
INTRODUCTION

Organic light emitting device (OLED) become research

hotspot of modern flat-panel displays because of its low thresh-

old voltage, high brightness, without backlight and self-luminous,

wide viewing angle, etc.1. However, luminous efficiency of

OLED is relatively low. In particular, issues such as device

lifetime is shorter. This has become a technology bottleneck

of its application. Up to now, improving the luminous efficiency

and extending device lifetime OLED become a key research

field of study2-4. The results show, performance of OLED

depends on the performance of each functional layer. Therefore,

improving the OLED material interface in the physical and

chemical properties help to improve the luminous efficiency

and extend the device lifetime5.

Interfaces of materials used in each functional layer, as

well as interfaces between the functional layers, they assume

the role of material transfer, such as the atom, electron, hole

and exciton transfer, as well as energy transfer and have a

direct impact on the luminous efficiency of OLED and device

lifetime6. There are a large number of grain boundaries in each

functional layer among OLED, as formless thin films (amor-

phous thin films), among that. That the carriers tend to clump
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dynamics, determine the optimal convex number of light emitting layer, when the convex number is 3, the maximum current efficiency of

this device is 23 cd/A and was 30 % higher than traditional structure device.
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in the grain boundary region, impedes on the one hand carrier

injection and on the other hand, causes the grain boundary

region to the non-radiative recombination centers, leading to

OLED luminous efficiency lower7-9.

Recently, many research institutions have received some

research achievements in the field of material interfaces of

OLED. If a few nanometers thick layer of alkali metal halides

(such as lithium fluoride, sodium fluoride, etc.) thin film is

added between the electron injection layer and the metal

electrode, OLED interface electron injection barrier can be

effectively reduced, luminous efficiency is increased10,11. A

doped layer of a few nanometers thick is added between the

carrier transport layer and the light-emitting layer, containing

both sides of the material. It on the one hand enhances the

adhesion between layers, on the other hand can effectively

avoid the accumulation of carriers in the layer interface region,

helping to improve the luminous efficiency and extend the

device lifetime12,13. Adding a few nanometers thick layer of

metal oxide thin film between the anode hole injection layer,

it has a positive effect on improving the hole injection efficiency

and the luminous efficiency14.

In the present paper, we prepared a series of new struc-

tures the OLED device with different materials interface. By
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comparison, using this new structure will not only improve

the luminous efficiency of OLED, but also to some extent, to

avoid devices phosphorescence quenching and aging pheno-

menon under the high current density. Moreover, we studied

the structure of a typical OLED, modified the interface of the

typical structure, constructed inter-inserting structure in the

organic/organic interface, studied photoelectric properties of

the device by changing the inter-inserting number and analyzed

the mechanism of this phenomenon.

EXPERIMENTAL

According to the experimental needs, the author designed

and produced the corresponding films, fabricated with the

concave-convex structure OLEDs (Fig. 1). Structure of the

OLEDs is ITO/NPB(x + m)/CBP:Ir(ppy)3 (6 %, 30 nm)/LiF

(1 nm)Al (100 nm)(x = 25 nm, m = 5 nm),"x" is straight part

of the thickness of the NPB. "m" is bulge part of the thickness

of the NPB. The width of the bulge part is 0.5 mm.

(D)

(D1)

 (D2)

(D3)

Fig. 1. Schematic diagram of the devices (D) the traditional structure (D1)

(D2) (D3) the inter-inserting interface structure

The chemical structures of organic materials(NPB, CBP,

Ir(ppy)3) (Nichem Fine Technology Co.Ltd.) is shown in Fig. 2.

The ITO-coated glass substrates (Shenzhen, China) with a sheet

resistance of about 10 Ω/sq were used as anodes. A series of

OLEDs were fabricated. The OLEDs were made by following

process. First, ITO-coated glasses were cleaned successively

using deionized water, alcohol and acetone in an ultrasonic

bath, dried in drying cabinet. Second, the films of N,N'-bis(1-

naphthyl)-N,N'-diphenyl-1,1'- biphenyl-4,4'-diamine (NPB),

CBP:Ir(ppy)3 and LiF were in turn grown on ITO-coated glass

by thermal evaporation under high vacuum of 5 × 10-4 Pa and

the growth rates were all 0.1-0.2 nm/s for organic materials

and 0.05 nm/s for LiF. Finally, Al metal as cathode was evapo-

rated on LiF film at the rate of 1.0-1.5 nm/s. The thickness of

the films was controlled by aquartz thickness monitor. The

current density-voltage-luminance (J-V-L) and EL spectra of

the OLEDs were measured simultaneously using a Keithley

2400 Source Meter and SpectraScan PR655 (Photo Research

Inc.). The lifetime was measured using OEL-life11.10 (Beijing

Ao Bodi Optical Technology Co., Ltd.). All the measurements

were done at room temperature under ambient conditions

without encapsulation except the lifetime.
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Fig. 2. Chemical structure of materials

RESULTS AND DISCUSSION

Fig. 3 showed that under the same drive voltage, the

current density of the device with of the inter-inserting

structure is significantly lower than device with a traditional

structure. When the voltage is greater than 9 V, there are nearly

the same current densities for device D1 and device D2, as the

lowest devices and the lower one for device D3. When the

voltage is less than 9 V, the current densities of the device D1

and D2 are basically the same and the lowest. As, under the

conditions of the high current density, the C-N bonds outside

CBP molecules in the excited state homolysis, the formation

of by-products generated by phosphorescence quenching

center. When the projection number of the device structure is

optimum, to a certain extent, reduce the device's current

density, which effectively inhibit the formation of phospho-

rescence quenching centers and ultimately improve the bright-

ness of device and extend the lifetime of device. In addition, it

helps to reduce triplet-triplet quenching occurs under the high

current density, to improve the stability of device. The maxi-

mum current efficiency of the device is basically just lighting

and the low current density, phosphorescence is easy to quench

under high current density.
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Fig. 3. J-V curves of devices

The L-V curves of devices D-D3 are shown in Fig. 4. From

the Fig. 4, we can see that the device D3, compared to the

other device, only requires a minimum voltage to be bright

and has the highest brightness. Devices D1, D2 and D can

basically be light in the same time. But when the voltage is

greater than 12 V, the luminance of D begins to decrease, but

the devices of D1 and D2 reaches a maximum brightness in
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Fig. 4. L-V curves of devices

succession. Because the electronic through the low level trans-

mission and the hole through NPB transmission firstly form

the exciton in the light-emitting layer interface, the relative

interface of device D3 has larger contact area. Furthermore,

the electric field in low electrical level is strong and the ability

to transport carriers also is strong, so the device D3 turns light

at first.

The ηA-J curves of devices D-D3 are shown in Fig. 5.

Current efficiency of devices D3, D2, D1 and D was 23, 22.6,

21.7 and 17.7 cd/A, respectively. Compared with device D,

the current efficiency were increased by 30, 29 and 26 %,

respectively. With the increase in the number of square wave

cycle, as composite interface is bigger, the device current

efficiency gets higher and higher. The inter-inserting interface

structure can increase the electron transmission efficiency,

disperse electronic accumulated in the interface, transmit mass

electronic so as to reach equilibrium with the hole from the

hole transport layer NPB and composite into excitons in the

luminous interface. Therefore, it can improve current efficiency

of the device. Current efficiency improvement of the concave-

convex structure of devices may be attributed to the following

reasons: First, the inter-inserting structure is equivalent to the

entire device is divided into NPB thickness of 25, 30 and 25

nm of three parallel devices. Current density of the parallel

connection structure of device is lower than the NPB thickness

of 30 nm device D. Second, inter-inserting structure can

increase the carrier recombination interface area, disperse

NPB/CBP: Ir(ppy)3 interface triplet exciton, reduce the triplet

exciton quench chance and improve the triplet exciton radiative

decay chance. Thirdly, the inter-inserting structure will be

helpful to couple some of the light existing inside the device

in the form of the optical waveguide to outside the device.

Because the device D has not inter-inserting adjacent NPB

hole transmission layer, leading to its current efficiency is lower

than the device D1, D2 and D3.

Conclusion

In the present paper, we changed the traditional organic

electroluminescent phosphorescent devices NPB/CBP: Ir(ppy)3

of the interface structure, produced a inter-inserting structure

of the device. The results indicate that the device has a maximum
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Fig. 5. ηA-J curves of devices

current efficiency in the inter-inserting structure device when

the inter-inserting number is 3. The maximum current efficiency

is 23 cd/A.Compared with the traditional structure of the device

current efficiency increased by 30 %.
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