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Abstract 

In this paper, the influence of copper-phthalocyanine (CuPc) hole-injection layer on the current voltage characteristic and 

the electroluminescence performance of ITO/CuPc/PVK/ Rhodamine B/Pb devices was investigated. The characteristics 

were measured at room temperature and without glove box with a thickness variation of CuPc layer. The results showed 

that the turn-on voltage of the devices can be dramatically lowered by inserting the CuPc layer. 

Keywords   OLED,  Copper-Phthalocyanine, J-V Curves, Electroluminescence.  
  

Copper-Phthalocyanine

PVK/Rhodamine B 

copper-phthalocyanine (CuPc)

ITO/CuPc/PVK/Rhodamine B/Pb

CuPcCuPc

 

                                                           
* Corresponding author e-mail address: staya@iugaza.edu.ps 

mailto:staya@iugaza.edu.ps


The Influence of Thin Layer Copper Phthalocyanine on the 
Performance of PVK / Rhodamine B Device  Sofyan Taya et al. 

   

   

55 
 

1. Introduction: 

Organic light-emitting diodes (OLEDs) are currently 

considered as promising candidates for large-area, full-

color, flat-panel displays due to their prominent advantages 

such as ease in fabrication and convenience of use in 

applications. An extensive research has been made to 

improve device structures and understand their operating 

mechanisms. In OLEDs, three major physical processes 

exist: (i) charge injection and transport, (ii) charge 

recombination and excitons energy transfer, and (iii) light 

emission. Each of these processes plays an important role 

in such factors as the turn-on voltage, external quantum 

efficiency and luminance of OLEDs.  

 In 1963, Prop et.al studied electroluminescence in 

anthracene using very thick fabricated devices (up to 5mm) 

and very high voltages (400 – 2000V) and their devices 

were not commercialized. Tang and Van Slyke (1987) 

created the first multilayer organic cell using small Alq3 

molecule as a green emitter and diamine as a hole transport 

layer (HTL) [1].  In this device, they used a transparent 

indium tin oxide (ITO) as an anode and Mg:Ag as a 

cathode. This device was the first accepted one in OLED 

industry due to its low threshold-voltage, quantum 

efficiency of 1% photon/electron and luminance of about 

1000 cd/m
2
. 

Recently, large development in OLED industry has 

been conducted. These developments not only involve the 

improvement of processing technology, but also 

understanding of the device physics and synthesis of new 

organic material. The basic current structure of OLED has 

a high work function conducting transparent anode, one or 

more organic layer and low work function cathode. Most 

OLEDs use ITO as an anode due to its relatively high work 

function and high transparency (90%) to visible light. The 

band gap of ITO is in the range (Eg = 3.5 – 4.3 eV) and it 

consists of indium oxide (In2O3) and small amount of tin 

oxide (SnO2). 

Another important parameter is it's work function (Φ0) 

or Fermi energy level (EF) relative to the organic materials, 

because the highest occupied molecular orbital (HOMO) 

energies of organic material that inject holes to organic 

layer are typically EHOMO = 5 – 6 eV. A high Φ0 is needed 

for anode to have more efficient OLEDs. The injection 

efficiency is a critical parameter that depends largely, on 

the work function of the electrode and the alignment of 

energy levels of the organic layer. The potential barrier 

between indium tin oxide (ITO) and the organic layer 

severely limits the efficiency of hole injection. On other 

hand, a low work function of the cathode is required to 

allow a lot of electrons to inject into the organic layer for 

more efficient OLEDs.  

Transient electroluminescence from single- and 

multilayer OLEDs was investigated by driving the devices 

with short, rectangular voltage pulses [2]. The performance 

of OLED devices was shown to be improved by 

introducing a thin layer of copper phthalocyanine (CuPc) 

between the anode and the hole-transport layer [3]. The 

effect of thickness variation of hole injection and hole 

blocking layers on the performance of fluorescent green 

organic light emitting diodes (OLEDs) was investigated 

[4]. Emission properties of OLEDs were investigated with 

the use of a hole-injection layer of copper(II)-

phthalocyanine (CuPc) [5].   

In 2006, Po-Ching Kao et at. studied the influence of 

the metal-phthalocyanine (MPcs) hole-injection layer on 

the electroluminescence performance of ITO/ MPc/ Alq3/ 

Al devices [6]. They found that the turn-on voltage (Vt) is 

lowered by inserting MPc layers and remains virtually the 

same as the MPc layer thickness is adjusted in the range of 

5-15nm. In addition, the turn-on voltage decreases 

significantly with the increase of the HOMO levels of the 

MPc films.  

Poly(9-vinylcarbazole) (PVK) is a well-known 

polymer with interesting properties. Its excellent electrical 

properties combined with its chemical and thermal 

resistance make it useful in the electronics industry.  

In this work, we report the effect of CuPc hole-

injection layer with different thicknesses on the electrical 

characteristics, such as the turn-on voltage, maximum 

current, and luminescence of ITO/ PVK/ Rhodamine B /Pb 

OLEDs. 

2. Experiment:  

ITO-coated glass substrates (Delta Technologies, 

USA) were cut into pieces of dimension 2.5cm × 2.5cm 

and used as anode electrodes. The substrates were 

chemically cleaned using acetone, isopropanol and distilled 

water in an ultrasonic cleaner. After the chemical cleaning, 

the ITO glasses were dried by heating at 60 °C for 24 

hours.  

In this work, two types of OLED devices were 

fabricated. The first is a double layer with the structure 

ITO/ PVK/ Rhodamine B/ Pb as shown in Fig. 1. 15mg of 

PVK powder with an average molecular weight of 11×10
5 

were weighed using a sensitive electrical balance (ESJ182-

4) with a resolution of 10
-4

 gm. The PVK was dissolved in 

mixed solvents consisting of 5ml tetrahydrofuran (THF) 

and 1ml toluene. A homogenous solution was then 

deposited on the ITO substrate to form a thin film with 

thickness of about 45 nm. The thickness was measured 

using FILMETRICS F20-UVX thin-film analyzer. 

Filmetrics analyzer works on the principle of light 
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reflection from a surface. When a thin film is deposited on 

the top of substrate, both the top and the bottom of the film 

reflect light. The total amount of reflected light is the sum 

of these two individual reflections. Constructive 

interference occurs when the light path is equal to one 

integral multiple of the wavelength of light 2nd=mλ, where 

d is the thickness of the film, m is an integer, n is refractive 

index, and λ is the wavelength of the reflected light. On the 

other hand, destructive interference takes place when 

2nd=(m+1/2)λ. The cumulative overall uncertainties in the 

reported thicknesses were about 6% for all devices. 

The thin film of PVK was obtained by placing a small 

amount of desired solution on the substrate. The substrate 

was inclined at an angle of 45
◦
 for several minutes. The 

solution spreads on the surface of the substrate due to 

gravity forming a thin film on the surface. This process is 

sensitive to the variation in temperature due to different 

evaporation rate of solvents [7]. A 30nm Rhodamine B 

layer was then deposited on the PVK layer by thermal 

vacuum deposition at 1.0×10
-5

 torr using MiniLab 080 

system made by Moorfield Associates, UK. Finally, 35nm 

Pb was deposited as a cathode electrode on Rhodamine B 

layer. The negative terminal of the applied voltage was 

connected to the Pb electrode through a drop of Hg.  

The second device is a multilayer having the structure 

ITO/ CuPc/ PVK/ Rhodamine B/ Pb as shown in Fig.2. 

After cleaning the ITO surface, CuPc layers were 

deposited by thermal vacuum evaporation at 1.0×10
-5

 torr. 

PVK and Rhodamine B layers were deposited on the CuPc 

layer as described above in the first device. Evaporation 

rates and film thicknesses of CuPc, Rhodamine B, and Pb 

materials were determined by a quartz crystal monitor 

through thermal vacuum evaporation process.   

The aim of this work is to reduce the hole injection 

barrier (∆Eh) of the device by adding a CuPc layer as a 

hole injection layer (HIL) with different thicknesses (5nm, 

10nm, 30nm, and 50nm).  
 

 
Figure 1   Schematic drawing of a double-layer 

ITO/PVK/Rhodamine B/Pb OLED 
  

 
 

Figure 2   Schematic drawing of a multilayer ITO/ 

CuPc/PVK/Rhodamine B/Pb OLED 
 

The voltage-current signals were applied and recorded 

through a Keithley 2602A source meter Electrical 

measurements were carried out at room temperature and 

normal ambient conditions. The relative light intensity 

emitted from the samples was measured using a 

photodiode. The output of the photodiode was amplified 

then collected by the Keithley 2602A source meter. 

3. Results and Discussion:  

Figures 3 and 4 show the current density-voltage (J-V) 

and electroluminescence -voltage curves of the double 

layer OLED device with the structure ITO/ 45nm PVK/ 

30nm Rhodamine B/ 35nm Pb. The currents flowing 

through the samples are attributed to the injection of 

charges from the metallic electrode. The turn-on voltage 

(Vt) of this device is about 7.84±0.190 volt from the J-V 

curve. As can be seen from Fig. 4, the voltage at which the 

light is detected is about 14±0.190 volt. 
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Figure 3   Current density- voltage characteristic curve of the 

device consisting of ITO/45nm PVK/ 30nm Rhodamine B/ 35nm 

Pb 
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Figure 4   Relative light intensity-voltage characteristic curve of 

the device consisting of ITO/45nm PVK/ 30nm Rhodamine B/ 

35nm Pb 
 

The energy level diagram of the double-layer device is 

shown in Fig. 5. The barrier to hole injection at the anode 

is obtained by the equation ∆Eh = IP – ΦA where ΦA is 

work function of anode and IP is the ionization potential or 

HOMO level relative to the anode. We find that ∆Eh = -

1eV. As shown in Fig. 6, the hole injection barrier (∆Eh) of 

the device in the presence of the CuPc layer is about (∆Eh 

 -0.4 eV). 

 

 
Figure 5   Energy level diagram for the device consisting of 

ITO/PVK/ Rhodamine B/ Pb. (all listed energies are negative 

values (eV), with respect to vacuum) 
 

 
Figure 6   Energy level diagram for the device consisting of ITO/ 

CuPc/ PVK/ Rhodamine B/Pb. . (all listed energies are negative 

values (eV), with respect to vacuum). 
 

Figures 7, 8, 9 and 10 illustrate the J-V characteristic 

curves for OLED devices with different CuPc layer 

thicknesses under forward bias. All figures show almost 

the same behavior of J as a function of V. The forward J-V 

curves have two regions, a low-current region with weak 

voltage dependence and a high-current region with a 

steeper current rise as a function of the voltage. Compared 

to the double layer device in which the turn-on voltage was 

7.84±0.190V, it is obvious that the insertion of the CuPc 

layer reduces significantly the turn-on voltage. Figure 7 

shows that the turn-on voltage is 7.48±0.75V for a 

thickness of 50 nm of the CuPc layer. Figures 8 and 9 

show that the turn-on voltages are 5.56±0.69V and 

1.43±0.52V for a CuPc layer thickness of 30 nm and 10 

nm where it is about 1.00±.011 volt for the 5 nm CuPc 

layer thickness, as shown in Fig. 10. 
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Figure 7   Current density- voltage characteristic curve of the 

device consisting of ITO/ 50nm CuPc/ 45nm PVK/ 30nm 

Rhodamine B/ 35nm Pb. 
 

As can be clearly seen, the turn-on voltage decreases as 

the CuPc film thickness decreases. The reduction in turn-

on voltage can be attributed to a decrease in the hole-

injection barriers between CuPc and PVK. This is because 

the HOMO level of CuPc is between that of PVK and the 

Fermi level of the ITO anode. When the CuPc film is 

sandwiched between the PVK layer and ITO anode, a 

ladder effect makes it easier for holes to inject into the 

organic material which in turn leads to enhanced hole 

injection. It was reported that the decrease in the overall 

barrier height to hole injection depends weakly on the 

CuPc film thickness [6]. On the other hand, it seems that 

the injected holes are the dominant charge carriers because 

the hole injection barrier is smaller than the electron 

injection barrier. Injection of electrons from the cathode 

into the organic layer is smaller compared to injection of 

holes from the anode into the organic layer (figure 6). 

Therefore, this makes the device increasingly single carrier 

''hole-only''. The current in the device is controlled, almost 

exclusively, by the holes [8].  
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Figure 8   Current density- voltage characteristic curve of the 

device consisting of ITO/ 30nm CuPc/ 45nm PVK/ 30nm 

Rhodamine B/ 35nm Pb 
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Figure 9   Current density- voltage characteristic curve of the 

device consisting of ITO / 10nm CuPc/ 45nm PVK/ 30nm 

Rhodamine B/ 35nm Pb 
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Figure 10   Current density- voltage characteristic curve of the 

device consisting of ITO/ 5nm CuPc/ 45nm PVK/ 30nm 

Rhodamine B/ 35nm Pb 
 

When the thickness of CuPc film was 5nm, negative 

differential resistance (NDR) characteristics were observed 

at a low voltage region. Present understanding of NDR in 

molecular system is not definitely clear. Several models 

have been found in the literature [9]. In all figures, Vt was 

determined when the current density starts increasing. In 

Fig. 10, negative resistance region appeares so Vt was 

determined at the first increase of current density.   

The turn-on voltage and maximum current density for 

different CuPc film thickness devices are listed in Table 1. 

The maximum current was recorded just before the device 

damage occurred. It is worth mentioning that the current 

density has an optimum CuPc film thickness at which the 

current density is maximum. For thickness beyond the 

optimum one, another conduction mechanism appears. 

Similar results for optimum CuPc film thickness were also 

reported [3,4]. Increasing the thickness leads to 

morphological changes in CuPc film, and other parameters 

like ionization potential, electron affinity, and transport 

parameter will also change. Moreover, possible oxygen 

diffusion from ITO surface into CuPc layer may have a 

leader effect on the charge mobility.  

It should be mentioned that no luminescence was 

detected in the devices containing CuPc as HIL layer. This 

may suggest that there is an easier route for electron 

injection other than that for the LUMO level of Rhodamine 

B dye. It is expected that using a polymer, with a low-lying 

LUMO, instead of the organic material could cause light 

emission because the turn-on voltage of such a polymer 

light emitting diode should be smaller than that of OLED 

device. 
 

Table 1   Vt and maximum current density for OLED devices 

with different CuPc layer thickness. 

Thicknes of 

CuPc (nm) 
0 nm 5 nm 10 nm 30 nm 50 nm 

Vt (Volt) 
7.84± 

0.190 

1.00± 

0.011 

1.43± 

0.052 

5.56± 

0.69 

7.48± 

0.75 

Jmax 

(mA/cm
2
) 

39.92±

0.382 

0.69± 

0.023 

29.87±

0.02 

40.39±

0.64 

0.87± 

0.01 
 

Conclusion:   

In this work, two types of OLED devices were 

fabricated. The first was a double layer with the structure 

ITO/ PVK/ Rhodamine B/Pb and the second device was a 

multilayer with the structure ITO/ CuPc/ PVK/ Rhodamine 

B/Pb. The J-V characteristics and electroluminescence-

voltage curves of the double layer OLED were investigated 

and the turn-on voltage of this device was determined to be 

7.8 volt. The effect of CuPc hole-injection layer on the J-V 

characteristics and the electroluminescence performance of 

ITO/ CuPc/ PVK/ Rhodamine B/Pb devices was 

investigated. The results showed that the turn-on voltage of 

the devices can be dramatically lowered by inserting the 

CuPc layer. On the other hand, no luminescence was 

detected in these devices.    
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