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LHCb Upgrade2  frame-TDR

https://cds.cern.ch/record/002776420
https://arxiv.org/abs/2510.05260


HV-CMOS for Monolithic Active Pixel Sensors
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https://indico.cern.ch/event/1291157/contributions/5888448/attachments/2900868/5087024/atlaspix3_ichep2024.pdf


HV-CMOS MAPS R&D at IHEP

4

● open source hardware/firmware/software

● FE chip specific carrier board, firmware 
and software IP blocks by ourself

● as a user, keep reporting bugs and solutions



CMOS sensOr  in F i f ty-F ivE  nm procEss (COFFEE)
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Full size chip with all 
functionalities 
implemented
planned ~end 2027



COFFEE Layout 
● COFFEE2

● Passive diode for  sensor charact izing
● the big pixel  matr ix design leaded by IHEP team
● R&D for pixel  electrode structure,  in-pixel  Amplif ier  

and comparator

● COFFEE3
● PLL, DLL, LVDS IP accumulat ion
● Two pixel  matr ix & readout  architectures：

1. NMOS design in-pixel :  for  current  t r iple-well  
process;  Less X-talk between analog and digi tal  
circui ts

2. CMOS design in-pixel ,  for  future quadruple-well  
process.  Advanced readout  design,  more sui table 
for  high hi t  densi ty environment

MPW chip size ~ 3×4 mm2
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Sensor (charge  sens ing  d iode)
● COFFEE2/3 got consistent sensor IV/CV performance

● consistent  with TCAD simulat ion

● V(Breakdown) ~ 70V for  10 Ω·cm resis t ivi ty wafer

● i r radiat ion @CSNS, APEP: 80MeV proton

● sensor depletion depth only ~10 μm from simulation, and 

inferred from radiation source (5 5Fe vs 9 0Sr) study of COFFEE2
● high resis t ivi ty wafer  wil l  increase break-down voltage 

=> increase deplet ion zone,  reducing 
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Zhiyu Xiang etc @ CSNS, IHEP

simulation
measurement

room temperature



COFFEE3 PLL IP
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COFFEE3 LVDS and DLL IP
● LVDS 

● Delay Locked Loop (DLL) 
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No delay

Delay by �

640MHz



COFFEE3 Readout Architectures
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COFFEE3 Pixel-matrix-1

in-pixel comparator

digital peripheral 
serializer output
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COFFEE3 Pixel-matrix-1: digital peripheral

a) empty frame

empty-frame

testing-frame scrambled testing-frame
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COFFEE3 Pixel-matrix-2



empty 
packet

empty 
packetvalid Hit
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COFFEE3 Pixel-matrix-2



COFFEE3 Pixel-matrix-2
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COFFEE3 testbeam
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COFFEE3 testbeam: preliminary results
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• 2 columns 96 pixels tested



Process improvement: CHiR

● CHiR C HiR
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CHiR1 chip(s)
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COFFEE Teams
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Summary 
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Backup
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Pixel ASICs for CEPC Silicon Inner Tracker
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CEPC Silicon Inner Tracker: dummy module
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CEPC Ref-Detector
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CEPC Ref-Detector
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● FE chip specific carrier board, firmware IP, and software by ourself
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Bench-top DAQ Setup

FPGA DAQ



HV-CMOS
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COFFEE2: in-pixel Ana/Digi-circuit X-talk
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COFFEE Design: Now and Next
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2025-Dec


