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Introduction (2)

. . \ [ More Functionality & N
Extremely-Low-Power & High-Density Monolithic 3D (M3D) Integration

Nano-CMOQOS devices
ano-C . M3D CMOS-TFET-NEM
Emerging electron devices : )
. . reconfigurable logic systems
Next-generation memory devices .
Process-in-memory (PIM)

_ Brain-inspired computing devices )\ Content addressable memory

Multi-gate MOSFET VNAND flash

Nanowire MOSFET DRAM
Nanosheet MOSFET] ~ _ _ ~ [M3D CMOS-TFET-
Tunnel FET Hyper-intelligent NEM RL circuits
semiconductor devices in -
terms of density, power PIM devices

\_ and functionality ) Nano-CAM

NEM relay
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Extremely-Low-Power
Devices

%TIDI 5/21 Woo Young Choi, SNU


https://sites.google.com/view/snutidl

Data center power
consumption

Lower perf./reliability
due to heat generation

15
Bipolar
E
<
£ 10 1
=
5
[
-
S
= 5

=
=]
=

- “FEET 15w 60 1:;‘&2&’5%‘?&3 ' ,

1850 1960 1970 1980 1990 2000 2010 Center (Ne.rthern Sweden) Wl

General Availability - Year '
- : : von Neumann
Limited battery time Global warming o
limit
. htp:/Avww.nextbigfuture.com/2
If Batteries Followed Mobile Customer 30 - (%) llog] P - 011/07/darpasynapse. phase-
Moore's Law Requirements? ‘ 26.0 | - 2-targets. htmi
f ;c’ LI [NINinCaj0, 25 A Machine » Neuromorphic
o ; = Complexity ] 1 .uss Machines
'..:. i [NICoA0, 20 - — THA 2A47tA HE B E 49 10742 eg. Gates: : S *'\
L, "“...-"UMPO, 1 Memory: o N .= +Human level performance
15 A Neurons; —_| </ +Dawn of a new age
LiMn0, Synapses :
Power;, ] 1 Dawnofanew
— - I R -
“simple” } “complex” [log]
Environmental Complexity

e.g. Input Combinatorics
IR


https://sites.google.com/view/snutidl
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=27jx2PTGrudxQM&tbnid=c0r-fWhGZeaBlM:&ved=0CAUQjRw&url=http://technabob.com/blog/2010/09/22/quirky-trek-support-gadget-charging-backpack/&ei=P5H2UdKfFceFrAedxoDwAg&bvm=bv.49967636,bs.1,d.cGE&psig=AFQjCNHc8gOs_9N5EFG1ijIl31lY7D9B2Q&ust=1375199890858753

Three-Dimensional Integration and Device Lab. (https:/Sites.

ldeal Switches

MOSFET Switch:
SS~60mV/dec @ RT

|off Small Swing Switch
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“ First demonstration of SS <60 mV/dec
“ Downscaling (<100nm) using self-aligned process
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*» Hetero-Gate-Dielectric (HG) TFETs

= Locally inserted high-k dielectric raises tunneling current

= Tunneling barrier abruptly narrows when a local minimum
of E Is aligned with E,,
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** Performance & power consumption become more
dependent on CMOS BEOL than FEOL

* Increasing number of CMOS metal layers

¢ Introduction of air gap spacers

100% [ntel 10nm 14nm process
90%
Scaling (Miniaturization):
% 80% & *Moores Law: Circuit density
B 0% +Dennard Scaling: CMOS performance
'U ......
7 60%
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<J. Kil, et al., IEEE Trans. VLSI, 2008> L Source: D. Edelsein, ADMETA 2007 Source: C. Auth, IEDM 2017
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M3D CMOS-NEM:

Reconfigurable Logic (1)
s Conventional FPGA: CMOS routing switches
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M3D CMOS-NEM:

Reconfigurable Logic (2)
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M3D CMOS-NEM:

Reconfigurable Logic (3)
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Collaboration experience with the US researchers
as a post-doctor and a professor

Extremely-Low-Power Transistors

Smart Interconnection Technologies
Using CMOS Backend Process

Synaptic Transistors, Neuron Circuits,
and Associative Memory for Brain-Inspired Computing
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