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Abstract
In this study, high quality (Al N)-codoped p-type ZnO thin films were obtained by DC magnetron sputtering. The
film on buffer layer grown in 80% N, ambient shows highest hole concentration of 2.93x10"cm™. The films show hole
concentration in the range of 15x10"° to 293x10" cm™, resistivity of 1312 to 2864 Qcm, mobility of 399 to 316
cm®V's™, The films on Si show easier p-doping in ZnO than those on buffer layer. The film on Si shows the
highest quality of optical photoluminescence (PL) characteristics. The donor energy level (Ea) of (AlN)-codoped ZnO

films is about 50 meV and acceptor energy level (E.) is in the range of 63 to 71 meV. It will help to improve p-type

ZnO films.

Key Words : (Al,N)-codoped, DC magnetron sputtering, p-type Zn0O, PL property

1. Introduction

Theoretically, N is the best dopant of group Velements to
dope ZnO p-typelll. However, it is hard to obtain p-type
ZnO with N as p-type dopant due to deep acceptor level and
its low solubility. To solve these problems, proposed the
theory of codoping group Vand I elements with ratio of 2:1
was proposed{Z]. In this study, to grow high quality p-type
Zn0 films, ceramic ZnO mixed with 2wt% Al(Oz was used as
target, and Al in ceramic N: as co-dopant source. To ignite
DC sputtering plasma, home-made sputtering instrument was
used Optical analysis was carried out through PL spectra of
(AlLN)-codoped ZnO film and other analysis were also
performed. The acceptor level and donor level of
(ALN)-codoped ZnO films were obtained by the analysis of
PL spectra.

2. Experimental process
(Al N)-codoped ZnO films were fabricated on n-Si and
homo-buffer layer. The detail was listed Table 1.
Homo-buffer layer was fabricated on n-Si with ZnO films
with RF power.

Table 1. Condition of (AlLN)-codoped ZnO films

parameter condition
target ZnO 5N
substrate n-Si, buffer layer
base pressure 7x10°%Torr
working pressure 15 mTorr
DC power 340Vx0.1A
growth temp. 450°C
ambient gases N2:02=2:3,3:2,4:1
pre—sputtering time 10 min

__growth time 120 _min (570 nm)

3. Results and discussion

"

g :::- A, {AlLN} codoped p-type ZnO films on Si _::: E
§ 100 e "’“gg

80 = Lo §
:: 60 < 60 E
'E «0 4 . Lo §
5 20 —/I b 20 i

0" Nl luoc"zlon in m?;‘tur. of N:;’O’ ov'a
Fig. 1 Electrical property of films on Si at 450°C and 15
mTorr in different N2 fraction.

Fig. 1 shows that (Al N)-codoped ZnQ films grown on Si at
15 mTorr have p-type conduction The film grown in Ne
fraction of 60%.in No and O exhibits highest hole
concentration of 935x10"® cm™® lowest resistivity of 2864 Qcm
and moderate mobility of 23 ecm®V's™, Too much or too
litle N; content reduces hole concentration and increases the
resistivity of films. The film grown in N; 80% shows p-type
conduction with hole concentration of 297x10" e mobility
of 39 em®V's™ and resistivity of 535 Qm
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Fig. 2 PL spectra at 6K of full range and NBE of the films
on buffer and Si at 450°C and 15 mTorr in Nz &0% on (a)
(b) buffer and (c) (d) on.Si.

Fig. 2 shows PL spectra at 6 K of broad region and high
resolution near band edge of p-type films grown in No 80%
shows deep defect levels at 167, 236, 259 and 2% eV (c);
1.66 €V (e), and near band edge levels at 3.374 and 3304 eV
(d); 3366 and 3.316 eV (f). The peaks of 3374, 3323 €V in (d)
and 336 and 3316 eV (f) are ascribed to FA and DAP
respectively.

The emission energy of DAP at low temperature is

2
[
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And the emission energy of FA at low temperature is
hv=FE,—E,

The peak energy difference of 30 meV in Fig. 3 (f) and of 51
meV in Fig. 3 (d) are the depth of donor levels (Ey). The Eq
is at the range of 50 and 51 meV. The depth of Al donor level
in Al-monodoped ZnO is 6 meV. For the case of
(ALN)-codoping in ZnQ, the Al donor level is made shallower
by 15 meV. The low temperature bandgap of ZnO is about
3437 eV. Thus the acceptor level in ranged at 63 to 71 meV,
less than 100 meV.
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4. Conclusion
High quality (AlN)-codoped p-type ZnO thin films
were obtained by DC magnetron sputtering on Si in N
80% fraction. The Ea and Ed of films grown in 80% N
are determined.
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