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I Abstract

In recent years, the state-of-the-art SAR ADCs have
achieved 12-14 bit and 10-100 MS/s due to the scaling
of advanced CMOS technology. However, compared
to the process nodes behind 40 nm CMOS, the
improvement of single-channel SAR ADC has slowed
down at the process nodes beyond 40 nm CMOS. The
slowdown of ADC improvement is attributed to two
main aspects. One aspect is the common drawback at
the advanced process nodes, the parasitic capacitances
due to the shrinking spacing among wires, devices, and
even MOS terminals, where the parasitic have occupied
considerable proportion as the ADC resolution and
bandwidth increase. Thus, the design limitations are no
longer dominated by the MOS intrinsic characteristics
but the parasitic effect, which increases the difficulty in
designing with the consistent outcomes between pre-
layout and post-layout simulations. The other aspect is
that the improvement of SAR ADCs is mainly benefited
from the device scaling of digital circuits ( SAR logic)
and the accuracy of passive device ( DAC), in contrast,
the requirements of analog circuits ( T/H, comparator,
and DAC switches ) become relatively rigorous with
the increasing ADC resolution and bandwidth. Hence,
the parasitic effect and rigorous analog requirement
become the most tough issues to be solved or relaxed
particularly in high speed and high resolution SAR
ADCs.

Recently, despite the aforementioned limitations, the
popular approaches to improve SAR ADC performance
are to bypass the limitations by performing analog-
to-digital ( A-to-D ) conversion in the architectures
of time-interleaved ( TI'), multi-bit per cycle ( M-bit/
cycle ), or in conjunction with both techniques, which
are the relatively intuitive solutions to push the ADC
specifications. However, in addition to the drawbacks
of inefficiency and the cost of complexity have been
introduced, the calibration in foreground or background
is inevitable due to the collateral non-ideal effects
( offset mismatch, gain mismatch, channel mismatch,
and so on ) in both architectures. Unfortunately, both
architectures of TI and M-bit/cycle have the resolution
limitation even though the calibration is applied. Thus,
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in this work, we aim at improving the performance of
single-channel SAR ADC with single bit per cycle ( 1-bit/
cycle ) with the most efficient A-to-D conversion, the
lowest complexity, and no additional calibration.

In the conventional SAR ADCs, SAR logic consumes a
large proportion of power dissipation and occupies
the most part of SAR loop delay. Worst of all, SAR
logic contributes nothing to the ADC performance
since it only acts as a function-level block. Moreover,
the parasitic effect deteriorates the speed and power
dissipation of SAR logic the most since the dimensions
of digital circuit are scaled and the parasitic of wire
load dominates the nodal capacitance. Intuitively, to
eliminate SAR logic without failing to do SAR operation
becomes the best and ideal solution to improve the
ADC performance.

In this work, we propose a full-analog SAR ADC to fully
utilize the timing and power budgets in a bit-cycling
conversion and relax the requirements of analog
circuits by eliminating SAR logic entirely without the
influence of the degradation from parasitic effect.
Besides, compared to the conventional discrete-time
(DT) operation within a bit-cycling conversion, the
proposed ADC operates in continuous-time ( CT)
which highly relaxes the requirements of reference
generator. Most of all, the proposed full-analog SAR
ADC is implemented without any calibration, where the
non-ideal effects ( offset, meta-stability, and noise )
are mitigated and eliminated.

This work presents a 12-bit 50 MS/s SAR ADC in full-
analog architecture to overcome the limitations at the
advanced process node. With a 0.9V supply voltage,
the prototype SAR ADC consumes a total power of
0.34 mW. At Nyquist rate, the ADC achieves a signal-
to-noise-and-distortion ratio ( SNDR) of 64.1 dB, a
spurious free dynamic range ( SFDR) of 74.4 dB, and
a resulting Walden figures of merit ( FOMW ) of 5.3 fJ/
conversion-step and Schreier figures of merit ( FOMS )
of 172.8 dB. The ADC core fabricated in 1P9M 40 nm
CMOS technology occupies an active area of 0.01 mm?.
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