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Abstract

In this paper, we review the properties of up-corversion (UC) materials and assess their potertial for & new
display technology . UC materisls absorh neat infrared light and re-emit inthe visible. Some of their most
appesling characteristics for displays are: a wide color gamut with very satursted colors, very high brightness
operation vithout damage to the emitters, long litetimes and efficiencies comparable to those of existing
technologies . Other advantages include simplicity of fabrication, versatilty of operation modes, and the potential
tor greatly reduced display weight and depth.
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Review of the Properties of Up-Conversion Phosphors
for New Emissive Displays

Alexandra Rapaport, Janet Milliez, Member, IEEE, Michagl Bass, Life Fellow, [EEE, Arlets Cassarho, and

Hans Jenssen
Invired Paper
Abstract—In this paper, we review the praperties of up-conver- 00w has legilimate practical applications. Other work useful as
ial for o new displ background to what we seport can be found in [16] and [17].
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L BackorouND

HE oncept of frequency up-conversion (UC) of in-
frared-to-visible light in rare-casth (RE) doped materials

was repurtod moge than 40 years ago [1]. [2) The efficiency
that was cbserved or e pected for this provess was kow in singly
doped media, but it was quickly noticed that the meshanism
could be made one or two orders of magnifde move eficient
by using yHerbium (¥0') a5 a e
the actve ion: erbium (Fe'* | in [Ho*), or thulinm
3148, Elfcient 11C merals were exensively
investigated, as they could be used for several potentially
impotant photonic applications inslnding UC lasers (9 14]
(visible lasers that are pumped by infrared diods lusers), and
displays. Howerer, because 1o poverful and nancw spectrumn
sousce existed in the 980-nm region (o efficenty excile such
up-sonverters no prostical product came out of the msearch.
With the development of powerful 98- dinde lasers for
th telecommunication industry and as part of the Super High
Effictency Diodo Sources or SHEDS program [15] led by the
Defense Advanced Ressarch Projects Agency or DARPA (a
projected diode laser efficency af 85% optical o electrical
is expectad af the end of this program). the up-ccaversion
technokogy which appeared to be too mefficient in the pest

Mgy 1 o Nt 08 T v
Eupportea by the U ST OMct Inder SEMLDAADI VUL
D TaaporL.J N2 S Bt f iR e oo
Ll CREOL, Lvenity orCenta Flonds, Orbinde, FL 22318 USi (emait
SRS I BT TS0 b1l e
e wilh A Merak, Celindo, FL 32792 USA.
gl vt e 181100 30T T

On the emitier sife, fabrication processes leading to maerials
of higher puriy have been successfulty explored by oneof theau-
thors, A. Cassanho. She o uses a provess of hydrofiucrination
during the growth of the various fluaride erysials which results
in materials of betrer quality, better reproducibility, and higher
up-conversion efficiency than have heen studied in the past.

‘Finally our secent investigation [18]422) of those materials
has enabled us to understand the cptimal conditions for oper-
tion {excitation conditions, screen prepamtion, choice of mate-
fials) as are discussed in this paper

“The combination of the thee factors listed above resulied in
o maximum wisible light power to incident infrared power of-
ficincy measurement for our UC materials listed in Table 1.
Those numbers show that U echnology is o sealistic alierna-
tive 1o the existing display technologies. Up-conversion offers
its own sot of advantages listed at the end of this paper.

1L Review or Resurs
A. Maserials and General Properties

“The base materials we use are fuoride crystals doped with
¥H'* and an active ion (Er** or Tm* ). In particalar, we have
found 14 Er, 18 Yb:YF,, 16 Er, 186 Yh:NaYF, (NYF), and
0.4% Tim, 200 Y0 KY,F, 1o be desirable sed, green and blue
up-comversion emitlers, respectively. To make the technology
scalable, we grind thess materials into powder and disperse the
powdered material in a polymeric host. The mixture is then
coated on @ substrate to form a screen. Common polymetiyl-
methacrylate (PMMA) was used at fist but sumples quickly
flakad off as the different thermal expansion cosfiicients be-
twean the crystallites and the polymer caused stresses and sepa-
tion. A phosphorylated version of PMMA thar was develnped
in callaboration with Prof. Kevin Belfield [23] has shown much
improved properties with sample screens in s for over 4 years
showing no sign of deterioration.

An infrared laser beam is sconned (direct writing) or pro-
jected (prcjection display onto the UC screen to form an image.
This can be done in transmission where the infrared excitation
is incident on one side and the visible emission is viewed on
the ather side of the screen (similar to a cathode ray whe (CRT)
emissive display) or in reflection where the infrared is incident

15513 199/52000 © 2000 [EEE.
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[Facts About Photonics Society

- Technology focus: lasers, optical devices, optical
fibers, and associated lightwave technology
and their applications in systems and
subsystems.

+ ~7,600 members in 100 countries, 68 Chapters.

- Key goal: services for members, a few being ...
- Digital Library, incl. conference proc.
- DVD-ROMs, annual and 40-year archive
- Photonics News (bimonthly)
- i-Photonics.org includes tutorials and conference
presentations
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PS Major Conferences

- OFC/NFOEC - Optical Fiber Communications
Conference/Nat. Fiber Optics Engineers Conf.

- Cosponsored with TEEE ComSoc and OSA

- CLEO/QELS - Conference on Lasers and Electro-
Optics/Quantum Electronics & Laser Science

- Cosponsored with OSA and APS
*+ CLEO Europe and CLEO Pacific Rim
- LEOS Annual Meeting and Summ/Wint Topicals
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 Quantum Electronics - Engineering Achievement
- William Streifer - Aron Kressel [- John Tyndall Award
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- TEEE Photonics Field Award
- Best JQE Paper
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«2008-09 activities - Conferences & Workshops

"Fotonica 2009” National Conference on Photonics (Pisa, May 27-29,
2009) (Tech. Sponsorship)

Conference on "Installation Techniques and Optical Technologies
for New Generation Access Networks” (Roma, Apr. 29, 2009)
(Organized with ComSoc IC)

For the celebration of LEOS 30th Anniversary, the IEEE-LEOS
Italian Chapter organized

- Workshop on "Thirty years of electro-optics in Italy:
milestones and perspectives” (Roma, Jan. 30, 2008)

- Workshop on "Photonics and Electro-optics instrumentation”
(Pavia, Mar. 14, 2008)

"Elettroottica 2008" National Conference on Electro-optics, (Milano,
June 10-12, 2008) (Tech. Sponsorship)

OSAV'08 the 2nd International Topical Meeting on Optical Sensing
and Artificial Vision (Saint Petersburgh May 12-15, 2008) (Tech.
Sponsorship)

Localized States in physics: a focused workshop 2008 (Chile,
Sept. 22-25, 2008) (Tech. Sponsorship)

International School on Organic Photovoltaics (Ventotene-Italy,
Sept. 22-26, 2008) (Tech. Sponsorship)
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29 aprile 2008
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Promosso e Sponsorizzate da: IEEE-LEQE Inly Chapter & IEEE
ComSec Vehicnlar Teckmology Ialy Chapter

Co-sponsor tecwich: FadioLabs, CRAT

Spomsor Accademici: Sapienza Untversita di Floma, Universia
Foma Tor Vergata, Universita di Roma Trs, Universita di Cassino
Comitate Organizzatore Locale: Prof. B Cusan: g Prof. A,
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ITALY CHAPTEE
Programma
8,15 - 8,50 Begistrazione
.50 — 8,00 Beovemuto del Praft Fabrizio Fesironi, Preside della Facolta di Ingepreria, Sapienza Untv. di Roma
0,00 - 8.2 Introduzione alla glommat (C. Atoionese, R. Crsand, 4 Nerd, T Tambosse, F. Varalarg)
I Sessiome —Soluzioni tecnologiche & regolamentazione {Chair: F. Fatalere — Universid Tor Vergata, ComSoc Iraly
Chaptar)
0,15 - 850 A Pavrgvima (Politecnico & Milano) “Tomoduziors sulle problematiche dell accesso in £hma ottica”™
9,50 -10,15 B. Casale (FadioLabs-Uniroma) “Paroramica intermazionale sulle soluziond per I'accesse”™
1015 - 1040 F. Ananasso (AGCOM) “FRegolamentarions dzll"accesso di nuova genermzions™

10,40 — 11.05 Pausa Caffé {offerio dagli Sponsar)

II Sessione — Tecnologie impiantistiche ed infrastrutiure (Chair I Tambosse — LEOS Ttaly Chapter )

11,05 - 11.30 & Cerguogg (Consulente) “Dall accesso m rame all accesso in fibra; infrasmature & impiant™
11,30 - 12,00 F. Monralsi {Telecom Imlia) “Componentistica per reti PON e le nuove tecniche di realizzazions delle
ik =

12,00 - 1230 P. Regie (Telecom Italia) “Fiber To The Home: soluzion! innovative non invasive per i cablaggio deghi
e

III Sessiome — Alcuni esempi applicativi (Chair: B, Crsanf — Sapienza Universita & Roma)
12301300 & Profeai Sifvesri (FASTWEE) “Lesperienza FASTWEB nelle red d accesse df moova generazions”™
13,00 - 13.30 €. Arrgianese (Universitd di Cassino} “L’esperienza UriCasMet: uma rete umsversitaria per il territorio™
13,30 - 14,30 Pansa Pranzo (libera)
14,30 - 16,00 Tavela rotonda su “Feti e sistemi in fibra otfica: realizzazioni in Italia e nel monds™

Chair M. Listani (Universita di Roma La Sapienza)
Pamecipano: B Caseell (Alcael-Lucent), R Sabella (Ericsson). E. Falenee (GARE), D. Carsond (Cisco)

16,00 — 16.15 Conclusioni della giorata (T, Tambasse, F. Faralars)
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, 2008-09 activities Lecture Programme

Adele Sassella (Universita' di Milano-Bicocca): "Microscopie a stilo: principi
ed esempi applicativi”, April 22, 2009 - Universita' di Pavia

Giuseppe Gabetta (CESI Ricerche, Milano): "Celle solari all'Arseniuro di Gallio
per uso spaziale e terrestre", April 08, 2009 - Universita di Pavia

Roberto Sabella (Manager Technology & Innovation ERICSSON ): "Nuove
tecnologie verso una nuova generazione di Reti Ottiche", Dicember 15, 2008 -
Sapienza Universita di Roma

Silvano Donati (Universita' di Pavia): "Coupling dynamics in semiconductor
lasers and applications to self-mixing interferometry and chaotic
cryptography", July 17, 2008 - Sapienza Univ. Roma

Iam-Choon Khoo (Pennsylvania State University): "Nano-Dispersed Liquid
Crystalline Structures for Tunable Sub-unity/negative Index Meta-
Materials", June 10, 2008 - "Sapienza" Universita di Roma

Adele Sassella (Universita' di Milano-Bicocca): "Microscopie a stilo: principi
e esempi di applicazione", June 10, 2008 - Universita di Pavia

Silvano Donati (Universita' di Pavia): "Accoppiamento in laser a
semiconduttore ed applicazioni all'interferometria”, June 03, 2008 -
Politecnico di Milano

Lorenzo Pavesi (Universita' di Trento): "Silicon Photonics: Challenges and
Future", May 27, 2008 - Universita di Pavia

Masaya Notomi (NTT Basic Research Laboratories, Japan): "All-Optical
Control of Photonics", January 18, 2008 - INOA-CNR Pozzuoli-Napoli
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¥

Awards to attract and support young students and researchers

The € 500 Best PhD thesis Award continues to be appreciated by

PhD graduating students, and one of them has been awarded by our Chapter in
2008.

Two new awards were founded:

Best LEOS Journal Paper Award recognizes distinguished papers
published on LEOS Journals by young researchers in the field of
Photonics/Optoelectronics.

Distinguished Student Award recognizes distinguished students
graduated cum laude with a Master thesis in the field of
Photonics/Optoelectronics.

Web site
The LEOS Ttalian Chapter web site content has been enriched with:

a new menu  Job Opportuni'ties"

a completely New Voting Procedure for CEC Officers renewal and budget
approval

LEOS Society Events held in Italy were listed on the Chapter website in order to
better publicize them among Italian members.
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How to join

http://www.leee.org/web/membership/join/join.ntml

http://servicesl.ieee.org/
membersvc/member/leos_intro.htm

IEEE + Sou_ety Membership Prices Student Prices
Membership
Full Year Half Year Full Year Half Year
(8/16 - 2/28) | (3/01 - 8/15) | (8/16 - 2/28) (3/01 - 8/15)
Europe, Mid-East, Africa $167.00 $84.00 $38.00 $19.00
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