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Why SISC will always remain relevant!

Platforms Challenges Limits
2D Nanoelectronics

While other design challenges *Heat

can be met, smaller transistors, dissipation Electron
even ones enabled by advanced 7, S tunneling
surround-gate design, will . :

eventuallyhit the electron o e

tunneling limit.

3D Terascale Integration

Transistor count per chip can *3D Design o

increase through 3D monolithic Procass

integration or stacking of logic, integration Heat
memory and power chips. The «Reliabili * dissipation
approach, however, faces several eliability

design challenges and heat «Lab-to-fab -l

dissipation limits.

Functional Integration

Integrating intelligent sensing. « Application-

actuation, and data analytics specific design

would improve functional « Developing e |nikniowmn
performance by sending sensors and

information instead of raw data. edge analytics

Lundstrom/Alam, Science, 2022
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* Moore's law is dead, long-live Moore's law

 BEOL-Integrated transistors: The next-frontier?

Rethinking the reliability of power-transistors

Reliability of 3D Heterogeneously Integrated
Package

_ooking ahead: A zero-trust world, active
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Transistor Count

AN

HCD remerges despite

Self-heating

BEOL TFT degradation
FeFET Hot atom damage
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Self-heated transistors: an enduring challenge

— Johnson-Keyes limit (1972)
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HCD is a complex phenomenon ...

Gate
‘ Nitm.:
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* Introduction: Moore's law is dead, long-live Moore's law
* Self-heating In logic transistors: An enduring challenge

* The brave-new world of FeFET and NCFET

» Rethinking the reliability of power-transistors
 Reliability of 3D Heterogeneously integrated Systems
e Summary



BEOL-integrated 3D transistor: The next frontier?
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Datta, S et al. (2019). BEOL compatible transistors for
monolithic 3-D integration. IEEE Micro, 39(6), 8-15.

Jiang, Junkai et al. (2019). Ultimate 3D Integration With
2D Materials: IEEE JED 10.1109/JEDS.2019.2925150.

Wu, J. et al. (2020). A Monolithic 3-D Integration of
RRAM Array and Oxide Semiconductor FET for In-Memory

Computing in 3-D Neural Network. TED 67(12), 5322-5328.

Lin, Zehao, et al. "High-Performance In,O3-Based 1T1R
FET for BEOL Memory Application.” IEEE TED (2021).
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BEOL increases temperature further...

Heat sink W. Ahn, Ph.D. Thesis, 20109.
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e Summary
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Reliability of FeFET and NCFET: Landau model
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TCAD Model ... thermal response
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Multi-scale, multi-physics electro-thermal-mechanical environment Electrothermal reliability of 3D-HI
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4 N N ( N
Effective medium theory Our approach Percolation theory
(MG model) (Generalized EMT)
e Diffusivity
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-glass mold compound
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Diffusion time (s)

Moisture ingress in polymers & mold-compounds

For moisture diffusion,
EMT model needs to be modified!
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Dielectric Breakown: BEOL/RDL/TSV Oxides

Poly-Benzo-Oxazole (PBO)
monomer



Dielectric heating & breakdown rates
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CPI stress aware Front-End design

x-stress, MPa Max: 25
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Figure 5. Multi-scale stress simulation flow.

A. Kteyan et al., IRPS 2019 .



Thermal Crosstalk:
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* Introduction: Moore's law is dead, long-live Moore's law
» Self-heating In logic transistors: An enduring challenge
 BEOL-integrated transistors: The next-frontier?

* The brave-new world of FeFET and NCFET

* Rethinking reliability of power-transistors

 Reliability of 3D Heterogeneously integrated Systems

 Summary



Extreme packaging: Pharmaceutical vs. Electroceutical
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Extreme Packaging: Oxide dissolution in DI water

-
o
w

2\ -

A Order 1 —

oy Pt § 10°t order 05 I T=96 °C
£ Order 0.25

PDMS 510"5.. i :10" 300 0 1000 2000 nm

g 10} Ll § | H @
c 1 ‘ - = 3 Q

e %10 i II - a -o 8

=3V gt §=--%" g10°
g -3 A 2 4. g »

1°7 8 9 10 11 12

Thermal SiO,

41



Xin Jin, TED, PNAS, 2016
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Moore's law is dead, long-live Moore's law
 Moore's law will live through 3D integration. Thermal bottleneck is a concern.

Self-heating in logic transistors: An enduring challenge
« Serious challenge in application-specific design in a broad range of applications

BEOL-integrated transistors: The next-frontier?
« Performance is significant, but reliability could be a concern.

The brave-new world of FeFET and NCFET
* Most important reliability issues are classical. New degradation pathways exist.

Rethinking reliability of power-transistors
» Self-heating and reliability are first order concerns.

Reliability of 3D Heterogeneously integrated Systems

 Many new modes of degradation, especially in harsh environments. Front-end
reliability physics can be selectively used for reliability issues involving chip-package
interaction.

New characterization techniques and modeling tools are essential.
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