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Motivation

m Continuous patient monitoring
m Early detection of complications by continuous sensing of vital signs

m Small wireless devices: no battery

A
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Introduction

RF-Powered sensors

m Reader device: sends energy and receives data

m Sensor device: receives energy and sends data

Sensor

m This work: an RF-powered temperature sensor to measure human

Data

Reader

body temperature (35 to 42°C)
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System Architecture
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System Architecture
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m Input signal frequency: 900 MHz

m Fabrication technology: IBM 130 nm
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Summary

RF Front End
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RF Front End

Backscattering

Reader
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RF Front End

Y 500— Cm
i \| RFDC | ...

—l
1
1
'
Ly
Z 1
b Viksod[ My
1
' =
0 T
—
10 | A ~ .
g 20 ; .
& 80 | .
40 - / .
50 1 1 1 1
0 02 04 06 08 1 12
Viks (V)

Gustavo C. Martins (GRF, UFSC) RF-Powered Temperature Sensor September 4, 2013 10 / 26



RF Front End

Backscattering and Impedance I\/Iatching
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m Worst case S11 in the Monte Carlo simulation = —15dB
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Rectifier

16 Stages
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m Native transistors in diode configuration
m Output conditions: Ve =1V e lyje = 10 uA

m Power convertion efficiency:

Pdc
= —=10¢%
Pay 0%
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Summary

Analog Circuits

Gustavo C. Martins (GRF, UFSC) RF-Powered Temperature Sensor September 4, 2013 13 /26



Voltage limiter
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Analog Circuits

Mode Selector
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Voltage Regulator

‘/ctr Vdc
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Analog Circuits

Temperature Sensor
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Analog Circuits

Temperature Sensor
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m Calibration method to achieve less than 0.2 °C measurement error
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Full-system Simulations and Measurement Results
Summary

Full-system Simulations and Measurement Results
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Full-system Simulations and Measurement Results

Simulation
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Full-system Simulations and Measurement Results

Measurement Results - Rectifier
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m PCE = 10% for P,, = —10dBm, Vg =1V and lyc = 10 uA
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Full-system Simulations and Measurement Results

Measurement Results - Limiter and Backscattering

I (uA)

Limiter Backscattering
10* T T T T T 0
3 Simulation 5 I
10° F Measurements ) °« ¢
2 L -10 ° ¢
10
; — -15 /‘
10" | S 20
0 —
10" T 25 .
1 ® g0 t-" /
107 F /
2 -35
10" p -40 / Measurements
3 i i i i i i Simulation
10 45 L 1
0 02 04 06 08 12 14 16 0 02 04 06 08 1 1,2
Voo (V) Vs (V)
RF-Powered Temperature Sensor September 4, 2013 23 /26

Gustavo C. Martins (GRF, UFSC)



Summary

@ Conclusion

Gustavo C. Martins (GRF, UFSC) RF-Powered Temperature Sensor September 4, 2013 24 / 26



Comparison

m An RF-powered temperature sensor (35 to 42°C) that has
measurement error < 0.2°C was designed and partially tested

Reference [1] [2] [3] (4] [5] | This work

Technology (nm) 250 130 130 130 180 130
Frequency ( MHz) 450 | 900 | 900 868 | 910 900
Area (mm?) 12 | - | 095 | 396 |12 | 034
Standby power (W) 5 6 - ~0.11 | - 4.9
Active power (W) | 1500 9 7.9 - 7 8.5

PCE (%) - 30 | 76 35 | - 10

Py min (4Bm) —125 | -12 | -103| - | -5| -10
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Conclusion

Thank you!
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