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ABSTRACT

Aluminum doped zinc oxide (AZO) is a promising
transparent conducting oxide (TCO), which have the
advantages of low material cost, low toxicity and chemical
stability in reducing ambient over ITO. In this report, AZO
was grown by sputtering Al target and ZnO target
simultaneously, and the Al dopant concentration can be
easily tuned by adjusting sputtering power set. The acquired
lowest resistivity was 1.3x10°Qecm, with the Al
concentration dopant as 4.8%. The transmittance of AZO is
even better than commercial ITO glass. OLED devices
based on TPD-Alq; were fabricated on AZO, and the device
performance was competitive with that on commercial ITO.
It was also proved that MTDATA matches better with AZO
than CuPc, which served as hole injection layer.
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1. INTRODUCTION

Much research work has been done searching for other
TCOs, the aim being to replace the ITO by cheap materials
with less toxicity and higher transparency and conductivity.
Aluminum doped zinc oxide (AZO) film, an n-type, highly
degenerated, wide-gap semiconductor is expected to replace
ITO films due to its high conductivity in the range of 107
~10™* Qecm and because it has a lower material cost than
does indium [1]. They also have advantages in terms of
their chemical stability in the reductive ambient containing
H" which is used for hydrogenated a-Si depositions [2].
Increasing research interest in AZO is not only because of
its low resistivity, but also because of its optical
characteristics. AZO thin film exhibits a sharp UV cut-off
and a high refractive index in the IR range, and it is
transparent in the visible range [3].

Many techniques such as reactive magnetron sputtering [4],
pulsed laser deposition (PLD) [5], chemical vapor
deposition (CVD) [6] and dip-coating technique [7], have
been used for AZO deposition. Of these techniques, the
magnetron sputtering is most often used due to its
advantages of high growth rate and large area uniformity. It
was reported that the Al dopant concentration plays an
important role in the conductivity of AZO films, and most
researchers agree that 2at% of Al in AZO ensures the
highest conductivity [8]. But there are some variations for
different deposition techniques. Kim and his coworkers
reported that 0.8at% Al was the optimal concentration in
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order to obtain the lowest resistivity in AZO samples grown
using the PLD technique [9]. As for the target materials,
usually the composite target sintered ceramic ZnO:Al,O4
(98:2) target is used for RF sputtering [10]. Alloy target
containing 1.5wt% Al in Al-Zn is also used as the target
material for AZO growth [4]. The reported resistivity of
AZO varies greatly from 9.8x107 Qecm to 1.5x10™ Qecm,
resulting from different deposition conditions [11-14]

In our research, a co-sputtering technique was used to
deposit AZO from two separate targets, Al and ZnO. It was
easy to tune the Al concentration by adjusting the sputtering
power set.

2. EXPERIMENTAL DETAILS

Co-sputtering has the advantage of allowing an easy tuning
and control of the percentage of Al in the AZO film. This is
convenient when studying the effect of Al dopant within a
large varying range.

High purity (99.99%) Aluminum and high purity ZnO
(99.99%) served as the targets. The target dimension was
two inches in diameter and 0.25 inch in thickness. The co-
sputtering was carried out in the AJA International ATC
1200 sputtering system. The Al sputtering was carried out
with DC power supply, and an RF power supply was used
for the ZnO. The target-substrate distance was 20cm. The
Al dopant concentration was tuned by adjusting the DC
power set of the Al. It ranged from 20W to 60W, while the
RF sputtering power for the ZnO was fixed at 200W.

The thickness of the film was measured with a Tensor P-10
surface profiler, and the sheet resistance measured with an
automatic four point probe meter Model 280.

All the samples underwent post-annealing in pure argon
ambient and high vacuum (10> Torr) ambient. The
temperature was set at 300°C, 400°C, 500°C and 600°C for
the different samples. The effect of the post annealing on
the AZO resistivity were studied.

With the AZO covered glass as starting the substrate and
anode, OLED devices were fabricated and characterized.
Commercial ITO served as the control sample. Different
hole injection layers (HIL) were used in the device
fabrication, the aim being to find a HIL that matches with
AZO so as to acquire higher device efficiency.

3. RESULTS AND DISCUSSION

3.1. Resistivity of co-sputtered AZO films
When the DC power set for sputtering Al was varied from

20W to 60W, while kept the other parameters such as the
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oxygen percentage in argon, the working pressure, the
substrate temperature and deposition time unchanged. The
deposition rate of Al varied with the power setting. The
result was a variation of the Al concentration within the
AZO film.

The Al concentration was detected using XPS technique
which quantitatively gives the elements’ percentage and
binding energy. The relationship of the resistivity and the

Al dopant concentration is similar as that shown in Figure 1.

The resistivity shows a minimum when Al atomic
concentration is 4.8%.
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Figure 1 The effect of Al dopant on AZO resistivity, which is co-
sputtered at 300°C

Post annealing is often used to activate the dopant so as to
increase the conductivity of the samples [15]. All the
annealing was done under a high vacuum, 2x107 Torr.
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Figure 2. The annealing effect of different temperature on AZO
samples

Figure 2 shows the annealing effect on AZO resistivity in
comparison with the as-deposited sample, the annealing at
400°C for 30min does not improve the AZO conductivity
much. When annealing under 400°C, the thermal energy
provided to the doped atoms is not high enough for
activation. When there is an increase in the annealing
temperature to 500°C, the improvement in AZO
conductivity is more significant. But, the conductivity with
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a higher Al dopant is still very low; there is almost no
change from that of the as-deposited samples. Further
increasing the annealing temperature to 600°C greatly
decreased the resistivity of the AZO samples with a higher
5% Al dopant concentration-from 1.9x102Qecm to 3.9x10"
3Qecm. The trend clearly proves that the activation of Al
dopant contributes most to the conductivity with increasing
annealing temperature. The lowest resistivity obtained is
1.3x10°Qecm. But, the annealing effect is not very
significant on the AZO sample with an Al dopant as 4.8%,
and even when the annealing temperature was high as
600°C.

3.2. Transparency of co-sputtered AZO films

The acquired AZO samples are very good in regard to their
optical transparency. The average transmittance in the
visible ranges is more than 90%. This is even higher than
that of commercial ITO. Figure 3 shows the transmittance
of the AZO sample in comparison with that of commercial
ITO.
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Figure 3. The transmittance of AZO sample in comparison with

commercial ITO

3.3. Characterization of OLEDs fabricated on co-sputtered
AZO films

Both the transparency and conductivity of the obtained
AZO samples were suitable for OLED fabrication, but the
work function of the AZO is 0.2~0.3 lower than the
generally used ITO. This could have been a problem if the
AZO was to serve as an anode for the OLED device. As our
knowledge, only a few papers have been published which
in relation to OLED performances with the AZO as anode
[16], and the results were far from those of on ITO. In our
work, OLED devices were also fabricated on AZO so as to
make a comparison with commercial ITO. The focus is on
determining the hole injection materials which matches
AZO well, and exhibits higher efficiency. At the least, we
sought AZO was competitive with commercial ITO.

The OLED devices were fabricated as usual, and their
optimized configuration, based on experiment results [17],
was 20nm, 40nm and 50nm for CuPc, TPD and Alqg;
respectively. With AZO as anode and CuPc as HIL, the
device efficiencies are very low, which are 1.6¢d/A and 0.2
Im/W. The current-voltage characterization is shown in
Figure 4.
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Figure 4. I-V characterization of OLED device with CuPc as HIL,
fabricated on AZO and commercial ITO

As can be observed, the hole injection is the bottle neck for
the device fabricated on AZO. Another hole injection layer,
4,4’ 4>’ -tris(N-3-methylphenyl-N phenyl-amino)-

triphenylamine (MTDATA) was used for device fabrication.

This hole injection material has been proved to greatly
enhance the hole injection for OLED with ITO as the anode
material [18,19].

The device configuration was optimized based on
MTDATA, TPD and Alq; was, aim to acquire the highest
device efficiency. Figure 5 shows both the -current
efficiency and power efficiency of OLED device on AZO
and ITO. The current efficiency was as high as 3.7cd/A.
This was even higher than that of the control device on
commercial ITO. The power efficiency was 1.2Im/W,
almost the same as that of the control device. Both
efficiencies prove that the AZO is a good anode material,
which can be competitive with commercial ITO.
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Figure 5. The efficiencies of OLED fabricated on AZO and ITO,
in which MTDATA was used as HIL

With MTDATA as the hole injection layer, the device
performance on AZO is greatly improved, and the
efficiencies acquired is competitive with reported results of
Algs based OLED on ITO. This improvement of device
performance should be attributed to the hole injection
enhancement by MTDATA replacing CuPc, the I-V
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characterization of OLED with MTDATA as HIL is shown
in Figure 6.
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Figure 6. The I-V characterization of optimized OLED device
with MTDATA as HIL

4. Conclusion

AZO thin films were successfully co-sputtered from two
separate targets, Al and ZnO. The Al dopant concentration
was adjusted by tuning the Al sputtering power set, and
results show that the AZO resistivity is the lowest when the
Al atomic concentration is 4.8%. AZO samples were grown
both at room temperature and 300°C, and the transparency
of the AZO thin film is better than that of commercial ITO.

Post annealing was done to reduce the AZO resistivity. For
AZO samples grown at RM, post annealing at 500°C for
30min, significantly improved the conductivity. Results
prove that the resistivity after annealing remained almost
the same as the Al dopant concentration from 2.5% to 5%.
For samples grown at 300°C, the annealing process ranging
from 400°C to 600°C also reduced the AZO resistivity, but
the results show that the AZO film with Al dopant
concentration of 4.8% was still the lowest. The acquired
lowest resistivity was 1.3x10°Qecm, with the Al
concentration dopant of 4.8%.

With the co-sputtered AZO as the anode, OLED devices
were fabricated. With CuPc as the HIL, the device
performance was not competitive as that on ITO. With
MTDATA as the HIL (replacing CuPc), the hole injection
was significantly enhanced, and that proved that MTDATA
is a better HIL matching with AZO anode. With an optimal
device configuration, the OLED device based on MTDATA
showed a similar or even higher efficiency, than that of the
device on commercial ITO. The current efficiency was as
high as 3.7cd/A. This was even higher than that of the
control device on commercial ITO. The power efficiency
was 1.2Im/W, almost the same as that of the control device.

In conclusion, the co-sputtered AZO shows very good
optical transparency and conductivity. With co-sputtered
AZO as the anode, the OLED device performance was also
competitive with commercial ITO. The AZO is a very
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promising anode material for OLED fabrication, with the
advantages of low cost and low toxicity.
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