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• undoped channel (higher mobility)

• near ideal subthreshold swing

• no latch-up

• reduced source to drain leakage and short channel effects

• enhanced back-biasing (low power consumption or increased performance)

• highly resistant to single event effects (SEEs)
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Decreasing the Back-Gate (BG) bias
Decreasing Threshold Voltage (Vth) for pMOS

Increasing Vth for nMOS

Decreasing BB

4Gennaro Termo | TWEPP2023



substrate

source drain source drain

BOX

substrate

collection of 
charge in or near 
p-n junction

Single Event Effects
(SEEs)

in SOI, the BOX prevents the collection of the charge!

more prone to 
Total Ionizing 

Dose (TID)

TID ≈ charge in oxides

BOX thickness ≈ 22nm
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bulk FDSOI



How is the TID response?
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Minimum size transistors in p-well

More degradation for higher BG bias Easing e-h pairs separation  

100 Mrad(SiO2)
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The radiation response is dominated by the charge in the BOX which causes the Vth shift
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Small dependence on 
channel width

Wider more affected by TID

multifinger
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Relatively high dependence 
on channel length

Longer more affected by TID
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How is the annealing?
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Annealing 7 days @ 100  °C
with BB = -8 V

Not very effective
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Can we use the Back Biasing then?
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Not possible to compensate for TID degradation

Different BB for nMOS and PMOS
Not feasible  for real application with 
thousands of transistors
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Summary

➢ X-ray irradiation up to 100 Mrad(SiO2) on devices of difference type/size

➢ The thick BOX makes 22nm FDSOI very sensitive to TID

➢ High Temperature Annealing was not effective

➢ Back-Biasing not able to compensate for TID effects

➢ Different back-biasing for different type
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