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Copper doped Zinc Oxide nanofilms were prepared using a simple and low cost wet chemical method. The

microstructures, phase structure, Raman shift and optical absorption spectrum as well as magnetization were

investigated for the nanofilms. Room temperature ferromagnetism has been observed for the nanofilms.

Structural analyses indicated that the films possess wurtzite structure and there are no segregated clusters of

impurity phase appreciating. The results show that the ferromagnetism in Copper doped Zinc Oxide nanofilms

is driven either by a carrier or defect-mediated mechanism. The present work provides an evidence for the

origin of ferromagnetism on Copper doped Zinc Oxide nanofilms.
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1. Introduction

Diluted magnetic semiconductors (DMSs) are having

drawn a continually increasing interest in the past few

years due to their important roles in spintronics [1, 2]. The

development of practical semiconductor spintronics devices

will require the development of new DMSs with Curie

temperature well above room temperature (RT). Theore-

tical development has shown that transition metal (TM)

doped wide band-gap semiconductors such as Zinc Oxide

(ZnO) are the most promising candidate for achieving

high Curie temperature ferromagnetism [3-6]. This has

been supported by ab initio calculations based on the local

density approximation (LDA) on ferromagnetic (FM)

semiconductors [7, 8]. A great researches on (TM) doped

ZnO and RT FM have been reported [9-19], which makes

them a promising candidate material for the next generation

of spintronic devices utilizing electronically optically con-

trolled magnetism. However, experimental observations

of ferromagnetism DMSs still remain controversial. Some

researches believed that different magnetic response

reported for ZnO-based DMSs are due to inclusions of

foreign phases of various transition metal oxides [9-13].

However, others have proposed that donors and acceptors

play important roles in the magnetic origin for ZnO-based

DMSs [14-19]. In order to eliminate the debate of the

magnetic-metal clustering, a non-ferromagnetic metal is a

good choice as a doped metal. It is known that metallic

Cu and its clusters or compounds (Cu2O and CuO) are

no-ferromagnetism. Ye et al. indicated that in Cu-doped

ZnO whether n type or p type the energy of the ferromag-

netic state is lower than that of the antiferromagnetic state

[20], thus room temperature ferromagnetism is expected

to achieve for Cu-doped ZnO films. Recently investigations

on Cu doped ZnO films have drawn increasing interests

because metallic copper and its oxides (Cu2O, CuO) are

no-ferromagneticm in nature, which increases the chances

of DMS which has ferromagnetism only due to doping.

Cu doped ZnO films have been obtained by pulse laser

ablation, magnetron sputtering [21-23] and so on. Thus,

in this work, Cu doped ZnO nanofilms were prepared by

a simple and low cost wet chemical method, and the optical

and magnetic properties for Cu doped ZnO nanofilms

were investigated in detail.

2. Experiments

The pure and Cu doped ZnO nanostructured films were

prepared by solution-gelation process and spin-coating

technique. The solution preparation is improved based on

the work of D. R. Gamelin [24, 25]. A 0.552 M [N(Me)4OH]

in ethanol was added dropwise at approximately 2 mL/

min to a solution of 0.101 M Zn(OAc)2·2H2O in dimethyl

sulfoxide (DMSO) under constant stirring, and the volume
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ratio of them is 1:3. Different concentrations of Cu

doping was achieved by addition of Cu(OAc)2·H2O to

Zn(OAc)2 solution. The concentration of Cu doping is set

to 8%, Cu doped ZnO nanoparticles were precipitated

from DMSO by addition of 1-docananamine, washed with

ethanol. The final solution is formed by dispersing the

nanoparticles into methylbenzene. These final solutions

were spin coated onto the Pt/Ti/SiO2/Si substrate and

quartz glass to form nanostructured films. The films were

annealed at 400 oC in a rapid annealing oven for 5

minutes under the oxygen atmosphere with O2 flow of 2

L/min.

The morphology examinations for the films were

carried out by scanning electron microscopy (SEM, LEO-

1530VP). The phase structures of the samples were

characterized by x-ray diffraction (XRD) on a D/MAX-

RA diffractometer using CuKα radiation. Optical mea-

surements (absorption) were acquired with a UV-visible

spectrophotometer. The Raman spectra were recorded on

a confocal Raman spectroscope (NT-MDT NTEGRA

Spectra) using a 473 nm excitation laser with an initial

power of 10 mW. The field dependent magnetizations for

the films were measured by using the superconducting

quantum interference device (SQUID) magnetometer.

3. Results and Discussion

Figure 1(a) and (b) present the SEM image and the

XRD patterns of the typical pure ZnO films and Cu

doped ZnO films. Figure 1(a) shows that the film is very

compact and well-structured. To confirm the elemental

composition in the films, an energy dispersive x-ray (EDX)

microanalysis connected to SEM was further performed.

The EDX results confirmed that the molar ratio of Cu:Zn

for the nanoparticles was approximately 0.04:0.96. As

shown in Figure 1(b), except for the substrate signals, all

the observed diffraction peaks of pure ZnO nanofilms and

Cu doped ZnO nanofilms can be indexed to a wurtzite

structure as ZnO, and no any secondary or impurity phases

are observed. The absence of the diffraction peaks of

CuO and Cu phase structures in the XRD patterns implies

Cu incorporation with the ZnO by the means of sub-

stitution for Zn. Besides, it is worth noting that, compared

to the pure ZnO nanofilms, the intensity of the wurtzite

diffraction peaks appreciably decreases for Cu doped ZnO

nanofilms, which could be ascribed to the deformation of

wurtzite lattice due to Cu doping.

The UV-visible absorption spectra of the pure and Cu

doped ZnO nanofilms are investigated at room temper-

ature. As shown in Figure 2, we can find that the optical

absorption spectra changes after doping Cu from the

spectra. For the pure and doping ZnO films, the absorp-

tion coefficient α and optical band-gap Eg obey the

following relation α2=A(hν-Eg). In order to evaluating the

band-gap (Eg), inset of Figure 2 presents the dependence

of α2 as a function of hν(E) for the pure and Cu doped

ZnO nanofilms. It is easy to find that the optical band-gap

of the films narrows from 3.21 eV to 2.98 eV after doping

Fig. 1. (a) The SEM image of the typical Cu doped ZnO films, (b) the XRD pattern of pure and Cu doped ZnO nanofilms.

Fig. 2. (Color online) Optical absorption spectroscopy of pure

and Cu doped ZnO nanofilms.
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Cu.

The decrease of the band-gap after doping Cu is prob-

ably related to the increase of lattice constant and differ-

ence in ionicity between Zn-O and Cu-O bonds. More-

over, the chemical and magnetic effects, since Zn and Cu

atoms have strong mismatch in electronegativity, is also a

reason for the decrease of the band-gap. In fact, with the

increase of the Cu doping concentration, the band-gap of

the films decrease, which is consistent with the results

coming from the first-principles calculations based on

density functional theory [26].

Figure 3 presents Raman scattering spectrum of Cu

doped ZnO films as well as ZnO films. As can be seen,

there are two very extinct peaks at 433 cm−1 and 577 cm−1,

which are the characteristic wurtzite E2 (high) mode and

A1 longitudinal optical (LO) mode [A1(LO)] [27, 28]. It is

worth noting that the intensity ratio of the two peaks

changes very strongly after doping Cu for the ZnO films.

For pure ZnO films, the Raman shift peak intensity of the

E2 (high) mode is much stronger than that of the A1(LO)

mode. However, for Cu doped ZnO films, the intensity of

the A1(LO) mode is increasingly stronger than that of E2

(high) mode. This could be attributed to the following

two factors: Firstly, the E2 (high) mode is related to the

symmetry of wurtzite hexagonal ZnO. Therefore, the inten-

sity decrease of the Raman peak about E2 (high) mode

implies that the lattice symmetry is slightly influenced

due to doping of Cu ions into the lattice. As well known,

the ionic radius of Cu2+ is smaller than Zn2+, thus, the

symmetry of crystal will change when Cu ions substitute

Zn ions position. Secondly, since A1(LO) mode is mostly

caused by the defects such as O-vacancy, Zn-interstitial

defect, or these complexes [29], with the Cu doping, the

A1(LO) mode is significantly enhanced, implying the

defects increasing in the crystal due to the doping of Cu.

This result is coherent with the intensity decrease of any

wurtzite diffraction peaks for Cu doped ZnO nanofilms as

shown in Figure 1(b).

In order to reveal the magnetic behavior of the films,

the magnetization dependence on the magnetic field was

measured at low temperature of 5 K and room temperature

of 300 K. The diamagnetic contribution from the Si sub-

strate has been subtracted here. The magnetic hysteresis

loops were plotted in Figure 4, which shows a good

hysteresis shape with coercive field (Hc) of 45 Oe and 70

Oe, respectively. Thus strong room temperature ferromag-

netism is observed for the films. The saturation magneti-

zations are about 0.24 μB/Cu2+ (0.51 emu/g) and 0.26 μB/

Cu2+ (0.55 emu/g) at 5 K and 300 K, respectively. Thus

saturation magnetization is higher than the results of

previous report [30]. Besides, we note that the saturation

magnetization, remanent magnetization, and coercivity at

300 K are very close to those of at 5 K. Therefore, it can

be concluded that the Curie temperature of this samples

are above 300 K.

For general transition metal doped ZnO films, Cu is an

intrinsically nonmagnetic transition metal, and its clusters

or compounds except nanocrystalline Cu2O do not con-

tribute to ferromagnetism. Thus, we would rather attribute

the origin of the ferromagnetism to the substitution dop-

ing of the Cu iron than the contamination of ferromag-

netic cluster or weak ferromagnetism induced by the tran-

sition metal oxidation of CuO. Besides, since the Raman

results showed that there were large numbers of defects in

Cu doped ZnO nanofilms, we suggest that more defects

are also possibly responsible for the strong room-temper-

ature ferromagnetism in the Cu doped ZnO nanofilms.

Thus, the results lead us to consider that the ferromag-

Fig. 3. (Color online) The Raman shift spectra for pure and

Cu doped ZnO nanofilms.

Fig. 4. (Color online) The magnetic hysteresis loops of Cu

doped ZnO nanofilms.
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netism in Cu doped ZnO nanofilms is driven either by a

carrier or defect-mediated mechanism. Certainly, the effect

of concentration defects or carriers on the room temperature

ferromagnetism for transition metal doped ZnO films will

be further carried out in the future works.

4. Conclusions

In summary, Cu-doped ZnO nanofilms were prepared

by a simple wet chemical method. Optical absorption

spectra indicate the band-gap of the Cu doped ZnO films

is lower than that of pure ZnO films. A strong ferromag-

netism is observed at room temperature. The ferromag-

netism in the nanofilms was caused by a number of defects

in the crystal due to the substitution of Zn2+ in ZnO lattice

by Cu2+ ions, and the room-temperature ferromagnetism

is an intrinsic origin rather than the contamination of

ferromagnetic clusters. The present work provides an

evidence for the origin of ferromagnetism on Cu doped

ZnO nanofilms.
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