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In this study top emission organic light-emitting diodes (TE-OLED) were successfully fabricated on flexible PET/multilayer
disordered silver nanonetwork (MDSN) substrate with conventional LiF/Al as a semitransparent cathode and Ag as a reflective
anode. The effects of the hole injection layer, anode buffer layer, and an electron injection layer on the luminescence
characteristics of TE-OLEDs were investigated. At first, the thickness of cathode Al is adjusted based upon the overall
transmittance of the top-emission cathode and its conductivity. There is a high energy barrier for the hole between the work
function of the anode Ag (4.2 eV) and the NPB highest occupied molecular orbital (HOMO) energy level (5.5 eV), which is not
favorable for hole injection. This study tested four types of hole injection layer (HIL) materials. Finally, MoO3 was selected as
an optimal HIL material, and the optimum thickness was adjusted, enabling the hole to be injected smoothly from the anode
to the NPB and then to an emitting layer. The TE-OLED luminance reached 268 cd/m2. There is a high energy barrier between
the work function of Ag and MoO3 HOMO (5.3 eV)—about 1.1 eV—which is still not conducive to the hole injection, so a
thin layer of high work function metal Au (work function 5.1 eV) was added to the top of the anode silver, which more
matches with the MoO3 energy level. It can make the hole easier to inject from the anode to MoO3 (HIL) and protect the
silver from oxidation. At 8V, the luminance is increased to 413.7 cd/m2, and the current efficiency is 0.81 cd/A. The luminance
is significantly improved. An electron transport/hole blocking layer TPBi (10 nm) was added to enhance the electron transport
capability and effectively block the holes with higher electron mobility and a higher HOMO energy level of TPBi. So that more
holes can remain in the emitting layer and increase the chance of the electron-hole recombination to improve the luminance
and current efficiency of TE-OLED. At 8V, the luminance and current efficiency can reach 611.4 cd/m2 and 0.95 cd/A,
respectively.

1. Introduction

The device structure of the organic light-emitting diode
(OLED) consists of very thin films suitable for displays and
lighting. The process is relatively simple. In 2020, both Sam-
sung and Huawei launched foldable phones: the Samsung
Galaxy Z Flip and the Huawei Mate X, respectively.
Although there are still many problems to overcome, it is
believed that foldable phones will become a new trend.

In the bottom of active-matrix organic light-emitting
diode (AMOLED) display substrate, each pixel must first
be prepared with an integrated circuit (IC), such as thin-
film transistors (TFT) and capacitors, so if the OLED emits
the light from the bottom side, the light will be blocked by
the TFT and metal circuit on the substrate, meaning the
actual emitting area is limited, affecting the ratio of the emit-
ting/TFT area (i.e., aperture ratio). To improve the aperture
ratio, many products in recent years have been changed to
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“top emission” formats, whereby light is emitted from the
cathode, rather than from the anode. For top emission
OLED (TEOLED), the light does not pass through the sub-
strate but emits from the other side, so it will not be blocked
by the bottom TFT and metal circuit [1].

For flexible devices, indium tin oxide (ITO) films are not
suitable as electrodes because the ITO material is brittle [2]
and easily cracks or breaks when the ITO is bent several
times on the flexible substrate [3]. It is not easy to reduce
the resistance value of ITO film [2]. Indium metal is a rare
mineral, so some new materials have been created to replace
ITO. Silver nanowire (AgNW) films are inexpensive to pro-
duce, have high transmittance, high electrical conductivity,
and good flexibility, and have great potential to be used on
flexible substrates [4, 5, 6]. But there are still some disadvan-
tages of AgNWs, such as low adhesion force to the substrate
and low corrosion resistance.

The fabrication of semitransparent cathodes for
TEOLED has been reported in the literature: Song et al.

show transparent 14nm Ag: Al (Ag atomic dopant 4%) cath-
odes with a transmittance at 520 nm of 83.5% and a sheet
resistance as low as 7.0Ω/□ [7]. Chang et al. show the com-
position of 3 nm Al and 10nm Ag with a transmittance of
56% and a sheet resistance of 11Ω/□ for semitransparent
cathodes [8]. Park et al. show Ag:60% MoO3 (30 nm) with
a transmittance of 65.9% and sheet resistance of 12.7Ω/□
[9].

Regarding the reflective anode metal and hole injection
layer, Park et al. show an anode structure of silk substrate/
Ag (80nm)/MoO3 (4 nm), where the MoO3 was introduced
to the interface between anode and organic layer to improve
the hole injection efficiency [10]. Yin et al. report a reflective
anode of Ag (100 nm)/MoO3 (3 nm) on a glass substrate,
and TEOLED was fabricated [11]. Chang et al. report a
reflective anode of Al (100 nm)/MoO3 (2 nm) on glass. The
MoO3 layer is treated by UV-ozone; then, PEDOT:PSS is
spin-coated onto the MoO3 layer as the hole injection layer
[8]. Xiaoxiao et al. used graphene/PEDOT: PSS: DMSO
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Figure 1: (a) Device patterns and (b) emission photo of TE-OLED with encapsulation.

Fixed plate

PET/MDSN
flexible
substrate

Rotation
direction

Bending
force

Film length (L)

Radius
(R)

Moving plate

(a) (b)

Figure 2: (a) Flexibility test equipment and (b) PET/MDSN substrate flexibility test.
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(dimethyl sulfoxide) as an anode on PET substrate, and a
bottom emission OLED was fabricated [12]. By Shang-Yu
et al., the photoresist was coated on flexible stainless-steel
substrate, and then, Ag/WO3 was employed as an anode,
and the top emission OLED was fabricated [13].

The flexible substrate used in this study is a multilayer
disordered silver nanonetwork (MDSN) transparent film
fabricated with a sputtering physical vapour deposition sys-
tem on PET substrate, purchased from ConvergEver INC.,
LTD, Taiwan. This MDSN flexible substrate is resistant to
electromagnetic interference (EMI). It can be applied to
large size touch displays, curved touch, OLED lighting, col-
our changing windows, transparent displays, LCD, elec-
tronic paper, active capacitive pen precision touch panel
transparent heating panels, etc. MDSN has UV-weather
resistance and low silver migration characteristics. The raw
material cost is also lower and competitive in the field of
flexible substrates.

In this study, a top-emission organic light-emitting
diode (TE-OLED) of an area of 5mm × 5mm was fabricated
by full thermal vacuum deposition on PET/MDSN substrate

using high reflectivity metal Ag as the anode and semitrans-
missive Al as the cathode.

2. Experiments

The anode and cathode patterns of the TE-OLED were
designed using AutoCAD software, and the electrode area
was carved on PET/MDSN (thickness 125μm, sheet resis-
tance 10.85Ω/□) flexible substrate using a laser engraving
machine. The substrates were soaked in acetone, isopropa-
nol, and deionized water for 20 minutes each using an ultra-
sonic cleaner. The substrate was then blown dry with a
nitrogen gun (N2) and baked in an oven at 80°C for 10
minutes. Next, organic and metallic layers were deposited
by a thermal vacuum deposition system (at vacuum pressure
6 × 10−6 torr). The reflective anode was deposited with Ag/
Au/MoO3. The organic materials are the hole transport layer
(HTL) NPB, the electron transport layer (ETL)/emitting
layer Alq3, and the ETL/hole blocking layer (HBL) TPBi.
The transparent cathode is LiF with a thickness of 0.8 nm
and aluminium with a thickness of 15 nm. The device pat-
terns and emission photos of the TE-OLED are shown in
Figures 1(a) and 1(b), respectively. The luminous area is 5
mm × 5mm. Finally, a Keithley 2400 (power supply) was
used to provide bias to the TE-OLED, and a Spectra Scan
PR 650 Spectra Colorimeter was used to measure the lumi-
nance and spectra to obtain current-luminance-voltage
characteristic curves.

2.1. Device Flexibility Test. Using the flexibility measurement
equipment, the flexibility of the top emission OLEDs was
measured by placing a flexible PET/MDSN substrate

(a) (b)

(c)

Figure 3: Flexibility test of TE-OLED substrates at a length of (a) L = 30mm, (b) L = 20mm, and (c) 10mm.

Table 1: The conductivity and transmittance of Al with different
thicknesses.

Al
(nm)

Conductivity
(Ω-1·cm-1)

Transmittance
at 510 nm

10 0:42 × 104 25.7%

15 1:15 × 104 20.6%

20 1:73 × 104 8.1%
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between a fixed plate and a moving plate, as shown in
Figures 2(a) and 2(b).

In order to evaluate the flexibility of the TE-OLED, a
bending force was applied in one direction, and the bending
test was conducted at the constant voltage of 5V.
Figures 3(a)–3(c) illustrate the measured PET/MDSN sub-
strate flexibility in lengths of 30mm, 20mm, and 10mm.
Based on this measurement, it is determined that the TE-
OLED on PET/MDSN substrate is able to sustain at the
extreme bending radius of 4mm.

3. Results and Discussion

In the top emission OLED structure, the transparent cathode
has the most important impact on the efficiency of the
devices. When the Al is thicker, its conductivity is higher,
but the transmittance is lower, which affects the light emit-
ting output. When the Al is thinned, the transmittance
increases, but the conductivity decreases. In this study, alu-
minium is used as the cathode metal to investigate the effect
of the thickness of aluminium on its transmittance and con-
ductivity. As shown in Table 1, the conductivity was mea-
sured using a Hall measurement system for different Al
thicknesses. For Al thickness of 20nm, the conductivity is
high, but the transmittance is only 8.1%. Thickening of Al
leads to a decrease in transmittance, so Al 15nm has a good
conductivity and sufficient transmittance as a transparent
cathode for top emission OLED.

In this study, TE-OLED uses PET/MDSN as the sub-
strate with an MDSN sheet resistance of 10.85Ω/□ (pur-
chased from ConvergEver Co., LTD), and Ag is deposited
on top of MDSN as the reflective anode (thickness 80 nm).
The energy barrier between Ag and NPB HOMO is about
1.3 eV. For the holes to be injected smoothly into the emit-
ting layer from the anode, the appropriate hole injection
material must be selected. The structure of the TE-OLED
for the HIL material study was PEN/MDSN/Ag (80nm)/X/
NPB (35nm)/Alq3 (60 nm)/LiF (0.8 nm)/Al (15 nm) where
four materials were chosen for the X-layer: MoO3 (by evap-
oration), PEDOT: PSS (by spin-coating), TFB (solved in
chlorobenzene then spin-coating), and Poly-TPD (solved
in chlorobenzene then spin-coating). The parameters of each
layer are shown in Table 2, exploring the effects of different
HIL materials on the luminous characteristics of TE-OLEDs.
The energy band diagram is shown in Figure 4. The obtained
characteristics are shown in Figure 5(a) current density-
voltage curve and Figure 5(b) luminance-voltage curve.

From Figures 5(a) and 5(b), it can be seen that the hole
injection effect of TFB, Poly-TPD, and PEDOT: PSS as
HIL is not good enough using the spin-coating method. As
TFB and poly-TPD are organic materials, conductivity is
poor, rendering the hole insufficient to inject into the light-
emitting layer so the current density is low. PEDOT: PSS
film has good conductivity, so some of the holes can still
be injected into the emitting layer to make the device emit
light slightly, as shown in Figure 5(b). The thermal vacuum
evaporation technique can control the MoO3 thickness to 1-
5 nm for optimal hole injection from MoO3 into NPB (high
current density and high luminance) [8, 12, 14, 16]. MoO3
behaves as an anode buffer in the OLEDs [17, 18].

Next, the repercussions of MoO3 HIL thickness on the
luminescence characteristics were discussed. Although the
reflectivity of the anode metal Ag is over 80%, the Ag work
function is only 4.2 eV, and the energy barrier of 1.3 eV is
formed between Ag and NPB HOMO energy levels. To
reduce this energy barrier to increase the number of holes
injected into the emitting layer by the anode, another layer
of MoO3 (HOMO 5.3 eV) is deposited on top of the anode
Ag metal, and the energy barrier between MoO3/NPB
HOMO is only about 0.2 eV, which is expected to enhance
the hole injection amount. Many experts and researchers
have used MoO3 as a HIL or anode buffer layer for top emis-
sion OLED (TEOLED) [8, 12, 14–19]. The structure of the
TE-OLED is PEN/MDSN/Ag (80nm)/MoO3 (x nm)/NPB
(35 nm)/Alq3 (65 nm)/LiF (0.8 nm)/Al (15 nm). The energy
band diagram is shown in Figure 6(a), in which the MoO3
thickness is adjusted to 1, 2, and 5nm, respectively.
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Figure 4: Energy band diagram for TE-OLEDs with different hole
injection materials.

Table 2: Device parameters with different hole injection materials (unit: nm).

Anode HIL HTL EML EIL Cathode

Ag Materials/thickness NPB Alq3 LiF Al

80

TFB (solved in chlorobenzene) 30

35 60 0.8 15
Poly-TPD (solved in chlorobenzene) 30

PEDOT:PSS 25

MoO3 2
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Figure 7 shows the current density-luminance-voltage
curves of the structure, and Figure 8 shows the current
efficient-voltage curves of the structure.

Compared with Ag/NPB, the Ag/MoO3/NPB anode
structure with a lower energy barrier between MoO3/NPB
HOMO results in holes that can be easily injected from Ag
to NPB. When the device is biased, part of the applied volt-
age (V) is divided to the anode side to make holes inject into
NPB and transport to Alq3, and part of the applied voltage is
divided to the cathode side to make electrons inject into Alq3
so that the holes and electrons can recombine in the emitting
layer to emit the light. Figure 7 shows the current density-
luminance-voltage curves for FET-OLED with Ag/MoO3/
NPB anode structure. When the MoO3 thickness is 1 nm,
the hole injection current is still low, resulting in a weaker
luminance. When the MoO3 thickness increases to 2 nm,
the current density increased slightly higher than that of

1 nm. The current density is 71.64mA/cm2 at 8V, and the
luminance increased significantly at 7-9V. As shown in
Figure 7, the luminance is 268.4 cd/m2 at 8V, and the cur-
rent efficiency is 0.37 cd/A. When the thickness of MoO3
increases to 5 nm, the current density increases sharply to
122.75mA/cm2 at 8V. There are some possibilities: (1) more
applied voltage is across the anode side (when compared
with that of MoO3 1nm), resulting in a greater increase in
the number of holes injected. (2) The thicker MoO3 layer
may generate more defects in the Ag/MoO3/NPB interface
which results in leakage current in the anode side.

Although the number of holes increases, the quantity of
electrons does not increase (as the partial voltage at the cath-
ode side is less), which fails to reach equilibrium (balance) so
that the luminance decreases dramatically. The luminance
was about 107 cd/m2 at 8V, and the current efficiency
decreased to 0.09 cd/A. In conclusion, a thickness of MoO3
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Figure 6: (a) TE-OLED energy level diagram with MoO3 thickness adjustment and (b) TE-OLED energy level of adding Au/MoO3 on the
anode side and TPBi on the cathode side.
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Figure 5: (a) Current density-voltage curves and (b) luminance-voltage curves of TE-OLED with various hole injection materials compared.
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of 2 nm is the most appropriate one as the luminance and
efficiency are the highest.

From the current density-voltage curves in Figure 7,
another phenomenon can be found: the current density-
voltage characteristics of TE-OLEDs with an Ag/MoO3
anode structure tend to have ohmic contact characteristics.
This may be caused by the uneven surface of Ag/MoO3 or
the existence of some defects in the Ag/MoO3/NPB interface
which generate leakage current in the anode side. The
thicker the MoO3 layer, the higher the current density, espe-
cially with MoO3 5nm. This can be improved after inserting
an Au layer as discussed below.

Since the energy barrier between Ag/MoO3 is still larger
(about 1.1 eV), the hole is not easily injected into MoO3, so a
metal with a higher work function than Ag is required. The
problem of the Al/MoO3 interface with leakage current also

needs to be solved. In this study, a thin layer of Au (3 nm
thick, work function 5.1 eV) is added between the Ag-
MoO3 to make the hole injection step from Ag into MoO3
become smoother, as shown in the anode part of the band
diagram in Figure 6(b). The Au on the Ag surface can also
prevent the degradation of Ag film conductivity caused by
the oxidation of Ag in the atmosphere, thus enhancing the
luminous efficiency of TE-OLED. The device structure is
PEN/MDSN/Ag (80nm)/Au (3 nm)/MoO3 (2 nm)/NPB
(35 nm)/Alq3 (60 nm)/LiF (0.8 nm)/Al (15 nm). The device
parameters are listed in Table 3. Figures 9(a) and 9(b) show
the current density-luminance-voltage and current
efficiency-voltage characteristics of TE-OLED with Ag/Au/
MoO3 structure, respectively.

By adding a thin layer of Au on top of the anode Ag, the
energy level for hole injection from Ag to MoO3 is estab-
lished like a gradual ladder, and a stable Schottky barrier is
formed, as shown in the anode side of Figure 6(b). Both
Ag/MoO3 and Ag/Au/MoO3 devices are compared with
each other, and the thickness of the organic layer NPB/
Alq3 remains the same for both. Equation (1) is the equation
of total V applied to the OLED and result in total current
density J . For Ag/MoO3/NPB/Alq3/LiF/Al OLED, the partial
voltage of Ag-MoO3, NPB-Alq3, and LiF-Al is Vh, Vo, and
Ve, respectively, similar for that of Ag/Au/MoO3/NPB/
Alq3/LiF/Al. The detailed discussions are listed in Table 4.

V = Vh +Vo +Ve, ð1Þ

J = Jh + Je: ð2Þ
Compared with the Ag/MoO3 structure, the current den-

sity of the TE-OLED with Ag/Au/MoO3 structure decreases
from 71.64mA/cm2 to 51.33mA/cm2 at 8V, but the lumi-
nance increases from 268.4 cd/m2 to 413.7 cd/m2 as shown
in Figure 9(a). The current efficiency also increased from
0.37 to 0.81 cd/A as shown in Figure 9(b). Compared with
Ag/MoO3, the Ag/Au/MoO3 anode after 3 nm Au insertion
has a more stable formation of Schottky barrier which can
be observed from the I-V Schottky characteristics shown in
Figure 9(a). The overall comparisons of the I-V characteris-
tics of Ag/MoO3 (different thicknesses) and Ag/Au/MoO3
are shown in Figure 10. It is found that the cut-in voltage
of the Ag/Au/MoO3 device increases (to a higher value of
about 4.5V), and dV/d ðln ðJÞÞ slope decreases (as deduced
from the Schottky diode I-V equation), which confirms the
formation of a more stable Schottky contact between Ag/
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Table 3: Variable TE-OLED structure parameters for each layer
thickness (unit: nm).

No
Anode HIL HTL EML ETL EIL Cathode
Ag Au MoO3 NPB Alq3 TPBi LiF Al
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80 —
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0.8 15
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C 5
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with the MoO3 thickness adjusted.
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Figure 9: The characteristic curves of (a) current density-luminance-voltage and (b) current efficient-voltage of TE-OLED in the anode Ag/
Au/MoO3 structure.

Table 4: A detailed discussion of resistance, voltage, and current of anode side, an organic layer, and cathode side, respectively, in TE-
OLED.

Device
structure

Total Anode side Organic layer
Cathode side
Alq/LiF/Al

I-L-V results

Ag/NPB
w/o MoO3

R= Rh (high) Ro Re (low)
No emitting
No h+ crt
Low crt

(due to high barrier)

V= Vh (high, Vh >Ve) Vo Ve (low)

I= Ih (low) Ie (low)

Ag/MoO3

vs
w/o MoO3

R= Rh (low) Ro Re (low)

Emitting, total current
increased

1. Ag/MoO3/NPB barrier decreased.
2. IV curves like ohmic contact.

3. Ag/MoO3 interface may have defects.

V= Vh (decreased a little) Vo Ve

(transferred to cathode) (increased)

I= Ih (high, Ih > Ie) Ie (increased)

Ag/Au/
MoO3

vs
Ag/MoO3

R= Rh (increased) Ro Re (low)

Luminance increased,
total current decreased

1. Schottky barrier formed and energy level for
h+ injection likes a gradual ladder.
2. Ag/MoO3 interface improved.

V= Vh Vo Ve

I=
Ih (decreased more)

e/h current more balanced
Ie (increased

a little)

Ag/Au/
MoO3/
.../TPBi/
LiF/Al

R= Rh Ro Re

Total current increased
Luminance increased

Decreased due to TPBi
with higher e mobility.

V= Vh Vo Ve

I= Ih
Ie (increased)
e/h crt more
balanced
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Au/MoO3/NPB. Therefore, the hole injection current (Jh in
Equation (2)) at the anode side decreases due to the inser-
tion of Au (resistance increased) and the formation of the
Schottky barrier, while at the cathode side, the Alq3/LiF/Al
is a conventional structure where the electron injection
remains at a general condition (compared with that of Ag/
MoO3). So the hole injection current decreases and the elec-
tron injection current (Je in Equation (2)) increases a little
which promotes the electron and hole current to be more
balanced, as discussed in Table 4. So the luminance and cur-
rent efficiency of the Ag/Au/MoO3 device is enhanced com-
pared with the Ag/MoO3 structure, as shown in Figure 9(b).
The total current density of the Ag/MoO3 (Au 0nm) device

is larger than that of Ag/Au/MoO3 as the dashed I-V curves
shown in Figure 9(a). It is also confirmed that the interface
between Ag/MoO3/NPB is more unstable (non Schottky)
and prone to current leakage if no Au is inserted between
Ag and MoO3.

Although the luminescent layer Alq3 has electron-
transport property, its electron mobility is low (about 8:0
× 10−6 cm2/V:s), which is not conducive to electron trans-
port. Therefore, another electron transport layer TPBi with
high electron mobility (6:5 × 10−5 cm2/V:s) is added between
Alq3 and the cathode to accelerate the electron transport
rate. The structure of the device is PEN/MDSN/Ag
(80 nm)/Au (3 nm)/MoO3 (2 nm)/NPB (35nm)/Alq3
(55 nm)/TPBi (10 nm)/LiF (0.8 nm)/Al (15 nm), and the
thicknesses of each layer of the TE-OLED are listed in
Table 3. Figure 11 shows the current density-luminance-
voltage characteristic curves when inserting the electron
transport layer/hole blocking layer (TPBi).

Figure 12 shows the current efficiency-voltage character-
istics curves. After adding a layer of 10nm TPBi to the TE-
OLED, the current density increases from 51.33mA/cm2 to
64.29mA/cm2 at 8V. The luminance also increases from
413.7 cd/m2 to 611.4 cd/m2 and the current efficiency from
0.81 cd/A to 0.95 cd/A.

TPBi not only has the role of accelerating electron trans-
portation (lead to organic layer equivalent resistance
reduced) but also its high HOMO energy level (higher than
Alq3) can be used as a hole blocking layer. As shown in the
energy band diagram in Figure 6(b), TPBi can block the
holes and prevent them from rapidly flowing away from
Alq3 (emitting layer) to the cathode. So the holes could be
confined in the emitting layer, increasing the chance of
electron-hole recombination and increasing the luminance
of TE-OLED.

In this study, the I-L-V characteristics of four TE-OLED
structures, Ag anode without MoO3, Ag/MoO3, Ag/Au/
MoO3, and Ag/Au/MoO3/.../TPBi/LiF/Al, were analyzed.
The details of correlative variation of resistance, partial
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Figure 10: Overall comparison of I-V properties of Ag/MoO3
(different thicknesses) with Ag/Au/MoO3.
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Figure 11: Current density-luminance-voltage characteristic curve
characteristics of TE-OLED with electron transport/hole blocking
layer TPBi.
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Figure 12: Current efficiency-voltage characteristic curves of TE-
OLED with electron transport/hole blocking layer TPBi.
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voltage, and electron/hole injection current between the
anode, organic layer, and cathode are explained in Table 4.

4. Conclusions

In this study, we successfully fabricated top-emitting OLEDs
(TE-OLEDs) on a flexible PET/MDSN substrate with con-
ventional LiF/Al as the cathode and Ag as the reflective
anode. For the cathode to be transparent and have good con-
ductivity, the thickness of Al was thinned to 15 nm, with a
transmittance of 20.6% at 510nm and conductivity of 1:15
× 104 (Ω-1·cm-1). The thicker the Al, the higher the conduc-
tivity, but the transmittance is relatively lower, and the lumi-
nance decreases. An optimum thickness of 15 nm of Al was
obtained from this experiment.

Silver with high reflectivity is suitable as a reflective anode
(thickness of 80nm), but for the hole, there is a high energy
barrier (about 1.3 eV) between the work function of Ag and
the NPB HOMO, which is not favorable for hole injection.
In this study, MoO3 was selected from several HIL materials
as the best one. The optimum thickness of MoO3 of 2nm
was determined, which can make the hole inject smoothly
from the anode to NPB and then into the emitting layer. The
luminance of TE-OLED with Ag/MoO3 anode is 268 cd/m

2.
PEDOT: PSS can also help the hole inject into NPB, but its
luminance is much lower than that of MoO3.

The work function 4.2 eV of Ag and the HOMO of
MoO3 still have a large energy barrier—about 1.1 eV—which
is still not conducive to hole injection. Therefore, a layer of
high work function metal—Au 3nm—is added on top of
the anode silver. Since the work function of Au 5.1 eV more
matches with the HOMO of MoO3, it is easier for the hole to
inject from the anode to MoO3 (HIL), which reduces the
driving voltage and protects the silver from oxidation,
improving the Ag/MoO3/NPB interface. At 8V, the current
density, luminance and current efficiency reach 51.33mA/
cm2, 413.7 cd/m2 and 0.81 cd/A, respectively. The character-
istics are significantly improved.

Finally, a layer of electron transport and hole blocking
TPBi (10 nm) is inserted to enhance the electron transport
ability and effectively block the hole with the higher electron
mobility and higher HOMO of TPBi, so that more holes
remain in the emitting layer and increase the chance of the
electron-hole recombination to improve the luminance and
efficiency of TE-OLED. The current density, luminance,
and current efficiency can reach 64.29mA/cm2, 611.4 cd/
m2

, and 0.95 cd/A at 8V, respectively. The top emission
OLEDs were successfully fabricated on PET/MDSN sub-
strate, and their luminance characteristics were enhanced
by improving the anode material, choosing the best hole
injection material, and inserting a higher electron mobility
ETL. The TE-OLEDs were also tested for flexibility during
this study, and the device performance did not degrade with
an extreme bending curvature radius of 4mm.
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