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ABSTRACT: Due to its thin geometry, the luminance output of an OLED  
can be profoundly affected by the presence of unwanted charge due to 
capacitance effect. Thus, the optimum discharge time is necessarily crucial  
to be identified, so that the occurrence of the surplus charge can be  
fully terminated. However, studies on the discharge time of OLED were 
occasionally reported, indicated that this issue remains unexplored. 
Therefore, the objective of this paper was to study the effect of discharge  
time on luminance output of OLED. In this study, the on/off cycles  
approach was employed by which the OLED samples were switched-on (Ton) 
and -off (Toff) at specific times. With constant voltage and current supply,  
the Ton was fixed at 1 s, whereas the Toff were validated at 1 s, 10 s, 20 s, 
30 s and 40 s. The stability of luminance output was captured by using a  
chroma-meter, carried out in an in-house black-box. The optimum discharged 
time was found at Toff 40 s and the results demonstrated that the luminance 
output was mostly dependent on the discharge time. The attained data 
emphasized the significance of determining the optimum discharge time of 
OLED to ensure the luminance output is accurate and reliable.
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1.0 INTRODUCTION 

Since the first invention of organic light emitting diode (OLED) by 
Tang and vanSlyke [1] at Eastman Kodak, this high-end technology is 
still undergoing rapid development and improvement [2-4]. OLEDs 
are hugely demanded as they can provide an energy-saving solution 
and forecasted to be the next-generation technology for display and 
lighting applications [5-7]. In addition, OLEDs only consume electrical 
power as low as 0.01 W during their operation cycles [8]. This situation 
corresponds to almost 60 and 8 times lesser than the electricity 
consumption of conventional incandescent lamps and the existing 
LEDs, respectively. On top of that, the light produced by OLEDs is 
diffused into a large surface, which resulted in no glare-effect and is 
gentle to the eyes [9-10]. Because of the energy is uniformly applied over 
a large area, the temperature rise during operation is relatively small. 
Thus, OLEDs produce an efficient heat dissipation as compared to the 
inorganic LEDs [11-12]. To date, OLEDs have captured a substantial 
interest from the worldwide lighting and display industries including 
Philips, Osram, GE Lighting, Panasonic, Novaled, Mitsubishi and many 
other companies [13-16]. Nevertheless, due to the technical complexity 
and design challenges for practical uses, it is not surprising that OLED 
applications are considerably limited. Moreover, OLEDs’ lifetime and 
durability have always been a significant drawback towards their 
commercialization success. OLEDs are negatively affected by the 
presence of water vapor, humidity, moisture and impurities, as well as 
when operate continuously under high electricity [17-20]. 

The lifetime of an OLED is commonly conveyed and discussed with 
respect to the luminance degradation rate (duration of luminance to 
be reduced to half of its initial value). It is typically denoted as T50 (or 
LT50), which is concurring with the first published paper on OLED 
device in 1987 [1, 10]. Thus, this condition implies that the lifetime 
of an OLED is directly correlated with the luminance output [21-22]. 
In addition, one of the major factors that can significantly influence 
the luminance output of an OLED which is often overlooked is the 
discharge time of the device due to capacitance effect. 

The capacitance effect is an unavoidable phenomenon by which 
the unwanted charge is generated and stored between two parallel 
conductive materials in an electronic part. Commonly, this unwanted 
charge is also termed as stray capacitance or parasitic capacitance [23-
24]. This phenomenon is likely to occur, especially between two highly 
conducting cathode and anode plates due to their closed proximity 
to each other [25]. Principally, when the two conductors of different 
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voltage potentials are closely placed to one another, they can be affected 
by each other’s electrical field. Henceforth, they act like plates of a 
capacitor and able to store charge for a certain amount of time (acting as 
a temporary capacitor). Consequently, the presence of surplus charge 
causes the behavior of a circuit component to be deviated from its ideal 
roles and resulting in the change of intended output of a device [23]. 
Hence, a sufficient time is needed, so that the unwanted charges can be 
fully discharged.

In the case of OLED devices, the luminance output is intensified as the 
unwanted charges increase the energy within the OLEDs for not having 
a sufficient time to be completely discharged. Additionally, since most 
of the thickness of OLED layers are normally less than 500 nm [26], 
this inevitable phenomenon must be highly taken into consideration 
while conducting experiment. In this way, incorrect measurements of 
the luminance output can be prevented.

A few previous studies particularly on the capacitance behavior  
of OLED devices had been conducted. Shrotriya and Yang [27]  
found that the capacitance-voltage (C-V) performance of OLEDs  
was mostly dependent on the chosen material of the cathode plate.  
In this study, they utilized different types of material including  
calcium (Ca), aluminum (Al) and gold (Au) as the cathode plate. Two 
years later, Garcia-Belmonte et al. [28] also carried out a relatively 
similar study specifically on the effect of cathode metal on the 
capacitance of OLEDs at a different applied voltage. They utilized a 
few cathode metals such as Au, Al, silver (Ag), magnesium (Mg) and 
barium (Ba), which allowed them to vary the metal work function  
over an energy range of 2.5 eV. At low-frequency region of the  
capacitive response, Garcia-Belmonte and his co-researchers had 
discovered that the C-V curves of the OLEDs showed a dependency 
on the cathode work function. The crossover of the inductive readings 
switched from positive to the negative values. 

On the other hand, Tsai et al. [29] studied the capacitance behavior of 
different structure of OLEDs (two- and four-layers) at a low frequency. 
They revealed that the OLED’s capacitance became larger as the 
supplied voltage was higher than the built-in voltage due to diffusion 
capacitance. According to Tsai et al. [29], this event was caused by 
the super thin structure of the OLED’s thickness itself. On the other 
hand, Bender et al. [30] had proposed a method to acquire the intrinsic 
capacitance based on the theoretical equivalent model. Meanwhile, 
Zhou et al. [31] had successfully presented the numerical analysis 
based on the master equation a year later.
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However, it can be noted that no systematic studies are focusing on the 
discharge time with regards to the presence of parasitic capacitance. 
This indicates that the understanding on this crucial issue, specifically 
in the OLED field remains unexplored. Therefore, the objective of this 
paper is to study the effect of discharge time on the luminance output 
of OLED through the on/off cycles approach. The findings of this study 
may provide a fundamental knowledge of the capacitance effect, as well 
as highlights the importance of determining the optimum discharge 
time for accurate assessment of OLED performance.

2.0 METHODOLOGY

2.1 OLED Material

In this study, a batch of commercially available OLED panels were 
employed. OLED with a dimension of 53 mm × 55 mm (± 0.3 mm) was 
fully encapsulated with a glass encapsulation layer and produced the 
luminance area of about 46 mm × 46 mm. The efficacy of these OLED 
samples was approximately about 60 lm/W with color rendering index 
(CRI) of 90 Ra at correlated color temperature (CCT) of 2700 K. As 
claimed by the manufacturer, this OLED is able to sustain a lifetime up 
to 40,000 hours when operated in a room temperature of 25°C with a 
constant current density of 1.89 mA/cm2. 

Figure 1 shows the Focused-Ion Beam (FIB) cross-sectional view of the 
OLED samples through Field Emission Scanning Electron Microscopy 
(FESEM) analysis. As can be noticed, the OLED has a single organic 
layer made up of polymer-based material from poly (p-phenylene 
vinylene) (PPV) group with a nominal thickness of 400 nm. Meanwhile, 
the reflective cathode and transparent anode of this particular OLED 
utilizes aluminum-based (~200 nm) and metal zinc-based material 
(~130 nm), respectively. 
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Figure 1: Configuration of the OLED sample 

 
In a single layer of OLED structure, the polymer layer is functioned as a transport layer. 
When an electrical current is applied, the positively charged holes and the negatively 
charged electrons from the anode and cathode, respectively, are transported into the 
mutual organic layer. At the same time, the organic layer becomes the formation site of 
exciton and photon. Later, the emitted light is passed through the transparent glass 
substrate. 
 
2.2 Discharge Time Test 

 
For the discharge time test, the on/off cycles approach was employed. As mentioned 
earlier, the unwanted surplus energy in an electronic component requires an appropriate 
time to be fully discharged. Hence, through this method, the OLED panels were 
repeatedly switched-off at a specific time for 25 cycles. In this way, the optimum 
discharge time can efficiently be determined based on the behavior of the luminance 
outputs. Thus, the accuracy of the luminance readings in this experiment was thoroughly 
depending on the sensitivity of the apparatus used to capture the luminance of the OLED 
samples (which in this study, the chroma-meter). 
 
As exemplified in the cyclic diagram of Figure 2, the taken time for the samples to 
illuminate (Ton) was fixed at 1 s since it only took about 1 s for these particular OLEDs to 
be entirely stabilized. On the other hand, several switch-off time (Toff) were validated 
specifically at 1 s, 10 s, 20 s, 30 s and 40 s. The luminance readings of the OLED samples 
were recorded for each cycle. 
 

Figure 1: Configuration of the OLED sample

In a single layer of OLED structure, the polymer layer is functioned as 
a transport layer. When an electrical current is applied, the positively 
charged holes and the negatively charged electrons from the anode and 
cathode, respectively, are transported into the mutual organic layer. At 
the same time, the organic layer becomes the formation site of exciton 
and photon. Later, the emitted light is passed through the transparent 
glass substrate.

2.2 Discharge Time Test

For the discharge time test, the on/off cycles approach was employed. 
As mentioned earlier, the unwanted surplus energy in an electronic 
component requires an appropriate time to be fully discharged. Hence, 
through this method, the OLED panels were repeatedly switched-off at 
a specific time for 25 cycles. In this way, the optimum discharge time 
can efficiently be determined based on the behavior of the luminance 
outputs. Thus, the accuracy of the luminance readings in this experiment 
was thoroughly depending on the sensitivity of the apparatus used to 
capture the luminance of the OLED samples (which in this study, the 
chroma-meter).

As exemplified in the cyclic diagram of Figure 2, the taken time for the 
samples to illuminate (Ton) was fixed at 1 s since it only took about 1 s 
for these particular OLEDs to be entirely stabilized. On the other hand, 
several switch-off time (Toff) were validated specifically at 1 s, 10 s, 20 
s, 30 s and 40 s. The luminance readings of the OLED samples were 
recorded for each cycle.
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Figure 2: Cyclic diagram of the on/off cycles approach at fixed Ton and different Toff 

 
2.3 Black-Box Apparatus Setup 

 
Based on the standard set-up conditions of International Electrotechnical Commission – 
Part 6-1: Measuring methods of optical and electro-optical parameters (IEC 62341-6-1) 
[32], the luminance output of the OLED samples was required to be captured in a dark 
space. This is to ensure that there is no presence of light pollution (excessive light sources 
from surroundings) while conducting a particular test. Therefore, an in-house black box 
as shown in Figure 3 was fabricated specifically for this purpose.   

 

 
Figure 3: Schematic diagram of the in-house black-box setup 

 
The black box apparatus was equipped with a chroma-meter (Konica CS-100A), a source 
meter (Keithley 2400), connectors and holders, as well as a personal computer (PC) 
which had been installed with an industrial-customized current-voltage-luminance  
(I-V-L) characterization software. All this individual electronic equipment had been 
properly coordinated, so that they were compatibly connected and synchronously 
operated. As the OLED was activated, the luminance output was automatically captured 
by the chroma-meter. Then, the obtained data was simultaneously recorded in the PC 
through the I-V-L software. As suggested by the manufacturer, the applied voltage and 
current were kept constant at 8.5 V and 40 mA, respectively throughout the test (current 
density of 1.89 mA/cm2). All the measurements were taken at a room temperature of  
25 °C, 60% RH. 
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Based on the standard set-up conditions of International Electrotechnical 
Commission – Part 6-1: Measuring methods of optical and electro-
optical parameters (IEC 62341-6-1) [32], the luminance output of the 
OLED samples was required to be captured in a dark space. This is 
to ensure that there is no presence of light pollution (excessive light 
sources from surroundings) while conducting a particular test. 
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Figure 3: Schematic diagram of the in-house black-box setup

The black box apparatus was equipped with a chroma-meter (Konica 
CS-100A), a source meter (Keithley 2400), connectors and holders, 
as well as a personal computer (PC) which had been installed 
with an industrial-customized current-voltage-luminance (I-V-L) 
characterization software. All this individual electronic equipment had 
been properly coordinated, so that they were compatibly connected and 
synchronously operated. As the OLED was activated, the luminance 
output was automatically captured by the chroma-meter. Then, the 
obtained data was simultaneously recorded in the PC through the I-V-L 
software. As suggested by the manufacturer, the applied voltage and 



Effect of Discharge Time on the Luminance Output of Organic Light Emitting Diode (OLED)

83eISSN: 2289-8107        Special Issue ICE-SEAM 2017

current were kept constant at 8.5 V and 40 mA, respectively throughout 
the test (current density of 1.89 mA/cm2). All the measurements were 
taken at a room temperature of 
25 °C, 60% RH.

3.0 RESULTS AND DISCUSSION

Figure 4 depicts the result of the discharge time test. In general, a  
similar trend of the luminance outputs over the number of cycles 
was shown by Toff of 1 s to 30 s. It can be observed that the luminance 
values were continuously increasing towards the 25th cycle. The  
highest luminance value (final reading) was recorded at 2647 cd/m2  
by the shortest Toff which was at 1 s, followed by the Toff at 10 s  
(2646 cd/m2), 20 s (2643 cd/m2), 30 s (2640 cd/m2) and 40 s (2633 cd/m2). 

Even though the Toff of 1 s to 30 s were generally displayed the same 
outputs profile, it was noticeable that the gradient of the graph 
decreased as the Toff was becoming longer.  Besides, a constant pattern 
of the luminance outputs can be spotted concerning the switch-off 
time. The constant outline became more evident as the Toff was getting 
bigger, especially at longest Toff of 40 s. Moreover, it was also noted that 
the final luminance of the OLED was significantly diverged from its 
initial value, specifically at the shortest Toff (1 s). 
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For comparison purpose, the luminance performance of OLED was 
summarized in Table 1. It can be observed that the difference in the 
luminance output (between the final and the initial value) for each 
Toff was decreasing, corresponding to the interval of the switch-off 
time – the longer the Toff, the smaller the discrepancy value. Toff of  
1 s comprised the largest difference value from its initial luminance 
reading, which was 15 times larger than the smallest difference of the 
luminance output, which was at Toff of 40 s. From the acquired result, 
it can also be deduced that the performance of the luminance was 
extremely dependent on the operational frequency. In this study, the 
major factor that affected the operational frequency was the switched-
off time.

Table 1: Initial and final value of OLED luminance output  
at different Toff

Toff (s) Frequency 
(Hz)

Luminance output (cd/m2)

1st  

(Initial cycle)
25th  

(Final cycle)

Difference value 
(between final and 

initial reading)
1 0.500 2632 2647 15
10 0.091 2632 2646 14
20 0.048 2632 2643 11
30 0.032 2632 2640 8
40 0.024 2632 2633 1

Despite the same current density employed throughout the discharge 
time test, the luminance output of the OLEDs was still increasing. 
Contrary to the standard practice, the brightness of an OLED is directly 
proportional to the applied electricity. This occurrence was particularly 
due to the presence of capacitance effect with respect to the thin 
structure of the OLED’s thickness [29]. Additionally, the obtained result 
was in a good agreement with the previous studies which had been 
conducted by Nuo et al. [33] and Liu et al. [34]. From their studies, it 
can be comprehended that the capacitance effect was primarily crucial 
at high frequencies.

As the OLED was activated, electrons were injected out of the negative 
terminal (cathode), through the organic layer and into the positive 
terminal (anode) of the source. Eventually, the cathode became rich 
with negatively charge electrons, while the anode was occupied with 
positively charge holes. Meanwhile, the organic layer operated like a 
quasi-insulating layer (dielectric material) as the electric current was 
flowing between the two highly conductive materials. Subsequently, 
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the negatively charged atoms of the organic layer were leaned or shifted 
towards the opposite pole of the anode plate, caused the atoms within 
the organic layer to become polarized. During this time, the flow of the 
electrical current was capable of charging a large parallel capacitance, 
which allowed the organic layer to store energy for a temporary period 
[35]. 

Correspondingly, when the OLED was switched-off, the trapped 
charge (parasitic capacitance) within the organic layer was discharged 
by itself. During that state, the organic layer was functioned as the 
closed-loop path between the electrode plates. Then, the excess charge 
on one side of the electrode used the closed loop to balance out the 
charge, as illustrated in Figure 5. The excess electrons from the negative 
terminal of the OLED was moving towards the positive plate of the 
device (and vice versa) to allow the charge balance to occur. However, 
the charge balance process requires some time to ensure the parasitic 
capacitance can be completely discharged.
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Therefore, when the trapped charge did not have a sufficient time to 
discharge, it intensified the luminance output as the energy within the 
OLED had become greater. This mechanism model was consistent with 
the obtained luminance result, which explained why the Toff at 1 s to  
30 s exhibited the highest luminance output. Since electrical current  
had been injected into the OLEDs, it did not have sufficient time to be 
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fully discharged. Thus, the remaining charge increased the luminance 
output of the OLED at the given constant voltage and current. 
Conversely, it can be postulated that the OLEDs acquired an efficient 
time to perform the discharge process at Toff 40 s. 

Besides that, for the determination of the optimum discharge time, the 
difference of the luminance output was fixed to be at least 1 cd/m2 or 
less. This ensured that the trapped charge within the OLEDs’ layer had 
been discharged, as well as to signify a constancy and uniformity of the 
luminance output between the initial and final cycle. Apparently, Toff 

at 40 s was able to meet this condition, and hence, it can be stated that 
the optimum discharge time for the tested OLED can be verified at 40 s.

4.0 CONCLUSION

In summary, this study demonstrated that the performance of the 
OLED’s luminance output was significantly influenced by the duration 
of discharge time. Even at a constant current density, the shorter Toff 

showed a considerable discrepancy reading of the luminance values as 
compared to the longer Toff. This condition was indubitably affected by 
the occurrence of unwanted charge due to thin structure of the OLED 
samples, allowing the organic layer to act as a temporary capacitor 
and resulting in the change of the luminance outputs of the OLED. 
Hence, the discharge time of an OLED was vital to be attained to avoid 
any misleading numbers and information. The collected results from 
the discharge time test proved the importance of determining the 
discharge time of an OLED to ensure the accuracy during the valuation 
process and reliability of the obtained data. This study had successfully 
determined that discharged time for these particular commercial 
OLEDs was at 40 s. Future works will cover the effect of discharge time 
on the luminance output by using multiple layers of OLED along with 
the statistical study of the obtained results.
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