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Effects of DCJCB Doping Concentration on
Performances of Organic Light-Emitting Diodes
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Abstract: A highly efficient white organic light-emitting device could be achieved by changing
doping concentration in the emissive layer of the device containing 9,10-di-(2-naph-thyl) an-
thracene(ADN), 2,5,8,11-tetra-butyl-perylene(TBPe) and 4-(Dicyanomethylene)-2-t-butyl-
6-(1,1,7,7-tetramethylj-ulolidy1-9-enyl)-4 H-pyran(DCJ TB). By examining the device chara-
cteristics of uniformly doped devices with varying dopant concentration, it is found that the
device with the doping concentration(mass fraction) of 1% DCJTB gains the maximum cur-
rent(y.) and power (zp) efficiencies, which are 6. 6 cd/A and 3. 21 Im/W at luminance of
10 520 cd/m?* with CIE coordinates of (0. 318 6, 0.352 0). The different color of devices can
be obtained by changing doping concentration of DCJTB.
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1 Introduction . . .
In particular, the advantages of using white

Research on white organic light-emitting de- OLEDs are their high efficiency, low operating
vices (WOLEDs) has become increasingly im- voltage, and long lifetime’*l, However,
portant because of their promising applications WOLEDs for these applications have not been
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considered to be realistic because of many techni-
cal problems.

White emission from OLEDs can be ob-
tained by mixing three primary colors (red,
green, and blue) ™ or two complementary colors
(sky blue and orange) Pin a multi- or a single-
layer structure from small molecules or poly-
WOLEDs based on small
molecules have been fabricated in a multilayer

structure with one or more emitting layers-.

mers. Generally,

Recently, several reports indicated that de-
vice performance can be improved substantially
by doping with fluorescent or phosphorescent
dyes into an active host material in a single emit-
ting layer'™ . In this study, we fabricated four
groups of OLEDs, which had the same structures
except for the emitting layers. We regulated the con-
centration of red fluorescent dyes DCJTB doping
mass fraction from 0~3% in the emissive layer.
As a result, the devices with high current and
power efficiencies as well as low operating volta-
ges were obtained. Simultaneously, we deve-
loped a white organic light-emitting device after
doping 2% (mass fraction) of the blue and 1%
(mass fraction) of the red dopants. We opti-
mized theoretically and experimentally compre-
hensive performance of a OLED in charge carrier

Lol In addition we

balance and energy transfer
observed different enhancement mechanisms,
which we attributed to charge trapping pheno-

mena, for devices emitting different colors.

2 Experiments

The schematic structure and the energy-level
diagram of OLEDs are shown in Fig. 1. Here,
we choose Al/LiF for the cathode. Al/LiF is a
good candidate for electrode material because of
its superior properties such as high conductivity,
high reflectivity in the visible light range, and
excellent stability. In addition, Al is a well-
known contact material in Si integrated circuits
and exhibits good corrosion resistance. We

manufactured the OLED using the following

steps. Firstly, Indium Tin Oxide (ITO) coated
glass substrates were cleaned successively utili-
zing acetone and ethanol in an ultrasonic bath for
5 min, then were dried in the dryness ark.
Secondly, ITO was cleaned by the standard
oxygen plasma treatment for 5 min. Finally, the

ITO was handled well in the vacuum chamber.
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Fig. 1  Schematic structure and energy-level diagram of

doped OLED

The organic multilayer devices structured as
N-phenyl-amino-triphenylamine (2-TNATA ), 4, 4-N,
N-bis-N-1-naphthyl-N-phenyl-amino-biphenyl (NPB) ,
2,5, 8, 11-tetra-butyl-perylene ( TBPe) and 4-
(Dicyanomethylene)-2-t-butyl-6-(1, 1, 7, 7-tetra-
methylj-ulolidyl-9-enyl )-4H-pyran ( DCJTB) were
doped in a wide band gap blue host 9,10-di-(2-
naph-thyl ) anthracene ( ADN ), and tris-( 8-
hydroxyquinoline) aluminum (Alqs) consequen-
tially. The concentrations of the guest-to-host
molecules were controlled at 2 % (mass fraction)
for the TBPe, X% (mass fraction) for the
DCJTB (Where X=0,1,2,3). Additionally, the
thickness of organic layers were 15 nm for 2-
TNATA, and 25 nm, 30 nm, 20 nm for NPB,
EML, Alqs. respectively. All of the materials,
including Al/LiF, were deposited by vacuum
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TNATA(15 nm)/NPB(25 nm)/ADN (30 nm) :
TBPe(2%) : DCJTB (3%)/Alg; (20 nm)/LiF
(1 nm)/AI(100 nm).

Luminance measurement was carried out
using a ST-900 The EL

spectra were taken on a PMS-80 optical multi-

spectrophotometer.

channel analyzer with a XYZ stage at room tem-
perature. The current density-voltage charac-
teristics of the device were measured with DC

Power Supply PS-3003D measurement unit.

3  Results and Discussion

The J-V and L-V characteristics of the
OLED under different doping concentrations are
shown in Fig. 2. It can be seen from the four
groups of devices that both current density and
luminance raise with the increase of driving vol-
tage, and high electric field strength and positive
bias voltage is an exponential relationship,
showing the typical characteristics of diode recti-
fier.

We have examined the device characteristics
of uniformly doped devices with varying dopant
concentration. Under the same TBPe doping

level, the current density and luminance of the four

of the OLED under different doping concentra-

tions

devices show a slight change with variation
DCJTB concentration. The maximum luminance
is 9 650 cd/m® at the breakdown voltage of 13.4 V
with none doping concentration of DCJTB in de-
vice A. However, the device with the doping
concentration of 1% DCJTB gained the maxi-
mum luminance of 10 520 cd/m?* at 15 V, the de-
vice B with the doping concentration of 1%
gained higher luminance than device A with the
With the doping

concentration increasing from 2% to 3%, the

none doping concentration.

corresponding maximum luminance of devices are
10 020 ed/m* and 10 290 cd/m’, respectively.
The current density was low in the device A

The

difference in current density in four devices

and it was high in other three devices.

originated from different electron injection from
cathode to emitting layer.

Different doping concentration of DCJTB
were used to optimize the device performance
(Table 1).
DCJTB increasing from 0 to 1%, the current

With the doping concentration of
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(L) and power () efficiencies increase from
4.2 cd/A to 6.6 cd/A, and 1. 85 Im/W to 3. 21
Im/W, respectively. From 2% to 3% dopant
level(device C~ D), the device efficiencies de-
clines. These values collected at 19 mA/cm®.
From the results above, the corresponding
energy-level diagram was shown in Fig. 1. Carrier
injection in OLEDs depends on injection barrier
difference from the HTL (or the ETL) and the
EML, the highest occupied molecular orbital
(HOMO) level and the lowest unoccupied mo-
lecular orbital(LUMO) level of ADN are 5.7 eV
and 2. 6 eV, respectively. The HOMO and
LUMO of TBPe dopant are 5.5 eV and 2.8 eV,
respectively. The energy gap of HOMO between
NPB and TBPe is 0. 3 eV, while the LUMO be-
tween TBPe and Alqg; is 0. 5 eV. Therefore. hole

and electron carriers have encounterd energy

barrier for injection to the EML. However, the
HOMO and LUMO of DCJTB dopant are 5. 3 eV
and 3. 1 eV, respectively. There is no energy
barrier for hole injection between the hole trans-
port layer to the emitting layer. Simultaneously,
there is only 0 for electron injection between the
electron transport layer to the emitting layer.
Electrons are directly injected from Alg; layer to
ADN doped DCJTB and TBPe emitting layer with-
out any energy barrier. This structure forms highly
energy transfer, which leads to a high current density
and efficiencies. Oppositely, highly doped (3%)
device exhibites relatively low current and power
efficiencies than that of device B. This is attri-
buted to the exciton quenching by the accumulated

[11-13]
’

holes and electrons and electric field

induced dissociation of excitons™"*!, which occur

in the heavily doped EML.

Table 1 Electroluminescence performance of OLEDs A~D

Dopant( %) V wmon Luminance 7t /i
Device CIE®
DCJTB TBPe Q%) (ed/m*) (ed/A) (Im/W)
1 384¢
A 0 2 3.5 4.2 1. 85 (0.148 8, 0.201 6)
9 650(13.4)"
2 010"
B 1 2 4.2 6.6 3.21 (0.318 6, 0.352 0)
10 520(15)°
2 020"
C 2 2 4.7 6.4 2.48 (0.424 8, 0.415 1)
10 020(14)°
1 400"
D 3 2 3.6 5 2.18 (0. 148 , 0.201 6)

10 290(13. 8"

a

values collected at 30 mA/cm®.

b

© At 19 mA/cm’

Fig. 3 shows the EL spectra of the OLEDs
with different doping concentration and the cor-
responding CIE coordinates in the chromaticity
diagram. Judging from the EL intensity versus
wavelength characteristics, it can be seen that
the different doping concentration of DCJTB has
great influence on the color of devices. Electro-

luminescence spectra of four devices showed dif-

maximum values. values of the maximum luminance under the breakdown voltage

ferent maximum luminescence wavelength. The
no doping device shown a pure blue OLED with
CIE(x, y)color coordinates of (0. 148 8, 0.201 6),
which gives one emission peak at 461 nm (with a
shoulder at 491 nm). While the device with the
doping concentration of 1% DCJTB gaines a
stable white OLED with CIE(x, y) color coordi-
nates of (0. 318 6, 0. 352 0), which emits two
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peaks at 464 nm (with a shoulder at 492 nm)
and 565 nm. The device with the doping concen-
tration of 2% (mass fraction) DCJTB shows a
slight yellow OLED with CIE(x, y)color coordi-
nates of (0. 424 8, 0. 415 1), which also gives
two emission peaks at 461 nm (with a shoulder
at 491 nm) and 575 nm. The last device with the
doping concentration of 3% DCJTB gaines a
orange OLED with CIE(x, y)color coordinates
of (0.5259, 0.440 2), which has only one peak
at 589 nm. From these results, we speculate
that carrier recombination of electrons and holes

mainly occur in the EML after doping DCJTB.
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Fig. 3 EL spectra of OLEDs with different doping con-

centration and the corresponding CIE coordinates

in the chromaticity diagram.

Fig. 4 displays the EL spectra of a stable
WOLED with 1% DCJTB gives two emission
peaks at 462 nm(with a shoulder at 492 nm) and
565 nm. Unlike common WOLED, which typi-
cally suffers from a color change with driving condi-
tions, there is practically no EL color shift with

various driving currents in our device, suggesting

a balancedcarrier injection in this device struc-
ture. For instance, the CIE color coordinates of
white OLED change only from (0. 321 7,0. 356 5),
(0. 318 6,0. 352 0), (0.315 6,0.347 7) and (0. 313 2,
0.348 8) to (0. 312 3,0. 343 7) as the current
density increases gradually from 9. 5 mA/cm?,
19 mA/cm?, 28.5 mA/cm?, and 38. 1 mA/cm?®
to 47. 6 mA/cm?,

respectively. Such device

structure provides an improved color stability as the

aging rate is determined by only one emitters-*’.
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Fig. 4 EL spectra of WLOED at varying current densities

4 Conclusion

In summary, We present the effects of
DCJTB on emitter ADN: TBPe: DCJTB in this
paper. The results show that different doping
concentration of DCJTB has great influence on
the color of devices, 1% DCJTB in ADN: TBPe:
DCJTB can realize stable and pure white emission
with CIE coordinates of (0. 318 6, 0. 352 0), and
0%, 2%, 3% DCJTB for blue, yellow, orange
emission respectively. Simultaneously, devices
luminance and efficiency can be optimized by
DCJTB ratio, device obtain higher efficiency and
maximum brightness with assist dopant TBPe,
1% DCJTB devices have a maximum brightness
of 10 520 cd/m?* and luminance of 6.6 cd/A. By
analyzing the impact of DCJTB on device per-
formance, we have learned more in-depth practi-
cal and theoretical understanding of the energy

transfer and the carrier capture mechanism.
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