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Carbon Nanotubes (CNT) @SW ...... NT

SouthWest NanoTechnologie:

Single-wall

ST ( SWeNT
Printed
©SW{NT Electronics
Single-wall
Battery
Materials 0 1-2 Nm
Specialty

Multi-wall H 7 nm

Multi-wall

10-20 *nm
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Start-up: ©SWeNT

PR Founded by Prof.
— o Daniel Resasco 1n
2001

CNT Pilot Plant circa 2005




CoMoCAT® process JSWeNT

Fluidized Bed
(Inherently Scalable) |

Uniform
Heat and
Mass
Transfer

Proprietary Catalyst 30 patents
(Selective Synthesis) issued

gas



Scale-up: CS\{\L@NI

New CNT Production Plant, 7
Fall 2008 // @

100 ~
10,000
g/day scale

Fluidized Bed Reactors
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Scale-u P (cont’d): ©SW6NT
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Single-wall CNTs

Conductive & Semiconducting Grades

O WeNT

SouthWest NanoTechnologies

SWeNT® SG65+
Met. tubes ~ 5%
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SouthWest NanoTechnologies
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T Quality (cont’d): SWeNT
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... Without evidence of tube damage.



SWeNT

Printed Electronics

NIKKE|
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TAM for CNT Ink in Printed Electronics

2010 2011 2012 2013 2014 2015

Year

TFTs RFID Sensors




Where is the Cowent
market going?

v" Thinner, Lighter.

v' Large display area.

v' Flexible, Rugged. -

v' Touch interface.
v Lower cost.

v" Short cycle time.



Why print electronics? ©SW6NT

Subtractive Process Additive Process
(Photolithography) (Printing)

l o
— —

Expose l

v" Less steps.

v' Less waste.

Develop

k

v Lower cost.

Etch / strip

#

v" Short cycle time.
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L ower Cost @SWeNT

Transparent Conductors: |

Transparent Conductor Cost (S/m?2)

S60

S50 -

C

SOdVeE
B Patterning Cost
/0%

M Materials Cost

ITO CNT

S40 -

S30 -

$S20 -

S10 -

SO -

Big incentive to switch to CNT for Touch sensors:
Cost can be reduced by at least 10%. Cycle time can
be reduced from 1 week to 1 day.



Performance:  (swent
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> 1 um
Longer
Tubes

Large Metalllc Small
Dia. Enrlched Dia.

~15nm > 70% ~ 0.8 nm

SC
Enriched

> 99%

<100 €/sq Mobility > 10 cm? v !
>90% VLT On/Off > 10°
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Commercialization

CROSSING
THE
CHASM
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GEOFFREY A. MOORE

The
chasm
Ralative %
ol
CUsicmerns
adopios, /| Ely N
Innovalors, | visignaries ~ Majority | Late majonty
technology / pragmatists | CONServatves
enthusiasts
|---""..I
k. - E
Customars wan Customers want
technology solubions
and performance and convensence
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V2V™ Ink Technology* c SWeNT
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1) Mix 2) Print 3) Dry
; ._5;}}2@2;.
@ \ ‘. % :?'ilz ‘% o SWeNT' CNT
V2V™ Vehicle R

CNT Paste

* Patents pending

CNTs can be printed using Standard
Industrial Printing Equipment I CHASM |
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Screen Printing Demo
(using V2V™ ink)

SouthWest NanoTechnologies
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Operational CNT

( SWeN Capacitive

Touch Panel

Buttons & Shdos

Canton, MA




* Performance

— Metrology

— Quality Improvement
 Easy & Safe to Use

— Inks

— nanoEHS
o Supply Chain

— Apps Dev

— Strategic Alliances (Global)
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| /f/ Thank you @SW‘?NT




