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Availability of efficient p-type ZnO has been a long standing goal for the fabrication of advanced electronic 
devices. Group-V elements (N, P, As, Sb), acting as anion-site impurity as well as group-I elements (Li, Na, K), 
acting as cation-site impurity, have mostly been used as acceptor dopants. However, recent theoretical results 
have underlined that the deep character of the acceptor levels induced by these impurities is a limitation in 
obtaining p-type conductivity [1].  
Herein we bring new and conclusive evidence on the formation of  acceptor centers in N:ZnO, Li:ZnO and 
(N,Li):ZnO films obtained by sol-gel method. The optical absorbtion, the photoluminescence (PL) and the 
electrical conductivity of the films were measured. The absorbance data evidence a decrease of the band gap, 
particularly in the Li:ZnO films. The PL emission of the undoped ZnO films show characteristic peaks situated 
at 3.24 eV and 2.10 eV, which correspond to donor-acceptor and deep-level transitions, respectively [2]. The 
N:ZnO films show only a PL peak at 3.28 eV, while the Li:ZnO films show characteristic emission peaks 
situated at 3.24 eV and 2.17 eV. In the case of codoped (N,Li):ZnO films the PL emission peaks appear at 3.21 
eV and 2.96 eV. Therefore, the observed shifts of the PL emission in the doped films relative to the undoped 
ones suggest that N and Li determine dissimilar defect centers in ZnO; still, one cannot derive any conclusion 
on the doping type. However, I-V electrical characteristics demonstrate p-type conductivity in (N,Li):ZnO films, 
supporting that an efficient acceptor center is formed by (N, Li) codoping. Further evidence on the center type 
is brought by electronic structure results of ab initio calculations performed on the systems under study. We 
discuss the acceptor codoping capability to create the hybridizations which promote acceptor states near the 
Fermi energy and bring an insight into the role of oxygen vacancy in the formation of these centers.  
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