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. INTRODUCTION

The rapidly growing loT devices pose challenges to power requirements. Traditional power sources, such as batteries, face many limitations, especially regarding durability. By
gathering energy from environmental sources, power harvesting promises the future of a fully connected world. Achieving ultralow-voltage operation for direct powering from
harvesters involves specific strategies. This necessity gives rise to circuit solutions characterized by low minimum operating voltages, power consumption in the pW range, and
resilience against supply fluctuations. This work provides a combined solution to achieve the low-power, low-area target for pure power-harvesting devices: a minimal resource
RISC-V processor with ultra-low power, low leakage ASIC technology. We implemented two serial architecture-based RISC-V SoCs, SERV-321 and SERV-32E, on 65-nm SOTB
technology. The SERV-32l is a basic implementation of the RISC-V base specification, while the SER-32E implements the embedded specification with 16 registers truncated in the
Register File. The lowest power consumption achieved by SERV-321 and SERV-32E is reported at 34nW and 9.7nW with a 0.27V power supply and frequency of 7kHz and 3kHz at
VDD = 0.27V, respectively. The SERV-32E processor's footprint is about 28% smaller than the SERV-32l's, while performance only drops by about 5%, with the SERV-32E
achieving Dhrystone results of 1.05 DMIPS/MHz and SERV-32I at 1.11 DMIPS/MHz at 50MHz.
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Fig. 1: SERV System on Chip TCAS-I’20 [2] -DX 22nm | 0.42 4,47 105.4 - 18
COOL Chips’20[3] | FDX 22nm | 0.55 6.3 6.6 - 40
V.. MEASUREMENT RESULTS JSSCC’21[4] -DSOI 28nm | 0.4 3.3 8.4 - 40
_ o SSC-L’21 [5] -DSOI 65nm| 0.5 13.4 - - 0.00207
SERV-321 and SERV-32 are compared side-by-side in terms of power
per cycle, power consumption, and area distribution. They are also SERV-32E SOTB 6onm | 0.29 2.31 0.0024 - 0.01
compared with other state-of the-art implementations. The SERV-32E's SERV-32E SoC SOTB 65nm | 0.27 311 0.0037 70k 0.01

energy Is the lowest of all the implementations compared.
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