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Disclaimer: When it comes to irradia2ons, I’m very much an ‘end user’
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Today’s lecture will cover: 

◦ The mo5va5on for irradia5on 
◦ Ionising and non-ionising radia5on 
◦ Radia5on damage and consequences 
◦ Examples of some irradia5on facili5es 
◦ Tes5ng of irradiated parts 

Next lecture on Friday will cover:  

◦ Single event effects 
◦ Low dose rate irradia5ons 
◦ Decomissioning 
◦ PEPT: an example of irradia5ons for industrial applica5ons
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◦Many of you will be involved in developing or working with apparatus that will be deployed in 
environments with radia5on 

◦Unless the devices you are using are low cost and easy to replace, it will be necessary to design them such 
that they can survive radia5on damage and con5nue to perform to specifica5on up to the end of their 
required life5me 

◦ Irradia5on facili5es allow us to take instrumenta5on and expose it to a radia5on field in a controlled (and 
usually accelerated) way, taking the instrument to its end of life state 

◦We can then measure the irradiated device to test its performance at end of life and adjust or approve 
designs accordingly 

◦ There is also a use for irradia5ons from an opera5onal point of view, i.e. how does my device perform 
when the unwanted effects of radia5on are disturbing the measurements in ‘real 5me’ -> single event 
effects / upsets / transients
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◦ There are also addi5onal uses for irradia5on facili5es that are perhaps less familiar: 

◦ Sterilisa5on of medical products without removal of packaging 
◦ Produc5on of isotopes for medicine and industry 
◦ Irradia5ons for automo5ve and aeronau5cal parts where low dose rates (cosmic rays) over 

long 5me scales can be a contribu5ng factor to reliability

Facil5es worldwide: hUps://irradia5on-facili5es.web.cern.ch/#googlemaps
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◦ Please see Karol’s slides given as part of this lecture series for a great deal more detail on this topic: 

◦ hUps://indico.cern.ch/event/1277888/5metable/#13-interac5on-of-par5cles-wi 
◦ hUps://indico.cern.ch/event/1277888/5metable/#14-interac5on-of-par5cles-wi 

◦ The same goes for the talks by Laura on radia5on damage which is also relevant to this talk:  

◦ hUps://indico.cern.ch/event/1277888/5metable/#16-radia5on-damage-1 
◦ hUps://indico.cern.ch/event/1277888/5metable/#17-radia5on-damage-2 

◦ I will recap some of their material here since it is very relevant to this topic… 
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Ionising and non-ionising radiation
Phil Allport

The radia5on source 
chosen depends on the 
damage mechanism 
required for the 
applica5on or study 

Ions and neutrons 
principally chosen for 
non-ionising energy loss 
effects 

Photons principally for 
their ionising dose
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Phil Allport

◦ Increased electron density -> increased stopping power (dE/dx) -> increased 
total ionising dose (TID) 
◦ Non-ionising energy loss (NIEL) also occurs par5cularly with (heavier) ions 
(see next slide and this plot ->)

Ionising radiation
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Non-Ionising radiation

Damage to the crystal laace in silicon caused by 
nuclear interac5ons (see Laura’s radia5on 
damage lecture for more detail) 

Damage normalised to the damage caused by 1 
MeV neutrons -> 1 MeV neq/cm^2 unit 

Conversion is done via determina5on of hardness 
factors (see comparison slide later on) 
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Radiation damage mechanisms
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For solid state detectors e.g. silicon, radia5on damage has three main 
effects: 

◦ Increased leakage current -> increased shot noise -> (increased) 
cooling required 

◦ Charge trapping -> lower signal / charge mul5plica5on 
◦ Change of doping concentra5on -> reduc5on in Vdep -> increased bias 

voltages required 

For sensors, which typically contain very liUle by way of electronics, 
users are usually interested in radia5on damage in the ‘bulk’ of the 
device. For electronic components and e.g. CMOS detectors which have 
circuitry embedded within them, the Total ionising dose (TID) is also of 
interest due to the charge build up in Si-SiO2 interfaces

Radiation damage in electronics

NIEL

TID
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Radiation damage in polymers

hUps://cds.cern.ch/record/686978

N. Pacifico
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K. Nikolopoulos /RD50 Workshop, 3 June 2020

Birmingham MC40 proton irradiation facility, UK
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CYRIC proton irradiation facility, Japan

• Target 1x1016 neq/cm2 and 7 MGy  
• Dose has monitored with the ac5va5on of Al 
film placed in front/rear of samples.  
• Front : 95% and 91% within ~5 % uncertainty.  
• Sample cooled down to -15C with flowing 
vaporized liquid nitrogen (monitored in box). 

Foil for dosimetry
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• Built in 1966 (General Atomics)  
• 250 kW maximum power, can be lowered to few W  
• Flux scales with power  
• Maximum total flux is 4x1012 cm-2s-1  
• Several in core and ex core irradia5on channels  
• Maximum uninterrupted irradia5on 5me is 16 hours  
• Small tube - irradia5ons in standard containers (diameter 24 mm) 
• Ellip5c large tube (axes 7 x 5cm)  
• TID is about 1 kGray for 10^14 neqcm-2  
• Flux is 1.69 10^12 n cm-2 s-1 in small tube (10^16 in 100 min)  
• Flux is 3.05 10^12 n cm-2 s-1 in large tube  
• Temperature increase to about 45°C during irradia5on  
• About 100 irradia5ons per year  
• hUp://www-f9.ijs.si/~mandic/ReacSetup.html large tube
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Comparison of facilities for hadron irradiation

~£0.5k - 1k / day

Cost

J Taylor, Advanced Instrumentation Training Lectures, 20/06/23



19

Talk outlineGamma irradiation facilities

1919

Sandia - NM, USA  

• Irradia5on rate: > 50 Gy/h 
• Ac5ve cooling of the samples with forced air flow from the center 
• Chamber shape most suitable for irradia5ng standardised 

samples (Lap joints, double can5lever beams, dogbones, etc.) 
• Dim: OD ~ 110, ID ~ 40, h ~ 350 mm 
• Produce sample holders to maximise sample uniformity and 

space usage

BGS sample trolley

Custom made sample 
holder for Sandia
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Choice of irradiation facility

N. Pacifico

Main factors: damage mechanism of interest (TID or NIEL), availability, cost, volume/area 

Osen guided by what is available as much as what is most suitable
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Tes5ng irradiated parts can take different forms depending on the device and applica5on, will only cover 
the following three inter-related categories: 

•Electrical tes5ng : IV’s and readout 

•Mechanical tests 

•Thermal tests
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Un-irradiated

Irradiated

3D sensor efficiency vs bias

ITkPix v1.1 LDO voltage/temp/RO frequency vs irradia5on 5me

Koji Nakamura
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Testing irradiated parts - mechanical tests

◦ Tes5ng of irradiated CFRP structures and ULTEM ‘dogbone’ samples for ATLAS upgrade 
◦ Pixel modules will be held on ‘local supports made from carbon foam and CFRP ‘skin’ glued together 
◦ Parts were irradiated with gamma rays and mechanical pull tests and 3 point bending tests were carried out 
◦ Dogbone samples irradiated and their mass, modulus and dimensions checked before and aser irradia5on
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Testing irradiated parts - mechanical tests

◦ Parylene CVD layer deposited on ATLAS ITk pixel modules 
◦ Wire bond pull tes5ng aser irradia5on of parylene coated aluminium 

wires to test for briUleness of coa5ng 
◦ ISO 2409 cross cut test to check for adhesion aser irradia5on
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Testing irradiated parts - mechanical tests

Lap-shear tests can be used to test adhesives 
A mechanical pull tests is applied and the failure can be observed 
Failure in the bulk of the glue joint, or failure at the interface
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Testing irradiated parts - thermal tests

Bump bond delimitation seen in ATLAS/CMS Pixel devices (RD53A), 
Jörn Grosse-Knetter

◦ Tes5ng of irradiated structures osen includes thermal cycling from 
low to high temperature and vice versa 

◦ This allows the parts to be mechanically stressing emula5ng 
further the condi5ons they would see in a real experiment 

◦ Aser irradia5on materials can become more briUle and thermal 
cycling can cause cracking to occur more quickly especially if there 
is a CTE mismatch between materials that are in close proximity 

◦ This can cause encapsulants added to protect delicate features like 
wire bonds, to have the opposite effect and pull wire bonds off
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Summary

◦ Irradia5ons remain one of the main tools for tes5ng instrumenta5on deployed in HEP, NP, Medical physics 
and many industrial and space applica5ons 

◦Understanding of the environment of you experiment and the probably failure modes of your devices will 
help with the choice of irradia5on. Some5mes combining different irradia5ons fields with realis5c 
environmental effects e.g. temperature, humidity etc will be necessary to reveal certain failure modes  

◦Many facili5es exist, but wai5ng 5mes can be long and access limited (or expensive), collabora5ng with 
others and maximising the number of samples irradiated without compromising the results may be 
important
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