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Introducing
e-peas

an Energy Harvesting PMIC company



Key focus application

e-peas is specialized in ultra-
| low power electronics for
Energy Harvesting Energy Harvesting.

It is gaining traction in high volume applications among which or~e o
o : " i E-peas PMICs give energy to

. - loT products.
g ' We focus on :
; i 3soligtion = SMART SENSOR,
;cztttl';cr)iseesp;:zliarlj::; izeitcr;)eg:so;/:; Smart sensors - loT Remote controls u REMOTE CO NTROL UNITS,
pains as well as environmental = PC PER'PHERALS,
Gt A P = ELECTRONIC SHELF LABELS,
= WATCHES and WEARABLE DEVICEs

There is clear market traction
| for using energy harvesting in
e-peas e those applications.
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Ecosystem and Partners

Energy Harvesting System Landscape

Indoor/Outdoor PV
TEG
Vibrations
Magnetic
Kinetic

EnerHarv Ps M n
2024

Energy Storage :
Source Fi| e-peas element :
e Asset tracking
* Remote control Units
- . e PC Peripherals
Appllcatlon * loT Sensor
* Electronic Shelf Labels

ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.

LiPO

LFP
LTO
LiC

NiMH
Supercap
Ceramic Cap
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Energy Harvesting System -
Design considerations



From closed to open Energy Source

Battery Application

EH source

Energy Spent

CLOSED

EnerHarv .s M n
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PMIC || >roreee Application

element

Energy Spent

OPEN

Rechargeable Storage element
Average(A) = Average(B) to make a well-balanced system
Benefits :

* Downsized storage element

* Improved QoS

* Reduced TCO

* Reduced weight g e-Peas 8

ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.



PMIC : a continuous-power converter

Psrc =V src x | src > PMIC <;> Psto =V out x | out

Papp =V app x| app

An e-peas PMIC “isolates” all 3 domains :
It provides continuous, constant power transfer efficiency from left to right,
regardless of STORAGE conditions, until Storage is fully charged.

o
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PMIC : a continuous power converter

Imposed by storage element
*Usually slow moving

Psrc =V src x | src ) PMIC <:[\> Psto =V out x | out

Imposed by Harvester @ *Energy harvesting PMIC adapts in real time

) . to the Ambient source conditions .
and Ambient conditions

*Fast real time = Under a given source ambient condition, a
Papp =V app x| app PMIC extracts Continuous power from
source independent of Storage element
bias :
Imposed by Chipset Psto = Eff% x Psrc

*Usually steady

E:OE. PSMH P3| e-Peas 10
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Energy Harveting PMIC role
ISOLATE SOURCE from STORAGE dependencies.

ISOLATE APPLICATION supply from the rest.

KA e-Peas
e DSMA 8
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Power extraction conversion
efficiency

13



Comparing 2 popular architectures

Energy extraction concepts

Schottky diode

PV

PMIC

gl |
100uF Capacitor

Time dependent power transfer

Low performance Good practice

EnerHarv ps M n
2024

ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.

i

Continuous power transfer

(o

100uF
Capacitor
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Variable power transfer architecture

Schottky diode

-~

PV + Diode + Super cap power transfer is time dependent:

e e e e e - - - E——

PV cell
characteristic

EnerHarv Ps M n
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Power delivered to Capacitor

V Pmax = (Voc-Vdiode) x (1-u) x Isc
V=1/CxQ

b
r

Capacitor characteristic Q t

* Vmax is clamped to Voc —Vdiode
* =>need to Oversize PV
* Low drop Diode
* |f Vstois high, efficiency collapse due to PV current drop
* |f Vstois low, efficiency collapse due to low Sto voltage
* Overall is Low efficiency
* Plus there is no energy extraction at low lux

B3| e-peas 15
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Spice model of diode-based power transfer over time

o3
%ﬁ Power transfer from PV to a
/ 1000lux . “" ”
\ capacitor has a “bell-shape
\\ over time

|

’//mu-
1ooo 900... 75,50 lux ’
// // =

Schottky diode

P

6 bands
PV 100pF cap

Green : Power delivered to storage
Blue left : Current from PV
Blue right : Joule in storage

> Grey : PV Voltage
Za ne e-peas 16
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Comparison with PMIC Power transfer over time

1 (

800pW- 4. OV—=—

640pW-3.2

400w 2.

EnerHarv Ps M n
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with EH PMIC is ~2 x
more efficient

—> For best practice,
go for PMIC ©

Green : Power to storage
Blue left : Current from PV
Blue right : Joule in storage
Grey : PV Voltage

€-Peas
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Constant power transfer
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Energy-wise

PMIC MPPT tracker

| . For 8 hours of illumination

(a

= 5 at 500 lux:

= W g » An e-peas based PMIC architecture
(] O . .

S M = will collect continuously :

O B 427uW continuous over time

E =8 x 3600 x (450E-6 x 95%)

voltagn PV
Diode based

= A diode-based architecture will
collect a total of :

How to get this 95% efficiency then ?

‘ % . T ] - - r e - peas
e DSMA = -
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PMIC with 95%
energy conversion efficiency

Guaranteeing performance by design

19



Good Energy Harvesting PMIC challenges

& Bias Energy source at Maximum power capability

= Maximum Power Point Tracking

= 90-98%

& Maintain performance over variable conditions

" |solate Source bias point from Storage and application bias points
= Make Tracking over time
= Design the system accordingly

FA
EnerHarv PSMn
2024

& Supply the application

ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.

o

& Be very efficient in Power conversion from Source to Storage

€-Peas
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Draw highest Energy efficiency domain
in PMIC Data sheet

5

e-pPeas

DATASHEET

12.2. BOOST Conversion Efficiency for LBOOST = 22 pH
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DS-AEM10941 QFN28-v2.1==REVc.pdf (e-peas.com)

SOURCE selection

Storage selection

AEM10941 as an example

A BOOST PMIC optimized for :
= Maximum power point tracking

from source
= AND
= Highest efficiency

= 95% conversion efficiency from
Energy harvester Source to

Storage element
= Conditional to :

o Selecting ideal combination of

Source + Storage

combination

o Work in Boost conversion

domain

BUCK PMICs work opposite

5
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https://e-peas.com/wp-content/uploads/2023/07/e-peas-AEM10941-datasheet-solar-energy-harvesting.pdf
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Storage Element Voltage
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. 2
Estimated Vmpp . .
for various PV cells . 5

arChlteCtUreS Photo Voltaic or SRC MPP Voltage

Vast choice of energy harvesting sources voltages

g the ideal ecosystem with PMIC

Let’s consider AEM10941
architecture

Be sure to operate in BOOST mode

= => Vin of boost < Vout of boost

= => Select appropriate PV
architecture vs Storage

Nothing is forcing designer to use high
voltage source :

» Low Voltage PVs’ are also a good
strategic fit

o
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Example of 4 quadrants validation of EH source
vs Storage element

Storage element Yo Itage
a
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Whatever the situation
Vsource << V storage element : we are safe
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e-peas PMIC Portfolio
overview

Allowing flexibility over
Energy Harvesting sources

and Storage Elements choices
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Step-by-step PMIC selection process

b«
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2024

.epeas AEM10341 AEMI0330 AEM10920 AEMI0300 AEMI0S00 AEMDOS20 ,cuOY AEMOOII0 AEMOD300 ,cuCBON AEM30SM0 AEM3030 AEMIOI00 A0S0  AEM13920
o - [ 1 | I | [
— BOOST

Pulse Generator

_ single single Single Single Single Single Single single Single single single Single Single - u AEM 10941 00940

_- 1 1 1 = AEM10900 00900
e, ] ] [ ] = AEM10920 00920

GPIO Conflgurations 7 presets 15 presets 4 presets 15 presels s-lmmm: 4 presets  Tpresets  15presets 15 presets gfmm: Tpresets 15 presets 1S presets 7 presets 8 presets

= AEM20940 30940
e R S - - - - -
= AEM13920

1Buck 2 LD0s 1 Buck/Boast 2 LD0s 1 Buck/Boest 2 LDDs 1Buck

I EalE
L P
I I

APM on 5o APM on 5o M&;ﬂ

BUCK
= AEM10300 10330
= AEM30300 30330
= AEM 00300 00330

Shipping mode

Industrial
(-40+85C)

OFM 28 OFN40  OFN24  QFNIE  OFN2E oFN 24 OFNZE  OFN40  QFN28 aFN 28 OFNZE  OFN4D OFN 28 OFN2E  OFN40
SaSmim SxSmm Sl rmim dndmim Adxdrmim Axdmim Sx5mim SaSmm dudmirm Axdrmm SRS S5 Audmim SuSmim SacSmm
Type / Body size
WLCSP 16 WLCSP 16
Iidrnim I 2rmim

€-Peas
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DEMO

A fully autonomous Electronic Shelf Label with VGA screen and Bluetooth 5.4 PAWR

KA

EnerHarv
2024

Computer »

PSMA

ESL Access

point

AEM10920 ehens
Nordic SemiBLES.4 ESL  TH ¥

EEY
e-peas PMIC Storzge
element

N

FEATURES BENEFITS

B| e-peas

DSSC PV

AEMO00920 (@) e-Feas

=7 SILICON LABS

Silicon Labs BLE5.4 ESL EVK

[ p—

ESLDISPLAY

FEATURES BENEFITS

Organic PV

AEM10330 & Bean
Electronic Shelf Label Ecosystem

24V
PV cell I e-peas PMIC Storage
1 element.

Application

FEATURES BENEFITS
. arar

Perovskite PV

3| e-pPeas

semiconductors
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Product integration examples

AEMO00920 Bt
| Silicon Labs BLES 4 ESLEVK

LABS |

~ siLICcON

DSSC PV Organic PV

EnerHarv Ps M n
2024

AEM10330
Peroskite EsL EVK

‘E . @ TECHNOLQ(;|EES ﬁ ;

=

Perovskite PV

(o
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Conclusions

& Fully autonomous Energy Harvesting OEM Products are real.
& PMIC based architectures demonstrate best Energy efficiency ( 95% )

& Adequate combination of Ecosystem elements with PMIC is key for
successful implementation ( secure 95% with 4 corners operations )

© Boost or Buck : both options are available.

& EH PMIC-based architecture are best in many respects :
= Size, Weight
= QoS
= (Cost

& E-peas EH PMIC portfolio enable designers’ high degree of freedom.

o

e-Peéas 29

FA
EnerHarv PSMn
2024

ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.



References

Datasheets
= DS-AEM10941 QFN28-v2.1==REVc.pdf (e-peas.com)
= AEM13920 Dual Source Energy Harvesting | e-peas
= AEM10920 PMIC for RCUs & Keyboards | Energy Harvesting | e-peas
= AEM00920 PMIC for remote control and keyboard | Energy Harvesting | e-peas

Where to buy ?
= e-peas Distributor | Mouser Belgique

Selector guide
= AEM Selector Guide - E-peas

Social Network
" e-peas | LinkedIn

Eg PSMA E1) e-peas 30

ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.


https://e-peas.com/wp-content/uploads/2023/07/e-peas-AEM10941-datasheet-solar-energy-harvesting.pdf
https://e-peas.com/product/aem13920-dual-source-energy-harvesting/
https://e-peas.com/product/aem10920-high-efficiency-photovoltaic-source-pmic-for-rcu-and-kbd-applications
https://e-peas.com/product/aem00920-high-efficiency-photovoltaic-source-pmic-for-rcu-and-kbd-applications
https://www.mouser.be/manufacturer/e-peas/?_gl=1*taya0k*_ga*MTc2ODExNTgyOS4xNzE2OTc2MDE2*_ga_15W4STQT4T*MTcxNjk3NjAxNi4xLjEuMTcxNjk3NjAzMC40Ni4wLjA.
https://e-peas.com/aem-selector-guide/
https://www.linkedin.com/company/e-peas

Q&A 'S
EnerHarv 2024

PSMA International Workshop | 26-28 June, 2024 | Perugia, Italy

Thanks very much for your time and
attention!
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Back-up
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