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DuPont in 1802 DuPont In 2011

§ 40 employees § 60,000 employees

§ 1ldte § > 210 sites
§ 1 country § > 90 countries
§ 1 product § Hundreds of thousands of DuPont

§ 12 customers products and customers

§ $15,116 in sales (1804) § $31.5B in sdles (2010)
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DuPont — Our Mission, Vision & Core Values

Our Vision

To be the world’s
most dynamic
(market driven)

science company

| Core values — Safety & Health, Environmental Stewardship, Ethical Behaviour, Respect for People |
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DuPont’'s 14 Businesses 4

<~ Electronics & Communications >

e Pioneer Hi-Bred * Protection Technologies

- Crop Protection * Building Innovations
« Nutrition & Health « Safety Resources

e Titanium Technologies
* Performance Polymers

Packaging & Industrial Pol e Fluoroproducts
* Packagin ndustrial Polymers . .
ging y * Chemical Solutions
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« Performance Coatings QUPOND




MicroCircuit Materials - MCM

A leading supplier of thick film compositions (pastes) that enable
miniaturization, improved functionality and reliability in electronics,
displays, communications and energy systems.
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MCM - Worldwide Locations 6

Towanda, PA, USA Bristol, UK CTC, Shanghai, PRC

KSP, Japan

RTP, NC, USA

rfnenftal Statio=
site, Corpora

Taoyuan, Taiwan

DongGuang, PRC



MCM - Europe 7

Bristol Technical Centre

Opened Sept 1990 Floor Area 7300 m?
| nvestment $12MM Manufacturing Area 1200 m?
Employees 120 Technical / R&D Area 1300 m?

ISO 9000 Certification 1991

ISO 9000:2000 Certification 2003
ISO 9001 Certification 2008
ISO 14001 Certification 2005
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MCM - Core Technology & Competencies

Functional 1nks, Pastes
& Compositions:

» Conductive
e Dielectric
* Resistive

Typical conductiveinks
contain:
2-3 micron
*Silver
*Glass Frits Oxides OR
Organic Resins
*Rheology modifiers
*Additives
*Solvents

1 micron

300 nm

Core Competencies
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MTS

Photovoltaic cSi
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MCM - Traditional Applications

Medical

Automotive :
Displays
Touch panels
EL
Passive
components
Special
Power Telecom

supply Wireless



MCM - Emerging Printed Electronics

Paste / Materials interface:
Chemistry: Organic and Inorganic
Structure: Micro, Nano, Transparent, etc.

Flexible Substrates:
PET-PEN-PI, Metal, Paper, Non Woven...

Printing Processes:
Rotary Screen, Flexography and Gravure, Inkjet

Thin Film PV Flexible Displays
Cosmetic
patches
Courtesy of
Power Paper
Printed TFT
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OLEDs

Courtesy of Holst

Smart
Textiles

Printed Batteries

Courtesy of Power Paper

Smart
Packaging

Energy Harvesters

PTC Heaters
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MCM - Thin Film PV Technologies

film (PEN/ PI)

metal contact (Al)

i layer i

p layer p

TCO
|

ASi CIGS/CIS

« Common feature of TFPV cells is the transparent conductor.

e Current transparent conductor technology, especially on flexible
substrates, does not offer sufficient conductivity, therefore use of a
metal grid can improve efficiency by reducing resistive losses.
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MCM - Metals on Transparent Conductive Oxides
* Interface is complex and heterogeneous:
Metal : TCO
Metal : Polymer : TCO
Metal . Metal Oxide : TCO
» All losses at these interfaces are detrimental to cell (device) performance

« As metallisation lines become narrower, contact resistance becomes
increasingly important

* A good understanding of the interface is of key importance

e Contact resistance quantitative measurement possible by TLM method

Ag paste

ITO ——

PET
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MCM - Transmission Line Model

Established Technique:
Resistance measurements are made between tracks with progressive increase/decrease of track separation.

Contact Resistance DuPont Test Pattern

Spacing (cm)
0.015
0.025
0.050
0.100
0.200
0.300
0.400
0.500

Track widths = 1cm

Track length 500um 400um 300um 200um 100um
Ag Conductor A n r . .
g— g Conducto Interfacial Resistance
e —/
TCO

PV Cell - Active Layers
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MCM - Transmission Line Model — TFPV Pastes

TLM Test Measurements & Calculations:

2Rc ='y’ Intercept (Rc = Contact Resistance - )
______ e 2L =X intercept (L = Transfer length)
Test .
Policrn I"Ill[l ________ ] R =R;.W/L; (Rq, = Sheet Resistance - /sq)
Plan View /: ! i
Track Separation L | ! Pc Ry, - Lt (Specific Contact Resistance)
(simplified calculation)

i
L,

R(£) ]
2R. TLM Contact Resistance Data (130 € /ITO on PET)
oL, G
—~— - Slope =Ry /W Tracks 200pm 100pm  100pm
L (cm) Pv427 PV410 PV416
Graph - Resistance, R( £) vs Track separation L(cm)
Rc (ohm) 1.55 0.66 0.68
Lt (um) 279 117 106
CalcRsh ( /) 55.5 56.6 64.1
Lineararity R? 0.9994 0.9991  0.9994
c(m .cm2) 24.0 6.9 5.6
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MCM — Other Properties — TFPV Pastes

Other Key Properties:

Conductivity

Print resolution

Long term adhesion to TCO
Stability / reliability

Print Resolution

Nominal 100um line
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As-Printed Resistivity Comparison

Off-contact printing

75um wide, 50um high



MCM — Other Properties — Interconnect Pastes

5064H Performance Comparison
With ‘Industry Standard’ 5029

Rotary Printed 5064H
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Using Stork 405-17% mesh

Ag Composition | 5029 | 5064H
Ag content (%) 80 <65>

Density (g/cc) 3.54 2.3

Resistivity (m / /25um) 14.9 GD 150um lines / 150um gap
Thickness (um) 21 9
Coverage (cm?/g) 65 170
Abrasion (ASTM Pencil Hardness) B 6H
Adhesion (ASTM x-hatch, no
removal) 4B 5B

100um lines / 100um gap



MCM - Holst Centre Collaboration 17
Printed structures on flexible substrates

Research objective

Develop R2R compatible printing and curing / sintering technology

for functional structures on flexible substrates

Target: main application drivers
Shunt lines for Flexible OLED
Conductive structures for PCB and smart packaging
Current collectors for photovoltaic on foils

Antenna structures for RFID

General requirements
Low-temperature processing on large area
High conductivity (5 X bulk silver resistivity)
Low sintering temperature ( 120°C) (foil compatible)
Short sintering time (<< 1 min) (R2R compatible)

Interface compatibility
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MCM Materials for PE - Research Program
Advanced Conductors for

Multiple Applications, Substrates and Processing Techniques

» Targeting high volume applications:
 OLED lighting, OPV, Flex PV, Sensors, Smart Packaging, Flex displays

» Chemistry for different substrates and inorganic / organic transparent conductors:
* Glass, PET, PEN, PI, FR4, NonWowen, Paper
« ITO, ZnO, FTO, PEDOT:PSS

e Micron, sub micron and nano-Ag inks and pastes:

* Full family of conductive materials with cost effective usage and large volume supply capability

 Alternative metallurgies:
* Cu, Zn, Ni, Al
* Multi deposition technology platform:

* Screen, Rotary Screen, Flexographic, Gravure, Ink-jet

e Transparent Conductors:

* Future R&D activity - Multiple technologies in evaluation
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MCM - Roadmap for Metallization Development
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DuPont - MCM - Conclusions

 DuPont has a unique offering for the emerging printed electronics markets:

» Substrates, Conductive/Resistive/Dielectric Pastes & Inks, Printing Technologies

« MCM is working to produce the next generation of conductive materials for

multiple applications, substrates and deposition techniques.

« MCM collaboration with Holst Centre to accelerate material development.

 DuPont is active in market development with device manufacturers,

institutes and industry associations.
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The information provided herein corresponds to our knowledge on the subject at the date of its publication. This information may be subject to revision as new knowledge and
experience becomes available. The data provided fall within the normal range of product properties and relate only to the specific material designated; these data may not be valid
for such material used in combination with any other materials or additives or in any process, unless expressly indicated otherwise. The data provided should not be used to
establish specification limits or used alone as the basis of design; they are not intended to substitute for any testing you may need to conduct to determine for yourself the suitability
of a specific material for your particular purposes. Since DuPont cannot anticipate all variations in actual end-use conditions DuPont makes no warranties and assumes no liability in
connection with any use of this information. Nothing in this publication is to be considered as a license to operate under or a recommendation to infringe any patent rights.

Do not use DuPont materials in medical applications involving implantation in the human body or contact with internal body fluids or tissues unless the material has been provided
from DuPont under a written contract that is consistent with the DuPont policy regarding medical applications and expressly acknowledges the contemplated use.

DUPONT MAKES NO REPRESENTATION, PROMISE, EXPRESS WARRANTY OR IMPLIED WARRANTY CONCERNING THE SUITABILITY OF THESE MATERIALS FOR USE
IN IMPLANTATION IN THE HUMAN BODY OR IN CONTACT WITH INTERNAL BODY FLUIDS OR TISSUES.

Copyright © 2011 DuPont. All rights reserved. The DuPont Oval Logo, DuPont™, The miracles of science™ and all products denoted with ® or ™ are registered trademarks or
trademarks of E. |. du Pont de Nemours and Company or its affiliates.



