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SingleSingle--Event Upset (SEU)Event Upset (SEU)

State change due to high energy particles: high-
energy neutrons or alpha particles

SEU’s growing more prominent in scaled 
technologies. With the fixed critical charge,

Smaller node capacitance
Smaller operation voltage (VDD)

Memory elements are more susceptible to SEU’s: 
Growing impact on the combinational logic circuits



Radiation Hardening TechniquesRadiation Hardening Techniques
Device

Extra doping layer, well structures (isolation)
Buried layer: internal electric field

Circuit
Feedback elements: slowing propagation
Avoid using dynamic logic and floating nodes
Soft-error-tolerant latches

System
fault detection: error detection and correction codes
fault tolerance

Sizing-based Radiation Hardening is proposed



Sizing and SEU VulnerabilitySizing and SEU Vulnerability

Effect of sizing on SEU
Q: Injected charge
τa: collection time of junction
τb: ion-track establishment time

Larger sizes reduce the 
susceptibility of node to SEU’s

Still, we can’t apply upsizing 
to all the logic gates: area, 
delay & power overheads
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SEU Masking FactorsSEU Masking Factors

A metric of SEU susceptibility 
for different logic fate

Logical: functional sensitization
Electrical: attenuation
Temporal: timing window

Logic gates with higher 
sensitization probability is more 
vulnerable to SEU’s: Primary 
target of resizing 



Computing Optimal SizeComputing Optimal Size

Each target gate is sized 
using the optimal 
solution

Optimal size is applied to 
each gate in the order of 
sensitization probability

When the target coverage 
is met or order constraint 
is violated, algorithm 
stops

( ) ( )out
total in D out

dV WC I t I V
dt L

⎛ ⎞ ⎛ ⎞= − ⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

Calculate tMAX at Vout = 0.5VDD

m ax

m in

( )
(0 .5 )
in

D D D

I tW
L I V

⎛ ⎞ =⎜ ⎟
⎝ ⎠



Simulation ResultsSimulation Results

Technology Scaling Trend



DrawbacksDrawbacks

Large overhead in area: 57% for 70nm

Compatibility with standard cell library

Compatibility with the current 
synthesize algorithm (e.g., sizing for 
delay)
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