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Abstract 
We reported that the evidence of oxygen doping to 

copper-phthalocyanine (CuPc) by O2-plasma treatment 

to Au electrode of inverted top emitting organic light 

emitting diodes (ITOLEDs). The operation voltage of 

OLEDs at 150 mA/cm2 decreased from 16.1 to 10.3 V as 

oxygen atoms indiffued to CuPc layer using O2-plasma. 

Synchrotron radiation photoelectron spectroscopy 

results showed that a new bond of Cu-O appeared and 

the energy difference between the highest occupied 

molecular orbital and EF is lowered by 0.20 eV after 

plasma treatment. Thus the hole injection barrier was 

lowered, reducing the turn-on voltage and increasing the 

quantum efficiency of OLEDs. 
  

 

1. Introduction 

  

Inverted top-emitting organic light emitting diodes 

(ITOLEDs) having a transparent anode on top are 

more preferable in active matrix organic light emitting 

devices due to the use of superior n-channel 

transistor.1 Achieving improved device performance 

of ITOLEDs requires a high transparent top anode, 

optimization of charge injection and emission of 

photons. 

In ITOLEDs, gold (Au) and indium tin oxide (ITO) 

have been mainly used as a transparent top anode.2,3 

Unfortunately, the comparatively low-work function 

( ~4.8 eV) of ITO and low transmittance property of 

Au anode bring the poor OLEDs performance such as 

an increase of the turn-on voltage and a decrease in 

efficiency.4,5 Therefore, it needs to insert a proper hole 

injection layer (HIL) between the anode and the 

emitting materials for the effective hole injection. 

Several kinds of HIL such as copper phthalocyanine 

(CuPc), Cs-doped CuPc, NiO were reported to 

enhance the electroluminescent property of device.6-8 

However, no works were conducted on oxygen (O2) 

doping to CuPc to form HIL below Au anode by O2 

plasma treatment of ITOLED. The mean ion energy 

(10 ~ 20 eV) in the plasma state has much higher than 

the thermally excitation energy (~0.026 eV).9 Thus, it 

is expected that O2 plasma treatment is effective in 

doping oxygen ion to organic layer, resulting in the 

improvement of injection of holes via enhanced 

ITOLED electrical properties.  

In this letter, we reported the enhancement of 

electroluminescence in ITOLEDs using O2 plasma 

treatment to top Au anode. The changes in the work 

function and the binding energy of the CuPc with the 

plasma treatment to Au anode were examined using 

synchrotron radiation photoelectron spectroscopy 

(SRPES) and ultraviolet photoemission spectroscopy 

(UPS). From this, the effect of O2 doping to CuPc by 

the plasma treatment on the improvement of device 

performance is discussed. 

 
  

2. Experimental  
  

The glass was used as the starting substrate. The 

surface of glass was cleaned in sequence with the 

acetone, iso-propyl alcohol and deionized water, and 

then dried with high purity nitrogen gas. In order to 

enhance the adhesion of Al film on glass, Ti (20 nm) 

was used as a glue layer for Al cathodes (150 nm). In 

order to enhance the electron injection from Al 

cathode, the cathode was exposed to N2-plasma in a 
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plasma treatment chamber. The sample was loaded 

into a thermal evaporator and tris(8-

hydroxyquinoline)aluminum (Alq3, 22 nm), 4,4’-

Bis[N-(1-naphthyl)-N-phenylamino]biphenyl (α-NPD, 

35 nm), and CuPc (18 nm) were deposited in sequence. 

Finally, 30-nm-thick Au film was chosen as an anode. 

Then, the fabricated ITOLEDs were exposed to O2 

plasma for 0 ~ 10 s with a power of 25 W under 100 

mTorr to dope oxygen into CuPc layer. The current 

density-voltage (J-V) characteristics and luminance 

(L) of the devices were measured in the glove box 

with maintained high purity nitrogen.  

For the measurement of SRPES spectra, Au (30 

nm)/CuPc (10 nm) were deposited on the Si wafer 

coating with Al layer. Then, the samples were treated 

with O2 plasma for 5 s with a power of 25 W. To 

observe the change of chemical bonding state at the 

interface of CuPc with Au, the scotch tape was firmly 

glued on to the Au anode, and then peeled off in the 

glove box. The samples were immediately put into a 

vacuum chamber equipped with an electron analyzer 

at the 4B1 beam line in Pohang Acceleration 

Laboratory. The secondary electron emission spectra, 

core level spectra and valence band spectra were 

obtained in the main chamber using a He I excitation 

(21.2 eV) and an incident photon energy of 650 eV. 

The onset of secondary electron binding energy and 

valence band maximum (VBM) were determined by 

extrapolating solid lines from the background and 

straight onset in UPS spectra, respectively. The work 

function is calculated by subtracting the onset of 

secondary electron binding energy from He I 

excitation energy. 
  

 

3. Results and discussion 
  

Figure 1(a) shows change of J-V characteristic of 

ITOLED as a function of O2 plasma treatment time. 

For the untreated device, the operation voltage at a 

current density of 150 mA/cm2 was 16.1 V. It 

decreased to 10.3 V when the device was treated with 

O2 plasma for 5 s. L-J curves are shown in Fig. 1(b). 

The luminance value increased with O2 plasma 

treatment. The luminance at 190 mA/cm2 promoted 

from 79 to 93 cd/m2 when the device was treated by 

O2 plasma for 5 s. No rectifying characteristic and 

emissive performance were found for 10-s-treated 

sample. This could be due to the degradation of Au 

anode because of plasma-induced damages in CuPc 

by the plasma treatment. 

Figures 2(a) shows the SRPES C 1s spectra of CuPc 

surface with O2 plasma treatment. In order to separate 

the chemical bonding states including in the spectra, 

the spectral line shape was simulated using a suitable 

combination of Gaussian and Lorentzian functions. 

The peak “P1” could be assigned to aromatic carbon 

in the benzene rings and the peak “P2” is attributed to 

the carbon bonded to the nitrogen atoms in the pyrrole 

rings.10 During the oxygen plasma, the “P1” and “P2” 

peaks moved towards lower binding energy by 0.5 eV 

and 0.8 eV, respectively. This result showed that the 

oxygen plasma to Au anode induced the negative 

chemical shift toward lower binding energy.                 

From these results, it is evidenced that oxygen 

atoms were doped to CuPc through Au anode by the 

O2-plasma treatment. 

Based on these experimental results, the effect of 

oxygen plasma exposure on the p-type doping to CuPc 

layer is explained as below. When the CuPc was 

exposed to oxygen plasma, oxygen ion adsorbed to 

CuPc and induced charge carrier donation by chemical 

dissociation. In this process, a charge transfer from the 

oxygen ion to the CuPc molecules occurs. These 

transferred charges induce p-type doping effect, the 

shift of the Fermi level toward the HOMO state of 

CuPc. Thus, the hole injection barrier, the energy 

difference between the work function of anode and the 

HOMO level of organic layer could be reduced for the 

O2-CuPc. Therefore, the operation voltage at 100 

mA/cm2 of ITOLEDs using oxygen plasma treatment 

decreased from 15.5 V to 9.5 V. 
  

  

 
Fig. 1. (a) Current density-voltage and (b) 

luminance-current density curves of ITOLEDs as a 

function of the oxygen plasma treatment time. 
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Fig. 2. C 1s core level spectra. The “P1” and “P2” 

indicate aromatic carbon in the benzene rings and 

carbon bonded to the nitrogen atoms in the pyrrole 

rings. 

4. Summary 

  

In conclusion, we have investigated the advantage 

of oxygen doping effect on CuPc film by oxygen 

plasma exposure to Au anode of ITOLEDs. The 

operation voltage at 150 mA/cm2 of ITOLED 

decreased from 16.1 V to 10.3 V by the oxygen 

plasma treatment. SRPES core level spectra showed 

that oxygen plasma enhanced the indiffusion of 

oxygen ions into CuPc and reacted with Cu in the 

CuPc. This reaction induced the charge transfer into 

the CuPc molecule, resulting the p-type doping effect. 

Thus, the O2 plasma treatment on Au anode lowered 

the potential barrier for hole injection from Au to 

CuPc by 0.20 eV, enhancing the electroluminescent 

property of ITOLEDs. 
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