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1. 1957: Sputnik

2. 1987: US DRAM Collapse

3. 1997: Gate oxide vanishing by 2005

4. 2020: Pandemic
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Shockers involving Governments 
occur every 20 years
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1965-2011: From Planar Transistor to FinFET
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Fourth Shocker
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January 2020
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Governments Investing Hundreds of $Billions
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2016



P.Gargini2024202

The New Electronics Industry

n 3D Transistors
n Beyond Silicon
n 3D Everything
n System In Package
n New Products
n New Architecture
n SOC: Endless Die Size
n SOC and SIP
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ITRS, ITRS 2.0, and IRDS FORECAST
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Samsung, IEDM 2021
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ITRS, ITRS 2.0, and IRDS FORECAST
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3 Steps to Surrounding the Channel
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2018 IRDS
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Gate All Around (GAA) by nanosheets technology in 2024-5
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ITRS, ITRS 2.0, and IRDS FORECAST
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What Comes Next?
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Vertical Logic Architecture 2015
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GAA
Beyond Silicon
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Intrinsic Challenges of Bulk Material
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2D Materials
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Towards Elimination of Dangling Bonds
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3D Everything
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Vertically Stacked NAND Challenge
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Source: 2023 VLSI Symposium, Intel

Back Side Power Distribution
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The New Electronics Industry
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n 3D Everything
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n New Products
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System In Package
SIP
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Develop a Technology to Produce an Infinitely “Large Die”

C4: controlled collapse chip connectionMelting point
Pb

327oC

Melting point
Sn

231oC
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From co-evaporation to electrolytic deposition from solutions of metal salts
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80486

DRAMs

SRAM

Voltage Regulator

42

MCM or Board?
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The Horizontal Approach The Vertical Approach
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Sources: Fiber Broadband Association, NVIDIA, Lightelligence 

Evolution of fiber optics from data centers (meters) to board (centimeters) 
to package-to-package (millimeters) to chip-to-chip (tens of microns) 
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The New Electronics Industry
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n 3D Everything
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n New Products
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What About products?
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The Next Wave 
of Products



P.Gargini2024 54

https://www.istockphoto.com/search/2/image-film?page=13&phrase=ar%20glasses
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After promising smart glasses for years, Facebook's first glasses are 
disappointingly familiar. These aren't AR glasses at all. They don't have displays 
in them. Instead, they're a blend of technologies that have already been in other 
glasses: they have cameras in them, and microphones, and speakers. They're 
headphones and camera-glasses in one, and that's about it.
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https://www.cnet.com/news/facebook-is-reportedly-working-with-ray-ban-maker-on-smart-glasses/
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Back to Basics



P.Gargini2024 57



P.Gargini2024 58

Donald Keck invented fiber optics in 1970 at Corning
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Haitz's law is an observation and forecast about the steady improvement, over many years, of light-
(LEDs).

https://en.wikipedia.org/wiki/Light-emitting_diode
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The Next
Computing Architecture 
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Pdynamic ≈ N * C * V2 * f * A
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2009
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Courtesy W. Dally, NVIDIA 
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A Solution to the Architectural Problem

Pdynamic ≈ N * C * V2 * f * A
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SOC
No Limits to Die Size
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25 million 31.5 million

57 million

114 million

APPLE Chips

118mm2 245mm2 432mm2 864mm2
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Over 100 Billion Transistors!

M1 Ultra114B
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BLACKWELL

206 Billion Transistors, two 800mm2 fused dice

March 18, 2024
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Over 200 Billion Transistors!

M1 Ultra114B
Blackwell 206B



P.Gargini2024 88

Andrew Feldman

4 TRILLION TRANSITORS
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There is no fundamental obstacle to achieving device
yields of 100%. At present, packaging costs so far exceed

the cost of the semiconductor structure itself that there is no
incentive to improve yields, but they can be raised as high as

is economically justified. No barrier exists comparable to
the thermodynamic equilibrium considerations that often limit

yields in chemical reactions; it is not even necessary to do
any fundamental research or to replace present processes.

Only the engineering effort is needed
Gordon Moore, 1965
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Cerebras
Blackwell



P.Gargini2024202

The New Electronics Industry

n 3D Transistors
n Beyond Silicon
n 3D Everything
n System In Package
n New Products
n New Architecture
n SOC: Endless Die Size
n SOC and SIP

91



P.Gargini2024 92

SOC and SIP
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Source: Kevin Zhang, Sr. VP of TSMC, February 19, 2024, ISSCC Plenary
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Source: Kevin Zhang, Sr. VP of TSMC, February 19, 2024, ISSCC Plenary
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Conclusions
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Transistor, Die, Package, Architecture, Products
n During the past 60 years the Electronics Industry has undergone 

and overcome 3 transformational inflection points
n In each case the Electronics Industry has created new 

semiconductors’ devices and introduced new products that have 
transformed society 

n The Electronics Industry is undergoing a top to bottom and bottom 
to top unprecedented revolution.

n SOC, SIP, GAA beyond silicon are all coming together to support 
unlimited possibilities

n AR/VR will give everybody a new “vision” of reality
n AI is going to make everybody omniscient 
n Everything we have known will change in the new society 
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