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La Nueva Globalizacion

Innovacion y Competitividad en un Mundo
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Do Good. Do Better.



., Qué es la “Innovacion”?

s Innovas o (solo)
mejoras?
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High
Economic
Reward
Strateqgic
Low Choice:
Economic Competing N
Reward price or in
value?
(M.Porter)

Low Risk High Risk

All RATIONAL decisions are made in red or in blue.
‘“,TC Both are rational
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Improvement IS an executive imperative
Innovation Is a strategic option
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KAIZEN = "CONTINUOUS IMPROVEMENT”
alC TOM = TOTAL QUALITY MANAGEMENT TECHNIQUES
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Desmitificando algunas cosas...

“The site was created entirely by
Zuckerberg over the last week in October,
after a friend gave him the idea. The
website used photos compiled from the

online facebooks, placing two next to each
other at a time and asking users to
choose the “hotter” person”
The Harvard Crimson, 2003

22,000
commercial
organizations
allowed to join

FB expands
to Stanford,
Columbia,
and Yale

Feb, 2004:
FB founded
at Harvard

DATE OF
FEATURES:

&00 college
networks allowed
to join

Anyone over 13
yrs with an email

allowed to join

networks

FB expands to
add high school

2004 2005 2006 2007
LAUNCH FB Wall FB Photo FB FB Platform
Mobile, and Video
Mews
Feed, and
API

F
70
0 i__w__v egr 5

2008

FB in Spanish,
French, and
German.
Launch of FB
Connect

/412

/
4 138

o
A 226
| |

2009 2010 2011
Introduction Launch of Launch of
of the "Like’ FB Places Timeline
button and and video
FB Payments calling

S. Gosling, “A Review of Facebook Research in the

Social Sciences”
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Empresa

Gold Mines —Risk of “Gig Economy”

Spain's Glovo picks up $528M as
- Europe’s food delivery market
continues to heatup
Sector . Afio Prendies

LetGo
Cabify

_ Coche compartido

E] Comment

Segunda mano _
Ingrid Lunden @ingridlunden / 8:01 AM GMT+2 « April 1, 2021

Glovo

Wallapop

SeSunda mano

Jobandtalent

| RRHH

2
2
,Reparto ' V- 285 OB # ’--x.-,-':‘ K oS
; AT £
2

¥ S et

[

ASOCIA
TECNIC

S Th -;',._;'_P os ent;epafses Lo

Alquiler depisos 015 [§45

TECH \ TRANSPORTATION \ UBER \

Uber lost $8.5 billion in 2019, but it thinks it can get
profitable by the end of 2020

erdepisos 8014 @475 .
R e R fiads s Q4 losses were pretty much the same as the previous quarter
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WHERE NEW
INDUSTRIES ARISE
« Car (1890)

* Airplane (1901)

« Radar (1930)

« Sonar (1950)

I Computer (1950)
« PC (1976)

* Internet (1995)
 Smartphone (2007)
 EV (2010)

High "
Economic | «nnovatit

Reward wework

White
Innovation

Low
Economic
Reward

Low Risk High Risk
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KEY ENABLING
TECHNOLOGIES
Internet of Things
3D Printing
Advanced Robotics
Artificial Intelligence
/ - Clean Energy

- Supercomputing

- Synthetic Biology...
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White

Low -
EconOmiC lnnovatlon
Reward
Low Risk High Risk
AI Will Add $15 Trillion To The Biology as technology will
World Economy By 2030 reinvent trillion-dollar industries
A s Eztlttfpecmati oooooooo "buth rrrrr . Navin Chaddha 12:00 AM GMT+2 « September 18,2019 |:.| Comment
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) NOVARTIS

o Gold
| -
an- Innovatiol
Economic .
NVIDIA
Reward
These are the type of
companies that create
Low Innovation ecosystems
- “Blue innovation”
Economic Innovation companies, that attract
Reward talent and create

prosperity

Low Risk High Risk
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Ambidexterity: Explotar y Explorar

Moonshot thinking is shooting

for the moon. Moonshots live MUUNSHUT
in the gray area between THINKING

audacious projects and pure
science fiction; they are 10X
improvement, not 10%.
Google X is leading the 10X
movement.

“Execution pays your salary. Innovation pays your

alC
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pension” (Steve Blank)
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Economic externalities:
 High entry barriers to

Gold competition
- O « High margins
Tl N Innovatio  Talent and productive

Investments attraction
« Economic growth and
guality of employment

“Gig Economy”

Low Return .
Innovation

Non-applied
knowledge

Low Risk High Risk
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What makes the iIPhone so ‘'smart'?

e 4 R f'—j
Click-wheel M iti-touch screen NAVSTAR.GPS

RRE, CERN, . Dok, CLAYNSF DaD DoD/NAVY

iPod Towch and iPhone (2007)
WPad (2010}

source: Mazzucato (2013), p. 109, Fig. 13
lﬁTv
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MARIANA
MAZZUCATO mii;}riw
) .l %g 7*

)

MISSION
ECONOMY 2\

2 . Ty ‘Conrentional economics offers abstract modets. conventonal wiscdom
A Moonshot Guide to Lol

Changing Capitalism In U5 riBant book, Mariana Maraucato...
S - argues that the former is useless and
the latter incomplete.’
— Mo tin Wolf, Finoncol Tieey'
allen Lane
MARIANA MAZZUCATO
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The Four Global
Forces Breaking All
The Trends

NO ORDINARY

JISRUPTIO

Richard Dobbs, James Manvyika,

snd JOnathan Woetzel

Tiempos de Innovacion Azul

“Comparted with the Industrial Revolution,
this change Is happening 10 times faster,
at 300 times the scale, or 3.000 times
the impact”

“65 million people I1s added annually to
the global urban population”

“In Germany, working population will
fall from 54 million (2010) to 36 million
(2050)”

“Capital flows expanded 25 times
between 1980 and 2007”

“12 disruptive technologies arrivi

together, reinforcing each other, from

advanced robotics to the Internet of

things, new materials or next-

jeneration genomics” /

21
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Twelve potentially economically disruptive technologies

>
~~

°® Mobile Internet

/

Increasingly inexpensive and capable mobile computing
devices and Internet connectivity

Automation of knowledge Intelligent software systems that can perform knowledge
work work tasks involving unstructured commands and subtle
judgments

% . % : The Internet of Things Networks of low-cost sensors and actuators for data

& o : g g .

y Iﬁ JJ ﬁ y coll_ec_tlon_, monitoring, decision making, and process
=S e optimization

SN, NS

Use of computer hardware and software resources
delivered over a network or the Internet, often as a
service

Cloud technology

Advanced robotics Increasingly capable robots with enhanced senses,
dexterity, and intelligence used to automate tasks or

augment humans

Vehicles that can navigate and operate with reduced or
no human intervention

Autonomous and near-
autonomous vehicles

Next-generation genomics Fast, low-cost gene sequencing, advanced big data
analytics, and synthetic biology (“writing” DNA)

Devices or systems that store energy for later use,
including batteries

Energy storage

3D printing Additive manufacturing techniques to create objects by
printing layers of material based on digital models

Advanced materials Materials designed to have superior characteristics (e.g.,

strength, weight, conductivity) or functionality

Advanced oil and gas Exploration and recovery techniques that make
exploration and recovery extraction of unconventional oil and gas economical

Renewable energy Generation of electricity from renewable sources with

reduced harmful climate impact

SOURCE: McKinsey Global Institute analysis
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La Revolucidon Deep Tech

Eight Emerging Technologies
Transforming Business

Artificial Batteries
intelligence

Blockchain
Advanced

robotics ,
Virtual &

augmented
reality

sl

Quantum

Internet of )
computing

Things

Source: BCG analysis.

i

Internet of Things
Allows different devices to send and receive data enabling

ch better connectivity, and data processing, and analytics.

. Robotic Process
Blockchain x

Automation (RPA)

A decentralized ledger of all Allows for deployment of a Digital

Workforce by creating a virtual
human being to manipulate
existing software applications.

transactions in a network aimed to
increase security, reduce cost, decrease
transaction time, and increase

'

transparency all while eliminating the Dlglta]

need for a trusted third party. Transformation ]

Artificial Intelligence : Cloud Technology

Intelligence exhibited by machines Cloud technologies are providing

that mimic cognitive functions to greater flexibility for the

perceive its environment and take workforce, improved productivity,

actions to maximize a certain goal. broader insight, and higher

efficiency atlower costs as

compared to on-premise solutions.

Other Technologies

Other trends include Data COE'’s, EPM Platforms & Data

Lakes, “Perform” for SSC’s, Global Business Services & i p c £

Titamea St el athnini source pwc via @mikequindazzi
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THE BUSINESS 0
ARTIFICIAL..- TE=
INTELLIGENCE

What it can — and cannot— do for your organization

Black Box

Artificial intelligence refers to the capabillity of a machlne
that is able to replicate or simulate intelligent human
behaviours such as analysing and making judgments
and decisions

24
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M My saved articles Sign In | Subscribe
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& Company Industries Functions Featured Insights Locations Careers About Us Q

McKinsey Global Institute

Notes from the Al frontier: Modeling the
impact ot Al on the world economy

September 4, 2018 | Discussion Paper

Faster Al adoption and absorption by

AI Wi I I C reat@3 tri I I i@n Va I u e by 2 03 0 front-runners can create larger economic

Relative changes in cash flow by Al-adoption

But get ready to Change your occupatlon. cohort, cumulative % change per cohort
140
120 122 ® Front-runner
(absorbing
within first
100 / 5-7 years)
Artificial Intelligence everywhere 80
Al isn’t just a new set of tools. It’s the new world. From automation to
augmentation and beyond, Al is already starting to change everything. 60
40
20
Follower
(absorbing

wihn talza tha laad nAwg :
-20
_23\. Laggard (do
/{X not absorb
b by 2030)

ASOCIACION ESPANOLA —40 oo T
TECNICOS CERAMICOS
2020 2030

25



esade

SCENCE

THE ENDLESS FRONTIER

A Report to the President

by

Vannevar Bush

Director of the
Office of Scientific Research and Development

July 1945

United States Government Printing Office
Washington : 1945

ASOCIACION ESPANOLA
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Covid-19: La Gran Maquina del Tiempo
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6000

4000

RESEARCHERS PER MILLION

2000
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La Carrera por la Supremacia Tecnoldgica

WORLD OF R&D 2021

I Finland +“  Each country’s ball ~<
_ ] Py size (diameter) is N\,
@ North America / volume-normalized \
Asia Denmark / to China’s total \\
; R&D spending. \
i e First-mover nations l
S1- \
Middle East/Africa l : l
South America Norway ,'T
;
I
/
Australia /’ T
‘ United Kingdom Francil Ry I
. Belan : // T
o R0 Ilond & From Industryto Science |
n ¢ 4.,:."-’
Italy
Poland .. ’ Israel
' Malaysio
) ran
Mexico \ Turkey China
)‘-979' Brozil
Indonesia 3009 . Fstago! Qatar
\ — 1 *South Africa 2 3 4 5
Saudi Arabia  oKistan R&D AS A PERCENT OF GDP
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January 15, 2021

Eric S. Lander, Ph.D.
President and Founding Director
Broad Institute of MIT and Harvard

Dear Dr. Lander:

In 1944, President Franklin D. Roosevelt authored a letter to his science advisor, Dr. Vannevar Bush,
posing the question of how science and technology could best be applied to benefit the nation’s
health, economic prosperity, and national security in the decades that would follow the Second
World War. Dr. Bush’s response came in the form of a report, titled Science—the Endless Frontier,
that would form the basis of the National Science Foundation and set the course of scientific
discovery in America for the next 75 years.

Those years have brought about some of the most consequential scientific advancements in human
history with America leading the way. But three quarters of a century later, the contours of our lives
have changed. Technologies and industries have risen and fallen, and the emergence of the digital
arena has redefined the ways we innovate, communicate, and experience the world. And the nature of
discovery itself has changed by leaps and bounds—reaching celestial heights, and microscopic
complexities, that were unimaginable not so long ago.

For this reason, I believe it is essential that we refresh and reinvigorate our national science and
technology strategy to set us on a strong course for the next 75 years, so that our children and
grandchildren may inhabit a healthier, safer, more just, peaceful, and prosperous world. This effort
will require us to bring together our brightest minds across academia, medicine, industry, and
government—breaking down the barriers that too often limit our vision and our progress, and
prioritizing the needs, interests, fears, and aspirations of the American people.

President Roosevelt asked Dr. Bush to consider four specific questions. Today, I am tasking you and
your colleagues with five. My hope is that you, working broadly and transparently with the diverse
scientific leadership of American society and engaging the broader American public, will make
recommendations to our administration on the general strategies, specific actions, and new
structures that the federal government should adopt to ensure that our nation can continue to harness
the full power of science and technology on behalf of the American people.

NEWS SEMICONDUCTORS

vestment
Ten-year

investment part of a global race to secure
semiconductors

Science

Hipercompeticion en |+D

TECH

China’s spending on re

Sam Shead
@SAM_L_SHEAD

01 Apr 2021 | News

Biden unveils histao
plan

Massive R&D proposal is part of US President’s ‘once in @ ge — ucture plan - but
opposition will be intense in Congress

By Eanna Kelly and John McCabe

rrowoyrdapiier ! ividaulice |1sdif pDiouinoery

Technology

TSMC to Spe

By Debby Wu
1de abril de 2021 3:52 CEST Updated on 1de abril de 2021 10:34 CEST

China’s tech hub Shenzhen to inves
alC billion in R&D over 5 years
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CHINA RUSSI ;’// "“"’“’""_.:lk ~’|.-}"GJ
Cap Rank Market Ca o Ao
Company 51-21 9-1-21 g =y T
K)RE: S0l APy /I‘:r‘”::
AAPL Apple 1 2,521.0 0.4% 4.6% 13.7% Y &
MSFT Microsoft 2 2,268.2 0.0% 5.9% 32.8% b P AR,
GOOGL Alphabet 3 1,940.5 0.4% 7.8% 75.5% i w’:"b =
AMZN Amazon 4 1,761.9 0.2% 4.6% -0.6% g e
FB Facebook ) 1,077.2 0.7% 7.2% 29.3%
TSLA Tesla 6 726.8 -0.2% 6.8% 54.5% M k t ]
BRK.A Berkshire Hathaway 7 646.2 0.0% 2.6% 31.3% arket ¢ ap "
TSM Taiwan Semiconductor 8 624.7 1.2% 3.3% 47.7% $ 9 Tn
NVDA NVIDIA 9 561.0 0.3% 15.1% 62.4% (J a an G D P .
Vv Visa 10 489.4 0.4% -6.6% 7.9% p )
JPM JPMorgan Chase 11 477.3 -0.1% 5.2% 59.5% $5 Tn)
BABA Alibaba 12 471.0 3.8% -11.2% -41.9%
JNJ Johnson & Johnson 13 457 .4 0.4% 0.9% 14.7%
WMT Walmart 14 414 .1 -0.2% 3.7% 0.1%
UNH UnitedHealth 15 393.5 0.3% 1.2% 33.4%
PG Procter & Gamble 16 349.3 1.0% 1.1% 4.1%
BAC Bank of America 17 346.6 -1.3% 7.4% 60.2%
ASML ASML 18 345.1 1.1% 9.8% 117.7%
MA Mastercard 19 344.9 1.0% -9.4% -2.1%
HD Home Depot 20 341.6 -0.8% -1.4% 13.2%
PYPL PayPal 21 336.9 -0.7% 4.1% 37.2%
DIS Disney 22 3334 1.2% 4.2% 37.4%
ADBE Adobe 23 317.2 0.3% 7.1% 26.1%
CMCSA Comcast 24 280.6 0.8% 3.9% 35.7%
CRM Salesforce 25 262.7 1.1% 10.9% -4.6%
NKE Nike 26 260.5 -0.1% -1.8% 43.3%
PFE Pfizer 27 258.1 -0.1% 7.9% 24.8%
https://www.dogsofthedow.com/largest-companies-by-market-cap.htm
“A ti data ti ?
_ ggregating data is aggregating power

(Robert Spalding)

TECNICOS CERAMICOS 29
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Un Mundo de Gigainversiones en |+D

Company 2020 R&D Expenditures

Amazon (US) $40.43 Billion
Alphabet (US) $27.3B
Huawei (China) $20B
Microsoft (US) $19.3B
Apple (US) $18.75B
Samsung (South Korea) $17.8B*
Intel (US) $13.28B
Alibaba (China) $7.43B
IBM (US) $6.31B
Oracle (US) $6.07B
Qualcomm (US) $5.98B

To have areference, the total expediture in R&D of the
whole Spanish economy is $ 18.5B

https://lwww.technewsworld.com/story/86977.html
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Top 100 cluster rankings

Un Mundo de Gigaclusteres

Rank Cluster name Economy PCT Scientific Share of Share of Total Rank Rank
applications publications total PCT total pubs, 2013-17 change
filings, % %
b 1 TokyoYokohama P 113244 143822 1081 166 12.47 1 0
— 2  Shenzhen-Hong Kong-Guangzhou CN/HK 72,259 118,600 6.90 1.37 8.27 2 0
, 3 Seoul KR 40,817 140,806 3.90 1.63 5.52 3 0
4  Beijing CN 25,080 241,637 240 279 5.18 4 0
5 San Jose-San Francisco, CA us 39,748 89,974 38 1.04 483 5 0
6 Osaka-Kobe-Kyoto JP 29,464 67,514 2.81 0.78 359 6 0
7  Boston-Cambridge, MA us 15,458 128,964 1.48 1.49 2.96 7 0
8 New York City, NY us 12,302 137,263 1.17 1.58 2.76 8 0
— 9 Shanghai CN . 13,347 122,367 127 1.41 2.69 1 2
10 Paris FR 13,561 93,003 1.30 1.07 2.37 9 -1
11 San Diego, CA us 19,665 34,635 1.88 0.40 2.28 10 -1
12 Nagoya P 19,327 24,582 185 028 213 12 0
13 Washington, DC-Baltimore, MD  US 4,592 119,647 0.44 1.38 1.82 13 0
14 Los Angeles, CA us 9,764 69,161 093 0.80 1.73 14 0
15 London GB _ 4281 107,680 0.41 . 1.24 1.65 15 0
16 Houston, TX us 10,852 51.163 1.04 0.59 1.63 16 0
17  Seattle, WA us 11,558 34,143 110 039 1.50 17 0
18 Amsterdam-Rotterdam NL 4,409 78,602 042 0.91 1.33 18 0
19 Cologne DE 7.827 47.161 0.75 0.54 1.29 20 1
20 Chicago, IL us 6,167 57.976 0.59 0.67 1.26 19 -1
— 21 Nanijing CN . 1662 84,789 016 098 1.14 25 4
I 22 Daejeon KR 8,306 26,037 0.79 0.30 1.09 22 0
23 Munich DE 7,532 31,259 0.72 0.36 1.08 24 1
24 Tel Aviv-Jerusalem IL 7.076 31,086 0.68 0.36 1.03 23 -1
25 Hangzhou CN 4832 48,627 0.46 0.56 1.02 30 5
26 Stutigart DE 8,336 18,241 0.80 0.21 1.01 26 B
— 27 Taipei-Hsinchu W 2,721 62,420 0.26 0.72 0.98 43 °
28 Singapore SG 4,019 46,037 0.38 0.53 0.92 28
—p 29 Wuhan CN - 1.796 63,837 0.17 - 0.74 0.91 38 o
30 Minneapolis, MN us 6,444 25,157 062 0.29 0.91 27
31 Philadelphia, PA us o 3,173 50,847 0.30 . 0.59 0.89 29 -2
.32 Moscow RU o 2,060 58,153 0.20 . 0.67 0.87 33 1
33 Stockholm SE 5.736 27,409 0.55 0.32 0.86 32 A1
34 Eindhoven BE/NL 8,226 6,067 0.79 0.07 0.86 31 -3
35 Melbourne AU 1,975 56,632 0.19 0.65 0.84 35 0
36 Raleigh, NC us 2,949 47,499 0.28 0.55 083 34 -2
37 Sydney AU 2,498 49,298 0.24 057 0.81 37 0
38 Frankfurt Am Main DE 5,167 24,848 0.49 0.29 0.78 36 -2
39 Toronto, ON CA 2,336 48,017 0.22 0.55 0.78 39 0
1:'. 0 Xian CN 775 60,017 007 0.69 0.77 47 7

Global Innovation Index (WIPO)

Un nuevo modelo de
globalizacion: de la
externalizacion en

costes a la atraccion de
Innovacion
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SEMICONDUCTORS

TSMC eyes Germany as possible
location for first Europe chip
plant

Taiwanese chipmaker looking at ways to lower costs at planned Japan
factory

INL= VYV

near Berlin

Tesla has also changed its application for emission control approval for its construction
plans. The new application formally requests the additional battery production facility
Tesla had already hinted at.

VW partners with Chinese company for
German battery factory

Automaker aims to be top three global battery manufacturer

NATHAN EDDY in &

ASOCIACION ESPANOLA
TECNICOS CERAMICOS

Un Mundo de Gigafactorias

.- REUTERS"® World Business Legal Markets Breakingviews Technology Investigations Sports More

June 18, 2021 BUSiness

T German state of Bavaria in talks
with Intel on chip megafactory

2 minute rea d Reuters

y A B S &

="

Published date: German chemicals producer BASF and Cellforce Group, a joint venture

sh between Porsche and Custom Cells, have agreed to develop high-
are

iny f © O

performance battery cells for electric vehicles (EVs).

Bosch opens $1.2 billion chip plant

in Germany



esade Cadenas de suministro fragmentadas

Supply Chain

Why We’re in the Midst of a

= Global Semiconductor
£ Shortage
Taiwan by Bindiya Vakil and Tom Linton
GUANGDONG
sDongguan
K= Kaohsiung
b MY City
Hong Kong
&5
\'!’. - Search quot .
=Te : A =% R PROGRA l4 % vé N #
AUTOS Autos & Transportation
® .
Chip shortage expected to cost auto volkewas deu“ect(f‘c’h:go'ooo
® ® ® ® [
industry $210 billion in revenue in shortage
2021 Reuters
PUBLISHED THU, SEP 23 2021:12:01 AM EDT | UPDATED THU, SEP 23 2021-8:42 AM EDT 0 ¥y ¢ S
Michael Wayland SHARE f ¥ in M4 T VAT PR e n e e BHAARA AN 2m e

@MIKEWAYLAND

\
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Gary Becker, Nobel Prize
“The best industrial policy Is
none at all”

Tecno-Nacionalismo versus
Fundamentalismo de Mercado

SOURCE /| ECONOMY

China to develop 10,000 ‘little giants’ in
push for advanced manufacturing

‘Hidden champions’ key to closing gaps in advanced manufacturing
with West

(;!!:Ac 2 charts show how much the world depends on Taiwan for semiconductors
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Al

P ER=
PUWERS

LHINA,
SILICON VALLEY,

AMD THI

NEW WURLD ORDER

ASOCIACION ESPANOLA
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Tecnologias Geoestratégicas

Ve

HUAWEI

SOURCE | ECONOMY

China rolls out 916,000 5G stations,
making up 70% of global total

By Global Times
Published: Jul 13, 2021 03:13 PM

china H Bl iS5
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The Evolution of 5G

1979 1991 1998 2008 2019

Commerce Cify

Arvada

SE /
) 4
nglewoo f
Cherry Hills Village
,v
Gresnwood

Vlllage

Bloomberg Businesswe¢€

HuaWei Strengthens lts Hold
on Africa Despite U.S.-Led
Boycott

Even as Europeans and Asians join Trump’s ban, the
asE company continues to prosper from the continent’s
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Who Is Leading
the 5G Patent Race?

Companies which have filed the most patents
for 5G technology”

B Granted™ Not yet granted
Huawei @ ‘ 3,147
Samsung e 2,795
/Tt @ N \ 2,561

- l | |
LG o) I ~ 2,300
. \

(incl. Alcatlglglglnét]) _ 2,1 49
Ericsson o GTGTGEGEGEG 1,494
[
QUALCOMM £= NN 1,293
l

Intel ££ | 870

0 500 1,000 1,500 2,000 2,500 3,000 3,500
As of February 2020
* 5G SEP patent families, which is a group of patents covering
the same technological area
** 5G SEP families with at least one granted patent counted
Source: IPlytics

@®OG statista %a
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Ion implantation of semiconductors

J.S. Williams

Deparirvent of Elecronie Matevials Engineering, Researeh School of Physical Sciences and Engineering, Awsivalion National University,
Canberra 020, Aunsiralia

Abstract

Lon implantation was first applied to semiconductors over 30 vears ago as a means of introducing controllable concentrations
of n- and p-type dopants at precise depths below the surface. It is now an indispensable process in the manufacture of integrated
citcuits, This review gives a briel and selected overview of won beam modification of semiconductors, treating both fundamental
and technological issues of current interest. Damage miroduction during won rradiation and its removal during a thermal
anneialing step are key issues which are highlighted. Some semiconductors are casily damaged and amorphised (e.g. silicon)
whereas others {e.g. gallium nitride) are guite resistant to damage production due to efficient dynamic defect annihilation during
implantation. The conditions needed to remove implantation damage also vary dramatically from one semiconductor to another:
amorphous lavers in silicon can be recrystallised to completely remove disorder at ~ 600°C, whereas extended defects in gallium
nitride require temperatures of = [400°C to remove them. High dose implantation can result in the formation of supersaturated
solid solutions, alloys and compounds, often with intriguing properties as a result of the non-equilibrium aspects of ion
implantation. Formation of silicon dioxide layers directly during oxygen bombardment of silicon, even under cryogenic
implantation conditions, 15 given as an example. From the standpoint of semiconductor technology, there are several current issues
under intense study, Two of these are laghlighted with respect to silicon technology: the problems of transient enhanced dilTusion
of dopants during low temperature annealing due to residual implantation-induced defects, and the need to remove extremely low
concentrations of metals from active device regions. Finally, some recent novel applications of implantation in compound
semiconductors are treated, © 1998 Published by Elsevier Science S.A. All rights reserved,

Keywords: Ton implantation: Semiconductors; Silicon processing; Radiation damage; Compound semiconductors

1. Introduction optical [14] properties, together with fundamental stud-
ies of defects [15-18] and diffusion [19-21] are all

alC
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The semiconductor industry has been the juggernaut
that has driven implantation technology. There have
now been = B000 unplantation machines delivered to
the semiconductor industry, more than 95% mvolved in
the manufacture of advanced silicon chips alone [1].
Indeed, processing of 0.35 pm CMOS chips can involve
more than 30 separate implantation steps [2]. Driven to
a very large extent by requirements of the semiconduc-
tor industry, there has been an enormous research
effort into a broad range of ion beam modification
processes in semiconductors over the past 3 decades.
For example, the production and removal of implanta-
tion damage [3-6], diffusion and electrical (optical)
activation of implanted dopants during subsequent an-
nealing [7-10], formation of insulating layers such as
silicon dioxide [11] and conducting silicide lavers [12] by
direct implantation, controlled introduction of irradia-
tion-induced defects to tailor specific electrical [13] and

extremely active research areas.

This review briefly treats some of the above areas of
research activity, concentrating on damage production
and 1ts removal in a range of semiconductors, silicon
dioxide formation by oxygen implantation into silicon
and a selection of recent technological applications of
implantation i both silicon and compound semicon-
ductors. Examples taken from the author’s recent re-
search will be given to illustrate each of these areas.

2. Damage accomulation and its removal

When an energetic ion enters a solid it loses energy
by two processes: (1) by elastic or nuclear collisions with
the matrix atoms causing direct atom displacements
and disorder; and (ii) by inelastic or electronic processes
in which the electrons of the solid are excited [3]. In

921-5093 985 - see front matter © 1998 Published by Elsevier Science 5.A. All rights reserved,

PITSO921-5093(9800705-9
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The Countries With The Most STEM Graduates

Recent graduates in Science, Technology, Engineering & Mathematics (2016)

> Tomorrow’s scientists

Projected share of graduates with STEM* degrees across OECD and G20 countries in 2030

China il | i 37.0
26.7

India mm |

China L
- Russian Federation wum | 4.5
i = 4
nda oz I - i i — —— b
Indonesia ™= N 3 7
. e s SaudiArabia 1 I 3.0
United States EE 568,000
- Mexico I*H Il 2.2
Russia mmm [ 561,000

Brazil K&3 |l 2.0
Iran mem I 335,000

4.7m

Japan o ] 19
Korea :o; ] 16

Turkey s
Germany 1R 1 4

United Kingdom == |. 1.4
Argentina = Il 1.1

Indonesia ™= I 206,000

Japan @ . 195,000

Source, OECD (2015), Educaton Indicators in Focus N*31 | lustration: Shutlersiock

nr . France B B ] 0.8

Canada I+l J 08

@ @ @ Spain 2= ] 0.7
@StatistaCharts Source: World Economic Forum FOl’beS StﬁtlSta 5 |

Computing and IT to dominate STEM jobs

America’s STEM job boom could
o o o According to the IIE, computer technology is the number one
be n ef l t 18 te 'Na t IoNa I St U d e nt S — STEM magjor today. This tfend corresponi}; with its growing

application across industries, where cloud computing, big data,

's h
h e re S OW and information security are assuming greater importance.

Expertsin these areas will be able to choose from various

lucrative STEM jobs.
TRENDING | STUDY INTERNATIONAL STAFF | 23 JUN 2021
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Photographer: Alex Kraus/Bloomberg

Bloomberg Innovation Index

Germany Breaks Korea’s Six-Year Streak
as Most Innovative Nation

By Michelle Jamrisko and Wei Lu
January 18, 2020, 8:15 AM GMT+1

SN~

- s 2020 Bloomberg Innovation Index

AWV, . . A o
== {7 S & 9 ; & Né L ‘
"‘\_,_ \/>¥ : R‘J"’A/‘ .Yy // % @‘ £ ot i hange Econom) Conte tensity g o Brasdeetivity arss B Efficiency ‘ pronp— v Ity
i o <t ¢ ~ |52 1 2 +1 Germany 88.21 8 4 18 3 26 11 3
Guyane (FR) 2 -1 S Korea 88.16 2 3 29 4 16 5 11
3 3 6 43 Singapore 87.01 12 2 4 17 | 13 5
4 4 0 Swit zerland 85.67 3 6 14 10 17 3 19
5 7 ’ Sweden 85.50 4 16 19 7 13 7 18
6 5 1 Israel 856.03 1 31 15 5 32 2 7
e il 7 3 4 Finland 84.00 10 15 G 14 24 4 10
4 8 11 Denmark 83.22 7 24 8 8 31 : 24
; 9 3 1 Us 83.17 9 27 12 1 47 29 1
W=, 10 10 0  France 82.75 13 39 16 2 20 17 8
e, 11 12 1 Austna 82.40 6 1" 13 19 12 8 16
3 o= 12 G 3 Japan 82.31 5 5 35 ] 30 16 12
w 13 15 * Netherlands 81.28 17 28 17 6 36 12 14
o 14 13 1 Belgium 79.93 11 25 1 13 49 14 13
iy 15 16 + China 78.80 15 14 47 1" 5 39 2
. 16 14 2 Ireland 78.65 34 1 1 12 39 20 34
17 17 0 Norway 76.93 16 o1 5 20 10 10 22
18 18 0 UK 76.03 21 44 27 15 6 19 21
19 21 * italy 75.76 24 23 21 18 33 25 20
20 19 -1 Ausraka 7413 18 55 8 21 15 31 6
21 31 1 Slovenia 7393 19 8 20 40 14 15 26
22 20 2 Canada 73.11 22 35 26 26 3 21 o

CAREER GUIDE - 27 MARCH 2019

leurostati|

. . K55, e
S D i T S, U \ ¥ 4
2 b : o ® ® o o
F T T T 1 Administrative boundaries: ® EuroGeographics © UN-FAO ® Turkstat
0 200 400 600 800km Cartography: Eurostat — GISCO, 05/2021

- Emerging Innovator - [:] Strong Innovator -

- Emerging Innovator - Strong Innovator ® { @
I:I Moderate Innovator - - Innovation Leader -

:] Moderate Innovator - Innovation Leader
I:] Moderate Innovator + - Innovation Leader +

-
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The country is using science for economic benefit.

For Cyprus, Estonig, Latvio, Luxermbourg aond Malta, perforrmance group membership is identical to that in the EIS 2021 report. For these countries,
the corresponding colour codes for the middle sub-group of regions have been used
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Review Why Germany Dominates k*'y . - gr;gfég?g;nnovatlon

N to Strengthen U.S.

the U.S. in Innovation N Vandacturing

by Dan Breznitz . " Lessons from Germany

MAY 27, 2014

SCIENTIFIC
SUBSCRIBE AMERICAN.

THE SCIENCES MIND HEALTH TECH SUSTAINABILITY EDUCATION VIDEOD

TECH

The U.S. Could Learn from
Germany’s High-Tech
Manufacturing

Germany has developed a flexible and effective way of moving its best 1deas from the university
labs to the factory floor
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Table 1. Germany vs. the United States on Key Economic Indicators

Germany = United States

Economia

LEcomomic Output e B e e L — e —— | Merkel enciende la maquinaria del

Share of GDP in Manufacturing e 2% 2% capitalismo de Estado para crear nuevos

_ Share of Manufacturing GDP in Medium & High-Tech Manufacturing 8% 4% campeones alemanes

Tﬂta! Expurts as a Share uf GE}P 529%, 14%
5hare of Merchanmse Expurts in Manufacturrng : B2% 62%
Trade Ea!ance in Manufactured Gﬂnd‘s - $425 billion -£668 billion

Tcrta! Hesearchers Per l'ﬂ 00 Wnrkers : 8.22 8.08

..................................................................................

Ergg Expenmmreg o Sham ﬂf Gﬂp ettt ettt EQE% E?Q%

5 hare of Cﬂrpﬂr.a te R&D in Manufactunng BEY% 68%
Number m' Top EI'J Unwemrhes in Leiden fmpacf Eankmg5 0 39

Pa tents per 1000 Researchers 5303 98 74
New F irm Enfrantﬁ as a3 5hare uf Tut.af Frrms 7.909%4 8.5009%

5 hare uf E rnp.l'u].-fment in Man ufacturmg 20% 10%
Avera ge Hnuri ¥ Cnmpematmn in Man ufactunng $45.79 $35.67

5 hare uf Graduates m 5 TE M F :E.I'd5 { C.'!ECH E'ankf&ﬁl 3 33
Fﬂuth Unempmrment E"a tE a9 149

Source: World Bank and OECD national accounts data; OECD Science and Technology Indicators; CWTS Leiden Ranking; OECD

Entrepreneurship at a Glance data; U.5. Bureau of Labor Statistics.

https://www.brookings.edu/wp-
I C content/uploads/2016/06/LessonsFromGermany.pdf
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Innovation Clusters Alemania: Impulso a la Industria 4.0

Close Cooperation between Governments of German Lander,
Universities, Industry and Fraunhofer

Digital Production

Mechatronic Machine Systems

Optical Technologies (JOIN)

&1 Automotive Quality Saar

Digital Commercial Vehicle Technology (DNT)

I3 Nano for Production

Personal Health

F Adaptronics

El Future Security BW

Technologies for Hybrid Lightweight Construction (KITe HyLITE)
Multifunctional Materials and Technologies (MultiMaT)
Polymer Technologies

Virtual Development, Engineering and Training (VIDET)

(f! Turbine Production Technologies (TurPro)

Secure ldentity

Maintenance, Repair and Overhaul in Energy and Traffic (MRO)
Electronics for Sustainable Energy Use (under developm.)
Cloud Computing for Logistics (under development)

~ Fraunhofer
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Microelectronics

BCNT, Dresden
HMENAS, Chemnitz
BESK, Miinchen
B HHI, Berlin
MIAF, Freiburg
MmIIS, Erlangen
MIISB, Erlangen
HIMS, Duisburg

HIPMS, Dresden
HISIT, Itzehoe
HIZM, Berlin
BMFHR, Wachtberg
Guest:

M Fokus, Berlin
MIDMT, llmenau
WIZFP, Saarbriicken

Light & Surfaces

BFEP, Dresden
MILT, Aachen

MIOF, Jena
MIPM, Freiburg

Z Fraunhofer:

MIST, Braunschweig
HIWS, Dresden

Life Sciences

HIBMT, St. Ingbert

MIGB, Stuttgart

HIME, Schmallenberg,
Aachen

BITEM, Hannover
MIVV, Freising
MiZl, Leipzig
BEMB, Lubeck

Materials and Components - MATERIALS

MEMI, Freiburg
HIAP, Potsdam
MIBP, Stuttgart
HICT, Pfinztal
HBIFAM, Bremen
HIKTS, Dresden
MISC, Wirzburg
MISE, Freiburg

HMISI, Karlsruhe

HIWM, Freiburg
MIZFP, Saarbriicken
BLBF, Darmstadt
BWAKI, Braunschweig
Guest:

HITWM, Kaiserslautern
WIGB, Stuttgart

ICT Group

BFIRST, Berlin

BFIT, St. Augustin
BFOKUS, Berlin
MIAIS, St. Augustin
MIAO, Stuttgart
HIDMT, limenau
MIESE, Kaiserslautern
HIGD, Darmstadt
MIOSB, Karlsruhe
HM|SST, Berlin

HMITWM, Kaiserslautern
BMEVIS, Bremen
WSCAI, St. Augustin
BSIT, Darmstadt
BFKIE, Wachtberg
Guest:

MESK, Miinchen

W HHI, Berlin

WIS, Erlangen

Production

HIFF, Magdeburg
HIML, Dortmund
HIPA, Stuttgart
HIPK, Berlin

HIPT, Aachen
HIWU, Chemnitz
BUMSICHT, Oberhausen

Defense and Security

BMEMI, Freiburg
MIAF, Freiburg
HICT, Pfinztal

HINT, Euskirchen
BMFHR, Wachtberg Guest:
BFKIE, Wachtberg

MIOSB, Karlsruhe

MIIS, Erlangen
B HHI, Berlin
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FONDO DE RESERVA DE LA SEGURIDAD SOCIAL
En millones de euros

= Fondo acumulado Retiradas del fondo de reserva

60.02264:375 %251 63,008

53.744

I+D Industrial: Una emergencia nacional

1 de diciembre

| 8.095*
0
m— 3586
70031 648 13.250 7100 Retiradaa
15.300 20.136
2009 2010 2011 2012 2013 2014 2015 2016 2017

* La cifra incluye los rendimientos que obtiene el fondo por inversiones.

Fuente: Ministerio de Empleo y Seguridad Social. EL PAIS
&l
1 108
«ba. DISTRIBUCION DE LA GANANCIA BRUTA ANUAL
dsa- N asalariados toda
646 600,000  --v-vermeeeereremerseneaesrnenes S F com
me- : : que!
Salario mas frecuente: 17.482,06 €

'ibll- 500000 - . ' e elsa
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Grdfico 26. Distribucién de la produccién cientifica en WoS por comunidades auténomas. Total para el periodo 2010-2019.
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Numero de documentos
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Grecia, Portugal y Polonia superan a Espana en
I+D vy la hunden en la cola europea

ln-l » El pais, ademas, no ejecuta ni la mitad de la asignacion presupuestaria prevista
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I+D Industrial: Una emergencia nacional

Bruxelles

% European

Commission

47



esade

Para los escepticos de "no hay recursos”

Ghana and South Korea

In a 2012 article, the economist Joseph
Stiglitz used the comparison between
Ghana and South Korea to extol the
virtues of industrialization as a pillar of
economic development.*® In 1960, both
of these nations were essentially agri-
cultural with very similar levels of per
capita GDP: $944 in South Korea and
$1,056 in Ghana, in 2010 dollar equiva-
lents. What accounts for the fact that in
2010 the per capita GDP in South Korea
had grown by a factor of nearly twenty-
three, reaching $22,087, while Ghana’s
per capita GDP had not exceeded $1,298?
21

Stiglitz’s response is that South Korea
would have experienced the same evolu-
tion as Ghana if it had focused on its
comparative advantage in 1960, namely
rice production. In other words, without
the proactive policy of successive gov-
ernments over sixty years to develop a
national industrial sector, South Korea
would perhaps be the most efficient pro-
ducer of rice in the world today, but its

per capita GDP would not have taken off.
South Korea would not have become a
world leader, first in electronics and then
in semiconductors. We will, however, re-
turn to the example of Ghana, which
has experienced strong economic devel-
opment since 2010.

Why Does Industrialization Favor
Economic Development?

Does the comparison between Ghana and
South Korea suffice to establish that in-
dustrialization is an indispensable phase
in economic development? Other factors
can explain the Korean success story, in
particular the establishment of inclusive
institutions that foster growth by tech-
nological catch-up.?* Thus the protection
of property rights, massive investment in
education, and a proactive policy to sup-
port the development of large national
leaders by means of subsidized credit,
state procurement contracts, and export
subsidies played a key role in the South
Korean takeoff.

Why should a nation look to manufac-
turing, rather than the agricultural or

restantes 4 horas 57 min... 34% restantes 4 horas 57 min... 34%

alC Source: The Power of Creative Destruction. P. Aghion (2021)
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El cluster ceramico... Cluster e industria
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 Transformacion Digital

« Economias de escala
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esade El nuevo mundo de la 1+D puede ser El Pais de las
Maravillas, pero...

'l.\ . '/,
\ v [ y
.
- ‘ - o _ X )

L L L L R L TR R Y
PRSIt R R A M s S Lt M AR ML M A M s H e e r st e

It takes all the running you can

0, fo keep In the same place
It you want fo get somewnere
else; »;?u must run at least twice
as fast as that! )

SLABANBRALANNIARERLINRL AN
R e L e e L e A e Rl

SR L L R R L T )
L L L e e e L L L e R R L S Lol




esade

TECNICOS CERAMICOS

Thanks for your attention!
Xavier Ferras
Xavier.ferras@esade.edu
@XavierFerras

LinkedIn me!
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