LENESAS Quick Start Guide

PTX105R/RA2E1 Quick Connect (QC) Demo

This document describes how to use the PTX loT Reader demo application with the Renesas e? studio and
running it on the Renesas EK-RA2E1 evaluation board with a PTX105RQC PMOD™ board.
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PTX105R/RA2E1 Quick Connect (QC) Demo Quick Start Guide

1. Introduction

This document describes the usage of the PTX loT Reader demo application using e? studio and running it on
the Renesas EK-RA2E1 evaluation board with a PTX105RQC board attached to the PMOD connector. For more
information, see the PTX105R NFC Reader Evaluation Kit and PMOD Demonstration video.
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Figure 1. PTX105RQC and EK-RA2E1 Boards

2. Requirements

21 Hardware

= Renesas EK-RA2E1 (Evaluation Kit for RA2E1 MCU group)
= PTX105R Quick-Connect board

= Micro USB cable
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2.2 Software

= Windows® 10 operating system

= e? Studio: Version 2025-01 or above

= Flexible Software Package FSP: Version 5.6.0 or above

» Toolchain GCC ARM Embedded (Version 13.3.1.arm-13-24)
= SEGGER J-Link® USB Serial Drivers

= SEGGER J-Link Real-Time Transfer (RTT) Viewer (virtual terminal emulation application). It is included in J-
Link Software and Documentation Pack.

= |oT-Reader (Non-OS) SDK v7.2.0

3. PTX105R Quick-Connect (QC) Board

The compact design of the PTX105R Quick-Connect board allows user’s to add NFC functionality to their
design.

-

RENESAS

PTX105R-DB-RB QFN56-10T QC
Figure 2. PTX105R Quick-Connect (QC) Board

The module contains a PTX105R chip with a 20 x 20 mm loop antenna. The board can be connected directly to
the Renesas EK-RA2E1 via the PMOD connector. The SPI and IRQ pins are used for the communication and
the required operating current is drawn from the 3V3 pin.

A detailed schematic can be found in the PTX105R QC Schematic section.

4. EK-RAZ2E1 Evaluation Kit

For more information about the RA2E1 board and evaluation kit, visit the EK-RA2E1 page.
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5. Hardware Setup

1. Connect the PTX105R Quick-Connect board to the EK-RA2E1 PMOD1 connector (J26).
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Figure 3. Connecting the PTX105RQC and EK-RA2E1 Boards

2. Plug in the micro-USB communication cable to the debugger USB connector (J10) on EK-RA2E1. When the
cable is connected, the EK-RA2E1 board supplies the PTX105R Quick-Connect board with 3.3V.

6. loT Reader Demo Application

The demo provides a reference implementation of an loT-Reader with multiple card-type detection capabilities,
running on a RA2E1 Arm Cortex®-M23 as an example host target platform.

6.1 loT Reader Demo Application Package

The delivered package contains the User Integration Manual for loT-Reader (Non-OS) SDK v7.2.0 and the ready
to use e? Studio project.

RaZel_PtclotReader
‘ [E REN_PTX1xxR-MFC-loT-Reader-API-Non-05-Stack-Int-SDK-v7.2.0..,

w T_,é RaZel_PtxlotReader
) Includes
v @3 sre .
(= SEGGER RTT s — SEGGER_RTT Library
= STACK ey |0T-Reader (Non-0S) SDK v7 2.0

(= USER_BOARD_UTILS b User custom utils component
[€] hal_entry.c

= script

iﬂ% configuration.seml

= ILinkLog.log

|Z| ra_cfg.bxt

|£| RaZel_PtxlotReader Debug_Flat.jlink

|¥| RaZel_PtxlotReader Debug_Flat.launch

(7) Developer Assistance

Figure 4. Software Package
This solution is intended for platforms without an operating system.

The application demonstrates the performance of the PTX105R for loT applications and offers full support for all
technologies: A, B, F, V type cards. It implements all steps required to initialize the PTX105R and to discover,
activate, communicate, and deactivate a tag as described in Figure 5.
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ptxIoTRd _ConfigHER ()
ptxRF_Test_*
ptxFeliCa DTE_*

ptxIoTRd_Initiate Discovery() ptxIoTRd Get Discover_ State()

ptxIoTRd_Init()

ptxIoTRd_Get_ Status_Info (Discover)

= ptxIoTRd Activate Card()
Multiple Cards found

{ Resolved )

Mo Card(s) found
or |

Multiple Cards found

( Still Resolving )

et_Status_Info (Discover)

Single) Card found / activated

PtxToTRd_Reader_Deactivation
(Discover)

ptxIoTRd Reader Deactivation
(SLEEP*)

ptxIoTRd_Activate Card ()

ptxIoTRd Reader Deactivation SUCCESS

(IDLE)

(]

ptxIoTRA_Data_Exehafige ()
ptxIoTRd_Bits Exchange
ptxNativeTag. .. ()
PEXNDEF. . . ()

ptxIoTRd Deinit ()

Figure 5. Application Flow Diagram

The application starts automatically after the demo kit is powered up. When a card is detected, it performs
example data exchange depending on the card type and protocol.

Figure 6 shows an example of the application output on the SEGGER RTT Viewer.

starting RF-Discovery ...
iscovered Cards ...
vwe OK!
gy = Type-A; SENS_RES: 448@; NFCIDL_LEN: 87; NFCID1: 84159 ; SEL_RES: @@; Protocol: T2T

Figure 6. Application Output Example on the SEGGER RTT Viewer

When a card is placed in the field, the user LED 3 (red) is blinking indicating that there is an ongoing transaction.
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7. Running the Example Application
1.

File Edit Source Refactor MNavigate Search Project

Click File — Import to import the project into the workspace.

New
Open File...
Open Projects from File System...

Recent Files

Close Editor
Close All Editors

OVE..

1 Rename...

Refresh

Convert Line Delimiters To

Impcn-i

Import...

; Export..

Properties
Switch Workspace

Restart
Exit

Alt+Shift«N > &8 Import

Ctrl+W
Crl+Shift+W

Ctrl+S

Ctrl+5Shift+5

Alt+Enter

>

»

Select

Create new projects from an archive file or directory.

Select an import wizard:

) x

\

[t}

type filter text

1% Existing Projects into Workspace

(=3 File System

T GNUARM-MONE/RZ(D5-5) project conversion te GCC ARM Embedded

[T] Preferences

(=} Projects from Folder or Archive

(&2 Rename & Import Existing C/C++ Project into Workspace
Taw Renesas CC-RX project conversien te Renesas GCC RX
T Renesas C5+ Project for CATEKOR/CATEKD

Taw Renesas C5« Project for CC-RX, CC-RL and CC-RH

@ Renesas GitHub FreeRTOS (with loT libraries) Project

i Sample Projects on Renesas Website

& C/Ces
= Code Generator

= Git
= Imetall

Next » Fimish

Cancel

Figure 7. Import Projects Windows

| & import
P

| Impart Projects

| Select a directory to search far existing Eclipse projects.

(O Select archive file:

Projects

_.n..zer_Dmmug.uu_puk.ge\.mu_pmmkud.r)'

|«
Options
[ search for nested projects
[ Copy prajects into workspace
[ Clese newly imported projects upon completion
(m] projects that already exist in P

Werking sets

[ Add project to working sets

v/ < Back

Build the project by clicking on Project — Build Project or using the keyboard shortcut Ctri+B.

Browse_

Sedect All
Desabect All

Refresh

New..

Cancel

Flash the application. After plugging in the debug micro USB cable, go to Run — Debug Configurations,

double-click on Renesas GDB Hardware Debugging, and setup the debugger (see Figure 8).

Click Debug to flash the application on the board.
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a8

Create, manage, and run configurations

FaE X BV~

Name: | Ra2e]_PixlotReader Debug_Flat

[typefitter text

| [E] Main| %5 Debugger | B Startup| & Source| ] Common

[] C/C++ Application
[E] C/C++ Remote Application
5 EASE Script
[€] GDB Hardware Debugging
[£] GDB OpenOCD Debugging
[¥] GDB Simulator Debugging (RH350)
¥ Java Applet
[T] Java Application
2 Launch Group
[T Remote Java Application
~ [t Renesas GDB Hardware Debugging
[c7] Ra2e1_PixlotReader Debug_Flat
enesas Simulator Debugging 78)

Filter matched 13 of 17 items

@

Create, manage, and run configurations

FoRX BT~

Project:
| RaZel_PixlotReader | Browse...
C/C++ Application:
| PixlotReaderApp_SPI_Debug/Ra2e]_PixlotReader.elf
Varisbles.. | SearchProject.. | Browse..

Build (if required) before launching

Build Configuratien: | Use Active ~

O Enable aute build ) Disable auto build

®) Use workspace settings Configure Workspace Settings...

Revert

[typefilter text

[E] C/C++ Application
[E] C/C++ Remote Application
£ EASE Script
[E] GDB Hardware Debugging
[S] GDB Open0CD Debugging
[ GDB Simulator Debugging (RH350)
7 Java Applet
[T] Java Application
@ Launch Group
[T Remote Java Application
~ [£79 Renesas GDB Hardware Debugging
[£7] Ra2e1_PtxlotReader Debug Flat
[£7] Renesas Simulator Debugging (RX, RL78)

Filter matched 13 of 17 items

3
(‘_?/.

T
Name: | RaZel_PtxlotReader Debug_Flat
||| & Main [ %5 Debugger | & Startup| & Source| (] Comman
Debug hardware: | 1-Link ARM v J”argetDEch: RTFAZE1AG
GDB Settings  Connection Settings Debug Tool Settings
GDB Connection Settings ol
® Autostart local GDB server Host name or IP address: localhost
(O Connect to remote GDE server GDE port number: 5123
Connection timeout (s} |30 ~

GDB

GDB Command: | arm-none-eabi-gdb

| Browse...| | Variables...

[ Step Mode

Additienal GDB Server Arguments

Revert

[ o]

Figure 8. Debug Configuration Windows

5. When completed, click Resume twice to start the application (see Figure 9).

Close
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File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help
| @~R-BDialmmmM2 @ oz SR Qi BSis

Debug = |# &8 = B [@sdioh  [Ra2el Pudl. [€ ptx_IOT_RD_M.. [€] ptx_IOT_RD_M. [€] ptx_IOT_REA.. [€] ptxNSC.c [€] pteNSC_Intf .. [g startup.c > 7
~ [T Ra2el_PxlotReader Debug_Flat [Renesas GDB Hardware Debuggin @ * Private global variables and functions[]
v 71 Ra2el PixlotReader.elf [1] [cores: O] void Reset_Handler (void);
v @ Thread £11 (single core) [core: 0] [Suspended : Signal : SIGTF ‘::}_gz . ﬁ:‘i’:?xﬂ?r"dlfr(wldb
= Reset_Handler() at startup.c:50 0x77e8 T !
W& arm-none-eabi-gdb (12.1)

38

® * MU starts executing here out of reset. Main stack pointer is set up already.[]
£ Renesas GDB server (Host) = BSP_SECTION_FLASH GAP void Reset Handler (void)
{
/* Init system using BSP. */

|  systemInit(

);

/* Call user application. =/
main();

S while (1)
{
/* Infinite Loop.
H
¥

Figure 9. Application Startup Window

6. To view the application output, open the SEGGER RTT Viewer using device RTFA2E1A9.

When using Auto Detection option for the RTT Control Block, J-Link RTT Viewer may not be able to find the
SEGGER_RTT variable in RAM memory due to restrictions on memory access imposed by TrustZone
settings made by the Renesas Device Partition Manager. Restrictions are typically applied for TrustZone
Example Projects if the RTT Control Block cannot be found by RTT Viewer. This can result in the output
from an Example Project not being visible in the RTT Viewer Console with Auto Detection.

The recommended approach is to search _SEGGER_RTT variable in the map file, generated upon

successfully building a configuration of a Project, which is by default located in the address space for on-chip
SRAM.

Project Explorer X = O [§sdion {5 [Razel Pu ©) ptx_JOT_RD_M €] ptc JOT_RD_M. [#) poc_OT_REA [8 prensc.c £ poeNSC_Int. & startup.c RaZel Puxlo.. X | ™ =0
£ » FspNfcDriverTest f 7 NscSystenParams ~
- sphfcDriverTest ¥ =
&5 ptiotReader_InstMeasurements E Ox20004195 oxe . /5rc/STACK/COMPS/NSC/pEaliSC.o | | i EecER AT . = @ x
S pTHPOS 2 Bx20004198 NscSystemParams
A T Rim * 8x206041 86 oxz
W FDLRLIMIOTRD nsc_comp  Bx200041a8 @x17¢ . /src/STACK/COMPS/NSC/ ptahiSC.o
5 PtrlotResder FSPConfig x200841a8 nsc_comp
13 PrelotResder RLTE Demo discCardRegistry
O PeloTReader_usingFsP 4 Bx20804324 @xBle ./src/STACK/COMPS/TOT_READER/ptx_IOT_RE E e e 9
125 Ra2e1_PixlotReader [FixlotReaderhpp SFI_Debug] : e "BU‘EZEWW discCardRegistry A J-Link RTT Viewer V8,18 | Configueation x
. 2 _acDownBuffer
&, Binaries 020004598 @10 . /src/SEGEER_RTT/SEGGER_RTT.0 Connection to Jink
nll Includes 2 _acUpBuffer Ml Termingls  Te (g s [ seriaitia
™ 2 Bx20004558 @xd@0 ./src/SEGGER_RTT/SEGGER_RTT.o
5 ra_gen SEGGER_RIT i
9 5 p @xaB . /5rc/SEGGER_RTT/SEGGER_RTT.0
PelctReadertion SPl Deb ex20004f58 _SEGGER_RTT 2
~ (& PxlctRcadertpp SPI_ Debug 2 & Topart_ctrl e
B g ex200047 8 oxE . /ra_gen/common_data.o
& ragen : 6x20004775 g_ioport_ctrl RIFAZE 149
wre g_ext_irq ctrl O-
E . . orce go on connect
%5 Ra2el PhelotReaderel - [armle] : et I8 fragan/coman aies.o
compile_commandsjson : §_tinerd_ctrl gexttractrt Sapt fle (optional)
akefile 2 820005810 @x20 ./ra_gen/hal_data.o
makefile.init 2 ex20ee519 E_timere_ctrl
w| memory_regionsld 2922 ptx_pmod_spi_ctrl o Target Interface & Speed
cbjectsmk 2 6x20005030 @x30 . /ra_gen/hel dats.o = =i o
A ex20005039 ptx_pmod_spi_ctrl
Ralel PtrlotResderelfin g_transferl_ctrl p———
Ralel_PixiotResder.map 2 axz0005060 ox6 . /ra_gen/hal_data.o | ¥ odk—— -
T Talel PalotResdersbd : 20005060 g transferl_ctrl O Auto Detection @) Address O searchRange Enter o
Ralel PrriotReader.srec 2 g_tranzfersd ctrl | Enter the address of the RTT Control biodk
sources.mk 8x 20885868 @xB ./ra_gen/hal_data.o Example:
’ Ox20005060 g_transferd_ctrl
re.clg dummy_tx.@ [xan0osesal ‘
» SCApE 820005870 @xd . fraffspfsrefr_spifr_spi.o
} configurationxml 2 dummy_rx.1 lIl e
JinkLoglog Ox20005074 x4 L fralfsplsrcfr_spifr_spl.o
o cabet 2 B_dtc_state_initialized.@
1.l ex20085878 ox1 . /raffspfsrcir_dte/r_dtc.o <
RaZel_Pxlotieades Debug_Flat jlink - -

Bx20005879 3
¥) Ra?el_Ptxlotieacer Debug_Flst launch i . T Viewer connected. 52.153K8
>
() Developer Astistance
5 RaZel UnmodifiedTest Problems  Conscle X Properties Smart Browser Smart Manual Memory Ussge Search Debug Expressions Call Hierarchy Disassem bly

13 RaZeldemaretry <terminated> RaZe)_PixlotReader Debug Flat [Renesss GDB Hardware Debugging] Renesas GDE server (Host) (Terminated 1 Apr 2025, 14:34:58) [pidk 14]

Figure 10. J-Link RTT Viewer Window
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7. Once the SEGGER terminal is connected, the user can place a card in the field and view the terminal.

J-Link RTT Viewer V7.58d _ 0 X
Eile Terminals Input Logging Help

All Terminals Terminal 0

tected, an optimized RF-Config for the "PTX1@5R Quick-Connect” board will be used
. 0K
. 0K
r external Fields ...

: ISO-DEP; ATTRIB2: @@; ATTRIE_RE

E
Jaiting for discove
Card act e

Be8B8171e8; Pr

@8; Protocol....:

5: 44@98; NFCID1_LEN: @7; NFCID1: ©4159 SEL_RES: @@; Protocol: T2T

5: 44@8; NFCID1_LEN: @7; NFCID1: 841591 6 @; SEL_| @8; Protocol: T2T

Enter Clear

RTT Viewer connected. 0.002 MB

Figure 11. RTT Viewer Terminals Window

8. Using loT Reader Library in a Custom Project
The PTX loT Reader library provides an API for the following set of functions:

= Initialize the IOTRD APl and NSC Stack

= Initialize the PTX105R chip

= Select a specific card in case multiple cards and/or protocols were discovered
= Retrieve card details like technical and/or activation parameters etc.

= Exchange RF-data and bitstreams

= Stop RF-communication

The complete list of available API’s can be found in the project directory
src/STACK/ICOMPS/IOT_READER/ptx_IOT_READER.h.
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8.1 Integrating the Library in a Custom Project

w25 Ra2el_PelotReader
gf‘ Binaries
i Includes
= ra
2 ra_gen
w2 sre
(= SEGGER_RTT
~ (= STACK NDEF API
~ (= COMPS Native-Tag AP|
(= COMMON GPIO
(= FELICA_DTE
(= GPIO
= HCE
(= |OT_READER
= NATIVE_TAG

Add-On APls (optional)

Transparent-Mode
RF-Test
FeliCa-DTE

+ Application Layer

loT-Reader AP|
ptx_IOT_READER h

(= NDEF
&= NSC
(= PLAT
@& RF_TEST

Hardware / Platform
Independent

loT-Reader
(loTRd)

&= TDC
= TRANSPARENT_MODE
[B] ptxPlatform_Revision.h
[h] pteStatus.h
(2% PERIPHERALS
w (7= EXAMPLE
= COMMON
(&= IOT_APP
£ DEBUG_PORT |
£ |OT_APP_TEST_API
= USER_BOARD_UTILS
lc| hal_entry.c

+ NSC (Non-0S) Stack

NFC Soft Controller
(NSC)

Platform API pOPLAT 1|

Hardware / Platform SPI/I’CIUART GPIO (IRQ, nSS) Timer

Dependent Impl. Impl. Impl. Platform

Figure 12. loT-Reader SW Architecture

The loT-Reader (Non-OS) SDK V7.2.0 is a source code collection so it can be easy integrated in any custom
project. From Software Architecture point of view, the “Platform” layer is the only Hardware specific Software
Component, and it must be reimplemented by the user.

The loT-Reader (Non-OS) SDK V7.2.0 provides a reference implementation for RA4M2 Family. For this Demo
purpose the “Platform” layer was adapted for EK-RA2E1 board with minimal effort.

8.2 Supported Architectures

Although the EK-RA2M1 platform is an ARM Cortex®-M23, loT-Reader (Non-OS) SDK V7.2.0 being delivered as
source code collection makes it independent of the target architecture.

If the user encounters any kind of incompatibility due to platform architecture or Toolchain support can be
requested by contacting Renesas technical support.

8.3 Platform-Specific Implementation

As the SDK is common for all implementations, it must not use any hardware-dependent resources. The PLAT
module can be used to define the interface functions to be implemented by the user. The required function
declarations can be found in ptxPLAT.h. These functions must be individually implemented for the actual
hardware.

The ptxPLAT.c code contains the basic low-level functions that the library uses for allocating memory area for
objects, initializing and controlling timers, doing communication across SPI, etc.

The RA2E1 platform-specific implementation is located in ptxPLAT.c, but with the Renesas FSP platform API,
the implementation is compatible with any variant of an RA family MCU. In this case, the device pin assignment
might be the only configuration that needs to be adjusted.

R35UH0019EU0101
Apr 3, 2025

Rev.1.01 RENESAS Page 10


https://www.renesas.com/en/support

PTX105R/RA2E1 Quick Connect (QC) Demo Quick Start Guide

9. PTX105R QC Schematic
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Figure 13. PTX105R-DB-RB QFN56-I0T QC Schematic
10. Revision History
Revision Date Description
= Updated e?Studio and FSP versions
1.01 Apr 03,2025 | = Updated content and figures based on new software package release (sections 2.2, 6, 6.1,

7,8,8.1,and 8.2)

1.00 Sep 25,2024 | Initial release.
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