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D_O_ZI'X:g + 3H20 — GO‘—ZF(OH)g, + 3 HX 2

A second exposure to ZrXy4 results in further surface condensation as in Equation 1.

Through repeated condensation-hydrolysis cycling, a robust zirconia film is formed layer
by layer.

Ultrathin films of zirconia were grown on Si(111) substrates using ALD.
However, instead of using a conventional precursor for vapor deposition, chemical
solutions containing Zr4(OP1’)1¢ in methylcyclohexane were employed. In previous
work, regular growth using Zr(OPr™)4 in a 1:1 toluene:propanol solution was observed on
surface-activated gold substrates but only at low temperatures.16 While most precursors
for the deposition of ZrO; are single metal-center complexes, a precursor with multiple
metal centers arranged in a metal-oxide framework analogous to ZrO; might result in a
more efficient film deposition process. Through the repeated cycling using Zr4(OPr');¢
in methylcyclohexane and H,O in n-propanol, a zirconia film was deposited at a rate of
9.7x1013 to 1.7x10!4 Zr atoms/cm? per cycle. These films were chemically and
physically characterized using Rutherford backscattering spectrometry, X-ray
photoelectron spectroscopy, and transmission electron microscopy. Metal-insulator-
semiconductor capacitors were fabricated using zirconia films on p-Si with an Au top
electrode and Au backside ohmic contact. Figures 1 and 2 are current-voltage (I-V) and
capacitance-voltage (C-V) curves, respectively. Preliminary results show that these
zirconia films have a leakage current density at -1 V in the range of 103 to 104
Amps/cm? and equivalent SiO5 thicknesses below 2 nm.
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To reduce the number of reaction cycles and therefore improve the quality of
zirconia films, a robust polynuclear zirconate precursor would offer advantages relative
to Zr4(OPr™);¢. The triskaidecazirconate [Zr;30g](OH)12(OPr’)24 has a metal-oxide
framework analogous to that of crystalline ZrO,, and its application as a precursor to thin
film growth will be examined in the near future.
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