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Triboelectric

Magnetic energy nanogenerators

Wireless Transmission ~ Wireless Harvesting

Piezoelectric

Radio frequency nanogenerators

Photovoltaic frequency

A
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“TRICKLE” ENERGY SOURCES
= For applications with nearly constant energy supplies
= For applications that are nearly always-on (rechargeable)

o\wb
4o
: /J‘,@
)
PHOTOVOLTAIC VIBRATION MAGNETIC / RF
PIEZO THERMAL INDUCTION
INDUCTION

“TRANSIENT” ENERGY SOURCES
= For applications with limited duration energy source
= For applications that frequently deep sleep or power off

Force

KINETIC

Learn more: WorksWith 2023

4 Silicon Laboratories Inc. All rights reserved.
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https://www.silabs.com/documents/public/presentations/iot-104-iot-trends-energy-harvesting-and-conservation-for-low-power-wireless-networks.pdf

E;j%ﬁ@%}éﬁ%%ﬁ Learn more: TechTalk 2024

LOGISTICS / LIVESTOCK ASSET TRACKING / SMART SMART SWITCHES
TRACKING BUILDING SENSORS
€) Bluetooth’ @ Proprietary €) Bluetooth’ @ Proprietary @ Zigbee €) Bluetooth’ @ zigbee

THERMAL INDUCTION

|, o

A el il
MACHINE MONITORING FACTORY AUTOMATION / ELECTRIC SUB-METERING
AGRICULTURE / TPMS S
©Bluetooth @ Proprietary @ zigbee ©Bluetooth @ Proprictary @ zigbee ©Bluetooth @ Proprictary @ zigbee

&= SILICON LABS


https://www.silabs.com/documents/public/presentations/tech-talks-unboxing-silicon-labs-latest-bluetooth-soc-for-energy-harvesting.pdf
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02 MG22E /&5 — EK8200A — 1%

= BRD8200A Kit
BRD8203 — Battery Shield
o BRD8202 - Kinetic Shield
o BRD8201 — Dual Source Shield

o BRD8204/8205 — AC/DC Bricks
= Software Examples - Github
= User Guide - UG591

AR 8 i) [y { J
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€-peas
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= @

MG22E Explorer Kit Dual Harvester Battery Power Kinetic Button

All-in-one multi-application Ambient loT prototyping Kkit!

co-designed by Silicon Labs and e-peas

Shield-compatible with MG22E Explorer Kit (BRD2710A included)

Includes basic PV cell and capacitor storage

Compatible with AC and DC multiple energy sources (with rectifier/regulator attachments)
Compatible with Bluetooth LE, RAIL, Zigbee (Green Power) and Proprietary 2.4GHz protocols

€)Bluetooth @@ zigbee @ Proprietary

7  Silicon Laboratories Inc. All rights reserved. &= SILICON LABS
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BRD8203

BATTERY BACKPACK
«  Coin-cell battery compatible

«  Designed with test-points for
current and voltage
measurements

«  USB-power compatible

- Capacitor or alternative-power
circuitry adaptable screw
terminals

8 Silicon Laboratories Inc. All rights reserved.

BRD8202

KINETIC SHIELD
e-peas AEM00300 PMIC

Battery-less switches and
buttons

Zigbee Green Power ; BLE RAIL
examples

Battery-less Zigbee
commissioning

BRD8201

DUAL HARVEST SHIELD
e-peas AEM13920 PMIC (NEW)

Simultaneous AC or DC input
energy-source

e-peas i2c 3rd party driver
(Github extension for Simplicity
Studio)

BRD8204/5

ADAPTER BRICKS
AC and DC input circuitry

MOSFET-based rectifier with
capacitor wave smoothing

Over-protection circuitry

&= SILICON LABS
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github.com/SiliconLabs/energy harvesting applications o

GitHub
# TYPE PROTOCOL ENERGY SOURCE LINK
1 Energy Harvester Sensor Bluetooth LE ea Bluetooth’ Solar README
2 Energy Harvester Sensor Bluetooth RAIL @ Proprietary Solar README
3 Energy Harvester Sensor Zigbee GreenPower @ zigbee Solar README
4 Energy Harvester Switch Bluetooth RAIL @ Proprietary Kinetic @ README
===
5 Energy Harvester Switch Zigbee GreenPower @ zigbee Kinetic @ README
===
6 Observer / Reader Bluetooth / RAIL GBBIuetootW N/A e README
7 Coordinator / Reader Zigbee GreenPower @ Zi gb ce N/A e README

9 Silicon Laboratories Inc. All rights reserved.
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https://github.com/SiliconLabs/energy_harvesting_applications
https://github.com/SiliconLabs/energy_harvesting_applications/blob/feature/energy_harvesting_extension/example/bt_soc_energy_harvesting_sensor/README.md
https://github.com/SiliconLabs/energy_harvesting_applications/blob/feature/energy_harvesting_extension/example/bt_rail_soc_energy_harvesting_sensor/README.md
https://github.com/SiliconLabs/energy_harvesting_applications/blob/feature/energy_harvesting_extension
https://github.com/SiliconLabs/energy_harvesting_applications/blob/feature/energy_harvesting_extension/example/bt_rail_soc_energy_harvesting_kinetic_switch/README.md
https://github.com/SiliconLabs/energy_harvesting_applications/blob/feature/energy_harvesting_extension
https://github.com/SiliconLabs/energy_harvesting_applications/blob/feature/energy_harvesting_extension/example/bt_soc_energy_harvesting_application_observer/README.md
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UG591: User's Guide to EFR32xG22E
Energy Harvesting Explorer Kit

><
2N

EFR32xG22E Energy Harvesting Explorer Kit ks an excellent starting point to explore
and evaluate different Energy Harvesting solutions with Silicon Labs® Multipratocol FEATURES.

Wireless Systems on Chip {SoC).

= Energy Harvesti
This unigue Energy Harvesting kit selection includes a lightweight board with one of o o

Silicon Labs most popular Multl-protocol Wireless SoCs, based on the Explorer Kit plat- : Se“'_po“md DpexEaon

form, and different shields and adapters which, combined with the Explorer Kit's fea- * Flexible PMIC

tures enable evaluation of multiple solutions for Energy Harvesting, making use of en- + Hardware and Software configurable
ergy sources like photovoltaic cells, inductive or piezoelectric sources, Thermoelectric registers

Generators (TEG), in different applications, for example pulsed or continuous supply,
single or dual source.

AC and DC sources
= Automatic power selection (self-powered

or debugger)
+» The Dual Harvester Shield is the most ﬂe)nble_ shield, that can be used to harvest « Teal Pginte for. cufrent mnd vollage
energy from one or two sources at the same time. Typical use case scenarios are PR

complimentary photovoltaic cells, one photovoltaic cell and one plezoelectric source
taking energy from vibrations, etc. Adapters, for interfacing AC and DC sources to
the Dual Harvesier Shield, are also provided.

Single or Dual source

INCLUDED BOARD MODULES IN THIS KIT:

The Kinetic Button Shield is engineered to demonstrate a specific application, using
an Inductive switch, aka kinetic switch, to temporary power the Wireless SoC and
ransmit a sequence of packages, for typical interacting with a light bulb or coordina-
tor

A supplementary Battery Shield s provided for e.g. debugaging stand-alone opera-
tion scenarios or evaluating battery lifetime

« BRDAZ201A Dual Harvester Shield

BRODB202A Kinetic Button Shield,
equipped with the BRODS206A Kinetic
Switch Adapter

BRODB203A Battery Shiald
BROB204A AC Input Adapter
BROBZDSADC Input Adapter
BROD2T 104 Explorer Board
1x photovoltaic cell

1x lithium capacitor

When connectad to the Explorer Kit, the shields supplies exclusively the Wireless SoC,

while the debugger is left powered off, allowing stand-alone operation and true real-
time current measurements.

DRDER INFORMATION:

« xGI2-EKA200A

Kinesc Busan

10 Silicon Laboratories Inc. All rights reserved.

docs.silabs.com/energy harvesting

Currerd Metar [oplional )

Phobavoltaic cel

Explores Bodard

—_——————————

Dual Harvesber Shield

e e e e

Slorage Element
e \
1
i
\
1
\
!
1
i
1
i
\

AL Inpul Adapbar)

b e

Currenl Meter (ogplional)
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https://docs.silabs.com/energy-harvester/latest/
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= BLE RAIL PV Beacon DEMO (default)
6 Mobile App — Simplicity Connect
o External Reader — MG21, MG22, MG24, etc.
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- 'I...-

Orientation Marks

-----------------------

= Install BRD8201 (Dual Harvest) onto BRD2710 Explorer

13 Silicon Laboratories Inc. All rights reserved.

= First step : Screw in Lithium Capacitor

= Second step : Screw in PV cell to SRC2
= *Always dismantle PV first

&= SILICON LABS
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1232

I:|

epishine

sting light

C

orQcula Voltaic

ambient Panasonic.

PHOTONICS

SAULE O

TECHMNOLOGIES

€YANYSOLAR

TOTAL SOLAR SYSTEM

15 Silicon Laboratories Inc. All rights reserved.

pr BRSBTS B

' Digikey/Mouser

CAP-

\d VARTA

Panasonic.

V/NVATech

SILICON LABS
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EK8200A #32 — Bluetooth RAIL Sensor

/ - x*”"_ D Chip boot

Simplicity Connect \
(Optional)
Bluetooth \
EM4 ... .
/ Low Energy } D Application Init
/

T_eSt ] Reading Storage
Application Voltage

. - E 8§ = | EM2
: . 1 second
Dwal Harvaster Shiald + Lithium Capacitor +
Indoor Phatovoltaic Cell + EFR32xG22E Blustooth - SoC Energy Harvesting Observer
Explorar Kit e

e /ﬁ 3 7)
r 1 second
f,/

* Bluetooth packets (RAIL) can be detected: =« Default application execution — preprogrammed

o using Simplicity Connect mobile app on MG22E Explorer (BRD2710A) LIS
o using alternative Silicon Labs SoC (example provided)

16  Silicon Laboratories Inc. All rights reserved. &= SILICON LABS
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SIMPLICITY CONNECT #+#% HHEEEESE

= apps.apple.com/us/app/simplicity-connect _ e
Open scan Filter Visualize data
» play.google.com/store/apps/siliconlabs proa
|" 12:06 1 il F 12:19 Wl T E 14:29 1
BLE Devices = . BLE Devices
. ] . o Filter
= Public GitHub repos for Simplicity Connect: siomwn | OCTVE - T
arc
- github.com/SiliconLabs/SimplicityConnect-ios O g =
RSEI

=100 dBm

100
Unspecified  N-connectable BORSSI Z2IB0.0mMs  Unspecified N-connectable

qgithub.com/SiliconLabs/SimplicityConnect-android GitHub

Beacon Type
v * ~
4 Unspecified

Complete Local Name
[Beacan EH Sensor

AltBeacon

SIMPL I C/ Ty C O NNE C T%‘Q/&%’ ’ i D@M . * : Eddystone Manufacturer Specific Data
52.0ms nspecifi onneclable - any Code: 0x02FF

Data; 0x0BAS
V ]

= silabs.com/developer-tools/simplicity-connect-mobile-app

= docs.silabs.com/bluetooth/latest/bluetooth-mobile-applications/efr- X
connect-mobile-app e e

Stop Scanning
2 oA
4

Convert 'Data: 0xBAS' to Decimal to read voltage! S e

OxBAS5 = 2981 mV —_— W

&= SILICON LABS

17 Silicon Laboratories Inc. All rights reserved.


https://apps.apple.com/us/app/simplicity-connect/id1030932759
https://play.google.com/store/apps/details?id=com.siliconlabs.bledemo&hl=en&gl=US
https://github.com/SiliconLabs/SimplicityConnect-ios
https://github.com/SiliconLabs/SimplicityConnect-android
https://www.silabs.com/developer-tools/simplicity-connect-mobile-app
https://docs.silabs.com/bluetooth/latest/bluetooth-mobile-applications/efr-connect-mobile-app
https://docs.silabs.com/bluetooth/latest/bluetooth-mobile-applications/efr-connect-mobile-app

— Bluetooth RAIL Sensor

18 Silicon Laboratories Inc. All rights reserved. &= SILICON LABS



553 — MG24/BGM220 [FI/5Y 2 — Bluetooth RAIL Observer

Switch Switch

Dual
Harvestor
Shield

Kinetic

Kinetic

Storage
Element

Shield

Shield

xG22E
xG22E

Explorer Kit

xG22E
Explorer Kit

Explorer Kit

MG24 BGM220

Explorer Kit

Bluetooth - SoC Energy Harvesting Observer

= 'Observer' App used on external Silicon Labs Kit can be used to detect
Bluetooth LE and BLE RAIL packets (MG24 or BGM220 Explorer) (ot incl.)

= 'Observer' App used for both Sensor and Switch BLE/RAIL application

19 Silicon Laboratories Inc. All rights reserved.

>»» [681684] Found an EH Sensor device: @C:2A:6F:76:F7:80, channel: 37, rssi:

-59, read storage voltage: 3825 mv
From Sensor

-48, read storage voltage: 3825 mv

-75, read storage voltage: 3825 mV

= Device ID, Channel, RSSI and Storage Voltage in Command Prompt — Simplicity

Studio

EFR32xG24 Explorer Kit (ID: 000440277265)

OVERVIEW

EXAMPLE PROJECTS & DEMOS

DOCUMENTATION COMPATIBLE TOOLS

Run a pre-compiled demo or create a new project based on a software example.

\\ energy harvesting © |

Demos @
Example Projects ®
Solution Examples @

@ What are Demo and Example Projects?

~ Wireless Technology @ Clear

2 resources found

Bluetooth - SoC Energy Harvesting Application

Observer

This project aims to implement an Observer device for the Blustooth

Energy Hagvesting examples. This device scans and analyzes the
packet of the Energy Harvesling switch/sensor devices CREATE

providing information about the sender through a serial port. An LED

advertiser

provides visual feedback when connected to a switch device

View Project Documentation

e

&= SILICON LABS




— Bluetooth RAIL Sensor

20 Silicon Laboratories Inc. All rights reserved. &= SILICON LABS
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= IEAAEEL 7R SDK

»Zigbee Green Power Fl{EE{E@I-5 715
o Compiling and Flashing
o Commissioning DEMO
o Light DEMO

A& O @ L
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Fé& it P SDK &L 7R B

= Clone the repository to your PC:

= git clone https://github.com/SiliconLabs/energy_harvesting_applications.git

fiE 75 SD K& 7R &)

= Simplicity Studio Launcher - Add the SDK extension to the SiSDK:

O Preferences — Simplicity Studio — SDKs and select the
Simplicity SDK Suite to add extension to

O Browse — navigate to root folder where we cloned repos — Select
Folder

O Click OK and then Trust and Apply and Close
O Restart Simplicity Studio

22 Silicon Laboratories Inc. All rights reserved.

X B 18 [ SDK &L 7R B

workspace - Simplicity Studio™

File Edit Navigate Search Project Run Window Help

i Welcome @ Recent i Tools & Install| % Preferences

# Debug AdaptersL

= A

) My Products
Enter product name

v O My Products 1
> FAEFR32xG22E

Preferences

‘ type filter text

> Install/Update

» MCU

> Network Analyzer
» Run/Debug
~[ingieny ]

» Adapter Packs

Crypto Profiles
Debuggers
Device Filtering

» Device Manager

Energy Profiler
External Repos
Launcher
Offline Content
Preferred IDE
PTI Wireshark

Software Components
Targets

Toolchains

User Experience

Wine location

Terminal

> Version Control (Team)

> Wireless Development

SDKs

Check the SDKs available for project build configurations.

Checked entries are displayed when configuring projects.

-

Name Ver...
18051 SDK v4.3.1.0 4.3... C\Silic...

Simplicity Demos v2024 202... C:\Silic...
v Simplicity SDK Suite v20§202... C:\Use...

Locati... Select All

Select None

lv] WiseConnect 3 334 C\Use..
Sidewalk 2.2.1 C\Use...
0.01 C\Use..
ilicon Labs Matter 2.4.0 C\Use...
[] Stackless applications  1.0.0 (none)

Add SDK...

Remove...

Refresh...

I Add Extension... I

Description for Simplicity SDK Suite v2024.6.2: Amazon 202C More details... |

Name: Simplicity SDK Suite v2024.6.2: Amazon 202012.00, Bluetooth A,
8.2.0, Bluetooth Mesh 7.0.2, EmberZNet 8.0.2.0, Energy Harvesting
0.0.1, Flex 3.8.2.0, Micrium OS Kernel 5.16.00, OpenThread 2.5.2.0
(GitHub-1fceb225b), Platform 5.0.2.0, Sidewalk 2.2.1, Silicon Labs
Matter 2.4.0-1.4, USB 1.3.1.0, Wi-Fi SDK 3.3.4, Wi-SUN 2.2.0.0,

Z-Wave SDK 7.22.2.0

Version: 2024.6.2

Location: C:\Users\tfcool\SimplicityStudio\SDKs\simplicity _sdk\ VI

Need more SDKs? Customize your installation here...

@

2 e

Apply and Close

Singel

&= SILICON LABS


https://github.com/SiliconLabs/energy_harvesting_applications.git

AEIRUESDKY BRE%

23  Silicon Laboratories Inc. All rights reserved. &= SILICON LABS



Zigbee GPD — SoC /KA F =

v5_workspace - Simplicity Studio™ = X
File Edit Navigate Search Project Run Window Help

it Welcome @ Recent & Tools & Install # Preferences 5 | # Launcher {} Simplicity IDE
# Debug Adaptersl =g

EEELFT RE-IT EFR32xG22E Explorer Kit Board (BRD2710A Rev A01)

ﬁmplicity
Studio 5

OVERVIEW EXAMPLE PROJECTS & DEMOS DOCUMENTATION COMPATIBLE TOOLS

i—
Run a pre-compiled demo or create a new project based on a software example.
Lresources found
Filter on keywords |

y s
energy harvest € | 0 | . . .
| Zighee GPD - SoC Energy Harvesting Switch
This is a Green Power Sensor Device that pairs with a GP Combo or Sink
D
My Products\ S+ XEQ@- o emos ‘ device and sends gpd toggling GPDF by pushing Kinetic Switch CREATE
[ Enter product name | Example Projects L) View Project Documentation
~ [ 1 ?
vl  EFR32+G22E Bxplorer Kit Board (BRD2710A Rev A Sollifen Sz -
EPR3MG22E224r512IMA0
@ What are Demo and Example Projects?
~ Wireless Technology @ Clear
= Attach BRD8202 Kinetic Shield to MG22E Explorer BRD2710 » EXAMPLES PROJECTS & DEMOS — search for 'energy harygst'
= Connect to computer — open Simplicity Studio As

» CREATE — Build Project — Flash Project

24 Silicon Laboratories Inc. All rights reserved. &= SILICON LABS



Zigbee GPD - SoC [t A E =

25  Silicon Laboratories Inc. All rights reserved. &= SILICON LABS



Zigbee Green Power SoCH EfH[EIGPCE 77 % (MG24)

DOCUMENTATION COMPATIBLE TOOLS

Run a pre-compiled demo or create a new project based on a software example.

1 resources found
Filter on ords
T ET Zigbee GPC - SoC Energy Harvesting Observer

This device is a Zigbee 3.0 light application with Green Power endpoint,
Green Power Proxy and Sink functionality design for observing the

Demos

Example Projects entergy harvesting GPD.

Solution Examples
Explorer Kit

BRD2703 (MG24)

-

GPD Switch GPD Sensor

BRD2710 (MG22E)

26  Silicon Laboratories Inc. All rights reserved. &= SILICON LABS



Zigbee Green Power — [ERARIE] & — KSEI07 03/ 5l

MG22E Explorer
BRD2710 + BRD8202

SWITCH
Zigbee Energy Harvesting

27 Silicon Laboratories Inc. All rights reserved.

Explorer Kit

MG24 Explorer
BRD2703

(not incl.)

LIGHT
Z3LightGPCombo

Commission:

= MG24: Connect to computer - Open console log
MG24-. LEDO is blinking — Zigbee network not ready
MG24-. Press BTN1 to bring up network

MG24-. LEDO ON — network made — ready

MG24: Press BTNO to commission mode

= MG22E: Hold BTNO and Press Kinetic Button (6x+)
MG24: Console messages confirm commission

= MG22E: Push Kinetic Button to toggle LED
= MG24. LED1 toggle state

Decommission:;

= MG22E: Hold BTNO while pressing Kinetic (~6x)
= MG24: Hold BTN1 to leave network --> restart

&= SILICON LABS
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LAUNCH DATE: 2/19/2025

PURCHASE LINK: http://www.silabs.com/development-tools/wireless/efr32xg22e-energy-harvesting-explorer-kit.html

XG22-EK8200A

EFR32xG22E Energy Harvesting Explorer Kit

The EFR32xG22E Energy Harvesting Explorer Kit is an excellent starting point
for exploring and evaluating various energy harvesting solutions with Silicon
Labs' Multiprotocol Wireless Systems on Chip (SoC). It enables the evaluation of
the functionality and performance of energy-harvesting-powered devices with
Bluetooth LE and Zigbee Green Power. This comprehensive kit includes the
EFR32xG22E Explorer Kit and multiple energy harvesting shield boards, enabling
the evaluation of various energy sources such as photovoltaic cells, inductive or

piezoelectric systems, and thermoelectric generators (TEG). It supports
Read More

W Buy Now

WEB-PAGE: https://www.silabs.com/wireless/energy-harvesting

RESOURES - UG, QSG, AN: https://docs.silabs.com/energy-harvester/latest/

29 Silicon Laboratories Inc. All rights reserved.
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http://www.silabs.com/development-tools/wireless/efr32xg22e-energy-harvesting-explorer-kit.html
https://docs.silabs.com/energy-harvester/latest/
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“Unboxing Silicon Labs' Latest “Ambient loT — The Future of “WW23: Harnessing Ambient loT: A e-peas AEM datasheets
Bluetooth SoC for Energy Sustainable loT” Leap Towards Sustainable
Harvesting “Building a More Sustainable, Connectivity [ AEM13920v1.7 ] [ AEM00300vi4 ]
Connected World with xG22E” ‘“WW24: |oT Trends” e-peas AEM Selector Guide
[ Visit Site ] [ SiLabs xG22E ] [ Ambient loT ] [ Ww23 ] [ ww24 ] %

31 Silicon Laboratories Inc. All rights reserved. &= SILICON LABS


https://www.silabs.com/wireless/bluetooth/channel-sounding
https://www.silabs.com/support/training/energy-harvesting-with-bluetooth-le
https://www.silabs.com/wireless/bluetooth/channel-sounding
https://www.silabs.com/blog/building-a-more-sustainable-connected-world-with-xg22e
https://www.silabs.com/wireless/bluetooth/channel-sounding
https://www.silabs.com/blog/ambient-iot-the-future-of-sustainable-iot
https://www.silabs.com/wireless/bluetooth/channel-sounding
https://www.silabs.com/support/training/iot-trends
https://www.silabs.com/wireless/bluetooth/channel-sounding
https://www.silabs.com/support/training/harnessing-ambient-iot-sustainable-connectivity
https://www.silabs.com/wireless/bluetooth/channel-sounding
https://e-peas.com/wp-content/uploads/datasheets/ds-aem13920-v1-7.pdf
https://www.silabs.com/wireless/bluetooth/channel-sounding
https://e-peas.com/wp-content/uploads/datasheets/ds-aem00300-v1-4.pdf
https://www.silabs.com/wireless/bluetooth/channel-sounding
https://e-peas.com/aem-selector-guide/
https://e-peas.com/aem-selector-guide/
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@ Where innovation
W e With meets implementation.
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