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4 DEMAND BANDWIDTH FACTOR
A Image BANDWIDTH

Tracking: 80 Kbps 1.34 GOPS 0.16 Kbps

[*Lagroce2014]
A Voice/Sound

Speech: 256 Kbps 100 MOPS 0.02 Kbps 12800x

[*VoiceControl]
A Inertial

Kalman: 2.4 Kbps 7.7 MOPS 0.02 Kbps

[*Nilsson2014]

A Biometrics

SVM: 16 Kbps 150 MOPS 0.08 Kbps
[*Benatti2014]

» Extremely compact output (single index, alarm, signature)

» Computational power of ULP pControllers is not enough
» Parallel worloads
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Long range, low BW

Jl R LoRa _..F.c..

100 yW+ 2 mW Battery + Harvesting powered Idle: ~1puW
A afew mW power envelope Active: ~50mW
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Near-Threshold Multiprocessing
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Logic Vcc / Memory Vee (V)
Near-Threshold Computing (NTC):
1. Do n wvaste energy pushing devices in strong inversion

2. Recover performance with parallel execution
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Ultra-low power scalable computing ‘% pl lI P

Parallel Ultra Low Power

DI
BOL

Shared L1 1$ with Multi-instruction load

4-stage, in-order RiscV
and OpenRISC ISAs

Private Loop/Prefetch Buffer

N Cores

Micro-MMU (demux)

~-~~

Tightly Coupled DMA

Shared L1 DataMem + Atomic Variables

1..8PE-perc | ust e rclustetsé 3 2

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

7



| !
i Near threshold FDSOI technology

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
High Performance mode Low power mode
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Body bias: Highly effective knob for power & variability management!
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256x32 6T SRAMS vs. SCM

Ao \ > o 2X-4X
A AStandardo 6T SRAM a5 %
4 -8-DOUT SAMPLED SCM

=<LOW VOLT. SRAM

High VDDMIN
Bottleneck for energy efficiency

A Near-Threshold SRAMs (8T)
Lower VDDMIN
Area/timing overhead (25%-50%)
High active energy
Low technology portability

A Standard Cell Memories:
Wide supply voltage range
Lower read/write energy (2x - 4x)

Easy technology portability :
Major area overhead (2x) < oo
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EISB, 1$B,
PE | ... PE,,
’_—I_r‘ ’i_r‘ MMU (logical/physical add map):
MMU |+ MMU || Interleaved/private addresses
T T Shutdown of SRAM banks
interleavedI SCM SCM/Il

Reconfigurable Pipeline Stages
E<— L1 TCDM E*_ for SRAMs degradation@low VDD

private I SRAI\A; SRAM“

......................................

SCM on I$ and part of TCDM

to widen the operating range and
boost energy efficiency,

SRAM for density

Luca Benini
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Energy Efficiency Boost
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