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A Nanowatt Tracking—Quantizing Successive Approximation Register

Analog-to—Digital Converter for Sparse Signal Acquisition
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Abstract: To address the problems of data redundancy and energy waste caused by fixed-rate
sampling of analog-to-digital converters (ADCs) in low-frequency sparse signal acquisition sensors,
a 10-bit tracking-quantizing successive approximation register ADC (SAR-ADC) is proposed. The
proposed SAR-ADC consists of three functional modules: tracking module, startup module, and
quantization module. The tracking module tracks the input signal via a capacitive digital-to-analog
converter (CDAC) with near-zero power consumption. In the startup module, a pulse converter
converts the trigger pulse generated by the sensor system into asynchronous control signals, which

control the CDAC to complete sampling and initiate the quantization process. In the quantization
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module, 10-bit successive approximation quantization is jointly accomplished by the CDAC,
comparator, reference buffer and logic circuit; upon completion of quantization, the SAR-ADC
returns to the tracking state. The SAR-ADC enables sensor systems to implement a time-domain
variable-rate sampling strategy and significantly reduces hardware overhead. In addition, a low-
leakage long-delay generation circuit is designed in the logic circuit, which effectively reduces the
power consumption of the delay unit. The proposed SAR-ADC was designed in a 180-nm CMOS
process and validated through tape-out testing. Measurement results demonstrate that under a 2-V
supply voltage and a sampling rate of 10° /s, the proposed SAR-ADC achieves an effective number of
bits (ENOB) of 9.57 bits, which satisfies the accuracy requirement for ECG signal acquisition.
Under adaptive dual-rate sampling (10° /s and 10? /s), the power consumption of the proposed SAR-
ADC is only 16. 7% of that of a fixed-rate sampling ADC. The proposed SAR-ADC can be applied
in biomedical sensors to realize low-power acquisition of sparse signals.
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