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Motivation 

- To study carrier lifetime changes under pion irradiation and        

anneals in comparison with neutrons and protons 

- To profile irradiation homogeneity by “pion beam”  

- To test VUTEG-5-AIDA instrument installed at CERN 
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Samples and anneals 

 

Isothermal anneals at T=80 C with tT, exposure=n=1
7 [tn+2tn-1], t1=4 min., t0=0 

Samples: Cz and FZ Si wafer fragments of ~1010 mm2  with bare surfaces (native oxide) 
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Measurement instrument and regimes 
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Measurement instrument and regimes 
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Carrier lifetime profiling 

 

Figure 11827-Fz-n-003 F=6.01e12 

26 GeV/c protons 
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Carrier lifetime profiling 

300 MeV/c pions, Cz n-Si 
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Carrier lifetime profiling 

300 MeV/c pions, FZ n-Si 
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Carrier lifetime dependence on 

anneal exposure time 

300 MeV pions, Cz n-Si 7.7E11 
3.70E13 

2.4E12 

0 90 180 270 360 450 540
2.0

2.5

3.0

3.5

4.0

1909 Cz Si annealed 

at T=80
o
C

=7.68  10
11

 /cm
2

 R
 (

s
)

Time (min)

Averaged over profile 

0 90 180 270 360 450 540
1.2

1.4

1.6

1.8

2.0

2.2

1910 Cz Si annealed 

at T=80
o
C

=2.4  10
12

 /cm
2

 R
 (

s
)

Time (min)

0 90 180 270 360 450 540
0.10

0.15

0.20

0.25

1912 Cz Si annealed 

at T=80
o
C

=3.7  10
13

 /cm
2

 R
 (

s
)

Time (min)

0 90 180 270 360 450 540
0.015

0.020

0.025

0.030

0.035

1914 Cz Si annealed 

at T=80
o
C

=1,71  10
14

 /cm
2

 R
 (

s
)

Time (min)

1.70E14 

Saturation after ~ 90 min. 

Lifetime increase 50 % 

http://cern.ch/


 rd50 workshop 2015-12-02   E.Gaubas 

Carrier lifetime dependence on 

anneal exposure time 

300 MeV/c pions, FZ n-Si 7.7E11 
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Carrier lifetime variation with fluence 
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Comparison of characteristics of the  

pion, neutron and proton irradiated Si 
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Comparison of characteristics of the  

pion, neutron and proton irradiated Si 
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Characteristics of the neutron irradiated Si 

after 24 h isochronal anneal 

 
MCz n-Si, reactor neutrons 
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Rather significant lateral inhomogeneity within 26 GeV proton beam: 

lifetime value variation 2-3 times 

 

Smoother profiles  (  50 %) obtained for 300 MeV pion irradiated 

samples 

 

The longest 508 min. anneal leads to < 50% lifetime increase, while 

saturation appears after 90 min. anneal 

 

Lifetime values  are close for Cz and FZ Si samples,  and recombination 

lifetime decreases linearly with enhancement of pion fluence 

 

Carrier lifetime dependence on fluence fits the same curve for pions, protons 

and reactor neutrons 

 

 

Conclusions 
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