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Abstract

Recently, charge-redistribution successive approximation analog-to-digital converters
(SAR ADCs) are used widely in moderate-resolution and moderate-speed applications such as
portable instruments, battery operated devices and biomedical signal processing systems, due
to their low power consumption and simple structure. By contrast, for effective resolutions
beyond 10 bit, obtaining a very low figure of merit (FoM) is quite challenging, due to the
limited accuracy of the SAR circuit blocks and increasing the power consumption. In other
words, since the total number of capacitors in charge redistribution DAC increases
exponentially with increasing the number of bits, the accuracy of the DAC may be
deteriorated due to the poor matching and parasitic effects in physical implementation. On the
other hand, in higher resolution, the value of the LSB voltage decreases compared with the
input-referred noise of the comparator. So, in order to avoid the latching errors, an additional
pre-amplifier is necessary to drive the comparator. As a result the FoM of the ADC will
degeraded due to these problems.

In this thesis, in addition to reducing the power consumption of the ADC, a new noise
shaping technique is proposed to enhance ADC’s accuracy. First, a new rail-to-rail
comparator is proposed to enhance the input swing range which improves the signal-to-noise
ratio (SNR) of the ADC in low supply voltages. Then, the ADC resolution is enhanced by
using a noise shaping technique which does not need any integrator and only uses a finite
impulse response (FIR) filter. To provide a first order noise shaping, the error feedback (EF)
concept is employed in the proposed structure. The quantization error has been extracted and
transferred by using the dummy capacitor of the DAC. The proposed structure uses a low-
gain, low-swing OTA to provide a FIR filter which operates only at sampling phase.

The proposed noise shaping techniqueis investigated in system level by MATLAB
platform and then two prototype SAR ADCs by different DAC structure and also different
OSR are designed in a 90-nm CMOS technology.To investigate the performance of the
proposed method in the circuit level these ADCs are simulated by Spectre with 0.5 V power
supply. By utilizing this method the accuracy of the 5 and 8-bit SAR ADC is increasead to
9.56 and 10.68-bit, respectively. Also, by using the proposed technique in 5-bit SAR ADC,
the total capacitance of the ADC is reduced more than 96.8 % compared to conventional 10
bit SAR ADC.

Index Terms— analog-to-digital converters, ultra low power ADCs, successive
approximation register, noise shaping, error feedback structure, rail-to-rail comparator, nano-
meter CMOS technologies.
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