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Building large systems presumes uniformity of components ….

Uniformity of Components in Large Systems
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Emergence of Surround Gate 
Transistors Technologies

𝐼𝑜𝑛 ∝ 𝐶𝑜𝑥 𝜇𝑛 𝑉𝐺 − 𝑉𝑇

Extraordinary mobility

𝐼𝑜𝑓𝑓 ∝ 𝐼𝑜𝑒
𝑞(𝑉𝐺+𝜂𝑉𝐷)

𝑘𝑇

Excellent gate control
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A Very High Performance MOSFET

Jiangjiang Gu, IEDM 2012



 Lch=20nm, EOT=1.2 nm, 

ION = 0.57mA/µm, gm = 1.65mS/µm @ Vds = Vgs - VT = 0.5V

SS = 75mV/dec, DIBL = 40mV/V, VT,lin = 0.14V

Performance is classical …
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… with good noise performance
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Power vs. self-heating
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Δ𝑇 ≡ 𝑇 − 𝑇𝑎 = 𝑃 × 𝑅𝑡ℎ



Process complexity & Thermal Bottleneck
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Self-heating and body thickness
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3D Mapping of Self-heating
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Gate control vs. self-heating
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Self-heating  for On & Off currents
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HCI damages the drain-edge
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PBTI vs. HCI: ΔVT degradation 
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(3) TDDB: NW dictates self-heating
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Correlated NW-dependent TDDB
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Conclusions

 Significant self-heating expected in surround 

gate technologies.

 This creates a new source of run-time 

variability, but also interesting correlation 

between process variability and reliability. 

 Width dependence, TDDB and PBTI all 

require significant redefinition of design 

process. 

 This is especially challenging for tail 

distribution. 
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