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A 12-Bit 40-MS/s Successive-

approximation Analog-to-digital Converters
with Residue Oversampling Techniques
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In recent years, there have been explosive growth in the electronic
devices such as smart phones, high quality digital TV applications and
WLAN systems. Analog-to-digital converter [ADC) plays an important
role in these devices. It can commmunicate between the analog signal in
the real world and digital domains. ADC with the specifications of 8 to 12
bits resolution and several tens to hundreds of MS/s is needed for driving
the high data rate applications where pipelined ADC is extensively used.
However, in successive-approximation register (SAR) architectures,
the conversion time and power dissipation become smaller with the
advancement of CMOS technologies. SAR ADC can possibly replace
pipelined ADC in nanometer scaled CMOS processes. In this work, we
choose SAR as the basic architecture and propose a new technique.
According to the measurement results of the proof-of-concept
prototypes, the proposed technique is able to improve the dynamic and

static performance without calibration.

This work proposes a new design technique named as “residue
oversampling”, which is suitable for high resolution ADCs. For each
sampled voltage, this technique produces different residue voltages by
permuting the capacitor arrays, and quantizes these residue voltages to
generate a high-precision output code corresponding to this sampled
voltage. In brief, the residue oversampling technique combines the
concepts of dynamic element matching [DEM) and oversampling.
By adopting the proposed technique, the SNDR of the ADC design
is obviously improved without any complex calibration scheme. The

architecture of the proposed SAR ADC is shown in Fig. 1.

The proof-of-concept 12-bit successive-approximation-register (SAR)
ADC occupies 0.04mm’ in 40nm CMOS process. The micrograph and
the zoom-in view of this work are shown in Fig. 2. It operates at 40-MS/s

with 1V supply voltage and 10-MS/s with 0.9V supply voltage, respectively.

The measurement results show that the prototype ADC achieves

63.46dB SNDR at 40-MS/s with a Nyquist rate input and 67.33dB SNDR
at 10-MS/s with a Nyquist rate input. The figure-of-merits (FoM) are
25.7fJ/conversion-step and 21.6 fJ/conversion-step, respectively. Fig. 3
shows the ENOB distribution among 20 chips at 10-MS/s with a Nyquist
rate input. It is apparent that this work using residue oversampling can

improve yield.
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Fig 1. Architecture of the proposed SAR ADC
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Fig 3. The measured ENOB histogram with 20 tested chips
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