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1. Practical aspects of the course
– Lecturers

– Objectives

– Schedule & Content

– Evaluation

2. Introduction to Organic and Printed Electronics (OPE)
– Why flexible and printed electronics

– What is printing

– Challenges and opportunities

– Status, trends and applications

Lecture content
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Practical Aspects: Info on lecturers

Dr. Danick Briand

Team leader MEMS and Printed

Microsystems - LMTS, Neuchâtel

Tel: 021 695 45 64

e-mail: danick.briand@epfl.ch

Prof. Vivek Subramanian

Head of Laboratory for Advanced  
Fabrication Technologies - LAFT, 
Neuchâtel

Tel: 021 695 42 65

e-mail: vivek.subramanian@epfl.ch
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Position of the course in the Master program

• Optional course in Microengineering

• 2 h / week on Thursday 10:15 – 12:00

• Number of ECTS: 2

• Oral examination
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Course content

• addresses the implementation of organic and printed electronics 

technologies using large area manufacturing techniques. 

• provides knowledge on materials, fabrication processes, devices, systems, 

and applications.

• covers fundamentals, core technologies, manufacturing, and applications

• reviews the state of the art and current status on commercialization. 

This course…
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Course content

• Based on the content of the book :

“Organic and Printed Electronics: Fundamentals and Applications”

• E-book 2nd edition 2024 available at the EPFL library

− Fundamentals

− Manufacturing

− Devices

− Integration and encapsulation

− Systems

− Innovation Management 

− Circularity and sustainability

− Market perspectives and roadmap

− Some exercises
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Book content
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Course format and support

• Courses will be mainly given as PPT presentations in class

• Lecture notes are available in PDF format on the moodle prior to each course

• We recommend to read the corresponding chapter in the Reference book

• Links to some pre-recorded lectures will be available on the moodle

Videos are a support and do not replace the course in class

!Watch out: course content varies from year to year !

• Quiz will be happen in class to support knowledge acquisition (not graded)
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OPE course content and schedule

Dates Lectures Lecturers

20.02
Introduction

D. Briand

27.02
Physics of printing I

V. Subramanian

06.03
Physics of printing II

V. Subramanian

13.03
Materials for large area electronics

V. Subramanian

20.03
Thin film transistors fundamentals

V. Subramanian

27.03
Thin film transistors devices & Circuits

V. Subramanian

03.04
Organic light emitting diodes

V. Subramanian

10.04
Solar cells 

V. Subramanian

17.04
Flexible and printed sensors

D. Briand

01.05
Energy storage & Encapsulation

D. Briand

08.05
Integration & Smart Systems

D. Briand

15.05
Sustainable electronics

D. Briand

22.05
Case study

D. Briand
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Learning outcomes

By the end of the course, you will be able to:

• Identify the advantages, drawbacks, performances, complementarity and 

uniqueness of large area manufacturing vs. silicon technology

• Integrate the operation principles, architectures and processing of main 

devices and systems fabricated using printing techniques

• Analyze the challenges of manufacturing products using large area fabrication 

techniques

• Predict systems integration issues and propose methods for integration and 

encapsulation of printed devices and systems

• Illustrate applications of functional and intelligent surfaces and smart systems 

fabricated using large area manufacturing

• Compose examples of processing lines for printed electronics devices/systems



MICRO-505  /  OPE / Introduction  /  D. Briand, V. Subramanian 19

Learning outcomes

By the end of the course, you will be able to:

• Describe for each device the 

– Architecture and operation principle

– Physics of the organic functional materials

– Materials and fabrication (printing vs. vacuum processes)

– Encapsulation

– Characteristics and performance

– Maturity: lab level, prototype, commercial products

• Suggest methods to integrate functionalities and components to make 

systems, fully printed or using hybrid integration
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Evaluation

• 100% : Individual oral examination with some time for 

preparation

• A list of questions will be provided for each lecture to 

support you in your preparation
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Organic and Printed Electronics

LESSON 1  – INTRODUCTION

Dr. Danick Briand
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• What and Why Printed Electronics

• Challenges, Opportunities, Status and trends

• Examples of and Potential Applications 

Content
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Printing beyond colors
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Printing a newspaper 

- Large scale production;

- High throughput;

- Fabrication of “product” on large areas;

- “Products” fabricated on flexible, light-weight, ecofriendly substrates…

Can we imagine to use the 

same approach to 

fabricate electronic 

devices? 
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Printing electronic on large and flexible area

The answer is: YES! 

Printing techniques can be successfully employed for the fabrication of

electronic devices, on a large variety of substrates:

copper PCB printed on PET 

(source: Cavendish Labs Museum, UK)
memories printed on PEN (source: ThinFilm Electronics, Norway)

B/W printed display on paper (source: LG))printed batteries (source: Imprint Energy))
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Printing electronic on large and flexible area

We mentioned the possibility to print on a large variety of substrates

PLASTIC, CELLULOSIC FLEXIBLE SUBSTRATES 

Why use plastic, flexible substrates?

foldable

source: Swedish ICT

flexible

source: Plasticlogic

conformal

source: SEMICONWEST 2012

large area

source: 

Princeton 

University

lower 

costs

source: GSA
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From T. Someya, Univ. of Tokyo

Printing electronic on large area

Technology trends in large area electronics



MICRO-505  /  OPE / Introduction  /  D. Briand, V. Subramanian 29

Potentially

• Low-cost and reduced infrastructure

• Processing on large area (e.g. roll to roll process)

• Custom design / Quick prototyping

• Thin, lightweight, transparency

• Flexible

• Robustness e.g. A soft tactile screen will not break when your phone falls

Printed electronic on large and flexible area
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What is printing?

The most important fabrication method used to realise functional devices on 

large area substrate is printing.

A set of techniques used to transfer a specific pattern on the surface of a

substrate by means of inks. (Adapted from “Encyclopædia Britannica”)

Elements of a printing process:

substrate

inks

printing technique
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History of Printing
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From printing color to printing electronics

From Holst Center

Important enablers

• Soluble organic electronics materials

• Nanomaterials particles in suspension

• Stable polymeric substrates

Printing 

and sintering

at low

temperature
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Large area manufacturing: Printing

• Printing

– It is a reproduction technique. It is used to apply information or 

functions to a substrate or directly on product

– Two families:

• Conventional printing processe (permanent printing plate)

• Digital printing process (inkjet as example)

• Benefits of printing

– Low cost manufacturing

– High speed fabrication

– Low temperature process

– Flexible substrates

– Established technology

– Additive manufacturing
VTT, Finland

(meters / s or min)

(< 100-200°C)
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Large area manufacturing: Printing

Printing process steps: Ink, printing and drying



MICRO-505  /  OPE / Introduction  /  D. Briand, V. Subramanian 35

Large area manufacturing (LAM)

Two main substrate formats and manufacturing approaches

• Sheet to sheet • Roll to Roll (for high volume)

z-studio University of Minnesota
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Large area manufacturing (LAM)

Important

• LAM is not limited to printing: many clean room / vacuum processes available 
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Large area manufacturing: Printing

Printed vs. conventional electronics
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Large area manufacturing: Printing

From Samsung

Printed vs. conventional electronics
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Terminalogy

Printed 

Electronics:
focuses on the 

technique employed 

for the fabrication of 

devices

Flexible and 

Stretchable Electronics:
focuses on the mechanical 

properties of the substrates 

employed for the fabrication of 

devices

Plastic Electronics:
focuses on the molecular weight  

of the materials employed (high 

molecular weight) for the 

fabrication of devices 

Organic 

Electronics:
focuses on the 

chemical nature of 

materials employed for 

the fabrication of 

devices (organic = 

carbon based)

OVERLAP, due to the fact that

organic, plastic materials are

usually solution-processable,

which makes them suitable to

be deposited on flexible

substrates by means of printing

techniques!
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Market drivers for printed electronics

• 97% of the companies  globally  related  to  printed  electronics  have 
been  profiled  as  materials,  equipment  or  component providers.  

• Only  3%  of  the  companies  make  products  or do integration. 
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Status and trends
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Status and trends

MRS BULLETIN • VOLUME 35 • JUNE 2010

Energy storage:

Batteries and 

supercapacitors
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Status and trends

• is well established in terms of academic, scientific, and 

technological research; 

• but is still an emerging one in terms of mass industrial applications.

Market for flexible, printed and organic electronics of US$ 51 billion in 2022

Predicted market of US$ 68 billion dominated by OLED in 2027, relatively 

small part of the overall electronics market of € 4,517 billion in 2020.

Key industrial sectors for OPE: consumer electronics, automotive, 

medical/pharmaceutical, and building/architecture.

The trend from “technology push” to “market pull” defined by the needs of 

the end users has continued and become even stronger.

The field of organic and printed electronics:

EXECUTIVE SUMMARY - OE-A ROADMAP WHITE PAPER, 9th EDITION
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Status and trends

• OLED displays continue to be a major success story for OPE, with a trend from 

flat and rigid to curved, bendable and foldable

• OPE has started to reach mass market penetration in the automotive industry, 

with touch panels widespread and displays and OLED interior lighting appearing

• Organic photovoltaics have also started to find larger suitable markets, with 

large building-integrated PV installations and use of OPV flexible modules for 

indoor IoT

• The healthcare and wellness industry has also seen strong growth in the 

introduction of OPE-based products

EXECUTIVE SUMMARY - OE-A ROADMAP WHITE PAPER, 9th EDITION
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Status and trends

• Organic and printed electronics is becoming more flexible, stretchable and 

foldable, and more complex products are appearing

• Hybrid system integration continues to be a key technology for products

• Sustainability and compatibility with a circular economy are receiving increased 

attention

• Production: low-cost, scalability, inspection/yield, reliability, standardization…

EXECUTIVE SUMMARY - OE-A ROADMAP WHITE PAPER, 9th EDITION
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• New opportunities to deploy electronics on surfaces to date unreachable

• Organic semiconductor molecules can be designed and engineered to create new 

semiconductor types, for example, with specific color emission or absorption properties

• Liquid processing

▪ Mixed solutions to form compounds

▪ Tuning of materials properties

▪ Can be printed

▪ Compliant to match mechanical stiffness/softness where needed

• Development of low-cost and high speed coating, printing, structuration and 

characterization processes for large area manufacturing (e.g. roll to roll)

• Green electronics/microsystems and manufacturing

▪ Enviromental friendly materials and processes

▪ Additive manufacturing (deposition of material only where needed)

▪ Manufacturing at lower energy with reduced infrastructure

▪ End of life: disposable being recyclable or biodegradable

Opportunities
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• Inherent mismatch between high performance device materials and soft carrier materials

• Formulation of stable and suitable printing inks

• Electronic properties of organic materials Hybrid approach can be needed (e.g. Si)

• Electron transfer process (band structure) different than for inorganic materials

• Mobility, opto-electronic properties not reaching those of best inorganic materials

Challenges: Materials

From «Transparent oxide electronics», Wiley, 2012

OPE book
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• Solution process: wetting ink-substrate interaction

• Printing and curing, all processes, at high speed

• Printing on multiple layers: topography, solvent/curing compatibility, alignment, mechanical

stability of the substrate in the machine and after curing

• Limited thermal resistance of organic and polymer materials and associated process

compatibility issues

• Large area: uniformity, reproducibility at high speed, yield

• Characterization on large area and at high speed

• Integration of different components / functionalities (e.g. printed with non printed)

• Transfer to industry

Challenges: Manufacturing
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• Material stability / Aging:   robust materials & hermetic / flexible / transparent 

encapsulation for organic electronic materials

• Compliant electrical conductive electrodes, metallisation

• Interfaces / mechanical adhesion

• Huge property contrast between device materials (stiffness, thermal expansion …) and 

associated distortion and damage problems

• Mechanical reliability under deformation

Challenges: Reliability
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Printocent book

Development of Printed Electronics products
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Applications
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Applications

Personalized Health Ambient Intelligence

Machine-Human Interface Smart Labels / Objects

• Smart lightning

• Disposable diagnostics

• Interactive packaging

• Large area sensors

• …
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Applications: 1st Demonstrators
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Applications: Large Area

Solar cells

OLED TV
Sensors matrix
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Applications: Large Area for Automotive

Lightning and display made from OLEDs
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Applications: Smart  Objects

From R. Baumann, TU-Chemnitz
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All printed smart sensing NFC label

• Printed silicon thermistor

• Printed organic read-out electronics

• Printed memory and display
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All printed smart sensing NFC label
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PragmatIC flexible IC labels

Pragmatic has raised $400m to date and has grown to over 275 employees

Their novel fabrication process offers high throughput FlexIC production with a capital 

expense 100x lower than traditional semiconductor manufacturing and is also significantly 

more sustainable with 100x less energy and water, and 1000x lower CO2 emission. 
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Applications: Roadmap
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OE-A Roadmap
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OE-A Roadmap
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E2IP

Origo

Emerging: In-mold electronics

Printed electronics foil molded into plastic parts

Canatu and Faurecia

Duratech
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Emerging: Wearables

UC Berkeley

Stretchsense



MICRO-505  /  OPE / Introduction  /  D. Briand, V. Subramanian 65

65

PRINTED ELECTRONICS GOES 3D !!!
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Emerging: Hybrid 3D printing

Additive manufacturing 
infrastructure

Digital Production File Printed electronic system

Design of system with all 
parameters included

A set of computer driven tools A system produced through 
additive manufacturing

CAD to part, Geometrical complexity, Fully automated, Multiple materials, Mask less, Minimal waste

• Printing intelligence on and within objects and products                                            

• In line with Industry 4.0 : digitalization and automation of manufacturing

• Personnalization and customization

• Strong interest for soft robots, wearables, implants, smart products…

Digital Manufacturing

nScript
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8Digital 3D manufacturing platform
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Organic and Printed Electronics

• (Opto)-Electronics and Microsystems made on polymeric and cellulosic that can be 

potentially produced on large area and mechanically deformed.

In this course on OPE we are focusing on:

Flexible / large area 

• Electronics, 

• Sensors, 

• Actuators, 

• Microsystems,

• Photonics.

Content

• Fundamentals,

• Organic electronic,

• Devices,

• Systems integration,

• Manufacturing,

• Applications.



MICRO-505  /  OPE / Introduction  /  D. Briand, V. Subramanian 69

- Still intensive R&D efforts with in parallel industrialization 

taking place

- Large area and additive manufacturing can be applied also to 

other types of substrates and components

- Engineers needed for the industrial deployment of OPE

Conclusions


