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[t history of Lighting T

* 500,000 years ago — fire, 1st torch

* 70,000 years ago — 1st lamp (wick)

1,000 BC - 1st candle pyroluminescence
» 1772 gas lighting

« 1879 T. A. Edison, incandescent filament lamp: Dawn of electric lighting.

« 1907 H.J. Round, 1st LED (SiC), Electrical World 49, 309 (1907)

« 1910 P. Claude, discharge lamps filled with inert gases

» 1938 GE and Westinghouse Electric Co. white fluorescent lamps.

* 1962 N. Holonyak Jr. and Bevaqua, GaAsP (visible light — red)

+ 1987 C.W. Tang, OLED (Alqs, Green)
71 -

* 1995 S. Nakamura et al, GalnN LED (blue & Green)

History of Lighting
(http://lighting.sandia.gov/)

" Canciow aind Latas

» More Efficient, Convenient
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Evolution of OLED

Performance (Im/w)

Updated the data in J. R. Sheats et al., Science 273, 884 (1996).
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Performance of RGB O

Color CIE (x,y) Ef(fc'g'/i[‘)cy Half-Life (hr)
Red 0.65,0.35 55 >80,000 @ 1000 cd/m?
« L | 032062 19 40,000 @ 1000 ca/m?
S PR 047,030 12 21,000 @ 1000 cd/m?
= Blue 0.15,0.15 5.9 7,000 @ 1000 cd/m?
A 0.30,0.34 12 23,000 @ 1000 cd/n?
E Red 0.65,0.35 15 >22,000 @ 500 cd/m?
of 0.61,0.38 22 15,000 @ 300 cd/m?
5 0.31,0.64 27 25,000 @ 600 cd/m?
< ORI 014,023 8 :
0.39,0.39 38 -
Red 0.68, 0.32 17 1790 @ 1000 cd/m?
0.58, 0.42 0.9 8138 @ 1000 nit
& | Yellow | 050049 21 2420 @ 4000 cd/m?
d 0.43,0.55 7.7 2912 @ 2000 cd/m?
;’; 0.16,0.22 6.9 >1147 @ 800 cd/m?
0.30,0.33 38 235 @ 800 cd/m?
ol 0.67,0.28 13 >8350 @ 100 cd/m?
o 0.36, 0.59 228 2649 @ 400 cd/m?
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A=Y 5~
Luminous Efficiency (Im/W)
OLED 10 +
Flickers LCD screen 15
Efficiency Cannot be dimmed CRT, PDP 1
(Im/W) Losses in ballast Incandescent lamp 17
Noisy Fluorescent lamp 80
100
80
60 <
40 //////
20
O T T T
Incandescent  Halogen Fluorescent White LED  White LED
(2000) (2010)

Organic Semiconductor Lab

Ref. A. Zukauskas, M. S. Shur, R. Caska, Introduction to Soild-State Lighting
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_Emitting Devices ST o

* Full-Color Display

* Backlight of TFT-LCD
* Lighting - Light signs, decorative lighting, glowing wall paper, ceilling lights, etc.
I. Patterned-Emitting Layer

Cathode.
Advantages Disadvantages
Emitting L = High efficiency « Aperture ratio issues
Layer HTL = Good color « Typically uses shadow masking

for RGB patteming
- Differential aging of RGB

Substrate II. White-Emitting Layer with Color-Filter Array
: Advantages Disadvantages
White- L = Unpatterned emitting layer - Loss of efficiency is due to
Emitting (no masks) filter absorption
Layer q— = Aperture ratio not affected
by RGB patterning
= Enabled by high-efficiency white
Ill. Blue-Emitting Layer with Color-Change Medium
Advantages Disadvantages
Blue- = Unpattemned emitting + Requires high efficiency
Emmmg layer (no masks) blue
ayer = Blue stability typically poorest
:ﬁr + Compatibility of CCM materials
]
Organic Semiconductor Lab Changhee Lee, SNU, Korea

LED backlighting esT

Advantages of using LEDs over s ; g ; ; ;
. . ! RGB LED (625 !
conventional light sources such as CCFL: Eaof---- ST nmRed)  ___l____
) 5 ! RGE LED (615
* long life 0 Y SO S e . mRed)
e ruggedness g :
. . . Baof-mm N e e
« high frequency dynamical operation ° i
1
« Hg-free light source = ‘ :
60 70 30 90 100 110 120f
* Better color gamut Colar Gamut (%NTSC)
Dominant Efficacy 1 .
Wavelength (nm) | (Lm/W. 25°C) Luxeon-Direct
Red in Luxeon-DCC (25 55 Luxeon-DCC
Red in Luxeon-Direct 617 60 05 f\
Green 533 16 '
Blue 452 5.5
RGB-White - i7 0
White (phosphor-converted) - 35 350 4‘50 5;50 5‘50 750
wavelength (nm)

Wiep Folkerts (Lumileds Lighting), SID 04 Digest, p. 1226
]

Organic Semiconductor Lab Changhee Lee, SNU, Korea




 Improve efficiency of light generation
 Improve efficiency of light extraction
 Improve quality of light

* Reduce cost
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INVgthods of Making White LEDs

» Wavelength Conversion
1. Blue LED with phosphors
2. UV LED with several phosphors
* Color Mixing
3. Two or more emitting layers of different colors.

- white light with a high color rendering index (CRI).
- relatively easy to change the hue for different applications.

+C =W G+M=W +Y=

White
OLED NET
T8 7 SOLED FIERA (a)S @R, ()OI, (o) SR & (d) Microcavity B2, (o) 2T S & W

White White White White

AR B =
2007. 28+

j ] Organic Semiconductor Lab

Changhee Lee, SNU, Korea




HHAH | EDISS.

AAEY =
2007. 28+

Red + Green + Blue LEDs

UV LED + RGB Phosphor

Binary Complimentary

. @

UV LED

470 315 5900630 (nm)

Spegtum Combined
eak Spectum
Blue Pesk Re Peck i

Cambined

Phos G
Phosphor Specirum

SRR Phospher
Fimission

Emisgion

Blue LED
Spactnum

470 525 E00 630 (nm)

RGB LEDs

UV LED + RGB phosphor

Blue LED

_'_
Yellow phosphor

Organic Semiconductor Lab
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Doping in OLEDS Pt

« Doping fluorescent dyes
C. W. Tang, S. A. VanSlyke, and C. H. Chen, J. Appl. Phys. 65, 3610 (1989)

« Doping phosphorescent dyes
M. A. Baldo, et al, Nature 395, 151 (1998)
« Effects of doping:
1. Color tuning.
2. Increase the device quantum efficiency
3. In general, the doped layer is more thermally stable than the undoped layer (increase of entropy).
4. Proper dopants can increase the operational lifetime of the device.

'I {Osi 259% S*
Fluorescent dye

75% T*

ITO/Glass Phosphorescent dye

Organic Semiconductor Lab 13 Changhee Lee, SNU, Korea

Exciton formation SRk

fluorescence: phosphorescence:
only singlets emit all excitons emit
free charge organic film
k. axciton ¥ = | \
3 mix, G w g
o N\ =} phosphorescent
= =3 quest molecules”
g encounter complex [} |l
- = =
=
E S———" @
> Kmix ~§
c Ky kg 3 fluorescence phosphorescence
Q (0]
w =+ As ~ Nluorescence/phosphorescence
o Caution for this simple method:

T+ €xcltons o, (1) It is necessary to correct for the differing photoluminescent efficiencies of the
fluorescent and phosphorescent guest molecules.
(2) The efficiency of energy transfer to both guest materials must be determined
to ensure that radiative emission accurately reflects the number of excitons
If ks> kT: Ts > 14 formed within the device.
If ks < kT’ As < A (3_) The impact of quenching phenomena must be calculated for both singlet and
IFk =0 e 1 triplet excitons.
mix =Y Ag = 7 (4) When applied to polymeric systems, it is especially important to ensure that
excitons are formed on the polymeric host and not on the small molecularweight
phosphorescent guest.

M. Baldo and M. Segal, phys. stat. sol. (a) 201, 1205 (2004)

Organic Semiconductor Lab Changhee Lee, SNU, Korea




Fluorescent Dye dopin

[ TRy T Mg Ag
‘ Eriter | Ao | Dopes Aig
i e,
Diamine Diamine
Q) ! T i
A B

PG, 1L Configurations of multilaver ofganie EL oclls: {a) [TO damine/
doped or undoped Alg/Mg:Az, (&) ITO/ diawmine/Aly/doped Alg/
Aju/Mp e

C.W. Tang and S. A. VanSlyke, C. H. Chen,
J. Appl. Phys. 65, 3610 (1989)
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Excitonic interaction an
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Excitation and energy transfer

Donor (D) Acceptor (A)

Excitation

electron transfer
_y_/\
D A
.

excitation transfer 1

hole transfer

Ty
o

excitation transfer 2

|

— | hr =
H |

Forster: overlap of spectra, dipole interaction
Dexter: overlap of wavefunctions

A D* A

Organic Semiconductor Lab
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AN EE ET
JEREEGY Transfer Processes G
Forster excitation transfer
(Dipole-Dipole Excitation
Transfer)
D* A -

Dexter excitation transfer
(electron exchange excitation

«QF transfer)
_ Db A
Forster energy transfer | Dexter energy transfer
K*J 88x107% mol A
0 = n'r r® kgp o EPZJ exp (-2r/L)
D A*
Overlap integral :J = I%{D(V)d‘j
v

6 ) -
Wy, = kD(%] R? =8.8-10" .%.ng(Vi;fn(V)d;

For photosynthetic systems R is typically 1 nm, R, is typically 8 nm,
kP ~5.10"s7t > W,, ~10%s

Organic Semiconductor Lab Changhee Lee, SNU, Korea
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Excitation dynamics of dye doped tris(8-hydroxy quinoline) aluminum films
K. Read, H. S. Karlsson, M. M. Murnane and H. C. Kapteyn, R. Haight, J. Appl. Phys. 90, 294 (2001)

’ &
c) . .
3
i 1} DCM . :
A o z
q N CHz X -5 0.
. Hy
s . i
A [
. 0 50 100 150 200 0O 50 100 150 200
Excite/Probe Delay (ps) Excite/Probe Delay (ps)
- 0 NC CN
. @ 100% DeM 5191 . (¢) 2% DCM
2 0.8 ,:' g 0.8f%) .
=~ =~ . ]
o 05291k’ r¢,(V)-F,(V) -~ o T e .
RO = 2 : ~4 dv 0.4, g 2 04
n' N ) % 02 #02
0 50 100 150 200 O 50 100 150 200
R R Excite/Probe Delay (ps) Excite/Probe Delay (ps)
k=donor/acceptor orientation factor; , ,
. . FIG. 3. Excited state population as a function of excite/probe delay for the
K2 = 2/3 for a randomly deposlted fllm sample compositions (a) 100% Alg, (h) Alg+03%DCM, (¢} Alg
N |S Avogadro’s number +2%DCM, and (d) 100% DCM. The 100% DCM sample was excited with
A 68 wpliem®, and all others were excited with 91  wliem® (1.8
_ X 1077 phot/em?s) of 90 fs 3.14 eV laser pulses. The solid curve, (a) repre-
n _17 for A|q3 sents bimolecular singlet annihilation. The solid curves, (by and (c). are from
R = 31 A fits including excitation transfer, excimer formation, and stimulated emis-
o sion. The dotted curve, (d), is only a guide to the eye.

Changhee Lee, SNU, Korea
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Location and extent of the rec ’%Sé%i?

3 400 A oA ?n‘;‘:a‘{:é:h
= interface
"g 08
+DCJTB 2.l
Ca i
B B o4
CuPc| NPB Alg -
Ni g
— 0.0 & " f )
500 550 600 650 700 750
— Wavelength / nm
e - - T -
d LR Current density / mAem®
2 - 001
Schematic energy level diagram of delta- -; 08 \\ :G:_— 0.1
doped devices having a 25 A Alg3/DCJTB E AN o 10
(19%) sensing layer at various positions (d) £ °%] "\\\: el
in the Alg3 layer. The device structure is g 0.4 N L=120A ]
Ni/CuPc (150 A)/NPB (500 A)/Alg3 (500 8
A)/Ca (200 A). 2 027
% 0.04 Exciton diffusion length ~ 120

0 100 200 300 400
Distance from NPB/Alq, interface / A
T.A. Beierlein, B. Ruhstaller, D.J. Gundlach, H. Riel, S. Karg, C. Rost, W. RieR, Synth. Met. 138, 213 (2003)

Organic Semiconductor Lab Changhee Lee, SNU, Korea

Triplet energy of R & G p prsad
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_ B POER cBF a7 s 8025 Yo o
POEP 1.9 11010 g5 C100= 10 s}
{ooy)3 2 = b Irippy -as <01 ps 805 ¥
I "D\ o 4 - - 0.1 us ™D 04 200:= 5024 B0x5 Yeu £l
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M. A. Baldo and S. R. Forrest, Phys. Rev. B 62, 10958-10966 (2000).
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Kido, APL (2005)
]
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Multi-Quantum VA/e i

0.41 Im/W, (0.32, 0.38) at 9V Q—Q

1. The confinement of charge carriers in light-emitting quantum wells can enhance
the forming probability of excitons and the light-emitting efficiencies of the
devices.

2. Compared with multi-layer white OLEDs, the influence of band gap matching can
be negligible, and the positions of different color light-emitting quantum wells
can be exchangeable.

3. Easy turning of Commission International de I’Eclairange (CIE) chromaticity

TPD EePP, TPD TPD Algy T O,
BePP;Ru /0

N

7\

800 - —
BePP,

Intensity (a.u.)

B
=1
=]

Organic Semiconducto

r Lab

'y s
400 500

600 700 O Q
Wavelength (nm)

App Phys Lett. 741999 (41 Rubrene

Changhee Lee, SNU, Korea

Complementary Cc oo

Normalized [ntensity (a.u,)
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160 mA/cm* LS

5
1
4
g
=

Wavelength (nm) Wavelength (nm)

Alg3

Interlayer sequential energy transfer (ISET):
NPD - Alg3 > DCM2

BCP

NPD:DCM2

Hole-blocking layer

NPD

0.35Im/W, (0.33,0.33) , and 100 cd/ m?at11..5V

ITO

R. S. Deshpande (Princeton U.), Appl. Phys. Lett., 75,1999, 888

Organic Semiconductor Lab

Changhee Lee, SNU, Korea




Complementary Col

0.025% Rubrene/ 2.5% TBADN/ ADN

EL intensity /arb.units
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Device EML LO (cd/m?}) QE

1 0.02% Rubrene/ ADN 17,280 1.08%
0.025% Rubrenef

2 25% TBADN/ADN 20100 241%

00

o
o
n

=
o
L

=
-

=)
~

o
o
n

| X
A A sese
a a ]
PO N
TR N O O
| 4 4
4 %‘3& 4
‘} x%m Rubrene
{
el
400 500 600 700 800

TBADN = 9,10-di-(2-naphthyl)-2-t-butyl-anthracene
ADN = 9,10-di-(2-naphthyl)-anthracene Rubrene = 5,6,11,12-tetraphenylnaphthacene

L. Wang et al, J. Appl Phys. 2005, 97, 114503.

Wavelength /nm

44
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Multilayer RGB Stac

J. Kido (Yamagata U), Science, 267, 1995, 1332.

—-

[
| Glass substrate

ITO, 50 nm

Quartz Substrate

Electroluminescence Intensity (a.0.)

Metal cathode ’/\‘7 Et
T L
Alg3:NileRed R NT
Alg3 G O
8 Et p-EtTAZ Nile Red
TPD
ITO anode — +

R. H. Jordan (AT&T), Appl. Phys. Lett., 68, 1996, 1192.
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0.5 Im/W, ~ 300cd/ m?, and (0.335, 0.415)
at 12 V; 20h at 100cd/ m?

T T
—m Side Emission|
- Top Emission| |

0.5 Im/ W, n,,,=0.7 %,
CIE (0.31, 0.41), and
105 cd/ m2at 12 V

NAPOXAPL

ITO/ TAD (600 A)/ NAPOXA
(150 Ay/Alg, (300 A)/ Alg,
(200 A)+ DCM1 (0.3 %)/ Alg,

(200 A/ Al (2000 A)

L
550

500
Wavelength (nm)
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RGB white OLEDs: Phe
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Efficient, Color Balanced

Jz
Flrpic

i

Bt,lr(acac)

Btpl_lr(acac}

S. R. Forrest et al., Adv.

& WOLED

[[orm ]

HCF [40nm]
10wt Bt Iriacac):CBP [10nm))

10wi's Bip,rjacac):CBP{10nm))

10 with Firpic : CBP {10nm)

NPD (30nm)

PEDOT:PSS (40nm)
ITo

GLASS

CIE = (0,37, 0.40), CRI=83

« Max luminance 31,000 cdim® at 14V

* T = 5.2 %, M, = 6.4 Im/W

Mater. 14, 1035 (2002)
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[ = AAEYET
White Phosphorescent OL A

Yeh-Jiun Tung et al. (Universal Display Corporation), SID 04 Digest 48 "] [ s aree
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High efficiency white O Pasgety

a © 00000
gmor° e .- .
= R LiFAl 10 P
H = ETL Z
g L] 5%BCzVBI:CBP (b, nm) ;
E CBP (6 nm) o
£ 5%Ir(ppy);:CBP (g nm) E
3 4%PQIRCEP (r nm) 1" 3
® CBP (4 nm) 3
g 5%BCzVBI:CBP (b, nm) =
1 NPD (40 nm)
MO/glass
. r r r . 10
103 102 10! 100 10 107 108
Current density (mA cm?)
b 16
EREL
8 12}
g 100
E
% 0.8
£ o6t
K
2 0.4
E 02
-=-=1mA enr?
0.0 L L 1 1
400 500 600 700 800 S
Wavelongth {nr) General Electric
Y. Sun, N. C. Giebink, H. Kanno, B. Ma, M. E. Thompson, S. R. Forrest, 15 Im/W (2 ft. x 2 ft.) @ 1200 lumen
Nature 440, 908 (2006)
]
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Full-Color Method = Forzhin

MATERIAL THICKNESS [A] n

Ag 1000
— Mg:Ag 1000 Display White  Display Green
s . Alg, 170 1.72
[=]
W 3%DCMZinAlg, 330 1.72
= 3
z a-NPD 540 1.78
=
b _— ITO 490 2.02
g CuPc 80 1.5+0.8i
5]
= wa aNPD 250 1.77
@S Alg,0Ph 390 1.66
N Alg; 50 1.72
=x Vs — Mg:Ag 80
z Alg, 540 1.72
3]
9 a-NPD 445 1.77
3]
B 4 ITo 1600 1.8
Glass ~1mm 1.45

High resolution but very difficult process (fabrication of electrodes)

Organic Semiconductor Lab Changhee Lee, SNU, Korea




High-efficiency tandem OLE Yees

L Spuctun berm MpCsasT (8)| a5 ic)
st 20 mAem z Pt o
£ =
TABLE 1. Layer structures of the OLED devices & 25
! : i,, .
Device or unit Laver structure E i .
Device A TO/SALS OCIHE T1/Mg: g £ g"’ QB-_D_EE
Device B i / Mg Ag i 5 W———
Device C ‘ i ettt s
Device D TO/SAL /SCH/Mg: )
SAl L 1d)
EL-G NPB (25 nm/Alq (20 nm)/Alg (5 nm) Pl v T
ocl Alg:Li (25 nm)/NPB:FeCly (60 nm) i” [ g Fl sl W ie
EL-R NPB (25 nmy/Alq:DCITB (20 nm)/Alg (5 nm) ! s
sCl In . 4 § ‘ — ©
Device E 1 I SC2/ Wl I 3‘ €
Device F ! : g vlf' 2
Device G TO/SA2/ E /OC o ! '%'Vv/"
Device H 1 /SC2IMgiAg 5 0 18 @ 25 M e 1300
SA2 Vaotags Luminance (edim)
EL2 NPB (30 nmpy/Alq:C545T (20 nm)/Alq (10 nm) et Spocrs vom B ooy, (@ 140k {b)
0c2 Alq:Li (30 nm)/NPB:FeCl; (60 nm) -t 1.0 e’ S K
sc2 f « g‘“'
Device | ﬁ - ook
Device J = J ¢
Device K 3/MgiAg én- 0-0-0-0-0-0%
SA3 (60 nm) ' 3
EL3 NPB (30 nm)/CBP: df 3 = 1
Ir(ppyiy (20 nmy/TPBI (20 nm) ol M’“‘Dﬂ;‘n
0c3 Alq:Li (24 nm)/NPB:FeCly (48 nm) F— . s " " o -
SC3 IPBI (40 nm) 400 500 60D 70O a1 1 L i
Wlergth (am) Currant Cangity {maem’)
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RGB vs RGBW

W-RGB and W-RGBW - Primary Colors

White OLEDS.

AAEY =
2007. 28+

Methods of Color Patterning (White OLED + RGB Color Filters)

(Prototype (2002) Kodak/Sanyo

15" AMOLED W-RGB

Kodak commenced R&D on
white OLED materials,
device, and display design
several years ago.

Cathode

Electron-transport layer

‘White-emitting layer

Hole transport e

node (ITO)

Contents  Specifications

Display size [14.7 inch

Aspect ratio [16:9

Dot Counts |1280 x RGE x 720

I T 1 | — Color Filters Dot pitch 85 x 265

Color type |RGB stripe
Contrast >500

~— T LTPS-TFT
Glass

Thickness [1.4 mm

Organic Semiconductor Lab

Changhee Lee, SNU, Korea
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2007. 28+

0.8—f
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> 0.5 |
w ‘
O 044
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0.2 -
0.1

0.0

Shown for NTSC colors
and D65 white

00010

.2 0304050607 0809
CIE x
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RGB vs RGBW. S oo

W-RGB and W-RGBW Power Consumption

2.2" diagonal, 100cd/m? white after 44% T circular polarizer

B

=]

o
L

wW

o

o
1

W-RGBW Average for 13,000 images:
0“ L 180 mW — W-RGBW
2 3 4 5 6 7 8 ¢ 340mW-W-RGB

Image Number

Power Consumption in mW
[\
o
o
1

Organic Semiconductor Lab Changhee Lee, SNU, Korea
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fromace (1516 CIE 1931 Color Matching Functions (2 deg. Observer)
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o _ 400 500 600 700
» Chromaticity coordinates

« Color temperature Wavelength (nm)
* Color rendering index (CRI)

Organic Semiconductor Lab Changhee Lee, SNU, Korea




_es & Color Temperature
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560
L Yellowish
Green
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AR B =
2007. 28+

X =K[S(A)xdi K= 683 ImwW
_ 780 /1 — /1

Y=K L L SA)yd
_ 780 —

z —KJ;SOS(l)yd/I

.y
YT XYtz

X
X+Y+Z

x+y+z=1

* A black body radiator (Planckian
Source) glows with a color that is solely
dependent on its temperature (in K).

« Standard source
Dy (daylight, 6500 K)
(x,y) = (0.312, 0.329)
** E = Equal Energy point: (0.333, 0.333)

Organic Semiconductor Lab

Changhee Lee, SNU, Korea

Correlated color tempe

0.9

520

0.2

0.1

0.0
0.0

0.1 02 03 04 06 07

X

0.5

=} E
X‘jz'gg%ﬁi}—'ﬂ&
Correlated colour temperature (CCT)
= Temperature of a Planckian radiator having
the chromaticity nearest the chromaticity
associated with the given spectral distribution
on a CIE 1931 chromaticity diagram.

- Only applicable for sources close to the black
body curve (white light).

- Standard source:
Dgs (daylight, 6500 K) (x,y) = (0.312, 0.329)
E = Equal Energy point: (0.333, 0.333)

McCamy's approximate formula

Tocr=437n%+3601n2+6861n+5517
where n=(x-0.3320)/(0.1858-y), and x, y are
the CIE 1931 chromaticity coordinates.

08 Ref. McCamy, Color Res. Appl. 18, 150 (1993).

Organic Semiconductor Lab

Changhee Lee, SNU, Korea




2007. 28+7]
* Color Rendering Index (CRI): a numerical system that rates the “color rendering”
ability of the light source in comparison with natural daylight (CR1=100, the highest
possible CRL.).

Color Rendering Index ARz =7

» CRI is a relative measure of the colorimetric shift of an object when lit by a particular
light source, compared with how the object would appear under a reference light source
of similar color temperature.

HMI Lamp ~ 100 Im/W Sodium Vapour Lamp ~ 200 Im/W

Fig. 3

Organic Semiconductor Lab Changhee Lee, SNU, Korea

1. Select a reference illuminant Reflectivity spectra of eight test samples (CIE 1964 )
(Planck blackbody radiation below 6000K) o Light bluish green

() —Esx0) )
X=K j;:;S(A)}dﬂ Y=K j:;;S () ydA

Dark grayish yellow Light blue

s

?

o
3

=K[S(1)ydA
Z=K[ Sy

Y y f
X = y y = Y
X+Y+Z7 X+Y+Z os

2. Measure the spectrum of the test source.

S (A) —=—>x,(A), y(H) _/\-/

0.8

(

Strong yellow-green Light violet

(

Moderate Light reddish purple
yellowish green

3. Determine the reflected spectra from each
of the eight test samples

S, ()p(A), = (x,. v,) 1T

Sk (/I)p(/l)l —> (xk,., yki) 00560 500 We;]u\/ﬂ;ﬂag;ﬁ) (nr?:o) 500 700

Organic Semiconductor Lab Changhee Lee, SNU, Korea




4. Transform the colorimetric data from the CIE 1931 values (X, Y, Z, x, y) to the (&, v)
coordinates of the CIE 1960 uniform chromaticity scale (UCS) diagram by means of

the following:
. 4X B 4x
X+15Y+3Z —-2x+12y+3
6Y 6y

V= =
X+15Y+3Z —-2x+12y+3

5. To account for the adaptive color shift due to the different state of chromatic
adaptation under the lamp to be tested and under the reference illuminant use the
following formula:

o _10.872+0.404c,c,, /¢, —4d,d,, | d;

¥ 16.518+1.48lc.c,/c,~d d,!d,
oo 5.520

¥ 16.518+1.481c.c, /¢, —d d, |d,
c=([4-u-10v)/v, d=(1708v + 0.404 - 1481u)/v

Organic Semiconductor Lab Changhee Lee, SNU, Korea

JBEIEEion Wethoa of c
5. Calculate lightness indices for all reflected spectra:
W =24Y"° 17
6. Calculate the special color rendering indices for each test-color sample.
R, =100 — 4.6{[W,, — W, > +13°[W,, (u}, —u,) = W,, (u,, —u,)]?
+13° W, (V' =, ) =W, (v, = v, I}

7. Calculate the general color rendering index.

8
CRI value: R, :%ZR,.
i=1

3 Organic Semiconductor Lab Changhee Lee, SNU, Korea




