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• CEPC requirement for Vertex Detector

• R&D on Taichupix Development 

• Baseline scheme on curved MAPS

• Future consideration 
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Technology survey and our choices
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◼ Curved MAPS chosen as baseline for Reference detector TDR. arXiv:2510.05260

– Baseline: based on curved CMOS MAPS (Inspired by ALICE ITS3 design[1] )

• Advantage: 2~3 times smaller material budget compared to alternative (ladder)

– Alternative: Ladder design based on CMOS MAPS

Alternative: ladder based MAPSBaseline: curved MAPSMonolithic active Pixel CMOS (MAPS)

[1] ALICE ITS3 TDR: https://cds.cern.ch/record/2890181





◼ Motivation: a large-size & full functionality pixel 
sensor for the first 6-layer vertex detector prototype

◼ Major challenges for design

– Small pixel size → high resolution (3-5 μm)

– High readout speed (dead time < 500 ns @ 40 

MHz ) → for CEPC Z pole

– Radiation tolerance (per year): 1 Mrad TID

◼ Completed 3 rounds of sensor prototyping in a 180 
nm CMOS process

– Two MPW chips (5 mm × 5 mm )

• TaichuPix-1: 2019; TaichuPix-2: 2020 → feasibility and 
functionality verification

– 1st engineering run

• Full-scale chip: TaichuPix-3, received in July 2022 & March 
2023

◼ Design team：IHEP, NPU, CCNU, SDU, IFEA, NJU

TaichuPix prototypes overview
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TaichuPix-3
(15.9 × 25.7 mm2)

CMOS 
monolithic 
pixel sensor



Pixel architecture – Analog 
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◼ Digital-in-Pixel scheme: in pixel discrimination & register 

◼ Pixel analog is derived from ALPIDE (and benefit from MIC4 for MOST1)

– As most of ATLAS-MAPS sensors’ scheme

◼ Biasing current has to be increased, for a peaking time of ~25ns

– for 40MHz BX @ Z pole

◼ Consequence:

– Power dissipation increased

– Faster CIS process has to be used
• With faster charge collection time, otherwise only fast electronics is of no meaning

Amplification Discrimination 

D. Kim et al. DOI 10.1088/1748-

0221/11/02/C02042

time walk

Delay time of FASTOR with respect to the pulse 
injection vs. injected charge. The delay time was 
measured by the timestamp of a step of 25 ns.



TaichuPix sensor architecture
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◼ Pixel 25 μm × 25 μm

➢ Continuously active front-end, in-pixel discrimination

➢ Fast-readout digital, with masking & testing config. logic

◼ Column-drain readout for pixel matrix

➢ Priority based data-driven readout

➢ Time stamp added at end of column (EOC)

➢ Readout time: 50 ns for each pixel

◼ 2-level FIFO scheme

➢ L1 FIFO: de-randomize the injecting charge

➢ L2 FIFO: match the in/out data rate between core and 

interface

◼ Trigger-less & Trigger mode compatible 

➢ Trigger-less: 3.84 Gbps data interface

➢ Trigger: data coincidence by time stamp, only matched 

event will be readout

◼ Features standalone operation

➢ On-chip bias generation, LDO, slow control, etc. 
8-inch wafer

8-inch waferWafer T212141-
02E3

An example of wafer test result (yield ~67%)



TaichuPix-3 telescope
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A open window on PCB 
under TC3 chip to reduce 
multi-scattering

6-layer TaichuPix-3 telescope

◼ The 6-layer of TaichuPix-3 telescope built 

– Each layer consists of a TaichuPix-3 bonding board and a FPGA readout board

◼ Setup in the DESY testbeam

– TaichuPix-3 telescope in the middle

– Beam energy: 4 GeV mainly used 

– Tests performed for different DUT 

(Detector Under Test)

TaichuPix-3 
telescope

beam

MIMOSA 
telescope

TaichuPix-3 Hitmap & 

Efficiency Distribution 



TaichuPix-3 beam test result
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◼ Spatial resolution 

– Gets better when decrease the pixel threshold, due 

to the increased cluster size

– A resolution < 5 μm achieved, best resolution is 

4.78 μm

◼ Detector efficiency

– Decreases with increasing the threshold, detection 

efficiency >99.5% at threshold with best resolution 

Spatial resolution vs. pixel threshold

Distribution of residual X

Spatial
Resolution
~4.78 µm

Detection efficiency vs. pixel threshold

PreliminaryPreliminary



Vertex detector prototype
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Status CEPC Final goal

Detector integration Detector prototype with ladder design Detector with bent silicon design

TaichuPix-based prototype

detector tested at DESY in

April 2023

Spatial resolution ~ 4.9 mm

6 double-sided ladders 





R&D efforts curved MAPS
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– CEPC b-layer radius (11mm) smaller compared with ALICE ITS3 (radius=18mm)

– Feasibility : Mechanical prototype with dummy wafer can curved to a radius of 12mm

• The dummy wafer has been thinned to 40μm

12 mm 14 mm

Status CEPC Final goal

Bent silicon with radius Bent Dummy wafer radius ~12mm Bent final wafer with radius ~11mm



R&D status and final goal
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Key technology Status CEPC Final goal

CMOS chip
technology

Full-size chip with TJ 180nm CIS 65nm CIS

Detector
integration

Detector prototype with ladder
design

Detector with bent silicon design

Spatial resolution 4.9 μm 3-5 μm

Detector cooling Air cooling with 1% channels (24
chips) on

Air cooling with full power

Bent CMOS silicon Bent Dummy wafer radius ~12mm Bent final wafer with radius ~11mm

Stitching 11×11cm stitched chip with Xfab
350nm CIS

65nm CIS stitched sensor

















◼ A few percent Inefficiency expected in stitching layer

◼ Sensor (RSU) has inefficiency region in power stitch

◼ 99.7% of the track with >=4 hits ( 6 hits expected)

Performance: Efficiency
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Tracklet efficiency

Number of hits RSU design



Research team
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◼ IHEP: 8 faculty, 2 postdoc, 5 students

◼ CERN: Recent joint R & D collaboration in HLMC 55nm aiming for ALICE3 upgrade

◼ IPHC/CNRS: Christine Hu et al (3 faculty): Collaboration in FCPPL and DRD3

– CEPC Jadepix design, ALICE ITS3 upgrade (especially on MAPS design, stitching)

◼ IFAE: Chip design , Sebastian Grinstein et al (2 faculty)

– CEPC Taichupix chip design, ATLAS ITK pixel and HGTD upgrade

◼ ShanDong U.: Stitching chip design (3 faculty, 1 postdoc, 3 students )

◼ CCNU: chip design, ladder assembly (2 faculty , 3 students )

◼ Northwestern Polytechnical U. : Chip design (5 faculty, 2 students )

◼ Nanchang U. : chip design, (1 faculty, 1 students)

◼ Nanjing: irradiation study, chip design : (2 faculty, 4 students)









Thank you for your 
attention!
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Aug. 7th, 2024, CEPC Detector Ref-TDR Review
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Aug. 7th, 2024, CEPC Detector Ref-TDR Review



Principles of stitching 

• Design reticle is divided into segments, correspond to sub-frames of 

the photo-masks. During the photo-lithographic, these sub-frames 

are selectively exposed onto adjacent locations according to a pre-

established pattern. 

30Reticle with segments Exposures on the wafer and resulting circuits



A Stitching MAPS for CEPC

• RSU

– 像素阵列-像素单元设计

– RSU外围读出逻辑

– 数据读出接口

– 偏置电路

– 慢控配置

– Stitching良率控制策略

• LT CAP

– 数据接口：

➢ 数据汇总-编码-输出驱动

➢ 慢控配置接口

• RT CAP

• 全局backbone设计

– 数据backbone

– 电源backbone

31Ref.: Ola Groettvik @ TWEPP2023



LEC @ Stitching

32Ref.: https://doi.org/10.1088/1748-0221/19/04/C04050








