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A robust, high-performance and low-power general-purpose
analog-to-digital converter design
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Mixed-signal integ@rated circuits. Data conversion techniques. Ultra low-power integrated circuits.

Abstract

wired communication system applications, to achieve high-speed,
medium-to-high resolution for requirements of most applications.
But the converters need with high-precision analog circuits to
achieve good performance. But in the evolution of deep submicron
process, the nature of the lower intrinsic gain, matching deteriorated
and lower supply voltage that have made high-precision analog
circuits design becomes quite difficult. Meanwhile, the parameters of
deep submicron devices are with large variations, and varying with
their position and surrounding circuits. This makes the some circuits
that require good matching circuit to work properly, for example:
current mirror, the design face greater challenges. In addition, due to
process, the supply voltage and temperature (PVT) variations caused
the component parameters and matching property changed, will
lead to decreased performance of the converter. Therefore, in order
to avoid the impact of PVT variations, the circuits design must be
designed to retain a greater design margin and more simulations
to cover because of the impact of PVT variations. It requires more

additional power consumption and design simulation time.

This work designed a robust, high-speed, high performance and low
power consumption analog-to-digital converter, can overcome the
impact of deep submicron process and PVT variations, and can follow
the evolution of advanced process to scale down. It is consisted of

three main parts:

(1). A high-speed switching opamp is designed to save about 50%
of the power consumption of the opamp and merged with
the input sampling switches of the next stage, increase overall
operating speed.

(2). Digital background calibration is used to correct the A/D
conversion errors caused by the low dc gain of the opamps
and devices mismatch. It can improve the accuracy of the ADC
effectively, and insensitive to these non-ideal characteristics.
The operation of the digital calibration is performed under
background, so it will not interrupt the normal operation of the

degradation causing by PVT variations, the digital calibration
techniques can effectively correct back and improve the accuracy
of the ADC.
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. Automatic bias technique is used to generate the required bias
current. The acquired calibration data are used to monitor the
settling behavior of the opamps. The bias currents in the opamps
are then automatically adjusted by digital control circuits such
that the settling behavior can be maintained without generating
excessive current consumption. Neither external bias generator
required, nor current mirror used. Since the automatic biasing
technique does not require any matching accuracy requirements.
It can be used to overcome the changes of the devices
characteristics due to the placing of the different locations and
the surrounding circuitry in the advanced nanoscale process.
The automatic biasing technique is insensitive to fluctuations in
fabrication process, temperature, and supply voltage. Therefore,
the design margins for each bias current of the opamps can
be further minimized on a chip by chip, both reduction of
power dissipation and a higher yield in mass production can be
achieved. Besides, the power consumption of the ADC can vary
linearly with the sampling rate and maintain the minimum power

consumption in various operating frequency.

To demonstrate the above techniques, a 300MS/s 10-bit pipelined
ADC was designed and fabricated using a 65 nm CMOS technology.
All techniques which mentioned above are integrated in the same
chip.The supply voltage is 1.0V and occupies die area of 0.36~mmA2.
According to the measurement results of the chip, the effective
resolution bandwidth (ERBW) of the input signal is up to 304MHz.
The proposed switching opamps can save the power consumption.
In the current published literatures, the proposed switching opamps
can achieve the fastest operating speed. The digital background
calibration can significantly improve the ADC accuracy efficiency. And
the automatic biasing technique can retain the ADC performance

with minimal power consumption under PVT variations.



