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of reactant species, electrolysis of fused salts, anodic oxidation, alternating current
synthesis, or cathodic reduction[53]. For our ZnO electrodeposition experiments, we
used cathodic reduction exclusively.

Cathodic reduction often utilizes the production of an alkaline species at the
surface of an electrode to hydrolyze metal ions and metal cc  plexes. This hydrolysis
forms metal oxides and hydroxides either in solution or at the surface of the working
electrode. Therese et al.[53] reviewed this technique and report many of the metal
oxides that can be synthes in this way, including TiO,, Zr(C  Cry03, and LaMnOs.
Direct cathodic re 1ction of metal ions and metal complexes to metal oxides, such as
Cux0[45, 54, 55, 56, 57], Ce0,[58], and T1,0,[58] has also been reported.

We electrodeposit zinc oxide samples using a multi-step process facilitated by a

nitrate reduction reaction fi  reported by Izaki et al.[59].

Zn(NOs)y — Zn** + 2NO; (2.3)
NO; H,O + 2~ — NO, + 20H" (2.4)
Zn** + 20H™ — Zn(OH), (2.5)

Zn(OH); — Zn0O + H,0O (2.6)
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inhomogeneities, which would be consistent with multiple conduction pathways[81]

implied by our films’ high ideality factors.

4.5 Conc sion

In summary, potentiostatic electroc] mical deposition of 10 on metal substrates
provides selectivity between ohmic contacts and Schottky junctions, with no need for
annealing. This selectivity can be attributed to potential-dependent formation of
a Zn-based interface between the substrate and ZnO electrodeposit, thereby yield-
ing barrier heights consistent with ZnO-Zn contacts. The electrodeposited junctions
compare well with ZnO Schottky diodes synthesized using more re irce-intensive
synthesis methods, offering an opportunity for greater econc  r and control over ZnO

heterojunctions for device applications.
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hydrogen doping  most likely the dominant source of nct carrier concentration in
n-type ZnO, the ¢ :entration of compensating defects (deep acceptors in ZnO) likely

play a large role in the overa carrier concentration.
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group on CIGS-bi 4 (Cu 1,Ga)Se;) multi-layer systems, with extra CdS and ZnO
layers, has utilized 10stly non-electrochemical techniques[165, 166, 167]. It could be
possible to utilize the work reported here to enhance these systems, as it may be able
to increase the eft ncy of the ZnO layers by influencing i  conductance, carrier
concentration, or ba | gap.

In general, the are many avenucs of exploration open to materials physics re-
searchers. Often, these avenues bridge chemistry, physics, and engineering in the
pursuit of more efficient electronic devices. While the electrodeposition of materials
for electronic devic may not hold all tI answers, similar to other synthesis tech-
niques, it is impor nt to e _ -ore all areas of materials research in order to get the

best out of our electronic devices.























































142

[16" Canava, B.;  >Hussel, O.; Guillemoles, J.; Lincot, D.; Etcheberry, A. Physica

Status Solidi 2006,  2551-25¢















