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Abstract 
A self-designed, written in labview, Organic Light-

Emitting Diode junction temperature measuring 
program was used to calculate the internal junction 
temperature for devices during operation, and an 
infrared thermometer was used to measure the backside 
temperature of the device substrate, to discuss the effects 
of the junction and substrate temperature difference to 
the characteristics of the device. 

 
 

1. Introduction 
 

Organic light emitting diode (OLED) [1] is the new 
generation for flat panel displays. But the pixels of a 
conventional OLED display are mostly of low-
emitting structure, often blocked by the thin film 
transistor and data line, and hindering the proportion 
of light passing through. In order to enhance the 
opening rate so that the active panel would not be 
affected by TFT, top-emitting OLED research is an 
inevitable trend [2, 3]. Since the production of 
TEOLED on a glass substrate results with uneasy 
dissipation of the temperature, therefore the high 
thermal conduction coefficient copper substrate was 
used to fabricate top-emitting OLED. With reference 
of the LED junction temperature measuring methods 
[4, 5] the organic top-emitting device was produced 
on different substrates, and discussed how the 
different substrates affected the internal junction 
temperature and optoelectronic characteristics of the 
device. 

 
 

2. Experimental 
 

In this study, the OLED devices were fabricated on 
glass and copper (Cu) substrates. Before deposited the 
metal anode, ultrasonically cleaning the substrates in 
proper order with acetone (8 minutes), methanol (8 
minutes) and de-ionized water (DI-Water) (8 minutes). 
After blow drying with a nitrogen, the glass and Cu 
substrates were baked in an oven at 100  for 10 min.℃  
Cu substrate surface was then spin-coated the LED 
UV glue at the condition of 4000 rpm/ 20sec. The 
prepared glass and Cu substrates were placed in the 
metal evaporation chamber, and Al (with high-
reflectivity) and Au (with high work function) were 
deposited under 4×10-6 torr to create an anode. Next, 
the substrate was moved to the organic evaporation 
chamber for the deposition of organic layers under 
2×10-6 torr. The hole injection layer (HIL) was (4, 
4',4''-tris(N-3-methphenyl-N-phenyl-amino)-tripheny-
lamine, m-MTDATA), the hole transport layer (HTL) 
was (N,N'-Bis(naphthalen-1-yl)-N,N'-bis (phenyl)– 
benzidine, NPB), and the emitting and electron 
transport layer (EML/ETL) was (Tris(8-hydroxy-
quinolinato) aluminum, Alq3). The devices were then 
moved back to the metal evaporation chamber for the 
deposition of metal cathode LiF/Al/Ag. The 
photoelectric property of the device is then measured 
by the use of SpectraScan PR650 in measuring its 
brightness and spectrum, where Keithley 2400 has 
been used as the power supplier and I-V characteristic 
inspection. And the junction temperature measured by 
labview, where Keithley 2400 has been used as the 
power supplier. An Infrared Thermo Tracer NEC TH-
7716 was employed to measure thermo distribution 
images of different substrates (Cu and glass). 
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3. Results and discussion 

 
In the experiment, the TEOLED device was 

fabricated on glass and copper substrates respectively. 
The device structure is glass or copper substrate/ Al/ 
Au/ m-MTDATA/ NPB/ Alq3/ LiF/ Al/ Ag. After the 
production of the devices was completed, the devices 
were placed within a constant temperature oven to 
control the initial environmental temperature Tinitial 
(Ti= 30 °C), and to measure its corresponding forward 
voltage VFi. Finally, the temperature was then 
increased to Thigh (Th= 50 °C). Each time the 
temperature increased 5 ℃ in 5 minutes, and then held 
at the temperature for 6 minutes to reach a thermal 
stable status. During the process of the 6-minute 
temperature maintenance, the forward voltage (VF) of 
the device under the maintained temperature was 
measured for every 3 minutes, and the current for the 
measured device was 0.01 mA. 
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Figure 1. K curve of the glass and copper substrate 
device 

 
 

Figure 1 show the measured K curves of the 
devices on glass and copper substrate, respectively. 
The device’s calculated K values using grapher 
software to automatic fitting, and then using equation 
(1) for calculation. From the results, the slope of K 
curve for copper substrate device was more gradual 
than the glass substrate device. This proved that the 
copper substrate indeed could dissipate the heat 
effectively, and therefore the VF of copper substrate 
device decreased less than glass substrate device. 
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VFh is the relative forward voltage at maximum 

temperature (50 °C) at operation current 0.01 mA; VFi 
is the device’s forward voltage at initial temperature 
(30 °C). 

After measurement of the K curves, a constant 
measuring current (IM= 0.01 mA) was then applied on 
the awaiting to be measured device, to measure the 
corresponding forward voltage VF0. A high operation 
current was then applied (heating current, IH). Once 
the device was operated for a while and the 
temperature of the substrate temperature turned stable, 
the operation current (IH) was switched to IM, and its 
corresponding forward voltage VFSS was measured. 
Furthermore, TJ0 is the device’s initial temperature 
prior to measurement (the environmental initial 
temperature was assumed to be 30 °C in this study). 
Once the above values were obtained, by using the 
following equations (2-4), the junction temperature 
(TJ) could be calculated for the device under the 
operation current (IH): 

 
FJ ∆VK∆T ×=  (2) 

FSSF0F VV∆V −=   (3) 
JJ0J ∆TTT +=  (4) 

 
Table 1 Temperature measurement parameters and 
optoelectronic characteristics for different 
substrate device interfaces 

Sub.
Ti-Th

(℃)

Heating
rate 

(℃/min)

Stability
Time 
(min) 

IM 
(mA) 

IH 
(mA) 

TJ 
(℃) 

Tsub by
Thermo
Image 

L 
(cd/m2)

η 
(cd/A)

Glass 30- 
50 20 50 48.7 2455 4.56 

Cu 30- 
50 

5/5 6 0.01 
30 37 20.38 5130 6.21 

 
 

Table 1 is a comparison of the measured parameters 
and optoelectronic characteristics for different 
substrate device junction temperatures. It can be seen 
from Table 1 that the junction temperature and 
thermal IR imager of the copper substrate device were 
37 °C and 20.38 °C @ 30 mA respectively; for the 
glass substrate device the values were 50 °C and 
48.7 °C @ 20 mA. The results show that only when 
the substrate device was operated under a higher 
current will the junction temperature and the substrate 
backside temperature shall be both lower than the 
glass substrate device. This is because the copper 
substrate (397 W/m-Ko) has a higher thermal 
conduction coefficient than the glass substrate (1.38 
W/m-Ko), which can efficiently dissipate the heat 
created while device operation. 
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Figure 2 Current – Luminance curves of glass 
and copper substrate devices 
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Figure 3 Current - Yield curves of glass and copper 
substrate devices 

 
 

From the current - luminance curve of, Figure 2, 
and current - yield, Figure 3, it can be seen when the 
current was at 20 mA, the luminance and efficiency 
for the copper substrate device was 3588 cd/m2 and 
6.5 cd/A, whereas the luminance and efficiency for 
the glass substrate device was 5130 cd/m2 and 4.56 
cd/A. Under a same current, the copper substrate 
device has better optoelectronic characteristics than 
the glass substrate device, and the copper substrate 
device would not be damaged burn under a higher 
current. In addition, by the current – yield curve in 
Figure 3, the efficiency decay of the copper substrate 
device operating under a higher current was more 
gradual than the glass substrate device, which proves 
by using the heat-dissipative copper substrate can 
enhance the stability of a device under high current 
operations.  

Finally, from the thermal distribution measurement 
for the copper substrate device in Figure 4, it can be 
realized that the copper substrate can avoid heat 
accumulation within the optoelectronic area, and 

could quickly and evenly dissipate the heat; on the 
contrary due to the glass substrate accumulated heat 
mostly in the optoelectronic area, it accelerated the 
damage of the device (as shown in Figure 5). 
 

 

 
Figure 4. copper substrate (backside) IR thermal 
distribution images 

 
 

 
Figure 5 .  glass substrate device (backside) IR 
thermal distribution images 

 
 

4. Summary 
 

This study used two types of temperature 
measuring methods, the junction temperature 
measurement and the infrared thermometer, to analyze 
the internal and external temperature of the OLED 
device, to discuss the influence of temperature to the 
device optoelectronic characteristics for different 
substrate device operations. The results shown when 
the glass substrate device was operated at a high 
current of 20 mA, the junction temperature and 
infrared thermometer temperature were 50 ℃ and 

48.7 ℃ respectively; whereas when the copper 
substrate device was operated at a high current of 30 
mA, the measured junction temperature and infrared 
thermometer temperature were 37 ℃ and 20.38 ℃. 
This proved that the copper substrate indeed could 
dissipate the heat created by the OLED device via the 
substrate. Therefore under the same current at 20 mA, 
it could be realized from the optoelectronic 
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characteristic curves that the copper substrate device 
had a better luminance and efficiency than the glass 
substrate device. In addition, at a high current 
operation condition, the yield decay for the copper 
substrate device was more gradual than the glass 
substrate device. 
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