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Overview of roadmapping

‘Fast-start’ workshop methods

Current research: navigating industrial emergence

Summary & questions / discussion
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Overview of roadmapping
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Business Premier Database,
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Roadmaps as ‘strategic lenses’

Roadmap

‘lens’ Understanding &

communication

Business /
strategic issue

Information
structure

Graphical

S UNIVERSITY OF

¥ CAMBRIDGE

IfM | Centre for
| Technology Management



Roadmaps combine multiple perspectives

Functional perspectives Roadmap framework Knowledge Information
(Roadmap (Supports integrated and aligned types types
architecture) strategic and innovation planning) When?
. Typlical Past Short-term Medium-term Long-term Vision
viewpoints N
commercial & Market Route(s) forward ——> Why? Drivers
strategic <§ N ] X 4 y: Strategy
perspectives Business - | | Z ) Needs
i 3
. Product |
Design, Form
development _ Function
& production Q Service | | > > What? Performance
perspectives 1
System ‘ S | | )
| 1 . N
Technology Technology | | |
& research Q : 5 Solutions
perspectives Science : re v s How’ Capabilities
S e Resources
Resources i i )
Three key questions:  2) Where are 3) How can we 1) Where do
we now? get there? we want to go?
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Roadmaps provide a common visual language for
strategy and innovation
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Reqmrements fluid
Concepts fuzzy B
Many unknowns | |

Many optlons ‘+ ‘
Many assumptlon§
Few constralnts \__/
,,Scenanos

TN

Process funnel (e.g. strategy, new product development)

~

~

~ Market-Technology, Summary-Detail
_teration
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Divergent process
Explore —— Shape — Plan
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> Convergent process

Requirements clear, stable

Concepts clear, stable

Fewer unknowns risks understood
Fewer optlons greater constraints

Implement

n,, UNIVERSITY OF
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Lucent Technologies technology roadmapping approach

Feature Evolution Plan

o ——

PmdUGt Aﬂ]hiiﬂﬂtﬂfﬂ Risk Rﬂﬂdmﬂﬂ
T — _ T e
Experience Curves Forward Cost Model
Combetiive Stat S - 61 Map t_u Investments
T e — . T i, = F . :..-':'.,1 __.-ﬂ'_‘l .
=i a ¥ e LR
= Prﬂdul::l Dr‘i‘-'EI‘”ErEIEtE Ma tn EIEmEnts 1
Competitive Landscape ||| — = - - ‘!A_lmﬂww"w e Action Summary |

::’%W Technology Roadmap [ = <

ustomer Drivers ey
—ll Product Road T —
- | Erodu cadmap g
Market Definition Summary and Action
— : : Plan
= Technology
1 Roadmap
.mIH a1
Product
Market and Roadmap

Competitive Strategy

tM

Source: Richard Albright The Albright Strategy Group, www.albrightstrategy.com

58 UNIVERSITY OF
¥ CAMBRIDGE

Centre for
Technology Management




Lucent Technologies technology roadmap

Product drivers

| o — LastYr | Now | +1Year | +2Year | +3Year | VISION [Import. |SomPer
Wll t/size | I
E Interface ASIC 5735 C ACA integrated \ [ K : %
o| DSP 1832 Call signal Single : i
2| Audio codec '[ CMOS ) 1y Bassband | ngg" @
§ Audio front end Bipolar discretes 3| ©) 8
Microcontroller Wm \ 2 '
ARG T — | T R €
PWE —Slayer 16mm ) (6 layer imm )(__#layor 0mm Flex )( Moidedin)| 1€
Ease of use I
Display ( Z-iine LD ) ( &line LCD Y (14 vGa < Touch > < Voice > clF)
User interface % %
Software [ Menu driven || Gunﬁgurahla B Cust. adaplive ICYF)
Talk ime e ; |
Batlery ( NICd - 4.8V ) ( NiMH - 3.8V ) {Altern. tech.» ﬁ? €
Power supply Switching (80% eff) ~100% effic. |
o | Power amp & Module ) ( MMIC-3V )
[ Radio [__Triple conversion ][ Double conversion | {_ Homodyne »( Tunabis, [
Antenna ( Dualband Highgain_) < T R, | | €D
Audio quallty | I
Voice coders | Vceip ] ITU, Geelpis € B
DSP noise aigorithms | Expander ___ ]< 1S-99 Data BER Improvementiecho cancel, » 1€p| €5
Microphone Faring @ Gﬁ
Recelvers (m Nna e. miniaturized €p’ CR)
& P i

LEGENIJ Technol Funding status:
[Devel.] (3 pﬂhr;[: Internal S<{Research > ﬁ_}( Planned )(_Unplanned )
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International Technology Roadmap for Semiconductors, 2003

Techle 492 DRAM Techrolopy Requirements—Near-ferm

Fearal Produciton 23 i 205 ] 2T s 2N
TYorhnalspy Node e hpeas

BIRAM = Puck qremy [1T T o Al T 1] 57 50
MPUMNC Meial T (1) % Fitch inm 120 107 a5 B5 76 67 60
BPUVASIC & Pk fmund 107 0 20 70 65 a7 50
MPU Primted Gate Lergil i) 65 53 45 40 15 32 24
MPU Phyvsical Gele Tenghh fmm) 45 7 32 28 5 22 20
BRAM sell size Mﬂ:,l 27 Dogz | D065 | D.048 | 0.036 00z | o019 | 001s
BRAM storage ceoll delecivie: equivalent plvacel axide hckness, EQOT (mmp j3] 15 2.3 1.8 1.3 0.8 .8 0.8
Befininmimg DN vetenitons tine (nasp [4) fid i 64 64 fid G4 64
FIRAM seaft ervew rale (FIT5) [5] 1000 1000 1000 1000 1000 1000 1000

Table 495 DRAM Technology Requirements—Long-term

Year af Production 20 a2 23 2405 2 2HE
Techrology Made RS hpi2 hpil

DWRAM & Piiclh fnmad JTT 45 35 ir 15 23 15
MWPUASTC Melal T {6 % Pieh g 54 42 KT 30 27 21
MPUVASIC 3 Plicke drm) 45 is iz 25 22 18
MPU Printed Cale Lengih () 25 20 12 14 13 10
MP Bhvseal Gate Length nm) 18 14 13 10 ] 7
DRAM cell size r,w.'{.l 27 D.opE1  D.0D38 00025 0.0016
DA M siorape cell dlelectrie: equnvalent phvsical oxtde thickness, FO T iy [3] 0.58 0.53 042 037 0.15
Menigeem DRAM retention Hme (ms ) f4] 64 64 B4 G4 B4 64
DRAM saff evvor rabe (FTT52 [3] 1000 1000 1000 1000 1000 1000

Manrujacturable solutions exist, and are being optimized
Manufacturable solutions are krown

{nterim solutions are Kirown

Manufacturable solutions are NOT kirown

L

http://public.itrs.net/

< ‘Red brick wall’




Sony DRAM roadmap #1

The inrglﬁs:ry's E_EI v
ram @l A
Reducad chipsizes gy, o o duction of

:E::I L M Mass production of EIE]LIH'I g&;:;aliu_n 8
Ad in man 59 production of 0.18 pm gameration products 8 in 3
The industry's first ﬁﬂﬁ; : £.25 pm generation producte bagan in 2000 =
commercial product Mass producton of JECEREE: e e 7. £ SE
A 0L35 um gengrabion B :
Bl Mazs production of products began o 1006
Emotion Engine +

0.50 pm generation e
products nin 1995 f

m—
il — |
==t ﬂ

Graphics Synthesizer
EE 128-bit RISC

Graphics Synthesizer  gg Empedded DRAM parsllel
QFBOIHCE ProOCasear

il
| ‘ |
' ' 32 Mbit DRAM + 1500 K
Graphics Synthesizer  Diap sendwidth 76,8 G TolR, Pk fonnt. o
LSis for MD products 532 panit DRAM + 1500 K3 ! :

L51s for 8 mm camcorders: , . pRAM + 200 KB DRAM bandwidih: 76.8 GEs

512 Khit DRAM = S0 KB onaration at the tow
wottage of 20W

*Figure 1 Sony's Embedded DRAM Progress

http://www.sony.net/Products/SC-HP/cx_news/vol34/featuringl.html
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Sony DRAM roadmap #2

« To pravide 90 nm technology ahead of the International Technology Roadmap for Semiconductors (ITRS)
« To pravide, at the same time, eDRAM technategy, which can include high-density DREAM macros

1509 2000 2001 2002 2003 2004 2005 (F.Y)
R B I A ) S P G e G P SO 0 N [l N - I (Gl ) a0 o |
ASCTPL | ASCEPL |
BRI e e e e e + e 13 m ! .
(AL) P Gy Six months ahead of ITRS
SONY ASCTDL \ ASCODL
0.18 LT a0 nm
(Al (Cu)
ﬁ?t 0.18 um 0.13 pm a0 nm
"Irternational Tachnology Roadmap for Samikcondudiors

Figure 2 Process Technology Roadmap

tM

http://www.sony.net/Products/SC-HP/cx_news/vol34/featuringl.html
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Panasonic mobile communications roadmap

Progress on Mobile Communications Standards

= High-speed \ 2000 2010
= FCAement \
= vehicles)| |
E 4G FPLMTS
ﬁ IMT-2000 Super high-speed
5 2GHz miilimedia mobids
o COMMLNICAtons system
A2
]
==
a
britial systam of
SG-FWA MMALC
- 5.15~5.35GHz 254060GHz
5
= i i
r Wireless LAN —
*E 24~6GHz _._._-——-'}
=
Q. .
10k 100K 1M 108 100M 1G
Transmission spead (bos)
oy o http://panasonic.co.jp/pmc/company/en/cc_0005.html S UNIVERSITY OF

IftM
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Roadmap example - display technology

+ Modular Module Systom
+ Led-chipis) Integrated into the backlight panel
+ Thickness: 0.4 - 1.0 mm

& v " . (]
A Size: 6.5" - 15.0
.
3
=]
£ 1
5 8 + Collimation without BEF films
r'l_-l' n = Propolarisation integrated onto the backlight panael

+ Thickness; 0.4 - 1.0 mm
* Size: 2.5" - 6.8

« Comar- and edge-placed LED{s)
= White LED{s) backlight
* Thickness: 0.5- 1.0 mm

« Size: 1.57 - 2.5"
+ Collimation with BEF films L ghrem
+ Thickness: 0.8 - 1.0 mm - \ e
» Monochromatic LED backlight \
= Sipe: 05" - 1.57 N
s * L

= Mo diffusar film

+ Monochromatic LED backlight
+ Thickness: 1.0 - 2.0 mm
= Size: 0.5" - 1.5"

Em >

2001 2002 2003 2004 Year

UNIVERSITY OF
CAMBRIDGE

Centre for N
Technology Management www.modilis.com/roadmap.htm
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Roadmap example - technology convergence

Molecular
Manufacturing

Biointeractive _
Materials

=

WHRELESS COMPUTING

ATAANEEL: 4NN,

o

f

LIFE FHTv

WY 4 |

AORERITHH

BHIAANLIEAL TUR NG

Bioscience

IftM

BOENVIHORMENTAL MARACEMENT

Centre for
Technology Management

Materials
Science

SEARNT MATTRIALS

Infotec =
P ' @ FAUGH-PER HMANCE MATERIALS '

HLSIWERS

i

il

HEX T-GENERATICIN CONVENT gy
A

“Untangling the future”, Paul
Saffo, Business2.0, June 2002,
www.business2.com
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Roadmap example - particle physics

T 200 2O 2O15 ZOEOD
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Fast-start workshop methods
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Fast-start workshop methods

Process funnel (e.g. strategy, innovation, new product development)

|V N\
Y,

S-Plan

Q \_/
'

~
~
~
~
~
— NS - -
,/ /’ (/ N
\ ./
\_
N )
) 7N
\_ ./
VRN

| TPlan
| Technology Road Mapping

- ,,,/ Plasring Your Rodte

t Sucoess 4

T-Plan ‘standard’

IfM | Centre for
| Technology Management
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S-Plan Workshop process concept
; - - —
Step 1: Scan (‘Landscape’)

Large group activity

-Broad scope g

| - Share and capture perspectlves
- Link, focus‘én.Qprlbl‘ltlsé

_,/"

‘-;1

Step 2: Prob_LLandmark )

- Small group activity
.-”Focused scope,

'!. - Share and capture expertise
- ‘rganlse Ién and_a.Q.LL._n

Google Earth



Lypicalroadmapping workshop activities




http://www.foresightvehicle.org.uk/ =~ Foresight Vehicle

Foresight Vehicle
Technology Roadmap

Technology and Research Directions
for-Future Road Vehicles

Yermion .0




http://research.microsoft.com/towards2020science/

23 March 2006
(Vol. 440, No. 7083)

www.nature.com
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UK Measurement & Standards for Emerging
Technologies (MSET) - 2006

> Workshop 1: Transport

> Workshop 2: Secure environment

> Workshop 3: Sustainable consumption & Production

_ _ Cross-cutting
> Workshop 4: Emerging energy technologies Metrology

themes &
priorities

> Workshop 5: Healthcare & Bio-science

y aspects of various sectors

S > Workshop 6: Intelligent connected world

Series of workshops exploring

metrolo

> Workshop 7: Design Engineering & Advanced manuf’g

> Workshop 8: Built Environment

IfM | Centre for
Technology Management www.technology-roadmaps.co.uk



Japanese METI roadmap
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Current research

Navigating industrial emergence
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Science-to-industry trajectory

<
) | | I / )
I I 1/
. . | /
Successful navigation of I
emergent barriers, enablers, (

= inhibitors, timing issues and /)
< uncertainties /7 1
& : | %
7 I | —
o [ ~ &)CS
= | \ _
—_— | @)
S I Lack of understanding and/or I3}
5 ' awareness of industry-level %
Q ! factors, e.g.: O
n ' —
(3 ' « Industrial design g
o | o i —
= | Manufacturing strategy o
0 I * Production scale-up

I

I » Supply networks

: * Regulatory environment

' >

Basic Development & Commercial Mature Time

Research Scale-up Operation Industry
IfM | Centre for -
| Technology Management Source: E O'Sullivan
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IfM IMRC Emerging Industries Programme (EIP)
Vision

To understand the dynamics of emerging industrial systems in
order to enhance the UK’s ability to rapidly exploit its scientific and
technological capabillities.

Aims

« Support firms navigating the barriers, inhibitors and uncertainties
associated with emerging industrial systems

e Support government and public agencies in accelerating the
emergence of industries for optimal benefit to the national
economy

IfM Centre for T UNIVERSITY OF
Technology Management 7 CAMBRIDGE




Mapping industrial emergence - learning from history

* Automotive = TR
+ Battery S
« Catalytic converter E——

* Cheese .
* Computer Cees e =

* Digital camera —_— —
* Displays (TFT-LCD) |- &= B -4

* Internet = et
* Low temp B -7k R
» Medical imaging E ﬁj Fel

-MRI -y

- Ultrasound

- Tomography . -
- X-ray N a )

» Mobile phone = oI =
» Orthopaedic trauma B
* Personal music -8+ o ‘“’_ =
* Photovoltaic s . n
» Semiconductors e
+ Silicon gyro B
» Software
* Synthetic diamond :
* Wireless | T : o

IfM | Centre for
| Technology Management
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EIP, 30/1/08 (RP)
Digital cameras

Application

Networked

(Video)

Still image

Digital

Chemical

Enablers

500BC

1940 1960

1970 1980

1990

2000 2008

Precursor

Embryonic

Nurture

Ramp up

Growth

Mat./Conv.

1843: Recording telegraph (‘fax’)
1861: Pantelegraph (‘fax’) - illustrations
Comnauibeat FoRS e
1920-30s: Electro-mechanical TV
1927: Modern TV

Digital Camera

emmtén@;aza:e
chinotogy "

1839: Daguerreotype

1704: Newton publishes Opticks
1694: Photochemical effect
€1500: Camera obscura for drawing /

painting (Leonardo da Vinci)

€1200: Silver nitrate
11th Century: Pinhole &
Camera obscura concepts
and experiments (Persia,

'}AE‘
-

- spa

T,

{ctar devalanmant (Moarare laun () i)
- - N

1964: Digital video from space O
1976: CCD from spajie

phone —
development

New

University of
| Cambridge)

1973-5: First dlgltal

¥ Digital

" Emergence
@

- Japan

> 1986: First
camera - Kodak megapixel Sensor  1988: Canon  1990: First
(technical (Kodak) RC-250 commercially
demonstrator) - 0.01 Xapshot available
megapixel 5 : First digital (consumer); ‘modern’ digital
still®amera Nikon QV- camera
(Sorly Mavica) 100C press (Logitech

anela(stproém&sndﬁ"ﬁl

rototype. analoa;e (first ‘true’ 1991:
et digital Professional
Olympic ~ camera (Canon  camera?) SLR (Kodak-
Games RC-701) Nikon DCS)

1972: Texas

Instruments O

design for 1974: First
filmless commercial
analogue CCD (100x1{
camera

pixel) T

CCD development
programmes (Fairchild
Semiconductors, RCA,
Texas Instruments)

jsaic 1969: Charge-coupled
hsor (JPL device (CCD) invented
missions) - AT&T Bell Labs

ARPANET

. Expensive, low resolution, printing

transmlssmn capablllty (Kodak OIympus)

= (J-Phone)
1991: First -
mar k e webacm Live streaming 2002: First USA cames
G webcam phone (Sanyo + Spri
! (pornography) O

1996: JenniCam —>1999: Big Brother

1995:
ame

Ricoh RDC-1;

1995:

display (Casio

h

1997: Digital camera with
mobile phone - Canon

% First cell phone with integrate

cameras, Japan -Sharp J-SHO

(reality TV)

1999: First digital SLR
developed entirely by a majgr
manufacturer - Nikon D1 (2.§4
megapixel, <$6,000)

1996: First — — 5000; First D-SLR
CompactFlash - camera for non-
Kodak DC-25

professionals
(Fujifilm FinePix

Consumer

2003: Fir
<$1,000 -

LCD

digital photography: solid state
memory, PCs; Printers; Internet,
email; Scanning; Imaging proces$ing,
Flickr.com; Digital photo frames,

>

Lompltementary
develdpments

development
(portable devices)

1998: JPEG & .
MPEG standards

> 1989: Internet / www (CERN) T

v

» 1000, )




Phase, transitions, milestones and trajectories
of industrial emergence

Scale_ ’,‘7
(e.g. size, v
Wy ™
sales) \\ Renew
Application - L N
Market A Y
. Technology - transition 4 ) 3 .
Science - Application . ! ‘s Decline
Technology  transition g s 8
transition g 7 £ J \A
glols gl s g |3 & 'I Disrupt / Substitute?
E o5l (2 g |2 E| |E 4 y
2 g |58 5| [f58 ¢| | &
= Bl 2 g |z: % 8 ? Emergence "
s 2l |£ F| |2g 8
o = = O g £ o :
5 =| |§ gl |88 I‘ Fail?
o .
y Time
Precursor [Embryonic| Nurture Growth Mature Decline / Renew

Science —> Technology —> Application —> Market —>
dominated dominated dominated dominated
emergence emergence emergence emergence
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S-T-A-M industrial emergence framework

Precursor \ \ S-T Embryonic T-A Nurture A-M Growth
phase transition phase transition phase transition phase
Science Applled Technology Application Commerclal Pl Mass market Mass
demonstrators S demonstrators demonstrators applicaiey perfoMMigEy demonstrators market
demonstrators demonstrators demonstrators
Science Technology Application Market
dominated dominated dominated dominated
emergence emergence emergence emergence
Observing Translating the Improving the Developing the Improving the Translating Market,
underpinning potential of reliability and technology and price and price- commercial
scientific science into performance applicationtoa  performance of performance and business
phenomena technology, of the point where the application demonstrators development
through to the demonstrating technology to commercial to a point where into a market leading to
first thatitis a point where potential can be sustainable with mass sustainable
demonstration sufficiently an application demonstrated business growth industrial
of applied robust to be can be through potential can be potential growth
science integrated intoa  demonstrated revenue demonstrated
potential functional in the field generation
system

IfM Centre for
Technology Management
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Mapping transitions framework

Precursor
Science

Embryonic
Technology

Nurture
Application

Growth
Market

Mature

Renew /
decline

Market

Trends & drivers

Regulation & standards

Industrial dynamics

Application market / customers

Business context

Business models

<

Business strategies

App | Business

Service

Product

Value creation

After-sales support

System

Distribution

focus

Production

Procurement & supply

Design

Development

Research

Resources

Finance

Facilities

N\

Enabling technology

dynamics

Complementary developments

\

Skills

Capability /
supply ‘push’

l\
/

Value

Value
capture

creation

Market /

demand ‘pull’

dynamics

\

N
P

/

1

ke

Processes & organisation

A4 |
v

Partnerships & networks

Demand side enablers




Principles of industrial emergence

‘Engine of emergence’

~
~
S~ Demand
~ ~ -
Emergence ., | . T T Tem=me—e—e— oo ____.
‘funnel’ ¥
Initial of technological Demand-
conditions and commercial Catalytic | SUpply —> — Time
matter 1 uncertainty events | coupling

(Focus & Scope)

— mmm WS Ems M o B =R
—__—
— W

- - - L_~ @ng f emergenced
- ~o emand
- -
- N R
-~ v Multi-level e S
- @nneld
- H H it mand
-~ S | application ezt Lo <‘*> m— —>
- Upp y - el NTE e
-~ (sector & firm)  |== -
"""""" ly

e e
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Way forward

Development and testing of tool modules:
e Environmental scan

* Organisational scan

 Emergence roadmapping

* Investment review guidance

Publications & training

n UNIVERSITY OF
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Summary
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Foadmapping supparts il
good decision making. b = e

Idaho National Engineering and Environmental Laboratory, emi-web.inel.gov/roadmap/factsheet.pdf




