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A Single-Channel 10-bit 160-MS/s
Successive-Approximation Analog-to-Digital
Converter with Compact Architecture and

Noise Suppression Techniques in 90nm CMOS
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"N\ bstract

In the last few 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) 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, several circuit design techniques for SAR ADC are
proposed. According to the measurement results of the proof-of-
concept prototypes, the proposed techniques are able to improve
the operating speed and achieve excellent energy efficiency.

This work proposes three techniques to further enhance the
performance on SAR ADCs. First, the compact combinational
timing control technique is proposed to simply digital control
circuitry and to reduce dynamic switching power consumption.
The leakage problem from floating nodes is also removed to
lower leakage power consumption and it makes the circuit more
robust. Second, the enhanced asynchronous timing scheme
is proposed to minimize the digital loop delay by taking both
output condition of the comparator and the DAC settling issue
into consideration, so that it can promote the operating speed of
the SAR ADC. Third, the noise suppression technique is proposed
to reduce the input-referred noise of the comparator without
increasing the power consumption. The architecture of the
proposed SAR ADC is shown in Fig. 1.

The proposed SAR ADC was fabricated in TSMC 90-nm CMOS
technology. The micrograph and the zoom-in view of this work
are shown in Fig. 2. The chip area is 0.8836 mm?2 in size of 940 um
X 940 um, and the core area is 0.01396 mm?2 in size of 178.4 um X
78.25 pm. At 1-V supply voltage and 160-MS/s sampling rate, the
power consumption of the ADC is 1.12 mW with a peak ENOB of
9.03 bit. It achieves a figure of merit (FoOM) of 13.4 fl/conversion-
step. The measured DNL and INL are +0.3/-0.69 LSB and +0.59/-
0.55 LSB, respectively. Fig. 3 shows the performance chart of
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FoM versus sampling frequency compared with the state-of-
the-art of ISSCC and SoVC from 1997 to 2014. Although the
prototype was fabricated by an older technology, it still achieves
similar sampling frequency, small active area, and excellent FoM
performance compared with those excellent works in advanced
process.

Fig.1 / Architecture of the proposed SAR ADC

Fig.2 / Micrograph and zoom-in view of the proposed SAR ADC

Fig.3 / Performance chart for FoM versus sampling frequency
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