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CEPC Inner Silicon Tracker with HV-CMOS
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HV-CMOS R&D at IHEP
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● Open source  hardware ,  f i rmware  and sof tware

● FE chip  speci f ic  carr ier  board ,  f i rmware  and 
sof tware  IP blocks  developed by ourse l f

● as  a  user,  keep repor t ing bugs  and solut ions

● *an economic  DAQ replacement  in  developping 
wi th  CCNU



CMOS sensOr  in F i f ty-F ivE  nm procEss (COFFEE)
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Several MPWs to reach the full-size full-function MAPS

¼ of the full size

Time line

2023.8
2027 Q4

COFFEE2 COFFEE3

2025.1 2025.12

Process modification
high-resistivity wafer Full functional design



COFFEE Design: Now and Next
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2025-Dec



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, 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  improve S/N

7
Zhiyu Xiang etc @ CSNS, IHEP

simulation
measurement

room temperature



COFFEE3 PLL IP

8



COFFEE3 LVDS and DLL IP
● LVDS 

● Delay Locked Loop (DLL) 
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No delay

Delay by �

640MHz
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COFFEE3 Pixel-matrix-1

in-pixel comparator

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

a) empty frame

empty-frame

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

empty 
packetvalid Hit

COFFEE3 Pixel-matrix-2



Summary and Next

55nm 
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COFFEE3 goals
o In-pixel analog: CSA, comparator
o In-pixel digital: TDC, memory
o Data-driven readout
o DLL 
o LVDS transceiver
o Function configuration; serializer 
o End of Column; data scrambler



COFFEE Teams
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Backup
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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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HV-CMOS
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