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Regulatory Compliance

The CYALKIT-EO2 Solar-Powered Bluetooth Low Energy (BLE) Sensor Beacon Reference Design Kit (RDK) is intended for
use as a development platform for hardware or software in a laboratory environment. The board is an open system design,
which does not include a shielded enclosure. This may cause interference with other electrical or electronic devices in close
proximity. In a domestic environment, this product may cause radio interference. In this case, the user may be required to take
adequate preventive measures. Also, the board should not be used near any medical equipment or RF devices.

Attaching additional wiring to this product or modifying the product operation from the factory default may affect its
performance and cause interference with other apparatus in the immediate vicinity. If such interference is detected, suitable
mitigating measures should be taken.

The CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK as shipped from the factory has been verified to
meet the requirements of CE as a Class A product.

The CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK contains electrostatic discharge
(ESD) sensitive devices. Electrostatic charges readily accumulate on the human body and any
equipment and can discharge without detection. Permanent damage may occur to devices

subjected to high-energy discharges. Proper ESD precautions are recommended to avoid
performance degradation or loss of functionality. Store unused CYALKIT-EO2 boards in the

protective shipping package.

End of Life/Product Recycling

The end of life of this kit is five years after the date of manufacture mentioned on the back of the
box. Contact your nearest recycler to discard the kit.

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 5



Safety Information

General Safety Instructions
ESD Protection

ESD can damage boards and their associated components. Cypress recommends that you perform procedures only at an
ESD workstation. If one is not available, use appropriate ESD protection by wearing an antistatic wrist strap attached to
chassis ground (any unpainted metal surface) on your board when handling parts.

Handling Boards

CYALKIT-EO2 boards are sensitive to ESD. Hold the board only by its edges. After removing the board from its box, place it on
a grounded, static-free surface. Use a conductive foam pad, if available. Do not slide the board over any surface.

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 6
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Thank you for your interest in the CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK. The Solar-Powered BLE Sensor
Beacon RDK provides an easy-to-use platform for the development of a tiny solar-powered 10T device with BLE wireless
connectivity. The RDK consists of a Solar BLE Sensor and a Debug Board. The Solar BLE Sensor is based on Cypress’s
energy harvesting power management IC (PMIC) S6AE103A and EZ-BLE products. The objective of this RDK is to provide a
fully functional battery-less wireless sensor node (WSN). The Solar BLE Sensor will be enclosed in a casing to automatically
transmit temperature and humidity sensor data in an office lighting environment. The Debug Board is based on Cypress’s
PRoC™ BLE and PSoC® 5LP products. It can be connected to a host (PC) that supports the Debug Board and on-chip
debugging via a USB interface.

This kit guide explains how to set up and use the RDK. Be sure to read it before using the product. For questions, please
consult with sales or support representatives.

Note: All information included in this document is current as of the date it was issued. Such information is subject to change
without any prior notice. Please confirm the latest relevant information with the sales representative.

1.1 Kit Introduction

Figure 1-1. Kit Contents

®

10 A ST Gt

SOLARPOWERED BLE SENSOR BEACON RDK

1. Solar-Powered BLE Sensor Beacon (Solar BLE Sensor)
- Board + Enclosure

2. BLE-USB Bridge and Debug Board (Debug Board)

3. Quick Start Guide

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 7
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1.2 Block Diagrams
Figure 1-2. Block Diagram of Solar BLE Sensor
Solar BLE Sensor
Battery for Hybnd | | 7 — 77— BEHERES Egrne;;‘giwerLlne
(Optional) —— signalLine
@ 3x3mm
S0 R ey
Solar Cell Matching
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S6AE103A g '2C

Timersetting

VOUT SET
3.3Vto 1.9V

Q N
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=  PC based on Windows 7/8.1/10
= jOS 8 or newer
= Android 4.4 or newer

FEEE

GPIO

GPIO S

10.0x10.0mm

10-pin Connector

Solar BLE Senseor

24mm|
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Figure 1-3. Block Diagram of Debug Board
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1.3 Features

The Solar-Powered BLE Sensor Beacon RDK provides everything needed to develop a light-powered sensor node that
transmits sensor data using Bluetooth Low Energy (BLE):

B Tiny solar-powered BLE sensor board (circle with 24-mm diameter, same size as a 25-cent coin)
B Operates using light energy harvested (>100 lux) by the included solar cell

B Supports BLE communication with a PC through the provided Debug Board that is preprogrammed with custom firmware
for this kit

B Supports BLE communication with a mobile device (iOS 8 or newer / Android 4.4 or newer)

B Includes firmware that supports a BLE Beacon transmission with temperature and humidity data

B Energy harvesting PMIC S6AE103A that supports the following applications:
o Demo mode, transmitting sensor data at 3- to 60-second intervals (without charging to a supercapacitor)
o  Timer mode, transmitting sensor data at 5-minute intervals while charging to the supercapacitor

O  Transmitting data at over 30 hours without ambient light (when mode is set to Timer mode and supercapacitor is
fully charged)

B Solar BLE Sensor that can support the following:
O  Selection of mode using a slide switch (Demo or Timer mode)
o  Programming and debugging of the EZ-BLE module via the Debug Board
O  Parameter setting of the BLE Beacon via the Debug Board
O  Charging of surplus solar energy to a 0.2-F supercapacitor (Timer mode)
O  Charging of the supercapacitor via the Debug Board using USB bus power

o  Temperature and humidity digital sensor

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 9
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Expandable interface via 10-pin connector (GPIO)

Test pads for power, ground, primary battery input, and SWD interface for programming

B Debug board that can support the following:

O

O

O

O

Debug board for receiving BLE data

Selecting the programming mode using a slide switch (EZ-BLE on Solar BLE Sensor or PRoC BLE on Debug
Board)

Connector for Solar BLE Sensor (power, SWD, UART, USB detect, charging supercapacitor, and GPIO)
Connector for programming PSoC 5LP (KitProg)

Parameter setting of Solar BLE Sensor via USB-to-UART bridge on KitProg

Reset button for EZ-BLE and PRoC BLE

User button for PRoC BLE

LEDs for User, Status and USB power

Test pads for power, ground and expandable GPIO

B Includes reference schematic, BOM list, layout, and sample firmware for easy design

B Uses the following Cypress devices:

O

O

O

S6AE103A ultra-low-power energy harvesting PMIC
CYBLE-022001-00 EZ-BLE PRoC module
CYBL10162-56L PRoC BLE IC

CY8C5868L PSoC 5LP for KitProg

MB39C022G LDO

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A
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This section describes how to install the software.

2.1 Install Cypress BLE-Beacon Software

Follow these steps to install the Cypress BLE-Beacon software:

1. Download and install the Cypress BLE-Beacon software from www.cypress.com/CypressBLE-Beacon-PC. The
software is available in two different formats for download:

B Cypress® BLE-Beacon™ PC: This executable file installs only the software contents, which include software files,
and user documents. This package can be used if all the software prerequisites are installed on your computer.

B Cypress® BLE-Beacon™ PC ISO (Create CD): This file is a complete package, stored in a CD-ROM image format
that can be used to create a CD, or extract using ISO extraction programs, such as WinZip or WinRAR. This file
includes all the required software and user documents.

2. Run Install Cypress BLE-Beacon to start the installation, as shown below.
Select the folder to install the Cypress BLE-Beacon-related files. Choose the directory and click Next.

4. The Cypress BLE-Beacon installer automatically installs the required software, if it is not present on your computer. The
Setup installer directs you to download the required software from the Internet.

5. Choose the Typical/Custom/Complete installation type in the Product Installation Overview window. Click Next
after you select the installation type.

Product Installation Overview
Choose the install type that best suits your needs

Choose the type of installation

Product:
Cypress BLE-Beacon

Installation Type:
Typical X
Installs the most common

features of Cypress BLE-

Rearnn

6. Read the Cypress End User License Agreement and make a selection based on the terms of the license agreement.
Click Next to continue the installation.

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 11
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License Agreement

CYPRESS END USER
LICENSE AGREEMENT

PLEASE READ THIS END USER LICENSE AGREEMENT
("Agreement") CAREFULLY BEFORE DOWNLOADING,
INSTALLING, OR USING THIS SOFTWARE AND
ACCOMPANYING DOCUMENTATION ("Software"). BY
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OI accept the terms in the license agreement
( I do not accept the terms in the license agreement

l < Back “ Mext > H Cancel I

When the installation begins, a list of packages appears on the installation page. A green check mark appears next to
each package after successful installation.

Click Finish to complete the Cypress BLE-Beacon installation.

Enter your contact information or select the Continue Without Contact Information check box. Click Finish to
complete the Cypress BLE-Beacon installation.

After the installation is complete, the kit contents are available at the following location:
<Install directory>\Cypress BLE-Beacon
Default location (Example: Windows 7)

B 64-bit: C:\Program Files (x86)\Cypress\Cypress BLE-Beacon
B 32-bit: C:\Program Files\Cypress\Cypress BLE-Beacon

2.2 Install RDK Software

Follow these steps to install the CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK software:

1.

n

Download and install the CYALKIT-EO2 software from www.cypress.com/CYALKIT-E02. The CYALKIT-EO2 software is
available in three different formats for download:

O CYALKIT-EO02 Complete Setup: This installation package contains the files related to the kit. However, it does not
include the Windows Installer or Microsoft .NET framework packages. If these packages are not on your computer,
the installer directs you to download and install them from the Internet.

0 CYALKIT-EO2 Only Package: This executable file installs only the kit contents, which include code examples,
hardware files, and user documents. This package can be used if all the software prerequisites are installed on your

computer.

o CYALKIT-EO2 CD ISO: This file is a complete package, stored in a CD-ROM image format that can be used to
create a CD, or extract using ISO extraction programs, such as WinZip or WinRAR. This file includes all the
required software, utilities, drivers, hardware files, and user documents.

Run Install CYALKIT-EO2 to start the installation, as shown below.
Select the folder to install the CYALKIT-EO2-related files. Choose the directory and click Next.

The CYALKIT-EO2 installer automatically installs the required software if it is not present on your computer. The
CYALKIT-EO2 Setup installer directs you to download the required software from the Internet.

Choose the Typical/Custom/Complete installation type in the Product Installation Overview window. Click Next
after you select the installation type.

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 12
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10.

Software Installation

& Cylnstaller for CYALKIT-E02 Solar-Power

Product Installation Overview
Choose the install type that best suits your needs

T r—

BLE Sensor Beacon RD|

Choose the type of installation

Product:

CYALKIT-EO2 Solar-Powered
BLE Sensor Beacon RDK
Installation Type:

Installs the most common
features of CYALKIT-EO2
Solar-Powered BLE Sensor

o> [ ganeal |

Typical Z

Read the Cypress End User License Agreement and make a selection based on the terms of the license agreement.
Click Next to continue the installation.

When the installation begins, a list of packages appears on the installation page. A green check mark appears next to

e CylInstaller for CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RD

License Agreement
You must read and accept the license kefore you install the software

License Agreement

CYPRESS END USER
LICENSE AGREEMENT

PLEASE READ THIS END USER LICENSE AGREEMENT
("Agreement") CAREFULLY BEFORE DOWNLOADING,
INSTALLING, OR USING THIS SOFTWARE AND
ACCOMPANYING DOCUMENTATION ("Software"). BY

TYVATIMTT MAATITATS TATOT AT T TR/ AD TTOTRT TTTT AT TIITA DT

i »

'_:_'I accept the terms in the license agreement
'_@'I do not accept the terms in the license agreement

each package after successful installation.
Click Finish to complete the CYALKIT-EO2 installation.

Enter your contact information or select the Continue Without Contact Information check box. Click Finish to
complete the CYALKIT-EOQ2 installation.

After the installation is complete, the kit contents are available at the following location:

<Install directory>\CYALKIT-E02 Solar-Powered BLE Sensor Beacon RDK
Default location (Example: Windows 7)

O

O

32-bit: C:\Program Files\Cypress\CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK

CYALKIT-EO2 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A
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Software Installation
2.3 Uninstall Software

You can uninstall the Solar-Powered BLE Sensor Beacon RDK software and Cypress BLE-Beacon software using one of the
following methods:

Example: Windows 7
o Go to Start > All Programs > Cypress > Cypress Update Manager; click the Uninstall button.

o Go to Start > Control Panel > Programs and Features. Select the Solar-Powered BLE Sensor Beacon RDK program
from the list and click the Uninstall/Change button.

2.4 PSoC Creator™

PSoC Creator is a state-of-the-art, easy-to-use integrated design environment (IDE). It is a revolutionary hardware and
software co-design environment, powered by a library of preverified and precharacterized PSoC Components. With PSoC
Creator, you can:

o Drag and drop PSoC Components to build a schematic of your custom design
O Automatically place and route Components and configure GPIOs
o Develop and debug firmware using the included Component APIs

PSoC Creator also enables you to tap into an entire tool ecosystem with integrated compiler chains and production
programmers for PSoC devices.

To develop firmware for the Solar-Powered BLE Sensor Beacon RDK, you must have PSoC Creator 3.3 SP2 or newer.
Download the latest version from www.cypress.com/psoccreator.

For sample firmware information for this kit, refer to section Firmware Description.

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 14
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In this chapter, you will become familiar with the Solar-Powered BLE Sensor Beacon RDK by successfully establishing a BLE
sensor beacon connection between the Solar BLE Sensor operating as a wireless sensor network (WSN), a PC with the
Debug Board, and a mobile device with apps. This will also confirm that the Solar BLE Sensor, the Debug Board, your PC, and
your mobile device are operating properly.

3.1 WSN Operation with PC

In this section, you will confirm that the Solar BLE Sensor is operating as a WSN by using the software provided on your PC to
detect temperature and humidity changes.

3.1.1 USB Driver Installation of Debug Board

1. Setthe slide switch (SW3) on the Debug Board to the PRoC BLE side. Refer to Slide Switch for Target Device Select for
detailed information on each mode.

2. Plug the Debug Board into your computer’s USB port.

3. The driver Installation starts automatically and the following message window will appear. Click the message window
for the status.

CYALKIT-EO2 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 15
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Installing device driver software ™ *
Click here for status,

4.  Confirm that the device driver installation has successfully completed (all components are “Ready to use”). If the
installation fails, do the installation manually using a file in the “USB drivers” folder. Refer to 3.1.2 USB Driver

Installation Failed.

Your device is ready to use

USB Composite Device

USB Input Device

KitProg USB-UART (COM142)
KitProg (1.2.3.3)

J Ready to use
J Ready to use
J Ready to use
J Ready to use

__ Drive B

Close

Device driver software was not successfully installed
KitProg USBUART XND driver found

What can I do if my device did not install properly?

_ Driver Software: X

Close

Completed
(Go to step 5)

Failed

(Refer to USB Driver
Installation Failed)

5.  After successful device driver installation, confirm that a new COM port called “KitProg USB-UART” was added:

Open the Device Manager:

O  Windows 7: Start > Control Panel > Device Manager

o  Windows 8/8.1/10: Right-click the Start button and select Device Manager.
B. Under Ports (COM & LPT), confirm that a COM port called “KitProg USB-UART” was added. Note the COM

number (COMXX).

-~ Device Managel

File Action View Help
= mHE@

> 9 Bluetooth Radios

> Computer

> =a Disk drives

‘,‘ Display adapters

ﬁﬁ Human Interface Devices

g IDE ATA/ATAPI controllers

% Imaging devices

= Keyboards

Memary technology driver

¥ Mice and other pointing devices

I]fu Monitors

¥ Network adapters

4 Y3 ports (COM & LPT)
. B

Vv W W WV VW W

nolggy - SOL (COM3)
Y3 KitProg USB-UART (COMAS)

> [4¥ Security Devices

> ’Eb“ Sound, video and game controllers
b System devices

> a Universal Serial Bus controllers

m

6. Continue as described in 3.1.3 Establishing BLE Connection.
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3.1.2 USB Driver Installation Failed

Getting Started

If the device driver installation fails, confirm that an unconfigured KitProg USB-UART appears in the Device Manager:

1. Open the Device Manager:

B Windows 7: Start > Control Panel > Device Manager

B Windows 8/8.1/10: Right-click the Start button and select Device Manager.
2. Under Other devices, confirm that KitProg USB-UART appears with no associated COM port.

File Action View Help
=% @ HZE®

> Memory technology driver
b ¥ Mice and other pointing devices
> I-i Monitors
4 '-"‘ Network adapters
i '-"‘ Bluetooth Device (Personal Area Network)
'-"‘ Bluetooth Device (RFCOMM Protocol TDI)
'i“g Cisco Systems VPN Adapter for 64-bit Windows
'.i..' Intel(R) Dual Band Wireless-AC 7260
'-"‘ Intel(R) Ethernet Connection [218-LM
'-"‘ Ml(rosoﬁ Virtual WiFi Miniport Adapter

qz;» rog USBUART @

p
‘?’ Por‘ts (COM & LPT)
! f? Intel(R) Active Management Technology - SOL (COM3)
> n Processors
» |l Security Devices
b f.:‘ﬁ* Sound, video and game controllers
> - System devices
b H Universal Serial Bus controllers

3. Update the USB driver software or the unconfigured “KitProg USB-UART.”
A. Click the right mouse button on “KitProg USB-UART.”
B. Select Update Driver Software....

4|5, Other devices
-t[i5 KitProg USBUAR,
-5 PCI Simple Com Update Driver Software... I @
4 Y57 ports (COM & LPT) Disable
Y3 Intel(R) Active M~ Uninstall
b E Processors
i ;LF-' Security Devices
> {5F Sound, video and g Properties

Scan for hardware changes

CYALKIT-EO2 Solar-Powered BLE Sensor Beacon
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4. Select Browse my computer for driver software.

How do you want to search for driver software?

 Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver
software for your device, unless you've disabled this feature in your device
installation settings.

2 Browse my computer for driver software
Locate and install driver software manually.

Cancel

5. Search for the USB driver in the PSoC Programmer folder.
Default location (Example: Windows 7)
O  64-bit: C:\Program Files (x86)\Cypress\Programmer\drivers
o  32-bit: C:\Program Files\Cypress\Programmer\drivers

If there is no folder for PSoC Programmer, please download and install it from PSoC Programmer page. The
recommend version is 3.24 or later.

A. Select the Include subfolders box.

B. Click the Browse... button.

C. Select the “drivers” folder of PSoC Programmer:
<Install directory>\Programmer\drivers
Click the OK button.

E. Click the Next button.

(= | Update Driver Software - KitProg USBUAR [
i || Browse For Folder E

Browse for driver software on your computer Select the f C Intains drivers for your hardware.

Search for driver software in this location: “ I’ drivelsl m

—rs
[¥] Include subfolders | DVK_Prog5 =
| DVKProgl

L ft
I ftk3 <

< 1

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all

driver software in the same category as the device.
o

Eolder:  drivers

Cancel

CYALKIT-EO2 Solar-Powered BLE Sensor Beacon
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6. Start installing the USB driver. Click the Close button when the KitProg USB-UART driver installation finishes.

Installing driver software... Windows has successfully updated your driver software

| —
Windows has finished installing the driver software for this device:

KitProg USB-UART

—

=

7.  After successful device driver installation, confirm that a new COM port called “KitProg USB-UART” was added:

A. Open the Device Manager.
B. Under Ports (COM & LPT), confirm that a COM port called “KitProg USB-UART” was added.
Note the COM number (COMxXx).

=4 Device Manage

File Action View Help
L Aol 7Nl

D- Bluetooth Radios o
1> -l Computer

[» -y Disk drives —
_D--";.‘ Display adapters

> % Human Interface Devices

E -Cg IDE ATA/ATAFI controllers

3 13 Imaging devices

[» == Keyboards

&> 5] Memory technology driver

1> - ¥ Mice and other pointing devices
> 'gx Monitors

b ¥ Network adapters

4 T3 Ports (COM & LPT)

| el A Zachology- SOL (COM3)
l YZ KitProg USB-UART (COM4S) Ib
> Tocessors

b -[¥ Security Devices

[ f:fﬁ' Sound, video and game controllers

-1 System devices
[~ a Universal Serial Bus controllers -

m

3.1.3 Establishing BLE Connection

1. Setthe slide switch (SW1) on the Solar BLE Sensor to Demo mode (DM). Refer to 5.1.4.1 Waveform of Demo Mode and
Timer Mode for detailed information on each mode.

Timer Mode
(T™M)

Demo Mode
(DM)

Note: Use the sharp end of something like tweezers (not included in the kit) to change the mode.

CYALKIT-EOQ2 Solar-Powered BLE Sensor Beacon
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Place the Solar BLE Sensor under an office light. The firmware to operate the Solar BLE Sensor as a BLE sensor
beacon is preloaded from the factory. After placing the Solar BLE Sensor under a suitable light (refer to Table 3-1. Light
Level Versus Time Interval), it will automatically power up and begin transmitting.

LY

Table 3-1. Light Level Versus Time Interval

Typical Light Level Environment Time Interval of Sensor*
~11Ix Moonlight Does not work
100 Ix~200 Ix Under street lighting 50s~
200 Ix~400 Ix At museum 30s~50s
400 Ix~500 Ix Office lighting 15s~30s
1000 Ix ~ Shopping mall, rainy day 3s~15s

The time interval of the sensor is three seconds in all light levels when the supercapacitor on the Solar BLE Sensor is fully charged.

3.

4.

Plug the Debug Board into your computer’s USB port.

Run CypressBLE-Beacon.exe, which is in the Windows application used to view the data received from the Solar BLE

Sensor. It is located in the Software folder that you installed earlier:

<Install directory>\Cypress BLE-Beacon\EXE

A Cypress BLE-Beacon window will appear. Select COMxx in the Serial Port drop-down menu, where COMxx
corresponds to the port that was confirmed in step 5 of 3.1.1 USB Driver Installation of Debug Board.
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V] ULID Filter |UUID Setting| [ dummy input

Temperature (°C)

of
(Temperature ~] [}

Date Time Major Minor (hex) Temperature (C) Humidity (%)

Raw Data (hex)

%%YPRESS

Temperature
30C

30C

270°C

230°C

180 °C

150 °C

Embedded in Tomarrow

5. Find the Major number (initial value is 0x0001) of the Solar BLE Sensor in the Cypress BLE-Beacon software. Refer to
3.3 Configuring Solar BLE Sensor to change the Major number.

File Help

Temperature (C) 04/01 15:52:04

Serial Port: [COMA5_ + ] [¥] UUID Filter [ULID Setting| [ dummy input

Bl

Date Time
2016-04-01 13:51:53
2016-04-01 15:51:58

2016-04-01 15:52:04

Major
1
1

1

Minor (hex) Temperature ("C)  Humidity
0x586C 27.28 37.00
0x596C 27.28 37.00

Dxif:ﬁc 27.28 36.00

(%) Raw Data (hex)

0201041AFF4C0002150005...
0201041AFF4C0002150005...

0201041AFF4C0002150005...

Temperaturs
350°C

310

270°C

230°C

18.0°C

15.0 C

;%YPRESS

Embedded in Tomorron
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6. Confirm that the WSN is operating by placing your finger on the sensor on the Solar BLE Sensor. Placing your finger
raises the temperature and humidity from the indoor environment condition. You should see a corresponding change in
temperature or humidity on your PC. When touching the board, be careful of static electricity.

Touch the
sensor

Date Time Major Minor (hex) Temperature (C) Humidity (%) iaw D:

2016-01-25 144247 1 Ox5F6B 26.60 40.00 02010
2016-01-25 1442:52 1 Ox6D6C 2728 47.00 02010
2016-01-25 14:42:58 1 0x966D 2797 67.00 010 -

4 (1L} 4

Refer to Cypress BLE-Beacon PC User Guide for detailed information.

3.2 WSN Operation with Mobile Device

In this section, you will confirm that the Solar BLE Sensor is operating as a WSN by using the apps on your mobile device to
detect temperature and humidity changes.

3.2.1 Mobile Apps Installation

The Cypress BLE-Beacon app is available on Google Play and in the Apple Store for free. To install the app, follow these
instructions.

3.2.1.1 Installing the Android App
1. Open Google Play and search for “Cypress BLE-Beacon”.

& Cypress BLE-Beacon 4

| &= Cypress® BLE-Beacon™ H

Cypress Semiconducior Inc.

2. Select the Cypress BLE-Beacon (BLE-Beacon) app. On the subsequent screen, click the Install button to proceed with
installation.

When presented with the app permission dialog, click Accept to continue.
When the installation is complete, the BLE-Beacon app can be launched from the App Drawer.

Place the Solar BLE Sensor under an office light. Refer to step 2 of 3.1.3  Establishing BLE Connection.

o 0 b~ W

Launch the BLE-Beacon app. A splash screen is displayed for a few seconds before the app displays the Device List
screen. If Bluetooth is turned OFF in the Android device, Android OS will prompt you to turn ON Bluetooth.

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
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7.

Bluetooth permission request

Application is requesting permission
to turn on Bluetooth. Allow?

€3 Bluetooth No

SMART

The BLE-Beacon app performs device discovery by default when the app is opened. Select the mode as Graph to
display the sensor data.

B R s gl 1005 17:39
= Device/Graph/Log
Graph
P Temperature] C)
"
o
e + ] }
e =T T =T
- e T
El Humidity(5)
"
a
- m = =
v P —
Stop Scanning I Clear

Refer to Cypress BLE-Beacon Android App User Guide for detailed information.
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3.2.1.2 Installing the iOS App

1. Open the App Store and search for “Cypress BLE-Beacon.”
1731 Q= 7

€0000 docomo LIE

) cypress ble-beacon [5]

(@

Cypress” BLE-Beacon™
loT Device Solution

® # ™
Cypress BLE Beacon™ [+ OPEN
Cypress Semicondu...

Select the Cypress BLE-Beacon (BLE-Beacon) app, and proceed to install the app on your iOS device.
Place the Solar BLE Sensor under an office light. Refer to step 2 of 3.1.3 Establishing BLE Connection.

4.  Launch the BLE-Beacon app. A splash screen is displayed for a few seconds before the app displays the Device List
screen. If Bluetooth is turned OFF in the iOS device, iOS will display a message box to turn ON Bluetooth with the
Settings and OK buttons. Click the Settings button to turn ON Bluetooth on the Settings screen. Clicking the OK
button will display the message “Please turn Bluetooth ON,” which requires the standard iOS procedure to turn ON

Bluetooth.

eeeec docomo LTE 13:06 A Y T3

Turn On Bluetooth to Allow
< Settings  Bluetooth

"Cypress BLE-Beacon" to
Receive Beacon Signals
Bluetooth 0

9 B|llet03}!! 0K Settings

5. The BLE-Beacon app performs device discovery by default when the app is opened. Select the mode as Graph to
display the sensor data.
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#2000 docomo LTE 11:35 719 E s

Device/Graph/Log [ =

Temperature (°C)

40.0 +

30.0 +

20.0 +

1:34:40 11:35:00 11:35:20

——

100.0 4
Humidity (%)

50.0 +

t } t
11:34:40 11:35:00 11:35:20
Stop Scanning Clear

Note that if the sensor data has not appeared on the BLE-Beacon of iOS, you need to confirm that the Location setting

is set to While Using the App (iOS: Home screen > Settings > BLE-Beacon > Location).

#8000 docomo LTE  13:57 L} md) { Settings BLE-Beacon

Settings
i y a ALLOW BLE-BEACON TO ACCESS
& BLE-B :
-Beacon i While Using
Settings Location While Using
< BLE-Beacon Locatlm/

ALLOW LOCATION ACCESS

Never

I While Using the App v I(—

Refer to Cypress BLE-Beacon iOS App User Guide for detailed information.
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3.3 Configuring Solar BLE Sensor

In this section, you will configure a parameter of the Solar BLE Sensor according to preprogrammed firmware for this kit. You
will do so using a serial USB connection from your PC to send configuration commands to the Solar BLE Sensor.

3.3.1 Connect Solar BLE Sensor to PC

1. Open the enclosure of Solar BLE Sensor using the sharp end of something like tweezers (not included in the kit), and
take out the Solar BLE Sensor Board. Refer to B.2 How to Install the Board in the Enclosure for how to install the board

in the enclosure.

4

2. Set the slide switch (SW3) on the Debug Board to the EZ-BLE side. Refer to section Slide Switch for Target Device
Select for detailed information on each mode.

3. Connect the Solar BLE Sensor to CN1 of the Debug Board.

4,

Supercapacitor for detailed information.

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
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3.3.2 Configuring Solar BLE Sensor
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Getting Started

Confirm that a COM port (KitProg USB-UART) was added in the Device Manager (refer to step 5 of 3.1.1 USB Driver
Installation of Debug Board for detailed information):

Open the Device Manager.

Under Ports (COM & LPT), confirm that a KitProg USB-UART was added. Note the COM number (COMxxXx).

Install Tera Term from the following location:

<Install directory>\Cypress BLE-Beacon\teraterm

After it is installed, run Tera Term:

O  Windows 7: Start > All Programs > Tera Term

O  Windows 8/8.1: [Ctrl] [Tab] > All Apps > Tera Term

O  Windows 10: Start button > All Apps > Tera Term

In Tera Term, select File > New Connection. On the New Connecction window, click Serial and select “COMxxx:
KitProg USB-UART (COMxxx).” Then click OK.

Service:

OTCPIP  Host: | I

History

Telnet TCP port#: | 22

@ SSH SSH version: |ISSH2 -

Other

Protocol: |UNSPEC ~

CYALKIT-EO2 Solar-Powered BLE Sensor Beacon
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5. Configure the terminal setting (Setup > Terminal) as follows. Then click OK.

O

Receive: AUTO
Transmit: CR+LF
Local echo: Select

Other settings: Default

Getting Started

Terminal size New-line

Bl  x 24 Receive: -AUTO -
[¥] Term size = win size Transmit:|CR+LF ~
Auto window resize

Terminal ID: [VT100 ~ [¥| Local echo

Answerback [[] Auto switch (VT<->TEK)

Kaniji (receive) Kanji (transmit)

UTF-8 ~ UTF-8 =~ Kaniji-in: ‘$B ~

7bit katakana 7hit katakana Kanji-out: B~

locale: japanese CodePage: 932

.-' '-.
Tera Term: Terminal setuf | |

6. Configure the serial port setting (Setup > Serial Port) as follows. Then click OK.

O  Baud rate: 115200
o  Other settings: Default

| Tera Term: Serial

I Baud rate: 115200 ~ |
Cancel

Data:

Parity: ~

Stop: Help ‘

Elow control:

Transmit delay

0 msec/char 0 msec/line

CYALKIT-EO2 Solar-Powered BLE Sensor Beacon
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7. Push and release the RESET button (SW1) on the Debug Board. Note that when the Solar BLE Sensor is in this mode, it
stops transmitting BLE sensor data.

8. Confirm that the Solar BLE Sensor is in the command mode by observing that the “Start...” message appears on Tera
Term. Your board is ready to receive commands.

- COM45:115200baud - Tera Term VT

File Edit Setup Control Window Help

9. For example, this step will set the Major ID to “0x000a” (Hexadecimal) to receive another Solar BLE Sensor ID. On Tera
Term, type major 000A. The Solar BLE Sensor responds with a confirmation message as follows. Refer to section 3.4
Serial Command List for a list of all kit commands.

- COM45:115200baud - Tera Term VT _

File Edit Setup Control Window Help

10. To confirm the operation of the changed parameter when using USB bus power, type exit. The board will acknowledge
the command by responding with “exit.”

If you do not need to confirm the operation when using USB bus power, skip this step and the next one (step1l).

- COM45:115200baud - Tera Term VT -

File Edit Setup Control Window Help
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11. You can recognize the changed MAJOR value 10 (Decimal) on apps when using USB bus power (initial time interval is
1.5 s when using USB bus power).

8000 d

20.0 4

10.0

400 +

30.0 +

ocomo LTE 11:47 10 b ¥

Device/Graph/Log [

Temperature (°C)

50.0 4

100.0 +

11:47:00 11:47:20 114l

]
—~— 10 @

Humidity (%)

t t t
11:47.00 11:47:20 11:47:40

Stop Scanning Clear

12. Disconnect the Debug Board from the PC and then disconnect the Solar BLE Sensor from the Debug Board. Set the

slide switch (SW3) on the Debug Board to the PRoC BLE side to receive the sensor data.

13. Plug the Debug Board into your computer’s USB port again.

CYALKIT-EO2 Solar-P

owered BLE Sensor Beacon
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14. Confirm the changed MAJOR value 10 via PC (Referto 3.1 WSN Operation with PC) or apps (Referto 3.2 WSN

Operation with Mobile Device) by energy harvesting operation.

file Help PC
] ¥ uUID Fiter |UUID Sef Graph Setting

Serial Port: (COMAS

Temperature ('C) 04/01 15:56:53

Temperature U

Temperature ('C) Humidity (%)

inor (hex) Raw Data (hex)

0x566D

Date Time]

2016-04-01 15:56: 2797 3500 0201041AFF4C0002150005.

?

2016-04-01 15:56 0x566D

%‘ 2797

2797

2016-04-01 15:56: 3500 0201041AFFA4C0002150005..

Temperature

!am‘c

lzao‘c

== 1s50%C

#e000 docomo  LTE 11:47 ha i

Device ]

Temperature (°C)

Graph Log

350°C

270%C

+
11:42:40

—— 10

+ +
11:47:00 11:47:20
190°C

100.0 +
Humidity (%)

11:47:00 11:47:20 11:47:40

Stop Scanning Clear

Refer to Table 3-1 for the time interval of the energy harvesting operation.

3.4 Serial Command List

Table 3-2 lists the serial commands that can be used to control the kit from your computer using the USB serial interface.
Refer to the 3.3 Configuring Solar BLE Sensor section for instructions on how to issue these commands via the USB serial

interface. The commands are not case-sensitive.

Table 3-2. Command List

Command .
No. Name Description Default
ead/write 0 - - - - ex

1 uuID Read/write of UUID" 00050001-0000-1000-8000-00805F9B0131 [h
[2] MAJOR Read/write of MAJOR" 0x0001
[3] TXPWR Read/write of transmitter power strength 3 dBm

Read/write of receiver power strength for distance
[4] RSSI 1m (RSS)) —-61 dBm
[5] COID Read/write of Bluetooth company 0x004C
[6] INIT Default parameters -
7] EXIT Finish the command waiting mode, and then B

retransmit the BLE data
[8] VER Display firmware version -

! Refer to BLE Beacon Format for detailed information.
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[1] Read/Write of UUID
[1-1] Read
Read UUID data. Default: 00050001-0000-1000-8000-00805F9B0131
<Example>
uuIDY
(echo) UUID
(output) -> UUID: 00050001-0000-1000-8000-00805F9B0131

[1-2] Write
Write UUID data.
<Example>
UUID EEEEDDDD-CCCC-BBBB-AAAA-999988887777<J
(echo) UUID EEEEDDDD-CCCC-BBBB-AAAA-999988887777
(output) -> New UUID: EEEEDDDD-CCCC-BBBB-AAAA-999988887777

[2] Read/Write of MAJOR
[2-1] Read
Read MAJOR. Default: 0x0001
<Example>
MAJOR
(echo) MAJOR
(output) -> MAJOR: 0001

[2-2] Write
Write MAJOR.
<Example>
MAJOR 1A2FJ <- Input HEX data
(echo) MAJOR 1A2F
(output) -> New MAJOR: 1A2F

[3] Read/Write of Transmitter Power Strength
[3-1] Read
Read Power Strength. Default: 3 dBm
<Example>
TXPWRY
(echo) TXPWR
(output) -> TX power in dBm: 3

[3-2] Write

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
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Set Power Strength. Set Value: -18, -12, -6, -3, -2, -1, 0, 3
<Example>
TXPWR -18¢J
(echo) TXPWR -18
(output) -> New TX power in dBm: -18

[4] Read/Write of Receiver Power Strength for distance 1m (RSSI)
[4-1] Read
Read RSSI. Default: -61dBm
<Example>
RSSIJ
(echo) RSSI
(output) -> RSSI in dBm: -61

[4-2] Write
Set RSSI.
<Example>
RSSI -90J
(echo) RSSI-90
(output) -> New RSSI in dBm: -90

[5] Read/Write of Bluetooth Company
[5-1] Read
Read Bluetooth Company. Default: 0x004C
<Example>
CoIDd
(echo) COID
(output) -> Company ID: 004C

[5-2] Write
Write Bluetooth Company.
<Example>
COID 00594 <- Input HEX data
(echo) COID 0059
(output) -> New Company ID: 0059

[6] INIT

Getting Started

Erase the flash memory in MCU. After erase, all value will be default parameters.

<Example>

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
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INITS
(echo) INIT

(output) Initialize completed!

[7] EXIT
Finish the command waiting mode, and then retransmit the Bluetooth beacon data.
<Example>
EXITI
(echo) EXIT
(output) ---

[8] VER
Display Firmware Version.
<Example>
VERY
(echo) VER
(output) -> CYALKIT-E02 Sample Firmware, Version 1.0.00

[*] Input another command (Error Handling)
TEST
(echo) TEST

(output) Command format error!!
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The Solar-Powered BLE Sensor Beacon RDK can be programmed and debugged using KitProg (PSoC 5LP) on the Debug
Board. Before debugging the device, ensure that PSoC Creator is installed on the computer.

4.1 KitProg

KitProg is the hardware/firmware block for onboard programming, debugging, and bridge functionality. It is a common
reusable hardware/firmware block used across many Cypress kit platforms. It consists of a PSoC 5LP device, which connects
to the computer over a USB interface and connects to PRoC BLE on the Debug Board or EZ-BLE module on the Solar BLE
Sensor over SWD, I°C, and UART pins. KitProg communicates with PSoC Programmer and PSoC Creator software to
program/debug the target PRoC BLE or EZ-BLE module over the SWD interface. The main advantage of an onboard
programmer/debugger is that users do not have to buy extra programmer/debugger hardware.

4.2 Programming and Debugging

4.2.1 Initial setup

4.2.1.1 Solar BLE Sensor

To program and debug the EZ-BLE module on the Solar BLE Sensor, set the slide switch (SW3) on the Debug Board to the
EZ-BLE side. Then connect the Solar BLE Sensor to CN1 of the Debug Board.

4.2.1.2 Debug Board

To program and debug the PRoC BLE on the Debug Board, set the slide switch (SW3) on the Debug Board to the PRoC BLE
side. Do not connect the Solar BLE Sensor to CN1.
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4.2.2 Programming and Debugging Using PSoC Creator
1. Plug the Debug Board into your computer’s USB port.

2. Ifyou installed the RDK software to the default location, copy the BLE folder to your local folder. Note that the following
warning message appears when the folder is in C:\Program Files or C:\Program Files (x86).

-

PSoC Creator Warning prj.M0039 ﬁ

., Unable to save the workspace's user data file "C-\Program Files (x86)
\Cypress\CYALKIT-E02 Solar-Powered BLE Sensor Beacon RDK\1.0
\Firmware\BLE\Debug_Board\Debug_Board.cywrk efukawa" (Access to the path
'C:\Program Files (x86)\Cypress\CYALKIT-ED2 Solar-Powered BLE Sensor
Beacon RDKM _0\Firmware\BLE'\Debug_Board\Debug_Board cywrk efukawa' is

denied.). Address the error in order to save the user info. |
f
Show Details >>

L

The BLE folder is located in the Firmware folder that you installed earlier:

<Install directory>\CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK\<version>\Firmware

3. Open Solar_BLE_Sensor.cywrk or Debug_Board.cywrk for the example project.
4. Clean and build the project by choosing Build > Clean and Build <Project Name>.

File Edit View Project | Build | Debug Tools Window Help

NS d@ < o B9 Build Debug_Board  Shift+F6 «
B - s 2 %% & 5 |0 Clean Debug Board
Workspace Explorer 4 Clean and Build Debug_Board e

3 #| Cance
& *Workspace 'Debug_Boar - - ——
£ “Project _'Debug_Boar e IR e
& TopDesign.cysch
-f® Debug_Board.cydwr
EHC Header Files

Generate Application

JIIF |'|_d|-,‘{};|

Generate Project Datasheet

: t[n] main.h ] e T TR
B+ Source Files pa] EH_ it e rboard . cyvpr

51 BLE-USB_Bridge. cywrk.
[Pa] EH Motherboard.cypr

say | sjealsee

Create Mew Project...
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5. If there are no errors during build, program the firmware by clicking the Program button on the toolbar or pressing [Ctrl]
[F5], as follows. This will program EZ-BLE or PRoC BLE so it will be ready for use.

. | Debug_Board - PSo(

File Edit View Project Build Debug Tools
?éﬂ.f!ﬁa'a_._» 4 G2l X9 ¢

B - o 2 Eﬂ-( S

Workspace Explorer (1 project) X Start
B

] Workspace ‘Debug_Board (1 ProgI=1-Fo%e

=Pz| Project ‘Debug_Board’ [CYBI
i-{F' TopDesign.cysch

i Debug_Board.cydwr
EHO Header Files REfEI

6. To debug the device, click the Debug icon or press [F5], as follows.

a01nos

.- & Debug_Ba PSol
File Edit View Project Build Debug Tools

ERSSEHd & %@ X] 9o

Workspace Explorer (1 project) X Start
g
E]Workspace Debug_Board” (1 ProPRIR=TTole,
=a| Project 'Debug_Board' [CYBl
.-{Z]' TopDesign.cysch
P Debug_Board.cydwr

EH.f) Header Files REfEI

7. When PSoC Creator opens in debug mode, use the buttons on the toolbar for debugging. For more details on using the
debug features, see the Cypress application note AN96841 — Getting Started with EZ-BLE Module or AN94020 —
Getting Started with PRoC BLE.

a01nos

4.2.3 Programming Using PSoC Programmer

PSoC Programmer (3.24 or later) can be used to program existing hex files into both PSoC BLE and the EZ-BLE module. To
do so, follow these steps.

1. Referto4.2.1 Initial setup to select the target device.

2. Plug the Debug Board into your computer’s USB port and open PSoC Programmer from Start > All Programs >
Cypress > PSoC Programmer <version> > PSoC Programmer <version>.

3. Select “KitProg/BLE*******" in Port Selection, and then click the File Load button at the top left corner of the window.
Browse for the desired hex file and click Open. The example hex files are located in the Hex Files folder.

<Install directory>\CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK\<version>\Firmware\BLE\Hex Files
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B pochegonne

File View Options Help

@ |&C BOB®
Port Selection 4/p | Programmer | Utilities

@ KitProg/BLE181B147303105400 #.Elmramming Paran
File Path:

4

Programmer:
Programming Mode:

o ana-sol (\\10.12
<% Doclnfo (\10.12 =
& anpo (\110.128.5
% C (\\WPSYNPCF11
% Desktop (\WPSY
@ Network
[ Control Panel
[ Al Control Pane

A&y Appearance anc

B Clock, Language ~ < i |

File name: ¥ |HEX files (*.hex) -

Verification:
AutoDetection:
Device Family
f 111 Proarammer Charac
Open HEX
|« 10 b Firmware b BLE » Hex Files + |44 Ml search Hex Files o
Organize * New folder = 1 @
R Eiji Fukawa S - Date modified Type Size
& Computer 3
_q Win? (€) Debug_Board_v1.0.00.hex 4/6/2016 10:33 AM  HEXFile 283 KB
in y
Solar_BLE_Sensor_v1.1.00.hex 4/6/2016 10:33 AM  HEXFile 283 KB
& ana-mak (\\10.1

»

=)
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Click the Program button to start programming the kit with the selected file.
Note: If the hex file does not match the device selected, then PSoC Programmer will throw an error of device mismatch and

terminate programming.

® PSoC Programmer

File View Options Help

@isl&ecb 2006

4p Programmer |Uli|ities

Port Selection
@ KitProg/BLE121B147303105400

Programming Param
File Path:

Programmer:
Programming Mode:

Verification:

AutoDetection:

Device Family

Proarammer Charac

When programming is finished successfully, indicated by a PASS message on the status bar, the Solar BLE Sensor or

5.
Debug Board is ready for use. Close PSoC Programmer.

# PsoC Programmer ==

File Options  Help
— A BOB

Programmer | Utiities | JTAG |

Port Selection 4
B KitProg/BLE181B147203105400 ngrammmg Parameters
Eile Path C¥U: p Tiny Firmware¥Hex Files¥Debug_Board_v1.0.hex
Programmer. KitProg/BLE1818147303105400
Programming Mode: @ Resst Power Cycle Power Detect
Verification: @on O off Connecor. 5p @ 10p
AutoDetection: @on () off Clock Speed: 15MHz ~
Device Family
Programmer Characteristics Status
CY8C40ecBLE -
== Profocol JTAG @ SWD () 1sSP () 12e Execution Time: 172 seconds
Device Voltage: @ 50V )33V (1) 25V jgy  DowerSaus - ON
CYBL10162-56LQXI - Voltage: 3313mV
Actions Results e
Program Finished at
9:44:50 PM -

Programming Succeeded
Doing Checksum

Doing Protect

Verifying of Flash Succeeded...
Verifying of Flash Starting...
Programming of Flash Succesded...
Programming of Flash Starting...
Erase Succeeded

Device set to
CYBL10162-56LGXT at 131072 FLASH bytes

9:44:33 PM -
For Hep, press F1 e Pass powerd E @
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4.3 Updating KitProg Firmware

The KitProg firmware normally does not require any updating. If an update is required, then PSoC Programmer will display a
warning message when the kit is connected to it, as follows.

.

[ WARNING! (3w

This programmer is currently out of date

Te update the firnware please navigate to the
Lkilities Tab and press the Update Firmware
button

Do not show this message again OK

To update KitProg, go to the Utilities tab in PSoC Programmer and click Upgrade Firmware, as follows.

® PpsoC Programmer

File View Options Help

@-sopPpBODB

4b |Programmer] Utiities | JTAG |

Port Selection

I @ KitProg/BLE181B147303105400 I
| Upgrade Firmware CMEK to upgrade connected device's firmware
Erase Block Click to erase user specific flash block

Device Family
CY8C40-BLE hd

Device
CYBL10162-56LQX1 =

Actions Results
Program Finished at
9:44:50 BM
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This chapter introduces you to the Solar BLE Sensor hardware and firmware initially provided. It discusses features such as
the WSN with the BLE Beacon process.

5.1 Hardware Description

The Solar BLE Sensor has two modes: Demo mode and Timer mode. Refer to section Internal Timer Setting Block for detailed
information. You can set these modes using SW1 on the Solar BLE Sensor. This section details the information for
S6AE103A.

Note: When the Solar BLE Sensor is in the enclosure, use the sharp end of something like tweezers (not included in the kit) to
change the mode.

Timer Mode
(T™)

Demo Mode
(B™m)

The following is the circuit of the S6BAE103A energy harvesting PMIC. There are four main blocks to operate it. Refer to the
S6AE103A datasheet for detailed specifications. The schematic and board layouts are available at the following location:

<Install directory>\CYALKIT-EO2 Solar-Powered BLE Sensor Beacon RDK\<version>\Hardware
1. Power input block

2. VOUT setting block

3. Storage and VOUT control block

4

Internal timer setting block
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TP1 1P2 1P7
1.0mm5{]mm Eumm
vl
D1

[«]

0 pF

<

VDD

H

24 1 Rl VSTORE2
U1 VBAT VOUT1 -
[ T 19 ! voo voutz -2 ° 4 R
158417 _IC1 2 R 15%17
10 uF g1 ENA_COMP VSTORE! 53
STBY_LDO VSTORE2
1 - VINT
ENA_LDO
8T vint 2 —Lsa
100 uF | 100 uF_"[ 100 uF__[100 uF
R2 12 16 200 mF g ;; g g
% SET_VOUTFB VIN_LDO
R - 14 17
24v SET_VOUTH VOUT_LDO T0uF
62V R4 15 18
w SET_VOUTL FB_LDO
------- 11 couee
: i COMPM
5 SW_CNT/CMPOUT ———
CINO
[ > cint
CT c14 4 21
220 pF ez e swi CIN2 AGND
22 nF | 470 pF SEAET03A
cg SSAJI20100  |cpp c13

5.1.1 Power Input Block

This section describes the SBAE103A power input block as shown in the following schematic. There are two power inputs for
solar energy (VDD) and primary battery input (VDD) and some control pins for internal LDO, comparator, and interrupt input.

TP1 TP2 TPT

1.0mm |1.0mm |1.0mm

NN

VIN
U2
24

J1 D1

VBAT
19

. ~
158417

AM-1606C

_ct

‘!1OUF

VDD
20

ENA_COMP
STBY_LDO
ENA_LDO
INT

10

~

Table 5-1. Pin Description of Power Input Block

Pin Name:

Description:

VBAT

Connect TP1
Primary battery input pin
Extra battery input

VDD

Connect the solar cell (AM-1606C)
Solar cell input pin

Diode (D1) for reverse current protection
Capacitor (C1) for charging input energy

ENA_COMP

Connect GND (H: Enable, L: Disable)
Comparator control pin
It is set to disable.

STBY_LDO

Connect GND (H: Normal, L: Standby)
LDO operation mode setting pin
The LDO is not used when ENA_LDO is low.
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Pin Name: Description:

Connect GND (H: Enable, L: Disable)
ENA_LDO LDO output control pin

It is set to disable.

Connect VINT

INT Event-driven mode control pin
VOUT?2 is always active.

5.1.1.1 Solar Cell Specification
Refer to section 6.1.1 15 x 15 mm Solar Cell for detailed specifications.

5.1.1.2 Diode Connection Between Solar Cell and VDD
Refer to Diode Connection Between Solar Cell and VDD for detailed information.

5.1.1.3 VBAT Connection (optional)
Refer to Battery Input Operation.

5.1.2 VOUT Setting Block

This section describes the VOUT settings of SGAE103A as shown in the following schematic. The VOUT1 and VOUT2 output
voltage of SBAE103A can be set by changing the resistors connected to the SET_VOUTH and SET_VOUTL pins because the
VOUT upper limit voltage (VVOUTH) and VOUT lower limit voltage (VVOUTL) are set based on the connected resistors. The
SET_VOUTFB pin outputs a reference voltage for setting the VOUT upper limit voltage and VOUT lower limit voltage. The
voltages applied to the SET_VOUTH and SET_VOUTL pins are produced by dividing this reference voltage outside the IC.

SET_VOUTFB

R 6.8M 1
: SET_VOUTH
R4 5.6M 15

! :gVBX : SET_VOUTL

The VOUT upper limit voltage (VVOUTH) and VOUT lower limit voltage (VVOUTL) can be calculated using the following
equations:

JOUTH =
VOUTL

IR
oy 2
Rt
~

= G

VOUT upper limit voltage

v V] = 575X (R3+R4) 575X (5.6M+56M) 324V
VOUTH '™ 111 x (RZ+ R3+ R4) 11.1x (6.8M +5.6M +5.6M)

VOUT lower limit voltage

3 57.5 X R3 3 57.5 X 5.6M 162V
" 111x (R2Z+R3+R4) 11.1x (6.8M+5.6M+5.6M)

Wourt [V]

5.1.2.1 VOUTL Setting Margin
Refer to Equivalent Series Resistance of the Supercapacitor.
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5.1.3 Storage and VOUT Control Block

This section describes the storage and VOUT control block of S6AE103A as shown in the following schematic. There are two
storage pins and two VOUT pins. The solar energy charges both a small capacitor (400 uF) and a large capacitor (200 mF).

VDD
-] R
VouT1 1o | VSTORE2
3 0 D2
VOuT2 DI
5 155417
VSTORE1 [53 ' ' '
VSTORE2 s VINT cor c2 c3 ca cs
VINT 1 — - : " :
_ 300 ;l;oo uF 100 qu;oo qu;m uF
_lcs g
[1.0uF
Table 5-2. Pin Description of Storage and VOUT Control Block
Pin Name: Description:

Connect load

VOUT1 Output voltage pin 1
Supply energy to BLE and sensor
Open

VOUT2 Output voltage pin 2
Not used for this kit
Connect 400-uF capacitor

VSTORE1 Storage output pin 1
For startup storage
Connect 200-mF capacitor

VSTOREL1 Storage output pin 2
To charge a surplus energy
Connect 1.0-pF capacitor

VINT Internal circuit storage output pin
Fixed to connect capacitor

5.1.3.1 Waveform of Charging and Discharging Operation
The following are the details of the charging operation and waveform.

1. Solar energy is the input.

2. Charging starts VSTOREL.

3. When the VSTOREL1 voltage achieves the VOUTH setting voltage (3.24 V), the VOUT1 voltage turns on and charging
starts the surplus energy to VSTOREZ2.

4. Repeat to charge both VSTOREL1 and VSTORE2.
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Charging Operation
VOUTH=3.24V CHRGE CHRGE CHRGE CHRGE CHRGE
VOUTM=3.08V r] ¥
(VOUTHXx0.95)
VSTORE1
400 uF
ov
CHRGE
VSTORE2 CHRGE JOReE L . —
200 mF CHRGE ! CHRGE N
ov
START
VOUT1
OFF ON ON
ov
N

The following are the details of the discharging and recharging operation and waveform.

1. When the VSTOREL1 voltage achieves the VOUTH setting voltage (3.24 V), the surplus energy charges to VSTORE?2.
2. Solar input is stopped.
3. The voltage decreases slowly due to load current.
4. When the VSTOREZ1 voltage achieves VOUTL (1.62 V), the VOUT1 turns off.
5. Solar input is started.
6. When the VSTOREL1 voltage achieves the VOUTH setting voltage (3.24 V), the VOUT1 voltage turns on and charging
starts the surplus energy to VSTOREZ2.
Discharging and Recharging Operation
Solar Input is stopped [] Solar Input is started
VOUTH=3.24v - CHRGE v DISCHARGE ¢ CHRGE CHRGE
VOUTM=3.08V i v
VSTOREL1 (voUTHO.S5) :
400 uF DISCHARGE
VOUTL=1.62V :
ov .
VOUTH=3.24V DISCHARGE
CHRGE
VS;(())()Rnfé i | oischaRcE i CHRGE
VOUTL=1.62V
ov j ;
‘ R
- T vonasy | T~
VOUT1 T
ON ON ON : OI;F ON
ov - :A
— VOUTi is OFF
(51 [ ]
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5.1.4 Internal Timer Setting Block

This section describes the S6AE103A internal timer setting block as shown in the following. There are three pins (CIN0/1/2) to
control the VOUT pins, as described in Table 5-3.

= - o
;@OPF et _[c14 i CIN2
g;aan;?OpF ol
e SSAI20100 [o1p |cia
22nF “To.47 uF o1 uF

Table 5-3. Pin Description of Internal Timer Setting Block

Pin Name: Mode Description

Connect 220-pF
CINO (not used) - Timer time O (TO) setting pin
T0 =0.13 sec’

Connect 3770-pF

CIN1 - Timer time 1 (T1) setting pin
T1=2.07 sec

Demo mode Connect 2200-pF capacitor
(C9) Timer time 2 (T2) setting pin
T2 =1.21 sec*

CIN2

Timer mode Connect 0.57-pF capacitor
(C12, C13) Timer time 2 (T2) setting pin
T2 =310 sec'

! Refer to section 05.1.4.2 Setting of Timer for detailed calculation formulas.

5.1.4.1 Waveform of Demo Mode and Timer Mode
The following are the details of the Demo mode (DM) operation and waveform.

Casel: VSTOREZ2 is empty
1. TO (0.13 s) timer and T1 (2.07 s) timer start when the VSTORE1 achieves VOUTH (3.24 V). VOUT1 voltage turns ON.
2. After TO (0.13 s) finishes, VOUT2 turns ON.

3. After T1 (2.07 s) finishes, VOUT1 and VOUT2 turn OFF. T2 (1.21 s) starts. If the VSTOREL voltage drops under VOUTL
(1.62 V), all timers are reset.

4. After T2 (1.21 s) finishes, repeat steps 1 to 4.

Refer to Table 3-1. Light Level Versus Time Interval for the time interval of BLE transmission in this case.
Case2: VSTOREZ2 is full

1. VSTORE1 and VSTORE2 connect via Diode.

2. Same steps as casel.

The time interval of BLE transmission is 3.28 s (T1 + T2) until VSTOREL1 drops to VOUTL (1.62 V). Then the waveform
changes to case 1.

Note that the surplus energy cannot be charged completely to VSTOREZ2 in Demo mode.
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Demo Mode (DM)

-- Casel: VSTORE2 is empty

[=]

VSTORE1 \/\ \ \ \ \ \
VSTORE2 i
/4START | /ISTART /1 START /| START /1 START /| START /7 START
y STOP ! STOP |/ sToP  f sToP  if STOP STOP | STOP
CINO D Mreser i PYReser | MY reser | FYreser || KYreser | FYreser | MY ReseT
T START ' START START T START . | START T | START I START
CIN1 N T | T T1 ; T W T b T R T1
L -
k4 A v v A
CIN2 & . T2 T: 12| T 12|
VOUT1 OFF ON ON ON ON ON ON ON
VOuT2 OFF ON ON ON ON ON ON ON
Not used !
=] [
Demo Mode (DM)
-- Case2: VSTOREZ2 is full
VSTORE1 —
VSTORE2 F
/4START /ISTART /1 START /I START /1 START /START /7 START
/ STOP STOP sToP  if sToP  if sToP |/ STOP i/ sToP  if
CINO | WYreser | WYreser | FYreser || KYreser | PUreser | MYRreser || Y Reset |
\ - START \ START i | START i | START \ | START \ I START i [ START |
CIN1 A in ; T T1 T a im T T1 j
|
Y A4 A4 Yy
CIN2 T2 T 2| T 2 T 1
VOUT1 OFF ON ON ON ON ON ON ON
VOouT2 OFF ON ON ON ON ON ON ON
Not used

The following are details of the Timer mode | operation and waveform:
TO (0.13 s) timer and T1 (2.07 s) timer stat when VSTOREL achieves VOUTH (3.24 V). VOUT1 voltage turns ON.

1.
2.
3.

4,

After TO (0.13 s) finishes, VOUT2 turns ON.

After T1 (2.07 s) finishes, VOUT1 and VOUT2 turn OFF. T2 (310 s) starts. The surplus energy can be charged to
VSTOREZ2 in Timer mode while VOUTL1 is OFF.

After T2 (310 s) finishes, repeat steps 1 to 4.

The time interval of BLE transmission is 312.07 s (T1 + T2).

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A

47



Reference Design

Timer Mode (TM)
VSTORE1
VSTORE2 AN
/4START Y START
{ STOP | STOP
CINO { 1% ReseT | MY RESET
T START T START
N STOP | STOP
CIN1 T | Reser | LE RESET
1 START START
i sTopP
CIN2 ! T2 J RESET T2
VOUT1 OFF | ON OFF ON OFF
VOUT2 OFF | ON OFF ON OFF
Not used {
(1]

5.1.4.2 Setting of Timer

The timer times 0, 1, and 2 (TO, T1, and T2) are set according to the capacitance value at the connections between the CINO,
CIN1, and CIN2 pins and the AGND pin.

The values of timer 0 (TO), timer 1 (T1), and timer 2 (T2) can be calculated using the following formulas.
TO[s] = 0.5455xC[F]x10"9 + 0.01327[s] = 0.5455x220x10"-12x10"9 + 0.01327[s] = 0.13 [s]

T1[s] = 0.5455x3.77x107-9x1019 + 0.01327[s] = 2.07 [s]

T2[s] = 0.5455x2.2x10"~9x10"9 + 0.01327[s] = 1.21 [s] (Demo mode)
T2[s] = 0.5455x570x10"~9x%10"9 + 0.01327[s] = 310 [s] (Timer mode)
5.1.5 Unused Pins

Table 5-4 lists the unused pins.

Table 5-4. Description of Unused Pins

Pin Name Description

COMPP Open _ ,
Comparator input pin

COMPM Open _ ,
Comparator input pin

VOUT2 Open _
Output voltage pin

VIN LDO Connect GND

B LDO power input pin

VOUT_LDO Open _
LDO output pin

FB_LDO Open o
LDO output voltage setting pin

SW_CNT/CMPOUT Open o _ _ _
VOUT1 switch interlocking output pin/comparator output pin
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5.2 Firmware Description

This section introduces the firmware initially provided in the Solar-Powered BLE Sensor Beacon RDK. It discusses features
such as the WSN with the BLE Beacon process. Refer to AN96841 — Getting Started with EZ-BLE Module for the BLE
standard reference design, except energy harvesting.

5.2.1 Flow Diagram

Figure 5-1 is the flow diagram for the example project of the kit firmware.

Figure 5-1. Example Project Flow Chart

|:| Firmware operation

|:| Hardware (PMIC) operation

Perform Low Power
startup

Start command
Y————» mode for changing
the parameters

§ USB connectio
detected?

N
4

SFLASH Parameter
Reading

v
Y Start BLE and 12C.
Start WDT counter
for 12C State
machine

v

Collect Humidity
and temperature
data and send it as |«
non-conn
advertising data

v

Put BLE and sensor
to Deep sleep

¢——EXIT command

Is power off by
PMIC?

N
h 4

Wakeup from WDT
interrupt
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Table 5-5 lists the functions for the example project of the kit firmware.

Table 5-5. Example Project Functions

Function Name

Description

CyDelay

Wait for milliseconds

CyDelayUs

Wait for microseconds

USB_Detect_Read

Reads the current value on the pins (P3.5) of the digital port in
right justified

UART_Start

Invokes SCB_Init() and SCB_Enable()

UART_UartPutString

Places a NULL terminated string in the transmit buffer to be sent
at the next available bus time

CySoftwareReset Forces a software reset of the device
CySysCIkWriteEcoDiv Sets the divider for the ECO

CySysCIkEcoStart Starts the ECO

CySysCIkEcoStop Stops the MHz crystal

WDT_Interrupt_StartEx Initialize WDT interrupt

CySysClkWcoStart Enables the WCO

CySysClkWcoSetPowerMode Sets power mode for the 32-kHz WCO
CySysWdtLocked Reports WDT lock state

CySysClkSetLfclkSource Sets clock source for the LFCLK clock
CySysWdtEnable Enables specified WDT counters

CySysWdtLock Ic_grci:flz l?rl;tt i((:)(rJ]nrfiegglf:éiron changes to the WDT registers and ILO
CySysWdtUnlock Unlocks the watchdog timer configuration register
CySysPmDeepSleep Puts the part into the deep sleep state
CySysWdtEnable Enables the specified WDT counters
CySysW(dtDisable Disables the specified WDT counters

ConfigRW_CheckSFlash

Checks whether there is configuration data in user Sflash

cmd_uart_sub

Function for processing UART commands

CyBle_Start

Initializes the BLE stack, which consists of the BLE Stack
Manager, BLE Controller, and BLE Host modules

CyBle_ProcessEvents

Checks the internal task queue in the BLE Stack and pending
operation of the BLE Stack

CyBle_EnterLPM

Requests the underlying BLE modules such as BLE Controller,
BLE Host Stack, and BLE Stack Manager to enter into one of
the supported low-power modes

CyEnterCriticalSection No interrupts allowed while entering system low-power modes
CySysPmDeepSleep Puts the part into the deep sleep state
CySysClkWriteHfclkDirect Selects the direct source for the HFCLK

CySysClkimoStart Enables the IMO

CySysClkimoStop Disables the IMO

CySysPmSleep Puts the part into the sleep state

Processl2Cevents

Handles I°C events according to current state and updates the
state value

ProcessBeaconEvents

Handles beacon events according to current state and updates
the state value
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Function Name Description
Si7020_Init Initial temperature and humidity sensor Si7020
Si7020_WriteRead ﬁsr?]?jit;o;;/te;rsion command and reads temperature and
Beacon_GappStartAdvertisement Starts advertisement using the specified interval
CyBle_GappStopAdvertisement Exits discovery mode

5.2.3 BLE Sensor Beacon Operation

This section provides detailed information on the BLE sensor beacon process.

5.2.3.1 Complete BLE Sensor Beacon Process

The complete BLE sensor beacon process invokes running the Beacon_GappStartAdvertisement(). The following waveform
shows the BLE advertisement states.
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5.2.3.2 Power Up and Software Reset

The code from the Solar_BLE_Sensor PSoC Creator project is started. This code begins with low-power startup functions.
This allows the system to conserve power during clock startup, especially the WCO, which takes 500 ms for startup. This is
crucial to allow the project to survive on solar power.

The code is optimized to read the USB detect line (P3.5 of EZ-BLE) and immediately switch to UART mode if it was not
detected.
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LowPower WCO ECO Start();

/* If USB connector is plugged in.
if (USB_Detect Read() == PIN_ HIGH)
{

ConfigRW CheckVersion();

cmd uart sub();

CySysClkWriteEcoDiv (CY SYS CLK_ECO_

to save power, to drive the HFCLK */

DIVS8) ;

/* Start WCO & ECO in low power mode */

*/

@Z.l]\n’div 1MQ By:20.0M (zic1)2.0v  5.0ms -511ms -461ms [A@jo,uv ] 500ms 20.0kS/s 50.0us/pt
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Z.l]\n’div 1MQ By:20.0M (zic3)2.0¢¥  5.0ms -511ms -461ms 1 acgs RL:100k
(Cea ) 10.0mA/div MO §y:20.0M 10.0mA 5.0ms -511ms -461ms Auto
CyGlobalIntEnable;

/* Set the divider for ECO, ECO will be used as source when IMO is switched off
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5.2.3.3 System Clock Setting and SFLASH Parameter Reading
The system is set with the IMO at 12 MHz and the ECO at 3 MHz.

Reference Design

The user flash read is done at every start to read the stored beacon data in SFLASH and then use it for broadcasting. The
flash read is done in CYBLE_EVT_STACK_ON to allow some breathing room between system on and flash read.
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void BLE AppEventHandler (uint32 event, void* eventParam)
{
(void) eventParam;
switch (event)
{
case CYBLE EVT STACK ON:

/* This event is received when component is Started. */

/* Read user configuration and apply.
* ReadAndApplyConfig () must be invoked in the case of
* CYBLE EVT STACK ON. */

ReadAndApplyConfig(&interval, &Sensor Flag);

restartadvertisement = true;

CySysWdtUnlock (); /*Unlock the WDT registers for modification*/
CySysWdtWriteMode (SOURCE COUNTER, CY SYS WDT MODE INT);
CySysWdtWriteClearOnMatch (SOURCE COUNTER, COUNTER ENABLE) ;
CySysWdtWriteMatch (SOURCE COUNTER, COUNT PERIOD 1S);
CySysWdtEnable (CY SYS WDT COUNTERO MASK) ;

CySysWdtLock () ;

break;

default:

break;

5.2.3.4 1°C Start, Read Sensor Data and BLE Advertisement

Along with BLE start, the WDT counter is configured for periodic interrupts to run the I2C state machine. This state machine
initiates 1°C as well as reads the data from the sensor to send it as part of the advertisement (ADV) packet. Also,
CyBle_ProcessEvents() is called to process BLE events.

After 1°C is started, the next state sends the temperature or humidity data request, and then the system goes back to deep
sleep. After sensor data is requested, temperature or humidity data is read, and the system goes back to deep sleep again.

Upon WDT interrupt, the system wakes up and the ADV packet is updated with the new data. Also, the GAP advertisement is
started so that the new ADV packet can be transmitted by BLE.
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void ProcessI2CEvents (void)
{
/* If I2C_COUNTER triggers a new interrupt after the expected time elapsed. */
if (wdt _trigger on flag)
{
CYBLE API RESULT T apiResult;
switch(i2c_state)
{
case I2C START:
I2CM_Start () ;
I2C buffer[0] = SI7020 WRITE USER REG;
I2C buffer[l] = USER REG SETTING;
(void) I2CM I2CMasterWriteBuf (SI7020 SLAVE ADDR,
I2C buffer,
SI7020 USER REG_SEND LEN,
I2CM I2C_MODE COMPLETE XFER) ;
UpdateWdtCounterl (I2C COUNT PERIOD 20MS) ;
/* Set next I2C state */
i2c state = I2C READ HUMIDITY SEND;

break;
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/* Perform "Measure Relative Humidity" command to Si7020 */
case TI2C_READ HUMIDITY SEND:
(void) I2CM I2CMasterClearStatus();
/* Request RH data from I2C Sensor */
I2C_buffer[I2C BUFFER HUM OFFSET CMD] =
ST17020 MEASURE RH;
(void) I2CM I2CMasterWriteBuf (SI7020 SLAVE ADDR,
I2C_buffer [I2C BUFFER HUM OFFSET CMD],
SI7020 MEASURE RH SEND LEN,
I2CM T2C_MODE COMPLETE XFER) ;
UpdateWdtCounterl (I2C COUNT PERIOD 20MS) ;
/* Set next I2C state */
i2c_state = I2C READ HUMIDITY RECV;

break;

/* Read back "Measure Relative Humidity" result from Si7020 */
case I2C READ HUMIDITY RECV:
/* Read RH data from I2C Sensor */
(void) I2CM I2CMasterReadBuf (SI7020 SLAVE ADDR,
&I2C buffer[I2C BUFFER HUM OFFSET DATA],
SI7020 MEASURE RH RECV LEN,
I2CM _I2C MODE COMPLETE XFER) ;
UpdateWdtCounterl (I2C COUNT PERIOD 20MS);
/* Set next I2C state */
i2c_state = I2C_READ TEMP SEND;

break;

/* Perform "Read Temperature Value" command to Si7020 */
case I2C READ TEMP SEND:
(void) I2CM I2CMasterClearStatus();
/* Request Temperature data from I2C Sensor */
I2C buffer[I2C BUFFER TEM OFFSET CMD] =
SI7020 READ TEMP;

(void) I2CM I2CMasterWriteBuf (SI7020 SLAVE ADDR,
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/* Start BLE Advertisement */
case I2C START ADV:

/* Update RH index of ADV packet with new value */
cyBle discoveryData.advData[ADDR HUM OFFSET] =

I2C buffer[I2C BUFFER HUM OFFSET DATA];

/* Update Temperature index of ADV packet with new value */
cyBle discoveryData.advData[ADDR TEM OFFSET] =

I12C_buffer[I2C BUFFER TEM OFFSET DATA];
(void) I2CM I2CMasterClearStatus();

/*When sensor used, advertise interval is fixed to 10.24s.*/

apiResult =

Beacon_GappStartAdvertisement(ITRVL7SENSOR70N);

/* If fails to start advertisement, halt the processor. */
if (apiResult != CYBLE ERROR OK)
{

CYASSERT (0) ;

}
CyBle ProcessEvents();
UpdateWdtCounterl (I2C COUNT PERIOD 1S);
/* Set next I2C state */
i2c_state = I2C STOP ADV;

break;

case I2C STOP ADV:
CyBle GappStopAdvertisement () ;
CyBle ProcessEvents();
/* Set next I2C state */
i2c state = I2C_READ HUMIDITY SEND;

break;

wdt trigger on flag = false;
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5.3 BLE Beacon Format

The BLE Beacon is a one-way communication method that broadcasts at a regular interval. It consists of small packets of data
(30 bytes) of “advertisements.”

Beacons that want to be “discovered” can be used for a variety of smartphone or computer applications to trigger things like
push messages, app actions, and prompts.

The following is the link layer format of the BLE for advertising channel packet format. The BLE link layer includes “Preamble,”
“Access Address,” “PDU (Protocol Data Unit)”, and CRC. Note that the following information is for the advertising channel
packet format; it does not include the data channel packets.

= “Preamble” must set “10101010b.”
= “Access Address” must be set to “10001110100010011011111011010110b (OXx8E89BEDS).”
= “PDU” includes “Header” and “Payload.”

The BLE Beacon packet structure belongs to “Advertising Data” in “Payload.”

Preamble Access Address PDU (Protocol Data Unit) CRC
® (32) (16 10 312) (24)
Header Payload
(16) (as per the Length field in the Header)
Pou | RE [ x| Rx | e | RF AR AdvData
Type u Add | Add (6? u Address Advertising Data
4) () @) @ (2 (0-248)
(48)
Public device Addrg AD Structurel ".. AD Structure2
Compan
y_assign Comlpéa Len AD AD Len AD AD
ed VE 7" gth type | data gth type | data
() means “Bit” (24) @4

Random device Addregs|

hash random

(24) (24) BLE Beacon packet

The following are the details of the BLE Beacon packet format for the Kkit.

AdvData “Byte”
Advertising Data [1means "Byte
[30]

Len AD AD Len AD

gth type data gth type A?Z(é?ta

[1 [1 [1] [1] [1]

AD AD HU

Len AD Len Company Devic Len . TE RS
gt | VP | data | gin2 | VB¢ D e | ging e M[azj]or W we | s
1 1] 1 2 1 1 1 1
Wl g [ o o] 2 | W o | @ ®

The following are the initial values in the example project for Solar_BLE_Sensor.
<BLE Beacon Format>

Lengthl 0x02
AD typel 0x01
AD data 0x04
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Length2 Ox1A

AD type2 OxFF

Company ID 0xo004C

Device type 0x02

Length3 0x15

uuID! 00050001-0000-1000-8000-00805F9B0131 [heX]

Major? 0x0001

HUMIDITY? Humidity Sensor Data

TEMP? Temperature Sensor Data

RsSI* 0xC3  [-61dBm]
<Others>

Transmitter power 3 dBm

! Thisis a 16-byte string used to differentiate a large group of related beacons.

2 Thisis a 2-byte string used to distinguish a smaller subset of beacons within the larger group.

® This is a 1-byte string to read individual sensor data.

* Received signal strength indication. This is used to determine proximity to (distance from) the beacon.

Reference Design

The kit uses the ReadAndApplyConfig function in main.c to update the BLE Beacon packet. Note that the kit does not use the
“GAP Settings” of Configure “BLE” in TopDesign.cysch because the SFLASH parameter is read and the BLE Beacon packet

is updated whenever the power is turned on.

5.3.1 Calculation Formula to Read Sensors

The following is the calculation formula of the temperature and humidity sensors to receive the sensor data.

<Temperature Sensor>

TEMP [°Q = 175.72 x (TEMP x 256) / 65536 — 46.85

Example: TEMP = 0x67 [hex] = 103[dec]
TEMP [°Q = 175.72 x (103 x 256) / 65536 — 46.85 = 23.85[°(]

<Humidity Sensor>
RH[%)] = 125 x (HUMIDITY x 256) / 65536 — 6

Example: HUMIDITY = 0x74 [hex] = 116[dec]
RH[%)] = 125 x ( 116 x 256) / 65536 — 6 = 50.64[%]
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6. Hardware

This chapter describes the Solar-Powered BLE Sensor Beacon RDK hardware. The schematic and board layouts are

available at the following location:

<Install Directory>\Cypress\CYALKIT-E02 Solar-Powered BLE Sensor Beacon RDK\<version>\Hardware.

6.1 Solar BLE Sensor

The Solar BLE Sensor consists of the blocks shown in Figure 6-1.

Figure 6-1. Solar BLE Sensor Block Diagram

15 x 15 mm Test Pads for
Solar Cell SWD
User LED

(Not mounted)

SISTI4A/ NN

Slide Switch for
S6AE103A Mode
Select
(SSAJ120100)

Temperature and
Humidity Sensor
(Sil7006-A20-IM1)

EZ-BLE PRoC
Module
(CYBLE-022001-00)

400-uF Storage
Capacitor
(100 pF x 4 pcs)

Energy
Harvesting PMIC
(S6AE103A)

10-Pin Connector
for Power, SWD,
UART, and GPIO

(DF40C-10DP-0.4V)

0.2-F Supercapacitor
(DCK-3R3E204T614-E)

Note that the Solar BLE Sensor is not printed the silk screen of all components due to tiny size. To identify the components,

refer to the assembly drawing shown in Figure 6-2.
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Figure 6-2. Solar BLE Sensor Assembly Drawing
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6.1.1 15 x 15 mm Solar Cell

The solar cell connects to the VDD pin of S6AE103A via a diode for reverse current protection and via a 10-yF capacitor as

shown in the following.

SOLAR CELL
15mm = 15mm

U1

19 | VDD S6AE103A

The following are the design specifications of the solar cell (AM-1606C).
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Table 6-1 lists the specifications of the solar cell (AM-1606C).
Table 6-1. Specifications of Solar Cell (AM-1606C)
ltems Specifications
Size 15.0mm x 15.0mm x 0.7mm
Open Circuit Voltage: Voc Typical 3.6 V (at 200Lux FL, 25°C)
Short Circuit Current: lsc Typical 3.5 pA (at 200Lux FL,—25°C)
CYALKIT-EO2 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A

63



# CYPRESS

Hardware

Iltems

Specifications

Operating Voltage and Operating
Current: VopE - IOPE

Typical 2.6V —3.1 pA (at 200Lux FL, 25°C)

Working Temperature -10 ~ 60°C
Storage Temperature -20 ~70°C
Working llluminance ~ 1000Lux

6.1.2 Energy Harvesting PMIC

Referto 5.1 Hardware Description for detailed specifications.

6.1.3 400-uF Storage Capacitor
Referto 5.1.3 Storage and VOUT Control Block for detailed specifications.

6.1.4 0.2-F Supercapacitor
Referto 5.1.3 Storage and VOUT Control Block for detailed specifications.

6.1.5 Slide Switch for S6AE103A Mode Select

Refer to Internal Timer Setting Block for detailed specifications.

6.1.6 EZ-BLE PRoC Module

EZ-BLE PRoC modules are fully integrated, fully certified, programmable modules that are designed for ease of use. The
module contains Cypress’s PRoC 4 BLE chip, two crystals, a chip or trace antenna, a shield, and passive components.
Following is a schematic for the EZ-BLE PRoC module. Table 6-2 lists the module pins and their descriptions.

U3
8 21
GPIO 5| P04 P40 [5—
77 P05 P4.1 [7
SWDIO < > = P06 P5.0 [ SDA
SWDCLK | 16| PO.7 P5.1 -yz SCL
UART_RX | 79| P14 XRES [13 |XRES VDD
VDD UART_TX f 5| P15 VDD L1 T
No Load |0t No Lead 12 | P16 1 330 ohm@100MHz
75| P34 VDDR
330 GREEN 55| P3.5 1
R6 P3.6 GND_1
USB_DET __> _’W\mk’ x 17 1 p37 GND_2 10
R7 CYBLE-022001-00

100k
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Table 6-2. Pin Description of EZ-BLE PRoC Module

Pin Name 1/0 Description
Connect CN1.9 pin
P0.4 I/0
Extra GPIO to connect Debug Board
P0.6 1o Connect CN1.4 pin o
SWDIO to program/debug via KitProg
PO.7 | Connect CN1.3 pin
' SWDCLK to program/debug via KitProg
P14 | Connect CN1.7 pin
' UART_RX to control the parameter via KitProg
P15 o Connect CN1.8 pin
' UART_TX to control the parameter via KitProg
Connect LED (not mounted)
P3.4 © Extra user LED
P35 | Connect CN1.6 pin
' USB detect from Debug Board
P5.0 e Connect U4 of temperature and humidity sensor
' SDA for I°C connection
Connect U4 of temperature and humidity sensor
P5.1 110 ) :
SCL for I°C connection
XRES | Connect CN1.5 pin o .
XRES to program/debug via KitProg and reset pin
VDD Connect VDD via L1 ferrite bead
Digital power supply input
VDDR _ Con‘nect VDD via L1 ferrite bead
Radio power supply
GND_1, GND_2 - Ground connection
PO0.5, P1.6, P1.7, Ooen
P3.6,P3.7, P40, |- Ngt o
P4.1

6.1.7 Temperature and Humidity Sensor

The temperature and humidity sensor is a monolithic CMOS IC that integrates sensor elements, an analog-to-digital
converter, signal processing, calibration data, and an I2C interface. The EZ-BLE PRoC module controls the sensor IC via the
I°C interface. The following is the schematic for the temperature and humidity sensor.

Hardware

VDD
[
c10
VDD VDD
“lo1uF
R8 <R9 ug
10k 10k o
(=]
= 3
scL<__> SCL  DNC1
SDA SDA _ DNC2 4
=
£6
| Si7020-A20-GM1
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6.1.8 10-Pin Connector on Solar BLE Sensor

The 10-pin connector connects the Debug Board to program/debug, control parameters, detect USB connection, and charge
the supercapacitor and supply power. The following is the schematic for the 10-pin connector. Table 6-3 gives the pin

descriptions.

VDD
cit |
: VSTORE2
_10.1uF
;l; CN1
1 2
SWDCLK g g < >SWDIO
XRES v g {  >USB_DET
UART_RX 5 0 < UART_TX
GPIO
CON10A
Table 6-3. Pin Description of 10-Pin Connector
Number Name Description:
1 VDD Connect power of Solar BLE Sensor
3.3-V power from Debug Board
2 GND Ground connection
3 SWDCLK Connect P0.7 of EZ-BLE o
SWDCLK to program/debug via KitProg
4 SWDIO Connect P0.6 of EZ-BLE o
SWDIO to program/debug via KitProg
5 XRES Connect XRES of EZ-BLE- . .
XRES to program/debug via KitProg and reset pin
Connect P3.5 of EZ-BLE
6 USB_DET
- USB detect via divider resistor
7 UART RX Connect P1.4 of EZ-BLE o
- UART_RX to control the parameter via KitProg
8 UART TX Connect P1.5 of EZ-BLE o
- UART_TX to control the parameter via KitProg
9 GPIO Connect P0.4 of EZ-BLE
Extra GPIO to connect Debug board
VSTORE2 of S6AE103A
10 VSTORE2 Connect VSTO of S6 . 03.
To charge the supercapacitor using 3.3 V of Debug Board
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6.2 Debug Board
The Debug Board consists of the blocks shown in Figure 6-3.
Figure 6-3. Debug Board Block Diagram
Status LED = e Power LED
3.3-V LDO ( Resettable

MB39C022G) Fuse for USB
10-Pin Connector for
PRoC 5LP

(20021521-00010T1LF)

PSoC 5LP: KitProg(
CYB8C5868LTI)

Reset Switch
User Switch

Slide Switch for

User LED é Target Device Select
& (JS202011SCQN)

PRoC BLE Device

(CYBL10162-56LQXI) Crystal

|
24.000 MHz crystal

32.768 kHz

10-Pin Connector for
| ‘ Solar BLE Sensor
o€ Srasg ' (DF40C-10DS-0.4V(51))
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6.2.1 PSoC 5LP (KitProg)

KitProg is the hardware/firmware block for onboard programming, debugging, and bridge functionality. It is a common
reusable hardware/firmware block used across many Cypress kit platforms. It consists of a PSoC 5LP device, which connects
to the computer over a USB mterface and connects to the PRoC 4 BLE device on the Debug Board or EZ-BLE module on the
Solar BLE Sensor over the SWD, I°C, and UART pins.

Hardware

The KitProg communicates with the PSoC Programmer and PSoC Creator software to program/debug the target PRoC 4 BLE
or EZ-BLE module over the SWD interface. The main advantage of an onboard programmer/debugger is that users do not
have to buy extra programmer/debugger hardware. Refer to 4. Program and Debug to learn how to program/debug using
KitProg. Following is the block diagram for KitProg.

Debug Board

Solar BLE Sensor

Solar Cell
(U1)

10pin C (CN1)

usB
Type-A Plug
(1)

|+—D+/D-

KitProg

SWD

| 10pin Connector (CN1) |

Programmer/Serial

Communication

(CS)

UART-

Extra GPIO:

Status/Power
LED

10pin
Programming
Header

Reset
Button
(sw1)

RES

PRoC BLE

(U1)
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6.2.2 Power System

The power supply on the Debug Board is input from the USB Type-A Plug. A MB39C022G LDO is used to provide a 3.3-V
output for each device. A supercapacitor (SC1) on the Solar BLE Sensor is charged via diode when the Solar BLE Sensor

connects. The following is the block diagram for the power system.

Solar BLE Sensor

Solar Cell
(U1)

power—

Super —
Capacitor
SC1
Debug Board % 10pin Connector (CN1)

|__10pin Connector (CN1) |

MB39C022G |

LDO | 3.3V

KitProg
UsSB QAlam e Programmer/Serial PRoC BLE
Type-A Plug Communication ((SXN)
@1) u3)
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6.2.3 Slide Switch for Target Device Select

This section describes the slide switch implementation on the Debug Board, as shown in the following block diagram. The
slide switch selects the target device to program and control using the XRES pin. When the switch is set to “PRoC BLE
Program mode,” the PSoC 5LP XRES pin connects the PRoC BLE device, and the XRES of the EZ-BLE module connects to
ground. When the switch is set to “EZ-BLE Program mode,” the PSoC 5LP XRES pin connects the EZ-BLE module, and the
XRES of the PRoC BLE device connects to ground.

Solar BLE Sensor

Solar Cell
(U1)

Debug Board

KitProg
Programmer/Serial

Communication
(U3)

[

10pin Connector (CN1)

10pin Connector (CN1) |

10pin

Header

Programming

SWD
UART-
Extra GPIO;
[ =%
Sy
? [ *
XRES 7}7 \—r
Reset Slide Switch
Button (SW3)

(sw1)

PRoC BLE
(V1)
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6.2.4 10-Pin Connector on Debug Board

The 10-pin connector connects the Solar BLE Sensor to program/debug, control parameters, detect USB connection, charge
the supercapacitor, and supply power. The following is the schematic for the 10-pin connector. Table 6-4 provides the pin
names and descriptions for the 10-pin connector.

EZ_VDD EZ_ VDD
N1 T
1 2
EZ_SWDCLK™ 3 4 EZ_SWDIO
N — 7
PaLP12 3 > e rRES— : HPELP12_2
— EZ_UART_RX EZ UART_TX
P5LP12_7 été—bHU— ‘ 5 = T NYPELP12 6
EXTRA< —
CON10A
Table 6-4. Pin Description of 10-Pin Connector
Number Name Description
1 E7 VDD Connect the 3.3-V output of the LDO
- 3.3-V power to Solar BLE Sensor
2 GND Ground connection
Connect P12.3 of PSoC 5LP
3 SWDCLK
SWDCLK to program/debug via KitProg
Connect P12.2 of PSoC 5LP
4 SWDIO
SWDIO to program/debug via KitProg
Connect XRES of PSoC 5LP
5 XRES o . .
XRES to program/debug via KitProg and slide switch
6 EZ_VDD Connect 3.3-V output of the LDO
(USB_DET) To detect USB connection
Connect P12.7 of PSoC 5LP
7 UART_RX
- UART_RX to control the parameter via KitProg
Connect P12.6 of PSoC 5LP
8 UART_TX
- UART_TX to control the parameter via KitProg
9 GPIO Connect P15.4 of PSoC 5LP
Extra GPIO to connect Solar BLE Sensor
10 EZ_VDD Connect 3.3-V output of the LDO via diode
(VSTORE2) To charge the supercapacitor on Solar BLE Sensor

CYALKIT-EO02 Solar-Powered BLE Sensor Beacon
Reference Design Kit Guide, Doc. No. 002-11317 Rev. *A 71



A. Advanced Topics

==7# CYPRESS

Embedded in Tomorrow"

Al Battery Input Operation

The Solar BLE Sensor has an extra test pad for primary battery input as shown in the following figure. It can connect a primary
battery (not included in the kit) such as a 3-V coin type using test pads. Use soldering to connect the battery to check the solar
and battery operation.

o

Connect by soldering

~AP
)

SISTIIA/ NN
0
1

The following is the sample waveform. Note that this sample waveform is for the power gating operation mode of S6AE103A
is in an “Energy Driven Mode”. Refer to the S6AE103A datasheet for detailed operation modes.

1. The solarinput is started (VOUT1 = Battery).

The VOUT1 voltage changes to solar energy when the VSTOREL achieves VOUTH (3.24 V).
The VSTOREZ1 decreases when the solar input is stopped (VOUT1 = Solar).

The VOUT1 voltage changes to battery when the VSTOREL achieves VOUTL (1.62 V).

The VSTOREL increases when the solar input is restarted (VOUT1 = Battery).

The VOUT1 voltage changes to solar energy when the VSTOREL re-achieves VOUTH (3.24 V).

o g M w0
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VBAT
Battery Input

ov

VDD
Solar Input

ov

Solar and Battery Operation

Solar Input is stopped

Solar Input is started
¥

VSTORE1
400 uF

ov

VSTORE2
200 mF

ov

VOUT1

ov

VOUTH=3.24V
VOUTM=3.08V

VOUTL=1.62V

CHRGE

CHRGE

(VOUTHY0.95)

P

i CHRGE
; CHRGE

| CHRGE

START

Battery

e — |
| Ea

Solar

Battery

Solar

=1 =1

A.2  Charging the Supercapacitor

The supercapacitor (SC1) on the Solar BLE Sensor is charged when the Solar BLE Sensor is connected to the Debug Board
via USB. For example, the supercapacitor is charged half voltage from 0 V when it is connected via USB for two minutes or
more. To fully charge, it needs ten minutes or more.

The following is the block diagram to charge the supercapacitor from USB.
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Debug Board

Solar BLE Sensor

Solar Cell
(U1)

power—|

Super J_

Capacitor

(sc1) ;L
10pin C Ny |

MB39C022G

LDO

USB ‘
Type-A Plug
(1)

10pin Connector (CN1)
3.3Vj

A.3  Equivalent Series Resistance of the Supercapacitor

The VOUT setting of S6AE103A is set as 3.24 V (VOUTH) to 1.62 V (VOUTL). There is a 0.28-V VOUTL margin to supply
voltage to the VOUT load (operation voltage is 3.6 V to 1.9 V). This margin is for taking measures to mitigate the voltage drop
because of equivalent series resistance (ESR). The ESR of the supercapacitor (C1) on the Solar BLE Sensor is 200 Q. When
the VOUT load current is 5 mA, the voltage drop will be 1000 mV (V = IR). To resolve such a problem, the S6AE103A has two
storage pins: VSTOREL and VSTORE2. VSTOREL1 connects the low-ESR capacitor, such as a ceramic capacitor. VSTORE2
connects the large capacitance such as the supercapacitor. The energy of the supercapacitor (VSTORE?2) passes to the
low-ESR capacitor (VSTOREL), and then the low-ESR capacitor supplies the energy to the VOUT load. This operation

reduces the voltage drop.

Solar Cell
(U1)

S6AE103A

EH PMIC
(U2)

200 mF *

ESR = 200Q ;”-_

>
Super(sccaf)acnor l_jl

L

Ceramic Capacitor
(Clto C4)
400 uF
ESR <1Q

A few voltage drops will still occur, however, because VOUT is supplied using only a ceramic capacitor when there is no solar
energy. The kit connects the 400-pF capacitor to VSTORE1, and the energy of the BLE sensor transmission is about 200 pJ.
If the VSTOREL voltage is 1.9 V and it uses 200 pJ of energy, the voltage drop is about 0.28 V. Refer to the following equation.
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1
E=E><CX(VH2—VL2)

VL= |vhz— 2XE_ [ gye 222000 oy
- c ' 400uF ~ 7

Vdrop = VH — VL = 1.90V — 1.62V = 0.28V

E = 200 [u]]
C = 400 [uF]
VH = 1.9 [V]

VL = Voltage after drop
Vdrop = Drop voltage

Advanced Topics

When the VOUT1 is 3.3 V to 1.9 V, S6AE103A constantly supplies the voltage. When the VOUT1 is under 1.9 V or reaches
1.62 V due to voltage drop, S6AE103A turns the voltage OFF and stops the BLE transmission.

VSTORE1 —

Read sensor
data

Ii Turn the power off

400 pF
uq. B R TS Iy I SIS WS SIS SR e )
T VSTORE2
3.3Vtol9 0.28-V drop 3.3Vto1l9 200 mF
Vg ;
----- - - w s
ﬁ """"" a ' - VOUT1
@& Under 1.9V A

BLE current

BLE Transmit | |

A4 Diode Connection Between Solar Cell and VDD

A diode is needed between the VDD pin and the solar cell to protect against reverse current from the input capacitor to the
solar cell. When the ambient light level is suddenly dark, the input capacitor voltage will be higher than the solar cell voltage.

U1

| VDD

Lt & i 19 |
156417 _IC1
~ 2 “Trour
AA53

S6AE103A
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Q ()
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8 8
o o
> >
Time Time
Add the diode to
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B. Solar BLE Sensor Enclosure
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B.1

Solar BLE Sensor Enclosure
The kit includes an enclosure for the Solar BLE Sensor, shown in the following image. It contains three parts: a top cover, a
bottom cover, and a transparent sheet for the solar cell.

Top Cover

Bottom Cover
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B.2 How to Install the Board in the Enclosure

Solar BLE Sensor Enclosure

Use the following steps to install the Solar BLE Sensor board in the enclosure.

1. Set the transparent sheet to the top cover as shown below.

Adjust the
position

N
-
\ Top Cover ;
. >

Transparent sheet is fixed by snap fit

2. Adjust the position of the circle mark on the bottom cover and SW1 on Solar BLE Sensor. Put in the Solar BLE Sensor in

the bottom cover.

Bottom Cover

i
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3. Adjust the position of the circle mark on the top cover and SW1 on Solar BLE Sensor. Install the top cover to the bottom
cover.
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