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Air Pollution

Control of CO, emissions of factories, pollution
emitted by cars and toxic gases generated in
farms.

Forest Fire Detection

Monitoring of combustion gases and preemptive
fire conditions to define alert zones.

Wine Quality Enhancing

Monitoring soil moisture and trunk diameter
in vineyards to control the amount of sugar in
grapes and grapevine health.

Offspring Care
Control of growing conditions of the offspring in
animal farms te ensure its survival and health.

Sportsmen Care

Vital signs monitoring in high perfarmance
centers and fields.

Structural Health

Menitoring of vibrations and material conditions
in buildings, bridges and historical monuments

Quality of Shipment Conditions

©2020 Analog Devices, Inc. All rights reserved.

Monitoring of vibrations, strokes, container openings
or cold chain maintenance for insurance purposes.

AN\~

Smartphones Detection

Detect iPhone and Android devices and in
general any device which works with Wifi or
Bluetoath interfaces.

Access control to restricted areas and detection
of people in non-authorized areas.

Radiation Levels
Distributed measurement of radiation levels

in nuclear power stations surroundings to
qgenerate leakage alerts.

Electromagnetic Levels

Measurement of the energy radiated
by cell stations and and WiFi routers.

Traffic Congestion

Monitoring of vehicles and pedestrian
affluence to optimize driving and walking
routes.

Water Quality
Study of water suitability in rivers and the
sea for fauna and eligibility for drinkable
use.

Waste Management

Detection of rubbish levels in containers.
to optimize the trash collection routes.

Smart Parking

Manitoring of parking spaces availability

Selective irrigation in dry zones to
reduce the water resources required in

ANALOG
DEVICES
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Smart Roads

Warning messages and diversions
according to climate conditions and
unexpected events like accidents or
traffic jams.

Smart Lighting

Intelligent and weather adaptive lighting
in street lights.

Intelligent Shopping

Getting advices in the point of sale
according to customer habits, preferences,
presence of allergic components for them
or expiring dates.

Noise Urban Maps

Sound meonitering in bar areas and
centric zones in real time

Water Leakages

Detection of Liquid presence outside tanks
and pressure variations along pipes.

Vehicle Auto-diagnosis

Information collection from CanBus to
send real time alarms to emergencies
or provide advice to drivers

Item Location

Search of individual items in big surfaces
like warehouses or harbours.
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DC/DC Converter

&Temperature \\\ ?

))) i‘ ((( Vibration *

“ LNEAR.
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&Temperature \\\ i 0.2mW-2mw
))) i‘((( Vibration ’ 0.05mW-10mW
T LINEAR.
IMW-300mW

0.05mW-0.5mW
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Vourt
3.3V

1.78M

08

33pF
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LTC3526L-2

200mA

4.7uF

3526102 TAD1a
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Power innovation : Energy Harvest

Part Number

Energy Source

Description

=T

& &

400mA boost converter with MPP control and 250mV start-up

=

300mA buck-boost converter and power manager with MPPC

=

6o

Ultralow voltage converter and primary battery life extender

=

Ultralow voltage boost converter and system manager

Auto-polarity version of LTC3108

LTC3330/31

Energy harvesting DC/DC converter with battery life extender

=3

Piezoelectric energy harvesting power supply

=

Power tracking 2A solar battery charger

=

Nanoamp operating current shunt Li-lon battery charger

9// 21May 2020
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LTC3588

Piezoelectric Energy Harvesting
Power Supply
(Icc = 900nA)

10pH
v SW —fWY\TTv T
| " LTC3588-1 -
1pF Vout 47YF

—|— 6V T 6Y

CsTORAGE e Sl 2 E—
— OUTPUT -

25V Vinz DO, D1 ‘+VOLTAGE

e 4 7IF GND SELECT

=T 6V J_ 35881 TAD!

1
LTC3588 Output:

10 15
Operafing Voltage

©2020 Analog Devices, Inc. All rights reserved.

Vot = 3.3V

lour = 200uA @ 0.25g / 404
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Power Innovation Technologies
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V,y ~ 20mV — 500mV

30mm x 30mm TEG

LTC3108 Output:
Voyur = 3.3V

lour = B60UA @ 10°C delta T
lour = 400uA @ 30°C delta T

©2020 Analog Devices, Inc. All rights reserved.

c1
L) J
330pF
c2
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LTC3108

Ultralow Voltage Step-Up Converter

And Power Manager
(min V,y = 20mV)

T1: COILCRAFT LPR6235-1230ML

4.7nF
5V
VSTORE T
CsTORE
Vourz = Vourz :_I:
PGD = PGOOD
LTC3108 v
Sw VLDO 2~2r VLDO
vs2 - —e— vour ae
I - =
e c =
=
Vs1 Vour2_en | Vout2_ENABLE
VAUX GND
i?.Z].IF = 31085
==
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Hot Water Pipe
T,~35°C
Metal surface

L
)
\’
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H
(-

Industrial Equipment
T, ~ 35-50°C
Metal surface

Cold Water Pipe

T, ~20°C
Metal surface

Aluminum
heat fin

Ambient Air array
T, (T.) varies

“Cold Source”
Ambient air
T, ~25°C

Aluminum
heat fin
array

Thermal Mass
(soil, cement, etc.)
T. (Ty,) varies
? Surface ?
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SYNC RECTIFY

10kHz to 100kHZ 4,

1l

Vaux>2.5V,
Vout start
work

13// 21 May 2020

LTC3108

REFERENCE =

1.2V
VRer

IiLIM

Vourz

0FF|0N I

HehsingsEit
B3, AJKHfT

I—l nl < I r Vour = 4.5mA %}ﬁBE%U
i i 5.95V T T Cout
c2 = - =
G2 — @ Vs1 Table 2. Regulated Voltage Using Pins VS1 and VS2
swW swW Vour =={  CHARGE Vour = = o
vsTORE —] VONTROL e PROGRAM GND VAUX 33V
VAUX GND 41V
f VREF = _l_ VAUX VAUX 5V
| 3 T
M
\ PGD
ﬂ/ I} Pcoop
= VAUX = VSTORE
W
L v
. Vour —L—2=5"_] vger —_120 o Vo UtJ_:l:U})\ {E
p STORI
VLDO
—_=|_— GND(SSOP)  EXPOSED PAD (DFN) ‘ IT BanhEh s
T 3108 8D
= = I 2.2V 4mA LDO
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Peltier-Powered Energy Harvester for Remote Sensor Applications

COOPER BUSSMAN PB-5ROH104-R

T1: COILCRAFT LPR6235-752SML
*CouT VALUE DEPENDENT ON
THE MAGNITUDE AND DURATION

OF THE LOAD PULSE

©2020 Analog Devices, Inc. All rights reserved.

VSTORE
C1
Vout2
C2 PGD
LTC3108
SW VLDO
Vour
= VS1 VouT2_EN
VAUX GND

5V OR KR-5R5H104-R

+| gS1TORE

- 3.3V
Teav
- ouT2
|
PGOOD L SENSORS

2.2V Lo

—Lz.zpF

T XMTR

=
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— LOAD1
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LTc3108EDE [ 9
LT IR yrracow voLTace STEP-tP  voure
(';;;;“;';;f;“‘m CONVERTER AND POWER MANAGER

oewo cireurr 15828 —_—

GND
—( : )—\ VIN
20mV-400mV s
A L g S
d_ = B '
[S—
Power - 4
Supply | > A
= 7!! VOUT JUMPER CONFIGURATION VSTORE
A~ N0 o o2 [ w3 Lmemvcgﬁw
oND | oo | 2.35v | 2.5v o E5___|
VAUX 33V | 3ov I—]—] GND
N0 [vaux [ 4 | 37v
LVAUX | vAUX | 50V | 4.5V

VouT2 P4

Hon vaux [[vaux ARGE
"0" m'm ”.“ LTC CONFIDENTIAL - ISCHARGE

FOR CUSTOMER USE ONLY

Figure 1. Connection Diagram
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Low friction bearing Magnet PCBwith  Magnet
on the shaft array-1  coil array  array-2  Back cover
. Front cover Bearing Carrier Backing Iron

Cover
Eccentric
Mass
I oo vagnet [ copper coi Bl rotor Brass)
Eccentric rotors rotate
together - Back Iron - Eccentric mass (Tungsten)
=
R ERN D E
Magnet  Magnet pop
Retainer
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Power (uW)

80

70
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al
o
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o

20

10

Power Comparison at £250

71.9
54.56
36.7
25.21
17.28
12.64
6.7] 8.22
S |
1 1.1 1.25

0.8 0.91

Frequency (Hz)

M Gen 1(Unsprung) @ Gen 2 (Unsprung)
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+250

M091Hz ®1Hz ®11Hz

o
i

+18°
Angle (degree)
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i Sprung Gen 3 at £25°& 1.25 Hz
H1.25Hz

600

Voltage (M)
= =
= = =
.
I ———
——
—_—

-000

-500

Time {sec)

$#12.5¢
Voltage waveform from Gen 3
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15ZF (20km/H)
128 (7mk/H)

N\

¥4 (10km/H)

TERZ (4km/H)

BIRiszED
PRETE

10 100
Convection Coefficient[ Wm-2K-1]
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Typically S_/S =0.2 -1
Se>>Sn: Voltage Mode
Se<<8n: Pure Current Mode
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T SWITCH
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RT3 : Jittering

1BS . BRISERE—ERISOK

Optimized L = 0.4uH Too Large L =1.5uH

2] g s00v/ @ © 30008 10003/ Stop £ @ 300 ; a4  Bsow @ & 30003 10003/ Stop § [ 300V

AX = 30.000ns ‘ ] 1/AX = 33.333MHz | AY(3) = 0.0V | AX = 92.000ns | 1/AX = 10.870MHz | AY(3) = 0.0V
= - ~  Mode ~  Source X Y X ') X2 )
~  Mode ~ Source X Y < Xl < X2 L) ‘ l l K1 X2
Nbrmal 3 o J 314 000ns l 344 000ns l X1 X2 Normal 3 v 290.000ns 382.000ns

Typically, >=30% (pk-pk / lo_maXx)
Inductor current ripple is desired
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(3a) Using a Resistor to Sense Current
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PLACED NEAR SENSE PINS
I R MRAER
SENSE™ 5!;l] Iy

BOOST -|

LTC3895 T8

-
)

NDUCTOR

SW
BG

SENSE*

L

DCR

Vin

L BUL ) —

L il

o

SENSE

GND

(3b) Using the Inductor DCR to Sense Current

(R1||R2) * C1 = LUDCR
*PLAGE G1 NEAR SENSE PINS  Rseysz(ca) = DCR(R2/(R14R2))
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OUTPUT

Vo _ ZP _ ZP

io 1+GgFpA 1+T

Vip 1+GgFpA  1+T

Vo __ Gy Gy

Loop Gain: T= Fm Gd A

i

TABEET-1 -20dBEF#, >45FEHBRH4
MBXTEURAFE, FERR A INRGE
log A+logB=Log(AxB)&logC -logD=1og(C/D)
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High DC gain
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3-pole & 2-zero Compensator A(s)is needed.

N2
-1=-20dB / decade N fow
N
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Compensator Gain A(s)
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Power Sourcing Equipment (PSE)
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CAT5H Cable
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IEEE 802.3 bt
PSE=90W
PD=71W
Type 3-4
'T
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802.5 af VS. 802.3 at Standard Coevices
| tems |  B8023af(PoE) |  8023at(PoE+)

Classification 0~3 0~4
Max Current 350mA 600mA
Max DC pair loop resistance 200hm 12.50hm
PSE output voltage 44~57V DC 50~57V DC
PSE output power <=15.4W <=30W
PD input voltage 36~57V DC 36~57V DC
PD Max input power 12.95W 25.5W
Cable Unstructured CAT-5e or better
Pairs of Cable 2 2

« Non IEEE Architectures...
uPOE = Cisco Proprietary architecture for >25 Watts (Universal PoE)
POE++ = Linear Tech Proprietary architecture for > 25 Watts
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e, oRENE

famll: 1.5V-10V, 25KHNIEERE

DRI 5-15.5V-20.5V {K-5.6V-10V

SREEFR: class0-0mA class1- 10mA class2- 20mA class3-30mA class4-40mA
RIER

BMEERIIR (iR, inrush, MPSEEFR)

SAESE)IIR (Imerrada. BAdES)
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802.3 -detection (4/idetection)
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RESISTANCE 0Q 10k 20k 30k
EEE & ¢ FY 493 % F FEETH 4494 4
PD  [150Q (NIC) 23.75k 26.25k
p—p-
PSE 15k |19k 265k |33k
4279 F08

IEEE 802.3at Signature Resistance Ranges

D1

MEASURED PD SIGNATURE DETECTION RESULT
(TYPICAL)
Incomplete or Not Yet Tested Detect Status Unknown
k Short-Circuit
| Capacitance > 2.7F Cpp too High
2.4k < Rpp < 17k Rsig too Low
17k < Rpp < 29k Detect Good
>29K Rgig too High
R >50k Open Circuit
DET -
Voltage > 10V Port Voltage Qutside Detect Range

imEBEStEEEEKD,
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SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX |UNITS
i— A I
> EREREIPSEMIO. RNEEEFE EAYEEE
Veur Overcurrent Sense SENSE - VSSK
Class 0, Class 3 ® 356 375 39.6 mV
ot be == v g
aé\gjﬁa Class 1 e 100 112 120 my
i Class 2 e 196 208 220 mvy
Class 4 ® 608 636 672 my
a: A J \Q&E/JEE, E”E""""Eﬂaa == % 35 LTPOE++ 38.7W | 890 919 950 | mv
> X:I- 1:—“)\ LR3I, m=ILE U "' LTPoE++ 52.7W, Dual-Signature PD o 130 13 140 | my
LTPoE++ 7T0W e 160 165 170 my
Ke|V| n K’ Vi Active Current Limit SENSE - VSSK, Vee < OUT < Vgg + 10V
\g \}_L . Class 0to 3 | 408 45 442 mvy
ﬁ | l — % | I . Class 4 ® 816 850 884 mv
> *E}E EIJ & % X AE H/J BE 1)) |L1E ! LTPoE++ 38.7W o 120 127 135 mv
LTPoE++ 52.7W, Dual-Signature PD e 140 148 160 mV
SZ2HUS :_F |—| ""'—t‘ % LTPOE++ 70W o 180 191 200 | mv
~
> Inrush EEI}ILHR/;% ) i\ A *EI *D MOS FETJ:IE ° LTPOE+ 90W | 20 255 270 | mv
UltraPWR o 230 295 310 mv
Inrush Current Limits Inrush Active Current Limit SENSE - VSSK, Veg < OUT < AGND - 29V,
3.0 : : 300 Class 0 to 4, LTPoE++ e 408 425 442 my
m— ULTRAPWR Dual-Signature PD e 816 85.0 88.4 mV
== DUALPD UltraPWR o 140 148 160 mv/
2.5 e §02.3/LTPOE++ | 250 .
Vi DC Disconnect Sense Voltage SENSE - VSSK (Note 10) ® 05 0.75 1 mV
2.0 200
- Classification Threshold Voltage SENSE - VSSK
= = Class 0to 1 @ 0.5 0.65 0.8 my
S 15 150 = Class 1to 2 e| 13 145 1.6 my
= N E Class 2to 3 | 21 23 25 | my
10 \ 100 Class 3to 4 [ 3.1 33 35 mV
N [ N — - \ Class 4 to Overcurrent ® 45 48 5.1 mV
T
2L e ees e e e \\ 50
0 i
] 1 22 33 44 55
Viout— Ve (V)
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