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EL Mechanism and Properties of Organic LED Doped with DCM and Sq Dye
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Abstract

To obtain highly pure red emission, we prepared Organic light-emitting-diode(OLEDs) with a fluores-
cent dye-doped emission layer(Alq3) by vapor deposition method. The OLED has a double-layer struc-
ture,. The hole transporting layer is a triphenyl diamine(TPD), and the emission layer consists of
Aluminum quinoline(Alq3) doped with squarylium(Sq) and dicyanomethylene(DCM) dye. We discussed
the electroluminescence(EL) and electrical properties with doping concentration, EL spectra of the speci-
mens with two dyes doped emission layers do not show the peak due to DCM(560mm) and Alq3{520am),
and only the EL spectra from Sq(670mm) can be observed at Sq(10md%)-doped Alq3 LED. Because
DCM molecules act as a energy transfer site in Alg3 molecules, EL efficiency and Luminance of DCM
molecular and Sq-doped specimen -are 2~3 times higher than those of only Sq-doped specimen. The

energy -transfer process from Alq3 to Sq through DCM is thought to exit in the Sq and DCM doped

Alq3 LED,

Key Words(ZR280{) : Organic light-emitting-diode( 77| ZAXL), red emission( XYW H), double-layer
structure(2& X)), two dyes doped emission layers(28 A4 ©H YiE)
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Fig. 4. EL spectra of Alg3, Alq3+DCM(0.5
md%), and Alq3+Sq(0.5md%) speci-
.mens

a¥ 5ol 2849 A8 glojMe HE RY¥
vehiic, 29AA € & %ol 0.1A/as] AR
QEAA Alg3wts] Al¥& 2900cd/m, DCMe] =
PE AJ¥o) 6400cd/m?. Sq7t £HE A¥o]
11cd/ms] M= Uiz k. DCMe] =48
Alge] Alq3te] AEng $ixst gor, Sq7t =
B ARL Alq3vis] ARERE Wojd Ae 19
3914 & 4 f1%e] DCMe] Alq3d] AvxAe&
Yo A YRR&& F/MIE S2AS qUE 8L
Ad& € & AL SqE EUE WHo] FisH



gajolergds 2701 E 44 29 #7] LEDS] A7 &% 717 % FA-eeoee 84, Y8

=4, o2& Sqe) EF A48 FUE Aelost
Sqel EYsx ¥EAFe] dojvt ?%%57} yo}
AR LS 21%!4[5] : :

10°F «* =
10’} ‘ . » .
T . . a

10° P s

w't . . . Alg3

10

10

Luminance [cd/m” ]
t ]
»

s Alq3+DCM
4 AlQ3+Sq

. 10" 10°
Current density [A/cm® )

. . R
10 10 10° 10?

0l 5. Alg3, Alg3+DCM(0.5md%), Alq3+
Sq(0.5md%) AW HE ®AY

Fig. 5. EL spectra of Alq3. Alg3+DCMI(0.5
mi%), and Alg3+Sq(0.5md%) speci-
mens

ez HER 27717 AAAE SquL¥

A2E §3I2 8o EY¢ 2 Z2E FISAME

AlQ3’t ¥23x &€& ¢ 4 AT A} Y

URL 4§ 4 ANg. =¥ DCMIE= €2 oy
2 Agd] ¢ ¢RAYE AL 4 glde A& &
& ANt

DCMES] 9 M e ¢ 5 4§ 2&
4 ¢l7] d8cl DCMS] £4o2 URYdE 303
o2 o)§A1 Alg3+DCM(0.5md%)e] AHE
2EAQER 33, €F ¥& A4 9& Sqi2 ¥
=382 A Alg3o 2R E DCME& Af8s Sq=
il Aol R4S, HAYR3} ALY T
7HE $1# Sq 5md%, 10md%, 15md%& DCM 0.5

%St §2 =9 ITO/TPD/Alg3+Sq(5, 10, -

150d%) + DCM(0.5nd%)/AILIS] TF22M ¢3%

49 SqEHFE JEuAE a9 6o e
aYAA ARREE 25m/are]iTh,

Sq(5md%) s} DCM(0.50d%)7F 28 Alg3 LED
£ DCM} 8¢ ¢ ojo]a 570ms} Sqol 218 w3
Hoja 667m7} @SR en, Sqd =9F F7d
w2} DCMe] 8¢ Hojae glojAx w3 Adiyo]
ag FRPYdoer 7 667m(Sq SmdHEX),
67000(Sq 10md%EX), 679mm(Sq 15dHBEZ)E ]

912

Foiol, WAREE F28E € 5 A oL §q
s E& QIS TFIEL BolER

- pELgl WAt Ad sz ¢ 4 .

10}
dopad with DCM 0.5mol%

08}

08}

8q Smol%
£q10mol%
Sq15mol%

04}

o2t

EL intensity {arb. unit]

0.0 rae— A

500

700 . 8cs

Wavelength [nm]

218 6. ITO/TPD/Alq3+8Sq(5, 10, 15md%) +
DCM(0. 0.5md%)/AlLi Al el &384

Fig. 6. EL characteristics of ITO/TPD/Alq3+
Sq(5, 10, 15md%)+DCM(0, 0.5md%)/
AlLi specimens

2 HE W WREREY

29 74d+& 1ITO/TPD/Alq3+Sq(5. 10, 15
nd%) +DCM(0, 0.5xd%)/AILI 28| NEE AF
Yo & HEHgdo] A Yehug. a9l
M 0.1A/are] ARYEDH HEE Sq9 EF¥ESL
5md%6Ql A9 ¢F 12cd/m?, DCM& 34 E3¢ A&
£ 40cd/woltt, Sq¥ ¥EZ 10md% 2%
1.1cd/m*, DCM& §A =98 AEE 2.2cd/m ©]
. Sq8) ¥E7} 15d%Q) BFE 9§ 0.3cd/m 2
2 DCM# #4 =3¢ Alus S934A @& A&
v & Ut} 288 ¢ 5 Ak weEbA Sqiie
E9%E7t 71 wiet DCMEBS AdE Ho
A& & 5 o]z & SqMAe $EV ¥ A

o DCM9] A Ag 7} Yojupsl-Ael F

4€ AzjolEol Squad E£HE ¥4 £322 3
J o153 193 & Azt 43¢ 5 o

39 8dlE 29 7 AR @ ARYE FE
EHEERYE Uik «rid vEhd ¢33 R
&€ 3 B 48 ol gt (s]).

7[k/W)=x - Lcd/n?)/(VIV] - J[A/n?])



L ]
10’ g * .
]
. ' E . o®
- o ,‘ . . o ° .
% i ¢ o At N
© ' a )
. N a

S—t a

10* 1 .o ‘A . 0 /.

‘e a,s o *
. a a0 K
| =4 10" .: AA‘ . © o
£ s . o
§ &A“ ° ¢
3 L ]
10° sc e o .
10° 10* 10" 10°
Current density [A/cm * ]
o 8q5 4 8q10 o Bq15

e Bq50CMO.8 a SqI10DCMD.S o 8q15DCMO.S

8l 7. ITO/TPD/Alq3+Sq(5, 10, 15md%)+
DCM(0. 0.5md%)/AILiI N¥S A{E
Ed ge =Ry

Fig. 7. The luminance vs. current density
charateristics of ITO/TPD/Alq3+
Sq(5, 10, 15md%) + DCM(0, 0.5md%)/
AlLi specimens

°47V~1 e VH}E& L&- ﬂs Ve v}:w J

& ARUEed,
0.1A/cs] BHUEA Sq 5md¥% =P A BAA
DCMe] £ H A8 ¢ 6.5x10° /W, v]E3A|

e}
107¢ . .
oo ® * -
. L ]
. o © ©° °o
L[] o e ©
10‘& P °
= F e O
o0
: “.““‘.‘.“ s aa as ,
. L4425 4,4 a8 4
°
104 ° s o0 o
L-IJ’ . * v ® @0 e
- 10 107 10" 100
Current density [A/em 1
o Sqg5 a 8qi0 o 8qi15

e 8gSDCMO.8 & SQ1I0DCMOS5S ¢ SqI5DCMOS

22l 8. ITO/TPD/Alq3+Sq(5. 10, 15md%) +
DCM(0, 0.5md%)/AILi A ¥ HHT
Eo g ¢3R4

Fig. 8. The EL efficiency vs. current density
charateristics of ITO/TPD/Alq3+
Sq(5, 10, 15xd%) +DCM(0, 0.5md%)/
AlL{ specimens

BAAAA YN EEA Vol 12, No, 10, October 1599,

BE ¢ 2.7X10"h/Wel2 Sq 10md% EPA| R

.4 DCMo| &3¢ A8+ ¢ 3.9%10%h/W, 1] &

PYARE o 2X10°k/Welv], Sq 15md%ABANM
£ & A7 g1e§ ¢ 4 st

3.3 ouix| clojolOd & ol B8t @

ag 9e T2 ALY ITORBATS) AlLL
&9 ¥+ ¥4 TPD, Alq3, DCM., Sq #7)
A &8sl HOMO, LUMOEH & Vet <74
F&9] Y5 #7) #A9 ojen e oY)
4719 A4 FAA £49% A (atmosphere
ultraviolet photoelectron analysis device)
(RIKEN, AC-1)& ol-8%5i.

Sq¢t DCMe HOMO, LUMOESIE Alq3y
HOMO, LUMOEHS W& sid, &3 Sq9
HOMOZ§ & LUMOES v|#] Alq3cl oisiA

- e A9 led, TPDRYE ¥ #24 gt

Sql =3%e] A ¥E¢ A¥ Alq3s) HOMO,
LUMOZ41sl 3F, AA= Sqs} DCMS| HOMO,
LUMO#$¢] E@5|32 DCML g% Alg3=9]

_duA vl Qelt ERE &) 378 .
aeu Sq8l EF%0] T $EQ B4 Alg3el Sq¥

27 BA50} A& WAz a437] g4 Alg3
2 F59] olFt AP (FF)E Alq3Z °¥
2] £34 9. HOMOEH7T ¥ Sqsl 44
Ha¥ e I} EFAF =2 oS ATH
TPD&2E ol§dte A} F7istd AAY &
o] Welxict, wetd DCMoERE Alg3d iz
7t AesA £33 SqA2ws] W] Yedr,

Vacuum level

— 442ev 1
Alg

TPD iq3
542¢V  5.68eV

AL

T 2%V .
vl SeV
. 2
DCM
5.3eV

EncrgyleV]
[

50leV

a8 8. ITO, TPD. Alg3, DCM, Sq. AlLiS
A toloj2 g

Fig. 9. The energy diagram of ITO, TPD,
Alq3, DCM, Sq and AlLi



Aol QA3 LF o2l g M& £ §7] LEDS] A7l €F 717 R Foeeeer ¥4, 9%

°]2& Alq39] HOMOEHd Aol A& FA F
15)x) R8}7] vl Alq3s) HOMO, LUMOES
A8l AAYge] FAeg, wEAAM iz olF§
T A8 YAE F¢ Sq8) $IE FU18
A ek, § Alg3s) AT AL FHelA
Ao Ay AT o|FY] 44 7] G A
RYUES 3/H8n AdY BEE WA TEA ﬂE
R ERE &l ‘;M’S& & 4 UKt

4. x B

¥ AFdME €E BL JAUBE Q7] A%
A¥ 4222 Evd dov(TPD). ©F%
s2ME 2o #(Sq)% HAlolxvEA
(DCM)+& Alq3d] £3217 238 #7ILED® 3%
4y sit] Ao} 29 = BE A7) ¢33
3 4713 Rg& eS| st Fe JEE U
o}

1) DCMS| A7t i) Alq3 #7) &% &34
TF2dEYL FRPIqges o Fged,
DCM¥-aHe Alq3 #2} viold fuixig AolER

487 9gd DCM E%AEe] ELEES HE
t 29 ge ARu 234 ¥ttt Sqol A
7t ¢E ®e AAERE Yo wBRge]

el & dsich

2) ¥%3 Sqlomd%St DCM& 7 =3¢ A
o4 DCM3} Alq3s] @3 FelaE gislen,
Sqel ¢ Holawt gy, EW Sq EF =
PAlguct DCMo] $7 =3¢ A&7} 0.1A/ars]
ARUEAAM ¢ 2409 EHAdo] TIIHE € &
Al

3) AYAALH}AL Sqst DCME TN =3
Al Alq3 LEDAIMY] euiA] Ae 33L& Alg3=
#E DCM# ¥4 Sq2 ojfojAtx & 4 Ut

2o Exoz URNE QUYL ¢ Ao} A&

o ¥E 2%o2 WREEo] FLHAY, 32EA

g23E SYAR oA Aol HsEs
AEAEY URAMEYS EYHLY B Foaw
Ego] YN ARG HYHY LB L A

. AR TYE Y5 ASE gt

914

#ngd

1) M. Pope, H. P. Kallmann and P. Magnante,
“Electroluminescence in organic crystal®, ],
Chem, Phys., Vol. 38, pp. 2042-2043, 1963,

2) C, W, Tang, and S, A. VanSlyke, “Oragnic

" electroluminescent diodes”, Appl. Phys.
Lett,, Vol. 51, pp. 913-915, 1987.

3) C. W, Tang, S. A. VanSlyke and C. H.

Chen “Electroluminescene of doped organic

thin films™, J. Appl. Phys., Vol, 65 pp.
3610-3616, 1989,
4) C. Adachi, S. Tokito, T. Tsutsui and S.

Saito, “Organic electroluminescent device
with a three-layer structure”, Jpn. J. Appl.
Phys, Vol. 27 pp, L713~L715, 1988,
5) H. G. Kim, T. Mori, T. Mizutani and D. C.
- Lee “Electroluminescent properties of organ-
‘ic light-emitting-diode doped with squaryli=
um dye” T. IEE Japan, Vol. 188-E, No. 4,
pp. 223-228, 1998.
6) K. Y. Law, “Squaraine Chemistry.”, J.
Phys, Chem. Vol, 91, pp. 5184-5192, 1987,
7) T. Mori, KMiyachi and T. mizutani, “A
study of the electroluminescence process of
an organic electroluminescence diode with
an Alq3 emission layer using a dye-doping
method”, J. Phys. D : Appl. phys., Vol. 28,
pp. 1461-1467, 1995,
8) ¥BNZ, AR F =22, 77rEKEH,
pPp. 139-142, 1995_.



