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* Context

* What can help the sensor system’s (loT) designer?
 Solutions Explored

* Conclusions



Sensors and Compute in loT

Scale-Down Power Consumption and Form Factor

*VLSI implications of the Internet

of Things — Greg Y, 2015
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How small is small?

Freescale KLO3
* Cortex-MO+

* 32KB Flash
 2KB RAM
* 8KB ROM
e 12-bit ADC

* High speed comparator

University of Michigan
* Cortex-M

*  Custom memory

* Custom Radio

* Custom Battery

* Energy Harvesting

uW/cm? or pyW/cm?
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Boisseau, S., G. Despesse, and B. Ahmed Seddik. "Electrostatic conversion for
vibration energy harvesting." arXiv preprint arXiv:1210.5191 (2012)



Trillion Sensor Nodes: Designer’s Perspective

Vun > 1V

Deterministic voltage variation
Negligible Voltage Noise
Typically step-down conversion

NV Memory:

* Resistive/Flash
* Power

* Voltage

Sensor SoC

Uncertainty due to ambience
Part-to-part variation
Non-negligible voltage noise
Reverse-current and over-voltage
Buck-Boost Conversion

Analog/Digital
Peripherals

Peripherals:

Type, Power, Duty cycling

V Memory:

* 6T/8T/10T

* Banking

*  Write-opt/Read-opt
* Power Gating

CPU:

* 8/16/32 bit
* Instructions
* Pipelining



Modeling and Variability
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Voltage, Power and

Vmpp (V)
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Load Circuit
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Solution: Co-design

Wirebond Transp;rent Elgzarl)lsu;ant 2000 .
/= g ) BV dies X i <—Indoor light— |,
, —— =i 1000 —357<—D|m light—  sisgel
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Solution: Selective Direct Operation
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Solution: Holistic System Approach
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Energy-neutral system operation with 50 lux continuous light or 200lux for 2hrs/day , 202C AT continuous or
502C AT for <1min/day



Conclusion

* Energy Harvesting and sensor system design for loT
e Challenges with small scale energy harvesters
* Need for co-design and holistic system solution

Acknowledgements:
* Team at Arm: J Myers, P Prabhat, S Yang, A Kufel, D Flynn
* Team at Southampton: A Weddell, B Hashimi



