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The Synthesis and Characteristics of Sol-Gel-Derived Zn;.,M,;O

(M = Mg, Zr) Thin Films and Thin Film Transistors

Student: Jen Hao Lee Advisor: Dr. Pang Lin

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

Zn0 is a normally n-type transparent semiconductor with a wide band gap
of 3.2 eV and large excition energy of 60 meV, which has been extensively used
in optical devices and flat panel displays. In this thesis, the physical and
electrical properties of sol-gel-derived Mg and Zr doped ZnO thin films and
thin film transistors (TFTs) are proposed and discussed. In addition, the
(Ba,Sr)TiO; high-k gate insulators are utilized to improve the electrical
characteristics of the devices, and the correlation of interface trap densities of

(Ba,Sr)TiO; between electrical performance of the devices is also investigated.
First, the sol-gel derived n-type Zn(; xMg,O (x = 0—0.45) TFTs with active
channel layers made of the films were investigated. The films were prepared at

500°C. The effects of Mg doping on the crystallinity, optical transparency, grain
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size, and charge-carrier concentration (n) of the films were examined. The
Fermi level of the films, as derived from the temperature dependence of n, was
~0.12 eV below the conduction band. The donor concentration and donor level
(Eq) were derived by a curve fitting method based on the electrical neutrality
condition. E4 was found to be about 0.3 eV below the conduction band. The
composition dependence of the TFT output characteristics was interpreted and
correlated to the width of the depletion region adjacent to the grain boundaries.
When the grains were almost depleted at X = 0.2, the TFT showed an
enhancement mode and an on/off ratio of 10°.

Secondly, we investigated the sol-gel derived Zn(; xZr,O films and TFTs,
where X ranging from 0.00 to 0.10. The effects of Zr additive on the crystallinity,
grain size and surface morphologysef«Zng.,ZrO films were discussed.
Zn; 4 Zr,O-TFTs exhibited much lower off-state current (lorr) and higher on/off
ratio than pure ZnO-TFT. The. behavior of lorr related to the carrier
concentration (N) of Zn(;.Zr,O filmsjand the correlation between n and grain
size were interpreted. The optimized lopr and on/off ratio of Zn(.ZrO-TFT
were 3.24 x 10" A/um and 8.89 x 10° where x = 0.03, respectively.

Finally, the electrical performance improvements of sol-gel derived
7197710030 thin-film transistors (TFTs) comprising (Ba,Sr)TiO; (BST) high-k
gate insulators were also investigated. The (110)-preferentially oriented BST
synthesized on BaRuOj; electrodes exhibited enhanced dielectric constants and
suppressed leakage currents. Reduced operation voltage and improved electrical
characteristics of Zngg7Zr1(0;O-TFTs correlated to higher gate capacitance and
superior interface trap density (D;) of BST gate dielectrics were interpreted.

The optimized mobility (L), threshold voltage (Vy,) and subthreshold slope (S)
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of Zng 9771y ;0-TFTs incorporating BST gate insulators with a high dielectric

constant of 151 were 1.40 cm*/Vs, 1.45 V and 0.61 V/dec, respectively.

vi



