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Transistor miniaturization and the diversification of finctions carried out by semiconductor integrated
circuits have improved their performance to the point where they are now ubiquitous in our daily lives.
However, miniaturization has Hmitations due to high costs and technological complexities, and increasingly
intricate systems use more area and power. Therefore, a design method that leads to smaller area and lower
power consumption independently of miniaturization is needed.

In this study, it is identified that conventional systems have multiple circuit units that perform the same
function unnecessarily, e.g. oscillators, filters, counters, and it is proposed that the system can be optimized
by consolidating redundant units. An example a wireless data transfer system, which consists of a
phase-focked loop (PLL), an analog-digital converter (ADC), and a transmitter. An oscillator is required to
implement the PLL and ADC, but because they are isolated from each other, multiple oscillators are used,
which causes a reduction in efficiency. Furthermore, the accuracy of the PLL and ADC depends on
conventional capacitors that are ejther too large and area inefficient, or unreliable due to their value being
dependent on input voltage.

This study aims to improve the area, power consumption, and operating accuracy of the system by
optimizing the architecture and circuit designs. Three main novelties are proposed.

I A new subcircuit sharing architecture, where the system’s area and power consumption is reduced
by reusing the area and power of a shared oscillator to simultaneously operate the PLL and ADC.
2. A Beat-trequency ADC with improved conversion resolution achieved by an Internal-state analyzer

without a net sacrifice of power or area efficiency.

3 A complementary gate MOSFET capacitor with source and drain bias with small area and nearly
voltage-independent capacitance.

The main achievements were an area and power reduction of 21.7% and 27.1%, respectively, and resolution
improvement by 6.72dB on average for the ADC. Also, a capacitor with lower variation than the current
state of the art, between 2.63% and 3.34%, higher capacitance and better tolerance to PV'T variations was
proposed.
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