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Resumé — pa dansk

Dette dokument udggr slutrapport for projektet “OLED Academy - fremtidsperspektiver for
energibesparelser og design”, som er udfgrt af Institut for Fotonik ved Danmarks Tekniske
Universitet (DTU Fotonik) i samarbejde med Dansk Center for Lys (DCL) og en raekke danske
lysdesignere i 2018 og 2019

Formalet med projektet var at gge vidensniveauet for belysningsindustrien omkring OLED teknologi
og katalysere udviklingen og realiseringen af nye belysningsprodukter baseret pa OLED.

Designere i belysningsindustrien udggr et af de vitale led i vaerdikaeden frem mod realiseringen af
belysningslgsninger og nye belysningsprodukter. OLED Academy projektet arrangerede | anden
halvdel af 2018 et kursus for 20 designere, som blev undervist af eksperter fra DTU Fotonik og DCL i
hhv. OLED teknologi og lysdesign. Herefter var opgaven for hver deltager at designe et produkt
baseret pa OLED teknologi. Fem vindende forslag blev udvalgt og realiseret som faerdige modeller.
De fem modeller blev fremvist ved en afsluttende udstilling den 11. december 2018 i Kpbenhavn pa
Design Werck, som er et mgdested og showroom for udvalgte nutidige danske og skandinaviske
designs.

Projektet og dets resultater er blevet beskrevet i flere artikler i lys og belysnings branchens
tidskrifter, savel i Danmark som i Sverige.

Habet er at projektet vil anspore lysdesignere til at bruge deres nye viden om OLED teknologi i deres
fremtidige arbejde, som pa den made vil lede til flere OLED baserede anvendelser og produkter.

Som yderligere resultat af projektet, er udarbejdet en rapport, som viser state of the art indenfor
OLED teknologi, og som ogsa praesenterer en fotometrisk karakterisering undersggelse af en raekke
indkgbte OLED paneler.
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Summary —in English

This document reports a summation of the project “OLED Academy - prospects for energy saving and
design” conducted by the department of Photonics Engineering at the Technical University of
Denmark (DTU Fotonik) in collaboration with the lighting association Danish Lighting Center (DCL)
and a number of Danish lighting designers, during 2017 and 2018.

The objective was to raise the level of knowledge in the lighting industry of OLED technology, and
catalyze the realization of new products based on OLED technology.

The designers in the lighting industry is one of the vital links in the value chain for the realization of
lighting solutions and new lighting products. The OLED Academy project arranged during the last half
of 2018 a course for 20 designers, who got to learn from experts from DTU Fotonik and DCL about
OLED technology and lighting design, respectively. The subsequent task for each participant was to
design a product based on OLED technology. Five winning contributions were selected and realized
as final models. The five models where exhibited during a final exhibition in Copenhagen at Design
Werck, a meeting point and showroom for selected contemporary Danish and Scandinavian design,
on December 11, 2018.

The project and its results were noticed in several articles in lighting magazines in both Denmark and
Sweden.

All participating designers have all rights to the designs and models that they have developed in the
OLED Academy project. It is hoped that the project will encourage lighting designers to use the
knowledge about OLED technology in further work, which will lead to more OLED-based applications
and products.

Furthermore, within the project, there was a report conducted, which concluded the state of the art
regarding OLED technology, and also presented a photometric characterization study of a number of
purchased OLED panels.
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Objective

The project seeks to raise the level of knowledge for a generation in the lighting industry in the field
of OLED technology, and catalyze the realization of new product solutions based on OLED
technology. By providing such a massive and widely communicated knowledge lift in a narrow
professional segment, a window of opportunity opens to catalyze many effects that can generate
additional revenue on products based on OLED technology, thus catalyzing energy savings on a
technology that is becoming increasingly more energy efficient.

OLED has some unique features compared to LEDs, being inherently thin, flat and light weighted.
Being a surface light source, compared to a point light source as LED, the light is experienced as soft,
diffuse and comfortable. The light quality is high, with very high color rendering index (CRI) values
and weak blue emission. Being a flat surface light source gives a new design approach and some
panels even being flexible encourage a high level of creativity.

The designers in the lighting industry is one of the vital links in the value chain for the realization of
lighting solutions. By creating a special targeted training lifting this creative part of the value creation
process to a level that allows creation of unique solutions, the project creates a foundation for
growth and jobs based on what new possibilities OLED technology brings about. DTU Fotonik and
Danish Lighting Center constitute the project team, ranging far in width between all actors in the
lighting industry and in-depth in scientific skills. Course material, a supplier networks, publications, a
conference and five successful prototypes are realized within the project.
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Process

The process of teaching and design work in the project are divided into three parts:

- Preparation
- 1stround
- 2 round

The preparation part included planning, advertising to presumptive Danish lighting designers and
communication with OLED manufacturers. First round involves the 20 participating lighting
designers, and their introduction to the project, and their work of delivering a design idea. The
second round involves the further work of the five winning designers, the realization of their models
and the final exhibition.

Preparation

From the start of the project January 1, 2017 to the start of the 1 round August 20 2018, the project
group had about 10 meetings. Using the wide network of Dansk Center for Lys, the project was
advertised and a webpage for application was constructed (https://www.tilmeld.dk/oled/). The
information that was given about the assignment was that in exchange for free education,
supervision and workshops, the task for each participant was to design a new product based on
OLED technology. Five contributions were to be selected, and the designers of these get the
opportunity to have their design idea realized in a functional model. The designers get to keep the
rights to their ideas. The goal of attracting at least 20 participants was reached.

Several producers of OLED panels were contacted, and Kaneka (Japan) and OLEDWorks (Germany)
provided the project with panels.

An agreement was made with the model maker Morten Lyhne regarding the realization of the five
winning models.

First round

Figure 1 shows (in Danish) the timeline for the period from August 20 2018 to September 17 2018,
called 1% round. This involved participation from 20 lighting designers.
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Narmere information om
OLED Academy — 1. runde prograriets Idhald Vi
20. august — 17. september 2018 Ipbende blive udsendt til
deltagerne

Planlagt program Designerne arbejder
20. august

1. session - Kursusdag pa Rise
20 deitagere mades til en kursusdag DTU Risg Campus.
Introduceres til OLED Academy

Del! for OLED-teknologien og det eksk de marked
paDTU's og jon til, hvordan man
bruger laboratorieresultater 20. august - 27. august
2 8! LG 3o sty Deltagerne arbejder selvstzendigt med deres designidé.
27. august
2. sassion - Q&A workshop
Deltagerne far at stille op fad pd deres idéer.

27. august - 10, september

10. september Deltagerne faerdiggar deres designidé.

3. session - Aflevering af designidé

Deltagerne afleverer deres designidé

= Aflevering af et portefalje af relevant materialer, der beskriver designidéen. .
Det kan veaere skitser, visualiseringer, modell i mv. ‘

*  Overden naste uge alle idéer af proj samt en

ekstern dommer of 5 vindere udveelges.
10. september - 17, september

Deltagerne venter i spzending pa afgerelsen.

17. september

De 5 vindere af runde 1 kires

Vinderne af runde 1 fortsatter til runde 2,
Vinderne fir mulighed for at fi prod en desi) del inden for en fast
belpbsramme

Runde 2

Figure 1 Programme for the 15t round of the OLED Academy project as published on
https.//www.tilmeld.dk/oled/kursusprogram.html#runde 1 . Design: Eik Lykke Nielsen

Following below, the sessions of the first round are presented.

1%t session — Course day 20" August

This first session was held at facilities of DTU Fotonik, Ris@, outside Roskilde. Nineteen of the 20
designers attended. Also present was Marek Ramski, OLEDWorks, representing the OLED producers
and market. The first session included teaching in

¢ Introduction to the technology of OLEDs (DTU Fotonik)

¢ Introduction to photometry and characterization of light sources (DTU Fotonik)
e Lab tour and presentation of how to use lab results (DTU Fotonik)

e Luminaire and light design (DCL)

o OLED presentation by a market representative (Marek Ramski, OLEDWorks)
e Technical design features (DCL)

The participants was provided with course material and an OLED kit to bring home for inspiration.
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Figure 3 OLED kit consisting of an OLED panel and a driver. Photo: Carsten Dam-Hansen.

After this first session, the designers was given their assignment and encouraged to work on their
ideas about utilizing OLED light sources in a lighting solution.

2" session — Q&A day

On August 27, one week after the first session, the participating designers were offered to attend a
Q&A session. This was held in facilities of The Royal Danish Academy of Fine Arts Schools of
Architecture, Design and Conservation (KADK) in Copenhagen. Twelve participating designers
attended and in addition to an open discussion the participants was offered private consultation
regarding their ideas.

After this second session the designers continued with their individual work, and was of course in
addition encourage to make contact with the project group, OLEDWorks or the model maker if they
wished.

3™ session — hand in of design idea
September 10, two weeks after the Q&A-session, 15 participants handed in a design idea. The
handed in material was a mix of digital, physical and paper form.

Evaluation and selection

On September 14, the project group together with lighting designer Christina Augustesen evaluated
the handed in ideas. The submitted contributions were evaluated with respect to their utilization of
the unique properties of OLEDs, innovation and aesthetics. The evaluation group agreed on five
winners, which are described in a section below.
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Winner are notified

On September 17, all the participants were notified via email about the five winning designers. The
five winners were hereby encouraged to continue the realization of their models together with
model maker Morten Lyhne. The first draft of the models were expected to be evaluated November
12.

This concluded the first round of the project.

Second Round
Figure 4 shows (in Danish) the timeline for the period from September 17, 2018 to December 11
2018, called 2™ round. This involved further participation from the five winning lighting designers.

[ OLED Academy - 2. runde J

17. September - december, 2018

Planlagt program
17. september —12. november
Udvikling af designmodel
12. november = Selvstzndigt arbejdes der videre med designet, og designemne udvikler en
4, i Praesentation og ingaf designmodel i samarbejde med en modelbygger
De 5 de dell af d og der gives feedback pd de

tekniske egenskaber af designet.

12. november = december (dato to-be-decided)
Udvikling af designmodel

Deltageme finpudser deres design.

December (dato to-be-decided)

Afsluttende udstilling %
Udstilling og demonstration af de 5 lamper for et bredt publikum til et )
afsluttende arrangement.

5\
Pl Designerne overtager modellen - forlsbet er afsluttet.

Figure 4 Programme for the 2" round of the OLED Academy project as published on
https://www.tilmeld.dk/oled/kursusprogram.html#runde 2. Design: Eik Lykke Nielsen

Following below, the sessions of the second round are presented.

Photos shooting

From the last session of second round, the models were started to be realized. In the beginning of
November, photographer Peter M. Madsen was hired in order to have the models photographed for
PR material both for the project but also for the designers (see cover photo).

4™ session — presentation and evaluation of models
On November 12, the project group, model maker and the winning designers were gathered for an
evaluation of the luminaire models at DTU Fotonik.

Final Exhibition

On December 11, a final exhibition of the finished models were held at the in Copenhagen at Design
Werck, a meeting point and showroom for selected contemporary Danish and Scandinavian design.
The exhibition attracted about 50 visitors from the lighting industry, and included, in addition to the
exhibition itself, presentation of the OLED Academy project, introduction to OLED technology and a
presentation from each of the winning designers about their contribution and product models.
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Figure 5 Presentation at the final exhibition at Design Werck, Copenhagen, 12t of December 2018. Photo: Eik Lykke Nielsen

Achieved results

Education

Nineteen Danish lighting designers got education about OLED technology, luminaire and light design
and knowledge about technical luminaire design features from experts in the field. With this
knowledge, the designers can serve as ambassadors for the utilization of OLED technology in
luminaire design, and catalyze the realization of new product solutions based on OLED technology.
This in turn increase the chances of catalyzing energy savings on a technology that is becoming
increasingly more energy efficient, and could replace LEDs were these are not adequate, e.g. in
places with limited space or where the need of heat dissipation isn’t too high.

Designs
Fifteen OLED luminaire models were designed, of which five was selected as winners by the project
group together with an externally hired lighting designer Christina Augustesen.

OLED Luminaire models

The five winning contributions was realized by the Danish model maker Morten Lyhne, and
photographed by the Danish photographer Peter M. Madsen. Below follows a presentation of the
five winning design contributions. The designers has fully achieved and understood the unique
properties of OLEDs and produced luminaires that take advantage of these. The individual models
are described in the following in the designers own words.
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Sove-zg, Design: Katrin Barrie Larsen

The Sove-a2g (sleeping egg) combines the possibility of choosing a glare-free, present reading light
with secure-creating evening light, without the problematic blue wavelengths. The wall lamp is
intended for the nursery and other situations where you want to be able to switch between function
light and sleep-friendly night light. When there is no longer a need for white operating light, the
flexible part of the lamp is tilted as a large, physical light button, to the upright position. This
activates the amber-colored night light, which with a slight halo of light creates security and
orientation in the room.

Base Light, Design: Christian Flindt

More and more people no longer have a fixed office, but instead use of co-working spaces, working
in new places every day. The laptop makes this possible - why not add your own personal light in the
jack pocket or computer case? The wall and desk lamp Base Light is inspired by an old-fashioned
pocket watch with its hourglass shape. An easy, collapsible OLED lamp to take with you on the
journey, which also can be part of the fixed workplace. As the Base Light is magnetic, it can easily be
installed where it is needed. The name "Base" aims at light being part of your base, wherever you
are.
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Leaves, Design: Hans Christian Asmussen

Leaves are a series of quiet minimalist mood lamps, where the design mimics the distribution of
leaves on a stalk. The lamp's blade achieves its ease through the OLED's extremely thin profile and
smooth emission surface. This is also expressed in the light, which shines from underneath the
leaves, and exploits the distinctive features of the OLED; a discrete, even light with an outstanding
color rendering. Leaves are suitable for hanging decorative in groups or to light up a dim corner in
the living room, coffee shop or lobby.

OLEDchain, Design: Simon Berardino

The main idea behind OLEDchain is the idea of a flexible, weak, hanging light with a recognizable and
iconic design character. A living concept with lots of variation and development opportunities. The
design as a chain makes it possible to extend the lamp structure in both length and width. The light
shape of the lamp utilizes the OLED thinness and becomes visually appealing through repetition and
structure. Creativity can continue with the user, as the lamp can be used in many different lengths,
widths, constellations and contexts.
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OLED-OLOR, Design: Nikolay Marinov

The table lamp OLED-OLOR is inspired by Denmark's national bird swan (Latin: Olor). The OLED thin
profile is integrated into a core leather covered table lamp shaped into an elegant swan neck. The
classic core leather gives an exclusive table lamp in a neat, timeless and durable material, which only
gets even better with time. OLED-OLOR is designed to have several different functions. It is suitable
as a standing desk lamp on the desk. It can also be hung up as a decorative wall lamp, which throws
a soft light over the wall.
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Final exhibition at Design Werck
The project ended with a final exhibition on December 11, 2018, in Copenhagen at the Design
Werck, a meeting point and showroom for selected contemporary Danish and Scandinavian design.

The exhibition attracted about 50 visitors from the lighting industry, and included, in addition to the
exhibition itself, presentation of the OLED Academy project, introduction to OLED technology and a
presentation from each of the winning designers about their contribution.

After the presentations, the visitors had time to study the design models and talk to the designers.
The models stayed available for visiting views at Design Werck for a week after the final event.

All participating designers have all rights to the designs and models that they have developed in the
OLED Academy project. The project team anticipates that a few of the ideas and model developed
may become product on the market within the coming years. This is yet to be seen.

State of the art report

In addition to the actual design models, education of the designers and the final exhibition, the
project also resulted in a report about the state of the art regarding OLED technology. This report
includes, besides an up to date technology and market review, a thorough characterization of the
actual OLED planes acquired from the industry during the project, including panels in different
dimensions, light characteristics and efficacy from OLEDWorks, Kaneka and LG. The panels were
investigated with respect to photometric, colorimetric and electrical properties. The state of the art
report is available on the project website of ELFORSK.
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Dissemination

In addition to the final exhibition at Design Werck in Copenhagen, other dissemination activities are
three separate publications in two different lighting magazines, one Danish (LYS, the magazine for
the Danish Center of Light, DCL) and one Swedish (Ljuskultur, published by the lighting trade
organization in Sweden. The three publications are:

"OLED LEVER | BEDSTE VELGAENDE”, A. Bay and E. L. Nielsen, Dansk Center for Lys,
LYS 04-2018

This publication describes the OLED luminaires produced in the project. The article is targeted against
people in the Danish lighting industry/community and the luminaires are described with the designers
own words. In Danish.

"HVOR STAR OLED IDAG?”, J. Lindén and A. Thorseth, DTU Fotonik, LYS 01-2019

This publication describes the state of the art of the OLED technology and in very short words the result
from the characterization investigation of the OLED panels acquired within the project. The article is
targeted against people in the Danish lighting industry/community. In Danish.

"Var star OLEDs idag?”, J. Lindén, DTU Fotonik, A. Bay and E. L. Nielsen, Dansk Center for
Lys, Ljuskultur 02/19

This publication is a Swedish version of the two Danish publications above. The article is targeted
against people in the Swedish lighting industry/community. In Swedish.

The articles can be found in full in Appendix.

The project has also been noticed within the companies of OLEDWorks and Kaneka, and information
has also been distributed to www.OLEDinfo.com.
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Appendix

Articles
The following articles are attached to the end on this report

1. Article in LYS 04-2018:

2. Articlein LYS 01-2019:

3. Article in Ljuskultur: 02-2019
Documents
Press release: https://www.elforsk.dk/sites/elforsk.dk/files/media/dokumenter/2018-
12/Lampedesign%20med%200LED%20-%20pressemeddelelse%202018-12-18.pdf
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OLED LEVER | BEDSTE VELGAENDE

Priserne falder og effektiviteten stiger. Scenariet ligner det, som skete for de sma LED’er for
10-15 ar siden. Et nyt Elforsk-projekt booster mulighederne for et dansk overtag, nar det gaelder
om at fa rigtige belysningsprodukter ud af OLED-teknologien

AF EIK LYKKE NIELSEN, CIV.ING. OG ANNE BAY, CIV.ING, DANSK CENTER FOR LYS

Man merker straks, at OLEDs giver et andet lys end traditio-
nelle LED’er: Det er et rigtig rart lys — bade i 3000 og 4000
K. Forklaringen findes muligvis i specifikationerne: OLEDs er
helt diffust lysende, og farvegengivelsen er hgj: Ra over 90 (R9
over 70). Med TM30-15 briller svarer dette til imponerende
Rt 86/Rg 100. Effektiviteten er nu over 80 lumen/W, og markeds-
prisen nu og her er ca. 50 USD/1000 lumen. I 2025 ventes prisen

at veere 10 USD/1000 lumen. Maske er det nu, vi skal springe
pd med udviklingen af de rigtige produkter.

Dette har veeret udgangspunktet for Elforsk-projektet 7OLED
Academy”, hvor i alt 19 designere har deltaget i et OLED-ud-
dannelsesforlgb og prgvet kraefter med at lave deres eget OLED-
produkt. De fem bedste er blevet til rigtige, lysende designmo-
deller med et tydeligt dansk aftryk.

Sove-aeg, Design: Katrin Barrie Larsen. Sove-2gget kombinerer muligheden for at veelge et bleendfrit, neervaerende laeselys eller tryghedsskabende natlys uden de

problematiske bla balgelaengder. Veeglampen er malrettet barneveerelset og andre situationer, hvor der skal kunne skiftes mellem hvidt funktionslys og sevnvenligt natlys.

Nar behovet for hvidt funktionslys opherer, vippes lampens krumme flade som en stor fysisk kontakt til opadlysende position. Bevaegelsen aktiverer det ravfarvede natlys,

der med en svag glorie af lys skaber tryghed og orientering i rummet.

Base Light, Design: Christian Flindt. Der bliver stadig flere, som ikke har et fast kontor, men | stedet benytter sig af co-working spaces eller arbejder et nyt sted hver dag.

Den baerbare computer gor dette muligt — hvorfor ikke ogsa supplere og tage sin egen personlige belysning med i jakkelommen eller computertasken? Veeg- og bordlam-

pen Base Light er inspireret af et gammeldags lommeur og dets timeglasform. En let, foldbar OLED-lampe til at tage med pa farten, og som ogsa kan vaere en del af en

fast arbejdsplads. Da Base Light er magnetisk, kan den let saettes op, hvor der er brug for den. Navnet “Base” er valgt, fordi lyset er en del af din base, hvor end du er.
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Leaves, Design: Hans Christian Asmussen. Leaves er en serie at rolige,
minimalistiske stemningslamper, hvis design mimer naturens fordeling af blade pa

en steengel. Lampens blade opnar deres lethed fra OLEDs ekstremt tynde profil og

ensartede emissionsflade. Dette udtrykkes ogsa i lyset, der blidt udsendes fra
undersiden af bladene, og benytter OLED ens sa&eregne egenskaber; et svagt,
ensartet og stabilt lys med en enestaende farvegengivelse. Leaves er velegnet til
dekorativt ophang i grupper eller til at oplyse et dunkelt hjerne af stuen, caféen

eller lobbyen.

OLEDchain, Design: Simon Berardino. Hovedidéen bag OLEDchain er tanken om
et fleksibel, moderne, sveevende lys med en genkendelig og ikonisk formgivende
karakter. Et levende koncept med masser af variations- og udviklingsmuligheder.
Formgivningen som en keede, gor det muligt at udbygge lampestrukturen bade |
leengden og bredden. Lampens enkle form udnytter OLEDs tyndhed og opnar en
visuel appel gennem repetition og struktur. Kreativiteten kan fortsaette hos
forbrugeren, hvor lampen teenkes brugt | mange forskellige leengder, bredder,

konstellationer og sammenhaenge.
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FAKTA

PROJEKT: OLED ACADEMY - PSO PROJEKT 349-032
Projektet har drejet sig om uddannelse og afpreovning af tek-
nologien, der samlet kaldes organiske lysdioder (OLED). Pro-
jektet skal skabe grobund for en udvikling, hvor OLED kan
blive en driver for energibesparelser fra innovation og design-
losninger | danske lysteknologivirksomheder. Med OLED Aca-
demy er der sammen med danske designere kickstartet en
atfsggning af mulighederne med OLED-teknologien via kurser,
orototyping og karakterisering.

Bevillingsgiver: ELFORSK
Projektledelse: DTU Fotonik
Projektpartner: DCL
Projektperiode: 201/-2018

OLED-OLOR, Design: Nikolay Marinov. Bordlampen OLED-OLOR er inspireret af

Danmarks nationalfugl Svanen (latinsk: Olor). OLED ens tynde profil er integreret | Se lyset og mad designerne ved et gratis inspirationsarrange-
en kerneleederovertrukket bordlampe formet som en elegant svanehals. Det ment pa Design Werck, Kebenhavn, den 11. december 2018, kl.
klassiske kernelaeder giver en eksklusiv bordlampe | et smukt, tidlgst og slidstaerkt 15.00-17.30. Lees mere pa www.tilmeld.dk/oled-academy-event.
materiale, der kun bliver endnu smukkere med alderen. OLED-OLOR er udformet,

sa den kan have flere forskellige funktioner. Den er velegnet som distingveret Les mere om OLED i LYS 01 - 2019, hvor en artikel vil ga i

arbejdslampe pa skrivebordet. Den kan ogsa haanges op som en dekorativ dybden med teknisk viden omkring OLED-teknologien anno

vaeglampe, der kaster et blgdt lys over vaeggen. 2018/2019



HVOR STAR OLED | DAG?

OLEDs fas i dag med et lysudbytte pa 80 Im/W, og produktionsomkostningerne er ogsa faldet betydeligt.
Der er dog stadig behov for initiativer, som kan booste udviklingen.

JOHANNES LINDEN, FORSKER OG ANDERS THORSETH, PROJEKTLEDER. FOTO: DTU FOTONIK

VIDEN OM LYS

OLED star for Organic Light Emitting
Diode og er en teknik, der bruges til at
transformere elektricitet direkte om til
lys. Modsat en LED, som er en halvleder
og mere eller mindre betragtes som en
punktlyskilde, bestar en OLED af lag af or-
ganiske molekyler, som udger en overfla-
delyskilde. Dette gor lyset mere behageligt
at se pa og dermed mere anvendeligt. Hvor
en LED normalt har behov for en diftuser,
far man med OLED gjeblikkeligt et blidt
og behageligt skaer. Det karakteristiske ved
OLEDs er den tynde udformning og den
lave veegt. Dertil kommer, at de kan frem-

stilles transparente eller reflekterende som
et spejl, og at det endda er muligt at frem-
stille bojelige paneler.

Det storste marked for OLED er
skeerme til eksempelvis smartphones og
flernsyn. Siden OLED-teknologien kom
frem, er det blevet diskuteret, hvorledes
den kan bruges til almindelig belysning.

OLED-teknologi

De organiske molekyler er lagt i lag mel-
lem en katode ogen anode. Nar en elektrisk
strom lpber mellem katoden oganoden, ly-
ser molekylerne op og genererer lys. Af-
heengig at molekyletypen vil der afgives
forskellig farve af lys, og hvis man eksem-
pelvis bruger tre lag, kan man fa bl4, gren
og rod, som tilsammen giver et hvidt lys
(se figur 1 OLED spektrum).

De enkelte OLED-lag er ekstremt
tynde, (um-skala), og de feerdige paneler
er oftest en millimeter tynde. Det er ind-
kapslingen af OLEDerne, der afger, hvor
tynde panelerne kan blive. Indkapslingen
kan veere af plastik eller glas og skal for-
hindre nedbrydning af molekylerne forar-
saget af det omgivende vand og ilt. Plastik
er iser velegnet til fleksible paneler, men
OLEDs indkapslet i plast har en lavere le-
vetid end OLEDs indkapslet i glas.

Den vurderede levetid for tilgeengelige
paneler pd markedet spaender fra 10.000
til 40.000 timer.
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Stadig under udvikling

Imens teknologien bag LED kan dateres
tilbage til 1920erne, er OLED stadig en
ny opfindelse. Forskningen og udviklin-
gen af dem startede for alvor i 1987, og det
forste kommercielle produkt kom frem i
2011. Vi er derfor stadig i den spade start
af OLEDs udvikling.

Ombkostninger til udstyr til fremstil-
ling, substrater og indkapsling er til sta-
dighed en udfordring. Indkapslingen er
ngdvendig i forhold til at ege levetiden pa
produktet. Andre udfordringer er lysud-
vinding for at oge eftekten samt standar-
disering af drivere.

OLED-teknologien har veeret i noget af
et ulgseligt dilemma, fordi opbygningen
af et marked kreever udvikling af teknolo-
gien, og udvikling af teknologien kraever
opbygning af et marked. Der er derfor nu
taget initiativer, som skal booste teknolo-
gien til et gennembrud i udviklingen.

Et af disse initiativer er det tre-drige
EU-projekt Flexolighting koordineret af

Brunel University i London. I september
2018 meldte de ud, at en potentiel produk-
tionsomkostning pa 14 USD pr. 1000 lu-
men var opnaet, dette skal sammenlignes
med det hidtil udmeldte pd 180 USD pr.
1000 lumen, hvilket svarer til en reduktion
af omkostninger pa 92 %.

OLED Academy

Et andet initiativ er Elforsk-projektet
OLED Academy foranlediget af DTU Fo-
tonik. Det er udfert i samarbejde med
Dansk Center for Lys og en gruppe lysde-
signere. Dette to-arige projekt bestod bl.a.
af en designkonkurrence, som har resul-
teret i fem produkter, der tager udgangs-
punkt i OLEDens egenskaber. Prototyper
at produkterne blev udstillet pa Design
Werck i Kgbenhavn i december 2018. Der
kan leeses mere om OLED Academy i LYS
04 2018.
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Figur 1. OLED-spektrum.
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Fleksibel OLED fra OLEDWorks.

Kvadratisk OLED-panel.

Malinger

I OLED Academy projektet er der ble-
vet malt pa et antal paneler fra tre forskel-
lige producenter: LG Display, Kaneka og
OLEDWorks. Luminansen henover pane-
lerne er generelt meget jaevn og gar fra 2500
til 8500 cd/m? for de forskellige paneler.

Hgjere luminanser opleves generelt gene-
rende. Lyset fra panelerne er meget diffust,
resulterende i en naesten perfekte Lambert
straler (se figur 3 Lysfordeling). Generelt er

Lille OLED reflekteres i en stgrre, med lysende og spejlende overflade.

lyskvaliteten imponerende, med Ra godt
over 90 og R9 nér 88. Typiske TM-30-15
vardier er Rt 87 / Rg 98 (se figur 2 TM30).
Kildernes lysudbytte varierer. Den hgjeste
veerdi ligger pa 73 Im/W.

Som afslutning pda OLED Academy
projektet vil der blive udgivet en rapport,
der publiceres pé Elforsks hjemmeside.
Den beskriver OLED-teknologimarkedet
og gennemgdr de malinger, der er foreta-
get i projektet, mere detaljeret.

||
OLED - star for Organic Light Emitting Diode.

Kan laves transparente, spejlende og fleksible.

Ra kan komme over 90, og R9 over 70.

Lysudbytte op til 80 Im/W.

Produktionsomkostningerne er faldet kraftigt. Den

aveste potentielle produktionspris lige nu lyder
pa: 14 USD/1000 Im.

Se mere pa: www.oled-info.com

www.centerforlys.dk / 41
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Var stiar OLEDs idag?

OLEDs kan idag fas med ett ljusutbyte panéira
80 lumen per watt. Dessutom faller produktionskostnaden.
Detbehovs dock initiativ for att boosta utvecklingen.

TEXT: Johannes Lindén, DTU Fotonik, Anne Bay och Eik Lykke Nielsen, Dansk Center for Lys.

LED stér fér Organic Light Emitting Diode

och dren teknologi som direkt omvandlar

elektricitet till ljus. Till skillnad fran LED,

som ar en halvledare och mer eller mindre ér

attbetrakta som en punktljuskélla, bestar en
OLED avlager av organiska molekyler, vilket gor den till
enytljuskélla. Detta gorljuset mer behagligt att se pa
och meranvéandbart till mangaljusapplikationer. Dar
enLED éribehovaven diffusor fir man med OLED ett
mjukt, oblandandeljus direkt. Annat som karaktarise-
rar OLED dr att de ar tunna och ldtta. Dessutom kan de
goras genomskinliga, eller reflekterande som en spegel
eller till och med béjliga.

Den storsta marknaden for OLEDs ar skdrmar till
exempelvis smart phones och TV.Men dnda sedan dess
tillkomst har en stravan funnits till att ocksad anvdnda
OLEDsttill allménbelysning.

Om teknologin
De organiska molekylernaldggsilager mellan en katod-
och anodplatta.Nar en elektrisk strom flyter genom
lagren blir molekylernaluminescerande och avger ljus.
Ljusets fargberor pé typ avmolekyl, och genom att till
exempel kombinera tre olikalager som ger rott, gront
och blatt, skapas vittljus (se figur 1).
Deenskildalagrenien OLED ér extremt tunna (pm-
skala), och de resulterande panelerna ar oftast tunnare
dn en millimeter. Men det dr inkapslingen som avgor
hur tjocka panelernablir. Pa grund av dess organiska
natur méste en OLED kapslasin for att forhindra att
fukt och syre fran den omgivande luften bryter ner
molekylerna. Inkapslingen kan bestd av plast eller glas.
Plastldmpar sig for flexibla, bojliga paneler, men dr inte
allslikainkapslande som glas. Detta fér till foljd att

OLED &renrelativt ny
innovation och utveck-
ling, forskningen startade
pa allvar 1987. | jamforelse
kan LED-teknologin
sparas tillbaka &nda till
1920-talet.

bojliga paneleriplast far kortarelivslingd 4n deiglas.

Den angivnalivsldngden pa paneler som finns tillgang-
ligapamarknadenliggerispannet 10000-40000 timmar.

Medan LED-teknologin kan sparas s langt tillbaka
som till 1920-talet, 4&r OLED enrelativt nyinnovation.
Forskning och utveckling startade pa allvar 1987 och
den férsta kommersiella produkten kom 2011. OLED-
teknologin utvecklas saledes fortfarande.

Kostnadsreduceringen vid tillverkning och inkaps-
ling hor till en avde storautmaningarna. Battre in-
kapslingbehovs for att sdkra panelenslivslangd. Andra
utmaningar ir ljusextraktionen, som behdver bli battre
for att 6ka panelensljusutbyte, samt standardisering
avdrivare.

Foto:CarstenDam-Hansen
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OLED-initiativ

D& OLEDs lange befunnit sigilite avett moment 22,

dar marknaden méste vixa for att utvecklingen ska

ga framét, och utvecklingen maste ga framat for att
marknaden ska kunnavéxa, har det kontinuerligt tagits
initiativtill att boosta teknologin for att f4 till genom-
brottiutvecklingen.

Ett avdessainitiativ har varit det treariga EU-pro-
jektet Flexolighting, koordinerat av Brunel University
iLondon.Iseptember 2018 meddelade de att en poten-
tiell produktionskostnad pa endast 14 USD per 1000 Im
hadeuppnaétts. Detta skajimforas med denradande
kostnaden pa 180 USD per 10001m, saledes en kostnads-
minskning med 92 %.

Ettannatinitiativar ett danskt projekt vid namn
OLED Academy, och som letts av DTU Fotonik, avdel-
ningen for fotonik vid Danmarks Tekniska Universitet.
Dettaprojekt, finansierat av Dansk Energis forsk-
nings- ochutvecklingsprogram ELFORSK, utférdes i
samarbete mellan Dansk Center for Lys (DCL) och en
grupp danskaljusdesigners. Projektet bestod, bland
annat aven designtavling, somresulterade i fem olika
belysningsprodukter som skulle tillvarata OLED-
teknologins unika egenskaper. Bidragen stélldes uti
Kopenhamnidecember 2018 och finns d&nnu salinge
endast som dessautstallningsexemplar.

Miétresultat
Inom OLED Academy-projektet utférde DTU Fotonik
maétningar pa ett antal paneler fran tre olika producen-
ter: LG Display, KANEKA och OLEDWorks. Luminansen
over panelerna drjamn och fin, och finnsispannet 2500
och 8500 cd/m? mellan de olika panelerna. Hogre lumi-
nansvérden tenderar att upplevas som besvarande. Lju-
set frdn panelerna dr mycket diffust, nar pé fullkomligt
Lambertianskt (se figur 2). Generellt dr ljuskvaliteten
imponerande, med R, vil 6ver 90 och Rg som nér 88. Ty-
piska TM-30-15-véirden &r R¢87 / Rg 98 (se figur 3). Ljus-
utbytet varierar. Det hogsta vardetligger pa 731m/W.
Som avslutning pd OLED Academy-projektet kommer
enrapport publiceras pA ELFORSKs hemsida (pd eng-
elska). Den kommer beskriva OLED-teknologin och de
métningar som utfortsiprojektet meridetalj. %

Missa inte lamporna formgivna utifran OLEDs unika
egenskaper pad sid. 58-60.
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Figur 1. OLED-spektrum.
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Designtivlingen inom
OLED Academy

Foljande fem produkter ar frukten av designtiavlingen inom
OLED Academy, dér alla armaturer pd olika satt utnyttjar
OLED-teknikens unika egenskaper.

FOTO: Foto: Peter M. Madsen

Leaves
Design: Hans Christian Asmussen.

Leaves dr en serie lugna minimalistiska stdm-
ningslampor, dar designen harmar naturens
fordelning avblad pa en stjélk. Lampans blad
uppnar sin litthet genom OLED’sen extremt
tunnaprofil och jimna emissionsyta. Detta tar
sig ocksa uttryckiljuset, somlyser fran bladens
undersida och utnyttjar OLED’ens sdregna
egenskaper; ett svagt, jimntljus med en ena-
staende fargatergivning. Leaves arlamplig

} som dekorativupphédngningigrupper eller till
attlysaupp ett dunkelt hérnivardagsrummet,
caféet eller lobbyn.




OLED-OLOR

Design: Nikolay Marinov.

Bordslampan OLED-OLOR ér inspirerad avDanmarks
nationalfigel svanen (latin: Olor). OLED’sen tunna profil
drintegreradienkéarnlidderovertiacktbordslampa,
formad till en elegant svanhals. Det klassiska karnlddret
ger en exklusivbordslampaiett snyggt, tidlost och
slitstarkt material, som blir &nnu snyggare med tiden.
OLED-OLOR ar utformad s att den kan ha flera olika
funktioner. Den dr ldmplig som skrivbordslampa med
kan ocksa anvindas som en dekorativvagglampa, som
ger ett mjukt ljus dver viggen.

Sov-agget

Design: Kartin Barrie Larsen.

Sov-dgget kombinerar méjligheten att vélja ett bland-
fritt, ndrvarandelasljus med trygghetsskapande natt-
ljus utan de problematiskablé vaglangderna. Viagglam-
panéravsedd barnkammaren och andra situationer
dar man villkunna vixla mellan funktionsljus och
somnvénligt nattljus. Nar intelingre behovavvitt funk-
tionsljus finns, vippas lampans bojliga del som en stor,
fysisklysknapp, till uppriktad position. Detta aktiverar
detamber-firgade nattljuset, som med en svag gloriaav
ljus skapar trygghet och orienteringirummet.
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OLEDchain

Design: Sinom Berbardino.

Huvudidén bakom OLEDchain dr tanken om ett flexibelt,
svagt, hdngande ljus med en igenkdnnande och ikonisk
formgivande karaktar. Ettlevande koncept med massor
avvariations- och utvecklingsméjligheter. Formen som en
kedja gor det méjligt att bygga ut badeildngd och bredd.
Lampans enkla form utnyttjar OLED sen tunnhet och
blir visuellt tilltalande genom repetition och struktur.
Armaturenkan verkligen anvindas kreativt,imanga
olikalangder, bredder, konstellationer och sammanhang.

Base Light

Design: Christian Flindt

Fler och fler arbetaridagiaktivitetsbaserade kontor
utan fast arbetsplats. Varfor inte komplettera den bér-
bara datorn, som gor detta mojligt, &ven med sin egen
personliga, belysningijackfickan eller datorviaskan?

Végg- ochbordslampan Base Light dr inspirerad av
ett gammaldags fickur med dess timglasform. En l4tt,
hopfillbar OLED-lampa att tamed paresan, och som
ockséd kanvaraen del avden arbetsplatsen. Base Light
armagnetisk, och kan darforlatt sattas upp dér det
finns behov. Namnet "Base” syftar till attljuset dren
del avdin bas, var &n du befinner dig.
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