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Inner tracker 
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HL-LHC  
• ATLAS detector to design for 

– Instantaneous lum.: 7x1034 cm-2s-1 

– Integrated lum.: 6000 fb-1 (including safety factor 2 in dose rate) 
– Pileup: 200 events/crossing 

 
• PIXELs (HL-LHC) 

– Inner: r=3.7 cm  ~2.2x1016  
– Medium: r = 7.5 cm, ~6x1015 
– Med/Out:  r=15.5 cm ~2x1015  
– Outer: r = 31 cm (?)  ~1x1015  
– Charged:Neutrons ≥ 1 

 
• STRIPs (HL-LHC) 

– Replacing Strip and TRT 
– r = 30 cm, e.g. 

• Fluence ~1x1015  
– Neutrons:Charged ≥ 1 

 

occupancy   pixel size :50x400 → 50x250 (μm) → 50x50 (or 25x100) (μm) 
      strip length:120 → 24 (mm)  

 p-bluk sensor  
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NIEL 

( ) 
NIEL (Non Ionizing Energy Loss)  
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[M.Moll: Data: R. Wunstorf, PhD thesis 1992, Uni Hamburg]
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HPK   

 (IV, CV, CE, …) + Beam test CE, …  

 

 (IV, CV, CE, …) + Beam test CE, …  

CERN(SPS), Fermi(Mtest), … 

CYRIC (70MeV-proton),  (γ) 
Ljubljana (Neutron), … 
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Charge Collection after Irradiation 

H.F.-W.Sadrozinski,et al.,  
NIM A(2011) 

Annealed 80 min at 60 C 

900 V 

90Sr   

Short 
strips 

Long 
strips 

Inner-most 
pixels 

Still good amount of signals 
CC ~13000-18000 e at 1 1015 neq/cm2 at 500-900 V bias voltage 
Still ~5000 e at ~1 1016 neq/cm2  

Silicon thickness 300 μm 
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ATLAS planar PIXEL prototyping runs 
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Sensor 

(HV=1kV at edge) 

FE (~0V) 

< 10μ 
 

 

 
 

20
17/
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n-on-n vs p-on-n 
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p-on-n 
Edge  

OK  
 

HV GR BR 

n-on-n 
Edge ~0V 

 
pixel  

 
OK 

GR GR 



 

HVHV

HV

Bias-rail 

 
FE  
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Pixel design improvement 
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Pixel Layout 
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Pixel module & Layout 
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4chip module 

2chip module 

Mock up at Univ. Geneva 

FE 
FEI4B (130n) 

FE65 
RD53A 
RD53B :  
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 (monolithic CMOS) 
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Bump bonding less   low mass 
    low cost ???  
     
    +  
     FPIX (Lapis/200u) 
      150u layout 
    (>2cm )   

process rule 
  
HVCOS  350nm 
Lapis FD SOI 200nm 
  150nm 
XFAB PD SOI 180nm 
 
FEI4 (50ux250u) 130nm 
next FE (50ux50u) 65nm 
 
CPU (Fin FET) 14nm 
  10 or 7nm 
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MOS damage at gate 
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Fully Depleted (FD) / Partially Depleted (PD) SOI 
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Radiation damage 
No back gate effect 
Naturally rad-hard  

Radiation damage 
Thick BOX 

 Double SOI 
 

Low capacitance 
 Low power 

     High speed 

PD (=bulk CMOS) 

FD 
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 (LGAD) 
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LGAD  Low Gain Avalanche Detectors 
  Linear Gain Avalanche Detectors 
   

 
 

<50ps   
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