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Motivation
talk on Friday

/ sec. VII

*An input to simulations of operation of 1rradiated silicon detectors!
prediction of charge collection efficiency ( LHC, SLHC, etc. )
soptimization of operating conditions

soptimization of detector design ( p* orn™ strips, thickness, charge sharing )

*Characterization of different silicon materials in terms of charge trapping!

*Defect characterization?
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Method

Method proposed in 57 ROSE Workshop independently by
JSI group (CCM) and Lancaster/Hamburg Uni. group (ECC)

Method is based on TCT using red light pulses —»
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Samples and irradiations

Samples provided by: STM (ROSE), BNL and ITE (ROSE) .
All together 40 samples!

Different materials:

estandard, oxygen rich [O]=~5x10!7 cm, carbon rich [C]=1.8x10'® cm
different resistivities of materials
esilicon wafer producer (Topsil, Wacker, Polovodice)

Irradiation sites used:

«JSI Ljubljana (reactor neutrons)
*PSI Villigen (200MeV pions)
*CERN PS (24 GeV protons)
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STM samples: (n ,7° ,p*) *1013 /cm?

*W339 (15 k€2cm, standard) (0,2.5,5,7.5,10,15,20 ; :5.6,10.9,19.9 )
*W336 (2 k{2cm, standard) (- :10.9,19.9 )

*W333 (1 k{2cm, standard) (- :10.9, 19.9 )

*W317 (15 k€2cm, oxygenated) (2.5,7.5;- ;5.6,19.9)

*W309 (2 k€2cm, oxygenated)  (-; :10.9, 19.9)

*W301 (1 kQ2cm, oxygenated) (- :10.9,19.9 )

BNL samples:
*BNL-920 (~1k€2cm , standard) (10,20 ;

missing some
*BNL-917 (~1k€Qcm , oxygenated) (10,20;

points

ITE samples:
*P503-I-A3(~1.5 kQcm , carbonated) (5,10,20 ;-)

G. Kramberg er, JSI/DESY, 1+ workshop on Radiation hard semiconductor devices, CERN, 28-30.11.2001



Dosimetry and post-irradiation procedure

*Vp equivalent fluences accurate to ~10% !

*Pion irradiation ( : )
*Proton 1rradiation ( : ;
)
*Neutron irradiation (
: )

esamples were irradiated and after that kept unbiased
then they were mounted in Al boxes glued and kept at RT!
*the time evolution of the V', monitored with C-V method!

eonce minimum of ¥, was reached samples were stored at T=-17°C !
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Parameterization of results!

introduction occupation  Capture thermal velocity
rate probability cross -section

|

: = eq[zgt(l Peh)Gteh(T)Vtheh(T)
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at given temperature and ::> —=p.,(T.) P,

time after irradiation T ot e

eoperational temperature at LHC ~ -10°C

T

‘minimum in V.,
*in this presentation 8 is given in 10-1¢ cm?/ns
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Carbonated samples irradiated with neutrons
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B[10"°cm’/ns] Bn[107°cm?*/ns] Survey of
reactor |4,140.1 (~5-8) 6.0£0.2 (~2-3) results at
neutrons T=263 K 1n
pions |5.7+0.2 7.740.2 min. of Vi,
protons |5.6+0.2 7.7£0.2 old data!!
Observations:

‘initial N, (resistivity), oxygen content, carbon content (checked for
neutrons only) and silicon producer do not significantly influence 7, ;

echarged hadrons (24 GeV protons, 200 MeV pions) appear to be more
damaging than reactor neutrons in terms of charge trapping
(“NIEL hypothesis” violation)

1/T, > 1/7,5, (contrary to earlier measurements!!)
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Even with simple assumption of one dominant trap center there are problems!!

Temperature dependence of 7, 1s hidden in:
G, (T)ecT" me[-2,2]

1
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Unstable %> minimization with theoretical
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K e, h
Only effective B.,(T)=PB,,(263 K) r
parameterization can ’ 263 K

beused: x, =-1.58£0.07 , «,=-0.86%0.06
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Temperature dependence after annealing ~200h@60°C
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Effective trapping probability evolution with time

*Diodes used in studies:
*two diodes irradiated to @, .= 7.5x10"° n cm™ (Oxygenated , Standard, 15 k€cm)
*two diodes irradiated to @, =5.5x10""p cm? (Oxygenated , Standard, 15 k€cm)
emounted together to the Peltier cooler (same temperature history)
saccelerated reverse annealing at 60°C in steps for more than 200 h

*TCT measurements between the steps done at T=10°C!

1
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15 k€2cm samples 1rradiated with protons and neutrons
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relative change |standard |oxygen. |standard |oxygen.

chan ge n ﬁ neutrons |neutrons |protons | protons

B,—B.| ['holes 22% 30% [21% 26%
B, electr. 37% 33% 38% 35%

T holes (4.242.5/10+4.5/13+5 |10+3.5
ta,eh 4

[h@60°C] | electr. 1945  [10+3.5|5+3.5 |5.3£1.5

Tipen oforder 10 h@ 333 K

Better statistics 1s needed to claim more precise results!
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Summary of the 7, , measurements

*No significant dependence of 3, on material (oxygen, carbon, resitivity,
producer) for given particle type was observed!

*Effective trapping probability of electrons 1s lower than of holes!
eprotons and pions: B,(-10°C)=5.7x10-1® cm?*/ns , B3,(-10°C)=7.7x10-1® cm?/ns
neutrons: 3, (-10°C)=4.1x101¢ cm?/ns , fB, (-10°C)=6.0x10"1¢ cm?/ns

eincrease of 3, with time after irradiation by ~22-30%

edecrease of 3, with time after irradiation by ~33-38%
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