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Preparation of N-doped ZnO Films by MOCVD
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lline ZnO films were grown on Y-stabilized Zr0; substrates heated at 300 - 600 °C in NH;
ere. [t is clarified from Fourier transform infrared measurements that N-doped Zn0 films
it 350 and 400 °C contain N-C and Zn-H bonds. In the devices of n-type ZnO/N-doped
_T good rectification characteristic is attained for an N-doped ZnO film deposited at 300°C,
4 linear current vs. voltage characteristic is seen for a film deposited at 500 °C.

ODUCTION
de with a wide band gap of 3.37 ¢V has attracted considerable attention from viewpoint
 ultraviolet light emitting diode (LED). The formation of a p-n junction is required for the
cation of ZnO-based ultraviolet LED. P-type ZnO films doped with N atoms have been
: by sputtering and pulsed laser deposition techniques. A sputtering technique has an
that N atoms are easily doped into Zn0 films but has a disadvantage that a large amount
cts are produced by plasma [1].  Pulsed laser deposition is inapplicable to mass production of
Ds [2]. In contrast, metal-organic chemical vapor deposition (MOCVD) is a powerful
mique for the mass production of LEDs, but p-type ZnO films were not easily prepared by

[ because of the incorporation of impurities originating from precursors.  In this work, we
,. to prepare p-type Zn0 films by MOCWVD in which the NH;-catalytic decomposition of zine
ters, ZnyO(CH;CO0)s, is adopted. The chemical species arising from the zine clusters are
glyzed from Fourier transform infrared (FTIR) specira of N-doped ZnO films. The carrier types
[N-doped ZnO films are determined from current vs. voltage characteristics of devices of n-type
-doped Zn0/Au.

EXPERIMENTAL

.Ii-"l.u acetate dehydrate was preheated at 100 °C for 30 min, and subsequently was heated at
170 °C to form volatile zinc clusters, ZnyO{CH;CO0)s.  Vapor of the zinc clusters was transported
to a chamber by Ar-carrier gas. N-doped ZnO films were deposited on Y-stabilized Zr(; (YSZ)
a4 at temperatures of 300 to 600 “C at 260 Pa in atmospheres of Ar + NH;.  Devices of n-type
doped ZnO/Au were fabricated by the sequential deposition of films: an n-type Zn0 films
deposited on YSZ substrates heated at 650 *C in an Ar atmosphere, followed by the deposition
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of the N-doped Zn0 films, and finally Au electrodes were deposited on the N-doped Zn0O films
vacuum evaporation.  The n-type Zn0 film showed a low resistivity of 2x1 0 Coem, and thus w
used as a transparent clectrode, The erystallinity of ZnO films were characterized by X
diffraction (XRD) measurements. The concentration of N atoms in films was evaluated
X-ray photoelectron spectroscopy (XPS). FTIR measurements were performed to
impurities in N-doped Zn0O films.

RESULTS AND DISCUSSION

X R N I T
The deposition of films proceeded at a R g
: et
substrate temperature of 400 °C or more in an Ar Mﬂ-ﬂ%m

atmosphere, and at = 150 °C in NH; atmosphere.
The addition of NH; into an ambient gas
enhances a film-growth rate. In an Ar

Intensity / arb. unit

atmosphere, the Zn-clusters are decomposed at a
higher temperature [3]; ZnsO(CH;COO)s —
4Zn0y + 3CH;COCH: + 3C0;, while incomplete
decomposition occurs at a low temperature; a1 32 33 34 35 36 37
20 / degree

ZnyO(CH:CO0)s - 3Zn(CH,CO0N; + Zn0.  In

NH; atmosphere, the clusters are decomposed Fig. 1. XRD pattemns of films deposited on
into Zn0O, CH;COOH and CHyCONH: [4]. In  heated at temperatures of 150 to 600 °C in 60
part, Zn-N bonds are formed in the atmosphere.

decomposition processes, as in the case of the

formation of ZnS films from the clusters and HaS [5].
Fig. 1 shows XRD patterns of films

deposited on YSZ (111) substrates in 60% "'

NH; atmosphere.  Although the films were mj

deposited at 150 "C or more, the Zn0Q (000Z)

diffraction peaks are seen for the films
deposited at 300 °C or more. As a substrate

Traramitance %

temperature increases, an intensity of the Zn0
(0002) peak becomes strong but its 2@-value _
is almost unchanged. It is noteworthy that W Wb tor
ZnO films are grown on YSZ substrates in an NH;  Fig. 2. FTIR spectra of films ¢
atmosphere that is preferable for N-doping into the  substrates heated at 300, 350 and 400
Zn0 lattice. NH; atmosphere,

The color of films is dependent on a substrate
temperature; vellow at 200 — 300 °C, black at 400 °C, and transparent at 500 °C or
color of the films is originated from impurities, In order to clarify species, we m
spectra of films deposited on KBr substrates.  Fig. 2 shows FTIR spectra of the films
300, 350 and 400 *C in 60% NH; atmosphere. For the ZnO film deposited at 3
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\due to ZnO lattice vibrations is seen at 600 cm™ or less. The stretching and bending
COO0 bonds remain at 1564 and 1433 cm”, which is coincident with thase in
00): rather than zinc clusters, ZnyO(CH:CO0);.  This means that the decomposition of
rs is still incomplete at 300 °C in 60% NH; atmosphere. In FTIR spectrum of the
at 350 °C, weak absorptions of ZnH and CN are seen besides strong COO and CH;
At a substrate temperature of 350 °C, the decomposition of the Zn-clusters is still
whereas organic compounds such as CH3;COCH; CH3;COOH and CH3CONH;
in part into fragments of H and C-N. At a substrate temperature of 400 °C, the
of CHy disappears and alternatively the absorptions of Zn-H and N-C bonds clearly
dicating that the Zn-clusters are

decomposed and a large amount | T T T I . —
ts of H and C-N acting as .q:ﬁu : =
—_— o
incorporated into the film. = tioka Rt
related to CN bonds are E gm i ] o
Ak ]
ible for the optical properties of the P -
t?!::S{I foup-:: 3 sE e ’
5 ETOWN d - *C. Votage I
D ., nn-HIN a B W T .-'m;ﬁ 1. .=

he carrier types of the N-doped ZnO
i could not be determined from
measurements because of their

-8 -4 0 4
Voltage / V

ity > 3 x 10° Qem.  Alternatively, Fig3, A current vs. voltage characteristic of a device
er types are evaluated from current vs.  of ntype ZnO / N-doped Zn0 (300 °C) /Au. Inset is
characteristics of the devices constructed  cument vs, voltage curve for Au / N-doped ZnO { Au
n-type ZnO/N-doped Zn(VAu. Fig. 3 contacts,
a current vs. voliage characteristic of 8
device of n-ZnO/ N-doped ZnO /Au, *
re the N-doped ZnO film was grown at
B =C. The good rectification
wacteristic is seen in Fig. 3. The
ctification characteristic is not due to the
of the N-doped ZnO and Au, 0 . H 00005 2|
an chmic contact is attained for an =10 -5 0 5 10
face of the N-doped ZnO and Au, as seen Voltage / V
: Thus, the N-doped ZnO film grown at Fig. 4. A current vs. voltage characteristic of
00 °C behaves as p-type. The resistance @ device of type Zn0/N-doped ZnO (350 °C)
gimated from dI'dV at o large forward bias is (AW
st 10* €2 Fig. 4 shows a current vs. voltage characteristic of the device of n-Zn0/ N-doped
{Au, where the N-doped ZnO film was grown at 350 °C.  Notice features in Fig. 4 are that the
ication characteristic is seen but the resistance estimated from dI/dV increases up to 6 x 10° €.
Similarly, the rectification characteristic is seen for the device consisting of the N-doped ZnO film
wn at 400 °C. The resistance of the N-doped ZnO film increases up to 1 x 10" Q. Fig. 5

Current / uA
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shows a current vs. voltage characteristic of

the device of n-Zn(/ N-doped ZnO /Au, I : ! ! o 0l

where the N-doped Zn0 film was grown at g 10__ e _ '_ _' ; % :ﬁ"u i

500 *C. The linear current vs. voltage £ ok a0 X

characteristic suggests that the N-doped Zn( E L o2 - 4

film grown at 500 °C is an n-type. 5-1 D0 ‘?‘ - e me—
The p-iype ZnQ films are grown at Fo 5 , o o ettt i

substrate temperatures of 300 to 400 °C. -10 -5 0 5

The film grown at 300 °C is yellow due to Voltage / V

doped N atoms, and the N-concentration was
evaluated to be about 1% from XPS
measurements. The increase in the resistance

Fig. 5. A current vs, voltage characteristic of &
device of n-type ZnO / N-doped ZnO (500 *

fAn
with a substrate temperature is caused by the

incorporation of C-N or Zn-H bonds acting as donors. No hole-conductivity of the transpan
film grown at 500 *C is caused by the removal of N atoms from the ZnO lattice at a hig
temperature. In fact, the presence of N atoms is not detected in the transparent ZnO film
measurements.

Electroluminescence (EL) measurements were carried out using the device consisting of
N-doped Zn0 film grown at 300 °C.  Unfortunately, no emissions are detected at a forward -:‘-1
10 V or more. The reason for no EL emission is attributable to luminescence properties
N-doped ZnO film that shows no emission in photoluminescence spectra at room temperature.
the device, the depletion region is mainly formed within the p-type ZnO film, and thus nonrs diati
recombination of electron-hole pairs oceurs in the p-type Zn0 film.
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