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Abstract 
We present that the electroluminescence (EL) 

efficiency can be improved by doping an electron 
transport layer (ETL) with organic materials which 
can make electron current increase. The electron 
transport layer of aluminum tris(8 -hydroxyquinoline) 
(Alq3) is doped with 2-(4-Biphenylyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole) (butyl-PBD) to 
enhance the electron mobility of the ETL. The higher 
quantum efficiency of device having ETL using Alq3 
doped with butyl-PBD can be attributed to the 
improved electron and hole balance.  

1. Introduction 
Since the invention of efficient organic light 

emitting diode (OLED),1  there are many studies to 
increase the efficiency of OLED. One way to increase 
the efficiency of OLED is to keep the balance of 
electrons and holes.2-4 

Basically, the operating mechanisms of OLED 
involve injection of electrons and holes to the organic 
emitter layers from the electrodes, and hole -electron 
recombination which generates molecular excitons.5 
Therefore, the balance of electrons and holes injected 
from electrodes is important for improving high 
recombination efficiency. One way to achieve the 
balance of electrons and holes is to control the 
mobility of electrons and holes. 

Generally, the electron mobility is smaller than the 
hole mobility in organic material.5 Thus, the hole 
current is larger than the electron current in OLED, 
causing the unbalance of electron and hole 
concentrations. We think that increase of electron 
mobility will improve the recombination efficiency.  

 Alq3 is generally used for ETL.6 However, the 
electron mobility of Alq3 is quite low, about 10-6 

cm2/Vs.7 Butyl-PBD is well-known to have good 
electron transport property8 and its electron mobility, 

about 10-5 cm2/Vs,9 is higher than Alq3’s mobility. So 
it may be possible to increase the electron mobility of 
the ETL by doping butyl-PBD into Alq3 layer. We 
found that the EL efficiency is improved by doping 
Alq3 with butyl-PBD. 

2. Experimental 
In our experiment, four green devices have been 

fabricated. First device is a standard green device 
without doping. Other devices are green devices 

               
         butyl-PBD                                     Alq3 

 
              α−NPD 

 

 
Figure 1. The material and device structure 

(doping concentration x varies 0, 25, 50, 100). 
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doped with butyl-PBD. The concentration of butyl-
PBD is 10%, 25%, 100% for device, respectively.  

The molecular structure and detail device structure 
is shown in figure 1. PEDOT:PSS10 which was coated 
on the precleaned ITO glass substrate by spin coating 
process was used as the hole injection layer, α-NPD11 
as the hole transport layer, Alq3 as the emitting layer,  
butyl-PBD doped Alq3 as the electron transport layer 
and LiF12/Al as the cathode. Devices were fabricated 
under the base vacuum of about 3×10-6 Torr by 
thermal evaporation. The active area of the EL device, 
defined by the overlap of the ITO and the cathode 
electrodes, was 1.96 mm2. The current-voltage-
luminance characteristics of the devices were 
measured with a calibrated silicon photodiode and 
photomultiplier tube (PMT) using a computer-
controlled dc source (keithley 236 source measure 
unit).  
 

3. Results and discussion 
We compared the current-voltage-luminance (I-V-

L) characteristics and the EL efficiency of the ETL 
doped devices with the undoped device. 

Figure 2 shows the EL spectra of the devices with 

different butyl-PBD concentration at a constant 
current density of about 20 mA/cm2. The EL spectra 
are the same as the undoped device. Therefore, the 
butyl-PBD doping in the ETL layer doesn’t affect the 

EL spectrum of the device and the light emission 
occurs from the recombination of electrons and holes 
in Alq3 layer. 

Fig. 3 shows the current-voltage (I-V) and 
luminance-voltage (L-V) characteristics for the 
devices with various butyl-PBD doping ratios in Alq3 
at room temperature. The current at low bias voltage, 
which is dominated by the hole current, is similar for 
all devices.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
However, the turn-on voltage (Von) for light 

emission decreases and the current above Von is 
higher for the devices with butyl-PBD doped Alq3. 
This result implies that the electron current increases 
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Figure 3. The current-voltage (I-V)  and 
luminance-voltage (L-V) characteristics for the 
devices with various butyl-PBD doping ratios in 

Alq3 at room temperature.  
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Figure 2. EL spectra of the devices with 
different butyl-PBD concentration at a 

constant current density of about 20 mA/cm2.
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by doping the Alq3 layer with higher electron 
mobility material of butyl-PBD9. 

Figure 4 compares the external quantum 
efficiencies (QE) of devices with doped ETL and the 
undoped ETL. The external QE of devices with doped 
ETL are higher than the undoped device regardless of 
doping concentration. The highest QE is obtained 
with 25 % butyl-PBD ratio to Alq3. The enhanced QE 
is attributed to the improved electron and hole 
balance2-4 for the doped ETL devices. 

4. Conclusion  
The balance of holes and electrons2-4 is considered 

to be one of the important factors that determine the 
external quantum efficiency of OLEDs. Here, we 
have showed ETL doping which can efficiently 
control the electron mobility in order to achieve a 
hole-electron balance. Improvement in the hole -
electron recombination efficiency of the device with 
butyl-PBD doped Alq3 ETL was demonstrated by the 
high external quantum efficiency compared to that of 

undoped device. Under our experimental conditions, 
the device with 25 % butyl-PBD doped ETL has the 
highest external quantum efficiency. 

5. Acknowledgements  
This work was supported by “Samsung SDI-Seoul 

National University Display Innovation Program”. 

6. References 
[1] C. W. Tang and S. A. Vanslyke, Appl. Phys. Lett. 

51, 913 (1987). 
[2] J. Pommerehne, H. Vestweber, Y. H. Tak, and H. 

Bassler, Synth. Met. 76, 67 (1996). 
[3] C. F. Qiu, L. D. Wang, H. Y. Chen, M. Wong and 

H. S. Kwok, Appl. Phys. Lett. 79, 2276 (2001). 
[4] Y. Qiu, Y. Gao, P. Wei, and L. Wang, Appl. 

Phys. Lett. 80, 2628 (2002) 
[5] Joseph Shinar, Organic Light-Emitting Devices, 

Springer, 2004. 
[6] S. Doi, T. Osada, T. Tsuchida, T. Noguchi, and T. 

Ohnishi, Synth. Met. 85, 1281 (1997). 
[7] R. G. kepler, P. M. Beeson, S. J. Jacobs, R. A. 

Anderson, M. B. Sinclair, V. S. Valencia, and P. 
A. Cahill, Appl. Phys. Lett. 66, 3618 (1995). 

[8] C. Adachi, T. Tsutsui, and S. Saito, Appl. Phys. 
Lett. 55, 1489 (1989). 

[9] Y. Kawabe, and J. Abe, Appl. Phys. Lett. 81, 493 
(2002). 

[10]  T. M. Brown, J. S. Kim, R. H. Friend, F. Cacialli,                 
R. Daik, and W. J. Feast, Appl. Phys. Lett. 75,  
1679 (1999). 

[11]  S. A. VanSlyke, C. H. Chen, and C. W. Tang, 
Appl. Phys. Lett. 69, 2160 (1996). 

[12]  L. S. Hung, C. W. Tang, and M. G. Mason, Appl. 
Phys. Lett. 70, 152 (1997). 

 

 

 

1.5

1.0

0.5

0.0

Q
.E

. (
%

)

0.1 1 10 100

Current Density (mA/cm2)

 Alq3:Butyl-PBD (0%)
 Alq3:Butyl-PBD (10%)
 Alq3:Butyl-PBD (25%)
 Alq3:Butyl-PBD (100%)

Figure 4. The external quantum efficiency 
of each device. 
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