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• The leading provider of RISC-V processor IP

o Bk series of RISC-V-compliant processors

• Company founded in 2014 in the Czech Republic

• Founding member of the RISC-V Foundation, www.riscv.org

o Member of several working groups in the Foundation

o Actively contributing to LLVM and other open-source projects

• Now Codasip GmbH

o Headquarters in Munich, Germany

o R&D in Brno, Czech Republic

o Offices in Silicon Valley, US, and Shanghai, Pudong PRC

Who is Codasip?
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Who is CEA Leti?

CEA

• The French Alternative Energies and Atomic Energy

Commission

• Most innovative research organization in the

world, Thomson Reuters, 2015

• A key player in research, development and

innovation in four main areas:
1. Defense & security

2. Low carbon energies

3. Fundamental research in the physical sciences and life

4. Technological research for industry

• 20k employees, 1350 PhD and postdoc students

• 704 patent applications in 2018

CEA Leti

• Micro and nanotechnologies

research institute of CEA

o Headquarters in Grenoble,

France

o 65 startups created since  

foundation in 1967

• Silver member of the RISC-V  

Foundation, www.riscv.org
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Scalable Radio Solutions  
for Ultra-low Power IoT

• Dozens of standardized IoT standards for short-range and

long-range IoT

• Industrial IoT often requires proprietary IoT protocols

• Extended lifetime of IoT applications (+ 10 year deployments):

o Industrial IoT requires future-proofed designs

o Satellite IoT systems require physical layer protocol updates

How to handle it?
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Software-Defined Radio (SDR)

• Many commercial platforms

• Easy to add a new protocol

• Easy to update over time

• And other benefits

But with the GPP CPU it is  

not ultra low power (nor  

cheap)

[Akeela, 2018 https://www.sciencedirect.com/science/article/pii/S0140366418302937]
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Which CPU for ULP IoT?
• Target architecture is a very small and fast CPU associated with ITCM and DTCM

• Wireless DSP requires linearity and low distortion

o Operators MUST NOTsaturate

o Operators MUST NOT overflow → but checking for overflows is too costly

• Wireless DSP must conserve dynamic range (DR)

o The useful signal is often contained in the least significant bits

o Beware of quantification noise → take care when rescaling the signal

• Most wireless signals are complex : i(t) + j*q(t)

o Frequent use of MUL,ADD, SUB, MAG, SHIFT, … instructions on 8/16/32 bit complex data

• Demodulation/compensation algorithms are mostly based on correlations → i.e. multiplication

• Input signal stream is typically <= 8 bits
o Data streams are typically 8 / 16 / 32 bits→

fits well on a 32-bit machine

• Ideal case for RISC-V with ISA Extension
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Exploring the ISA Extension Jungle

Opportunities

• 16 or 32-bit instructions

• Wide opcodes → up to 5 operands

• First operation on 8-bit data isALWAYS
a complex multiplication

• Advanced CMOS allows single-cycle complex

operators

• Tiny relative cost of ALU operators

Wanted

• Minimal set of useful instructions

• Only 32-bit opcodes for low decoding

complexity

• Easy way to explore opportunities, including  

but not limited to:

o C compiler

o RTL

o Testbench

Ideal case for Codasip Bk3 and Codasip Studio
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ISA Extension

• ISA exploration done
in a few weeks

• Ended with 13

instructions

o “Zero-cost”

o Reconfigurable

multiplier HW

o Systematic output

dynamic range adjust

o Efficient automatic

gain control
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ISA Extension IoT Testbenches

• Testbench 1
o FSK demodulation

o IoT protocols:

• Testbench 2
o LoRa preamble

synchronization

o Spreading Factor (SF)
= 7, 11
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PPA

Area Fmax Power

Baseline BK3 31.5 kGE >1 GHz 3.54 µW/MHz

Extended design 40.4 kGE (+ 28 %) 650 MHz (− 35 %) 3.56 µW/MHz (+ 0.5 %)

• Baseline design: Codasip BK3, RV32IM

• GF22FDX, 8T, RVT

• Frequency shift key (FSK) Demodulation testbench used for power measurement

o LLVM flag: -03

“Zero” power cost target achieved!
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PPA

1 Additional power savings due to volta
2 Spreading Factor, corresponds to bits

ge scaling n

encoded in

ot included

each symbol

IoT Testbench

Baseline Extended

Cycles

/sampl

e

Fmin  

(MHz)

Peak  

Power (µW)

Cycles

/sampl

e

Fmin  

(MHz)

Peak Power1  

(µW)

Bluetooth LE 68 136 447 51 102 (− 25

%)

358 (− 20 %)

LoRa SF2=7, BW=125 kHz 164 20.5 135 90 11 (− 45 %) 110 (− 19 %)

LoRa SF=7, BW=500 kHz 164 82 303 90 45 (− 45 %) 203 (− 33 %)

LoRa SF=11, BW=125 kHz 204 25 149 106 13 (− 48 %) 114 (− 22 %)

LoRa SF=11, BW=500 kHz 204 101 357 106 52 (− 48 %) 227 (− 37 %)

Ultra-low power target achieved!

• Simulation conditions: TT, 0.8 V, 20/24/28, RVT, with clock gating

• Results for the highest complexity phase of algorithm:
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Conclusion

• ULP IoT needs SDR

• RISC-V with ISA extension gives the best PPA

• ISA exploration done with Codasip Bk3 processor and Codasip Studio

o Fast and easy turnaround

o It’s fun!

PPA clearly shows the benefit of the ISA extension for ULPIoT.
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Thank you!

Questions?

www.codasip.com 

www.leti-cea.fr

http://www.codasip.com/
http://www.leti-cea.fr/

