
Evolution of the electrical characteristics of the ATLAS 

ITk strip sensors with HL-LHC radiation exposure range
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 n+-in-p barrel Short-Strip (SS) sensors, 

with final production layout [1] (so-

called ATLAS18) for the ATLAS ITk 

upgrade, fabricated by Hamamatsu 

Photonics KK

• Float zone (FZ) p-type 6-inch, 320 

µm thick, silicon wafers

• 97621 x 97950 µm2

• 4 segments, 1280 strips/segment

• Parallel strips, 75.5 µm strip pitch

Sensor Type
1st Irradiation

(n: neutrons)

2nd Irradiation

(n: neutrons, g: gammas)

ATLAS18SS [pre-irrad tests] [pre-irrad tests]

ATLAS18-MiniSS [pre-irrad tests] [pre-irrad tests]

ATLAS18SS 1e13 neq/cm2 (n) 0.49 Mrad (g)

ATLAS18SS 5e13 neq/cm2 (n) 2.4 Mrad (g)

ATLAS18SS 1e14 neq/cm2 (n) 4.9 Mrad (g)

ATLAS18SS -
5.1e14 neq/cm2 (n)

+ 24.8 Mrad (g)

ATLAS18SS -
1.6e15 neq/cm2 (n)

+ 80 Mrad (g)

Leakage Current

The objective of  the study is to evaluate the evolution of  the performance of  the new ATLAS Inner-Tracker (ITk) strip sensors as a function of  radiation exposure, to ensure the proper 

operation of  the upgraded detector during the lifetime of  the High-Luminosity Large Hadron Collider (HL-LHC). Full-size ATLAS18 Barrel Short-Strip sensors with final layout design 

have been irradiated with neutrons and gammas, to confirm the results obtained with mini-sensors during the development phase. The irradiations cover a wide range of  fluences and doses 

that ITk will experience, going from 1e13 neq/cm2 and 0.49 Mrad, to 1.6e15 neq/cm2 and 80 Mrad. The split irradiation enables a proper combination of  fluence and dose values of  the HL-

LHC, including a 1.5 safety factor. A complete electrical characterization of  the key sensor parameters before and after irradiation is presented, studying the leakage current, bulk 

capacitance, and single-strip and inter-strip characteristics. The results confirm the fulfillment of  the ATLAS specifications, and the study of  a wide range of  fluences and doses allows to 

obtain detailed results about the frequency dependence of  the bulk capacitance measurements, or the evolution of  the punch-through protection and inter-strip resistance with radiation.
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ATLAS Specs Lower Limit

ATLAS Specs Range (post-irrad)

ATLAS Specs Range (post-irrad)

  

  

  

  

  

  

                                

 
 
 
  
 
  
 
 
 
  
 
 

                 

                     

       

             

             
                   
                     

   

   

   

   

                                

  
  
  
 
  
  
  
 
 
 
 
  
 
 
 
 
  
 
 
  
 
 

               
  

                                 

       
             

             
                   

                      

   

 

  

          

  
  
  
 
  
  
  
 
 
 
 
  
 
 
 
 
  
 
 
  
 
 

        

                                 
                  
                                
                               
                               
                                  
                                

                   
                     
                

ATLAS Specs Upper Limit
ATLAS Specs 

Upper Limit

ATLAS Specs Lower Limit

ATLAS Specs Lower Limit

Strip Segment 4

Strip Segment 3

Strip Segment 2

Strip Segment 1

ATLAS18SS Sensor

~10 cm
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• Combination of  neutron and 

gamma irradiations, covering 

the fluences/doses expected 

from the first days of  the 

HL-LHC, to the end of  the 

lifetime of  the experiment

• Neutron irrad. at TRIGA 

reactor (Ljubljana, Slovenia)

• Gamma irrad. at UJP Praha 

(Prague, Czech Republic)

(3) Lower frequencies needed to extract Vfd after irradiation. Frequency should be lower enough to interact 

with the deep traps created during irradiation [2]

(4) Reduction Vfd for 1e13 neq/cm2, increase above 5e13 neq/cm2, probably caused by the acceptor removal 

effect in p-type material irradiated with protons or neutrons [3]

(5) Fluences above 1e14 neq/cm2 require bias above 500 V to fully deplete the bulk

Punch-Through Protection (PTP) voltage:

(9) Increase of  PTP voltage with irradiation [5], but showing reduction between 5e13 - 5e14 neq/cm2

(10) Sensors irradiated only with neutrons showing lower PTP voltage than sensors irradiated with 

neutrons+gammas

(12) No clear influence of  gamma irradiation on Cint

Inter-strip Resistance (Rint):

(13) Reduction Rint with irradiation [4,5]. Lowest values between 1-5e13 neq/cm2

(14) Sensors irradiated only with neutrons showing higher Rint than sensors 

irradiated with neutrons+gammas [4]

ATLAS Specs:
- Ccoupl ≥ 20 pF/cm (pre-irrad)

- Rbias = 1.5±0.5 MΩ (pre-irrad), 

1.8±0.5 MΩ (post-irrad)

- PTP not defined

ATLAS Specs:
- Breakdown Voltage (Vbd) > 500 V

- I at 500 V < 0.1 µA/cm2 (20C pre-irrad), 

< 100 µA/cm2 (-20C post-irrad)

ATLAS Specs:
Full depletion voltage (Vfd) < 350 V (pre-irrad)

Coupling Capacitance (Ccoupl): (6) No variation with irradiation [4]

Bias Resistance (Rbias):

(7) Increase of  Rbias with irradiation [4,5]

(8) Lower Rbias obtained at lower bias voltages, due to reduction of  Rint caused by gamma irradiation

ATLAS Specs:
- Cint < 1 pF/cm at 300 V

- Rint > 10 x Rbias at 400 V (pre-irrad), 

at 500 V (post-irrad)

Inter-strip Capacitance (Cint):

(11) No significant variation of  Cint with 

irradiation above 300 V [4]

(1) Linear increase of  leakage 

current as a function of  fluence

(2) No significant variation on leakage current with gamma irradiation 

after neutron irradiation

ATLAS Specs Upper Limit (post-irrad)

All the parameters measured fulfill the ATLAS specifications before/after irradiation, confirming the results obtained with mini-

sensors during the development phase. Additionally, some interesting results were observed:

- Frequency dependence of  bulk capacitance measurements after neutron+gamma irradiation up to 1.6e15 neq/cm2 + 80 Mrad

- Increase of  Rbias and PTP voltage with irradiation, but showing a plateau of  PTP voltage between 5e13-5e14 neq/cm2 (*)

- Reduction of  Rint with irradiation, but showing the lowest values between 1e13-5e13 neq/cm2 (*)

- Additional gamma irradiations (ionization) after neutron irradiations (displacement), increases PTP voltage (*) and reduces Rint

(*) These results were not observed previously with prototypes. Further studies needed to understand the mechanisms responsible.
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