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Energy -Efficient SoCs
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[1] D. Bol, et al., IEEE JSSC, 2021. [2] B. Calhoun, et al., IEEE JSSC, 2005.
[3] D. Rossi, et al., IEEE JSSC, 2022.

Circuit -level optimization for
minimum energy point operation

Multi -core for leveraging TLP



ὤMany SoCs are equipped with simple RISC processor cores

ὤRISC-V ISA has been widely used in recent years
ὤ Open-source

ὤ Simple, modular RISC ISA

General Processor Cores for Embedded SoCs

5[4] J. Kadomoto, et al., IEEE ICCD, 2020.



ὤPipeline configuration, execution units, branch predictor and so on

ὤBasically, orthogonal to multi -core or circuit -level design techniques

ὤBut no quantitative comparison study focusing on microarchitecture has 
been performed

Microarchitectural Design Decision
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In this work, we developed several simple RISC -V cores and evaluated 
their power, performance, and area (PPA) quantitatively
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2-stage pipeline
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ὤE.g. Ibex [5], SiFiveE20[6], ARM Cortex M0+[7]
* The locations of some units on these cores

differ from the design in this work [5] https://github.com/lowRISC/ibex [6] https://www.sifive.com/cores/e20 [7] https://developer.arm.com/Processors/Cortex -M0-Plus



4-stage pipeline
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ὤE.g.cv32e40p [8]

* The locations of some units on the core
differ from the design in this work [8] https://github.com/openhwgroup/cv32e40p



5-stage pipeline
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ὤE.g.VexRiscv[9], MIPS R2000/R3000[10]

* The locations of some units on these cores
differ from the design in this work [9] https://github.com/SpinalHDL/VexRiscv [10] G. Kane, et al., MIPS RISC Architectures, 1992.
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Evaluation
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ὤProcessor core
ὤ 2, 4, 5 pipeline w/ (or w/o) integer multiplier/divider

ὤ Designed in SystemVerilog

ὤ Synthesized and place -and -routed in 180, 40, 28-nm CMOS (RVT)

ὤMemory
ὤ 1ὑ32 KB, 1R1W 6T-SRAM

ὤ Each parameter is estimated by using CACTI[11]

ὤPerformance benchmark software
ὤ Coremark [12]

[11] N. Muralimanohar , et al., CACTI 6.0: A Tool to Model Large Caches, 2009. [12] https://www.eembc.org/coremark/



Power Consumption
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ὤ Increases according to the number of execution units



Performance (1/3)
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ὤBenchmark performance (per MHz)
ὤ Determined by the ISA

(RV32I or RV32IM, presence of a multiplier)
and the number of stall/flush
(the pipeline configuration)



Performance (2/3)
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ὤ Increases according to the depth of the pipeline

ὤMax frequency



Performance (3/3)
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ὤ Improved by a multiplier

ὤ Improved according to the depth of the pipeline

ὤBenchmark performance



Area (1/2)
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ὤArea of each core

ὤ Increases according to the number of execution units



Area (2/2)
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ὤArea of each core, including the areas of instruction and data memories


