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How can we look into?

• What probe? … interaction resolution


• How to detect … space-time resolution
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Principle of Silicon Detector
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Silicon Detectors in HEP

ALICE Pixel Detector LHCb VELO ATLAS Pixel Detector CMS Strip Tracker IB

CMS Pixel Detector ALICE Drift Detector ALICE Strip Detector ATLAS SCL Barrel 
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Brief History
J.	Kemmer,	et	al.,	“Development	of	10-micrometer	resolu:on	silicon	counters	for	charm	
signature	observa:on	with	the	ACCMOR	spectrometer”,	Proceedings	of	Silicon	Detectors	for	
High	Energy	Physics,	Nucl.	Instr.	and	Meth.	169	(1980)	499.	

First	use	of	silicon	strips	detectors	by	NA11(CERN	SPS)	and	E706	(FNAL)	
(A)	NA11	(1981):	6	planes	(24	x	36mm2):	resis)vity	2-3	kΩcm,	thickness	280μm,	pitch	20μm	
(B)	E706	(1982):	4	planes	(3x3	cm2)	+	2	planes	(5x5cm2)	

1990s	-	LEP,	first	silicon	vertex	detectors	installed	in	DELPHI	and	ALEPH	experiments,	then	
OPAL	and	L3	
1989	-	first	DELPHI	vertex	detector,	consis:ng	of	two	layers	of	single-sided	strip	detectors	

1995	–	First	Hybrid	Pixel	detector	installed	in	WA97	(CERN,	Omega	facility)	
1996/97	–	First	Collider	Hybrid	Pixel	Detector	installed	in	DELPHI	(CERN,	LEP)
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Pixel Detectors at LHC experiments

• 10 yrs later … 
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Technology
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MAPS Technology
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MAPS Detectors
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MAPS Application



STAR HFT - 1st application of MAPS
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ALICE New ITS - Closer, Thinner, Smaller
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•Improve impact parameter resolution by a factor of 3 

- Get closer to IP (1st layer): 39 - 430mm  23 - 400mm (|ƞ| ≤ 1.22) 

- Material budget X/X0 per layer: ~1.14%  ~0.3% (inner) 

- Reduce pixel size: 50μm x 425μm  28μm x 28μm 

•Improve tracking efficiency and pT resolution at low pT 

- Increase granularity: 6 layers  7 layers w. reduced pixel size 

•Fast readout: 1 kHz (1kHz) in PbPb (pp)  100 kHz (400kHz) in PbPb (pp)  

•Power density < 40mW/cm2 

•Fast insertion/removal for yearly maintenance

ALICE ITS Upgrade Ongoing

•Main detector requirements 

- Higher tracking efficiency and resolution at low pT 
‣ Granularity  Material budget ⬇ 

- High-statistics, un-triggered data sample 

‣ RO rate  Data size ⬇ (Online) 

New Silicon Tracker (Inner Tracking System) for HL LHC (installation during 19/20)
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•CMOS Pixel Sensor using 0.18μm CMOS Imaging Process 

‣ High-resistivity (>1kΩ·cm) p-type epitaxial layer (25μm) on p-type substrate 

‣ Small n-well diode (2μm 𝝓) ~ low capacitance (fF) 
‣ -6V < VBB < 0V to increase depletion zone around n-well diode 
‣ Deep p-well shields n-well of PMOS transistors 
•Full CMOS circuitry within active area 

•Pixel: 27 x 29 x 25 μm3 

•130,000 pixels/cm2 ~ Total 10m2, 12.5 G-pixels  

•Spatial resolution ~ 5μm in 3D 

•Max. particle rate: 100MHz/cm2 

•fake-hit rate ~ 10-10 pixel/event 

•Power ~ 300 nW/pixel

ALPIDE (ALice PIxel DEtector)
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INVESTIGATOR and ALPIDE – the ALICE Pixel Detector

3	November	2016	 IEEE	NSSMIC2016	|	JvH,	CERN/ALICE	 3	

1. Overview
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•  ALICE experiment will fully replace its present Inner 
Tracking System (ITS) during the second long shutdown 
of the LHC  in 2019/2020

•  New ITS will be fully equipped with monolithic CMOS 
pixel sensors

•  Development of dedicated pixel chip for the ITS 
upgrade – ALPIDE

•  Fabricated in TowerJazz 180nm CMOS Imaging Sensor 
(CIS) process

•  Chip development started end 2011, including 4 MPWs 
and 5 engineering runs, containing various small and 
full-scale prototypes

è  one of them: INVESTIGATOR

Inner Barrel	

•  7 layers, grouped into two barrels 
•  radial coverage 22mm - 406mm

•  ~10m2 acFve area, ~25000 chips 
•  ~12.5 Gigapixels with binary readout

Outer Barrel	

Ø  M. Mager: The Upgrade of the ALICE Inner Tracking System with the 
Monolithic Ac?ve Pixel Sensor ALPIDE, Session N12: High energy physics 
instrumentaFon I: Silicon, Monday, Oct. 31, 18:00

Ø  H. Hillemanns: Radia?on Hardness of Monolithic Ac?ve Pixel Sensors for 
the ALICE Inner Tracking System Upgrade, Session N53: New Concepts in 
solid-state detectors and radiaFon damage effects III, Thursday, Nov. 3, 
10:30

ALPIDE IB:$50µm$thick$
OB:$100µm$thick$



ALPIDE (ALice PIxel DEtector) Performance
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=-3VBB  @ VFake-hit RateEfficiency     
     W7-R10 Non Irradiated
     W7-R7 Non Irradiated
     W7-R17 TID Irradiated, 206 krad
     W7-R5 TID Irradiated, 205 krad
     W7-R38 TID Irradiated, 462 krad
     W7-R41 TID Irradiated, 509 krad
  3 / cmeq   W8-R5 NIEL, 1.7e+13 1MeV n
  3 / cmeq   W8-R7 NIEL, 1.7e+13 1MeV n

VBB=$3V&
NIEL/TID&

non$irradiated&

10x&life;me&NIEL&

•Detection efficiency 
and Fake-hit rate 

•Resolution and Cluster 
size 

- Non-irradiated and 
NIEL/TID chips ~ 
similar 

- Sufficient operational 
margin after 10 x 
lifetime NIEL dose 

- Resolution < 5μm at 
Threshold < 150 e 

- Resolution ~ 6μm at 
Threshold of 300 e 

- Chip-to-chip 
fluctuations negligible
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=-3VBB  @ VCluster SizeResolution      
     W7-R10 Non Irradiated
     W7-R7 Non Irradiated
     W7-R17 TID Irradiated, 206 krad
     W7-R5 TID Irradiated, 205 krad
     W7-R38 TID Irradiated, 462 krad
     W7-R41 TID Irradiated, 509 krad
  3 / cmeq   W8-R5 NIEL, 1.7e+13 1MeV n
  3 / cmeq   W8-R7 NIEL, 1.7e+13 1MeV n

VBB=$3V&



MAPS fully depleted



Fully depleted MAPS

• Process modification for enhanced depletion, timing performance and radiation tolerance


• NIM A 871C (2017) 90-96 (CERN/Tower)


• ALICE R&D chip: INVESTIGATOR


• Moderation of Vbb ~ -5V
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A Process modification for full depletion

1. Absorption in depletion region: Charge collection 
by drift (~1ns); no charge sharing; single pixel 
cluster (:= calibration peak)


2. Absorption in epitaxial layer: Charge collection 
partially by diffusion + drift; charge sharing 
depending on distances


3. Absorption in substrate: Charge collection 
depending on depth and lifetime of charge carrier

1

2
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modification R&D ongoing
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Innovative Ideas & 
Technology



Technology and Innovation
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IDEAL Vertex Tracker (only with Si)

• Detection efficiency ➔ 100%


• Material budget (X/X0) ➔ 0%


• Power consumption ➔ 0 ➔ no 
cooling
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Furthermore …

• Even “Starting detection at IP” 
with ‘active’ target
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even 3D Silicon Pixel chamber
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ALICE (only with) S(ilicon)
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ALICE proposal for LS4 (2030) officially submitted by PBM, LM and F. Antinori for ALICE 
collaboration (Dec. 2018)
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A Lesson from Technology

Scientific Advance is more often 
driven by the development of a 
NEW tool than a new concept 

- Freemab Dyson


