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Electro-Optical Analysis Technology of Organic
Light Emitting Displays
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Rapid advances i.e. low turn-on voltage, satisfactory luminescence intensity with sufficient
operation lifetime, full-color displays, and reasonable power efficiency have recently been made in
organic light emitting displays, which appear ready to enter commercial stage in the flat-panel-
display market. Therefore, the electro-optical analysis technology of organic light emitting displays
plays a major role in the process. In this paper, the organic light emitting materials, device structure
design, principle of light emission, and electroluminescence of organic light emitting displays were
introduced first. Subsequently, the evaluation equipment and methodology of the electro-optical
properties were reported for the organic light emitting displays. Finally, the voltage-current density,
brightness, power efficiency, operation lifetime, spectral distribution, and chromaticity diagram of
several small molecular and polymeric materials based light emitting devices were demonstrated.

&~ Af®t - EEEESELIHER  FFE2H
. ]
ARERRATTE Rl
SR FEHE RSN ERERELEHT S ﬁﬁ&ﬁ(ﬁﬁl?’%f: (organic electrolumlnescence
(organic electroluminescent display) ELEEZE ~ HEE OEL) sy EE B HBEEANR - FEHIEE MmN

DU & S R o ZE e > (6 DU LCD 2 SR (1nd1um tin oxide, ITO) ~ & FEFE HZE ¢

TRREE -

ARERFOLRURG A B #OLER SR B A BEMmATT A o EINERR LA HE

OB ~ FOURERE ~ (RERFERE - PORES - WEDCEUR s > BT B R 0 h H & R
e AR ~ BRI H R - AR - BEERA WE A ERFOUIRE - BT BB S o PR

FHEIAE _+/1 65— 93.8 21



TWENE I /%?
Y

HE
BE®R
EFBERE

ENEEE

BWMENE

B 1. iR

I TFHABERE LS
AR TIRER -

ENEEE HiE SIBEE

B (exciton) TMREEHE °

BHREW IO S IR AT B P
Byt Yy S e N Pa Vo A P RO SN R S p S v
/Ny TSI (OLED) KRILEIME ST AR &
3 F#EITCIE (PLED) © LAk Bi#E BRIk
HEEH) 7 2 N E AT 55 R B =0 (passive
matrix) & FEIZ (active matrix) BE/REINN o #7EI=
@*ﬁﬁ%ﬁ%ﬁ R A AR L AN B B

HEFTEEE) o FEhm iRk AI{EEAR EH SRR
E@aaﬁ“ (thin film transistor, TFT) &% > FEEHSE
S IR B EERE B A -7 > AR TFT HE25EE)
HRHZ F—EF - TREH AR ST BRER -

N INpFEEETH

/N T EBERFSETTAE (OLED) (Z F5HEA0E 1 A
7 © OLED [ T IE & EMEG I - HHEREEE
TFAEAMERE (hole-injection layer, HIL) ~ E& /%5
(hole-transporting layer, HTL) ~ A5t /g
(emission material layer, EML) kK & + {# % [g
(electron-transporting layer, ETL) » H G ##EE &
[EHEAR FHEZEEE (host) M FEHEAFL (quest)
Frfl ik - & finEERE A OLED If » BEFEE 177
A H IEEEM (1TO) BLE E i (cathode) 7 AFAEEI
RN B EE T ERR o B EEEE S ERRNE
PR - R3OS & T BT (exciton)
R (AtE 1 Ffr)

£ OLED JuffH Rz BT ERMRHIE 2

22 FHEIAE —+7- 65— 93.8

Fis > & Alg, ~ PBD K TAZ fi74EY) - 826+
EIEM R EE e R T B g AR IS
b WERE TR A EEOCER - H Alg, IE
{EFs OLED Z #EIEfg iy 38 ehe « 7 RAVE
TAEAMEETE CuPe » m-MTDATA » HALE fE1#E
AE 2 A > A RO EE A H IE A A A BRI
EERE - AARIEITIt e BB B R BT
ZRBERE " -

B (EIR A R ERERM B TER » F R
TEIFAEEAEL TPD ~ NPB K2 TPTE 41[E 2 i © It
s RLAE B S EBEER IR (T,) KR E R
TENE 0 B E A RS L SRR o
Ah > ERFHLIRE h 2 F RS EE Z R RS
B HIRDTEEDEBEO AR maEREMERZ
I - FEHOLIEE T3 D R s B =
FCHIRR - W DARE RS A T 0 R E
TEOLREE R > REEEIE - H
hEE VAR AR S RERR . Bt EiE
AR FH R IO B I E R

HH IR AR/ N BB R %2 2 #5505t
i EEN T s EER B E RS
Jeth o W8 3 FR 0 Alg, EEETEIERE - FI1E
Rt KA TR EFECHEM KL o Alg, A F ] 5%
AR BlEROLE Z S (C545T ~ Qd) fHHE RS
#HEH ii*'?&éiéﬁi@%@rEZ%ﬂeﬁ%“” o 5 Alg, Hil
FLEZE SRS (DCM-2, DCITB) AHRH & R A28 AT
FO o B R B RO K R FHERE MR
3 IFEEEEFELRE (perylene, BCzVBI) £




/

&

CHg
”‘g
N
sei QOO0
e xN N L /N\

0

m-MTDATA

HGCQ

H;C

NPB

S FE5LEE (BAlg, DPVBI) 5 A ESSER BT
BT -

= SR FEREETH

=T EEE T (PLED) (A5 5 —EE
*’J_J:ﬁ@ﬁﬁli 5 RN s TRt 0
e oA EmRTROTHEE - s IR
BB T S HH B AT A R e o R R e i
(spin-coating)” S BRYIEIHEfi7 (ink-jet printing
technology)®” FRHE - # R &9 IR ERM S
PVK - PAN Fll PEDOT S#44"" » HALE S
& 4 Frs o 200 4 for - EFELEERIERF S H
FIEEFF%Z oxdiazole BX triazole FEE A &
HEB GRS S TEFEEME" - & B ER
MR R B BB T LR 2 = T 2OEEE - It
T BT MR < F RS a3 et
0@ 5 Fx > A& PPV ~ PPP ~ PT Z5R5 kLS

NN
At

4
X CHjz N—N \//@’(N
Ny /O | | | S
O*,AI\‘-“NI X HQC—(ID
’I O
e PBD R

&

W VaW
O‘O

TAZ

YN

2.
TFHE - BREAR
&R AR A

(7

R TR EEAS R L 0 AR
TEH AR EELCR ﬁﬁﬁﬂ&E#Z?ﬁﬁ
BT ~ SCRERFE - AN T IO
T EOEA R R B R R E T B
HHETTAEARE BB BB e EE R
B o (BAEMEREE L > S0 TEOU RS AR
R NEEE - mo T3t ZigfEsa e HE
At b el MSH -

M~ BHEEREE T 2 B E N

AHEEMF LT OEE %[%HET%?EE
R BB - BEENERE ~ B E
(brightness; cd/m’) ~ KR (efficiency; cd/A, lm/W) .
St (CIE ) Bli(EEEd (lifetime) SRR -
ST o B EEEER R EBEE S TR E AR AL
ELAERE - MORIRERE ~ PR - oG - B

FHEIAE _+/1 65— 93.8 23



.3
s
L CH S

C545T

Perylene

BAlq

B 3.4k ~ 4o R B b RESLEE & F A REE -

Jd E
¥ &

24

_%

&

T AR RAR AR

FHEIAE —+7- 65— 93.8

—GCH —CH+
B n

PR BT IR R 1 - B 2 B PRI 2 TH
o SEERHERENT  HREREM R - T KR
ﬁ#}iZ% MEE SRR T % DIEAERET ~ BEHE
FFammb Ef o
T g A 35 fifg B i (o FH 2R L RS % (spectral
spectroscopy) ~ HEERT (luminance meter) E1TC{:55
i SR o RO ] B2 & OLED
PLED %5 £ % 5t # KBl & o B3 & % O 5
(photolumlnescence, PL) ° JRA] B EE BRI O
B O (electroluminescenec, EL) HE{T&
W o PL SRS 358 18 % i (B Bl i P i i ok B A 3%
R FR M o 10 BL SERERSZ B A RHE R
BRSO R R PR E
Jasco I\ FTAE B 2 H GRS FP6300 ;H\:(ﬁﬁl?%
Rl SRS Rk B R FE Fy 220—750 nm ~ SEEE
BAEL 2.5 nm ~ S/N ratio Fy 550 © 1 ~ B H R R
0.02 s - HRTTZBEENERE - B - TR
FER TG - RIFEAS S G B EE R e eSS - £
EEMEFER - 2 - %R - SEE (CIEH) ¥
%FZ%%%EEJEU o HREFECEIRAR OLEREIR
HankE 6 Frx o JoiFaan =R A3 E 1 2 B ik

<

.
O
=N

L

Electron-Transporting Polymer

+
/ N\
0 m
I N s |
s\
AN $0,- SO,H

; %GWO”H@@%

PEDOT



e

RO-CN-PPV (Red)

.
CoHonst  CnHanet n

Green

MEH-PPV (Red Orange)

CgH17

HaC.
/\ [\ [\
s” /n S /n s” /n

PCHMT (Blue) PCHT (Green) POPT (Red)

5. % T B R A

=

RE N BRI ERRE) M Er R LR -
— e A2 R B RTE Minolta /A RIS
Z CS-1000 B HEE T (spectroradiometer)
Topcon /N E]:Z BMS5 Kz BM7 AU (3 ff & 5 Bl
Photo-Research /3 &2 PR-705 (A HEREET B FERE
TEATAEBME TR - TOEZZOERT - B
B P R PR T R R B SIS -

5 BREREATHZHESER

R T¥ OLED ZERMESTEE—F T
i » ERL —/ N FEEM R R OB TR R
FREF" - E 7 FR o R R TEb LT
FeRTR SR L E B = b /N T DM R
Ph,Si(PhTPAOXD) K H TGRSR « th—FFRIDIAS
[ RE (X = 100, 200, 300, 400, 500, 600 A) Ei
BT EREM R Alg, (400 A) ~ &I EEME NPB
(400 A) LR B BB EESL T -

EESEHEL Ph,Si(PhTPAOXD) Al G GEE
=Ml REHEEE S i KL (PL)
I EAI BRI 457 nm (QIE 7 Fir) o BEREHE

RUEEE
e SEBT
32y
EEER _
= OLED Jtff
S EREEs e

PR-705 SPECTRASCAN" |
SPECTRARADIOMETER"

The PR- 705 SpectraScan

raRadiol brin
Real Tlme Testlng To The Productlon

6.0OLED 7tz &R £ %

ToE EEESEEE (BL) HIANE 8 Fx - Bk
HNEFEE B LR R 2 AR A N FZE
3 o B Ph,Si(PhTPAOXD) 7 H[HEE B 600 A
I > T e R FE R (A {jﬁf 437
nm ° EIFREEME NPB Frag o kel - SRS
TELE R B AL B R IR -

F&% Ph,Si(PhTPAOXD) 2 H[EEEH 600 A
[EZE 300 A > SEEEFEIR 510—520 nm (B EAS
“EFS UG - s REE R G R T R
T o il H B —(E S I BB R R 2 3
HzliE (A, —476 nm) © FL—FHWIERLERHEE
%E@/ﬂ%ﬁﬁﬂéﬁi SN RHETE R exciplex Fit
ZEHZ " o & Ph.SI(PhTPAOXD) & i fiE S &
By 200 A B 0 T REESOEREN R A, 1F 460
nm > H¥E g EEER—5/ME 75 nm © h—
ERERNEFOUEERER 200 A > ETHEHERS
Hi#Ea uﬁfaﬁ‘é?ﬁﬁ‘éﬁxﬁﬂ i Ph,Si
(PhTPAOXD) FEHEESYE » ' Ph,Si(PhTPAOXD) 2

HIREE TREE 100 A > AT R A

FHEIAE _+/1 65— 93.8 25



Mg:Ag

N N-N
NPB (400 A)
Ph3Si(PhTPAOXD
ITO 3Si( )
Substrate Light Emitting Materials
Tg =85°C
X =100, 200, 300, 400,500,600 A
457 nm
1.0
- 0.8
S
< 06
>
D 0.4
§ fwhm =75 nm
£ 0.2
0.0
300 400 500 600 700
Wavelength (nm)
476 nm
10] 437nm Xx=600 10 X = 300
Sos S 08
L &
> 06 > 06+
@ ‘@
gos fwhm = 49 g 041
= whm =49 nm IS —
S 0] = aal fwhm = 98 nm
w (i}
0.0 0.0-
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
ro 437 nm 500 1ol 460 nm
= = x =200
;i 0.8 - ; 0.8
2 06+ 2 0.6
g (%)
3 04- S 04-
£ fwhm =51nm £ fwhm =75 nm
02 1 0.2-
w w
0.0 0.0
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
107 437 nm X = 400 201 467 nm
S 08
)
206
(7]
S 0.4-
E
1 0.2
w
0.0-
300 400 500 600 700 800 300 400 500 600 700 800

Wavelength (nm)

26 FHEIAE —+7- 65— 93.8

Wavelength (nm)

& 7.
B8 OLED #M#t ~ T & & ke -

ERS
¥ b OLED Ut 8 g ke -



% 1.3 % OLED = £ E4M -

Device X Maximum Current Density at Luminance at Maximum Device A CIE 1931
Luminance | Maximum Luminance | Current Density of Efficiency EL Chromaticity
(cd/m’) (mA/cm’) 100 and 10 mA/cm’ (Im/W, cd/A) (nm) (x,y)
(cd/m’)
I 600 490 65 — 0.2,0.8 437 (0.17,0.08)
1T 500 1095 134 780, 36 0.2,0.8 437 (0.19,0.15)
111 400 3581 238 1502, 29 05,10 437 (0.21,0.24)
v 300 21255 758 3427217 1.1,34 476 (0.18,0.28)
\Y 200 20130 1213 1978,160 09,20 460 (0.17,0.17)
VI 100 18500 862 2191, 86 08,24 467 (0.20,0.27)

FLAZRE 2 467 nm > HAFEnf g 12 92 nm -
e E e —E o RN E T EEM B Alg, 3
HFERTERR" © — AR TR FE R
ANBLHERE - RA2 g R - 7 H 3R
JE B E T EEREE S ERTRE -

EE5F Ph,Si(PhTPAOXD) 2 T E R N kE
EH NG EETRMAERNZELR - TR ATE
(brightness, cd/m’) ~ fx K5 £ T 5 B % &
(mA/em’) ~ JTCHELE 10 K2 100 mA/em’ EIRBE R 2
S TR IR FEERER (efficiency, cd/A
Im/W) ~ T ZE R IENIE (A,,.,) B EOFEERE CIE
(x, y) sAlaE 1 Frdll - 3 1 A4l JoifEEt
[EEE 300 A I > nEERECICHEE (21255
cd/m’) BARER (1.1 1Im/W, 3.4 cd/A) > [HEEflRE
CIE (0.18, 0.28) i JEffE(E - TLAFEF LG EE
200 A I > AR S BFE CIE (0.17,0.17)
MR SR EHSEEE (20130 cd/m’) ELFEK (0.9
Im/W, 2.0 cd/A) °

HREoTEREETH  £HLL Dow-
Chemical 2\ E]FTFHEE 2 polyalkylfluorene SA%1A4
{EERAA « m FEMFEEITALL PEDOT FyeEi (H#
P ~ polyalkylfluorene {F R CIKE « B EE
WRAE R Ry §5 (Ca) BLER (A1) ATAELERZ MR - £
Dow-Chemical 2 =]FtB##%.2 polyalkylfluorene 2%
MBS E - kRl TT s BEHOR
MEaNE 9 Fir - B E RO R AR S
BHRRAN » RLEE B S T Io i s BRI
K - BK ~ ot RADEE T IoEZ iemad i

SRIFER 460 ~ 530 F1 620 nm (7 BT - 400
10 Fi7 > (EEETSEE) T - EELE ST
EERRLIEEIE 500 cd/m’® 2t FEE G ET
1000 /NEFLAE  FRAN - #km T To i BE R
4 (rectification) Z[E 11 Frs - HHEEERITTHE
HER (0——6V) RIKER 0—2 V) ZERAEH
/N (< 107 mA/em’) » i IEEERE E I BB S
PRSEERTT » fERIINFERE 3 V RFEE R AR 10°
DLE > BB BT - SRR IT
HEEMERIEA T EEEARERE (leakage)
N B R R B E R BUR iR 2 6 E 4
cross-talk 52,7 B BHEAE -

F= 7 Dow-Chemical 2\ &) %A & 5028 6k K
HETTEAFESN » ZEE] Cambridge Display Technology
(CDT) A Elfsmsr TRl it a il @ #iE S
SR ROT R ER] - B T —RI2
=T ML - CDT Frb# 2 ma T2 etz ot
BRI 2 FR” > Hepfolt R E L AR
HE®SEHEE - SRR ESa - s s &k
S ERZ e RnE 12 FrR" s ot B
{EH#k CIE (0.33, 0.62) ~ B2 A (EAT R CIE
(0.15, 0.1)—CIE (0.15, 0.4) Z[H] ~ fI¢EZ G E{ER]
£ CIE (0.62,0.35) [ff3T

_ 4=
VAN rfﬁnﬁg

FEASCRERM S T/ N T R T HO R SR
IR S TTE RS R T IR RO R - AR

FHEIAE _+/1 65— 93.8 27



4 1000 8
— —&— Brightness
% 3 —@&— Yoltage 7
L [ & 800
3 £ E 6
C
o 2 < 8 / -
S @ b 600 e 5 >
E g »n [0)
5 £ £ ‘E
:g g 5 400 39
o3
woo E 200 2
0 2 4 6 8 10 12 1
Voltage (V) 0 0
) 0 200 400 600 800 1000 1200
(a) Blue device Lifetime (h)
T 10. 4 b3 o T A T F R E 4RI -
§ 12 —
> 10 E s 6
S 8 f 3 10 oo o 10
= —&— Current Density
% 6 § B 102 F —e— Rectification ..0..:::::# E 105
g 4 F g g 101 i /.o-'..
3 2 2 < r {10
= @ E 100k S
m Of = 110° &
2 2 107" F £
S ., 410° 5
Voltage (V) = 10°F -
; [CRPpSE | 310
(b) Green device = 10 —~——
O _ LT i 0
107F — 10
—_ [ & -5 L L L \‘ L I I -1
N 0T T 2 0 2 4 6 O
< . € Voltage (V)
£ 10 = 3 N ko s
4 » 1. 8k & o FROE T BRI -
é 0.5 - %
£ o |2 - BRSO ER B BY LRSS - TofREReET - B
L . - -
E2HERZEEMHEN » LERTE & El e
ot el
©) Red devi » DUBR T BE R 28 728 ot MR RE AT [ (K B 7 R B
¢) Red device .
ZIK o QATRAM B RTC I #H5EE ~ R ~ bl
9. A THAAZ R THF® - & KRS IR REREEER R EEE - —HE
* 2. Efficiency at Brightness at | Lifetime (hrs) at 80 °C (normalised
3B CDT A a &y THEL Color | 100 cd/m’ (Im/W) | 5.5 V (cd/m’) to 50 % from 100 cd/m’)
MRS o Red 2.15 2,000 4,800
Green 18 10,000 > 1000
Blue 2.8 5,000 ~2500 (RT)
Yellow 21 100,000 > 10000 (RT)
White 1.37 400 6000 (RT)
28 FHEITAZE 65— 93.8



CIE (1931) Chromaticity diagram

1.0

o
0.8 Sy

GREEN
™% CDT Green
0.6 « o
l &{/y’PPV
y
CDT Blue Range

8 white (T=6300K

White LED

L]
e

0.2

0 01 02 03 04 05 06 07 08

X

B 12. 3% B CDT & aEZ & a0 THE M
G EIRE o

RIS FIIE - AEDERTR et O AR E
PEEZ - (EAEMRIELCI 2R ~ JeR ~ Ol ~ &
oy AR R A FFRECCERTT - AREHOLRURES

L ERACEMISEE 2 B K i LS /R e i B
ST -

SENR

1. S. A. Van Slyke, C. H. Chen, and C. W. Tang, Appl. Phys. Lett.,

69,2160 (1996).

2. T. Wakimoto, Y. Yonemoto, J. Funaki, M. Tsuchida, R.
Murayama, H. Nakada, H. Matsumoto, S. Yamamura, and M.
Nomura, Synthetic Metals, 91, 15 (1997).

3. J. Shi and C. W. Tang, Appl. Phys. Lett., 70, 1665 (1997).

4. C. W. Tang, S. A. VanSlyke, and C. H. Chen, J. Appl.Phys., 65,
3610 (1989).

5. C. H. Chen, C. W. Tang, J. Shi, and K. P. Klubek, Thin Solid
Films, 363, 327 (2000).

6. C. Hosokawa, H. Higashi, H. Nakamura, and T. Kusumoto,
Appl. Phys. Lett., 67,3853 (1995).

7. J. Liu, Y. Shi, L. Ma, and Y. Yang, J. Appl. Phys., 88, 605
(2000).

8. S. K. Heeks, J. H. Burroughes, C. Town, S. Cina, N. Baynes, N.
Athanassopoulou, and J. C. Carter, SID, 31 (2), 518 (2001).

9. J. Kido, K. Hongawa, K. Okuyama, and K. Nagai, Appl. Phys.
Lett., 63,2627 (1993).

10. Y. Yang and A. J. Heeger, Appl. Phys. Lett., 64, 1245 (1994).

11. R. E. Gill, P. Van de Weijer, C. T. H. Liedenbaum, H. F. M.
Schoo, A. Berntsen, J. J. M. Vleggaar, and R. J. Visser, Optical
Materials, 12, 183 (1999).

12. N. H. S. Lee, Z. K. Chen, S. J. Chua, Y. H. Lai, and W. Huang,
Thin Solid Films, 363, 106 (2000).

13. H. Becker, O. Gelsen, E. Kluge, W. Kreuder, H. Schenk, and H.
Spreitzer, Synthetic Metals, 111, 145 (2000).

14. Y. Yang, Q. Pei, A., and J. Heeger, J. Appl. Phys., 79, 935
(1996).

15. M. Berggren, O. Inganas, and G. Gustaffson, Synthetic Metals,
71,2185 (1995).

16. L. H. Chan, R. H. Lee, C. F. Hsieh, H. C. Yeh, and C. T. Chen,
J. Am. Chem. Soc., 124, 6469 (2002).

17. R. Friend, J. Burroughes, and T. Shimoda, Physics World, June,
35 (1999).

CERMELELBBUREREMIRL  HEBHIEMNK
REARECIRABELE -

* Rong-Ho Lee received his Ph.D. in chemical engineering
from National Tsing Hua University. He is currently an
assistant professor in the Department of Chemical
Engineering at National Yunlin University of Science &

Technology.

FHEIAE _+/1 65— 93.8 29



