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- Battery-less operation in sensors and health
monitoring systems

- Extend battery life in hand-held portable devices
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« Source impedances of 5Q to 100’s of kQ for various
harvesters

 Voltage range of 20mV to 5V for various harvesters
» High end to end efficiency

Maximum Power Transfer

Boost converters with high conversion ratios in DCM
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Peak Efficiency improvement of 13% and 5 to 6% In
average case

Measured Efficiencies
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Transient Measurements

¢1 ,PIEZO
L

VPIEZO,RECT 2
L PPIEZO

Switching waveform at V,,
L R AT L aal L R
Y » T ™ Y ] Y - T oy 7

Tel; _Stopped o o
1 pulse Piezo ((1)1 and ¢,)
effective freq 3.9kHz

4 pulses Buck, second stage(¢, and ¢,) E
\ effective freq 15.6kHz

enPV ¢1 ,backup

1 T
VPV ; / ¢2,PV/TEG/PIEZO
J_ N (secondary converter)
PV

) Mg Pﬂ T Vstore ‘ R AER R R \m_r | 2pulses |

v ] v L SECON T E L Thermal (¢, andbp,)

TE&j_ T X700 Y N }.}}}.}.} }effective freq 7.8kHz

TEG 1

I : 'h'h ARR (! I |—hr B
Vioan Pauck_en [ . >

’_T_L ¢, ,AL|_—||: NaLL
en

— -

8 puTses Solar(¢, and d5)

) i effective freq 31.2kHz
2, PVITEG/PIEZO

/9. | < >

BucK Zbaciip (primary converter) F Time Period of Inductor Sharing |
: 2568, 3.9kHz <

) L

¢2,P|EZO‘||iNP|Ezo R T e el
Transient waveform showing inductor sharing

o
[N
o

Voltage(V)

o
-
(o2}

intentional : &
shading

e
-
N

0 50 100 150 200
time(s)

Solar Cell Voltage (2 cells in parallel) Solar Cell Voltage (2 cells in series)

o % 3k,

Photovoltaic Harvester

Rr
—AAMA—e

T
+
SAT(-) VTHERMAL
v

®
Thermoelectric Harvester

frequency
o=2nf
Piezoelectric Harvester with Rectifier

o——+—pi——o
Iy 1 J s 2lpz/(0Cp) 4
®: resonant __CP VEIEZOE RECT = VRECT
P 5

Saurav Bandyopadhyay, Anantha P. Chandrakasan, Massachusetts Institute of Technology

R =1/(Cp

v

->

The equations for modelling of the piezoelectric harvester with a rectifier assume ideal diodes
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Output Voltages

Maximum Output
Power

Thermal:
Seebeck
50mV/K, AT=1.7K
Solar: 1500lux,
15cm?
Piezoelectric:
PZT 3in?, 1g

0.35um (2P4M) CMOS

20 - 150mV Thermal
0.2-0.75V Solar
1.5 — 5V Piezoelectric

1.8V Regulated
1.8 - 3.3V Storage

1.3mW Thermal
5mW Solar
200uW Piezoelectric

Thermal Boost: 96u\W
Solar Boost: 262u\W
Piezoelectric Buck-

Boost: 40uW
Total Power: 398uW




