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Basic Radiation Damage Mechanisms

Transient Effects 

History of Awareness of these effects

HCL/MGH Test Program





Atomic 

displacement 

damage in Si

(mostly due to 

neutrons and 

Protons)

Minority carrier lifetime and 

mobility is reduced. This results 

in gain reduction in bipolor 

transistors & degradation of 

performance in LEDs and 

optical detectors. 



Trapped Charge in Oxides 



Trapped charge changes/degrades performance



Transient Effects: Single Event Upset

First identified as due to heavy ions in:

D. Binder, et. al., “Satellite Anomalies from Galactic 

Cosmic Rays,” IEEE Trans. Nut. NS-22, 2675 (1975).

P+



Single Event Latchup in CMOS Structures

Silicon Controlled Rectifier (SCR) or Thyristor 

Parasitic equivalent structure in CMOS layout activated by ion strike



Single Event Burnout (SEB) in Power MOSFETs

This effect was first noticed in high power components used in 

railway power supplies. The mechanism is described thusly;

“SEB is triggered when a heavy ion passes through a power MOSFET biased in 

the off state (blocking a high drain-source voltage). Transient currents generated 

by the heavy ion turn on a parasitic BJT inherent to the device structure. Because 

of a regenerative feedback mechanism, collector currents in the BJT increase to 

the point where second breakdown sets in, creating a permanent short between the 

source and drain and rendering the MOSFET useless.” (From G. H. Johnson, J. 

M. Palau, C. Dachs, K. F. Galloway, and R. D.Schrimpf, “A review of the 

techniques used for modeling single-event effects in power MOSFETs,” IEEE 

Trans. Nucl. Sci, vol. 43, no. 2, pp.546–560, Apr. 1996

The mechanism is essentially the same when triggered by the 

charged secondaries produced by a neutron or proton strike on a 

silicon nucleus.



Types of Radiation Damage/Effects:

1.Permanent or Long Term   Deterministic

 Displacement Damage

 Trapped Charge 

2. Transient    Stochastic

 Single Event Upset (SEU)

 Single Event Latch Up (SEL)

 Single Event ____ (Fill in the blank!)

  

 







IBM Experiments to show that terrestrial neutrons 

are a significant source of failures (1982-1988)

From “SER-History, Trends and Challenges”, James F. Ziegler and Helmut Puchner (Cypress)



Harvard Cyclotron circa 1950



Andreas (“Andy”) Koehler

1953

~1980

2002



Not much changed for the cyclotron equipment over the years



Or with the working environment



HCL layout

MGH layout



Chip under test illuminated by proton beam

“physics” beamline (D) from HCL at MGH

New (equivalent) beamline at MGH



Dosimetry control unit from 

HCL at MGH with additions

Recent replacement 

units at MGH



Effect on Bragg Peak distal fall 

off of increasing energy spread

System at MGH for reducing 

energy spread of beams 

transported to the treatment rooms



Drawing from Ernest Lawrence’s original patent for the Cyclotron (1934)

Interior of the IBA cyclotron at MGH



Rotating Condenser

From “The Harvard University 95 Inch Cyclotron 
Design, Construction, and Preliminary Operating Instructions”

July 1950, Office of Naval Research 
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Proton Beam

To ground via 

recycling integrator

13 mm aluminum foils

3 mm gap

Ion Chamber

One issue is “recombination” signal loss in the monitor ion chamber. If the flux density is 

too high some of the ion/electron pairs will re-combine before they can be collected in the 

signal foil. Narrow gap between the foils is best way to avoid this. HCL ion chambers 

were built with very narrow gap due to low duty cycle/high instantaneous beam current.



Precision Al absorber set from HCL

Measurements of 

areal density 

(weight/area) of 

pieces from 1967



From E. W. Cascio and S. Sarkar “A Solar Flare Simulation Wheel for the Radiation Test Beamline at The Francis 

H. Burr Proton Therapy Center”, IEEE Transactions on Nuclear Science, Vol. 55, NO. 6 (2008)

Measurement of energy spectrum of solar flare 

wheel (<125 MeV) done with “Harshaw NaI(T1) 

Integral Line Scintillation Detector”



Markup plan for experimental/test room post Burr 2.0
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