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© Cypress Semiconductor Corporation, 2016-2019. This document is the property of Cypress Semiconductor Corporation
and its subsidiaries (“Cypress”). This document, including any software or firmware included or referenced in this document
(“Software”), is owned by Cypress under the intellectual property laws and treaties of the United States and other countries
worldwide. Cypress reserves all rights under such laws and treaties and does not, except as specifically stated in this
paragraph, grant any license under its patents, copyrights, trademarks, or other intellectual property rights. If the Software
is not accompanied by a license agreement and you do not otherwise have a written agreement with Cypress governing the
use of the Software, then Cypress hereby grants you a personal, non-exclusive, nontransferable license (without the right to
sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code form, to modify and
reproduce the Software solely for use with Cypress hardware products, only internally within your organization, and (b) to
distribute the Software in binary code form externally to end users (either directly or indirectly through resellers and
distributors), solely for use on Cypress hardware product units, and (2) under those claims of Cypress’s patents that are
infringed by the Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software solely for
use with Cypress hardware products. Any other use, reproduction, modification, translation, or compilation of the Software
is prohibited.

TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, WITH REGARD TO THIS DOCUMENT OR ANY SOFTWARE OR ACCOMPANYING HARDWARE, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. No computing device can be absolutely secure. Therefore, despite security measures implemented in
Cypress hardware or software products, Cypress shall have no liability arising out of any security breach, such as
unauthorized access to or use of a Cypress product. CYPRESS DOES NOT REPRESENT, WARRANT, OR GUARANTEE
THAT CYPRESS PRODUCTS, OR SYSTEMS CREATED USING CYPRESS PRODUCTS, WILL BE FREE FROM
CORRUPTION, ATTACK, VIRUSES, INTERFERENCE, HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY
INTRUSION (collectively, “Security Breach”). Cypress disclaims any liability relating to any Security Breach, and you shall
and hereby do release Cypress from any claim, damage, or other liability arising from any Security Breach. In addition, the
products described in these materials may contain design defects or errors known as errata which may cause the product to
deviate from published specifications. To the extent permitted by applicable law, Cypress reserves the right to make changes
to this document without further notice. Cypress does not assume any liability arising out of the application or use of any
product or circuit described in this document. Any information provided in this document, including any sample design
information or programming code, is provided only for reference purposes. Itis the responsibility of the user of this document
to properly design, program, and test the functionality and safety of any application made of this information and any resulting
product. “High-Risk Device” means any device or system whose failure could cause personal injury, death, or property
damage. Examples of High-Risk Devices are weapons, nuclear installations, surgical implants, and other medical devices.
“Critical Component” means any component of a High-Risk Device whose failure to perform can be reasonably expected to
cause, directly or indirectly, the failure of the High-Risk Device, or to affect its safety or effectiveness. Cypress is not liable,
in whole or in part, and you shall and hereby do release Cypress from any claim, damage, or other liability arising from any
use of a Cypress product as a Critical Component in a High-Risk Device. You shall indemnify and hold Cypress, its directors,
officers, employees, agents, affiliates, distributors, and assigns harmless from and against all claims, costs, damages, and
expenses, arising out of any claim, including claims for product liability, personal injury or death, or property damage arising
from any use of a Cypress product as a Critical Component in a High-Risk Device. Cypress products are not intended or
authorized for use as a Critical Component in any High-Risk Device except to the limited extent that (i) Cypress’s published
data sheet for the product explicitly states Cypress has qualified the product for use in a specific High-Risk Device, or (ii)
Cypress has given you advance written authorization to use the product as a Critical Component in the specific High-Risk
Device and you have signed a separate indemnification agreement.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB, F-
RAM, and Traveo are trademarks or registered trademarks of Cypress in the United States and other countries. For a more
complete list of Cypress trademarks, visit cypress.com. Other names and brands may be claimed as property of their
respective owners.

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G 2



o CYPRESS

~am»> EMBEDDED IN TOMORROW™

Safety Information .........c.cccceeiiienens
1.1 Regulatory Compliance............
1.2 General Safety Instructions
12,1 ESD PIOTECHON ...t e r e e
B o TV To [T To =TT T o RSP RR 5
Lk oo [0 L] 4 o] o PP TRRPRR
2.1 L [ (oo [ Tox 1T o PRSP
2.2 (2 To T 1o l D= -V PRSPPI
2.3 (2 oTed Q=T = o o DO ERP ORI
24 FRATUIES ...

SOFtWArE INSTAIALION .vvveiiiieieeee et e et e e e e e e e e a e e e e e e e e eaaaaaeeaeeeens

3.1 INSTAIL SOFWAIE.....ceeee et e e s e e

3.2 UNINSTAIL SOFWAIE ...ttt

3.3 PSOC CrBALON ... .ciiiiiiii ittt e e e

(1] AT ] -V (=T o PR URRRTRR

4.1  Solar and Battery POWET OPLIONS .......ccoiiuiiieiiiiieeiiiee et siiee e e e e e sneee e sneeeeesneeeas
4.1.1  Operation With the Solar MOAUIE...........ueii i e et
4.1.2  Solar and Battery Operation with the Solar Module and Sensor Board ............cccoocvvveeiiiiieniiiee s
4.1.3  Super Capacitor Charging Operation with Solar MOAUIE ............ceooiiiiiiiiiieic e
4.1.4 LDO Operation with the Solar Module and Battery ...........ccooiiiiiiiiiieiieciiie e a e

4.2 Door Sensor Operation with S6AE102A/S6AE103A/Sensor Board and Solar Module ...

4.3  Light Sensor Operation with the S6AE103A/Sensor Board

4.4 Timer Operation With the SEAELOBA BOAIT .......cccueiiiiiiiieiiiie ettt

[ Eo L0 AT =T OO O PP PU PR PPPPPPIN 30

5.1  SB6AEL02A and SBAELO3A BOAIUS. .....cuueeiuiiiiiietit ettt sttt ettt st ettt ettt e be et e e be e e bt e be e e b e e e be e et e e nne et 30
511 POWET INPUL BIOCK ...ttt e e e et e e e e e s snbb e e e e e e e e e annees 31
5.1.2  VOUT SEHNG BIOCK ...ttt e e e ettt e e e e e s et e e e e e e s e nbbreeeaeeeeas 32
5.1.3  Storage and VOUT CONtrol BIOCK .........cooiiiiiiiiiiiiiee et e e e 32
5.1.4  Internal TImer SEttiNg BIOCK .........coiiuiiiiiiiiie et e e e e e e e e re e e e e as 34
5.15 LDO SEtENG BIOCK. ...ttt e e e ettt e e e e e st e e e e e e e e s an b e e e e e e e e e anee 35
5.1.6  OULPUL POWEE SEIECTON ... ....eeiiiiiiee ettt e e e e e et e e e e e e s s bbb e et e e e e e aabbae e e e e e e e s anbbereeeaeeaan 36
5.1.7 LDO INPUE POWET SEIECLON ....ceiiiiiiiiiiiie e ettt e ettt e e e e ettt e e e e e et e et e e e e e e aabbbeeeeaeeeaanbbeeeeaeeaaannee 36
5.1.8 LNV IST= [ Tox (o O PPUP U UPPRRTN 37
5.1.9 (Of0] 001 o L=1 = 1 (o] CHUU PP PP PPPPPPPPPPPPPPPPPPR 38
Lo I O I @70 ¢ {0 I =] o T PP RU TP 38
5.1.11  VBUS DEBEECION. ... e 39
Lo I 2 V(o To L= 1 (o =T S PP ETP TSR PPRPP 41
Lo I G T =L A L o] o PP TP TSR PPRPP 42
5.1.14  SWILCh fOr STATUS LED .......iiiiiiiiiii ettt e e e e ettt e e e e e e abb et e e e e e e e anbbe e e e e e e e s anbbereeaaeean 42
5.1.15  UNIMPIEMENTE PINS ...ttt ettt e e e e e ettt e e e e e e e s bt et e e e e e e e s aanbbeeeeaeeesanbbereaaaeean 42

5.2 SY=T Yo g = To =1 o [P PUT PO PUPRPPN 44
5.2.1 2 U] VA o (o] (o (= SO PP PPRRPN 44
5.2.2 Y E=Te Tt (ol B Lo o] ST =T 4 1< o ] S PP PPRRPN 45

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G 3



& CYPRESS

EMBEDDED IN TOMORROW

5.2.3  Ambient Light Sensor
53 53 x 23 mm Solar Cell

A. Advanced Topics
A1  Using CYALKIT-E04 with the CY8CKIT-042-BLE Bluetooth Low Energy Kit
A.2  Arduino Uno-Compatible HEAEIS ..........ccooiuiiiiiiieicicieee e
A.3  Programming Using PSoC programmer
A.4  Solar-Powered Beacon Operation with CY8CKIT-042-BLE
A.5  Waveforms of Charging and Discharging Operation
A.6  How to Use Extra COMPONENtS.........cccceeeviriiireeiieeeneeineee

All 10-Q Resistor for Current Measurement

Revision History

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G

Contents




1. Safety Information
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1.1 Regulatory Compliance

CYALKIT-E04 S6AE102A and S6AE103A EVK is is intended for use as a development platform for hardware or software in
a laboratory environment. The board has 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.

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-EO04 boards in the

protective shipping package.

' CYALKIT-EO0O4 S6AE102A and S6AE103A EVK contains electrostatic discharge (ESD)-

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.

1.2 General Safety Instructions
1.2.1 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.

1.2.2 Handling Boards

CYALKIT-EO04 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-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G 5
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Thank you for your interest in the CYALKIT-EO4 S6AE102A and S6AE103A EVK. It provides an easy-to-use platform to
develop battery-free applications with an energy-harvesting device. This kit consists of an S6AE102A board, an S6AE103A
board, and a sensor board along with a solar module, wires, and a battery for testing different configurations. Table 2-1 shows
the features of SGAE102A and S6AE103A. This kit can be used stand-alone or it can be used in conjunction with the CY8CKIT-
042-BLE Bluetooth Low Energy Pioneer kit to demonstrate and develop applications that power a BLE device using harvested
energy.

This kit guide explains how to set up and use the Evaluation Kit (EVK). Be sure to read it before using the product. Consult
with sales or support representatives for more information.

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 representatives.

Table 2-1. Features of SBAE102A and S6AE103A

Feature S6AE102A S6AE103A

LDO Yes Yes

CR Timer - Yes

Comparator - Yes

Package 20-pin QFN (4 x 4 mm) 24-pin QFN (4 x 4 mm)

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G 6
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2.1 Kit Introduction

Figure 2-1. Kit Contents
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2.2 Board Details

CYALKIT-E04 S6AE102A and S6AE103A EVK consists of the blocks shown below.

Introduction

Figure 2-2. Board Details
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Introduction

The following figure shows a markup of the onboard connectors and switches of the S6AE102A board (in black) and the
S6AE103A board (in red).

Figure 2-3. Onboard Connectors and Switches
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Table 2-2. S6AE102A and S6AE103A Board Pinout

Introduction

Header Pin# S6AE102A board S6AE103A board
J1 1 GND GND

J1 2 VDD VDD

J2 1 VBAT VBAT

J2 2 GND GND

J2 3 SDA SDA

J2 4 SCL SCL

J2 5 VOUT_LDO VOUT_LDO
J2 6 VINT VINT

J3 1 NC LIGHT

J3 2 DOOR DOOR

J3 3 PIR PIR

J3 4 VOUT1 VOUT1

J4 1 NC NC

J4 2 GND GND

J4 3 GND GND

J4 4 V5.0 V5.0

J4 5 NC NC

J4 6 NC NC

J4 7 BLE_VDD * BLE_VDD *
J4 8 NC NC

J5 1 NC COMPM

J5 2 NC COMPP

J5 3 NC ENA_COMP
J5 4 STBY_LDO STBY_LDO
J5 5 ENA_LDO ENA_LDO
J5 6 INT INT

J5 7 GND GND

J5 8 NC NC

J5 9 SDA SDA

J5 10 SCL SCL

J6 1 SW_CNT COMPOUT
J6 2 P1.1 P1.1

J23 1 VSTORE1 VSTORE1
J23 2 VSTORE2 VSTORE2

* The BLE_VDD terminal is mainly intended to supply power to Cypress Pioneer series kits when CYALKIT-EO04 is connected
via Arduino-compatible headers. Jumper J7 sets the connection to BLE_VDD from VOUT2 or VOUT_LDO. See Using
CYALKIT-EO04 with the CY8CKIT-042-BLE Bluetooth Low Energy Kit for an example of using CYALKIT-E04 with a CY8CKIT-

042-BLE Pioneer kit.

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G
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Table 2-3. Switch/Jumper Default Position of SGAE102A Board

Switch/Jumper Purpose Default Position

SW10 Operation mode OFF: Energy driven mode

SwW4 ENA_LDO ON: LDO enabled

SW5 STBY_LDO ON: LDO normal mode

SwW11 Switch for super capacitor connection ON: super capacitor connected

SWi12 Switch for LED connection ON: LED connected

J7 Power select jumper Short 1-2: VOUT2-BLE_VDD connected
J8 LDO Power input jumper Short 1-2: VIN_LDO-VOUT1 connected

Table 2-4. Switch/Jumper Default Position of S6AE103A Board

Switch/Jumper Purpose Default Position

Swi Operation mode 1: OFF; 2: OFF; 3: OFF: Energy driven mode
SW3 INT DOOR: INT is connected door sensor output
Sw4 ENA_LDO ON: LDO enabled

SW5 STBY_LDO ON: LDO normal mode

SW6 ENA_COMP ON: Comparator connected

Swil Switch for super capacitor connection ON: super capacitor connected

SwWi12 Switch for LED connection ON: LED connected

J7 Power select jumper Short 1-2: VOUT2-BLE_VDD connected

J8 LDO Power input jumper Short 1-2: VIN_LDO-VOUT1 connected

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G
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Introduction

2.3 Block Diagram

Figure 2-4. Block Diagram of SBAE102A and S6AE103A EVK

EVK with S6AE102A/103A
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2.4 Features

CYALKIT-E04 S6AE102A and S6AE103A EVK makes it easy to evaluate the ultra-low-power, energy harvesting S6AE102A
and S6AE103A PMICs. This evaluation kit consists of three independent boards: the S6AE102A board, S6AE103A board,
and sensor board. This kit is capable of supporting the life extension of a primary battery or becoming a battery-less solution,
and can be used for evaluation of diverse power management functions used for wireless sensor networks. Magnetic door

sensor operation and ambient light sensor operation can be evaluated by connecting the sensor board to the
S6AE102A/S6AE103A board.
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B The S6AE102A/103A boards support the following:

o  Selecting the mode (Energy-driven mode / Event-driven mode 1 / Event-driven mode 2, Timer-driven mode) using
a switch

o  Charging the surplus solar energy to a 0.33-F super capacitor
O  Reset button for SGAE102A/S6AE103A
O  LEDs for status
o  Test pin header for ground
B The sensor board supports the following:
o  Expansion board for sensor/battery input
o  Magnetic door sensor (reed switch)
O  Ambient light sensor
B Reference schematic, BOM list, and layout for easy design.
B Sample firmware for CY8CKIT-042-BLE to work with EVK

The kit uses the S6AE102A/S6AE103A ultra-low-power Energy Harvesting Power Management IC (PMIC) and is Arduino pin
header-compatible.

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G 13
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This section describes how to install the software.

3.1 Install Software

Follow these steps to install the CYALKIT-E04 S6AE102A and S6AE103A EVK software:
1. Download the CYALKIT-E04 S6AE102A and S6AE103A EVK software from www.cypress.com/CYALKIT-E04.
It is available in three formats for download:

o  CYALKIT-E04 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
already installed on your computer, the installer directs you to download and install them from the Internet.

o0  CYALKIT-E04 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-E04 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.

2.  Run Install S6AE102A and S6AE103A EVK to start the installation.

3. Select the folder to install the files related to CYALKIT-E04 S6AE102A and S6AE103A EVK. Choose the directory
and click Next.

The CYALKIT-E04 CD ISO installer automatically installs the required software if it is not present on your
computer. The CYALKIT-E04 Complete Setup installer directs you to download the required software from the
Internet.

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

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G 14
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Figure 3-1. Select Installation Type

S CyInstaller for CYALKIT-E04 EVK for SGAE102A

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

Choose the type of installation
Product:

CYALKIT-ED4 EVK for SAE102A and
S6AE103A

Installation Type:

Installs the most common features of
CYALKIT-E04 EVK for SGAE102A and
S6AE103A.

(oo | () ()

5. 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.

Figure 3-2. Accept End User License Agreement

E CylInstaller for CYALKIT-EO4 EVK for SBAE102A and

License
“You must read and accept the license before you install the software

License Agreement

CYPRESS END USER LICENSE |
AGREEMENT

PLEASE READ THIS END USER LICENSE AGREEMENT ("Agreement")
CAREFULLY BEFORE DOWNLOADING, INSTALLING, OF. USING THIS
SOFTWARE AND ACCOMPANYING DOCUMENTATION ("Software"). BY
DOWNLOADING. INSTALLING, OR USING THE SOFTWARE, YOU ARE
AGREEING TO BE BOUND BY THIS AGREEMENT. IF YOU DO NOT AGREE TO
ALL OF THE TERMS OF THIS AGREEMENT, PROMPTLY RETURN AND DO

|m| »

@) | accept the terms in the license agreement

(71 | do not accept the terms in the license agreement

Contact Us [ <Back | Mest> |[ Concel |

6. 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.

7.  Click Finish to complete the installation.

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

9. After the installation is complete, the kit contents are available at the following location:
<Install directory>\S6AE102A and S6AE103A Kit

Default location (Example: Windows 7):

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G 15
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64-bit: C:\Program Files (x86)\Cypress\ CYALKIT-E04 S6AE102A and S6AE103A Kit
32-bit: C:\Program Files\Cypress\ CYALKIT-E04 S6AE102A and S6AE103A Kit

3.2 Uninstall Software

You can uninstall the CYALKIT-E04 S6AE102A and S6AE103A EVK software using one of the following methods:
Example: Windows 7
B Go to Start > All Programs > Cypress > Cypress Update Manager; click the Uninstall button.

B Go to Start > Control Panel > Programs and Features. Select the S6AE102A and S6AE103A EVK program from the
list and click the Uninstall/Change button.

3.3 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 pre-verified and pre-characterized PSoC Components™. With PSoC
Creator, you can:

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

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 BLE pioneer kit which can be used in conjunction with this kit in order to demonstrate powering
wireless BLE solutions from an energy harvesting device, PSoC Creator 3.3 CP3 or newer is required. Download the latest
version from www.cypress.com/psoccreator.
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You can become familiar with the CYALKIT-E04 by checking each sensor operation. This activity will also confirm that the
S6AE102A board, S6AE103A board, and sensor board are operating properly.

In this section, you will confirm the basic operation of the Energy Harvesting PMIC and the sensor by using the provided kit
to detect light and door open/close conditions.

The door sensor operation uses Event-Driven mode 1 of SBAE102A/103A. Refer to the datasheet for details on the mode’s
function.

4.1 Solar and Battery Power Options

4.1.1 Operation with the Solar Module
1. Set switch SW12 to ON to enable the LED.
2. For the S6AE102A board: set switch SW10 to OFF for Energy-driven mode.
Figure 4-1. S6AE102A Board Settings for Operation with Solar Module
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For the S6AE103A board: set switch SW1 as follows for Energy driven mode: 1: OFF, 2: OFF, 3: OFF.

Figure 4-2. SGAE103A Board Settings for Operation with the Solar Module

Getting Started
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Push the reset button SW2.
Figure 4-3. S6AE102A/103A Reset Button
Reset Button SW2

Connect the solar module to the S6AE102A/103A board. The red cable is connected to J1 pin 2.
Figure 4-4. Connecting the Solar Module

LED1 on the S6AE102A/103A board will blink under an office light environment.

Note: The interval of blinking will depend on light brightness. For example, at 200 Lux, the interval is 16 seconds; at

500 Lux, 8 seconds; and at 1000 Lux, 3 seconds.
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4.1.2 Solar and Battery Operation with the Solar Module and Sensor Board
1. Leave all jumpers and switches set as in the previous example.
2. Insert the coin cell battery (CR2032) into the battery holder on the sensor board.

Figure 4-5. Inserting the Coin Cell Battery

Insert the Battery

S
Y132
3035

Hn> >J1

3. Connect the sensor board to the S6AE102A/103A board.
Figure 4-6. Connecting the Sensor Board to S6AE102A/103A Board

5. LED1 on the S6AE102A/103A board will stay ON irrespective of whether the solar module is connected.

Note: Remove the coin cell battery (CR2032) from the battery holder of the sensor board to prevent battery leakage when
not using this kit.

4.1.3 Super Capacitor Charging Operation with Solar Module
1. Set SW12to OFF. This disables the LED.
2. Set switch SW11 to ON. This connects the super capacitor.
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3. Connect the solar module to the S6AE102A/103A board. The red cable is connected to J1 pin 2.

Getting Started

4. Monitor the voltage of VSTOREZ2 (J23 2). The voltage of the super capacitor will increase gradually. See Waveforms of
Charging and Discharging Operation for more information on the charging operation of the super capacitor.

Figure 4-7. S6AE102A Board Settings for Checking Super Capacitor Charging with Solar Module
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4.1.4 LDO Operation with the Solar Module and Battery

Connect VOUT1 and VIN_LDO (J8 1-2). This provides power to the LDO.

Connect BLE_VDD and VOUT_LDO (J7 2-3). This connects the LDO output to BLE_VDD.

Set switch SW12 to OFF. This disables the LED.

Set switch SW4 to ON and SW5 to ON. This enables LDO with normal mode.

Set switch SW11 to ON. This enables the super capacitor.

Connect the solar module to the S6AE102A/103A board. The red cable is connected to J1 pin 2.
Connect the sensor board with battery to the S6AE102A/103A board.

N o o s~ w0 Dd e

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G

20



8.

‘CYPRESS

EMBEDDED IN TOMORROW

Monitor that BLE_VDD becomes 1.8 V.

Figure 4-9. SBAE102A Board Settings for Checking LDO Operation

Getting Started

BLE_VDD

VDD VOUT2 LED1,
@ T R8s 5

ON SW10
"CINZ'—— &No* °

, wITVsIURLZ 2 }vsronzz
CVALKIT E£04. SGAE102A BOARD «

BLE_VDD e :

s artast] v INS

4 3
isiciNg —>— co 2|

slcing ™ calfi RESET

ro_N SW11 J23 ==
M2 - ,",»"_‘vswazx %- =

P +
—VSTOREZ 5|
Lowit VSTOREZ 2| | vsTORE2 Enbadded
CYALKIT-EO4 -S6AE103A+ BOARD

CYALKIT-EO04 S6AE102A and S6AE103A Evaluation Kit Guide, Document Number: 002-12768 Rev. *G

21



S CYPRESS

~amp~ EMBEDDED IN TOMORROW

Getting Started

Note that VOUT_LDO can output a stable voltage even if VOUT2 has ripple or if a dual input (solar and battery) is

connected as the power source.

Figure 4-11. LDO with Solar + Battery Input
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4.2 Door Sensor Operation with S6AE102A/S6AE103A/Sensor Board
and Solar Module

Set switch SW11 to ON. This enables the super capacitor.

Set switch SW12 to OFF. This disables the LED.

Connect BLE_VDD and VOUT2 (J7 1-2).

For the S6AE102A board: set switch SW10 to ON for setting Event-driven mode 1.

p w0 Dd PR

Figure 4-12. SBAE102A Board Settings for Checking Door Sensor Operation
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3. For the SBAE103A board: set switch SW1 as follows for setting Event-driven mode 1. 1: OFF, 2: OFF, 3: ON.
4. For the SBAE103A board: set switch SW3 to DOOR for inputting the door sensor signal to INT.
Figure 4-13. S6AE103A Board Settings for Checking Door Sensor Operation
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5. Push the reset button SW2.
6. Connect the sensor board to the S6AE102A/103A board without the CR2032 battery.
Figure 4-14. Removing the Coin Cell Battery

Remove the Battery

7. Connect the solar module to the S6AE102A/103A board. The red cable is connected to J1 pin 2.

8. Monitor that BLE_VDD is low when the magnetic sensor SW7 is placed against the doorknob picture on the kit box.
There are magnets at those two positions in the kit box. BLE_VDD goes above 3 V when the magnetic sensor SW7 is
separated by more than 10 mm from the doorknob picture. This functionality allows a subsystem (for example a BLE
signaling device) to be powered whenever the door is open. When the door is closed, the subsystem is powered down
and energy is stored in the super capacitor.

Figure 4-15. Checking the Door Sensor Operation

9. The following waveforms illustrate the electrical signals on the kit during the operation as a door sensor.
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Figure 4-16. Door Sensor with Solar Input
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Figure 4-17. S6AE103A Board Measurement Points
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4.3 Light Sensor Operation with the S6AE103A/Sensor Board

Getting Started

In this section, you will confirm the light sensor operation of the Energy Harvesting PMIC by using the S6AE103A board and
Sensor board. The light sensor operation uses an internal LDO and the comparator function. The light sensor signal and the
divided LDO reference voltage are inputs to the comparator. The comparator outputs to the INT pin to control the PMIC

operation mode.

The light sensor operation uses Event-driven mode 2 of the S6AE103A. Refer to the datasheet for details on the mode’s

function.

1. Disconnect the solar module.

2. Connect VOUT1 and VIN_LDO (J8 1-2) for using VOUT1 as the LOD input source.
3. Set SW12 OFF. This disables the LED.
4, Set SW11 ON. This enables the super capacitor.
5. Set SW1 as follows for setting Event-driven mode 2. 1: ON, 2: OFF, 3: OFF
4. Set switch SW3 to LIGHT, SW4 to ON, SW5 to ON, SW6 to ON. This enables the light sensor, LDO normal mode, and
comparator.
Figure 4-18. S6AE103A Board Settings for Checking Light Sensor Operation
w
2 VOO V°_U[Tj/ R4e L%Dl
ey
SW12
BLE_VDD
. ; o |l iM\
a: 2%';;:‘ i:.nCINZ ::wsgx
: oléma = Cal;
[ SW/ ]! IFE
‘7‘ " 'i’_e’vsmﬁzx e
Lowit VSTOREZ 2| - vSTORE2 B R
CYALKIT-EO4 -S6AE103A« BOARD

5. Connect the sensor board without the coin cell battery to the S6AE103A board.
6. Push the reset button SW2.
7. Connect the solar module.
8. Monitor the voltage of BLE_VDD (J4 7). It will start out in a low state. Then, cover the light sensor; BLE_VDD will go

high for approximately three seconds.
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Figure 4-19. Light Sensor Operation with Solar Input
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4.4 Timer Operation with the S6AE103A Board

In this section, you will confirm the timer operation of the Energy Harvesting PMIC by using the S6AE103A board.
The timer operation uses the Timer-Driven mode of S6AE103A. Refer to the datasheet for details on the mode’s function.
Disconnect the solar module and sensor board.
Set SW12 to OFF. This disables the LED.
Set SW1 as follows for setting Timer-driven mode. 1: ON, 2: ON, 3: OFF
Push reset button SW2.
Connect the solar module.
Monitor the voltage of BLE_VDD (J4 7).
The BLE_VDD will be high for about three seconds and then low for approximately eight seconds.
Figure 4-20. SBAE103A Board Settings for Checking Timer Operation
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Figure 4-21. Timer Operation with Solar Input
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This chapter describes the EVK hardware.

5.1 S6AE102A and S6AE103A Boards

Figure 5-1 shows the circuit of the S6AE102A/103A Energy Harvesting PMIC. There are five main blocks to perform energy
harvesting. Refer to the S6AE102A/S6AE103A datasheet for detailed specifications. The kit schematic and board layouts are
available at the following location:

<Install directory>\S6AE102A and S6AE103A Kit\<version>\Hardware
1. Power input block
2. VOUT setting block
3. Storage and VOUT control block
4. Internal timer setting block
5. LDO setting block
Figure 5-1. SBAE102A Board Circuits
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Figure 5-2. S6AE103A Board Circuits
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5.1.1 Power Input Block

This section describes the S6AE102A/103A power input block as shown in the following diagram. There are power inputs for
solar energy (VDD) and a primary battery input (VBAT), and control pins for the internal LDO, comparator, and interrupt input.

Figure 5-3. Power Input Block of SBAE102A and S6AE103A Boards

S6AE102A Board Circuits
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S6AE103A Board Circuits
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Table 5-1..Pin Description of Power Input Block
Pin Name Description
Connects to J2.1
VBAT Primary battery input pin

Extra battery input

VDD

Connects to the solar cell (AM-1801)
Solar cell input pin

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

Description

ENA_COMP (S6AE103A)

Comparator control pin

Connects to SW6 (H: Enable, L: Disable)

Connects to SW5 (H: Normal, L: Standby)

Event-driven mode control pin

STBY_LDO . . .
LDO operation mode setting pin
Connects to SW4 (H: Enable, L: Disable)
ENA_LDO .
LDO output control pin
Connects to SW3
INT o DOOR: Controlled by door sensor

o LIGHT: Controlled by light sensor

5.1.2 VOUT Setting Block

Hardware

This section describes the S6AE102A/103A VOUT settings as shown in the following diagram. The VOUT1 and VOUT2
output voltage of S6AE103A can be set by changing the resistors connected to the SET_VOUTH and SET_VOUTL pins. This
is 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. Voltages applied to the SET_VOUTH and SET_VOUTL pins are produced by dividing this reference voltage outside

the IC.

Figure 5-4. VOUT Setting Block on S6AE102A and S6AE103A Boards
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The VOUT upper limit voltage (VVOUTH) and VOUT lower limit voltage (VVOUTL) can be calculated using the following

formulas:

VOUT upper limit voltage

57.5x (R2+ R3) 57.5x (4.7M +8.2M)

VVOUTH [V] = =

11.1x(R1+R2+R3) 11.1x(6.8M +4.7M +8.2M)

VOUT lower limit voltage

57.5x (R3)
VVOUTL [V] =

57.5% (8.2M)

=3.392v

=2.156V

11.1x(R1+R2+R3) 1L1.1x(6.8M +4.7M +8.2M)

5.1.3 Storage and VOUT Control Block

This section describes the S6AE102A/S6AE103A storage and VOUT control block as shown in the following diagram. There
are two storage pins and two VOUT pins. The solar energy charges both a small capacitor (300 puF) and a large capacitor
(330 mF). The large capacitor can be connected or disconnected using SW11.
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Figure 5-5. Storage and VOUT Control Block Circuits on S6AE102A and S6AE103A Boards
S6AE102A Board Circuits
J23
CON2
VOUTA 1 VouT1
VOUT2 3 VouT2 1SD1107
2 VSTORE1 SW11 - . *
xgggg 77 __VSTORE — N P _]EQ _Lcs _134
23 T J_sm
VINT 1 | RS SWDIP- = o ;'77'00 uF@o uF;;OO
CB !
@U uF |
SwW2
|:i| PUSHBUTTON
AV
S%EIO3A Board Circuits
VOUT! 1 VouT1
VOUT2 3 VouT2 wsm:)?
2 VSTORE1 SW11
VSTORE! 73 T 5 + + +
R =L U PR P P
VINT R6 SWDIP-1 . . "
| - .\1, 2 ;@_3% g;oo UF@)O UF@)O uF;@o
;|;0 uF
T swe
I:I PUSHBUTTON
N
Table 5-2. Pin Description of Storage and VOUT Control Block
Pin Name Description
Connects to J3.4 and J8.1
VOUT1 Output voltage pin 1
Supplies energy to sensor
Connects to J7.1
Output voltage pin 2
VOUT2 P . gep
Supplies energy to BLE
Supplies energy to VIN_LDO
Connects to 300-uF capacitor
VSTORE1 Storage output pin 1
For startup storage
Connects to 330-mF super capacitor
VSTORE2 Storage output pin 2
For surplus energy storage
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Pin Name Description

Connects to1.0-pF capacitor

VINT L .
Internal circuit storage output pin

5.1.4 Internal Timer Setting Block

This section describes the S6AE102A/103A internal timer setting block as shown in the following diagram. There are three
pins (CINO/1/2) to control the VOUT pins.

Figure 5-6. Internal Timer Setting Block Circuits of SGAE102A and S6AE103A Boards

S6AE102A Board Circuits

5
[C7 SW10 * CINO
1. —.,? 4
5220 oF - + CIN2
SW DIP-1
S6AE103A Board Circuits
I 1 SW1 . | g CIND
= 7| CIN
A CINZ

_c7
c8 2
i !22[} pl»—l_ 3
' !4-7 FEEQ C39
SW DIP-3
'—|75 nF '—|_No Load

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

Pin Name Description

Connects to 220-pF capacitor C7

CINO (fixed) Timer time O (TO) setting pin

TO = 0.13 seconds?*

Connects to 4700-pF capacitor C8 when SW1.1:0N
CIN1 (103A only) Timer time 1 (T1) setting pin

T1 = 2.58 seconds*

Connects to GND when using T1 ( Event Driven mode 1)
Open when not using timer ( Energy Driven mode)
Connects to 15000-pF capacitor C9 and capacitor C39, when SW1.2:0N, SW1.3:0FF
CIN2 (103A) Timer time 2 (T2) setting pin

T1 = 8.20 seconds*

CIN2 (102A)

" Refer to section 5.1.4.2 Setting the Timer for SBAE103A for detailed calculation formulas.

5.1.4.1 Setting the Timer for SGAE102A

The timer times 0 (TO) is set according to the capacitance value at CINO. The timer function is disabled/enabled by turning
SW10 ON/OFF. Timer time 0 (TO) 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]
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5.1.4.2 Setting the Timer for SGAE103A

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 timer functions are disabled/enabled by turning the appropriate switches
ON/OFF.

Timer time 0 (TO), timer time 1 (T1), and timer time 2 (T2) can be calculated using the following formulas:
TO[s] = 0.5455%C[F]x10"9 + 0.01327[s] = 0.5455x220x10"-12x10"9 + 0.01327[s] = 0.13 [s]

T1[s] = 0.5455%4.,7x10"-9 x10"9 + 0.01327[s] = 2.58 [s]

T2[s] = 0.5455x15%10"-9 x1079 + 0.01327[s] = 8.20 [s]

5.1.5 LDO Setting Block

This section describes the S6AE102A/103A LDO output settings as shown in the following diagram. The LDO output voltage
of S6AE102A/103A can be set by changing the resistors connected to the FB_LDO pins.

Figure 5-7. LDO Setting Block Circuits of SGBAE102A S6AE103A Boards

S6AE102A Board Circuits
VIN_LDO

VIN_LDO 13
14 _ VOUT_LDO
VOUT_LDO c10
c12 R4

F8_LDO |2 !

56M “|1.0uF
C11 ) |220pF
) !10 uF o

R5
10M

VOUT_LDO=1.794V
AV
S6AE103A Board Circuits

VIN_LDO

16

VIN_LDO
17 VOUT_LDO

VOUT_LDO é ” c10

18 c12

FB_LDO _— 56M |1.0uF

c11 1220 pF

- !10 uF

RS
10M

VOUT_LDO=1.794V

<~

The LDO output voltage (VVOUTLD) can be calculated using the following formula:
LDO output voltage

1.15x (R4+R5) 1.15x(5.6M +10M)
R5 10M

Vvourn V1= =1.794V
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5.1.6 Output Power Selector

This section describes the power source selector for BLE_VDD. BLE_VDD is used for supplying power from the EVK to a
connected CY8CKIT-042-BLE. VOUT?2 is the EVK output, whose high voltage is set to 3.3 V. VOUT_LDO is the LDO output,
which is set to 1.8 V. VOUT2 is output to BLE_VDD when J7 1-2 are shorted. LDO is output to BLE_VDD when J7 2-3 are

shorted.
Figure 5-8. Output Power Selector

VouT2 BLE VDD VOUT _LDO

5.1.7 LDO Input Power Selector
Connect J8 1-2 when you use the LDO. The LDO input is supplied from VOUT1 of the S6AE102A/103A.
Figure 5-9. LDO Input Power Selector

VOuT1 VIN LDO

CONZ2
J8
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5.1.8 INT Selector
The S6AE102A INT pin is connected to the door sensor output. The S6AE103A INT pin is connected to switch SW3. It selects
the connection of the INT pin to either DOOR or PIR (Light Sensor).

Figure 5-10. INT Selection

S6AE102A Board Connections

—{  >INT
R18 FIR
SW_CNT 0 ND Toad
R15 o
Iy DOOR

0

R10 TO BASEBOARD J4 P1 O

/ No Load

S6AE103A Board Connections

INT
COMPOUT
> R16
PIR
0 :’W)\’Load
R9 sw2 R15 -
o : 03 AN DOOR
0 1 - 0
MHS121
R10 TO BASEBOARD J4 P1 0
/ No Load
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5.1.9 Comparator

Only S6AE103A includes a comparator, which can set the flexible comparison signal level. The light sensor is connected to
the negative input of the comparator, and the divided LDO output is connected to the positive input of the comparator as the

reference voltage. At the initial board settings, the comparator outputs a high value to SW_CNT/COMPOUT when the light
sensor output LIGHT is higher than 0.381 V.

Figure 5-11. Comparator Circuit

VOUT_LDO LIGHT
1.794V R13 COMPM
R11 R43
10M mmad
0. 38! R14 CON
0.381V AN SOMPP
0
g R12 R44
27TM o Load
5.1.10 Control Block

This energy harvesting PMIC includes an LDO. There are two operating modes: standby mode for operating at low power
consumption, and normal mode in which the maximum output current is 10 mA, which are set at the STBY_LDO pin. Refer
to the table below for the LDO output mode.

Only S6AE103A includes a comparator. It compares the voltage at the COMPP pin and the COMPM pin when the
ENA_COMP pin is high, and outputs the results to the SW_CNT/COMPOUT pin.

Figure 5-12. SBAE102A Board Connections

CON10
VINT
SCL 10 FTT
SDA 5DA
8 |vREF
GND 7 |ewD
R45 NT R37 D NoLoad 6 |02
10k ENA LDO R38 ,\N\’O! oload 5 [FO_L
STBY LDO  R39 ’VV\;O! oload 4 [F0_O
3 |e0 2
2 |20 4
1 |e0_3
J5
SWw4 b
1“ :5
MHS121
SWhH |2
_].u
MHS121
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5.1.11

module.

Hardware

SwW4 SW5
hilo1212 ENA_LDO STBY_LDO Notes
LDO not used Lo NA -
LDO used (standby mode) High Low louttp2=0.1mMA, Iinip2=0.4pA
LDO used (normal mode) High High loutLp1=10mMA, linLp2=6UA
S6AE103A Board Connections
CON10
VINT
SCL 10 oL
SDA 9 |eoz
8 |vrer
GND [l =55}
g R45 INT R3T \ap07/NoLoad 6 Jeo 3
10k ENA LDO R32 W\.—O fNoload & |p0 1
STBY LDO R33 ,W\ro /Noload 4 |z0 0
ENA COMF R34 ,\N\VO fNoload 3 |po 2
COMPP R35 WO {Noload 2 |po 4
COMPM R36 mo [Noload 1 |z0 s
Js
Sw4 g
'_]_u :_5
MHS121
SW5H |2
1“
MHS121
SWe g
T e &
MHS121
MODE SW4 ENA_LDO SW5 STBY_LDO Notes
LDO not used Lo NA -
LD .
mo(d)el;Secj (standoy High Low loutp2=0.1 MA, linip2=0.4 A
LDO used (normal mode) High High louttp1=10 MA, linp2=6 PA
MODE SW6 ENA_COMP Notes
Comparator not used Lo -
Comparator used High lince =20 NA

VBUS Detector

When 5V is input to J4.4, this circuit outputs 3.3 V to J6.2. This function is used for debugging the PSoC 4 / PRoC BLE
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When USB is connected to a CY8CKIT-042-BLE, the VBUS voltage is output to V5.0 through a diode. The PSoC 4 / PRoC
BLE module can then detect whether USB is connected by monitoring the voltage on J2.11.

V50
CONB
we 8 1
BLE VDD 7 g R4T
NC 6
- 5 A7k
V5.0 4 -
—.—3 3.3V P1.1
2
ne__1 g R48
91k
Ja

TC BASEBOARD J4 P1 0 8
P1.1 2 |
CON2

CY8CKIT-042-BLE

CYALKIT-EO4

J1.4V5.0

J4.4 V5.0

CY8ALKIT-E04

CY8CKIT-042-BLE

PSOC 4 BLE MODULE
PRoC BLE MODULE

J6.2P1.1

JATPL 1 |

J11.11 P11

J2.11 P11

TP r_lm(u_")

° R37°R38° R39

;\@eom Qe;nm fralr‘

J23 ; 5
12 |vstorer S
Nvirones B

STORE2 »

“ON . swWi1
4 -
JG -

”OO

| & L\}A-.L' & e 6
R46” 7 VOUTZ °VOUTLDO®

V5.0

CYPRESS

VSTORE2
CYALKIT-EO4cS6AE102A BOARD ¢ ©

Lmwaed ¢ Broree”

—V.

swii

u

“osef"8H- noém.:

" “ swz_p2 7

“© '°°'°“°‘.

~ . - -
o~ ~ ~ ~
a a

CYBCKIT-042-BLE PIONEER BASEBOARD
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R9 R31°R32 ~RII R34 R3S ©

Anaa» nnﬁﬂlnno'\
’"""D'

R46° “VOUT2 “VOUTLDO®

V5.0

« |VSTOREL
VSTORE2 | * |ysTORE2

Swit

< dDead ... \‘0
ﬂ\ lﬁﬂj(n_') ve@a@dds

i)
1 0.9.9.5,

- 5
9.0.6.00
w 2
i} :

séf’

v

,Q.N‘,@J

CY.CGZ"I 1-BL483

SRQQORE

22 ® N $ -
T ERERE
©0°0°0®
.6,6,0.6,

>

L3

)
)

22 23

V,CKl SULE
— o VODR GND ::

21 5W2 P2 7

CYBCKIT-042-BLE PTONEER BASEBOARD S N N \

5.1.12

Mode Switches

Table 5-4, Table 5-4 lists the switch positions for each operation mode. For the light sensor operation, SW4/SW5/SW6 should
be ON because the light sensor is powered by the LDO and the comparator compares the light sensor signal.

Table 5-4. Switch Description of S6AE102A Board

MODE SW10 | Sw4 SW5
Normal OFF NA NA
DOOR ON NA NA

Table 5-5. Switch Descripti

on of S6AE103A Board

MODE SW1-1 | SW1-2 | SW1-3 | SW3 Sw4 SW5 SW6
Normal OFF OFF OFF DOOR | NA NA NA
DOOR OFF OFF ON DOOR | NA NA NA
LIGHT ON OFF OFF LIGHT | ON ON ON
TIMER ON ON OFF DOOR | NA NA NA
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5.1.13 Reset Switch

Push the reset switch SW2 when changing the IC operation mode. Ensure that VDD = OPEN, VBAT = OPEN, and SW11 =
OFF before pushing the reset switch SW2.

VINT
R6 SW DIP-1
1

Sw2
] PUSHBUTTON

| L

F 9

A4

51.14 Switch for Status LED

SW12 is used to enable or disable the status LED. Turn OFF SW12 to reduce current consumption. The current is roughly
estimated by the following equation.

I =VOUT12/R46 = 3.3 V/330 ohm = 10 mA

VouT2
" SW12 ) a5 LED!
el Wl CMD17-21VGC
SW DIP-1
5.1.15 Unimplemented Pins

Table 5-6 lists the expansion pins that are not implemented.

Table 5-6. Description of Unimplemented Pins

Pin Number Description
J91 BLE_VDD (34 7)
J92 GND

Ji01 GND

J102 BLE_VDD (34 7)
Ji11 BLE_VDD (34 7)
J112 NC

Ji21 NC

J12 2 NC
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J12
CON2

—

(o]

NC NC

J1
CON2

|0

BLE VDD

BLE VDD

J10

CONZ2

N

J9

BLE_VDD

CONZ2

—|od

N
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5.2 Sensor

The sensor board consists of the blocks shown in the following diagram.

Board

Hardware

Door Sensor

Light Sensor

Battery Holder

Ji4

= EI
o
J|5838

5.2.1 Battery Holder

The sensor board has a battery holder for primary battery input as shown below. It can connect a primary battery such as a

CR2032 3-V coin cell.

R17
MNo Load
2 1 wear
156417
c13
“[100 uF
47 811
BATTERY HOLDER
Q
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5.2.2 Magnetic Door Sensor

Hardware

The door sensor is a subminiature, normally open switch with a 10.16-mm long x 1.80-mm diameter (0.400-inch x 0.071-inch)
glass envelope, capable of switching 200 Vdc at 10 W. It has a high insulation resistance of 1022 ohms minimum and a low
contact resistance of less than 120 milliohms.

p

g

NT

R18
10M

DOOR

SWT
MDSR-10-10-15

N

N

5.2.3 Ambient Light Sensor

The light sensor is a phototransistor whose spectral response is similar to that of the human eye. The LIGHT outputs high
when the ambient light sensor is placed under office light. The LIGHT outputs low when it falls under about 100 lux.

1.794v

VOUT_LDO

Q1
AN K NJL7502L

LIGHT

R19
™

| c14
0.01 uF
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5.3 53 x23 mm Solar Cell

The solar cell (AM-1801) connects to the S6AE102A/103A VDD pin via a diode for reverse current protection and a 10-puF
capacitor, as shown in the following diagram.

Figure 5-13. Solar Cell Connections

S6AE102A Board Connections
CONZ2 E] o |
$—| 3 PP (°F | vop
?7 ;go uF
J1
S6AE103A Board Connections
CONZ2 EJ o |
12| 15847 c | VoD
? ;';D uF
J1
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A.1  Using CYALKIT-EO04 with the CY8CKIT-042-BLE Bluetooth Low Energy Kit

CYALKIT-EO4 can be used to get started with S6AE102A and S6AE103A along with a CY8CKIT-042-BLE Bluetooth Low

Energy kit. When this kit is connected to CY8CKIT-042-BLE, the BLE Module can operate with the energy from the energy
harvesting device.

Figure 5-14. Connecting CYALKIT-E04 with the CY8CKIT-042-BLE Bluetooth Low Energy Kit

EVK with S6AE102A/103A

Power Line
--------- Optional Power Line
| S6AE102A/103A Board | Signal Line

SCL/SDA R CY8CKIT-042-BLE

Light Sensor 10Q Push Switch
- JAAA
| |
1uF t

INT § vINT ; 7;7'

Door Sensor

Battery for Hybrid

NM

sAAD
LAAS

¥

JMAAA
i

AAAA
vy

Solar Cell ._ENA_COMP
(53 x 23 mm) COMPP

Al
CYPRESS SULETELIET | o s
Energy VOUT2 (3.3V) s BLE VD
Harvesting VOUT_LDO “E'—’
PMIC -

VOUT1(3.3V)
S6AE10xA

Timer setting
On:8s, Off:26s
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A.2

Arduino Uno-Compatible Headers

The CYALKIT-E04 S6AE102A/103A board is Arduino Uno-compatible.

Table A-1. J4 Arduino-Compatible Header Pin Map

Advanced Topics

No, | Arduino Pin CYBCKIT-042-BLE SBAEL02A Board SBAEL03A Board
1 VIN VIN NC NC
2 GND GND GND GND
3 GND GND GND GND
4 5V 5V 5V 5V
5 3.3V 3.3V NC NC
6 RESET RESET NC NC
7 IOREF BLE.VDD BLE.VDD BLE_VDD
8 NC NC NC NC
Table A-2. J5 Arduino-Compatible Header Pin Map
No, | Arduino Pin CYBCKIT-042-BLE SBAEL02A Board SBAEL03A Board
1 D8 PO[5] NC COMPM
2 D9 PO[4] NC COMPP
3 D10 PO[2] NC ENA_COMP
4 D11 PO[0] STBY_LDO STBY_LDO
5 D12 PO[1] ENA_LDO ENA_LDO
6 D13 PO[3] INT INT
7 GND GND GND GND
8 AREF VREF NC NC
9 SDA P3[4] SDA SDA
10 SCL P3[5] SCL SCL
Table A-3. J6 Arduino-Compatible Header Pin Map
Pin Arduino Pin CY8CKIT-042-BLE CYALKIT-E04 CYALKIT-E04
No. S6AE102A Board S6AE103A Board
1 D7 P1[0] SW_CNT COMPOUT
2 D6 P1[1] P1.1 P1.1
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A.3  Programming Using PSoC programmer

This kit provides an example project to use the CY8CKIT-042-BLE Bluetooth Low energy kit as a solar-powered beacon.
CYB8CKIT-042-BLE comes with both a development kit and a separate dongle. The kit connects to CY8CKIT-E04 while the
dongle optionally connects to your computer to act as a receiver for the beacon. Any smartphone beacon app can also be
used instead of the dongle if desired.

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

1. Connect CY8CKIT-042-BLE or the dongle to your computer’'s USB port and open PSoC Programmer from Start > All
Programs > Cypress > PSoC Programmer <version> > PSoC Programmer <version>.

2. Click the File Load button at the top-left corner of the window. Browse for the required hex file and click Open. The
example hex files are located in the Hex Files folder.

<Install directory>\CYALKIT-E04 S6AE102A and S6AE103A Kit\<version>\Firmware\Hex Files
Figure 5-15. Selecting the HEX Files

# PSoC Programmer

File View Optiens Help

P 0D B DI

Port Selection 4|p | Programmer | utiities
I . KitProg/020E112A011A3401 hamming Pararmr
File Path:

Programmer:
Programming Mode:

Verification:
AutoDetection:

Device Family

¥

|#| BLE_Dongle_256K.hex 2016/09/07 15:35 HEX J7... 565 KB
|#| BLE_Beacon_256K.hex 2016/09/07 15:26 HEX J7... 565 KB
|#| BLE_Dongle_128K.hex 2016/09/07 15:18 HEX 77... 283 KB
&) BLE_Beacon_128K.hex 2016/09/07 15:13 HEX 77... 283 KB
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Click the Program button to start programming the kit with the selected file.

Advanced Topics

Note: If the hex file does not match the device selected, then PSoC Programmer will throw an error of device mismatch and
terminate programming. The beacon hex file is intended for the red PSoC BLE module that comes with CY8CKIT-042-BLE,

not the black PRoC BLE module.

4. When programming is finished successfully, indicated by a PASS message on the status bar, the BLE Module or BLE

Figure 5-16. Programming the Kit

# PSoC Programmier

File  View

Options  Hel

P

B ye=paDnI

| Port Selection

4|p | Programmer |Uti|ities

B KitProg/DB0ET12A011A3400

Device Family

Programming Paramr
File Path:

Programmer:
Programming Mode:

Verification:

AutoDetection:

Dongle is ready for use. Close PSoC Programmer.

Figure 5-17. Programming Successful Message

# PSoC Programmer

File View Options Help

@30 B0B

C-¥Program Files (x86)#¥Cypress¥CYALKIT-E04 EVK for S6AE102A and SBAE103A¥ 1 0¥Firmware¥Hex files¥ BLE_Beacon hex

[ Por setectn 4lb | Programmer | uiilties | JTAG |
B KiFrog080E 1 T2A011A340] | Programming Parameters
File Path
Programmer: KitProgiDB0E 112401143400
Proaramming Mode: @ Resst | PowerCycle  Power Detect
Verification: @ on O Off Connector: 5p @ 10p
ButoDetech ®on 6 .
—— wioDetection % on © Off Clock Speed. |16 MHz
CY8Cb0acBLE Programmer Characteristics Status
Prolocol: © JTAG® SWD © IssP © zc  ExecufonTime: 123seconds
Devics i PowerStatus:  ON
Volisge: @ 50V ¢ 33V O 25V O 18V
CYSCA27L0IBL483 Voliage: 3304 m

Actions
Program Finished at
19:27:54

Device set to
CY¥8C4247LQI-BL483 at
19:27:42

Resutts

Programming Succeedsd
Doing Checksum

Doing Brotect
Verifying of Flash Suc
Verifving of Flash Sta
Programming of Flash S
Programming of Flash 5
Erase Succesded

131072 FLASH bytes

ceeded. ..
rting...
ucceeded. . .

tarcing...

) »

For Help, press F1

Lo paeed | comeced | | <

Note: This kit also provides the firmware projects for programming and debugging using PSoC Creator. For details of how
to use PSoC Creator and the associated projects, see the CY8CKIT-042-BLE kit guide. The PSoC Creator projects can be

found in:

<Install directory>\CYALKIT-E04 S6AE102A and S6AE103A Kit\<version>\Firmware
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A.4  Solar-Powered Beacon Operation with CY8CKIT-042-BLE
1. Program CY8CKIT-042-BLE using the instructions in the previous section.

2. Disconnect the kit from the USB port.

3. Set the CYBCKIT-042-BLE Pioneer baseboard J15 to OPEN. This will allow CY8CKIT-E04 to power just the BLE
module rather than the entire baseboard.

Figure 5-18. Setting the CY8CKIT-042-BLE Pioneer Baseboard to Power Only the BLE Module

&

0 9°9, 9

Connect the S6AE102A/103A board to the BLE Pioneer Kit.
For the S6AE102A board: set switch SW10 to OFF. Set SW12 to OFF.
6. SetJ7topins 1 and 2.

o &

Figure 5-19. Settings on the S6AE102A Board

S6AE102A Board Settings
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4. Forthe S6AE103A board: set switch SW1 as follows.1: OFF, 2: OFF, 3: OFF. Set SW12 to OFF.
5. Connect J7 to pins 1 and 2.
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10.

11.

Figure 5-20. Settings on the S6AE103A Board

S6AE103A Board Settings
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Connect the solar module to the SBAE102A/103A board. The red cable is connected to J1.2.

If you have already reprogrammed the BLE dongle, connect it to a USB port on your computer. You can alternatively
use a smartphone beacon application to locate the beacon instead of the dongle. If so, you can skip the remaining
steps.

Figure 5-21. Connecting the USB Dongle to a PC USB Port

User LED1 on the BLE dongle will blink at intervals of transmitting from the BLE Module.
Confirm that a COM port (KitProg USB-UART) was added in the Device Manager:

=  Open Device Manager.
= Under Ports (COM & LPT), confirm that a KitProg USB-UART was added. Note the COM number (COMxxx).

Download and install Tera Term from the following web page (you may alternatively use any other serial terminal
program):
https://ttssh2.osdn.jp/index.html.en

Note that the kit guide is using Tera Term 4.92 version.

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

Advanced Topics

12. In Tera Term, select File > New Connection. On the New Connection window, click Serial and select “COMxxx:

KitProg USB-UART (COMxxx)”, and then click OK.

O TCPIP Host: | NSRRI

History

TCP port#: | 22

Service: © Telnet
@ SSH SSH version: [SSH2 -

Sl Protocol: |UNSPEC ~

Port: |COM45 KltProg USB-UART (cow vl

|

13. Configure the terminal setting (Setup > Terminal) as follows, and then click OK.
O Receive: AUTO
o  Transmit: CR+LF
O Local echo: Select

o  Other settings: Default

Terminal size

B x 24

Tera Term: Terminal setuf J

[¥] Term size = win size
Auto window resize

New-line
Receive: |AUTO ~ m

Transmit: |CR+LF ~ m

Terminal 1D: |VT100

Answerback

Kaniji (receive)

7bit katakana

locale: japanese

Local echo (—
[ Auto switch (VT<->TEK)

Kanji (transmit)

Kanj-in:  |[\$B_ ~

7bit katakana Kaniji-out: MB -

CodePage: 932

14. Configure the serial port setting (Setup > Serial Port) as follows, and then click OK.

O  Baud rate: 115200
o  Other settings: Default
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Tera Term: Serial

Port: OK

| Baud rate: 115200 ~

Data: Cancel

Parity:

Help ‘

Stop:

Elow control:

Transmit delay

0 msec/char O msec/line

15. Confirm that the BLE dongle is receiving the data by observing that the “CYALKIT-E04 Data Received DATA = ....”
Appears on Tera Term, repeatedly.

gcohés}ﬁsmm - Tera Term
jFiIe Edit Setup Control Window Help
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The following waveform shows the BLE Module transmitting states.
Figure 5-22. BLE Module Transmitting States
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A.5 Waveforms of Charging and Discharging Operation

Figure 5-23 shows the charging operation waveform. Note the following:
1. Solar energy is the input.
2. Charging starts at VSTORE1.

Advanced Topics

3. When the VSTORE1 voltage achieves the VOUTH setting voltage (3.392 V), the VOUT1/VOUT2 voltage turns ON

and charging starts at the surplus energy to VSTORE2.
4. Repeat to charge both VSTORE1 and VSTORE2.

Figure 5-23. Charging Operation Waveform

Charging Operation

VOUTH=3.392V CHRCE CHRGE

CHRGE

VOUTM=3.222V 7
(VOUTHx0.95)

VSTORE1
300 uF

ov

330 mF CHRGE CHRGE 4

VSTORE2 CHRGE

ov 2

START

VOUT1
VOUT2

OFF ON

ov

I E] ] ]

Figure 5-24 shows the discharging and recharging operation waveform. Note the following:

1. When the VSTORE1 voltage achieves the VOUTH setting voltage (3.392 V), the surplus energy charges to

VSTORE2.
Solar input is stopped.

The voltage decreases slowly due to the load current.

The solar input is started.

2 T

and charging starts at the surplus energy to VSTORE2.
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Figure 5-24. Discharging and Recharging Operation Waveform

Advanced Topics
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A.6  How to Use Extra Components

A.1.1 10-Q Resistor for Current Measurement

This section describes how to use the solar module and a multimeter (MASTECH: MS8268, not included in this kit.) to
measure the current produced by the solar module using the 10-Q Resistor that is included in the CYALKIT-E04 EVK. First,
you will take measurements under constant ambient light. Then, you will vary the available light and observe how the
energy output of the solar module changes.

Figure 5-25. Components Required for Current Measurement

Cable for Multimeter’

Solar Module

-

10Q Resistor

Multimeter’

DIGITAL MULTIMETER

RANGE SEECT  REL MM

"Not included in the Kkit.

1.  Now, you will measure the current produced by the solar module. Connect a 10-Q resistor to the black wire on the
solar module as shown in Figure 5-26.

Figure 5-26. Connecting the 10-Ohm Resistor

Measurement Block

+

(©) pAmA

—AM @ con

Series Module 1002 resistor Digital Multimeter
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Set the multimeter to measure current in the microamp range. Connect the positive cable of the multimeter to the
positive lead of the solar module, and the negative cable to the 10-Q resistor. Observe the current (11).
Next, cover the solar module with your hand and observe the reduction in current produced.

Figure 5-27. Measuring the Current

Connect cable

Connect cable

DIGITAL MULTIMETER

RANGE  SELECT  REL

HOLD  LIGHT msa268

@
R

Set pA Current

FEn
{VQHz

Connect pA Port
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