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Examples

“Explain quantum computing in
simple terms”

“Got any creative ideas fora 10
year old’s birthday?"

"How do | make an HTTP request
in Javascript?”

ChatGPT
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Capabilities

Remembers what user said
earlier in the conversation

Allows user to provide follow-up
corrections

Trained to decline inappropriate
requests

A

Limitations

May occasionally generate
incorrect information

May occasionally produce
harmful instructions or biased
content

Limited knowledge of world and
events after 2021




Model: Default (GPT-3.5) Model: Default (GPT-3.5)

Tell me an interesting fact about UIUC. Ak | | will be giving an seminar at UIUC on microelectronics and ferroelectrics tomorrow. Can
you suggest me five interesting opening line for me?

Model: Default (GPT-3.5)

| am going to UIUC for a seminar. Which is the nearest airport within 50 miles? | cannot
use CMI because there is no direct flight from ATL.

O Stop generating




How the computing paradigms have evolved
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ACCELERATING COMPUTE COMPLEXITY
Computational Requirements for Training Transformers
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A story of algorithm, software, and hardware
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Hardware that powers the Al

= @ Premium Search

Largest Chip Ever Built

* 46,225 mm? silicon

* 1.2 trillion transistors

* 400,000 Al optimized cores

* 18 Gigabytes of On-chip Memory
* 9 PByte/s memory bandwidth

* 100 Pbit/s fabric bandwidth

* TSMC 16nm process

» Pl ) 001/1753

How Nvidia Grew From Gaming To A.l. Giant, Now Powering ChatGPT @erebfas
c\,!:"c g:ﬁiutsmbers y 16K GO 2> Share 4 Download

https://www.pcworld.com/article/397925/cerebras-systems-new-deep-
https://www.youtube.com/watch?v=d3L2uPuxOxU learning-chip-is-as-big-as-your-keyboard-and-the-largest-e Georgia
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A brief history of scaling
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Serendipity-1: Mobility enhancement using Si;_,Ge, source-drain
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Embedded SiGe S/D reduces external resistance and imposes longitudinal
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Serendipity-2: High-K metal gate and plasmon dynamics
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* 1.2nm physical SiO2 in production (90nm logic node) 0
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Surface phonon limited mobility recovers with high-k / metal gate . Geora
l & eorgia
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Serendipity-3: Reduced variation in 3D transistors (FinFETSs)

FinFET 3D Factor
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Part of Tri-gate appeal is improved electrostatics Greg Yeric (ARM), IEDM 2015

Other part is folded width
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Tri-gate was intended primarily for electrostatics
FinFET 3D factor allows for effective width scaling with improved variation



The era of hyper scaling: Plenty of room at the bottom

Stacked nano-sheet based inverter
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power-rails
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Buried Power Rails (BPR) reduce number of tracks (T).

Stacked transistors further reduce # of tracks (T). GI." @rggflgia



Plenty of Room at the Bottom: Negative Capacitance FETs
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Negative capacitance FETs use a mixed phase ferroelectric (FE)
and anti-ferroelectric (AFE) to enhance the permittivity for ideal kT/q "

switching transistors operating at low Vpp
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Plenty of room at the bottom: BEOL and backside
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Adapted from a Center Proposal on Heterogenous Integration

The back-end-of-the-line
and the backside of the si
wafer can be likened to
the wild wild west.
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Backside Power Delivery Network (BPDN)
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Mitigate I*R drop and electromigration. E |3 NGan %c

Control
Backside PDN for power conversion will require high-k

MIM cap, high-p inductor, high Ron/Roff ratio
transistor and thermal management.
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High bandwidth, Low latency On-Chip Memory
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Many candidates but no clear winner

Phase-change Metal-oxide MTJ FTJ

MRAM

Bit line
Bit line

Source line

Write word
Vdd

Write word

Read word Word line
Read word

transistor »
i Access transistor :
Access transistor

Each emerging memory candidate has its pros and cons.

FeFET

Bit line

Word line
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Monolithic 3D Single Transistor (1T) Ferroelectric FET memory

Tier 2 TCAM Array
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The energy and sustainability cost of computation

Semiconductor Industry Revenue ($B)

2030
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Source: Applied Materials

The semiconductor industry is projected
to grow by ~100% in the 7 years!
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The growth of compute energy can also

be on an unsustainable path!

Gr Georgia
Tech



Compute Performance Gain for next decades

UMaterials with tailored properties
aided by high throughput materials
discovery

UMonolithic 3D technologies for logic,
memory, power delivery, thermal
management

U Design automation for modular
chiplet design, placement and
assembly for flexible and composable
heterogenous compute system

QDevice-circuit-system-application co-
optimization for maximal use of
hardware resources

Lisa Su, AMD
2019 DARPA ERI Summit
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Plenty of Room at the Top and Bottom
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