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Zinc oxide (ZnO) is a semiconductor with a wide direct band gap of 3.3 eV, large exciton binding energy of
60 meV, and a hexagonal wurtzite crystal structure. It is piezoelectric, luminescent and can be made magnetic|
with doping. Due to its versatility, ZnO has been employed in a wide variety of fields such as electrical circuit]
protection, solar cells, light emitting diodes and lasers, UV detectors, gas sensors, and surface acoustic wave
devices. A brief historical background is given in Chapter 1. This thesis is divided into two parts. The first part
(chapters 2 to 4) focuses on the ZnO film growth mechanism from diethylzinc (Zn(C2Hs)2) and water (H20) vapors
by atmospheric-pressure chemical vapor deposition (APCVD) method. In Chapter 2, the rate-limiting mechanism|
of film growth was determined along with the molecular size of the gaseous intermediate in a flow-type tubular]
reactor. The substrate used was the inner surface of the quartz tube with varying diameters. The deposited films
have preferential c-axis orientation according to the X-ray diffraction patterns. Scanning electron microscopy|
(SEM) was used to measure the film thickness along the length of the tube (x), and the growth rate (G) was
calculated by dividing the thickness with the deposition time. Plots of log G versus x were linear, suggesting that
the growth was limited by the DEZ concentration. The dependence of the growth rate profile on the tube diameter
can be used to identify the rate-limiting mechanism. Analysis of the film growth rate profiles as a function oﬁ
temperature and tube diameter revealed that the growth process is limited by the gas-phase diffusion of growth
species in the temperature range of 400 to 600 °C. From the experimentally measured diffusivites and by)|
correlating with the Chapman-Enskog equation, we obtained the effective molecular size of the growth species to
be about 0.5 nm. The growth rate data at 650 °C indicates that the growth rate is limited by gas phase reaction|
with a rate constant, &z of 60 s1. At 700 °C to 750 °C, the film growth was gas-phase diffusion controlled. The
molecular size was about 0.9 nm at 700 °C, and decreased to about 0.6 nm at 750 °C. These sizes are equivalent to
clusters consisting of as many as 20 units of ZnO at 700 °C and 6 units at 750 °C. In Chapter 3, the surface|
reaction constants (ks) of the growth species were determined by using a Si substrate patterned with micron-size
trenches. The trench depth (L) was 3.5 um and the width (W) changed from 1 to 3 um. This method allows the
determination of ks in an APCVD reactor because within the micro-trench the growth is limited by surface|
reactions. Scanning electron microscopy was used to measure the film thickness within the micro-trench. Using a
model equation to fit the experimental growth rate data, we were able to determine the surface reaction rate|
constants, ks or the sticking coefficients, 1. At temperatures from 400 to 500°C, ks from 40 to 59 m/s was obtained.
Interestingly, ks decreased at higher temperatures. At 550 and 600 °C, ks ranged between 22 ~ 37 m/s and at 700
to 750 °C, ks ranged from 9.4 to 15 m/s. In Chapter 4, the reaction intermediates in reaction of DEZ with H2O were
obtained at temperatures ranging from 25 to 700 °C by using a water-cooled substrate. The thermal decomposition|
properties of the samples were studied using simultaneous Differential Thermal Analysis and Thermogravimetric
|Analysis (DTA-TGA). A Quadrupole Mass Spectrometer (QMS) was used to identify the gases evolved during
thermal decomposition. Changes in the DTA-TGA pattern were observed when the reactor temperature was
increased and also during ageing at room temperature. The DTA pattern of the sample obtained at the reactor|
temperature of 400 °C exhibited two endothermic peaks while three peaks were present at 700 °C. QMS analysis
detected only water as the volatile component during thermal decomposition. Results suggest that different types|
of intermediates were present depending on the reactor temperature, which agrees with the results of the previous
chapters. In the second part of this thesis (Chapter 5), aluminum doped ZnO films were prepared by plasma
enhanced CVD (PECVD) using DEZ, TMA and H20 vapors. Aluminum doping was found to reduce the crystallite
size of the ZnO and enhance the c-axis orientation of the films. The undoped films consist of disk-like shaped
crystallites with diameter as large as 200 nm and height of about 36 nm. Al-doped films have crystallite diameters
in the 100 nm range and height of about 30 nm. Doped ZnO films show better optical transmittance (>90%) and
"[lower electrical resistivity (minimum of 6.5x104 Qcm). The aluminum content in the film was found to depend on|
the growth conditions. It was generally observed that for a constant TMA flowrate, conditions resulting to low
growth rates favor the incorporation of Al atoms. The electrical resistivity depended largely on the TMA flowrate
and substrate temperature and less on the H20 flowrate and RF power.




