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Abstract

This research focuses on designing a transconductor and a transconductor-capacitor (G, -C) filter,
aiming for a very low-voltage, low-power biomedical sensing applications. A low-distortion, low—
voltage transconductor based on Nauta’s inverter—type transconductor is proposed for a tunable
G,-C filter. The transconductor's core MOSFETs are pushed into a strong inversion region
utilizing a voltage level shifter consisting of passive linear resistor and tunable MOS current
source. The linearization technique relies on summing a decreasing G, characteristic with an
increasing counterpart to obtain an overall flat G,. The non-ideal decreasing G, is exploited from
a non-linear behaviour of the triode-MOS current source that restricts a |V 4| increment of the
core strongly—inverted MOSFET quartet while its increasing—G,, counterpart found in another
weakly-inverted MOSFET quartet whose |V¢| increment is not as severely limited as that of the
core MOSFETs. The MOSFET current source plays significant role in the linearization process
where it has to be in a triode mode of either a strong, weak or moderate inversion region. Post—
layout simulation results verify the feasibility of the proposed transconductor with a 5th—order
Chebyshev lowpass filter in a 0.18-um CMOS process. At V., of 0.5V (the ratio V,,/V;, = 1.19),
the filter renders a bandwidth tuning from 500kHz to 2.8MHz. The filter at a nominal 1.4-MHz
bandwidth and 430-uW power consumption renders the SFDR of 64.9dB and the 1%—-THD DR of
62.1dB.

At a system level, this work offers an effective, low-power and low-voltage differential G, -C filter
structure that achieves DC stabilization without employing an extra common-mode control
circuitry. The proposed self common-mode stabilized (SCS) G, -C filter incorporates voltage
inverting amplifiers to make the structure inherently contain no CM positive feedback loops. A DC
stability analysis reveals superior stabilizing performance over its conventional counterpart. An
analytical comparison on power consumption of a high-order lowpass G _-C filter implemented
using the Nauta’s transconductors for the conventional structure, and the same transconductors
with the CM networks removed for the SCS structure indicates theoretical overhead power saving
by more than 50%. Furthermore, an even higher power saving can be achieved in a complex G, -
C filter design because no additional inverting amplifiers are required to eliminate CM positive
feedback loops in the crossing transconductors for complexification. The impact of the inverting
amplifiers on the noise and frequency characteristics as well as the compensation method are
outlined to enable design optimization of the SCS filter. The SCS technique was verified via

simulation of a 5th-order 1.1-MHz elliptic complex filter. As compared to the conventional filter



counterpart with similar SNR (~63dB) and in-band/out-of-band SFDRs (~52dB/56dB), the
proposed technique achieves an overhead power saving by 70% with an improved figure-of-merit

over 40% under a 1-V supply.

Keywords: G,—C filter, transconductor, low-voltage, linearization, Nauta, complex filter, CMOS,

common-mode, stability, feedback
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