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Abstract
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Abstract

A novel sizing methodology for Dickson charge pumps with pure capac-

itive loads is presented. The methodology is based on dynamic analysis

to minimize the rise time of the charge pump up to 25% under a given

circuit area without power or area overhead and paves the way for a com-

prehensive rise-time minimization using the optimum number of stages.

The methodology allows the designer to choose the pumping capacitor

of each stage and thus efficiently utilize the circuit area which is mostly

dominated by the pumping capacitors area.

The methodology is validated through the implementation of a six-

stage charge pump-based driver in 180-nm standard low-voltage CMOS

technology. The driver is used for the excitation of ultrasonic transducers

with 34 V at a resonance frequency of 220 KHz. A rise time of only 512 nS
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is achieved. The driver consumes 10.6 mA drawn from a 5-V supply at a

pumping frequency of 50 MHz and occupies an area of 0.2 mm2.

key words: design methodology, switched-capacitor DC-DC converters,

charge pump, rise time.
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Summary

The thesis is divided into five chapters as listed below:

Chapter 1

Chapter 1 introduces the motivation and objectives of this work. At the

end of this chapter, the thesis organization is described.

Chapter 2

Chapter 2 is an overview on charge pump circuits, where the theory of

operation, specifications, different topologies and sub-blocks of charge

pumps are presented. Also, a survey on the state-of-the-art design method-

ologies for charge pumps is discussed.

Chapter 3
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Chapter 3 introduces a novel sizing methodology for the pumping capac-

itors of the charge pump to minimize the rise time of charge pumps with

capacitive loads. The methodology is based on dynamic analysis of N-

stage Dickson charge pump with unequal pumping capacitors, followed

by finding the optimal pumping capacitor values. Afterwards, the im-

provement in the rise time in case of using unequal pumping capacitors

when compared with the case of equal pumping capacitors is evaluated..

Chapter 4

Chapter 4 validates the methodology through SPICE simulations. The

methodology is validated through the implementation of a six-stage charge

pump-based driver in standard low-voltage CMOS technology. The layout

for the driver is made and post layout simulations are performed to ac-

count for parasitics. Finally, a performance comparison between the HV

driver using the proposed methodology and other published HV drivers

is summarized.

Chapter 5

Chapter 5 concludes the thesis. The suggested future work is outlined as

well.
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