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In the Society 5.0 world, the information society and the real society in Society 4.0
will be highly integrated by Internet of Things (IoT), which converts the analog
information of the real world acquired by sensors into digital signals for the information
society. As its key component, the high-precision analog-digital mixed circuit, is
becoming increasingly important, and its market size is expected to grow further. There
low cost is essential for wide usage of products and technologies and the cost reduction
efforts have been made in design and manufacturing. This requires the component cost
reduction as well as the test cost reduction. Electronic measuring instruments for
evaluating electronic circuits on the bench-top in design and development stages may
be highly accurate, but not be low cost and high speed, which are not suitable for mass
production testing. The test cost is reduced by inexpensive test equipment and
simultaneous multiple-device testing.

In this dissertation, three research results are described with the goal of “cost
reduction of high-performance analog-digital-mixed integrated circuits”.

In Part 1, a low-cost high-frequency sampling method is described. The proposed
method is called “residue sampling”, where a high-frequency signal under test is
sampled at several low frequency sampling clocks and the frequency of the signal is
estimated using spectrum folding by the sampling and the residue number theorem.
Frequency resolution of the FFT spectrum of the residue sampling can be improved by
increasing the number of sampling points. Furthermore, simulation verification was
carried out for two-tone testing and high-frequency narrow-band communication device
testing as field application, which shows that the test is feasible when the residue
frequency spectra do not overlap. 2-tone test with a redundant configuration using only
sampling circuits with a small number of spectrums and no overlap in the spectrum,

and the test of narrow-band communication system where the bandwidth used



simultaneously is narrower than the sampling frequency are effective applications of
the residue sampling. Applications for wideband multi-tone tests and high-frequency
wideband communications, where the output spectrum of many sampling circuits
overlap, will make the residue sampling technologies more practical.

In Part 2, a low-cost low distortion sine wave generation circuit is described. Sine
waves are widely used for testing of analog integrated circuits. This study has
investigated a low-distortion sine wave generation circuit which uses logic circuit and a
simple analog filter with the input source of a square wave from an inexpensive digital
automatic test system. The proposed circuit was verified by circuit simulation and
prototype circuit evaluation. It was confirmed that third-order harmonics and in-band
noise were reduced by 3 dB and 10 dB, respectively, compared to a 16-bit direct digital
synthesizer signal with an analog lowpass filter, which is equivalent to the signal source
on board expensive mixed-signal automatic test equipment, and that the harmonic
distortion of the 100 kHz sine wave was -95 dB. A low distortion sine wave generator
with a harmonic distortion of -95 dBc when generating a 100 kHz sine wave has been
achieved.

In Part 3, multi-output switching converter for reducing the number of components is
described. Our proposed circuit can supply power to several devices of various voltages
from a single power supply circuit with the reduction of the number of circuit elements
and driving power supplies, which leads to cost reduction and space saving. This study
proposes a multi-output configuration of the SEPIC DC-DC converter which is a step-
up/step-down switching converter capable of outputting multiple positive polarity
voltages. Simulation verification was carried out along with theoretical derivation of the
step-up voltage ratio, for application of LCD panels of wearable devices and portable
devices powered by Li-ion batteries, and its basic operation was confirmed. Efficiency
improvement, multiple-output voltage cross-regulation, output voltage ripple,
establishment of design methodology and study of specific applications will make the
proposed circuit more practical.

As mentioned above, several achieved technologies for cost reduction of analog-digital

mixed-signal devices which can realize next generation information society are

described.



