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switches and digitally programmable capacitors (DPCs) for
that achieve both high-power-handling capability and fast
switching time in the switching circuits, as well as high Q-factor in capacitor structures. In general,
conventional RF switch structures exhibit degraded switching time or insertion loss as power-handling
capability increases, and conventional DPCs tend to suffer from reduced Q-factor. To overcome these
limitations, this dissertation first focuses on the design of RF switches with fast switching time and
introduces new biasing circuits and logic drivers to support such speed. Second, this study investigates
digitally tunable capacitor structures, which are essential components in various tunable circuits. [n
particular, a DPC structure is proposed that can maintain high RF power-handling capability while achieving
a high Q-factor. To clearly identify the conditions under which the proposed structure improves Q-factor,
the study begins with transistor modeling based on the SOl CMOS process and performs mathematical
analysis comparing the conventional and proposed structures. In addition, an algorithm is proposed to
efficiently predict the conditions under which Q-factor enhancement is possible.

The first contribution of this dissertation proposes a novel method that selectively controls the impedance
of the gate biasing circuit, called the Biasing Resistor Bypass Circuit (BRBC). During switching transitions,
the low impedance path is used to enable fast switching. while during steady-state RF operation, the high
impedance path is applied to minimize insertion loss and harmonic distortion. The proposed SPDT switch
can be implemented without requiring additional bias circuitry or increased chip area. Measurement results

at 2 GHz show a turn-on switching time of ().35 ps, with an insertion loss of (0,16 dB, isolation of 47.1 dB,



Chapter 1. Introduction

1.1. General background

Two hot topics can be uzed to sum up the representative izsues that globasl
steel companies will face in the future’ carben neutrality and digitsl tranzsformaticn.
The zteel industry, cne of the largest carbon emitters in the world, 12 researching
into a variety of ways to reduce greenhocuse gas emizsicns [1-2]. Rezearch is
currently being done both domestically and internstionally on the hydrogen—based
reduction ronmeking process, which produces steel using hydrogen instead of
fosz1l fuels. This technology i= expected to replace the conyentional blast furnace
and significantly reduce carbon dicxide emisszions. Building & smart factory iz an
essential strategy for global =steel companiez az they tranzform to digital
manufacturing applying core technologiez n industry 4.0, mn addition to carbon
neutrality [3—11]. The smart factory uses sensors placed throughout the process
to gather and analyze large amountz of data in resl time. And then artificial
intelligence (AI) iz employed to implement the optimal sutomsated process control.
In brief, the objective i= to increasse productivity and improve gquality through
process optimization and automsation by uwtilizing IT techaoclogies such az the
artificis] intelligence, big data, and internet of things (IcT).

Various studiez are recently conducted to apply the artificial intelligence
technology to data—driven processes [12-14]. The ironmsking, steelmaking,
continuous easting, and rolling processes are the msin operaticns in the integrated
steel mill. These processes are executed in thet order to meke steel products,
which ineclude thick plates for ships and steel platez for automebiles.

1. Irenmaking process with sintering and cokemaking — The ircnmalting process,
which 1z the first step in the integrated steel mill, 1avolyes the reaction of the 1ron

b the sintering process uzing fine iron ore with the coke
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