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Abstract

Many researchers are concerned about the light sources development to consider in the economic and commercial aspects of lighting
supply. Initially, the bulb lamps were gradually replaced by fluorescent lamps with higher energy efficiency to reduce in conversion of
electrical energy to thermal energy. Afterwards, the need of more energy saving caused the development of the solid state white lights
with low consumption energy. These solid-state white light emitting diods are sufficiently durable and competent to apply for home and
general usages. In addition, the high energy saving of solid state white light emitting diods headed them to replace incandescent bulbs. In
the first part of this paper, the history of the light source development has been considered and then the white solid state properties and
applications are described. Incidentally, the structure and performance of organic and inorganic light emitting diods are explained and the
solid state lighting devices developments are clarified. Futhermore, some quantization methods to characterise the light emitting diods and
investigation on their color effect with some ideas introduce to improve the LEDs lightness performance and durability have been
reviewed.
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2 White Organic Light Emitting Diode
® Color rendering
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® Compact fluorescent lamps (CFLs)
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® White Light Emitting Diods

&&=y

6. George E Inman, "Electric discharge lamp", US Patent No.
2,259,040, 1941.

7. E. Germer, F. Meyer, H. J. Spanner, "Metal vapor lamp",
US2182732, 1939.

8. T. L. Dawson, "It must be green: meeting society’s environmental
concerns", Color. Technol. 124, 67-78, 2008.

9. J. T. Dolan, M. G. Ury, C. H. Wood, "Lamp including sulfur",
US5404076, 1995.

10. R. McDonald, "Colour Physics for Industry”, 2nd Edition, the
Society of Dyers and Colourists, 1997.

VFAY /Y 6 jladh /A ala /83 (sLiis o Oladllas o2 9 i - sale da yudd



11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

\r

Jo

. T. L. Dawson, "Development of efficient and durable sources of
white light", Color. Technol. 126, 1-10, 2010.

A. M. Childs, "Universal computation by guantum walk", Phys.
Rev. Lett. 102, 180501-180504, 2009.

N. Zheludev, "The life and times of the LED a 100-year history",
Nat. Photonics. 1, 189, 2007.

J. N. Holonyak, "Use of metallic halide as a carrier gas in the
vapor deposition of iii-v compounds"”, US Patent No. 3,249,473,
1966.

T. L. Dawson, "Developments in colour display devices", Rev.
frog. Color. 33, 1-14, 2003.

T. C. Wang, J. T. Hsu, C. C. Chuo, C. E. Tsai, C. M. Lai,
"Quantum dot/quantum well light emitting diode", US Patent No.
6,919,582, 2007.

S. Nakamura, T. Mukai, N. Iwasa, "Light-emitting gallium nitride-
based compound semiconductor device", US Patent No.
5,578,839, 1996.

G. B. Stringfellow, "Organometallic vapour phase epitaxy: theory
and practice", Academic Press , San Diego, 1999.

K. Otsuka, N. Muranaga, K. Takemoto, "Production apparatus for
producing gallium nitride semiconductor film and cleaning
apparatus for exhaust gas", US Patent No.7,195,022, 2007.

R. A. Oliver, "Critical Assessment 23: Gallium nitride-based
visible light-emitting diodes”, Mater. Sci. Technol. 32, 737-745,
2016.

Y. Kwon, M. Choi, S. Bott, "Impact of ablation efficiency
reduction on post-surgery corneal asphericity: simulation of the
laser refractive surgery with a flying spot laser beam", Opt.
Express. 16, 11808-11821, 2008.

H. Jeong, R. Salas-Montiel, G. Lerondel, M.S. Jeong, "Indium
gallium nitride-based ultraviolet, blue, and green light-emitting
diodes functionalized with shallow periodic hole patterns"”, Sci.
Rep. 7, 1-9, 2017.

I. Moreno, C. C. Sun, "Modeling the radiation pattern of LEDs",
Opt. Express. 16, 1808-1819, 2008.

S. Pimputkar, J. S. Speck, S. P. DenBaars, S. Nakamura,
"Prospects for LED lighting", Nat. Photonics. 3, 180, 2009.

T. L. Dawson, "Nanomaterials for textile processing and photonic
applications", Color. Technol. 124, 261-272, 2008.

M. D. Dai, K. Eom, C. W. Kim, "Nanomechanical mass detection
using nonlinear oscillations", Appl. Phys. Lett. 100, 179901, 2012.
J. B. Y. Chua, Y. H. Lau, "Phosphor based on a combination of
quantum dot and conventional phosphors”, US Patent
No.7,495,383, 2009.

H. S. Jang, H. Yang, S. W. Kim, J. Y. Han, S. G. Lee, D. Y. Jeon,
"White light-emitting diodes with excellent color rendering based
on organically capped CdSe quantum dots and Sr3SiO5:Ce® Li*
phosphors", Adv. Mater. 20, 2696-2702, 2008.

N. Q. Lam, "Announcement of new topical section—Organic
Electronics and Photonics", Appl. Phys. Lett. 92, 010401, 2008.

J. Ziegler, S. Xu, E. Kucur, F. Meister, M. Batentschuk, F.
Gindele, T. Nann, "Silica-coated InP/ZnS nanocrystals as
converter material in white LEDs", Adv. Mater. 20, 4068-4073,
2008.

M.J. Bowers, J.R. McBride, S.J. Rosenthal, "White-light emission
from magic-sized cadmium selenide nanocrystals”, J. Am.

Chem.Soc. 127, 15378-15379, 2005.

M.A. Schreuder, J.D. Gosnell, N.J. Smith, M.R. Warnement, S.M.
Weiss, S.J. Rosenthal, "Encapsulated white-light CdSe

33.

34.

35.

36.

Qi 55) (595 qlie Arwgi 3 5I9 0

nanocrystals as nanophosphors for solid-state lighting", J. Mater.
Chem. 18, 970-975, 2008.

H. Matsubara, K. Katayama, T. Takebe, "White color light
emitting diode and neutral color light emitting diode",
US6337536, 2002.

H. Chen, "Tri-color ZnSe white light emitting diode", US Patent
No. 6,919,582, 2005.

H. Wenisch, M. Fehrer, M. Klude, K. Ohkawa, D. Hommel,
"Internal  photoluminescence in ZnSe homoepitaxy and
application in blue-green—orange mixed-color light-emitting
diodes", J. Cryst. Growth. 214-215, 1075-1079, 2000.

K. Takahashi, A. Yoshikawa, A. Sandhu, "Wide bandgap
semiconductors fundamental properties and modern photonic and
electronic devices", Verlag Berlin Heidelberg Springer, 2007.

T Ay 5 R B eSO eslyiy o SIS Slarke T YV
Sl slaa i) (it (Pl Gasy 4 T Obs slasss "

IVAF VO-AP B (S5, oo o Sladllas g5 sade 4 s

M A4Sy g e iz B (IS (=5 e lsdn o oG5S Slealu T YA
aptd Mlaog iUl e (i (Dol Gy 4 T g sleoges 4™

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49,

IFAF AV-25 D o, slis o Slalllas s 5 (ool

C. O'Dwyer, M. Szachowicz, G. Visimberga, V. Lavayen, S.B.
Newcomb, C. M. S. Torres, "Bottom-up growth of fully
transparent contact layers of indium tin oxide nanowires for light-
emitting devices", Nat. Nanotechnol. 4, 239, 2009.

Z. R. Li,"Organic light-emitting materials and devices", second

edition, CRC Press, 2017.

D. Buchhauser, M. Scheffel, W. Rogler, C. Tschamber, K.
Heuser, A. Hunze, G. Gieres, D. Henseler, W. Jakowetz, K.
Diekmann, A. Winnacker, H. Becker, A. Buesing, A. Falcou, L.
Rau, S. Voegele, S. Goettling, "Characterization of white-emitting
copolymers for PLED displays”, Proceedings Organic Light-
Emitting Materials and Devices VII1; 2004.

Y. Yamauchi, "Standardization activities for OLED for lighting",
Optical Society of America, Canberra Australia, 2014.

M. Santaholma, T. Poikonen, J. Askola, T. Pulli, E. Ikonen,
Luminous efficacy measurement of OLEDs using an integrating

sphere, The NEWRAD 2014 Conference, Espoo, 132-133,
Finland 2014.
A. R. Noboru Ohta, "Colorimetry: Fundamentals and

Applications”, USA, John Wiley, 2005.

Commission Internationale de 1'Eclairage, “Colour rendering of
white LED light sources,” CIE Technical Report 177, CIE Central
Bureau, Vienna, Austria, 2007.

F. A. S. H. Amirshahi, "Computational colour physics", Arkan
Danesh, Isfahan, 2007.

M. R. Luo, G. Cui, C. Li, "Uniform colour spaces based on
CIECAMO2 colour appearance model”, Color Res. Appl. 31, 320-
330, 2006.

Y. O. W. Davis, "Toward an improved color rendering metric
International Conference on Solid State Lighting (SPIE)", 5941
59411G1-7Bellingham, 2005.

C. W. Sher, K. J. Chen, C. C. Lin, H. V. Han, H. Y. Lin, Z. Y. Tu,
H. H. Tu, K. Honjo, H. Y. Jiang, S. L. Ou, R. H. Horng, X. Li, C.
C. Fu, H. C. Kuo, "Large-area, uniform white light LED source on
a flexible substrate”, Opt. Express. 23, 1167-1178, 2015.

of

QY /Y o lack /A ala /&3y sliis yu Slatliae oo g yi - sals d


https://aip.scitation.org/author/Dai%2C+Mai+Duc
https://aip.scitation.org/author/Eom%2C+Kilho
https://aip.scitation.org/author/Kim%2C+Chang-Wan
https://www.barnesandnoble.com/s/%22Kiyoshi%20Takahashi%22;jsessionid=1F80FEE6D83501C17F296B057B4027EF.prodny_store01-atgap10?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
https://www.barnesandnoble.com/s/%22Akihiko%20Yoshikawa%22;jsessionid=1F80FEE6D83501C17F296B057B4027EF.prodny_store01-atgap10?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
https://www.barnesandnoble.com/s/%22Adarsh%20Sandhu%22;jsessionid=1F80FEE6D83501C17F296B057B4027EF.prodny_store01-atgap10?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5519.toc
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5519.toc

