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An Energy-Efficient Microprocessor
System-on-Chip Featuring an In-Situ
Error-Resilient RISC-V Core and an
Embedded Switching Voltage Regulator
in 28-nm CMOS
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Abstract

Energy efficiency is the most critical key performance index for the
Internet-of-things (loT) edge devices. This is because the loT devices
are widely distributed, deployed, or equipped in the environment with
a wireless connection to the network to provide a variety of emerging
applications, such as intelligent monitoring, biometrics, contactless
human interfacing, or even their combinations. In addition, multiple
microprocessor-controlled components of wireless transceivers,
sensors/transducers, and output devices are integrated on the
edge devices to realize those applications. Moreover, the number
of microprocessors on a single device increases along with the
growing demands on functionality. Furthermore, the power
budget of the edge devices is highly constrained by the battery
or the harvesting sources. As a result, improving the energy
efficiency of the microprocessors is the key to enabling more

advanced applications with higher complexity on the edge devices.

To fulfill the energy efficiency requirement, as shown in Fig.
2, we present a system-on-chip (SoC) design consisting
of a RISC-V microprocessor design and a fully integrated
switched-capacitor voltage regulator (SCVR) in the 28-nm
CMOS process. The proposed system achieves a state-of-
the-art energy-delay product (EDP) in the CMOS technology.

Such advanced results are enabled by following features:

1. In-situ error detection and correction (EDAC) flip-flops (FF)
enable the tolerance to the PVT variations, and no instruction

replay is required for correction. With this feature, the timing
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margin in the sub- or near-threshold region can be significantly
minimized. In addition, the proposed design does not require
post-silicon calibration, which greatly benefits mass production.
2. An error-resilient technique for static random-access memory
(SRAM] interfaces is proposed to overcome the weakness of
the conventional in-situ EDAC technique. This feature can
further enhance the capability of the error-resilience of the
proposed design in a non-invasive manner, and this technique
is compatible with the conventional cell-based design flow.
3. An SCVR is fully integrated on the chip to minimize the PCB
footprint and conversion loss. This SCVR features a regulation
algorithm of dual-speed search (DSS) and a dynamic conduction
loss minimization technique to reduce the voltage droops of

the output voltage while maximizing the conversion efficiency.
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Fig. 2 An energy-efficient microprocessor system-on-chip featuring an in-
situ error-resilient RISC-V core and an embedded switching voltage
regulator



