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Energy Efficiency
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Energy Efficiency of Transportation
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CO, GHG Emissions per Kilometer
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" Effects of Cleaner Generation

60 g CO,/kWh (e.g. France, Switzerland)
Diet light on meat and dairy

370 g CO,/kWh (e.g. USA, Germany)
Diet with meat and dairy

Emissions per person per km at average utilization, USA [gram C02] Emissions per person per km at average utilization [gram CO2]
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CO, Footprint for Travel from Antwerp to Montreux
Airplanes
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What Happens to Efficiency. Gains?




More Efficient over time, but...
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Real height

ICE Porsche SUV vs
ICE VW Golf sedan al height’

» 2X worse efficiency (km/l or MPG)
* 1.6X heavier

* 4X more expensive

BT PA EXFELN) Real length
D EFEZAR) Real length

Electric Tesla Model Y SUV vs
Electric Tesla Model 3 sedan | IR Real height’

Real height!

* 1.1X worse efficiency (km/kwh)
* 1.15X heavier

* 1.07X more expensive
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Jevons Paradox (1865)
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Source: Gordon E. Moore,

oore’s Law avant la lettre
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TOTAL COST

Cramming More Components onto Integrated Circuits,
Electronics, pp. 114-117, April 19, 1965.
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13 Generations of Apple Mobile System-on-Chips
O O O O T N O I T

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Device iPhone iPhone iPhone iPhone iPhone iPhone iPhone iPhone iPhone iPhone iPhone iPhone iPhone

4 4s 5 5s 6 6s 7 8&X Xs 11 12 13 14
Node 45nm 45nm 32nm 28nm 20nm 16nm 16nm 10nm ‘7’nm 7nm 5nm 5nm 4nm
Samsung ~ Samsung Samsung Samsung TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC

Area 0.52 1.25 0.96 1.03 0.89 1.05 1.25 0.88 0.83 0.98 0.88 1.08 1.14
[cm2]

Die photos:
chipworks/Techinsights/Angstonomics

Data source: wikipedia
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Processor Processor
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2012

iPhone 5

:

32nm Samsung

A6 SoC
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2013

iPhone 5s

28nm Samsung

A7 SoC

DOR SORM
Imertace

Die photos:
chipworks/Techinsights/Angstonomics
Data source: wikipedia
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2014

iPhone 6

20nm TSMC

A8 SoC
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Die photos:
chipworks/Techinsights/Angstonomics
Data source: wikipedia
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iPhone 6s

16nm TSMC

A9 SoC

Die photos:
chipworks/Techinsights/Angstonomics
Data source: wikipedia



2016

iPhone 7

16nm TSMC

A10 SoC

Die photos:
chipworks/Techinsights/Angstonomics
Data source: wikipedia




GPU shared
logic

2017

iPhone X & 8

10nm TSMC

Al1 SoC

Al1 SoC

Die photos:
chipworks/Techinsights/Angstonomics
Data source: wikipedia




GPU shared |*
logic

2018 LE I L e GPU Core
iPhone Xs
“7’nm TSMC

Al12 SoC

Al12 SoC

echinsights/Angstonomics
o wikipedia




2019

iPhone 11

7nm TSMC

A13 SoC

A13 SoC

-+ FloorPlan:By

bchinsights/Angstonomics
Floorplan by Andrei wikipedia
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2020
iPhone 12
5nm TSMC
Al14 SoC



2021

iPhone 13

5nm TSMC

A15 SoC




2022

iPhone 14

4nm TSMC

A16 SoC
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Automotive Progress vs SoC Progress

Change Since 1975
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Claasen’s Law

Transistor Count [millions]
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How was “Moore’s Dividend” Reinvested?

2012: A5 SoC (0.7B Transistors) 2018: A12 SoC (7B Transistors)
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The Past 5 Years of Apple Mobile SoCs

K15 iPhone Xs (2018) ~ ~ Al4:iPhone 12 (2020) A16: iPhone 14 (2022)
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Imagine: S
~/ If The Wires On A
. Were As Wide As

E ¢

2-lane Road width: 10m (30feet)
Scaling factor = 393Million
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Transistor Count [log scale]

The World’s Largest Chips in 2023
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Transistor Count [log scale]

Comparing the Scale of the Largest Chips
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—
Human ~Human Cell/human body
Cells vs Cell Library size 200

Standard Cell components Nucleus, Ribosomes,

CeIIs membranes, DNA, Golgi, etc.
Number of cells 37,000,000,000,000

Main elements C,H O N

Design Bottom-up evolution through

natural selection, M-years

(re-) production Division, self-assembly

Power 400W

Infrastructure Blood vessels, nerves

MTBF/lifetime 8 years (cell) /80 years (person)

Error resilience Self-healing
Failure Cancer, heart disease,
mechanisms infections
Disposal Self-composts

s
y

Standard Cell/chip
200

2-20 transistors, vias, wires

3,700,000,000
Si, O, Cu

Top-down creation using EDA |
tools, months

Lithography

400W

Power Wires, Clock network
3 years (econ.)/ 10+ years
None

Electromigration, heat, ESD

Landfill



- | will surely bless you and make your descendants as

- numerous as the stars in the sky and as the sand on the
~__ seashore

2023 CE / Some dude on Twitter:
' There are more transistors on earth than grains of sand
on all the beaches of Earth
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Beach Sand or Stars: Which is Greater?

* There are ~ 6 * 10%1 (6 sextillion) grains of sand on beaches

e Sand is grains of mainly Si0, , typically 0.5mm diameter. : 0.19mm2
-> a cubic meter of sand contains ~8B grains ‘
* Assuming a beach is 200 meter wide and sand layer is 20 meters
deep, then one km of beach has 1000 * 200 * 20 * 8B grains «—» Room for
= 3.2 * 10 grains per km of beach. 0.5mm ~39,000,000
* The world has 620,000 km of coastline, of which 31% is sandy Transistors in Snm

(Source: NASA)

 There are between 10%% and 1024 stars in the universe

 Between 10! (100B) and 1012 (1T) stars per galaxy
« Between 10! and 1012 galaxies in the universe (source: ESA)
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How many Transistors are “Alive” in the World?

* Approx. 8 * 10%° in 2022 based on number of 12” wafers :

« TSMC made 13M wafers, most in dense technologies of ~3T transistors/wafer = 2.9 * 101°.
They have ~40% of the market.

* Approx. 72M raw 12-inch wafers were produced in 2022 @ ~1T transistors per wafer

 Approx. 1.8 * 10% in 2022 alone based on NAND FLASH memory market data:

* Flash memory market was ~S70B in 2022
* at $100/Terabyte means that ~700M TB were produced = 1.8 * 102! Transistors

(assuming 2.6 * 1012 transistors per TB = 6 bits per cell)
e With average product life of 3 years, we have 6 * 10%1 transistors running, most
of them as memory

e Conclusions:
* There are approximately as many transistors as grains of sand on all beaches in the world
* There are still more stars than transistors in the universe



Comparing scale, and contrast

EV «— cars <— ajrplanes candy bar
&4/:/ Elon Musk

Energy effICIenCy crypto mining
/svustamablllj/v
Moore’s law | I\/IOS
arge Chips
Claasen’s law 7 1915 R
Jevon’s Paradox : transistors 4~ Sand ¥ heach
- AT
Earth standard cell stars in the inverse
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Human body Carl Sagan



Conclusion

/e reached ;strono/ 5

* Large enough to (aImost' "pass the Tu

ng test

EDA design methodologles still. pufl it off somehow
* Remember the “Design product|V|ty gap

The scale of electronics has amazing |mpact o]g! souety p

There are some downsides that we can - "and sh
* Military, mass surveillance
* Crypto



3900 Megawatt of
installed Bitcoin
mining in the USA

alone.

* ~100 MWh energy per bitcoin
* S6K-$10K power cost
* 37,000,000kg CO2

* Running busywork on GPUs in
dozens of data centers

* Bitcoin mining is approximately
* ~1% of US generation
« 1/3" of all datacenters

* Bitcoin energy is equivalent to

powering 7.8 Million electric cars.

e =3X more than all EVs in the USA

Source: New York Times



