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Outlook 

 

ÅSensor properties 

ÅCharge collection measurement method 

ÅMeasurement results after irradiation at 
different fluences 

ſNeutrons  

ſCharged particles  

ſGammas 
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ATLAS Phase II upgrade  

ÅFLUKA predictions of the maximum 
1MeV neq fluences normalized to 3000fb -1 
of HL -LHC 
ſPixel innermost barrel: 1.4×1016neq/cm 2 

(2.8×1016neq/cm 2) 
ſStrip barrel: 5.3 ×1014neq/cm 2 

(1×1015neq/cm 2) 
ſStrip endcap: 8.1×1014neq/cm 2 

(1.6×1015neq/cm 2) 
ÅATLAS qualifies with 2× safety  

with respect to predicted radiation 
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Radiation background studies for the Phase II inner tracker upgrade; P. S. Miyagawa and I. Dawson; 
ATL-UPGRADE-PUB-2014-003 



Sensors 

ATLAS07   ATLAS12A (differences to 07)  

Åp-type FZ(100) 

Å~ 6.7kǹcm 

ÅDepletion voltage å190V  

Å310ȉm thick  

ÅFull size sensor (10cm×10cm), 
surrounded by miniôs 
(1cm×1cm) 

Å6 Zones for miniôs with different 
n-strip isolation  

ſIndividual p -stop 

ſp-spray 

ſp-spray + p-stop 

Å74.5 ȉm pitch (Zone 6 100 ȉm) 

 

Å~ 3kǹcm 

ÅDepletion voltage å350V  

Å320 ȉm thick  

ÅBond-pads modified to match 
new ASIC (ABC130) 

ÅImproved PTP for main sensor 

ÅMiniôs: additional PTP gate 
structures and End-Cap 
structures 
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Charge Collection Measurements 

ÅCharge collection measurements in ȁ setup 
ſ90Sr source  
ſScintillator for trigger  
ſAnalogue Beetle chip (LHCb) 

for read-out with ALiBaVa system 
ÅALiBaVa system with kazu settings 
ſLonger falling time compared to LHCb operation 

settings 
ſ40MHz read -out clock: delay not relevant due to ready 

signal from chip  
ÅMeasurements in cold environment (-20°C to -25°C) 
ÅCommon clustering algorithm  
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Normalization  

ÅUsing charge collection measurements of un-
irradiated ATLAS12A for calibration  
ſUse mean of all measurements when sensor is fully 

depleted 
ſCharge ὗ depends on sensor thickness:  

ὗ
Ȣ
ᶻρωπρφȢσz ÌÎ Ὠ   

Ὠ: sensor thickness 

ſActive thickness of ATLAS07/ATLAS12 sensors, 
derived from CV of large area sensors and by eTCT 
¶ATLAS07: 293ȉm => 22.5ke- 

¶ATLAS12A: 302 ȉm => 23.2ke- 
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Pre-irradiation ATLAS12 
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ATLAS 
preliminary  
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Bias Voltage (V)  

DESY ATLAS12A BZ3C

Freiburg ATLAS12A W644-BZ3C-P14

Liverpool ATLAS12A W619-BZ3F-P13

Liverpool ATLAS12A W620-BZ3C-P15

Liverpool ATLAS12A W620-BZ3C-P15

Liverpool ATLAS12A W620-BZ3C-P15

Ljubljana ATLAS12A ?

Ljubljana ATLAS12A W639-BZ3C-P15

Ljubljana ATLAS12A W666-BZC3-P12

Tsukuba/KEK ATLAS12A W615 Z3C-P14

Valencia ATLAS12A W628-BZ3C-P15

Cambridge ATLAS12 W626-BZ3C-P15



ATLAS12 Neutrons 5×1014 neq/cm2 
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ÅAccelerated annealing: 80min at 60°C (10days at 20°C) 
ÅUniformity after annealing much better 
ſ Different annealing times (order hours) after irradiation due to shipment and handling 

ſ Largest difference of charge at beginning of annealing cycle 
¶After 80min at 60 °C  less sensitive to small differences in time and temperature 

ATLAS 
preliminary  

ATLAS 
preliminary  



ATLAS12 Neutrons 1×1015 neq/cm2 
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ÅAccelerated annealing: 80min at 60°C (10days at 20°C) 

ÅUniformity after annealing much better 

ATLAS 
preliminary  

ATLAS 
preliminary  



All ATLAS07/ATLAS12 measurements 
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500V 900V 

ÅLarger spread at 500V for medium fluence -> sensors not fully 
depleted 

ÅAll measurements after annealing 
ÅLook into details in the next slides 

ATLAS 
preliminary  

ATLAS 
preliminary  



ATLAS12 measurements (500V) 

ÅMeasurements after Neutron 
irradiation clearly lower 
collected charge than for 
Protons/Pions  

ſDifferent damage types 

ſDifference in charge caused 
by oxygenation 
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ATLAS 
preliminary  


