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A Study on High Power Handling Circuit Design
for RF switch and Digitally Programmable Capacitor Applications

Wonwoo Seo

|
Dept. of Electrical and Electronic Engineering
The)Graduate School

Hanyang University

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 tunasble circuits. In
particular, a DPC structure 15 proposed that can maintain high BF power-handling capability while achieving
a high Q-factor. To clearly identify the conditions under which the proposed structure improves O-factor,
the study begins with transistor modeling based on the 500 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 O-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 gs, with an insertion loss of (.16 dB, 1solation of 47.1 dB.



Chapter 1. Introduction

1.1, General background

Two hot topics can be used to sum up the reprezentative izsues that global
steel companies will face in the future’ carbon neutrality and digital transformation.
The =teel industry, one of the largest carbon emitters in the world, iz researching
inta a wariety of wayz to reduce greenhouze gaz emizsions [1-2]. Research is
cwrrantly being done both domestically and internstionally on the hydrogea-baszed
reduction iroamsking process, which produces steel using hydrogen instead of
fozzil fuelzs. This techaology 1= expected to replace the conventional blast furnace
and zigmficantly reduce carbon dicxide emizsions. Building a smart factory 1z an
eszential strategy for global steel compames as they transform to digital
manufacturing applying ecore technologies in industry 4.0, in addition to earbon
aeutrality [3—11]. The s=mart factory uses sensors placed throughout the processz
to gather and analyze large amounts of data in real time. And then arbificial
intelligence (Al) iz emploved to implement the optimal automated process control.
In brief, the objective iz to increase productivity and improve quality through
process optimozation and automabion by whliziag [T technelogies such a= the
artificial intelligence, big data, and internet of things (IoT).

Various studies are recently conducted to apply the arfificial wntelhgence
techonclogy to data—driven processes [12-14]. The ironmaskng, steelmaking,
continuous casting, and rolling processes are the main operations in the integrated
steel mill. Theze processez are executed in that order to make steel products,

which inelude thick plates for ships and steel plates for automeobiles.

1. Ironmaking process with siatering and cokemaking — The ironmalking process,
which iz the first step in the integrated steel mill, invelyes the reaction of the iron

b the sintering process using fine iron ore with the coke
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Industry 4.022 ESE tAY FEE R AFAE Ax AN2dE 7587
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