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This thesis contains a study on ferroelectric materials in paraelectric phase suitable for applications in
dielectric bolometer mode of infrared sensor and microwave tunable devices. The main purpose is to find
suitable ferroelectric materials that held promises as top candidates for integration into devices from the area of
interest, and to control their dielectric properties by optimizing the deposition conditions to achieve good
dielectric properties to be used in dielectric bolometer mode of infrared sensor or microwave tunable device
applications.

Selection of ferroelectric material by investigating their general behavior was the first step in this study
because the requirements for ferroelectric materials to be used for dielectric bolometer mode of infrared sensor
and tunable microwave application are different. It has been concluded that the most suitable candidate for
dielectric bolometer mode on infrared sensor is barium titanate stannate, Ba(Tio.s5, Sno.15)O3, and, for microwave
tunable applications barium strontium titanate, (Bao.s, Sro.4)TiOs, is the most suitable candidate for this type of
applications.

Having the ferroelectric candidates for dielectric bolometer mode of infrared sensor and tunable microwave
applications selected, the next step was to control the dielectric properties of the selected films by careful
considerations upon the deposition conditions. Metal-organic decomposition process technique was used to
deposit the ferroelectric thin films as the best preparation method.

As a dielectric bolometer mode of infrared sensor candidate, Ba(Tio.ss, Sno.15)Os thin films deposited on
Pt/Ti/Si02/Si substrates have been investigated in order to obtain films with a large change in dielectric constant
with film temperature while keeping the other electrical properties at acceptable values. The influence of the
annealing and post-electrode-formation treatment temperatures as well as the influence of N2 added during the
spinning process has been investigated. As a result it has been found that Ba(Tioss, Sno15)Os thin films
deposited using 4 I/min N2 flow during spinning, annealed at 700°C and post-electrode-formation treated at 300

°C showed the largest change in dielectric constant with temperature, temperature coefficient of dielectric
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constant (TCD) having values of more than 5.6%/K at 25°C and being almost 11%/K at 20°C, value that is the
highest reported so far. Integration of Ba(Tio.85, Sno.15)Os into a simple structure of a dielectric bolometer mode of
infrared sensor has been successfully obtained, and, after optimization of the operating conditions, the detection
of a target with a temperature of 27°C at room temperature (24— 25°C) was possible. Voltage responsivity and
specific detectivity were calculated to be 0.11 kV/W and 3 X 108 emHzY2/W, being in the same range as other type
of infrared sensors.

As a tunable microwave candidate, (Baos, Sro.4)TiOs thin films deposited on MgO (100) substrates have been
investigated in order to make highly dc-field-dependent dielectric constant as well as with very low dielectric loss.
The influence of an interlayer and the film thickness, as well as the annealing effect on the tunability and
dielectric loss has been investigated. It has been found that a 20 nm thick (Bao.s, Sro.4)TiOs film (interlayer)
deposited by pulsed laser deposition on MgO prior to the main deposition of the (Bao.s, Sr0.4)TiOs by metal organic
decomposition process increases the tunability of the fabricated films while maintaining very low dielectric loss.
Also, increase in metal-organic deposited film thickness enhances the value of tunability. Also, annealing
performed when the newly deposited film thickness is only 35 nm in thickness, is an important condition to
increase the tunability value. It has been found that films having a 20 nm interlayer and 700 nm total layer,
annealed every after 35 nm of deposited amorphous (Bao.s, Sr0.4)TiOs, showed a tunability of 11% at a frequency
of 1 MHz on an interdigital electrodes capacitor at 40 V dc voltage applied. Dielectric loss measured in same
conditions is below 0.006. By integration of the (Bao.s, Sro.4)TiOs film into a tunable microwave device, in this
casc a CPW-line-type phase shifter, shows a differential phase shift of —40 degree at 20 GHz when 0 and 60 V dc
voltage is applied.
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