
 

 

Abstract 

We fabricate green device having unique life time 

characteristics of operating voltage reduction with 

time, ΔVop <0. A green device needs lower voltage 

than initial voltage for sustaining constant current as 

life time goes on. It means there are two possible 

reasons; one is interface modification between anode 

and HIL due to oxygen plasma treatment and the other 

is bulk property modification due to combination of 

new green host and new green dopant. From these 

materials and oxygen plasma treatment, we can make 

white OLED device having the characteristics of low

ΔVop increasing. 

 

 

1. Introduction 

 

Organic light-emitting devices (OLEDs) are one of 

the most promising technologies for full color display 

and lighting applications due to their advantages of 

low power consumption, large viewing angle, high 

contrast ratio, and fast response. Especially white 

OLEDs with color filter and a-Si TFT substrate are the 

best combination for large-sized full color AMOLED 

TV because white OLEDs is capable of high 

resolution, low cost, fine metal mask needless process 

also, a-Si TFTs have uniform images and cost effective 

process due to smaller steps than that of poly-Si 

TFT[1-3]. 

However, these combinations have some issues that 

should be solved for mass production. White OLEDs 

have poor color purity and a lot of organic interfaces 

[4] which may shorten panel’s life time. Also, the 

threshold voltage shift of a-Si TFTs over time is a 

critical issue to degrade the image quality on 

AMOLED panels. The most important thing is, since 

OLED is a current driving device, the active matrix 

needs a driver circuit with at least two TFTs to control 

the driving current. Although a-Si TFT is well-

developed in LCD business, the stability of a-Si is 

poor at a current-driven device, the shift of threshold 

voltage happens due to electrical stress over time. 

There are many researchers trying to solve these 

problems with many ways, for examples, current 

driving compensation, voltage driving compensation, 

inverted OLEDs etc [5-7].  
However, since OLED is placed on the source node of a-

Si TFT in the conventional 2-TFT pixel circuit and IOLED is 

determined by VGS of the driving TFT, the constant current 

operating voltage change in OLED (ΔVop) raise the source 

voltage of the driving TFT to decrease the driving current[7]. 

Therefore, for the mass production of large sized white 

OLED TV with a-Si TFTs, we should solve not only a-Si 

TFT instability of electrical stress but also minimize the Δ

Vop of white OLEDs. 

In this paper, we show unique green device, which 

decreases the operating voltage (minus ΔVop of 

OLED) as time goes on. We make white OLEDs with 

stacking of voltage increasing normal red, blue and 

uniquely developed (voltage decreasing) green. Finally, 

we demonstrate white OLEDs which have minimized 

ΔVop of OLED. 

 

 

2. Experimental  
 

We have fabricated two different fluorescent green 

devices as shown in Fig. 1.. The device with [Green 

host A and Green dopant A] is reference having 

normal characterizations of increasing-operating-

voltage and that with [Green host B and Green dopant 
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B] is newly developed device with decreasing 

operating voltage. 

Also, we have fabricated white OLEDs with 

stacking of R, B and G of not only Green A (host A + 

dopant A) but also Green B (host B + dopant B) in 

order to evaluate whether unique green host B and 

dopant B affect the ΔVop of white or not. The plasma 

pre-treatment (PT) has conducted on the transparent 

anode (IZO) with oxygen, and then the samples are 

transferred to the organic chamber under vacuum. 

The Current-Voltage-Luminance-Efficiency (IVLE) 

characteristics are measured by DMS-401 spectra 

photometer and a Keithley 2400 source meter. The 

lifetime measurements were performed at room 

temperature at a constant current of 50mA/cm2 to 

compare ΔVop of OLED at same electrical stress 

conditions and finished at 80% of initial luminance. 

The measured data are fitted to ignore the minor noise, 

but no big changes in trend are observed. 

 

 

 
 

Fig.1. The structures of normal and unique green 

mono devices ; Green A : host A + dopant A, Green 

B : host B + dopant B. 
 

 

3. Results and discussion 
 

Fig.2. shows the lifetime data of Green A and Green 

B devices at constant current density, 50mA/cm2. As 

shown in Fig. 2, in case of PT(X) devices, Green B 

shows lower ΔVop than that of Green A, whoseΔVop 

is still increasing. Also, Green A with O2 PT shows 

positive ΔVop. By the way, Green B with O2 PT 

shows a unique lifetime phenomenon of ΔVop < 0. It 

means there are two possible reasons; one is interface 

modification between anode and HIL due to O2 plasma 

treatment and the other is bulk property modification 

due to combination of alternative green host B and 

new green dopant B. Also Fig. 2 show that new green 

host and dopant B affect much more than O2 PT 

relatively. 

In order to verify these phenomena, we measure 

IVLE characteristics after finishing lifetime 

measurement (LTM) as shown in Fig. 3. It is normal 

behavior that luminance at constant current density 

decreases with lifetime measurement. Also, it is 

natural that voltage for sustaining constant current  

increases during lifetime measurement because of 

degradation of organic materials. On the contrary, our 

unique Green B needs lower voltage than initial 

voltage for sustaining constant current density. 

 

 

 
 

Fig.2. Lifetime graph of Green A and Green B at 

constant current density of 50mA/cm2. 

 

 

 
 

Fig.3. (a) Luminance vs. Voltage characteristics at 

100% of initial brightness (Bef. LTM) and those at 

80% (Aft. LTM.) 
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Fig.3. (b) Current density vs. Voltage characteristics 

at 100% of initial brightness (Bef. LTM) and 

those at 80% (Aft. LTM.) 

 

 

We make white OLED device with Green B 

structure instead of Green A. As shown in Fig. 4, 

Green B and O2 PT affect ΔVop in the white device as 

well. This result may instruct us that Green B changes 

the white OLED properties. Moreover, ΔVop of white 

OLED will be improved more if other emitters, which 

behave like Green B, are investigated.  

 

 

 
Fig.4. Lifetime graphs of White A (white OLED 

with Green A) and White B (white OLED with Green 

B) at constant current density of 50mA/cm2 

 

 

For even white OLED with long lifetime, the 

monochrome devices with new materials need to be 

checked its operating voltage change with time, since 

it is the realistic way to expect the panel lifetime 

compared to the conventional constant current 

measurement method. 

 

4. Summary 

 

It is important that ΔVop of OLED is to be 

minimized in order that white OLED and a-Si TFT is 

to be the best way for mass production of large sized 

AMOLED TV. 

We have found a green device having unique 

lifetime characteristics of ΔVop < 0. The green device 

with oxygen PT needs lower voltage than initial 

voltage to sustain constant current. It means that there 

are two different effects; one is interface modification 

between anode and HIL due to O2 plasma treatment, 

and the other is bulk property modification due to 

combination of new green host B and new green 

dopant B. From these materials and O2 PT conditions, 

we can make white OLED device having the 

characteristics of lowΔVop increase. 
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