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* Introduction

 R&D Status:
« HYCMOS Sensor
 ATLASPIix3 results
 QuadModule
e stave demo
* mechannical design

* Infrastructure, expertise



« CEPC requires a high-resolution and low-material

Introduction

tracking system
Large area of silicon!

« > 70 m2 for baseline design: Silicon + TPC
o ~ 140 m? for Full Silicon Tracker

« CMOS is the promising technology for cost
effectiveness and performance
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CMOS Tracker Collaborators

Italy

« INFN Sezione di Milano, Universita degli Studi di
Milano e Universita degli Studi dell’'Insubria

« INFN Sezione die Pisa e Universita di Pisa

fl

 Australia
* University of Adelaide

e China « INFN Sezione di Torino e Universita degli Studi di
* Harbin Institute of Technology Torino
« Hunan University w UK
* Institute of High Energy Physics, CAS « Lancaster University
* Northwestern Polytechnical University « Queen Mary University of London
* Shandong University « STFC - Daresbury Laboratory

« T.D. Lee Institute — Shanghai Jiao Tong University
» University of Science and Technology of China

« University of South China

« Zhejiang University

o STFC - Rutherford Appleton Laboratory
« University of Bristol

« University of Edinburg

« University of Liverpool

« University of Oxford

° Germany « University of Sheffield

« Karlsruhe Institute fur Technologie » University of Warwick



HVCMOQOS sensors

« HVCMOS sensors features large charge
collection electrode encapsulating pixel HV-MAPS
electronics é _______

» Achieving HV bias (> 50 V) without process
modification

=> Cost-effective solution for large area detectors

* Intrinsic radiation hardness
» Verified by radiation tests up to 10'% n,/cm? N -

» Large capacitance due to the large electrode
« Causing increased noise and power consumption



sensor candidate: ATLASPIx3

« ATLASPIx3 features

TSI 180nm HV process on 200 Qcm substrate
Pixel size 50 x 150 pm?2
132 columns x 372 rows (20.2 x 21 mm2 chip)

Each pixel has 7-bit TOT + 10-bit timestamp

Continuous / triggered readout with 8b10b / 64b66b
coding

Power consumption ~160 mW/cm2.
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ATLASPIx3 tests with radioactive sources

« ATLASPIx3 responses to cosmic ray or various radioactive sources are observed at different sites

IHEP Edinburgh/Bristol/Lancaster

241am - 17.5 hour exposure

Milano

Fe-55 with collimation

XR - Th exposure

column

Sr-90 with collimation

=}
S

- 200

=]
=]

@
=]

150

Cosmicray over night

column

@
S

100

40

50

20 40 60 80 100
Column

0 50 100 150 200 250 300 350
rOW




Quad module

» Readout unit based on 4 ATLASPix3 chips with common power and data readout

* Flex designed, assembled and tested by INFN Milan
« Shared service by common power connections and configuration lines

» Readout using GECCO system with dedicated adapter card and data flex

Test setup with GECCO

X-ray scan
5 min with 15k-34k hits/s 8



Beam test

« Testbeam at DESY in April 2022 using electron beam up to 6 GeV L.Meng @ VERTEX2022
« Two standalone telescope systems in interleaved configuration R. Zanzottera, E. Hutchinson
« Each equipped with 4 chips @Pixel2022

 Quad module located downstream

Beam
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Track reconstruction

Track reconstruction using Corryvreckan

Use 3 telescope layers (L1, L2, L4) for track iterative alignment and L3 as DUT

Preliminary results from one telescope using a long run at 6 GeV, bias at 50 V
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Cluster size, charge, Residuals

 Dominated by single-pixel cluster — expected given the pixel size
« Charge of clusters associated with tracks follow Landau distribution

« Peaks in residual distributions (defined as X,k — Xnit in DUT)

* Due to large pixel size and single-pixel clusters in telescope planes
Residual in global X

Size distribution of associated clusters Charge distribution of associated clusters
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Sensor development

« ATLASPix was developed with TSI 180nm HV
process, new sensor development for CEPC
should be pursued

« Smaller pitch, lower power consumption, lower
noise ...

« CEPCPix

Smaller pixel size in r¢ : 50 pm —» 25 pm
Low-power amplifiers and comparators

Daisy chain of readout reduces number of data links in
case of low occupancy

Submitted in 2022 together with LHCb

5035 x 5930

towess | | LHCB

Distributed comp
PMOS amp
25x150pm

Daisy chain RO
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Sensor development

« Attempts to explore alternative foundries

« HLMC 55nm HV CMQOS process
« Seeking MPW opportunity
» Caveat: not supporting high-resistivity wafer Test matrix for HLMC MPW (KIT)

« SMIC 55nm CMOS processes To
» Possible to use high-resistance wafer _' | LJ E
« MPW submitted with Low-Leakage process in Oct 2022 2 fomme om=n ==
with simple design of passive diodes and a few PREZEY B2 P o o
amp“ﬂers : Al ‘Ezgmmmmrm@m@m@mmmo
 Seeking MPW opportunity using HV process and high & ‘ﬁm T
resistance '

Floorplan for SMIC LL MPW

(IHEP, HNU, ZJU)
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Liang’ s talk

Sensor development

« Development of wafer scale CMOS pixel sensor
(SDU, IHEP, HIT, DLMU)

« XFAB 350nm CIS process with stitching technique and high- 2
resistivity wafer

» First design submitted in Feb 2023
 \Wafer-scale sensor: ~ 11 x 11 cm?

* Pixel matrix: 644 x 3600 ' .

| 1=
* 92 rows x 600 columns per reticle I | | |
| | | |
 Full function integrated: : I l :
» Analogue pixel matrix . et Sy
* Column-level discriminator Y ok Zero Suppressicn | Examal
. . i e, serializer Mem, Serialger | ITAG
* On-chip zero-suppression e me|lsmemes | |m " s e |onm

» Other periphery blocks: Bias DAC/Buffers/I2C/PLL/LVDS/LDO...

Floorplan of the first wafer-scale sensor
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From quad to stave demonstrator

» A stavelet demonstrator with 12 quad modules under development
» Aggregation of data + optical conversion at end-of-stave; serial powering

» Foreseen to be populated with ATLASPIXS3

Cables from under-side
wrap around end and
wire-bonded to 1/O board

250.96

I/O Board. Receives power, control signals,
CLK and trigger. Takes high-speed data
from 48 ASICs & multiplexes together to a
few multi-Gb (optical?) links

HV-CMOS Quad Module (6 on
top and 3 on bottom)

High-speed I/O
Interconnect to route
high speed signals from
quads to I/O board

Thermo-mechanical
support

248.20
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Mechanical design

« Design target: 0.65% X, for stave + modules : / E

* CDR baseline design: 2 SIT layers
» Stave concept: truss structure with cold plate

Rp[mm]
17}
5]
H

Out layer of SIT

Adjusting
screw

Inner layer of SIT

Similar to staves of
ALICE

Outer Barrel (0.8% X,)
R. Zanzottera, @Pixel2022

2 pipes 0.3% X,

Ball head joint

Adjusting rods
\’End ring

" . -

Simulation of truss rigidity

Thermal simulation for 2 vs. 4 cooling pipes 16



Outline

« CEPC Tracker Introduction

 R&D Status:
« HYCMOS Sensor
 ATLASPIix3 results
 QuadModule
e stave demo
* mechannical design

* Infrastructure, expertise
« ATLAS ITk, AMS LO, LHCb UT
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Silicon Tracker Production

* Constructed ISO Class 7 clean room, ~100m2, at IHEP
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Weiguo and Peilian’ s talks

ATLAS ITk Strip Module Production

* Pull test to measure the strength of bonded wires

™ Bond Machine F
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AMS LO Silicon Tracker

New Silicon Tracker Laer

Tracker

New Silicon Tracker Layer O:
One layer, two planes, each ~ 4m?

Acceptance increased to 300%
(10 years data becomes 30 years data)

72 ladders total (36 per plane)

3 Ladder types

B

The ladder can slide on a Bonding
Support to different positions for wire
bonding

Bonding Support

Hesse BJ855 in Hall No.3

Gantry head LO Tool

Sucked by support
During curing

AN
s
‘\‘\““
SIS
SIS
SSeseanees®
Sesises

O Production of dummy ladders has started.

O Assembly and bonding is on going... SQ% QM Layer

BTN oy ER=EES
-
L Bonder Hall3 |
-
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Yiming’ s talk

LHCb Upstream Tracker

= Chinese groups play a key role

» Study of SEE effects in SALT chips using
domestic and oversea facilities

f ’?Q@ ,_:é::: sl
- CSNS, CIAE R |

= Integration and installation at CERN Bl i instinateeorh 18

Supported by NSFC project 11961141015
“LHCbFAR thi2 i N SSF0EHE IR R FE U 55

SALT V3.9
SALT SEE test lB%] TestBoard

% 2023/05/12 ZF—I9 Yiming Li | EFMAPSHILHCh_ LR 28 7% 5 %é 21



Summary

« CMOS-based silicon tracker is a promising solution for CEPC

* Development and prototyping have been progressing mostly
using ATLASPIix3 sensors

* R&D on HVCMOS pursued at various foundries

» Stavelet demonstrator and mechanical design in progress
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Readout system

* GEneric Configuration and COntrol System

» Versatile system for different applications designed at KIT
» LFP-FMC connection to Nexys FPGA, PCle x16 to DUT, allows extensive tests

» Configurations: Single-board; Telescope; Quad

“GECCO”
MAB v2

£

ATLASPiIx3
Carrier

NexysVideo
FPGA board

Single-board

Telescope

24



ATLASPIx3 tests

* |V scan confirms sensor electrical characteristics: breakdown up to 60V

» The 3-bit TDAC in pixel allows tuning threshold for each pixel to gain homogenous response
across sensor array (Trimming)

« ToT: a measure of deposited energy; calibration needed due to non-linearity
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Hitmap

* Both telescopes and the quad response to the beam
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5 Hitmap for two chips in the quad

Event display of all layers
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