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Comparison of Lighting Technologies

OLEDs LEDs Incandescent Fluorescent
70 Im/W — White
) 45 - 70 Im/W
Efficacy Lab demos 65 Im/W —warm | 17 Im/W 83 Im/W
white
80 — white
CRI —85 90 — warm white 100 78
Large area thin
Form diffuse light Point source high H : Long or
Eactor source. intensity lamp eat generating c_ompact gas
Conformable or filled glass tube
flexible
Sl None very h.Ot n Very hot Contains mercury
concerns operation
LT70
7 (currentl 50 1 20
(K hours) ( y)
Dimmability Yes, efficiency Yes, efficiency Yes, but r_nuch Yes, efficiency
increases increases lower efficacy decreases
Color - Yes Yes No No
Tunability
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OLED Fundamentals

Maximize Maximize

Np & N
“ Minimize

« Power Efficiency =M p

* Internal Quantum Efficiency =1 IQE
« Outcoupling Efficiency =N gyt

« Device Voltage =V
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Maximize 1QE by Phosphorescence

...phosphorescence is key t
=" lou
m —

* 100% IQE achieved np V

eg: spin-orbit coupling via
heavy metal atom (Pt or Ir)

fac tris(2-phenylpyridine) iridium
° Ir(ppy)s

green emission

~199 “Ir
EQEO 519;) pey:
T ~VU.
n P
- =3
M.A. Baldo, et. al., Nature., 1998 - UNIVERSAL DISPLAY
i | CORPORATIORN



Outcoupling Efficiency

Total EQE = Forward+Waveguided+Glass

used for WOLED light source o
( J ) Forward Emission

ul @ (used to report
oc —1QE PHOLED EQE

Mo \V4 O performance)

Glass

<: ITO :>

Emission from
Waveguided and
Metal Glass modes

Organics (100nm)

- UNIVERS AL DISPLAY
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OLED Luminaire and Outcoupling

* WOLED with Luminaire has Total
EQE = ~1.7 x Total EQE of WOLED
without luminaire.

* WOLED with Luminaire has Total
EQE = ~2.0 x WOLED Forward EQE.
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OLED -

OLED power ~ lg ep * VoLep

For example: CuPc/NPD/Ir(ppy);:CBP/BAIg/Alqg,/LiF

Standard Layer Normalized Ways to Reduce V
Layer Thickness [nm] Voltage [%]
HIL 10 0 High conductivity
HTL 30 38 layer
EML 30 40 Thinner EML
Optimized Host
BL 10 6
ETL 40 35 High conductivity
layer or n-dopant
EIL 1 6
Total 121 100

Note: EML can be thinner with more conductive transport layers.

- UNIVERS AL DISPLAY
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Voltage reduction: green PHOLED
with high conductivity transport layers

00
o

. 2070 10°

__70p, O ] = 5 )

; -|:| 1 5\ -'60 g (\'1_'1045_ “.““‘

£ %f T 5o S E | oo

> 50} | 21 & By
- k _ F [ 3

% 40 F \D\D L -40 ...L:J 8 I .

O \I:l\ 110E i S 10%F i

= (I — 2 430 L © g .

w 30+ ] - ) = : /

= At 1,000 cd/m?: © 2 £ otk /‘

Q 201 +39V JsOpP0 s 2

. S [

810_ 64Cd/A E—lo% 100....|./...|....|....|....|....
[ | @ 19% EQE *S‘i 1 2 3 4 5 6
------------------------ 0 ne

1000 2000 3000 4000 5000 Voltage [V]
Luminance [cd/m’]
% Initial Luminance 50%
Lifetime (hrs) at RT and 1000 cd/m? >200,000
m UNIVERS AL DISPLAY



UDC PHOLED Lifetime Progress

Commercial Red Commercial Deep Red
350.000 350,000
E 300.000 300,000
n =
‘= 250,000 2 250,000
3 S 200,000
§ 200,000 § .
®
= 150,000 5 150,000
g 100,000 £ 100,000
= 3
& 50,000 . 50,000 .
|
0 - ' 0 - ;
2005 2006 2007 2005 2006 2007
Commercial Green Light Blue
__ 350,000 20,000
_C ~
— 300,000 =
i = 16,000
T 250,000 2
(]
S 200,000 = 12,000
= 150,000 ‘g 8,000
a
100,000 .
= ' 2 4,000
@ 50,000 3 -
- U_ D T T
2005 2006 2007 2005 2006 2007
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High EQE WOLED

30 T T T T v T v T u 1 104; e
T 22 ’a I 30 —~ E ....
< 25 - 1 . 1202 e |
- ..... =1 | > ~~ = N ...
- 20 - 1 16 % 8 8 .I
S J14£120 % 2 | -
3 15 = - .
] = .= 10°F n
L 1.¢1 8 3 | i
o 10 1—‘.-.--7 ‘_8 g_lo % I '
g I " " .\-_-\.~-\- n 6 O i E 101 " I ..' I L I L I L 1 L 1 L
@] L ] I = 2 4 6 8 10 12 14 16
S 4 15 5
O I 10 o] -~ Voltage (V)
<
o 1 o 1 o 1 o 1 2 [ 0 ne
1000 2000 3000 4000 5000
. 2
Luminance (cd/m?)
€ 020 r+——r—————
S 018 ——(0.38,0.39) @ 1,000 nits * >20% EQE
£ 016l (0.41, 0.39) @ 3,000 nits ]
% o1af ——O40m@s0ns 1| eStable CIE with
g o2 ] lifetime and
S 010} )
2 0.08f luminance
% 0.06
£ 004t 1
= 002} M
0.00 e
400 500 600 700
waeteng (o) ey MY ERSAL DS E LA



WOLED with Longevity

V————————— 720 = i
Tag 10°¢
- 118435 :
< 25¢+ ] O = ) [ ="
= 10210S  Egl
S {145{ £ 8 |
- 20+ i = 25 -, Nl r ..I
> | 112015 8 .
(&) - c S % 10 3 -
S 151 1105120 £ | -
= L 1 T 1 L e : n
= Il""-.__. 18 S415 0 3107} "
= 10¢ .~-~.‘.‘l 406 O 1 c i ]
()] | 4—§.~I§.§.§. = - 10 g i -
% T ——e— — 4 E ] é 101 A ' W ] A ] A ] A ] A ] A
& °F 1. ol S 2 4 6 8 10 12 14
) 2 U*;j' | _| Voltage (V)
. ] . ] . ] . ] . I 0 _ —~ T T T
1000 2000 3000 4000 5000 S5 1.0
Luminance (cd/m?) S .
020 R 8 0.9 NN
o 08t 1| eLT50=21,000nrs | £ .. \
€ 016l ——(0.46,0.45)CRI 85 ] - d rs £ 0.8} Y
2 01af 0 o) ot 1] @ Ly=1,000 nits S | =-=L,2=1,000 cd/m’ \
g o1pf (4N 0A9 Lo00mEs ] . 5 0.7] = = = 4,600 cdim’
2 o10f 1| » Stable CIE with o | o \
2 008} 11 aging T 06l " " L= 8000 cdm’ O
g 006 ] % | — | =11,300cd/m® \. y |
c 0.04- . 0 .
1 0.02) § =05 A | R T S B
ook , | ~ 10° 10" 10° 10' 10° 10
400 500 600 700 Time (hrs)
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High Im/W

30 T T T T u T " T ) ] P 5
< o5l 120 =40 ~ ~ |
= 25 ~a ] 3 40 ” < i
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S o0asf ]
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45 Im/W at 1,000 cd/m?

—_ 60 T T T T —_ 020 T T T T T T T T

2 E oasf -
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® ~
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0o 45t 1 T 010} -
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WOLEDs: Recent Results and Path Forward

O Fluorescent DOE Target
| % Phosphorescent %

o
)

*t UDC: 45 Im/W @ 1,000 nits

=

£ :

L>>\ * I

> 10 ’ ROADMAP

E ? IQE 40%

= J Voltage 50%

% 1L 1 Outcoupling 25%

- = 156 Im/W
......... 1

1990 2030

Time (Years)
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