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Uniformity of Components in Large Systems

Silicon
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Building large systems presumes uniformity of components ...
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Process, Reliability, and Design
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We do not have too much margin ...
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Emergence of Surround Gate
Transistors Technologies
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A Very High Performance MOSFET

Jiangjiang Gu, IEDM 2012
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Performance is classical ...
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... With good noise performance

10° | AGate oxide plays a minor role!
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Power vs. self-heating
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Process complexity & Thermal Bottleneck
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Self-heating and body thickness

Simulation Experiment
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3D Mapping of Self-heating
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What is wrong with this picture ?

(I) On current does not scale ....
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Evidences of Significant Self-heating
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Contact Resistance( kQ)

Self heating reduces series resistance!
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Self-heating for On & Off currents
N

3x10°f
q
ﬁ
2x10°f l “‘\\) ﬁ
1x10°} - 4

1 4 9 19
Number of Nanowire




Self-heating explains on/off puzzle
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5 (A)

SS depends on Variability/Self-heating
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Transistor Count

A Short History of Reliability

N TDDB & NBTI
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HCI damages the drain-edge
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PBTI vs. HCI: AV, degradation
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Variability-Reliability:
Features of the Subthreshold Slope
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Multi-stage PBTI
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(3) TDDB: NW dictates self-heating
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Correlated NW-dependent TDDB
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Conclusions

e 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.

e Width dependence, TDDB and PBTI all
require significant redefinition of design

process.

® This is especially challenging for tail

distribution. N



