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Abstract

The wireless neural recording systems are used to recognize the brain's function, treat
diseases, and control prosthetics. Optimization of the power consumption and chip area are
the main goals in the design of different parts systems.

One of the most important blocks in these systems is the analog-to-digital converter
(ADC). The optimization of power consumption and chip area of ADC are the main aims
of this research. Incremental sigma-delta (IXA) ADC has a very low power consumption
and area. Due to the reset of the IXA ADC, it can be easily multiplexed between multiple
channels. In this thesis, a continuous-time (CT) IZA ADC with adaptive resolution has
been proposed. The resolution of the ADC is changed according to the neural signal
content. The ADC digitizes the action potential (AP) and background noise (B-noise) with
8-bit and 3-bit resolutions, respectively. The power consumption is proportional to the
resolution and it is reduced significantly because the neural signal content is the B-noise at
most of the time.

The proposed structure includes an automatic AP detector to detect APs from the B-
Noise for selecting one of the two proportional resolutions. An AP detector circuit was
proposed which utilize the XA modulator of the ADC simultaneously. The proposed AP
detector is based on comparing the neural input signal with an analog threshold level. The
threshold level is based on the root mean square (RMS) of the input neural signal.

In this thesis, an optimal design method for CT IXA ADC was introduced, which
minimizes the power consumption by selecting the appropriate sampling frequency, reset
pulse duty cycle, and the ratio of the thermal noise to quantization noise. A CT IZA ADC is
designed with the proposed optimized metheod.

The adaptive CT IZA ADC is implemented in 90 nm CMOS technology with 1 V
power supply. The optimized CT IZA ADC is implemented in 180 nm CMOS technology
with a 1.8 V power supply. The post-layout simulation results confirm the operation of
them with 10 kHz bandwidth while they consume 1.89 pW and 2.96 uW the power,
respectively.

Keywords: Incremental sigma-delta ADC, action potential detector, neural signal,
background noise
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