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Discoverer: Jons Berzelius
1823, Sweden

Natural presence:
granite, quartz, clay, sand

2nd in incidence in the Earth

Other applications...
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Silicon

Properties: gray, metallic,
extremely hard material

Atomic number: 14 (1s2 2s2 2p6 / 352 3p2)

4th group / tetravalent metalloid

Crystal: similar to diamond

Electronic property: semiconductor
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Freeze Out

Resistance of semiconductors: 102 —1031/Qcm A

p
How does the resistance change with the temparature?
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The Nobel Prize in Physics
1956

William Bradford John Bardeen Walter Houser
Shockley Prize share: 1/3 Brattain
Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 1956 was awarded jointly to William
Bradford Shockley, John Bardeen and Walter Houser Brattain "for
their researches on semiconductors and their discovery of the
transistor effect”.

Substitution of vacuum (electron) tube
Functions: switching / amplication / voltage stabilisation

ooooooo0ooooo0oo0oo0oo0oo00o0o00o000oo00o0oo0o00o0ooo0o0o0oo0o00o00o000o0o000o0oo0000o0o0o0o0o00bo0o000000o0000000000000000000000000040o0

mtaEﬂ) < F‘ D O D MEMS Lab e Institute of Technical Physics and Material Sciences e Centre for Energy Research « Hungarian Academy of Sciences MEMS.HU
L,\\.J ¢ M A‘ MEMSHU MEMS Lab e M(iszaki Fizikai és Anyagtudomanyi Intézet e Energiatudomanyi Kutatokdzpont e Magyar Tudomanyos Akadémia BIOMEMS.HU



000Q9  The FIRST INTEGRATED CIRCUIT

furjes@mfa.kfki.hu
OOMEMS «BIOMEMS«NEMSO OO O0O0O0O000000000000000000000000000000000000000000000000000000000000000000000D000O00D0OO

The Nobel Prize in Physics
2000

" Transistor: solution for the pr'ObIemS Zhores |. Alferov Herbert Kroemer Jack s. Kilby
of the vacuum (electron) tube Prize share: 1/4 Prize share: 1/4 Prize share: 1/2

(dissipation, relablllty) The Nobel Prize in Physics 2000 was awarded "for basic work on
information and communication technology” with one half jointly

to Zhores I. Alferov and Herbert Kroemer "for developing
= Solution for connecti ng discrete semiconductor heterostructures used in high-speed- and opto-

devices (Space saving) electronics” and the other half to Jack S. Kilby "for his part in the
) invention of the integrated circuit”.

Photos: Copyright & The NMobel Foundation
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Main building block of CPU and memory

Functions: amplification (analog signals), switching
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Von Neumann, Janos (1903-1957)
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Development of the logical
architecture of the
electronic computers,
based on the binary system.

Basic elements: memory,
program storage, command
system
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HOW MANY TRANSISTOR CAN BE PLACED ON A CHIP?

Gordon Moore (1965)

Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)
Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. gt
This advancement is important as other aspects of technological progress — such as processing speed or the price of electronie products — are

strongly linked to Moore's law.
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Year of introduction
Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)
The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic.

Licensed under CC-BY-SA by the author Max Roser.
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7-5nm: EUV Single-patterning

3nm: EUV -
&, 10-7nm: 193i Multi-patterning patterning
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90 nm 65 nm 45 nm 32 hm 22 nm
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MORE THAN MOORE

MEMS:
Revolution of SENSORS
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MEMS: micro-electromechanical systems

Example: automotive applications
=  Engine / gear diagnostics and control

= Life- and trafic safety

=  Comfort

Vehicle Sensors

Lane departure system Rear object monitor
CCD camera

F Rear camera

Side curtain sensor

Night vision

Front object CCD
Ccamera

Blind spot

Front airbag detection
Sensors Cross traffic
alert
ASCD
Central
2 . computer
Nightime pedestrian P
Warning Rear object
laser radar

Drowsiness sensors
eel speed sensor

Front object i

laser radar Collision sensor
Side airbag SRS

Nightime pedestrian — Adaptive cruise control

warning IR sensor

Steering Angle sensor

Active park assist Automatic brake actuator

Tire pressure sensor Wheel speed sensor

000oo0o00o0o0o0o00o00oo0o0ooo00o0o0ooo0o0oo0o0oo0oo00ooo00oo0o0o0oo0o0o00o0o0o0o000o00o0o0oo0o0o000oo0o0oo0oo00ooo0000o0oo0o0o0oo0000o000000o0o0oo0o0oo0o0ooooo0ooooo
mtaE;) €« DOD MEMS Lab e Institute of Technical Physics and Material Sciences e Centre for Energy Research « Hungarian Academy of Sciences MEMS.HU
L.\\J) i MFA‘ MEMSHU MEMS Lab e Miszaki Fizikai és Anyagtudomanyi Intézet o Energiatudomanyi Kutatokdzpont e Magyar Tudomanyos Akadémia BIOMEMS.HU



furjes@mfa.kfki.hu

0000 GUESS WHO? Moore & more than Moore - 22

BIOMEMS « NEMS

Steve Jobs
APPLE

——

Apple Il (1977): Lisa (1983): Macintosh (1984): NeXT (1989): iMac (1998): iPod (2001): iPhone (2007): iPad (2010):
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DISASSEBLE OUR VIRTUAL SMARTPHONE
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SENSOR GROWTH IN SMARTPHONES

Moore & more than Moore - 23
furjes@mfa.kfki.hu
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i | 1 ] Heart Rate
i | , ' GALAXY S4 Fingerprint
l_l 1 | ] -
o : :@ ‘E\ Temperature Temperature
" : b ] Humidity Humidity
: | 1} H : 'GALAXY S3 Hall Effect Hall Effect
] [ 1 |
f—f-_., i 5 Pressure Pressure Pressure
z | GALAXY S2 RGB RGB RGE
[T e =
wh “:? Gyroscope Gyroscope Gyroscope Gyroscope
g Proximity Proximity Proximity Proximity
= GALAXY 1
=] =
& Ambient Light Ambient Light Ambient Light Ambient Light Ambient Light
EJ Accelerometer Accelerometer Accelerometer Accelerometer Accelerometer
ra Magnetometer Magnetometer Magnetometer Magnetometer Magnetometer
2010 20M 2012 2013 2014 2015+
Sources: Driven by Apple and Samsung, Light Sensors Achieve Double-Digit Revenue Growth, IHS, June 30, 2013; MEMS: Looking back at 2014 and 5 years outlock, |HS, November

2014; Light and Proximity Sensors - A Market Ready for Explosive Growth, Teny Rizzo, Mobility TechZone, July 30, 2013; iPhone & Teardown, iFixit, 2014; Apple 3G iPhone Teardown
Report, Portelligent, 2008; MEMS Microphone Market Tops 2 Billion Units, Mabile Dev Design, March 4, 2013
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SMARTPHONE’S FUTURE

Moore & more than Moore - 24
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Fingerprint
(iPhone 55 15t major use)

Emerging tech:

};all Eﬁ‘p_-ctG | sForca
(Samsung Galaxy) S Bis
Pressure/Barometer *Gas/chemical
(Samsung Galaxy) u UV
3G 4G Héart s *Thermal imaging
1981 1992 2001 2007 2020 (Samsung *Etc.
Accel/ Galaxy)
Magneto combo

Accelerometer Gyroscope Temperature -

(Samsung Proximity Magnetometer  (iPhoned) Humidity RGB, proximity,

SCH-5310 Am_hi_e nt Light (iPhone3) 0 (Samsung gesture

possibly 15t (Original i Galaxy) (Samsung

application) iPhone) - Accel/ Galaxy)

! i Gyro combo
0 - High performance ¥ )
RGB MEMS microphones 9-axis mation
[lPh on Eﬂ-} [|Phnne4} combo
2005 20086 2007 2008 2009 2010 2011 2012 2013 2014 2015+
- N A
Apple iPhone introduced Samsung Galaxy has more than 10
with 3 sensors sensors, most of any phone on market
Sources: This little motion sensor went to the market..., Sonja Thompson, IT News Digest, March 22, 2007; Willie D. Jones, |EEE Spectrum, A Compass in Every Smartphone, January 29,

2010; Consumers boost MEMS combo sensors, Electronic Product Design and Test, March 19, 2014; Samsung Turns up the Pressure on Competition with Pressure Sensor in Galacy 54,
IHS, March 20, 2013; Behind the sixth sense of smartphones: the Snapdragon processor sensor engine, Qualcomm, April 24, 2014; MEMS for Cell Phones & Tablets, Yole
Developpement, May 2012; Fairchild, Emergence of a $Trillion MEMS Sensor Market, SensorCon, 2012; MEMS Microphone Market Tops 2 Billion Units, Mobile Dev Design, hMarch 4, 2013
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375,000 transistors

;

Two billion transistors

&5nm 45T J2inm 5 T Tdmimi 1dnm T m

2005 2007 2009 20171 2013 2015 20017

RESEARCH
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GLOBALTECHNOLOGY ROADMAP

Moore and beyond: from information to interaction and transformation

Technology x
Market A
Development

MEMS & Sensors
enable key
functionalities,
which are the
current

Moore

&

More than Moore Beyond Moore

Actuating

Transformation age

Alphabet SPACE<

. n ()BOSCH -
. | s Telekinesis
SONY ! 1 Robotic
A servants
0_ B utonomous
-.‘."

bauleground of 3 vehicles
the industry Drones Space travel

: Smart

Quantified homes

If
Smartphones 5
Personal computers S Tablets
1980 2010 2030 2040

N\YOLE

Y

Acceleration

©2015 | www.yolefr | Camera Module Industry ‘
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