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Outline	

§  R&D	on	Monolithic	Ac.ve	Pixel	Sensors	(MAPS)	

§  Irradia.on	line	for	par.cle	physics	at	MC40	
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Pixel	detectors	for	vertex	and	tracking	

Hybrid	pixel	detectors	
§  Charge	collec.on	by	dri]	in	depleted	

bulk	à	high	signal,	high	radia.on	
hardness,	high	speed	

§  Full	CMOS	

§  High	cost	(sensor	&	hybridiza.on)	

§  High	material	budget	

MAPS	
§  Charge	collec.on	by	diffusion	in	epi	

layer	à	small	signal,	moderate	
radia.on	hardness,	low	speed	

§  Typically	not	full	CMOS	

§  Low	cost	

§  Low	material	budget	
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Requirements	for	HL-LHC	and	
future	experiments	



New	development:	Depleted	MAPS	

§  Commercial	CMOS	technologies	with	add-on	features	
-  High	Voltage	Capability	
-  High	Resis.vity	substrates	

à	Enable	charge	collec.on	by	dri]	
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§  Poten.al	advantages	
-  Rad-hard		
-  High	rate	capabili.es	

-  Low	cost	
-  Simplified	produc.on	

-  Low	mass	

§  Complica.ons	
-  Op.mized	layout	needed	for	low	

power	and	good	CCE	a]er	
irradia.on	

-  Challenging	isola.on	between	
sensors	and	electronics	
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Something better 



Ongoing	MAPS	projects	
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Development towards a Reconfigurable Monolithic Active Pixel Sensor in Radiation-hard 
Technology for Outer Tracking and Digital Electromagnetic Calorimetry 

P.P. Allport1, D. Das2, L. Gonella1*, S.J. Head1, K. Nikolopoulos1, S. McMahon2, P.R. Newman1,  

P. Phillips2, F. Salvatore3, R. Turchetta2, G. Villani2, N.K. Watson1, F. Wilson2, Z. Zhang2 

1) The University of Birmingham  

2) Rutherford Appleton Laboratory, STFC 

3) The University of Sussex 

Abstract 

Monolithic Active Pixel Sensor (MAPS) technologies have been deployed as a vertexing detector in particle 
physics at RHIC [1] and have been proposed for a number of projects including ALICE and, in particular, for 
use at the ILC [2]. Their thin sensing region allows applications providing very low multiple scattering, vital for 
the tracking layers closest to the interaction if secondary vertices are to be identified with high efficiency. 
Because they employ standard CMOS technologies used for high volume manufacturing, their production costs 
can be much lower than standard planar silicon. Such affordability and large production capability has led to 
concepts based on several thousand m2 of such technology being considered for the sampling layers in 
calorimeters at future colliders. Furthermore, the digital read-out technology proposed for the calorimeter could 
also be employed for outer tracking and pre-shower detectors, giving unprecedented particle flow capabilities 

Originally, the use of conventional CMOS sensors for particle physics was limited, both in terms of signal speed 
and radiation hardness, due to the charge collection being through diffusion. However, this proposal exploits 
new, much faster and radiation-hard technologies for which RAL has been in the vanguard of developments, 
together with digital calorimeter detector designs for the ILC where first prototypes already exist [3]. This 
proposal is to build a demonstrator sensor targeting HL-LHC and FCC-hh radiation levels that has the potential 
to also meet the extreme data rate requirements at such facilities. 

The proposal builds on established areas of UK expertise in digital calorimetry, outer tracking, MAPS 
development and radiation-hard sensor R&D to position the UK to take a leading role in the development of 
detectors for future high rate, high radiation experimental environments such as those at proposed future hadron 
colliders.  

  

1. Introduction 

The European Strategy for Particle Physics [4] adopted in May 2013 by the CERN Council includes in its 
recommendations:  

c) The discovery of the Higgs boson is the start of a major programme of work to measure this 
particle’s properties with the highest possible precision for testing the validity of the Standard Model 
and to search for further new physics at the energy frontier. The LHC is in a unique position to pursue 
this programme. Europe’s top priority should be the exploitation of the full potential of the LHC, 
including the high-luminosity upgrade of the machine and detectors with a view to collecting ten times 
more data than in the initial design, by around 2030.  
d) To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious 
post-LHC accelerator project at CERN by the time of the next Strategy update, when physics results 
from the LHC running at 14 TeV will be available. CERN should undertake design studies for 
accelerator projects in a global context, with emphasis on proton-proton and electron-positron high-
energy frontier machines.  
i) The success of particle physics experiments, such as those required for the high-luminosity LHC, 
relies on innovative instrumentation, state-of-the-art infrastructures and large-scale data-intensive 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
* Currently at Physikalisches Institut, Universität Bonn; planned start as lecturer at Birmingham on 1/11/15 

§  PRD	for	future	colliders	and	medical	applica.ons	

§  Electron	Ion	Collider	(nuclear	physics)	
Precision Central Silicon Tracking & Vertexing for the EIC

P.P. Allport, L. Gonella, P.G. Jones⇤, P.R. Newman
School of Physics & Astronomy, University of Birmingham, B15 2TT, UK

June 15, 2016

Abstract

We propose to develop a detailed concept for a central silicon pixel detector for an Electron-Ion Col-
lider at BNL or JLab, exploring the advantages of using HV-CMOS or HR-CMOS MAPS technolo-
gies. The sensor development will exploit the newly created Birmingham Instrumentation Laboratory
for Particle Physics and its Applications and will be closely coupled with simulations to optimise the
basic layout, location and sensor/pixel dimensions. The design will be tested in full detector simu-
lations to evaluate its performance with respect to the identification and precision measurement of
heavy flavour processes and scattered electrons at high Q

2. A detailed evaluation of expected EIC
performance for these processes will therefore be a key deliverable.

Introduction

Lepton-hadron interactions in general and Deep Inelastic Scattering in particular have had a long her-
itage of discovery in the US and Europe. The HERA electron-proton facility at DESY, Hamburg, Ger-
many is the only realisation to date in colliding beam mode. As well as giving a transformational change
in centre-of-mass energy, it also showed the vital importance of central tracking, both for the identifi-
cation and measurement of the scattered beam electron at large Q

2 and for a wide range of hadronic
final state studies [1]. Notable among these was the power of central tracking to unlock heavy flavour
signatures, either through direct reconstruction of charmed or beauty hadrons, notably D

⇤(2010)± [2],
or through the study of variables sensitive to the presence of secondary vertices [3]. Through the pro-
cesses ‚

⇤
g ! cc̄ and ‚

⇤
g ! bb̄, heavy flavour production is directly sensitive to the gluon density at

lowest order as well as probing a wide range of issues in perturbative QCD. By combining two (H1)
or three (ZEUS) inner barrel layers of silicon detectors with drift chambers at larger radii, the HERA
collaborations were able to make high quality measurements of the charm and beauty contributions to
the proton structure function and a wide range of other observables.

Among the aims of future DIS facilities [4], possibly the most compelling are the extensions to colliding
beam kinematics for the first time in the cases of nuclear (e+A) and polarised proton targets. These
topics are very well addressed by the Electron Ion Collider [5]. The focus of the physics programme
on the role of gluons within the structure of hadrons places an enhanced importance on heavy flavour
observables. The successful use of heavy flavours as hard probes in relativistic heavy ion (A+A) colli-
sions adds further motivation to the study of such processes in the e+A case, where they may provide

⇤Contact: p.g.jones@bham.ac.uk
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§  RD50	collabora.on	
RD50 funding request 

- April 2014- 
 

Title of project: Design and production of RD50 test structures and devices in L-
Foundry 150 nm HV-CMOS technology. 

Contact person: G. Casse 
  University of Liverpool 
 (+44) 0151 7943399 
 gcasse@hep.ph.liv.ac.uk 
RD50 Institutes: 

1. Liverpool University, Gianluigi Casse, gcasse@hep.ph.liv.ac.uk  
2. Instituto de Fisica de Cantabria, Ivan Vila, vila@ifca.unican.es 
3. CERN, Michael Moll, Michael.Moll@cern.ch 
4. University of Freiburg, Ulrich Parzefall, Ulrich.Parzefall@cern.ch 
5. Joseph Stefan Institute of Ljubljana, Marko Mikuz, Marko.Mikuz@cern.ch 
6. NIMP Bucharest, Ioana Pintilie, ioana@infim.ro (4500 €) 
7. IEAP-CTU Prague, Stanislav.Pospisil@utef.cvut.cz 
8. University of Barcelona, Angel Dieguez, adieguez@el.ub.edu 
9. University of Birmingham, Laura Gonella, laura.gonella@cern.ch 
10. IFAE, Barcelona, Sebastian Grinstein, sgrinstein@ifae.es 
11. University of Oxford, Daniela Bortoletto, daniela.bortoletto@physics.ox.ac.uk. 
12. FBK, Maurizio Boscardin, boscardi@fbk.eu. 
 

Request to RD50: 42,000 € 
Total project cost: 85,000  € 

 
Project description: 
 
The HV-CMOS is assuredly emerging as the prime candidate technology for future 
tracking sensors for ionising radiation for particle physics and numerous other application. 
The feature of integrating the sensing diode into the CMOS wafer hosting the front-end 
electronics, allows for reduced noise and therefore higher signal sensitivity. The possibility 
of applying high voltage and the availability of relatively high resistivity substrates makes 
these devices also suitable for application where high radiation damage is expected. It is 
therefore a priority for RD50 to study these type of devices in view of future high 
luminosity collider applications (HL-LHC and beyond, e.g. FCC). In this emerging 
technology, a few foundries have emerged as particularly suitable for the needs of tracking 
sensors. In particular, LFoundry [ref] has several attractive feature in their processing 
technology, qualifying them as a very strong contender for the production of tracking 
sensors. The strong points of LFoundry are the small feature size imaging (150 nm), the use 
of high resistivity wafers, the use of multi-metal stacks (6 metal layers), the 4 well nesting 
structures and the possibility of reticule stitching. 
This project aims to design dedicated test structures for typical RD50 studies and for 
functional studies that will probe the HV-CMOS sensors performance after a wide range of 
irradiation fluences with hadrons and compare them with the well-known high resistivity 
FZ passive sensors. The production of a radiation model for HV-CMOS devices will be 
pursued, as well as the study of their functional performance like the signal over noise 

In	addi.on	to	longstanding	Birmingham	MAPS	
ac.vi.es	for	lepton	colliders	(see	Nigel’s	talks)		
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Introduc.on	

§  The	MC40	cyclotron	at	the	University	of	
Birmingham	is	primarily	used	for	radio-
isotope	produc.on	for	mainly	medical	
applica.ons	

§  It	was	commissioned	as	an	irradia.on	
facility	for	par.cle	physics	in	early	2013	
and	has	irradiated	around	300	samples	
in	total	

§  Joint	ac.vity	by	the	Universi:es	of	
Birmingham,	Liverpool	and	Sheffield	
through	STFC	support	for	UK	ATLAS	
Upgrade	
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Irradia.on	facility	

§  Proton	energy	at	extrac.on:	up	to	40MeV	

§  Proton	current:	up	to	2μA	(cooling	permilng)	

§  Beam	spot:	approx.	10mm	×	10mm	

§  Flux:	up	to	1013	protons/s/cm2	

9	

Typically:	
E_beam=	27MeV		

I_beam	=	0.1-0.5μA	

Shielding	
Control	room	

ATLAS/AIDA	

Metallurgy	(UoB)	

Medical	and	Nuclear	
Physics	(UoB)	
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Irradia.on	setup	
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Beam	pipe	

Faraday	cup	

Cold	box	

Samples	

Absorber	



Comparison	with	other	facili.es	
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Plot	from	A.	Affolder	

Bias	voltage	=	500V	



Irradia.ons	for	ATLAS	ITK	and	MAPS	R&D	

§  ITK	strips	ASICs	(ABC130	and	HCC)	 §  ITK	strip	sensors	

12	

ATLAS	PRELIMINARY	

ABC130	current	vs.	TID	

ATLAS	PRELIMINARY	

HCC	current	vs.	TID	
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AIDA2020	

§  The	Birmingham	Irradia.on	facility	is	an	AIDA-2020	Transna:onal	Access	Facility	

§  Irradia.ons	for	AIDA-2020	users:	
-  LFoundry	pixel	planar	sensor	(Uni	Bonn);	Scien.fica	Foam	samples	(IFIC	Valencia);	

Humidity	probes	(Uni	Wuppertal);	ITK	Pixel	single	chip	ac.ve	edge	modules	(MPI)	


