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Red Color Enhancement of White Light Emitting 
Diode by Doping Alq3 Layer with DCM 

SANG WOO PYOa, HAN SUNG LEEa, JUNG SO0 KIMa, 
DON SO0 CHOIb and YOUNG KWAN KIMb 

aSchool of Electrical & Electronics En&, Hongik Univ., 72-1, Sangsudong, 
Mapogu, Seoul 121-791, KOREA and Dept. of Chem. Eng., Hongik Univ., 

72-1, Sangsudong, Mapogu, Seoul 121-791, KOREA 

Several lanthanide complexes such as Et~(’lTA)~(Phen), Tb(ACAC)s(Cl-Phen), and 
Tb(ACACh(Phen) were synthesized and the photoluminescent (PL) and electroluminescent 
(EL) characteristics of their thin films were investigated by fabricating the devices having the 
structures of I~~D~ACAC)3(CI-Phen)lEu(lTA)3(Phen)/Alq+i:Al  and 
ITO~~PD~ACAC),(P~~~)/EU(T’A)~(P~~~)/DCM doped A l e /  Alq+i:Al. The role of 
DCM in A l e  layer was explained using energy band diagrams of these OELD structures. 

INTRODUCTION 

Organic lightemitting diodes(0LEDs) have attracted much attention 
because of their possible application as large-am light-emitting 
displays.[l],[2] Especially, the need for white light emitting diodes and 
back-lights has spurred interest in the p r e p t i o n  of white light emitting 
devices so that red, green and blue would be conveniently available from 
one device. However, a major disadvantage of OLEDs is related to their 
instability under nonnal operating conditions and a lack of long lifetime 
reliability remains.[2] In this study, we prepared white OLEDs by 
incorporating several organic layers with aluminum-tris(8-hydroxy- 
quinolineXAlq3) doped with 4-(dicyanomethylene)-2metyl4-(p-dim- 
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ethyl-laminostyryl)-QH-pyren(DCM) as the red emitting layer, which 
allow simultaneous emissions of red, green and blue lights to give a 
white light, The electroluminescent characteristics of the OLEDs with 
multi-layer structures was investigated and explained using the energy 
band structures of electroluminescent devices, which were measured 
using cyclic voltammetry.[3],[4] 

EXPERIMNTAL 

In this study, glass substratdTO/TPD(30nm)/Tb(ACAC)3(CI-Phen)(30 
nm)/Eu(TTA)3(Phen)(5~n)/non&pcd Alq3( lOnm)/Alq3(20nm)A.i:AI 
and glass substrate/lTO~D(30nm~ACAC)~(Phen)(3Onm)/Eu 
(TTA)3(Phen)(Snm)/DCM doped Alq3( IOnm)/Alq3(20nm)/Li:Al 
structures were fabricated by vapor deposition method, where the N,N- 
diphenyl-N,N-bis(3-methylphenyl)- 1.1 '-biphenyl-4.4'-diamine(TpD) 
was used as a hole transporting and also blue-light emitting material, 
Tb(ACAC)j(CI-Phen) and Tb(ACACh(Phen) as a green-light emitting 
materials, Eu(TTA)3(Phen) and Alq3 doped DCM as a red-light emitting 
materials and Alq3 as an electron transporting material.[2],[5] 

(a) WTTAMPhen) (b) Tb(ACACh(Phen) 

og+2:], w&a, I X B  

(c) Tb(ACAC),(Cl-Phen) (4 DCM 
FIGURE 1. The molecular structures of Tb(ACAC)3(Phen), 
Tb(ACAC)3(CLPhen) Eu(TTA)3(Phen) and DCM used as an emitting 
material of the OLED fabricated in this study. 
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The layers of various organic films were deposited by vapor 
deposition on the patterned ITOaated glass substrates, where the 
details on the cleaning and deposition conditions were published 
elsewhere[l],[S] and the IT0 coated glass substrates with a sheet 
resistance of 30 8 x7 was donated by Samsung Coming Co.. Ltd.. The 
light emitting area of the devices was 8 d ( 4  m0x 2 100). The WNisible 
absorption spectra of the TPD, Eu(TTA)@hen), DCM, Tb(ACAC)a(Cl- 
Phen), Tb(ACACb(Phen) and AIq3 films on the quartz glass slide were 
measured with HP 8425 diode array spectrophotometer. Current-voltage 
(I-V) characteristics of the film along the direction perpendicular to the 
substmte were measured using Keithley 238 electrometer. 

RESULTS AND DISCUSSION 

The spectml behavior of the organic materials used has been studied in a 
form of thin films and the UV/visible absorption and photolwninescent 
(PL) spectra of Tb(ACACh(Phen), Tb(ACACh(C1-Phen), Eu(TTAh(Phen), 
Alq3, DCM and TPD were the same as shown in the literaturcs.[2],[5] 

m I i e u n n n  L, I I* IN 
V d c y S  IVl V d w  PI 

(a) (b) 
FIGURE 2. The current density-bias voltage (J-V) and the log(J)-log(V) 
characteristics of OLEDs with the structuns of ITOmDD'b complex/ 
Eu(TTA)3(Phenynonaopednondoped or doped AIqdAIqfii:Al. 

Fig. 2 (a) shows the current density-bias voltage (J-V) characteristics 
of OLEDs with the structures of ITORPDD'b complex/Eu('ITA)3(Phen)/ 
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nondoped or doped Alq3/Alq3/Li:Al. It was found in Fig. 2 (a) that the 
OLED using nondopd Alq3 as an electron transporting layer has a 
higher current density at the same driviag voltage. This seems to be due 
to the diffemce in charge carrier injection and transport characteristics 
between the undopcd Alq3 and the DCM doped Alq3. Fig. 2 (b) shows 
the log-logV charactaistics of the OLEDs with the structun of 
ITOmDm cornplex/Eu(TTAh(PhenPhm)/nondoped or doped Alq3/Aiq3/ 
Li:WAI. The current density (I) is pmportiona~ to P over e i ~  
decades of the current for the OLEDs with nondoped and doped Mq3. 
which can be explained by the proposed trapped-charge-limited current 
(TCLC) and spacacharge-limitcdtedcunsnt (SCLC).[5] 

Wavelength [nmJ Wavelength [nmJ "=.- 1-1 

(a) (b) 
FIGURE 4. Schematic energy band diagrams of the OLEDS with the 
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structures of (a) ITO/TPD/Tb(ACAC)3(CI-Phen)/Eu(TTA)3(Phen)/Alq~/ 
Li : Al and (b) ITO/TPDKb(ACAC)3( Phen)/Eu( lTA)3( Phen)/M=M 
doped Alq~/AlqAi:Al obtained by using cyclic voltametric method. 

It was shown in Fig. 3 (a) and (b) that both EL spectra show the three 
peaks at the wavelength of 405-406 nu, 544-548 nm, and 61061  I nm, 
which seem to be due to the emission from the TPD. Tb ion, and Eu ion, 
respectively. These phenomena can be explained in the energy band 
diagrams of these devices shown in Fig. 4, where electrons and holes are 
trapped in DCM doped Alq3. 

CONCLUSION 

In this study. it was found that the tum-on voltage of the device with 
nondoped Alql was lower than that of the devices with doped Alq3 and 
the blue and red light emission peaks due to TPD and Eu(lTAh(Phen) 
with nondoped Alq3 were lower than those with DCM doped Alqs. 
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