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Mobile Telephony is not wireless
the success is “mobility service”

Fixed Network  Mobile Network

Fixed Subscribers: Mobile Subscribers
“Is Bill there?” “Can you talk?”



Jules Verne

More then 100 years ago, he
saw just a glimpse.

A space rocket did not
became a large bullet

A 2020 mobile phone is not a
mobile computer.

It is distributed in your clothes
with small sensors & displays

and services in a network.

What will 2100 look like?




From mainframe to smart push-pins
3-times an order of 1000

Scale log mm3:
1890 US census (human & electro-mech)

12 1940 relay based cryptography 1000 m3 (=10 x 10 x 10 m)

11 1955 vacuum-tube 100 M3 (=5x5x5m =125 m3)

10 1959 mainframe discrete transitor Appollo 10 m3 (=2.5x2.5x2.5m= 15,6 m3)

9 1970 minicomputer integrated circuit 1 m3 =1000 dm3 =106 cm3 = 10"9 mm3

8 1979 microcomputer = human body 100 dm3 =(50 x 50 x 50 cm3)

7 1984 AT 36 liter, 1988 Pentium 22 liter 10 dm3 =10 liter (15 It = 25 x 25 x 25 cm3)

6 1992 notebook 2 It 1 dm3 =1000 cm3 = 10 x 10 x 10cm3

5 2000 PDA = appx 5cm3 100cm3=5(12,5x 5 x 5(2)cm3

4 2008 SiP = appx 2,5 cm3 cubic inch 10cm3= 25 x 25x 2,5cm3
% I1mmx12,5cmx12,5cm

3 2017 cubic centimeter 1cm3=1000 mMm3 =10 x 10x10 mm3

2 2025 intelligent push-pin (punaiske) 100 mm3

* Dimensions: pin length 10 mm by 1 mm
top 10 mm diameter by 1 to 2 mm thickness

volume: pi x 5 square x 1 + 10 = 100 mm3 EE‘



The stone age was not ended by lack of stone —
The silicon age was not ended by lack of sand

12 1940 relay based cryptography 1000 m3 (=10 x 10 x 10 m)

11 1955 vacuum-tube 100 M3 (=5x5x5m =125 m3)

10 1959 mainframe discrete transitor Appollo 10 m3 (=2.5x25x2.5m=15,6 m3)

9 1970 minicomputer integrated circuit 1 m3 =1000 dm3 = 1076 cm3 = 10"9 mm3

8 1979 microcomputer = human body 100 dm3 =(50 x 50 x 50 cm3)

7 1984 AT 36 liter, 1988 Pentium 22 liter 10 dm3 =10 liter (15 It = 25 x 25 x 25 cm3)

6 1992 notebook 2 It 1 dm3 =1000 cm3 = 10x 10 x 10cm3

5 2000 PDA = appx 5cm3 100cm3= 5(2)x 5 x 5(12,5) cm

4 2008 SiP = appx 2,5 cm3 cubic inch 10cm3=1mmx12,5cmx 12,5cm

3 2017 smart stone 1cm3=1000 mm3 =10 x 10x10 mm3

2 2025 intell. push-pin (punaiske) 100mm3=5 x 5x 5 mm3

1 2033 smart pebble 10 mm3=25x2,5x 2,5mm3
Kurzweil: 1 liter intelligent matter (= bucket of 1M intell. Sand grains)

0 2040 intelligent sand 1 mm3 =109 uym3 = 1000 x 1000 x 1000 um3

-1 2048 10"8 um3 = 500 x 500 x 500 um3

-2 2055 107 ym3 = 250 x 250 x 250 um3

-3 2060 intelligent Dutch clay 0,1 mm3 =106 um3 = 100 x 100 x 100 um3

-6 2080 0,0l Mm3=10"3um3 = 10x 10x 10 pum3

-9 2100 cell 1um3 = = 1X 1 X 1um3

Not manipulation silicium kristal, or even organic polymer chain, but programmable (DNA) polymer chainslgn-..



Content

* | am not a professor who has to publish.
| am not a consultant earning money by talking.
I’m an engineer, architect, innovator and manager.

If | see something beyond the horizon, | realize it.
« We can't predict the future,
we can learn from history
and extrapolate learning curves

Technology — 3 learning curves
. Moore’s law on chips towards 10 nm chips
* "a Dollar a Day” bandwidth learning curve
* The intelligence push pin, system- in-a-foil Sol's law of 1T Dewces
» Single 3D chip in a system-in-foil and 1T devices

Application
* The connected car
* The Grand Cooperative Driving Challenge GCDC

Conclusion



To apply scientific knowledge
with the aim of strengthening
the innovative power of industry and government

Looking behind the horizon in value creation & wellnes
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Dutch Public Research, 5000 people, 500 M€
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Moore’s law for Integrated Circuit build up

# of transistors on a chip
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From Micro-Electronics to Nano-Electronics

Nano Micro

1000 =1pmr

submicro

Resolution (nm)

100 nm |

L 4

L 4

nano
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2000
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436 nm

365 nm
248 nm

193 nm
130 nm
90 nm
65 Nnm
45 nm
32 nm



Current products of ASML

PAS5500 system:
Single stage.
Only 200 mm wafers.

TWINSCAN system:
Two stages for advanced throughput.
Both 200 and 300 mm wafers.
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Immersion lithography

Introducing TWINSCAN™ XT:1700i: new features

Illuminator with

45nm volume production - increased o range
and polarization

122 wph dual stage

immersion TP Catadioptric lens

1 s design with 1.2 NA at
w96 ¥ 33mm field

4th generation
immersion tool

< ASML

11 Egbert-Jan.Sol@TNO.nl
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From Micro-Electronics to Nano-Electronics

Nano Micro

1000 =1pmr

submicro

Resolution (nm)

100 nm |
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L 4
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65 Nnm
45 nm
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Extreme UItra V|olet Lithography (EUV)

32 nm in 2008 in research
10 nm around 2016 ?

13 Egbert-Jan.Sol@TNO.nl



The Computerless Computer Company (HBR 1991)

Moore’s law: performance/price ratio improvement for micro-electronics
Implies a factor 2 in 18 months

-
That's 1000 x in 15 years  (( \\

Costs/MIPS _/——//

LLL‘-L"‘-‘:"
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= Mainframes

HARDWARE

IS CHEAP
1975.1085:  1985-1995:  Replacing:
ardware oftware . _
Decade Decade typewriter by a text editor

calculator by a spreadsheet

S_—

'5...



“a Dollar a Day”

learning curve for communication netw
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Since Graham Bell $30 per month
subscription already 100 years long
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Fixed (Wireline) Telephony: Graham Bell - 1876
the breakthrough was Twisted Pair - 1881
then it took only 10 years - 1891

New York,

Patent nr 244426, 10 year later, 1891,
A.G. Bell, 10-july-1881 Broadway/John Street



Moore’s Law: factor 1000 in 10-15 years

# of transistors on a chip
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10,000,000 1
1,000,000 1

100,000 1

10,000 7

s
v
s A

) /_/
e

~

7

e

1,000 r
1970 19

75 1980 1985 1990 1995 2000
Time

Costs/MIPS

Legend
= Mainframes
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MB/day

Performance/Price doubling in 18 months
= 1000 x in 15 years

Proces-
sing is
free.

90-2000



4-G 500B things Internet

1st Generations ICT
Computers: Mainframe
Telecomm: Black Phone
Internet: Academic

2"d G: Microcomputers & WWW 4™ G (ambient) Internet by 2020
and Dial-in modems IS ubiquitous, embedded, hidden
34 G: PDA's, Broadb. Mobile/lUMTS
3 Billion mobile users in 2008 1980: 250 users on 1 mainframe
1500

_e— Fixed 2000: 1 mobile + 1 PC per user

—=— Mobile 2020: 250 Embedded, wireless
devices per user
@ 2B humans is 500B

O rrrrr T

S
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Nr of fixed & mobile lines in 1000

500B is just beyond imagination
yearly today’s 2B mobile phones



Learning curve for smart (punaiske) devices
(from mainframe to ambient push-pin computer)
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Log 10 (Cum. Amount of devices) 6=1M, 9=1B

Note: SIP =

System in a Package

(c) TNO Industrial Technologies, Egbert-Jan Sol, ejsol@dse.nl, 2004

9=1B 10x10x10 cm
(1 liter) devices by 2000

10 = 10B 5x5x5 cm
PDA/phones by today

11 =100B 1 cubic” (2,5 cm)
devices by ? 2010

25 mm
X 25 mm
X 25 mm

1 mm thick
X 125 mm
X 125 mm

12 =1000 B 1x1x1 cm
devices by ? 2020



Typical System in Package in 2010

According to INEMI: heterogeneous in many ways
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Technology Roadmap for 3D-chip wafer Stacking

Ultimately in 2020 180 Billion ICs require stacking?



3D chip wafer stacking
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TNO Metal Jetters
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TNO Polymer Jetters

3 mm high

25 Egbert-Jan.Sol@TNO.nl



Example: system-in-foil applications in sports

26 Egbert-Jan.Sol@TNO.nl



The Paradigm shift:

What does this mean

80-90

Proces-
sing is
free.

90-2000

Open
Source

2000-2020

or you?

Service-Creation
Start-ups
(The next Bill Gates)
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Levi’s & Caterpillar
of the 21 st gold rush



Economic growth in Netherlands

* A2 highway
«  Amsterdam
« Utrecht
 Den Bosch
« Eindhoven



High-Tech Systems Valley
(Brainport: Eindhoven/Helmond)

Sinds 2-okt -2007:
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Added Value in Automotive

The car of 2000 The car of 2010

(average approx. EUR 10,200) (average approx. EUR 11,000)
Value [EUR '000] Value [EUR '000]

10 11

Electronics Electronics

Electronics Electronics Electronics

Electronics

5 5
0 0
40% 70% 92% 100% 30% 60% 85%92% 100%
Driving/ Comfort Safety Entertain- Driving/ Safety  Enter-Commu-
braking ment braking Comfort tainm. nication
v v
Electric/electronic share approx. EUR 2,250 (22%) Electronic share approx. EUR 3,865 (35%)
Value in the OE market approx. EUR 125 bn Value in the OE market approx. EUR 270 bn
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Business Drivers in Automotive

National Society Interest

Mobility

Road efficiency
Accessibility
Reliability
Safety

Sustainability

31 Egbert-Jan.Sol@TNO.nl

Sustainability

Fuel consumption
Emission levels
Alternative fuels

Cradle to cradle

Crash worthiness
Pedestrian safety
Early warning

Crash avoidance

Identity

Branding
Features
Attributes
Model range

Customer value

Availability

Cost & Value

Engineering

Reliability

Quality

Operational cost




TNO Automotive Focus — Estimation & control

Human state estimation

Pre-crash systems
Controlled restraint systems

)

surroundings
passenger

Environment estimation

Vehicle state estimation Cooperate Driving
Active vehicle control C2C, C2I

Accident mitigation

32 Egbert-Jan.Sol@TNO.nl Veh |C|e




The Connected Car
First driver assisted radar, then 2-way communicati on

33 Egbert-Jan.Sol@TNO.nl



The paradigm shift in automotive
The Connected Car

* From mechanical moving machine to

« A computer on four wheels with a mechanical frame for comfort
and protection in case the electronics, or worse the software fails

* From a system where all information (visual, radio, etc)
goes one-way towards the car and its driver to

» A system that achieves maximal (two-way) contact with its
environment by means of sensors and communication,

in order to become an

automatic moving machine — a real auto automobile



TNO vehicle generations for the 21 st century

Gen. 5: Fully automatic driving

Gen. 4: Cooperative driving

Gen. 3: Single lane
auto pilot

Gen. 2: Support and correct

Gen. 1: Inform and influence

35 Egbert-Jan.Sol@TNO.nl



TNO vehicle generations for the 21 st century
Note: nG=1G+..nG, e.g. 3G=1G+2G+3G

Gen. 5: Fully automatic driving

Gen. 4: Cooperative driving
(COOQD, light swarms)

Time: 7 years/G
Say 2G (+1G) by 2012
3G: 2020, 5G implemented
by 2035, full 2040

Gen. 3: Single (smart) lane
C-ACC, platooning

Gen. 2: Support and correct
bijv ACC, CCC

Gen. 1: Inform and influence
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Traffic Jam Reduction
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Simulation A12 4 to 3 lane section at Woerden: 30% less jam with 10% ACC

“Slimstrook (dutch) (Smart Lane)

10 years ago it was possible

The challenge is the introduction

The GCDC




2010 demo — 2011 GCDC - Scenario 2: Platooning

Obijective:
* mitigate downstream disturbances
« Perform maneuvers
Challenge type:
« Feedback/hybrid control (CACC)
e wireless communication
System type: automatic
Vehicle instrumentation:
¢ communication system
* sensors (radar, lidar and/or vision)
e automatic throttle & brake system
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We can't predict the future,
but we can learn from history
and extrapolate learning curves

Technology
From Mainframe via PC to ambient intelligence —
From Hifi-set via iPod to intelligent foils E'-
Application

Cooperative driving car 2020
Ultimately autonomous car 2040

Conclusion

T




Economic growth and 4-5 and 8-10 year waves
(5 year stock and 10 year investment in equipment)

NN

b

1973/2009 1982/2018



Long term waves in economy: Kondratieff

4-5 years waves, 8-10 years, 20 year & 50 (long) waves

1-wave: French + 1° Industrial Revolution (Railroad)
2-wave: Marx + Steel Industry (Steam)
3-wave: Capitalism + Electricity (1892-1948)
4-wave: Consumption + Oil (1948-1990)

5-wave: trigged by “ computer as communicator”
value creation by handling information
cheaper and faster (from mainframe,
g micro-computer to ambient devices)

0-19 Kondratieff:
- a combination of technology & society
-during upswing a lot changes rapidly (1990-2010)

Working : . .
2064 - after 20 years it gets quiet again,
O as our society grows elder, 2010-2030

42 sol@ind.tno.nl or ejsol@dse.nl



Great lies, small lies and computer graphics
(5 year, 10 year, 20 year (houses) & 40 year (Kondr

atieff)

R K .;Lum't.ti.:-b i"i

gid e

—o—4-year cycle (imentory)

—m— 9 year cylce (invest

hi
B Tgmyearmc%)cle (invest build)
\ ~Ji— Kondratieff (50 year)

—o—totaal
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Challenges for innovation

Create value with less people,
with less materials and less energy

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

China

razil

sia
Japan

1750 1800 1850 1900 1950 2000

1000
%00
800

019

600 \’/\/
500
)

Working

20-64

100
00
1050 1960 1970 1980 1990 2000 2010 2020 2030

2050

In a knowledge economy with innovations

from 2010-2020/30 its dealing with scarcity,

smaller products, less materials & energy,
creating value by less costs, after thatitis ...?



A trillion very small intelligence devices

some one will run the network

some one will succeed Bill Gates — in services

and | choose to make the manufacturing equipment for the devices

already 400 years we have a tradition in high-tech equipment building

Thank you very much for your attention



Cornelis Corneliszoon van Uitgeest
iInventor (1593) who created the basis for the Golden Age (1600-1750)

Sawing a tree took 30 weeks by 2 man

With the sawing mill it took 1 week
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Cornelis Corneliszoon van Uitgeest
1593 initial patent sawing mill, 6 dec 1597 the improved crankshaft

“besonder creckwerk”
3 saws at 120°
No dead-point
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