Proc. of The Second Intl. Conf. On Advances in Civil, Structural and Mechanical Engineering - ACSM 2015
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved.
ISBN: 978-1-63248-074-3 doi: 10.15224/ 978-1-63248-074-3-30

Effects of Hole Transport and Injection Layers on the
Efficiency of Flexible Organic Light-emitting Diodes
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Abstract—The efficiency of organic light-emitting diodes
(OLEDs) strongly depends on the mobility of electric holes in the
organic materials. To improve the performance of flexible
OLEDs, various thicknesses of hole injection layers and hole
transporting layers in the flexible OLEDs were studied in this
work. The PEDOT:PSS hole injection layer was deposited on the
ITO coated PET substrate by spin coating at the first, and then
deposited the NPB hole transporting layer, Alg; emitting layer,
and aluminum cathode by thermal evaporation. The OLED
component was covered with a PET film and packaged by UV
glue in the final. The luminance, chromaticity coordinate, and life
time of the flexible OLEDs were tested, where the thickness
effects of the PEDOT:PSS and NPB on the OLED performance
were also studied. The result showed that the flexible OLED
stacked as PET /Al 200 nm /Alg; 100 nm /NPB 40 nm
/PEDOT:PSS 130 nm /ITO /PET had the best performance with
2640.7 cd/m®at 10 V.

Keywords— OLED:; flexible; hole injection layer; hole transport
layer.

. Introduction

Due to the advantages of high brightness and contrast, lower
power consumption, wider viewing angle, faster response
time, easy color tuning, thinner, and lighter, organic light
emitting diodes (OLEDSs) draw great attention. OLED displays
based on glass substrates have been used in smart phones,
smart pads, and TVs. Moreover, flexible OLEDs have
attracted much attention because of high mechanical flexibility
[1-3]. However, to achieve commercial standard, the device
lifetime and luminance efficiency of the devices still needs to
be improved.

To improve the performance of OLEDSs, various attempts
have been taken in the fabrication processes. One of the
promising methods is to increase the efficiency of the electron
transportation between the organic materials [4-6]. Due to its
high optical transparency and electrical conductivity, ITO is
the most widely used transparent anode for OLEDs. The
performance of OLEDs is highly affected by the hole injection
ability of the ITO anode. Hole injection layers (HIL) are
inserted between the hole transporting layer (HTL) and the
ITO anode to improve OLED performance by decreasing the
energy level between the HTL and anode. Many HILs have
been studied [7-13] in  which  Poly(3,4-ethylene-
dioxythiophene)
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poly(styrenesulfonate) (PEDOT:PSS) was reported as a good
hole injection material.

In this work, the effects of various thicknesses of HIL and
HTL on the performance of the OLEDs were studied. Various
thicknesses of PEDOT:PSS films were deposited on ITO PET
substrates by spin coating. And then, the other organic
emitting layers were deposited on the top of the PEDOT:PSS
films by thermal evaporation to finish the OLED devices. The
luminance of the OLEDs with various HTL and HIL
thicknesses were tested.

n. Specimen Preparation

The structure of the OLED is shown in Fig. 1, where a flexible
PET substrate, an ITO anode, a PEDOT:PSS (Clevios Al4083)
hole injecting layer (HIL), a NPB hole transporting layer (HTL),
an Algs; emitting layer (EL), an aluminum cathode, and a PET
cover were stacked in sequence. The ITO-coated PET substrate
with size 300x200x0.175 mm was treated by standard cleaning
procedure including ultrasonic bath and oxygen plasma before
deposition. To fabricate the OLED, a PEDOT:PSS HIL was
deposited on the ITO/PET substrate by spin coating at the first.
The film thickness was controlled by the spin speed, where 110,
130, and 150 nm was spun with 6000, 5500, and 5000 rpm for 30
sec, respectively. The specimen was followed by drying process
at 70 °C for 10 min. And then, the NPB HTL and Algs EL were
thermally evaporated with 1 A/s deposition rate. And, an
aluminum cathode was successively evaporated. Finally, the
device was covered with a PET substrate, packaged by UV glue,
and cured by UV light for 1 hr. Various thicknesses of the
PEDOT:PSS HIL, NPB HTL, and Alg; EL were considered.

The thicknesses of each layer were confirmed by a Kosaka
ET4000 surface profiler. The luminance and chromaticity of the
OLEDs is measured by UV/VIS/INIR spectrophotometer
(BWTEK BTC112) in the ambient air at room temperature.
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Figure 1. Structure of OLED.
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Results and Discussion

The luminance of OLEDs at applied voltage 0 ~ 10 V are
shown in Fig. 2, where the Alg; EL and PEDOT:PSS HIL
thicknesses are fixed at 100 and 130 nm, and three
thicknesses of the NPB HTL, 20, 40, 60 nm, are considered.
The results show that the OLEDs work as the applied voltage
higher than 4 V, and the luminance increases quickly as the
voltage increases. The results also show the case of 40 nm
NPB presents the highest luminance 2640.7 cd/m?at 10 V, the
case of 60 nm NPB is 1948.5 cd/m? and 20 nm NPB has the
lowest luminance 1752.6 cd/m? at 10 V. It indicates the
optimal thickness arrangement of HIL, HTL, and EL in the
OLED is needed to improve the electron transportation by
decreasing the energy gap between the stacked layers.

Fig. 3 shows the corresponding images of OLEDs at 10 V,
where NPB is (a) 20, (b) 40, and (c) 60 nm with fixed Alqs
and PEDOT:PSS. Each luminant area is 2x2 mm, which
indicates the case (b) with 40 nm NPB presents the highest
luminance.

Fig. 4 shows the corresponding current density of OLEDs
at applied voltage 0 ~ 10 V. It shows the OLED with 40 nm
NPB presents the highest current density, and that with 20 nm
NPB is the lowest. The results of current density are
consistent with the luminance results shown in Fig. 2.

The life time of the OLEDs are shown in Fig. 5, where the
OLED with Algz 100 nm/NPB 40 nm/PEDOT:PSS 130 nm is
discussed. Fig. 5 compares the luminance of the OLEDs
between 0 hour and after 24 hours usage. It shows the
luminance is 2640.7 cd/m* @10 V at the begin (0 hour), and
the luminance decays to 1860.9 cd/m? @10 V after 24 hours
usage. The result indicates the luminance decays 70.47%
after 24 hrs.

The luminance at 10 V and chromaticity coordinate for the
above three cases are listed in Table 1. It illustrates the case
(a) has the lowest luminance 1752.6 cd/m? at 10 V, and case
(b) presents the highest 2640.7 cd/m? It also indicates the
chromaticity coordinate of case (b) is (0.34, 0.49), and cases
(a) and (c) are (0.33, 0.51), which are consistent with the
original color of the Algs emitting layer.

For various thicknesses of PEDOT:PSS HIL, NPB HTL, and
Algz EL, similar patterns of luminance, current density, and
luminance decay were found. In summary, the luminance of
the OLEDs at 10 V with various thicknesses of PEDOT:PSS,
NPB, and Algs are listed in Table 2. The luminance wildly
ranges from 121 to 2640 cd/m?, which indicates the luminance
of OLEDs strongly depend on the thickness of the organic
layers. It illustrates that the OLEDs with 130 nm PEDOT:PSS
and 100 nm Algs presents the higher luminance than other
case, where 40 nm NPB is the higher one than the other
thickness. Overall, the combination of OLED with 130 nm
PEDOT:PSS, 100 nm Algs, and 40 nm NPB presents the
highest luminance of 2640.7 cd/mZ.

The summary of current density of the OLEDs at 10 V with
various thicknesses of PEDOT:PSS, NPB, and Alqs are listed
in Table 3. The results consist with the luminance distribution
listed in Table 2. Similarly, the highest current density is
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249.829 mA/cm?’@10 V occurred at 130 nm PEDOT:PSS, 100
nm Algs, and 40 nm NPB.

The summary of luminance decay of the OLEDs with
various thicknesses of PEDOT:PSS, NPB, and Algs are listed
in Table 4. In this work, the luminance decay is defined as the
ratio of the luminance after 24 hours usage to the luminance at
the OLEDs finished moment (0 hour). A narrow range from
65 to 74% are shown, which indicates the life time of the
OLEDs is more dependent on the encapsulation than the
electric hole mobility.

In general, HIL are inserted between the HTL and the anode
to improve OLED performance by decreasing the energy level
between the HTL and anode. Moreover, thicker HTL and EL
can increase the luminance of OLEDs. However, the device
applied voltage will increases as the HTL and EL thickness
increase, resulting in higher energy consumption. Therefore, it
is needed to design an optimal arrangement of the stacked
layer thicknesses of OLEDs.
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Figure 2. Luminance of OLEDs with various thicknesses of NPB.

Figure 3. Images of OLED (a) Algs 100 nm/NPB 20 nm/PEDOT:PSS 130 nm
(b) Algs 100 nm/NPB 40 nm/PEDOT:PSS 130 nm (c) Algsz 100 nm/NPB 60
nm/PEDOT:PSS 130 nm.
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Figure 5. Luminance of OLEDs with Algs 100 nm/NPB 40 nm/PEDOT:PSS

Figure 4. Current density of OLEDs with various thicknesses of NPB.
130 nm at 0 and 24 hrs.

Table 1. Luminance and chromaticity coordinate of OLEDs with various NPB thichnesses, where Alq;=100 nm, PEDOT:PSS=130 nm

(a) (b) (c)
Al Al Al
Al Al Al
OLED type NPB 20 um NPD 40 nm NPD 60 um
PET PET PET
Luminance 1752.6 cd/m’@ 10 V 2640.7 cd/m’@ 10 V 1948.5 cd/m’@ 10 V
Chromaticity
coordinate

(0.33,0.51)

(0.34,0.49)

(0.33,0.51)

Table 2. Summary of luminance of OLEDs with various thicknesses of HIL, EL and HTL (cd/m*@10 V)

PEDOT:PSS HIL Algs EL NPB HTL (nm)
(nm) (nm) 20 40 60
50 20 121.18+1235 173.94+2041 127.75%188¢
70 40 465.75%1072 559 45+2541  43459+2143
90 60 783.75+4371 1097.9%4%2 651.23+3942
110 80 1125.9+305 2123.4+33] 122434313
130 100 1752.67388 26407522 1948.57488
150 120 1455.0327 1688.2+252 1210.0*437

Table 3. Summary of current density of OLEDs with various thicknesses of HIL, EL and HTL (mA/cm?@10 V)
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NPB HTL (nm)

40

60

PEDOT:PSS HIL Alg; EL
(nm) (nm) 20
50 20 9.80313253
70 40 58.48412:288
90 60 119.939+9572
110 80 134.988+1:292
130 100 199.404+1228
150 120 156.690+3547

12.126%97%3
76.25119:384
132.039%5:288
237.22811252
249.829151¢66
193.773+23%2

6.9971085%5
55.76415:248
98.878%117%
145.598+9-167
216.0241311¢
142.03919:5%8

Table 4. Summary of luminance decay of OLEDs with various thicknesses of HIL, EL and HTL (%@10 V).

PEDOT:PSS HIL Alq; EL NPB HTL (nm)

(nm) (nm) 20 40 60
50 20 66.81 65.14 69.52
70 40 70.95 65.75 68.18
90 60 67.24 72.55 73.45
110 80 70.20 71.15 65.65
130 100 67.35 70.47 74.73
150 120 74.93 69.69 66.47

iv. Conclusions

Effects of HIL and HTL on organic light-emitting diodes
coating on flexible PET substrates were studied. Considering
various thickness PEDOT:PSS hole injection layer and NPB hole
transporting layer, the luminance of the OLEDs were tested. The
results showed that the flexible OLED stacked as Algs; 100 nm
/NPB 40 nm/PEDOT:PSS 130 nm has the best performance with
2640.7 cd/m?at 10 V. To balance the emitting performance and
energy consumption, it is needed to design an optimal
arrangement of the stacked layer thicknesses of OLEDs.
Moreover, the 24 hours luminance tests indicated that the life
time of the OLEDs is more dependent on the encapsulation
than the electric hole mobility.
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