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Overview
o CMOS imaging technology and HEP

o 65 nm CMOS imaging technology

o First target applications of 65 nm MAPS
– ALICE ITS3 project
– EIC SVT

o Status of design activities

o Conclusion
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CMOS imaging technology 
o Fast technology evolution and large market 

driven by various commercial applications
o Reduced processing costs per area with the 

introduction of larger wafer size (300 mm)
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  Through 1995, new technology nodes were introduced at roughly three year intervals. Each new 
node reduced the smallest planar dimension (“critical feature size,” F), in circuit elements by 30%, 
implying 50% smaller silicon areas (F2) per circuit element.   

  Completing the economic story, cost per silicon wafer area processed, averaged over long 
periods, increased only slowly.9 At new technology nodes, processing cost per silicon wafer area indeed 
increased. But, episodically, larger wafer sizes were introduced, sharply reducing processing costs per 
area. The net effect was nearly constant long run costs, with only slight increases. Figure 1, presented in 
2005 by Intel’s chief manufacturing technologist, shows new wafer sizes “resetting” wafer-processing 
costs. Significantly, larger diameter wafer sizes (450mm) were expected at the 22 nanometer (nm) node. 
However, 450mm wafers were not introduced as Intel adopted 22nm technology in 2012, had not been 
introduced by 2017, and even future introduction now seems highly uncertain. The most recent wafer 
size “reset,” adoption of 300mm diameter wafers, occurred at the 130nm technology node, around 
2002. 

 

  
Source: Holt (2005). 

Figure 1.  Wafer size conversions offset Intel’s increased wafer‐processing cost  

  Using these stylized trends—wafer-processing cost per area of silicon roughly constant, and 
silicon area per circuit element halved with new technology nodes introduced every three years— 

 
9 Over 1983-1998, wafer-processing cost/cm2 silicon increased 5.5 percent annually. Cunningham et. al. (2000), p. 
5.  This estimate relates to total silicon area processed (including defective chips). Since defect-free chips’ share of 
total processed area increased historically (chip fabrication yields increased), wafer-processing cost per good 
silicon area rose even more slowly, approximating constancy.  
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STAR Heavy Flavour Tracker (HFT) at RHIC 

 

 

TIPP 2014 - P. Riedler, 3.6.2014 19 

 
•  Detector installed end 2013, started data taking in Au-Au run 2014 
•  Spare detector will be ready in about one month – will be used in the next run (1 day 

installation time) 
•  First operation experience shows resolution performance as expected  

L. Greiner, FEE 2014 
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The	ALPIDE	CMOS	sensor	chip	

	walter.snoeys@cern.ch	
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Artistic	view	of	the	
ALPIDE	cross	section		Collection	electrode	

•  TJ	CMOS	180	nm	INMAPS	imaging	process	(TJ)	>	1kΩ	cm	p-type	epitaxial	layer	

•  Small	2	µm	n-well	diode	and	reverse	bias	for	low	capacitance	C(sensor+circuit)	<	5	fF	

•  40	nW	continuously	active	front	end	D.	Kim	et	al.	DOI	10.1088/1748-0221/11/02/C02042	

•  Qin/C	~	50	mV,	analog	power	~	(Q/C)-2	NIM	A	731	(2013)	125	

•  	Zero-suppressed	readout,	no	hits	no	digital	power	G.	Aglieri	et	al.	NIM	A	845	(2017)	583-587	

	

29.24	μm	

26.88	μm
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MIMOSA28	(ULTIMATE)	in	STAR	PXL	
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Ladder	with	10	MAPS	sensors	

2-layer kapton flex cable with Al traces 

courtesy	of	STAR	Collaboration	
	

MIMOSA28	(ULTIMATE)	–	2011		

First	MAPS	system	in	HEP		

Twin	well	0.35	μm	CMOS	(AMS)		

§  18.4	µm	pitch	

§  576x1152	pixels,	20.2	x	22.7	mm2	

§  Integration	time	190	μs	

§  No	reverse	bias	->	NIEL	~	1012	neq/cm2	

§  Rolling	shutter	readout	

356	M	pixels	on	~0.16	m2	of	silicon	

	

Full	detector	Jan	2014	

Physics	Runs	in	2015-2016	

§  2	layers	(2.8	and	8	cm	radii)	

§  10	sectors	total	(in	2	halves)	

§  4	ladders/sector		

§  Radiation	length	(1st	layer)	

§  x/X0	=	0.39%	(Al	conductor	flex)	
	

MIMOSA 28 @ STAR HFT
First MAPS in an experiment
Twin well 350 nm AMS (NMOS only)
Integration time 190 us 
Rolling shutter readout
NIEL tolerance 1012 neq/cm2

MIMOSA sensors used in many 
applications, for instance EUDET 
telescope

ALPIDE @ ALICE ITS
Quadruple well 180 nm TJ
Partially depleted, full CMOS
Integration time 4 us 
NIEL tolerance few 1013 neq/cm2

Also used at sPHENIX (BNL), 
NICA MPD (@JINR), …
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Monolithic pixel detectors ʹ MAPS
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� Sensor and readout electronics on single wafer 
in standard CMOS (low-voltage CMOS)
വ Reduced material thickness (50 ʅm)
വ Small pixel size (18 ʅm x 18 ʅm)
വ In-pixel signal amplification
വ More cost effective (~£100k/m2)
വ Small bias voltage (Vbias)

o Slow charge collection by diffusion (2 
ʅs)

o Limited radiation tolerance (1013 1MeV 
neq/cm2)

� State-of-the-art for high precision experiments

E. Vilella (Uni. Liverpool) ʹ DMAPS seminar

AMS 0.35 ʅm OPTO

Pixel = Sensor + simple amplifier

MIMOSA chips

TowerJazz 180 nm

ALICE ITS
Pixel = Sensor + complex electronics

11 December 2019 ʹ Birmingham

More sensors in 
this technology…

The	INMAPS	process:	quadruple	well	for	full	CMOS	in	the	pixel	
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STFC	development,	in	collaboration	with	TowerJazz		
Additional	deep	P-well	implant	allows	complex	in-pixel	CMOS	and	100	%	fill-factor	

New	generation	of	CMOS	sensors	for	scientific	applications	(TowerJazz	CIS	180nm)	

Also	5Gb/s	transmitter	in	development	
Sensors	2008	(8)	5336,	DOI:10.3390/s8095336	

https://iopscience.iop.org/article/10.1088/1748-0221/7/08/C08001/meta	

https://iopscience.iop.org/article/10.1088/1748-0221/14/01/C01006/meta	

http://pimms.chem.ox.ac.uk/publications.php		…	
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50µm pixel 

CHERWELL  
Calorimetry/Tracking 

50µm pixel 70µm pixel 48 µm x 96 µm pixel 

Also used for the ALPIDE (27 µm x 29 µm pixel) and MIMOSIS (CBM)  

PIMMS 
TOF mass spectroscopy 

TPAC 
ILC ECAL (CALICE) 

DECAL 
Calorimetry 

50µm pixel, waferscale 

LASSENA 

courtesy	of	N.	Guerrini,	STFC	
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Fully depleted MAPS
Latest generation prototypes
Demonstrated HL-LHC rate capability and radiation hardness 

Mu3e ʹ MuPix8

21

MuPix8 - General design features
� Engineering run in the 180 nm HV-CMOS process 

from ams (aH18)
� Shared with ATLASPix1 (MuPix8 is ~1 cm x 2 cm)
� Fabricated in 2017
� Fabricated using 3 different substrate resistivities

വ 10 ёͼcm͕ 50-100 ёͼcm and 100-400 ёͼcm
MuPix8 ʹ Chip details
� Matrix with 128 columns x 200 rows
� 3 matrix partitions (sub-matrices A, B and C)
� 81 ʅm x 80 ʅm pixel size
� Analog readout in pixel cell

വ Charge sensitive amplifier
� Digital readout in periphery

വ Discriminator
വ 6-bit ToT
വ State machine (continuous readout)

� Time-walk reduction circuitry
� Serial links < 1.6 Gbit/s
� Power consumption ~250 mW/cm2

E. Vilella (Uni. Liverpool) ʹ DMAPS seminar

J. Kroeger, MSc thesis Uni. Heidelberg, 2017

11 December 2019 ʹ Birmingham

MuPix8 @ mu3e 
180 nm AMS

ATLAS ʹ ATLASPix3

31

ATLASPix3 - General design features
� Engineering run in the 180 nm HV-CMOS process 

from TSI
� Total chip area is 2 cm x 2 cm
� Fabricated in 2019

ATLASPix3 ʹ Chip details
� Matrix with 132 columns x 372 rows
� 150 ʅm x 50 ʅm pixel size
� In-pixel comparator
� Column drain readout with and without trigger
� Trigger latency < 25 µs
� Radiation hard design with SEU tolerant global 

memory
� Serial powering (only one power supply needed)
� Data interface is very similar to RD53 readout chip 

(ATLAS)

E. Vilella (Uni. Liverpool) ʹ DMAPS seminar

R. Schimassek, Mu3e collaboration 
meeting, 2019

� Power consumption is ~200 mW/cm2 (with 25 ns time resolution)
� Very initial measured results available
� Expected radiation tolerance is 100 Mrad and 1 x 1015 1 MeV neq/cm2

11 December 2019 ʹ Birmingham

ATLASPix3 180 nm TSI

hemperekΛuniͲbonn͘de FEEϮϬϭϴ ϳ

LFoundry timeline

LF-Monopix ;monolitic FE-IϰͿ
� Pixel siǌe͗ ϱϬum x ϮϱϬ ђm
� Chip siǌe͗ ϭϬ mm x ϭϬ mm
� ϮϬϬum and ϭϬϬum version
� Bonn н CPPM н IRFU

;Aug. ϮϬϭϲͿ

LF-CPIX ;DemonstratorͿ
� Pixel siǌe͗ ϱϬum x ϮϱϬ ђm ;FEIϰͿ
� Chip siǌe͗ ϭϬ mm x ϭϬ mm
� ϮϬϬum and ϭϬϬum version
� Bonn н CPPM н IRFU

;April ϮϬϭϲͿ

ϵ.
ϱ 

cm

ϭcm

Ϭ.
ϱ 

cm

Ϭ.ϱ cm

CCPDͺLF prototype: 
� Pixel siǌe͗ ϯϯum x ϭϮϱ ђm ;FEIϰͿ
� Chip siǌe͗ ϱ mm x ϱ mm ;Ϯϰ x ϭϭϰ pixͿ 
� Bondable to FEIϰ ;нpixel encodingͿ
� ϯϬϬum and ϭϬϬum version
� Bonn н CCPM нKIT

;Aug. ϮϬϭϰͿ

ϵ.
ϱ 

cm

ϭcm

н smaller test structures

LF-MONOPIX 150 nm LFoundry

Large collection electrode:

Small collection electrode (with process modification):

MALTA and TJ-MONOPIX 
180 nm TJ … and more, see also RD50 

developments

W. Snoeys et al NIMA 817 (2017) R. Cardella et al 2019 JINST 14 C06019
M. Dyndal et al 2020 JINST 15 P02005 I. Caicedo et al 2019 JINST 14 C06006
K. Moustaks et al NIMA 936 (2019) 604-607 T. Hirono et al NIMA 924 (2019) 87-91
H. Augustin et al NIMA 936 (2019) 681-683 R. Schimassek https://doi.org/10.1016/j.nima.2020.164812

https://doi.org/10.1016/j.nima.2020.164812


Motivations for 65 nm in HEP
o State-of-the-art MAPS for HEP use 180 nm CMOS imaging technologies

– These technologies are now around 20 years old

o Proposed future HEP facilities, planned over the next few decades will need 
improved performance in terms of granularity, power consumption, rate and 
radiation hardness à smaller feature size technology needed

o The HEP community is starting exploration of 65 nm technologies
– Higher logic density (increased performance/area, higher granularity)
– Lower power
– Higher speed (logic, data transmission…)
– Process availability 
– Higher NRE costs and complexity, but lower price per area

Laura Gonella | CEPC Workshop | 26 October 2020 6



CERN EP R&D programme: WP1.2 MAPS
o Evaluate technology candidates for the development MAPS for future HEP 

experiments
– 65 nm, further studies of TJ 180 nm process, more advanced nodes

Laura Gonella | CEPC Workshop | 26 October 2020 7

WP leaders: 
Walter Snoeys, Michael Campbell

o Work is organised around three areas
– Technology selection and validation
– Pre-prototyping of a large, low-power 

and high-resolution sensor (ITS3 
sensor for ALICE/e+e-) 

– Pre-prototyping of a fast and rad hard 
sensor (for high luminosity general 
purpose experiments)

WP1.2

2

Phase 1
2020-21

Phase 2
2021-22

Phase 3
2023-24

Technology
Test structures
Collaboration Framework

Technology iterations
Test demonstrators
Dissemination

Technology iterations
Full chips

WP 1.2 Timeline

See F. Vasey, 
https://indico.cern.ch/event/92
9387/contributions/3907074/

WP1.2

5

WP 1.2 Activities

Activity 5: 
Technology and 
collaboration framework

M. Campbell

WP 1.2. Monolithic sensors  (Walter Snoeys and Michael Campbell)

Link to development line A
ALICE

G.L. Aglieri, A. Kluge

Link to development line B
SmallPix/RadHard

C. Solans, V. Dao

Link to development line C
MALTA+

C. Solans, V. Dao

Link to foundry

W. Snoeys

Activity 4: 
Test

D. Dannheim

Activity 2: 
Sensor simulation

W. Snoeys

Activity 3: 
Readout architectures

W. Snoeys (asynchronous)

R. Ballabriga (synchronous)

Activity 1: 
FE Circuit design

W. Snoeys

24/06/2020 francois.vasey@cern.ch

https://indico.cern.ch/event/929387/contributions/3907074/


First technology selection
o Several 65 nm flavours: high density logic, RF, and imaging (ISC) 

o ISC preferred
– 2D stitching experience, special sensor features, lower defect densities, at 

present limited to 5 metal layers but more metals later, no MPWs available

o Modus operandi agreed by foundry in May: start directly in ISC with Multiple 
Layers per Reticle with standard metal stack 
– Avoid non-representative results (for transistor irradiation measurements) 
– Multiple Layer per Reticle (in between MPW and engineering run)
– Several starting materials available; the collection electrode is always n-

type, the same readout circuit can be used for different starting materials 

Laura Gonella | CEPC Workshop | 26 October 2020 8



Starting material: first possibility
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o Similar sensor structure possible as in ALPIDE 
– Deep wells available 
– High resistivity p-type epitaxial layer ~ 10 micron thick 
– Depending on pixel size and area taken by readout, sensitive layer not 

necessarily fully depleted 
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J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002 

See W. Snoeys, 
https://indico.cern.ch/event/929387/contributions/3907086/attachments/20631
52/3585457/WP1-2_24_6_2020_b.pdf

https://indico.cern.ch/event/929387/contributions/3907086/attachments/2063152/3585457/WP1-2_24_6_2020_b.pdf


Starting material: Other options
o Move junction away from collection electrode

– full depletion, better time resolution and increased radiation hardness 

Laura Gonella | CEPC Workshop | 26 October 2020 10
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Moving the junction away from the collection electrode  
 

for full depletion, better time resolution and increased radiation hardness 

P= EPITAXIAL LAYER 

P+ SUBSTRATE 

DEPLETION 
BOUNDARY 

DEPLETED ZONE 

PWELL 
DEEP PWELL 

NWELL PWELL NWELL 
DEEP PWELL 

LOW DOSE N-TYPE IMPLANT 

NWELL COLLECTION 
ELECTRODE PMOS NMOS NWELL COLLECTION 

ELECTRODE 

PWELL 
DEEP PWELL 

P= EPITAXIAL LAYER 

P+ SUBSTRATE 

NWELL PWELL NWELL 
DEEP PWELL 

PMOS NMOS 

DEPLETION 
BOUNDARY 

DEPLETED ZONE 

Standard,	not	fully	depleted	

Additional	implant	for	full	depletion	=>	order	of	magnitude	improvement	

Side	development	of	ALICE	for	ALPIDE	

NIMA 871 (2017) pp. 90-96 https://dx.doi.org/10.1016/j.nima.2017.07.046	

Triggered	development	in	ATLAS	H.	Pernegger	et	al,	2017	JINST	12	P06008	

NWELL COLLECTION 
ELECTRODE PMOS NMOS 

LOW DOSE N-TYPE IMPLANT 
UNDEPLETED ZONE 

PWELL 
DEEP PWELL 

P= EPITAXIAL LAYER 

P+ SUBSTRATE 

NWELL PWELL NWELL 
DEEP PWELL 

DEPLETION 
BOUNDARY 

DEPLETED ZONE 

Not	fully	depleted	at	low	reverse	bias	 Depletion	at	higher	reverse	bias	

Main	damage	mechanism:	displacement	damage	(Non-Ionizing	Energy	Loss	or	NIEL)	
Collect	signal	charge	FAST	before	it	gets	trapped	=>	depletion	and	large	electric	field…	

P= EPITAXIAL LAYER 

P+ SUBSTRATE 

DEPLETION 
BOUNDARY 

DEPLETED ZONE 

PWELL 
DEEP PWELL 

NWELL PWELL NWELL 
DEEP PWELL 

LOW DOSE N-TYPE IMPLANT 

NWELL COLLECTION 
ELECTRODE PMOS NMOS 

EXTRA P-TYPE IMPLANT 

Further	improvements	by	
influencing	the	lateral	field	

Other	similar	developments	for	fast	charge	collection	and	depletion: 	T.G.	Etoh	et	al.,	Sensors	17(3)	(2017)	483,	https://doi.org/10.3390/s17030483		
	 	 	 	 	S.	Kawahito	et	al.,	Sensors	18(1)	(2017)	27,	https://doi.org/10.3390/s18010027	
	 	 	 	 	C.	Kenney	et	al.	NIM	A	(1994)	258-265,	IEEE	TNS	41	(6)	(1994),	IEEE	TNS	46	(4)	(1999)		
	 	 			

see	further	presentations	

Example	180	nm	

24/06/2020	W.	Snoeys	

https://doi.org/10.1016/j.nima.2017.07.046

See W. Snoeys, 
https://indico.cern.ch/event/929387/contributions/3907086/attachments/20631
52/3585457/WP1-2_24_6_2020_b.pdf

https://doi.org/10.1016/j.nima.2017.07.046
https://indico.cern.ch/event/929387/contributions/3907086/attachments/2063152/3585457/WP1-2_24_6_2020_b.pdf
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TJ 65 nm ISC starting materials, other possibilities  

Already	in	production	for	visible	light	
•  Single	thickness	or	double	(stacked)	
•  Also	here	the	junction	is	displaced	from	the	collection	electrode	with	similar	advantages	

•  Can	be	explored	perhaps	in	a	second	phase	
•  One	example	out	of	several	starting	material	options	

•  Readout	circuit	agnostic	(collection	electrode	remains	n-type)	

DOI:	10.1109/VLSIT.2016.7573450	

24/06/2020	W.	Snoeys	

Starting material: Other options

o Already in production for visible light 
o Single thickness or double (stacked) 
o Also here the junction is displaced from the collection electrode with similar 

advantages 
o Can be explored perhaps in a second phase 
o One example out of several starting material options 
o Readout circuit agnostic (collection electrode remains n-type) 
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See W. Snoeys, 
https://indico.cern.ch/event/929387/contributions/3907086/attachments/20631
52/3585457/WP1-2_24_6_2020_b.pdf

https://indico.cern.ch/event/929387/contributions/3907086/attachments/2063152/3585457/WP1-2_24_6_2020_b.pdf


ALICE ITS3 vertex detector
o The ALICE ITS3 project aims at developing a new generation MAPS 

sensor at the 65 nm node coupled with R&D into extremely low X/X0
truly cylindrical vertex detection for the HL-LHC
– See M. Mager’s talk later today

o Sensor features: low power; large area, stitched; ultra thin and bent
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3 Detector Layout, Implementation and Main Parameters

3.1 Mechanical Structure

The ITS3 will consist of two separate barrels, referred to as Inner Barrel and Outer Barrel. The
Outer Barrel, containing the four outermost layers (Layer 3 to Layer 6), will be that of ITS2.
A completely new Inner Barrel, consisting of the three innermost layers (Layer 0 to Layer 2),
will instead replace the current Inner Barrel of ITS2. The ITS3 IB will consist of two halves,
named half-barrels, to allow the detector to be mounted around the beampipe. Each half-barrel
will consist of three half-layers. The half-layers are arranged inside the half-barrel as shown in
Fig. 7. They have a truly (half-) cylindrical shape, with each half-layer consisting of a single
large pixel chip, which is curved to a cylindrical shape.

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beampipe.

As shown in Fig. 8, the main structural components of the new Inner Barrel are the End-Wheels
and the outer Cylindrical Structural Shell (CYSS), both made of Carbon Fibre Reinforced Plas-
tic (CFRP) materials, and a series of ultra-lightweight half-wheel spacers, made of open cell
carbon foam, which are inserted between layers to define their relative radial position.

The End-Wheels are connected to the CYSS, which provides the external supports for the three
detection layers. Starting from the outermost layer (Layer 2), the half-layers are connected to
the outer CYSS and to each other by means of the half-wheel spacers.

The half-layer consists of a single large chip. Its periphery and interface pads are all located on
one edge, the one facing the A-side End-Wheel (see Fig. 8). At this edge, the chip is glued over
a length of about 5 mm to a flexible printed circuit to which it is electrically interconnected using
for instance aluminum wedge wire bonding. The flexible printed circuit is based on polyimide,
as dielectric, and aluminum, as conductor. The flexible printed circuit extends longitudinally

10

ALICE-PUBLIC-2018-013 
https://cds.cern.ch/record/2644611

50 ȝP-thick ALPIDE  
(sandwiched between to Kapton foils)

Bent chip electrical tests
• Laboratory tests to characterize bent ALPIDEs 

in terms of thresholds and fake-hit rate
• GLႇHUHQW�set-ups are tried
• experience on handling is gained

• The curvature effect is not noticeable on:
• pixel thresholds, FHR, pixel 

responsiveness  
• tested down to below nominal 

bending radius

• 3 chips successfully installed and tested 
in lab, 2 of them sent to DESY for 
testbeam

2020-09-03 ITS3 Project @ EICws - giacomo.contin@ts.infn.it 10

https://www.jlab.org/indico/event/400/contribution/10/mat
erial/slides/0.pdf

https://cds.cern.ch/record/2644611
https://www.jlab.org/indico/event/400/contribution/10/material/slides/0.pdf


ITS3 sensor specifications
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15	

15	

	walter.snoeys@cern.ch	

General	summary	



EIC SVT
o A well integrated, large acceptance Silicon Vertex and Tracking (SVT) detector 

designed with high granularity and low material budget is planned for the 
Electron-Ion Collider to enable high precision measurements that are key to its 
science programme

– Expected start of operation approximately 2030

o Two baseline configurations are studied, based on ITS3 sensor technology
– Hybrid, i.e. silicon SVT complemented by gas outer tracker and end-caps, ~12m2

– All-silicon compact design, ~15m2

– Vertex and tracking layers in the central region, disks in the forward/backward region
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10 µm pixel pitch
0.05% X/X0 vertex layers

0.55% X/X0 tracking layers
0.24% X/X0 disks



ITS3-derived EIC SVT
o Common development with ITS3

– ITS3 sensor specifications meet or 
even exceed the EIC requirements

– Timescale largely compatible

o Studies are ongoing to adopt the ITS3 
detector concept for the vertex layers
– Needed to achieve the required 

vertex resolution with larger diameter 
beam pipe

o Cost and yield of stitched wafer-scale 
sensors not compatible with use in the 
EIC detector outside the vertex layers à
a reticle-size sensor version needed for 
the EIC tracking layers and disks
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2mµNew baseline, new beampipe, ITS2-like sensors, 20x20 

2mµOld baseline, old beampipe, ITS2-like sensors, 20x20 

2mµNew baseline, new beampipe, ITS3-like sensors, 10x10 

eR25 project; Birmingham, LBNL, RAL; 
https://wiki.bnl.gov/conferences/images/6/6d/ERD25-

Report-FY21Proposal-Jun20.pdf

Preliminary EIC MAPS sensor requirements

eRD18 Progress Report and Proposal 

Page 1 of 1 

 
 

 
 

  EIC DMAPS Sensor 
Detector Vertex and Tracking Time stamping layer 
Technology 180 nm TJ CIS modified, 65 nm TJ 
Substrate Resistivity [kohm cm] 1 or higher 
Collection Electrode Small 
Detector Capacitance [fF] <5 

Chip size [cm x cm] Full reticule or stitched 
Pixel size [µm x µm] 20 x 20 max 350 x 350 
Integration Time [ns] 2000 

Timing Resolution [ns] OPTIONAL 
< 9 

< 9 

Particle Rate [kHz/mm2] TBD 
Readout Architecture Asynchronous 
Power [mW/cm2] <35 <200 
NIEL [1MeV neq/cm2] 1010 

TID [Mrad] < 10 
Noise [electrons] < 50 
Fake Hit Rate [hits/s] < 10-5/evt/pix 
Interface Requirements TBD 

 
Parameter EIC Vertex and Tracking MAPS 

Technology 
65 nm 

(Backup: 180 nm) 
Substrate Resistivity [kohm cm] 1 or higher 
Collection Electrode Small 

Detector Capacitance [fF] <5 
Chip size [cm x cm] Full reticule or stitched 
Pixel size [µm x µm]  20 x 20 
Integration Time [µs] 2 

Timing Resolution [ns] < 9 (optional) 
Particle Rate [kHz/mm2] TBD 
Readout Architecture Asynchronous 
Power [mW/cm2] < 20 

NIEL [1MeV neq/cm2] 1010 
TID [Mrad] < 10 
Noise [electrons] < 50 
Fake Hit Rate [hits/s] < 10-5/evt/pix 
Interface Requirements TBD 

 

https://wiki.bnl.gov/conferences/images/6/6d/ERD25-Report-FY21Proposal-Jun20.pdf


Technology exploration and sensor design status
o Collaborative framework being prepared by CERN in discussion with 

interested institutes in the EP R&D WP1.2, pursuing monolithic sensors 
development in more advanced technologies

o Technology exploration planned over two MLR runs
– Work on MLR1 is being finalized, in a collaboration with several institutes, 

see next slide
– MLR2 to follow, possibly next year, other institutes joining to participate

o Technology investigation and sensor development also driven by the 
first application, the ITS3 effort toward a large area, low power and high 
resolution sensor for the inner pixel layers of the ALICE experiment

o Full stitched sensor development planned over three engineering runs
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Technology access and progress on MLR1
o Initial exploration of technology 

– Transistor test structures and ring oscillators for radiation hardness studies
– Analogue pixel test structures for charge collection studies
– Prototype IP blocks: bandgap reference, LVDS and CML line driver, …

o Participating institutes
– CERN, CPPM, DESY, Yonsei University Seoul, IPHC Strasbourg, NIKHEF 

Amsterdam, RAL/Uni Birmingham/LBNL (EIC institutes)

o Access cleared for participating groups mid July (Yonsei end of 
August), PDK installed immediately after 

o Excellent contact with foundry
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MLR1
o Significant amount of work by all designers in the different teams 

– Several questions on devices, design rules and others gathered and 
addressed to foundry 

– Challenging but significant learning
– At present everyone on full-custom flow, IPHC put in place first digital flow

o Mock tape-out exercised in September, submission planned 15 November
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Conclusion
o The HEP community is starting exploration of 65 nm CMOS imaging 

technologies to develop MAPS in more advanced technologies
– Improved performance, lower cost/unit area …

o Work also driven by the ALICE ITS3 project toward the design of a large 
area, low power, high resolution MAPS sensor for the HL-LHC 
– Interesting for other applications (EIC already participating, planned e+e-

colliders) 

o First technology selected, modus operandi agreed with foundry, access 
to PDK in place and first submission scheduled on 15th of November
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