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A new technique, namely low pressure sputtering, has been developed to fabricate Zn nanoparticles, with a

subsequent oxidation to synthesize ZnO nanoparticles in the ambient atmosphere at 500 ◦C. The synthesized ZnO

nanoparticle has a size of 6–8 nm with a preferred orientation of c-axis. The produced ZnO nanoparticles have a good

UV photoluminescence (PL) emission energy of 3.349 eV with a significant enhancement of donor–acceptor pair emission

located at 3.305 eV which implies a number of donor and acceptor bounded excitons existing in the synthesized ZnO

nano particles. The near band edge PL emission of the fabricated ZnO is dominated by the bounded excitons at 10 K.
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1. Introduction

Zinc oxide (ZnO) has a band gap of 3.37 eV

with a large excitonic binding energy of 60 meV,

thus it is a promising candidate for future opti-

cal applications of UV light emitting devices. A

great effort has been made to attempt to synthesize

low-dimensional ZnO nanostructures by using differ-

ent methods, including chemical vapour deposition,[1]

thermal evaporation,[2,3] catalysis-assisted vapour-

liquid-solid growth,[3−5] molecular beam epitaxy, met-

alorganic chemical vapour deposition and radio-

frequency (RF) sputter.[6−9] Recently, several groups

have reported a room temperature UV lasing and

UV photoluminescence (PL) in ZnO nanowires and

nanodots on different substrates.[6,7,10−13] Quantum-

confinement-induced energy gap enhancement has

been reported by using ZnO nanocrystalline with 20–

60 nm grain sizes and lots of interesting phenomena

have been found.[13−16] It has been found that the

quality and shape of ZnO nanocrystal are essential to

the applications in fabricating optical, optoelectronic

and sensors devices.

Although a high-quality crystalline ZnO with a

low-dimensional structure has been synthesized and

strong UV photoluminescence has been observed at

room temperature, most of the employed methods

are concerned with molecular bean epitaxy (MBE) or

metalorganic chemical vapour deposition (MOCVD)

in which ultra vacuum, expensive substrate and high

substrate temperature are required. Therefore, to

avoid this disadvantage in applications, new methods

to synthesize nanostructured ZnO materials with con-

trollable size and shape in low dimensions are desired.

In this paper, a new method is presented to syn-

thesize ZnO nanoparticles with a low pressure sput-

tering processing. The details of the experiments are

described below.

2. Experiments

A new method of fabricating ZnO nanoparticles

is presented in this paper. First, Zn nanoparticles

are fabricated on p-type Si(111) substrate in a low

pressure sputter system at room temperature in Ar

atmosphere at 27–74 Pa, which is two orders of mag-

nitude higher than that in the traditional sputtering

processing (in traditional sputtering processing, the

working pressure is 0.3–0.5 Pa). This new method has

an advantage that the produced Zn is of large clus-

ter and aggregated to nanoparticles. The produced

Zn nanoparticles are black ash-like and then are oxi-

dized in a 500 ◦C ambient for 2h. The structure and

grain size of the produced ZnO films are studied by us-
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ing x-ray diffraction (XRD) and the grain size of the

synthesized ZnO nanoparticles is characterized with

atomic force microscopy (AFM) with Digital Instru-

ments Nanoscope IIIa and the scanning frequency is

at 1.5 Hz. The photoluminescence of ZnO is stud-

ied at 10 K by using a Cd–He laser radiation. The

laser beam was focused into a spot of about 3 µm in

diameter using an objective lens.

3. Results and discussion

Figure 1 shows the high-angle x-ray diffraction

spectrum of ZnO nanoparticles. The fabrication of

this sample is carried out for 10 min in 54 Pa pres-

sure Ar atmosphere with a sputtering power of 25 W,

and then it was oxidized at 500 ◦C for 2h. In x-ray

diffraction spectrum, the peaks appearing at the val-

ues of 2θ: 31.738◦, 34.406◦, 36.203◦§47.495◦, 56.612◦

and 62.911◦ may be assigned to (100), (002), (101),

(110), (110) and (103), respectively, indicating that it

has a hexagonal structure of ZnO. As no Zn signal is

detected, it is further confirmed to be completely ox-

idized. The inset shows the fine scanned XRD spec-

trum. The enhanced peak of (002) in the XRD spec-

trum indicates that ZnO has the tendency to grow in

the c-axis orientation perpendicular to the substrate

surface, which is consistent with the results in the pre-

vious reports.

Fig.1. High-angle x-ray diffraction spectrum of the 770 K

oxidized film. The average grain size of the ZnO nanopar-

ticles is 8 nm with a preferred orientation of (002).

From the Bragg formula, the c-axis orientated

space distance of the synthesized ZnO particles are

calculated and the space distance is 0.2603 nm. The

cell parameters of the synthesized ZnO calculated

from XRD data are a = 0.32517 nm, and c =

0.52191 nm, which is little larger than that of the

bulk one as reported by previous work.[17] The c/a

of ZnO nanoparticles is 1.605 which is a little smaller

than that of bulk one, which indicates a compression

appearing in the c-axis direction in its crystalline cell.

The compression of the ZnO crystalline cell can be

due to the defects or interstitial Zn or O ion existing

in the synthesized ZnO particles.

The grain sizes of ZnO nanoparticles are obtained

by fitting the XRD data to the Scherrer formula

t = 0.9λ/B cos θB, where λ, θB, and B are the x-ray

wavelength (1.54056 Å), Bragg diffraction angle, and

line width at half maximum of (002) peak (34.406◦),

the obtained grain size of ZnO is 6.4 nm on average.

Figure 2 shows the morphology of the studied

ZnO sample, which is obtained with atomic force mi-

croscopy system. From the images of AFM, it is

clearly seen that the grain size of the studied sample

is uniform and the statistic grain size of the sample is

7.4 nm consistent with its XRD calibration (see Fig.1).

The PL spectrum of this sample is shown in Fig.3.

Fig.2. AFM morphology images of ZnO nanoparticles

with an average diameter of about 7–8 nm.

Figure 3 indicates the PL spectrum of ZnO

nanoparticles. The spectrum is measured at 10K in

a wavelength range of 360–390 nm. A strong intensity

of PL emission spectrum is observed with four promi-

nent emission peaks located at 3.349, 3.305, 3.231 and

3.178 eV; a weak shoulder peak is also observed at

3.363 eV, which can be seen in Fig.4, more clearly.

The full width at half maximum (FWHM) of the main
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peak located at an energy of 3.349eV is 12 meV, while

the peak located at 3.305 eV is much wider than that

at 3.349 eV. The PL peak at 3.349 eV can be at-

tributed to the emission of exciton bound to neutral

donors. As is well known, the line-width of the ex-

citon emission in low temperature PL is sensitive to

compression and distortion as well as the local defects

of ZnO lattice; the width of PL peak of our sample in-

dicates that there exists some compression or torsion

in the studied ZnO grains, which is also confirmed by

the XRD results.

Fig.3. The photoluminescence (PL) spectrum of ZnO

nanoparticles. This sample is prepared for 10 min in 53 Pa

pressure Ar atmosphere with a sputtering power of 25 W

and then oxidized at 500 ◦C for 2h. The spectra are mea-

sured at 10K in a wavelength range of 360–390 nm.

Based on the previous work, the peak at 3.305 eV

may stem from the emission of donor–acceptor pair

(DAP).[6] A weak peak at 3.231 eV is attributed to

the phonon replica of DAP with a phonon energy of

about 71 meV.[6,18] The weak peak at 3.178 eV could

be the second phonon replica of DAP. The peak at

3.178 eV is quite weak and fat, and thus it is not pos-

sible to be assigned definitely. However, due to the

defects or impurities in ZnO nanoparticles, this peak

could result from several sub-peaks.[6,18]

The weak shoulder at 3.363 eV, which can be seen

more clearly in Fig.4(a), can be attributed to free ex-

citons emission, indicating that the synthesized ZnO

particle has a good crystalline quality.[19]

Figure 4(a) shows the PL spectra of ZnO nanopar-

ticles formed under different synthesis conditions and

the spectra measured at a temperature of 10 K. The

measured ZnO nanoparticles are oxidized from Zn

nanoparticles at 500 ◦C, and the Zn particles are sput-

tered at different Ar pressures. A detailed Ar pres-

sure dependence on the relative intensity between the

peak at 3.349 eV (I1) and the peak at 3.305 eV(I2)

is shown in Fig.4(b). By comparison, it can be seen

that increasing Ar pressure in sputtering leads to an

increase of the relative intensity of I1/I2 at pressures

less than 53 Pa, and the relative intensity reaches

its maximum at 54 Pa, and then decreases gradually

with the further increase of Ar pressure. This be-

haviour can be explained as follows: at Ar pressures

lower than 54 Pa, increasing the pressure can reduce

the grain size of the produced Zn nanoparticles, con-

sequentially, benefits the oxidation and formation of

good-quality crystalline ZnO nanoparticles. At an Ar

pressure of 54 Pa, the produced Zn reaches a small-

est size, then the smallest and best-quality crystalline

ZnO particles. After wards, with the further increase

of Ar pressure, the size of produced Zn particles in-

creases. In this case, the large Zn grain is difficult to

oxidize completely, resulting in a number of O defects

in the synthesized ZnO nanoparticles that can signifi-

cantly enhance the intensity of DAP emission. Similar

behaviour has been observed in Au granular films.

Fig.4. The PL spectra of ZnO nanoparticles prepared un-

der different synthesis conditions, measured at a tempera-

ture of 10 K (a) and the corresponding PL peak intensity

ratio against the sputtering pressure (b). I1 is the emis-

sion of neutral donor-bound excitons; I2 is of the DAP

emission. The measured ZnO nanoparticles are oxidized

from Zn nanoparticles at 500 ◦C, and sputtered in Ar at-

mosphere at different pressures.
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Moreover, with the variation of oxidation temper-

ature, the PL characteristics of the synthesized ZnO

nano-particles are changed. When the oxidation tem-

perature is lower than 250 ◦C, no UV PL emission is

observed from the synthesized ZnO samples at 10 K,

when the oxidation temperature is at 300 ◦C, UV PL

emission can be observed from the synthesized samples

at 10 K. And it is found that the optimal oxidation

temperature is 500 ◦C. If the oxidation temperature

is higher than 600 ◦C, no UV PL is observed at 10 K,

which can be explained as follows: when the oxidation

temperature is higher than 600 ◦C, the produced ZnO

particles has a number of O defects which quench the

bound edge emission, consequently, no UV PL emis-

sion is produced. This explanation can be confirmed

by the PL measurement of the sample in a range of

360–600 nm, and an enhancement of green PL emis-

sion spectra is observed at 2.35 eV, which is attributed

to the Vo defects in the ZnO crystal.

4. Conclusions

ZnO nanoparticles with good UV PL emission at

10 K have been synthesized by using the oxidation

of Zn nanoparticles in the ambient atmosphere. Our

study indicates that ZnO nanoparticles can be fabri-

cated by employing low pressure sputtering. Optimal

sputtering condition is found to produce nanoscale

Zn particles and then successfully synthesize ZnO

nanoparticles. The near band edge emissions studies

indicate the bounded excitons emission is dominant

at 10K, while the DAP emission is significantly en-

hanced, which further implies that defects in the syn-

thesized ZnO act as donors and acceptors. The details

of donors and acceptors should be further investigated

and their study is now underway.
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