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TRACKER LAYOUT
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GENERAL REQUIREMENTS

• Spatial resolution: 𝜎𝑟𝜑~7 𝜇𝑚, time resolution: 𝜎𝑡~10 𝑛𝑠 (to 
separate bunching crossings), low material budget

Note: positions do not 
match the geometry in 
simulation.
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SENSOR TECHNOLOGIES

• Conventional silicon microstrip sensor with fine pitch

• Monolithic CMOS pixel/strip sensors → integrated detection 
element and readout electronics on the same silicon substrate

LYCORIS Telescope
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ATLAS CMOS PIXEL/STRIP SENSORS

• Not intended to start sensor design from scratch → limited 
R&D time and no need to re-invent the wheel

• CMOS pixel sensors proposed for the ATLAS outer most pixel 
layer (and strip) but not matured enough for construction →
opportunity to carry it on for the CEPC tracker

Small fill factor Large fill factor

ATLASPix (AMS/TSI HV-CMOS 0.18 um)

LF-MonoPix (LFoundry HV-CMOS 0.15 um)

CHESS 2 (AMS HV-CMOS 0.35 um)

TJ MALTA/MonoPix ( TJ HR-CMOS 0.18 um)

OverMOS (TJ HR-CMOS 0.18 um)
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APPLICABLE CMOS TECHNOLOGIES

0.18 HV-CMOS support ceased
0.18 CIS, Used for JadePix 
development, modified process 
required for fast charge collection

0.15 um HV-CMOS, NDA signed 0.2 um SOI, used for sensor development

Accessible 0.18 um SOI HV-CMOS Accessible 0.13 um BCDLite
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CMOS STRIP SENSORS

CHESS (CMOS HV Evaluation for Strip Sensors)

• Have spent much time and effort to characterize the two 
variants, CHESS 2 (HV-CMOS) and OverMOS1/1.1 (HR-CMOS)

• Part of the ATLAS ITk-Strip project funded via MOST, experience and 
more lessons learnt  

• In general, sensor design not successful; R&D project ceased 
two years ago

OverMOS
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LANCASTER DISCUSSION

• Had nearly a full day discussion in March with
• Daresbury: John Dainton (Liverpool Emirate Professor), Roy 

Lemmon(ALICE group leader), Marcello Borri（Detector 
System group leader）

• Lancaster: Harald Fox, Daniel Muenstermann

• Edinburgh: Yanyan Gao

• Link to Daniel Muenstermann’s talk

• Following-up actions:
• Applying for funding to support the UK R&D efforts, e.g. GCRF award 

(Lancaster) and STFC special fund

A proposal presented at the Oxford workshop.
Step 1: ATLASPix + ALICE/ATLAS stave core for demonstration 
Step 2: CMOS pixel sensor with new process, and R&D on stave core
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https://indico.cern.ch/event/783429/contributions/3379826/attachments/1831027/2998576/Muenstermann_CMOS-for-CEPC.pdf


ATLASPIX PERFORMANCE

• Fully integrated readout
• Fast charge collection
• Low material budget

Parameter Measured Requirement

Material budget 100 um (50 um 
possible)

100 um

Spatial resolution σx/y = 11.3/37.0 um 7/X um

Time resolution 6.8 ns 10 ns

Efficiency >99.7% 99.5% or higher

Power consumption 2-300 mW/cm2 200 mW/cm2

Pixel size
40um×130um

AMS 180 nm HV-CMOS, substrate resistivity 20 –
1000 Ω,  100 um thick (can be thinned to 50 um)

ATLASPix-3

Submitted in April

ATLASPix-1

ATLASPix-1

TSI 180 nm HV-CMOS
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ATLAS CMOS COLLABORATION

Most of the efforts not necessarily related to ATLAS ITk-Pixel (e.g. generic 
R&D funding ) → opportunity to invite them to work on CEPC?

Chip design remains the most critical challenge!
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ACCESSIBLE CMOS TECHNOLOGIES

1. TowerJazz 0.18 um CIS (already used for JadePix, modified 
process required for fast charge collection) 

2. LFoundry 0.15 um HV-CMOS (NDA signed)

3. SMIC HV-CMOS processes New

SMIC sold LFoundry to JIANGSU CAS-IGBT Co. LTD. 
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SMIC HV-CMOS PROCESSES

New processes to be tried out (test structures to be submitted) … long term 
collaboration with SMIC to be established
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SUPPORTING STRUCTURE

ATLAS-ITK: 0.5% X0 ITK alpine stave (+module)

ATLAS IBL: 0.7% X0  IBL stave, (+module) CEPC design target: 

0.65% X0 for stave + modules

Crucial elements:
• Light-weighted carbon truss structure 
• Al based flex (prototype with Cu) 

Possibility to produce them in China to be explored
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ALICE Outer Layer Stave
~0.8% X0

ALICE Inner Layer Stave
~0.3% X0



DEMONSTRATOR MATERIAL BUDGET

ALICE Inner Layer Stave

ALICE Outer Layer StaveStavelet Demonstrator
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WORK PACKAGES

MODULE

STAVE CORE

CMOS PIXEL SENSOR

STAVE LOADING

DESIGN TEST

BUS TAPE

FLEXY

Goal: to complete a Stavelet 
demonstrator before the 
November CEPC workshop 

Comment: might not be easy to get
involved in the demonstrator program for 
non-UK collaborators, but we shall  prepare 
for the future development.

Tsinghua, USTC, SDU and CCNU already 
expressed interests in this project; shall invite 
more domestic and international participants

Explore synergies with CLIC and LHCb
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BEYOND DEMONSTRATOR

• Pixel sensor design optimization toward the requirements of 
the CEPC silicon tracker

• Pixel size: 50╳150, 25 ╳300

• Lower power consumption: less demanding if active cooling applied

• Powering scheme: serial powering to save material budget ?

• Other functionalities to be discussed

• Migrate to SMIC or other foundry that we have access to

• Light weighted support structure (stave core)
• Improved design inspired by ALICE/ATLAS truss structure, longer 

extension and higher rigidity/stability (challenging to align detector 
elements with less tracks) 

• Tracking system design
• Not much discussed yet but definitely needed 

Organization, funding support, etc. subject to further discussion
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OTHER ITEMS: TRACKING & TRACKER LAYOUT

• Have started working on the new tracking software of ACTS, 
which is a generic framework being developed by ATLAS 

• Migrate ACTS to SNIPER or any framework chosen for CEPC
• CEPC also listed as a sub-project in ACTS development

CEPC baseline tracker 
geometry in ACTS

Next step: tracking 
performance (re-)evaluation 
(the CDR design, different 
pixel sizes)

Tracker layout optimization 
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DEPLETION DEPTH

5 June 2019 Silicon Tracker Discussion 18


