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[ Abstract ]

This dissertation proposes novel design techniques of low-voltage CMOS analog filters with wide dynamic
range through the companding techniques. First, it is pointed out that an instantaneous companding integrator,
which is a building block of continuous-time filters, has a degree of freedom to configure its topology, and
then a synthesis method of all the integrators is proposed. Synthesized 45 integrators including known four
ones are compared to each other by simulations, and some intrinsic features of each topology are found from
the results. Two 1.0-V 2 nd-order Butterworth low-pass filters fabricated in a 0.35-um CMOS technology as an
application example of the integrators are also compared through its measured results. Furthermore, a selection
of log domain integrator cores from the integrators is discussed for higher-order log domain filter design.

One of the selected log domain filter cores is used for syllabic companding filters the internal voltage
swings of which are dynamically amplified as large as possible by sensing an input or an output signal of the
filters. Combining log domain circuits with the syllabic companding technique, filters are easily implemented
by use of one transistor as an amplifier, in which these filters are also called as dynamically adjustable biasing
(DAB) ones because a gain of the amplifier is set by a dynamic bias current. Although a conventional
DAB-based filter requires a supply voltage of 2.5 V, filters based on a modified DAB technique can operate at
lower-supply voltages, 0.8 and 0.6 V, with keeping wide-dynamic range. Two 5 th-order Chebychev low-pass
filters are designed to confirm effectiveness of the proposed technique. The one is fabricated in a 0.35-um
CMOS technology and the other is done in a 0.18-um one. The former achieves a 78-dB dynamic range at a
power supply of 0.8 V. On the other hand the latter filter has a dynamic range of 89 dB and consumes 443 pW,
and then the filter is compared to other recently published filters through a figure of merit (FOM) which is
calculated by use of dynamic range, bandwidth, filter order, and power consumption. The filter achieves an-
FOM of 3.83 fJ from a power supply of 0.6 V, which represents effectiveness of the proposed scheme in the
view of a trade-off between a supply voltage and a dynamic range.

To design the filters with wider dynamic range in a short time, an optimum design method is presented. The
method uses a signal-to-noise-plus-distortion ratio as an evaluation function from an analyzed noise
characteristic and a distortion model. The method does not need any transient simulations, reducing the
simulation time: a reduction of about 1/48 is achieved. Furthermore low-voltage biasing circuits, such as
control circuits, a voltage reference circuit, and a frequency tuning system, are also proposed for higher
performance and integration. The control circuits, which provide a dynamic bias current, include a low-voltage
current peak detector and measured results of its prototype chip in a 0.35-um CMOS process shows a
wide-detection range from a 0.8-V supply. To achieve low-voltage operation a voltage reference circuit uses
p-channel MOSFETs in weak inversion region instead of bipolar transistors in conventional bandgap reference
circuits. The simulated results show a temperature coefficient of —25.5 ppm/Ce at 27 Ce. The fabricated
reference circuit in a 0.18um CMOS technology outputs a voltage of 0.4 V from a 0.55-V power supply at a
room temperature. The frequency tuning system based on a voltage-controlled filter is proposed by replacing a
high-gain amplifier with a duty ratio detector and a charge pump circuit for low-voltage operation. Stability
analysis of the system is also described.




