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RFID Tags
• Passive

– Reflects RF energy to reader
– Low cost

• Battery assisted passive
– Improves tag’s receiving sensitivity

• Active
– Emits rather than reflects RF energy
– Better performance 
– Higher cost
– Limits maintenance-free operational life
– Needs energy harvester

Example of a passive RFID tag.
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Desired Capabilities
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Omni-directional reading and ability to tag anything in real-world environments.
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Active Tag Architecture

Enterprise Dot™ architecture.
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• Active UHF (433/868/915 MHz)
– Pro-Active Sensor Alerting
– RTLS Triangulation via RSSI
– Tag-to-tag communications

• UHF EPC/18000-xx
– Existing passive infrastructures
– Enhanced sensor functions
– Enhanced backscatter range

• Near-field Zone Control
– LF (100 – 150 kHz) wake-up
– Robustness near metal, liquids
– Proximity backscatter ID

• Sensors
– Flexible transducer interfaces
– Programmable applications
– Extended data memory

Smart Wireless Sticker™

Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic
Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic
6

Operational Characteristics
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Near-Field Far-Field
e.g. Wi-Fi (IEEE 802.11), UHF RFID (ISO18000-7)e.g. RuBee (IEEE P1902.1), NFC (ISO 18092)

Benefits
• Robust link around 

dense RF media
• Magnetic field zone 

control
• Simple narrow-band 

protocols maximize 
battery life

Deficiencies
• Range limited to 

antenna loop diameter
• Multi-tag arbitration 

speed limited by data 
rate

Benefits
• Long range from RF 

propagation and 
higher transmit power

• High multi-tag 
arbitration rates 
possible due to larger 
bandwidth & data-rate

Deficiencies
• Some bands require 

spread spectrum and 
complex multiple 
access protocols; 
leads to higher power 
consumption

• Poor zone control

R
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l e.g. UHF RFID (ISO18000-6 & EPC)e.g. HF RFID (ISO 14443), LF RFID (ISO 14223-1)

Benefits
• Excellent zone 

control
• Robust near-field 

energy harvesting for 
passive HF/LF RFID

• Robust media 
penetration

Deficiencies
• Backscatter reader 

sensitivity and loop 
antenna diameter 
limits practical range 
to within one meter

• Multi-tag arbitration 
limited by bandwidth 
and data rate

Benefits
• Tens of meters of 

range for passive tags
• Longer range for 

semi-passive tags;  
limited primarily by 
reader sensitivity

• High multi-tag 
arbitration rate

• Longer battery life

Deficiencies
• Poor zone control
• Poor RF media 

penetration
• High orientation 

sensitivity due to  
weaker backscatter 
and multi-path 
propagation

Battery Powered Logic  and Transmitter - Active
Battery Powered Logic , Backscatter Transmitter - BAP

Energy Harvesting System (e.g. RF) - Passive

Energy
Sources

Energy
Sources



Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic
Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic
7

EH RF Sensor

Block diagram of an energy harvesting RF sensor.

Energy
Source

Energy
Transducer

Energy
Storage

Voltage
Regulator

A/D
Converter Processor

Environmental
Sensor

Wireless
Transceiver

PGM/Data
Memory

Energy Harvesting Wireless Sensor

EH system for an RF sensor.
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Typical sensor/tag electrical  
specifications:
VDD = 3 VDC
I ACTIVE = 15 – 20 mA
I SLEEP = 6 – 10 µA

Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic
Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic

Comparison of Power Sources

88

 
Energy Scavenging 
Source

Power Density 
(µW/cm3)

Information Source

Solar (Outdoors) 15,000 – Direct Sun
150 – Cloudy Day

Commonly Available

Solar (Indoors) 6 – Office Desk Experiments
Vibrations 100 - 200 Roundy et. al.
Acoustic Noise 0.003 @ 75 dB

0.96 @ 100 dB
Theory

Daily Temp. Variation 10 Theory
Temp. Gradient 15 @ 10o Celsius Stordeur & Stark 1997
Piezo Shoe Inserts 330 Starner 1996

Power densities of energy harvesting technologies.

Acceleration and frequency of various vibration sources. 

Data source: Journal of Computer 
Communications, Vol. 26, S. Roundy, P. K. 
Wright, J. Rabaey, “A Study of Low Level 
Vibrations as a Power Source for Wireless 
Sensor Nodes”, pp. 1131 - 1144, 2003.



Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic
Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic

33 Mode

31 Mode

FV+
-

3

1
2

V
-

+

3

1
2

Piezoelectric Conversion
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F

9

L
o ad

Vs

C Rs

Piezoelectric generator

Piezoelectric conversion modes Cantilever configuration 

Figure courtesy: Shad Roundy, LV Sensors, Inc.
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Design Considerations
• Study vibration profile of source

– Frequency profile
– Acceleration profile

• Design transducer to resonate at frequency of source
• Measure/calculate optimum load resistance (Ropt) for max 

power transfer
– Design converter @ Ropt

– Ropt will depend on fsw, L, and D
• Choice of converter topology

– DC-DC switch mode converters
– Switched capacitor converters

• Choice of rectifier topology
– Schottky diodes
– Synchronous rectifier

1010
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EH Circuit for Piezo Converters
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DC-DC
Converter

Vs

C Rs

Piezoelectric generator
Loa d

Cs

Schottky diodes or
Synchronous rectifier

Secondary 
battery (Thin 
film, lithium, 
NiMH, etc.)

Switching converter (buck or 
buck-boost) or Switched 
capacitor converter
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RFID Tag Applications
• Vehicle tags

– Access control
– Payload security and inventory
– Fleet turnaround management
– Condition sensing

• Personnel tags
– Time and attendance reporting
– Asset utilization

• Asset tags
– IT asset tags
– Document containment

• Sensing tags
– Cold chain delivery
– Disaster recovery

1212
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Vibration profile - 2003 Honda Civic

13

f1 ≈ 10 Hz

f2 ≈ 15 Hz

bimorph mass
f1

f2

f1 f2

gpk

gpk

City driving profile
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AC/DC Conversion

14

Bridge rectifier w/ n-channel and p-channel MOSFETs Half wave rectifier w/ comparators

14
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DC-DC Converter Topologies

15

Constraint: Vrect >> Vbat

Constraint: 

DC-DC buck converter with battery load 
(discontinuous conduction mode).

DC-DC buck-boost converter with battery load (discontinuous 
conduction mode).

15

Use feedback and feedforward techniques to 
tune Vctrl to achieve impedance matching
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Experimental Set-up

16

Smart Material Inc., M2814P2 PZT-5A patch
Patch size: 36 x 16 x 0.3 mm3

Al (alloy 1100) cantilever beam
Neodymium-Iron-Boron proof (tip) mass

acceleration = 0.1 - 5g @ 15 Hz - 30 kHz. 

Speaker/amplifier set-up

16
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• Experiments conducted @ 0.25 gpk excitation with one 
2814 P2 MFC patch 

Power (P ) vs Beam thickness (t)

MFC Cantilever tests

– Power (Pmax) vs. Beam thickness (t)
– Voltage (Voc) vs. Tip mass (m)
– Pmax vs. m

• Observations
– Higher Voc as m is increased
– Lower t => lower resonant frequency (fr)

• However at low t (<= 0 2 mm) beam bends with high m (>=

Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic
Texas

Piezoelect r ic

TexasTexas

Piezoelect r icPiezoelect r ic

• However, at low t (<= 0.2 mm) beam bends with high m (>= 
38 gm) 

– Optimum thickness (topt) = 0.381 mm (0.015”)

17

Pmax vs. t @ different m

600.0

700.0

Pmax (uW)

w = 16 mm (fixed)
t1 = 0.127 mm => w/t1 = 125.98
t2 = 0.152 mm => w/t2 = 104.99
t3 = 0.178 mm => w/t3 = 89.99
t4 = 0.203 mm => w/t4 = 78.74
t5 = 0.254 mm => w/t5 = 62.99
t6 = 0.381 mm => w/t6 = 41.99

0.0

100.0

200.0

300.0

400.0

500.0

600.0

41.99 62.99 78.74 89.99 104.99 125.98

M1(23 gms)

M2(30.7 gms)

M3(38.4 gms)

M4(46.1 gms)

M5(53.8 gms)

w/t
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154 97 95 127* 111* 98* M1

119 70 74 103* 89* 80* M2

100 55 60 83* 70* 61* M3

86 46 44 66* 54* 48* M4

74 41 36 54* 43* 37* M5

154 97 95 127* 111* 98* M1

119 70 74 103* 89* 80* M2

100 55 60 83* 70* 61* M3

86 46 44 66* 54* 48* M4

74 41 36 54* 43* 37* M5

Resonant frequencies at 
different thicknesses and mass

* Beam bent due to high tip mass
(must avoid these thicknesses)
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Voc, Pmax vs. m @ different t

t1 = 0.127 mm
t2 = 0.1524 mm
t3 = 0 1778 mm15

20

25

Voc(V) -T1

Voc(V) -T2

Voc(V) -T3

Voc(V)

t3  0.1778 mm
t4 = 0.2032 mm
t5 = 0.254 mm
t6 = 0.381 mm

600

700
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Mi (gms) Mi/M0
76.8 1.00

Mi (gms) Mi/M0
76.8 1.00

0

5

10

M1(23.04) M2(30.73) M3(38.41) M4(46.09) M5(53.77)
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0

100

200

300

400

500

600

1.00 1.50 2.00 2.50 3.00 3.50 M0/Mi

69.13 1.11
61.45 1.25
53.77 1.43
46.09 1.67
38.41 2.00
30.76 2.50
23.04 3.33

T6(mm) = 0.381

M0 = 76.81 
gms for 
fR=45Hz

69.13 1.11
61.45 1.25
53.77 1.43
46.09 1.67
38.41 2.00
30.76 2.50
23.04 3.33

T6(mm) = 0.381

M0 = 76.81 
gms for 
fR=45Hz

Test Results: Resistive Load 
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Acc = 0.08gpk, 30Hz Resonant Freq
100 gm tip mass
Pmax = 280 µW @ Rload = 0.12 MΩ
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DC-DC Conv. Simulation Results

• Charged capacitor with 100k load

21

M2
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DC-DC Converter Results
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Overall Integrated EH Sensor

Flex    Circuit Antenna, OLED, Circuit Wiring            

ChipXTALCoils Coils

Printed Resistors and Capacitors

Barcode Label and Graphics

Rechargeable Thin-Film Battery

Piezoelectric MEMS Array & Wiring

Recharging
Chip

Roll-to-roll manufacturing

Overall MEMS piezoelectric EH 
sensor architecture
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Power management to tune Rin of 
DC/DC converter to Rout of 
transducer (impedance matching).
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Summary and Conclusions
• Market for active RF sensors, ID tags, and Wireless 

Sensor networks (WSNs) is rapidly developing
• These devices require EH for perpetual operation
• Vibrational EH shows good potential

– Cantilever configuration more suitable for energy generation
– Requires high energy density transducer design
– Design must cater to the end application
– Impedance matching a must
– High efficiency power electronics is very important

• Possible improvements
– Energy storage device density and life
– Overall size and cost

24




