7-bit SAR ADC with Switch-bootstrapping,

USPC DAC
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Abstract

This project successfully designed and implemented a 7-bit Successive Approximation
Register Analog-to-Digital Converter (SAR ADC) based on the T18 process. Its main feature
is the integration of a bootstrapped switch with a Unit-Switch Plus Capacitor Digital-to-
Analog Converter (USPC DAC) architecture, aiming to meet the demands for high
performance, low power consumption, and compact size in analog-to-digital converters.

The architecture of this design includes several modules, such as the sampling circuit,
comparator, SAR logic, clock generator, and USPC DAC. Among them, the SAR logic state
machine controls the digital conversions, performing bit-by-bit decisions based on the
comparator’s output. The USPC DAC achieves precise voltage conversion by optimizing the
layout of unit capacitors and the design of switches, reducing non-ideal effects such as
parasitic capacitance to ensure conversion accuracy and system performance.

Simulation results show that the SAR ADC maintains an effective number of bits
(ENOB) greater than 6.5 under different corner-conditions and demonstrates stable
performance and high conversion efficiency at a sampling frequency of 20 MHz. These
results confirm its reliability across various operating environments. Additionally, the
effective suppression of parasitic effects in the circuit architecture further enhances signal
integrity and conversion accuracy, making this design competitive in high-performance, low-
power applications.

However, the study found that the operating speed is still limited by the charging and
discharging speed of the DAC capacitors, which may affect overall performance in high-
speed applications. Although increasing the size of the DAC switch transistors can improve
operating speed, the parasitic capacitance effects introduced by this approach limit its
effectiveness. Therefore, future research could focus on implementing asynchronous
architecture to make good use of conversion times per bit. It can also be extended to time-
interleaved architecture in the future.

In summary, this research successfully proposes a high-performance, low-power,
compact SAR ADC design. Through multiple optimizations and integrations, the circuit
demonstrated excellent performance and reliability under various process conditions.
Simulation results confirmed the feasibility of this design in different operating environments,
and its low power consumption and high accuracy make it highly promising for future
applications. Nevertheless, there is still room for improvement, particularly in enhancing
conversion speed and further reducing power consumption, which presents other directions
and challenges for future research.
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3-4. SAR logic
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