1

Presentation Will
Begin Shortly

Silicon Laboratories Inc. All rights reserved.

FEBRUARY SESSIONS

DATE TIME SESSION
THURS, FEBRUARY 6™ 10 AM CT | What's New in Matter
TUES, FEBRUARY 18™ 10 AM CT | Harvesting Energy for Smarter loT

with Silicon Labs’ xG22E

MARCH SESSIONS

DATE TIME SESSION

THURS, MARCH 6™ 10 AM CT | The Most Application-Optimized
Bluetooth SoCs for Future-Ready loT

TUES, MARCH 18™ 10 AM CT | Introducing MG26, PG26, and BG26:

A Highly Flexible SoC Platform for
All of Your loT Needs

FUTURE DATES

DATE TIME

APRIL: THURS, APRIL 3"%° & TUES, APRIL 15™ 10 AMCT
MAY: THURS, MAY 157 & TUES, MAY 13™ 10 AMCT
JUNE: THURS, JUNE 5™ & TUES, JUNE 17™ 10 AMCT
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Harvesting Energy for
Smarter loT with
Silicon Labs' xG22E

BLUETOOTH
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Energy Harvesting - Sources and Applications

MG22E Explorer Shields - Unboxing!

MG22E Explorer Shield — Out-of-Box Setup

MG22E Explorer Shield — Example Setup DEMO

e-peas — Key Design Considerations

e-peas — Taking Measurements

Going Further

&= SILICON LABS



Energy Harvesting — L
Sources & Applications =

Wireless Transmission

Triboelectric
nanogenerators

" Wireless Harvesting

Energy Harvesting sources
Ambient IoT applications

Ambient loT architecture I
Energy Harvesting methodology

- Piezoelectric
Radio frequency nanogenerators

Photovoltaic frequency



Energy Harvesting Sources

“TRICKLE” ENERGY SOURCES
= For applications with nearly constant energy supplies

= For applications that are nearly always-on (rechargeable)

PHOTOVOLTAIC

«°
. : \ //\\“*
vt“/;.
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

5 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

Ambient loT - Applications

AN l‘

e - e

bz d

LOGISTICS / LIVESTOCK
TRACKING

8 Bluetooth’ @ Proprietary

THERMAL

. .‘A‘l L‘
MACHINE MONITORING

O Bluetooth’ @ Proprictary @ zigbee

Learn more: TechTalk 2024

o
—
ASSET TRACKING / SMART SMART SWITCHES
BUILDING SENSORS
O Bluetooth’ @ Proprietary @ zigbee O Bluetooth @ zigbee

FACTORY AUTOMATION / ELECTRIC SUB-METERING
AGRICULTURE / TPMS

OBluetooth @ Proprictary @ zigbee QBluetooth @ Proprietary @ zigbee

&= SILICON LABS


https://www.silabs.com/documents/public/presentations/tech-talks-unboxing-silicon-labs-latest-bluetooth-soc-for-energy-harvesting.pdf

Ambient loT - MethOdOIOgy Learn more: WorksWith 2024

Energy Harvesting - Understanding loT Architecture

ENERGY
HARVESTER

PMIC STORAGE

MCU and Radio
SENCUEN — with loT Stack

Understanding your application power budget

Assess available energy sources

Energy measurements — PMIC design

loT SoC Storage type and size design

a b~ W N

loT protocol — energy algorithms

Sense

Connect (( 7 ))
Radio Mcu *@
ARM Cortex M33

Energy * Memory
Management Flash/RAM
Low Power

Learn more: docs.silabs.com/energy harvesting

&= SILICON LABS
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https://docs.silabs.com/energy-harvester/latest/
https://www.silabs.com/documents/login/presentations/ble204-harnessing-ambient-iot-sustainable-connectivity.pdf

&= SILICON LABS

Energy Harvesting Shields for Explorer Kit - X
EK8200 — Unboxin 0 ! s .

- 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



UNBOXING — EK8200A — Energy Harvesting Shields for Explorer Kit

° S
SILICON LABS & ol Z o, Nl Ve & .
/ e-peas

semiconductors

MG22E Explorer Kit Dual Harvester Battery Power Kinetic Button

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

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

GBBIuetooth@ #2 zigbee @ Proprietary

9 Silicon Laboratories Inc. All rights reserved. 65" SILICON LABS



e-peas Intro

= e-peas is a fabless semiconductor
company expert in developing Power
Management ICs and solutions for
harvesting energy from environment in
order to power I0T at the EDGE.

= For the past 10 years we have developed
17 PMICs and a rich ecosystem of
partners.

= Our collaboration with SILICON LABS
illustrates this long-term engagement.

1| e-Peas

semiconductors

10 silicon Laboratories Inc. All rights reserved.

Dec. 2014

Sept. 2016

Feb. 2018

Feb. 2019

Jun. 2020

Sept. 2023

Mar. 2024

o

b

F——N%
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S
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e
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Incorporation of e-peas
e-peas is incorporated thanks to seed investment from “The Faktory”.

First Ambient Energy Manager is released
e-peas releases the first energy harvesting chip dedicated to solar energy harvesting —
AEM10940 .

Release of a new family of energy harvesting chips
Significant step for e-peas growth: release of market leading next generation, solar, thermal,
vibration and RF energy harvesting chips with improved performances.

e-peas wins “Best Disruptive Innovation of the Year” Award
Every year strtup.be opens voting for the most innovative and disruptive companies of the
year.

e-peas closes its series A fund raising.
Funding from existing investors; Partech, Airbus Ventures, SRIW and Vives and additional
investment from news investors: KBC Focus Fund, Noshag, Leansquare and Nivelinvest.

Launch of AEM13920

First Dual input independent PMIC for Energy harvesting , with Average power
Monitoring, and ultra low power Cold start

e-peas closes fund raising.
Funding from existing investors; and new partners Nomainvest. ,EIC Fund

&= SILICON LABS



UNBOXING — EK8200A — Energy Harvesting Shields for Explorer Kit

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

11 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



UNBOXING — Github— Energy Harvesting Shields for Explorer Kit

qgithub.com/SiliconLabs/energy harvesting applications O

GitHub
# TYPE PROTOCOL ENERGY SOURCE LINK
1 Energy Harvester Sensor Bluetooth LE 9 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 Zighee GreenPower @ zigbee Kinetic @ README
===
6 Observer / Reader Bluetooth / RAIL GBBIuetooth“’ N/A e README
7 Coordinator / Reader Zighee GreenPower @ zigbee N/A e README

12 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

UNBOXING — User Guide — Energy Harvesting Shields for Explorer Kit

UG591: User's Guide to EFR32xG22E
Energy Harvesting Explorer Kit

docs.silabs.com/energy harvesting

EFR32xG22E Energy Harvesting Explorer Kit is an excellent starting point to explore

and evaluate different Energy Harvesting solutions with Silicon Labs’ Multiprotocol FEATURES

Wireless Systems on Chip (SoC).

This unique Energy Harvesting kit selection includes a lightweight board with one of
Silicon Labs most popular Multi-protocol Wireless SoCs, based on the Explorer Kit plat-

« Energy Harvesting
« Seif-powered operation

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.

» The Dual Harvester Shield is the most flexible shield, that can be used to harvest

AC and DC sources

« Automatic power selection (self-powered
or debugger)

Test Points for current and voltage

energy from one or two sources at the same time. Typical use case scenarios are measurements

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

The Kinetic Button Shield is engineered to demonstrate a specific application, using

« Single or Dual source

INCLUDED BOARD MODULES IN THIS KIT:

an inductive switch, aka kinetic switch, to temporary power the Wireless SoC and « BRD8201A Dual Harvester Shield
transmit a sequence of packages, for typical interacting with a light bulb or coordina- + BRD8202A Kinetic Button Shield,

tor

When connected 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.

Dual Harvester

13 Silicon Laboratories Inc.

equipped with the BRD8206A Kinetic

A supplementary Battery Shield is provided for e.g. debugging stand-alone opera- Switch Adapter
tion scenarios or evaluating battery lifetime

BRDB8203A Battery Shield
BRD8204A AC Input Adapter
BRD8205SADC Input Adapter
BRD2710A Explorer Board
1x photovoltaic ceil

1x lithium capacitor

ORDER INFORMATION:

« xG22-EK8200A

Kinesc Busion

All rights reserved.

Current Meter (cptional)

Photovolitaic cel

Exploces Board

——————————

Dua Harvester Shield

————

Storage Element

AC Input Adapter)

| R ——

Current Meter (oplional)
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https://docs.silabs.com/energy-harvester/latest/
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MG22E Explorer Shields -
Out-of-the-Box Setup

= BLE RAIL PV Beacon DEMO (default)
6 Mobile App = Simplicity Connect
o External Reader - MG21, MG22, MG24, etc.




HARDWARE- EK8200A — Energy Harvesting Shields for Explorer Kit

=

Orientation Marks

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

= Install BRD8201 (Dual Harvest) onto BRD2710 Explorer

16 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



Alternative hardware compatibility — PVs and Storage (Digikey/Mouser)

Gepi,it]!mg

CAP-

. SIGE)

gracula Voltaic

\d VARTA

gambient Panasonic.

PHOTONICS

SAULE <:5

TECHMNOLOGIES

Panasonic.

-

€YANYSOLAR | :
SILICON LABS

TOTAL SOLAR SYSTEM

V/INATech

18 Silicon Laboratories Inc. All rights reserved. 65" SILICON LABS



SOFTWARE — EK8200A — Bluetooth RAIL Sensor

/‘r_r_/ SIm;:ICI,;lgo ﬁ::)‘m‘ \
Bluetooth \\
, Low Energy G | }

Bluetooth - SoC Energy Harvesting Observer

Dual Harvester Shiald + Lithium Capacitor +
Indoor Photovoltaic Cell + EFR32xG22E
Explorer Kit
=ik

= Bluetooth packets (RAIL) can be detected:
o using Simplicity Connect mobile app
o using alternative Silicon Labs SoC (example provided)

19 silicon Laboratories Inc. All rights reserved.

Chip boot

EM4

25seconds Application Init

T.eSt ] Reading Storage
Application Voltage

EM2
1 second

EM2
1 second

= Default application execution — preprogrammed
on MG22E Explorer (BRD2710A)

&= SILICON LABS



SOFTWARE - Mobile App — Bluetooth RAIL Sensor

SIMPLICITY CONNECT INSTALLATION MOBILE INTERFACE

= apps.apple.com/us/app/simplicity-connect .
Open scan Visualize data
= play.google.com/store/apps/siliconlabs a5
' 12:06 1 - 12:19 w! T E 14:29 9
BLE Devices - = % Filter BLE Devices
= Public GitHub repos for Simplicity Connect: (0 ACTi - cowen [ESEEETNGIETE S
. github.com/SiliconLabs/SimplicityConnect-ios O g EEX
. - . .. . B RSSI H
. github.com/SiliconLabs/SimplicityConnect-android GitHub 0 dom
@ ﬁ; * 100 ] 7z @ g@ *
30 RES B0 mE  Unspecified N-connectable

Unspecified N-connectable

Beacon Type

v +* N
Unspecified

Complate Local Name

[Beacan EH Sensor

SIMPLICITY CONNECT RESOURCES o e % o entssptcon
, V - 0x02FF

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

= docs.silabs.com/bluetooth/latest/bluetooth-mobile-applications/efr- > 3
connect-mobile-app ks aoms @ff,d Mot

Vo
s

Stop Scanning
;- /‘ A

Apply Filters

Convert 'Data: OxBAS' to Decimal to read voltage! )
OxBA5 = 2981 mV — I

&= SILICON LABS
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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

SOFTWARE - MG24/BGM220 Explorer — Bluetooth RAIL Observer

Se

nsor
tional)

Dual
Storage Harvestor
Element Shield

Kinetic

Kinetic

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) (notincl.)

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

22 silicon Laboratories Inc. All rights reserved.

>»» [601084] Found an EH Sensor device: @C:2A:6F:76:F7:8D, channel: 37, rssi: -59, read storage voltage: 3825 mv

From Sensor

>»> [805413] Found an EH Sensor device: @C:2A:6F:76:F7:8D, channel: 37, rssi: -48, 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.

2 resources found

L snergy harvestng © I Bluetooth - SoC Energy Harvesting Application

Observer

Demos . This project aims to implement an Observer device for the Bluetooth
Energy Hapvesting examples. This device scans and analyzes the

Example Projects @ CREATE
advertiser I]n'l‘.:kt"'. :.‘F the [ nergy '|.J"-'l"'5.|.|n(] swilch/sensor devices

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

provides visual feedback when connected to a switch device

@ What are Demo and Example Projects? View Project Documentation

~ Wireless Technology @ ciear

&= SILICON LABS




SOFTWARE - — Bluetooth RAIL Sensor

oratories Inc. All rights reserved. ‘3" SILICON LABS



igbee Green Power Kinetic Switch & Observer
) o Compiling and Flashing

e

&= SILICON LABS

EK8200A — Energy Harvesting Shields
Example Setup DEMO

= Energy Harvesting SDK Extension installation

o Commissioning DEMO
o Light DEMO

o’

\\\\\\\\\\\\\\\\\\\\\




Energy Harvesting SDK Extension

EXAMPLES AND SDK EXTENSTION ENERGY HARVEST SDK EXTENSION

= Clone the repository to your PC: Fokepace Rl e
File Edit Navigate Search Project Run Window Help
=g it clone  Welcome © Recent i Tools & Installf % Preferences
. e . . . =0
https://github.com/SiliconlLabs/energy harvesting applications. ¥t Debug Adapters | Bl preferences o x
glt - Gw v §
type filter text SDKs
» Install/Update ” | Check the SDKs available for project build configurations. e
> MCU
> Network Analyzer Checked entries are displayed when configuring projects.
’ :un/?ebut - Name - Ver.. Locati... Select All
v
)'m':’d'c'tf F‘: 'E (] 8051 SDK v4.3.1.0 43... CASilic...
. a‘; ”P alﬁl s Simplicity Demos v2024 202... CASilic... Salie (ore
le? o Frottes I v [v/] Simplicity SDK Suite v20§202... CAUse...
Eougoers o WiseConnect 3 334 CiUse..
Device Filtering Sidewalk 221 CA\Use.. Add SDK...

> Device Man:ager o Tt
Energy Profiler S
Exct | Repos ilicon Labs Matter 2.4.0 C\Use...
INSTALL SDK EXTENSION el ep T 240 Gl -

Offline Content . |
Add Extension...
Enter product name| Preferred IDE I I

- S|m p | | C | ty Stu d iO Launc h er - Add the SDK eXtenSiOI’] to the S|SDK v 3 My Products 1 PTI Wireshark Description for Simplicity SDK Suite v2024.6.2: Amazon 202( More details... |
. - . > B EFRI2G22E Name: Simplicity SDK Suite v2024.6.2: Amazon 202012.00, Bluetooth
: 6.2 .00, A
u Preferen ces — SI m p ll Cl ty St u d 10 — S DKS and SeIeCt the Software Components 8.2.0, Bluetooth Mesh 7.0.2, EmberZNet 8.0.2.0, Energy Harvesting
Sim p| iCity SDK Suite to add extension to Targets 0.0.1, Flex 3.8.2.0, Micrium OS Kernel 5.16.00, OpenThread 2.5.2.0
Toolchains (GitHub-1fceb225b), Platform 5.0.2.0, Sidewalk 2.2.1, Silicon Labs

O Browse — navigate to root folder where we cloned repos — Select User Experience Matter 24.0-14, USB 1,310 Wi SDK 3.3, WISUN 2200,
Wine location -Wave SDK 7.22.2.0

FOl d er Terminal Versu-m: 2024.6.2 S ; A
Location: C:\Users\tfcool\SimplicityStudio\SDKs\simplicity_sdk\ (s
» Version Control (Team)

O Click OK and then Trust and Apply and Close > Wireless Development

v Need more SDKs? Customize your installation here...

@ u b Apply and Close Cancel

O Restart Simplicity Studio

25 silicon Laboratories Inc. All rights reserved. 6” SILICON LABS


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

Energy Harvesting SDK Extension installation

oratories Inc. All rights reserved. ‘3" SILICON LABS



Zigbee GPD — SoC Energy Harvesting Switch

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

(i Welcome @ Recent & Tools & Install # Preferences {8 | # Launcher {} Simplicity IDE
mplicity # Debug Adapters‘ =g

Studio 5 tRCAXRB O@E EFR32xG22E Explorer Kit Board (BRD2710A Rev A01)

OVERVIEW EXAMPLE PROJECTS & DEMOS DOCUMENTATION COMPATIBLE TOOLS

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

| - lresources found
Filter on keywords Q ||
S | | Zigbee GPD - SoC Energy Harvesting Switch
This is a Green Power Sensor Device that pairs with a GP Combo or Sink

D
= My Products} S+ XaOo- 0 emos ‘ device and sends gpd toggling GPDF by pushing Kinetic Switch CREATE
[ Enter product name | Example Projects @ View Project Documentation
~ O My Praducts 1 .

«| 1 EFR32xG22E Explorer Kit Board (BRD2710A Rev AI) B STy = ‘
EFR32MG22E224F512IM40
o What are Demo and Example Projects?
~ Wireless Technology @ clear
= Attach BRD8202 Kinetic Shield to MG22E Explorer BRD2710 » EXAMPLES PROJECTS & DEMOS — search for 'energy harvest'

= Connect to computer — open Simplicity Studio . CREATE — Build Project — Flash Project

27 Silicon Laboratories Inc. All rights reserved. g’ SILICON LABS



Zigbee GPD — SoC Energy Harvesting Switch & Observer

oratories Inc. All rights reserved. ‘3" SILICON LABS



Zigbee Green Power SoC Energy Harvesting GPC Observer (MG24)

DOCUMENTATION COMPATIBLE TOOLS

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

1 resources found
Filter on keywords

gpc@® observer @ Zigbee GPC - SoC Energy Harvesting Observer
This device is a Zigbee 3.0 light application with Green Power endpoint,
Demos Green Power Proxy and Sink functionality design for observing the

Example Projects entergy harvesting GPD.

o / SLICH LiEs  =e
M L
. sN8T LY =
- ® e
: v
-, Solution Examples
te | -l
I o
Explorer Kit

BRD2703 (MG24)

GPD Switch | GPD Sensor

BRD2710 (MG22E)

29 silicon Laboratories Inc. All rights reserved. 659 SILICON LABS



Zigbee Green Power - Energy Harvesting Switch — Commissioning & Light

MG22E Explorer
BRD2710 + BRD8202

SWITCH
Zigbee Energy Harvesting

30 Silicon Laboratories Inc. All rights reserved.

Explorer Kit

MG24 Explorer
BRD2703

(notincl.)

LIGHT
Z3LightGPCombo

Commission:

= MG24:
= MG24:
= MG24:
= MG24:
= MG24:

= MG22E:
MG24:

= MG22E:
= MG24:

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

LEDO ON — network made — ready

Press BTNO to commission mode

Hold BTNO and Press Kinetic Button (6x+)
Console messages confirm commission

Push Kinetic Button to toggle LED
LEDL1 toggle state

Decommission:

= MG22E:
= MG24:

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

&= SILICON LABS
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e-peas -
Key Design Consideration

= Bruno DAMIEN
//é:)system and Partners Marketing Director




AEM13920 Shield Concept (BRD8201)

5V EXTERNAL REGULATED
= 2 independent energy harvesting input sources S”i” U?”

1 high capacity storage element ( 1 Joule to ...1000 Joules ) & o

o With protection SOLAR/ RF / etc. sy
CONSTANT VOLT.

= 1 programmable regulated output to supply EFR32xG22E application SOLAR/ RF / etc. M @ STORAGE
oousrm‘rvou.
= Default configuration with GPIO v e (D
[ “ @ o

I2C bus to EFR32xG22E to over-ride or fine tune settings

AEM13920 simplified Block diagram

Optional 5V input source

Average Power Monitoring with registers

BUCK
BOOST

On-board extra features
Current sense jumper
PMIC test points
Full set of GPIO configuration pins

&= SILICON LABS



Highest efficiency Boost and Buck converters for best outcome

Energy conversion efficiency
higher than 90%
from source to Storage element

f‘qRC = 100 p‘,f‘l

100

90 ~

30

70 7

60 1

50~

Efficiency [%]

40 4

30 1

20 1

10 1

T

Vera =260V
Vara =3.60V
Varo =410V

0

T T T T

1 2 3 4
Varc[V]

37 Silicon Laboratories Inc. All rights reserved.

k) |

Efficiency [%]

100 =

a0

50

70

60

all

40

30

20

10

Energy conversion efficiency
higher than 90%
from Storage element to application

1;5']"0 = 2. Sﬂl V

—_— . ]
— o
/// 11T
f/
=111 I"rLGAD = (.60 Lr__
— Vioap =090V
— Vieap=12011
—— Viocap = 1.50W
— Vioap =180VT
—— Vioap =220V _|
—— Vioap =250V
1 1
1pA 10pA 100pA 1mA 10mA 100mA
Iroapl4]
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AEMO00300 Shield Concept (BRD8202)

= Pulse energy Harvester input SOURCE Coldstart '

= Miniature SMD Storage Capacitor with few 10uF for ~1mJ energy

= Qutput voltage control via over voltage configuration . .
P J J J AEMO00300 Simple Block diagram

= Unique configuration to exhaust energy from source down to last 10pJoules

A

o (IF) (@) e-peas -
Please contact e-peas for support of
hafVGStef \ your pulse harvester source

= Optimized for Kinetic harvester

o Compliant with various harvester types

linptech

&= SILICON LABS
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e-peas -
Taking Measurements

= AEM13920 + PV shield (8rD8201) - 1
= AEMO00300 + Kinetic Shield (8rD8202) Y

IIIIIIIII
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AEM13920 Shield
with Dual PV

- BRD8201
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Dual PV harvesting set-up example : BRD8201 AEM13920

€-Peas
I(i)/lrg,rlapi(i oy DSSC PV
u tl- ?-.ement- y Single element
1V with Vmpp=75% 0,75V
ConstantV behavior

AEM13920 EH Power
Management IC

10F Lithium Capacitor
2.5-3.8V protection

Ground Probe
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Good practice to select Source and Storage combinations

Voltage

! >0,3v Use-case corner overlap

J

AEM13920 = Boost

Good Practice Bad Practice
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BRD8201 Shield Hardware setting : convert settings with GPIO

g‘ ._llmw

(6}
. . o R122 Y. -
=8 gonR123 & » | LiC
N . R127m A s
- ® O su HolR124
Load voltage mn e 1 . 2,5-2,55-3,8V
> & 3 (&) @ , at
P R1258c0 i
2,2V - R104m & AR A
R12eow giagmn’ % . 0 "
BE EOE ®N ;,3 ®. & EH Source 1
EH Source 2 . mR NS g@pR14 e
& ‘R11g¥°R B Q= Vmpp : 0,75V

115

e
Mppt ratio = 75% BOARD INFO

N 20
‘\"e’
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Whatever happens on STO and Source,
EFR32xB22E remains powered safely

RS PicoScope 7 T&M - PicoScope 4424A [10036/0086] — (] X
Scope Samples Trigger or I % — 3
— ’ o0ks * e £ = P1CO
n . Sampl p i
500 ms/div ”“'35;::5 12V Simpla fi‘i; e Instruments  Auto setup Open Save Print Full S
GL DC [ 7.0> VSRC1 x

e -— e a Sourcgl:constantvoltage
o i extraction
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2V 03
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a | Source 2 : Mpp ratio
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: ‘ W 1344V 1,003 v 341,11 mV o 7 5 /
L Energy Spent (2) gi I 0 ratlo
' |

1/4 2,056 Hz 1234 RPM

¥ I(10ohms) (2) 8’3
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aee e
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| | Vsto x
More. Help v | |
L it et s et L e Q,_.
& B | —CE—
Settings — 35 r 1469ms  [2736ms  |1268ms | o
33 | I M 3,805V 2,504V 1301V o' . .
/P\ E 31 l } 1/4 7,889 Hz 473,3 RPM VLIC 2,6V —> Charglng
Measurements  Math channels 29 | I
| I
S 3 e
1101 2,504
DeepMeasure  Serial decoding 23 l }
B B
[ 0 0,5 10 15 20 25 30 35 40 45 50
Reference
waveforms Gl VMCU %

2218 S e S B S B VMCU :2,2V

0,0 SJ 05 10 1.5 20 25 30 35 4,0 4,5 50
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What happens when LiC is fully charged ?

l: sope o o I ween [ il 2 @B & B pico
5000 s/div av ! e e " a g
o Y- vsRct x
1w L5 Q,
or o
i
v & :
e o e sy a0 o
sy [ st anomao S P saman o i e o

E Energy Spert (2
E inohms) 2}

Zim 67w
v | d

00 RPM.

anoman ShaIM200 anzomng snaamang 116me00

h2mzn0 nttendn om0 Gh56mane 2 sheImang 11h6me00

STO is not fully charged
=> PV regulation is active
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Other configurations

AEM13920 12C bus interaction with EFR32xG22E

Allows full (re)configuration of PMIC register map ( 38 registers )

Allows readout of alarm registers / APM / Voltages

8. Register Map
Please note that the AEM13920 device address is 0x41.
3:0] MINOR R Minor version number.
0x00 VERSION
[7:4] MAJOR R - Major version number.
[0:0] MODE R/W 0x01 SRC1 regulation mode.
0x01 SRC1REGUO
[3:1] CFGO R/W 0x00
RC1
[2:0] CFG1 R/W 0x00 3 &
0x02 SRC1REGU1 C
[5:3] CFG2 R/W 0x00
[0:0] MODE R/W 0x01 SRC2 regulation mode.
0x03 SRC2REGUO
3:1] CFGO R/W 0x00 .
[2:0] CFG1 R/W 0x00 SRS )
0x04 SRC2REGU1 C
[5:3] CFG2 R/W 0x00
0x05 VOVDIS [5:0] THRESH R/W 0x06 Storage el overdi hreshold.
0x06 VCHRDY [5:0] THRESH R/W 0x05 Storage element ready threshold.
0x07 VOVCH (6:0] THRESH R/W 0x3A Storage element overcharge threshold.
[0:0] EN R/W 0x01 Boost SRC1 enable.
0x08 BST1CFG [1:1) HPEN R/W 0x01 Boost SRC1 high-power mode enable.
4:2] TMULT R/W 0x01 Boost SRC1 current configuration.
[0:0] EN R/W 0x01 Boost SRC2 enable.
0x09 BST2CFG [1:1] HPEN R/W 0x01 Boost SRC2 high-power mode enable.
[4:2] TMULT R/W 0x01 Boost SRC2 current configuration.
[2:0] vouTt R/W 0x00 Buck voltage configuration.
0x0A BUCKCFG
[5:3] TMULT R/W 0x03 Buck current configuration.
0x08B TEMPCOLDCH [7:0) THRESH RIW oxD1 Cold temperatf.ure threshold for storage
element charging.
0x0C TEMPHOTCH [7:0) THRESH RIW 0x18 Hot temperature threshold for storage
element charging.
0x0D TEMPCOLDDIS [7:0) THRESH RIW oxD1 Cold tempgrature_ threshold for storage
element discharging.
OXOE TEMPHOTDIS [7:0] THRESH RIW ox18 Hot temperature threshold for storage
element discharging.
OxOF TMON [0:0] EN R/W 0x01 Temperature monitoring enable.
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Kinetic Harvesting with AEM00300 set-up

= We want to measure actual operating energy .
= We insert a 10 ohms series resistor in the MCU voltage path

Load Current Sense (VMCU)

VSTO —— VMCU /IMCU |j——---7======__ \
e S 00 — BEE PCB8202A A03 s
---------- .~ G © j A g Au
Mo . 8 20y o) i
. \\ O O Os r‘)
Vint N - m
~—l[@] \Em PR o C

[T @) :

‘ \\ : 8 (/

| > " BC AB.Q _._;

‘ -

| o| Sw201

1 Qi

Nz | &)

O | (6]
J202 [ ( ) ( } ] j201 VS RC d Assembly Info (PN, Rev, SIN)
[J203 | = O 8 @l -
e L}f;r

/")’” I o
Auxiliary Connectos ,”t} J o
NotMontes) A

p O L

Figure 3.10. BRD8202A Kinetic Button Shield Assembly Drawings, Top Side to the Left and Bottom Side to the Right
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Behavior on push/release operations BLE use case

SRC : Harvester
rectified voltage

MCU supply voltage
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5V Add view 40 Q
V4 oc
AN b, 0 See details
5V i Rl o 0 in u .
v TR e e v AEM00300 input t slid
" e next sliaes
54 Layout 20
= View per ch. 15
oc 1.0
0
Manage 05
SIc IC 1{ OE‘
e i heicric 029 00 02 04 06 08 10 12 14 16 18
E to mcu Imcu
o TR
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Z Energy spent iou 40
Z Current to load 35
B3 Buffer full Show/hide channels 30
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G Copy as 15
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T Axis layout \\
/7 0 05 -
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oot penscvn? SIS - o 00 02 04 06 08 10 12 14 16 18
o I
» vsto
Settings Q
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A & S S — E——
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B 2 AEMOO0300 output e o —
M e — —
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I -02s 00 0.2 04 0.6 08 1.0 12 14 1.6 1.8,
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Zooming on BLE TX part : Ultra-fast boot-time

Stopped

VSRC 313
"
12+4
+5V
V4 Dc
x10
12+ 4
5V
V- DC
x10
12+4
5V
DC
x10
122+4
Gen
Off

z Energy Spent
Z I{10ohms)

Mo Help
Settings Views

A E

Measurements  Math channels
|G | 1101
Deephessure  Serial decoding
Reference
iy Actions
waveforms
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What about energy ? (BLE use case)

B3 PicoScope 7 T&M - PicoScope 4424A [10036/0086] B
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Zigbee use case (Green Power switch)
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My ZGP lamp is toggling thanks to a battery-free button.

AEMO00300 PMIC Section
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ORDERING - EK8200A — Energy Harvesting Shields for Explorer Kit

LAUNCH DATE: 2/19/2025

PURCHASE LINK:

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

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

RESOURES - UG, QSG, AN: https://docs.silabs.com/energy-harvester/latest/
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http://www.silabs.com/development-tools/wireless/efr32xg22e-energy-harvesting-explorer-kit.html
https://docs.silabs.com/energy-harvester/latest/

Additional Resources
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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/
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