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Outline:

• Semiconductor detector problems (with a bit 
of history)

• Our activities

• Our inventions and proposals

My contribution task:  to present our team 
activities to represent us and to search for 
collaboration
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General facts about CERN requests and
our team in CERN:

• HEP experiments request the sensitive, fast, 50-100 m size 
and radiation hard ionizing radiation detectors.
– 1994-1995 GaAs RD8, Diamond RD42 and Si RD48 were 

competing up to 1998, 2002 RD50 started.
• We joined RD8 at 1995 as a part of Glasgow team, and  the decision: 

“GaAs is not recommended for LHC, but it is excellent for X-rays imaging 
in medicine (CERN-RD-MEDIPIX started.)

• 2002 we joined as GU team at  start of RD50, but registered as VU 

• HEP experiments‘ technical service requests:
– the detectors to control the proton beam trajectory that work at 

cryogenic temperature
• We were invited to join RD39 in 2003

– The devices for the radiation monitoring in the different places 
of LHC experiments;
• AIDA (2011-2015) and AIDA2020 WP15 (2015-2019) projects represent 

us in this activity.
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CERN 
(i.e., LHC
future)



Most ambitions :CMS Forward callorimeter needs ~80 m2

detectors radiation hard up to 1017 neutrons/cm2
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RD50 - Radiation hard semiconductor devices for very 
high luminosity colliders
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Radiation monitoring is based on the dependence of free 
carrier lifetime on the fluence.

This dependence was observed in Si from different 
suppliers and differently grown Si 

10
12

10
13

10
14

10
15

10
16

10
-1

10
0

10
1

10
2

10
3

10
4

 

 

Neutron irradiated material

 MCZ as-irradiated

Proton irradiated material

 MCZ   RT -50 MeV

 sFZ   RT - 24 GeV/c

 DOFZ  RT - 24 GeV/c


R
 (

n
s
)

Fluence (cm
-2

)

10
12

10
13

10
14

10
15

10
16

10
-1

10
0

10
1

10
2

10
3

10
4

 Okmetic MCZ<100> 1kOhm·cm 

300 m non-processed CIS

Samples 8556- 14

     

 

 

 R
  
(n

s
)

Fluence (n/cm
2
)

J.Vaitkus. CERN/CMS – Computing and technology workshop in Vilnius, 2016.12.13-14



 

 

User  guide

for manipulations

with dosimeter VUTEG-5-AIDA

2014  Vilnius

AIDA task: “Design and fabrication of the device for the radiation 

monitoring (after first test at CERN it was added: and proton 

beam profiling”

General view of the instrument VUTEG-5-AIDA with sample 
compartment C1 devoted to rapid fluence monitoring of  Si samples 
of dimensions 1010 mm2 placed in plastic bags.
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The device for integrated fluence monitoring

• The device for the contactless fluence 
monitoring delivered to CERN, the instruction 
book given, the seminar for the staff 
members organized, Vilnius team member  is 
ready to come if necessary.

• The calibration procedure has started, and to 
proton and neutron irradiation the irradiation 
by pions was added.
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For LHC(b) purpose (our vision):

1.  Two Si wafer pieces (Fig.) 
put around the proton 
beam.  

2.   Irradiate. Remove.
3. Scan the lifetime 

distribution across both 
pieces.

4. Transform the lifetime 
map to the integrated 
fluence image. 

The fluence range 1e12-
more that 1e16 
hadrons/cm2.
(If the irradiation will be more than 
3e16 cm-2, then this area will be 
necessary to scan by other method, 
purely optical) 
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Si

Needle-tip coaxial MW antenna

d~300 m

Single mode 

fiber

This device for 2D integrated 

fluence imaging up to 3“.

Cross-sectional scans within wafer depth
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It can scan sample in different regimes:

transmission, reflectance and probe
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Our duties and main results:

• Investigation of radiation hardness and parameters of different 
semiconductors related to LHC experiments  (120 scientific papers in ISI 
data base without the collaboration papers)

• We are responsible (in RD50 WODEAN project) for the lifetime and PC spectra 
analyze for all types of material.

• We discovered the linear dependence of free carrier lifetime on the 
irradiation fluence.

• We proved GaN is the extreme radiation hard material for the detectors 
(and it works at room T)

• We find out the dependence of free carrier mobility on the hadron fluence
in Si, that is important for the irradiated device properties prediction.

• Our (VU) device for new type of radiation monitoring is implemented in 
the Irradiation Facility at CERN
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