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Chips Under Test 
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Four psi46dig Read Out Chips (ROCs) irradiated 
 
Two chips irradiated @ CERN PS - 24 GeV protons 
 

w psi46dig chip 202 with sensor  
   D = 3 MRad 
   F = 0.91�1014/cm2 (±7.4%) * 
 

w psi46dig chip 203 with sensor 
   D = 13 MRad 

   F = 3.77�1014/cm2 (±7.6%) * 
 
Two chips irradiated @ Karlsruhe p Zyklotron 
 

w psi46dig chip 204 without sensor  
   D = 37.5 MRad 
 

w psi46digtrig chip 214 without sensor 
   D = 113 MRad 
 

	
  	
  	
  	
  	
  	
  	
  *	
  h#ps://irradia,on.web.cern.ch/irradia,on/Dosimeter/Sets-­‐2012.htm 



Tracker Radiation Dose 
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Layer 1: 1 MGy 
 

Layer 2: 400 kGy 
 

Layer 3: 200 kGy 
 

Layer 4: 150 kGy 
 
 
100 kGy = 10 MRad 
 
 
Fluence: 
3�1013/cm2 mips ~ 1MRad 

[CMS-­‐TDR-­‐011]	
  



Test Beam Results 
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CMS pixel 

CMS REF 

Mimosa Telescope 
3 planes upstream 
3.3 µm resolution 

Mimosa Telescope 
3 planes downstream 

Common 
scintillator 

trigger 

4.4 GeV positrons 
500 Hz/cms2 



psi46dig Pixel Read Out Chip 
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Test Beam Program 
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Beam Energy set to 4.4 GeV (e-) 
 

w psi46dig chip 202 
   > no cooling 
   > tilt 19, later add turn 28 
   > bias voltage scan at low threshold 
   > threshold scan at high bias voltage 
 

w psi46dig chip 203 
   > cooling with chiller at -15°C (expected -5°C at the sensor) 
   > bias voltage scan and threshold with tilt and turn 
   > bias voltage and tilt scan at low threshold, no turn 



Cluster Charge - Chip 202 
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w psi46dig chip 202 
  > D = 3 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 19.2° 
  > no turn 
 
w Full depletion 
  around -100 V 



Cluster Charge - Chip 202 
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w Cluster charge 
  distribution fit by  
  Landau ⊗ Gauss 

Gain calibration: 
Weibull fit, 
assume 50e/DAC 



Efficiency - Chip 202 
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w psi46dig chip 202 
  > D = 3 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 19.2° 
  > no turn 



Cluster Size - Chip 202 
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w psi46dig chip 202 
  > D = 3 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 20.3° 
  > turn = 28.5° 



Efficiency - Chip 202 
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w psi46dig chip 202 
  > D = 3 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 20.3° 
  > turn = 28.5° 



Cluster Size - Chip 203 
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w psi46dig chip 203 
  > D = 13 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 22° 
  > no turn 
  > cooled 
 
w Full depletion 
  around -150 V  



Cluster Charge - Chip 203 
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w psi46dig chip 203 
  > D = 13 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 22° 
  > no turn 
  > cooled 
 
w Full depletion 
  around -150 V ? 



Charge Map - Chip 203 
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w psi46dig chip 203 
  > D = 13 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt  = 23° 
  > turn = 29° 
  > cooled 
 
w Valley in lower left  
  quadrant 
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Efficiency Map - Chip 203 
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Efficiency = (DUT linked cluster) / (telescope track with REF cluster) 

w psi46dig chip 203 
  > D = 13 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 22° 
  > no turn 
  > cooled 
 
w 99.8 % in fiducial 
  volume 



Efficiency Map - Chip 203 
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Efficiency = (DUT linked cluster) / (telescope track with REF cluster) 

w psi46dig chip 203 
  > D = 13 Mrad 
  > IA = 25 mA 
  > threshold = 35 
  > tilt = 22° 
  > no turn 
  > cooled 
 
w 99.8 % in fiducial 
  volume 
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x-ray Results 
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Lab Results 

S-curves 

time walk 

gain 
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Summary & Outlook 
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v Test beam with irradiated digital ROCs done 
 
v First analysis on data collected on April 2013 
   = depletion voltage about 150V 
   = similar resolution as un-irradiated ~ 7 µm 
 
v Many features still to be investigated 
 



Backup 
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Cluster Charge - Chip 202 

V. Sola CMS Tracker Week - 15/05/2013 32 

w psi46dig chip 202 
  > D = 3 Mrad 
  > IA = 25 mA 
  > no turn 
 

▴ Vbias = -200 V 
  tilt = 21° 
 
n Vbias = -150 V 
  tilt = 17° 



Test Beam Set Up 
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psi46dig Pixel Unit Cell 
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