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Abstract By ab-initio calculations on Zn0.95−xCo0.05CuxO,
we study the variations of magnetic moments versus Cu
concentration. The electronic structure is calculated by us-
ing the Korringa–Kohn–Rostoker (KKR) method combined
with coherent potential approximation (CPA). We show that
the total magnetic moment and magnetic moment of Co in-
crease with increasing Cu content. From a density of state
(DOS) analysis, we propose an explanation of the enhance-
ment of the Co magnetic moment versus Cu concentration.

Keywords (Co,Cu)-Doped ZnO · Diluted magnetic
semiconductors · DOS

1 Introduction

Diluted magnetic semiconductors (DMS) have recently at-
tracted much attention for their promising functionalities in
spintronics because charge and spin of electrons are accom-
modated into single matter. In particular, DMS based-ZnO
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attract strong research interest because ZnO offers other de-
sirable features as a semiconductor; it has direct wide band
gap of 3.3 eV [1]. ZnO doped with 3d transition-metal (TM)
elements has been studied widely since the model calcula-
tion by Dietl et al. predicted the possibility of ferromag-
netism in ZnO with a small amount of Mn as an impurity
[2]. A number of magnetic, magneto-optical, and magneto-
transport properties were observed for transition-metal al-
loyed ZnO systems, including Mn-added ZnO [3–8], Fe-
added ZnO [5, 9, 10], Co-added ZnO [6, 9–13], and Ni-
added ZnO [12–14].

Moreover, using first-principle calculations, Sato and
Katayama–Yoshida [15] theoretically demonstrated that a
ZnO matrix doped with TM atoms such as V, Cr, Fe, Co,
and Ni exhibited ferromagnetic ordering.

Recently, many researchers have tried to dope other ions
into the ZnO-based DMS to obtain two metal ions co-doped
ZnO in order to enhance their optical and magnetic prop-
erties by introducing additional carriers [16–20]. Lin et al.
supposed that a small amount of additional Cu doping would
create additional carriers in Co doping ZnO, and its mag-
netization would be greatly enhanced in bulk samples [21].
In this work we have performed ab-initio calculations on
Zn0.95−xCo0.05CuxO. Our results reveal that the total mo-
ment and magnetic moment per atom of cobalt increase with
increasing x.

2 Electronic and Magnetic Structure Calculations

Electronic structure calculations were performed within the
fully relativistic Korringa–Kohn–Rostoker (KKR) method
[22]. To take into account the random distribution of Co
and Cu in Zn sites, we used the KKR-CPA for which no
supercell is needed. We assume that, in the original cell,
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the O site is perfectly ordered whereas the Zn site is taken
to be randomly occupied by Co, Cu and Zn with appro-
priate occupancies. The Morruzi, Janack, Willaims (mjw)
parameterization of exchange-correlation energy functional
was used [23]. The form of the crystal potential is approx-
imated by a muffin-tin potential, and the wave functions
in the respective muffin-tin spheres were expanded in real
harmonics up to l = 2, where l is the angular momentum
quantum defined at each site. Spin polarization, relativis-
tic effect and spin-orbit interaction were taken into account.

Fig. 1 Variation of total magnetic moment and magnetic moment per
atom of Co with concentration of Cu

The Zn0.95−xCo0.05CuxO was considered to crystallize in
wurtzite structure with the experimental lattice parameter
values reported in Ref. [24].

3 Results and Discussion

We focus on the magnetic moments of Zn0.95−xCo0.05CuxO
(x = 0.01,0.03,0.05). By ab-initio calculations, we found
that both total moment and local moment per atom of Co in-
crease with increasing x. Figure 1 presents variation of total
moment and Co moment. These results give evidence that
with doping Cu concentration ranging from 0 to 0.05, the
total moment and the cobalt moment increase from 0.29 µB

up to 0.38 µB and from 2.3 µB up to 2.56 µB, respectively.
Recently, Yanyan Wei et al. show that saturated magneti-
zation (Ms) increases from 0.18 µB/Co to 1.08 µB/Co as
the Cu doping concentration increases from 0 up to 0.05
[24]. To understand this behavior we analyze the electron
density of states (DOS). First, the valence-electron config-
urations of the Zn and substituting 3d atoms Co and Cu
are 3d104s2,3d74s2 and 3d104s1, respectively. According
to the first Hand’s rule, the minimum of the total energy
of an isolated 3d atom corresponds to the occupation of
the 3d orbitals that gives a highest spin moment. There-
fore, the minority 3d states of Co must be partially occu-

(a) (b)

(c)

Fig. 2 DOS of d orbital of Zn, Co and Cu of Zn0.95−xCo0.05CuxO (x = 0.01 (a), 0.03 (b) and 0.05 (c))
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Fig. 3 Total DOS of Zn0.95−xCo0.05CuxO (x = 0.0 (a), 0.01 (b), 0.03 (c) and 0.05 (d))

pied whereas those of Cu are nearly fully occupied. In-
deed, the calculated electronic structures of 3d states of
Zn, Co and Cu in Zn0.95−xCo0.05CuxO DOS are in agree-
ment with this prediction (see Figs. 2(a)–2(c)). Secondly in
Figs. 3(a)–3(d), where total DOS for Zn0.95−xCo0.05CuxO
(x = 0,0.01,0.03,0.05) is reported, we can see a polar-
ization in DOS at Fermi level (taken as energy reference).
Such polarization points out to half metallic character of
these components. Also when Cu concentration increases
we note that the region between 0 and −0.1 Ry opens, there-
fore the local density of states near left of the Fermi level
becomes slightly important. This is explained by the cre-
ation of donors of electrons caused by Cu introduction [25].
To show more about the nature of these donors we note as
seen in Figs. 2(a)–2(c) that the major party of Cu-3d DOS
lies exactly in such region (−0.1–0 Ry). This region ex-
ists in the band gap of Zn0.95Co0.5O DOS (see Fig. 3(a)),
so Cu introduction creates the donor impurity bands. More-
over, according to our band structure calculations, we can
observe the overlap between Co-3d and Cu-induced impu-
rity band states for the spin-down at Fermi level (Figs. 2(a)–
2(c)) which leads to significant DOS at Fermi level and
hence to the half–metallic character as observed in total
DOS (see Figs. 3(b)–3(d)). Also this overlap leads to hy-

bridization between the involved spin-down states. Such hy-
bridization facilities mutual charge transfer from Cu to Co
atoms which favors interaction between the localized mo-
ments of Co atoms. Such an interaction, tending to align the
Co moments, contributes to increase of charge polarization
(spin up–spin down) for Co atoms that explains the results
listed in the Table 1 and consequently the increase of mag-
netic moment of cobalt. So we can conclude that there is a
superexchange interaction between Co atoms caused by Cu-
induced donor impurity bands. Based on the first-principle
calculations and the Co K-edge XANES analysis, Fengchun
et al. reported that the activation of the ferromagnetism of
(Co,Cu)-doped ZnO relative to Co-doped ZnO is due to the
effective hybridization between Co 3d states and the Cu-
induced donor impurity band at the Fermi level [26], which
is consistent with our results.

4 Conclusion

In this work we have performed ab-initio calculations on
Zn0.95−xCo0.05CuxO (x = 0,0.01,0.03,0.05). We have re-
ported that the magnetic moment per Co atom increases with
increasing of Cu content. Also using the total DOS we are
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Table 1 Valence charge of Co

x Up Down Up/down

0.00 4.314 2.031 2.283

0.01 4.343 1.932 2.411

0.03 4.372 1.878 2.494

0.05 4.389 1.849 2.540

able to propose interpretation of enhancement of the total
and Co magnetic moments in Zn0.95−xCo0.05CuxO systems.
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