
Joachim Erfle 
joachim.erfle@desy.de 

Irradiation study on diodes of different silicon materials 

for the CMS tracker upgrade 

RD50 Workshop 

14-16 November 2012 CERN 

 

Joachim Erfle 

University of Hamburg 

 

On behalf of the CMS tracker collaboration 

Irradiation study on diodes of different silicon 
materials for the CMS tracker upgrade 15/11/12 

page  1 



Joachim Erfle 
joachim.erfle@desy.de 

Overview 
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¶ Introduction to the CMS silicon sensor study 

¶Measurements after first irradiations 
¶Dark current 

¶Signal collection 

¶Effective doping concentration 

¶Conclusions 
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Goals of the silicon sensor study 

The main goals for the tracker at the HL-LHC will be: 

ÅCope with higher occupancy 

ÅAdd level 1 trigger capability 

ÅWithstand higher radiation  (up to a fluence of ʊeq = 1016 cm-2) 

The current tracker would not withstand the radiation and also develop occupancy problems 

Ҧ CƛƴŘ best suitable silicon material a future tracking detector 

To achieve that we investigate a large variety of silicon materials: 

ÅDifferent bulk doping (n and p) 

ÅDifferent fabrication procedures 

ÅDifferent oxygen content 

ÅDifferent thicknesses 

Test sensor geometries and layouts 

Irradiations with neutrons or/ and protons to simulate HL-LHC radiation dose 
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structure to study 

diodes material 

baby strip sensor reference design / 
material 

baby with integrated 
pitch adapter 

study new design ideas 

pixel sensor reference design / 
material 

multigeometry pixel layout parameters 

multigeometry strips layout parameters 

baby strixel study new design ideas 

teststructures process parameters 

Wafer overview 
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Silicon material 
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material 
thinning 
method 

active thickness 
[ m˃] 

wafer 
thickness [ m˃] 

oxygen concentration 
[1017 cm-3] 

FZ deep diffusion 120,200,300 320 5,3,1 

FZ --- 200 200 1 

FZ handling wafer 120 320 expected small 

MCz --- 200 200 4 

Epi --- 50,100 320 1,1 
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Of each material there are 2 different types: 

- N-type (N) 

- P-type (P) 

 active 

inactive 
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Irradations 

Neutrons:  1 MeV (TRIGA Reactor Ljubljana) 

Protons:  23 MeV (Karlsruhe cyclotron) 

    800 MeV (Los Alamos) 

    23 GeV (CERN PS) 
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radius protons ʊeq [cm-2]  neutrons ʊeq [cm-2]  total ʊeq [cm-2]  active thickness 

40 cm о ϊ мл14 п ϊ мл14 т ϊ мл14 җ нлл ˃m 

20 cm м ϊ мл15 р ϊ мл14 мΦр ϊ мл15 җ нлл ˃m 

15 cm мΦр ϊ мл15 с ϊ мл14 нΦм ϊ мл15 җ нлл ˃m 

10 cm о ϊ мл15 т ϊ мл14 оΦт ϊ мл15 Җ нлл ˃m 

5 cm мΦо ϊ мл16 м ϊ мл15 мΦп ϊ мл16 ғ нлл ˃m 

courtesy of S. Müller, KIT 

HL-LHC: L
int

=3000 fb-1 

Strip tracker 
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Volume current versus fluence 
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materials for the CMS tracker upgrade 15/11/12 

Volume current scales with fluence 

as expected, independent of 

silicon material (oxygen content).  

currents are measured after annealing of 10 min@ 60°C 

at -20°C and scaled to 20°C, guard ring grounded 
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more annealing 

less annealing 

Measurements scaled to 10 min at 60°C annealing 
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Charge Collection Efficiency (Signal) 
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Charge Collection Efficiency at 1000V 
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�Æ Thick material is not beneficial 

anymore: High depletion voltage 

and more effected by trapping 

�Æ MCz shows highest CCE 

MCZ 200 N,P 
FZ 200 N,P 
 

FZ 300 N 
FZ 300 P 
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