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Organic light-emitting diodes (OLEDs) have been 

intensively studied for practical use as displays in 

electronics [1], where the improvement of device life 

time is one of main research subject. As a result, the 

luminance decay is measured to estimate the OLED 

life time. Lots of origins are considered to account 

for the decaying mechanism, on the basis of the lu-

minescence-time (L-t) curves recorded. Electrical 

breakdown during the device operation is consid-

ered as one of the most important origins. In the 

field of electrical insulation engineering, “Elec-

tro-luminance (EL)” is well-known as pre-electrical 

breakdown phenomena of insulators which are be-

ing subjected to high electric fields [2,3]. Therefore 

detection of EL related to “pre-electrical breakdown 

phenomenon” will be helpful to study the OLED life 

time. In our previous study using indium-zinc-oxide 

(IZO)/tetracene/Al diodes [4], we showed that EL is 

activated via intrinsic EL process through elec-

tron-hole recombination process in bulk, but EL can 

be also activated via interfacial states. Interestingly, 

these two ELs were enhanced at different wave-

lengths. Further we could show that there are two 

EL modes in IZO/-NPD/Alq3/Al diodes, depending 

on charge accumulation at the double-layer inter-

face, and so forth, by using the electric-field-induced 

optical second-harmonic generation (EFISHG) 

measurement that is capable of directly probing 

electron and hole behaviors [5]. Results motivated 

us to detect pre-electrical breakdown phenomenon 

induced in OLEDs by using the EFISHG measure-

ment. 

In our previous study using the EFISHG meas-

urement, we showed that excessive holes are being 

accumulated at the -NPD/Alq3 interface during 

the ordinary EL emission is activated [6-8]. In this 

study, we focused on the detection of pre-electrical 

breakdown in OLEDs by using the EFISHG meas-

urement. 
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Figure 1: Optical arrangement and IZO/-NPD/Alq3/Al 

OLEDs used here. 

Extended Abstracts of the 2013 International Conference on Solid State Devices and Materials, Fukuoka, 2013, 

- 1120 -

N-2-2
pp1120-1121



Here (3) is the third order susceptibility, E(0) is a 

local DC field, and E() is electric field of the laser 

pulse. The electrostatic field E(0) in -NPD layer is 

described as sum of an external field by charges Qm 

on electrode and a space charge field caused by 

charge Qs accumulated at the -NPD/Alq3 interface 

due to the Maxwell-Wagner effect [8,9]. That is, 

modeling the IZO/-NPD/Alq3/Al diodes as a dou-

ble-layer dielectric system, the electric field E(0) is 

given using charge Qm induced on electrode, and 

interfacial charges Qs1 and Qs2 as 
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 By using the EFISHG measurement, 

pre-breakdown phenomena of -NPD/Alq3 OLEDs 

was studied. Luminance decayed in a 3-step process 

(1) initial EL rising process, (2) luminance decaying 

process, and (3) electrical breakdown process. 

EFISHG measurement showed that interfacial 

charge Qs1 at the -NPD/Alq3 is nearly constant, 

but additional electron charging Qs2 leading to the 

pre-electrical breakdown is detectable by means of 

the EFISHG. 
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