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This application note details a reference design for a typical solar energy harvesting application
using the NEH2000BY Energy Harvesting Power Management IC from Nexperia.
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1. Introduction

This application note describes the design of a complete solar energy harvesting (EH) system
using the NEH2000BY Power Management IC (PMIC) from Nexperia. Components will be
presented and resulting harvested energy obtained for a certain ambient light condition will be
discussed.

In describing a reference design for an energy harvesting application, the following topics will be
discussed:

* Energy harvesting system
» Solar harvesting: ambient source and harvester
+ NEH2000BY
* Energy storage

« Battery protection

* Application circuit

+ PCB layout and dimensions

» Bill of Materials

2. Energy harvesting system

Instead of supplying energy to devices through wires and batteries, energy harvesting enables
these devices to use the energy already available at its location. In the system detailed in this
application note, the energy harvesting system is based on the conversion of ambient light energy.

An application which makes use of an energy harvesting system mainly consists of five
components as show in Fig. 1.

Energy source Harvester Converting Storage Application

Fig. 1. Energy harvesting system diagram

Energy source: This is the ambient source, which in this case, is light and can be indoor or
outdoor. In outdoor environments, the ambient source during the day is solar, and at night it is
generated by a street light for example. For indoor environments the ambient source depends on
the type of lamp (e.g. LED, halogen, incandescent).

Harvester: A photovoltaic (PV) cell that converts light into electricity. There are many different
types of cells, each with different characteristics such as better indoor or outdoor performance. A
few examples are amorphous silicon, monocrystalline silicon and dye-sensitized solar cells.

Converting: The PMIC converts the voltage generated by the harvester to a voltage that is
suitable for charging the storage element.

Energy storage: To power the application, energy must be available from a re-chargeable
element. Lithium-based batteries are a perfectly suited for this. Lithium batteries are available in
many shapes and sizes such as lithium-ion coin cells or square lithium-polymer cells.

Application: Many applications are suitable for an energy harvesting systems, examples include
TV remote controls and electronic shelf labels.
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3. Physical system

This reference design takes certain conditions and components to present a complete energy
harvesting system, see Fig. 2. In this system the PMIC is the NEH2000BY, designed by Nexperia,
the remaining components are made by other manufacturers.

Energy source Harvester Converting Application

Storage

Fig. 2. Physical system

Energy source: Indoor environment where LED lighting is present at 600 lux for 8 hours per day.
600 lux is a common light intensity for office environments.

Harvester: The AM-1454 solar panel by
Panasonic.

This PV is of the amorphous silicon type, which
is efficient in indoor environments:

* Dimensions: 41.6 mm x 26.3 mm

* Open circuit voltage: 2.4 V

*  Maximum power point (MPP) voltage: 1.85V
*  Maximum power at MPP: 67 yW @ 600 lux

Converting: NEH2000BY is one of Nexperia's Energy Harvesting Solutions, powered by Nowi
technology. By perpetually powering consumer electronics and loT devices with clean ambient
energy, Nexperia's energy harvesting PMIC removes the need for battery swaps, allowing for more
sustainable product designs. NEH2000BY combines the lowest BOM cost with the smallest PCB
footprint and the best average harvesting performance with an industry-fast maximum Power Point
Tracking (PPT) of under 1 second. Key features of the NEH2000BY include:

» Unique inductorless technology which
implies a minimum need for external
components

» Conversion efficiency up to 80%

» Voltage boosting: 2x

* Power range: 35 yW — 2 mW

*  Compact QFN16 3 mm x 3 mm package

« Power: 54 pW at 600 lux with AM-1454 PV

* Energy: 1.3 mWh per day at 600 lux for 8
hours with AM-1454 PV
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Energy storage: LIR2450, a lithium-lon battery.

* Voltage: 3.6 V

» Capacity: 120 mAh

* 24 mmx5mm

* Peak current: 240 mA

4. Battery protection

Batteries should not be overcharged. When the battery is fully charged, harvesting should stop. A
full battery can be detected by an Overvoltage Protection (OVP) device. Subsequently the output

signal disables the harvesting. A high signal at the DISABLE pin of the NEH2000BY will disable the
converter.

The OVP device used in this reference design is: S-1000C42-14T1U by ABLIC, (data sheet link).
Key features of the S-1000C42-14T1U include:

» Voltage threshold: 4 V
» Low current consumption: 350 nA

*  Output level high when above
threshold

» Package: SNT-4A

5. Available energy for application

AN90040

application note

This reference design delivers 1.3 mWh. Given this harvested energy, a multitude of low-power

applications could run autonomously, removing the need for costly and polluting battery swaps.
Examples include electronic shelf labels for retail, and remote control units.
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Fig. 3. Low-power applications
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6. Reference design

A reference design PCB has been built and tested. The schematic diagram, PCB design layout and
Bill of Materials are included in this section.

6.1. Application circuit schematic

The reference design is based on the application schematic diagram shown in Fig. 4.
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Fig. 4. Schematic
6.2. PCB layout and dimensions

Thanks to a unique inductorless and compact design, our energy harvesting solutions can be
integrated on a PCB as small as 6 mm x 6 mm, see Fig. 5 and Fig. 6.
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>
5.8 mm

Fig. 5. PCB top view

Fig. 6.

PCB bottom view
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6.3. Bill of materials

Table 1. Bill of material

Description Type Manufacturer Quantity
Energy harvesting PMIC NEH2000BY Nexperia 1
2.2 uF capacitor X7R / 6.3V Murata 2
5.6 nF capacitor X7R /6.3V Murata 1
OovP S-1000C42-14T1U Ablic 1
Solar panel AM-1454 Panasonic 1
Battery LIR2450 multicomp 1

7. Customization

The reference design presented in this application note can be used as a starting point to develop
energy harvesting systems.

Further enhancements can be done by adjusting:

Cd B

Harvesting hours

8. Revision history

Solar panel Light intensity

area (lux)

Table 2. Revision history

Revision Date Description

number

1.1 2023-03-28 Pin names updated in Fig. 4.
1.0 2023-03-06 Initial version.
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9. Legal information

Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy

or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction

of an Nexperia product can reasonably be expected to result in personal
injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable
and fit for the customer’s applications and products planned, as well as

for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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