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ATLAS Phase-II Upgrade: Inner Tracker (ITk)

• New full silicon tracker to maintain or improve the tracking 

performance under the harsher HL-LHC environment → state-of-

the-art silicon detector/electronics technologies

Barrel layers (3-4): long 

strip (LS) sensor (4.8 cm)

Barrel layers (1-2): short 

strip (SS) sensor (2.4 cm)

Radiation Tolerance: NIEL

Barrel SS：1.1×1015/cm2

Barrel LS：0.6×1015/cm2

ITk-STRIP: Outer tracker
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ITk-Strip Project Timeline

2016: Completion of Technical 

Design Report (TDR)

2018-2019: Pre-Production

2020-2023: Production
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Stave/Petal Concept

• Basic mechanical element of the Stave/Petal concept: module
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Strip Detector Module

• Components on the detector module: silicon micro-strip sensor, 

readout ASIC’s (ABC130), hybrid and power boards, etc. 
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Research Topics

• Design of the front-end readout ASIC  → digital function blocks, 

baseline design

• Detector module design and assembly → mass production, 

CORE contribution ~ 1000 detector modules

• CMOS strip sensor R&D → novel technology, candidate 

technology for the CEPC silicon tracker
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Funding Supports:

• The MOST National Key Program for S&T Research and Development 

(13,45 MRMB): prototyping, pre-production and early production 

• To request for ~10 MRMB from NSFC to complete the production



Front-End Readout ASIC

• New data transmission architecture to cope with the increase L0 

trigger rate → re-design the digital part of the FE readout ASIC, in 

collaboration with CERN/UPenn
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Design and Verification

• Re-design the digital function blocks and verify them with the 

verification system based on the modern UVM method

• To complete the design (+ verification and post-simulation) early 

next year
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Detector Module Design and Assembly

• Intended to produce in total 1000 detector modules

• Module assembly procedure:

• Making jig tools with drawings from Liverpool
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Collaboration with RAL

• Decided to collaborate with RAL on detector module production

• To gain experience  

• To rotate 
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CMOS Strip Sensor R&D

• Alternative to the conventional silicon strip sensor → industry 

standard CMOS, cost effective, resolution …
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CHESS-2 based on AMS 0.35 HV-CMOS

IHEP/Tsinghua University are actively involved in the CMOS Strip 

sensor characterization and readout electronics development

SLAC/UCSC design

Very promising technology for the 

CEPC silicon tracker

CMOS Strip module



Local Infrastructure

• Improving the local infrastructure for silicon detector development

• Class 1k clean room (150 m2) equipped with basic instruments, 

e.g. probe station, wire-boning machine, etc.

• Purchasing metrology system (OGP CNC 300), budget requests 

for high speed wire bonder (HESSE BJ820) and several other 

important equipment
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BJ 820

Flash CNC 300



CEPC CMOS Pixel Sensor R&D
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Performance Requirements

• Vertex detector essential for heavy flavor (b/c) tagging (track 

impact parameter resolution) → 𝐻 → 𝑏 𝑏/𝑐  𝑐 branching ratios

• Imposing stringent requirements on the vertex detector

• Single point resolution 3 μm → small pixel size

• Material budget ≤0.15%X0 per layer → monolithic pixel sensor + air 

cooling

• Low detector occupancy < 0.5% → high granularity and fast readout

• Radiation tolerance (preliminary, per year): 1 MRad (TID) and 1012

neq/cm2 (NIEL)
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𝜎𝑟𝜑 = 5 ⊕ 10/(𝑝 ∙ sin
3

2𝜃) μm



R&D Program
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子板

Daughter/mother-boards designed 
and sent out for fabrication

DAQ interface being developed
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Next Submission

• To design in-pixel electronics and readout architecture

• Next submission expected in Feb 2017

• R&D now supported by the MOST project
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Digital output, rolling-shutter/asynchronous readout; 
chip size: 8.2 × 3.2 mm2

CCNU design IHEP design



Summary

• ATLAS Phase-II ITk-Strip project

• Readout ASIC design, module assembly and CMOS sensor R&D

• Close collaboration with RAL

• Project supported by the MOST National Key Program for S&T 

Research and Development

• CEPC CMOS pixel sensor R&D

• Sensors from the 1st submission back from foundry, to be 

characterized with the test system (almost ready)

• Charge collection efficiency, TCT-scan, irradiation tests, beam tests

• 2nd submission expected in Feb. 2017, on in-pixel electronics and 

readout architecture
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