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IoT: Near-Sensor Processing

Á Image

ÁVoice/Sound

Á Inertial

ÁBiometrics

Extremely compact output (single index, alarm, signature)

Computational power of ULP µControllers is not enough

Tracking:

Speech:

Kalman:

SVM:

80 Kbps

INPUT 

BANDWIDTH

COMPUTATIONAL

DEMAND

OUTPUT 

BANDWIDTH

1.34 GOPS 0.16 Kbps

256 Kbps 100 MOPS 0.02 Kbps

2.4 Kbps 7.7 MOPS 0.02 Kbps

16 Kbps 150 MOPS 0.08 Kbps

[*Nilsson2014]

[*Benatti2014]

[*Lagroce2014] 

[*VoiceControl]

Parallel worloads

COMPRESSION 

FACTOR

500x

12800x

120x

200x
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System View

Battery + Harvesting powered

Ą a few mW  power envelope

Long range, low BW

Short range, BW

Low rate (periodic) data

SW update, commands

Transmit

Idle: ~1µW

Active: ~ 50mW

Analyze and Classify

µController

IOs

1 ÷ 25 MOPS

1 ÷ 10 mW

e.g. CortexM

Sense

MEMS IMU

MEMS Microphone

ULP Imager

100 µW ÷ 2 mW

EMG/ECG/EIT

L2 Memory

1 ÷ 2000 MOPS

1 ÷ 10 mW



Microcontrollers Landscape
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*not exhaustive

High performance MCUs
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Near-Threshold Multiprocessing



Minimum energy operation
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Source: Vivek De, INTEL ïDate 2013

Near-Threshold Computing (NTC): 

1. Donôtwaste energy pushing devices in strong inversion

2. Recover performance with parallel execution
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Micro-MMU (demux)

L1 TCDM+T&SMB0 MBM

. . . . .

Near-Threshold Multiprocessing

4-stage, in-order RiscV

and OpenRISC ISAs 

I$I$B0 I$Bk

Shared L1 I$ with Multi-instruction load

IL0 IL0 Private Loop/Prefetch Buffer

Ultra-low power scalable computing

Shared L1 DataMem + Atomic Variables

NT but parallel Ą Max. Energy efficiency when Active + strong PM for (partial) idleness

PE0 PEN-1

DMA

Tightly Coupled DMA

Periph
+ExtM

N Cores 
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1.. 8 PE-per-cluster, 1é32 clusters



Near threshold FDSOI technology
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Body bias: Highly effective knob for power & variability management!
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Body Biasing for

Variability Management

100x

@0.5V

120° C

-40° C25 MHz ± 7 MHz (3ů)

Thermal inversionProcess variation

FBB/RBB

FREQUENCY + 

LEAKAGE

COMPENSATION 

WITH ± 0.2 BB

FREQUENCY + 

LEAKAGE 

COMPENSATION

WITH -1.8 to +0.5 BB

RVT transistors



ULP (NT) Bottleneck: Memory
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Á ñStandardò 6T SRAMs:

ÁHigh VDDMIN

ÁBottleneck for energy efficiency

Á Near-Threshold SRAMs (8T)
ÁLower VDDMIN

ÁArea/timing overhead (25%-50%)

ÁHigh active energy

ÁLow technology portability

Á Standard Cell Memories:

ÁWide supply voltage range

ÁLower read/write energy (2x - 4x)

ÁEasy technology portability

ÁMajor area overhead (2x)

2x-4x

256x32 6T SRAMS vs. SCM
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Heterogeneous + Reconfigurable

Memory Architecture

L1 TCDM

SCM0 SCMM-1

. . . . .

I$B0 I$Bk

PE0 PEN-1

SRAM0 SRAMM-1

I$B0 I$Bk

MMU MMU

private

interleaved

SCM on I$ and part of TCDM 

to widen the operating range and

boost energy efficiency, 

SRAM for density

Reconfigurable Pipeline Stages 

for SRAMs degradation@low VDD

MMU (logical/physical add map):

Interleaved/private addresses

Shutdown of SRAM banks



30.0

5.20
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Heterogeneous Memory

Energy Efficiency Boost

1.38x


