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PICSEL 

Colliders, fixed target experiments and telescopes 



Vertexing and charged particle tracking 

• Why do we need vertexing and tracking ? 

 Reconstruct Primary and secondary vertex 

 Heavy flavor tagging (b, c, ) 

 Order of magnitude: O(1m)- O(10m) 

 Low momentum tracking 

 pT ~< 100 MeV/c – 1 GeV/c 

 Vertex/Jet charge determination 
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Vertexing: squaring the circle 

• General trend in particle physics 

 More statistics & More precision 

• R & D : since ~ 1999-2000  

 Motivated by a Linear e+e- collider 

• Leptons colliders and heavy ions exp. 

 Different approach compared to hybrid 
pixels & LHC 

 Experimental environment much less 
demanding 

 favors technologies which allow to focus 
on resolution and material budget 

 CMOS pixel sensors (CPS) offer the best 
compromise 

 
 Granularity 

 Material budget 

 Signal processing integrated in the sensor 

 Flexible running conditions  
 (Temperature, Power, Rad. Tol.) 

 Industrial mass production 
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ILD requirements @ ILC 

Vertex reconstruction 
 granularity 
 Pitch ~17 um  
 (sp ~3 um) 

Material Budget 
 ~ 0.15% X0 / layer 
 < 1% X0 for the whole VTX 
~ 900 m Si 
+ ~0.14% X0 for the beam pipe 

Radiation hardness 
O(100kRad/an) & O(1011)neq/an 

Cooling 
Stiffness / Alignment 

Read-out speed 
O(1-10 s) 

Power consumption 
~< 50mW/cm2 

Physics 
 Flavour tagging 
 Low pT tracks 

Beam background Beam background (~ 5 hits/BX/cm2 on layer 0) 

Back scattering 

Challenge : meet the requirements all together 

Fast read-out & low Power  
architectures 

Low material detectors & 
supports structures 

Rad.Tol. devices 



Challenges and goals of CPS R&D in 

subatomic physics 

• How to improve read-out speed/time resolution ?  

 while keeping 

 a spatial resolution in the 3-5 m range  

 a material budget per layer in O(0.1-0.2)% X0 range 

 a controlled power consumption (50-100 mW/cm2) 

 a controlled data flow (~107 – 108 particles/cm2/s) 
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 Step by step   Progress of the technology 



CPS roadmap 

Conseil Scientifique IPHC, March 2019 6 

O(100 s) O(10 s) O(1 s) 

2010-2014 2015-2019 > 2020-2030 

EUDET telescope 

STAR-PXL  

ALICE ITS upgrade 

CBM-MVD 

ILC-VXD & SIT 

ULTIMATE Sensor 

MIMOSIS Sensor 

ALPIDE Sensor 

MIMOSA-26 Sensor 

PSIRA proposal 

Auguste Besson 

PLUME 1 PLUME 2 

BEAST-2 

• 1999: 1st prototype 
• 2005: Full scale (M5) 
• 2006: Digital output 
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STAR-PXL ALICE-ITS CBM-MVD ILD-VXD 

Data taking 2014-2016 >2021-2022 >2021 >2030 

Technology AMS-opto 0.35 m TJ 0.18 m TJ 0.18 m 0.18 m (conservative) 
< 0.18 m ? 

4M HR, Vbias ~-6V 
Deep P-well 

HR, Deep P-well ? 

Architecture Rolling shutter 
+ sparsification  
+ binary output 

Data driven 
In pixel discri. 

 data driven r.o. 
In pixel discri. 

Data driven r.o. (conservative) 
 

Pitch (m2) / Sp. Res. 20.7 x 20.7 / 3.7 27 x 29 / 5 22 x 33 / <5 ~ 22 / ~ 4 

Time resolution (s) ~185 5-10 5 1 – 4 

Data Flow ~106 part/cm2/s 
 

Peak data rate ~ 0.9 
Gbits/s 

peak hit rate  
@ 7 x 105 /mm²/s 

>2 Gbits/s output (20 
inside chip) 

~300 Gbits/s (instantaneous) 
~1-3 Gbits / s  (average) 

Radiation O(50 kRad)/year 2x1012 neq/cm2  
300 kRad 

3x1013 neq/cm2/yr  
& 3 MRad/yr  

O(100 kRad)/year 
& O(1x1011 neq(1MeV)) /yr 

Power (mW/cm2) < 150 mW/cm2 < 35 mW/cm2 < 200 mW/cm2 ~ 50-100 mW/cm2  
+ Power Pulsing 

Surface 2 layers,  
400 sensors,  

360x106 pixels  
0.15 m2 

7 layers,  
25x103 sensors 

 

> 10 m2 

4 stations 
Fixed target 

3 double layers 
103 sensors (4cm2) 

109 pixels 
~0.33 m2 

Mat. Budget ~ 0.39 % X0 (1st layer) ~ 0.3% X0 / layer 
 

~ 0.15-0.2 % X0 / layer 
 

Remarks 1st CPS in colliding exp. (with CERN) Vacuum operation 
Elastic buffer 

Evolving requirements 

Evolving CPS 
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PSIRA proposal MIMOSIS ALPIDE ULTIMATE 



Achievements 
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 Beam Telescopes 

• EUDET/AIDA Telescopes (since 2010) 

 EU-FP6 

 6 x Mimosa-26 

 1152 x 512 pixels (10x21 mm2) 

 Pitch = 18.4 x 18.4 m2 

 ~ 10 copies around the world 

 Typical Performances 

 Read-out ~115 s 

 Pointing: ~ 1.5 m 

sp ~< 2.5 m with 6 GeV e
- 

 tomography 

 

 

 

 

• CREMLIN+ program (EU+Russia)  
 DESY, CERN, JINR, FAIR, BINP, KINR, Frankfurt, IPHC 

 Telescope with MIMOSIS 1 or 2 

 Double sided ladders  

 faster read-out time 100 s -> 5 s.  
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Jan Dreyling-Eschweiler,  
Status of the EUDET-type beam telescope infrastructure 



Past: STAR Heavy Flavor Tracker 

• STAR-HFT @ RHIC 

 Ultimate sensor (Mimosa-28) 

 AMS CMOS 0.35 m 

 20.7 m pitch 

 ~185 s r.-o. speed,  

 0.37 % X0/layer 

 2 layers, 400 sensors,  

 360x106 pixels 

 0.15 m2 

 Architecture 

 Rolling shutter read-out  

 sparsification  

 binary output 
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 3 years of successful data taking for 

physics (2014-2016) 

 PXL meets the requirements 

(IP, eff., etc.) 

 STAR: most sensitive HI experiment  

to charm tagging 



Recent Past: Integration with PLUME 

• PLUME collaboration (Bristol, DESY, IPHC) 

 Double sided ladders (12xMi26) with minimized material budget 

 

 

 

 

 Mat. Budget 

 Cu(0.42%)/Al(0.35%) X0 flex cable 

• Output 

 No major issue 

 0.3 % X0 reachable  

 

• Application in BEAST for Belle-2 (2018) 

 Machine commissionning & beam parameters opt. 

 Identify different background  sources 

 Check rad. safety for VXD before BelleII 

 Ran continuously March-July 2018 
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Know-how acquired  Ladders close to ILC mat.budget specifications 



Present and short term 
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Present: ALICE ITS Upgrade 

• Technology 
 0.18 m deep P-well (PMOS transistors) 

 Allows more functionnalities 

• Alpide (CERN & IPHC) 
 Data driven read-out 

 Substrate reverse bias (depletion) 

• Requirements & Design 
 Pitch = 27x29 m2  sp ~< 5 m ;  

 Time resolution ~ 5 s 

 Mat.budget ~ 0.3% X0 / layer 

 7 layers, > 10 m2, 25x103 chips  

 Power < 50 mW/cm2 

 Peak data rate ~ 0.9 Gbits/s 

 sp ~< 5 m ; ~ 0.3% X0 / layer 
 7 layers, > 10 m2, 25x103 chips  

 

 Requirements & Design 
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Le nouvel ITS pour ALICE 

Un trajectomètre de haute précision. 10 m2 de silicium à pixels.  

20 CS IN2P3 | 30 janvier 2014 |  Amélioration du détecteur ALICE du LHC (CERN) 

! Amélioration d’un 
facteur 3 de la 

résolution sur le 
paramètre d’impact 

des particules. 

! Lecture à 50-100 kHz 
en Pb-Pb MB. 

! Rayon de 2.24 cm 
pour la première 

couche. 

! 0.3% X0 par couche. 

! 7 couches de 

capteurs MAPS avec 
la technologie CMOS 

0.18mm de TowerJazz.  

 10 m2 detector in 0.18 m technology 



CBM-MVD @ FAIR 
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Michal Koziel| deutsche physikalische gesellschaft 2017| Münster 
(Germany) 

Non uniform hit 
density in time and 

space 

Joachim Stroth | 56th Winter Meeting on Nuclear Physics | Bormio (Italy) 

#
0 

#
1 

#
2 

#
3 

Au/Au 10 AGeV 100kHz 

simulations 

simulations 

(IPHC and IKF)  



MIMOSIS roadmap 

• 4 prototypes: 

• MIMOSIS-0: = 2 regions 

 Test in progress  

 Priority encoder 

 Radiation hardness design (SEU) 

 Testability 

• MIMOSIS-1:  

 1st prototype of complete sensor  

 (2019) 

• MIMOSIS-2:  

 (2020) 

• MIMOSIS-3: final pre-production sensor  

 (~2020) 
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 architecture adaptable to a fast sensor for an ILC vertex detector 

504 x 1024 pixels = 16 super regions 
1 super-region = 4 read-out regions of 16 columns 
2 columns = 1 data driven read-out 



Future & Perspectives 
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Extension of MIMOSIS to ILC vertexing and tracking 

• Conservative approach 

 Minimize changes w.r.t. MIMOSIS  

 Keep TJ 0.18 m technology & a similar architecture 

 2 sub-systems targeted 

 Vertex detector &  Silicon inner trackers (SIT @ ILD) 

 

 

 

• Expected Performances 

 sp ~4 m Use double sided  sp ~2.8 m 

 22x22 m2  ~ 20% better spatial resolution w.r.t. ALPIDE 

(vertexing) 

 Faster = higher Power consumption 

 Read-out time: 2-4 s (ILD-VXD) and 1 s (ILD-SIT) 

 Sustainable occupancy  

~ 100 hits/cm2/s 
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 PSIRA architecture already reaching 4-8 BX read-out time  
 Power vs read-out speed compromise  
 Avoiding power pulsing possible ? 

 Finalize CPS ~2025 

Auguste Besson 

 PSIRA 



CPS: an evolving technology 

• TJ 0.18um process 

 Smaller feature size, adapted epitaxial layer 

 

 

 

 

 

 

 

 

• Explore smaller feature sizes 180 nm 110 nm or even 65 nm. 

 Motivations 

 Smaller pixel dimensions & faster read-out 

 Reduced power consumption  

• Long term R&D (with CERN) 

 Stitching -> reduce ladder overlap / reduce space between sensors  

 ~150 m to ~<50 m 

 Synergy with ALICE plans 

 65 nm technology exploration 

 Mixed CMOS processes 
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High resistivity > 1k.cm 

Deep P-well (PMOS) 

Reverse bias  
(6V) increases depletion 

Classical CMOS State of the art (ALPIDE & MIMOSIS) 

 Smaller feature size offers opportunities 
to get closer to 1 s r.o. time 



Perspectives from other groups @ IPHC 

ALICE                Belle-2 
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 More materials in backup slides 



Alice perspectives 
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Le nouvel ITS pour ALICE 

Un trajectomètre de haute précision. 10 m2 de silicium à pixels.  

20 CS IN2P3 | 30 janvier 2014 |  Amélioration du détecteur ALICE du LHC (CERN) 

! Amélioration d’un 
facteur 3 de la 

résolution sur le 
paramètre d’impact 

des particules. 

! Lecture à 50-100 kHz 
en Pb-Pb MB. 

! Rayon de 2.24 cm 
pour la première 

couche. 

! 0.3% X0 par couche. 

! 7 couches de 

capteurs MAPS avec 
la technologie CMOS 

0.18mm de TowerJazz.  

HI Experiment at LHC 
       “All-Silicon” 

ITS2 
ITS3 

Beyond LS4 

LS3 ITS1 

LS4 

LS2 

  Pointing resolution  

  significantly improved 
 • Factor 3 in rφ-plane  
 • Factor 5 along z axis      



ITS3 & beyond LS4 

• ITS3 
 Replacement of ITS 2 inner barrel by 3 

layers of very thin CMOS sensors 

 Extension to lower pT’s 

 R=18/24/30 mm 

 Expected performances 

 Factor 2 in pT 

 Factor 4 in significance 

 

• Beyond LS4 

 Tracker: ~ 10 layers based on CPS 

 Spatial resolution 

innermost layers ~1-3 um 

outer layers ~5 um 

 High precision time  

Measurement (<30 ps) 
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Better Vertexing 

Sensor thickness: 20 − 40μm (0.03 - 0.05% X0) 

Expression of Interest ALICE-UG-2018-01 

arXiv:1902.01211  

https://arxiv.org/abs/1902.01211


Belle-2 perspectives 
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Phase-2 

March-July 2018 

Phase-3 

Beam background commissionning 

2027: L  ~50 ab-1 

2019-2027 

Upgrade 

VXD installed 



Belle-2 Possible upgrade vertex detector  
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Summary 

• Not covered 

 CEPC, LHC-B 

• CPS in subatomic physics 

 Tends to become the standard technology when 

resolution and material budget are the key factor 

 The potential of the technology is far from being 

fully exploited 

 CPS will continue to benefit from progress of 

foundries/industry 

• Time scale 

 Fabricating a dedicated sensor for a given 

application is a long process 

 Exploit synergies whenever possible 
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Back up 
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PLUME ladders at BEAST-2 for superKEKB 
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e- (7GeV) 

e+ (4GeV) 

• Motivations 

 Machine commissionning & beam parameters 

optimization 

 Check rad. safety for VXD before BelleII 

 Identify different sources 

 Touschek, synchrotron, beam gas, injection, 

 bhabha, 2 photons, etc. 

 

• Beast II installed in the VXD volume 

 2 PLUME ladders & other radiation monitors 

 

• Running conditions 

 Continuous running from March 16th  to July 17th 

2018 

 Luminosity 

 Peak L ~ 5.5x1033 cm-2.s-1 

 Total L ~ 500 pb-1 (Belle II detector) 

 Data  

 16 Mpixels / 115 s / sparse read-out 

 Analysis on going 

 

 



Le nouvel ITS pour ALICE 

Un trajectomètre de haute précision. 10 m2 de silicium à pixels.  

20 CS IN2P3 | 30 janvier 2014 |  Amélioration du détecteur ALICE du LHC (CERN) 

! Amélioration d’un 
facteur 3 de la 

résolution sur le 
paramètre d’impact 

des particules. 

! Lecture à 50-100 kHz 
en Pb-Pb MB. 

! Rayon de 2.24 cm 
pour la première 

couche. 

! 0.3% X0 par couche. 

! 7 couches de 

capteurs MAPS avec 
la technologie CMOS 

0.18mm de TowerJazz.  

Physics Goals 
ITS 2 beyond LS2 
Assembly and commissioning phase 

ITS UPGRADES 

  Pointing resolution  

  significantly improved 
 • Factor 3 in rφ-plane  
 • Factor 5 along z axis      

Lc → p K p  measurement  
accessible with the ALICE 
    upgrade and 10 nb-1 

  

Measurements of heavy flavor mesons with a higher 
significance and access to heavy flavor baryons 
-> Transport properties of the Quark-Gluon Plasma 
-> Partonic thermalization 
-> QGP hadronization mechanisms 

30 
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ITS 3 beyond LS3 
Improvement of heavy flavor baryon measurements  
Extension to lower pT’s 
From ITS 2 to ITS 3 : S/B x 10 , significance x 4 

L0: r ≈ 18mm   L1: r ≈ 24mm  L2: r ≈ 30 mm Pipe: r ≈ 16mm  

Sensor thickness: 20 − 40μm (0.03 - 0.05% X0) 

ITS 3 = replacement 
of ITS 2 inner barrel 
by 3 layers of very  
thin CMOS sensors 

Expression of Interest ALICE-UG-2018-01 

Better Vertexing 

Improvement of ≈ factor 2 at all pT’s   
31 
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Pointing resolution (pions): ≈ 10 μm @ 1 GeV/c,  
                                                  <50μm @ 200 MeV/c 

Spatial resolution 
• Innermost 3 layers: ~ 1μm 
• Outer layers: ~ 5μm 
High precision time measurement  
in the outermost layer (< 30 ps) 

  Physics Goals 
Very high precision measurement  of open 
heavy-flavors: single charmed and multiply 
charmed, charmed-beautiful, beautiful 
hadrons down to very low pT  

Tracker: ~10 tracking barrel layers based  
on CMOS sensors 
Hadron ID: TOF with outer silicon layers 
Electron ID: pre-shower 
FOCAl (-> 8 units of  rapidity) 

Next Generation HI Experiment at LHC 
 An “All-Silicon” Detector beyond LS4 

arXiv:1902.01211  
[physics.ins-det] 

1
0

0
 c

m
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https://arxiv.org/abs/1902.01211


material 
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Eudet Telescope resolution 
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Reminder: ILD Vertex Detector requirements (DBD @ 

500 GeV) 

• Physics: Mat. budget and granularity 

 

 

 

 R ~ 3 m (pitch ~ 17 m) 

 O(0.15%X0/layer)  + 0.14%X0 (beam 

pipe) 

• Experimental constraints 

 Occupancy (Beam background) 

    ~ 5 part/cm2/BX  few % occupancy max ? 

 Radiation hardness :  

    O(100 kRad) & O(1x1011 neq (1MeV)) /yr 

 Power dissipation : 

   ~ 50 mW/cm2 Power cycling, ~3% duty 
cycle 
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(a & b parameters) 

Beam background 
• Low momentum (10-100 MeV/c) real tracks ! 
• uncertainties on M.C. simulations / final geom. 
  Safety factors needed (> x5) 
• Vertex detector roles: 

 b/c/-tagging 
 Stand alone tracking capabilities (low pT)  
 VTX/Jet charge determination, etc. 

• Lower occupancies means 
 Reduced combinatorial to reduce fake tracks 
 Reduced pile-up for physics analysis 

 Strong motivations to get reduced occupancy / faster read-out 



CMOS pixel sensor (CPS) for charged particle detection 

• Main features 

 Monolithic (Signal created in low doped thin epitaxial layer ~10-30 m) 

 Thermal diffusion of e- (Limited depleted region) 

 Charge collection: N-Well diodes (Charge sharing  resolution) 

 Continuous charge collection (No dead time) 

 

• Main advantages 

 Granularity 

 Material budget 

 Signal processing integrated in the sensor 

 Flexible running conditions (Temperature, Power, Rad. Tol.) 

 Industrial mass production 

 Advantages on costs, yields, fast evolution of the technology,  

 Possible frequent submissions 

• Main limitation 

 Industry addresses applications far from HEP experiments concerns 

 

 

Conseil Scientifique IPHC, March 2019 Auguste Besson 36 



ILD: Chip dimensions & ladders 

ILD Integration, Feb. 2019 Auguste Besson 37 

Layer 0/1 

Layers 2/3 & 4/5 

Constraints from reticle size & geometry 
Minimize overlaps and dead space between chips 



ILD: VXD dimensions 
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Power scheme for VXD-ILD (inner layer) 

39 

Without Power cycling (NOPP) 
Train 
1 ms 

82 mW/cm2 Chip ON but no data 
~ 39  mW/cm2 

Train 
1 ms No Beam  ~ 199 ms 

+ <P> ~ 40 mW/cm2 

With Power cycling (PP) (2% duty cycle) 
Train 
1 ms 

1 ms : DATA 
82 mW/cm2 

196 ms:  
Chip OFF ~ 2.8 mW/cm2 

Train 
1 ms No Beam  ~ 199 ms 

<P> ~ 3.8 mW/cm2 
~3 ms : 

Chip ON  
but no data 
~ 39 W/cm2 

Hypothesis:  3 double sided layers (3483 cm2), PSIRA architecture (4 s / 4 m),  
DBD background @ s = 500 GeV, no safety factor 

ILD Integration, Feb. 2019 Auguste Besson 



Power:  Results 

ILD Integration, Feb. 2019 Auguste Besson 40 

• Chip read-out speed 

–  2 ms - 4 ms  

 

• Power pulsing  

– Power ON, no beam during 1-3 ms 

 Leading parameter With NO P.P. 

– Power OFF: 10-30 mW/chip 

 Leading parameter with P.P. 

• Outer layers 

– Lower occupancy 

– Power is dominated by outer layers   

• Beam background rate 

– DBD – DBD x 2 

 

 

Period Relative Energy 

E during train 225 mJ ~ 4 % 

E between train (Power ON) 380 mJ ~ 6 % 

E between train (Power OFF) 5740 mJ ~ 90 % 

Beam background rate Read-out speed <Power (NO P.P.) <Power> (P.P.) 

(s) (W) Conservative Ambitious 

DBD 4 s 102 W  
 
 

~31 W 

 
 
 

~12 W 

DBD  2 s 122 W 

DBD x 2 4 s 107 W 

DBD x 2 2 s 127 W 

Layers Relative 
Power 

Layers 0/1 ~ 10 % 

Layers 2/3 ~ 35% 

Layers 4/5 ~ 55 % 



Plume in Beast 2: Fake rate stability 
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• S/N threshold  8     Fake rate below 10-6 

• Average fakerate increase factor = 1.6  TID < 1kGy 

 Continuous running in stable conditions 
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ILD dimensions 



Read-out strategies vs resolution/occupancy 

CMOS pixels Sensors, LCWS2018 

Read-out 
between  

trains 

Continuous 
read-out 
during  
train 

~5 m 

>25-30 m 

~17 m 

Power Time  
resolution 

Spatial 
resolution 

Advantages Caveats 

Fine pixels (e.g. FPCCD) 

Low 1 complete 
train 

~ 1 m Spatial Resolution 
Hit separation 

Beam background 
tagging 

capabilities ? 
(cluster shapes) 

x16 #pixels to read-out in 

200ms 
No time stamping 
Occupancy issues ? 

In pixel circuitry to store hits with time stamping (e.g. chronopixels, SOI) 

Low Single or 
few 

bunches 
(>~ 0.5 s) 

>~ 5 m Hit time stamping 
 

Well suited to 
outer layers 

BX time stamping storage 

in conflict with granularity 

Continuous read-out during train  (e.g. DEPFET, CMOS): rolling shutter or priority encoding. 

High Few to 10s 
bunches 
(5-50 s) 

~ 3 m Time & spatial 
resolution 

compromise 

Power cycling mandatory ? 
F(Lorentz) ~ 10s grams 
Distribute 100s Amps 

shortly before train 
heat cycles the ladders. 

 

 Figures may evolve significantly with R&D and access to new technologies 
e.g. feature size Power, read-out speed, granularity, etc. 

Different options / room for mixed strategies ? 
e.g. double sided ladders: 1-fast / 1-precise 
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Matrix x16 

Region 1 
504 x 2 x 8 pixels 

Pixel Pixel Pixel Pixel Pixel 

Analog 
FE 

Dig 

x8 Reg. 2 Reg. 3 Reg.4 
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d
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Top Frame Generator 

Region Readout Unit 1 
SRAM 

128 x 16 bit x 2 

RRU 2 RRU 3 RRU 4 

DACs 

Super Region Readout Units  
SRAM 

64 x 32 bit x 8 

Top Elastic Buffer  
2048 x 128bit 

Pixel Config  
Management 

Serializer 

CMU 
Control Management 

Unit 

CLK: 40 MHz 320 MHz 

10 bits @ 20 MHz 

80 MHz 

Registers 

I2C 

Digital Periphery 

20 MHz 

32 bits @ 40 MHz 

256 bits @ 40 MHz 

128 bits @ 80 MHz 

N x 320 MHz (N = 1, 2, 4, 8) 

Pad Ring SLVS 

x16 

16 bits @ 20 MHz 

Clock gen 

40 MHz 

320 MHz 

SLVS 
Ref 

32 bits @ 40 MHz 

Sequencer 

PLL 

Data Generation for Multi-
Frame Pattern Emulation 

DGMFPE DGMFPE DGMFPE 
Multi-Frame 

Pattern Emulation 

PE Driving and Cluster Finding 

16 bits @ 20 MHz 

PEDCF PEDCF PEDCF 

Matrix dimension: 1024 (col.) x 504 (row) 
Pixel dimension: 26.88 µm (height) x 30.24 µm (width) 
2 kind of pixels: AC and DC coupled 
Integration time: 5 µs 

• To sustain high local hit density: 

• Pixel matrix divided into 64 
regions 

• 4 regions are grouped to make 
a super region 

• To absorb data fluctuation: 
• 1 Elastic buffer can store 9 

maximal frames 

• Write speed = 4 x read speed 

• Use quiet moment to read 
remaining data 

MIMOSIS 
architecture 

A
LC

W
2

0
1

8
, F

u
ku

o
ka

 
A

u
gu

st
e 

B
e

ss
o

n
 

44 



Charge collection Diffusion vs Drift 

 

 

 

 

 

 

• Drift reduces charge sharing  

 Reduces cluster size 

 degrades resolution 

 Improve S/N in seed  

 Better Radiation hardness 

 Faster charge collection time (<10 ns) 
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• Resolution governed by 

– Pitch 

– S/N & Collecting diode 
 Charge sharing 

 epi. thickness, resistivity, etc. 

– Signal encoding (binary or ADC) 

45 45 

Simulation 

 Few bits ADC 
Might be a good  

trade off 


