(i ]

Commercializing Nanotechnology:

MIT Stories Connecting
Basic Science to Market Impact
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tenuous connection to societal
well-intentioned...

Implementation

Scale-up .
..and the path from researc?ﬁ'f'_

Technical dev. -
NEVER the simple, linear story we expect
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Example: Nanotech in Lighting/Displays —
Quantum Dots and Prof. Vladimir Bulovic ‘|||||

Quantum dots emit
specific wavelengths of
light, tunable by their size

Opportunity: control and
sculpt the spectrum of
light emitted from a display

0.8

normalized EL

0.2 F

‘r_'—|_'_?_'_

400 440 480 520 560 -bI]CI aqu EEEI 720
wavelength [nm]

WD

VISION




Example: Nanotech in Lighting/Displays —
Quantum Dots and Prof. Vladimir Bulovic |||||

Preferred implementation:

QD LED
Electrically activated




Example: Nanotech in Lighting/Displays
Quantum Dots and Prof. Vladimir Bulovic -
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E market today  100% NTSC color @
— on the market
< very near term
Preferred impl on:
referred implementation: TODAY Time to Mass Market Adoption  FUTURE
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. - White LED
Electrically activated out

LIGHT GUIDE FILM/PLATE

significant change in
infrastructure, slow adoption



Example: Nanotech in Lighting/Displays

Quantum Dots and Prof. Vladimir Bulovic -

in SONY 2013 Bravia TVs

First implementation:

QD + Blue LED
White LED  Blue LEDIn AddQD

Optically activated out
Egl I) LIGHT GUIDE FILM/PLATE

Small change;
rapid adoption
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Example: Nanotech in Electronics __
Ag nanowires and Prof. Angela Belcher ‘|||||

Target application:
Transparent touch sensors
@ (ITO replacement)

i
“ Proposed synthesis: °

Bio-templating

ACS Nano, 2008, 2 (7), pp 1480-1486




Example: Nanotech in Electronics

Ag nanowires and Prof. Angela Belcher “||||-

“The chemistry method just came out faster”
—Mike Knapp, CEO

Solution Processed, Roll-to-Roll or printing
Capacity to produce TC for 100 million laptops/yr
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t only about size,
but speed and robustness as well
Technical development: Your

technology may be better on a
different axis than you expect




Example: Nanotech in Energy —
Nano-spinels and Prof. Yet-Ming Chiang |||||

. of .
6H’ (R +Ry)
cathode
Conventional electrolyte
‘ anode
;lOOO
To study self-assembly...
Means study of small
particles
2-D laminates 3-D Interpenetrating

Electrodes



Example: Nanotech in Energy

Nano-spinels and Prof. Yet-Ming Chiang |||||-

Unexpected nanoscale effects:
thermodynamic, mechanical, and kinetic
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These amount to a key advantage in energy delivery rate

Change in: implementation mode, target markets



Example: Nanotech in Energy —
Nano-spinels and Prof. Yet-Ming Chiang ‘|||||

From 600-700W in 1.1kg
(18V NiCd battery pack)

to 3000W in 1.1 kg
(36V Li-ion battery pack)

— 2X the peak power of
corded power tools

- Killacycle: \ ‘
;0 6Q-n1ph in <1 s,ei.ﬁ‘

mbiybrid City Tran3|t Bus, NYC

3000 Ib welght savmgs on >3000 buses;
> 400 million cumulative miles
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Example: Nanotech in Medicine __
Nanoparticles and Prof. Michael Cima ‘|||||
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of target chemicals



Example: Nanotech in Medicine __
Nanoparticles and Prof. Michael Cima ‘|||||

New opportunity upon interaction with the market:
systemic fungal infections

e 4 |eading cause of hospital acquired infections.

« Standard diagnosis (blood culture) takes four days.

 Mortality is 20% at two days.

Microbial Pathogen in # of # of
Blood Specimen samples/ incorrect
Magnetic resonance is a _ # correct results
. C. albicans 2/2 0
sensmv_e probe of _ non-albicans* 6/6 0
magnetlte nanoparUCle Gram-negative 4/4 0
clustering bacteria**
Gram-positive bacteria** 7/7 0
= : Tt h Negative control 8/8 0
unCtlon?‘ ) _t € *2 samples C. parapsilosis, and 4 C. kruseli
nanoparticles triggers **8 total samples with bacteremia were analyzed,
clusteri ng in the presence and 3 contained more than one bacterial species.

of target chemicals
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Example: Nanotech in Materials

Nanocrystalline Coatings and Prof. Schuh“||||-‘

140 |
120

Grain size (nm)
N 1N (0)] (0] 8
o o o o o

o

5 10 15 20
Composition (at% W)

o

Implemented as
an electrodeposition
Technology

25

32
®
e
B
IE
2
®
o
=
e
o
Q

b
o=
T

.
o
T

Scientific ¢
premise: q
Alloying as a
thermodynamic
control

on grain size in
the nanoscale

0

20 40 60 80 100
Position (um)




Example: Nanotech in Materials
Nanocrystalline Coatings and Prof. Schuh-
Before: 19 mi_Ies

After: >200 Early technical wins:

« High wear components
« Corrosion and impact resistance
e« “Green” substitutions

efore: 100K mik

Business challenges:

« Commodity spaces, premium products
e Value sharing requires cost sharing

e “Green” valuein $is unclear

 Net result: slow moving




Example: Nanotech in Materials

Nanocrystalline Coatings and Prof. Schuh-

>2.5B parts in service

Previous Standard

Gold: 0.75um

Ni-Sulfamate : 1.75+ um

=

value sharing =
savings sharing
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Example: Nanotech in Computing

Strained silicon and Prof. Gene Fitzgerald -

s 9% o
O Vs @
INSIDE REAL
INNOVATION

How the Right Approach Can Move Ideas from
R&D to Market — And Get the Economy Moving

Eugene Fitzgerald " -
Andreas Wankerl
Carl Schramm




Example: Nanotech in Computing

Strained silicon and Prof. Gene Fitzgerald -

Target applications:

I1I-V integration Tech pafiieg

Optoelectronics Bell\l/III?bS
Digital wireless -

Etc.




Example: Nanotech in Computing

Strained silicon and Prof. Gene Fitzgerald -

Opportunity:
Strained silicon has much

Strained Si higher electron mobility...

A chance to reduce gate length
and preserve Moore’s Law
Ca. 2000

S0 nm

Implementation evolution: Tech pathway:

Biaxial wy & = { Bell labs
Local strain i }-’ _ MIT
Overcoati ng Irvented 2 Can AmberWave

Strained S8con rained Sdicon
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: - The BAD news:
Technical specs nano is a technology platform
More NEED for course correction...
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