


This thesis is organized with five chapters. The first chapter describes an introduction including 

the wide-current range applications such as IoT and the contribution of this thesis. The research 

motivation and the reason why the conversion efficiency of a DC-DC converter is important 

especially in the sleep mode are also shown in Chapter 1. Two applications of IoT are employed to 

calculate the LSI systems energy consumption. 

In Chapter 2, a clocked hysteresis control scheme with power-law frequency scaling is newly 

proposed to improve the conversion efficiency at a light load current and applied to a buck converter 

design. Compared with a conventional hysteresis control buck converter, the buck converter 

consumes no DC current in the comparators by replacing a continuously-on comparator by a clocked 

comparator with power-law frequency scaling. In addition, the clocked hysteresis control maintain a 

quick wake-up feature because of the inherent hysteresis control. As to the theoretical aspect, 

expressions for the frequency stability condition, power consumption, and output voltage ripple of 

the proposed power-law frequency scaling scheme are derived and analyzed. Experimental results 

show that the buck converter implemented with the power-law frequency scaling scheme achieves 

higher than 87% and almost flat conversion efficiency over a load current ranging from 500 nA to 20 

mA with a 90.4% peak efficiency. 

A 2:1 switched-capacitor (SC) DC-DC converter implemented with the proposed power-law 

frequency scaling scheme is proposed in Chapter 3. This chapter shows that the proposed scheme is 

also able to improve the conversion efficiency of a SC DC-DC converter in the sleep mode. A 

prototype is designed and implemented in a standard CMOS 0.18 μm process technology. 

Experimental results show that the converter achieves higher than 87.5% and almost flat conversion 

efficiency over a load current range from 600 nA to 150 μA with a 94.9% peak efficiency. The 

conversion efficiency is higher than 50 % when a load current ranging from 50 nA to 150 μA is 

applied, and can operate functionally when the load is as low as 10 nA. Compared with a 2:1 



switched-capacitor DC-DC converter using a fixed high frequency clock, the proposed converter 

improves 33% of conversion efficiency when the load current is 1 μA. 

A design of digital low-dropout regulator with the power-law frequency scaling scheme is 

introduced in Chapter 4. By automatically adjusting the clock frequency of the clock comparator 

used in a digital LDO, the current efficiency can be improved especially in a light load condition. 

The target is to optimize the clock frequency and current efficiency with the load conditions to 

improve the current efficiency under μA order load conditions. A proposed system topology is 

introduced and simulated in this chapter. 

Chapter 5 shows the summary and the conclusion of this thesis. 


