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Baseline	tracker	design:	TPC	

and	3	layers	/	5	disks	of	silicon	sensors,	

50	m2	(33	w/o	ETD)	if	built	in	CMOS	pixels	(strips	default)
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CEPC	tracker	designs:	TPC	or	DCH	+	Si
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Sensor	proposal:	ATLASPix
ATLASPix	is	a	CMOS	sensor	developed	to	fulfil	the	requirements	for	the	ATLAS	upgrade	

• Not	strictly	an	ATLAS	development	

•Monolithic	CMOS	allows	to	produce	large	areas	fast	and	cheap	

• No	hybridisation	–	wirebonds	or	C4NP	bumps	possible	

• 25ns	timing	compliant	

• Hit	efficiency	99.5%	(ATLASPix1)	

• Pixel	size	150	µm	by	50	µm	(or	smaller)	

• Triggered	or	triggerless	readout	possible	

• 1.28	GBit/s	downlink	

ATLASPix3	

• Reticule	size:	2.02	cm	by	2.1	cm	

• Full-size	sensor,	ATLASPix3	(TSI,	200Ωcm,	180nm)		available	

• 132	columns	with	150μm	pixel	

• One	column	contains	372	pixels,	a	configuration	register	block,	372	hit	buffers,	80	trigger	buffers	
and	two	end	of	column	(EoC)	blocks.	EoC1	is	attached	to	hit	buffers	and	EoC2	to	trigger	buffers.	
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ATLASPIX3 has a pixel matrix with 132 columns and 372 rows. Pixel size is x = 150µm, y = 50µm. The 
chip size is x = 20.2mm, y = 21mm. The chip has been implemented in 180nm HVCMOS technology of 
TSI. 200Ωcm wafers have been used. 

Chip layout is in Figure 1. 

 

Figure 1: Chip layout 

 

One column contains 372 pixels, a configuration register block, 372 hit buffers, 80 trigger buffers and 
two end of column (EoC) blocks. EoC1 is attached to hit buffers and EoC2 to trigger buffers. 

The block scheme of the pixel matrix and column circuits is shown in Figure 1B.  

I.	Peric	et.	al.,	NIM	A924	
(2019)	99-103

ATLASPix3
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Readout	Systems:	KIT	single	chip	board
Starting	point	is	the	ATLASPix3	single-chip	card	produced	by	KIT	and	used	for	the	tests	
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“GECCO” 
MAB v2

ATLASPIX3 TEST RESULTS

16-18 March, 2021 CEPC Silicon Tracker, H. Zhu (IHEP) 8

• ATLASPix3 sensors and readout
electronics boards (KIT design)
distributed to participating
European/Chinese collaborators

Laboratory test results obtained using the KIT GECCO based DAQ system

Cosmic rays over night Fe-55 with collimation Sr-90 with collimation

Nexys Video FPGA board

GECCO Card

Carrier Board

ATLASPIX3 TEST RESULTS

16-18 March, 2021 CEPC Silicon Tracker, H. Zhu (IHEP) 8

• ATLASPix3 sensors and readout
electronics boards (KIT design)
distributed to participating
European/Chinese collaborators

Laboratory test results obtained using the KIT GECCO based DAQ system

Cosmic rays over night Fe-55 with collimation Sr-90 with collimation

Nexys Video FPGA board

GECCO Card

Carrier Board

Calibration with S-Curves (injections)
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Telescope	and	testbeam

Up	to	6	GeV	electron	beam	at	DESY	

Two	4-layer	telescopes	(KIT	and	UK)	

concentrate	on	UK	telescope	for	now	

Hit	driven	readout	

Reconstruction	with	Corryvreckan		

• iterative	alignment	of	the	layers	

• tracking	through	3	or	4	layers	

• an	arbitrary	layer	can	function	as	DUT,	here	
layer	3	is	used	as	DUT
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KIT	Telescope

UK	Telescope

electron	
beam
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Cluster	reconstruction

Cluster	charge	increases	linearly	
with	√	HV	

In	the	y=50μm	pixel	direction	
less	than	10%	(HV	dependent)	
of	the	clusters	are	2-pixel	
clusters,	mainly	at	the	
boundary.
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Clusters size (1)

CEPC workshop 2023 R.Zanzottera - ATLASPIX3.1 Beam Telescope Testbeam results

● 2x2 pixel matrix
● Example for HV=40V
● Higher clusters size for tracks passing 

at the Y edge between two pixels 
● Cluster size almost constant for 

tracks passing at the X edge between 
two pixels
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Telescope	resolution

The	fit	function	models	the	charge	collection	width	as	a	step	function,	a	Gaussian	background	for	
the	tails	and	a	Gaussian	telescope	resolution,	here	for	1-pixel	clusters	in	the	y=50μm	direction.	

The	width	of	the	step	function	increases	from	~44μm	at	2V	to	~47μm	at	50V	

The	telescope	resolution	σtel	improves	with	HV	from	~11.2	μm	to	~10.6	μm
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1-pixel clusters Y resolution

CEPC workshop 2023 R.Zanzottera - ATLASPIX3.1 Beam Telescope Testbeam results

● Fit function describes the shape of the Y residuals for 1-pixel clusters
● Width of the step function increases from ~44 μm at 2V to ~47 μm at 50 V
● Telescope resolution σtel improves with increasing HV from ~11.2 μm to ~10.6 μm

17
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Efficiency

The	efficiency	is	almost	constant	above	HV=20V	

and	reaches	99.8%	at	HV=50V.
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Efficiency

CEPC workshop 2023 R.Zanzottera - ATLASPIX3.1 Beam Telescope Testbeam results

● Efficiency increase with HV 
from ~82.5% at 2V to ~99.8% at 
50 V

● Efficiency ~constant for 
HV>20V when the whole 
detector area is depleted
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In-pixel efficiency (3)

CEPC workshop 2023 R.Zanzottera - ATLASPIX3.1 Beam Telescope Testbeam results

● Grouped 2x2 pixel matrix
● Efficiency become more uniform across the pixel (note the different Z-scale)
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In-pixel efficiency (4)

CEPC workshop 2023 R.Zanzottera - ATLASPIX3.1 Beam Telescope Testbeam results

● Grouped 2x2 pixel matrix
● Efficiency becomes uniform across the pixel for HV≥40 V

23
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Problems	and	prospects

Less	than	1%	of	hits	appear	at	the	wrong	position	due	

to	capacitive	couplings	between	the	lines.	

Work	needed	to	synchronise	the	two	telescopes.	

More	measurements	(e.g.	energy	scan,	incident	angles)	to	be	analysed
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Cross-talk 

CEPC workshop 2023 R.Zanzottera - ATLASPIX3.1 Beam Telescope Testbeam results

● Cross-talk between pixels due to the capacitive coupling of the transmission lines between the matrix and 
the end-of-column logic is limited to ~1% of total hits

○ cross-talk hits shows up in self correlation plots
○ they are contained in the low ToT peak

8
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Serial	powering	of	quad	modules

Quad	modules	consist	of	an	array	of	2	×	2	chips.	

Quads	are	powered	serially,	chips	on	quad	are	still	powered	
in	parallel.		

Serial	powering	limits	the	amount	of	current	flowing	through	
the	stave	bus	and	thus	limits	the	power	consumption.	

Shunt	LDO-regulators	on	the	chip	provide	the	correct	voltage	
to	the	chip.	

Signal	lines	per	quad:		differential	pairs	for	reset,	cmd,	clk,	
trigger	per	quad,	data	per	chip	(=16	lines	per	quad).	

Idea:	realise		serial	powering	of	3	to	4	quads	on	a	Kapton	flex	
with	Aluminium	traces.	

Requires	new	version	of	the	quad	flex	and	of	the	adapter	
card	to	interface	with	the	GECCO	readout	system.	

Serialisation	of	quads	can	be	done	with	a	power	bus	or	via	the	
new	adapter	card.
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Stave Electrical Bus

F.Bosi 04/07/2023

Power IN/OUT

Data IN/OUTHV

• Distribute power and data signals along the stave

• Assume minimal I/O connection on chip:
• All biases generated internally by shunt-LDO regulators
• chip-to-chip data transmissions: local data aggregation on module
• clock data recovery

• Requirements:
• LVDS command input
• LVDS data output at 640 Mbps on ~700 mm (half)stave length
• Serial powering assuming 0.5 A/chip, 2 A/module 
• HV distributed in parallel to all modules

• Integrated signal and power bus:
• Power distribution and return layers
• Signal lines on top and bottom layers
• Interconnection by soldering or wire bonding

• Alternative under study: 
• separate power cables + twinax for signal (the LHC way)

Attilio Andreazza Group
INFN Milano

The 2023 International Workshop on the circular Electron 
Positron Collider 40



Physics

H.	Fox

Quad	flex	2.0	for	serial	powering

Serial	powering	via	LDO-shunts	

Shared	HV,	Clk,	reset,	cmd	and	trigger	lines	for	the	chips;	measurement	points	for	voltages	/	signal	

Several	jumpered	debug	lines	(enable	and	select	lines)	

impedance	matching	and	termination	done	on	quad	
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Long	Stave	Design

12

Long Stave Exploded View
Electronic plate and Bus Foil

Pixel detectors

Cold Plate

Truss Structure

Terminal Part Cold Plate

Terminal Part Truss

1332 mm

Union Plate Single Truss Structure
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Single	short	truss	structure

INFN	Pisa	

Water	jet	cut	carbon	fibre.	3	prototypes	realised.
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By this summerthree short truss 
structures have been built.

SINGLE SHORT TRUS STRUCTURE CUTTED BY WATERJET

LAMINATED FOIL 
Th=0,5 mm of 550x460 mm2 

Carbon Fiber MJ46

Single truss structure realized by WaterJet industry
Special process waterjet technology (precision 50 micron)

F.Bosi 04/07/2023
The 2023 International Workshop on the circular Electron Positron Collider

9

SINGLE SHORT TRUS STRUCTURE BY SHORT MASK

Single short truss 
structure

2°prototype

F.Bosi 04/07/2023 The 2023 International Workshop on the circular Electron 
Positron Collider 17
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Experimental	sagitta	measurement
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Experimental test for the sagitta value of the super weight

F.Bosi 04/07/2023 The 2023 International Workshop on the circular Electron 
Positron Collider 24

W=200 g

Super weight 
Test:
Total Weight 
400 g

Summary of the sagitta test

F.Bosi 04/07/2023 The 2023 International Workshop on the circular Electron 
Positron Collider 26

Super Weight Test
- Concentrated load 200 g at 450 mm from each edge
- Sagitta at 450 mm from the edge = 800micron
- Sagitta at the center of the structure = 900 micron
(Some difference with the simulation value attributable to non 
conformal CFRP material: to be optimized)

Real Weight Test
- Uniformily load  distribuited of 164,85 g
- Sagitta at 450 mm from the edge =210 micron
- Sagitta at the center of the structure = 280 micron
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Simulations	(sagitta	+	vibration)

Simulated	sagitta	is	582	μm	for	two	200g	loads

15

Vibrational Simulation

• First Frequency of resonance = 79,6 Hz
• Second frequency of reasonance = 81,4 Hz
• Third Frequency of resonance = 166,6 Hz

F.Bosi 04/07/2023 The 2023 International Workshop on the circular Electron 
Positron Collider 29
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Cold	plate	for	silicon	sensors

16

SINGLE STRUCTURE COLD PLATE

F.Bosi 04/07/2023 The 2023 International Workshop on the circular Electron Positron Collider
33

Carbon Fleece 20 micron

Graphite Foil 25 micron

Cooling Pipe i.d. 2,032 mm

K13 Du 120 micron

Carbon Fleece 20 micron

Polyamide + Water
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Radiation	length

17

Power	+	Readout	bus	
with	Al	traces	contribute	

around	½	of	X0

Stave Radiation Lenght

Total 0,533 % X0  

Glue 0,011 % X0  

Cooling 0,011 % X0  

Cold Plate 0,06 % X0  

Truss structure 0,16 % X0  

F.Bosi 04/07/2023 The 2023 International Workshop on the circular Electron 
Positron Collider

31
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Thermal	simulation

18

Thermal Simulation

F.Bosi 04/07/2023 The 2023 International Workshop on the circular Electron 
Positron Collider 34

Cooling Fluid Temperature = 14 °C

realistic 100 mW / cm2 assumed
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55nm	chip	project
First	results	from	October	2022	submission	(not	HV)	

MPW	submitted	to	SMIC	in	55nm	HVCMOS	process	

1kΩ	high	resistivity	wafer;	August	2023	

3	sections	

• 1)	32	×	20	pixel	matrix	with	in-pixel	amplifier	and	
discriminator	design	for	process	validation	

• 2)	sensor	diode	array	for	IV	/	CV	studies	

• 3)	26	×	26	pixel	matrix	for	new	electronics	structure	study	

Details	in	this	workshop:	

• Zhiyu	Xiang’s	poster	https://indico.ihep.ac.cn/event/
19316/contributions/143495/	

• Hui	Zhang’s	talk	https://indico.ihep.ac.cn/event/19316/
contributions/142772/	

• Ruoshi	Dong’s	poster	https://indico.ihep.ac.cn/event/
19316/contributions/143499/	

• Yang	Zhou’s	poster	https://indico.ihep.ac.cn/event/19316/
contributions/143507/	

See	also	the	Arcadia	project	hPps://indico.ihep.ac.cn/
event/19316/contribuvons/142771/ 19

55nm HVCMOS MPW
• MPW submitted in Aug 2023 on 

55nm HVCMOS process
• 1kOhm cm high-resistance wafer, 

will be a key step validating the 
sensor technology
• 3 sections
• 1) 32 × 20 pixel matrix with in-pixel 

amplifier and discriminator design 
for process validation
• 2) sensor diode array for IV/C study
• 3) 26 × 26 pixel matrix with for new 

electronics structure study

04 Jul 2023 4

-> Yang Zhou’s poster

1

2

3

-> Hui Zhang’s talk
-> Ruoshi Dong’s poster 

55nm MPW in 2022
• MPW submitted in Oct 2022 with 55nm Low Leakage process

• NB: not an HV process! Yet it has similar deep N well separating 
the transistors and the sensor part

• 3 × 2 mm2 in area
• Variation of passive diode arrays
• Simple amplifiers added

• 40 chips received in end Apr 2023
• IV shows small leakage; breakdown voltage ~-10V

04 Jul 2023 3

-> Zhiyu Xiang’s poster
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• 3 × 2 mm2 in area
• Variation of passive diode arrays
• Simple amplifiers added

• 40 chips received in end Apr 2023
• IV shows small leakage; breakdown voltage ~-10V
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-> Zhiyu Xiang’s poster

IV

CV

https://indico.ihep.ac.cn/event/19316/contributions/143495/
https://indico.ihep.ac.cn/event/19316/contributions/143495/
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We	are	making	progress	on	several	fronts:	

• Understanding	the	sensor	

• The	telescope	is	a	good	example	for	a	multi-sensor	assembly	

• First	version	of	quad	modules	produced	and	operational	in	Milano	and	Edinburgh	

• New	version	of	quad	modules	for	serial	powering	on	a	stave	is	being	designed	

• First	prototype	of		long	stave	using	carbon	fibre	space	frame	
• Sagitta	and	measurements	and	simulations	
• Thermal	simulation	

• SMIC	55nm	HV	process	submitted	by	IHEP	and	KIT	with	test	structures	and	a	small	fill	factor	pixel	
array.	
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DAQ:				YARR		
	Yet	Another	Rapid	Readout

YARR	is	a	small	self-contained	DAQ	system.	

Linux	PC	with	a	x4	PCIe	slot	for	the	FPGA	card		

FPGA	card:	e.g.	Trenz	TEF1001,	XpressK7,…	

FMC	cards	for	FE-I4	and	RD53A	

Up	to	1.6GBit/s	possible	with	this	setup.	

We	have	used	the	YARR	readout	with	a	digital	RD53A	module	in	
Lancaster	&	Edinburgh.	

Todo:	Adaptation	to	ATLASPix3	necessary:	

• Software

22

https://iopscience.iop.org/article/
10.1088/1742-6596/898/3/032053

Ohio	card

4	mini	
Display	
ports	
5	diff	lines	
each

Trenz	TEF1001

https://iopscience.iop.org/article/10.1088/1742-6596/898/3/032053
https://iopscience.iop.org/article/10.1088/1742-6596/898/3/032053

