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Strain Sensing Sheets for Structural Health Monitoring
Based on Large-Area Electronics and Integrated Circuits

Unit sensor

1 Sensor
Substrate

Sensing sheet

Power harvesting and/or protective layer

Installation
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Integrated circuits (ICs, intefligence units: readout, Bonding
data analysis, power management, communication) agent
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Harvestable Ambient Energy Sources

Energy Source Power Density Source
R 0.003uW/em® @ 75dB
Acoustic Noise 0.96 }l\\'/cm3 @ 100dB [19]
Temperature sy
Variation 10 #Wicm (20]
Ambient RF 1 pyW/em? [21]
) b 100 mW/cm? (direct sun)
Ambient Light 100 pW/em? (illumi 1 office)
Vibration 4 yW/em?® (human motion -Hz) 22)
(micro generator) 800 uW/cm? (machine -kHz) e
Vibration 3 "
(Piezoelectric) 200 W/emn (23]
Wind 1 uW/em? [24]
Thermoelectric 60 pW/em? [25]

[19] J. M. Rabaey, M. J. Amaver, J. L. da Silva, Jr.,

D, Patel, and S. Roundy, “Pico radio supports
ad hoe ultra-low power wireless networking,”
Computer, vol. 33, to. 7, pp. 42-48,

Jul. 2000.

[20] S. Roundy, D, Steingart, L. Fréchette,

P. K. Wright, and J. Rabacy, “Power sources
for wireless networks,” in Proc. Ist Fur,
Workshop Wircless Sensor Netw., 2004, doi:
10.1007/978-3-540-24606-0_1

[21] E. M. Yeatmman, “Advances in power sources

for wireless sensor nodes,” in Proc. Int.
Workshop Wearable Implantable Body Semsor
Netw., pp. 20-21, 2004.

[22] P. D. Mitcheson, T. C. Green,

E. M. Yeatman, and A. S. Holmes, “Analysis
of optimized microgenerator architectures
for self-powered ubiquitous computers,”
Imperial College Sci. Technol. Med., 2004.

[23] S. Roundy, P. K. Wright, and K. S. Pister,

"Micro-electrostatic vibration-to-clectricity
converters,” in Proc. ASME Int. Mech, Eng.
Congr. Expo, 2002, doi:10,1115/IMECE2002
39309,

[24] A. S. Holmes, “Axial-flow microturbine with

electromagnetic generator: Design, CFD
simulation, prototype demonstration,” in
Proc. 17th IEEE Int. Micro Electro Mech. Syst.
Conf., 2004, pp. 568-571

25] J. Stevens, “Optimized thermal design of

small T thermoelectric generators,” in Proc,
341h Intersoc. Energy Conv. Eng. Gouf,, 1999,
doi: 10.4271/1999-01-2564.

Ultralow Power Circuit Design for Wireless Sensor Nodes

for Structural Health Monitoring

Power-On Reset (POR) J{  Sleep Ctrf

Ienager Ctrl Imager Layerd

Timetom | et | (1300M)
Tracking Tomp
Sensor

Layer2

Layer 3

D56 Core | NRSRAM || (65nm)
(Corten-MO) | (16k8)

Power-On Reset (POR)

‘Brown-Out Detector (BOD) _
Power Management Unit
e (E'f' ‘)
nm|
SleepCii )
CTRLCore Y RSRAM )|
(Cortex-MO) | (3K}
Global Optical Communication {GOC)
AP LAYER Layer 5
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Ultralow Power Circuit Design for Wireless Sensor Nodes
for Structural Health Monitoring

(a)Pressure Sensor (b)Temperature Sensor

(c)image/Motion Detection
Sensor

Ultralow Power Circuit Design for Wireless Sensor Nodes
for Structural Health Monitoring
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[83] [84] [85] [86]
915MHz 8.0GHz
3.6-4.1GHz UWB UWB
Type UwB L on-chip Off-chip
Antenna Antenna
Dimetasd a0x22x1.1 | 10x10x10 2x4x4 1.85%4.1x1.4
[mm’]
Active Power 6.75SmW 36mW Avg. 40pW Avg. 36uW
Standby Power ouWw 1.8uW 15nW SnW
Distance 60m 10m 15mm 3.8-13.4m
Distance/Volume
(Normalized) 0.049 0.0079 0.00037 0.28-1.00
Energy/bit 10.1nJ 3.4n] 5.3nJ 3.6nJ
Data rate 1kbps 10.7Mbps 7.5kbps 10kbps
[83] M. Danesh and J. R. Long, "An [85] G. Kim et al., “A millimeter-scale wireless

autonomous wireless sensor node using

a solar cell antenna for solar energy

harvesting,” in Microw. Symp. Dig.,

Jun. 2011, doi: 10.1109/

MWSYM.2011.5972635.

G. Ono et al., “1-cc computer: Cross-layer (86]
integration with 3.4-nW/bps link and 22-cm
locationing,” in VLSI Circuits Dig. Tech.

Papers, Jun. 2007, doi: 10,1109/

VLSIC.2007.4342778.

|84

imaging system with continuous motion

detection and energy harvesting,” in VLSI

Circuits Dig. Tech. Papers, Jun. 2014,
doi: 10.1109/VLSIC.2014.6858425.

H. Kim et al, “A 10.6 mm’ fully-integrated,

wireless sensor node with 8 GHz UWB
transmitter,” in VLSI Circuits
Dig. Tech. Papers, Jun. 2015,

doi: 10.1109/VLSIC.2015.7231258. 108
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