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Soft:  Charge instability in the substrate 
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Solution: SOI … Radiation hard 

VD 
VG 



Simulations help estimate radiation sensitivity 

Multinode charge collection limits the minimum spacing of sensitive node 
pairs in internally redundant memory and logic designs. 
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A short history of radiation damage 
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1800s,:  People found strange charge loss in electrometers (Solar/cosmic). 
 
1940s: During atom bomb test in WWII in the Pacific, Navy reports irreversible 
failure of electronic components after the blast. (Nuclear) 
 
1962: Starfish nuclear test in exo-atmosphere causes the first AT&T satellite 
Telestar to fail only after 8 months of operation (www.spectrum.org March 
2997, p. 36-37). Khrushchev promises war  use of radiation blast to disable US 
satellite communication. The notion of Star War is born.  
 
1975: Binder reports 4 anomaly in satellite in 17 satellite years – attributes to 
100 MeV iron atoms in solar winds.  (Solar) 
 
1979:  Ziegler suspects terrestrial failures (10-50 cm2-hr), increases 
exponentially with altitude,  300 x in transatlantic flight. 1 fail is guaranteed.   
 
1987: IBM datacenter is hit by radiation-related failures. Industry-wide panic. 
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Other aspects of radiation 
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Radiation induced damage in DNA coding. Proposed by  
Schrodinger 10 years before discovery of DNA. (Hard 
error) 
 
Various types of radiation detectors like Scintillator, CERN 
detectors 
 
Mechanism of Photosynthesis  
 
Disinfecting of medical equipments (2-5 Rad: 100 ergs/gm) 
 
Food processing  and X-ray imaging 
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TID hardness (trapped charges) of varies 
widely between classes of ics 

Some classes of ICs (such as nonvolatile memory) are historically 
sensitive to total-dose radiation. Even within a class of IC, total 
dose hardness can vary widely between/within manufacturer. 
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TID hardness (trapped charges) of 
generally improve with scaling 

Overall trend is toward increased hardness with technology 
scaling, however, this serendipitous hardness is usually neither 
monitored nor controlled. 

P. Dodd 
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Technology trends lead to 
increased soft error sensitivity 

 decreasing feature size 
decreased nodal 
capacitance 

 lower voltages 
 higher speed 

more transients 
propagated as errors 
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After Petersen, et al., J. Rad. Eff. R&E 6, p. 6, 1988. 

The trend line is consistent across a wide variety of technologies.  
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Soft errors in flash memories 
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Sensitivity of floating gate cell generations 

Flash Arrays 
[Size/Technology] 

Threshold LET 
[MeV-cm2/mg] 

4 Gb/90nm 3.4 

2 Gb/90nm 12 

1 Gb/90nm No data 

1Gb/No data 5 

4Gb/63nm 3.5 
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SEU in control circuitry  vs. SEU in the actual array 
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Irreversible (hard) error in Flash memories 
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Radiation acceleration 

 
14 



Irreversible error: SBD like observations  
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M. Porti, Electronics Letters, 41(2), 2005.  



Nomenclature 
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Soft reversible error 
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1. Introduction and short history of radiation damage 

 
2. Radiation damage in various types of components 

 
3. Sources of radiation and other definitions  

 
4. A basic calculation and simulation approaches 

 
5. Conclusions 



Terrestrial  
Cosmic Rays 

Cosmic rays incident on 
the Earth’s atmosphere 

create a cascade of 
energetic secondary 
particles all the way 
down to ground level. 

After Ziegler, et al., IBM J. 
Res. Develop. 40, 1996. 

The increasing SEU sensitivity of advanced microelectronics 
technologies raises reliability concerns for terrestrial and 
high-altitude electronics. 

 
19 Alam  ECE-695 

Einstein theory 
of relativity 

   
 



Terrestrial Single-Event Effects Environment: 
Neutrons, Processing and Packaging Materials 

Shielding is ineffective against high-energy atmospheric neutrons,  
and can’t be used for on-chip sources of alpha-particles. 
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Summary: types of radiation errors 

Total Ionization dose (TID) – Quasi permanent 
 

Cumulative long term ionization damage that results in trapped holes 
at Si/SiO2 interface in gate & field oxides 
 

Displacement damage (NIEL) – Permanent Damage 
 

Cumulative long term non-ionization damage that results in the 
creation of defects in the semiconductor materials (increases SILC 
in oxides and recombination current in bulk) 

 
Transient or single event effects (SEE) – Soft error 
 

Caused by a single charged particle as it passes through a 
semiconductor material e.g. heavy ions and protons. Requires 
reset.  
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Definition of terms 

1 Gray (SI) …. J/kg  
1 rad (CGS).... 100 ergs/gm=10 mGy  (erg=mJ) 
 
(e.g., a particle’s TID was 200 kRad (in SiO2).  
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Total ionization dose (TID) or Absorbed radiation dose rate =   
dD/dm=energy deposited/mass of the material  (J/kg=m2/s2) 

Stopping power  
 = energy absorbed/length of matter (MeV/cm) 
 

Dose (D) or Absorbed radiation dose =   
energy deposited (ergs or Joules) 



Definition of terms 
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Linear energy transfer =  charge generated by stopping power 

15 [C] [MeV/μm][fC/μm] 10 [fC/C]
[eV]

q LETLET
E∆

×
= ×

3.6 eV in Silicon  
20 eV in SiO2 

Equivalent LET = LET(MeV/cm)/target density (mg/cm3) 
  = 97 MeV-cm2/mg for silicon  
  =1 pC/µm   

Remember the factor of 100 
Equivalent LET roughly independent of material  
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1. Introduction and short history of radiation damage 

 
2. Radiation damage in various types of components 

 
3. Sources of radiation  

 
4. Charge neutral neutron requires nuclear reaction 

 
5. Conclusions 



A sample calculation: black wall 

22 1/ 3 25 2(28) 5 10− = = = × R r cmσ π π

24 2Black Wall=1/(area/atom)=2x10 atom/cm

atom 

Only Nucleus 
(single plane) 

Probability of guaranteed strike ….  

( )-3

24 22

Interaction depth=Black Wall/ atoms/cm

2 10 /5 10 40= × × = cm
40cm 
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Pr orbability of Hit:  10 m/40cm~1/40,000.  
1 in 40,000 neutrons will cause nuclear reaction

µ

 
25 



A sample calculation for neutron 

5 6

Integrated neutron in 10 
0.5-1.5x

yrs 
= x0 10=101

-2Typical Active Area=0.04 cm

Almost every chip will have one radiation-induced error  
26 

6 2

Number of hits ~
10 / 40,000 25 hits/cm=

-2Nos. of hits/IC=25x0.04 cm 1=



Uniformly photo-generated e-h pairs in 
Intrinsic Semiconductor 
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Localized photo-generated e-h pairs from 
neutron reaction 
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At steady state, more holes  than electron, as electron has higher mobility  
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Simulation Approaches 
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Classical Drift-diffusion simulation 
Monte Carlo approaches 
Stochastic circuit simulation 



Conclusions 
1. Radiation induced damage has been a reliability concern for 

semiconductor devices and this susceptibility to radiation has 
made military application of ICs very different than 
commercial ones.  
 

2. Radiation errors continue to be an important concern today – 
particularly for various types of memories.  
 

3. Understanding radiation error requires an appreciation for the 
physics of radiation sources, the nuclear reaction within the 
material, and the sensitivity of a device in response to 
electron-hole pair generation.  
 

4. Just like other semiconductor transport theories, various 
hydrodynamic and Monte Carlo models are used for 
predictions.  
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1. Why is SOI more radiation hard compared to bulk devices? What do 

you feel about radiation hardness of FINFET?  

2. What type of radiation issues could arise for thin-body devices like 

FINFET?  

3. What is error correction code? Why does it correct for MBU?  

4. What is the difference between SEE and SEU?  

5.  What is ‘displacement damage’? What is its unit?  

6.  What is LET? What are the two types of units used to describe LET? 

7.     Explain the origin of the term Blackwall? What is the blackwall 

thickness.  
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