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A Low-Power High-Precision Sigma-Delta Modulator Based on
an RFC-Type Operational Amplifier
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Abstract: An analog-to-digital converter (ADC)is a core component in internet of things (IoT) sensing nodes. Bat-
tery-powered operation and weak signal detection require the ADC to provide high precision and low power consump-
tion. To meet the demand for high-precision quantization of low-frequency signals, a discrete-time sigma-delta modu-
lator was designed. The modulator employed a third-order single-bit architecture, theoretically achieving a 169.3 dB
signal-to-quantization-noise ratio at an oversampling ratio of 500. To reduce static power waste caused by rapid opera-
tional amplifier settling under high-frequency clocking, a recycling folded cascode (RFC) operational amplifier was
used in the first integrator. This structure incorporated a dynamic current-scheduling mechanism that draws higher
current from the power supply during the integration phase to meet settling requirements, while maintaining a lower
static bias during the nonintegration phase, thereby significantly reducing average power consumption in continuous
operation. Compared with a conventional folded cascode (FC) amplifier of equivalent bandwidth and slew rate, the
RFC amplifier consumes only 38% of the static bias current. A timing optimization scheme based on signal integrity

analysis of the operational amplifier’s settling behavior was proposed. By extending the integration phase duration,
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the scheme relaxed the operational amplifier’s bandwidth and slew rate requirements, and further reduced the modu-

lator’s static bias current. Implemented in a 0.18 pm complementary metal-oxide semiconductor (CMOS) process,

the modulator operated under a 1.8 V supply voltage with an average power consumption of 408.3 uW. The modulator

layout occupied an area of 520 pm x 860 um. Post-simulation results showed that, for a 1.831 kHz input signal, the

modulator achieves a signal-to-noise-and-distortion ratio of 117.3 dB, corresponding to an effective number of bits of

19.19, with a figure of merit of 184.2 dB, demonstrating its suitability for unattended low-power sensing systems

and portable detection devices.

Keywords: sigma delta modulator; low sampling thermal noise; recycling folded cascode (RFC) operational ampli-

fier; phase-time regulation
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Fig.1 Signal flow diagram of sigma-delta modulator
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5 1.82 110.9 18.13 17.92
10 1.29 113.9 18.63 18.52
20 0.91 116.9 19.12 18.87
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