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This thesis discusses a new architecture for signal-dependent analog-to-digital (A/D)
conversion based on MINIMAX sampling. MINIMAX sampling, which captures a sample
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whenever an analog signal reaches its local maximum or minimum, allows effectively extract
the information from an analog signal. On the other hand, MINIMAX sampling is targeted for
applications manipulating signals that feature time intervals. This class of signals have little or
no variation followed by a limited time interval in which a large activity arises. A bursty signal
is one of this class of signals, which delivers information in bursts rather than in a constant
stream. Conventional synchronous sampling is not power-efficient for such signals with high
frequency components yet low activity due to high constant sampling rate. This is a significant
drawback since in many cases the signals are not periodic with constant frequency, but their
activity changes with time, e.g. readings from temperature, pressure and light sensors,
electro-cardiograms, neural and speech signals, etc. By applying MINIMAX sampling to
analog-to-digital converters (ADCs) input, the sampling frequency adopts to the properties of
analog input signal and ADCs can save energy when analog signal is constant and does not
contain any new information. This is a vital property for energy-efficient applications, and
therefore MINIMAX sampling is highly desirable for ultra-low power systems. The original
MINIMAX sampling proposed in literature, however, has difficulties in signal reconstruction
and timer implementation.

This thesis thus proposes a reconstruction-friendly 1-point MINIMAX sampling which
captures analog signal at discrete time intervals and performs A/D conversion for the stored
signal only when a signal peak is detected. Such discretely sampled signal is highly compatible
with traditional signal processing algorithms since peak samples are inherently located on a
uniform grid and only missing samples on the grid need to be reconstructed. The MINIMAX
sampling is further improved to enhance reconstruction accuracy by capturing three samples
per peak (3-point MINIMAX sampling), which reduces necessity of precise peak detection.
Experimental results show that the signal reconstruction using piecewise cubic Hermitian
interpolation attains good accuracy comparable to that of conventional synchronous sampling.
This thesis presents an ADC architecture for the proposed reconstruction-friendly MINIMAX
sampling, which consists of a peak detector, a timer and an amplitude quantizer circuit. The
proposed ADC reduces power consumption by storing an analog signal at discrete time
intervals and performing A/D conversion for the stored signal only when a signal peak is
detected. Based on the proposed ADC architecture, 1-point MINIMAX ADC and 3-point
MINIMAX ADC were implemented in 180 nm CMOS process. An analytical discussion on
power reduction supported by 180 nm circuit simulation demonstrates that the proposed
architecture is power-efficient for less active signals. In these 180 nm implementations, when
the ratio of peak samples in the given signals is lower than 20-28%, power reduction can be
obtained. The maximum power reduction is 37%. Furthermore, the 1-point MINIMAX ADC
was fabricated in 180 nm process and its performance was measured. Up to 20% power
reduction was observed.

Additionally, this thesis proposes a low voltage CMOS nano-ampere current reference circuit,
which is necessary for low-power voltage reference circuit providing a reference voltage to
comparators in ADC. The proposed circuit consists of bias voltage, current-source and
offset-voltage subcircuits with most of MOSFETs circuits operating in subthreshold region.
Simulation results in 180 nm process show that the circuit generates a stable reference current
of 110 nA in supply voltage range of 0.8-1.8 V with line regulation of 9250ppm/V.

As a conclusion, this thesis enables a power-efficient A/D conversion based on
signal-dependent MINIMAX sampling. The proposed ADC attains power reduction for less
active signals while keeping compatibility with conventional signal processing and easiness of
hardware implementation. The proposed ADC is highly desirable for intermit signals often
found in sensor networks and various biomedical applications.
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