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About this document

Scope and purpose

This guide helps you become acquainted with the CY8CKIT-145-40XX PSOC™ 4000S Prototyping Kit. The
document explains the kit's operation, describes the out-of-the-box (OOB) example and its operation, and
provides hardware details of the board.

Intended audience
This kit is intended for all technical specialists familiar with the PSOC™ 4 MCU and CAPSENSE™.
Reference board/kit

Product(s) embedded on a PCB with a focus on specific applications and defined use cases that may include
software. PCB and auxiliary circuits are optimized for the requirements of the target application.

Note: Boards do not necessarily meet safety, EMI, quality standards (for example UL, CE) requirements.
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Important notice

Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board
(PCB) for demonstration and/or evaluation purposes, which include, without limitation, demonstration,
reference and evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference
Boards provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards has
been tested by Infineon Technologies only as described in this document. The design is not qualified in
terms of safety requirements, manufacturing and operation over the entire operating temperature range
or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the
same procedures as regular products regarding returned material analysis (RMA), process change
notification (PCN) and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production.
The Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards
(including but not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other
requirements of the country in which they are operated by the customer. The customer shall ensure that
all Evaluation Boards and Reference Boards will be handled in a way which is compliant with the relevant
requirements and standards of the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and
managed according to the terms and conditions set forth in this document and in other related
documentation supplied with the respective Evaluation Board or Reference Board.

It is the responsibility of the customer’s technical departments to evaluate the suitability of the
Evaluation Boards and Reference Boards for the intended application, and to evaluate the completeness
and correctness of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not
cause any harm to persons or third party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is"
and Infineon Technologies disclaims any warranties, express or implied, including but not limited to
warranties of non-infringement of third party rights and implied warranties of fitness for any purpose, or
for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation
Boards and Reference Boards and/or from any information provided in this document. The customer is
obliged to defend, indemnify and hold Infineon Technologies harmless from and against any claims or
damages arising out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions

Safety precautions

Note: Please note the following warnings regarding the hazards associated with development systems.

Table 1 Safety precautions

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when installing,
testing, servicing or repairing the assembly. Component damage may result if ESD control
procedures are not followed. If you are not familiar with electrostatic control procedures, refer
to the applicable ESD protection handbooks and guidelines.
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1 Introduction

1 Introduction

The PSOC™ 4000S Prototyping Kit enables customers to evaluate and develop projects using the PSOC™ 4000S
device family.

The PSOC™ 4000S device family is an expansion of the PSOC™ 4000 device family, offering more flash, GPIOs,
and programmable analog and digital blocks. The PSOC™ 4000S device is a programmable embedded system-
on-chip, integrating custom analog and digital peripheral functions, memory, and an Arm” Cortex’-M0+
microcontroller on a single chip. The programmable analog and digital peripheral functions allow higher
flexibility, in-field design tuning, and faster time-to-market.

The PSOC™ 4000S Prototyping Kit offers an open-footprint breakout board to maximize the utility of the PSOC™
4000S device. This kit offers a low-cost alternative to device samples and provides a platform to easily develop
and integrate the PSOC™ 4000S device into your end system.

The board includes the following features:

+ APSOC™4000S device

« Anonboard programmer/debugger (KitProg3)

+  Three CAPSENSE™ buttons

+  5-segment CAPSENSE™ slider

+  LEDs to provide feedback

« Onboard CMOD, CTANK, CintA, and CintB capacitors to enable CAPSENSE™ development
+  Bypass capacitor to ensure high-quality analog-to-digital conversions (No load by default)
«  Apush button to provide simple user input

+  Load capacitors to connect the 32-kHz external crystal oscillator

«  AIROC™Bluetooth’ LE module

« 5Voperation

See AN85951 - PSOC™ 4 and PSOC™ 6 MCU CAPSENSE™ design guide for details and features of the CAPSENSE™
MCU.

You can use ModusToolbox™ software to develop and debug your PSOC™ 4 projects. ModusToolbox™ software is
a set of tools that enables you to integrate Infineon devices into your existing development methodology.

If you are new to PSOC™ 4 and ModusToolbox™ software IDE, see AN79953 - Getting started with PSOC™ 4 to help
familiarize yourself with PSOC™ 4 and help you create your own design.

1.1 Kit contents

The CY8CKIT-145-40XX PSOC™ 4000S Prototyping Kit comprises the following contents:
+  PSOC™4000S Prototyping board
+  Quick start guide (part of the packaging)
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1 Introduction

Figure 1 CY8CKIT-145-40XX PSOC™ 4000S Prototyping board

QUICK START GUIDE
CY8CKIT-145-40XX PSOC™ 40005 Prototyping Kit

1) Connect the board to your PC through the PCB USB connector (J8).
2) The user LED (LED1) will display the breathing effect throughout the process.

3) Touch the CAPSENSE™ buttons (BTNO, BTN1, BTN2). The
corresponding LEDs (LED9, LED10, LED11) turn on.

4) Touch the CAPSENSE™ sliders (SLDO, SLD1, SLD2, SLD3, SLD4).
The LEDs (LED4, LEDS, LED6, LED7, LED8) up to the touch position
are turned on.

g3 firmware

14

For more information, please visit:

s
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Figure 2 CY8CKIT-145-40XX PSOC™ 4000S Prototyping Kit quick start guide

Inspect the contents of the kit; if you find any part missing, contact your nearest Infineon sales office for help.
For more information, see Technical Support.

1.2 Getting started

This guide helps you get acquainted with the PSOC™ 4000S Prototyping Kit.

+  Seethe Kit operation section for an overview of the PSOC™ 4000S device features. Follow the Using the
0OB example - CE237532 section to have a quick review of the OOB project preprogrammed in this kit. It
also outlines the steps to create a project and program/debug using ModusToolbox™ software

«  For adetailed hardware description, kit schematics, rework instructions, and the bill of materials (BOM),
see the Hardware section

002-11504 Rev. *D
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+ Use ModusToolbox™ software for application development with the PSOC™ 4000S Prototyping Kit. For the
latest software support for this development kit, see the kit webpage

- ModusToolbox™ software is a free development ecosystem that includes the Eclipse IDE. With
ModusToolbox™ software, you can enable and configure device resources, middleware libraries, and
program and debug the device. You can download the software from the ModusToolbox™ software
home page. For additional information, see the ModusToolbox™ software user guide

+  Explore the wide range of code examples to evaluate the PSOC™ 4000S Prototyping Kit. These examples
help you familiarize yourself with the PSOC™ 4000S device and create your own designs. You can also find
code examples on the ModusToolbox™ software-based examples GitHub page

- To access code examples through ModusToolbox™, see the 'Software development for PSOC™ 4' section
in AN79953 - Getting started with PSOC™ 4 under 'PSOC™ 4 software resources'

1.3 Board details

The PSOC™ 4000S Prototyping board has the following features:

« PSOC™4000S device (U2, CYS8C4045AZI-S413)

«  PSOC™4000S I/0 headers (J1, J2)

«  10-pin program/debug header (J11, footprint only)

«  KitProg3 (PSOC™ 5LP) device (U1, CY8C5868LTI-LP039)

«  KitProg31/0 headers (J6, J7)

«  5-pin SWD connection headers (J4, J5)

«  PCB USB finger connector (J8)

«  AIROC™Bluetooth’ LE Module (U4)

«  One DPDT switch to select the SWD target device (SW4)

« OneblueuserLED (LED1)

«  One power LED (LED2)

«  OneKitProg3 status LED (LED3)

«  User push button connected to GPIO of PSOC™ 4000S and AIROC™ Bluetooth’ LE devices (SW2)
+  Reset button connected to XRES pin of PSOC™ 4000S and AIROC™ Bluetooth® LE devices (SW1)
«  User push button connected to GPIO of KitProg3 (SW3)

+  Current measurement jumper (J3, footprint only)

«  External reference capacitor - SAR ADC bypass (C3, No load by default)

«  CAPSENSE™ capacitors (CMOD C10, CTANK C13, CintA C36, CintB C35)

«  CAPSENSE™ sensors (three buttons: BTNO, BTN1, and BTN2; one linear slider with five segments: SLDO,
SLD1, SLD2, SLD3, and SLD4)

«  LEDs corresponding to CAPSENSE™ buttons (LED9, LED10, and LED11) and slider (LED4, LED5, LEDS6, LED7,
and LEDS)

«  User LED for AIROC™ Bluetooth’ LE module (LED12)
+  Perforated snappable board design

«  Overlay on CAPSENSE™ buttons and slider

Figure 3 shows the pinout of the evaluation board.
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VDDD VDDD GND GND
GND GND P4_3 NC
NC P4_1 P4 2 NC
NC P4_0 P3_7 NC
NC P2_7 P3_6 P3_6
P2_6 P2_6 P3_5 P3_5
NC P2_5 P3_4 P3_4
P2_4 P2_4 P3_3 NC
P2_3 P2_3 P3_2 NC
P22 P2_2 P3_1 NC
P2_1 P2_1 P3_0 NC
P2_0 P2_0 P1_7 NC
NC PO_7 P1_6 P1_6
P0_6 PO_6 P1_5 P1_5
NC P0O_5 P1_4 P1_4
NC PO_4 P13 P1_3
P0_3 P0_3 sl P12 NC
P0_2 P0O_2 HC P1_1 NC
PO_1 PO_1 Sa A P10 NC
P0_0 P0O_0 | XRES NC
GND GND GND GND
VDDA VDDA VDDD VDDD
Jo 2 J1 J10
Figure 3 Board pinout
Table 2 Board pinout details
PSOC™ 4 pin Primary onboard function |Secondary onboard Connection details
function
VDDD Power - -
GND Ground - -
XRES Hardware reset - -
(table continues...)
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Table 2 (continued) Board pinout details
PSOC™ 4 pin Primary onboard function |Secondary onboard Connection details
function

P0.0 SLDO - CAPSENSE™ slider 0

P0.1 SLD1 - CAPSENSE™slider 1

P0.2 SLD2 - CAPSENSE™ slider 2

P0.3 SLD3 - CAPSENSE™ slider 3

P0.4 UART_RX - AIROC™ Bluetooth® LE UART
interface RX

P0.5 UART_TX - AIROC™ Bluetooth’ LE UART
interface TX

P0.6 SLD4 - CAPSENSE™ slider 4

P0.7 User button - -

P1.0 12C Clock - KitProg3 1°C interface clock

P1.1 1°C Data - KitProg3 I°C interface data

P1.2 GPIO - -

P1.3 BTN TX - CAPSENSE™ CSX button TX

P1.4 BTNO - CAPSENSE™ button 0 RX

P1.5 BTN1 - CAPSENSE™ button 1 RX

P1.6 BTN2 - CAPSENSE™ button 2 RX

P1.7 GPIO SAR ADC bypass capacitor -

P2.0 LED4 - CAPSENSE™ slider 0 LED

P2.1 LED5S - CAPSENSE™ slider 1 LED

P2.2 LED6 - CAPSENSE™slider 2 LED

P2.3 LED7 - CAPSENSE™slider 3 LED

P2.4 LED8 - CAPSENSE™ slider 4 LED

P2.5 LED1 - User LED

P2.6 SLD TX - CAPSENSE™ slider TX

P2.7 GPIO - -

P3.0 UART RX - KitProg3 UART interface RX

P3.1 UART TX - KitProg3 UART interface TX

P3.2 SWDIO - SWD interface data I/O

P3.3 SWDCLK - SWD interface clock

P3.4 LED9 - CAPSENSE™ button 0 LED

P3.5 LED10 - CAPSENSE™ button 1 LED

P3.6 LED11 - CAPSENSE™ button 2 LED

(table continues...)
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Table 2 (continued) Board pinout details

PSOC™ 4 pin Primary onboard function |Secondary onboard Connection details
function

P3.7 GPIO - -

P4.0 CTANK - Shield tank capacitor

P4.1 CMOD - Modulation capacitor

P4.2 CintA - Integration capacitor

P4.3 CintB - Integration capacitor

1.4 Additional learning resources

Infineon provides a wealth of resources on the PSOC™ 4 product webpage to help you select the suitable PSOC™
device for your design and to quickly and effectively integrate the device into your project.

Refer to the CAPSENSE™ design guide to design capacitive touch-sensing applications with the PSOC™ 4 family

of devices.

1.5

Technical support

For assistance or product-related queries, contact Infineon Support or post your queries on the Infineon
Developer Community platform.

You can also use the Self-help (technical documents) support resources for quick assistance.
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2 Kit operation

2 Kit operation

This chapter provides an overview of the features of the PSOC™ 4000S device and a quick review of the out-of-
box (OOB) project preprogrammed in this kit. It also outlines the steps to create a project and program/debug
using ModusToolbox™ software.

2.1 Theory of operation

The PSOC™ 4000S Prototyping Kit is built around the PSOC™ 4000S device. Figure 4 shows the block diagram of
the PSOC™ 4000S device used on the board. For detailed information about the device's features, see the device

datasheet.
CPU Subsystem
PSOC™ 4000S
Architecture SWD/TC SPCIF
Cortex” FLASH SRAM ROM
320t MO+ 48 MHz 32 KB 4 KB 8 KB
" RAM
of FAST MUL ReadAccalomt =
AHB-Lite NVIC, IROMUX ead Accelerator Controller ROM Controller
System Resources
UltraLite System Interconnect (Single Layer AHB)
Power s .
i Peripherals
H
[ POR [NGES
Clock
MO £ ~
3 3
Reset = = = i
Reset Control 5 E @ § )
[S) o
XS g B g 5 g
= 5 . s
Test =} 3 %
TestMode Ent % &
Digital DFT e
Analog DFT 7]
]
High Speed 1/0 Matrix and 2x Programmable I/0
Power Modes
Active/Sleep.
10 Subsystem
. ™ . .
Figure 4 PSOC™ 4000S device block diagram

Figure 5 shows the functional block diagram of the PSOC™ 4000S Prototyping board.
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VBUS

Test Point

L T

SWD
Switch
AIROC™ Bluetooth® LE

Kitorogs/
PSOC™ 40005

GPIO

User LED

[¢——» PSOC™ 40005

AIROC™ Bluetooth® LE

Legend

Microcontroller

Connectivity

Non-IFX parts

No-Load

Voltage Monitor (VBUS/ VTARG)

12€ Pullup 4.7K/ 12€ Pullup
MOSFET 47K
User Button
KitProg3 12C/UART
USE Finger GewEam)
SWD/Reset
Power LED
Reset
Button

status LED

PSOC™ 5LP GPIO Header

KitProg3

AIRDC™
EBluetooth® LE

12c

SWD
Switch

AlROC™
Bluetooth® LE

External
Prog/Debug

User LED

VBUS

e Button LEDs
Headers

CAPSENSE™ Slider

CAPSENSE™ Buttons

PSOC™ 40005

Figure 5 Functional block diagram of the PSOC™ 4000S Prototyping board
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14 Ed 7
| MR %
argm 13
.
10
9
Figure 6 PSOC™ 4000S Prototyping board top view

The PSOC™ 4000S Prototyping Kit is simple in design and provides complete access to develop applications

using the PSOC™ 4000S device family. This kit includes the following peripherals:

1. PCB USB connector (J8): An onboard USB connector is provided to connect the kit to a computer

2. KitProg3 status LED (LED3): The amber LED3 indicates the status of KitProg3. For details on the
KitProg3 status, see the KitProg3 user guide

3. KitProg3 (PSOC™ 5LP) programmer and debugger (CY8C5868LTI-LP039, U1): The PSOC™ 5LP device
(CY8C5868LTI-LP039) serves as KitProg3, a multifunctional system that includes an SWD programmer,
debugger, USB-I12C bridge, and USB-UART bridge. For more details, see the KitProg3 user guide

4, Power LED (LED2): The amber power LED turns on when the kit is connected and powered through the
onboard USB connector (J8)
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5. Reset switch (SW1): This button is used to reset PSOC™ 4000S and AIROC™ Bluetooth’ LE devices

6. 1/0 expansion headers (J1, J2): The PSOC™ 4000S Prototyping board brings all GPIOs of the target
PSOC™ 4000S device to the two expansion headers, enabling maximum access to the capabilities of the
PSOC™ 4000S device

7. CSX CAPSENSE™ buttons and corresponding LEDs: Three CAPSENSE™ buttons (BTNO, BTN1, and BTN2)
are provided with their corresponding LEDs (LED9, LED10, and LED11)

8. MiniProg4 SWD interface header provision (J11): This 10-pin header allows you to program and debug
the PSOC™ 4 MCU using an external programmer such as MiniProg4

9.  AIROC™ Bluetooth’ LE module(U4): The kit includes an AIROC™ Bluetooth” LE module for BLE
connectivity

10. SWD selection switch (SW4): A DPDT switch is provided on the prototyping board to select the SWD
lines of either the PSOC™ 4000S or the AIROC™ Bluetooth” LE module for programming

11. PSOC™4000S MCU (U2): This kit is designed to highlight the features of the PSOC™ 4000S (CY8C4045AZI-
S413)

12. Current measurement jumper (J3): Provision to mount a 2-pin jumper (J3) for measuring the current
to the PSOC™ 4000S device. For measuring the current consumption of the PSOC™ 4000S device, see
Measuring the current consumption of PSOC™ 4000S

13. User LED of AIROC™ Bluetooth’ LE module (LED12): A blue user LED (LED12) of the AIROC™ Bluetooth®
LE module connected to P1.6 of its GPIO

14. CAPSENSE™5-segment slider and corresponding LEDs: A 5-segment linear slider (SLDO, SLD1, SLD2,
SLD3, and SLD4) is provided with their corresponding LEDs (LED4, LED5, LED6, LED7, and LEDS)

15. KitProg3 programming mode selection button (SW3): Use this button to switch between various
modes of operation of KitProg3. Note that this board supports only CMSIS-DAP BULK mode. For more
details, see the KitProg3 user guide. This button function is reserved for future use

16.  User button (SW2): This push button can be used to provide an input to the PSOC™ 4000S/AIROC™
Bluetooth’ LE devices. The switch connects the PSOC™ 4000S/AIROC™ Bluetooth® LE device’s pin to
ground when pressed, so configure the pin as resistive pull-up for detecting the switch press

17. User LED (LED1): An onboard LED that can be controlled by the P2.5 pin of the PSOC™ 4000S MCU. The
LED is Active low, so the pin must be driven low to turn on the LED

See the Functional description section for details on the various hardware blocks.

2.2 Using the OOB example - CE237532

The PSOC™ 4000S Prototyping Kit is pre-programmed with the CE237532 - PSOC™ 4: CAPSENSE™ SmartSense
buttons slider code example (CE). This CE demonstrates how to tune self-capacitance (CSD)-based buttons and
slider widgets in PSOC™ 4 devices using the CAPSENSE™ tuner. It also demonstrates a breathing effect on the
onboard user LED using the SmartlO and TCPWM (configured as PWM) blocks.

To use the example, follow these steps:

«  For adetailed description of the project, see the example’s README file in the GitHub repository or from
the application’s top-level directory when the example is created using ModusToolbox™ software
« Atany pointin time, if you overwrite the OOB example, you can restore it by programming the PSOC™ 4:

CAPSENSE™ SmartSense buttons slider code example. See Creating a project and program/debug using
ModusToolbox™ software for programming the board

1. Connect the prototyping board to your PC using the PCB USB connector (J8), as shown in Figure 7
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Figure 7 Connecting the PSOC™ 4000S Prototyping Kit to the PC

2. Touch the CAPSENSE™ buttons BTNO, BTN1, or BTN2 with your finger and observe the corresponding
LEDs (LED9, LED10, and LED11) turn on, as shown in Figure 8
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Figure 8 CAPSENSE™ button operation with LED indication

3. Touch the slider with your finger and observe the corresponding LEDs (LED4, LED5, LED6, LED7, and
LEDS8) turn on up to the relative position of touch, as shown in Figure 9
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Figure 9 CAPSENSE™ slider operation with LED indication
4, Observe the breathing effect on the onboard user LED (LED1)

2.3 Creating a project and program/debug using ModusToolbox™
software

This section briefly introduces project creation, programming, and debugging using the ModusToolbox™
software. For detailed instructions, see Help > ModusToolbox™ general documentation > ModusToolbox™
user guide.

1. Connect the prototyping board to your PC through the PCB USB connector (J8), as shown in Figure 7.
The kit enumerates as a USB composite device if you connect it to the PC for the first time. KitProg3
operates in CMSIS-DAP Bulk mode; the status LED3 (amber) is always ON in CMSIS-DAP Bulk mode. If
you do not see the correct LED status, see the KitProg3 user guide for details on KitProg3 status and
troubleshooting instructions

To update the KitProg3 firmware, see the "Updating KitProg3" section in the KitProg3 user guide. For
commands, see the Firmware Loader user guide
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2, Import the required code example (application) into a new workspace in the Eclipse IDE for
ModusToolbox™

a. Click New Application on the Quick Panel

[ Quick Panel ®)=Variables 7 Expressions ®e Breakpoints = O

Eclipse IDE for
ModusToolbox™

~ Start

& New Application

& Import Existing Application In-Place
& Search Online for Code Examples
& Search Online for Libraries and BSPs
& Training Materia

% Refresh Quick Pane

Figure 10 New Application in Quick Panel

b. In the Choose Board Support Package (BSP) - Project Creator 2.21 window, expand PSOC™ 4
BSPs, select CYBCKIT-145-40XX, and click Next, as shown in Figure 11

( Choose Board Support Package (BSP) - Project Creator 2.21 = a X
Settings Help

Source Template

Enter filter text Create from MPN... Browse for BSP... |=| [[+] CYBCKIT-145-40XX
~
Kit Name MCU/SOC/SIP Connectivity The PSoC™ 40005 Prototyping Kit enables you to evaluate and
> AIROC™ Bluetooth® BSPs develop with Cypress’s fourth-generation, low-power CAPSENSE™
> AIROC™ Connectivity BSPs solution using the PSoC™ 4000S device.
> PMG BSPs )
v PSOC™ 4 BSPs Kit Features:
CY8CKIT-040T CYBC4046LQ1-T452 <none> * World's Most Reliable, Lowest Power CAPSENSE™ Solution
CYBCKIT-041-41XX CY8C4146AZI-S433 <none> * On-board Programmer and Debugger
CYBCKIT-0415-MAX  CY8C4149AZI-5598 <none>
CYBCKIT-0455 CVBC4548A71-5485_<none> Kit Contents:
|CVBCKIT-145-40%X_ CV8C4045A7I-5413 <none> | ® CYBCKIT-145-40XX PSoC™ 4000S Prototyping beard
CY8CKIT-149 CYBC4147AZI-S475 <none> * Quick Start Guide
CYBCPROTO-040T CYB3C4046LQI-T452 <none>
PSOC4-GENERIC CY8C4548A71-S485 <none>
RDK4 CYBC4149A7ZE-5598 <none>

> PSOC™ 6 BSPs
Reference Desian BSP:

0 error(s), 0 warning(s)
Summary:
BSP: CYBCKIT-145-40XX

Press "Next" to select application.

Figure 11 Creating a new application: Choose Board Support Package

c. Select the required application and click Create, as shown in Figure 12. The right pane shows the
code example description and the link to view the ReADME file on GitHub
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2 Kit operation

Select Application - Project Creator 2.21 - a X
Settings  Help

Application(s) Root Path: C:/Users/banka/mtw_3_3

Browse..

Target IDE: Eclipse IDE for ModusToolbox™

Enter filter text.. Browse for Application.. ¥ %2 L= |=] [+ This code example demonstrates

— how to tune self-capacitance

Template Application New Application Name New BSP Name (CSD)-based buttons and slider

> Getting Started widgets with SmartSense in

> Peripherals PSoC™ 4 devices using the

v Sensi CAPSENSE™ tuner.

ensing

() CAPSENSE Buttons and Slider RTT

(CJ CAPSENSE CSD Button Tuning

(CJ CAPSENSE CSD Slider Tuning

() CAPSENSE CSX Button Tuning

(CJ CAPSENSE liquid-tolerant hybrid scan

() CAPSENSE Multi-frequency Scan

) CAPSENSE Pipeline scan and process

CAPSENSE SmartSense buttons slider |CAPSENSE_SmanSense_bunons_s\ider APP_CY8CKIT-145-40:
(J PSoC 4 CAPSENSE low-power

() PSoC 4 CAPSENSE Proximity Sensing

For more details, see the README
on GitHub.

Summary:

BSP: CYBCKIT-145-40XX
Template Application(s): CAPSENSE SmartSense buttons slider

Figure 12 Creating a new application: Select Application
3. Select the project in the Project Explorer tab to build and program the PSOC™ 4000S device application.

In the Quick Panel tab, scroll to the Launches section, and click the Program (KitProg3_MiniProg4)
configuration, as shown in Figure 13
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2 Kit operation

5 Project Explorer X 15 Debug ¥ Registers = Peripherals = O

s b= CAPSENSE SmartSense_buttons_slider
» =% mtb_shared

|ﬁQuick Panel | )= Variables “ Expressions “e Breakpoints - B

Eclipse IDE for
ModusToolbox™

» Start

~ CAPSENSE_SmartSense_buttons_slider (APP_CYSCKIT-145-40
@ Build Project

# Clean Project

+ Launches

I CAPSEMNSE_SmartSense_buttons_slider Debug (KitProg3_MiniPrc

Q& CAPSEMNSE_SmartSense_buttons_slider Program (KitProg3_Minif

% Generate Launches for CAPSENSE_SmartSense_buttons_slider

+ Tools

BSP Assistant 1.21

Figure 13 Building and programming the code example
4, ModusToolbox™ software has an integrated debugger. To debug the PSOC™ 4000S device application, in
the Project Explorer tab, select the project. In the Quick Panel tab, scroll to the Launches section, and
click the <App_Name> Debug (KitProg3_MiniProg4) configuration, as shown in Figure 14

For a detailed explanation on how to debug using ModusToolbox™ software, see the “Program and
Debug” section in the Eclipse IDE for ModusToolbox™ user guide
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5 Project Explorer X 15 Debug ¥ Registers = Peripherals = O

s b= CAPSENSE SmartSense_buttons_slider
» =% mtb_shared

|ﬁﬂuick Panel | )= Variables “ Expressions “e Breakpoints - B

Eclipse IDE for
ModusToolbox™

» Start

~ CAPSENSE_Smart5ense_buttons_slider (APP_CY8SCKIT-145-40.

@ Build Project
# Clean Project

= Launches

I CAPSEMNSE_SmartSense_buttons_slider Debug (KitProg3_MiniPr
Q& CAPSEMNSE_SmartSense_buttons_slider Program (KitProg3_Minif

% Generate Launches for CAPSENSE_SmartSense_buttons_slider

+ Tools

BSP Assistant 1.21

Figure 14 Debugging the code example
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3 Hardware
3 Hardware
3.1 Schematics

See the schematic files available on the kit webpage.

3.2 Functional description

This section describes the individual hardware blocks. The kit includes a PSOC™ 4000S Prototyping board,
which consists of the following components:

1. PSOC™ 4000S device

2, KitProg3 programmer/debugger and bridge

3. CAPSENSE™ buttons supporting both CSD and CSX modes

4, CAPSENSE™ 5-segment slider supporting both CSX and CSD modes

5. LEDs corresponding to CAPSENSE™ buttons and slider

6. User LED

7. User button

8. DPDT slide switch for interface selection

9. Other passive components required for the essential operation of the kit
3.2.1 PSOC™ 4000S MCU features

The target board uses the PSOC™ 4000S device. PSOC™ 4000S is a scalable and reconfigurable platform
architecture designed for a family of programmable embedded system controllers featuring an Arm” Cortex -
MO0+ CPU. It combines programmable and reconfigurable analog and digital blocks with flexible automatic
routing.

The PSOC™ 4000S device family, based on this platform architecture, integrates the following features:
Microcontroller with digital programmable logic

Programmable analog components

Programmable interconnects

High-performance analog-to-digital conversion

Operational amplifiers with comparator mode

Standard communication and timing peripherals

S, hwbhe

PSOC™ 4000S products are fully compatible with other members of the PSOC™ 4 platform, catering to new
applications and design needs. The programmable analog and digital subsystems offer flexibility and enable in-
field tuning of the design.

For more information, refer to the PSOC™ 4 web page and the PSOC™ 4000S family datasheet.
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Figure 15 Schematic of the PSOC™ 4000S MCU

For more information related to pin assignment, see the Board details section.

3.2.1.1 PSOC™ 4000S device power supply system

The power supply system on this board depends on the power source. For most applications, you can use the 5

V supply from the USB connection to power the system. Alternatively, you can connect an external power

supply to the board for low-voltage applications. The kit supports the following connections:

1. 5V from the KitProg3 USB (J8)

2, 3.3Vto 5.5V from a regulated supply connected to VTARG (this will not power the KitProg3 section of the
board)

Note: To use an external power supply while KitProg3 is connected to the PCB USB, remove the D1 diode
from the board. This ensures that the VTARG supply from KitProg3 is not supplied to the target
device. KitProg3 measures the target voltage and adjusts the logic levels on the programming pins
accordingly.
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3 Hardware

Note that this prototyping kit does not include any onboard ESD protection circuitry. Therefore, the power
source for the PSOC™ 4000S Prototyping Board must be of high quality to ensure that the board is protected
from overcurrent conditions and swapped-power connections.

3.2.1.2 Measuring the current consumption of PSOC™ 4000S

You can measure the current consumption of the PSOC™ 4000S device by following these steps:

1. Remove the resistors R22 and R23, and install a 2-pin jumper in the supplied holes of J3

2, Connect an ammeter across the 2-pin jumper to measure the current to the PSOC™ 4000S device

This method can be used either with USB power or with power supplied to one of the VTARG pins, but not when

supplying power to one of the VDD pins. After measuring the current consumption, re-populate the resistors
R22 and R23 for normal kit operation.

3.2.1.3 Board separation (Snapping)

The PSOC™ 4000S Prototyping board consists of a PSOC™ 4000S board, a KitProg3 board, and two sensor
boards.

Warning: Do not apply excess pressure on the board while snapping as it may damage the onboard
components.

To separate the PSOC™ 4000S and KitProg3 boards for evaluation or development, break the two boards apart
at the built-in perforated edge between J4 and J5. To do this, follow these steps:

1. Place the kit on the edge of a table, ensuring the edge of the table is directly below the perforated edge
and the smaller KitProg3 board is off the table edge

2. Press gently on the KitProg3 board and snap the two boards apart

3. If any material is removed from the edge of the boards, use shears to clean up the edge of the kit

Note that once the boards are separated, direct UART and I>C connections between the PSOC™ 4000S device

and KitProg3 are lost. This is because the traces connecting the UART and I2C lines are cut off during the
separation. However, you can access KitProg3’s UART and I°C lines through header J6.

Follow a similar approach to snap the sensor boards from the PSOC™ 4000S board.
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Figure 16 PSOC™ 4000S Prototyping board separated into four parts

3.2.1.4 Header connections

The PSOC™ 4000S Prototyping board supports a number of unpopulated headers on both the KitProg3 and the
target PSOC™ 4 boards.
1. Functionality of J1 and J2 headers (target board): The target board contains two single in-line headers
(J1 and J2). Both are 1x22-pin headers and include all of the I/Os available on the PSOC™ 4000S device.
These headers support all of the available ports, GND, VDD, and connections to passive elements and
user-input devices
+ TheJland J2 headers support 100-mil spacing, allowing you to solder connectors to connect the
target board to any development breadboard
«  The CAPSENSE™ slider signals and the slider LED signals from header J1 are routed to header J10 on
the sensor board
«  The CAPSENSE™ buttons signals and the button LED signals from header J2 are routed to header J9
on the sensor board
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Figure 17 J1 and J2 headers

See Table 2 for the pin details of J1 and J2 headers.

2, Functionality of J4 and J5 headers (PSOC™ 4000S to KitProg3): The KitProg3 and target boards each
contain a 1 x 5-pin header. These headers provide a physical connection between the two devices.
Specifically, the connection includes:

«  SWD interface, required to program/debug the target PSOC™ 4000S device/AIROC™ Bluetooth® LE

module
. Power
+  Ground
. Reset

Figure 18 J4 and J5 headers
Table 3 Pin details of J4 header
Pin Function Connection details
J4 01 VTARG Power
J4_02 GND Ground
J4_03 KP_P12_4/RESET KitProg3 GPIO/Target XRES
J4_04 KP_P12_3/SWDCLK KitProg3 GPIO/Target SWD Clock
J4_05 KP_P12_2/SWDIO KitProg3 GPIO/Target SWD Data
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Table 4 Pin details of J5 header
Pin Function Connection details
J5_01 VTARG Power
J5_02 GND Ground
J5_03 XRES Target device RESET
J5_04 SWDCLK Target SWD Clock
J5_05 SWDIO Target SWD Data

3. Functionality of J6 and J7 headers (KitProg3): The KitProg3 board contains two single in-line headers
(J6 and J7). Both are 1x7-pin headers, used to provide access to several pins of the PSOC™ 5LP device
to support advanced features such as a low-speed oscilloscope and a low-speed digital logic analyzer.
These headers also contain the KitProg3 bridge pins (UART and I2C pins of KitProg3 (PSOC™ 5LP)) that
can be used when the two boards are separated. The J6 and J7 headers support 100-mil spacing,
allowing you to solder connectors to connect the KitProg3 board to any development breadboard.
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Figure 19 J6 and J7 headers
Table 5 Pin details of J6 header
Pin Function Connection details
J6_01 VBUS Power
J6_02 GND Ground
J6_03 KP_P12_5 GPIO
J6_04 KP_P12_0 12C_SCL
J6_05 KP_P12_1 12C_SDA

(table continues...)
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Table5 (continued) Pin details of J6 header
Pin Function Connection details
J6_06 KP_P12_7 UART_RX
J6_07 KP_P12_6 UART_TX
Table 6 Pin details of J7 header
Pin Function Connection details
J7_01 GND Ground
J7_02 KP_P3_0 GPIO
J7_03 KP_P3_4 GPIO
J7_04 KP_P3_5 GPIO
J7_05 KP_P3_6 GPIO
J7_06 KP_P0_2 GPIO
J7_07 KP_PO_1 GPIO
3.2.1.5 10-pin program and debug header (J11)

This 10-pin header allows you to program and debug the PSOC™ 4000S and AIROC™ Bluetooth® LE module using
an external programmer such as MiniProg4. Note that this header is not populated by default.

Programming/Debugging Header

VIARG

C19

J11

0.1uF =

W~y =
oo

10 |

50MIL KEYED SMD

NO LOAD

2 Swoal
4 | SWDCLK
6 —X

—X

> ESET

Figure 20

3.2.1.6

Reset button

10-pin program and debug header

The kit contains a push button (SW1) connected to the XRES pins on the target PSOC™ 4000S and AIROC™
Bluetooth® LE devices. When this button is pressed, the XRES lines of the PSOC™ 4000S and AIROC™ Bluetooth®
LE are connected to the ground, thereby resetting the devices.
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RESET
Tactile SW
Reset Button 4
Figure 21 Reset button
3.2.2 PSOC™ 5LP-based KitProg3 programmer and debugger

PSOC™ 5LP on the KitProg3 board is used to program and debug the target PSOC™ 4000S device and the AIROC™
Bluetooth’ LE module. The KitProg3 PSOC™ 5LP connects to the USB port of the computer through the PCB USB
connector and to the SWD interface of the target PSOC™ 4000S device and the AIROC™ Bluetooth” LE module.

For more information, see the following:
+ PSOC™5LP webpage
«  CY8C58LPxx family datasheet
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Figure 22

3.2.2.1

Schematic of PSOC™ 5LP-based KitProg3

KitProg3 onboard target voltage measurement

The PSOC™ 5LP on the KitProg3 board uses an ADC to measure the onboard target voltage. A voltage divider is
placed before the ADC input to bring the target voltage within the dynamic range of the ADC.
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Voltage Monitoring
VTARG VEUS
VTARG T
R&63 R2
R3
49.9K 15|~<§
15K USB_V
SI0 REF VTARG_V
RB4
49.9K Ri1z R10D
30K 30K
No load é g
Figure 23 Schematic of KitProg3 onboard target voltage monitoring circuit
3.2.2.2 KitProg3 programming mode selection button and status LED

Use the SW3 button to switch between various modes of KitProg3 operation, such as from CMSIS-DAP HID
mode to BULK mode, and to enable the bootloader mode. Note that KitProg3 on this board supports CMSIS-
DAP BULK mode by default. This button function is also reserved for future use. The status LED (LED3) indicates
the current mode of KitProg3.

For more details, see the KitProg3 user guide.

<o oy 4 RIg 820N LEDS)‘F
AN ! H 2

Amber LED
Status LED

]

sEsssEEREERERRRERRRRRRERERBRRSERRSY

KP P1 2 1A —i op
1B 2 938 ]
o o

Tactls W

P5LP User Switch

N N Y]

Figure 24

3.2.2.3

Schematic of KitProg3 mode selection button (SW3) and status LED (LED4)

USB-UART bridge

The KitProg3 on the PSOC™ 4000S Prototyping board can act as a USB-UART bridge. The UART lines between
the KitProg3 and the target are hard-wired on the board through the snappable area, with UART_RX assigned to
P3[1] and UART_TX assigned to P3[0] on the target PSOC™ 4000S.

For more details on the KitProg3 USB-UART functionality, see the KitProg3 user guide.
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KitProg3 PSOC™ 4000S

P12[6] P3[0]

P12[6]

Figure 25 UART connection between KitProg3 and PSOC™ 4000S

3.2.2.4 USB-I2C bridge

The KitProg3 can function as a USB-I12C bridge and communicate with the Bridge Control Panel (BCP) software
utility. The 12C lines between the KitProg3 and the target are hard-wired on the board through the snappable
area, with SCL assigned to P1[0] and SDA assigned to P1[1] on the PSOC™ 4000S. The USB-I2C supports I2C
speeds of 50 kHz, 100 kHz, 400 kHz, and 1 MHz.

For more details on the KitProg3 USB-I?C functionality, see the KitProg3 user guide.

12C
KitProg3 PSOC™ 4000S

P1[0]
P12[0]

P12[1]

Figure 26 I2C connection between KitProg3 and PSOC™ 4000S
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3.2.3

3.2.3.1

CAPSENSE™

Capacitive sensing

The PSOC™ 4000S Prototyping board consists of the following:

1. CAPSENSE™ buttons and their corresponding LEDs: The board includes three CAPSENSE™ buttons
(BTNO, BTN1, and BTN2) and corresponding LEDs (LED9, LED10, and LED11) provided on a breakout
board to demonstrate the CAPSENSE™ button functionality of the PSOC™ 4000S device. All the I/Os used
forimplementing the CAPSENSE™ buttons are exposed through headers J1 and J10

..................................................................................... Mom
VDDD ! pP1_4
R42 Bgmmm1 LEDQ}')' 2 Q P34 N 560 ohm Button 0 Rx
Green LED Button 0 LED o
R47
VDD R ! CHP1_5
R43 1 ”))! 2 (oppas N 560 ohm Button 1 Rx
Green LED Button 1 LED
Button 2
R48
vDDD I ! A CHP1_6
F!44W 1 H)‘)‘ 2 OHPIE o 560 chm Button 2 Rx
GreenLED Putton 2 LED RE0
$oP1 3
560 ohm Button Tx
CAPSENSE™ Button LEDs
CAPSENSE™ Buttons
Figure 27 Schematic of CAPSENSE™ buttons and their corresponding LEDs

2, CAPSENSE™ slider and their corresponding LEDs: The board includes a 5-segment linear slider (SLDO,
SLD1, SLD2, SLD3, and SLD4) and corresponding LEDs (LED4, LED5, LED6, LED7, and LED8) provided on
a breakout board to demonstrate the CAPSENSE™ slider functionality of the PSOC™ 4000S device. All the
I/Os used for implementing the CAPSENSE™ slider are exposed through headers J2 and J9

.......... T Rt
R37 820 n:lhm1 AR o <> .
Green LED Slider 0 LED
wo —— LEDS”‘ 2 ) B P ossez 6 Slider Tx
<> P2_1 + 4 R51 560 chm <>>Pco Slider 0 Bx
GreenlED  Slider 1 LED VNN 2 RS S99 nseo 1 Slider 1 Rx
VDDF?:;Q B20ohm LEDB).). , NI o rsg, g800mm ¢HP0z Slider 2 Rx
Q> I?E : A RS“M{)}PD 3 Slider 3 Rx
Greenlgp ~ Slider 2 LED Y \N|| 5 Rss_5600hm w06 Slider 4 R
VDDD LED7T nse Linear Slider
Rag 820 cmrn1 2 o5 CapSense Linear Slider 5 Seg |
Green LED Slider 3 LED CAPSENSE™ Slider
VDDD LEDS
Rat  Beoemm AR 2 &> P2 4
Green LED Slider 4 LED
CAPSENSE™ Slider LEDs
Figure 28 Schematic of CAPSENSE™ slider and their corresponding LEDs
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3.24 System capacitors

The PSOC™ 4000S Prototyping board has eight capacitors in addition to power supply decoupling capacitors:

1. Four CAPSENSE™ capacitors (CMOD, CTANK, CintA, CintB): These are required for the CAPSENSE™
functionality of the PSOC™ 4000S device

2. SAR bypass capacitors: One for the PSOC™ 4000S (C3 - No Load by default) and one for the PSOC™ 5LP
(C7)

3. Two biasing capacitors (C9 and C12): These are required to interface with an external 32-kHz crystal
oscillator (WCO)

c7
NG LoAD 1.0 uF
1 No load
PO _4 R RO | |C5
12 pF

PO_S RS, RO ||C12
12 pF

WCO Load

WCOo

Note: The crystal oscillator is not placed on the board; it can be soldered onto pins P0O[5] and PO[4] of the
PSOC™4000S.
CintA CintB CMOD CTANK
P4 _2 P43 P4_1 P4 0
C36 C35
E ::470p|: P 470p|: C10 Ci13 .
——2200 pF ——10nF
: NO LOAD :
é SAER BYPASS 5
H P17 KP_P0_4 :
E SAR Bypass E
H C3 Capacitor :
: 1.0 uF :

Figure 29 Circuit diagram of the system capacitor

3.2.5 User LEDs
The PSOC™ 4000S Prototyping board has a blue user LED (LED1) connected to P2[5] of the PSOC™ 4000S device.
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VDDD a1 LED1 .
25
L AA— laal:
260ohm .\ en'BlUE
Figure 30 Schematic of the user LED
3.2.6 User button

The target PSOC™ 4000S Prototyping Board contains a single push button (SW2) connected to the PO[7] pin on
the PSOC™ 4000S device. Itis also connected to the P4[1] pin on the AIROC™ Bluetooth® LE module. This button
can be used for general user inputs or to control different states in an application, including waking up the
device from Sleep or Deep Sleep.

PO 7 1A S 2A
| 1B r: : 2B
Tactiie S

User Button 7

Figure 31 Schematic of the user button

3.2.7 AIROC™ Bluetooth® LE module

The board includes an AIROC™ Bluetooth” LE module, which is preloaded by default. The AIROC™ Bluetooth’ LE
Module is a fully integrated, 10 x 10 x 1.8 mm, fully certified, programmable module designed for ease of use
and reduced time-to-market. It contains an Infineon AIROC™ Bluetooth’ LE chip, two crystals, a chip antenna, a
shield, and passive components.

For more details, see AN96841 - Getting Started With EZ-BLE PRoC module and AIROC™ Bluetooth” LE.
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Figure 32 AIROC™ Bluetooth’ LE connections

The AIROC™ Bluetooth® LE module includes the following connections to PSOC™ 4000S and KitProg3:

1. UART connections: Connected to PSOC™ 4000S through zero-ohm resistors R28 and R27 (see Figure 32
and Table 7). Note that R28 and R27 are not loaded by default

2. 12C connections: Connected to KitProg3 and PSOC™ 4000S (see Table 7)

3. SWD connections: Connected to KitProg3 through the DPDT switch SW4. The SWD connections are
shared between the PSOC™ 4000S and AIROC™ Bluetooth® LE devices
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Table 7 AIROC™ Bluetooth’ LE connections

AIROC™ Bluetooth’ LE PSOC™ 4000S KitProg3 Description
BLE_TX,P1_5 P0_4 - UART_RX
BLE_RX,P1_4 P0_5 - UART_TX
BLE_SDA, P5_0 P1_1 P12_1 12C_SDA
BLE_SCL, P5_1 P1_0 P12_0 12C_SCL
BLE_SWDIO, P0_6 - P12_2 SWDIO
BLE_SWDCLK, PO_7 - P12_3 SWDCLK
PO_4 P1_2 - GPIO
BLE_XRES /XRES P12_4 RESET
BLE_P1_6,P1_6 - - BLE LED
P4_1 PO_7 - User button

Use the DPDT switch (SW4) to switch the SWD connections between the PSOC™ 4000S and the AIROC™
Bluetooth” LE module, as shown in Figure 33 for DPDT switch SW4 selection between PSOC™ 4000S and AIROC™
Bluetooth” LE module.

SW4 §,17

- P33
o I
S"VDCLK’(Q}—ﬁg BLE_SWDCLK
P32
4
SWD'O«»—_ﬁ BLE_SWDIO
w) w 6
\_{ DPDT
Figure 33 DPDT switch SW4 to select between PSOC™ 4000S and AIROC™ Bluetooth’ LE module
3.3 Bill of materials

Refer to the bill of materials (BOM) files available on the kit webpage.
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BOM
Bill of materials

BSP
Board Support Package

Cint
Integration capacitor

CLI
Command-line interface

CMOD
Modulator capacitor

CMSIS-DAP
Cortex” Microcontroller System Interface Standard - Debug Access Port

CPU
Central processing unit

CsD
Self-capacitance

CcsX
Mutual-capacitance

CTANK
Shield tank capacitor

EMC
Electromagnetic compatibility

ESD
Electrostatic discharge

GND
Ground

GPIO
General-purpose input/output

HMI
Human-machine interface

12C
Inter-integrated circuit

IDE
Integrated development environment
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LED
Light-emitting diode
MCU

Microcontroller unit

OO0B
Out-of-the-box

PC
Personal computer

PCB
Printed circuit board

PsOC™
Programmable system-on-chip

SCL
Serial clock (12C)

SDA
Serial data (12C)

SWD
Serial Wire Debug

UART
Universal Asynchronous Receiver-Transmitter

uUSB
Universal Serial Bus XRES external reset
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Trademarks

The Bluetooth” word mark and logos are registered trademarks owned by Bluetooth SIG, Inc., and any use of
such marks by Infineon is under license.
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