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Energy Harvesting — where is it useful?

* Wireless Sensor Networks where maintenance is costly, inconvenient or hazardous
 Coupled with a primary battery to extend battery life
» Powering sensors/nodes where line power is not available

Plant Automation
Asset Tracking/Monitoring

Data Center & Building
Climate Control

Typical Application: Remote Wireless Sensors
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How Much Power Is Available?
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A comparison of ambient energy sources (before conversion). (Source: CEA-Leti).

Ambient Energy is Only Part of the Story...
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How Much Power is Available at the
L OAD ?

Available LOAD power depends on:
 Energy source (needs to be quantified)
 Transducer (requires optimization)

« Power conversion efficiency (

-> Each energy source
- Each source transducer

-> Each source requires an optimized power manager
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Solar Energy Considerations

[Light Source] Sunlight Fluorescent light

Condition Miuminance (lux) Condition Miuminance (lux)
Direct sun 100,000 to 120.000 mwﬂmmm} Around 1,000
Bright 50,000 to 100,000 Officelconference room 300 to 800
Cloudy 10,000 to 50,000 Restaurants/coffes shops Below 200
Rain 5,000 to 20,000
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Intensity dependence

E=1000 Lux

To=25°C

E=200 Lux

E=100 Lux %
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« Solar cell Py, depends
on Lux (lumens / m?)

* Lux varies greatly from
Indoors to outdoors

* Lux easily measured with
a light meter
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Solar Power Management Considerations

» Series / parallel combinations optimize panel voltages
« Maximum power point tracking / control optimizes
energy transfer

cell current (Amp)
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Solar Example

Sanyo Amorton AM1815 Solar Cell
@200lux: Voc=4.9V, Isc=47uA

LTC3129
1.3uA Quiescent Buck-Boost Converter

L1
|_2|2"|F 47yH zlz'iil
Vog =5V
Vin UVLO = 3.5V BST1 swi SW2 BST2 y
1 _L e Vour I 23V
4.22M 4.7)F _
] -T—" LTC3129-1 22,F

-~ -\470uF — _I
6.3V RUN =

OUtD ut VGG_[ :n:c PGOOD |—
Vour = 3.3V F::z

PWM  @gnD PGND =
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lour = 38UA @ 200 lux 41
lour = 230uA @ 1000 lux
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Thermal Energy Considerations
TEGs (Thermoelectric Generators)

CERAMIC

SUBSTRATE -
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PERPETUA.
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SEMICONDUCTOR

POSITIVE(+) PELLETS

 VOUT proportional to temperature differential
 Need to maintain a temperature gradient across TEG
= Heatsinks required
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TEG Open-Circuit Voltage (mV)

TEG Characteristics

TEG Open-Circuit Output Voltage vs dT Maximum Pout vs dT for Different TEGs
(assumes perfect load match & 100% efficiency)
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* TEG open ckt voltages are very low
 TEG output impedance typically very low
« TEG’s require highly specialized power management
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Thermoelectric Example

LTC3108
Ultralow Voltage Step-Up Converter
And Power Manager
(min V,y, = 20mV)

V,y ~ 20mV — 500mV

T1 4.7nF

1:50
c1 VSTORE 2 T
(]
CsToRe
‘ 330pF Vourz == Voutz 'J_:‘
L c2 PGD = PGOOD
- sw  Lic3ios 2.2V
VLDO VLDO
T1: COILCRAFT LPR6235-123QML
30mm x 30mm TEG - I T S
L o e
? c -
=
LTC3 1 O 8 O U tp Ut . Vel Vour2_en = Vout2_enaBLE
) VAUX GND

Vour = 3.3V ﬁ:" L
loutr =60UA @ 10°C delta T i
lout =400uA @ 30°CdeltaT
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Vibration Energy Considerations
What does the vibration source look like?

Vibration v. Time
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Figure 2: Time domain response of a commercial jumbo jet during taxiing.
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Figure 5: 1-D FFTs of vibration data during cruise
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Vibration Source— Piezoelectric

- 3.190 -
- 2940 — - LTC3588
CLAMP LINE —gon 865 —= . . .
[+ 690 = Piezoelectric Energy Harvesting
| (250)—= | o Power Supply
(131) V25W I (Icc = 900nA)
R L 100
y | | Cﬁ |
| (181) o N 2X0.128 = - 10pH
Vin SW Vour
—LmF LTC3588-1 - I | ATYF
LLETS \olture’ N CL ol I
e [
—— 4.7)F GND SELECT
-GV J_ 35881 TADY

I

Output:
Vour = 3.3V
- lour = 200uA @ 0.25g / 40Hz
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Energy Harvesting-Only Solutions

4

(EM: 0.025g — 0.59)

LTC Power Typical Pyt Maximum Pgyy
Energy source Transducers Management ICs @ Vour = 3.3V @ Vour = 3.3V
LTC3129
Indoor Solar Photovoltaic Cells (100cm?) LTC4071 100uW — 1mW >100mwW
(200lux — 1000lux)
LTC3105
Outdoor Solar Photovoltaic Cells (100cm?) LTC3129 ImW — 100mwW >100mwW
(1000lux — 50000lux) LTC3588
LTC3108
Thermal TEGs (100cm?) LTC3109 200uW - 1.4mwW >10mwW
(10°C - 30°C dT)
Vibration Piezoelectric (30cm?) 50uW — 500uwW
(Piezo: 0.1g — 19) Electromechanical (200cm?3) LTC3588 500uW — 10mwW >100mwW

Wireless Sensors Need 30uW — 500uW Avg Power
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Why has EH adoption been slow?

1. Batteries already provide solution (with
some limitations)

2. Difficult to quantify how much EH power is
available

3. Systems need to operate even if harvested
energy inadequate or unavailable

EH adds value despite these two issues

© 2014 Linear Technology APEC 2104 - Fort Worth, TX L, TLEICIJI\EAB



Battery Lifetime

TL-5104 AA (2.1A-hr) 4

Volts DISCHARGE CHARACTERISTICS @ +25°C
40

30 | 1 | ‘
25 l
20
18 Ko B8 Kn /Ko 180 Ko
~2 mA ~0.5 mA ~0.1mA =20 wA
15 (2.1 Ah) (2.1 Ah) (1.96 Ah) | (1.65 An)
10
1 10 100 1000 10000 100000
Hours

<5 years of lifetime
with 50uA (180uW) load

CR2032 (240mA-hr)

Continuous Discharge Characteristics

Voltage, CCV

3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8

Load: 15K ohms - continuous 21°C (70°F)
Typical Drain @ 2.9V: 0.19 mA

———
\\
0 300 600 900 1200 1500

Hours

<1 year of lifetime
with 50uA (130uW) load
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Where can Energy Harvesting Help?

Energy Harvesting to extend battery life

- Harvested source prioritized
- Always have reliable power source (i.e. battery)

- Enables increased system functionality (i.e. more
sensors, greater frequency of transmission, etc)
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Wireless Sensor Node Example

300.00

250.00

200.00

150.00

100.00

Average Power Consumption (uw)

50.00
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Average Power for Different Transmit Conditions

==>é&=1 Neighbor

% ==2 Neighbors

=@=3 Neighbors

Steady State 10SecTemp Tx 7SecTemp Tx 3SecTemp Tx 1SecTemp Tx

Mode of Operation

Data collected from Linear Technology’s Eterna Evaluation Module using integrated temperature sensor only
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Solar Application to Extend Battery Life

[ VOUT Regulated to

3.3V or Vbat
[ 1.3uAlg in Sleep
22nF 22nF
3.3pH FDC6312P
DUAL PMOS
Vour
BST1 SW1 SW2 BST2 S1 I |52 | SVT03.3V
n UVLO =3.7V y » 3.30V D1 1 D2 2.2yF
IN ouT j J_
—L LTC3129-1 22yF L = —l =
4.7yF S4.99M T 2.43M 1
- s G1 G2 |
—— CR2032
PV PANEL [ Vour —- 3V COIN CELL
SANYO AM-1815
OR
PowerFilm SP4.2-37 PGOOD |r——
BAT54 4

Vee ﬁ— 74LVC2G
GND PGND 2.2)F

/ 31291 TADR

Extract Max Power Pgood Drives Externals to
from Solar Source SwitchOver to Battery only when
necessary
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Extending Battery Life w/ EH

Percentage of Added Battery Life vs Light Level and Load
(PowerFilm SP4.2-37, 30sq cm Panel)
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Thermal Energy Harvesting DC-DC
Battery Life Extender

Remote Sensor Application Using Thermal Energy Harvesting to Extend Primary Battery Life

T %BAT current = 0 if ]
1nF
MARLOW RC3-2.5 1:100 EH power > load

+ C1 VBar ) 4 —]_36V
THERMOELECTRIC d LTC3107 w3 mbﬁ-ﬁﬁlgmw CHLORIDE
GENERATOR 330pF g
16mm x 20mm - b BAT OFF SENSORS
WITH HEATSINK 400K
THERMAL RESISTANCE <15°C/W 5 o\ WP
SW VDo == 1+—
034 _Janp Vour |—4— 2.24F
$ XMTR
VAUX VSTORE V Cour
0.55F

— 2.2)F

3 I CAP-XX HW203F

VOUT = BAT - 30mV (EH onIy)]
VOUT= BAT - 230mV (BAT+EH)

[ZOmV EH Startup. All
EH power goes to Vo,

Excess EH energy
stored on Supercap
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How much battery life extension?
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Indefinitely extend battery life with 15C surface to ambient differential
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EH Nanopower Buck-Boost DC-DC with

AC or DC EH sources >4V.
EH gets priority over BAT

Battery Life Extender

1’@
SOLAR - -
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36V TO 18V =

+
l @
Zero BAT current when| =k
EH source is available

_10pF _L

Vour = 1.8V TO 5V
gyt = S0mA

[SCAP EH storage

L

PRIMARY
CELL
1.8V T0 5.5V

Programmable BAT
input current limit
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Battery Life Extender Solutions

(EM: 0.025¢g — 0.59)

LTC Power Typical Pyt Maximum Pgyy
Energy source Transducers Management ICs @ Vour = 3.3V @ Vour = 3.3V
LTC3330
Solar Photovoltaic Cells (100cm?) LTC3331 100uW — 1mw >100mwW
(200lux — 1000lux) LTC3129
Thermal TEGs (100cm3) LTC3107 200uW - 1.4mW >10mwW
(10°C — 30°C dT)
Vibration Piezoelectric (30cm?) LTC3330 50uW - 500uwW
(Piezo: 0.1g — 19) Electromechanical (200cm?3) LTC3331 500uW — 10mwW >100mW
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Summary

1. Existing Energy Harvesting IC’s and transducers
can provide more than enough power for many
applications

2. Applications unable to eliminate batteries can
benefit from Energy Harvesting to extend battery
lifetime and delay replacement costs

3. New products available to use EH specifically to
extend the life of a battery

Thank Youl!
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