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Abstract

The performances of organic light-emitting diodes (OLEDs) with the configuration Al/Alq3 (Aluminum Tris-(8-

hydroxygninoline))/TPD(N,N 0-diphenyl-N,N 0bis-(3-methylphenyl)-1,l 0-bipheny-4,4 0-diamine)/ITO have been signifi-

cantly improved by doping iodine (I2) on both Alq3 and TPD layers. The luminance is promoted from 2800 cd/m2

without doping to 8000 cd/m2 with I2 doping under bias 10 V. Additionally, the driving voltage (@100 cd/m2) was

reduced from 7.5 V without doping to 5.2 V with I2 doping. We attribute the promotions to the reduction of the elec-

tron and hole injection energy barrier at Al/Alq3 and TPD/ITO interfaces and the expansion of trap energy states

beneath the LUMO of Alq3 generated by I2 doping. The mechanism is illustrated comprehensively with a schematic

energy diagram model and nicely supported with photoluminescence (PL), electroluminescence (EL) spectra and other

experimental results.
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1. Introduction

Organic light emitting diodes (OLED) have

been widely applied on cell phone display, liquid-

crystal-display and television for the advantages

of low power dissipation, wider vision angle, high

luminescence, shorter response time and simplified

fabrication [1]. In the past, the technologies to im-

prove the performances, such as electrolumines-

cence efficiency and driving voltage, have been

concentrated on lowering barrier height on metal

contact [1,2], using high luminescence organic
materials [1,3–7] and buffer layer or inter-layers

[8–12]. Even these technologies could enhance the

performance of OLED, however they also compli-

cate the fabrication process or need some special

doping materials [13]. Therefore, there are still
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needed the simpler methods or more common dop-

ing materials.

In general, for the bi-layer OLED as shown in

the inset of Fig. 1, Al/Alq3 (Aluminum Tris-(8-

hydroxygninoline))/TPD(N,N 0-diphenyl-N,N 0bis-
(3-methylphenyl)-1,1 0-bipheny-4,4 0-diamine)/ITO

is adopted to study for its simple structure, where

Alq3 and TPD are electron transport layer (ETL)

and hole transport layer (HTL), respectively [14].

To reduce the driving voltage, the common ap-

proach is to lower the barrier at Al/Alq3 interface,

for the barrier of Al/Alq3 contact is larger than the

barrier of TPD/ITO [15] and the current is con-
trolled by electrons injection into Alq3 [16]. In

other word, lowering Al/Alq3 barrier is more effec-

tive than lowering the TPD/ITO barrier [17–19].

On the other hand, it has been evidenced that

the incorporation of iodine (I2) on organic mate-

rial could increase the conductivity [20]. Hence,

in this study, we lowered Al/Alq3 barrier with dop-

ing iodine on ETL and improve the output lumi-
nance by doping iodine (I2) on both ETL and

HTL layer simultaneously. The doped I2 molecules

on ETL layer generate traps states beneath the

lowest unoccupied molecular orbital (LUMO) of

Alq3 [15,21], thus expanding the excited band of

LUMO and lowering the Al/Alq3 barrier for elec-

tron to inject. Compared to the reported methods

[1–12], the technique possesses the advantage of
low cost, convenience and be compatible to the

current OLEDs fabrication process. Furthermore,

a schematic energy diagram model has been em-

ployed to illustrate the improving mechanism

comprehensively.

2. Device design, fabrication and measurement

The bi-layer OLEDs samples with the configu-

ration of Al/Alq3/TPD/ITO, as schematically de-

scribed in the inset of Fig. 1, were prepared in

the glass substrates pre-coated by indium tin oxide

(ITO) with sheet resistance Rs 6 10 X/square and

work function of 4.9 eV. After ultrasonic cleaning
in H2O–H2O2–NH3OH solution, the substrates

were taken into a stain steel chamber which then

be evacuated to 1 · 10�5 Torr to deposit TPD as

HTL. The thickness of TPD layers is 500 Å. Next,

Alq3 with thickness of 500 Å as ETL and Al with

thickness of 1500 Å as cathode were evaporated

sequentially in the chamber with 1 · 10�5 Torr.

In this work, OLED samples were doped I2 by
evaporation of Alq3 on ETL with various weight

ratios I2 powder (i.e. Alq3/I2 = 1/1, 1/10) and on

HTL by evaporation of TPD with weight ratio

of 10/1 I2 powder (i.e. TPD/I2 = 1/10) respectively.

On the other hand, HP4156 and TOPCON BMP

were used to measure the electrical characteristics

and output luminance, respectively. Additionally,

the photoluminescence (PL) and electronlumines-
cence (EL) were measured with Fluorolog-3 Fluo-

rescence on device samples.

3. Results and discussion

Fig. 1 gives the measured current density–volt-

age (J/V) curves with various weight ratios as
parameter. With doping I2 (i.e. Alq3/I2 = 1/1), the

current densities of OLED are improved in com-

parison to that without doping especially under

large bias. Also, the improvement is enhanced with

increase of dopant weight ratio, i.e., Alq3/I2 = 1/10

is better than Alq3/I2 = 1/1. For example, the cur-

rent density with Alq3/I2 = 1/10 doping increases

to 67 mA/cm2 and 155 mA/cm2 from 9 mA/cm2

and 29 mA/cm2 for OLED without dopant under

8 V and 10 V biases, respectively. We attribute

the increase of current density to the lowering of

Fig. 1. The J/V curves of bi-layer OLEDs with Alq3 or both

Alq3 and TPD simultaneously doped with doping different I2
in weight ratio. The insert presents schematic structure diagram

of OLEDs.
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