
4:003:593:583:573:563:553:543:533:523:513:503:493:483:473:463:453:443:433:423:413:403:393:383:373:363:353:343:333:323:313:303:293:283:273:263:253:243:233:223:213:203:193:183:173:163:153:143:133:123:113:103:093:083:073:063:053:043:033:023:013:002:592:582:572:562:552:542:532:522:512:502:492:482:472:462:452:442:432:422:412:402:392:382:372:362:352:342:332:322:312:302:292:282:272:262:252:242:232:222:212:202:192:182:172:162:152:142:132:122:112:102:092:082:072:062:052:042:032:022:012:004:001:591:581:571:561:551:541:531:521:511:501:491:481:471:461:451:441:431:421:411:401:391:381:371:361:351:341:331:321:311:301:291:281:271:261:251:241:231:221:211:201:191:181:171:161:151:141:131:121:111:101:091:081:071:061:051:041:031:021:011:000:590:580:570:560:550:540:530:520:510:500:490:480:470:460:450:440:430:420:410:400:390:380:370:360:350:340:330:320:310:300:290:280:270:260:250:240:230:220:210:200:190:180:170:160:150:140:130:120:110:100:090:080:070:060:050:040:030:020:014:00

Presentation Will 

Begin Shortly

1 Silicon Laborat or ies Inc.  Al l r ights res erved.



Harvesting Energy for 
Smarter IoT with 
Silicon Labs' xG22E



Agenda

01 Energy Harvesting - Sources and Applications

02

03

04

05

MG22E Explorer Shields - Unboxing!

MG22E Explorer Shield ï Out-of-Box Setup

MG22E Explorer Shield ï Example Setup DEMO

e-peas ï Key Design Considerations

Silicon Laborat or ies Inc.  Al l r ights res erved.3

07 e-peas ï Taking Measurements

08 Going Further



Energy Harvesting ï 

Sources & Applications

ÁEnergy Harvesting sources

ÁAmbient IoT applications

ÁAmbient IoT architecture

ÁEnergy Harvesting methodology



Energy Harvesting Sources

5 Silicon Laborat or ies Inc.  Al l r ights res erved.

PHOTOVOLTAIC VIBRATION 

    PIEZO

MAGNETIC / 

THERMAL
INDUCTION

RF

INDUCTION
KINETIC

Learn more: WorksWith 2023

https://www.silabs.com/documents/public/presentations/iot-104-iot-trends-energy-harvesting-and-conservation-for-low-power-wireless-networks.pdf


Ambient IoT - Applications

SOLAR - OUTDOOR

LOGISTICS / LIVESTOCK 
TRACKING

SOLAR - INDOOR

ASSET TRACKING / SMART 
BUILDING SENSORS

KINETIC PULSE

SMART SWITCHES

THERMAL

MACHINE MONITORING

VIBRATION / PIEZO

FACTORY AUTOMATION / 
AGRICULTURE / TPMS

INDUCTION

ELECTRIC SUB-METERING

Learn more: TechTalk 2024

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


Ambient IoT - Methodology

7 Silicon Laborat or ies Inc.  Al l r ights res erved.

1 Understanding your application power budget

2 Assess available energy sources

3 Energy measurements ï PMIC design

4 Storage type and size design

5 IoT protocol ï energy algorithms

Learn more: docs.silabs.com/energy_harvesting

Learn more: WorksWith 2024

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


Energy Harvesting Shields for Explorer Kit -
EK8200 ï Unboxing!

ÁBRD8200A Kit

o BRD8203 ï Battery Shield

o BRD8202 ï Kinetic Shield

o BRD8201 -  Dual Source Shield

o BRD8204/8205 ï AC/DC Bricks

ÁSoftware Examples - github 

ÁUser Guide - UG591



UNBOXING ï EK8200A ï Energy Harvesting Shields for Explorer Kit

Áco-designed by Silicon Labs and e-peas

ÁShield-compatible with MG22E Explorer Kit (BRD2710A included)

ÁIncludes basic PV cell and capacitor storage

ÁCompatible with AC and DC multiple energy sources (with rectifier/regulator attachments)

ÁCompatible with Bluetooth LE, RAIL, Zigbee (Green Power) and Proprietary 2.4GHz protocols

9 Silicon Laborat or ies Inc.  Al l r ights res erved.

All-in-one multi-application Ambient IoT prototyping kit!

Dual Harvester Battery Power Kinetic ButtonMG22E Explorer Kit



e-peas Intro

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

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

ÁOur collaboration with SILICON LABS 
illustrates this long-term engagement.

10 Silicon Laborat or ies Inc.  Al l r ights res erved.



BATTERY BACKPACK

Å Coin-cell battery compatible

Å Designed with test-points for 

current and voltage 

measurements

Å USB-power compatible

Å Capacitor or alternative-power 

circuitry adaptable screw 

terminals

UNBOXING ï EK8200A ï Energy Harvesting Shields for Explorer Kit

KINETIC SHIELD

Å e-peas AEM00300 PMIC 

Å Battery-less switches and 

buttons

Å Zigbee Green Power ; BLE RAIL 

examples

Å Battery-less Zigbee 

commissioning

DUAL HARVEST SHIELD

Å e-peas AEM13920 PMIC (NEW)

Å Simultaneous AC or DC input 

energy-source

Å e-peas i2c 3rd party driver 

(Github extension for Simplicity 

Studio)

ADAPTER BRICKS

Å AC and DC input circuitry

Å MOSFET-based rectifier with 

capacitor wave smoothing

Å Over-protection circuitry

Silicon Laborat or ies Inc.  Al l r ights res erved.11
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UNBOXING ï Githubï Energy Harvesting Shields for Explorer Kit

github.com/SiliconLabs/energy_harvesting_applications

12 Silicon Laborat or ies Inc.  Al l r ights res erved.

# TYPE PROTOCOL ENERGY SOURCE LINK

1 Energy Harvester Sensor Bluetooth LE Solar README

2 Energy Harvester Sensor Bluetooth RAIL Solar README

3 Energy Harvester Sensor Zigbee GreenPower Solar README

4 Energy Harvester Switch Bluetooth RAIL Kinetic README

5 Energy Harvester Switch Zigbee GreenPower Kinetic README

6 Observer / Reader Bluetooth /  RAIL N/A README

7 Coordinator / Reader Zigbee GreenPower N/A README

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 ï User Guide ï Energy Harvesting Shields for Explorer Kit

docs.silabs.com/energy_harvesting

13 Silicon Laborat or ies Inc.  Al l r ights res erved.

https://docs.silabs.com/energy-harvester/latest/


MG22E Explorer Shields -
Out-of-the-Box Setup

ÁBLE RAIL PV Beacon DEMO (default)

o Mobile App ï Simplicity Connect

o External Reader ï MG21, MG22, MG24, etc.



HARDWAREï EK8200A ï Energy Harvesting Shields for Explorer Kit

Á Install BRD8201 (Dual Harvest) onto BRD2710 Explorer

16 Silicon Laborat or ies Inc.  Al l r ights res erved.

ÁFirst step : Screw in Lithium Capacitor

ÁSecond step : Screw in PV cell to SRC2

Á*Always dismantle PV first 

1. 2.



Alternative hardware compatibility ïPVs and Storage (Digikey/Mouser)

18 Silicon Laborat or ies Inc.  Al l r ights res erved.



SOFTWARE ï EK8200A ï Bluetooth RAIL Sensor

ÁDefault application execution ï preprogrammed 

on MG22E Explorer (BRD2710A)

19 Silicon Laborat or ies Inc.  Al l r ights res erved.

ÁBluetooth packets (RAIL) can be detected:

o using Simplicity Connect mobile app

o using alternative Silicon Labs SoC (example provided)



SOFTWARE ï Mobile App ï Bluetooth RAIL Sensor

S IM PLI CI TY  C ON NE CT  I NS TA LLAT IO N MO B ILE  I NTE RFA CE

S IM PLI CI TY  C ON NE CT  R ES OU RC E S

20 Silicon Laborat or ies Inc.  Al l r ights res erved.

Á apps.apple.com/us/app/simplicity-connect

Á play.google.com/store/apps/siliconlabs

Á Public GitHub repos for Simplicity Connect:

Á IOS: github.com/SiliconLabs/SimplicityConnect-ios

Á Andrgithub.com/SiliconLabs/SimplicityConnect-android

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

Á docs.silabs.com/bluetooth/latest/bluetooth-mobile-applications/efr-

connect-mobile-app

Convert 'Data: 0xBA5' to Decimal to read voltage!

0xBA5 = 2981 mV

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 ï MG24/BGM220 Explorer ï Bluetooth RAIL Observer

Á 'Observer' App used on external Silicon Labs Kit can be used to detect 

Bluetooth LE and BLE RAIL packets (MG24 or BGM220 Explorer)  (not incl.)

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

Á Device ID, Channel, RSSI and Storage Voltage in Command Prompt ï Simplicity 
Studio

22 Silicon Laborat or ies Inc.  Al l r ights res erved.

MG24 BGM220



SOFTWARE ï EK8200A ï Bluetooth RAIL Sensor

ÁVIDEO (Mobile) ÁVIDEO (Simplicity)

23 Silicon Laborat or ies Inc.  Al l r ights res erved.



EK8200A ï Energy Harvesting Shields 
Example Setup DEMO

ÁEnergy Harvesting SDK Extension installation

ÁZigbee Green Power Kinetic Switch & Observer

o Compiling and Flashing

o Commissioning DEMO

o Light DEMO



Energy Harvesting SDK Extension

E XA MP LE S AN D S DK E XTE NS TIO N E NE RG Y HA RV ES T S DK E XTE NS I ON

I NS TA LL S DK E XTE NS I ON

25 Silicon Laborat or ies Inc.  Al l r ights res erved.

Á Clone the repository to your PC:

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

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

Ä PreferencesŸ Simplicity Studio Ÿ SDKs and select the 

Simplicity SDK Suite to add extension to

Ä Browse Ÿ navigate to root folder where we cloned repos Ÿ Select 

Folder

Ä Click OK and then Trust and Apply and Close

Ä Restart Simplicity Studio

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


Energy Harvesting SDK Extension installation

ÁVIDEO (SiSDK SDK Extension installation)

26 Silicon Laborat or ies Inc.  Al l r ights res erved.



Zigbee GPD ï SoC Energy Harvesting Switch

27 Silicon Laborat or ies Inc.  Al l r ights res erved.

Á Attach BRD8202 Kinetic Shield to MG22E Explorer BRD2710

Á Connect to computer ï open Simplicity Studio

Á EXAMPLES PROJECTS & DEMOS Ÿ search for 'energy harvest'

Á CREATE Ÿ Build Project Ÿ Flash Project



Zigbee GPD ï SoC Energy Harvesting Switch & Observer

ÁVIDEO (Commissioning) ÁVIDEO (LED)

28 Silicon Laborat or ies Inc.  Al l r ights res erved.



Zigbee Green Power SoC Energy Harvesting GPC Observer (MG24)

29 Silicon Laborat or ies Inc.  Al l r ights res erved.

BRD2703 (MG24)

BRD2710 (MG22E)



Zigbee Green Power - Energy Harvesting Switch ï Commissioning & Light

30 Silicon Laborat or ies Inc.  Al l r ights res erved.

Commission:

ÁMG24:    Connect to computer - Open console log

ÁMG24:    LED0 is blinking ï Zigbee network not ready

ÁMG24:   Press BTN1 to bring up network

ÁMG24:    LED0 ON ï network made ï ready

ÁMG24:   Press BTN0 to commission mode

ÁMG22E: Hold BTN0 and Press Kinetic Button (6x+) 

MG24:   Console messages confirm commission

ÁMG22E: Push Kinetic Button to toggle LED

ÁMG24: LED1 toggle state

Decommission:

ÁMG22E: Hold BTN0 while pressing Kinetic (~6x)

ÁMG24: Hold BTN1 to leave network --> restart

MG22E Explorer

BRD2710 + BRD8202
MG24 Explorer

BRD2703 
(not incl.)

LIGHT

Z3LightGPCombo

SWITCH

Zigbee Energy Harvesting
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e-peas -
Key Design Consideration

ÁBruno DAMIEN

ÁEcosystem and Partners Marketing Director



AEM13920 Shield Concept  (BRD8201)

Á 2 independent energy harvesting input sources

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

o With protection

Á 1 programmable regulated output to supply EFR32xG22E application

ÁDefault configuration with GPIO

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

ÁOptional 5V input source

ÁAverage Power Monitoring with registers

AEM13920 simplified Block diagram

On-board extra features

Current sense jumper

PMIC test points

Full set of GPIO configuration pins 

SOURCE

STO

LOAD

BOOST
BUCK 

PMIC



Highest efficiency Boost and Buck converters for best outcome

37 Silicon Laborat or ies Inc.  Al l r ights res erved.

Energy conversion efficiency

higher than 90%

from source to Storage element

Energy conversion efficiency

higher than 90% 

from Storage element to application 



AEM00300 Shield Concept (BRD8202)

AEM00300 Simple Block diagram

ÁPulse energy Harvester input 

ÁMiniature SMD Storage Capacitor with few 10µF for ~1mJ energy

ÁOutput voltage control via over voltage configuration 

ÁUnique configuration to exhaust energy from source down to last 10µJoules

ÁOptimized for Kinetic harvester

o Compliant with various harvester types 

Kinetic

harvesters
Please contact e-peas for support of 

your pulse harvester source



e-peas -
Taking Measurements

ÁAEM13920 + PV shield (BRD8201)

ÁAEM00300 + Kinetic Shield (BRD8202)



AEM13920 Shield 
with Dual PV 

ÁBRD8201

40Silicon Laborat or ies Inc.  Al l r ights res erved.



Dual PV harvesting set-up example : BRD8201 AEM13920

Ground Probe



Good practice to select Source and Storage combinations

42 Silicon Laborat or ies Inc.  Al l r ights res erved.

AEM13920 = Boost



BRD8201 Shield Hardware setting : convert settings with GPIO 

44 Silicon Laborat or ies Inc.  Al l r ights res erved.



Whatever happens on STO and Source, 

EFR32xB22E remains powered safely

45 Silicon Laborat or ies Inc.  Al l r ights res erved.

Source 1 : constant voltage 

extraction

Source 2 : Mpp ratio 

extraction ½ period

75% ratio

VLiC 2,6V => charging

VMCU =2,2V



What happens when LiC is fully charged ?
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STO is not fully charged

=> PV regulation is active
STO is fully charged

=> PV regulation is off => Vpv tends to run in open circuit



Other configurations 

ÁAEM13920 I2C bus interaction with EFR32xG22E 

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

ÁAllows readout of alarm registers / APM / Voltages 

47 Silicon Laborat or ies Inc.  Al l r ights res erved.



AEM00300 Kinetic Shield 

ÁBRD8202

48Silicon Laborat or ies Inc.  Al l r ights res erved.



Kinetic Harvesting with AEM00300 set-up 

ÁWe want to measure actual operating energy .

ÁWe insert a 10 ohms  series resistor in the MCU voltage path

49 Silicon Laborat or ies Inc.  Al l r ights res erved.



Behavior on push/release operations BLE use case

50 Silicon Laborat or ies Inc.  Al l r ights res erved.

SRC : Harvester

rectified voltage

MCU supply voltage

STO buffer voltage

Energy to EFR32

See details

next slidesAEM00300 input

AEM00300 output



Zooming on BLE TX part : Ultra-fast boot-time
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28ms Ultra fast boot 

Tx : 13 BLE beacons

AEM00300 input

AEM00300 output



What about energy ? (BLE use case)
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350µJ spent

during activity

Full Source 

energy

depletion

MCU supply

maximization

13 beacons sent



Zigbee use case (Green Power switch) 
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300µJ spent

during activity

Full Source 

energy

depletion

MCU supply

maximization



My ZGP lamp is toggling thanks to a battery-free button.
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ON OFF

AEM00300 PMIC Section 

Kinetic raw harvester


