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Motivation

“This core technology enables a new class of wireless battery-free devices with 
communication, sensing, computation, and data storage capabilities. 
Unconstrained by batteries, these devices have the potential to operate for years if 
not decades.”

● Applications: anywhere you would want to use a sensor and preferably NOT have 
to deal with power!

● Ex: any kind of long-term monitoring - structural, medical, product.
● Also, anywhere you’d like a little bit of computational power without dealing with 

power.



Motivation https://www.youtube.com/watch?v=SKQ3wkAqA_8

https://www.youtube.com/watch?v=SKQ3wkAqA_8


Background: RFID & Backscatter



Background: RFID & Backscatter



Background: EPC Class 1 Gen 1

16-bit CRC 64-bit EPC Gen 1 ID

● Intended as RF-enabled alternative to bar codes.
● Protocol for communication between RFID readers and RFID tags.



Initial approaches: α-WISP and π-WISP

16-bit CRC1 64-bit EPC Gen 1 ID1

16-bit CRC2 64-bit EPC Gen 1 ID2

1-bit of freedom



From “ID Modulation: Embedding Sensor Data in an RFID Timeseries”, J. Smith et al



Initial approaches: α-WISP and π-WISP
https://www.youtube.com/watch?v=mRc3peXsR8o

https://www.youtube.com/watch?v=mRc3peXsR8o


Main idea: ID as data transfer

16-bit CRC 8-bit sensor ID 56-bits arbitrary data

Typical 64-bit EPC tag



Implementation Overview



Hardware



Hardware: Power Harvester



Aside: Voltage Rectification



Diodes



Hardware: Demodulator
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Hardware: Demodulator



Hardware: Demodulator



Schmitt Trigger



Hardware: Demodulator



ASK: Amplitude-Shift Keying



ASK: Amplitude-Shift Keying



Hardware: Modulation



Hardware: Modulation



Software: Operational Cycle



Power Budget



Power Budget

● PT = 1 W = 30 dBm
● GT = 6 dBi (regulatory limit)

● GR = 2 dBi (dipole antenna)

● λ = 0.33m (915 MHz)
● LP = 3 dB



Power Budget

● MSP430: Family of low-power microcontrollers from Texas Instruments
● MSP430F1232: 16-bit Ultra-Low-Power Microcontroller

○ 8kB Flash, 256B RAM
○ 10 bit ADC (200 ksps), 1 USART

● Power consumption per TI:
○ 0.1 µA in off-mode (RAM retention)
○ 0.7 µA in standby mode
○ 200 µA in active mode (1 MHz, 2.2 V)

● Per WISP authors, 470 µA at 3 MHz, 1.8 V, or 600 µA at 4 MHz.



Power Budget

1.8 V * 600 µA = 1.08 mW

Output power available at 0 dBm input is 310 µW (from previous figure).

310 µW / 1.08 mW = about 28% (apparent typo in paper; 1.12 mW → 27%)



Energy Consumption

1.8 V * 600 µA = 1.08 mW

Query time is 2ms. 2 ms * 1.08 mW = 2.16 µJ.

Energy in capacitor is C V2/ 2. For C = 10 µF, baseline energy is 10 µF * (1.8 V)2 / 2 = 16.2 
µJ

C V2 / 2 = 16.2 µJ + 2.16 µJ ⇒ V = 1.916, in order to complete the query.



Power Budget



Evaluation



Epilogue

● Moo (UMass)
● EPC Generation 2
● WISP 5 - FM0 encoding
● Further developments in low-power MCUs
● NFC-WISP
● “WISP Challenge”









Bonus Video https://www.youtube.com/watch?v=laTsFCMM7kA

https://www.youtube.com/watch?v=laTsFCMM7kA




Dipole antenna



Moo



ASK





FSK on ASK



NFC-WISP 1
https://www.youtube.com/watch?v=YVdQx6ZjGuo

https://www.youtube.com/watch?v=YVdQx6ZjGuo


NFC-WISP 2
https://www.youtube.com/watch?v=xI2xMxhkhQ0

https://www.youtube.com/watch?v=xI2xMxhkhQ0


Transformer-based rectifier



Power Budget
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https://www.tutorialspoint.com/digital_communication/digital_communication_amplitude_shift_keying.htm
https://www.open.edu/openlearn/science-maths-technology/exploring-communications-technology/content-section-1.4
http://hyperphysics.phy-astr.gsu.edu/hbase/Electronic/schmitt.html
https://hackaday.com/2017/03/22/how-does-a-voltage-multiplier-work/
https://learn.sparkfun.com/tutorials/diodes/real-diode-characteristics

