R

Analog Chip Bottom (ACB)

~ 1.5 mm

Digital Chip Bottom (DCB)

,rgﬁliauigmniiq I[ sl

N
[stoon | [ siwo_og | [Si0san | | swooow | [ orveres | [SD07An || stipo o || Shoaan ] [ shoo i |

~ 270 ym

&

000000000000 eeew== ATAOOOOOOOOOC

t

francois.vasey@cern.ch 18.02.2025



D) Takeaways (optoelectropics
and power conversion)

XL

A Common projects are a blessing and a curse

T More rational and efficient use of resour

A Less likely to fail

i € but a common project creates a single
A Risk = probability x impact of failure

I Multiple users > need to add features on-demand > complexity
I Production volumes become large

A The opto and powering networks are the umbilical of an experiment
I DCDC PoL converters allow to de-couple front-end from backend requirements

I Opto Front- and Back-end must be codeveloped, backend COTS availability may drive
some of the choices for Front-end

A Support must be foreseen from the start and for a long time
I Evaluation kits, reference designs, models, IP
A Specific technologies with particular design rules and specific expertise
I Specialist knowledge (HV, GaN, ), Serial powering > shunt LDO, IlI-V optoelectronics
A Radiation hardness of some technologies reached their limit

A Decreasing ASIC supply voltages and increasing bitrates call for new
solutions - In-chip conversion, Co-packaging

francois.vasey@cern.ch 18.02.2025
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CERN 4. Front-End Electronics Integration
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) CMS-OT Hybrids

A In dense detectors, hybrids are
the cornerstone of FE electronics
where all constraints converge

A Mechanical, electrical, Q\

thermal ]
Typically designed in multiple k =
variants to accommodate
exceptions
A historical failure point in many
experiments

Mark Kovacs, EP-ESE Electronic Seminar 7 Dec 2021
francois.vasey@cern.ch 18.02.2025



D) Takeaways (FE electronics integration)

\
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A Hybrid circuits are a convergence point
I Multi-f actor constraints (electrical, ther:t
I Multiple variants required to meet specific constraints
I Large quantity required to fill detector volume
A Ultimate performance achieved at cost of complexity and
manufacturability
I Moving from pre-production to production is slow and resource intensive
I Visual inspection and Testing effort become dominant as throughput increases

A A high risk manufacturing challenge in several projects
I Must find a more industrial and scalable way of achieving module integration in future

francois.vasey@cern.ch 18.02.2025



Chrn 3. Looking ahead
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)y How to develop electronics in the future ?

\
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@ Enabling technologies

‘(\O\N

@ Detector requirements < what

hx/;o

@ Available expertise

francois.vasey@cern.ch 18.02.2025



cEn) 1. Detector Requirements
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A Improved granularity
A More channels, more data
A Improved precision
A More data
A Simultaneous space, time & energy tagging
A More data, High accuracy timing distribution
A Low power

A More advanced technology nodes, clever
designs, efficient power distribution and
conversion

A Advanced data handling

A More intelligence, programmability and
configurability

A System-level design

A Co-optimization of sensors, electronics,
system and algorithms

A Resistance to harsh environments
A How harsh?

francois.vasey@cern.ch 18.02.2025



)y Detector Requirements > R&D Priorities

\
7 N R&D priorities as established
A Improved granularity In Detector R&D Roadmap

A More channels, more data \
Improved precision Data density and efficiency

—r
»

A
A More data
A Simultaneous space, time & energy tagging /
— 4D & 5D techniques
A

A More data, High accuracy timing distribution

Low power

A More advanced technology nodes, clever

designs, efficient power distribution and _
conversion Intelligence on-detector

A Advanced data handling

A More intelligence, programmability and
configurability

A System-level design

A Co-optimization of sensors, electronics,
system and algorithms

A Resistance to harsh environments

— Backend systems and COTS

— Complex imaging ASICs

ECFA DRD Roadmap: \ Extreme environments

I
https://indico.cern.ch/event/957057/page/23281-the-roadmap-document

francois.vasey@cern.ch 18.02.2025


https://indico.cern.ch/event/957057/page/23281-the-roadmap-document

) 2. Technologies

‘ Enabling technologies

Detector requirements

b R&D Priorities

ECFA Roadmap

Avallable expertise

ECFA DRD Roadmap: https:/indico.cern.ch/event/957057/page/23281-the-roadmap-document

32 francois.vasey@cern.ch 18.02.2025


https://indico.cern.ch/event/957057/page/23281-the-roadmap-document

C\E\/RD/ Project Examples from DRD7 (electronics)

_ _ R&D priorities as established
Collaborative projects

in Detector R&D Roadmap

-

Data density and efficiency

o EEm o = Emm

[

EP R&D 4D & 5D techniques

DRD7

Electronics
Intelligence on-detector

Only a few selected

examples shown Backend systems and COTS

https://ep-rnd.web.cern.ch/
~  https://drd7.web.cern.ch/ -

.

P T
~
o e o mm Em Em e Em o Em e Em e Em o Em = =

Complex imaging ASICs

/)

Extreme environments

francois.vasey@cern.ch 18.02.2025


https://drd7.web.cern.ch/
https://drd7.web.cern.ch/

CERN

\ Srojects Example projects in DRD7.1

7/ ’
R&D priorities
Silicon Photonics Technology ~ «___ s ‘_7
¢ Light-manipulating structures are \
patterned (deep UV lithography) on Silicon F308 COUDRVE Data density and efﬁciency

* Custom designs become possible

® Fabricated in “standard” CMOS fabs using Photodetectors
Silicon SOI wafers
* MPW services available from several vendors

e Wavelength: 1310 nm and 1550 nm Optical Splitters

* Ge epitaxy for photodetectors

* Complete platform for optical data
links ~ 50 Gb/s Modulators

e 28 nm CMOS and Photonic Integrated Circuits (PICs) . 60?/6/‘3/

e RadHard “promise” @6\%20//’ '/
e Wavelength division multiplexing: (S«f&w‘”‘" .

o Lane: 25 Gbps NRZ $0fy/ " T

o Fibre: 100 Gbps 4 R ,/' L oy N
e Laser out of radiation environment o "N ’ /

e | ow power / Low mass
i ion? @
e How far can we push FE integration? V\\é\

francois.vasey@cern.ch 18.02.2025



i)Y projects Example project in DRD7.3

7

DRD 7.3.a High performance TDC and ADC R&D priorities

blocks at ultra-low power ~_7

develop ultra-low power, area-efficient, fast A
and precise TDCs as two indispensable blocks of a
SoC-type readout ASIC.

4D & 5D techniques

Also other circuits directly interacting with them, such
as analog front-ends, discriminators, fully differential
amplifiers or serializers & data transmitters may be

part of this project.

Technologies :
« CMOS 130nm (TSMC)
« CMOS 65nm (TSMC, 1PSCO0)

- CMOS 28nm (TSMC)
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D) Example project in DRD7.2

R&D priorities

projects ‘_7

DRD7.2¢: Virtual Prototyping oo
| =

Sentaurus -
TCAD . cadence
Synopsys 3 : :
Sensi Charge deposition + 1 lgmzahon + signal
eg:m ) collection (+ . m
design digitization)
¢ —— % 100 200 300 40 500 .
DoomaConcentration (em*-3) Apagcticriet-v) (v-ema-1) _Velopix1 _Pro
. e Intelligence on-detector
| ;::2 -
I - ni”: Readout Chip
- - Virtual Prototype h
R - =

Doping concentration and electric field maps From "PixESL: A virtual Electronic System Leve/ pmxoxypmg
> Dhaliwal,

Objective: Streamline the simulation flow from particle interaction to digital chip
output by standardizing interoperability of the existing tool and by developing new
tool where needed.
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DRD 7.5.b

* Lower radiation levels opens the door to increasing the complexity of Front-End

electronics (RISC-V based processors, RAMs and SoC in the Front-End)

COTS Switch

A detector Data Centre

=NEW PARADIGM: high throughput 100GbE-based data readout link can reasonably be en
be investigated

ed and shall

BN ects Example project in DRD7.5

R&D priorities

-

Backend systems and COTS
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BN ects Example project in DRD7.6

\\_/
‘_7 R&D priorities
Project 7.6a: Common Access to ‘_7

Selected Imaging Technologies

Project Description

This project aims to provide common access to
advanced imaging technologies through the
organization of common fabrication runs. These are
initially envisaged for the TowerJazz 180 nm, TPSCo 65
nm ISC, and the LFoundry 110 nm CMOS imaging
technologies. IP development is also foreseen to
accelerate and streamline the design effort.

Project 7.6b: Shared access to 3D
integration

Project Description

This project aims to develop essential technologies for both

2.5D and 3D integration that can be quickly transposed to

wafer-to-wafer 3D integration. Furthermore, 3D-integration Complex imaging ASICs
technologies are evolving quickly in industry. Therefore,

exploring concrete connections with industrial partners is a

key mission of 2297 the project.
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D) Example project in DRD7.4

R&D priorities

projects ‘_7

Motivation for the Project “7.4.a Modeling and Development of Cryogenic CMOS PDKs”

e CMOS Process Design Kits typically valid down to 233K (-40°C), although mode!s scale relatively well down to 77K,
This was verified with VDSM bulk and FDSOI technology nodes.

e  (Cold CMOS PDKs are fundamental for the development of complex mixed-signal ASICs allowing for innovative detector
architecture and concepts, data transfer, readout and control.

e The sweet spot around LN boiling temperature (where we get the best of the MOSFET characteristics with still no
saturation effects) opens promising prospects on the development of innovative readout concepts both for neutrino and
dark matter detectors with noble liquids and, in general, for calorimeters and photon detectors operating at /7K.

e The growing interest on the use of GMOS for Quantum Computing and Quantum Sensing could open new opportunities
for collaborative efforts with selected silicon foundries on the optimisation of solid-state sensors and CMOS processes

for operation at cryogenic temperatures.

"™ Extreme environments
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) 3. Expertise

Enabling technologies

@ Projects maintain:

A Access
A Pace

Detector requirements A Expertise

b R&D Priorities

@) Available expertise
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ca?ﬂ/ Conclusion: Electronics in HEP

\
XL

A Electronics is ubiquitous in modern HEP experiments
A Hardware and Software are massively enabl
€ but are becoming major cost drivers and

A Ambitious detector projects with demanding requirements on electronics
Favorable, 1l ong term (10+ years) Vvisibil:@
Excellent teams in charge

Ambitious upgrade projects for LS4

Framework for collaborative R&D

€ widening gap between technology cycl es,
and engineering expertise

To o o To I

A Disruptive electronics will be developed, also beyond HL-LHC, but the electronics
community will need to adapt.
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cw Additional material

7
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i TF7 Recommendations

a) Detector R&D Themes, Electronics

=
§ §
P & &
5 & 7 A
& ) A C\ o @ ~ ~
&£ E o 3 T I L EL T
Future facilities o & IS SEFF &S
s o83 s
o ¥ ITIFEIT o SIS IR IR A e S
; ; FEITIIEFPIISLET I L& E s
5 R&D Themes in electronics
2035-
‘ DRDT <2030 2030-2035 2040 2040-2045 > 2045
Data High data rate ASICs and systems 1 © 09 C X ¥ o ®
density New link technologies (fibre, wireless, wireline) 1 & @ © . 0o o 0 o0 ®
Power and readout efficiency 1 @ @ . . . o000 o0 O .
Intelligence Front-end programmability, modularity and configurability 72 . . .
on the Intelligent power management 7.2 (] (] .* 00090000 )
detector Advanced data reduction techniques (ML/Al) 72 o ® [
High-performance sampling (TDCs, ADCs) 73 @ @ . . 000000 @
:el:::-hni ues High precision timing distribution 7 ® @ o0 [ ) o000 00 o
q Novel on-chip architectures 73 @ @ C X ) 00000 O
Extreme Radiation hardness 4 © 00 X N o000 00 ®
environments  CrYegenic temperatures 74 ) O @®
and longevity Reliability, fault tolerance, detector control 4 & @& o ® O . @
. *
Cooling 74 C X ) 000000000
Novel microelectronic technologies, devices, materials 7.5 @ @ @ N X | o000 00 o
Emerging Silicon photonics 75 @ BN N NN ) i
technologies  3D-integration and high-density interconnects 75 @ (X X ) 00000 D
Keeping pace with, adapting and interfacingtoCOTS 75 @& @ @ 0 00600000000
. Must happen or main physics goals cannot be met @ Important to meet several physics goals Desirable to enhance physics reach @ RED needs being met
* LHCb Velo
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cE”RW Historical landmarks in electronics for PP

\
XL

(D

>

2025

O

Geoff Hall, TWEPP-24, 1.10.2024
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