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from European Committee for Future Accelerator (ECFA) Roadmap 2̀1

FCC-ee STCF

CEPC

STCF CEPC

EIC



3from ECFA Roadmap Snowmass 21 -- I. Shipsey



ῗ ↔ðð ECFA
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from ECFA Roadmap 2̀1



ῗ ↔ððDRD7 for Electronics
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https://indico.cern.ch/e/ECFADetectorRDRoadmap



ῗ ↔ðð SNOWMASSInstrumentation Frontier
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╦ ῗ ∆ Ҏ

Å IF07 White Papers ïASICs and Electronics

ï Calorimeter Readout Electronics

ï Electronics for Fast Timing

ï Optical Links

ï Smart Sensors Using AI

ï Cryogenics Readout

ï RF Electronics
US Snowmassô21 process and perspectives,  Tor Raubenheimer

https://arxiv.org/pdf/2209.15519



Ӏ ↔ ΐ ððῗשׂ
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DRD7

ECFA

Åᶽ & ⌡Е
ïECFA & DRD7 ꜠

ïSNOWMASS IF7

Å҅֙ΐ ῗ Е
ïASIC

ïTiming

ïLink

ï Intelligence

ïCryogenic

ïéé



ᴂ Ґ҅ש КððװCEPCҿᶡ

Å ᴂ ‼
ЃRef-TDRЄ

Å ῗ R&D 8

By Ji Q. 

CEPC
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BESIII EMC ₴

BESIII MDC ₴Ref. ֪ √

Å Е

ï҅ Ὴ ‼ Е ҅ԋ ЃVMEééЄ

ï ᴌ ᶕ Еꜘ ԋ ɻ ԋ Ѓ
FPGAɻHPTDCɻADCééЄ

Å Lessons learnedЕ

ï ҏ ҿ Ὴ ┼ Ї҅֙ ꜠ײַ

ï Ї ҅ ‼Ї Ғ
Ѓ DAQ Є

ï ᵩ Ѓ BIIU Є



Ї ᴂ é

Å ҅ Е ԓῊASIC On-Detector

Å ҅ ЕῊFEE Triggerless /ῊOn-Det AI Triggerɻ╦ éé

Å ҅ ЕῊᾩ ᴶ ɻ ҅ ╦ ┼ɻ ҅ ⅎ éé

Å ɻ Е ɻ ɻ ᴌCOTS 10

Electronics System 



ᴂ ҹ ðð҅֙ᶡ

Å vs

ï ððVTX ~6Gbps/Chip@Z

ïOn-Det AI vs ᴶ

Å ⅎ & 4D

ïCEPCῊ Ї4D 

everywhere

ïPID & TOFðð ⅎ 30ps

ï ðð꜠ ~105 + ⅎ
~400ps

ï TDC

ï ⅎ

Å ֬ Higgs

ï ðð 5Mrad/y

ïᵤ 0.15%X0ððᵤꜗ ɻᾨ

ÅғECFA ῗ Ғ ϼ
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VTXЕHit rate 40MHz/cm2

LGAD TOFЕ ⅎ 30ps

Stitching



ΐ Ὺ ððASIC

Åא ЇASIC

Å Ὺ
ï╦ FEE Ⱶ Ї

ï҅ ԓ

ü ɻLHAASOɻJUNOɻHEPS

ïᵜӀ ד Ҳ ╦

ü Е ɻ

ü IPЕ ɻᵜҒ ‼

üD-on-T ᾨ ᵩ Е ɻ

ü Е ɻ

ü ҟ ᵲ Е ɻ

ïӀ Е130nmɻ180nmɻ65nm

ü28nm ᾨ Е ɻ
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CEPC

TaichuPix@VTX

COFFEE@ITK

TEPIX@Pixel TPC

LGAD TOF ROC

SiPM ROC@CAL &Muon

GBTx-like Series

Data Aggregation

DC-DC Controller

éé

STCF

MAPS ASIC@ITK

MPGD ASIC@ITK

MDC ASIC

RICH ASIC for PID

DTOF ASIC for PID

EMC readout ASIC

Muon readout ASIC

Data Transmission

éé

Ref. STCF ᴀ Ї∏ Ї2024



ɻ ↔ððASIC

Åῗ ЕHigh Data rate ASIC

ï ᵩ ɻ ɻ

ÅװTimepix4 ҿᶡ

Å ᵩ
ïDigital -on-Top Flow

ï

ïPLLɻDLL IP Ї >>1

ï ֥ 160Gbps/Chip

ï ꜠Е & ⅎ

ÅӀ Е65nmɻ130nm

ï28nm R&D Ї ҿҐ҅ү ΐ

13

Timepix4װ



↔ ððASIC

ÅASIC ╦ Ⱶ≡

ï Е

ï ᾨ ᵩ Е

ïӀ Е ᵩ ᵩ

Å

ïD-on-T FlowЕ ҙ

ü ꜘῊ ꜗ Ї Ὴ
ᴮ Ѓ ɻ Є

ï IPЃPLLɻSERЄЕ
Ї ‼ Ї

üҟ ‼ ɻ ‼

ï Еד ꜠

üB Е ꜗ ɻ

ü Е ɻ ש ꜘ 14GBTx-like

Analog-on-Top vs Digital-on-Top Design Flow

from Cadence.com



Å 28nm ᴍש

ï ꜘЕЃ ᴍЄMPW~100ҌЇ ~1200ҌЇ ╦

üCERN ԋ Ї ᾭ ᴰЃғ Ὺ ⌡Є

ï ЕSOC╦ Ӥ 28nm Ї ꜘ

ïꜗ КЕ 0.9VJЇᵜ ꜘL

Å

ï Ḧ 28nm 65nmҩү Ї Ὴ Е & ᵤ

Å үָ

ï Ḧ R&D Їᵜ Ғ Ѓ MPW Є

ï ᴑꜙЕ65װnmҿҐү Ї ASIC ᵩ ᵩ

ᴂ 28nmК
Å ASIC Ї

ï Ї ᾭ

Å 28nm

ï ЕTimingɻData Linkɻ ЇῚ
ל └

ï Е VTX@28nm CISЇ
Ὺ ᵤЇ Ғ

15

TSMC

Ref. ASICs and front-end electronics, CdlT, 2021 



ΐ Ὺ ððTiming

Å ATLAS HGTD vs. CEPC OTK ~30ps

Å 4D = 3D+T / 2D+A+T

Åה ҏЇ Ὺ

ï ꜠ Ί Ї

Å Ὺ

ï ⌡-HGTD

üῊ ꜘSensorɻ ɻ ╔ ᵲ

ü ₴ PEB Ӏ ᵣ

üҒ ЕALTIROC ׃ ғ

ï ⅎ

üOn-FPGAЕ Ї

üOn-ASICЕ

ïװ TDCɻ SCA

ï ╦ +TDC

ï

16

ATLAS HGTD

HGTD PEB

HGTD 

Ref. ATLAS HGTD Ї Ї2024



ɻ ↔ððTiming

Å ECFAҲ 4D Ҳ

ïӀ ” 4D Trackerɻ4D 

Calo

Å ╦

ïUltra -fast ╦ ASIC

üNINO ŸTimepix4ɻTimespot

@100ps/pixel

ï TDC

üHPTDC Ÿ picoTDC ~3ps rms 64Chn

Å῎ 28nm Ӑ҅

Å ⅎ Ҙ ₴

17

picoTDC : https://picotdc.web.cern.ch/

Implementing DRD7: an R&D Collaboration on Electronics 

and On-detector Processing. 1st workshop̔ 4D Session



4D & Timing ῗ @ECFA Workshop

18Implementing DRD7: an R&D Collaboration on Electronics and On-detector Processing. 1st workshop̔ 4D Session

ⅎ
Ї

ҏ └
ῗ



ᴂ ᵫ Timing К

Å ╦ Ⱶ≡
ïASICЕ

ü҅֙ῗ ҲЇ ᵩ

üӀ ҿTDC Ї ᵩ Ғ

ï Е

üᶳ lpGBT LHCḪ Ї Їᵜ

üҒᶳ ҏ Ї׃ BESIII TOF -U ᵩ

ï CEPC Ґ ЃFPGA ╦ ᶕ Є

Åүָ Е Ї ᾨ Їᵐ
ïASICЕ ⅎ ASIC ᵩ

üUltra Fast ╦ Еᶳ R&DЇ

üHigh Precision TDCЕ ᾨ IP Ї ҅ ᴮ Ї

ï ~128Chn & 256*256ἥ ∆ҩү῝

ï Е

ü GBTx Ї ԓ Ὺ ⅎ

ü ╔ Ї
19



ΐ Ὺ ððAI

Å

ï Ї ꜠

ï AI ӊ

Å Ὺ
ïOn ASIC

ü Ї

ïOn FPGA

ü Ї ҅֙

ü

ü ד Ⱶ

ï Е FPGAꜘ

ïTDAQ ῚלЕGPU/CPU

ïᵜ

ü ӎҿ

üӀ

20

Ref. CMOS

ἥ Ї ᾩЇ2023

Ref.̔ ἥ ₴
ғ Ї Ї2022

(┴ )

Ἕ

̂ Ἕ
̃

ԓFPGAꜘ Ї ɻ



ɻ ↔ððAI

Åᾨ ЃML/AI Є
ï Ӥ₉ӓ AI ASIC

ï ЇӀ ῗ ЇғӐ
ᵩ ҏ

Å╦ ɻ
ï ῗ ԓRISC-V Ї ҏ

ᴌ Ї ╦ ASIC

ï Е ᴌ

ü FPGA ╦

üҎ  ᵯ vs 

21
SoC: Shift from design for an 

application to design for resources Ref. DRDT 7.2: Front-end programmability, M. Andorno, 2023 



↔ғŅ ņ

ÅECFA ↔ ₴
↔?

Å Е vs ᴌAI

ï Ѓ ɻ
Є

ԓ ᴌꜘ Ғ

ï ש

Ї׃
ῴ

ü ҿ Ҳ ╦ R&D

2040 FCC-ee√

22



ᴂ ᵫ ᴌAI К

ÅҒ ML/AI Ѓ שׂ ЄЇ AI on Where

Å ML/AI Ї Ὺ ғ ⌡
ï ᴂ ASIC ש Ї Ї ҿᴕ Ẑ

ïᵜML/AI ԓ

Å ╦ Ⱶ≡
ï ɻ ɻᵩ Їᵜ Ғ

Åүָ
ïASIC ש Ї Ї ЇҒ

ïFPGA Ї ש Ї

ï√ ≡ Е

üML/AI ῴ Ї ׃ AI -on-FPGA҅

üҙ ꜠Ї” ԋAI Ғ ЇAI -on-ASIC֤Ғ

ïAI -on-ASIC Ғ Ї ҿ ᴌꜘ

ï Е(Smart) Trigger-on-FEE vs Trigger-on-BEE (=FEE Triggerless)

ü FEE ASICҏ AIЇ ҹ

üFEE-Triggerless Ί ᴍ ððASICҒ Ї֤ 23



ΐ Ὺ ððLink

ÅHigh Data rateҐ

Å Ὺ
ï ҷ

ü ᵣ

üӀ

ïOptical Link

ü & SMU

ü Ї

ïWireless Communication

ü ₉ Ӏ R&D

24

₴ 10.24 Gbps

Total Jitter = 42.19 ps

RMS Jitter = 1.13 ps

∆ ᾩ

By @CCNU On Wifi

On mm-Wave On Free-Space Optical

By ḓ@IHEP



ɻ ↔ððLink

Å lpGBT ש₉ Ї ҿLHC

ïᵜ ᴂ ᶕ

Åҩ Ӏ
ï Ѓup to 1.28GbpsЄ

ïᾩ ïVCSEL/PD-based Ѓ 2.56 ï10.24 

GbpsЄ

Å28nm Ԏ Ӏ

Å ↔ ₴ԋNew Link Tech

ï Wireless ЇӀ ד
ᴶ

ïSilicon PhotonicsҿӀ R&D
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