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Ultra Low Power SAR ADC with Semi-
resting DAC
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Internet-of-everything (loE) applications require high
energy-efficient ADC with moderate sampling rate and
resolution. Successive-approximation register (SAR)
architecture demonstrates a convincing and improving
performance in recent years with technical developments
of DAC switching and low-power comparator in a
pushing-down supply operation. For DAC switching
energy reduction, many works were reported with design
tradeoffs including requirements of extra reference
voltage, sub-ranging operation, and reset energy. For
comparator power reduction, majority voting and hybrid
SAR ADC were proposed with penalties of complex
critical-decision-detection and calibration-supporting
circuits. With a lowering-down operational supply,
the achieved performance and application of ADC are
limited due to the degraded signal swing as well as the
decreasing LSB.

This work presents a new SAR ADC architecture with
semi-resting (SR} DAC, cascade-input (Cl) comparator,
and double rail-to-rail range to solve the issues. Fig. 1
shows the architecture of the proposed 11b SAR ADC
composed of two 10b (AD_0 and AD_1). The AD_0 and
AD_1 are designed to handle different input range. The
total input range is effectively doubled to £2Vdd, which
is £0.6V at 0.3V supply in this work. By performing
proposed SR switching procedure, the bottom plates of
AD are merged together by charge averaging operation
without consuming any switching energy after the MSB
comparison. The remaining conversions of MSB-2 to LSB

are accomplished in a MCS-based operation to achieve

ultra-low switching energy consumption. With proposed
cascade-input (Cl) comparator, the effective front-stage
gain of two-step comparator is increased by 3-x with a
3-stacking cascaded input pair in this design. Compared
to the conventional noise reduction approach, the ClI
comparator consumes only 49% of power and 66% of

decision time to achieve the same noise performance.

A prototype chip is fabricated in 90 nm CMOS with a core
area of 0.0354mm?’ (295w mX 120 4 m) as shown in Fig. 2.
The static and dynamic performance of the implemented
11b ADC with a 0.3V supply and 600KS/s. The DNL and
INL are +0.37/-0.63 and +0.72/-0.71LSB, respectively.
With a Nyquist-rate input, the measured SNDR,
SFDR, and ENOB are 58.71dB, 73.35dB, and 9.46-bit,
respectively. With the proposed SR DAC, Cl comparator,
and corresponding design for low-voltage operation,
the implemented 0.3V 600KS/s 11b ADC achieves a FoM
of 0.44f)/conv-step. Fig. 3 shows the FoM versus the
sampling frequency compared with state-of-art works,
the achieved FoM performance is lowest, which is only
half of the best-reported result.
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