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STMicroelectronics IYI

A Global Semiconductor Company
[ Sales by region % of Q4’09 sales ]
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Business Segments
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IMS: A Broad Offering of Product Families
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Market analysis: vision and trends
Source: IDTechex 2007 report

 Printed Electronics Market forecast
$1.1B (2007) => $48.1B (2017) => $330.3B (2027)

p

\

Huge market potential for logic and memory!
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Market analysis: vision and trends

Same source: IDTechex report Jan. 2010

TAM in 2020 ~ $54 Bn, Logic & memory = 15%

TAM 2010 = $2Bn, -

Logic & memory = 0.5%

O

Still an interesting opportunity !
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Broad opportunities in IMS perimeter

360° Vision

Sensor networking
~ Supply Chain optimization
= |ntelligent Packaging

Sensing integration Devices for Impaired people

Gesture recognition
Flexible display
Smart navigation

Game Boards
Educational Toys MARKET
OPPORTUNITIES

Electronics Gadgets

Smart Skin Patches
Electronic Wristbands
Disposable devices

Tracking pharmaceuticals
Sensor array

E Transport e-Ticket
" Curved dashboard

Flexible/Rollable Displ.
Intelligent Smart Cards

Front Panel Keypads
Customizable products

Smart sensing clothes
Gadgets embedding
Fashionable effects

Configurable Keyboard
Touch Control
Image scanning
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Electronics on Plastics @ ST

Healthcare application products:

ST batch approach to fabricate sensors and systems for
portable healthcare with foils on carriers

see also “Semiconductor solutions for portable heal thcare” brochure Feb. 2010 in
http://www.st.com/stonline/products/promlit/pdf/brh ealth0210.pdf

Other products and demo prototypes:

RFID antennas, Thin Film battery, Touch screens,
Printed Electronics circuits



Manufacturing electronic systems on
plastic substrates at STMicroelectronics

Batch approach

lamination/delamination of plastic foils on rigid subst rates
and processing in our manufacturing lines

Tape lamination Protective pellicle

cutting and removing Carrier Plastic lamination Plastic cutting

r----------------J

Processing

|1 >

Plastic bonded on carrier Devices on plastic after debonding
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Electronic devices on plastic with carrier
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Demo: Antennas for RFID (UHF)

First process set-up on plastic foil to fabricate Au antennas (std litho)

Screen printing approach for Ag antenna feasibility on low-cost
flexible substrates

Flexible Substrates: PEN
Metallization: Silver paste from DuPont

Low temperature processing: Tcuring=120-170 IC ﬂ ' |

6” PEN Substrate

The final goal is the fabrication of the antennas
and the system integration in a cost effective
approach by using roll-to-roll approach

Device at minimum layout rules (CD=100 m)

© L. Occhipinti, 4" March 2010
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Demo: Touch sensor

Engineered touch sensor matrices (both single
side and double side)

AZO as ITO substitute (TCO)
Printed dielectric and metal bridge (single side)

Flexible Touch Screen Testing

Testing Dynamic Stress
Measures Sequence
1. flat sample

. R-bent

. flat sample

2
3
4. R+ bent
5

. flat sample
ST R&D prototypes
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New product opportunities (1/2)

E-paper
High added value / High growth
$431M in 2009 -> $9.6B in 2018
High-V, Low-Power ASIC required
for commercial products (ST product family)
Passive and Active Matrix backplane

Needs/Opportunities
— Embedded electronics for
additional functionalities
(e.g. navigation buttons, light
sensors, touch screen, battery)
— Imprint lithography
(towards R2R),
|IJP deposition for
low-cost flexible
plastic panel

© L. Occhipinti, 4" March 2010
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New product opportunities (2/2)
Smart packaging

Potentially high volume @ low-cost (existing market for RFID)
Driving force from variable labels (advertising)
Needs/Opportunities:

Printable polymer memory

Read-out electronics

associated with other technology drivers:
e.g. e-reader, e -paper

Smart sensors

Network of sensors embedded with low-cost electronics
processing/computational capability

Existing technologies are hybrid (Si-based processor/logic)
Needs/Opportunities:
Multifunctional system integration (incl. energy unit and memory )

Data converter and simple processing units
High performance organic or hybrid electronics technology

© L. Occhipinti, 4" March 2010
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PRINTED ELECTRONICS
TECHNOLOGY PLATFORM



Printed Electronics Technology platform
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Organic Multilayer Device Fabrication
Layers definition
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Conductive materials for Printed Electronics

Evaluation of conducting polymers and printable metals with large
enough conductivities: 700

600

Conductivity S/cm

500 -

400 - Thickness (nm)

300 -
200 -

Conducting polymers (e.g. Pedot:PSS)

100 A

Low roughness 0! | | | |
~1 nm on 300-400 nm thin film 0 5 10 15 20 25
Mechanical robustness % DMSO

Conductivity maintained under bending, no cracks at radius < 8mm
Long term stability

no degradation induced by temperature, humidity and time
Several formulations available from suppliers, e.g.

high conductivity (> 500 S/cm), jet printable

medium conductivity ( ~200 S/cm), high viscosity, good interaction with organic substrates,
printable by elastomeric stamps

Printable metals
high conductivity ( > 3 103 S/cm), UV curable, sintering at 150-200°C

Polymer-CNT composites (IMS R&D - Singapore)

© L. Occhipinti, 4" March 2010
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Semiconductive materials for OTFT

Organic semiconductors with mobility and
We have tested several classes of commercially available organic molecules,

oligomeric and polymeric materials
17
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Preferred ST process options

Imprint and cure (low- k DIE)

Imprint and cure (low- k DIE)

=
- saese8es

PAD/Vias OTFT
Ink-jet deposition (Organic Semiconductor and Conduc

B Low-k DIE

Mold 1

PAD/Vias OTFT

Imprint and cure (High- k Dielectric)

&

L sasseBs W oco

PAD/Vias OTFT [l Low-kDIE

Mold 2

asas8eBn
PAD/Vias OTFT
Imprint and cure (Organic Conductor)

M osc
W oco

B Low-k DIE

tor)

[ High- k DIE
[ osc
W ocop

[] Low-k DIE

Mold 3

[ High- k DIE
[ osc
W ocp

B Low-kDIE

Mold 4
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Manufacturing of stamps (examples)

The process requires 4 Molds (equivalent to the masks in Si process): only the
15t mold containing critical dimensions (S/D)

Both rigid stamps and flexible molds are fabricated
Silicon masters obtained via photolithography or E-beam lithography

Rigid Molds Si/Quartz Elastomeric mold replica

for Nanolmprinting Flexible molds for

All molds masters in Si wafer Soft Lithography

© L. Occhipinti, 4" March 2010
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Patterning by soft lithography

Microcontact printing (down to 100nm resolution)

Contacting the elastomeric stamp in a
pad containing thiol-based solution

Wet etching of gold

»
»

v

Printing the thioles on a gold plated
substrate by the elastomeric stamp

© L. Occhipinti, 4" March 2010
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Towards high resolution elastomeric stamps

Improved elastomeric materials for high resolution stamps
Characterization of elastomeric stamps for soft-lithography

<—> <+—>
Standard PDMS New Elastomeric material 0.8 um

(under NDA with supplier)

© L. Occhipinti, 4" March 2010
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Nanolmprint Lithography

Options:
Thermal NIL
UV NIL
Simultaneous Thermal & UV
Soft Embossing @ Tamb

Focus technical tasks:
Alignment of multilayer structures
CTE compensation / reduction of swelling
Assessment of potential Yield / Throughput

Functional structures patterned by NIL

© L. Occhipinti, 4" March 2010
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NIL technology assesment results

Results confirm the high resolution obtainable by the Nanolmprint Lithography

technigue down to 50nm in imprint
Technology scalable to large area (40x50cm) @ high throughput (60 sheet/h)

R2R NIL demonstrated in R&D

U

N
N

© L. Occhipinti, 4" March 2010
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OTFT electrodes fabrication by NIL

Single layer patterning by Simultaneous Thermal and UV (STU)
Nanoimprint Lithography technology

Scaling down in the submicron range demonstrated

Assessment for high volume manufacturing ongoing

Polymer pattern by NIL——
RIE to remove residual layer
Metallization

Lift off

OTFT test structure bottom electrodes

© L. Occhipinti, 4" March 2010



Characterization of semi-finished test structures

Full characterization (SEM, AFM, Optical, Profiler, Contact Angle) of test structures
and interfaces at different process steps

Goal: process & I/F optimization, tuning surface and film morphology

- substrate OTFT S/D

400.0 nm
electrodes

© L. Occhipinti, 4" March 2010
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|IJP process tuning and automatic printing

Offline process tuning (ink & feature
size dependant)

on-line automatic mode

© L. Occhipinti, 4" March 2010
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Test chip: printed transistors arrays

Test Beds: transistors array with scaled
feature size L=1,2,5,10um

S/D electrodes by microcontact printing or
nanoimprinting

OSC deposited from solution

Top gate

Electrical characterization and reliablility tests
on air or controlled atmosphere

Compact device model and standard design kit
In-house development

Process scalability analysis vs
performance/cost

© L. Occhipinti, 4" March 2010
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Electrical Characterization (IEEE Std 1620)
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I ()

Reliability analysis
DC and Temperature Stress

e Bias stress: Vgs=Vds=-15V
o Temp. stress: T=25°C->50°C->75°C->25°C o=

Glass/Plastic substrate

Organic
Dielectric

Source/Drain fingers

5 9
052 10 : x 10 0
——l @V, =V, =-15V
2-
4-
42
1 . 6
-8-
- 4 g
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-10-
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Performance improvement

fT Vg'VT) 0
Best values:

i + |I$1 ++ n
+ 2

%% :

~20 cm?/Vs in single crystals (e.g. Rubrene) \

~ 3 cm?/Vs in small molecules (e.g. Pentacene)

L,..i, Process dependent

~ 1 cm?/Vs in polymers p-type (e.g. PBTTT)
and n-type (e.g. P(NDI20D-T2))

e Short-channel effects arising @ L,;,<1pm

— Linear output characteristic with no saturation and reduced effective mobility

— Contact resistance effects
— Overlapping capacitances

© L. Occhipinti, 4" March 2010
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OTFT compact simulation model

Modeling of contact resistance effects (Organic Electronics 10 (2009) 1074-1081)

OTFT downscaling: compact simulation model extended to short channel effects arising
with L<1pm

Gate

Model implemented in ST
standard simulation
environment (Cadence DFII)

Automatic tool for
parameters extraction
available

© L. Occhipinti, 4" March 2010
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Printed Logic gates (unipolar)

Test chip fabrication,
Including logic gate arrays
of:
NOR, NAND, INVERTER gates
with L=2,3,5um
Printed Semiconductor
Printed conductor in via
holes

Both metal-based (Au, Pt)

and InkJet printed Polymer
(Pedot:PSS) gate and top

connection layers

Test structures for contact
resistance and parasitic capacitance
measurements

Feature size limited by
InkJet Printer droplet size
and volume

V,(V)

Standard PMOS with
Polymer gate @ 5um

InkJet Printing of Organic Semiconductor
(OSC) in functional blocks @ 3um

Completed ACL-PMOS with
Metal gate @ 2um

© L. Occhipinti, 4" March 2010
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Active Capacitive Load PMOS Gates
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NAND logic NOR logic
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Organic CMOS

« CMOS vs PMOS logic
— CMOS Advantages:
 Rail to rail (higher noise margin)
« Higher speed
« Low power consumption

— Challenges:
« Stable and high mobility n-type materials
» Materials processing p/n-type on the same substrate
« Compatible electrodes materials @ low barrier
matching HOMO of p-type and LUMO of n-type OSC

— Solution:
» Local deposition at high resolution of p-type and n-type OSC (by inkjet printing)

— Collaborative projects:

« 2 EC funded projects running (ONE-P on mats and processes, COSMIC on
device and Organic CMOS devices and circuits)

© L. Occhipinti, 4" March 2010



ST Printed Electronics Design Kit

Design Kit & Rule Manual creation
Basic devices layout rules definition

Key components automatic layout
OTFT/OTFC/OTFR
Pad/Vias

P&R and DRC functionalitie
Post layout verification (LVS)

. ('3 4
— (14" $ # B Fixed width: F
e = n
- B o f
ligs L Urain T = T -
Ee S = IL
e e | N
o i [ | N ek
e [ Ly
i )SC ‘
19 9
Fixed heigth: &£ Fixed dimensionF x F
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4 bit ALU by Printed Electronics

‘2# 15 |IC Demo developed in
ST by Printed Organic
Electronics technology on
glass and low-cost plastic
substrates (L,;,=5Hm)

— Paper: Printed Organic Electronic
Technology Platform enabling the
design and manufacturing of
integrated circuits towards plastic
microprocessors, Micro and
Nanosystems Journal, Bentham
Science, Vol. 2 (2010) (to appear)

Master stamps (Si/quartz) and PDMS replica On glass

© L. Occhipinti, 4" March 2010



4 bit Printed Microprocessor (design IP)

Circuit design and simulation I
completed with testbenches T S
Layout completed and verified BN M=
on PE design kit @L=5pm i
(DRC/LVS) el ey
~4300 active elements (~7700 =

with ext. 64b SRAM)

Internal + external SRAM

Design Kit Manual
available

Actual Size 2" x 2"
Geometrical shrink:
estimated size <6 mm?
@L=200nm

4 bit micro Layout (2" x 27) 4 bit micro simulation in Std. CAD

© L. Occhipinti, 4" March 2010



Product motivation (4 bit printed micro)

GOAL: to design the 15t printed 4 bit microprocessor with reduced complexity
(<5Kgates), low-power, low frequency

Killer application: stand-alone plastic IC with embedded logic functionality
associated to sensing, displays and power management (multifunctional system)

Driving forces:
- to be recognized in the market as high added value product
- Moore’s Law applicable (downscale feature size x performance and size)
- to penetrate existing market of smart packaging and e-paper
- to boost emerging market of Ambient Intelligence sensors/computing

ST is committed to develop a unique and reliable pilot line for printed
electronics products in large area flexible substrates

© L. Occhipinti, 4" March 2010
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Collaborative research projects:
(EC funded FP7 NMP: ONE-P)

Title: Organic Nanomaterials for Electronics and Photonics (ONE-P)

Project start:

1 Jan. 2009 (duration 36 months)
Participants & budget:

28 organizations

~200 researchers
€ 26Million (€18M funded by EC)

Aim:

Universities: Université Libre de Bruxelles, Université de Mons Hainaut, University of
Cambridge, University of Copenhagen, Linképings Universitet, Chalmers University of
Technology, Rijksuniversiteit Groningen, Westfilische Wilhelms-Universitit Miinster,
Université de Strasbourg, Bergische Universitit Wuppertal, University of Nova Gorica,
University College London, Imperial College of Science, Technology, and Medecine Tech-
nische Universitit Dresden

Research centres: Consejo Superior de Investigaciones Cientificas, Consorzio Interu-
niversitario Nazionale per la Scienza e Tecnologia dei Materiali, Max Planck Gesellschaft
zur Foerderung der Wissenschaften, Consiglio Nazionale delle Richerche, Interuniversitair
Micro-Elektronica Centrum, Nederlandse Organisatie voor toegepast-natuurwetenschap-

pelijk onderzoek

Industrial partners and SMEs: Philips Electronics Nederland, STMicroelectronics,
Merck, Johnson Mattey, Basf, Scriba Nanotecnologie, VDI/VDE Innovation + Technik
GmbH, Innova

Develop the missing high performance, low-cost multifunctional material s and
their process technology to strengthen industrialization of printed electronics and

photonics in Europe

Public information:
Website: http://www.one-p.eu

Next event: Summer school 14-19 April 2010 in Erice  (Sicily), more info at

http://www-th.bo.infn.it/islc/erice2010

© L. Occhipinti, 4" March 2010
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Collaborative research projects
(EC funded project FP7 ICS: MOMA)

o Title: Embedded Organic Memory Arrays

* Project start:
e 1 Jan. 2010 (duration 36 months)

e Participants:

¢ TNO-Holst (NL), STMicroelectronics (ltaly), Solvay Solexis
(Italy), IMEC (B), RU Groningen (NL), UC Louvain (B)

o« Aim:

» research the materials, process technologies and electronic
design to make NVM arrays that can be programmed and read

electronically using organic thin-film circuitry on very thin,
flexible plastic foils such as polyethylene naphthalate.

e Strategy:

» to use soluble ferroelectric polymers in combination with organic
semiconductors.

© L. Occhipinti, 4" March 2010
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Collaborative research projects
(EC funded FP7 ICT: COSMIC)

© L. Occhipinti, 4" March 2010
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Collaborative research projects
(EC funded FP7 ICT: Interflex)

Call: FP7-ICT-2009
Objective:
electronics

3 b) Flexible or foil-based systems

ICT-2 OMMW‘% Flexible, organic and large area

Funding scheme:

. | dew,
Proposal Acronym: —Interflex =

. W
Duration: 36 Months T

© L. Occhipinti, 4" March 2010



Applications and trends

Market applications

Flexible drivers & sensors, energy harversting &
storage, multi-sectorial, multi-functional applic.

IP / techno-driven application development

Technology evolution trends

From litho-based on wafer carriers to printed
electronics carrier-less / use of existing assets

From small size to large area flexible substrates / e

additional capability demand w o ‘”‘!ﬂg

From batch to roll-to-roll manufacturing e

Healthcare : new solutions improving
guality of life for millions of people
Lab-on-chip virus diagnostic
Insulin pumps, other microfluidics
Remote monitoring of patients with chronic disease

© L. Occhipinti, 4" March 2010
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Conclusions

Know-how and technology assessment  for printed electronics
developed in R&D

Partneship and synergies developed with:
All major chemical suppliers
Selected equipment suppliers
Network of R&D partners in Europe, USA and Singapore

Developed team-up strategy with above mentioned partners
guarantee the possibility to scale-up materials and processes, as
well as to reach potential end-users

Focus on high value-added products and test vehicle
development

© L. Occhipinti, 4" March 2010
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THANKS FOR YOUR KIND
INVITATION AND ATTENTION

E-mail: luigi.occhipinti@st.com



