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Up	
  to	
  100	
  (-­‐1	
  

	
  by	
  2017	
  
30	
  (-­‐1	
  by	
  2013	
  

(7+8	
  TeV)	
  
Up	
  to	
  300	
  (-­‐1	
  

	
  by	
  2021	
  
250	
  (-­‐1/year	
  

	
  Up	
  to	
  O	
  (1000)(-­‐1	
  	
  

IBL	
  

New	
  Pixel	
  
detector	
  ?	
  

New	
  Inner	
  	
  
Detector	
  

The roadmap for LHC 
Luminosity	
  

Prepare	
  	
  
LHC	
  to	
  run	
  at	
  	
  
design	
  energy	
  

(14	
  TeV)	
  

Up	
  to	
  2.2	
  x	
  1034	
  cm-­‐2s-­‐1	
  
and	
  ~	
  85	
  collisions	
  
per	
  bunch	
  crossing	
  

Up	
  to	
  5	
  x	
  1034	
  cm-­‐2s-­‐1	
  
and	
  ~	
  200	
  collisions	
  
per	
  bunch	
  crossing	
  

Fluence:	
  up	
  to	
  2	
  x	
  1016	
  neq/cm2	
  

•  improved	
  radiaRon	
  hardness	
  
•  thinner	
  bulk	
  
Pileup	
  

•  increased	
  granularity	
  
•  faster	
  electronics	
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Work on pixels has been done in many directions 

FE-I4 1 

FEI3 1 

FEI3 2 

A)  Planar Pixels:  
      as the one presently used in ATLAS and CMS  

ATLAS productions: both n-in-p and n-in-n 
3 G.Calderini	
   FTK	
  Assembly,	
  Alexandroupolis,	
  Greece	
  



Option n-in-n 
- The same technology used in the installed tracker 
-  Well known and tested 
  (to the point that it’s the  
  planar candidate for IBL) 
- More expensive that n-in-p 
  (double side process) 

Option n-in-p 
- Promising technology 
-  p-type doesn’t invert with dose 
-  cheaper (pixel and GR on the same side) 

Some unwanted feature 
(for example HV reaches the chip side) 

We think n-in-p will become very  
important in view of tracker replacement 
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B)  3D Pixels:  

Here the electrodes are columns passing from one face to  
the other 
In this way the electric field is parallel to the face of the 
sensor and the charge drift evolves in a few tens of um 

- They are intrinsically more rad-hard wrt to the planars 
   and work at a lower bias voltage.  
- Dead regions between the columns! 
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In the ATLAS IBL, being installed during this LS1  
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Phase-II: why planar sensors? 

•  Planar pixel is a proven technology 
•  Modules shown to work after 1015 neq/cm2 

•  Possible replacement for some strip layers 

•  Low-cost large area production possible 
•  n-on-p sensors: single-sided process 

•  Project research axes 
•  Advanced simulation studies 
•  Active area optimization 
    (slim/active edges) 
•  Radiation damage studies 
•  Low cost module production 
     (6’’, 8’’, interconnections…)  
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PPS working tools 
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Geometry optimization: slim edges 
Optimization can be achieved by guard ring design or by  
active edge functionality    

Guard ring optimization  
already done for present  
IBL n-in-n sensors 

Approach adopted in the IBL 
Smallest possible inactive  
edge ~ 200um 
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Effective reduction of guard-ring region studied also in  
n-in-p productions 

Alternative approach: active edges 

Two technologies investigated within PPS 
- DRIE: deep reactive ion etching 
- SCP: scribe, cleave passivate 
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VTT/MPP n-in-p active edge pixel sensors  
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VTT/MPP n-in-p active edge pixel sensors  
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Hit efficiency for edge pixels – FE-I3, 50μm	
  edge 

G.Calderini	
   FTK	
  Assembly,	
  Alexandroupolis,	
  Greece	
   13	
  



By-product: study of CCE after irradiation for 
different thickness 
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FBK/LPNHE n-in-p active edge pixel sensors 

Deep trench diffusion 
(to prevent electrical 
field on the damaged 
cut) 

Uniformity of trench filling is critical.  

Cut line 

4.5	
  µm wide 

200	
  µm deep 
trench 
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Trench doping by diffusion 
FE-I3/I4 designs by LPNHE/FBK 
Thickness 200um n-in-p 
Different edge/GR configurations 
(typically 100-200um) 
Simulations indicate good CCE 
close to edge after 1015 neq/cm2 

Modules expected in Autumn 
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Current in good agreement with simulations 
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These sensors will be the core of the tests done in the  IAPP 
common ATLAS/CAEN test-bench at Viareggio for the 
development of new HV power supply boards, in particular the 
new A1541 future card. 
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Scribe-Cleave-Passivate (SCP) for slim edges 
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Scribe-Cleave-Passivate (SCP) for slim edges 
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XeF2 scribe or laser scribe 
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SLID Process	
  
Reducing the costs	
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FE-I4 SLID based modules expected at the end of the year	
  

Investigation of ‘low cost’ bump-bondings (C4NP etc)	
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New productions: multi-chip modules and cards	
  
first production at CiS  
on 6’’ wafers n-in-p with  
single and quad-modules 	
  

KEK 4-chip module 

4’’ wafers 
FZ 200/300	
   6’’ wafers 

CiS 

liverpool / glasgow 
quad module	
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•  4chip	
  module	
  on	
  KEK’s	
  4chip	
  card	
  
•  3	
  KEK	
  4chip	
  modules	
  in	
  the	
  testbeam	
  	
  
	
  	
  	
  	
  	
  	
  in	
  Aug.	
  2013	
  at	
  DESY	


HPK	


FE-­‐I4	
  2-­‐chip	
  pixels	


FE-­‐I4	
  1-­‐chip	
  pixels	


FE-­‐I3	
  1-­‐chip	
  pixels	


FE-­‐I3	
  4-­‐chip	
  pixels	


FTK	
  Assembly,	
  Alexandroupolis,	
  Greece	
  



N-on-n sensors: material studies   
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One highlight from test-beams: high-η analysis	
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Radiation hardness proven for n-in-p pixels up to 1x1016  
neq/cm2 and n-in-n pixels up to 2x1016 neq/cm2 
 

The High Luminosity phase of LHC requires a new ATLAS 
pixel detector 

Conclusions	
  

New sensors for the inner layers must be radiation hard, 
thin and with reduced geometrical inefficiency 

The Atlas PPS R&D group is investigating different 
solutions of n-on-n and n-on-p pixel sensors with reduced 
inactive edges and thickness 

Cost reduction can be investigated with, among other 
solutions, the use of cheaper interconnection 
techniques and multi-sensor modules   
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Additional material	
  



The original ATLAS Pixel detector 





SCP:	
  physics	
  performance	
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One highlight from test-beams: high-η analysis	
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One highlight from test-beams: high-η analysis	
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One highlight from test-beams: high-η analysis	
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Radiation composition	
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ATLAS	
  Tracker	
  Layouts	


•  Current	
  inner	
  tracker	
  
–  Pixels:	
  5-­‐12	
  cm	
  

•  Si	
  area:	
  2.7	
  m2	
  	
  
•  IBL(2015):	
  3.3	
  cm	
  

–  Strips:	
  30-­‐51	
  (B)/28-­‐56	
  (EC)	
  cm	
  
•  Si	
  area:	
  62	
  m2	
  	
  

–  TransiRon	
  RadiaRon	
  Tracker	
  (TRT):	
  
56-­‐107	
  cm	
  

•  Occupancy	
  is	
  acceptable	
  for	
  
<3x1034	
  cm-­‐2s-­‐1	
  

•  Phase-­‐II	
  at	
  HL-­‐LHC:	
  5x1034	
  cm-­‐2s-­‐1	
  	


•  Phase-­‐II	
  upgrade	
  (LOI)	
  
–  Pixels:	
  4-­‐25	
  cm	
  

•  Si	
  area:	
  8.2	
  m2	
  

–  Strips:	
  40.-­‐100	
  (B)	
  cm	

•  Si	
  area:	
  122	
  (B)+71(EC)=193	
  m2	
  	
  

•  Major	
  changes	
  from	
  LHC	
  
–  All	
  silicon	
  tracker	
  
–  Large	
  increase	
  of	
  Si	
  area	
  

•  both	
  in	
  Pixels	
  and	
  Strips	
  
•  ~	
  3	
  ×	
  LHC	
  ATLAS	






FBK/LPNHE active edge	
  

Qox	
  =	
  10^11	
  cm2,	
  	
  3x10^12	
  cm2	
  


